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Aflatoxin in Freshly Harvested 1979 Georgia Corn 
and Formation after Collection 

O.L. SHOTWELL, W.F. KWOLEK 1 and C.W. HESSELTINE, Northern Regional 
Research Center, Agricultural Research, Science and Education Administration, 
U.S. Department of Agriculture, Peoria, I L 61604 

ABSTRACT 
In the crop year 1979, freshly harvested dent corn was collected at 
maturity in 57 sets of 2 equivalent samples/set. One set was dried 
the day of cotlection in Georgia and the other set was shipped to 
Peoria in corrugated cardboard boxes before drying. The set that 
was not dried in Georgia was shelled and dried as soon as possible 
after arrival in Peoria to prevent further aflatoxin formation. Both 
sets of samples were analyzed randomly at the Northern Regional 
Research Center, Peoria. In 22 Peotia-dried samples, aflatoxin was 
detected in levels ranging from 2 to 449 ng/g total toxin but was not 
detected in the matching samples dried the same day of collection 
in Georgia. It took an average of 7 days to ship samples from 
Georgia. Of the 57 samples dried in Georgia, 63% were negative for 
aflatoxin; aflatoxin was below violative levels (~20 ng/g) in 82%; 
the average aflatoxin level in all samples was 36 ng/g In the match- 
hag 57 samples dried in Peoria after shipment, aflatoxin was de- 
tected in all but 37%; aflatoxin was below violative levels in 70% of 
the samples; the average aflatoxin level in all samples that had been 
dried later was 78 ng/g There was a significant increase in aflatoxin- 
positive samples associated with shipment prior to drying These 
results indicate that aflatoxin formed during shipment of the 1979 
freshly harvested corn samples from Georgia. 

INTRODUCTION 

Aflatoxin occurrence in corn is a continuing problem in the 

i With the North Central Region at NRRC. 

southern U.S. (1). Scattered aflatoxin outbreaks in corn 
have been reported farther north during drought years. In 
1978, the Northern Regional Research Center (NRRC) 
analyzed corn samples collected by the Statistical Report- 
ing Service in their objective yield surveys in Georgia, 
Illinois, Indiana, Iowa, Kansas, Kentucky, Missouri, Ne- 
braska, North Carolina, Ohio, Texas and Virginia. None of 
the samples collected in Illinois, Indiana or Nebraska had 
detectable aflatoxin (detection limit is 2 ng/g); no sample 
collected in Iowa, Kentucky or Ohio had aflatoxin levels 
equal to or more than 20 ng/g. Of the samples collected in 
Kansas and Missouri, 3% had aflatoxin levels of more than 
20 ng/g; of the samples from Texas, 14% had more than 
20 ng/g. It was suggested that the analytical results ob- 
tained by NRRC for aflatoxin in southern corn were 
excessively high because samples had not  l~een dried at the 
point  of collection, but were shipped to Peoria before 
drying. A comparison of results obtained in surveys of 1978 
corn by 3 southeastern states and by NRRC (Table I) 
indicated that those results reported by Virginia and North 
Carolina (2) were similar to those obtained by NRRC. 
However, there was a discrepancy between aflatoxin 
incidences and levels found in Georgia corn by state and 
federal agencies in Georgia (3) and by NRRC. This differ- 
ence might be due to the formation of aflatoxin in undried 
samples during shipment to NRRC. 
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TABLE I 

Aflatoxin in 1978 Southeastern Corn 

% Samples at aflatoxin levels 
(ng/g) of: 

Locadon Agency 0-19 20-100 ) 100 Re f. 

Virginia State a 91 8 1 2 
Virginia NRRC b 90 6 4 
North Carolina State a 72 18 10 2 
North Carotina NRRC b 70 18 12 
Georgia State c 62 24 13 3 
Georgia NRRC b 36 21 42 

aMethod of handling not described. 
bDried after shipment to NRRC and analyzed. Because of an unfortunate delay in 

shipping it took over 3 weeks to receive 25% of the samples. 
CDried on cob the day of collection and analyzed (cooperative project with Science and 

Education Administration). 

