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eventually obtained from long-term [e.g., 84 days 
(11) ] dietary studies with elaidate and other mmsual 
fat ty acids. In particular, some enzymatic basis may 
be found to indicate why the "cholesterol coefficient" 
of the trans monoenoic acids (+2.1) is so similar to 
that for the saturated acids (+2.7) whereas that for 
the cis isomers is essentially zero (12). At the present 
we can see an interesting similarity in the acyltrans- 
ferase specifieities at the I-position of 2-acyl-GPC 
and these coefficients. 
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Assay of Aflatoxin in Peanuts and Peanut Products 

Using Acetone-Hexane-Water for Extraction 1 
I. A. ROBERTSON, JR., LOUISE S. LEE, ALVA F. CUCULLU and L A. GOLDBLATT,  2 
Southern Regional Research Laboratory, New Orleans, Louisiana 

Abstract 
A quantitative method is described for the 

assay of aflatoxin in peanut products. The pro- 
cedure involves extraction of aflatoxin from the 
sample with a homogeneous aectone-hexane-water 
solvent mixture followed by purification of the 
extract by phasic extraction of the aflatoxin with 
aqueous sodium chloride and then with chloro- 
form. The purified chloroform extract is analyzed 
by thin-layer chromatography by comparison of 
the intensity of fluorescence of any aflatoxin with 
the intensity of a known standard. The aflatoxin 
analyses of peanuts were found to be very vari- 
able due to sampling, and this variability has 
been greatly reduced by finely grinding and thor- 
oughty nlixing 2 kg of the sample before removal 
of an aliquot for assay. The method is sensitive 
to approximately 2 parts per billion. 

Introduction 
LATOXI~S ARE mG~LY tOXiC metabolites initially 
ound to be produced by species of the common 

mold Aspergittus flavus (1) and later found to be pro- 
duced by other mold species (2,3). The aflatoxins 
were first found in a peanut meal which caused the 
death of a large nmnber of farm animals (4). The 
toxins are not limited to peanut products but also 
have been found associated with the toxicity caused 
by other agricultural commodities (4,5). 

Crude aflatoxin is a mixture of several fluorescent 
components, four of which have been isolated in a 
pure state and shown to be toxic in varying degrees 
to ducklings (6). These four components were desig- 
nated aflatoxin B1, B2, G1 and (]2 because of their 
origin as metabolites of Aspergillus flavus and from 
the blue and green fluorescence they exhibit when ex- 
posed to ultraviolet (UV) radiation. The structure of 
aflatoxin B1 and G1 has been established by Asao et 
al. (17). Ariatoxin Be and G2 are dihydro derivatives 
of the respective B1 and G1 (6,8,9). 

1 I~ionorable mention, Bond Award competition. Presented at AOCS 
:~eeting, Chicago, Illinois, October, 1964. 

'2 So. Reg. ICes. Lab,, New Orleans, Louisiana, one of the laboratories 
of the So. Utiliz. Res. and Dev. Div., ARS, USDA. 

The aflatoxins are soluble in solvents such as meth- 
anol, and this solubility forms the basis for most of 
the present methods of assay (10-14). Some of these 
methods are long and time-consuming and lack sensi- 
tivity due to quenching of fluorescence by impurities. 

Until quite recently all the procedures used for the 
determination of aflatoxin in peanut products called 
for initial separation of the aflatoxin by prolonged 
Soxhlet extraction. For this procedure a single sol- 
vent or a constant boiling mixture of solvents pos- 
sesses obvious advantages. In this laboratory an 
azeotrope of acetone, hexane and water has been under 
investigation as a solvent for removal of lipids and 
gossypol from cottonseed for several years (15). The 
use of this azeotrope was investigated, and it was 
found to be an excellent extractant for ariatoxin from 
peanut products with the added advantage that it 
does not extract as much extraneous material as does 
methanol. Thus, equal amounts of aflatoxin were 
found in a commercial peanut meal when the aflatoxin 
was removed by 6 hr of Soxhlet extraction with meth- 
anol or with the aeetone-hexane-water azeotrope. 
However, the residue obtained after evaporation of 
the methanolic extract from 100 g of commercial 
peanut meal amounted to 11.55 g, whereas that ob- 
tained after evaporation of the azeotrope amounted 
to only 3.13 g. Accordingly, the subsequent purifica- 
tion of the extract required for assay for aflatoxin by 
thin-layer chromatography (TLC) is much simpler if 
the azeotrope is used as the extractant. 

