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ABSTRACT AND SUMMARY 

Surveys of the California walnut and almond crops 
to determine incidence of aflatoxins are reported. 
Average proport ions of contaminated nuts from the 
field were one in 28,250 for walnuts and one in 
26,500 for almonds. It was shown that there is a high 
correlation of con tamina t ion  with damaged nuts 
which are removed by standard sorting procedures. 
Statistical t reatment  of data from the surveys indi- 
cates some of the problems in sampling tree nuts for 
analysis. 

INTRODUCTION 

Aflatoxins, produced by certain species of Aspergillus, 
especially A. flavus, have been found in many food prod- 
ucts. Widespread incidence of aflatoxins in corn, peanuts, 
cottonseed, and a variety of oilseeds and oilseed meals has 
led to extensive investigation of procedures for sampling 
and analysis for these toxins. The problem of determining 
whether a given lot of a particulate commodity is con- 
taminated with aflatoxin and to what extent such con- 
tamination has occurred, results from the fact that only one 
seed in many thousands may be contaminated, but indi- 
vidual seeds may contain very high levels of toxin. Hence, 
contaminat ion is not  uniform throughout a lot and sampl- 
hag is difficult. The problems of sampling and analyzing for 
mycotoxins in peanuts and cottonseed have been addressed 
by Tiemstra (9) and by Whitaker and coworkers (10,12-14), 
who have concluded that the major cause of large variations 
in analysis is the sampling procedure. 

In 1971 the U.S. Food and Drug Administration reported 
to industry that they had found aflatoxins in commercial 
samples of walnuts and almonds. As a result, both the 
walnut and almond industries financed cooperative projects 
between the handlers and the Western Regional Research 
Center to survey the 1972-73 crops of these nuts. The 
objectives of these surveys were (a) to determine the oc- 
currence and geographical distribution of aflatoxins in tree 
nuts, (b) to evaluate the effectiveness of sorting procedures 
used by the handlers as means of removing contaminated 
nuts, and (c) to provide a statistical basis for sampling and 
analysis. The results of the initial almond survey have been 
published (7). This paper reports the survey of the walnut 
crop for 1972-73 and provides foUowup data for sub- 
sequent crops of California almonds. 

EXPERIMENTAL PROCEDURES 

Collection of Walnuts 

Sampling included in-shell walnuts from grower and 
processor, shelled nuts  from process streams, finished grade 
walnuts, and inedible oil stock. At three different times 
during the harvest season (late September through Novem- 
ber) samples of incoming nuts,  as received, were taken from 
six different receiving stations at various locations through- 
out California. At the same time collections were made 
from five separate processors. Finally, collections were 
made from the same five processors during the post-harvest 
period, February through May, 1973. A total of 155 sam- 
ples were collected for analysis (Table I). We attempted to 
obtain 45-1b samples of unshelled nuts and inedible oil 
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stock and 30-1b samples of shelled products. Actual average 
sample sizes were 43.3 lbs and 27.7 lbs respectively. Each 
separate sample was wrapped in polyethylene and stored at 
34 F within 24 hours of collection unti l  the day prior to 
preparation for analysis. Walnuts from receiving stations 
were unfumigated and not  dried. Shelled unsorted nuts,  
partially processed (hand sorted or electronically sorted) 
and processed nuts (finished product  ready for sale), as well 
as oil stock (inedible rejects), were taken from the proces- 
sors to reflect the end products from a specific day's 
processing. Only oil stock and finished products were taken 
during the post-harvest sampling. Ten different varieties of 
walnuts were represented, but  no correlations were found 
either with variety or with geographical location from 
which the samples were taken. 

Analysis of Walnuts (Fig. 1) 

Sample reduction was accomplished in a Hobart Vertical 
Cutter-Mixer (VCM) capable of grinding 15-18 lb of sample 
at a time. A modification of AOAC Method I (2) was used 
for grinding and subsequent  analysis. Samples were first 
divided into 15-1b portions. Three pounds of Hyflo Super 
Cel (Johns-Manville Corp.) was added to each 15-1b port ion,  
which was then cut in the VCM for 30 seconds at low 
speed, followed by 1 rain. at high speed. A 2-1b sample was 
taken from the ground mixture  and mixed with similar 2-1b 
portions from the other 15-1b increments of the sample. 
The combined samples were then stored at 34 F for analy- 
sis. This procedure was checked periodically with added 
a f la tox in  standard samples. All subsequent analytical  
procedures were carried out under  gold fluorescent lighting. 

