Mitteilungen Klosterneuburg 58 (2008): 58-67

Removal of 2,4,6-trichloroanisole (TCA) and
2,4,6-tribromoanisole (TBA) from wine
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In four test series different wines were contaminated with varying amounts of TCA and TBA and then filtered with
special filter sheets ("Fibrafix TX-R’). The objective of the tests was to determine if there is an effect of this filtration
on the content of TCA, on TBA aroma compounds and aluminium in the wines in comparison to conventional filter
sheets. The data obtained from the sensory and analytical tests showed, that a successful reduction of TCA and TBA
below the detection threshold value could be achieved, whereas the wine flavour was not affected negatively. Further-
more the tests regarding the absorbance limit corroborated the data obtained by Filtrox in internal test series of about
2000 [ wine per m” filtration surface. In contrast no TCA-reducing effect could be noted for a filtration of the spoiled
wines with a conventional filter sheet. Regarding the migration of aluminium ions from the filter sheet into the wine,
only a slight increase of 0.4 mg/l at the maximum was detected after filtration with *Fibrafix TX-R’ filter sheets.
Keywords: wine, filtration, filter sheets, TCA, TBA

Entfernung von 2,4,6-Trichloroanisol (TCA) und 2,4,6-Tribromoanisol (TBA) aus Wein. In vier Testserien wurden
verschiedene Weine mit unterschiedlichen Mengen von TCA und TBA kontaminiert und dann durch spezielle Fil-
terschichten (’Fibrafix TX-R’) filtriert. Ziel der Tests war es zu bestimmen, ob es im Vergleich zu konventionellen
Filterschichten einen Effekt dieser Filtration auf die TCA-Gebalte, die TBA-Aromakomponenten und den Alumini-
umeintrag in die Weine gab. Die Daten aus den sensorischen und den analytischen Untersuchungen zeigten, dass
eine Reduktion von TCA und TBA unter die Nachweisgrenze erreicht werden konnte, ohne das Flavour des Weines
zu beeintrichtigen. Weiters bestatigten die Tests hinsichtlich des Absorptionslimits die von Filtrox in internen Testse-
rien erbaltenen Daten von ca. 2000 | Wein pro m? Filteroberfliche. Im Gegensatz dazu konnte bei Filtration der
kontaminierten Weine mittels konventioneller Filterschichten kein TCA-reduzierender Effekt festgestellt werden.
Beziiglich des Eintrags von Aluminiumionen aus den Filterschichten in den Wein wurde nach der Filtration mit *Fi-
brafix TX-R’-Filterschichten nur eine leichte Eyhéhung von maximal 0,4 mg/l festgestellr.

Schlagworter: Wein, Filtration, Filterschichten, TCA, TBA

L’élimination du 2,4,6-trichloroanisole (TCA) et du 2,4,6-tribromoanisole (TBA) du vin. Au cours de quatre séries
test, différents vins ont été contaminés par des quantités différentes de TCA et de TBA et ensuite filtrés a travers des
couches filtrantes spéciales ("Fibrafix TX-R’). L’objectif des tests a été de déterminer si cette filtration, par rapport
aux couches filtrantes habituelles, exerce un effet sur les teneurs en TCA, sur les composantes aromatiques TBA et
sur Papport d’aluminium dans les vins. Les données obtenues des examens sensoriels et analytiques ont montré
qu’il était possible d’obtenir une réduction du TCA et du TBA au-dessous de la limite de détection sans porter atte-
inte d la saveur du vin. En outre, les tests ont confirmé les données obtenues par Filtrox dans des séries test internes
guant a la limite d’absorption, soit prés de 2000 [ de vin par m? de surface filtrante. En revanche, ancun effet réduc-
tenr de TCA n’a pu étre constaté lors de la filtration des vins contaminés au moyen des couches filtrantes habituelles.
Quant a Papport d’ions d’aluminium provenant des couches filtrantes dans le vin, on n’a constaté qu’une faible ang-
mentation de 0,4 mg/l an maximum aprés la filtration au moyen des couches filtrantes *Fibrafix TX-R’

