Performance of visual and chemical
methods in identifying aflatoxin
contamination in farmers stock
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Abstract. — Leads of Morunner farmers stock (F5) peanues were wsed 10 evaluale two metheds o determine aflatoain conlemnation. The
Two metheds evaluated were the visual mspecuion of kernels for 1he presence of Aspergilius flaves (VAF and an enevime-linked immunasorben:
assay (ELISA) In loads with greater than 20 ppb aflatoxnn, the pereemage of samples identified as conaminated was 39.3% and TO% for the
VAF and ELISA methods, respectively. Thus. the ELIZA testz should help identify loads of peanuts contaminated with aflatoxin. resulting in

higher quality peanues reaching consumers,
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INTRODUCTION

Aflztoxin 15 a toxic marerial thar can be produczd in pea-
nuts (Arachis hvpogaea L) by the fungs Aspereillos Tavis
and A, paresiticus (hereafter collecuvely ermed A, favus.
Durning the grading of farmers stock (FS) peanuts in the U5,
the leose shelled kernels from a 1.8 kg sample and the ker-
nelsthatare shelled from 300 g subsample of pods are visual-
Iv examined for the presence of these fungi ( VAE method).
It A flavus 15 found. the load of peanuts is presemed o be
unacceptably contaminated with aflatxin. the Toad is clos-
sified as Segreganion 3, and it 1s diverted 12 oil stock. How-
ever. classification errors may occur for any one of the
following reasons: the sample may nol represent load. the
imspector may misclassily harmless fung: as A flavuy, the A
Flavuy may be comrectly identified but mav not have produced
aflatoxin, and aflatoxin may be present inthe peanets bul the
A. flavas may not have been identified by the inspector. If afla-
taxin is present bue A, fovas 15 not ideniified. then contam
naicd loads of peanuts will be mixed with loads that are
aflatoxin-free. On the other hand. if the inspector comrecly
or incorrectly identifies a load a8 having A, favuy but no
aflatoxin present. the edible peanuts will be divered w ol
stock,

Sample size crmors will ocour with any testing procedure:
however, 1he subjectivity and indireciness inherent 1o the
VAF method can be eliminated through the wse of 2 chemical
allatoxin 1est, Because of the low wlerances for allatoxin
(20 ppb in the U.S. and 10 ppb in some peanut-importing
countrigs) in edible pzanuts, 3t is vital that the best possible
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aflatoxin determination be made on FS peanuts. Theratore,
it is imporant w study, =valuate, and recommend needed
changes and/or improvements i the current aflatoxin
control program for FS peanuts.

Although analvtical methods for aflatos in determinations.
including thin-laver chromutography (TLC), minicolumn
chromatography. and high-performance liguid chromatogra-
phy (HPLC), have been available for some time, an analvti-
cal methad far FS peanuts has not Been adopted {Davidson
er al.. 1984 Holaday, 1976). Reasons for this include the
cost and time necessary for analvsis. Recently. several en-
ryme-linked immunosorbent assays (ELISA) have been in-
troduced (Dromer and Cole, 1989 Pestka er ol 1980
Koelrzow and Tanner, L9891 Many of these are rapid and re-
latively incxpensive methods that may make feasible and
practical a direct analysis of FS peanuts for allatoxin,

The objective of this study was 1o compare the perfor-
mance of the ¥ AF and ELTS A methods in identifying conta-
minated loads of FS peanuts,

MATERIALS AND METHODS

Inthe 1986 crop vear. the accuracy and variability in sam-
pling and grading florunner F5 peanuts were studied. Dunng
this experiment. the VAF and ELIS A methods were used o
collect data for improving the dentification of affaloxin
conlammation m FS peanuts. The schemane procedures of
the study is shown in Fig, 1. Afler marketing, separate Fe-
deral Brate Inspection Service gpproved pneumatic sampling
patterns were wsed 1o lake each of 3, 20 kg samples. The trai-
ler load was then unloaded and sampled with an autormated
spout sampler to take one 60 kg sample. The 60 kg sample
was divided into 3 . 20 kg subsamples by use of the official
farmers stock divider. After sampling. the peanuts from each
trailer were weighed and shelled at a shelling plant to deter-
mine shelling outtums and grade factors on the basis of the
total load.
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2 Shelling plant methods

The shelled stock was segregated into edible kernels
consisting of whole kemels riding a 16/64 inch slated
screen 2nd splitkernels riding a 17/64 round hole screen and
inedible kernels which consisted of small whole and split
kernels falling through these screens and all loose shelled
kernels. Ten sumples tapproximately 1.8 ke esxch) were ta-
ken from the edible and inedible cateporics of each load for
determination of aflatoxin concentrations.

Measurement of aflatoxin in samples of shelled stock pea-
nuts was performed by the Fruit and Vegewsble Processing
and Products Division, USDA. AMS, Albanv. GA, and ana-
lvzed by TLC. As indicaed by resubis of ELISA tests on
grade samples. 4 out o 12 traslers (1. 2. 3 and 6) were not
suspected of contatming aflaoxin. Thus, the edible s1ock
From these 4 Joads were not evaluated by 1he TLC method.

