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Fumonisins are a class of mycotoxins produced mainly by Fusarium
species, which is primary fungal contaminant of the maize and maize-
derived products around the world. The B-series fumonisins (FB1, FB2
and FB3) are the most abundant and toxic constituent; thus, their levels
are regulated generally worldwide. In this study, we developed a reli-
able method for the measurement of fumonisin FB1, FB2 and FB3 myco-
toxins from maize samples without the time-consuming derivatization
step using a high-performance liquid chromatograph coupled with
corona charged aerosol detector. The detection and quantitation limit of
the whole method were 0.02 and 0.04 mg/kg for each fumonisins, re-
spectively. The detection linearity was tested in the calibration range of
2 orders of magnitude and the recoveries from the spiked samples were
determined. The developed method proved to be sufficient to measure
the maximum residue levels of fumonisins, which are specified in
European Union and United States in maize and maize-based products.

Introduction

Fumonisins are group of naturally occurring, polyketide-derived,

structurally related mycotoxins produced by Fusarium species

(1) including F. verticillioides (Sacc.) Nirenberg and F. prolifera-

tum (Matsushima) (2). However, recently Aspergillus niger (3)

was also reported as producer of fumonisins. These mycotoxins

can cause diseases in animals, including leucoencephalomalacia

(4), pulmonary edema (5) and hepatocarcinoma (6). In the case

of human effects, the consumption of fumonisin-contaminated

products has been associated with high incidences of esophageal

cancer in South Africa (7), Italy (8) and Iran (9), as well as primary

liver cancer (10). In 2003, fumonisins are considered by

International Agency for Research on Cancer to be Group 2B car-

cinogen to humans (11). Since the first identification of fumonisin

B1 (FB1) by Bezuidenhout et al. (12), �100 different fumonisin

analogs have been characterized (1, 13–15) and were classified

into four main groups, as A-, B-, C- and P-series fumonisins (13).

The backbones of A, B and P analogs (FAs, FBs, FPs) contain 20

carbon atoms, whereas the backbone of C-type fumonisins (FCs)

consist of 19 carbon atoms. The FBs were reported as the most

abundant analogs produced by the wild-type fungal strains with

the FB1 making up �70% of the total fumonisin content.

Although, several isolated strains are able to overproduce the FB2

at the level �80% (16). The order of their toxicities depends on

the system being used for the tests, but most frequently FB1 toxin

is designated as the most toxic constituent (7).

The Food and Drug Administration in United States has

announced guidance levels for sum of FB1, FB2 and FB3 in maize

products to protect both human and animal health. The recom-

mended maximum levels of total fumonisins were in the range

of 2–4 and 5–100 ppm for human foods and animal feeds, re-

spectively, depending on the type and the proportion of the

certain commodities in the total diets (17). The European Union

Commission has also recommended guidance levels for fumoni-

sins in feed materials and formulated feedstuffs, which also vary

based on different products and ranged from 5 to 60 ppm (18).

In the case of human food in the European Union, the maximum

residue limits (MRLs) were introduced in 2008 in the range of

0.4–2 ppm (19). The maximum levels of fumonisins are relative-

ly higher in United States than in EU; however, it is important to

consider that the later include only the sum of FB1 and FB2
mycotoxins.

To meet the challenges of above mentioned MRLs, it is a need

sensitive, accurate and reproducible analytical method for the de-

tection of fumonisins in foods and feeds. Furthermore, it is a

common requirement for this method that it should be relatively

cheap and should contain only minimized sample pretreatment

steps to adopt easily in the routine analysis. Several methods for

analysis of fumonisins have been developed, but most frequently

they are measured by high-performance liquid chromatographic

(HPLC) techniques with different detectors including fluores-

cence (20, 21), evaporative light scattering (ELSD) (22, 23) and

mass spectrometer (13, 20). However, the fluorescence detection

need additional derivatization steps during the sample prepar-

ation, and the procurement and maintenance of mass spectromet-

ric instruments is expensive and requires highly qualified staff.

The ELSD detector is relatively cheap and easy to use detection

system. In addition, the fumonisins could be detected via ELSD

without any derivatization (23), but the complex nature of its re-

sponse curves sometimes could adversely affect the quantitation

including reproducibility and accuracy (i.e., underestimation at

lower analyte concentrations and overestimation at higher con-

centrations). Thus, these factors may be significantly limit the

ability to validate and transfer ELSD-based methods among labora-

tories (24). Besides the generally used HPLC methods, other

separation techniques have been also applied and capable to

detect and quantify fumonisins such as gas- and thin-layer chro-

matography (20) and the use of immunological enzyme-linked im-

munosorbent assay to investigation of the presence of fumonisins

in different matrices was also reported (25).
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The corona charged aerosol detector (Corona CAD) is also a

