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Potential of Alkaline Hydrolysis for the Removal of Fumonisins

from Contaminated Corn
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Studies have shown that fumonisin B; (FB;) may undergo alkaline hydrolysis to yield its aminopentol
(AP) and tricarballylic acid moieties. Treatment of fumonisin-contaminated ground corn with 0.1
M calcium hydroxide, over a period of 24 h at room temperature, resulted in the transfer of the
majority of the FB; (mean = 74.1%) to the easily separable aqueous fraction, where it was present
predominantly as the AP, moiety. Following similar treatment of intact corn kernels, only 5.1% of
the original FB; concentration was retained in those kernels devoid of their outer pericarp.
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INTRODUCTION

The fumonisin mycotoxins consist of a group of seven
structurally related analogues (Bezuidenhout et al.,
1988; Gelderblom et al.,, 1988; Cawood et al., 1991;
Branham and Plattner, 1993). Originally isolated from
culture material of Fusarium moniliforme Sheldon
(Gelderblom et al., 1988), a common contaminant of
corn, the fumonisins have subsequently been shown to
be produced by several other morphologically related
Fusarium species (Thiel et al., 1991; Nelson et al., 1992).
Of the seven known fumonisin analogues, only three,
fumonisins B, (FB,), Bs (FB3), and B3 (FB3), have been
reported to occur naturally at significant concentrations
in corn and corn-based products (Sydenham et al., 1991;
Thiel et al., 1992; Ross et al., 1992; Pittet et al., 1992;
Murphy et al., 1993; Ueno et al., 1993).

The major naturally occurring fumonisin analogue,
FB,, is known to be both hepatotoxic and carcinogenic
to rats (Gelderblom et al., 1988, 1992) and to induce
leukoencephalomalacia in horses (Marasas et al., 1988;
Kellerman et al., 1990) and pulmonary edema in swine
(Harrison et al., 1990). Combined fumonisin levels in
animal feeds of 210 and =100 ug/g have been suggested
as potentially harmful to horses and swine, respectively
(Marasas et al., 1993). Toxic effects of the fumonisins
have also been studied in broiler chicks (Ledoux et al.,
1992), turkey poults (Weibking et al., 1993), and feeder
calves (Osweiler et al., 1993). In addition, FB; is both
cytotoxic (Shier et al., 1991; Gelderblom et al., 1993)
and phytotoxic (Abbas et al., 1993; Lamprecht et al.,,
1994), while FB; and FB; have been shown to be
inhibitors of sphingosine (sphinganine) N-acyltrans-
ferase in rat primary hepatocytes (Wang et al., 1991).
Both FB; and FB3; have subsequently been shown to
exhibit cancer-initiating activity and hepatotoxic effects
in rats, similar to those previously observed for FB;
(Gelderblom et al., 1993).

In those areas of the Transkei region of southern
Africa known to exhibit a high incidence of human
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esophageal cancer, people consume moldy home-grown
corn contaminated with mean combined fumonisin
levels of up to 67 ug/g (Sydenham et al., 1990; Rheeder
et al., 1992). Commercially available corn-based prod-
ucts have been found to be contaminated with fumoni-
sins at levels of up to 4.7 ug/g (Sydenham et al., 1993),
while Murphy et al. (1993) observed mean combined
fumonisin levels of between 3.4 and 4.6 ug/g in com-
mercial corn harvested in three states of the United
States between 1988 and 1991.

Existing hazard assessment data suggest that fumo-
nisin contamination of corn is cause for concern, espe-
cially in view of the fact that corn is a major dietary
staple for both animals and humans worldwide (Thiel
et al.,, 1992). This concern was recently emphasized
with the designation, by the International Agency for
Research on Cancer, of “toxins derived from F. monili-
forme” as group 2B carcinogens (i.e. possibly carcino-
genic to humans) (Vainio et al., 1993).

