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The bark of cork oak (Quercus suber L.) is the material used to produce cork stoppers 15 for wine bottles, especially for high quality wines. Fungi present on oak bark can 16 affect the quality of cork stoppers and consequently affect the wine if their 17 metabolism causes the formation of unpleasant moldy off-flavours (Lee and Simpson 18 1993). Cork taint is one of most serious problems for the wine and cork industries: it 19 causes financial losses every year and damages the reputation of the wine industry. It 20 has been estimated that the proportion of bottles affected by cork taint ranges from 1-21 5% or even higher, although conclusive evidences that the wine has been tainted by 22 the cork closures is lacking [START_REF] Tanner | Zur analytischen Differenzierung von Muffon 22 und Korkgeschmack in Wein[END_REF][START_REF] Prescott | Estimating a "consumer rejection 23 threshold" for cork taint in white wine[END_REF]; Sefton and 23 [START_REF] Sefton | Compounds causing cork taint and the factors 8 affecting their transfer from natural cork closures to wine -a review[END_REF]. Even if chloroanisoles and especially TCA have been considered the 24 primary compound responsible for at least 80% of the cases of cork taint, also other 25 substances have been identified as implicated in this problem [START_REF] Butzke | Detection of cork taint in wine using 20 automated solid-phase microextraction in combinated with GC/MS-SIM[END_REF]; 1 Quercus 1999). These compounds include geosmine, guaiacol, 1-octen-3-one, 2-2 methoxi-3,5-dimethylpyrazine [START_REF] Simpson | Off-flavour in wine caused by guaiacol[END_REF][START_REF] Amon | Compounds responsible for the cork 15 taint in wine[END_REF]Capone et al. 3 2002;[START_REF] Riu | Determination of 2,4,6-trichloroanisole 4 in wine by headspace SPME and GC-ECD[END_REF][START_REF] Simpson | Isolation and identification of 2-19 methoxy-3,5-dimethylpyrazine, a potent musty compound from wine corks[END_REF]). Recently [START_REF] Chatonnet | Identification and 4 responsability of 2,4,6-tribromoanisole in musty, corked odors in wine[END_REF] have 4 observed that 2,4,6-tribromoanisole (TBA) can be responsible for the cork taint when 5 insufficient amounts of TCA were detected. (TCP) is recognized as one of the greatest environmental contaminants. Significant 13 efforts have been made to isolate and characterize the microorganisms that are able to 14 transform TCP into TCA. Some fungal strains have been isolated from food-15 packaging materials [START_REF] Tindale | Fungi isolated from 1 packaging materials: their role in the production of 2,4,6-trichloroanisole[END_REF][START_REF] Whitfield | Effect of relative-humidity and 4 incubation-time on the O-methylation of chlorophenols in fiberboard by 5 Paecilomyces variotii[END_REF]) and several fungi 16 isolated from drinking water [START_REF] Nyström | 20 Drinking-water off-flavor caused by 2,4,6-trichloroanisole[END_REF]) to methylate TCP to produce TCA. 17

In these cited studies, TCA has been the most important compound, and no comments 18 have been found about other possible products formed although other compounds are 19 detected but at traces levels. Various hypotheses have been suggested to explain how 20 TCA is generated: [START_REF] Maujean | Explications bioquimiques et 15 metaboliques de la confusion entre goût de bouchon et goût de moisi[END_REF], justified the formation of TCA with the 21 hypochlorite wash of cork, but today this process has fallen into disuse. Other authors 22 indicated the catabolism of pentachlorophenol (PCP), 2,3,4,6-tetrachlorophenol 23 (TeCP) and higher chlorinated compounds such as the possible origin of TCA (Tanner 24 On the other hand, the bark of the cork oak contains unchlorinated phenolic 4 compounds to defend the oak from microbial attacks, and these substances in the 5 presence of chlorine can turn into chlorophenols [START_REF] Maujean | Explications bioquimiques et 15 metaboliques de la confusion entre goût de bouchon et goût de moisi[END_REF]Codina et al. 6 1993). For this reason, their formation can occur at any time during cork stopper 7 processing, from the forest to shipping (Ducan et al. 1997). Moreover, the 8 contamination of the atmosphere in wineries by chlorophenols and chloroanisoles can 9 be caused by agents arising from wood preservatives, paints, cardboards, etc. Later, 10 these substances can pass into the stored materials, i.e. adjuvants, bottles, cork 11 stoppers, and can come into contact with the wine, thereby causing cork taint (Amon 12 et al. 1989;[START_REF] Barker | Absorption of 2,4,6-trichloroanisole by wine corks via the vapour phase in an 18 enclosed environment[END_REF]. 13 14 Numerous studies have been carried out on TCA but few on TCP, its phenolic 15 precursor, which can be present in cork, producing cork taint in the presence of fungal 16 strains able to form TCA [START_REF] Álvarez-Rodríguez | Cork taint of wines: role of the filamentous fungi 12 isolated from cork in the formation of 2,4,6-trichloroanisole by O methylation of 13 2,4,6-trichlorophenol[END_REF]. Until now there were no 17 studies dealing Botrytis cinerea, a microorganism that can frequently be found on 18 grapes and in winery atmospheres. 19 20 In a previous study, different fungal strains isolated from cork were identified and 21 their ability to produce volatile compounds was tested both on a solid medium and on 22 cork [START_REF] Caldentey | Volatile compounds produced 23 by microorganisms isolated from cork[END_REF]). Hence, the characterization of the same fungal strains 23 growing in presence of TCP, on both solid medium and on cork, was also carried out 24 with regard to their ability to consume TCP and to produce TCA and to increase our 25 Agar (MEA) for fungi maintenance and growth was from Oxoid (Hampshire, United 11 Kingdom). 12 13 Raw cork stoppers were washed with water and subjected to two autoclave treatments 14

