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Abstract 
Subsamples of a given lot of peanuts may vary  

greatly in aflatoxin content due to extreme vari- 
ability in the degree of contamination of indi- 
vidual kernels. A micro method, adapted from 
the aqueous acetone procedure recently proposed 
by Pens and Goldblatt for  the determination of 
aflatoxins in cottonseed products, was developed 
to permit  accurate determination of aflatoxins in 
individual kernels and kernel sections. 

Use of this procedure permit ted the topo- 
graphic distribution of aflatoxins within single 
kernels to be mapped and indicated that  the tox- 
ins are not uni formly distributed within con- 
taminated kernels, even when the kernel contains 
a high level of aflatoxins. Although wrinkling 
or discoloration sometimes indicated that  a ker- 
nel was contaminated, this type of physical dam- 
age was not found to be a reliable indication of 
aflatoxin content. Also it  was noted that  a few 
apparent ly  sound and mature kernels contained 
high levels of aflatoxins. 

Introduction 
TRAINS OF TI-IE CO]V[h~ON M:OLD Aspergillus flavus 
have been found to produce highly toxic meta- 

bolites recently named aflatoxins (1). These aflatox- 
ins have been designated B1, Be, G1, and Ge, the 
letters indicating that  2 fluoresce blue and 2 green 
under  ultraviolet light, and the subscripts ident ifying 
their relative mobility under  specific conditions of 
chromatography. 

Although the toxins are not limited to peanuts 
(2,3) this commodity was the first to be implicated 
and is one of the commodities most seriously threat- 
ened in the United States since such a large portion 
is consumed as food. As numerous samples of pea- 
nuts were analyzed for aflatoxins at  this laboratory,  
it became evident that  sampling would be a major  
problem: it appeared that a few highly contaminated 
kernels unevenly distributed among a large number  
of uncontaminated ones caused large differences among 
assays of subsamples. To ident i fy  the contaminated 
kernels and also to determine the distribution of afla- 

1 Presented at the AOCS :~eeting, Houston, April 1965. Honorable 
Mention Bond Award Competition. 

s So. Utiliz. Res. Dev. ]:)iv., ARS, USDA. 

toxin within the kernel, it  was necessary to devise 
a method for assaying individual peanuts or parts  
of peanuts. 

Most of the current  methods involve Soxhlet ex- 
traction (4), large column (5), or phasic separations 
(6). The aqueous acetone method originally devel- 
oped by Pens and Goldblatt for the determination 
of aflatoxins in cottonseed (7) is, however, particu- 
lar ly adaptable to micro techniques. Because it ex- 
tracts  only negligible amounts of oil while readily 
dissolving aflatoxins, this solvent is especially useful 
for examination of individual peanuts and peanut  
sections weighing as little as half  a milligram. The 
amount  of sample necessary is inversely related to 
the parts  per billion aflatoxins. F o r  example, on a 
sample weighing 400 mg it is possible to estimate 
aflatoxins in concentrations as low as 24 ppb;  on the 
other hand, if the level of toxin is high enough, san> 
ples weighing as little as 0.3 mg can be assayed 
accurately. 

Procedure and Results 
lYlethod for  A s s a y  of  Af [a tox ins  

Whole peanuts or peanut  sections are weighed and 
then comminuted into fine particles (0.5 to 1 ram) 
with a sharp razor blade without the expression of 
oil. The sample is allowed to soak for 30 rain in 5 
ml of 70% acetone in a 15 ml graduated conical 
t ipped centrifuge tube and is st irred at intervals to 
ensure maximum extraction. Two mI of 20% lead 
acetate is then added, the mixture  stirred, and 6 ml 
of distilled water added. The sample is centrifuged 
for 10 min at 4000-5000 rpm in an angle head cen- 
trifuge. The supernatant  is quanti tat ively decanted 
into a 60 ml separatory funnel. The amount of 5 
ml of 70% acetone is added to the residue, and the 
mixture  is st irred and allowed to stand for 30 rain. 
Af ter  8 ml of distilled water  is added, the mixture  
is recentr ifuged for 5 rain; the centrifugate from 
this extraction is added to that  in the separatory fun- 
nel. This combined eentr ifugate is then shaken in 
the separatory funnel  with 2 separate 20 ml portions 
of chloroform. Af te r  the lower chloroform layer has 
separated, it is filtered through about 25 g of anhy- 
drous sodium sulfate into a 50 ml beaker. The bed 
of sodium sulfate can be conveniently prepared by 
inserting a plug of glass wool into the constriction 
of a dry ing  tube (1 .4 x 1 0  era). Af ter  most of the 
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T A B L E  I 
Afla toxin  Conten t  of Subsamples  of G r o u n d  P e a n u t s  a n d  F ine ly  G r o u n d  

