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Introduction

Fumonisins (FBs) are a group of toxinsfumonisin B 1 (FB 1 ), B 2 (FB 2 ), B 3 (FB 3 ), and other analogues, structurally similar to sphingosine [START_REF] Lerda | Fumonisins in foods from Córdoba (Argentina), presence and genotoxicity[END_REF], mainly produced by Fusarium verticillioides, Fusarium proliferatum and other fungal species of the section Liseola [START_REF] Thiel | Survey of fumonisin production by Fusarium species[END_REF]. According to Bezuidenhout et al. (1988), FB 1 has the structure 2S-amino-12S,16R-dimethyl-3S,5R,10R,14S,15R-penta-hydroxy-eicosane, being C 14 and C 15 hydroxyl groups sterified by a terminal carboxyl group of propane-1,2,3-tricarboxylic acid [START_REF] Sydenham | Preparation and isolation of the partially hydrolysed moiety of fumonisin B1[END_REF][START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF]. The other analogues have different hydroxylation patterns [START_REF] Seo | Natural occurrence of the C series of fumonisins in moldy corn[END_REF].

FBs occur mainly in maize and maize-based foods. FB 1 , followed by FB 2 , is the most abundant and the most toxic [START_REF] Labuda | Identification and enumeration of Fusarium species in poultry feed mixtures from Slovakia[END_REF]. They may affect animal and human health. FB 1 is known to cause equine leukoencephalomalacia (ELEM) and porcine pulmunary edema (PPE). It is also a kidney and liver carcinogen in rats and mice, respectively, causes DNA damage in human fibroblasts, and is immunotoxic [START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF]. The risk of oesophageal cancer in humans in the Transkei region of South Africa and China [START_REF] Lerda | Fumonisins in foods from Córdoba (Argentina), presence and genotoxicity[END_REF], and the possibility that they are connected with neural tube defects (NTD) in South Texas, USA [START_REF] Stack | Analysis of fumonisin B1 and its hydrolysis product in tortillas[END_REF]) have been reported. The International Agency for Research on Cancer (IARC) classified FB 1 as a possible carcinogen to humans, Group 2B (IARC 2002).

Exposure to FBs is worldwide. In general, high levels of FBs are reported in maize or derivatives. Studies from Morocco [START_REF] Zinedine | Natural occurrence of mycotoxins in cereals and spices commercialized in Morocco[END_REF], Brazil [START_REF] Bittencourt | Mycotoxin occurrence in corn meal and flour traded in São Paulo, Brazil[END_REF], Nigeria [START_REF] Bankole | Occurrence of aflatoxins and fumonisins in preharvest maize from south-western Nigeria[END_REF], South Africa [START_REF] Sydenham | Evidence for the natural occurrence of fumonisin B 1 , a mycotoxin produced by Fusarium moniliforme, in corn[END_REF] [START_REF] Scudamore | Survey for aflatoxins, ochratoxin A, zearalenone and fumonisins in maize imported into the United Kingdom[END_REF][START_REF] Cirillo | Natural co-occurrence of deoxynivalenol and fumonisins B 1 and B 2 in Italian marketed foodstuffs[END_REF][START_REF] Molinié | Analysis of some breakfast cereals on the French market for their contents of ochratoxin A, citrinin and fumonisin B1: development of a method for simultaneous extraction of ochratoxin A and citrinin[END_REF]) have been recently published.

In Portugal the area on which maize is cultivated and maize production are 126, 000 ha and 665, 000 Mt, respectively (FAO 2003), moreover between 2002 and 2003 the annual consumption of maize reached 10 kg per capita (INE 2004). Here, as far as we know, only a single investigation of FB 1 and FB 2 in naturally contaminated maize hybrids was reported, revealing a contamination frequency of 100% [START_REF] Doko | Incidence and levels of fumonisin contamination in maize genotypes grown in Europe and Africa[END_REF].

