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Keywords: 

 (Becalski and Seaman 2005[START_REF] Goldmann | Rapid determination of furan in heated foodstuffs by isotope dilution solid phase micro-extraction-gas chromatographymass spectrometry (SPME-GC-MS)[END_REF][START_REF] Ho | Determination of furan levels in coffee using automated solid-phase microextraction and gas chromatography/mass spectrometry[END_REF]. The method performance can be improved by the use of a deuterium labelled internal standard (d4furan) but care must be taken to ensure a suitable equilibration of the internal standard with the food sample (Becalski and Seaman 2005).

The United States Food and Drug Administration (US FDA) has recently analysed a variety of around 300 food samples for furan and found levels up to approximately 100 ng/g (US FDA 2004). This preliminary survey has been supported by other data presented by EFSA, the European Food Safety Authority [START_REF] Efsa | Report of the Scientific Panel on Contaminants in the Food Chain on provisional findings on furan in food to the European Food Safety Authority[END_REF] and the Swiss Office of Public Health [START_REF] Reinhard | Furan in foods on the Swiss market -method and results[END_REF].

Furan had been identified previously in a small number of heat-treated foods, including coffee, canned meat, bread, cooked chicken, sodium caseinate, hazelnuts, soy protein isolate, hydrolyzed soy protein, rapeseed protein, fish protein concentrate, and caramel [START_REF] Stoffelsma | Volatile components of roasted coffee[END_REF][START_REF] Persson | Aroma of canned beef: Gas chromatographic and mass spectrometric analysis of the volatiles[END_REF][START_REF] Maga | Furans in foods[END_REF]. There is value in expanding the database of information on the occurrence of furan in food as purchased and prepared, and on mechanisms of formation of furan in food. The study on the factors affecting the formation of furan reported here was carried out as part of the EU 6 th framework 'Heatox' project on heat-generated food toxicants [START_REF] Hellenas | The HEATOX project[END_REF].

In 1979, Maga reviewed the formation of furans in food [START_REF] Maga | Furans in foods[END_REF]). The primary source of furans in food was thought to be from thermal degradation and rearrangement of organic compounds, particularly carbohydrates. A variety of experimental systems, including heating of sugars (e.g., glucose, lactose, fructose, xylose, rhamnose), heating sugars in the presence of amino acids or protein (e.g. alanine, cysteine, casein), and thermal degradation of vitamins (ascorbic acid, dehydroascorbic acid, thiamine), have been used to produce, isolate, and identify furan in food. In the studies reviewed by Maga, the furan was found to be formed in the thermal degradation of glucose, glyceraldehydes, D-erythrose, pentosans, hexoses, and polysaccharide; and in a lactose/casein browning system.

More recently Perez Locas and Yaylayan have studied the formation of furan from model systems using pyrolysis-GC-MS analysis and 13 C 3 labelled sugars, amino acids and ascorbic acid (Perez Locas and Yaylayan 2004). They observed that certain amino acids, such as serine and cysteine, can degrade to form furan but that other amino acids, such as aspartic acid, threonine and α-alanine, require the presence of a sugar to form furan. They found from the model systems studied that ascorbic acid had the highest potential to form furan followed by glycoaldehyde/alanine > erythrose > ribose/serine > sucrose/serine > fructose/serine > glucose/cysteine.

In 2005, Becalski and Seaman also reported the formation of furan from ascorbic acid and its derivatives (Becalski and Seaman 2005). In addition they demonstrated that 

Materials and methods:

Reagents and samples Furan (99+%) and d 4 -furan >99 atom% D were supplied by Sigma-Aldrich (Poole, Dorset). Food samples were obtained from local retail stores.

Apparatus

Domestic heating was carried out using a Sharp Carousel R-7400 microwave oven, output 600W, frequency 2450 MHz; a Victoriana HPG gas hob; an Electrolux EOB 811 electric oven; a Morphy Richards 4460 toaster; and a Prestige Smartplus 57050 pressure cooker.