P e a n u t  Meal  D e t e r m i n e d  by the Micro  Aqueous  Acetone Method 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 1 L  C H E I ~ [ I S T S  ' SOCIETY  

G r o u n d  peanu t s  P e a n u t  meal  

W e i g h t  of Af la tox in  B1 W e i g h t  of Af la toxin  B1 
subsamples  subsamples  

g ppb  g ppb  
0 .24  2 6 0 0  0 .07  3 1 0 0  
0 .13  1800 0.11 3 0 0 0  
0 .38  1700  0 .17  2 8 0 0  
0 .22  1600  0 .20  2 8 0 0  
0 .31 1 6 0 0  0 .07  2 7 0 0  
0 .41  1 5 0 0  0 .14  2 7 0 0  
0 .33  1 2 0 0  0 .26  2 5 0 0  
0 .25  1200  0 .20  2 5 0 0  
0 .20  1 1 0 0  0 .22  2 5 0 0  
0 .25  1 0 0 0  0 .31  2 4 0 0  
0 .25 500  0 . 2 4  2 4 0 0  
0 .20  400  0 .08  2 3 0 0  

chloroform is boiled off on a s team bath, the extract  
is quant i ta t ively  t ransfer red  into a small (3-5 ml) 
vial ;  evaporated to dryness, p re fe rab ly  under  a slow 
s t ream of ni t rogen;  and cooled to roam temperature .  
Chromatostr ips  (8) are used to obtain a pre l iminary  
estimation of the concentration of toxins. With  this 
exception, the procedure,  calculation, and  equipment 
used for  chromatography  are identical to those pre- 
viously reported f rom this labora tory  (6,7). 

To determine the reliabili ty of the micro procedure, 
50 g stock samples of roughly ground raw peanut  
kernels and of finely ground peanut  meal were pre- 
pared. Indiv idual  subsamples ranging  f rom 0.07-0.4 
g of each mater ial  were then analyzed for aflatoxins 
by applicat ion of the micro procedure. The data re- 
corded in Table I indicate considerable variat ion in 
the individual  subsamples f rom the ground peanuts  
but very little var ia t ion in those f rom the meal. This 
can easily be a t t r ibuted to the nature  of the sample. 
While the meal was ground to pass a 60-mesh screen, 
thus affording a fa i r ly  homogeneous sample, this 
could not be done with ground peanuts  due to the 
high oil content. Consequently the values obtained 
on replicate micro determinat ions on ground peanuts  
were not in good agreement.  However,  the average 
of the 12 micro analyses f rom the ground peanut  sam- 
ple, 1350 ppb of aflatoxin B1, was in essential agree- 
ment with the average of the two values, 1100 and 
1400, obtained by analysis of the same stock sample 
by the macro aqueous acetone procedure  (7). For  
the peanut  meal stock sample the agreement  among 
the 12 micro replicates was good and the average of 
these values, 2640 ppb aflatoxin B1, was in excellent 
agreement  with the value of 2500 obtained on dup- 
licate analyses of the meal using the macro procedure 
(7): These results tend to confirm the accuracy and 
reliabili ty of the micro procedure and emphasize the 
uneven distribution of aflatoxins in particles of raw 
peanuts. 

Observations and Assays  
Most samples of sound mature  peanuts  do not con- 

tain a,flato,xin. Results obtained on samples examined 

15 16 19 20 

!win. 1. Photograph of kernels No. 15, 16, 19 and 20 from 
Table [I.  