The majority of the reported methods for fumonisin analysis involve an extraction with mixtures of polar solvents [START_REF] Mo | Fumonisins and fungal species in corn from Sonora, Mexico[END_REF][START_REF] Lombaert | Mycotoxins in infant cereal foods from the Canadian retail market[END_REF], a cleanup processes through solid phase extraction (SPE), especially using immunoaffinity columns (IAC) [START_REF] Mo | Fumonisins and fungal species in corn from Sonora, Mexico[END_REF][START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF]) that show higher specificity, or other sorbents [START_REF] Castro | Fumonisins in Brazilian corn-based foods for human consumption[END_REF][START_REF] Bittencourt | Mycotoxin occurrence in corn meal and flour traded in São Paulo, Brazil[END_REF], and derivatization, usually using o-phthaldialdehyde (OPA) [START_REF] Bittencourt | Mycotoxin occurrence in corn meal and flour traded in São Paulo, Brazil[END_REF][START_REF] Bankole | Occurrence of aflatoxins and fumonisins in preharvest maize from south-western Nigeria[END_REF], and naphthalene-2,3-dicarboxaldehyde (NDA) [START_REF] Dombrink-Kurtzman | Fumonisin content in masa and tortillas from Mexico[END_REF][START_REF] Lombaert | Mycotoxins in infant cereal foods from the Canadian retail market[END_REF]. Detection and quantification are mainly accomplished through liquid chromatography (LC) with spectrofluorimetric detection (LC-FD) [START_REF] Bittencourt | Mycotoxin occurrence in corn meal and flour traded in São Paulo, Brazil[END_REF][START_REF] Castro | Fumonisins in Brazilian corn-based foods for human consumption[END_REF]), the most used, or mass spectrometry (LC-MS) [START_REF] Cirillo | Natural co-occurrence of deoxynivalenol and fumonisins B 1 and B 2 in Italian marketed foodstuffs[END_REF][START_REF] Plattner | HPLC/MS analysis of Fusarium mycotoxins, fumonisins and deoxynivalenol[END_REF].

The present study aims to provide data on natural occurrence of FB 1 and FB 2 in maize and maize-based foods for human consumption from the central zone of Portugal, using LC-FD, with pre-column derivatization and confirmation by LC-ESI-MS and to assess 

Materials and methods

Chemicals

FB 1 and FB 2 standards, and NDA were obtained commercially from Sigma Chemicals Co (St. Louis, USA). HPLC grade acetonitrile and methanol were purchased from Carlo Erba (Milan, Italy). Acetic acid, hydrochloride acid, sodium hydroxide, potassium chloride, potassium dihydrogenphosphate, anhydrous disodium hydrogenphosphate, and sodium chloride were obtained from Merck (Darmstadt, Germany). Formic acid was purchased from Scharlau Chemie (Barcelona, Spain). Immunoaffinity columns FumoniTest TM were from Vicam (Watertown, USA). Water was prepared from a Milli Q system (Millipore, Bedford, MA, USA).

Phosphate buffer solution (PBS) was prepared from 0.2 g potassium chloride, 0.2 g potassium dihydrogen-phosphate, 1.2 g anhydrous disodium hydrogen-phosphate, and 8.0 g sodium chloride to 990 mL distilled water, adjusted to pH 7.0 with 25% HCl, and the solution was made to 1 L.

Stock solutions, prepared in the FB 1 and FB 2 vials, were made in 1 mL acetonitrilewater (50:50) at 1000 µg mL -1 . Intermediate solutions were prepared at 50 µg mL -1 , diluting 250 µL of stock solution with 5 mL acetonitrile-water (50:50). For fortification assays, one work solution was prepared with acetonitrile-water (50:50) at 5 µg mL -1 for both FBs. For calibration curve with LC-FD, work solutions for calibration were prepared at 50 µg mL -1 and 5 µg mL -1 . The others were prepared by diluting this solution at the following concentrations: 5.0, 2.5, 1.0, 0.5, and 0.25 µg mL -1 . For calibration curve with LC-MS, work solutions for calibration were prepared at 50 µg mL -1 and 25 µg mL -1 . The others were prepared by diluting this solution at the following concentrations: 10, 2.5, 1.0, 0.5, 0.4, 0.3, 0.2, 0.1, and 0.05 µg mL -1 . All solutions were kept in amber flasks to protect from light.

