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ABSTRACT

This paper describes a thin-layer chromatographic (TLC) method, which
allows the determination of sterigmatocystin at a level of 2 pg/kg in various
cereal grains of interest. Sterigmatocystin is extracted from the food matrix
and further purified by phenyl-bond solid-phase extraction (SPE). The
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separation and identification is performed on an amino-derivatised high-
performance TLC (HP-TLC) plate. The derivatisation for densitometric
measurement and visual inspection is achieved reagent free by heating
the plate. Sterigmatocystin results in highly fluorescent spots. The method
has shown good recovery values for the various cereals analysed (e.g.,
around 80% for wheat). The method was applied for monitoring the sterig-
matocystin content in 85 cereal samples, purchased from the local (Italian)
market in 2002. However, none of the samples was found to be positive,
indicating that this mycotoxin was not a problematic contaminant in
products of this particular region and in this specific year.

Key Words: Mycotoxin; Sterigmatocystin; TLC; Reagent-free
derivatisation; Cereal grains.

INTRODUCTION

Sterigmatocystin (Fig. 1) is a mycotoxin produced by fungi of many
Aspergillus species."'! Its molecular structure is similar to those of aflatoxin
B,.!" It is a precursor of aflatoxin B; in the biological transformation.'?!
The steps involved in the biosynthesis of sterigmatocystin, as well as of afla-
toxins, and the molecular characterisation of genes involved in the pathway
are known and described in the literature.”*! Carcinogenic properties of sterig-
matocystin were already studied and published.'* The negative impact of ster-
igmatocystin on the DNA and on the tumor suppressor gene p53, in particular,
was also studied.”’

Relatively high levels (ppm range) of sterigmatocystin were detected in
dwellings contaminated by Aspergillus versicolor caused by water ﬂooding.[6'

OCH;,

Figure 1. Structural formula of sterigmatocystin.
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Contamination of cereals with Aspergillus fungi is a serious health risk, due to
the potential of sterigmatocystin production by these fungi.

Very little data is available concerning monitoring of foodstuffs for ster-
igmatocystin. One of the few surveys in Europe was carried out in 1983 in the
United Kingdom. Out of 523 analysed samples (about 3%) 17 were found
positive.'”! The drawback of this survey was that the method had a relatively
high limit of detection (LOD) of 20 pg/kg. This fact did not allow any con-
clusion concerning lower contamination levels, which are also of interest.
Another larger survey was done in Brazil,”® in the same decade, where ster-
igmato-cystin could be detected in none of the samples. However, again the
LOD of the method applied was high (35 pg/kg).

These rather high LOD values that were obtained with conventional
(non-mass spectrometric) methods are rather unsatisfactory, since some
countries have set already relatively low maximum levels for sterigmatocystin
(e.g., Czech Republic and Slovakia at the level 5 pg/kg for rice, vegetables,
potatoes, flour, poultry, meat, milk, and 20 pg/kg for other foods).[g]

In order to evaluate human exposure to this mycotoxin and, more impor-
tantly, to monitor food products for existing or future legal compliance,
suitable and simple analytical procedures are required that allow the precise
determination of sterigmatocystin.

Methods have been described in the literature, which allow the detection of
sterigmatocystin at levels ranging from 100 to 2 pg/ kg5 However, it has
been recognised that the surveillance of sterigmatocystin below 20 pg/kg was
difficult in the past due to the weak fluorescence of this mycotoxin, and that a
precise determination below this level requires mass-spectrometric detection.!'”!

The most frequently applied analytical methods so far, are based on thin-
layer chromatography (TLC) with fluorescence detection.”®'' '3 Because of
its weak native fluorescence, a derivatisation procedure is generally used to
visualise the sterigmatocystin on the developed TLC plates.!'"! The most
common derivatisation approach is spraying of the TLC plate with aluminium
chloride (AICl3) solution, after development and heating of the plate. With
such procedures, LODs were reported to be 50 Mg/kg[] and 140 Mg/kg,[lz]
in cereal grains. A validated official method is also based on TLC with
AICl; spraying,''* and is reported to have a limit of quantification (LOQ)
of 100 pg/kg. Other methods are based on high-performance liquid chroma-
tography (HPLC) with ultraviolet (UV) detection, and were applied for deter-
mination of sterigmatocystin in rice inoculated by A. versicolor at lower
mg/kg levels.!"*!3! Application of HPLC with post column derivatisation
with AICI5 has also been reported,''>! with results comparable to the official
TLC method.!"® The lowest detection limit of 1.7 wg /kg for maize and
1.9 wg/kg for bread was reported when liquid chromatography with mass
spectrometric detection (LC—MS) was applied."'” A method based on gas
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chromatography with mass spectrometric detection (GC—-MS), reported an
LOD of 5 pg/kg for sterigmatocystin in wheat.!'¢!

In conclusion, currently the only methods with sufficient LOQs of sterig-
matocystin at levels below 5 pg/kg are based on LC-MS and GC-MS.