Gas chromatography/mass spectrometry was carried out using a ThermoFinnigan

Voyager benchtop system fitted with a CTC CombiPal static headspace autosampler.

The column was of 15 m x 0.32 mm i.d. fused silica, with a 20 µm bonded polystyrenedivinylbenzene phase (HP-Plot Q). The carrier gas was helium at a constant flow of 1.7 mL/min. The split/splitless injector port and mass spectrometer interface were heated to 200 and 250°C respectively. The oven temperature was programmed from 50°C held for 1 min, to 225°C at 10°C min -1 and held 12.5 minutes. Split injections were made at a ratio of 2:1. spike solution (50 uL, 25 µg/ml) was added to one of each pair of samples. Vials were cooled in ice prior to and during the addition of internal standard to avoid loss of furan.

Furan was quantified by comparing the peak area ratios of the response at m/z 68 for furan and m/z 72 for d4-furan for the unspiked sample with that for the standard addition sample. For some experiments quantification was based on an external calibration series. This was necessary since in these experiments the total sample produced on heating constituted one analytical sample and quantification by standard additions could not be used. For both versions of the method the samples were run in batches of up to 30 samples. Each batch included a reagent blank, a low-level tomato sauce reference material (a retail sauce naturally containing furan, which had been characterised by repeated analysis) and a spiked sample fortified at 25 ng/g. The method had a limit of detection of 2 ng/g.

Furan levels in retail foods before and after heating

Levels of furan in retail foods before and after heating under domestic conditions were studied using composite samples of foods purchased in retail stores. The composition of the composites is provided in Table 1. To retain the structure of the food so that a realistic procedure could be carried out samples containing large particulates, such as vegetables, were mixed by selecting equivalent proportions of each sample. This procedure inevitably led to some lack of homogeneity of the composites prior to subsampling for heating. Liquid samples were chilled and stirred together.

Insert Table 1 about here Foods were heated using domestic appliances (electric toaster, microwave oven, gas and electric cookers) using the instructions given on the packets of the individual components. All heating experiments were carried out at least in duplicate. For microwaving, baby foods, stews, sauces, canned vegetables, custard, fish, potatoes, fresh vegetables, soup and baked beans, were heated in either a glass or polyethylene microwave casserole with or without a lid on the high setting for the time indicated by the instructions (between 2 and 4 minutes) with stirring once midway through the total time. Canned vegetables were cooked in their canning liquid. Baby foods were cooked for 30 seconds. Microwaved milk was heated in a cup for 3 minutes on high setting.

To warm baby foods they were placed in a glass basin over water and stirred constantly in for 4 minutes. Infant formulae were prepared in a polyethylene baby feeding bottle by adding boiled water which had been cooled to 60 ° and standing for 10 seconds.

Boiled or saucepan-heated foods (baby foods, stews, sauces, canned vegetables, custard, fish, potatoes, fresh vegetables, soup and baked beans) were heated in a PTFE coated saucepan on a high flame to boiling point and then turned to a low setting for the time indicated by the instructions, which was typically four minutes. Canned vegetables were cooked in their canning liquid. Where appropriate (custard, baked beans, sauces, soup) samples without lids were stirred continually.

Coffees were prepared from ground medium-roasted powder using a cafetiere using quantities recommended on the packet. Instant coffee was prepared in the cup by adding boiling water to a heaped tea-spoon quantity of coffee powder. For both coffees other samples were stood for 5 minutes, or had milk added before cooling prior to analysis.

Bread was toasted in a pre-heated domestic toaster for 4 minutes and left for 30 seconds before being placed in sealed polythene bags for storage. For roasting fish and meats the oven was pre-heated to 190 ºC. Fish were placed in a glass casserole with water and cooked for 30 minutes. Meat samples were purchased as minced meat. Portions of 200 g were formed into thick burger shapes and placed on a PTFE sheet on a baking tray in the oven for 30 minutes.