member of the evaporative detectors such as the ELSD and con-

densation nucleation light scattering detector (CNLSD) using the

following common principles: pneumatic nebulization of the

mobile phase containing the analyte eluting from the column to

form droplets, and drying of the droplets into particles. However,

the way in which analyte mass is determined from particles differs

among them. The Corona CAD uses a high-voltage corona needle

to charge nitrogen gas than the charged gas collides with analyte

particles resulting in the formation of charged particles, which

are then collected and measured using a sensitive electrometer

(26). In the case of both ELSD and CNLSD use a laser beam and

measures the reflected light scattered to a sensitive photomulti-

plier leading to greater mass results in larger particles, thus

greater light scattering (27). According to the literature, Corona

CAD provides the broadest dynamic range from the mentioned

three type of detectors and shows excellent sensitivity, and uni-

formity, where the response is independent of chemical struc-

ture, while also being the easiest to operate (24).

The Corona-CAD detector has been applied previously for

fumonisin detection only in the case of preparative purifications

to test the collected fractions after the Centrifugal Partition

Chromatographic separation (28), and has not been used so far

in quantification of these mycotoxins in agricultural or food pro-

ducts, yet. The purpose of the present study is to develop a reli-

able HPLC–Corona CAD-based analytical method, which is

capable to analyze the level of fumonisins in maize samples.

Experimental

Chemicals and reagents

Methanol, acetonitrile, for sample preparation and eluents were

purchased from Biosolve (Netherlands). The formic acid, acetic

acid and fumonisin B1, B2 standards were obtained from

Sigma-Aldrich Ltd. Co. (Budapest, Hungary), while the fumoni-

sin B3 was gift of Prof. W. C. A. Gelderblom (PROMEC Medical

Research Council, Tygerberg, South Africa). Deionized water

both for sample preparation and HPLC run was produced by

aquaMAX Basic (Young-Lin, Korea) water purification equipment

and membrane-filtered water for HPLC runs with a resistivity of

18 MV were additionally purified with and aquaMAX Ultra

(Young-Lin, Korea) water purification system. TRI-BOX pH-paper

was ordered from Macherey-Nagel (Germany). PuriTox TC-F120

columns for the purification fumonisin B1, B2 and B3 mycotoxins

were obtained from Trilogy Analytical Laboratory (USA).

Maize samples

Maize samples (at least 1 kg) for the blank and spike samples

were taken from the agricultural fields of the Cereal Research

Non-Profit Ltd. in the South-Hungary. The samples were deliv-

ered at the laboratory immediately after the collection, and

tested with HPLC-mass spectrometric method for fumonisin

contamination (data not shown).

Standard preparation

An accurately weighed amount (1 mg) of fumonisin B1, B2 and

B3 were placed separately in a 5 mL volumetric flask and

dissolved in acetonitrile/water, 50/50 (v/v%) (dilution solvent)

to produce 200 mg/mL standard stock solutions. A 200 mL

aliquot of each stock solution was added into a vial and was

diluted with the dilution solvent up to 1 mL to gain concentra-

tion of 40 mg/mL of each fumonisins. This mixed stock solution

was diluted serially in the following levels using a dilution solu-

tion: 20.0, 10.0, 5.0, 2.5, 1.0, 0.5, 0.6, 0.4 (LOQ) and 0.2 mg/mL

(LOD). For evaluation of the possible matrix effects on LOD,

LOQ and the linearity, the above mentioned levels were also pre-

pared using the extracts of blank maize sample, which were pre-

conditioned as described in the Sample Preparation.

Sample preparation

The maize samples were prepared according to the manufac-

turer’s instructions with some minor modifications. Briefly, 25 g

of ground samples were weighed into an Erlenmeyer flasks and

100 mL 50/50 (v/v%) acetonitrile/water were added and they

were covered. The flasks were shaked for 1 h on a horizontal

shaker and �10 mL of extracts were filtered into the 12 mL poly-

propylene tubes (ViaLab Magyarország Kft., Hungary) and their

pH were checked and adjusted into the range of 6–9 with 2 N

sodium hydroxide. Four milliliters of the extracts were transferred

into 30 mL polypropylene tubes (ViaLab Magyarország Kft.,

Hungary) and 16 mL of 3/1 (v/v%) methanol/water was added to

each. Strong anion exchange (SAX) solid-phase extraction (SPE)

tubes (PuriTox TC-F120, Trilogy Analytical Laboratory, USA) were

conditioned by rinsing with 5 mL of methanol followed by 5 mL

of 3/1 (v/v%) methanol/water. The contents of each tube con-

tained the diluted extracts were drained through the columns,

which were washed with 16 mL of 3/1 (v/v%) methanol/water

and 4 mL of methanol. Finally, the analytes were eluted with

10 mL of 99/1 (v/v%) methanol/acetic acid and evaporated to

dryness with stream of nitrogen at 608C. Before the analytical

measurements, the evaporated samples were resolved in 100 mL

of 50/50 (v/v%) acetonitrile/water and transferred into HPLC

sample vials.

