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A method based on liquid chromatography with electrospray ionization mass spectrometry was
validated for analysis of low-level contamination of rodent feed by fumonisins B1 (10-200 ppb) and
also applied to the analysis of fumonisin B2 and B3. The quantitation limit for a fumonisin B1
standard was 1.1 ppb using the protonated molecule signal (m/z 722), and similar sensitivity was
observed for protonated molecules for fumonisins B2 and B3 in feed. To increase specificity of the
mass spectrometric analysis, two fragment ions for fumonisin B1 (m/z 352 and 334) were also
acquired by using rapid sampling cone-skimmer potential switching in concert with acquisition of
the respective ion. This permitted the use of ion intensity ratios for structural confirmation of
fumonisin B1 at levels >10 ppb. Intra-assay precision for fumonisin B1 determination in feed (6-
16% relative standard deviation) was comparable to inter-assay precision (7.7-16.0%) and appeared
to be affected most by the variability in recovery of analytes from the immunoaffinity cleanup column.
A survey of fumonisin contamination in rodent feed from 12 U.S. biomedical research institutions
showed median contamination of 237 ppb and a range from 46 to 923 ppb of total fumonisin B
congeners.

Keywords: Fumonisin; electrospray; mass spectrometry; HPLC; rodent feed

INTRODUCTION

Contamination of food and feed products derived from
corn by fumonisin B congeners, produced by Fusarium
species, has been well established (Shephard et al.,
1996; Hopmans and Murphy, 1993). Liquid chroma-
tography (LC)-based procedures are the standard for
quantifying fumonisin levels in foods and animal feeds,
and a collaborated method for fumonisins B1, B2, and
B3 in corn was recently accepted by the Association of
Official Analytical Chemists (Sydenham et al., 1996).
The procedure used aqueous methanolic extraction of
ground corn, with solid phase extraction cleanup, fol-
lowed by precolumn o-phthalic dialdehyde (OPA) de-
rivatization and LC determination using fluorescence
detection. Other uses of precolumn fluorogenic labeling
by fluorenylmethyl chloroformate (Holcomb et al., 1993),
OPA (Hopmans and Murphy, 1993), and naphthalene-
2,3-dicarboxaldehyde (Ware et al., 1994) to quantify
fumonisins in rodent feed have been reported previ-
ously. These procedures have minimum detection limits
for fumonisin B1 in rodent feed of 50-200 ppb, in part
due to the presence of fluorescent interferences.
Fumonisin exposure in the diet of humans and food-

producing animals is a toxicological and regulatory
concern because of demonstrable toxicity to several
animal species from pure fumonisin B1 (Haschek et al.,
1992; Riley et al., 1993; Kellerman et al., 1990; Gelder-
blom et al., 1991) and is associated with increased risk
for esophageal cancer in humans (Sydenham et al.,
1991; Rheeder et al., 1992). Due to the worldwide
consumption of grain products containing fumonisins,
ascertaining the effects on human health is critically
important. Understanding the overall risk of fumoni-
sins to humans requires not only accurate biological
assessment of the toxicity and tumorigenicity in animal

models but also accurate and sensitive analytical meth-
ods to establish the level of human exposure.
The long-term testing of fumonisin B1 toxicity or

carcinogenicity in rodents is dependent on feed of low,
defined fumonisin content. A previous study observed
undetectable or trace levels of fumonisin B1 in 29 rodent
feed samples using methodology with a minimum
detectable limit of ca. 1 ppm (Chamberlain et al., 1993).
In our preliminary rodent toxicity studies, low parts per
million levels of fumonisin B1 caused detectable alter-
ations in sphingolipid biosynthesis as measured by the
ratio of sphingoid bases (Howard et al., 1996). Because
this endpoint is directly linked to the apoptotic hepato-
and nephrotoxicity induced by fumonisin B1 (Tolleson
et al., 1996; Bucci and Howard, 1996), an association
with long-term carcinogenic endpoints is likely. On the
basis of these observations, a limit of 100 ppb of
fumonisin B1 and 200 ppb of total fumonisin B conge-
ners (fumonisin B1 + fumonisin B2 + fumonisin B3) was
established for the untreated control feed for the ongoing
studies at this institution. These maximum acceptable
levels in feed were not compatible with the sensitivity
provided by fluorogenic labeling/LC methods, even in
conjunction with immunoaffinity (IAC) column cleanup.
On the basis of our previous work, we have optimized

an LC-electrospray ionization (ESI)/MS method (Do-
erge et al., 1994) to achieve the sensitivity required for
analysis of rodent feed. This approach is consistent with
several recent publications that described the use of
electrospray ionization mass spectrometry to analyze
pure fumonisins (Musser, 1996), fumonisins in contami-
nated corn cultures (Plattner et al., 1996), and fumo-
nisins B1 and B2 in corn-derived foods (Lukacs et al.,
1996).