Recently, it has been found in assaying for aflatoxin 
that equally satisfactory results can be obtained in 
much shorter extraction time by equilibrium extrac- 
tion using a Waring Blendor or a shaker (16). The 
azeotrope is not completely miscible at room romp, 
and a small lower layer relatively richer in acetone 
and water separates out, thus making it somewhat in- 
convenient to handle in the laboratory. Since the 
constant boiling temp characteristic of an azeotrope 
is not important in equilibrium extraction, the utility, 
as an extractant for aflatoxin, of homogeneous mix- 
tures of the solvents was investigated. A mixture of 
acetone, hexane and water in the proportion of 
5:48.5:1.5 (v/v) was found to be homogeneous and to 
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TABLE I 

V a r i a b i l i t y  o f  A f l a t o x i n  A s s a y  of D i f f e r e n t  2 k~  Subsamples  f r o m  the  
S a m e  25 lb Sample  of P e a n u t s  a 

T ~  Joua~'AL OF ~HE AMERICAN OIL CI~E?~IISTS' SOCIETY VOL. 42 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 ............................................................... 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A ppb 96 

B 72 
A 160 
B 120 
A 72 
B 96 
A 160 
B 144 
A 720 
B 600 

a E a c h  2 k g  s u b s a m p l e  of g r o u n d  p e a n u t s  w a s  passed  t h r o u g h  a J o n e s  
riffle s ample r  success ive ly  to ob ta in  the  two  a l iquots  used  for  ana lyses  
A a n d  B.  

give results by equilibrium extraction comparable to 
those obtained by Soxhlet extraction with the azeo- 
trope. Although the azeotrope may be used and 
Soxhlet extraction with the azeotrope may be pre- 
ferred with some materials, equilibrium extraction 
with the tlomogeneous solvent mixture generally will 
be preferred.  This paper  describes the method de- 
veloped for  the quanti tat ive assay of aflatoxin in 
peanut  products  using this homogeneous mixture  of 
acetone, hexane and water as the extractant.  

Principle 

The sample is extracted by equilibrium extraction 
using a War ing  Blender  or a shaker with a homoge- 
neous aeetone-hexane-water solvent mixture. The re- 
sulting s lurry  is centrifuged, and an aliquot of the 
centr ifugate is t ransfer red  to a separatory funnel. 
The aflatoxin is removed from the eentrifugate by 
phasic extraction with 5% aqueous sodium chloride, 
and then removed from the aqueous phase with 
chloroform. Af te r  evaporation of the chIoroform the 
residue, which contains the aflatoxin, is dissolved in 
a known volume of chloroform. The purified extract  
is spotted on a TLC plate and developed. The chro- 
matogram is examined under  long wave UV light, and 
the intensity of blue and green fluorescent spots of 
appropriate  R~'s is compared visually with the inten- 
si ty of known standards. 

E x p e r i m e n t a l  
Apparatus 

1. Explosion-proof ~rar ing Blendor with 1 qt ja r  
and lid or Burrel l  Wrist-Action shaker or 
equivalent (see Note 1). 

2. Centr i fuge--equipped with head to hold 250 ml 
bottles. 

3. Centrifuge bottles, 250 ml. 
4. Separatory  funnels, 250 ml with Teflon stop- 

cocks. 
5. But t  extractor  tubes. 
6. Microliter syringe, Hamilton 701-SN or equiv- 

alent, 10 ~1 capacity, with 26-gauge tip, 2 cm 
long. 

7. Thin-layer chromatographic equipment - -DE-  
SAGA/Br inkmann  or equivalent. 

8. Desiccating storage cabinet. 
9. Long wave UV lamp--Spectrol ine  Model C-3F 

Fluorescence Analysis Cabinet equipped with 
four 15-watt long wave UV lamps or Blak-Ray 

T A B L E  II 

Var i ab i l i t y  of the  Af la tox in  A s s a y  of a t~inely G r o u n d  P e a n u t  Sample  

Ana lyse s  ppb Af la tox ln  B1 

1 ......................................................................................., 246 
2 ...................................................................................... / 246  

3 ......................................................................................... 1 234  ....................................................................................... 258 
264  dZ:Z:Z:Z:i:::ZiZi::i:::::i::i:ili:::ii:i:::ii:::illi::::i:::::::T:iliT e74 

Model B-100A, Ultraviolet Products,  San Gab- 
riel, California, equipped with a 100-watt long 
wave flood bulb. 