Sampling

A total of 67 samples were purchased in commercially available size from March to July 2005 from shops, health food stores, and supermarkets located in the city of Coimbra. The following commodities were collected: yellow maize (n=9), white maize (n=2), maize flour (n=3), maize semolina (n=3), maize starch (n=3), sweet maize (n=11), cornflakes (n=16), mixed breakfast cereals (n=4) and maize snacks (n=16).

Except for maize flour, maize semolina and maize starch, the samples were finely milled.

Recoveries

Recoveries of FBs from maize and maize starch were determined by spiking the ground sample of each food, in triplicate, with known amounts of FBs at final concentrations between 100 µg kg -1 and 250 µg kg -1 . Ground samples (25 g) were extracted with 40 mL methanol:water (80:20, v/v), and centrifuged for 15 min at 2500 g. The remaining solid was extracted twice with 30 mL methanol: water (80: 20, v/v) each time. The three extracts were combined and filtrated (Whatman Nº 1 paper). For cleanup, 10 mL of filtrate diluted with 40 mL PBS were filtrated through glass microfiber. Twenty mL were added to a FumoniTest TM IAC attached onto a vacuum manifold. The column was washed with 10 mL PBS, and FBs were eluted with 2 x 1.5 mL methanol, and evaporated under one gentle nitrogen stream at 60ºC.

Extraction and clean-up procedures

LC-FD Analysis

For LC-FD analysis, the residue was reconstituted in 50 µL methanol-water (50:50, v/v) and determination and quantification were carried out on the NDA-derivatives of fumonisins, accordingly to Chu & Li 1994. Therefore, 500 µL 0.05M sodium borate buffer (pH 9.5 adjusted with 1 N NaOH), 500 µL sodium cyanide reagent, and 150 µL NDA reagent (0.5 mg mL -1 in ACN) were added to the reconstituted residue. The mixture was heated for 15 min at 60ºC in a heating bath and cooled to room temperature. The mobile phase (acetronitrile/water/acetic acid 61:38:1 v/v/v) was maintained at a flow rate of 1 mL min -1 . Isocratic analysis under the conditions described above allowed the elution of FB 1 and FB 2 with a mean retention time of 7.36 min and 13.35 min, respectively.

LC apparatus used consisted of a 307 Gilson (Gilson

LC-ESI-MS Confirmation

For LC-ESI-MS confirmation of the presence of fumonisins, the residue was reconstituted in 500 µL methanol-water (50:50, v/v). A Hewlett Packard (Palo Alto, CA, USA) HP-1100 Series LC-MS system equipped with a binary solvent pump, an autosampler, and a MS detector coupled with an analytical work-station was used. The MS detector consisted of a Standard API source that can be configured as APCI (atmospheric pressure chemical ionization) or ES (electrospray ionization). A C 18 -5 µm (150 mm x 4.6 mm i. d.) (Phenomenex, USA) stainless steel column and a guard column LiChrosorb RP-8 (10 x 4.6 mm, 5 µm) were used. The solvents examined as a mobile phase were methanol, and water with acetic or formic acid, using isocratic and gradient conditions.

The analytical separation for LC-ESI-MS was performed using the following gradient:

(a) methanol:0.5% formic acid 75% and (b) water:0.5% formic acid 25%, isocratic for 4 min, then increased to 95% (a) and 5% (b) in 4 min and held for 7 min. Flow rate was maintained at 0.5 mL min -1 . The ESI-MS interface was operated in positive ion mode under the conditions of 350ºC gas temperature, 13.0 L min -1 drying gas flow, 30 psi nebulizer gas pressure and 4000 V of capillary voltage. Mass spectra were obtained by scanning from m/z 300 to 800.

FB 1 (positive ion m/z = 722) and FB 2 (positive ion m/z = 706) were monitored by selected ion monitoring (SIM) with the cone voltages ranging from 60 to 180 V. The highest responses were obtained at 160V for both compounds, thus, this value was chosen for identification and quantification purposes. These conditions allowed the elution of FB 1 and FB 2 with a retention time of 7.5 min and 12.5 min, respectively.