A representative selection of food types and heating methods was chosen and experiments on these were carried out five times to allow for an estimation of uncertainty on the whole preparation process. Foods were allowed to cool to about 60

°C before bottling to replicate serving time prior to consumption. Samples were then stored in screw cap high-density polyethylene bottles prior to analysis. This would not affect the levels of furan in the samples since the polar furan molecule would have little affinity for the waxy polymer of the storage bottles and the storage period was brief (1-7 days at -20°C). All samples were analysed before and after heating. To allow reasonable comparison for heated and unheated coffee and infant formula samples, cold water was used to prepare the unheated samples.

Circumstances leading to furan formation

This study addressed questions as to whether furan is formed by simply heating foods, whether is it found predominantly in canned and jarred foods because it cannot escape by evaporation, and whether is it produced (in part) by migration from the packaging or by reaction of the food with the packaging.

Retail dried vegetable soup mixtures were used for some experimental work. The mixtures comprised yellow split peas, green split peas, green lentils, red spilt lentils, green beans, onion, pearl barley, pasta and pot barley. The mixtures were milled together to a fine powder and homogenized thoroughly by roller mixing to form a Typically a mixture of 0.5 g dried vegetable mix and 8 ml distilled water was used as the model on which to carry out heating experiments as this resulted in a heated product of suitable mobility for direct analysis, obviating the need for addition of extra water, or homogenisation.

Retail food composites of three types: sweet (rice pudding), savoury (baby food)

and acidic (fruit puree) foods were also used for these experiments. Where possible, retail samples that had not been processed in either jars or cans were used, otherwise food processed and sold in glass jars was used for experiments with coupons of can material (cut from sheets used to manufacture food cans) and food processed and sold in metal cans was used for experiments with sections of gaskets. This ensured that the food used had not previously been exposed to the packaging materials being tested.

To demonstrate whether furan is formed in foods by heating, 0.5 g portions of the ground vegetable mixture (mixed with water) and the other foods were heated in sealed vials in a pressure cooker at 12 p.s.i. and 117°C for 20 minutes. Samples were then analysed in the same vials after chilling, removal of the caps, addition of internal standard and resealing. Prior to heating six 2-4 mm glass beads were placed in the vial with the sample to improve mixing during headspace shaking incubation. This negated the need for sample homogenisation which could have led to the loss of furan.

To assess whether the predominance of furan in canned and jarred foods is due to heat processing in a closed environment, samples of the ground vegetable mix and the other foods were heated as described above in both sealed and open vials. Open vials were sealed immediately after heating. Internal standard was added as before. To assess whether interaction with lacquered packaging plays any part in furan formation, samples of the foods were heated as described above in the presence of coupons of tin-plated steel coated with a variety of food can lacquers. Typical can surface area to food mass ratios were calculated for a variety of canned foods including baby foods, which are sold in particularly small cans. The ratios ranged from 0.8 to 1.2 cm 2 /g. To ensure that a ratio in excess of this was used, eight 1 cm 2 coupons (lacquered on one side) were heated with 5 g of each food.

To assess whether interaction with gasket material plays any part in furan formation similar samples were heated as described above with portions of different gaskets removed from jar lids, and with portions of epoxidised linseed (ELO) and soyabean oils (ESBO) that are commonly used in the formulation of sealing gaskets.

Typical gasket mass to food mass ratios from jars were calculated and an excess (0.03 g) of gasket was heated with 5 g of sample. Quantities of ELO and ESBO, and nonepoxidised linseed and soyabean oils, were heated with ground vegetable mix and water as described above. The oil quantities used were in considerable excess (0.5 g) in order

to amplify any minor effect.

Results and discussion:

Analytical methodology

The headspace gas chromatography mass spectrometry method reported by the US FDA (US FDA 2004) used an incubation period at 80ºC for equilibration of furan between the sample and headspace, which we considered might lead to the formation of furan during this heating step. Using a range of incubation temperatures applied to samples of tomato sauce, baked beans, baby food and heated vegetables we found no apparent formation during incubation if the temperature was less than 60°C, however, furan concentration increased when the incubation temperature was raised to 80°C by between 10-300% depending on the food matrix. We considered that 50°C was a suitable incubation temperature for general use. The use of automated vial shaking removed the need for prolonged equilibration times indicated by Becalski et al (Becalski et al. 2005).

