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Studies were undertaken to determine the fate of the mycotoxins, fumonisins, during the process of
alkaline cooking (nixtamalization), using normal-appearing corn that was naturally contaminated
with fumonisin B1 (FB1) at 8.79 ppm. Corn was processed into tortillas, starting with raw corn that
was cooked with lime and allowed to steep overnight; the steeped corn (nixtamal) was washed and
ground into masa, which was used to make tortillas. Calculations to determine how much of the
original fumonisin remained in the finished products took into consideration that FB1 will be
converted to hydrolyzed fumonisin B1 (HFB1) by the process of alkaline cooking. All fractions,
including steeping and washing water, were weighed, and percent moisture and fumonisin content
were determined. Tortillas contained approximately 0.50 ppm of FB1, plus 0.36 ppm of HFB1, which
represented 18.5% of the initial FB1 concentration. Three-fourths of the original amount of fumonisin
was present in the liquid fractions, primarily as HFB1. Nixtamalization significantly reduced the
amount of fumonisin in maize.
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INTRODUCTION

Corn (maize) is the staple food for millions of people
throughout the world. In Mexico, Central America, and
certain parts of Africa and China, corn is the major
source of energy for a large part of the general popula-
tion (Rooney and Serna-Saldivar, 1987). It has been
estimated that in Mexico the annual consumption of
corn is 410 pounds per person (Watson, 1988). Prior to
consumption, corn is processed by various technologies.
In both Mexico and Central America, as well as in the
United States, the major way of processing corn to make
masa and tortillas is nixtamalization, the ancient,
traditional process of alkaline cooking, using lime as the
alkaline component in the process (Serna-Saldivar et
al., 1990). Major benefits of nixtamalization are im-
proved protein quality and availability of niacin (Rooney
and Suhendro, 1999), an increased calcium content in
the processed corn (Bressani et al., 1958), and the
increased availability of lysine (Trejo-Gonzalez et al.,
1982).

Corn products destined for human consumption can
contain quite low levels of fumonisin, although under
certain environmental conditions, such as drought
stress, corn can contain higher levels of fumonisin.
People who consume high amounts of corn may be
exposed to increased amounts of fumonisin if growing
conditions are favorable for production of the mycotoxin.

Previously, when we analyzed commercially produced
masa and tortillas from Mexico and the United States

for fumonisin content, the amount of fumonisin B1 (FB1)
present in Mexican samples was 1.0-1.8 ppm (Dom-
brink-Kurtzman and Dvorak, 1999). Alkaline hydrolysis
of FB1 removes the tricarballylic side chains at C-14 and
C-15 to form hydrolyzed FB1 (HFB1) (Figure 1). Fumo-
nisins (FB1 and HFB1) have been detected in alkaline-
processed food produced in the United States and
Canada, but the levels were generally <1 ppm (Hop-
mans and Murphy, 1993; Maragos et al., 1997; Murphy
et al., 1996; Scott and Lawrence, 1996; Stack, 1998).
Sydenham et al. (1996) reported that with alkaline
hydrolysis treatment of intact corn kernels, only 5.1%
of the original FB1 remained if the outer pericarp had
been removed from the kernels.

Fusarium verticilliodes (Sacc.) Niremberg (synonym
Fusarium moniliforme Sheldon) and Fusarium prolif-
eratum, fungi capable of producing fumonisins, are
frequently found in corn worldwide due to the endo-
phytic nature of these fungi (Nelson et al., 1993; Bacon
and Hinton, 1996). Fumonisins have been associated
with various animal diseases, including equine leukoen-
cephalomalacia (ELEM) (Marasas et al., 1988; Thiel et
al., 1991), porcine pulmonary edema (Harrison et al.,
1990), and hepatotoxicity and nephrotoxicity in rats
(Voss et al., 1993). A higher incidence of human esoph-
ageal squamous cell carcinoma has been linked epide-
miologically with consumption of fumonisin-contami-
nated corn in both the Transkei area, South Africa
(Rheeder et al., 1992), and Linxian County, Henan
providence, China (Chu and Li, 1994). Recently, intes-
tinal disturbances have been reported in humans who
had consumed moldy sorghum and corn that contained
FB1 (Bhat et al., 1997). Toxicity problems related to FB1
are probably less likely with sorghum than with corn
because many of the F. moniliforme strains recovered
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from sorghum produced no more than a trace of FB1
(Nelson et al., 1991).