An Ad Hoe W o r k  Group was organized in 1979 to 
examine and summarize current knowledge regarding 
mycotoxin surveys, sampling techniques, conditions con- 
ducive to post-collection production of  mycotoxins in grain 
samples and analytical methods for mycotoxin analysis (4). 
Priority attention was given to corn suspected of  containing 
aflatoxin. Recommendations were made by the Work 
Group where deemed appropriate. It was recommended 
that corn samples be dried to moisture levels of  13-13.5% 
as soon as possible after collection. 

We are reporting the results of  a study in which aflatoxin 
in freshly harvested 1979 Georgia dent corn was deter- 
mined and toxin formation after collection was studied. 

EXPERIMENTAL PROCEDURES 

Sample Collection and Handling 

Two 15-ft rows of  1979 mature corn were harvested from 
each of  57 fields in the coastal plain region of  Georgia from 
July 24 to Sept. 28, 1979. The shucked ear corn was 
randomly separated into 2 equivalent samples. One of  a 
set of 2 ear corn samples was placed in an oven at 60 C for 
drying on the day of  collection. Drying to 13-14% moisture 
took 72 hr, after which the sample was shipped to NRRC 
to be shelled, prepared for analysis and analyzed. The 
undried ear corn sample of  the set was shipped to NRRC 
before drying, was shelled upon arrival in Peoria and dried 
immediately (80-90 C overnight). Both sets of  samples were 

shipped in corrugated cardboard boxes packed with news- 
papers. Samples were in transit an average of 7 days. 

Preparation of Subsamples for Analysis 

As each sample of shelled corn was coarsely ground in a 
Straub disc mill, the stream of  coarsely ground corn from 
the mill was inspected under a high-intensity Blak-Ray light 
(B-100-A) (365 rim) for the bright greenish-yellow (BGY) 
fluorescence associated with Aspergillus flavus and possible 
aflatoxin (1). The BGY particles observed in each sample 
were counted. The coarsely ground corn was finely ground 
to pass a no. 20 sieve in a 6-in. Raymond Hammer Mill 
fitted with a screen containing 1/8-in. perforations before 
being blended in a Hobart Planetary mixer fQr 15 min. 

Analysis for Aflatoxin 

Subsamples (50-g) were assayed for aflatoxins by the 
method designated as the CB (Contaminants Branch) 
method approved for corn by both the AOAC and AACC 
(5,6). 

RESULTS AND DISCUSSION 

The average number of ears in the samples dried in Georgia 
was 17; the average weight of  the shelled corn from these 
samples was 2.1 kg. The average number of  ears in the 
samples shipped to NRRC before drying was 18 and the 
average wt of  the dried shelled samples was 2.2 kg. 

TABLE II 

Comparison of Aflatoxin Levels between Samples That Were Dried in Georgia before Shipment 
and Those Dried after Shipment to NRRC, Peoria, IL 

Total aflatoxin level (ng/g) 

Dried in Georgia Shipped to NRRC before drying 

No. of samples % No. of samples % 

ND a 36 63 21 37 
<20 11 19 19 33 
20.99 7 12 11 19 
100-499 2 (300, 352 ng/g) 4 2 (168, 330 rig/g) 4 
500-999 3 (449, 544, 631 ng/g) 5 
;~1000 1 (1098 ng/g) 2 1 (1637 rig/g) 2 
Total 57 100 57 100 
Detectable 37 63 
~20 ng/g 18 28 
Average aflatoxin level (ng/g) 

in all samples 36 78 
Average aflatoxin level (ng/g) 

in positive samples 98 123 

aND = not detected. 
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TABLE llI 

Comparisons of Aflamxin Levels between Selected Samples (21) Dried in Georgia 
and Their Paired Samples That Were Dried at NRRC after Shipment 

Total aflatc0dn level (ng/g) 

No. of samples 

Dried in Georgia Shipped to NRRC before drying 

ND 0 7 
<20 11 6 
20-99 7 4 
100-499 2(300, 352 a ng/g) 1 (168 ng/g) 
500-999 0 2 (544, 631 a ng/g) 
~1000 1 (1098 ng/g) b 1 (1637 ng/g) b 
Average aflatoxin level (ng/g) 98 156 

a, bSamples from the same set. 