T A B L E  II 

" W r i n k l e d "  P e a n u t s  Segrega ted  f rom a Sample  of 
Sound  M a t u r e  Ke rne l s  

P e a n u t  D imens ion  Microscopic Afla toxins  
No. of ke rne l  e x a m i n a t i o n  

for  mold B1 G1 

mm p p b  ppb 
1 10 x 8 N.D.  a 4 0 0  300  
2 12 x 7 + b  100  50 
3 11 x 9 - H  - r  150  150 
4 15 x 9 + 100  250  
5 12 x 8 + N .D.  N.D.  
6 11 x 9 + N .D.  N.D, 
7 13 x 8 + +  150 250  
8 12 x 8 - H -  T r a c e  T r a c e  
9 15 x 9 N.D. 25 20 

10 13 x 10 + +  T r a c e  T r a c e  
11 12 x 9 + K.D.  N.D.  
12 15 x 9 -}-+ T r a c e  50 
13 13 x 9 + +  N.D. T r a c e  
14 13 x 9 + N.D. N.D. 
15 17 x 9 N.D. N.D. N.D, 
16 12 x 9 + 6 , 3 0 0  13 ,500  
17 14 x 9 -{-+ N.D.  40 
18 14 x 9 + N.D.  N.D.  
19 11 x 9 + N.D.  N,D,  
20  12 x 10  + N.D.  N.D.  

None detected.  

VoL. 43 

b + __--Hyphae in  one spot, e i t he r  in sk in  or on sur face .  
e + + _ ~  M a n y  hyphae  on sk in  or cu t  sur face .  

at  this laboratory  indicate that  those which do con- 
tain aflatoxins can be roughly divided into two groups. 
In  the first, there is a higher prevalence of contam- 
inated kernels than in the second, but  the level of 
aflatoxins is lower. In  the second type, contamination 
is highly selective; a few kernels car ry  very  large 
amounts of aflatoxins, whereas the vast  major i ty  con- 
tain no detectable amounts. In  both types the pro- 
portion of contaminated kernels to noncontaminated 
ones is quite low. 

Type  I. Because the appearance  of kernels com- 
pris ing the first group did not suggest mold damage, 
an a t t empt  was made to categorize the kernels by 
differences in physical appearance.  A sample of seg- 
regation i (peanuts with 2% or less damaged ker- 
nels) Spanish peanuts  was divided into the follow- 
ing categories: 1) well-shaped, sound kernels (70% 
of the sample by weigh t ) ;  2) kernels having red 
dappled skins (15%) ; 3) green-veined kernels (2%) ; 
4) splits ( 5 % ) ;  and 5) dark  and wrinkled kernels 
(8%) .  One hundred grams of each category were 
assayed by the modified Broadbent  procedure (4). 
Although no aflatoxins could be detected in the first 
four categories, 2,250 ppb  aflatoxin B1 was found 
in category 5, the dark  and wrinkled kernels. A sec- 
ond experiment  in which the dark kernels were ana- 
lyzed separate ly  from the wrinkled ones showed that  
the wrinkled kernels contained about 70 times as much 
toxin as did the dark  and comprised about 60% of 
this category. 

This concentration of aflatoxins in tile wrinkled 
kernels suggested that  it would be informative to look 
at individual  wrinkled peanuts.  Before the chemical 
assay, 20 peanuts  in this category were examined vis- 
ually, but  no gross evidence of mold was detected. 
They were then observed with the aid of a low power 
microscope at magnifications of 10 X and 40 X. No- 
tations were made of thei r  appearances  and of any 
mold s t ructures  such as hyphae or eonidiphores. Af ter  
the skin and whole kernels were observed, the coty- 
ledons were split apar t  with a razor blade to permit  
the inner surface and the hear t  to be observed. Par ts  
of questionable portions, especially the skin of 7 of 
the 20 kernels, were mounted  in lactophenol cotton 
blue to make the mold s t ructures  clearer and then 
observed at  magnifications of 100 X and 450 X. 