10. Vials, 2 dram with polyethylene stoppers (Kim- 
ble 60975-L). 

Reagents 
1. Chloroform, ACS grade. 
2. Methanol, ACS grade. 
3. n-tIexane, purified, boiling range 60-70C. 
4. Acetone, ACS grade. 
5. Anhydrous sodium sulfate, ACS Trade. 
6. Sodium chloride, ACS grade. 
7. Silica Gel G-HR for TLC, Brinkmann Instru-  

ments. 

Solutions 

1. 5% Aqueous sodium chloride. 
2. 3% Methanol in chloroform (v /v ) .  
3. Aeetone-hexane-water solvent mixture (50:48.5 : 

1.5 v /v ) .  
4. Aflatoxin s tandard--ca .  1.0 ~g of B1 and G1 

per ml chloroform. The aflatoxin s tandard may 
be prepared f rom pure, reerystallized aflatoxin 
or from purified extracts of known concn. 

P r o c e d u r e  for  P e a n u t s  

Preparation of the Sample 

1. Examine the sample and discard any sticks, 
stones, or other extraneous materials. 

2. In  the case of large samples of peanuts (over 2 
kg),  pass the whole sample successively through 
a Boerner Sampler or its equivalent and reduce 
to 2 kg. 

3. Grind 2 kg of the sample in a War ing  Blender.  
This may be done by grinding the sample in 
100 g batches in the blender for 10-20 see at 
full  speed. This gives a particle size of approx 
10-16 mesh. 

4. Riffle the 2 kg of ground peanuts with a Jones 
riffle sampler or equivalent successively to a 
final sample size of 50 g. 

Extraction 

A. ~Varing Blender  

1. Weigh 50 g of the ground sample in a 100 ml 
beaker and t ransfer  to a quart  Waring Blender  
container. 

2. Add 200 ml of the aeetone-hexane-water solvent 
mixture using some of the solvent to clean the 
beaker. 

3. Blend for 4 rain in an explosion-proof Waring 
Blender using the low speed setting. 

B. Mechanical Shaker 

1. Weigh 50 g of the ground sample in a 500 ml 
s tandard taper  Er lenmeyer  flask and eo~er the 
bottom of the flask with 6 mm glass beads. 

2. Add 200 ml of the acetone-hexane-water solvent 
mixture and stopper the flask with a poly- 
ethylene or glass stopper. 

3. Attach the flask to a Burre l l  Wrist-Action 
shaker or its equivalent and shake for 30 rain. 

Purification of Extract and Preparation for 
Thin-Layer Chromatography 

1. Transfer  the s lurry  obtained in A or B above 
to a 250 ml centrifuge bottle as completely as 
possible and centr ifuge at  1800-2000 rpm for  
10 rain. Af te r  centrifugation, decant the een- 
t r i fugate into a 250 ml graduated cylinder. 

2 k g  Sample  Ana lyses  Af la tox in  B1 
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2. Transfer  110 ml of the eentrifugatc to a sepa- 
ra tory  funnel, add 50 ml of 5% aqueous sodium 
chloride, and shake vigorously for ca. 30 see 
(Note 2). Allow phases to separate and draw 
off the lower aqueous acetone layer into a 400 
ml beaker. I f  necessary, place the separatory 
funnel under  a stream of hot water to help 
break any emulsion which might form so that 
a clear lower layer is assured. 

3. Repeat the extraction twice more with 50 ml 
portions of 5% aqueous sodium chloride adding 
35 ml of acetone before each extraction. The 
added acetone reduces the tendency to form an 
emulsion. Discard the upper  hexane layer. 

4. Combine the aqueous acetone extracts in a 400 
ml beaker, add a few boiling stones, and evap- 
orate to approx 150 ml on a steam bath. This 
removes most of the acetone. 

