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Sensitive Procedure for Aflatoxin Detection in Peanuts, Peanut Butter, Peanut Meal,

and Other Commodities

Charles E. Holaday* and Phillip C. Barnes, Jr.

The contamination of peanuts and many other

commodities by aflatoxin continues to be a seri-
ous worldwide problem. A rapid and reliable
screening method is urgently needed for this dan-
gerous toxin. A technique is described which has
a sensitivity of about 3-5 ppb and which can be

completed in approximately 15 min. The proce-
dure is based on millicolumn chromatography
and can be used on a number of commodities.
Proximate quantitation of the aflatoxin is also
possible.

Aflatoxin contamination in peanuts and other com-
modities continues to be a serious problem for the food in-
dustry. Many crops are subject to contamination by fun-
gal metabolites, such as aflatoxin, in this and other
countries. A rapid and inexpensive method is needed for
screening susceptible commodities for this dangerous
toxin.

Holaday (1968) developed a rapid screening method for
detecting aflatoxin in raw peanuts based on a technique
called “millicolumn chromatography.” Although this
method was simple and had a sensitivity of ca. 5 ppb,
other fluorescent compounds occasionally were extracted
along with the aflatoxin, which considerably reduced the
sensitivity of detection. Velasco (1972) proposed a method
for detecting aflatoxin in cottonseed based on a technique
similar to the millicolumn procedure. This method also
had a sensitivity of about 10 ppb, but required about
20-30 min to complete. More recently, Cucullu et al
(1972) adapted Holaday’s millicolumn method for detect-
ing aflatoxin in cottonseed and other commodities and re-
ported a sensitivity of about 10 ppb; the time required
varies from 15 to 20 min, depending upon the commodity.
Dickens and Welty (1969) proposed a visual method for
detecting A. flavus spores on peanut kernels. This method
was helpful in removing large quantities of contaminated
peanuts from the marketing channels. Most of the present
quantitative methods for aflatoxin are based on thin-layer
chromatography. These procedures are time consuming
and require trained technicians for making the analyses.

This paper describes an improved millicolumn proce-
dure for detecting total aflatoxin content (B; + Bz + G4
+ G2), with a sensitivity of 3-5 ppb, that can be com-
pleted in about 15 min. This is faster than the original
millicolumn method and the problem of interference from
other fluorescent compounds has been eliminated. The
millicolumns are similar to those described earlier by
Holaday (1968) but are twice as long (9 cm) and twice the
diameter (6 mm).
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EXPERIMENTAL SECTION

Detection of Aflatoxin in Peanuts, Peanut Meal,
Peanut Butter, and Corn. Equipment and reagents re-
quired for the test are as follows: chromatovue chamber—
equipped with long-wave uv, Ultraviolet Products, Inc.,
San Gabriel, Calif.; millicolumns—packed with column-
type silica gel 60-200 mesh, American Society of Testing
Materials (MCB-Grade 950); plugs to hold silica gel inside
glass tube are made from ashfree filter pulp (S & S No.
289). The silica gel column is 90 mm long. The glass tub-
ing is 6 mm i.d. and 200 mm long. Prepared columns may
be purchased from the Tudor Scientific Glass Co., Bel-
vedere, S. C.; extracting solution—95 parts toluene, 5
parts acetonitrile (v/v); developing solution—97 parts
chloroform-2 parts methanol-1 part acetone (v/v/v). All
reagents are ACS grade.

Weigh a well-mixed 50-g sample into a 1-gt blender jar
fitted with a screw cap, add ca. 10 g of filter aid and 100
ml of hexane, and blend at high speed for 1 min. Because
of the highly flammable nature of hexane, it is recom-
mended that the extraction be carried out under a well
ventilated hood. Vacuum filter through a 90-mm glass
fiber filter disk placed on the Buchner funnel into a 500-
ml sideneck flask attached to an aspirator. Wash the jar
twice with ca. 25 ml of hexane. Add these washings to the
Buchner funnel. After the hexane has filtered through,
place the homogenate, together with the filter disk, back
in the blender jar, add 100 ml of the toluene-acetonitrile
solution, and blend for 1 min. Acetonitrile is a poisonous
substance and should not be inhaled. It is recommended
that it be handled under a hood. Filter through a 90-mm
glass fiber filter disk placed in the Buchner funnel into.
the 500-m! sideneck filter flask from which the hexane ex-
tract has been removed. Collect ca. 10-20 ml of the fil-
trate. Tap a millicolumn several times to pack and insert
lower end into a one-hole rubber stopper placed in the
neck of a 1000-ml filter flask. The sideneck of the filter
flask is attached to an aspirator. Transfer 1.0 ml of the
extract to the top of the millicolumn with a disposable
pipet. The vacuum will pull the extract through the col-
umn rapidly; the aflatoxin, however, remains at the top of
the column. Add ca. 1 ml of hexane to the top of the col-
umn and continue pulling the vacuum until all of the sol-
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Gel Electrophoretic Analysis of Peanut Proteins and Enzymes. I. Characterization of