For routine and monitoring purposes, it would be of interest to have at
hand a simple, ecologically and economically friendly method.

Several publications have demonstrated simple derivatisation procedures
for detection of substances after TLC. Simple heat treatments or spraying with
acids or alkali has been shown to generate fluorescence in various substances,
e.g., certain pesticides.''” Fluorescent derivatives of steroid hormones were
induced by thermal treatment of TLC plates in the presence of ammonium
hydrogen carbonate.!'®! A simple and effective method was developed for
fluorometric detection of glucose, fructose, and other carbonylic compounds
after TLC separation on amino-silica gel."'®! A reagent-free derivatisation
procedure was also successfully applied for fluorescence induction in various
carbohydrates,[zo] uric acid, and creatinine™"! or catecholamines.**

Therefore, the aim of this paper was to develop a simple TLC-based
method with reagent-free derivatisation, suitable for routine analysis of sterig-
matocystin at levels of interest in the lower pg/kg range. In addition, the
application of the method developed to cereal-based food products purchased
from the local (Italian) market was shown.

EXPERIMENTAL
Materials

All solvents were of HPLC grade. Reagents, such as potassium chloride
(Merck, Darmstadt, Germany) and aluminium chloride (Merck) were of
analytical grade.

Sterigmatocystin was purchased from Sigma-Aldrich (Italy). Food
samples (40 cereals) for investigation were purchased from local food markets
(Italy) in 2002.

Based on the information on solubility and stability of sterigmatocystin
in different solvents,?*! the stock solutions were prepared with 875 pg/mL
in toluene : acetonitrile mixture 90: 10 (v/v). Daily working standards with a
concentration of 8.75 pg/mL were prepared by evaporation of an aliquot of
the stock solution and re-dissolving in neat acetonitrile.

For separation, 20x 10 cm high-performance TLC (HP-TLC) plates with
NH,-chemically bonded phase (with and without fluorescence indicator F,s,),
were used (Merck). The mobile (developing) phase was a mixture of toluene
(100 mL) and acetone (5 mL).
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Sample Preparation

An amount of 25 g of homogenised sample material was extracted with
95 mL of acetonitrile and 5 mL of 4% aqueous potassium chloride solution
for 4 min, by means of a high-speed Ultraturrax™ blender (IKA, Germany).
For fortification experiments, the blank sample material was spiked with the
sterigmatocystin working standard at levels of 1.75, 3.5, 7.0, 10.5, 14.0, and
17.5 pg/kg. This was done the day before analysis to allow the solvent to
evaporate. Extracts were filtered through Whatman® No.1 folded filter and
an aliquot of 50 mL of the filtrate was taken to dryness with a rotary evaporator
at 150 mbar at 48°C (Buchi, Germany).

The residue was removed from the evaporation flask with toluene
(3 x 500 L), and the combined toluene layers were subsequently evaporated
in a small amber vial under a gentle stream of nitrogen. The resulting residue
was then re-dissolved in 200 pL of methanol.

Sample Clean-Up

Solid-phase extraction (SPE) phenyl columns of 3 mL syringe capacity
with 500 mg SPE material (Sigma-Aldrich) were conditioned with 3 mL of
methanol, followed by 5 mL of water prior to use. The re-dissolved methanol
extract was quantitatively transferred on the SPE column by washing the vial
with an additional 2 x 100 wL of methanol : water 40:60 (v/v). The SPE
column was then washed with 3 mL of methanol : water 40:60 (v/v) and
the sterigmatocystin was eluted with 10mL of methanol: water 55:45
(v/v). The resulting eluate was evaporated to dryness under nitrogen at
60°C, and then re-dissolved quantitatively with toluene (3 x 500 nL) and
transferred into a smaller (2mL) amber vial. The toluene was evaporated
under nitrogen and the vial with the residue was sealed with a cap. An amount
of 200 L of acetonitrile was injected through the sealed vial with a
micro-litre syringe to avoid evaporation of the solvent, and shaken for 10 min.

TLC

A volume of 40 L of this solution was then sprayed on the HP-TLC plate
with a TLC-spraying device (Linomat IV, CAMAG, Switzerland) at 1cm
from the bottom of the plate. Spots were dried with warm air prior to devel-
oping the plate in a horizontal unconditioned and unlined tank for a distance
of at least 7cm. Developed plates were dried with warm air to remove the
mobile phase and were subsequently heated in an oven for 15 min at 150°C.
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The resulting yellowish fluorescent spots were quantified with a TLC
scanner (CAMAG) at an excitation wavelength of 366 nm (mercury lamp),
and using a 400 nm cut-off filter for emission or the diode-array scanner for
spectrum elucidation.

For spectral scans (absorption and fluorescence) a diode-array TLC-
Scanner (J&M, Aalen, Germany) was used with either the standard lamp for
UV absorption or a UV-light emitting diode (LED) with a peak emission
line of 370 nm (Nichia, Germany) for fluorescence measurement.

