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Fumonisins are a group of naturally occurring mycotoxins produced by Fusarium moniliforme. An
analytical method for fumonisins B1 and B2 in corn and related foods has been developed that utilizes
ion pair chromatography with a postcolumn reaction technique. Samples were prepared and purified
by tandem solid phase extraction columns (SAX and C18). The fumonisins were derivatized with
o-phthaldialdehyde andN-acetyl-L-cysteine in an in-line reaction coil. Ion pair liquid chromatography
with fluorescence detection is used for the separation and detection. Absolute recoveries of
fumonisins ranged from 54 to 110% at 0.04 and 0.08 µg/g. The detection limit of this method is 20
ng. This procedure is relatively simple and provides a screening method for fumonisins in corn
and related foods.
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INTRODUCTION

Our program for the development of analytical meth-
ods for food contaminants, which has included pesticides
(Miyahara et al., 1991, 1992a,b, 1993a,b, 1994, 1995;
Miyahara and Saito, 1994; Akiyama et al., 1995), has
been expanded to include mycotoxins. This paper
describes a method for fumonisins B1 and B2 (Figure
1). The levels of fumonisin B1 in corn, milk, and other
products depend upon the area of production (Bullerman
and Tsai, 1994; Murphy et al., 1993; Pittet et al., 1992;
Stack and Eppley, 1992; Sydenham et al., 1992a,b, 1993;
Akiyama et al., 1994; Maragos and Richard, 1994).
Several studies report the physiological effects of the
fumonisins on animals and plants (Norred and Voss,
1994; Abbas et al., 1993; Hendrich et al., 1993). In
addition, some work has demonstrated hepatotoxicity
and renal toxicity in rats and proposed a mechanism of
bioactivity based upon inhibition of sphingolipid me-
tabolism (Riley et al., 1994). These studies suggest that
fumonisins are also toxic mycotoxins for humans (Gelder-
blom et al., 1988; Norred and Voss, 1994). Therefore,
many analytical procedures have been reported. For
example, detection methods for fumonisins in foods
include ELISA, GC-MS, HPLC (Pestka et al., 1994),
and capillary zone electrophoresis (CZE) (Maragos,
1995). The detection limits are 200, 100, and 50 ng/g
and 25 ng/mL, respectively. Fluorometric methods with
HPLC are usually most sensitive, and one of them has
been examined in interlabolatory studies (Holcomb et
al., 1993a,b; Hopmans and Murphy, 1993; Scott and
Lawrence, 1992; Shephard et al., 1990; Stack and
Eppley, 1992; Sydenham et al., 1992a,b, 1993; Akiyama
et al., 1995; Thiel et al., 1993). However, these methods
require precolumn derivatization with a fluorescent
reagent and subsequent analysis by HPLC. Several
fluorescent derivatives have been studied. The fluores-
camine derivative of fumonisin B1 yields two peaks by
HPLC (Holcomb et al., 1993a,b; Akiyama et al., 1994).

Derivatives formed with o-phthaldialdehyde (OPA)
(Sydenham et al., 1992a,b) and 4-fluoro-7-nitrobenzo-
furazan (NBD-F) (Scott and Lawrence, 1992) are very
sensitive for detection but unstable (the half-lives of
OPA and NBD-F are 1-2 and 20 min, respectively).
As a result of their instability, the data obtained by the
precolumn derivatization with those reagents are not
accurate when using manual sample preparation with
an autosampler. The (9-fluorenylmethyl)chloroformate
(FMOC) derivative, which can be resolved with gradient
elution HPLC (Holcomb et al., 1993b), has the disad-
vantage of a lengthy chromatographic procedure. Naph-
thalene dicarboxaldehyde (NDA) derivatives are very
sensitive and stable enough to utilize autoinjectors, but
the derivatization procedure requires a rather long
reaction time (15 min), a high temperature (60 °C), and
an extremely toxic reagent (NaCN) (Bennett and Rich-
ard, 1994). The 4-(N,N-dimethylaminosulfonyl)-7-fluoro-
2,1,3-benzoxadiazole (DBD-F) derivative is also stable
but needs a long reaction time (40-45 min) (Akiyama
et al., 1995). Compounds that form derivatives with
carboxylic acid groups in the fumonisins with DBD-F
require a very long reaction time (6 h) and a high
temperature (60 °C). The sensitivity of CZE is the as
same as that of HPLC fluorometry, but it requires a very
long reaction time (90 min) and a high temperature (60
°C) in a pH 9.5 buffer solution. Consequently, fumoni-
sins decompose easily in these conditions (heat and high
pH) (Hendrich et al., 1993). This results in the variable
reproducibility (57-104% at 60 °C for 90 min and 67-
85% at 24 °C for 180 min) for the analysis of fumonisin
B1 in horse serum (Maragos, 1995) and risks faultily
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Figure 1. Structures of fumonisins: B1, R ) H; B2, R ) OH.
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negative results at low fumonisin levels in complex
matrixes (Akiyama et al., 1995). Fumonisin B1 and B2
levels in milk were reduced by 7 and 13%, respectively,
by heating to 90 °C for 30 min (Maragos and Richard,
1994). Thus, fumonisins (Figure 1) would readily be
hydrolyzed under the derivatization conditions, which
are stronger conditions (pH 8-10, 60-90 °C, 15-90
min) than those Maragos examined. Therefore, with
precolumn derivatization procedures there is always the
risk of false negative results; postcolumn derivatization
is therefore more desirable.
For routine determination of many food samples, a

