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Table I. Fluorescence Data of Aflatoxins and Palmotoxins in Chloroform

Fluorescence uv Rel

Excitation,
Compound nm

emission
maxima, nm nm

intensity of
fluorescence

maxima,

Aflatoxin B, 365

Aflatoxin B, 365
Aflatoxin G, 365

Aflatoxin G, 365

Aflatoxin B, 365

Palmotoxin B, 365

Palmotoxin G, 365

aflatoxin B; (Heathcote and Dutton, 1969) have never been
reported.

The aflatoxins and palmotoxins, apart from fluorescing
in ultraviolet light, are all metabolites of Aspergillus flavus.
It is, therefore, possible that the fluorescing chemical
species in these two groups of compounds are similar. It
was to evaluate this possibility that we embarked on a
comparative study of their fluorescence.

EXPERIMENTAL SECTION

Aflatoxins B, and G; were produced by the procedure
of Armbrecht et al. (1963) as modified by Robertson et al.
(1967), while B, and G, were produced by the method of
Robertson et al. (1967). Aflatoxin B; was produced by the
method reported by Heathcote and Dutton (1969) while
production of palmotoxins was by the method of Bassir
and Adekunle (1968). The palmotoxins obtained by this
method were, however, further purified by repeated
partition between water and ether in a separating funnel.
The palmotoxins were rid of their impurities of yellow
pigments by this treatment, the impurities being taken up
in the ether phase while the palmotoxins went into the
aqueous phase. The palmotoxins were subsequently ex-
tracted from the aqueous phase with chloroform. This
method was used successfully in the purification of pal-
motoxins by Emerole (1973). The aflatoxins were iden-
tified by their UV, IR, and other physicochemical char-
acteristics reported by Asao et al. (1965). Authentic
samples of aflatoxins B;, By, G4, and Gy, purchased from
Makor Biochemicals, Jerusalem, Israel, were also used as
standards in the identification. The palmotoxins and
aflatoxin B; were identified by their physicochemical
characteristics (UV, IR, NMR, and MS) as reported by
previous workers (Heathcote and Dutton, 1969; Bassir and
Adekunle, 1968; Emerole, 1973).

Solutions (20 ug/mL) of aflatoxins and palmotoxins were
prepared in analytical grade chloroform and diluted to give
solutions of 0.2 ug/mL concentration, respectively. Each
solution was stored in amber-colored bottles at 4 °C.
Fluorescence data on the solutions were obtained on
Perkin-Elmer Model 204 fluorescence spectrophotometer.
Ultraviolet absortion spectra for the compounds were
recorded with a Perkin-Elmer Model 137 ultraviolet-visible
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spectrophotometer. Aflatoxins and palmotoxins were
excited at 365 nm, the wavelength of maximal excitation
for aflatoxins B;, B,, G, and G,.

RESULTS AND DISCUSSION

It is evident from the results obtained in this study (see
Table I) that the fluorescent characteristics of palmotoxins
and aflatoxins are similar. The fluorescence emission
maxima wavelengths of aflatoxin B; (413 nm) and B, (413
nm) are close to that of palmotoxin B, (410 nm), while
those of aflatoxins G; (430 nm) and G, (430 nm) are close
to that of palmotoxin G, (425 nm).

It appears from the above results that the fluorescing
chemical species in palmotoxins and aflatoxins may be
similar, especially as the palmotoxins and aflatoxin were
excited at the same wavelength (365 nm). There is a
measure of relationship between fluorescence and structure
(Williams, 1959). The proximity of the wavelengths of
fluorescence emission maxima of aflatoxins B, and B, to
that of palmotoxin B, may be an indication that their
fluorescing chemical species are very similar. By the same
argument, the fluorescing chemical species in aflatoxins
G, and G, may be very similar to that in palmotoxin G,.
The relative intensity of fluorescence of these compounds
(Gy > Gy > Gy > B; > B, > B, > B,) appears to support
the similarity between aflatoxins B,, B,, and palmotoxin
B, on one hand and aflatoxins G;, G,, and palmotoxins G,
on the other. Previous studies on the fluorescence of the
aflatoxins (Robertson et al., 1967; Bababunmi et al., 1975)
have identified 5-methoxycoumarin as the main chemical
species responsible for the fluorescence of aflatoxins. If
the fluorescing chemical species of aflatoxins and pal-
motoxins are similar, as their fluorescence characteristics
seem to suggest, then the coumarin chemical moiety may
be present in the palmotoxins. The ultraviolet absorption
maxima of these compounds, which agree with those re-
ported in the literature (Asao et al., 1965; Chang et al.,
1963; Dorp et al., 1963; Hartley et al., 1963, Merwe et al.,
1963; Emerole, 1973) seem to reinforce the argument for
the presence of similar fluorescing species in their
structure.