Quality Assurance

All reagent blank samples showed a response equivalent to less than 2 ng/g. All determinations of furan in the tomato sauce reference material fell within two standard deviations of the characterised value (2 ng/g ± 1.8 ng/g). Recoveries for the tomato sauce reference spiked at 25 ng/g ranged from 83 % to 97 %. The correlation coefficients of all calibration standard graphs were higher than 0.99. The analytical measurement uncertainty was calculated from between-batch precision and mean recoveries for in-house reference materials and fortified samples in accordance with Eurachem guidelines [START_REF] Ellison | Quantifying Uncertainty in Analytical Measurement, Eurachem/CITAC Guide[END_REF], was found to be ± 2.0 ng/g at 2 ng/g, ± 9 ng/g at 25 ng/g and ± 33 ng/g at 100 ng/g.

Cooking Variation

Reproducibility experiments on the various heating methods gave an estimate of the variability of results due to cooking variation; a combined measurement uncertainty for both heating and analysis could then be given for each result.

Heating soup over five batches in a saucepan gave a mean furan concentration of 19 ng/g with a standard deviation of 13 ng/g. Heating in a microwave gave a mean of 21 ng/g with a standard deviation of 17 ng/g. Toasting bread over five batches gave a mean furan concentration of 39 ng/g with a standard deviation of 54 ng/g (range: 3-129 ng/g). Coffee prepared in five batches had a mean furan concentration of 4 ng/g with a 

Furan levels in raw foods then heated

The levels of furan found before and after heating composites of retail foods which had not been cooked during manufacture were measured.

Furan was detected only in potatoes (2 ng/g) and green vegetables (6 ng/g) of the foods which had not been heated during manufacture. Furan was not detected in these foods after heating but was measured at very low level (2 ng/g) in the roasted root vegetables.

Prior to heating foods that had not been heated in cans or jars during production (fresh vegetables, fish, and meat) furan was either not detected or present at only very low levels.

Furan levels in heat-processed foods then heated

The levels of furan found before and after heating composites of retail foods which had been heated during manufacture are shown in Table 2. Of the foods not processed in cans or jars but subjected to other heat processing during production, i.e., milk (pasteurised), infant formula (spray dried), bread (baked), and coffee (roasted) only coffee contained detectable furan prior to heating. The custard composite was made up of samples purchased both in cans and in foil-lined boxes; it contained no detectable furan prior to heating.

Insert Table 2 purchase formed no significant levels during preparation. No differences resulting from alternative heating methods were greater than the combined measurement uncertainty due to heating and analysis and therefore it is not possible to say whether a particular heating method had an effect on the formation of furan, but if any did then it was not at a significant level.

The only sample that did not contain detectable furan on purchase, but which after heating was bread. A mean level of 39 ng/g was found in the five toasted bread samples, however, the variation was very large (sd = 54 ng/g), as was the variation in toast colour and final temperature (possibly a function of the toaster performance). The link between final temperature and furan level is not clear but generally higher temperatures produced higher levels of furan. Temperatures of about 140-160 °C resulted in 3 ng/g furan whereas temperatures of about 170-200 °C resulted in 12-129 ng/g furan. The fact that no detectable furan was found in baked but untoasted bread might reflect the smaller surface area to volume ratio of the loaf compared with the bread slice. It may also be due to loss of furan through evaporation during open cooling of the loaf, or that the white breads used were baked in steam rather than by traditional 'dry' methods.

Coffee prepared from ground roasted coffee beans contained greater concentrations of furan (based on the brewed product) than that prepared from soluble instant coffee. This is consistent with the much greater concentration of furan in ground coffee beans (about 2000 ng/g) compared to instant coffee granules (about 500 ng/g).

Coffee prepared from ground coffee beans using cold water contained less furan than that prepared using hot water. This may be due to formation in the hot water or it may reflect the greater extractability of furan in hot water, if so it must outweigh any increased losses due to greater evaporation. 