Mots clés : vin, filtration, couches filtrantes, TCA, TBA
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At the beginning of the eighties the compound 2,4,6-
trichloroanisole (TCA) was identified as a main cause
for cork taint in wine (TANNER et al., 1981; BUsER et al.,
1982). In the last years a number of further compounds
with similar negative flavour attributes have been disco-
vered in mouldy and musty smelling wines (e.g. geo-
smin, 2-methylisoborneol, octane-3-one, pyrazines,
etc.) (MAZZOLENI et al., 1994; KUGLER und Rarp, 1997;
HesrorD und SCHNEIDER, 2002; SEFTON and SIMPSON,
2005). The main attention in research, however, is still
focused on the halogenated anisoles, which is due to
their very low perception threshold values.

In technical literature the range concerning the percep-
tion threshold value of TCA varies relatively widely.
The perception threshold value for drinking water is in-
dicated to be below 1 ng/l (GrIFFITH, 1974), whereas the
threshold value for wine is given to be at about 2 to 5
ng/l (Table 1). Threshold values in wine depend
strongly on the kind of wine, the wine style and the ex-
perience of the panelist (MAzzOLENT and MAGGI, 2007;
PrEscoTT et al., 2005).

Table 1: Perception and recognition thresholds

L0z TG medium literature
(ng/l) (ng/l)
4.0 dry white wine = RIBEREAU-GAYON
et al., 2006
14-4.6 42-10 wine SEFTON and SIMPSON,
2005
210 (a);17.4 (b) Sauvignon SUPRENANT and
blanc BUTZKE, 1997
10.0; 60.0; 100 white wine PFEIFER, 2002
red wine
22.0 red wine ALVAREZ-RODRIGUEZ

et al., 2002

(a) unexperienced panel; (b) experienced panel

Regarding the formation of TCA, it is well-known that
TCA results from the microbiological methylation of
chlorophenoles, which derives from the hypochloride
treatment of the cork raw material during the produc-
tion process.

It can also be formed by the dismantling of chloric che-
micals like for example pentachlorophenol (e.g. wood-
preserver 'Raco’, pesticides *Dowicide’) (Rupy und
SCHOLTEN, 2007; SiMPsON and SEFTON, 2007; DANIELS-
LAKE et al., 2007). A third source for trichloroanisole is
the microbiological formation of TCA by mould fungi
such as Penecillium spec., whereby phenol is formed
due to the reactions of the pentosephosphate pathway
with the preliminary stage of shikimic acid (PFEIFER,
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2002). Afterwards this phenol is chlorinated chemically
in the presence of hypochloride.

After the use of pentachlorophenolic agents had been
forbidden at the end of the eighties, this compound
was replaced by tribromophenol (TBP) in fungicides
and wood preservatives, especially in the sector of the
packaging industry. At the same time the use of TBP
as a flame protection agent for wood (e.g. pallets) and
in synthetic materials increased. The use of tribromo-
phenol in the food sector also implicated problems as
like trichlorophenol, an anisole (2,4,6-tribromoanisole)
can be formed by chemical dismantling of tribromo-
phenol (Rupy and ScHOLTEN, 2007; WHITFIELD and
SHAW, 1997). It has already been proven in various stu-
dies that musty off-flavours in tainted food and wines
were not due to TCA but were caused by TBA (CHa-
TONNET et al., 2004).

Polyethylene (PE) packaging in particular, showed a
high permeability for TBA (WHrTFELD and SHAW, 1997;
CHATONNET et al., 2004). Thus in different investiga-
tions TBA contamination was proven from plastic
wine stoppers, the plastic sealing compound of crown
and screw caps, from natural corks as well as from filter
layers, wooden pallets, cardboard boxes and plastic
packaging (HESFORD und SCHNEIDER, 2002; RupY and
SCHOLTEN, 2007). As a perception threshold value for
TBA, a value of 5 ng/l is generally indicated. Up to
now different approaches were made regarding the re-
moval of TCA and TBA from tainted wines; either
tainted wines were fined with activated charcoal and fil-
tered afterwards, or polyethylene was added as an ad-
sorbent to the wine. Yeast cell wall preparations were
also tested for the removal of chlorinated anisoles and
TBA  (http://www.keller-mannheim.de/fileadmin/pdf/
getraenke_deutsch/downloads/DSM-Artikel_Hochad-
sorptive_Hefezellwaende.pdf).