The incidence and levels of aflatoxin in the 2 sets of 
samples, dried in Georgia and shipped to NRRC before 
drying, is summarized in Table II. Because of problems in 
sampling ear corn (4), the results of all samples had to be 
considered to determine the effect on aflatoxin levels of 
shipping the samples to NRRC without drying. The greatest 
difference observed between the 2 sets of samples was in 
detectable aflatoxin. The toxin was detected in only 37% 
of the samples dried immediately after collection in Geor- 
gia~ Aflatoxin was detected in 63% of the samples that were 
not dried until they reached Peoria. Of greatest concern 
is the aflatoxin incidence at levels equal to or greater than 
20 ng/g, the Food and Drug Administration's guideline for 
violative levels. Of the samples dried in Georgia, 18% had 
violative aflatoxin levels, with an average level in all 57 
samples of 36 ng/g; of the 57 matching samples dried at 
NRRC after shipment, 30% had violative levels, with an 
average of 78 ng/g. 

Twenty-one of the samples dried in Georgia were posi- 
tive when assayed at NRRC (Table III), with an average 
aflatoxin level of 98 ng/g. The matching samples that were 
not dried until they arrived at NRRC had an average 
aflatoxin level of 156 ng/g. These results indicate the 
average aflatoxin level in these samples increased from 98 
to 156 ng/g during shipping. 

Moisture determinations had been made by the Statis- 
tical Reporting Service in each of the 57 fields as the ear 
corn was harvested. The 57 pairs of samples were arbi- 
trarily divided into 3 groups of 19 based on moisture 
content: high moisture (22.8-35.5%), medium moisture 
(19.0-22.8) and low moisture (12.7-18.4). For samples 
dried in Georgia, the higher initial moisture levels were 
associated with lower aflatoxin levels. The highest shifts 
from negative or nondetectable results in samples dried in 
Georgia to positive results in the samples dried at NRRC 
occurred in the high moisture group. The shift was not 
significant for low or medium moisture corn, but it was 
significant for high moisture corn (3 positive in 19 total 
each for low and medium moisture vs 11 in 19 for high 
moisture). 

In this study, we found, as we have before (7), that the 
more BGY particles a sample has, the more likely it is to 
have aflatoxin (Table IV). As would be expected, there 
were more BGY particles in the samples that had been dried 
after shipment to Peoria than in those dried in Georgia. 
Previous studies have shown a positive correlation between 
aflatoxin levels and numbers of BGY particles (1). How- 
ever, the number of BGY-positive corn lots that do not 
contain aflatoxin would indicate that the metabolite 
responsible for BGY fluorescence is formed before afla- 

TABLE IN' 

Comparison of Bright Greenish-Yellow Fluorescence (BGY) in Corn 
Associated with Asper~llus flavus and Possible Aflatoxin Presence with 
Total Aflatoxin in 197"9 Georgia Corn 

Total aflatoxin level (ng/g) 

Particles of BGY/kg sample 

0 <1 1 2 3 >3 

Dried in Georgia 
ND a 23 6 5 1 
<20 2 1 6 1 1 
20-99 1 1 2 1 

(21 ng/g) 
100-499 
5O0-999 
~1000 
Total 25 8 12 4 2 

Shipped to NRRC before drying 
ND 12 4 2 2 
<20 4 6 4 2 1 
20-99 1 1 2 2 3 

(59 ng/g) (22 ng/g) 
100-499 1 
500-999 1 
~1000 
Total 17 11 9 4 7 

aND = not detected. 
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toxin. We h~ve proposed that  a corn sample containing 1 or 
more BGY pardcle /kg should be analyzed for aflatoxin 
(7). Of the 114 BGY inspections done on 1979 corn 
samples, 62 revealed less than 1 BGY particle/kg; 3 o f  the 
samples in this category had aflatoxin in levels of  more than 
20 ng/g (21, 22 and 59 ng/g). Of the 52 samples with one 
or m o r e  BGY particle(s)/kg, 29 had less than 20 ng/g 
aflatoxin and 12 had nondetectable toxin (detect ion limit 
is 1-3 ng/g). The BGY test should not  be used as the only 
criterion for rejecting corn lots, but to indicate which lots 
should be tested further for aflatoxin. 
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Tolerance to in vitro Accumulation of Aflatoxins 

in Pecan Meal as Affected by Factors Associated 
with Yield (Carya illinoensis [Wangenh.] K. Koch) 