MATERIALS AND METHODS

Reagents and Materials. Authentic standards of fumo-
nisins B1, B2, and B3 were obtained from R. Eppley and S.
Page, Center for Food Safety and Applied Nutrition, Food and
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Drug Administration (Washington, DC). HPLC-grade solvents
and analytical-grade reagents, purchased from commercially
available sources, and MilliQ water (Millipore Co., Milford,
MA), were used for sample preparation, extraction, and
analysis. FumoniTest immunoaffinity columns were obtained
from Vicam Co. (Somerville, MA). Rodent feed (NIH-31) was
obtained from Ralston Purina Co. (St. Louis, MO). NIH-31
feed is an open formula chow that contains approximately 20%
by weight whole corn.
Safety Precautions. Fumonisins interfere with lipid

metabolism in a number of organs and are toxic to many
animal species. Solid fumonisins are electrostatic, and the
spread of fine particles through the air as dust is common.
Weighing of all fumonisins for preparation of standards was
performed in a sealed glovebox that was subsequently decon-
taminated using water rinsing.
Sample Preparation and Extraction. NIH-31 feed was

used for all analyses except those acquired from other institu-
tions (eight types of feed from five manufacturers). Feed
samples were prepared and extracted essentially as described
by the FumoniTest manufacturer using a single lot of NIH-31
feed. According to the manufacturer’s specifications, the
cartridges have a capacity for up to 2 µg of total fumonisins
in feed extracts. Approximately 2 kg of commercial feed pellets
was ground and thoroughly mixed in a V-blender for 30 min.
A 10 g portion was extracted with 40 mL of acetonitrile/water
(50/50) in a 250 mL blender cup for 2 min. A 20 mL aliquot of
this extract was centrifuged at approximately 5000g for 5 min,
and then 2 mL of the extract was added to 8 mL of dilution
solution (2.5% sodium chloride and 0.5% sodium bicarbonate
in water) and the diluted sample again centrifuged for 5 min.
The entire 10 mL sample was passed through the FumoniTest
column. The column was then washed with 5 mL of dilution
solution followed by 5 mL of water, and the fumonisin B

congeners were eluted with 3.5 mL of methanol. The eluate
plus 300 µL of water was evaporated to about 300 µL and then
brought up to 1 mL with water. This procedure results in 0.5
g feed equivalent in 1 mL of solution that is ready for injection.
Spiked feed samples were prepared according to the same
procedure with the fumonisins added to the feed immediately
before the acetonitrile/water extraction.
Liquid Chromatography. The LC separation was per-

formed with a GP40 gradient pump (Dionex, Sunnyvale, CA)
using an Ultracarb 3 ODS (20) column (2.0 × 150 mm, 3 µm,
Phenomenex, Torrance, CA) and an isocratic mobile phase
consisting of 55% 0.1% formic acid and 45% acetonitrile, at a
flow rate of 0.2 mL/mn. A Dionex Model AS3500 autosampler
equipped with a 100 µL loop was used to inject 25 µL aliquots
onto the LC column.
Mass Spectrometry. A Platform II single quadrupole

mass spectrometer (Micromass, Altrincham, U.K.) equipped
with an atmospheric pressure ionization source and electro-
spray interface was used for the mass spectrometry analyses.
The total LC column effluent was delivered into the ion source
(150 °C) through the electrospray capillary (3.3 kV), using
nitrogen as the nebulizing and drying gas. Positive ions were
acquired in selected-ion monitoring mode (dwell time 0.3 s,
span 0.02 u, and interchannel delay time 0.03 s) while the
sampling cone-skimmer voltage was varied between 40 and
70 V to produce in-source CID simultaneously with the
acquisition of the corresponding selected ion. In-source CID
produces fragment ions in the intermediate pressure region
between the atmospheric pressure ion source and the quad-
rupole mass analyzer. Fragmentation occurs by collisions with
neutral molecules in the transport region in a manner analo-
gous to that observed with the inert gas present in the collision
cell of a triple quadrupole mass spectrometer. The primary
difference is the inability to maintain as precise pressure