- Pneumatic and spout sample methods

Each of the 20 ke FS peanut samples and subsamples
obizined from the pneumatic and spous samplers wis subdi.
vided inta 10 samples of 1.8 kg each. Thus. there were 60,
1.8 ke samples per trailer (3 pncumatic samples = 3 spout
subszmples = 10 samplest. From cach 1.8 kg sample. the
L5K and the kernels from a 500 gram sample of pods were
inspected for visiole A. faves. Then the same L5K and ker-
nels were ground and subssmpled for the analvical rests
Each subsample was analveed for aflatoxin with the E7-
Screen Quick Card test (Environmenial Diagnostcs. Lne..
Burlington. NC 27215110 indicate cither a positive (20 ppb)

Or negative | ppog resuln. [T there was a positive result by the
ELISA test. the same extract was subsequently analyzed by
HFLC (Domer and Cole, 1988) 10 determine the level of
contamination. Domer and Cole (1989 showed that the E-
LISA test identified 20 ppb samples 99% of the time. Nega-
tive ELISA samples wers not analvzed by HPLC in order o
keep the number of analyses manageable,

RESULTS AND DISCUSSION

The aflatoxin levels indicated bv the TLC method in each
of 13 loads of florunner peanuts are presented in table 1.
Weighted means of aflawxin in the total grade ranged from
0.1 10 1795 ppb, These results indicated that all of the 13
trailers were comaminated. There were 3 loads that had tong)
aflatoxin contamination greatzr than 3 pph. There were anlyv
4 Toads that had more than 5 ppb aflatoxin in the edible stock

As expected. aflaloxsin contamination in the edible siock
was generally less chan those in the inedible stock, The dif-
farence in contamination betweesn the editle and inedible
stock was prapartional o the level of comamination. Table
I shows that the range of allatoxin means for each irailer was
zenerally greater inthe inedible than in the edible. The rangz
increased as the weighied mean of aflatoxin in the lead in-
creased.

Actrailer by tratler comparison of the WAF und ELIS A me.
thods is shown in zble 11, Sinee all of the 13 wrailers wers
contaminated (Tuble [1 the best method of deteetion shonld
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TABLE I — Afatovin levels ipph) as determined by the TLC method in grade samples from 13 loads of farmers stock peanuts

Arlatoxin weighted mean

Hanpe of shelled grade samplz means

Truiler Tewl Edilsle Trseelible Edinle [medible
1 0.1 ! 0.5 nd 0 : L4
k. 0.6 nd 33 nd 0.0 0
3 09 ncd 15 nd no 43
=+ L3 i3 LIk [hid . a4 04 - 1.8
5 i 0.2 158 0o - 48 ] 3T . 21.2
b 26 nd 15.1 nd L} h.4
7 kN 0.3 1.3 (1X] - 1.3 12 24
B 4.l a0 ilg [0 04 [} - TR
9 26 21.8 16.5 0o 47,8 10 . [ LR
1 443 0.3 4280 (i 0.8 512 - L1302
11 a2kl 18.6 1695 o1 59.0 1.7 - I248
i2 106 B8 150.7 65 - 1540 13840 - 3165
13 17593 121.5 504.4 6.0 2980 1389 - A540

(1Y Aflatoxin not detected by the ELISA teal and thus nol analvesd using TLC

TABLE Il — Performance of VAF and ELISA methods in identifving aflatoxin-contaminated loads using prade samples from

loads of Farmers stock peanuts

% of samples with 2 A, Tavas kemels

% of samples with 2 2lppb by ELISA

Trailer Lol ppb No of samples by VAF method method
1 0.1 45 0.0 15.6
2 0 60 0.0 81
3 0o ] [IEY] 3.5
4 1.3 L] 1.7 67
<] 20 L] 0 =N
& 24 57 0 8K
7 N & 3 16.7
H <1 1] . 30
el e 51 470 54,7
Lo 49,3 &0 00 541
11 52.2 53 BE.T a1 4
12 1065 b} 650 a4
11 176,32 60 a1y W67

TABLE 111 — Performance of the ELISA method using the HPLC method as a check

1 TEA sarmobes p——
Traiber Tolul ppb Er[I:l T:é:ﬂ“ R e TELISAthat  HPLC mean when ]-élrj.]ig 1:1:.;?.:;::::
HPLE inalveed by ELISA  ageeed with HPLC ELISA agoeed ipph .
I 0.1 3 14 571 48 0.3
il 0.6 13 19 EN 1.7 0.6
3 0.9 13 17 6.5 14.8 0.4
4 1.3 i3 b 91.7 2.2 0.2
5 2 9 44 886 15,5 54
6 = 8 1 728 1.5 00
7 2.6 7 38 710 SE.H 20
g i 9 12 T30 0.l 0.3
u 4.1 a0 43 wLe 322 4.2
1 206 33 29 (L] 0.0 17
11 49.3 50 ]| .0 [ELER] 1.0
1z 1.2 53 56 Qa4 g 137
I ,11 I_{:H‘LH f-i G0 '.H‘I.‘-r 96‘5.:'- 48 'q
1793