From the combined analytical sample a 60-g por t ion 
(representing 50 g of ground meats) was combined with 
250 ml of chloroform, 25 ml of water, and an addit ional  
15 g of Hyflo Super Cel in a 500-ml flask. The flask was 
shaken vigorously on a Burrell wrist-action shaker for 30 
min and the contents  rapidly filtered through a sintered 
glass funnel  which had been wet-packed with 25 g of 
anhydrous magnesium sulfate in chloroform. A 25-ml 
aliquot of the filtrate was chromatographed on a silica gel 
column and analyzed by thin layer chromatography on 

TABLE I 

Sampling of California Walnuts 

Processor a Number of samples taken 

A 29 
B 22 
C 29 
D 23 
E 27 

Total from processors 130 
Receiving station b 

I 4 
II 3 
III 3 
IV 4 
V 5 
VI 5 
VII 1 

Total from receiving stations 25 
Grand total 155 

a30-1b samples shelled, except for fifteen 45-1b samples in-shell. 
b45-1b samples in-shell. 
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FIG. 1. Analytical scheme for walnut samples. 

TABLE II 

Aflatoxin-Contaminated Samples of Unsorted In-shell Walnuts a 

Aflatoxin (ppb), total wt. basis b 

Sample B 1 B 2 G 1 G2 Total 

1 0 10 
2 1.3 1 
3 0 2 
4 ( Traces 
5 ~ Traces 
6 , Traces 
7 ~ Tra ces 
8 c Traces 
9 ~ , Traces 

10 0 <1 
11 0 <1 
12 0 <1 
13 0 <1 
14 0 < 1  

0 0 10 
0 0 2.3 
0 0 2 

1 
; 1 

~'- 1 
1 

, 1 
, 1 

0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 

a14 samples of 40 contained aflatoxin. 
bit was assumed that kernel weight was approximately 1/2 of 

t o t a l  weight. 

Absorbasil-1 by developing with 20%ace tone :ch loroform 
containing 0.25% water. Aflatoxins were estimated quanti- 
tatively by comparison of  their  fluorescence to  that o f  a 
known standard, according to AOAC method  I (2). 

Analysis of Almonds 
Follow-up analyses of  the almond crop were taken in 

two subsequent years in order to check sorting procedures,  
to ascertain the variability of  the crop from year to year, 
and to a t tempt  to  find less expensive procedures for sam- 
piing than those now used. During the 1973-74 season, 
15-1b samples of  Nonpareil  a lmond rejects were obtained 
from several processors and analyzed at WRRC in the same 
manner as repor ted  earlier (7). During the 1974-75 crop 
year, 30-tb samples of  finished whole almonds, manufactur-  
ing stock and inedible oil s tock were collected from two 
processors by Mr. George Stanley of  the DFA (Dried Fruit  
Association) of  California and screened by the AOAC mil- 
l icolumn technique (2). Results were provided to the 
authors by the DFA for statistical analysis. 

RESULTS AND DISCUSSION 
Handling o f  almonds and walnuts is generally similar. 

The trees are shaken by machines and the ripe nuts drop to 
the ground, f rom which they are usually collected the same 
day. The outer  hulls are removed near the point  of  harvest 
and walnuts are dried in-shell to a moisture content  o f  7% 
or less. Almonds are already at this low moisture conten t  

unless there is contact  with water while they are on the 
ground. Tree nuts are then taken to the processing plant 
where they may be stored for a period of  a few days to 
several months before  processing. However, the majori ty  of  
tree nuts are processed in t ime for the Christmas trade. 
Processing begins with cracking the nuts in mechanical 
crackers and removing the shells from the kernels. The 
shelled nuts are sorted by electronic sorters, hand sorting, 
or (most usually) by a combinat ion  of these methods.  Wal- 
nuts are separated into  light and dark fractions, which are 
further sorted by hand on moving belts to  remove damaged 
kernels. Almonds are electronically sorted for damage; 
breakage of  the skin presents a white surface causing rejec- 
tion of  the nut. "Re jec t s "  f rom electronic separation are 
sorted further by hand to remove kernels which may have 
been damaged by insects or which are otherwise undesirable 
from those which were broken mechanically. Almonds 
accepted by the electronic  sorters are also hand sorted to 
remove undeisrable kernels which escaped electronic detec- 
tion. Almonds which have suffered only mechanical damage 
are often diverted to manufactur ing stock, which is made 
into sliced or diced products.  The heavily damaged walnuts 
and almonds are used as oil s tock to produce oil for non- 
edible purposes. Processors establish tolerances for damaged 
kernels to meet specifications for grade. 