Results and discussion

The calibration curves were obtained using the linear least squares regression procedure of the peak area versus the concentration. The linearity using LC-FD for FB 1 and FB 2 , in the working standard solutions at four determinations of five concentration levels, between 0.25 and 5.0 µg mL -1 , which corresponds to 0.52 ng and 10.4 ng injected, was good as shown by the fact that the correlation coefficients (R 2 ) were 0.984 and 0.994 for FB 1 and FB 2 , respectively. The limit of detection obtained by the NDA derivatization procedure, at a signal-to-noise of 3:1, was 20 µg kg -1 for FB 1 and 15 µg kg -1 for FB 2 .

The proposed analytical method was optimised in order to obtain good accuracy and precision. Recovery values were between 79.0 % for FB 1 , and 99.6 % for FB 2 at fortification levels of 150 and 200 µg kg -1 , respectively. The repeatability varied between 2.7, and 10.4 % for fortification levels at 200 and 100 µg kg -1 , respectively. Samples revealed high contamination levels, between ND and 1569 µg kg -1 for FB 1 and between ND and 457 µg kg -1 for FB 2 . In all groups of studied commodities, FB 2 was present at levels lower than FB 1 , which is usual in other studies [START_REF] Scudamore | Survey for aflatoxins, ochratoxin A, zearalenone and fumonisins in maize imported into the United Kingdom[END_REF][START_REF] Domijan | Fumonisin B1, fumonisin B2, zearalenone and ochratoxin A contamination of maize in Croatia[END_REF]. Quantitative data for FB 1 and FB 2 determined in the commodities referred above are reported in Table I together with FB 1 /FB 2 concentration ratios.

[Insert Figures 1 and2 about here]

[Insert Table I about here]

In our study, 72.7 % for all maize samples were contaminated with FBs (Table I). This corroborates the only known study in Portugal for FB 1 and FB 2 in nine naturally contaminated maize hybrids, originated from the 1992 crop from Agricultural School of Coimbra [START_REF] Doko | Incidence and levels of fumonisin contamination in maize genotypes grown in Europe and Africa[END_REF]. The mean concentrations in the present study were, for FB 1 , 322 µg kg -1 and 363 µg kg -1 , in yellow and white maize, respectively. For FB 2 , the mean concentrations were 99 µg kg -1 and 275 µg kg -1 , in yellow and white maize, respectively. These values were much lower when compared to those obtained in 1992, 1031 µg kg -1 for FB 1 and 1077 µg kg -1 for FB 2 [START_REF] Doko | Incidence and levels of fumonisin contamination in maize genotypes grown in Europe and Africa[END_REF]. II).

[Insert Table II about here] In maize from Spain the incidence was 87.3 % with a mean contamination level for FB 1 of 4800 µg kg -1 [START_REF] Castellá | Surveillance of fumonisins in maize-based feeds and cereals from Spain[END_REF]. In Morocco, the percentage of positive samples for FB 1 was 50%, being the highest value 5960 µg kg -1 [START_REF] Zinedine | Natural occurrence of mycotoxins in cereals and spices commercialized in Morocco[END_REF]. In maize imported into United Kingdom, the maximum concentration found was 3406 µg kg -1 for FB 1 , and 1268 µg kg -1 for FB 2 [START_REF] Scudamore | Survey for aflatoxins, ochratoxin A, zearalenone and fumonisins in maize imported into the United Kingdom[END_REF]. In Nigeria, FBs were detected in 78.6 % of the maize samples, being FB 1 the predominant toxin [START_REF] Bankole | Occurrence of aflatoxins and fumonisins in preharvest maize from south-western Nigeria[END_REF]). The same happened in Brazil, being FB 1 , and FB 2 present in all of the maize samples [START_REF] Westhuizen | Fumonisin contamination and Fusarium incidence in corn from Santa Catarina, Brazil[END_REF].