for 15 min at 130 ºC. Later they were analysed by the optimized method and proved 15 free from TCP and TCA. So they were powdered by grinding (Model 4, Thomas-16 Wiley, U.S.A.) after freezing under liquid nitrogen and the fraction with a diameter of 17 ≤1 mm was retained. 18

Microorganisms 19

The fungal strains used were from the Istituto di Enologia e Ingegneria agro-20 alimentare culture collection. They were isolated from raw one-piece cork stoppers 21 and the identification was made by macroscopic observations (shape, size, colour of 22 colonies) and microscopic observations, as reported in previous studies (Caldentey et 23 al. 1998;Samson et al.1995). This method is not able to identify at the level of species 24 Trichoderma, so the isolates were distinguished by number. 2

The following fungi were considered: 3 different Penicillium spp (I 1, I 2, I 3 ), 2 different 3 Aspergillus spp (I 1, I 2 ), 1 Trichoderma sp and 1 Chrysonilia sitophila. Moreover 1 4

Botrytis cinerea, isolated from grapes, was considered. 5

Purity of the each strain was observed microscopically by looking at morphology of 6 reproductive structures (Philips XL-30 ESEM). 7

2,4,6-Trichloroanisole biosynthesis from 2,4,6-trichlorophenol by fungal growth on 8

MEA medium 9

The spores of each active fungal strain were inoculated with 10 5 CFU in a flask on 10 100 ml of MEA containing TCP (1 mg/l). Duplicate flasks in two independent 11 experiments were incubated statically for 20 days at 25 °C. 12 Blank experiments were carried out, as described, on MEA, on MEA with no addition 13 of TCP and inoculated with fungi, and on MEA added with TCP and not inoculated. (aqueous ethanol solution 1) was added. Then a second extraction was carried out on 1 the same flask, with 100 ml of absolute ethanol for 48 hours at 25°C. The alcoholic 2 solution was then filtered through filter paper and 50 ml of distilled water (aqueous 3 ethanol solution 2) was added. The two aqueous ethanol solutions (1 and 2) were 4 separately extracted twice with 20 ml of n-hexane. Each hexane extract was analyzed 5 separately by gas chromatographic analysis as described below. 6

TCA and TCP analysis 7

The hexane extracts were analysed using gas chromatography equipment GC 1000 8 (DANI Instruments S.p.A., Italy) coupled to an electron capture detector (ECD). 9

Splitless mode injection (0.5 µl) was made into an EC-5 column (30 m x 0.25 mm 10 i.d.; 0.25 µm film thickness; Alltech, U.S.A.). The operating conditions were: injector 11 temperature of 200 °C, a detector temperature of 300 °C, carrier gas N 2 at 1.0 ml/min, 12 make up gas N 2 at 30 ml/min. The oven temperature programme was of 5 min at 60 13 [START_REF] Zalacain | Stir bar sorptive 7 extraction for the analysis of wine cork taint[END_REF]. [START_REF] Pereira | Cork taint in wine: 14 scientific knowledge and public perception -a critical review[END_REF] 14