Recent studies have considered the development of
decontamination procedures for fumonisin-contaminat-
ed corn. Alberts et al. (1990) observed that heat
treatment of fumonisin-contaminated culture material
of F. moniliforme did not result in a reduction in either
the fumonisin levels or the cancer-initiating potential
of the heat-treated material. The heat stability of the
fumonisins was subsequently confirmed by Doko and
Visconti (1993) and Dupuy et al. (1993). Viljoen et al.
(1993) reported the progressive reduction in mean
fumonisin levels during the refinement of commercial
corn in the milling process, while Sydenham et al. (1994)
reported that the removal of “fines” (screenings), from
bulk corn consignments, could reduce combined fumo-
nigin levels by between 29 and 69%. Bothast et al.
(1992) detected negligible degradation of FB; during the
fermentation to ethanol of fumonisin-contaminated corn.
Most of the toxin was recovered in the distillers’ grains,
silage, and soluble fractions. No FB; was, however,
detected in either the distilled alcohol or centrifuge
solids (Bothast et al., 1992). Norred et al. (1991) studied
the effect of ammonia, at relatively low temperatures
and pressures, on FB; levels in culture material of F.
moniliforme, recording only partial reductions in FB,;
concentrations, while the toxicity of the treated material
was retained (Norred et al., 1991). In contrast, treat-
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Figure 1. Chemical structures of fumonisin B; (1) and its
hydrolyzed aminopentol moiety (AP;) (2).
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ment with ammonia at higher temperatures and pres-
sures resulted in an 80% reduction in FB; content (Park
et al., 1992).

Sydenham et al. (1991) reported that alkali-treated
corn-based commodities (tortilla preparations) contained
very low levels of fumonisins and suggested that treat-
ment of corn with calcium hydroxide [Ca(OH)z] might
cause a reduction in fumonisin levels. Preliminary
studies, involving reactions between Ca(OH); and aque-
ous solutions of FB;, resulted in the alkaline hydrolysis
of FB; (Figure 1) and the formation of its hyrolyzed
aminopentol (AP;) (Figure 1) and tricarballylic acid
(TCA) moieties (Sydenham, 1994). As expected, the rate
of hydrolysis was influenced by the concentration of the
hydroxonium ion and the incubation temperature (Sy-
denham, 1994). In a series of comparative experiments,
the Ca?" ion (in contrast to either the sodium or
potassium cation) enhanced the rate of hydrolysis of FB;
(Sydenham, 1994). Almost complete hydrolysis of FB;
was recorded following treatment with a saturated
solution (0.1 M) of Ca(OH), (incubated at 23 °C for 24
h) (Sydenham, 1994). These reaction conditions were
therefore applied to fumonisin-contaminated corn
samples, and this paper reports the results of these
studies.

EXPERIMENTAL PROCEDURES

Analytical Standards. A pure standard of FB; was
prepared from culture material of F. moniliforme, as previously
described (Cawood et al., 1991). The aminopentol (AP;) moiety
was prepared by the alkaline hydrolysis of FB, in accordance
with the method of Plattner et al. (1990).

Corn Samples. Two corn samples naturally contaminated
with the fumonisins were collected from households in the
Transkei. FB, levels were determined according to the method
of Sydenham et al. (1992). One of the samples (ca. 750 g) was
ground in a laboratory mill, mixed to improve homogeneity,
analyzed, and found to contain a mean concentration of 8590
ng/g FB; (RSD = 4.1% based on four determinations). A
second sample, found to contain 8200 ng/g FB,, was retained
as intact kernels.

Treatment of FB;-Contaminated Ground Corn. Three
100 g subsamples of the ground corn were treated (with
continual stirring) for 24 h with 400 mL volumes of 0.1 M Ca-
(OH);. Following this treatment, the aqueous and solid phases
were separated by filtration, and each fraction was retained.
The solid residue was subsequently washed with distilled
water, prior to being dried at 100 °C for 4 h. Each fraction
was analyzed for FB; and its AP; hydrolysis product.

Treatment of FB;-Contaminated Corn Kernels. A 100
g subsample of the corn kernels was treated with 0.1 M Ca-
(OH); (using the conditions previously cited). Following treat-
ment and filtration, the kernels were manually separated into
those fractions exhibiting (a) partial and (b) total removal of
their outer pericarp. The separated fractions were dried,
ground in a laboratory mill, and analyzed for FB; and AP;.