In this study, maize flour samples had the highest mean concentration of FB 1 contamination, 822 µg kg -1 with a maximum value of 1569 µg kg -1 being the maximum for total FBs 2026 µg kg -1 . [START_REF] Molinié | Analysis of some breakfast cereals on the French market for their contents of ochratoxin A, citrinin and fumonisin B1: development of a method for simultaneous extraction of ochratoxin A and citrinin[END_REF] also found 1113 µg kg -1 of FB 1 in breakfast cereals from the French market made exclusively from maize flour. In Italy, [START_REF] Cirillo | Natural co-occurrence of deoxynivalenol and fumonisins B 1 and B 2 in Italian marketed foodstuffs[END_REF] found in flour and wholemeal cereals ranges between 10 and 2870 µg kg -1 for FB 1, and 10 and 420 µg kg -1 for FB 2 . It was also observed that all the samples of maize flour from São Paulo, Brazil were positive for FB 1 and FB 2 . Mean values were 2100 and 700 µg kg -1 , respectively for FB 1 and FB 2 [START_REF] Bittencourt | Mycotoxin occurrence in corn meal and flour traded in São Paulo, Brazil[END_REF]. In Argentina, [START_REF] Broggi | Distribution of fumonisins in dry milled corn fractions in Argentina[END_REF] reported mean values of 358 and 122 µg kg -1 for FB 1 and FB 2 , respectively. In this study FB 1 ranged from 109 to 1600 µg kg -1 . In respect to maize semolina, 67 % of the samples were positive for FB 1 , with a mean contamination level of 118 µg kg -1 . [START_REF] Piñeiro | Fumonisins levels in Uruguayan corn products[END_REF] found an average of 105 µg kg -1 for FB 1 , whereas FB 2 was not detected in maize semolina samples from Uruguay.

In Switzerland, [START_REF] Pittet | Occurrence of fumonisin B 1 and B 2 in cornbased products from the Swiss market[END_REF] reported that 61.8 % of maize semolina samples were contaminated with 260 µg kg -1 of FB 1 and 23.6 % contaminated with 100 µg kg -1 of FB 2 . In a study conducted by [START_REF] Broggi | Distribution of fumonisins in dry milled corn fractions in Argentina[END_REF], in Argentina, it was found 135 µg kg -1 of FB 1 and 39.1 µg kg -1 of FB 2 in the 12 analysed maize semolina samples.

FBs were not detected in maize starch. The wet-milling process leads to losses that explain these results. Analysis of the fractions obtained from laboratory-scale wet milling of maize contaminated with fumonisins revealed that the starch fractions did not contain measurable amounts of FB 1 (Fumonisins -JECFA 2001) because of leaching of FBs into aqueous solutions (EMAN Basic Fact Sheet 5 Fumonisins). [START_REF] Piñeiro | Fumonisins levels in Uruguayan corn products[END_REF] also could not detect either FB 1 or FB 2 in the maize starch samples from Uruguay.

Sweet maize samples had the lowest contamination, 64 µg kg -1 in 18 % of the analysed samples, with no FB 2 being detected. The reduction in FBs levels might be due to the migration of fumonisins to the liquid owing to their water solubility [START_REF] Truckess | Immunoaffinity column coupled with liquid chromatography for determination of fumonisin B1 in canned and frozen sweet corn[END_REF], the high temperature used during canning [START_REF] Arranz | Review: HPLC determination of fumonisin mycotoxin[END_REF]) or a more rigorous control in the selection of this maize. [START_REF] Truckess | Immunoaffinity column coupled with liquid chromatography for determination of fumonisin B1 in canned and frozen sweet corn[END_REF] determined the presence of FB 1 in canned and frozen maize and reported that only 38% of the samples were positive, with an average level of 70 µg kg -1 for canned maize and 98 µg kg -1 for frozen maize. The analysis of the sweet maize from the Swiss market showed that FB 1 was detected in 14.3 % of the samples with mean concentration of 70 µg kg -1 while FB 2 was not found [START_REF] Pittet | Occurrence of fumonisin B 1 and B 2 in cornbased products from the Swiss market[END_REF]). In 1997, Piñeiro et al. only detected FB 1 in one of the analysed samples of frozen and canned maize with a contamination level of 65 µg kg -1 .