J.L. McMEANS, National Peanut Research Laboratory, USDA, SEA, AR, SR, 
PO Box 637, Dawson, GA 31742 

ABSTRACT 

Unautoclavcd pecan (Carya illinoensis [Wangenh.] K. Koch)meal 
from selected trees, 10 each with high or low nut yields, were 
inoculated with a spore suspension of Aspergillus parasiticus. Sig- 
nifieandy greater concentrations of aflatoxins (BI + Ba + Gi + G2)  
occurred in substrates from high-yielding trees. The data suggest 
physiological differences associated with yield resulted in tolerance 
to accumulation of aflatoxins. 

INTRODUCTION 

Considerable tree-to-tree variation in aflatoxin accumula- 
tion occurred within a pecan cuhivar (Carya illinoensis 
[Wangenh.] K. Koch) when kernel halves were artificially 
inoculated with toxin-producing strains of Aspergillus 
flavus or parasiticus (H.W. Schroeder, personal communi- 
cation). Data from the USDA laboratory at Byron, Georgia, 
indicated significant differences in percentage of oil, refrac- 
tive index, some minerals and fatty acids in kernels from 
high- and low-yielding pecan trees. The significance of these 
relationships are not understood,  but  they do indicate that  
concentrat ion of chemical constituents in pecan kernels are 
affected by the yield of  the tree on which they were pro- 
duced. Yields of pecan trees vary among trees and years 
because of irregular bearing (1). It is possible that the 
earlier observed variation in aflatoxin accumulation from 
trees within the same cuhivar were related to yield and, 
hence, to differences in chemical consti tuents or their con- 
centrations. The following study was undertaken to deter- 
mine if aflatoxin accumulation in pecan meal is associated 
with tree yields and with differences in chemical constitu- 
ents of the pecan kernel. 

MATERIALS AND METHODS 

Individual 50-to-60-year-old pecan trees, cv. "Money- 

maker,"  were harvested from a 33-acre block in Nov. 1978. 
Yields were determined and corrected for moisture content.  
Nuts were air-dried for 2 weeks, shelled and kernels frozen. 
Kernels from 10 trees each with the highest (range of  91- 
120 kg and mean of  104 kg/tree) and lowest (range of  1-2 
kg and mean of 1 kg/tree) nut yields were selected for test- 
ing. At least 0.5 kg of untreated kernels from each test tree 
was ground in a Dickens Mill to pass a 3.18-mm screen. 
Prior to inoculation, meal samples from each tree were 
analyzed for the presence of aflatoxins. The A. parasiticus 
isolate was obtained from a naturally infested pecan nut- 
meat. The inoculum was grown for 7 days at 25 C on malt- 
salt agar. Triplicate 10-g meal samples were placed in 
250-mL flasks and inoculated with 10 mL of  0.025% 
Tween 20 in sterile distilled water containing 104 spores/ 
mL. A 10-g check of  each sample was inoculated with 10 
mL of 0.025% Tween 20 in sterile water. All t reatments 
were incubated for 7 days at 25 C, then autoclaved and 
frozen. Total  aflatoxins (B1 + B2 + Gl  + G2) was deter- 
mined visually by thin layer chromatography (TLC) (2). 
Total phenolics were determined from duplicate meal 
samples with gallic acid used as a standard (3,4). Mineral 
concentrations were determined by atomic absorption. 
Cold pressed oils were used in the determinat ion of fat ty 
acids by gas liquid chromatography (GLC) (5,6) and refrac- 
tive index. The percentage of  oil was determined by the 
AOCS method (7). 

RESU LTS A N D  DISCUSSION 

Aflatoxins were not  detected in the samples prior to inocu- 
lation and incubation;  however, following incubation,  trace 
amounts occurred .in all check samples. These trace levels 
could be due to internal kernel infestation (8,9) or contami- 
nation by toxin-producing strains of the A. flavus group 
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