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Abstract

An accurate and sensitive procedure is pro-
posed for estimating aflatoxins in both alkaline
and acidulated soapstocks. Sample suspensions
in aqueous acetone are adjusted to pH 3 with
hydrochloric aeid, extracted in a high speed
blender, treated with lead acetate and partitioned
into chloroform. After silica gel cleanup, afla-
toxing in purified extracts are estimated by thin
layer chromatography. The use of acetone and
lead acetate together apparently catalyzes the
relactonization of aflatoxins B; nd G4 and leads
to essentially quantitative recovery of aflatoxin
B, and somewhat lower recovery of G; added to
alkaline or acidulated soapstock.

Introduction

Under unfavorable climatic and storage conditions,
oilseeds, in common with many agricultural products,
are subject to invasion by toxigenic strains of Asper-
gitllus flavus and parastficus, with the subsequent
elaboration of fluoreseent toxic metabolites known as
aflatoxins. Processing of such mold damaged oilseeds
results in the removal of a portion of the aflatoxins
along with the crude oil (1-4). However, the con-
ventional alkali refining and bleaching technigues re-
move the toxins and the finished oils are free of
detectable aflatoxing (1,3). The lactone rings of afla-
toxins B;, By, Gi, and Ge are readily opened in
alkaline media, and the sodium salts of the hydroxy
acids are water soluble. But under mild acidification
conditions relactonization oceurs and the aflatoxing
can be regenerated (1,4). Thus, it is reasonable to
assume that aflatoxing are concentrated in alkaline
soapstocks from contaminated oils, and may be re-
generated following acidification.

Soapstocks or vegetable oil foots containing some
290 million pounds of anhydrous fatty material are
produced annually as a by-product in the refining
of domestic vegetable oils (5). A considerable portion
of this amount is utilized as a source of fat in various
types of mixed feeds. Therefore, there is a need for
an accurate and sensitive procedure for estimating
aflatoxins in both alkaline and acidulated soapstocks.
Present analytical procedures for the estimation of
aflatoxins in peanuts, cottonseed and other agricultural
products (6-8) were found to be subject to inter-
ferences when applied to acidulated soapstocks, and
inapplicable to alkaline soapstocks. The method de-
sceribed here was developed in conjunction with re-
search on the fate of aflatoxins during the acidulation
of commercial peanut and cottonseed soapstocks.

Analytical Procedure
Reagents
Reagents used were: (a) solvents, ACS, acetone,
chloroform; (b) 3N HC1 (dilute 265 ml concentrated
hydrochloric acid to 1 liter with distilled water);
{e) lead acetate solution (dissolve 200 g neutral lead
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acetate trihydrate in water with warming, add 3 ml
glacial acetic acid, dilute to 1 liter); and (d) celite-
analytieal filter aid, Johns Mansville.

Sample Extraction

Alkaline Soapstock. Weigh a 20 g sample into a
250 ml beaker, add 60 ml of distilled water, and warm
on a steam bath with stirring to disperse the sample.
Add 60 ml of acetone, cool to room temperature and
while stirring with a magnetic or suitable blade
stirrer, add 3 N HCl to pH 3, using a glass electrode
to measure pH.

Acidulated Soapstock. Weigh a 10 g sample into
a 250 ml beaker, add 60 ml of acetone, and stir to
disperse the sample. Add 60 ml of water and while
stirring adjust to pH 3 with 3N hydrochlorie acid.
Some acidulated soapstocks may not require pH
adjustment.

Transfer the pH adjusted samples above to a
Waring blender jar and blend at high speed for 3
min. Transfer quantitatively to a ¥ 250 ml graduated
eylinder, washing the blender jar and sample beaker
with a fine stream of water. Dilute to 175 ml with
water, add 25 ml of lead acetate solution, 45 g of
Celite filter aid, stopper, and mix well. Filter through
a folded 15 cm circle of Whatman No. 4, or equivalent,

paper.

