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The HPLC Analysis of Matoxins in Raw Peanuts with Sep-pak@ Cleanup 
W. Jeffrey Hurst* Kevin P. Snyder and Robert A. Martin, Jr. 

ABSTRACT 

An HPLC method for the determination of aflatoxins is des- 
cribed. The aflatoxins are extracted with aqueous acetone and 
interfering compounds precipitated with CuC03. After defat- 
ting, the aflatoxins are extracted into CH2C12 for cleanup with 
silica Sep-pak@ which eliminates other interfering compounds. 
The resulting extract is then treated with TFA to form the 
hemiacetal derivatives prior to final HPLC analysis. Data indi- 
cated that the method exhibits excellent accuracy and precision. 
In addition, it is time and solvent conservative. 
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Initial use of HPLC in aflatoxin analysis is centered on 
its use as a final determination step since it produced ac- 
curate and precise data. However, earlier methodology 
did not address the concerns of sample preparation for 
subsequent HPLC analysis (1,2,3,4). Current HPLC 
methods for the determination of aflatoxins in peanuts 
require rather rigorous cleanup procedures for the re- 
moval of interfering materials (1,2,3,4). Additionally, the 
time required and solvent consumed is still comparable 
to the TLC methods. There is a need for rapid, accurate 
and sensitive methods for this assay. The assay outlined 
here decreases solvent usage and is suitable for raw 
peanuts with limits of detection that compare favorably 
with other methods. 

Materials and Methods 
Apparatus 

The LC system used consisted of a Waters 6000A Pump, Waters 
WISP 710B Autoinjector, and a Gilson Spectraglo Fluorometer. The 
HPLC column was 3.9 mm x 30 cm packed with 10 pm Spherisorb 
ODS (by HPLC Technology Inc.). 
Chemicals and Reagents 

Acetonitrile and methanol were HPLC grade; the other solvents/ 
chemicals were ACS grade. The HPLC mobile phase was 62/18/18 (vlvl 
v) (H20/CH3CN/CH30H) at a flow rate of 2.2 mUmin. 
Assay Procedure 

A 50-g sample of raw peanuts was placed in a quart Waring Blender 

Hershey Foods Corporation, Analytical Research Group, 1025 
Reese Avenue, P. 0. Box 805, Hershey, PA 17033-0805. 

along with 5-g of CuCO, and 250 mL of 85/15 (vlv) (acetone/water). 
This mixture was blended at low speed for 1 min. to alleviate bumping 
and then blended at high speed for 3 min. Alter blending, the mixture 
was filtered through Whatman 2v or equivalent. A 50-mL aliquot was 
collected and placed in a 250-mL separatory funnel which contained 
50-mL of 10% NaCl (w/v) and 30 mL of hexane. This was shaken for 1 
min. and the hexane discarded. An additional 30-mL aliquot of hexane 
was added and the procedure was repeated. The remaining aqueous 
layer was partitioned with two 35-mL portions of dichloromethane. 
The dichloromethane aliquots were combined and placed in a 100-mL 
round bottom flask and rotary evaporated under vacuum at 35' C. Ten 
mL of CH,Cl, is then added to the residue prior to Sep-pak@ treat- 
ment. 
Sep-pak@ Cleanup 

Prior to introduction of the sample, a silica Sep-pak@ was con- 
ditioned with 5-mL of hexane. A 5-mL dichloromethane aliquot of the 
ailatoxin containing residue was then run through the Sep-pak@. The 
ailatoxins were eluted with 3-mL of 9% (v/v) CHCIJEtOH and taken 
to dryness using low heat and a stream of nitrogen. 
Derivative Formation 

Seventy-five pL of 80% trifluoracetic acid (TFA) was added to the 
sample and allowed to react for 30 seconds. The TFA was removed 
under low heat with a stream of nitrogen. After cooling the residue 
was brouhgt up to a known volume (250-300 pL) in mobile phase prior 
to analysis. Injection volume was typically 25-50 pL, depending on 
concentration. 

Results and Discussion 

Figures 2,3,4, and 5 are chromatograms of the de- 
rivatized aflatoxin standard, a raw peanut extract spiked 
with aflatoxin. An unspiked raw peanut extract, and an 
extract that was injected with no sample cleanup. 

In this communication, the use of aflatoxin derivatives 
was used since it serves many purposes. In earlier 
HPLC assays for aflatoxin, the analyst was required to 
use two detectors, UV at 365 nm for aflatoxins B1 and G1, 
and Fluorescense for aflatoxins B2 and G2 if in the nor- 
mal phase mode. This method eliminates the use at dual 
detectors, since in the reversed phase mode the deriva- 
tives for aflatoxin B, and G ,  exhibit excellent fluores- 
cence. Aflatoxins B1 and G1 are converted to aflatoxin B2, 
and G,  by an acid catalyzed addition of water to the 
vinyl ether double bonds of aflatoxin Bl and G,,  produc- 
ing a hemiacetal as seen in Figure 1. The structure of 
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Fig. 1. Structure of alfatoxins Bza and Gz,. 

these new compounds was confirmed by PMR, IR and 
MS and shown to be identical to the compounds isolated 
by Dutton and Heathcote (5,6). Since that time the for- 
mation of these derivatives has been used as confirma- 
tion of aflatoxin B1 and G1. In this reaction, ailatoxins B, 
and G2 are unchanged. 