Determination of FB; and AP, in Aqueous Phases.
Aliquots (10 mL) of the aqueous phase following Ca(OH),
treatment of corn fractions were adjusted to pH 2.5 by the
addition of 0.1 M HCl. The solutions were then applied to
BondElut Cy4 solid phase extraction (SPE) cartridges (contain-
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Table 1. Ca(OH); Treatment of FB;-Contaminated Corn
(8590 ng/g)

FB;
sample FBi®  %of AP»® equivv  %of  total % of
no. (ng/g) original (ng/g) gy original original
Aqueous Ca(OH): Fraction

1 1050 12.2 3280 5820 67.7 79.9

2 NDs ND 3420 6080 70.8 70.8

3 ND ND 3460 6150 71.6 71.6

mean 350 4.1 3360 6015 70.0 74.1
Solid Corn Residue

1 ND ND 510 910 10.6 10.6

2 755 8.8 790 1400 16.3 25.1

3 ND ND 830 1480 17.2 17.2

mean 250 2.9 710 1265 14.7 17.6

@ Results rounded to the nearest 10 ng/g. ® FB; concentration
calculated from the corresponding AP, level. ¢ ND, not detected
(<100 ng/g).

ing 500 mg of sorbent; Varian, Harbor City, CA) which had
been preconditioned with 5 mL of methanol and 5 mL of water.
The cartridges were washed with water (3 mL) followed by
methanol/water (1:3; 5 mL), and the FB; and AP; were eluted
with methanol (15 mL). The eluates were evaporated to
dryness, redissolved in methanol (200 xL), and retained for
analyses.

Determination of FB; and AP; in Solid Residues.
Following treatment with Ca(OH),, subsamples (25 g) of the
dried corn were extracted with a mixture of methanol and 0.01
M ethylenediaminetetraacetic acid (EDTA) (1:1; 50 mL), by
means of blending for 3 min in a homogenizer. The suspension
was filtered and the pH of a 10 mL aliquot of the filtrate
adjusted to pH 2.5 with 0.1 M HCl. Precipitates were removed
by centrifugation, prior to purification of the supernatants on
preconditioned BondElut C,g SPE cartridges. The cartridges
were washed and the toxins eluted as described for the
analyses of FB; and AP, in the aqueous phases.

Chromatographic Analyses of FB; and AP,. Aliquots
(50 uL) of the reconstituted residues were derivatized with
o-phthaldialdehyde (OPA) as previously described (Sydenham
et al., 1992) and separated on a Phenomenex column (250 x
4.6 mm i.d.) packed with 5 um of Ultracarb ODS 30 material.
The mobile phase of methanol/0.1 M sodium dihydrogen
phosphate (80:20), adjusted to pH 3.35 with orthophosphoric
acid, was pumped at a flow rate of 1 mL/min. The eluate was
monitored by fluorescence detection at an excitation wave-
length of 335 nm and an emission wavelength of 440 nm.

RESULTS AND DISCUSSION

Ca(OH); Treatment of Ground Corn. Following
treatment of ground corn with Ca(OH); (in triplicate),
the separated fractions were analyzed for FB; and APy,
and the results are presented in Table 1.

Recoveries of FB; and AP; from the aqueous fractions
were 98.4% (RSD = 6.0%) and 96.3% (RSD = 7.2%),
respectively, based on triplicate analyses at spiking
levels of 470 ng/mL FB; and 450 ng/mL AP;. In the
solid fractions, recoveries of 93.6% (RSD = 4.7%) and
94.7% (RSD = 2.1%) were obtained for FB; and AP;,
respectively, based on five determinations at spiking
levels of 470 ng/g FB; and 490 ng/g AP;.

Only one of the three aqueous fractions contained FB;,
corresponding to 12.2% of the original concentration.
Most of the FB; initially present in corn was recovered
in the aqueous fraction as the fully hydrolyzed AP,
moiety (i.e. between 67.7 and 71.6%, mean 70.0%; Table
1). Between 70.8 and 79.9% (mean 74.1%; Table 1) of
the FB; in the corn had been transferred to the easily
separable aqueous Ca(OH); fraction.

Between 10.6 and 25.1% (mean 17.6%) of the FB; in
the ground corn was retained as AP; in the solid corn
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Table 2. Fumonisin B; Levels in Corn Kernels before
and after Treatment with Ca(OH).