Filter sheet ’Fibrafix TX-R’

During the Intervitis/Interfructa 2007 in Stuttgart the
Filtrox company presented a depth filter sheet, which
was claimed to be able to remove TCA and TBA from
wine, without negatively affecting the wine flavour.
The outward appearance and handling of the filter
sheets ’Fibrafix TX-R’ is very similar to conventional
filter sheets: they have to be rinsed before filtration, ste-
rilization can be conducted with hot water (85 °C) or
steam (125 °C), and a flow rate of 350 1/m?/h is recom-
mended by the manufacturer. The filter layer consists of
refined and bleached cellulose as well as a small quan-
tity of polyamidamine (below 3 %) to increase the
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wet-strength.

The active component in the sheets is an inorganic sub-
stance called "TRIEX’.

"TRIEX serves as an absorbent within the filter sheets,
binding TCA and/or TBA, and hereby removes those
compounds from the wine. In accordance with the
FDA (Food and Drug Administration) TRIEX is clas-
sified as an aluminium silicate and therefore equated
with bentonite and kaoline by US law, meaning, the
sheets can be used in US wine industry. In Europe the
sheets are not yet certified for TCA removal in wine,
although this issue will be examined by the Organisa-
tion Internationale de la Vigne et du Vin (O.1.V.) soon.
To test the filtering effect and capacity of the filter
sheets different test trials were conducted in the Section
of ’Enology and Wine Technology’ of the Geisenheim
Research Center, Germany.

Analysis of TCA and TBA was carried out in the Sec-
tion of ’Microbiology and Biochemistry’, aroma analy-
sis was supported by the Section of *Wine Analysis
and Beverage Technology’.

Material and methods

Filtration

All filtration trials were performed with 20 x 20 cm fil-
ter sheets in a Seitz stainless-steel sheet filter. In order
to be able to draw a comparison, Seitz EK filter sheets
were used besides the ’Fibrafix TX-R’ filter sheets.
The filtration surface in all tests was 0.2 m?, the filtra-
tion rate was about 60 litres per hour. The wines were
filled into 20 litre kegs and pressed through the filter
sytem by compressed air.

For the trial a 2006 "Miller Thurgau” QbA dry from
Rheinhessen and a 2006 Rosé Cuvee QbA dry from the
Rheingau region were used ('Miiller Thurgau: 12,2
%vol; residual sugar 0.7 g/1; total acidity 4.4 g/1; pH 3.7;
sulphurous acid: free 56.0 mg/l, total 113.0 mg/l. Rosé:
13.6 %vol.; residual sugar 9.5 g/l; total acidity 6.1 g/l;
pH 3.6; sulphourus acid: free 30.0 mg/l, total 134.0 mg/1).

Sensory analysis

Fifteen trained panelists were chosen from the staff of
the Section of *Enology and Wine Technology’ of the
Geisenheim Research Center for sensory tests of the
variants. The sensory analyses were performed as trian-
gular tests according to DIN 10951 (LipTay-REUTER und
PracH, 1998). The test design and statistical evaluation
of the data was conducted by using the computerized
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system ’Fizz’ provided by Biosystemes, France. An in-
terpretation of the preference was done only in case of
a correct identification of the differing sample. Results
with o< 0.05 are considered to be significant.

Analysis of 2,4,6-trichloroanisole and 2,4,6-
tribromoansiole in wine

Analysis of the halogen-anisoles was carried out accor-
ding to SpoNHOLZ et al. (2001) modified by FiscHER
and RauHUT (2007) as follows.

Sample preparation by Stir Bar Sorptive Extrac-
tion (SBSE). 3.5 g of sodium chloride (Roth, Germany)
were weighed into a 10 ml glass vial and 10 ml of sam-
ple was added.