simple, safe, and rapid automated derivatization pro-
cedure is required to accommodate a large number of
samples. There have been no reported studies on
fumonisin analysis using ion pair chromatography and
postcolumn derivatization techniques (Figure 2).
To expedite analysis time, obtain reproducible results,

and automate the detection process, we have developed
an ion pairing chromatographic separation with post-
column derivatization with OPA and subsequent fluo-
rometric detection.

EXPERIMENTAL PROCEDURES

Apparatus. A schematic diagram of the postcolumn HPLC
system used is shown in Figure 3.
(a) The instruments consisted of a Tosoh Model CM pump

for high-performance liquid chromatography with a fluores-
cence detector (Shimadzu Model 350 monitor, which was
operated at 336 nm for excitation and at 460 nm for emission),
an autosampler (Tosoh Model AS8020), a degasser (Tosoh
Model SD8022), and a column oven (Tosoh Model CO8010).
An ODS column [300 mm × 4.7 mm i.d., 5 mm; TSK gel 80
(Tosoh Co.)] was used with a mixture of pH 2.5 phosphate
buffer (1/15 M potassium dihydrogen phosphate + phosphoric
acid + 1 mM sodium lauryl sulfate) and acetonitrile (1:1) as
mobile phase at 1 mL/min. The column oven was maintained
isothermally at 40 °C. No mixing chamber was required for
this process. Injections were performed by an autosampler

with a completely filled 40-mL injection loop. Data were
processed with a Shimadzu Model CR5A data processor.
(b) The derivatization apparatus consisted of a reaction coil

at 40 °C with a 5-m stainless steel reaction coil (0.25 mm i.d.).
The reagent flow rate was 0.5 mL/min.
(c) Capillary electrophoresis of fumonisins for purity testing

was conducted with a Waters Model 4000E capillary electro-
phoresis system. The system was equipped with a 60-cm silica
capillary (75 mm i.d.) and operated at 20 kV positive power
supply. The UV monitor was operated at 185 nm. The
electrophoresis buffer consisted of 25 mM borate. The pH was
adjusted with sodium hydroxide (pH 9.2). A 30-nL of sample
was injected using the siphoning method (10 cm, 30 s). The
maximum setting was chosen because it is the most sensitive
to impurities.
(d) Solid phase extraction was performed using a vacuum

manifold, Supelco Model 5-7030, Bellefonte, PA.
Reagents and OtherMaterials. (a) Fumonisin standards

included fumonisins B1, approximately 98%, and B2, ap-
proximately 95% (purities were checked against peak area
ratios of HPLC chromatogram determined at 200 nm). The
standards were purchased from Sigma, St. Louis, MO.
(b) All inorganic reagents for analysis were of Japanese

Industrial Standards (JIS) extra pure grade. These may be
compatible with ACS grade. Water was of HPLC grade (Ciba
Merck Co.).
(c) A solid phase extraction cartridge (SPE), Sep-Pak tC18