In respect to breakfast cereals, none of cornflakes and maize-based breakfast cereals samples contained FBs. These results are in agreement with those published by [START_REF] Sydenham | Fumonisins contamination of commercial corn-based human foodstuffs[END_REF] and [START_REF] Pittet | Occurrence of fumonisin B 1 and B 2 in cornbased products from the Swiss market[END_REF]. The first authors analysed, among other samples, cornflakes from South Africa and USA in order to study the FBs contamination of commercial maize-based human foodstuffs and did not find contaminated samples. [START_REF] Pittet | Occurrence of fumonisin B 1 and B 2 in cornbased products from the Swiss market[END_REF] studied the occurence of FB 1 and FB 2 in maize-based products from the Swiss market. Among the 12 cornflakes samples analysed, FB 1 was detected in only one in a contamination level of 55 µg kg -1 , while FB 2 was not detected.

More recently different authors have reported higher contamination levels of FBs in breakfast cereals. The FB 1 range in cornflakes from Uruguay was not detectable -218 µg kg -1 , while FB 2 was not detected [START_REF] Piñeiro | Fumonisins levels in Uruguayan corn products[END_REF]. [START_REF] Park | Analysis of heat-processed corn foods for fumonisins and bound fumonisins[END_REF] found that 14 out of 15 samples of cornflakes and other maize-based breakfast cereals analysed, contained detectable levels of FB 1 with a mean of 67 µg kg -1 (13-237 µg kg -1 ). Two samples also had detectable levels of FB 2 (21-23 µg kg -1 ). [START_REF] Tseng | Occurrence of fumonisin B1 and B2 in corn-based foodstuffs in Taiwan market[END_REF] reported an incidence of FB 1 of 3.5% with a range of 140-1281 µg kg -1 , whereas for FB 2 the incidence was of 17.6% with a range of 120-466 µg kg -1 . [START_REF] Molinié | Analysis of some breakfast cereals on the French market for their contents of ochratoxin A, citrinin and fumonisin B1: development of a method for simultaneous extraction of ochratoxin A and citrinin[END_REF] analysed breakfast cereals, with several ingredients including maize, alone or mixed. The range In general, the levels of fumonisin contamination found in cornflakes cereals in different parts of the world are regarded as low, although occasional samples with high concentrations have been reported [START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF]. One reason for the low levels found in cornflakes and other breakfast cereals is that the grits have the lowest concentration of fumonisins of any other fraction produced in commercial dry-milling of maize [START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF]. Another important reason is that free fumonisins are substantially lost during extrusion cooking of maize grits, extrusion cooking of maize flour, flaking and roasting of maize grits and the overall processing of maize flour to cornflakes [START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF][START_REF] Girolamo | Comparison of different extraction and clean-up procedures for the determination of fumonisins in maize and maizebased food products[END_REF][START_REF] Castells | Fate of mycotoxins in cereals during extrusion cooking: A review[END_REF]. Addition of glucose results in greater reduction of FB 1 on extrusion of maize grits, and during heatprocessing fumonisins are also reduced because of protein binding [START_REF] Kim | Hidden fumonisin in corn-flakes[END_REF].

Regarding snacks, the contamination levels reported by different authors are usually low, which is in agreement with our results. In our study from the 16 analysed samples, only one was found to be contaminated with 170 µg kg -1 of FB 1 and 90 µg kg -1 of FB 2 in a total of 260 µg kg -1 for both fumonisins.

In the USA the total contamination levels of FBs in snacks was lower than 250 µg kg -1 with an incidence of positive samples of 16.6% [START_REF] Pohland | Occurrence of fumonisins in the U.S. food supply[END_REF]. In snacks from Spain, FB 1 was found in a range of 0-200 µg kg -1 , being only 2 samples positive (Sanchis et 2001) reported the presence of 2-65 µg kg -1 of FB 1 in 6 out of 10 maize snacks samples and of 4-8 µg kg -1 of FB 2 in 3 out of 10 samples. Only [START_REF] Tseng | Occurrence of fumonisin B1 and B2 in corn-based foodstuffs in Taiwan market[END_REF] reported higher contamination levels in maize snacks of the Taiwan market. FB 1 , with an incidence of 33%, was found in a range of 0-2395 µg kg -1 , and FB 2 , with an incidence of 21 % was in a ramge of 0-715 µg kg -1 .