Circumstances leading to furan formation

The method performance characteristics were within the range of the previous experiments. The analytical measurement uncertainty was found to be ± 2.1 ng/g at 2 ng/g, ± 4.2 ng/g at 25 ng/g and ± 15 ng/g at 100 ng/g.

Reproducibility experiments on the heating of the dried vegetable model system gave a mean furan concentration of 41 ng/g with a standard deviation of 18 ng/g across 23 batches. Since these experiments concern the effects of additions to the sample rather than the effects of varying heating conditions, and samples for comparison were all prepared in the same batch, between-batch variation due to heating was not included in the measurement uncertainty.

Table 3 shows the concentrations of furan found in samples of retail foods before and after heating at 117 °C under 12 p.s.i. pressure.. An increase in furan on heating was observed in samples of rice pudding, fruit puree and in one of the two baby foods. These retail samples included foods purchased in cans and jars, which had therefore already been subjected to heat treatment. This increase shows that although some furan had already been produced during the manufacture of these foods, there is a potential for further formation. However, both samples of canned foods showed a markedly lower tendency to form further furan under this heating regime than did the other foods and this may indicate that the limit of furan formation had been reached during the heating processes of industrial preparation.

Insert Table 3 suggests that the occurrence of furan in predominantly canned and jarred foods may be due to there being no loss by evaporation, leading to accumulation.

The concentration of furan found in samples of retail foods heated in the presence of coupons of can with various lacquers are shown in Table 4. Comparing the percentage differences of the concentration of furan in samples containing coupons of can to the control samples containing no can it was apparent that the differences are random across the different food types, thus the canning materials played no significant part in the formation of furan.

Insert Table 4 about here

Table 5 shows the concentration of furan found in samples of retail foods heated in the presence of portions of various sealing gaskets. Plotting the percentage differences of the concentration of furan in samples containing portions of sealing gaskets to the control samples containing no gasket showed that the differences were random across the different food types.

Insert Table 5 about hereThe concentration of furan formed on heating ESBO, ELO, and unepoxidised soybean and linseed oils with and without ground vegetable mix is shown in Table 6.

Insert both formed some furan, with the sample containing linseed oil forming appreciably more than that with soybean oil. Similarly when the epoxidised oils were heated with vegetable mix ELO formed considerably more furan than EBSO. There was no cooperative effect observed between ESBO and ground vegetable mix, since the total furan formed was approximately the sum of the furan obtained from each component alone. However, this was not the case for the sample of ELO with ground vegetable mix, which formed more furan than the components alone and more than untreated linseed oil with the same vegetable mix.

Linseed oil contains ~60% linolenic acid (18:3) and ~20% linoleic acid (18:2) whereas soybean oil is less unsaturated and contains ~10% linolenic and ~50 % linoleic.

It has been shown that linolenic acid is a more efficient precursor of furan than linoleic acid (Becalski and Seaman 2005). The greater unsaturation of linolenic acid may provide more potential for formation through auto-oxidation and cleavage. The differences in the compositions of the fatty acids in the oils are, therefore, consistent with the patterns of formation of furan.

Although the experiments show that epoxidised oils do contain and form furan on heating and furthermore, that for ELO this is increased on interaction with food, the concentrations of epoxidised oils used here, 2g/g vegetable, are much greater than result from contact with sealing gaskets in jars of food. Gaskets contain up to 30% epoxidised oil thus the ratio in contact with food is <2mg/g food. The fact that the furan concentration did not increase on the addition of portions of gasket is consistent with this. Furan levels in retail food samples were found to persist during the normal heating practices that precede consumption. If extra furan was formed in these foods during preparation then a concurrent loss by reaction or evaporation also occurred.

Furan was demonstrated to be formed in foods by heating, although it was shown not to accumulate to a significant degree on heating in an open vessel. Furan appears to accumulate particularly in heat-processed canned and jarred foods, because they are sealed containers that receive a considerable thermal load.