(sorbent quantity, 1 g; tube size, 6 mL), Waters Co., was used
for extraction. The Sep-Pak was washed with 10 mL of
methanol and 10 mL of 1% potassium chloride before use.
(d) A solid phase extraction for strong anion exchange

cartridge (SAX, sorbent quantity, 1 g; tube size, 6 mL), Bond
Elut, Varian, Harbor City, CA, was used for further purifica-
tion of C18 eluate. The cartridge was washed with 20 mL of
70% methanol before use.
(e) Membrane filters of 5 µm (Microprep disk membrane

filter, Bio-Rad Co., Hercules, CA) were used for sample
filtration. The filters were washed with water (10 mL) before
use.
(f) The reaction solution for derivatization was prepared by

dissolving 800 mg of o-phthaldialdehyde and 1 g of N-acetyl-
L-cysteine in 1 L of the reaction buffer.
(g) Reaction buffer consisted of 0.384 M sodium carbonate,

0.216 M boric acid, and 0.108 M potassium sulfate.
Samples. Corn and corn product samples were purchased

at retail stores in Setagaya, Tokyo.
Sample Preparation. A 50-g sample was ground thor-

oughly in a homogenizer. The ground sample (5 g) was
extracted with 200 mL of 50% aqueous acetonitrile solution.
For a recovery test, standard mixture solution was added to
the ground sample. The mixture was filtered through a 5- µm
filter. A 20-mL portion of the filtrate was centrifuged at 3000
rpm (2000g) for 10 min at 10 °C. Four milliliters of superna-
tant was diluted with 10 mL of 1% potassium chloride. The
mixture was applied to a conditioned C18 cartridge. The
cartridge was washed with 6 mL of 0.5% potassium chloride
solution, 5 mL of 10% acetonitrile in water, and finally 2-3
mL of water. Fumonisins were eluted by 7 mL of methanol.
The eluate was diluted with 3 mL of water. The mixture was
loaded onto a conditioned SAX cartridge. The cartridge was
washed with 20 mL of 70% methanol in water and then 6 mL
of methanol. The sample was eluted with 10 mL of 0.5%
trifluoroacetic acid in methanol. The fumonisins were stable
at room temperature (a 4 ppm standard solution in 1%
trifluoroacetic acid in methanol was kept overnight at room
temperature; the fumonisin B1 level dropped to 81%, but the
fumonisin B2 level did not drop). The eluate was evaporated
using nitrogen gas. Then, the remaining residue was dissolved
in 400 mL of methanol.
Recovery Test. Spiked sample was analyzed exactly as

described above. Recovery is defined as the ratio of recovered
fumonisins to spiked fumonisins.
Caution: Fumonisins and some organic solvents used in

this study are suspected carcinogens. Handle them with care.

Figure 2. Schematic diagram of derivatization reaction: a,
o-phthaldialdehyde; b, fumonisin; c, N-acetyl-L-cysteine; d,
fluorescent derivative.

Figure 3. Schematic diagram of the postcolumn derivatiza-
tion system with the HPLC: a, mobile phase; b, degasser; c,
pump; d, autosampler; e, column and column oven; f, reaction
box and reaction coil; g, fluorescence detector; h, reaction
solution (buffer + OPA + N-acetyl-L-cysteine); i, pump.
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RESULTS AND DISCUSSION

Purity of Standard Fumonisins. Isolation and
structural elucidation of the fumonisins are relatively
recent achievements (Cawood et al., 1991; Bezuidenhout
et al., 1988). The structure of fumonisin B1 has been
determined (Shier et al., 1995). The absolute configura-
tions are now under study (Kraus et al., 1992; Caldas
et al., 1994). Fumonisin standards were obtained from
Sigma with no certification of purities. Fumonisins
have low UV absorbance; therefore, the purities were
checked using HPLC and capillary electrophoresis
(Figure 4) by injecting 1 ng of the standard mixture-
(B1:B2 ) 1:1). From the electropherograms and chro-
matograms (not shown), the purities were calculated as
described under Experimental Procedures. The resolv-
ing capability of capillary electrophoresis is equivalent
to more than 300 000 theoretical plates. Electrophoresis
is an excellent analytical technique for checking the
purity of unknowns. Fumonisins are amenable to
electrophoretical analysis because the molecule includes
many hydroxyl and carboxyl groups. The detection limit
(3 times the baseline noise) of both fumonisins for
capillary electrophoresis was 0.1 ng. As a result of
Maragos (1995) using the fluorometric technique and
this experiment being based on the UV spectrometric
technique, the method used in our experiments is 4000
times less sensitive than Maragos’s method (0.025 pg).
No major peaks were observed other than the solvent
peaks in both the electropherogram and the chromato-
gram of the HPLC. Thus, it was concluded that the
standard mixture is adequate.
On-Line Derivatization Conditions. To establish