In the light of these new facts about the palmotoxins,
coupled with their preferential solubility in water when
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partitioned between water and ether, the tentative
structures assigned to these compounds by Bassir and
Adekunle (1968) are presently being reevaluated in our
department.
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Determination of Patulin in Apple Juice Products as the

2,4-Dinitrophenylhydrazone Derivative

A method to determine patulin, 4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-one, in apple juice products as
the 2,4-dinitrophenylhydrazone (2,4-DNPH) derivative was developed. Patulin was derivatized by means
of a micro reaction column packed with Celite—2,4-dinitrophenylhydrazine—-66% HsPO, and eluted with
methylene chloride. The derivative was isolated by thin-layer chromatography and detected by spraying
with base to produce a wine-red spot. Quantitation of the patulin derivative scraped from the thin-layer
plate and extracted in solvent was carried out by measurement of the UV absorbance at 375 nm, the
characteristic absorption maximum of the patulin 2,4-DNPH derivative. Satisfactory recoveries were
obtained from patulin added to apple juice at levels of 50-340 ppb.

Patulin, a compound originally isolated as an antibiotic,
is a toxic material that is a potential contaminant of many
human foods and animal feedstuffs as a result of mold
growth. Patulin administered subcutaneously produced
tumors in rats at the point of injection (Dickens and Jones,
1961). Many molds are capable of producing this material
and one, Penicillium expansum, is of particular concern
as it causes storage rot in bruised or damaged apples.
Patulin has been found repeatedly in commercial samples
of apple juice and fresh apple cider (Stott and Bullerman,
1975). A method for analysis by thin-layer chromatog-
raphy (TLC), utilizing a 3-methyl-2-benzothiazolinone
hydrozone indicating spray reagent has been described
(Scott and Kennedy, 1973; Scott, 1974). Many apple juice
samples contain substances that interfere with TLC
analysis for patulin; for example, 16 samples of pasteurized
apple juice recently submitted by industry to four con-
sulting laboratories contained interfering substances which
rendered the official TLC method inapplicable to all
samples (Cogley, 1975). These laboratories did not identify
this material which caused widely varying results in the
determination of patulin levels. Several components of
apple juice, 5-(hydroxymethyl)furfural and scopoletin, have
been reported to interfere with the determination of
patulin by the TLC method (Ware, 1975; Scott, 1977), but
it is not known whether they were the cause of the dif-
ficulty in these samples. A liquid chromatographic method
that separates patulin from 5-(hydroxymethyl)furfural has
been developed but has not been adopted as an official
procedure (Ware, 1975).
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This study was undertaken to investigate the reaction
of patulin with 2,4-dinitrophenylhydrazine (2,4-DNP) to
form the 2,4-dinitrophenylhydrazone (2,4-DNPH) as an
alternative analytical procedure for the determination of
patulin in samples that cannot be analyzed by previous
methods of analysis.

EXPERIMENTAL SECTION

Materials. Pasteurized apple juice samples containing
material that interfered with the official analytical method
were supplied by J. R. Cogley (Knouse Foods). Fresh apple
cider, without additives, was purchased locally.

Patulin was prepared in our laboratory by a fermen-
tation procedure (Norstadt and McCalla, 1969) using
freshly isolated strains of Penicillium urticae supplied by
these investigators. A variation was made in the purifi-
cation procedure that gave higher yields of patulin. This
consisted of changing the solvent to CHCI, after the initial
solvent extraction of the fermentation broth with ethyl
acetate and chromatography on a silicic acid column.
Identity and purity were determined by melting point,
infrared spectra, and thin-layer chromatography.

All solvents were analytical or reagent grade. Ethyl
acetate and toluene were distilled through a 10-plate
Oldershaw column before use. Benzene and methylene
chloride were Burdick and Jackson “distilled in glass”
analytical grade.

The Celite-2,4-DNP-H,PO, mixture used in this in-
vestigation was prepared by grinding 0.5 g of 2,4-DNP and
6 mL of 85% H3PO, in a 6-in. mortar until dissolved. Four