After nuts are hulled and dried, there is relatively little 
likelihood of  mold  growth and proliferation. However, A. 
flavus spores are present in almost all lots of  nuts (6). Intact 
shells appear to protect  nuts f rom mold (8) but damage t o  

hull and shell may allow the mold to proliferate on the 
kernels while the nuts are still moist.  Hence, insect damage, 
split shells, or sunburned hulls may result in aflatoxin 
production in kernels. If  so, the sorting procedures used by 
the processors should remove aflatoxin contaminated,  
damaged nuts. Part of  the purpose of  our survey was to test 
the effectiveness of  sorting, as done by industry, and if 
possible, to suggest improvements .  

Walnut Survey 
Analyses of  in-shell walnuts are summarized in Table II. 

Only three 45-1b samples of  the forty armlyzed had aria- 
toxin contents higher than one ppb. The other  eleven posi- 
tive samples showed a slight fluorescence, but in the appli- 
cation of statistical analysis they were treated as zeroes. 
Several lots of  walnuts,  bo th  in-shell and shelled, were 
unusual in that af latoxin B2 was present without Bt .  Posi- 
tive identification of  B 2 was made in a few, but  not  in all 
cases by comparison of  the mass spectrum with that of  a 
standard sample. Possibly, aflatoxin B 1 was converted to 
B2a or another compound  not  identified. Such conversion 
did not occur during sample preparation and analysis, since 
added amounts of  BI ,  B2, GI ,  and G 2 were always 
detected. Table III summarizes similar results for walnuts 
at various stages o f  sorting. Processing concentrated aria- 
toxin in the dark walnuts and especially in the rejects (oil 
stock). 

Analysis of Data from the Walnut Survey 
In the entire s tudy there were so few positive samples 

there can be no correlat ion of  aflatoxin positives with 
source, variety, t ime of harvest, or other  variables prior to 
processing. The potent ia l  problem appears to be widespread 
geographically, but  at least in one harvest year, aflatoxin 
contamination was not  an acute problem. The sorting 
process, especially hand sorting, appears to be effective in 

removing the most highly contaminated  nuts. With elec- 
tronic sorting, a higher p ropor t ion  of  contaminated kernels 
is in the dark fraction. Therefore  it seems that  current 
processing is relatively effective in removing aflatoxin con- 
tamination with dark and damaged nuts. The assumption 
that contamination occurs at a high level in only a few nuts 
was supported by analysis o f  a lot  in which a 45-Ib sample 
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TABLE III 

Aflatoxin in Contaminated Samples of Processed Walnuts 

Product type 

Total  aflatoxin (ppb) Proportion of No. of samples 
positive samples X/n less than 1 ppb Range Average 

Aflatoxin B 1 (ppb) 

Range Average 

Nut meats, finished halves 
After electronic sort-lights 
After  electronic sort-darks 
Before electronic sort-shelled 
Oil stock (rejects) 

7/41 6 0-12.6 0.343 0-6.3 1.0 
4/13 4 0-<1 -- 0-<1 -- 
4/12 0 0-23.7 4.15 0-8.1 2.8 
4/20 i 0-7 0.628 0-5 1.2 

14/29 5 0-474 32.5 0-412 24.6 

TABLE IV 

Almond Survey Three-Year Results 

Sample source a XL (ppD) b pc  Xcn (pPb) d 

(x lo  "s) (xl0S) 

1972-73 
In-shell 1.28 3.78 0.337 
Unsorted 3.53 2.23 1.58 
Rejects 67.7 16.3 4.15 .Q 
1973-74 n 
Reject s 69.0 26.8 2.57 Q. 
1974-75 Processor A 

Z Manufacturing stock 4.33 1.52 2.85 m 
Rejects (hand sort) 47.8 18.3 2.61 X 
1974-75 Processor B O 

I-- Manufacturing stock 6.72 1.11 6.05 
Rejects (hand sort) 30.4 3.92 7.76 ..j  

tL 

aFinished whole nuts showed no samples with positive aflatoxin ~1~ 
values. Hence P, and X L and Xcn could not be calculated. 

b._XL Average concentration per lot. 
cp = Estimated proportion of contaminated nuts. 
dXcn = Average concentration per contaminated nut. 