5. AlIow the aqueous extract  to come to room temp 
and quanti tat ively t ransfer  to a separatory fun- 
nel, washing the sides of the beaker with a smatt 
amt of chloroform from a wash bottle. 

6. Add 50 ml of chloroform to the separatory fun- 
nel, shake vigorously for  ca. 30 see, and allow 
the phases to separate. 

7. Draw off the lower chloroform layer through a 
bed of anhydrous sodium sulfate into a 250 ml 
beaker (Note 3). 

8. Repeat the extraction with another 50 ml por- 
tion of chloroform. Af ter  the last extraction, 
rinse the sodium sulfate with ca. 10 ml chloro- 
form. 

9. Add a few boiling stones to the beaker and 
evaporate the combined chloroform extracts al- 
most to dryness on a steam bath. 

10. Quanti tat ively t ransfer  the residue to a 2 dram 
vial by  washing with a small amt of chloroform. 
Evaporate  to dryness on a steam bath under  a 
stream of nitrogen. 

11. Allow the vial to come to room temp, add 1.0 
ml of chloroform, and stopper to prevent  sol- 
vent  loss. 

Preparation of TLC Plates 

1. Shake vigorously 50 g of Silica Gel G-HR with 
100 ml of distilled water in a stoppered flask 
for no longer than 1 rain and pour into the ap- 
plicator. Immediately apply  to five 20 × 20 
cm clean dry  glass plates using an adjustable 
applicator set at 500g.  

2. Allow the plates to air d ry  at room temp for 1 
hr, and then dry  the coated plates at 105C for 
2 hr. Store the dried plates in a suitable desic- 
cating cabinet unti l  ready for use. 

3. With  a spatula or the edge of the finger, remove 
about 2 mm portion of the silica gel coating 
from along two parallel edges of the chroma- 
toplate before spotting to reduce solvent f ront  
lag dur ing  development. 

Chromatography 

1. Using a 10 ~1 syringe, spot 1,3,5, and 10 t*l of 
the chloroform extract  on a line about 2 em 
fl'om the bottom of a plate coated with Silica 
Gel G-HR. On the same plate, spot 1,2,3, and 
4 ~l of the aflatoxin standard, and prepare an 
internal  s tandard by spotting 5 ~1 of the sample 
solution and 4 ~1 of the aflatoxin s tandard on 
the same spot. Care should be taken to keep the 
spots as nearly equal in size as possible. 

AFLATOXINS I N  PEANUTS 

TABLE III 
E x t r a c t i o n  of Af la tox in  f rom C e n t r i f u g a t e  w i t h  5 %  Aqueous  

Sod ium Chlor ide 
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E x t r a c t i o n s  

Sample  A - - 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Samp le  A - - 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ......... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Samp le  t ~ - - 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MI of 5 %  
aqueous  
sodium 
chlor ide  

25  
25  
25  
25  
5O 
5O 
5O 
50 
50 
5O 
50 

ppb 
Aflatoxi: 

B1 

180 
7O 
18 

6 
24O 

30 
5 

3 6 0  

50 
6 

t r a c e  

% of 
to ta l  

a f la toxin  

65 .7  
25 .5  

6 .6  
2.2 

87.3  
10.9  

1.8 
86 .5  
12.0  

1.5 

2. Develop tile plate immediately af ter  spotting in 
an equilibrated tank with 3% methanol in 
chloroform. The tank should be lined with filter 
paper  to aid in equilibration. 

3. Af te r  the solvent f ront  has traveled 10 cm from 
the base line, remove the plate f rom the tank, 
and air d ry  for 5 rain before examination. 

~.stimation of Aflatoxin Concentration 

1. Examine the plate under  long wave UV light 
(365 m~), observe the blue and green fluores- 
cence of the s tandard aflatoxin B1 and G1 re- 
spectively, and observe the sample spots for 
corresponding fluorescence at the same Rf's as 
the aflatoxin B1 and G1. Compare the relative 
intensity of any aflatoxin spots with those of the 
known standard. 

2. I f  the intensities of the sample spots are too 
weak or too strong to match the standard, ad- 
just  the concn of the sample extract  and spot 
another chromatoplate. 