Figure 1. LC-ESI/MS chromatogram for protonated molecule and fragment ions for fumonisin B1 in feed (right panel, 17 ppb)
and the same feed sample spiked with an additional 100 ppb of authentic fumonisin B1 (left panel).
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control as is possible in a collision cell. In most cases, identical
fragment ions are observed regardless of the CID technique
used (Doerge and Bajic, 1992; Doerge et al., 1996a,b). The
protonated molecules for fumonisin B1 (m/z 722) and fumo-
nisins B2 and B3 (both m/z 706) were acquired at 40 V, while
two fragment ions for fumonisin B1 (m/z 352 and 334) were
acquired at 70 V.
A 10-20% decrease in mass spectrometric responses of

standards and sample extracts was often observed during
analysis of many feed samples throughout the day. This was
presumably the result of undefined changes in source or probe
conditions. To compensate for these changes, feed sample
injections were bracketed in the autosampler method with
injections of an authentic standard containing an amount of
fumonisin B1 equivalent to 100 ppb that had been passed
through an IAC column. The standard responses before and
after a set of four feed samples were averaged, and this
response was used to normalize responses throughout the
entire sample set. This procedure had the effect of compensat-
ing for losses in analyte through the IAC step and changes in
instrument response throughout an analysis. These complica-
tions could be obviated through the use of labeled internal
standards. Deuteriated fumonisin B1 has been prepared
(Plattner and Branham, 1994) and used for food analysis
(Lucacs et al., 1996), although a commercial source is not yet
available.

RESULTS AND DISCUSSION

A previous paper from this laboratory described the
determination of fumonisin B congeners in corn meal
using LC-ESI/MS (Doerge et al., 1994). Because the
solid phase extraction procedures used were insufficient

to remove significant mass spectral interferences, this
method was further optimized to yield the enhanced
sensitivity and specificity required for analysis of rodent
feed as reported here. Specifically, the interferences
from the feed matrix were substantially reduced through
the use of off-line immunoaffinity chromatography
cleanup, a high-efficiency isocratic reversed phase ana-
lytical separation that improved peak shape, and rapid
sampling cone-skimmer potential switching that was
used to acquire simultaneously signals for protonated
molecule and fragment ions of fumonisin B1 along with
protonated molecules for fumonisins B2 and B3. Figure
1 shows the selected ion chromatograms from feed
contaminated with a low level of fumonisin B1 (ca. 15
ppb) and the same feed sample spiked with additional
fumonisin B1 at 100 ppb. The detection limit deter-
mined for fumonisin B1 standards, using the protonated
molecule signal at m/z 722, was estimated to be
equivalent to 0.3 ppb (s/n ) 3), and the limit of
quantification (s/n ) 10) was equivalent to 1.1 ppb.
Endogenous levels of fumonisins in feed always ex-
ceeded 10 ppb, so minimum detectability was never a
constraint.
Figure 2 shows the mass spectra of fumonisin B1 at

two sampling cone-skimmer potentials. At low voltage
(40 V), the soft ionization and minimal CID yield a
spectrum consisting of the protonated molecule (m/z
722). At 70 V, characteristic fragment ions were formed
that resulted from successive losses of 0-3 water units
from the protonated molecule (m/z 722, 704, 686, and

Figure 2. ESI mass spectrum of fumonisin B1 at different sampling cone-skimmer potentials. The spectrum in the top panel
was acquired at 40 V and that in the bottom panel at 70 V.
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668) and the molecule minus one (m/z 546, 528, 510,
and 492) or two (m/z 370, 352, 334, and 316) tricarbal-
lylic side chains (∆m ) 176 Da). To increase the
specificity of the selected ion monitoring method, along
with its inherent enhanced sensitivity, signals for the
protonated molecule and the two most intense fragment
ions (m/z 334 and 352) for fumonisin B1 were acquired
using a rapid cone voltage switching method previously
described (Doerge et al., 1996a,b). Figure 1 shows the
responses for the selected ions in a feed sample. In this
method, the protonated molecule and fragments are
acquired under conditions that maximize the respective
signal and provide ion intensity ratios to use for
confirmation of structure simultaneous with high sen-
sitivity detection. The intensity for fragment ions
signals at any cone voltage could not be increased above
about 20% of that observed for the protonated molecule
at low voltage. This resulted in deviation of ion
intensity ratios determined for very low levels of fumo-
nisin B1. For this reason, the detection limit for
structural confirmation of fumonisin B1 was estimated
to be 10 ppb. Ion intensity ratios, compared for fumo-
nisin B1 in an authentic standard and in contaminated
feed, showed accurate agreement (within 10%, not
shown). The ion corresponding to the protonated mol-
ecule for fumonisin B2 and fumonisin B3 (m/z 706) was
added to the method to perform multicomponent analy-
sis. Addition of this ion had minimal effect on the
sensitivity for fumonisin B1.
The protonated molecule signal intensities observed

