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Abstract

A rapid and simple method using a multifunctional column, which contains lipophilic and charged active sites, was
developed to analyse aflatoxins B1, B2, G1 and G2 in various spices, such as red pepper and nutmeg. After extraction by
acetonitrile:water (9:1) and clean-up using MultiSep [228 column, the aflatoxins and aflatoxin–TFA derivatives are
determined using LC with fluorescence detection. Recoveries of each aflatoxin B1, B2, G1 and G2 spiked to red pepper,
white pepper, black pepper, nutmeg and tear grass at the level of 10 ng/g were over 80–85% in all instances. The minimum
detectable concentration for aflatoxins in red pepper was 0.5 ng/g.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction the passage of aflatoxins and retains the interfering
substances was reported and the usefulness of the

Aflatoxins are mycotoxins produced by certain method has been shown by a collaborative study
fungi, especially, Aspergillus flavus, and they display [9,10]. This method has been adopted as an AOAC
strong carcinogenicity [1]. Therefore, they are dan- official method. We also developed a rapid and
gerous food contaminants and many countries have sensitive clean-up method with another commercial
set stringent regulatory demands on the level of multifunctional cartridge column using LC with
aflatoxins permitted in imported and traded com- fluorescence detection for the analysis of aflatoxins
modities [2]. in various cereals, nuts and corn [11].

In terms of aflatoxin analyses without using These methods are used worldwide for foods
chloroform, highly successful procedures have been except milk because they are simple and rapid while
published [3–8]. Milk and biological fluids have there is no need to use a toxic solvent, chloroform,
been used as a sample in most of them. On the other for extraction and clean-up. Therefore, the methods
hand, an analytical method of aflatoxins in foods using MFC are more useful and safer than the
using the multifunctional column (MFC) that allows conventional method that consisted of extraction

with chloroform and purification using silica or
florisil [12–17]. Recently, we applied the MFC*Corresponding author. Tel.: 181-03-3700-9397; fax: 181-03-
method to analyze aflatoxins in several spices using3707-6950.

E-mail address: akiyama@nihs.go.jp (H. Akiyama). the combination of MFC clean-up and an affinity

0021-9673/01/$ – see front matter  2001 Elsevier Science B.V. All rights reserved.
PI I : S0021-9673( 01 )01211-0



932 (2001) 153–157154 H. Akiyama et al. / J. Chromatogr. A

column clean-up [18]. However, the method in- and G2a. The highly fluorescent aflatoxins B2 and
volved time-consuming clean-up steps and was too G2 are not affected by this conversion due to their
costly for routine analysis because we had to use two saturated structure [19].
clean-up columns. Obviously, it is still difficult to
analyze aflatoxins using only a single MFC clean-up 2.3. Samples
for various spices because of the many interferences.

In the present study, we describe a rapid and Red pepper was supplied by Center for Inspection
simple method for the analysis of aflatoxins B1, B2, of Imported Foods and Infectious Diseases in
G1 and G2 in various spices using only one MFC Yokohama Quarantine Station. The other spice sam-
clean-up step followed by LC analysis with pre- ples were purchased commercially in Tokyo.
column derivatization.

2.4. Extraction and purification of aflatoxins

2. Experimental
Samples were ground to uniform consistency

using the coffee mill, and 20 g test sample was
2.1. Apparatus

extracted with 160 ml of acetonitrile–water (9:1) by
shaking vigorously in a 300 ml glass flask fitted with

The LC system consisted of Hitachi model L-7100
a stopper for 30 min. The solution was filtered

pumps (Tokyo, Japan), Tosoh Model AS-8020 auto-
through Whatman No.5 filter paper. A 5-ml portion

injector (Tokyo, Japan) and Shimadzu model RF-
of the filtrate was transferred to a MultiSep [228

10AXL fluorescence detector (Tokyo, Japan). The
cartridge column and passed through at a flow-rate of

guard column, Inertsil ODS-3 (1.0 cm34.0 mm I.D.,
2 ml /min. The aflatoxins passed through the column.

3 mm, GL science, Tokyo, Japan) was placed
Then, a 0.5-ml portion of the first 1 ml eluate was

between the autoinjector and the separative column,
evaporated to dryness at 408C in a centrifuge glass

Inertsil ODS-3 (25 cm34.6 mm I.D., 3 mm, GL
tube and the residue was used for precolumn de-

science, Tokyo, Japan) column. The integrator used
rivatization.

was a Hitachi model D-7500. MycoSep [226, [228
column (MycoSep type) and MultiSep [228 column

2.5. Precolumn derivatization(cartridge type) were purchased from Romer, Labs,
Inc. (MO, USA). Isolute Multimode (cartridge type)