TABLE V 

Duplicate Thirty-pound Samples of 
Almonds at Least One of Which Was Positive 

Aflat oxin, ppb 

Lot No. Sample 1 Sample 2 

1 1o 9 
2 33 o 
3 163 0 
4 84 143 
5 130 0 
6 0 84 
7 41 0 
8 5 0 
9 0 26 

10 0 9 
11 26 7 

assayed  4 7 4  p p b  o f  a f l a tox in .  Six 50-g s u b s a m p l e s  f rom the  
lo t  were  all nega t ive .  Hence ,  a pos i t ive  s ample  cou ld  resul t  
f r o m  the  p r e s e n c e  o f  o n l y  o n e  o r  a few ke rne l s  c o n t a i n i n g  
tox in .  

Almond Survey 

Similar  c o n c l u s i o n s  to  t h o s e  above  were  f o u n d  in the  
in i t ia l  a l m o n d  su rvey  (7) .  T he  resu l t s  o f  t h a t  su rvey  and  t he  
s u b s e q u e n t  t w o - y e a r  s amp l ings  are  s h o w n  in Tab le  IV. The  
yea r  t o  y e a r  v a r i a t i o n s  o f  a f l a t o x i n  in s imi la r  samples  have 
b e e n  re la t ive ly  small ,  i n d i c a t i n g  l i t t le  c h a n g e  in in i t ia l  con-  
c e n t r a t i o n  o r  in  r e m o v a l  d u r i n g  sor t ing .  In 1974-75 a 
conse rva t ive  e s t i m a t e  o f  a f l a t o x i n  c o n c e n t r a t i o n  ra t ios  was 
m a d e  by  d iv id ing  average c o n c e n t r a t i o n  in oil  s t ock  b y  t he  
u p p e r  95% c o n f i d e n c e  level for  f in i shed  p r o d u c t s .  These  
ra t ios  were  25  fo r  P roces so r  A and  5.3 for  P rocesso r  B. The  
a t t e m p t  d u r i n g  t he  1974-75  c r o p  yea r  to  co r r e l a t e  concen -  
t r a t i o n  in f i n i s h e d  p r o d u c t s  w i t h  t h a t  in  m a n u f a c t u r i n g  
s t o c k  or  r e j ec t s  t a k e n  f r o m  t he  same  p l a n t  on  the  same day  
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FIG. 2. 95% Confidence levels for lots of almonds in which one 
or more samples average 20 ppb total  aflatoxin. 

was u n s u c c e s s f u l ,  b e c a u s e  t h e r e  were  so few pos i t i ve  sam- 
ples in  a n y  p r o d u c t  e x c e p t  oil s t ock .  D u p l i c a t e  30-1b sam- 
ples were  a n a l y z e d  f r o m  a n u m b e r  o f  lots .  T h e  c o n c e n t r a -  
t i o n  v a r i a t i o n  o f  s amp le s  f r o m  t h o s e  lo t s  w i t h  at  leas t  o n e  
pos i t ive  is s h o w n  in  Tab le  V. Ana lys i s  o f  va r i ance  o n  t he se  
s amples  a l l o w e d  c a l c u l a t i o n  o f  t h e  p o i n t s  in  F i g u r e  2, w h i c h  
expresses  t h e  u p p e r  95% c o n d i f e n c e  l imi t s  fo r  o n e  t o  t e n  
samples  f r o m  a l o t  w h i c h ,  w h e n  a n a l y z e d ,  s h o w s  a n  average  
of  20  p p b  a f l a t o x i n .  Thus ,  w i t h  one  s a m p l e  a t  20  p p b  t he  
lo t  has  a r e a s o n a b l e  p r o b a b i l i t y  o f  c o n t a i n i n g  less t h a n  
1200  p p b .  I f  t e n  samples  f r o m  the  same  lo t  average  20  p p b ,  
t he  u p p e r  c o n f i d e n c e  l imi t  is still  a l m o s t  80  p p b .  Th i s  un-  
c e r t a i n t y  i l l u s t r a t e s  t h e  p r o b l e m  of  b a l a n c i n g  cos t  aga ins t  
r isk in  a s a m p l i n g  p lan .  

