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ABSTRACT 
Grade samples from 152 lots of farmers stock peanuts were 

analyzed for aflatoxin by both an Enzyme-Linked Immunosor- 
bent Assay (ELISA) rapid screening test and high performance 
liquid chromatography (HPLC). Results from HPLC and 
ELISA were compared to the results of the visual inspection 
method used by the Federal State Inspection Service (FSIS). 
The results showed 41% of the grade samples with visible 
Aspergillus flavus (Segregation 3) contained less than 20 ppb af- 
latoxin when analyzed by both ELISA and HPLC methods; 
18.7% of Segregation 1 peanuts actually contained aflatoxin 
with a range of 26-2542 ppb. The results of ELISA and HPLC 
agreed in 98.6% of the composite lot analyses with the detec- 
tion of 20 ppb or greater. However, the ELISA rapid screening 
test failed to give positive tests 12 of 13 times when the aflato- 
xin content was between 20-43 ppb in the component samples. 

Key Words: ELISA, HPLC, visual inspection, rapid screen- 
ing methods, Aspergillus flavus. 

As part of the U. S. aflatoxin control program and the 
U.S. peanut grading system, peanuts are inspected for 
the presence of visible Aspergillus flavus on the various 
seed components of the grade sample (1,2,4). These 
components consist of loose-shelled kernels (LSK), 
small whole kernels (OK), sound splits (SS), sound ma- 
ture kernels (SMK), and damaged kernels (DK). If A. 
flavus is found on any kernel of these grade compo- 
nents, the load is assumed to contain aflatoxin and is 
classified as Segregation 3. Segregation 3 peanuts must 
be used for oil stock and the meal cannot be used for 
animal feed. Any aflatoxin in the unprocessed oil is de- 
graded during the oil refining process (Parker and Mel- 
nick, 1966). 

This paper compares the effectiveness for determin- 
ing the presence of aflatoxin in farmers stock grade sam- 
ples of the official visual method and an ELISA rapid sc- 
reening method to a high performance liquid 
chromatographic (HPLC) method. The samples used for 
comparison were official grade samples that the Federal 
State Inspection Service (FSIS) inspectors pulled from 
152 loads of crop year (CY) 1986 farmers stock Florun- 
ner peanuts at two locations in the southwest Georgia 
peanut producing area. 

Materials and Methods 
Grading Procedure 

The farmers stock peanut sample (548 lb) was subdivided by the 
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FSIS inspector to about an 1800 g subsample with a rille-type sample 
divider. The LSK's were separated from the rest of the subsample and 
visually examined for A. flavus (2). A 500 g subsample of the 1800 g 
sample was used to detemine the remainder of the grade components. 
The 500 g subsample was sized, shelled and screened over a 6.35 mm 
(16/64 in.) screen. The grade components ultimately collected were 
sound. splits (SS), small whole kernels (which fell through the 6.35 mm 
screen [OK]), sound mature kernels (that rode the 6.35 screen) 
[SMK]), and damaged kernels (DK). All these components were vis- 
ually examined for A. flavus. If A. flavus was found on any kernel of 
any of these grade components, the load was presumed to be contami- 
nated with aflatoxin and classified as Segregation 3. If A. flavus was 
not detected, the lot was classified as Segregation 1 (edible category) 
and was presumed to be datoxin-free. The kernels that contained the 
mold were removed and held for confirmation by the supervisor. The 
remaining peanuts in all the grade components of each sample were 
placed in individual, labeled paper bags and returned to the labora- 
tory for aflatoxin analyses. 

Extraction and Matoxin Analyses 
The SMK and SS were combined and analyzed as one component. 

The LSK, OK, and DK components were analyzed separately. The 
components of each sample were individually analyzed by an ELISA 
rapid screening card test (Environmental Diagnostics, Inc., Bur- 
lington, NC 27215) and HPLC (3) using the same extract for both 
analyses. Due to limited quantities the damaged kernels were 
analyzed by HPLC only. 

Each component was extracted with methanol-water (80-20/;2 mW 
g) by homogenization in a Waring Blender for one minute. The 
homogenate was filtered through Whatman No. 4 filter paper. Dupli- 
cate 2-3 mL aliquots were collected for the ELISA card test. Dupli- 
cate 15 mL aliquots were collected for HPLC analyses. 

ELISA was conducted according to recommendations of the 
supplier. This assay reportedly detects aflatoxins B,, B,, and G . A 100 
pL aliquot of the sample extract was mixed with 200 pL of buder, and 
a 50 pL aliquot was added to the sample port on the card. After the 
extract was completely absorbed, one drop of enzyme solution was 
added to the sample port. After the enzyme drop had completely ab- 
sorbed, one drop of wash solution was added to the sample port. After 
absorption of the wash, the excess liquid was carefully wiped from 
around the sample port with a clean tissue. Two drops of substrate 
were added to the sample port, one drop at a time, allowing the first 
drop to absorb before applying the second drop. The results were 
read immediately. If the port turned gray_blue, the sample contained 
<2O ppb; if the port reamined white, the sample contained >20 ppb. 