Chemical assay showed that  12 of the 20 peanuts  
had detectable levels of aflatoxins. Results of the 
microscopic examination and the assays tabulated in 
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T A B L E  I V  

Afla toxin  B1 Content  of Cons t i tuen t  P a r t s  of Selected Type I I  Peanu t s  

W e i g h t  
No. of ha l f  Visua l  examina t ion  Aflatoxin B1 

p e a n u t  

g Outs ide Ins ide  ppb 
1 0.24 Normal  BTown 3,200 
2 0.19 Broken  skin  Hyphae  & spores 1,100,0O0 
3 0.08 Shr ivel led  S1. brown 5,400 
4 0.19 Normal  t t yphae  N.D. 
5 0.19 Normal  Orange spot & hyphae 800,000 
6 0.26 Normal  S1. brown 2,900 
7 0.13 Normal  S1. brown N.D. 
8 0.10 D a r k  b rown Black  N.D. 
9 0,14 bTormal B r o w n  N,D. 

10 0.14 Normal  Selerotia 5,300 
11 0.18 Normal  B r o w n  N.D. 
12 0.28 Broken  skin  Hyphae  & spores 250,000 
13 0.12 No skin  S1. brown N,D. 
14 0.21 Normal  Hyphae  & spores 45,000 
15 0.29 Normal  1~ Brown  & 1~ white 300 
16 0.20 Normal  Hyphae  & spores 100,000 
17 0.21 S1. wr ink led  Normal  1,200 
18 0.21 B r o w n  Hyphae  N.D. 
19 0.20 No skin  Sp rou t ing  N,D. 
20 0.17 No skin  B r o w n  & white  134,000 

Table I I  show that  even observable mold s t ructure  
is not necessarily correlated with aflatoxin content. 
The assay on No. 1, which had no visible mold, gave 
positive results (400 ppb  B1 and 300 ppb  G1). Pea- 
nut  No. 16, which showed hyphae in only one spot 
( + ) ,  assayed 6,,300 ppb  B1 and 13,500 ppb G1. Of 
the 7 peanuts  showing visible mold s t ruc ture  ( + + ) ,  
only 4 had measurable amounts of toxin. Photographs  
of 4 of these wrinkled peanuts  are shown in F igure  
1. One had a large amount  of aflatoxin (No. 16) 
and the others were negative (Nos. 15, 19, 20'). I t  
is also interest ing to note that  al though several in- 
dividual wrinkled kernels contained afiatoxin G1, it  
was not detectable in the port ion of wrinkled pea- 
nuts assayed as a composit e sample. 

Type II. The second type of contaminat ion-- lower  
incidence but at higher levels--occurred in a sample 
of sound matu re  kernels reserved for  seed stock. 
Two separate 2 kg subsamples taken at random were 
ground, mixed, and each 2 kg sample riffled separately  
to two 50 g aliquots, which were assayed by the 
macro aqueous acetone method (7). Analyses of the 
replicates f rom the same 2 kg sample were in good 
agreement  while the values between the 2 kg sam- 
ples var ied f rom 30 to 400 ppb aflatoxin B1. Again, 
contamination in a few unevenly dis tr ibuted kernels 
could have caused this var iabi l i ty  between subsam- 
ples. In  the original seed stock, peanuts  containing 
aflatoxin could not be identified by any  one physical 
characteristic,  such as discoloration or wrinkling. As 
an example, individuel assays of 50 slightly wrinkled 
peanuts  f rom the seed stock showed that  one peanut  
contained 1,200 ppb aflatoxin B1 and 4 had only trace 
amounts and the rest  were negative. 

Because it was not possible to consign the contam- 
inated kernels to one category, a th i rd  2 kg sample 
was careful ly  exanlined for  any suspect  kernels. TO 
ensure segregation of all possible contaminated ker- 
nels, each peanut  was cut in half  longi tudinal ly  so 
that  each par t  consisted of half  of each cotyledon. 
In  this way, any hidden damage was easily detected. 
Approximate ly  five thousand peanuts  were cut and 
examined visually. Of these only 20 were slightly 
discolored or shrivelled or contained visible mold. The 
rest of the 2 kg sample, i.e., the kernels not considered 
"suspect," were ground d ry  and the two 50 g aliquots 
assayed (7) were negative. 