Fumonisins represent a family of structurally related
compounds containing a hydrocarbon backbone that
resembles the sphingoid bases, sphinganine and sph-
ingosine. Fumonisins are able to inhibit sphingolipid
biosynthesis by interfering with the enzyme sphinga-
nine (sphingosine) N-acyltransferase (ceramide syn-
thase), resulting in sphinganine accumulation and
blocked biosynthesis of ceramides and complex sphin-
golipids (Wang et al., 1991). A common occurrence noted
following in vivo and in vitro exposure to fumonisins is
the elevation of sphinganine levels (Merrill et al., 1996).
In vitro exposure to FB1 is also capable of inhibiting
folate receptor-mediated transport of 5-methyltetrahy-
drofolate in Caco-2 cells (Stevens and Tang, 1997) and
inducing cell cycle arrest in the G1 phase and apoptosis
in normal-type African green monkey kidney cells (CV-
1) (Wang et al., 1996).

The present research was undertaken to determine
the fate and distribution of fumonisin in corn products
in the various fractions produced during the process of
nixtamalization. Normal-appearing corn was processed
in pilot plant trials that simulated commercial produc-
tion, using naturally contaminated corn containing a
moderate amount (8.79 ppm) of FB1. All solid and liquid
fractions were analyzed to quantitate both the parent
molecules, FB1, fumonisin B2 (FB2), and HFB1.

MATERIALS AND METHODS

Analytical Standards. Pure standards of FB1 and FB2

were purchased from Sigma Chemical Co. (St. Louis, MO).
HFB1 was prepared by mild hydrolysis of FB1, provided by R.
D. Plattner, USDA, ARS, NCAUR, Peoria, IL, and was >99.8%
pure by mass spectrometric analysis.

Corn Sample. Naturally contaminated corn containing 8.79
ppm of FB1 was used in this study. The kernel characteristics
were as follows: density, 1.306 g/cm3; thousand kernel weight
(TKW), 355.4 g; bulk density, 59 lb/bu; and floaters, 80%. The
grade 2 yellow dent corn was free of cracked kernels and had
no significant mold or insect damage.

Physical and Chemical Analysis. Moisture content of the
samples taken throughout the process was measured by drying
to constant weight in a forced-air oven at 105 °C for 24 h
(AACC, 1986). The calcium content of the fractions (solid and
liquid) was measured, in triplicate, using a Perkin-Elmer
Plasma 400 ICP emission spectrometer (Norwalk, CT).

Production of Tortillas: Pilot Scale Nixtamalization
of Fumonisin-Contaminated Corn Kernels. The procedure
was a modification of the methods described by Serna-Saldivar
et al. (1990) (Figure 2). The procedure was replicated twice.
Contaminated corn (3.5 kg) was placed in a perforated nylon
bag and cooked for 5 min at a temperature of 100 °C in a steam
kettle (model TDC/2-20, Groen Div., Dover Corp., Elk Grove
Village, IL) containing lime solution (166.67 g of CaO/45 kg of
water). The steam was turned off, and the corn was steeped
overnight (15 h). After the corn had been steeped, it was
removed from the kettle.

Excess water was allowed to drain back into the kettle, and
the bag was placed in a bucket. Samples were taken from the
cooking liquor (nejayote) after the corn was removed. The
liquor was stirred before each sample was taken; random
samples were taken from five different locations in the kettle.
The steeping water was weighed after it was removed from
the kettle. Steeped corn (nixtamal) was weighed before wash-
ing. Samples were taken for moisture and fumonisin analyses

Figure 1. Chemical structures of fumonisin B1, fumonisin B2,
and hydrolyzed fumonisin B1.

Figure 2. Production of tortillas. Asterisks indicate samples
taken for moisture content and fumonisin analysis.
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from both liquid and solid samples (Figure 2). The nixtamal
was washed with preweighed water; the washing water (water
used to wash the nixtamal) was collected and weighed.