There were no interactions with cans and their coatings nor with gaskets that had a significant influence on furan formation. Studies of the epoxidised oils used in sealing gaskets showed that the epoxidation of oils leads to the formation of furan, particularly in linseed oil which has a high content of linolenic acid. Furthermore heating ELO led to further formation of furan, particularly in the presence of vegetable mix. At the levels of epoxidised oils found in gaskets, however, there should be no effect on the formation of furan in foods.

In agreement with work carried out by Becalski and Seaman (Becalski and Seaman 2005), soybean oil and linseed oil were found to be precursors of furan and their potency as precursors reflected the degree of unsaturation in their fatty acid composition. 

  formed from the oxidation of polyunsaturated fatty acids at elevated temperatures and that the addition of commercially available antioxidants (such as tocopherol acetate) reduced the formation of furan by up to 70 %.The objectives of this work were to investigate the comparative levels of furan in retail foods as purchased and after preparation by different domestic cooking practices (microwaving, boiling, and roasting), and to study its formation and accumulation in food contained in cans and jars.

  The headspace incubation oven temperature was 50°C and the syringe needle 80°C. Samples were incubated for 30 minutes with shaking. The injection volume was 1 ml and the injection speed 30 ml/minute.The mass spectrometer was operated in electron ionization mode with a source temperature of 200ºC and an emission current of 150 µA. Furan was detected by selected ion monitoring of the major ion at m/z 68 and confirmed by monitoring of the ion at m/z 39. The internal standard was detected by monitoring the equivalent ion at m/z 72.MethodFor the experiments on the domestic preparation of foods, analyses were carried out using a modification of the USFDA method (US FDA 2004), with a reduced incubation temperature of 50 °C. Stock solutions (c.a. 2.5 mg/mL) of furan and d 4 -furan were prepared by adding 50 µL furan via a chilled gastight syringe through the septum of a weighed 20 ml headspace vial containing 20.0 mL methanol. The mixture was then reweighed to determine the exact concentration of furan. Working solutions were prepared daily by dilution of the stock solutions using the same procedure. External calibration standards equivalent to 5, 25, 50, 125, 250, 500 and 1000 ng/vial were prepared.Foods that were not homogenous were chilled in a refrigerator for a minimum of 4 hours. They were transferred to a beaker immersed in an ice bath and homogenised using a blender for about 20 seconds. Duplicate 5 g portions of each sample were weighed accurately into 20 ml headspace vials and 5 mL chilled water were added quickly. Internal standard solution (50 uL, 25 µg/ml) was added to each vial, and furan

  be stored, handled conveniently, and made into a 'wet' food in the headspace vial by addition of water.

  1 ng/g. Furan was not detected in any meat sample roasted in five batches.

TABLE CAPTIONS Table 1

 CAPTIONS1 Composition of the composite samplesTable 2 Summary of furan levels in heat-processed foods on cooking Table 3 Effects of heating in a closed vessel on furan concentration in food Table 4 Effects of contact with can materials on furan formation Table 5 Effects of contact with jar lid gasket materials on furan formation Table 6 Formation of furan from dried vegetable/epoxidised oil mixtures