for fumonisins B1, B2, and B3 were similar (relative slope
of calibration curves 1.0, 0.91, and 1.56, respectively).
Furthermore, recovery of standards through the IAC
cleanup column was similar for the three compounds
(see Table 1). The chromatogram in Figure 3 shows
responses for fumonisin B congeners present in a
contaminated feed sample. The amounts of fumonisin
B congeners present in this sample were determined
using the relative responses listed above to be 104, 36,
and 9 ppb, respectively. Although not determined
precisely, detection limits for fumonisins B2 and B3 are
similar to that determined for fumonisin B1 on the basis
of the observed slopes from calibration curves of stan-
dards.
Method performance was investigated using the

method of standard additions, i.e., addition of a known
amount of standard to a sample. Feed contaminated
with a very low level of fumonisins was spiked with
various amounts of authentic fumonisin B1, and preci-
sion was determined by replicate extraction and analy-
sis of samples at many spike levels. Table 2 shows the
intra-assay precision determined from spiking feed with
various levels of fumonisin B1. Similar results were
obtained from two other experiments (see below). Table
1 also shows that the variability associated with the
analysis probably arises from variability in recovery
from the IAC column. While the MS responses from
fumonisin B1 standards injected directly showed small
variability (RSD ) 2%), responses for the same amount

of fumonisin B1 applied to and subsequently eluted from
the IAC column showed much higher variability (RSD
) 8%). This variability was similar to that observed
for a feed sample spiked with a comparable amount of
fumonisin B1 (RSD ) 10%), which was extracted and
subjected to IAC cleanup. As the total amount of
fumonisin B1 increased, the variability showed a declin-
ing trend. Similar precision was observed for feed
spiked with fumonisin B3 (see Table 1), although the
fumonisin B2 data represent a limited sample set.
These results are similar to those reported by Ware et
al. (1994), who observed RSD of approximately 10% for
fumonisins B1 and B2 when using the same commercial
IAC columns for cleanup of corn spiked with 50-1000
ppb of fumonisin B1 (Ware et al., 1994).

Table 1. Extraction Efficiency for Fumonisins Spiked
into Feeda

fumonisin recovery (mean ( SD)

fumonisin B1 (n ) 11) 68.9 ( 11.4
fumonisin B2 (n ) 3) 60.4 ( 2.7
fumonisin B3 (n ) 15) 74.3 ( 9.2

a Feed was spiked with 100 ppb of the fumonisin indicated, and
replicate samples were extracted and analyzed.

Figure 3. LC-ESI/MS chromatograms for fumonisins in feed.
Responses for the respective protonated molecules (fumonisin
B1 ) 722 Da; fumonisin B2 ) fumonisin B3 ) 706 Da) in
contaminated feed are shown as indicated. The feed sample
contained 104, 36, and 9 ppb of fumonisin B1, B2, and B3,
respectively.

Table 2. Intraassay Precision for Analysis of Fumonisins
in Feeda

sample RSD (%)

fumonisin B1 standard (100 ppb) (n ) 4) 2.2
fumonisin B1 standard through IAC (100 ppb) (n ) 4) 7.7
feed containing 17 ppb of fumonisin B1 (n ) 4) 14.9
feed spiked with 10 ppb of fumonisin B1 (n ) 4) 16.2
feed spiked with 50 ppb of fumonisin B1 (n ) 4) 9.9
feed spiked with 100 ppb of fumonisin B1 (n ) 4) 11.5
feed spiked with 200 ppb of fumonisin B1 (n ) 4) 5.8
feed spiked with 100 ppb of fumonisin B2 (n ) 3) 4.5
feed spiked with 100 ppb of fumonisin B3 (n ) 9) 11.6

a Feed containing 17 ppb of fumonisin B1 was spiked with
additional fumonisin as indicated and extracted in replicate on a
single day.
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Inter-assay precision was determined from the rep-
licate standard addition experiments. Feed samples
were processed on three separate occasions, and a
typical curve is shown in Figure 4. The slopes of the
response curves (correlation coefficient > 0.99 in all
cases) showed some day-to-day variability (16% RSD),
which is probably due in part to differences in MS
source/probe conditions that can affect responses. How-
ever, the accuracy of spike analysis, obtained in the
separate experiments shown in Table 3, was not related
to the changes in mass spectrometer sensitivity and was
always within 80% of the nominal fumonisin B1 content.
Moreover, the inter-assay (Table 3) and intra-assay
(Table 1) precision values were similarly e16% for all
spike levels. Thus, the data demonstrate the validation
of this procedure for analysis of fumonisin B1 in feed
between 10 and 200 ppb with the observed precision and
accuracy.