After appending the two deuterated internal standards
2,4,6-trichloroansiole-ds (29.9 ng/l, CDN Isotopes, Ca-
nada) and 2,4,6-tribromoanisole-ds (31.4 ng/l, CDN
Isotopes, Canada) a stir bar coated with polydimethyl-
siloxane (Twister ™, dimensions: length: 10 mm, film
thickness: 0.5 mm, Gerstel, Germany) was added to
the sample. The vial was crimped and the sample ex-
tracted for 60 min at 1000 rpm.

After extraction the Twister was rinsed with bidest. wa-
ter, wiped with a lint-free tissue and put into a desorp-
tion tube.

Analysis by Gas Phase Chromatography and
Selected Ton Monitoring (GC-MS/SIM)

The loaded Twister was thermodesorped into a HP5
(5 % phenylmethylsiloxanes) capillary column 60 m x
320 um x 0,25 um installed on an Agilent 6890 chroma-
tograph equipped with a Thermodesorption System
TDS A (Gerstel, Germany) operating in splitless mode
(initial temperature = 20 °C, rate 60 °C/min to 280 °C,
hold for 2.5 min) coupled with a Cooled Injection Sy-
stem CIS 4 (Gerstel, Germany) operating in solvent
vent mode (initial temperature = -150 °C, rate 12 °C/s
to 280 °C, hold for 5 min).

Helium was used as carrier gas at constant flow rate
(1.1 1/min). The GC temperature was programmed
from 50 °C to 115 °C at a rate of 15 °C/min, then up
to 150 °C (hold for 10 min) at a rate of 3 °C/min and fi-
nally up to 230 °C (hold for 5 min) at a rate of 15 °C/
min. An Agilent 5973 N quadrupole mass detector ope-
rating in electron impact mode was used for detection
(source temperature = 230 °C, quadrupole temperature
= 150 °C) in single ion monitoring (SIM mode): 2,4,6-
TCA-ds: 215, 217; 2,4,6-TCA: 210, 212; 2,4,6-TBA-ds:
349, 351; 2,4,6-TBA: 344, 346.
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Analysis of volatile compounds in wine and
model wine

Analysis of the minor and major aroma compounds
was carried out according to LoPEZ et al. (2002) and Or-
TEGA et al. (2001) with slight modifications. Major wine
volatiles were analysed after dichlormethan microex-
traction (ORTEGA et al., 2001), minor and trace volatile
compounds were isolated by solid-phase extraction
with LiChrolut EN (LoprEz et al., 2002).

GC/MS analysis of the extracts was performed using a
GC (GC 6890, Agilent Technologies, Little Falls,
USA) equipped with a ZB-WAX column (30.0 m x
250 pm x 0.25 pm Phenomenex, Aschaffenburg, Ger-
many) and a mass selective detector (MSD 5973, Agi-
lent Technologies). GC/MS conditions were as follows:
temperature programme GC 40 °C, 4 °C/min, 250 °C
(10 min); carrier gas helium with a constant flow of 1.3
ml/min; split-less time 3 min; transfer line temperature
250 °C; MS source temperature 230 °C; MS Quad
temperature 150 °C.

Preliminary test phase
To test the general removal effect of the filter sheets *Fi-
brafix TX-R’, two preliminary tests were conducted,
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followed by two main test series and one additional
test. In a first preliminary test about 60 litres of wine
were filtered and bottled. The aim of this trial was to
examine the change of the non-contaminated wines
throughout filtration, by sensory tests and chemical
analysis of the aroma compounds. In the context of
the second preliminary test phase in each case 20 litres
of the wines were contaminated with 10 ng/l TCA, mi-
xed and filtered afterwards. During filtration samples
were taken in numbered 0.75 I-screw-cap bottles. This
trial was firstly aimed to see whether there was a remo-
val effect of TCA at all, and secondly, if there could be
noticed a change of this effect during the process of fil-
tration.