The washed nixtamal was ground into masa using a stone
grinder equipped with a 12 in. diameter lava stone (model CG,
Casa Herrera Inc., Los Angeles, CA). During grinding, 326 g
(rep I) of water were added to the nixtamal. All of the masa
was collected from the stone grinder and weighed. The masa
was divided into two parts (for rep I only) to make table
tortillas and thin tortillas for frying; only table tortillas were
made for rep II. The masa was continuously sheeted (model
CH4-STM, Superior Food Machinery Inc., Pico Rivera, CA),
formed into unbaked tortilla disks, and baked into tortillas in
a gas-fired oven with three moving tiers (model C0440,
Superior Food Machinery Inc.). The thickness of the tortillas
was controlled by adjusting the rollers to produce optimum
thickness for table tortillas (30 g per tortilla before baking).
To produce tortilla chips, the thickness of the tortillas was
reduced (18-20 g per tortilla before frying). The tortillas were
fried in partially hydrogenated soy oil at 190 °C for 60 s.

Mass Balance Calculations. A mass balance was calcu-
lated on each batch to quantify the movement of moisture and
corn dry matter in the corn-water-lime system. Data in-
cluded the initial weight of each component, corn moisture
content, and wastewater solids content at each stage.

Determination of FB1, HFB1, and FB2 in Solid Frac-
tions. The procedure used for the isolation of fumonisins was
basically as described by Dombrink-Kurtzman and Dvorak
(1999). Samples were dried at room temperature, noting the
initial and dried weights, before being ground for analysis.
Briefly, 25 g of ground corn, masa, or ground tortillas was
extracted with 25 mL of methanol plus 25 mL of EDTA(aq).
The concentration of EDTA was adjusted so that it exceeded
that of calcium by a factor of 1.36. The aqueous phase was
separated by filtration, and 10 mL of the extract (adjusted to
pH 2-3 with 1 N HCl) was applied to a Sep-Pak Vac C18 SPE
cartridge (containing 500 mg of sorbent; Waters Corp., Milford,
MA) that had been preconditioned with 5 mL of methanol and
5 mL of water. The cartridges were washed with 3 mL of water,
followed by 5 mL of methanol/water (1:3). The fumonisins were
eluted with 15 mL of methanol. The flow rate of the columns
was <1 mL/min. For comparison, some of the samples were
also processed using a Bond Elut C18 solid-phase extraction
(SPE) cartridge (containing 500 mg of sorbent; Varian, Harbor
City, CA).

Determination of FB1, HFB1, and FB2 in Aqueous
Fractions. For the washing water and steeping water samples,
25 mL of sample was mixed with 25 mL of methanol; dry
EDTA was added so that the final concentration of EDTA
exceeded that of Ca by a factor 1.36, as described for the solid
samples. The aqueous fractions were then processed in the
manner described above for the solid samples. To determine
optimal conditions for processing aqueous fractions, four
different extraction methods were compared in duplicate using
the steeping water or the washing water sample: water alone;
water plus EDTA; water with an equal volume of methanol;
and water with an equal volume of methanol plus EDTA (as
described above for analysis of the solid fractions).

Analysis of Fumonisins by High-Performance Liquid
Chromatography (HPLC). Samples were derivatized as
described previously (Dombrink-Kurtzman and Dvorak, 1999).
Briefly, the eluates were evaporated to dryness (under nitro-
gen), dissolved in 1 mL of methanol, and derivatized with
naphthalene dicarboxaldehyde (NDA) (Bennett and Richard,
1994), with the following modification: 7 mL of acetonitrile/
water/acetic acid (60:40:1) was used in place of acetonitrile/
phosphate buffer (60:40). A reversed-phase (RP) C18 column,
SGE (250GL4) column (250 mm × 4 mm) packed with 5 mm
of ODS2-I-10/5 (or ODS2-I-15/5) material (SGE, Austin, TX)
was used in the HPLC method for analysis of fumonisins. The
mobile phase of 65% acetonitrile/acetic acid (99:1) plus 35%
water/acetic acid (99:1) was pumped at a flow rate of 0.7 mL/
min. An excitation wavelength of 280 nm and an emission
wavelength of 470 nm were used for fluorescence detection.

RESULTS

Production of Tortillas: Pilot Scale Nixtamal-
ization of Fumonisin-Contaminated Corn Kernels.
The weight of each component and their respective
moisture content were determined for all fractions, both
solid and liquid (Table 1). Samples were removed at
each step of the processing for moisture (AACC, 1986)
and fumonisin determinations (Figure 2). The samples
were air-dried prior to determination of fumonisins
because treatment at 105 °C for 24 h (AACC, 1986)
would have resulted in decreased fumonisin recoveries
(Bordson et al., 1995). There was close correlation
between the moisture content determined by the AACC
(1986) method and the estimate of moisture comparing
the wet and dry weights of the solid fractions. To
determine the dry matter loss (DML), the amount of
solids in the two aqueous fractions was calculated. The
DML for reps I and II of 14.9 and 14.1%, respectively,
compared favorably with losses of 13% for tortillas made
by the traditional method (Khan et al., 1982) and 8.5-
12.5% reported in commercial corn masa production
(Pflugfelder et al., 1988a). Similar yields (wet basis) of
nixtamal, masa, and tortillas were obtained for reps I
and II: nixtamal/grain, 1.77 and 1.73; tortilla/grain, 1.42
and 1.41; and tortilla/masa, 0.80 and 0.82, respectively.