Chloroform Partition. Measure 100 ml of filtrate
above into a 250 ml separatory funnel, add 50 ml of
chloroform, and shake ca. 1 min. Drain the chloroform
phase through a small amount of anhydrous sodium
sulfate in a Butt or similar tube, ecollecting
the filtrate in a clean 250 ml beaker. Repeat the
extraction with a second 50 ml portion of chloroform.
Evaporate the extract to near dryness on a steam bath.

Column Cleanup. Dissolve the dry sample extract
in eca. 5 ml of chloroform and apply to a siliea gel
cleanup column as previously described (6,8).

Thin Layer Chromatography. Spot and develop
plates as previously described (6,8) with the following
exception. For development, place ca. 150 ml of
chloroform-acetone (85:15 v/v) in an unlined and
unequilibrated tank, and place three 30 ml beakers
half filled with distilled water near the front of the
tank. Introduce the plate behind the beakers, and
develop for ca. 12 em of solvent travel. The presence

TABLE I
Effects of pH on Extraction of Aflatoxing From Agueous Solutions

PH of Aqueous Aflatoxin recovery, %P

solution® B: N
1 96 67

2 86 75

3 67 55

4 63 43

b5 52 29

6 43 21

7 41 22

12 0 0

2 Adjusted with hydrochloric acid, except pH 12.

b One hundred milliliters aqueous pH 12 solution containing 10
pg each of B1 and Gi, acidified to pH indicated and extracted twice
with 50 ml chloroform,



JUNE, 1970

CUCULLU ET AL.: AFLATOXINS IN SOAPSTOCKS 227

16, 1. Thin laver chromarogruns, uflntoxins in soapstock<: 1,47 standard containing uv.01 ug cach
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3, alkaline peanat; 6, aseidulated peans

sonpstock  spiked with B and Gh. Spois contain ca. 001 pg vach of Booaad G

of waler vapor in the atwosphere during development
gives improved separation of aflatoxius., This is an
adaptation of the chloroform-acetone-water develop-
ment solvent suggested by Stubblefield et al. (9).

Quantitation. Estimate aflatoxins on the developed
plates as previously deseribed (6,8), using either
visnal or preferably fluorodensitometric estimation, In
caleulations the final purified extract from alkaline
soapstocks represents 10 g of original sample, and
that from acidulated soapstock, 5 g.

Results and Discussion

Final purified extracts are clean and free of inter-
fering materials as shown by a photograph of a de-
veloped plate taken under long wave ultraviolet light
(Fig. 1). The chromatograms represent aliquots of
spiked peanut and cottonseed soapstocks, and an
aflatoxin standard, each containing ca. 0.01 pug of
B1 and Gl.

Recovery of Aflatoxins From Acidified Solutions.
Aflatoxins are readily soluble in aqueous alkaline
media, but the transfer into chloroform following
acidification is dependent on the pH, as shown in
Table I. In these experiments, 100 ug each of B,
and Gy were deposited as a film in a 2 liter beaker,
and dissolved in 1 liter of water adjusted to pH 12.
One hundred milliliter aliquots representing 10 upg
of B; and G; were adjusted to the pH levels shown
in Table I, and extracted by shaking with two 50 ml
portions of chloroform. After evaporation of the
solvent, each extract was dissolved in 10 ml of chloro-
form, and the recovery determined by thin layer
chromatography and fluorodensitometric measure-
ments. The recovery of B; was essentially complete
at pH 1 and progressively decreased from pH 2-7.

Recovery of vy was lower than By at all pH levels
No aflatoxins were recovered by ehloroform extraction
of the pH 12 aqueous solution.

For analytical purposes, acidity levels in the range
of pll 1 are undesirable, since at this pl level there
is a fairly rapid conversion of By and G; to low R:
derivatives, By, and G, (10). Af the milder acidula-
tion level of pH 3 selected for use in the method,
aflatoxins are stable at moderate temperatures, and
the presence of both acetone and lead acetate, as em-
ployed in the analytical procedure, apparently
catalyzes the relactonization of both B; and G;. This
is illustrated by the data recorded in Table II. In
these experiments, aliquots of an alkaline solution
containing aflatoxins By and G, were adjusted to pH 3
and acetone only, lead acetate solution only, and
acetone plus lead acetate solution were added prior
to the chloroform extraction. The amounts added
were in conformity with the analytical procedure.
It can be noted (Table II) that the addition of
acetone and lead acetate together results in almost