3. Calculate the conen in parts  per billion (ppb) 
of aflatoxin in the sample using the following 
formula : 
ppb B I =  (A) (B) ( V ) / ( X )  (25) 
where A = l~g/ml of aflatoxin B1 s tandard 

B = ~1 of aflatoxin B1 s tandard spotted 
which matches intensity of B1 spot 
in the sample (X)  

V = volume in ~1 of final sample extract  
X = ~1 of sample spotted for which B1 

spot matches intensity of B~ spot 
of aflatoxin s tandard (B) 

(25)-----weight of sample in grams. Only 
25 g or one-half of original sample 
is represented in the TLC assay 
(Note 2). 

Calculate aflatoxin G1 in like manner. Aflatoxin 
B2 and G2 are calculated using aflatoxin B1 and G1 as 
the s tandard for fluorescent intensity. 

Notes 

1. The ground sample may be extracted with a 
War ing  Blendor or with a Burrel l  Wrist-Action 
shaker. 

2. Wi th  peanuts and peanut  butter ,  use 110 mI 
of the superna tant ;  but  with peanut  meal use 
130 ml of the supernatant .  These are the vol- 

TABLE IV 

E x t r a c t i o n  of Af la tox in  f rom 
Aqueous  Sod ium Chlor ide  E x t r a c t  

w i t h  Chlorofmun 

E x t r  ~' I MI of IPPb Af l la toxin  
actions / ch loroform B1 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 2 
3 . . . . . . . . . . . . . .  [ 50 0 

% of total 
aflatoxin 

99.2  
0.8 
O.0 
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T A B L E  Y 
Limits of Detection of Aflatoxin in Ground Peanuts 

t)pb Ailatoxln B i  

Plab Added 9pb Recovered 

12.0 20.0 
6.0 5.0 
2.4 1.8 
1.2 0.9 a 
0.0 0.0 

a :Estimated using a fluorescent lamp higher in intensity than nor~ 
mally used, i.e. 100 watts. 

umes estimated to represent 25 g or one-half 
of the sample, after making allowance for the 
oil extracted from peanuts and peanut butter. 

3. Prepare by placing a glass wool plug in a Butt  
extractor tube and adding ca. 40 g of anhydrous 
sodium sulfate. 

Procedure for Peanut Butter  and Peanut Meal 
Peanut  Butter 

A 50 g sample of peanut butter is extracted in the 
manner as described for peanuts. After extraction, 
the slurry is transferred to a centrifuge bottIe and 
centrifuged at 2000-2200 rpm for 30 rain. Then, pro- 
ceed as described for peanuts. 

Peanut  Meal 

The sample to be analyzed is reduced to 2 kg by 
quartering, and the 2 kg is riffled with a Jones rifflle 
sampler or equivalent successively to the approx amt 
required for analysis. 

To 50 g of the peanut meal, add 10 ml of distilled 
water and 250 ml acetone-hexane-water. Then, pro- 
ceed as described for peanuts, extracting with me- 
chanical shaker. 

R e s u l t s  a n d  D i s c u s s i o n  

Variabi l i ty  of Aflatoxin Assay  Due to Sampling 

Procedures used at the present time recommend 
grinding from 40 to 200 g of whole peanuts. How- 
ever, in the course of analyses using two of these 
methods it became obvious that consistent results 
could not be obtained using samples of this size. Four 
different assays on one 25 lb sample of peanuts using 
a 200 g subsample gave one strongly positive (375 
ppb), a second moderately positive (38 ppb), and two 
negative results. This was probably due to the fact 
that all the toxicity may reside in a very small num- 
ber of individual kernels. Therefore, the sample size 
must be large enough to include a representative 
amount of such peanuts. By grinding 2 kg subsamples 
of peanuts prior to the assay, consistently positive re- 
sults were obtained; but there was still a wide varia- 
tion in the aflatoxin eontent of different 2 kg sub- 
samples. This variability in results of assays on five 
different 2 kg subsamples obtained by riffling a 25 lb 
sample of peanuts is shown in Table I. 

In this case, the average duplicate analyses of each 
2 kg subsample differed by about 20%, but the values 
obtained for the different 2 kg subsamples generally 
differed much more. 

The reproducibility of the aflatoxin analyses that 
may be obtained within a 2 kg sample of ground 
peanuts is much better as may be seen from the results 
of six replicate analyses shown in Table II. 