Both Surveys 

T h e  e x p e r i m e n t s  a c c o m p l i s h e d  t h e  f i rs t  t w o  ob jec t ives .  
We h a v e  e s t a b l i s h e d  t h a t  a f l a t o x i n  m a y  o c c u r  in  t r e e  n u t s  
t h r o u g h o u t  t h e  g rowing  area and  t h a t ,  as r ece ived ,  a n  aver-  
age o f  o n e  w a l n u t  in 2 8 , 2 5 0  c o n t a i n s  a f l a t o x i n .  U p p e r  a n d  
lower  95% c o n f i d e n c e  l imi t s  fo r  th i s  f igure  are  o n e  in  
1 0 , 0 0 0  a n d  o n e  in  146 ,000 .  T h e  average  p r o b a b i l i t y  o f  
c o n t a m i n a t i o n  in  a l m o n d s  is o n e  k e r n e l  in  2 6 , 5 0 0  w i t h  
u p p e r  a n d  l o w e r  c o n f i d e n c e  l imi t s  of  one  in  1 4 , 7 0 0  t o  o n e  
in 55 ,300 .  Over  a t h r e e - y e a r  p e r i o d  t he se  p r o p o r t i o n s  have  
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b e e n  fa i r ly  c o n s t a n t  a l t h o u g h  t h e y  m a y  be  i n f l u e n c e d  b y  
i n c l e m e n t  w e a t h e r  at  ha r ve s t  o r  b y  c h a n g e s  in  h a n d l i n g  nu t s  
b e f o r e  a r r iva l  a t  t he  p r o c e s s i n g  p l a n t .  

I t  has  also b e e n  d e m o n s t r a t e d  t h a t  e l e c t r o n i c  a n d  h a n d  
s o r t i n g  fo r  damage ,  used  b y  t h e  i n d u s t r y ,  is e f fec t ive  in 
p l ac ing  c o n t a m i n a t e d  ke rne l s  in  t h e  i n e d i b l e  rejects .  Data  
were  i n s u f f i c i e n t  t o  q u a n t i t a t e  t h i s  e f fec t iveness ,  s ince  so 
few samp le s  o f  f i n i shed  p r o d u c t  we re  a f l a t ox i n - pos i t i ve ,  bu t  
t h e r e  is p r o b a b l y  a t  leas t  a t e n - f o l d  c o n c e n t r a t i o n  o f  t o x i n  
in  w a l n u t  r e j ec t s  a n d  a s o m e w h a t  h i g h e r  c o n c e n t r a t i o n  in 
a l m o n d  oi l  s t o c k .  I n s o f a r  as t h e  i n d u s t r y  m a i n t a i n s  rigid 
t o l e r a n c e s  fo r  damage ,  espec ia l ly  in  m a n u f a c t u r i n g  s tock ,  
t h e i r  p r o d u c t s  will m e e t  p r e s e n t  F D A  gu ide l ines  o f  20  ppb .  

T h e  t h i r d  ob j ec t i ve ,  a n  e f f ec t ive  s a m p l i n g  p rog ram,  is 
st i l l  a p r o b l e m .  Tree  n u t s  are e x p e n s i v e ;  t he  cost  to  the  
p r o c e s s o r  f o r  an  a n a l y t i c a l  s a m p l e  m a y  e x c e e d  $1 .00  pe r  
p o u n d .  S ince  t h e  ke rne l s  are la rger  t h a n  p e a n u t s ,  and  oc- 
c u r r e n c e  o f  a f l a t o x i n  is less f r e q u e n t ,  ve ry  large samples  or  
a n u m b e r  o f  sma l l e r  s am p l e s  are n e e d e d  t o  p r ov ide  as- 
s u r a n c e  t h a t  a lo t  is a f l a t ox i n - f r ee .  U l t r a v i o l e t  so r t ing  
t e c h n i q u e s  spec i f ica l ly  for  a f l a t o x i n  do  n o t  d e t e c t  all con-  
t a m i n a t i o n  s ince  f l u ro e s cence  is o f t e n  q u e n c h e d .  R e d u c i n g  
a f l a t o x i n  in  a lo t  a l r eady  heav i ly  c o n t a m i n a t e d  is also 
p r o b a b l y  n o t  feasible.  S t o r e d  n u t s  p r o b a b l y  d o  n o t  increase  
in t o x i n  c o n t e n t  w i t h  t i m e  (1) ,  b u t  t h e  t o x i n  is s table .  
R o a s t i n g  d e s t r o y s  some  a f l a t o x i n ,  b u t  i t  c a n n o t  be  c o u n t e d  
o n  t o  r e m o v e  all of  i t  (4,1 1 ), whi le  c h e m i c a l  t r e a t m e n t  w i th  
a m m o n i a  or  h y p o c h l o r i t e  (3 ,5 )  is i m p r a c t i c a l  fo r  a f o o d  
p r o d u c t  w i t h  large p ieces  or  w h o l e  kerne l s .  C o n s e q u e n t l y ,  
o u r  r e c o m m e n d a t i o n  to  i n d u s t r y  has  b e e n  t o  m a i n t a i n  rigid 
t o l e r a n c e s  for  d a m a g e  in  ed ib le  p r o d u c t s .  
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