A 100 ml sample of the TFA solution was addedwas purchased from International Solvent Technolo-
to the residue from sample extracts or aflatoxingy Ltd. (Hengoed, Mid Glamorgan, UK). A coffee
working standards to derivatize aflatoxins B1 andmill SCM-40A (Sibata, Tokyo, Japan) was used for
G1. The tube was allowed to stand at room tempera-grinding samples.
ture for 15 min in the dark. A 0.4 ml sample of the
acetonitrile:water (1:9) solution was added to the2.2. Standard preparation
tube. A 25-ml portion of the sample or standard
solution in the tube was subjected to LC analysis.The aflatoxins B1, B2, G1 and G2 crystalline

materials were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). Each stock standard solution 2.6. LC conditions
of aflatoxins with concentrations of 1 mg/ml was
prepared in methanol. They were stored at 48C in the The mobile phase was acetonitrile–methanol–
dark. The stock solutions were evaporated to dryness water (8:27:65). The mobile phase was degassed by
under reduced pressure before using, then they were sonication. The Inertsil ODS-3 (4.6 mm I.D.3250
derivatized with TFA as the working standards. By mm, 3 mm) was connected as the LC column. The
means of a pre-column derivatization with TFA, the column was maintained at 408C with a flow-rate of
weakly fluorescent aflatoxins B1 and G1 are trans- 0.7 ml /min. The aflatoxins and derivatives were
formed into their highly fluorescent hemiacetals B2a detected at the excitation and emission wavelengths
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of 365 and 450 nm, respectively. The injection 3.2. Clean-up of aflatoxins using multifunctional
volume was 25 ml. columns

Several commercial multifunctional columns have
2.7. Determination of aflatoxins recoveries been studied for clean-up of aflatoxins from red

pepper. The commercial columns we examined are
Aflatoxins are not concentrated through extraction, MycoSep [226, [228 column (MycoSep type),

clean-up using MFC and pre-column derivatization. MultiSep [228 column (cartridge type) and Isolute
Each aflatoxin in a sample solution was determined Multimode (cartridge type). Among the multifunc-
from respective standard curves. tional columns that we examined, both the MultiSep

We calculated the recoveries of aflatoxins from [228 column (cartridge type) and MycoSep [228
each aflatoxin concentrations in sample solutions and column (MycoSep type) showed better results than
the expected value from extraction solvent spiked. the others in terms of the recoveries of aflatoxins

from red pepper. But, it appeared to be still neces-
sary to separate some aflatoxins, especially, aflatoxin
G1 from some impurities.

3. Results and discussion Considering the chromatographic principle of
MFC, we considered that the best purified solution
would be obtained in the early eluate part if afla-

3.1. Selection of extracting solvent toxins could pass through without retention while
some impurities would be retained weakly in some

Previously, we reported that the extraction of degree on the MFC and elute after the aflatoxins.
aflatoxins using 90:10 acetonitrile /water was effec- Therefore, each three fractions (1 ml) were eluated
tive for their recovery from various nuts and corn from MultiSep [228 cartridge column. The chro-
[11]. Among some extracting solvents examined, we matograms of the first 1 ml eluate, second 1 ml
confirmed the solvent 90:10 acetonitrile /water re- eluate and third 1 ml eluate are shown in Fig. 1. The
sulted in a chromatogram with fewer interfering chromatogram of first eluate exhibited less impurity
peaks than those using the other solvent combina- peaks than the chromatograms of the second or third
tions. eluate. The recoveries of aflatoxins from the first

Fig. 1. Typical LC chromatograms of the first 1 ml eluate (A), second 1 ml eluate (B) and third 1 ml eluate (C) of the aflatoxin-spiked (each
10 ng/g) red pepper extract from MultiSep [228 cartridge column.
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eluate were greater than 87.5% and almost the same
as those from the second eluate and third eluate. This
clean-up method using the first 1 ml eluted from
MultiSep [228 cartridge column was more effective
than that using MycoSep [228 column in terms of
reducing impurity peaks. These findings suggested
that the best chromatogram would be obtained in the
analysis of the first eluate passed through the Multi-
Sep [228 cartridge type column. Thereafter, we
used only the first 1 ml eluate from the MultiSep
[228 cartridge type column as the sample solution.

3.3. Examination of LC conditions

According to our previous papers [11,18], we
modified several LC conditions to establish the
optimum separation between aflatoxins and aflatoxin
derivatives with TFA from impurities in spices. The
mobile phase of acetonitrile–methanol–water
(8:27:65) gave the more satisfactory separation of

Fig. 2. Typical LC chromatograms of sample solutions frompeaks of aflatoxins, derivatized aflatoxins and im-
non-spiked red pepper (A) and red pepper spiked with aflatoxinspurities than acetonitrile–water or methanol–water
B1, B2, G1 and G2 [10 ng/g].

mixtures. Among several columns examined, the
most suitable column was Inertsil ODS-3 (4.6 mm3

250 mm, 3 mm). The detection wavelengths used
were according to the previous reported methods
[11,18].