Calcium Content. The amount of calcium present
was determined on a dry weight basis by triplicate
analyses. For raw corn, the calcium concentration was
40 mg/kg. Calcium concentrations for each of the solid
samples decreased with successive processing with the
calcium content of steeped corn and washed corn higher
than that of masa and tortillas. For nixtamal, washed
nixtamal, masa, tortillas, tortilla chips, steeping water,
and washing water for rep I, calcium concentrations
were 3790, 2670, 2090, 2130, 1980, 780, and 280 mg/
kg, respectively. The calcium concentrations in the masa
(2090 mg/kg), tortillas (2130 mg/kg), and tortilla chips
(1980 mg/kg) were comparable to the content in masa
harina de maiz (1980 mg/kg), as reported previously
(Dombrink-Kurtzman and Dvorak, 1999). For rep II,
calcium concentrations for nixtamal, washed nixtamal,
masa, tortillas, steeping water, and washing water were
10,960, 6950, 5810, 6060, 970, and 350 mg/kg, respec-
tively. The amount of calcium present in the solid
fractions from rep II was 2-3-fold higher than the
amount present from rep I, but the calcium concentra-
tions of the specific aqueous fractions from reps I and
II were fairly similar, with the values for rep II 25%
higher than those of rep I.

Table 1. Effect of Alkaline Cooking on Moisture and
Weight of Nixtamal, Masa, Tortillas, Tortilla Chips,
Steeping Water, and Washing Water

rep I rep II

total wt of nixtamal (after steeping) 7.36 kg 7.34 kg
moisture content 60.49% 58.81%

total wt of steeping water (after steeping) 37.04 kg 37.19 kg
moisture content 99.16% 99.17%

total wt of nixtamal (before washing) 6.90 kg 6.918 kg
total wt of nixtamal (after washing) 6.18 kg 6.04 kg

moisture content 54.46% 54.24%
total wt of washing water (after washing) 27.56 kg 23.29 kg

moisture content 99.47% 99.47%
total wt of nixtamal (before grinding) 5.69 kg 5.30 kg
wt of water added (during grinding) 0.326 kg 0.319 kg
total wt of masa (after grinding) 3.90 kg 3.94 kg

moisture content 54.44% 55.73%
total wt of masa processed into tortillas 1.805 kg 2.0 kg
total wt of tortilla 0.966 kg 1.40 kg

moisture content 43.31% (table) 43.99%
34.25% (thin)
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Determination of FB1, HFB1, and FB2 in Solid
Fractions. Following nixtamalization of fumonisin-
contaminated corn (in duplicate) for production of masa
and tortillas, the solid fractions were analyzed for FB1,
HFB1, and FB2 (Table 2). Tortilla chips were prepared
only in rep I. The values for rep II represent the means
of two to four analyses.

Recoveries of FB1, HFB1, and FB2 from the solid
fractions (duplicate analyses) were 93.4, 76.0, and 93.5%
for tortillas and 81.2, 74.9, and 91.8% for tortilla chips,
respectively, at spiking levels of 500 ng/mL FB1, 500
ng/mL HFB1, and 250 ng/mL FB2.

The pH of the extracts of the different fractions was
highest for steeped corn (pH 7 and 10 for reps I and II,
respectively). For all of the other processing fractions,
the pH of the extracts was between pH 5 and 7 for rep
I, although it was pH 7 for rep II. The pH of the corn
extract was 5.