RESULTS AND DISCUSSION

The separation of sterigmatocystin on amino-bond TLC plates was found
to be suitable with the above-mentioned mobile phase, resulting in R¢-values
of 0.47-0.50.

For the optimisation of the derivatisation parameters different tempera-
tures ranging from 100°C up to 200°C and heating times between 5 and
15 minutes were tested. Already, at 100°C within 5min, significantly
enhanced fluorescence was observed for sterigmatocystin. Further increase
in fluorescence was observed when heating for 15min at 150°C, while
additional heating time up to 30 min had no further positive effect. Also,
there was no observed improvement when heating at higher temperatures up
to 200°C for 15 min, while heating at 200°C for 1 hr resulted in the extinction
of fluorescence.

After optimisation of the derivatisation conditions as described, analytical
results were obtained with this method and compared with the commonly used
separation on silica gel plates and derivatisation with AICl; solution.!'* For
this reason, different sterigmatocystin amounts (1-10ng absolute) were
spotted on two different TLC plates (silica gel 60 and amino plate), developed,
and derivatised (Fig. 2). The amino plate method revealed a much better per-
formance such as homogeneity of the derivatisation, improved spot form, and
stability of Rg-values within one TLC plate. Especially, the problem of a non-
linear solvent front, as it was observed for the silica gel plates, did not occur
with the amino TLC plates. In addition, the developed and derivatised plates
were stable for several days, without any loss in fluorescence intensity, show-
ing that the stability of the formed fluorescent derivative is excellent. For
further elucidation of the optical properties of the formed derivative, spectral
absorption and fluorescence scans were made (Fig. 3).

An interesting observation was that calibration curves established with
the here-described method revealed several advantages. In fact, for both deri-
vatisation methods, calibration curves were found not to be linear, while
the slope on amino plates was found to be bigger at lower concentrations
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Figure 2. Derivatisation of sterigmatocystin on silica gel HP-TLC plates with ALCl5
(upper plate) and on amino HP-TLC plates after heating (lower plate).

compared with the slope obtained with AlCl3-solution. As a result, this offers a
lower detection limit (Fig. 4).

In order to apply this new separation method for the determination of ster-
igmatocystin in cereal grains, a new sample clean-up procedure has been
tested and applied. The main goal of the phenyl SPE clean-up procedure
was not only to provide a sufficiently clean extract, but also to avoid chlori-
nated solvents such as chloroform, as it has been used in most methods
previously published.!”-312~ 14161

Method performance criteria were obtained by analysing fortified
samples (wheat and rice). The LOD and LOQ were found to be 2 and
6 ng/kg, respectively, for wheat flour, as well as 4 and 11 g /kg, respectively,
for rice. These parameters were calculated from the confidential interval of the
calibration curve. The recovery for both matrices was 80% at 20 pg/kg.

A total number of 85 samples (various cereal-based products) from north-
ern Italy were analysed with this method. A typical densitogram from such a
material (fortified and a blank) is shown in Fig. 5. Despite the fact that this
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Figure 3. Direct comparison of the calibration graphs obtained with the different
derivatisation methods.
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Figure 4. Absorption and fluorescence spectra of sterigmatocystin on amino
HPTLC plates. Line (A), prior to heating; line (B), after 15 min at 150°C; line (C),
fluorescence after heating for 15min at 150°C. The characteristically intense
yellow colour under UV light is due to the absorption in the range 400—500 nm.
Lines A and B are recorded on different plates and are, therefore, not directly
comparable in intensities. The fluorescence spectrum has been recorded with a
800-wW LED.
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Figure 5. Chromatograms of fortified (A) and blank (B) samples. Sterigmatocystin
is identified as peak (no. 3) with an R¢-value of 0.49. The level of fortification was

10 pg/kg.

simple method allowed determining considerably low levels of sterigmato-
cystin, in none of the tested samples could sterigmatocystin found.

CONCLUSION

Separation and derivatisation of sterigmatocystin on amino bonded TLC
plates is a suitable tool for the fluorimetric quantification of
sterigmatocystin at low levels, due to the formation of a highly fluorescent
derivative. It was shown that this separation and derivatisation system
reveals better results then the commonly used derivatisation with AlCl;
solution on silica gel TLC plates, as has been previously published.

The suggested method provides comparable results from the point of view
of LOD and LOQ, with the applied LC—MS method"'” yielding an average
recovery of 80%. The clean-up SPE used allowed avoiding chlorinated
solvents.
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The fact that none of the tested samples from the local (Italian) market

was found to be positive for sterigmatocystin indicates that this mycotoxin
was not a frequent contaminant in the products of this particular region and
in this specific year (2002). This situation, however, can only be regarded
as a “snapshot,” as geographical and environmental conditions such as temp-
erature or rainfall have an influence on the mycotoxin occurrence.

10.

11.

12.
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