HPLC analyses were done according to the method of Dorner and 
Cole (3). The HPLC system included two M6000A pumps, Model 712 
WISP automatic injector, Model 730 data module with Intelink 
(Waters Chromatography Div., Millipore Corp., Milford, MA 01757). 
The method employed a 10 cm x 8 mm Nova-PAK Phenyl Radial-PAK 
cartridge used with a Model RCM-100 radial compression module 
(Waters-Millipore). The technique used post-column derivatization 
with aqueous iodine to enhance fluorescence of aflatoxins B, and G ,  
with a Model PCRS 510 heater system for HPLC postcolumn reac- 
tions (Kratos Analytical, Ramsey, NJ 07446). The ailatoxins were de- 
tected with a Model LS-1 fluorescence detector with excitation 
wavelength of 365 nm and emission cutoff at 418 nm (Perkin Elmer, 
Norwalk, CT 06856). The mobile phase was water-tetrahydrofuran 
(80:20 v/v) with a flow rate of 1.5 mumin and a iodine reagent flow 
rate of 0.4 mWmin. The column temperature was maintained at 40 C 
and the post-column reaction temperature was 75 C. Ailatoxin stan- 
dards (commercial mixed standards B, and G,, 5 pLg/mU B, and G,, 
1.5 pg/mL) were obtained from Applied Science Laboratories (State 
College, PA 16901). The detection limits were 0.1 ng B, and G,/g and 
0.06 ng B, and Gig. 
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Results and Discussion 
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(Table 1 Continued) 

Table 1 presents a comparison of the visual method, 
ELISA card test and HPLC analyses of 44 component 
and composite farmers stock grade samples determined 
to be positive (>20 ppb) by HPLC. Twenty positive 
samples ranging in contamination levels from 27-2542 
ppb (composite values) were classified as Segregation 1 
(47%), while 23 positive samples ranging from 61-2540 
ppb were classified as Segregation 3 by the visual 
method. These results showed that the visual method 
was only 53% effective in correctly identlfying aflatoxin 
contaminated samples of peanuts as Segregation 3. 
However, it should be pointed out that if one 0.5 g 
damaged kernel was removed from the grade sample for 
confirmation by the inspector’s supervisor, it would 
only need to be contaminated at a level of 16,000 ppb 
to make the composite grade sample average 20 ppb 
assuming a 400 g shelled sample. There is no way of 
knowing if any damaged kernels were removed for con- 
h a t i o n  by the inspector’s supervisor and, if so, what 
level of contamination, if any, it or they contained. 

The ELISA card test classified 42 samples as greater 
than 20 ppb (97.6% effective) and one sample (27 ppb) 
as less than 20 ppb indicating that the lower limit of 
ELISA detection may be -50 ppb. Only four samples of 
the SMK+SS were positive (29-111 ppb) by HPLC, 
and these components constituted 79.5% of the total 

Table 1. Visual, ELISA card test and HPLC analyses of 44 compo- 
nent and composite farmers stock grade samples determined to 
be positive by HPLC. 
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kernel weight of the grade samples. The LSK fractions 
(7.9% of total kernel weight of grade sample) had 34 
samples positive (20-14833 ppb) by HPLC, while the 
OK samples (11.2% of total kernel weight of grade sam- 
ples) had 24 samples positive (31-7109 ppb). The dam- 
aged component contained 13 positive samples (172- 
298,173 ppb), but constituted an average of only 1.4% of 
the total kernel weight of the grade samples. 

Eighty-seven samples classified as Segregation 1 were 
negative (81.3%), while 20 were positive (18.7%) for af- 
latoxin by HPLC analysis. Sixteen Segregation 3 sam- 
ples were negative (41%), while 23 (59.0%) were posi- 
tive. Therefore, the visual method correctly identified 
75% of all the samples when considering both contami- 
nated and non-contaminated samples. 

Although the ELISA card test was very effective at 
identlfying aflatoxin contaminated samples overall 
(98.6%), it had the greatest difficulty in identifying sam- 
ples as positive when the sample was between 20-43 
ppb (Table 2). It identified only one sample component 
out of thirteen that contained between 20-43 ppb as de- 
termined by HPLC. 

In conclusion, the direct ELISA method was consid- 
erably more effective (97.6% effective) than the visual 
A. flavus method (51%) at identifying farmers stock 
grade samples that were contaminated with aflatoxin at 
levels >20 ppb. The implementation of a direct analyt- 
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Table 2. Comparison between ELISA and HPLC test results for 
samples with 10-50 ppb contamination level. 

Sample 
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18.1 
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11.2 
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ical method such as an ELISA test into the peanut grad- 
ing procedure should improve the reliability of identify- 
ing aflatoxin contaminated lots of farmers stock peanuts. 
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