One half  of each of the 20 " s u s p e c t "  kernels was 
assayed individually.  Results of visual examination 
and the assays are recorded in Table I I I .  Twelve of 
the 20 kernels contained aflatoxins. These values 

P e a n u t  P e a n u t  P e a n u t  P e a n u t  
P a r t  No. 2 a No. 5 a No. 16 a No. 20 a 

ppb ppb ppb ppb  
Sk in  570,000 1 1 0 , 0 0 0  . . . . . . . . . . . . . . . .  
Hea r t  4 ,000,000 N.D. 27,000 1,100,000 
Abaxia l  surface 3,000,000 130,000 98,000 210,000 

Layer  1 2,300,000 110,000 . . . . . . . . . . . . . . . .  
Layer  2 760,000 . . . . . . . . . . . . . . . . . . . . . . . .  

Mesophyll  650,000 18,000 130,000 20,000 
Adaxia l  surface 60,000 44,000 340,000 152,000 

Layer  1 ........ 24,000 76,000 
Mold N.D . . . . . . . . .  10,000 ........ 
B r o w n  area next 

to hear t  . . . . . . . . . . . . . . . .  ....... 700,000 
Orange  spot ........ 2 ,000,000 . . . . . . . . . . . . . . .  

a Represents  the other ha l f  of the peanu t  kernel  l isted in  Table I I I .  

ranged f rom 1,100,000 ppb of aflatoxin B1 in kernel 
No. 2 to 300 ppb  in kernel No. 15. The second half  
of kernel No. 1 was assayed and contained 6,000 ppb  
B1, an indication that  even though the kernels were 
cut longitudinal ly so that  each pa r t  consisted of half  
of each cotyledon, these two par ts  are not necessarily 
t rue duplicates. Two assays of the other half  of ker- 
nel No. 12 showed that  the proximal  port ion contained 
126,000 ppb B1, while the distal port ion contained 
only 84,000. This difference indicated tha t  the toxin 
is not un i formly  distr ibuted even within a small area. 

Mill igram quar~tities of selected portions of the 
other half  of kernels Nos. 2, 5, 16 and 20 of Table 
I I I  were assayed separately.  Thin layers were care- 
fu l ly  sliced f rom the curved surface and other se- 
lected portions were completely excised with a razor 
blade, which was more convenient than  a microtome 
because of the contour of the peanut  kernel. Results 
repor ted in Table I V  do not show a consistent pa t t e rn  
of contamination. In  kernel  No. 2 (F igure  2) the 
aflatoxin content was higher in the hear t  and outer 
surface and gradual ly  decreased in slices closer to 
the center of the kernel, whereas in kernel  No. 16 
there was more toxin in the inner surface and meso- 
phyll  and less in the outer surface. The assay of the 
hearts  of kernels Nos. 2 and 20 indicated a high level 
of toxin;  the heart  of No. 5 had no detectable amount.  
In  this kernel, the greatest  concentrat ion of toxin 
was in an orange-brown spot imbedded in the center 
of the peanut.  

Of the 12 contaminated kernels, those containing 
over 100,000 ppb  of aflatoxins seemed to contain only 
B1 and traces of B2, an indication that  the A. flavus 
strains contaminat ing these kernels produced the B 
toxins exclusively. Cultures of molds positively iden- 
tified as A. flavus were made f rom kernels No. 2, 5, 
and 16. All of these strains produced the B afla- 
toxins exclusively on peanuts  and on shredded wheat. 

:FIG. 2. Photograph of the other half of kernel :No. 2 from 
Table I I I  showing abaxial surface (a) and adaxial surface (b). 
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Discussion 
Samples of peanuts  are cur ren t ly  graded as sound 

and mature  if  they contain less than 2% damaged 
kernels, including discolored, broken, insect-infested 
or mold-damaged kernels. Both of the samples de- 
scribed are well within these grading requirements.  