FB, AP; and (FBy)® total

fraction (ng/g) (ng/g) (ng/g)
untreated 8200 ND? (ND) 8200
pericarp partially removed 1950 340 (600) 2550
pericarp fully removed 100 180 (320) 420

@ Corresponding FB; levels (in parentheses) calculated from AP,
concentrations. ® ND, not detected (<100 ng/g).

residue. Following treatment with Ca(OH)s, between
88.8 and 95.9% (mean 91.7%) of the initial FB; present
in the nontreated ground corn (Table 1) could be
accounted for in the three trial treatments.

Ca(OH); Treatment of Corn Kernels. Treatment
of corn kernels with Ca(OH); is used during the prepa-
ration of “masa” (tortilla flour) to soften the shells of
kernels prior to further processing (Hendrich et al.,
1993). Following a similar treatment of intact corn, the
kernels were separated into fractions showing (a) partial
and (b) total removal of their outer cellulose pericarp.
These two fractions were subsequently analyzed for FB;
and AP, and the results are presented in Table 2.

Those kernels exhibiting partial removal of their
pericarp retained 2550 ng/g (31.1%) of the original FB;
concentration, predominantly as the intact toxin (23.8%)
and a smaller amount (7.3%) as AP;. Those kernels in
which the pericarps were fully removed retained only
420 ng/g (5.1%) of the original FB;, with the majority
being present as AP (3.9%) (Table 2).

These data provide additional evidence that the
fumonisins are associated with the outer layer(s) of
naturally contaminated corn kernels and indicate that
removal of pericarps may be associated with a reduction
of fumonisin levels in contaminated corn. The data also
substantiate the finding of Sydenham et al. (1994) that
significantly higher fumonisin levels occur in corn
screenings than in the intact kernels, since the screen-
ings might be expected to contain a significant propor-
tion of their mass from the outer layers of kernels.

Mycotoxin decontamination procedures must, how-
ever, meet selected criteria if they are to be considered
effective and viable. Of particular importance is the fact
that a candidate decontamination procedure, while
reducing the contamination level of one (or more)
mycotoxin, should not result in the formation of prod-
ucts that could potentially pose a health risk (Charmley
and Prelusky, 1994). In the present study, treatment
of fumonisin-contaminated corn with Ca(OH); resulted
in the transfer of the majority of the FB; from the solid
to the liquid phase, where it was present as the AP,
moiety. This fraction probably also contained the TCA
moiety derived from the hydrolysis of FB;. Comparative
cytotoxity studies in primary rat hepatocytes have
indicated that AP; exhibits a significantly higher cyto-
toxic effect than the parent FB;, while TCA exhibited
no effect (Gelderblom et al., 1993). In contrast to FB;,
neither AP; nor TCA was found to be hepatotoxic or to
act as a cancer initiator in a rat model (Gelderblom et
al., 1993). It was suggested that the apparent inability
of AP; to act as a cancer initiator might be due to a lack
of absorption from the gut, and it was proposed that
the presence of the TCA moiety may play an active role
in the absorption of the intact FB; moiety (Gelderblom
et al,, 1993). Given the fact that fumonisin A; (FA;; the
N-acetyl derivative of FB;) also failed to exhibit cancer-
initiating properties, the authors concluded that the
presence of the intact fumonisin molecule and a free
amino group determined the cancer-initiating activity

Sydenham et al.

of the fumonisins. Hence, decontamination procedures
that aim to reduce fumonisin levels in contaminated
corn will have to address these issues.

To date, no data on the cancer-promoting potential
of pure AP; have been published. Recent studies of
Hendrich et al. (1993) reported that treatment of corn
culture material of F. proliferatum with Ca(OH); re-
duced FB; levels from 50 ug/g to yield between 7 and
10 ug/g AP;. Subsequent feeding trials with this treated
material (using diethylnitrosamine-initiated rats), led
Hendrich et al. (1993) to suggest that treatment of the
culture material with Ca(OH); improved its nutritional
value, resulting in an increased feed intake and body
weight gain by the rats. They considered, however, that
the “carcinogenic potential” of the Ca(OH).-treated
material was similar to that observed for the nontreated
material and concluded that treatment of corn with Ca-
(OH), was not a potentially useful fumonisin detoxifi-
cation strategy (Hendrich et al., 1993).

On the basis of the results of the present study, it
will be necessary to compare the relative cancer-
promoting potential of Ca(OH)s-treated corn with that
of the separated aqueous Ca(OH); fraction, since the
latter would contain significantly higher amounts of
AP;.
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