Instrumentation

The measurements were carried out on a YL9100 modular HPLC

(Young-Lin, Korea) system equippedwith a YL9101 Vacuum degas-

ser, YL9110 Quaternary Gradient Pump, YL9150 Autosampler,

YL9130 Column Compartment, which was controlled by YLClarity

v. 2.6.5.459 software. Separations were achieved on a YMC-Pack

ODS-A 250� 4.6 mm (YMC, Germany) column with 5 mm particle

size, coupled with a YMC ProC18 20� 4.0 mm (YMC, Germany)

guard column, with 5 mm particle size. Eluents A and B were water

and acetonitrile, and both of them contained 0.1% (v/v) formic acid.

During the run, flow rate was maintained at 1 mL/min, while

column temperaturewas 358C. To ensure good separation, a gradient
program was used as following: starting at 25% B, which was risen to

40% at 22 min, to 100% at 27 min, and this value was held for 3 min,

and finally linearly decreased to the starting value for 2 min, and was

held until the pressure stabilized. Injection volumewas 10 mL.

For the detection, Corona CAD (ESA BioScience, Great-Britain)

was applied with an output range of 100 pA, while the nitrogen

gas pressure was held on 35 psi, and electronic filter was

varied during the optimization. The chromatographic column

was connected through an in-line filter (Upchurch, USA) to

the detector.
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Results

Optimization of detection

For chromatographic separation of fumonisin B1, B2 and B3, the

applied gradient elution parameters were based on our earlier

works (13); however, the stationary phase was changed to a

YMC-Pack ODS-A column (250 � 4.6 mm). The mobile phase

contained formic acid to protonate the carboxyl groups attached

to the fumonisin backbone in order to the proper retention.

The applied eluent was proper for the Corona CAD detector,

because it did not contain any non-volatile components and its

pH was below of 7.5, which are the requirements for this detec-

tion system. Under the established conditions, FB1 gave a peak at

a retention time of 15.32 min, which were 20.50 and 24.14 for

FB3 and FB2, respectively (Figure 1).

The Corona-CAD detector provides four level for the signal fil-

tering to electronically reduce the noise during the chromato-

graphic run setting the filter time as none, low, medium and high.

Using this filtering effects, it is possible to modify the sensitivity

of the detection method based on the changes of signal-to-noise

(S/N) values. During the optimization period, the effects of all

filter time were investigated and no significant differences were

observed among the S/N values of each of examined fumonisins

(data not shown), thus for the further measurements the raw data

were acquired without any filtering.

Linearity

Each of standard fumonisins, ranging from 0.4 to 40 mg/mL (from

4 to 400 ng on column) in both dilution solution and blank

sample extract, was tested for their corresponding response as

peak areas on the HPLC–Corona CAD. The corresponding levels

of two type of dilution showed same area results. The Corona de-

tector response, according to the manufacturer’s instructions,

has not a linear character and rather a quadratic plot type should

be used to describe the response. However, we found that simple

concentration–peak area plots were proper for the calibration

over the used concentration range, and it is not need to construct

the recommended quadratic- or log–log plots such as at ELSD for

the calibration curve. The solutions were injected in triplicate and

the founded regression equations by plotting the peak areas are in

Table I. The determination coefficients (R2) obtained for the re-

gression lines (Table I) demonstrate the excellent relationship

between peak area and the concentrations.

Limit of detection and quantitation

FBs of various concentrations were injected in both dilution solu-

tion and blank sample extract into the column to determine the

limit of detection. The HPLC–Corona-CAD method was sufficient-

ly sensitive to detect 2 ng each of examined fumonisins per injec-

tion, and therefore, the limit of detection for components in

solution is �0.2 mg/mL. The mycotoxin peaks could be detected

without any baseline noise disturbances (.3 times) at these con-

centrations. The limit of quantification was 0.4 mg/mL for each

fumonisins, because the analytes’ response at these concentration

levels were 10 times higher than the baseline noise. The results of

LOD and LOQ samples showed no significance differences

between the matrix matched and solvent diluted standards.

Precision of chromatographic system

The precision of the chromatographic method, reported as

percent relative standard deviation (RSD), was estimated only by

measuring repeatability as intraday assay precision, because the

calibration will be carried out before every sample series on

each day in the routine analysis. This examination is proper to

check the measurement suitability of the system, which were

tested on six replicate injections at concentration of 10.0 mg/mL

of each fumonisins. The RSD values for retention time (min)

were 0.35, 0.16 and 0.17% and for peak area were 3.72, 4.90 and

4.78% for FB1, FB2 and FB3, respectively.