Another benefit realized is that sample extracts pro- 
duced negligible background interferences as can be 
seen in Figures 2 and 3 when compared to UV traces. 
Additionally, one is able to achieve lower limits of 2-5 
ppb total aflatoxin with good accuracy and precision. 

Standard and sample precision studies are sum- 
marized in Tables 1 and 2, while recovery studies are 
summarized in Table 3. 

Table 1. Standard precision studies (n = 5). 

T o x l n  Conc (ns) % cv 

2 . 5  5.6 "a 

2 . 5  5 .7  G2a 

82 0 .75  5.6 

G2 0.75 8.L 

Table 2. Sample precision studies (n = 5). 

Toxin QConc (ns) % cv 

2 .5  2 .2  

2 . 5  5 .2  

82 0 . 7 5  3.4 

62 0.75 4 .1  

G2a 
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Fig. 2. Chromatogram of aflatoxin standard. 

Table 3. Recovery studies (n = 2). 

Toxln Conc (na) Recovery 

10 20 103 95.8 

10 20 100 93 

B n  3 6 98 89 

GI 3 6 98 89 

B2a 

G=a 

Table 1 summarizes precision studies conducted with 
aflatoxin standards with five determinations of each. 
Concentrations ranged from 0.75 ng of aflatoxin B2 and 
G,  to 2.5 ng of toxins Bl and G1. The coefficients of varia- 
tion ranged from 5.6 to 8.1%. 

Table 2 summarizes similar data for samples contain- 
ing the four aflatoxins. Coefficients of variation ranged 
from 2.2 to 5.2%. The third table outlines the recovery 
study based on duplicate determinations at two levels of 
added aflatoxin. Recoveries ranged from a low of 89% to 
a high of 103%. 

These results indicate the the proposed method pro- 
vides an accurate and precise method for the determina- 
tion of aflatoxins in peanuts. In addition to being accu- 
rate and precise, the method is attractive in the area of 
time savings. The method can be performed in approxi- 
mately 25-30 minutes depending on the analyst. It addi- 
tionally provides a substantial decrease in solvent usage, 
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Fig. 3. Chromatogram of artificially contaminated peanut extract 

SlmplO: Raw Peanuts (no spike) 

spiked. 

m u m  n: Spher i sorb-0DS 

Mob110 62/18/18 

Ph-: H20/CH,CN/CHsOH 
(v /v /v  1 

/ - - - -  

1 1 I i 
0 5 10 15 20 

Time 
(minutes) 

Fig. 4. Chromatogram of peanut extract. 
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Fig. 5. Chromatogram of peanut extract with no Sep-pak" cleanup. 

Therefore allowing cost savings and decreased expo- 
sure to solvent vapors. The cleanup column used in 
other assays is now replaced with a disposable cartridge, 
thereby increasing sample to sample extraction consis- 
tency by elimination of the individual packing of col- 
umns. The use of the hemiacetal derivatives increases 
sensitivity several fold. With the emphasis in productiv- 
ity in all areas, this technique will allow for accelerated 
sample thruput with increased accuracy and precision. 

Literature Cited 
1. Pons, W. A. and A. 0. Franz, Jr. 1978. High pressure liquid 

chromatographic determination of aflatoxins in peanut products. J. 
Assoc. Of€. Anal. Chem. 61:793-800. 

2. Knutti, R., C. Balsiger, and K. Sutter. 1979. Routine application of 
HPLC for quantification of aflatoxins in whole peanut kernels. 
C hromat ographia. 12: 349-353. 

3. Takahashi, D.M. 1977. High pressure liquid chromatographic de- 
termination of datoxins in wines & other liquid products. J. Assoc. 
off. And. Chem. 60:799-804. 

4. Hurst, W. Jeffkey and P. B. Toomey. 1978. Determination of aflato- 
xins in peanut products using reverse phase HPLC. J. Chromat. 
Sci. 16:372-376. 

5. Dutton, M. F. and Heathcote, J. G., 1 W .  Two new hydroxy aflato- 
xins, Biochem. J. 101:21-22. 

6. Dutton, M. F. and Heathcote, J. G., 1968, The structure, biochem- 
ical properties and origin of the datoxins B2, and Gz,, Chem. Ind. 
(London), 418-422. 

Accepted March 8, 1984 