During the filtration eleven bottles were filled. The
bottles no. 1 (beginning of filtration), 4 and 7 (middle
of filtration), as well as no. 10 and 11 (end of filtration)
were analyzed by GC-MS. The analysis showed, that
only traces of TCA could be found in bottle no. 11.
Due to the fact that TCA could be found in bottle
no. 11 even though the filter sheets should not have rea-
ched their limit of capacity, the second preliminary test
was expanded. Therefore 40 litres of wine (rosé) were
contaminated with 20 ng/l TCA, another 40 litres of

TCA TCA

5 ng/l

TCA
10 ng/1

Filtration with conventional filter
sheet / bottling

20 ng/1

Main trial

l

Wine
(white resp. rosé)

Wine
(not contaminated)

TBA
5 ng/l

TBA
10 ng/1

TBA
20 ng/1

Filtration with Filtrox Fibrafix TX-R

sheet / bottling

l

sensory tests

Filtration with conventional filter
sheet / bottling

5 SR
-

T=» Chemical TCA/TBA analysis, 4~

Figure 1: Experimental design
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Figure 2: Flavour compounds in rosé wine before and after filtration

the same wine were contaminated with 20 ng/l TBA. test was carried out to check the filtration limit of the
Both batches were filtered and samples were taken in  filter sheets, for keeping back the contaminants TCA
intervals of 10, 20, 30 and 38 litre in 0.75 l-screw-cap  and TBA.

bottles. Therefore 500 litres of Miiller Thurgau white wine
. were contaminated with 20 ng/l TCA and filtered
Main test phase through the Fibrafix filter sheets. The bottling took

Regarding the results of the preliminary tests, showing  place in 40 litre intervals.
an obvious diminishing of TCA and TBA concentra-

tion, respectively, further tests were carried out. The ex-  Results

perimental design of the main tests (Fig. 1) included
three different degrees of contamination with TCA
and TBA. In a first step three batches with 19 litres of
wine each (white wine and rosé wine, respectively) The sensory tests of the wines of the first preliminary
were contaminated with 5 ng/l, 10 ng/l and 20 ng/l  test in comparison to the same wines filtered with con-
TCA and filtered after a steam sterilization of the filter.  ventional filter sheets showed a significant difference
After disposing 10 litres the wine was directly filled  between the wines while no significant preference could
into sterilized screw-cap bottles. In a second step a trial ~ be observed (Table 2). The analysis of the aromatic
analogous to the first one was proceeded by using TBA  compounds of these wines revealed only slight changes.
instead of TCA in the same concentrations as mentio-  Figure 2 and Figure 3 show exemplarily some analysed
ned above. Additionally 50 litres rosé of wine and compounds in the wine before and after filtration, all
white wine were contaminated with 10 ng/l TCA and  changes within the range of variation of the measure-
filtered with a conventional filter sheet to check, if  ment inaccuracy.

there is an effect on the TCA concentration by a con-  In the first part of the second preliminary test phase the
ventional filtration. Additionally to the tests to deter-  analysis of TCA and TBA showed that in the wine of
mine the level of the TCA removal from wine a further  the bottles no. 1, 4, 7 and 10 no TCA could be detected

Preliminary test phase
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Figure 3: Flavour compounds in "Miiller Thurgau’ wine before and after filtration

after filtration, whereas the wine in bottle no. 11 contai-
ned 1.2 ng/l TCA, which made an extension of this pre-
liminary test phase necessary. The analysis of the samp-
les taken during the additional tests revealed that after
the filtration of 10 litres of contaminated wine the
amount of TCA in the wine remained at a constant le-
vel of 1.2 ng/l until the end of filtration. Especially re-
markable was the effect of the filtration process on the
content of TBA in wine, as no TBA was detected in
the analyzed samples.

Main test phase

The main test trials confirmed the TCA and TBA re-
duction which was noted in the preliminary test phase.
Figure 4 shows that the TCA content of all samples, in-
dependent from the degree of contamination stabilized
at about 1.2 ng/l after filtration. This value means an
enormous TCA reduction even below the perception
threshold of TCA in all samples. These results confirm
the effective TCA (and geosmin) reduction of these fil-
ter material reported by EDER et al. (2008). Like in the

preliminary tests no TBA could be detected in the
samples of the main trial after filtration (Fig. 5). (detec-
tion limit 1 ng/l).