postcolumn reaction conditions, temperature, reaction
coil length, and flow rate were examined by introducing
fumonisin B1 samples without the separation column.
As shown in Figures 5 and 6, a 5-m reaction coil at 60
°C with a flow rate of 0.2 mL/min is the optimum. A
long coil results in a reduced peak intensity of the
fumonisin B1 as shown in Figure 6. The derivatization
solution consists of OPA with N-acetyl-L-cysteine in a
pH 9 boric buffer. This reagent system was previously
established for amino acid analysis with postcolumn
derivatization (Bohlen and Mellet, 1979; Shimadzu,
1986). The reaction solution mixture is much more
stable than that with 2-mercaptoethanol. The condi-
tions for postcolumn derivatization are similar to the
standard procedure for amino acid analysis but required
minor adjustments because of the mobile phase. The
postcolumn conditions with the analytical column are
described under Experimental Procedures. There are
many papers on the precolumn derivatization with OPA
and 2-mercaptoethanol (Sydenham et al., 1993). Those
systems are also very rapid but less accurate because
of the instability of the derivatives without proper
operation. Therefore, sample recovery always had to

be re-evaluated, and it was difficult to identify problems
in chromatography and the cleanup procedure. This
postcolumn derivatization system resolves those prob-
lems. The reproducibility of the HPLC system with
postcolumn derivatization equipment is adequate for the
analytical procedure.
Analytical Conditions. The sample was purified

through tandem solid phase extraction (SPE) cartridges.
To obtain reproducible recoveries of fumonisin B2 and
improve sensitivity of the method, the reported proce-
dure (Holcomb et al., 1993) was modified. The elution
profile of fumonisins from the initial C18 column by
stepwise gradient elution is shown in Figure 7. The C18
cartridge is washed with 3-6 mL of 0.5% potassium
chloride solution in 20% acetonitrile without loss of
fumonisins. Figure 7 suggests that fumonisins could
elute from 20 to 50% acetonitrile in water. However,
elution with 50% acetonitrile in water did not give

Figure 4. Electropherogram of 1 ng each of fumonisins B1
and B2 standards.

Figure 5. Effect of postcolumn reagent flow rate on the peak
intensity (fumonisin B1): coil length, 5 m; temperature, 60 °C;
mobile phase flow rate of HPLC, 1 mL/min.

Figure 6. Effects of oven temperature and coil length on the
peak intensity (fumonisin B1) by HPLC with postcolumn
derivatization: a, 5 m of coil length; b, 10 m; c, 2.5 m.

Figure 7. Elution profile of standard mixture of fumonisins
B1 and B2 from C18 cartridge under stepwise gradient elution:
black bar, fumonisin B1; blank bar, fumonisin B2. Each fraction
volume was 1.5 mL.
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reproducible recoveries of fumonisin B2 from the car-
tridge. To obtain reproducible recoveries of fumonisin
B2, eluting conditions were examined. As shown in
Figure 8, the elution profile of fumonisin B2 is changed
by the concentration of potassium chloride and also
illustrates that the elution volume of fumonisin B2 is
changed by eluting conditions. Therefore, if potassium
chloride residue is present in the cartridge, the recovery
of fumonisin B2 from the C18 cartridge will vary.
Washing is important to get reproducible recovery from
the C18 cartridge. This washing process also helps to
reduce solid matter and water-soluble matter that would
foul the SPE during the SAX cartridge cleanup. The
reproducibility of the C18 cartridge is not adequate if
used improperly. To improve the recoveries and repro-
ducibility, affinity columns for cleanup may be a further
study.
Purification with SAX is very sensitive to the flow rate