Recovery of spiked samples

The repeatability of the whole analytical procedure including

sample clean-up and the separation complies with the general

analytical requirements, which is affected by selective adsorp-

tion of the purification columns or in the case of fluorescence

detection by unstable derivatization (29). In our cases, the accur-

acy and precision of the method were sufficiently high for tested

agricultural commodities spiked within the range of 0.3–1.2 mg/g,
which represents the low levels of contamination in terms of FB1,

FB2 and FB3 occurrence.

The recoveries of fumonisins in this range varied from 82.18

to 91.09%, 82.37 to 92.07% and 82.44 to 89.84% for FB1, FB2 and

FB3, respectively (Table II).

Clean-up procedure is an important step in analysis of compo-

nents from complex matrices mainly using the universal detec-

tion. Based on our results, the applied purification step was

proper for this purpose, because the chromatographic run of

blank maize samples did not contained any interfering peaks at

the elution time of the examined fumonisins, and in the case of

spiked samples the fumonisin peaks separated properly from the

matrix peaks (Figure 2).

Discussion

The retention times of the non-derivatized fumonisins in the

achieved separation were similar to the chromatographic
Figure 1. HPLC elution profiles of fumonisin FB1, FB2 and FB3 produced with HPLC–
Corona CAD system at the calibration level of 2.5 mg/mL.

Table I
Linearity Results of the Developed HPLC–Corona CAD Method in the Concentration Range of

0.4240 mg/mL

Components Equation for regression line R2

Fumonisin FB1 y ¼ 49.966x þ 7.924 0.9993
Fumonisin FB2 y ¼ 40.186x 2 10.290 0.9993
Fumonisin FB3 y ¼ 41.14x 2 25.165 0.9973
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separation developed by Wilkes et al. (22) using an ELSD detect-

or and different stationary and mobile phases such as base-

deactivated C8 column and acetonitrile–water–trifluoroacetic

acid eluent, respectively. However, the resolution among the

components were higher than the method reported by Wang

et al. (23) using also an ELSD for the detection, where the exam-

ined fumonisins eluted close to each other in one group of

peaks, especially the peaks of FB3 and FB2 were almost overlap-

ping (23). The calibration curve of each examined fumonisin

was linear in the used concentration range. According to the lit-

erature, it is known that Corona-CAD response is non-linear at a

range of 4 orders of magnitude, but its signal is nearly linear or

completely linear in the smaller concentration ranges as

reported by Bl=====azewicz et al. (30) in the case of atracurium, cisa-

tracurium and mivacurium (1–150 mg/mL) and by Grembecka

et al. (31) for aspartame and caffeine (0.25–75 mg/mL), respect-

ively. The observed sensitivity for FB1, FB2 and FB3 were 30

times higher than in the case of earlier reported ELSD method,

where the detection limit was 60 ng per injection for the FB1

(22, 23). However, the detection limit in the case of fluorescent

detection of fumonisins was slightly lower than our values, but it

used an additional precolumn derivatization reaction with

naphthalene-2,3-dicarboxaldehyde (21), which allow to extend

the sample pretreatement procedure and to increase the com-

plexity and cost of the analysis. The interfering matrix compo-

nents in the samples could be removed successfully using the

SAX-SPE tubes, because no any matrix effects were observed at

the LOD, LOQ and linearity investigations. The recovery rates of

FB1 were usually between 74 and 89% in the literature, depending

on the type of quantification method (29). In the case of HPLC–

ELSD analysis of FB1, the recovery range was from 77.27 to

102.58% described by Wang et al. (23) using Amberlite XAD-4

phase for clean-up procedure. In our study, the recovery values of

each fumonisins were in the abovementioned ranges, and their re-

producibility proved to be also proper for the routine fumonisin

analysis.

Conclusions

This is the first study in which an HPLC–Corona CAD method has

been established to separate and determine FB1, FB2 and FB3

mycotoxins from agricultural samples. It is demonstrated that this

technique provides an appropriate and reliable alternative to

other detection methods for rapid determination of worldwide

regulated fumonisin contents without any additional derivatiza-

tion procedure. The performance of method corresponded well

to the analytical requirements and the recoveries of fumonisins

were over 82% in all examined cases from maize matrices. The

developed method ensures accurate quantification with a limit of

0.4 mg/mL (0.04 ppm), which is sufficiently sensitive for detec-

tion of the fumonisin level in extracts of maize and maize pro-

ducts. Based on successful linearity, precision and recovery

results of the developed method, it was introduced and applied in

the routine analysis of an accredited testing laboratory.
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