Results and discussion 15

The analysis of blank samples from experiments carried out on MEA (only MEA, 16

MEA with no addition of TCP and inoculated with fungi, and MEA added with TCP 17 and not inoculated) and on cork (only cork, cork with no addition of TCP and 18 inoculated with fungi, and cork with addition of TCP and not inoculated) did not show 19 any TCA level, as TCP had not been transformed. The recovery of the overall method 20 of extraction and analysis, determined on MEA and cork, was 72% (RSD 4%) and 21 61% (RSD 4%) respectively. Data reported in Table 1 show the ability of the tested 22 microorganisms to transform TCP when growing on synthetic medium (MEA), 23 analyzed by GC/ECD, and cork, determined by GC/ECD and STD-GC/MS. 24 All the strains showed the ability to decrease TCP both in synthetic medium and in 1 cork. On MEA, the three Penicillium spp (I 1, I 2, I 3 ), and Botrytis cinerea were the most 2 active; the two Aspergillus spp (I 1, I 2 ) showed a medium level of transformation; 3 Chrysonilia sitophila and Trichoderma sp were the least active. On cork, all the fungi 4 were able to decrease TCP in higher amounts than on synthetic medium, except two 5

Penicillium strains that showed an equal (Penicillium sp I 2 ) or minor (Penicillium sp 6 2 show the ability to 17 produce TCA for tested fungal strains on MEA, analysed by GC/ECD, and on cork, 18 determined by GC/ECD and STD-GC/MS. In the same way that Álvarez-Rodríguez et 19 al. (2002) reported, we can see that not all TCP is transformed in TCA (Table 2). The 20 ability to produce TCA varied among the tested strains: Chrysonilia sitophila did not 21 have the ability to produce TCA, both on synthetic medium and cork, as already 22 showed in the work of Silva Pereira et al. (2000a). A low level of TCA was obtained 23 by all the Penicillium spp, but Penicillium spp I 1 and I 2 were more active on MEA 24 while Penicillium sp I 3 behaved to the contrary. For these fungi, the methylation of 25 Botrytis cinerea showed the highest capability to produce substancial amounts of 2 TCA on MEA, while they were different on cork: Botrytis cinerea produced the same 3 level of TCA on both substrates; Aspergillus sp I 1 was more active on cork, and 4

Trichoderma sp showed a very low level of TCA production on cork compared with 5 its ability on MEA. Aspergillus sp I 2 was less active in MEA compared to the 6 Aspergillus sp I 1 , but on cork the two isolata had the same level of TCA production. 7

As proposed by [START_REF] Tindale | Fungi isolated from 1 packaging materials: their role in the production of 2,4,6-trichloroanisole[END_REF] the tested fungal strains can be classified 8 according to their ability to methylate TCP, producing TCA. The methylation ability 9 found for the fungi checked was the same on both the substrates, except in the case of 10 
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 6 In relation to these compounds and their metabolic pathway, only a few studies have 8 been carried out with TCA (Álvarez-Rodríguez et al. 2002; Silva Pereira et al. 2000a; 9 Silva Pereira et al. 2000b). Chloroanisoles could arise by methylation of toxic 10 chlorophenol precursors through a detoxification process mediated by microbial 11 species (Allard et al. 1987; Álvarez-Rodríguez et al. 2002), as 2,4,6-trichlorophenol 12

  al. 1981).[START_REF] Neidleman | Biohalogenations: principes, basic roles and 18 applications[END_REF] explained the biosynthesis of TCA by 1 chlorination from anisol or phenol. 2 3

3and methods 4

 4 process. Especially attention is carried out on Botrytis cinerea 1 strains, as until now there were no studies dealing with this microorganism. 2MaterialsReagents and chemicals 5All the solvents, absolute ethanol and n-hexane (analytical reagent grade) were 6 obtained from Carlo Erba Reagenti (Milan, Italy). 2,4,6-Trichloroanisole and 2,4,6-7 trichlorophenol were supplied by Fluka Chemie AG (Buchs, Switzerland). Anhydrous 8 sodium sulphate of analytical reagent grade (Carlo Erba Reagenti, Milan, Italy) and 9 paper filters (Schleicher & Schuell, Dassel, Germany) were also used. Malt Extract 10

  high reliability the isolates belonging to the genus Penicillium, Aspergillus and 1

14 2,4, 6 -

 146 Trichloroanisole biosynthesis from 2,4,6-trichlorophenol by fungal growth on 15 cork 16 20 g of powdered cork were placed in a flask containing 20 ml of distilled water and 17 20 µg of TCP and inoculated the preparation with 10 5 CFU of an active fungal strain. 18 Duplicate flasks in two independent experiments were incubated statically for 110 19 days at 25 °C. 20Blank experiments were done on cork, on cork with no addition of TCP and 21 inoculated with fungi and on cork with addition of TCP and not inoculated. 22Extraction procedure 23Each flask was extracted with 200 ml of absolute ethanol for 48 h at 25 °C; the 24 alcoholic solution was filtered through filter paper and 100 ml of distilled water 25