Determination of FB1, HFB1, and FB2 in Aque-
ous Fractions. Of the four different extraction methods
compared in duplicate to extract FB1, HFB1, and FB2
from the two aqueous fractions (steeping water and
washing water), the highest levels of FB1, HFB1, and
FB2 were detected using the method that incorporated
dry EDTA in the liquid fraction with an equal volume
of methanol (data not shown). This extraction solution
was analogous to the manner in which the solid frac-
tions were extracted. The aqueous fractions produced
during the process of nixtamalization were analyzed for
FB1 and HFB1 (Table 3) and FB2. Although no FB1 was
detected in aqueous fractions from rep II, more HFB1
was present in aqueous fractions from rep II, compared
to rep I. No FB2 was detected in either the steeping or
washing water from reps I and II.

Recoveries of FB1, HFB1, and FB2 from the aqueous
fractions were 91.6, 84.8, and 96.1% for the steeping
water and 90.7, 79.8, and 91.3% for the washing water,
respectively, based on triplicate analyses at spiking
levels of 500 ng/mL FB1, 500 ng/mL HFB1, and 250 ng/
mL FB2.

The pH of the extracts of the steeping water was 9-10
for rep I and 11-12 for rep II. For the washing water,
the pH of the extracts was between 6 and 7 for both
reps I and II.

The major amount of FB1 that had been present in
the raw corn was recovered in the steeping water as
HFB1 (Table 3). The total amount of FB1 plus HFB1
present in the steeping water was 9-18-fold greater
than the amount present in the washing water. Thus,
the combined aqueous fractions (steeping water and
washing water) contained as FB1 plus HFB1 an average
of 76.1% of the initial amount of FB1 present in the raw
corn.

DISCUSSION

Nixtamalization significantly reduced the amount of
fumonisin in corn. Nixtamalization had the effect of
dramatically lowering the amount of FB1 (8.79 ppm)
present in the raw corn to an average of 0.50 ppm of
FB1, plus 0.36 ppm HFB1, detected in prepared tortillas
(wet basis) (Table 2), representing 18.5% of the initial
FB1 concentration. The initial concentration of FB2 (1.97
ppm) was reduced to an average of 0.21 ppm of FB2 in
tortillas. The amount of fumonisin (FB1 plus HFB1)
remaining in the tortillas represented between 6.6 and
9.6% (mean ) 8.1%) as FB1 and between 8.1 and 12.7%
(mean ) 10.4%) as HFB1. To calculate the percentage
of the initial FB1 represented by HFB1, a correction
factor of 1.78 was used to account for the difference in
molecular weights for FB1 (721) and HFB1 (405). A
similar reduction of aflatoxin content (<17% remained
in the masa) has been observed when corn spiked with
radioactive aflatoxin underwent the process of nixta-
malization (Guzman de Pena et al., 1995).

Higher levels of fumonisins were detected at inter-
mediate processing steps because treatment may be
aiding in the extraction of fumonisins. Additionally,
baking associated with tortilla production may result
in nonenzymatic browning (Maillard reaction) with
monosaccharides, such as glucose, becoming conjugated
to the primary amino group of FB1, making it undetect-
able by the HPLC method used here. Nonenzymatic
browning reactions may have been responsible for the
reduction in recoverable FB1 that was observed follow-
ing extrusion cooking of corn grits (Castelo et al., 1998).

An average of 72.5% of FB1 was converted to HFB1
and remained in the steeping and washing water, which
is discarded. An additional 3.5% of FB1 remained
unchanged in the aqueous fractions. Thus, the waste
liquid fractions contained 76% of the initial FB1.

Studies to determine the effects of temperature and
pH on the stability of FB1 and FB2 in an aqueous system

Table 2. Fumonisin Content in Solid Fractions Produced
by Nixtamalization of Fumonisin-Contaminated Corn

FB1 (ng/g) HFB1 (ng/g) FB2 (ng/g)

sample dry wet dry wet dry wet

rep I
steeped nixtamal 280 111 579 229 54 21
washed nixtamal 377 172 433 197 165 75
masa 706 322 667 304 110 50
tortillas 717 406 497 282 177 100
tortilla chips 498 327 415 273 189 124

rep II
steeped nixtamal 2106 867 1399 576 1347 555
washed nixtamal 2349 1075 1266 579 1548 708
masa 1129 500 826 366 436 193
tortillas 1075 602 795 445 562 315

Table 3. Fumonisin Content in Aqueous Fractions
Produced by Nixtamalization of
Fumonisin-Contaminated Corn

sample
FB1

(ng/g)
% of

original
HFB1
(ng/g)

FB1 equiv
(ng/g)