For this test a 2 kg sample of peanuts was finely 
ground in a Waring Blender, thoroughly mixed, and 
50 g aliquots for atlatoxin assay were obtained by rif- 
fling. The reproducibility of the analyses was good, 
varying from 234 to 274 ppb aflatoxln B~ or a ~-ari- 
ability of about 15%. 

The results shown in Table II  indicate that a repre- 
sentative aliquot can be obtained from a well-mixed, 
finely grmmd sample. The results shown in Table I 
indicate that even a 2 kg subsample is too small to 
give a t ruly representative sample. However, a posi- 
tive response was obtained in each case; and except 
for one subsample the amount of aflatoxin Bi found 
ranged only from 72 to 160 ppb. Accordingly, al- 
though the proper size of subsample of peanuts to be 
taken for grinding cannot be stated at this time, at 
least 2 kg is recommended. 

E f f e c t  o f  S a m p l e  S i z e  o n  A ~ a t o x i n  A s s a y  

The amts of 25 g, 50 g, 75 g, and 100 g of a well- 
mixed, finely ground toxic peanut sample were ana- 
lyzed by the acetone-hexane-water procedure, keeping 
all of the conditions constant except the size of the 
sample. The final extracts were diluted in propor- 
tion to the original sample size, equal quantities spot- 
ted on a TLC plate, and the aflatoxin estimated. The 
aflatoxin conen of the peanuts was found to be 384 
ppb aflatoxin B1 for each of the different sample sizes 
used. Therefore, any sample size between 25 and 100 
g may be used with the procedure. For ease in ma- 
nipulation and simplicity of calculation, a 50 g sam- 
ple was adopted. 

Completeness of Extraction of Aflatoxin from the 
Centrifugate wi th  5% Aqueous Sodium Chloride 

A 110 ml aliquot of the centrifugate from three 
separate samples, representing two well-mixed ground 
samples of peanuts, was extracted with different vol- 
umes of 5% aqueous sodimn chloride. In each ease 
the lower aqueous acetone layer was drawn off and 
carried through the remaining steps of the procedure 
to determine the aflatoxin concentration of each indi- 
vidual extraction. 

Results tabulated in Table I I I  show that the extrac- 
tion of sample A with 25 ml of 5% aqueous sodium 
chloride removed aflatoxin in each of the four extrac- 
tions; however, when the volume of aqueous sodium 
chloride was increased from 25 ml to 50 ml, aflatoxin 
was practically completely removed by three 50 ml 
extractions. In sample B, containing a higher cohen 
of aflatoxin, similar results were obtained; only a 
trace of aflatoxin was detected in the fourth 50 ml 
extraction. Therefore, three extractions with 50 ml 
of 5% aqueous sodium chloride were adopted for the 
procedure. 

Number of ~xtract ions  with  Chloroform Required for 
Complete Removal of Aflatoxin from Concentrated 
Aqueous Acetone Extract  

The cone aqueous acetone extract, obtained from 
the treatment of the centrifugate solution, was ex- 
tracted with 50 ml portions of chloroform. The afla- 
toxins are preferentially soluble in chloroform and 
are partitioned into this phase. Each chloroform ex- 
tract was assayed separately and the data reported in 
Table IV. 

About 99% of the aflatoxin Bi was extracted with 
the first 50 ml portion of chloroform and the re- 
mainder with the second 50 ml portion. Two extrac- 
tions with chloroform are recommended in the analyti- 
cal procedure although for most purposes a single 
extraction would probably suffice. 

:Limits of Detect ion of Aflatoxin in Ground Peanuts 

The limits of detection of aflatoxin in ground 
peanuts were determined by preparing mixtures con- 
taining different proportions of ground peanuts free 
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of aflatoxin with ground peanuts containing a known 
conen of aflatoxin and assaying the mixture. Results 
are tabulated in Table V. 