3.4. Recovery tests from various spices

The developed method was applied to the afla-
toxins in red pepper, black pepper, white pepper,
nutmeg and tear grass. Figs. 2 and 3 showed typical
LC chromatograms of cleaned-up extracts from
samples for blank and spiked samples in red pepper
(Fig. 2) and black pepper (Fig. 3). The peaks
corresponding to derivatized aflatoxin B1, G1 and
aflatoxin B2, G2 were resolved from the background
peaks of blank samples. The recoveries of aflatoxins
B1, B2, G1 and G2 from samples spiked at 10 ng/g
for all aflatoxins were quite good (Table 1). Re-
coveries of aflatoxins B1, B2, G1 and G2 in spiked
red pepper, black pepper, white pepper, nutmeg and
tear grass at the level of 10 ng/g were over 83% in
all instances. Coefficients of variation were low,
ranging from 2 to 6%. Repeatability for spiked Fig. 3. Typical LC chromatograms of sample solutions from
samples was good. The detection limits for aflatoxins non-spiked black pepper (A) and black pepper spiked with
B1, B2, G1 and G2 were approximately 0.5 ng/g in aflatoxins B1, B2, G1 and G2 [10 ng/g].
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Table 1 and Welfare Programs from the Japanese Govern-
Mean recoveries from various spices spiked with 10 ng/g ment.
aflatoxins B1, B2, G1 and G2

Spices Aflatoxins

B1 B2 G1 G2 References

Red pepper 9464 10363 10263 10565
[1] W.H. Butler, J.M. Bare, Br. J. Cancer 17 (1963) 699.Black pepper 9864 9764 9764 8563
[2] H.P. Van Egmond, Food Addit. Contam. 6 (1989) 139.White pepper 9065 9064 8566 9066
[3] A. Kussak, B. Andersson, K. Andersson, Rapid Commun.Nutmeg 8265 8764 9562 8565

Mass Spectrom. 9 (1995) 1234.Tear grass 9665 9664 9865 9962
[4] A. Kussak, B. Andersson, K. Andersson, J. Chromatogr. 616

Each value represents the mean6SD from triplicate analyses. (1993) 235.
[5] A. Kussak, B. Andersson, K. Andersson, J. Chromatogr. B.

red pepper (signal-to-noise ratio, 3:1). These values Biomed. Appl. 672 (1995) 253.
[6] A. Farjam, N.C. van de Merbel, A.A. Nieman, H. Lingeman,were clearly similar to those reported by Wilson et

U.A.Th. Brinkman, J. Chromatogr. 589 (1992) 141.al. [9] using MycoSep [224 in various nuts and
[7] M.J. Shepherd, M. Holmes, J. Gilbert, J. Chromatogr. 354

cereals, showing high sensitivity of this proposed (1986) 305.
method. [8] M.J. Shepherd, J. Gilbert, Food Addit. Contam. 1 (1984)

325.
[9] T.J. Wilson, T.R. Romer, J. Assoc. Off. Anal. Chem. 74

(1991) 951.4. Conclusions
[10] M.W. Trucksess, M.E. Stack, S. Nesheim, R.H. Albert, T.R.

Romer, J. AOAC. Int. 77 (1994) 1512.
This proposed method using MultiSep [ 228 [11] H. Akiyama, D. Chen, M. Miyahara, M. Toyoda, Y. Saito, J.

MFC is a rapid (within 2 h), simple and reproducible Food Hyg. Soc. Jpn. 37 (1996) 195.
[12] M.J. Awe, J.L. Schranz, J. Assoc. Off. Anal. Chem. 64method for the analyses of aflatoxins in spices.

(1981) 1377.Recoveries of aflatoxins B1, B2, G1 and G2 spiked
[13] H. Kamimura, M. Nishijima, M. Yasuada, H. Ushiyama, S.

to red pepper and nutmeg at the levels of 10 ng/g Tabata, S. Matsumoto, J. Assoc. Off. Anal. Chem. 68 (1993)
were greater than 83%, respectively. The detection 458.
limit in red pepper was 0.5 ng/g. This method can [14] S. Tabata, H. Kamimura, A. Ibe, H. Hashimoto, M. Iida, Y.

Tamura, T. Nishima, J. Assoc. Off. Anal. Chem. 76 (1993)analyze aflatoxins more rapidly and safely than the
32.methods using a chloroform extraction step.

[15] AOAC, Official Methods of Analysis, Chapter 49, Natural
Toxins, 1995 p. 13.

[16] R.J. Cole, J.W. Dorner, J. Assoc. Off. Anal. Chem. 77 (1994)
Acknowledgements 1509.

[17] N. Ali, N.M. Hashim, T. Yoshizawa, Food Addit. Contam.
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