of loading solvent. It should be less than 1 mL/min
(0.8-1 mL). The elution profile is shown in Figure 9.
This illustrates that if the methanol concentration in
the water is higher than 20%, fumonisins will be
retained in the SAX column. However, the retention
volume will change as minor experimental conditions
change (i.e. flow rate and pH of loading solvent, eluting
solvent, etc.). To avoid the loss of fumonisins and wash
out lipophilic materials, 70% methanol and 100% metha-
nol are used. The elution flow rate of 1% trifluoroacetic
acid in methanol is important and should be less than
1 mL/min. This purification procedure effectively re-
moves insoluble materials in the eluate from the C18
cartridge. However, the tandem cartridge purification
procedure still requires about 40 min to obtain repro-
ducible results.
To separate fumonisins from interfering compounds,

ion pair chromatography was examined using an ODS
column. To suppress ionizations of the carboxyl groups,

an acidic buffer was used. The mobile phase consisted
of 0.06 M potassium dihydrogen phosphate adjusted to
the optimum pH with phosphoric acid, 1 mM sodium
lauryl sulfate, and 50% acetonitile. Using the conditions
described in the previous section, fumonisin standards
do not give sharp peaks. The flow rate of the reaction
solution was adjusted to 0.5 mL/min to improve the
shapes. To reduce background noise, the temperature
of the reaction coil was lowered to 40 °C. Under these
conditions, a representative chromatogram of standards
at 40 ng (a), control corn sample (b), and spiked sample
(c) is shown in Figure 10. Linearity of the calibration
curve from 18 to 160 ng was achieved.
Recovery was tested at 0.08 and 0.04 ppm fumonisin

standards in corn samples that did not contain any
fumonisins. The recoveries for fumonisins B1 and B2
at 0.04 and 0.08 ppm ranged from 54 to 110% as shown
in Table 1. The recoveries of fumonisin B2 were poorer
than those of fumonisin B1. The recoveries from the C18
cartridge reflect these results. Corn sample 3 was not
purified with the cartridges. Using this postcolumn
system, the diluted extract could have been analyzed
at high levels of fumonisins in corn samples. Unfortu-
nately, after about 10 determinations, the HPLC column
had to be washed with methanol. Improvements of the
extraction processes are under study in our laboratory
to eliminate the need for cleanup.
In conclusion, the postcolumn determination system

has been established as useful and sensitive. Conven-
tional analysis time is approximately 1-2 h. However,
this technique was successful in reducing analysis time
by 33-66% to 40-45 min. The detection limits, which
are defined by the ACS committee, are 0.08 ppm for
fumonisins B1 and B2. The signal to noise ratio was 10.
The procedure presented here is adequate for the
screening of fumonisins in foods.

Figure 8. Salt effects on elution profiles of fumonisin B2: a,
30% acetonitrile; b, 20% acetonitrile containing 0.5% KCl; c,
20% acetonitrile; d, 10% acetonitrile; e, 10% acetonitrile
containing 0.001% KCl. Each fraction volume was 1.5 mL.

Figure 9. Elution profile of fumonisins B1 and B2 from SAX
cartridge under stepwise gradient elution: black bar, fumo-
nisin B1; blank bar, fumonisin B2. Each fraction volume was
1.5 mL.

Figure 10. Liquid chromatogram of the standard (40 ng) (a),
control sample (b), and spiked sample (at 0.04 ppm) of corn
(c) by HPLC with postcolumn derivatization. Negative peak
near 4 min was due to residual methanol in the sample.
Reaction solution flow rate: 0.5 mL/min at 40 °C with 5 m
coil (stainless steel, 0.25 mm i.d.).

Table 1. Results of Recovery Tests

fumonisin B1 fumonisin B2

sample
spiking

level (ppm) ava (%) CV% ava (%) CV%

corn 1 0.04 54 25 79 18
corn 1 0.08 80 5 61 16
corn flour 0.04 100 13 95 17
corn flour 0.08 78 4 57 10
sweet corn 0.04 110 8 79 9
sweet corn 0.08 78 4 57 10
corn 2 0.08 94 10 73 16
corn 3b 0.65 83 10 87 7
a Means of triplicate determinations. b Direct determination of

spiked fumonisins in diluted supernatant without cleanup.
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