Results in Table V show that the sample which had 
12 ppb added was estimated to contain 20 ppb. The 
difference probably is a reflection of sample variation. 
The limit of detection was found to be about 2 ppb. 
In normal practice, a cohen lower than 2 ppb would 
not be estimated although traces as low as 0.5 to 1.0 
ppb can be detected using a high intensity fluorescent 
lamp such as a 100-watt lamp. 
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The Determination of Aflatoxins m Cottonseed Products 
W.A. PONS, JR., and L.A. GOLDBLATT,  Southern Regional Research Laboratory, New Orleans, Louisiana e 

Abstract 
A rapid and simplified procedure is proposed 

for the determination of aflatoxins B1, Be, G~, 
and G2 in cottonseed products. The method in- 
volves extraction of aflatoxins essentially free of 
lipid contamination by equilibrium extraction 
with 70% acetone. Interfering gossypol pigments 
are removed from the aqueous acetone extract by 
precipitation as insoluble lead salts. Aflatoxins in 
the centrifugate are quantitatively separated 
from excess lead salts, residual pigments and car- 
bohydrates by extraction into chloroform to yield 
final extracts for thin-layer chromatographic 
(TLC) analysis on silica gel which are low in 
total solids and pigmentation. The procedure is 
sensitive to about 1 ppb in cottonseed meats and 
4 ppb in cottonseed meal. 

Introduction 

T 
H E  DISCOVERY T H A T  CERTAIN strains of common 
molds such as Aspergitlus flavus growing on agri- 

cultural commodities can elaborate a number of fluo- 
rescent, highly toxic, and carcinogenic metabolites has 
stimulated accelerated research on the problem of 
mold toxins in food and feeds (1-3). The collective 
term "aflatoxins" has been applied to this mixture 
of toxic metabolites, the composition of which varies 
with mold strain, substrate and the environmental 
conditions of mold growth (4). As the name implies, 
the aflatoxins were originally believed to be specific 
metabolites of certain A. flavus strains; however, they 
are now known to be elaborated by other common 
mold species (5). Four  of these aflatoxins designated 
as B1, Be, G1, and G2 have been both structurally char- 
acterized (6-9) and evaluated for biological activity 
(10). At the present time these four difurano-cou- 
marin derivatives are believed to be primarily respon- 
sible for the toxic and carcinogenic properties attribu- 
table to the aflatoxins (10). These findings have 
created the need for accurate and sensitive analytical 
methods for the estimation of aflatoxins in agrieul- 

X Honorable mention, Bond Award  competition. Presented at the 
American Oil Chemists' Society, Chicago, October 11--14, 1964. 

2 A laboratory of the So. Utiliz. Res. and Dev. Div., ARS, USDA. 

turat products at levels as low as several parts per 
billion. 

The physical properties of the aflatoxins pertinent 
to the analysis of these compounds are outlined in Ta- 
ble I. Their nomenclature is obviously derived from 
the distinctive bluish and greenish fluorescence they 
exhibit when exposed to ultraviolet (UV) radiation. 
All four compounds are excited by long way (UV) 
light at 365 m~ and emit maximum fluorescence in 
the visible region between 425-450 mrs. The ability to 
separate the four compounds by TLC on silica gel 
forms the basis of most analytical methods for these 
materials. The inverse correlation between fluorescent 
and toxic properties emphasizes the need for separa- 
tion and analysis of the individual compounds rather 
than an estimation based on total fluorescence. 

Although a number of analytical procedures are 
available for the determinatoin of the aflatoxins in 
peanut products (4,11-13), relatively little attention 
has been given to methods for the estimation of these 
compounds in cottonseed products. When analytical 
methods satisfactory for the analysis of peanut prod- 
ucts were applied to cottonseed kernels, extensive in- 
terferences due to the intense pigmentation of gos- 
sypol derivatives, which are present to the extent of 
0.4 to 1.5% of the weight of the cottonseed kernel 
(14) imposed severe limitations on the use of these 
procedures. These considerations and the need for a 
sensitive and accurate procedure for use in research 
to evaluate the extent of the aflatoxin problem in cot- 
tonseed products prompted the development of the 
proposed method. 

Analytical Method 
Apparatus 

1. Mechanical Shaker.--Burrel "Wr i s t  Act ion" or 
equivalent, equipped to hold • 32, 500 ml capacity 
Erlenmeyer flasks fitted with W leak-proof polyethyl- 
ene stoppers. 

2. Centrifuge. Equipped with head to hold 250 ml 
roundbottom bottles. 

3. Sodium Sulfate Drying Tubes. Prepare from 
standard Butt  extraction tubes with a plug of glass 
wool in the constriction, and containing ca. 40 g of 
anyhydrous sodium sulfate. 