In  the first type of contaminat ion where the inci- 
dence of contaminated kernels is high but  the level 
of toxin within the kernels comparat ively  low, i t  was 
possible to consign the contaminated kernels to a 
category that  represented 5% of the sample, and was 
characterized by  a physical  appearance  designated as 
wrinkling. This wrinkl ing differed front the shrivelled 
appearance  of immature  peanuts  tha t  fall  through 
the screens dur ing sorting, and could have been asso- 
ciated with dampening" of the kernels during'  storage. 
Even in this category, some of the wrinkled kernels 
were positive and some were negative, but  none of 
the kernels other than the wrinkled ones contained 
appreciable amounts of aflatoxin. 

In  the second type of contaminat ion where the in- 

cidence of kernels containing toxin was low but  the 
level of toxin in those kernels was high, these con- 
taminated kernels  represented only 0.24% of the sam- 
ple. Of the 20 " s u s p e c t "  kernels only a few were 
dark  or discolored; in fact, 11 appeared  normal  be- 
fore cut t ing (Table  I I I ) .  These kernels were segre- 
gated a s "  su spec t "  only af ter  the inside was examined. 
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LAS Removal Across an Institutional Trickling 
G. W. KUMKE, Union Carbide Corporation, South Charleston, West Virginia 
C. E. RENN, The Johns Hopkins University, Baltimore, Maryland 

Filter 

Abstract 
Field studies with a low-rate tr ickling filter 

have shown a paraffin-derived LAS sur fae tan t  
to be removed nearly as efficiently as the rest  of 
the organics contained in an inst i tut ional  sew- 
age. A nondomestic cracked-wax-derived LAS 
surfaetant ,  which was fed over a second two- 
month period for reference purposes, was re- 
moved at a somewhat lower rate. These tests were 
conducted at  the New Jersey  Colony at  New 
Lisbon dur ing  the period Apr i l  to August ,  1965. 

Introduction 
A SIX-MONTI- I  E V A L U A T I O N  Of the amenabil i ty  of 

two linear alkylate sulfonate (LAS)  surfae- 
tants  to biodegradation by the tr ickling fil tration 
process has been completed. These tests were con- 
ducted by Union Carbide Corporat ion at the New 

PRIMARY CLARtFtER BIOLOGICAL TRJCKUNG 
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FIG. 1. State Colony at New Lisbon sewage treatment plant. 

Jersey  Colony at  New Lisbon p r imar i ly  to determine 
the removals of paraffin-derived LAS by this some- 
what  inefficient process. A nondomestie cracked-wax- 
derived LAS was also tested to provide a point  of 
reference to a pr ior  s tudy at the insti tution (1). 

Various surfaetants ,  shown to be degradable by 
laboratory  testing, have established themselves as re- 
placements for  the relatively nondegradable branched- 
chain alkylbenzenesulfonates. As is often the ease, 
questions have developed regarding  the ability of 
laboratory tests to predict  adequately the behavior of 
the new sur fae tants  under  actual  t reatment  condi- 
tions. To this end, studies involving full-scale sewage 
t rea tment  plants  have established tha t  paraffln-derived 
LAS removals by  activated sludge average about 95% 
(2,3);  however, ample degradabi l i ty  data f rom full- 
scale tr ickling filter studies have not been available. 
Added emphasis regarding tr ickling filter data  have 
developed because of a recent repor t  that  a cracked- 
wax-derived L A S  was removed quite inefficiently with 
this process (1).  

Test Site 
The tr ickling filter facilities at  tbe State Colony 

in New Lisbon, New Jersey, were selected for con- 
ducting these LAS field tests for  several reasons. 
Close control over all process variables could be main- 
rained. The influent had a very low background sur- 
fae tan t  content, which made feasible the addition of 
sur fae tan t  at the t rea tment  facilities. Also, data  ob- 
tained dur ing a pr ior  s tudy at this p lant  were avail- 
able (1). 

The State Colony at New Lisbon is an inst i tut ional  
home operated by  the State of New Jersey for about 
1250 men and boys with a dayt ime staff of approxi-  
mate ly  250. The sewage t rea tment  p lant  influent con- 
sists essentially of domestic waste, since all l aundry  
is contracted out and the kitchen wastes are t rea ted  


