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Occurrence of Aflatoxin B,, in Cottonseed Meal

Antonio A. Sekul,* F. G. Dollear, and L. P. Codifer, Jr.

Aflatoxin By, 17 ppb, was found in cottonseed meal contaminated with aflatoxin B; and B,. Aflatoxin
By, was not detected in feed-grade meal or in meal which had been decontaminated by the ammonia
process. Other fungal metabolites such as zearalenone, sterigmatocystin, ochratoxin A, and aflatoxins

M, and M, were not detected.

Since the discovery that a peanut meal containing af-
latoxin was responsible for many deaths among turkey
poults and ducklings (Allcroft et al., 1961), a massive
literature has appeared describing the efforts devoted to
aflatoxin and other mycotoxins that affect agricultural
products. Aflatoxins, which are secondary fungal me-
tabolites, include at least 16 closely related chemicals with
highly substituted furofuran rings of which aflatoxin B,
is the most important (Rodricks, 1969). The aflatoxins,
which are acutely toxic and oncogenic mold products, are
elaborated by certain strains of Aspergillus flavus and
Aspergillus parasiticus (Sargeant et al., 1961), These
molds can grow readily on feedstuff if favorable conditions
of temperature and humidity prevail (Goldblatt, 1969;
Borker et al., 1966; Ciegler and Lillehoj, 1968). These
compounds fluoresce brightly under long-wave UV light.
This important property has been utilized as the basis for
an extremely sensitive method for their detection, isolation,
and analytical quantitation (Goldblatt, 1969).

Chemical characteristics of the aflatoxins have been
determined by various workers and the structures of af-
latoxins B;, B,, Gy, and G, have been elucidated (Asao et
al,, 1963, 1965; Hartley et al., 1963; van der Merwe et al.,
1963). The biotransformation of aflatoxin B; results in
hydroxylated derivatives, namely aflatoxins M; and My;
these were first isolated from cow’s milk (de Iongh et al.,
1964). The structures of both of these compounds have
been elucidated (Holzapfel et al., 1966). Two new hy-
droxylated aflatoxins produced by mold cultures of A.
flavus have been described and designated aflatoxins By,
and Gy, (Dutton and Heathcote, 1966, 1968). It has been
shown that these two compounds can be formed from
aflatoxins B, and G, respectively, by treatment with strong
acid and heat (Pons et al., 1972; Pohland et al., 1968). The
occurrence of aflatoxins By, and G,, in cottonseed meal
has not been reported.

Southern Regional Research Center, Agricultural Re-
search Service, U.S. Department of Agriculture, New
Orleans, Louisiana 70179.
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Aflatoxigenic Aspergilli are ubiquitous in nature
(Hesseltine et al., 1966; Wogan, 1966) and contamination
of cottonseed by aflatoxin occurs in the field (Ashworth,
1972). In addition to aflatoxins, the Aspergilli can produce
other toxic substances on feed materials (Wilson and
Wilson, 1964). For this reason we screened aflatoxin-
contaminated cottonseed meals for fungal metabolites
other than aflatoxins B, and B,. Naturally infected
cottonseed meals usually contain only aflatoxins B, and
B, (McMeans et al., 1968). In controlled laboratory
conditions, however, a strain of A. flavus grown on media
containing cottonseed products elaborated all four afla-
toxins, By, By, Gy, and G, (Mayne et al., 1966).