18 19

 18 °C, 5°C/min up to 200 °C and then 30°C/min up to 280 °C and finally 5 min at 280 14 °C. The chromatographic data were analysed by the Clarity software of DANI 15 Instruments S.p.A. Identification and quantification of TCP and TCA were carried out 16 by calibration curves and comparison of the retention time with of a commercial 17 standard. To confirm the results obtained by GC/ECD the hexane extracts coming from fungal 20 growth on cork were analyzed by a thermal desorption system (STD) and GC/MS. 21 Ten microliters of hexane extract were injected into a stainless steel thermal tube, 22 containing glass wool previously conditioned for 1 min at 300 ºC under a N 2 stream 23 flowing at 100 ml/min. The equipment used was a Perkin-Elmer thermal desorption 24 injector ATD 400 (Norwalk, CT, U.S.A.) coupled to an Hewlett-Packard 6890 gas 25 Hewlett-Packard LC 3D mass detector (Palo Alto, CA, 1 U.S.A.) with a fused capillary column (BP21 stationary phase 50 m length, 0.22 mm 2 i.d., 0.25 µm film thickness) (SGE, Ringwood, Australia). The conditions for thermal 3 desorption were as follows: oven temperature at 330 ºC; desorption time, 4 min; cold 4 trap temperature, -30 ºC; helium inlet flow 45 ml/min. The chromatographic program 5 was set at 50 ºC (held for 5 min), raised to 180 ºC at 2.5 ºC/min (held for 2 min) and 6 to 230 ºC (5 ºC/min) and held for 20 min. For mass spectrometry analysis, electron 7 impact mode (EI) at 70 eV was used. The mass range varied from 35 to 500 u and the 8 detector temperature was 150 ºC. Identification was carried out using NIST library 9 and quantification was based on the calibration curves of respective standards in 10 hexane. The MS analysis was carried out by using the selective ion monitoring mode 11 and the following ions were used: 2,4,6-trichloroanisole, m/z 195, 197, 210, 212; and 12 2,4,6-trichlorophenol, m/z 132, 160, 196

I 3 ) 8 9

 38 ability to transform TCP.Botrytis cinerea and Penicillium sp I 2 decreased TCP in 7 similar amounts on both substrates. Comparing the behavior of the fungi growing on synthetic medium with the species 10 tested by Silva Pereira et al. (2000a), Penicillium spp showed a more homogeneous 11 capability to transform high levels of TCP, whereas Chrysonilia sitophila showed a 12 lower ability. Until now there were not any data concerning the ability of Botrytis 13 cinerea in order to transform TCP to TCA. 14 15 Comparing the results obtained by the two different methods of analysis used, they 16 are consistent and show the same trend. Data reported in Table

  the main detoxification process. Aspergillus sp I 1 , Trichoderma sp and 1
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 5 Trichoderma sp which was much more active on MEA. Aspergillus spp (I 1, I 2 ) and 11 Botrytis cinerea were moderate methylators on both media. According to Tindale et 12 al. (1989), Penicillium spp (I 1, I 2, I 3 ) and Chrysonilia sitophila showed weak 13 methylation ability, confirming the data obtained by Silva Pereira et al. for these 14 strains (2000a). 15 16 With respect to the fungi tested previously, the results confirmed what has already 17 been suggested by other authors: the possible use of fungal strains in the cork stoppers 18 manufacturing process for the transformation of TCP without producing TCA. 19 20 Moreover, there were no previous studies on Botrytis cinerea's ability to transform 21 TCP to TCA, though this microorganism is often situated on grapes and in the 22 atmosphere of cellars. The most outstanding result of the present work is the 23 methylation ability of Botrytis cinerea, which explains partially the cork taint in wine 24 before being bottled. 25 you to DANI Instruments S.p.A. for instrumentation and technical support 3given. Thanks to the financial support given by the Ministerio de Ciencia y 4Tecnología of Spain to the project AGL2004-04609 and to Kathryn Walsh for

  values are the averages for duplicate estimates obtained in two independent experiments made for 1 each fungal strain. Number of CFU per gram of cork after incubation was more than 10 5 CFU.The values are the averages for duplicate estimates obtained in two independent experiments made for 2 each fungal strain. Number of CFU per gram of cork after incubation was more than 10 5 CFU.

	Page 15 of 16		Food Additives and Contaminants		Page 16 of 16
	1			TCP (µg/l)		
		Fungi	MEA	TCA (µg/l)	Cork	
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