TABLE II
Effect of Lead Acetate and Acetone on Recovery of Aflatoxins
o ‘s . Aflatoxin
Acidification
conditions® Treatment after recoyery,
- acidification? ©
Acid pH B: ey
None 13 0 0
HCL 3 None 75 38
HCl 3 60 ml acetone 33 26
HC 3 25 ml lead
acetate soln, 86 48
HCl 3 Lead acetate
plus acetone 96 62

2 QOne hundred milliliters of agueous pH 12 solutions containing
10 pg each of Bi and Gu,

b Treatment given acidified, pH 38 solution before chloroform
extraction,

¢ One hundred milliliters of treated solutions extracted twice with
50 ml of chloroform,
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TABLE III TABLE 1V
Recovery of Aflatoxins Added to Soapstocks Aflatoxin Content of Commeljcial Soapstocks
Aflatoxin recovery, %® Aflatoxing ug/kg,
Moisture moisture-free
Sample 10 ug each 1 ug each Sample content, pHP basis®
Soapstock weight, B1and G1 B1and G Y2
g added added Bi G1
B G1 Bi G1 Alkaline, peanut
1 22.5 11.56 12 NDd
Alkaline, peanut 20 100 80 2 81.5 12.6 92 ND
Alkaline, peanut 20 90 71 100 64 3 48.5 9.5 243 ND
Alkaline, peanut 20 93 94 98 92 4 52.5 11,0 259 ND
Alkaline, cottonseed 20 90 89 83 89 5 47.5 9.8 110 ND
Acidulated, peanut 10 91 98 96 95 6 50.0 9.4 46 ND
Acidulated, cottonseed 10 73 81 67 71 Alkaline, cottonseed
& Fluorodensitometric measurement of TLC plates. g gég iig gg I§B
9 48.0 14.0 ND ND
. . . Aci
quantitative recovery of By, and the highest recovery cidulated, peanut 5.0 7.0 ND ND
of &, 1 5.9 7.0 20 ND
‘ . 12 2.0 5.2 28 12
Recovery of Aflatoxins from Soapstock. The re- 13 15 5.3 89 68
14 3.0 5.1 24 15
covery of both By and G; added at two levels to Acidulated, cobtonseed
alkaline and acidulated peanut and cotfonseed soap- 15 2.8 89 N ND
stock is outlined in Table I1I. Aflatoxins were added 17 8.0 6.0 ND XD

to the dispersed samples prior to pH adjustment,
and carried through the entire procedure. Fluoro-
densitometry was used to estimate aflatoxins on the
thin layer plates. The average recovery of added
B; was 93% and that of Gy 85% except for the
acidulated cottonseed soapstock for which the recovery
averaged 70% and 76% respectively. It can also be
noted that the recoveries of Gy were higher than those
shown in Tables T and IT, where soapstock was absent.

Application of Method. Application of the pro-
cedure to a number of commercial soapstocks is shown
in Table IV, Peanut soapstocks from oil mills in the
United States (2-6,10-11,13), South America (1),
and Europe (12,14) and six domestic cottonseed soap-
stocks were assayed. Aflatoxin B; ranging from 259
to 12 pg/kg was detected in 10 of 11 peanut soap-
stocks, and at 2 pg/kg in one of six cottonseed soap-
stocks. Aflatoxin B, at a level of 2 pg/kg was found
in sample 3, but was not detected in any of the
other samples. Only 3 of the 17 commercial soap-
stocks assayed had any detectable aflatoxin G.

The fact that aflatoxins were detected in most of
the peanut soapstocks is not surprising inasmuch as

"By toluene distillation.

b pH of sample dispersion prior to pH adjustment in procedure.
¢ By fluorodensitometric measurement of TLC plates.
d None detected at semsitivity of procedure, ca. 1 ug/kg.

only low quality peanuts, unsuitable for edible use,
are processed for oil and meal.
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