This report describes the isolation and quantitation of
aflatoxin B., found in contaminated cottonseed meal. This
procedure did not detect zearalenone, sterigmatocystin,
ochratoxin A, and aflatoxins M; and M.,

EXPERIMENTAL PROCEDURES

Materials. Three different cottonseed meals were used.
One was a meal free of aflatoxin B; and B, contamination,
A second contained 948 ug/kg (ppb) aflatoxin B, and 170
ppb aflatoxin B,. The third was the same contaminated
meal, which had been detoxified in the pilot plant by the
ammonia process (Mann et al., 1970). All chemicals and
solvents were reagent grade. Silicic acid for column
chromatography, 100 mesh powder, analytical reagent, was
from Mallinckrodt Chemical Works, St. Louis, Mo.
Adsorbosil-1 (Applied Science Laboratories, State College,
Pa.) was used to coat thin-layer plates 0.5 mm prepared
according to methods already described in the literature
(AOAC, 1975). Aflatoxin By, (kept under N, at 4 °C) and
ochratoxin A were obtained from W. A. Pons, Jr., SRRC,
and zearalenone was supplied by Commercial Solvents,
Terre Haute, Ind. Sterigmatocystin was purchased from
Aldrich Chemical Co. Aflatoxins M, (10186-65-A) and M,
(8578-95-A) were obtained from R. D. Stubblefield, NRRC,
Peoria, I1l. Resolution of B,, was evaluated visually in a
View Box Spectroline, Black Light, Model 3F, Eastern
Corp., Westbury, L.I.,, New York. Quantitative estimation
was made with a Photovolt Model 530A densitometer,,
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Ry values and characteristic fluorescence showed the above
mentioned toxins were not present in the cottonseed meals
tested. When impurities were suspected of having a
masking effect, further purification by column chroma-
tography was carried out and the process was repeated.
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Oxidative Inactivation of Ethylenethiourea by Hypochlorite in Alkaline Medium

William D. Marshall* and Joginder Singh

The mechanism of hypochlorite mediated oxidation of ethylenethiourea (ETU) (I) to ethyleneurea (EU)
(IT) was investigated. Evidence is presented which suggests a sequential oxidation of ETU in aqueous
base to a sulfenate, a sulfinate, a sulfonate, and finally to EU and sulfate. Although rapid and complete
when using hypochlorite, the reaction is incomplete when using hydrogen peroxide, ETU being oxidized
to the level of a sulfonate only, The synthesis of intermediates are detailed. Oxidation in alkaline medium
is proposed as a technique for decontaminating surface residues of ETU on agricultural products.

Current concern regarding residues of ethylenebisdi-
thiocarbamate (EBDC) fungicides centers on the possi-
bility that these residues may be converted to ethylene-
thiourea (ETU) (I), which is a potent teratogen and tu-
morigen to mice and rats (Graham et al., 1975; Graham,
1973; Graham and Hansen, 1972; Khera, 1973; Innis et al.,
1969). Under optimum laboratory conditions the con-
version of EBDCs to ETU can be quite efficient (Marshall,
1977; Watts et al,, 1974; Newsome and Laver, 1973). ETU
has also been demonstrated to form from EBDC field
residues during normal food processing techniques (Baron,
1976). During a search for chemical agents which would
oxidatively inactivate these residues it was observed that
aqueous hypochlorite reacted rapidly and completely with
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ETU and with nabam (disodium ethylenebisdithio-
carbamate). As a prelude to a detailed study of the action
of hypochlorite on EBDCs it was deemed necessary to
study the oxidation of ETU in some depth. This paper
details the mechanism of oxidation of ETU with hypo-
chlorite and with hydrogen peroxide and describes the
synthesis of intermediates on the oxidative pathway.

EXPERIMENTAL SECTION

Materials. Jaffe’s base [1-(2'-imidazolin-2’-yl)-2-
imidazolidinethione] (IIT) was synthesized according to the
method of Johnson and Edens (1942), Chromatography
of the base on silica gel using methanol-water (4:1) as
eluent resulted in a colorless crystalline product which was
recrystallized from ethanol (mp 236-237 °C). ETU di-
sulfide [bis(2-imidazolin-2-yl) disulfide] (IV) was prepared
as the dihydrochloride according to the method of
Freedman and Corwin (1949) (mp 231-234 °C). ETU
(2-imidazolidinethione) and EU (2-imidazolidineone) were
purchased from Fisher Scientific Co. ETU was recrys-