As for cornflakes these results might be explained by the extrusion processes that are the base of snacks manufactures [START_REF] Castells | Fate of mycotoxins in cereals during extrusion cooking: A review[END_REF] as under the temperatures reached in normal commercial conditions, FB 1 and FB 2 losses are small [START_REF] Jackson | Effects of baking and frying on the fumonisin B1 content of corn-based foods[END_REF].

Loss of fumonisins may also result from a non-enzymatic browning reaction involving the primary amine in fumonisins and reducing sugars in the food and not from the hydrolysis of FBs [START_REF] Jackson | Effects of baking and frying on the fumonisin B1 content of corn-based foods[END_REF].

One maize flour sample exceeded 1000 µg kg -1 and one sweet maize sample exceeded 400 µg kg -1 , limits proposed by European Commission (Nº856/2005). Two maize samples exceeded the maximum allowable concentration of FB 1 +FB 2 established by Switzerland, 1000 µg kg -1 [START_REF] Shephard | Natural occurrence of fumonisins in corn from Iran[END_REF].

One of the most important aspects of the risk assessment of chemical substances is the determination of the degree of human exposure. Considering the results obtained in the present study, for all samples collected at central zone of Portugal, the average sample contamination of FB 1 was 110 µg kg -1 , and for FB 1 + FB 2 was 140 µg kg -1 . On the other place in the EU rank of total consumption of cereals (INE, 2004). Assuming these, and that an adult body weights 60 kg, the estimated daily intake (EDI) in the Portuguese population for FB 1 and FB 1 +FB 2 in this study was 51 and 65 ng kg -1 body weight per day, respectively, corresponding to 26 and 33 %, respectively, to the estimated total intake of FB 1 in the European diet, 200 ng kg -1 body weight per day [START_REF] Soriano | Intake, decontamination and legislation of fumonisins in foods[END_REF]. The TDI, consumption, and EDIs based on mean level of FB1 and FB 1 +FB 2 of the different commodities are shown in Table III. The EDIs are much lower than the TDI established by European Commission (Nº856/2005).

The tolerable daily intake (TDI) for FB 1 +FB 2 is 2 µg kg -1 body weight per day (EC Nº856/2005). This intake was not exceeded for the most contaminated sample, representing 47 % of the TDI reported by the European Commission (Nº856/2005).

Maize flour made the main contribution to FB 1 ingestion, being the percentage of the estimated daily intake (EDI) related to the estimated total intake (ETI) of the European data of 178 % (Table III).

[Insert Table III about here]

Conclusions

Fumonisins were not detected in samples of maize starch, cornflakes and mixed cereals.

Every other commodity was positive for FB 1 +FB 2 , with mean levels between 16 and 995 µg kg -1 . Only two samples exceeded the limits proposed by European Commission.

Although none of the analysed samples would lead to exceedance of the TDI 

  of maize and maize products to Portuguese consumers' dietary exposure to FBs.

  Medical Electronics, Villiers-le-Bel, France) pump model, one 50 µL Rheodyne 7125 injector (Cotati, CA, USA), a C 18 -5 µm Nucleosil 120 KS (30 mm x 4 mm i.d.) guard column, and a C 18 -5 µm Nucleosil 120 (250 mm x 4.6 mm i.d.) column. A Perkin Elmer LS45 spectrofluorimeter (Perkin Elmer, Beaconsfield, UK) operated at an excitation wavelength of 420 nm, and an emission wavelength of 500 nm was used.

  recorded on a 3390 integrator (Hewllet-Packard, Philadelphia, PA).