DEAE-Cellulose Separated Fractions

John P. Cherry,! Joseph M. Dechary, and Robert L. Ory*

The total proteins of Virginia 56R peanuts were
solubilized by extracting the seeds with dilute
phosphate buffer. The individual components
were separated by DEAE-cellulose chromatogra-
phy into eight major fractions which were then
characterized by polyacrylamide disk gel electro-
phoresis. Using immunoelectrophoretic analysis,
the peanut trypsin inhibitor was localized in the
albumins fraction. Seven enzyme activities were
examined by polyacrylamide disk and starch gel

electrophoretic techniques. Zymograms of these
enzymes, similar to those in the total cotyledon-
ary extracts, seemed to be confined mostly to the
fractions containing albumins and smaller molec-
ular weight globulins. These studies provided in-
formation that may be potentially useful in the
preparation of high-quality protein concentrates
and in identification of specific changes in pro-
teins caused by conditions used during processirig
of peanut meals into concentrates or isolates.

There have been many investigations on the reserve
proteins of peanuts because of their potential usefulness
as food supplements. In general, these studies have shown
that most of the proteins are easily extractable (Altschul
et al., 1961, 1964a,b; Dawson, 1971; Dechary and Altschul,
1966; Dechary et al., 1961) and can be separated into two
major fractions, arachin and conarachin (Daussarnt et al.,
1969a,b; Dechary et al., 1961; Evans et al., 1962; Neucere,
1969; Neucere and Ory, 1970). More extensive purification
of these two fractions (Dawson, 1971; Evans et al., 1962;
Tombs, 1965; Tombs and Lowe, 1967; Neucere, 1969) has
revealed that they are composed of complex large molecu-
lar weight globulins («-arachin, a-conarachin), plus some
other closely related components, not completely sepa-
rated by the usual techniques.

Gel electrophoresis has ‘been used extensively to charac-
terize and identify proteins and enzymes in biological sys-
tems (Cantagalli et al., 1971; Cherry et al., 1970, 1971a,b,
1972; Dawson, 1971; Haikerwal and Mathieson, 1971; Mi-
netti et al., 1971; Neucere and Ory, 1970; Sastry and
Virupaksha, 1967; Tombs, 1963) and to detect experimen-
tally induced modifications in these molecules (Jensen,
1959; Neucere, 1972; Neucere et al., 1972).

Cherry et al. (1971b) and Cherry and Ory (1973a,b,c)
have shown that the electrophoretic protein and enzyme
profiles of individual peanuts are very complex, with
much variation within the cultivars examined. The com-
plexity of these electrophoretic patterns made it difficult
to identify specific proteins that varied qualitatively and/
or quantitatively. Identification of groups of proteins
showing polymorphism could provide information that
might be used during the fractionation of peanut proteins
to produce concentrates or isolates of good amino acid
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balance. Also, standardization of thesé electrophoretic
protein patterns could help in identifying changes in pro-
teins caused by processing conditions.

For this investigation, peanut protein extracts were sep-
arated into eight fractions by DEAE-cellulose chromatog-
raphy. The protein and enzyme components of each frac-
tion were further characterized by polyacrylamide disk
and starch gel electrophoretic techniques.

MATERIALS AND METHODS

Seeds. Virginia 56R certified peanut seeds were ob-
tained “in shell” from a commercial supplier in Holland,
Va. The seeds were shelled and hand-selected for uniform
size and quality through the courtesy of W. K. Bailey.

Fractionation of Peanut Proteins. Most of the frac-
tions were prepared by the method of Dechary et al
(1961). Fraction IV was separated into V and VI by chro-
matography over DEAE-cellulose in pH 8.0, I = 0.06,
phosphate buffer, with a linear gradient of 0-0.5 M sodi-
um chloride. Protein content of each fraction was deter-
mined by the method of Lowry et al. (1951). Arachin was
purified by cryoprecipitation as described by Neucere
(1969).

Gel Electrophoretic Techniques. Protein samples were
dissolved in phosphate buffer, pH 7.9, I = 0.01, and ex-
amined by polvacrylamide (Cherry et al., 1970) and starch
(Brewbaker et al., 1968) gel electrophoresis. Each fraction
was examined at three protein concentrations (1.0, 0.6-
0.8, and 0.4 mg/gel) to determine the major as well as all
minor electrophoretic bands in each preparation. Methods
for determining enzyme activities within each fraction
were described by Cherry and Ory (1973a,b).

Immunochemical Techniques. Peanut trypsin inhibitor
activity was analyzed according to Daussant et al
(1969a).

RESULTS AND DISCUSSION

Fractionation of Conarachin and Arachin. The com-
plexity of the total proteins of peanut cotyledonary ex-