The data in Figure 6 show that the additionally tested
filtration of spoiled wine with conventional filter sheets
had no reducing effect on the TCA concentration of the
tainted wine.

Limit of TCA absorbance

Based on technical data provided by the company FIL-
TROX (St. Gallen, Switzerland) claiming a possible vo-
lume of 2000 1/m? to be filtered, it was calculated, that
when working with a filtration surface of 0.2 m? the
point, where the TCA and TBA absorbance of the sheet
should be depleted, had to be after about 400 litres
wine. The result of our test filtration of 500 litres of
Miiller Thurgau’ wine, contaminated with 20 ng/l
TCA (Fig. 7) showed that up to 120 litres of filtration
volume no TCA could be detected in the wine samples.
The samples taken between 160 and 240 litres filtration
volume contained constantly about 1.5 ng/l. Afterwards
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ng/1
O TCA-content before filtration
19,7
'O TCA-content after filtration 19,4
10,4 10,4
59
4,8
11 11 1,2
white wine + 5 white wine + 10  white wine + 20 rosé wine + 5 rosé wine + 10 rosé wine + 20
ng/l TCA ng/l TCA ng/l TCA ng/l TCA ng/l TCA ng/l TCA
Figure 4: Removal of TCA
22,1
O TBA-content before filtration 204
O TBA-content after filtration
10,2 98
4,9 5,2
nd nd nd nd nd nd
white wine + 5 white wine + 10 white wine + 20 rosé wine + 5 rosé wine + 10 rosé wine + 20
ng/l TBA ng/l TBA ng/l TBA ng/l TBA ng/l TBA ng/l TBA

Figure 5: Removal of TBA (nd - not detected)
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Fibrafix TX-R  conventional
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rosé wine
+10ng/l1 TCA
non filtered

Figure 6: Comparison of TCA removal

an increase of the TCA concentration of about 0.8 ng/l
with each sampling (40 litres interval) could be obser-
ved untl after 360 litres the wine contained 4.0 ng/l
TCA. During the step to 400 litres the TCA concentra-

TCA ng/l

Jung et al.

tion actually increased by 1.6 ng/l whereby the TCA
concentration rose to 5.6 ng/l. The last two samplings
showed a further increase of the TCA concentration,
whereon the filtration was stopped after 480 litres also
due to the fact, that the wine was already sensorily de-
scribed as being *musty-mouldy’.

Sensory analysis

All sensory tests confirmed a reduction of the off-fla-
vour produced by TCA through filtration. Regarding
the TCA sensibility of the panelists one test was con-
ducted which proved generally that 13 out of 15 were
able to detect TCA at a level of 2.4 ng/l (Table 2). The
panelists were unable to differentiate between a wine
contaminated with 20 ng/l TCA filtered with Fibrafix
TX-R and a non-contaminated wine filtered with Fi-
brafix TX-R in triangle testing. A comparison of a
non-contaminated wine filtered with a conventional fil-
ter sheet and the same wine filtered with Fibrafix TX-R
showed, that the wines could be differentiated by the
panelists, but no preference could be ascertained (data
not shown).

Aluminium ion migration

In consideration of the fact that the active ingredient
(TRIEX) in the filter sheets belongs to the aluminium
silicates the question was raised, if there is a migration
of aluminium ions into the wine during the filtration

401 801 1201 160 1 2001 2401

2801 3201 360 1 400 1 440 1 480 1

filtration volume (litre)