	Table 2 Vegetable soup	unheated	17		4
	Experiment	saucepan heated	Furan ng/g 19		MU a 11
	Baby food chicken	uncooked microwaved	23 21		6 15
	Vegetables canned	microwaved unheated	17 4		19 2
		warmed saucepan heated	18 4		17 5
	Baby food vegetable	uncooked microwave glass lid	32 3		8 5
		microwaved microwave open	31 3		35 4
		warmed microwave plastic lid	20 3		19 4
	F o r F o r Baked beans uncooked microwaved saucepan heated White bread uncooked toasted F o r a Total Measurement uncertainty including uncertainty due to both analysis and heating 24 6 31 35 24 23 <2 39 48 b As prepared in cold water F o r
	Coffee instant	P e P e uncooked b as made P P on standing e e	4 4 4		2 1 2
	Ground coffee	e r e r with milk uncooked b e r e r	4 28		2 7
	Custard Infant formula	R e v i e w R e v i e w 54 43 38 R R e e <2 <2 saucepan heated as made on standing with milk uncooked microwaved <2 uncooked v i e v i e <2 heated as directed <2 microwaved <2 w w	13 10 9
	Milk Stew	uncooked saucepan heated microwaved uncooked saucepan heated	<2 <2 <2 25 17	O n l y O n l y O n l O n l 6 16 y y
		microwave glass lid	26		30
		microwave open	17		19
		microwave plastic lid	16		19
	Tomato based sauce	uncooked	12		3
		saucepan heated	6		6
		microwave glass lid	9		10
		microwave open	7		8
		microwave plastic lid	6		7
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	Table 6			
	Sample Sarah Hasnip*, Colin Crews and Laurence Castle Type of oil Heated/ Unheated Range ng/vial Introduction:	Mean ng/vial	MU c ng/vial	Mean ng/g vegetable
	None Central Science Laboratory Sand Hutton York YO41 1LZ (UK) Heated 55-59 57 Vegetable mix a Furan is a cyclic ether with a low boiling point (32 °C). It has been reported to occur in 9 114
	ESBO a number of foods that undergo heat treatment, such as canned and jarred foods (US Heated 99-102 101 12 202
	ELO * corresponding author :-s.hasnip@csl.gov.uk Heated 1716-1718 FDA 2004). The presence of furan is a potential concern because it is both carcinogenic 1717 13 3434
	SBO LO ESBO F o r Abstract: Water b Levels of furan in various foods were measured before and after heating under heating Heated 97-103 100 12 200 Heated 321-362 341 33 683 Heated 27-29 28 8 and laboratory conditions. The effect of contact with can coatings, sealing gaskets and and cytotoxic in rodents and is regarded as a possible human carcinogen by the F International Agency for Research on Cancer (IARC 1995). o r Methods for the determination of furan have been based on headspace sampling
	ELO P Heated the epoxidised oils used in gasket manufacture on furan formation was studied. The 986 986 93 P using, syringes (US FDA 2005, Becalski et al. 2005, Becalski and Seaman 2005) or
	ESBO ELO SBO objective was to identify factors affecting furan formation. Furan present in heat-Unheated 27 27 11 Unheated 180 180 26 Unheated 10 10 10 e e r processed food samples persisted during cooking. Furan was shown to form in foods on e solid phase microextraction (Goldmann et al. 2005, Ho et al. 2005). Quantification has e r been achieved by means of standard additions (US FDA 2005) or external calibration
	LO heating, although it did not accumulate to a significant degree on heating in an open Unheated 14 14 10 R R graphs
	Notes:-a vessel. There were no interactions between foods and cans, can coatings or gaskets that e e 8 ml water ± 0.5 g vegetable mix b 8.5 ml water c Analytical measurement uncertainty only since heating experiments were carried out in the same batch and inclusion of between batch heating variation is not appropriate. v i e had a significant influence on furan formation. Furan accumulated particularly in heat-processed canned and jarred foods because they are sealed containers that receive a v i e ESBO Epoxidised soybean oil ELO Epoxidised linseed oil SBO Soybean oil LO w considerable thermal load. Heating epoxidised oils used in sealing gaskets formed furan. w Linseed oil O n l At the levels used in gaskets, however, epoxidised oils should not affect the formation of furan in foods. O n l
			y y	
	Keywords: furan, heat processing contaminants, canned food, jarred food	

  about hereTable 3 also compares the concentrations of furan found in samples heated in open vials with those of samples heated in sealed vials. Samples heated in open vials accumulated very little furan in comparison to sealed samples. This
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	about here
	Unheated soybean and linseed oils contained similarly low levels of furan.
	Furthermore the epoxidised oils contained more furan than the unepoxidised oils,

notably so for linseed oil. Heating the epoxidised oils led to further formation of furan in ELO but not in ESBO. When the unepoxidised oils were heated with vegetable mix
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