  Both recovery and RSD values are in accordance with the performance characteristics for FB 1 and FB 2 established by CE 2005/38/EC of 6 June 2005.

  was successfully applied to 67 samples of maize and maizebased foods, such as flour, semolina, starch, sweet maize, cornflakes and other breakfast cereals, and snacks. The presence of FBs was verified in 15 samples (22.4%). All the contaminated and suspected samples were re-analysed by LC-ESI-MS, and the presence of FB 1 and FB 2 was confirmed. Figures1, and 2show chromatograms of standards solutions and contaminated samples analysed by LC-FD and LC-MS, respectively.

  in cereals from different countries shows high incidence and contamination levels (Table

  1-1110 µg kg -1 for FB 1 . The most contaminated sample was made exclusively from maize flour. In two samples FB 2 was also detected but not quantified.

  ).[START_REF] Patel | countries and occurrence of fumonisins (FB1 and FB2) in corn-based foods on the Danish market[END_REF] determined a range of 11-220 µg kg -1 of total fumonisins in maize snacks from UK with an incidence of 31/40. In Nordic countries, Peterson & Thorup (

  to data from Portuguese Food Balance, the maize consumption reached, in 2003, 10.19 kg per person per year, which means 27.90 g per person per day, second

  , some samples had contamination levels of concern. Consequently, additional efforts are required to prevent contamination of maize and maize-based products by Fusarium species and subsequent formation of FBs in order to minimize human exposure.

c

  Figure 1 -Liquid chromatography-spectrofluorimetric chromatogram of fumonisin B1 and B2: a) standard; b) contaminated sample (retention time 7.36 and 13.34 min for FB1 and FB2, respectively).

Figure 2 -

 2 Figure 2 -Liquid chromatography-mass detection chromatogram of fumonisin B1 and B2: a) standard; b) contaminated sample (retention time 7.5 and 12.5 min for FB1 and FB2, respectively).

Table II -

 II Occurrence of fumonisins in maize and maize-based foods (continued)

	Sample type	Country	Fumonisins		References
			Incidence	Range (µg kg -1 )	
	Breakfast cereals			FB 1 : 1 -1110	Molinié et al. 2005
	Heat-processed maize		HFB1: 100%	HFB 1 : 24 -418	Park et al. 2004
	Cornflakes		FB1: 22/25	FB 1 : 68	Kim et al. 2003
			FB2: 12/25	FB 2 : 8	
	Snacks	USA	Total: 1/6	Total: 250	Pohland 1996
	Snacks	Spain		FB 1 : 0-200	Sanchis et al. 1994
	Snacks	UK	Total: 31/40	Total: 11 -220	Patel et al. 1997
	Snacks	Nordic	FB1: 6/10	FB 1 : 2-65	Peterson & Thorup 2001
		countries	FB2: 3/10	FB 2 : 4 -8	
	Snacks	Taiwan	FB1: 33%	FB 1 : 0-2395	Tseng & Liu 1997
			FB2: 21%	FB 2 : 0 -715	

Table III -

 III Estimated daily intakes (EDIs)ª of fumonisins found in the different studied

		the mean body weight, which was considered 60 kg. b TDI proposed by European Commission
		(2005).					
			F o r				
			P				
			e			
		commodities	e r			
	Food Maize	TDI b (µg kg -1 bw day -1 ) 2	Consumption (g person -1 day -1 ) 27.9	Estimated daily R intake (EDI) for FB 1 (ng kg -1 bw day -1 ) e v related to % EDI Tolerable daily intake (TDI) from European i e diet 153 7.65 w	% EDI related to Estimated total intake (ETI) from European diet 76.5	Estimated daily intake (EDI) for FB 1 +FB 2 (ng kg -1 b.w day -1 ) 214
	Maize flour Maize semolina	2 2	25.9 c 1.36 d	356 2.7	17.8 0.135 O n 1.35 178 l	431 2.7
	Sweet	2	15.83 e	16.9	0.8	8.4 y	16.9
	maize						
	Maize	2	1.99	0.34	0.017	0.17	0.52
	snacks						
		ª EDI was calculated using the equation EDI = (∑c) (CN -1 D -1 K -1 ), where ∑c is the sum of
							4

fumonisins residue concentration in the analysed samples (µg kg -1 ), C is the mean annual intake per person, N is the total number of analysed samples, D is the number of the days in a year, and K is
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