Figure 7: Efficiency/Capacity of Fibrafix TX-R filter sheets (Contamination 20ng/l TCA; filter-surface 0.2 m?; rate 601/h)
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Table 2: Results of sensory evaluation by means of triangular

tests
Answers
Results of tests (a-risk) o
No. Correct

TX-R filtered wine (no TCA)/TX-R 7 0.2030
filtered wine 20 ng/l TCA before filtration ’
T)_(-R filtered wine (no TCA)/EK filtered 15 9 0.0308
wine (no TCA)
TX-R filtered wine (no TCA)/TX-R 15 13 <0.0001

filtered wine (2,4 ng/l TCA)

process. This is especially important when a wine al-
ready contains an extended amount of aluminium ions
for example due to a treatment with bentonite. To ans-
wer this question four samples out of the last test trial
(filtration limit test) along with an unfiltered sample
were analyzed by a certified analytical laboratory. The
results of the analysis showed an aluminium content of
2.3 mg/l in the non-filtered wine. The remaining samp-
les were taken after 40, 160, 240 and 480 litres filtration
volume. The results of the aluminium analysis are
shown in Figure 8.

Obviously the elution of aluminium ions is a little bit
higher at the beginning of the filtration since the alumi-
nium content in the 40 litre sample is 0.4 mg/] higher
than in the non-filtered wine, whereas in all the other
samples the aluminium content was only raised by 0.1
mg/] compared to the non-filtered wine.

Regarding the very low changes of the aluminium con-
tents and considering the range of variation of the mea-
surement inaccuracy, the observed changes are negligi-
ble. This means that the product safety in our trial was
not affected by the migration of aluminium ions from
the filter sheets into the wine regarding a legally per-
mitted maximum of 8 mg/l (Weinverordnung, 2002).

Literature

A1VAREZ-RODRIGUEZ, M., LOPEZ-OcCANA, L., LOPEZ-CORONADO,
J-M., RoDRIGUEZ, E., MARTINEZ, M.]., LARRIBA, G. and R.
COQUE, J.-J. 2002: Cork taint of wine: role of the filamen-
tous fungi isolated from cork in the formation of 2,4,6-
trichloroanisole by O-methylation of 2,4,6-trichloro-
phenol. Appl. Environ. Microbiol. 68: 5860-5869

Buser, H., ZANIER, C. and TANNER, H. 1982: Identification of
2,4,6-trichloroanisole as a potent compound causing
cork taint. J. Agric. Food Chem. 30: 359-362

CHATONNET, P.,, BONNET, S., BouTou, S. and LABADIE, M. 2004:
Identification and responsibility of 2,4,6-tribromoanisole
in musty corked odors in wine. J. Agric. Food Chem. 52:
1255-1262

Jung et al.

35 Aluminium (AD mg/1

control
sample

20ng/l  20ng/1  20ng/l 20 ng/l
TCA after TCA after TCA after TCA after
401 TX-R 1601 TX-R 3201 TX-R 4801 TX-R

Figure 8: Migration of aluminium ions into the wine after
filtration with “Fibrafix TX-R“

DaNIELS-LAKE, B., PRANGE, K., GauL, S., McRAE, K. and AN-
TUENO, R. 2007: A musty off flavor in Nova Scotia pota-
toes is associated with 2,4,6-trichloroanisole released

from pesticide-treated soils and high soil temperature. J.
Amer. Soc. Hort. Sci. 132(1): 112-119

EDER, R., HUTTERER, E., WEINGART, G. und BRANDES, W. 2008:
Verringerung der Gehalte an 2,4,6-Trichloranisol und
Geosmin in Wein mittels Spezialfilterschichten. Mitt.
Klosterneuburg 58:12-16

FISCHER, S. and RaunuT, D. (2007): Analytical protocol for the
measurement of halogen-anisoles. Section of Microbio-
lo%r and Biochemistry, Geisenheim Research Center, un-
published - internal working instruction sheet

GrirrITH, N.M. 1974: Sensorr properties of the chloroanisoles.
Chemical Senses and Flavor 1: 187-195

Hesrorp, F. und SCHNEIDER, K. 2002: Entstehung von Korkton
im Wein. Schweiz. Z. Obst- und Weinbau 138(16): 415-
417

KUGLER, D. und Rarp, A. 1997: Bildung und Entwicklung von
Inhaltsstoffen in Korkborke wihrend des Herstellungs-
prozesses von Flaschenkorken. Dt. Lebensmittelrund-
schau 93(6): 174-177