The effect of using different mass spectrometer sys-
tems was also investigated. An entire sample set
comprised of standards, spiked feed samples, and
contaminated corn samples was extracted and analyzed
as described under Materials and Methods, and then
aliquots were shipped for a second analysis using the
same chromatography with a different single-quadru-
pole mass spectrometer (Navigator, Finnigan Manches-
ter, U.K.). The determined fumonisin values agreed
closely, and similar precision of analysis was observed.
This methodology was used to survey the fumonisin

B content in rodent feed used during 1996 in biomedical
research institutions around the United States. Table
4 shows the results. The median values were ap-
proximately 162 ppb for fumonisin B1 and 236 ppb for
total fumonisin B content. The contamination ranged
from 32 to 663 ppb for fumonisin B1 and from 46 to 923
ppb for total fumonisin B congeners. The significance
of this level of contamination in the feed of rodents on
long-term toxicity tests is at present unclear and must
await the results of a 2-year bioassay of fumonisin B1
that is being conducted at our institute and currently
scheduled to end in 1997.
The results presented here show that LC with ESI/

MS is a robust technique for quantifying trace levels of
fumonisins in corn-derived feed. Current studies are
in progress to determine the minimal levels of fumoni-
sins required to affect sphingolipid biosynthesis and the
role of the fumonisins in cancer etiology. The high
degree of sensitivity and specificity of determination
using LC separation and ESI/MS with selected ion
monitoring detection also suggests that this method may
be valuable in screening feed and foodstuffs for con-
tamination by not only fumonisins B1, B2, and fB3, but
also other potentially toxic fumonisin species (e.g., the
acetylated and hydrolyzed fumonisin B series).

ABBREVIATIONS USED

CID, collision-induced dissociation; ESI/MS, electro-
spray ionization mass spectrometry; IAC, immunoaf-
finity chromatography; OPA, o-phthalic dicarboxalde-
hyde; RSD, relative standard deviation.

Table 3. Interassay Precision for Analysis of Fumonisin B1 Spiked into Feeda

nominal fumonisin B1

0 ppb 10 ppb 50 ppb 100 ppb 200 ppb

mean ( SD 17.0 ( 1.3 10.0 ( 1.6 40.0 ( 5.3 97.7 ( 10.7 198.7
RSD 7.7 16.0 13.3 11.0

a Rodent feed containing 17 ppb of fumonisin B1 was spiked with the amounts of authentic fumonisin B1 indicated on two or three
different dates and the total fumonisin B1 content determined as described under Materials and Methods. The endogenous fumonisin
content was determined from the unspiked feed, and the nominal amount of fumonisin B1 was calculated by subtracting the endogenous
component from the total amount observed.

Table 4. Survey of Fumonisins in Rodent Feed from Different U.S. Biomedical Research Institutionsa

source date collected fumonisin B1 fumonisin B2 fumonisin B3 total

A July 9, 1996 635.1 180.8 52.1 868.0
B - 229.6 67.5 19.6 316.7
C - 663.7 204.2 54.7 922.6
D May 14, 1996 104.9 46.0 9.6 160.5
E Aug 1, 1996 32.3 11.2 2.6 46.1
F June 10, 1996 42.0 14.7 3.6 60.3
G July 3, 1996 61.7 16.3 4.2 82.2
H Feb 1, 1996 286.3 108.1 24.3 418.7
I Jan 2, 1996 219.3 95.9 19.9 335.1
J June 22, 1996 144.8 53.0 12.5 210.3
K July 31, 1996 179.4 60.0 17.2 256.6
L July 31, 1996 59.9 23.0 ND 82.9

a Fumonisin concentrations in ppb are listed for 12 feed samples from 5 manufacturers that were analyzed once. Values shown are
corrected for recovery through the IAC step.

Figure 4. Standard addition plot for fumonisin B1 in feed.
The feed sample shown in Figure 1 was spiked with various
amounts of fumonisin B1, and the responses were determined
in quadruplicate for each level. The points plotted are the
means ( standard deviation, the correlation coefficient is
>0.99, and the amount of fumonisin B1 determined in the
unspiked feed was 15.3 ppb.
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