113 Tozal samples zre less than bl because nepative ELISA samples were no analvesd by HPLC

identify o higher percemtage of samples as pasitive repar-
diess of the range of aflatoxin concentration. For the 5 loads
having stznificant aflatexin (20 ppb) in the tomal load, the
percemt of sample identified as being contaminaed averaged
5%.3% and 70.0% for the VAF and ELISA methods. respec-
vively., For the other 8 loads that had lower levels of afla-
toxin. the percent of samples dentitied averaged 0.6% and
9.3% for the VAF and ELISA methods respeciively. Thus.
the ELISA test idenufied a higher percentage of lots with
220 ppb aflztoxin than the VAF, This is important i{ increa-
sing quality and reducing the aumber of contaminated loads
that reach the consumer is important. The ELIS A method did
reject more  pph contaminated loads; therefore, the econe-

mics of this higher rejection rale would have 1o be weighed
against the quality increase if the peanut industry were to a-
dopt the ELISA tesung procedure.

A comparison of the ELISA method with the HPLC me-
thod i presented in table 11 The agreement of the ELISA
positive test with HPLC was good (90%) in the 5 loads ha-
wing = 20 pph tatal aflatoxin. In the other & loads that had
low levels of aflatoxin, the ELISA and HPLC tesis agreed
T3.E% of the time, OF the tests that agread from the 8 loads
with  ppb aflatesin, the HPLC mean of aflatoxin was 149
ppi. Furthermore, the aflutoxin means at which the ELISA
method did not agree with the HPLC mathod wers low (with
HPLC subsamples mean of 1.2 ppb . as compared 10 the cri-
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tical concenrration of 20 pph at which the ELIS A cards were
manufactured, The ELISA method rejected more loads than
the chemical methods when compared 1o resexrch by David-
son of af, (1984 and Whitaker (19867 This may be due o
the differences i the chemical test being used or to the dis-
tribuetion of aflatexin in the samples alirnbutable o the enve-
rommental conditions of that crop vear.

In summary. the results demonstrated that the ELISA me-
thod was more sensitive than the WAF method in tdenufying

Oléagineus, Vol 47. 07 10 - Ocwobre 1992

aflatoxin contammation in FS peanut loads. Theretore, new
procedures for testing F5 peanut loads for aflatoxin warrants
consideranon as & step wewards achisving a salisfactory afla-
toxin cantrol program,
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RESUME

Performance des méthodes visuelles ¢t chimigues utilisées pour I"identifi-
cation de la contamination par aflatoxine de stocks d'arachide chez les

planteurs

F.E DOWELL. ¥v.J. T3AL 1w _ DORNER.R.J. COLE et LI DAVIDSONM. IR, (idagineux.

19%2, 4. N 10, p. 343346

[324 lons d'arzchide de tyvpe flerunner provenant des stocks de plamieurs on 2t uiilisés pour
évaluer doux méthodes emplovess dins la dérerminarion de la contarmanation par aflaoxine.
1l s"agit de inspeciion visuelle des crames afin de deceler la présence o Agpdrgaling fldvie
IV AF 20 d un res immunocnzymatique | ELES AL Dans des lors présentant une reneur en arla-
pocte supérienre 3 20 pph, le prurceniage & échantillons wentifids comme émnt comamings
s dlevan respecliverment & 32,3 % pour 1o méthods VAF et 2 70 % pour lu meéthods ELISA
Les teat ELISA devealent done contribuer 1 identifier 125 lats d arachides eontamings par atla-
Locine, assurant aimsi une meillewrs gualoé des arachides livedes auy consommargurs,

Moty cles, — Arachde. allatosineg, Aspergiffing faves. immunoenzymes. loxicologie.

RESUMEN

Resuitados de métodos visuales v guimicos empleados para identificar la
contaminacion por aflatocina de existencias de mani junto a los cultiva-

dores

FE DOWELL, Y.L TSAL LW, DORNER. R.J. COLE a1 L1 DAVIDSON, JR. Méapmena,

1902 47, N7 L0, p. 383-386

Partidas de mani d= upo Clounngr procedenies de exisiencias de culiwvadores, se emplearon
pard evaluar dos méiodos wsados #n la dererminacion de la comaminacidn por aflaioxing. Sz
trara de lo inspeccién visual de las semillas. 2 fin de desoubir o presencie de Aspergilfis Tavis
IWAF) v de prucha ummuneenzimdtica (ELISAY. En partidas con consenido de aflatocina
mayer deé 20 ppb. el porcaniae respecuve de muestras identificadas como comaminadas ¢ra
de un 59,3 % para ¢l méredo YVAF v de un T % para el mémdo ELISA. Asi que la prusha de
ELISA habwia de contribwir en adentificar as partidas de mani contaminadas por aflatocing,
propursionande s wna mejor calidad de los manis entregados a los consumideres

Palabras claves. = Aand, afinmecina, Aspeedi s Savns, IMMunocnzimis, wxicologa