LipTAY-REUTER, I. und PracH, C. (1998): Sensorische Methoden
und ihre statistische Auswertung (Arotop Schriftenreihe;
1, pp. 36-37, 43-44). - Dexheim: NDV Verlag fur Nah-
rung, Gesundheit und Vitalitit, 1998

Lorez, R., AzNAR, M., CACHO, J. and FERREIRA, V. 2002: Deter-
mination of minor and trace volatile compounds in wine
by solid-phase extraction and gas chromatography with
mass spectrometric detection. J. Chromatogr. A" (966):
167-177

66



Mitteilungen Klosterneuburg 58 (2008): 58-67

MazzoreNy, V. and Macar, L. 2007: Effect of wine style on the
perception of 2,4,6-trichloroanisole, a compound related
to cork taint in wine. Food Res. Int. 40: 694-699

MazzoLENL, V., CALDENTEY, P., CARERI, M., MANGIA, A. and Co-
LAGRANDE, O. 1994: Volatile components of cork used for
production of wine stoppers. Am. J. Enol. Vitic. 45(4):
401-406

ORTEGA, C., LoPEZ, R., CACHO, J. and FERREIRA, V. 2001: Fast
analysis of important wine volatile compounds develop-
ment and validation of a new method based on gas chro-
matographic-flame ionisation detection analysis of dich-
lormethane microextracts. J. Chromatogr. A (923): 205-
214

PrEIrER, O. (2002): Spurenanalyse halogenierter Phenylme-
thylether (Anisole) in der aquatischen Umwelt. - Diss.
Univ. Ulm, 2002

PRESCOTT, J., NORRS, L., Kunst, M. and Kim, S. 2005: Estima-
ting a ’consumer rejection threshold” for cork taint in
white wine. Food Quality and Preference 16: 345-349

RIBEREAU-GAYON, P., GLORIES, Y., MAUJEAN, A. and DUBOUR-
DIEY, D. (2006): The Chemistry of wine stabilization and
treatments (Handbook of enology ; 2, pp. 256-260). 2™
ed. - Chichester: Wiley, 2006

Rupy, H. und ScHOLTEN G. 2007: Diagnose: Korkgeschmack!?
Dt. Weinmagazin (3): 16-18

SEFTON, M. and Smvpson, R. 2005: Compounds causing cork
taint and the factors affecting their transfer from natural

Jung et al.

cork closures to wine - a review. Austr. J. Grape Wine
Res. 11(2): 226-240

SimpsoN, R. and SEFTON, M. 2007: Origin and fate of 2,4,6-tri-
chloroanisole in cork bark and wine corks. Austr. J.
Grape Wine Res. 13(2): 106-116

SronHOLZ, W.-R., HOrrMANN, A., Davip, F. and SANDRA, P.
2001: Detection of corkiness in wine by analysis of
2,4,6-trichloroanisole with Stir Bar Sorptive Extraction
(SBSE) and Thermal Desorption GC/MS. Mitt. Kloster-
neuburg 51: 248-253

SUPRENANT, A. and Butzke, C.E. (1997): Implications on sen-
sory quality control of cork stoppers. In: Proc. 4™ Int.
Symp. on cold climate viticulture and enology, p. 70-74.
- Adelaide: Winetitles, 1997

TANNER, H., ZANIER, C. und Buser, H. 1981: 2,4,6-Trichlorani-
sol: Eine dominierende Komponente des Korkge-
schmacks. Schweiz. Z. Obst- und Weinbau 117: 97-103

Weinverordnung Fassung vom 14.05.2002, BGBI. I S 1583 An-
lage 7(zu il.’) Abs. 1 Nr. 2) (www.gesetz-im-internet.de/
bundesrecht/weinv_1995/gesamt.pdf)

WHITFIELD, F., HILL, I] and SHaw, K. 1997: 2,4,6-tribromoani-

sole: a potential cause of mustiness in packaged food. J.
Agric. Food Chem. 45: 889-893

Manuskript eingelangt am 17. April 2008

67