% of
original

total %
of original

Steeping Water
rep I

1 285 3.2 3125 5563 63.3 66.5
2 220 2.5 2938 5230 59.5 62.0
3 297 3.4 3061 5449 62.0 65.4
mean 267 3.0 3041 5414 61.6 64.6

Washing Water
rep I

1 370 4.2 38 68 0.8 5.0
2 343 3.9 185 329 3.7 7.6
3 366 4.2 235 418 4.8 9.0
mean 360 4.1 153 272 3.1 7.2

Steeping Water
rep II

1 NDa ND 3092 5504 62.6 62.6
2 ND ND 4453 7926 90.2 90.2
3 ND ND 3715 6612 75.2 75.2
mean ND ND 3753 6681 76.0 76.0

Washing Water
rep II

1 ND ND 224 399 4.5 4.5
2 ND ND 211 376 4.3 4.3
3 ND ND 197 351 4.0 4.0
mean ND ND 211 375 4.3 4.3
a ND, not detected (<10 ng/g).
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have indicated that no significant losses occur at neutral
pH during processing at 100-125 °C; however, at pH
10, HFB1 and HFB2 were the major decomposition
species detected (Jackson et al., 1996a,b). Drying samples
at 30 and 50 °C did not affect the recoveries of FB1 and
FB2, but drying at 110 °C for 24 h reduced recoveries
by >80% (Bordson et al., 1995). For this reason, solid
fractions were air-dried prior to fumonisin analysis.

Research to understand the role of lime, Ca(OH)2,
which is incorporated during alkaline cooking, has
indicated that, in addition to aiding in pericarp removal,
lime incorporation is responsible for the cross-linking
of starch molecules via formation of a calcium bridge
with negatively charged amylose molecules (Rodriguez
et al., 1996). The high pH of the alkaline processing that
promotes ionization of starch hydroxyl groups (Bryant
and Hamaker, 1997) is also responsible for hydrolysis
of the parent FB1 to HFB1. The calcium content of masa
is influenced by various factors: concentration of lime
used for the processing; cooking/steeping temperatures;
and specific characteristics of the corn (Pflugfelder et
al., 1988b).

Different factors may have contributed to the greater
amount of calcium detected in fractions from rep II.
Significant time had elapsed between the processing of
reps I and II, which occurred in early spring and mid
summer, respectively. Slightly different processing con-
ditions (cooking temperatures) may have been present,
related to the time of the year when the processing was
performed. There may have been variation between the
batches of lime used; the lime used for rep I may have
aged over time, affecting its activity in terms of remov-
ing pericarp components effectively, and a new batch
of lime may have been used for rep II.

Although nixtamalization involves cooking at an
alkaline pH, the only extracts that had a pH between
10 and 12 were those of the steeped corn (before it was
rinsed) and the steeping water. After washing, extracts
of all subsequent fractions had pH values between 5 and
7. Interestingly, the calcium content and pH of rep II
extracts were higher than those of rep I extracts, and
the amount of fumonisin detected was also higher.

The ease of pericarp removal during alkaline cooking
is closely linked to the genotype of the corn, with some
contribution due to environmental factors. Thorough
washing and rubbing of nixtamal after steeping will
remove greater amounts of pericarp and germ (Bedolla
et al., 1983). Major components of dry matter in
wastewater include pericarp, starch, protein, and germ
solubles, with loss/removal of pericarp representing the
major factor contributing to DML in alkaline cooking.

In general, the snack foods industry prefers the
removal of pericarp during cooking (Rooney and Suhen-
dro, 1999). Loss of pericarp during alkaline cooking is
expected and, considering it is the fraction containing
the higher amounts of fumonisins (Sydenham et al.,
1995), it is desirable. Sydenham et al. (1995) reported
that following alkaline hydrolysis (at room temperature)
of fumonisin-contaminated corn, only 5.1% of the origi-
nal FB1 concentration was detected in kernels devoid
of pericarp, with the majority present as HFB1. Syden-
ham et al. (1995) also noted variability between repli-
cates of treated ground corn; two solid corn fractions
had no detectable FB1, but one had 755 ng/g FB1.

Recently, Howard et al. (1998) described the forma-
tion of N-(carboxymethyl)fumonisin B1 when FB1 was
incubated with D-glucose overnight at 78 °C under

alkaline conditions. Because conditions for forming
N-(carboxymethyl)fumonisin B1 are similar to param-
eters involved in nixtamalization, studies are currently
underway in our laboratory to determine if this com-
pound is generated during nixtamalization.
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