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Fast Determination of Chlorophenols 
at the ppt Level.
A New Analytical Tool for Quality 
Control of Cork Stoppers?

Raphaël Berthod, Olivier Flactiona, and Urban Frey*

Abstract: Chlorophenols (CPs) are the precursors of the main source for the so-called musty taint, especially in
wine. Currently, different fast methods for the determination of the chloroanisoles (CAs), mainly 2,4,6-
trichloroanisole (TCA), the principal causative agent, are used for the quality control of cork stoppers. The meth-
ods available for CPs present either a long sample preparation step or are less representative for a batch, because
of the very small sample size. We present a new fast method for the determination of chlorophenols and
chloroanisoles at the ppt level by GC-MSMS using in situ derivatization and solid-phase microextraction (SPME)
preconcentration. We present first results of the development of a new tool for efficient quality control in the cork
stopper production.
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nomical loss as a result of cork taint has
been estimated to be approximately 10 bil-
lion US dollars worldwide [1]. Reasonable
estimates of the incidence of corked bottles
range from 2.5 to 5% [1–3]. Among these,
chloroanisoles (CAs), especially 2,4,6-
trichloroanisole (TCA) and 2,3,4,6-tetra-
chloroanisole (TeCA), are the most fre-
quently identifiable compounds in wine
criticized on tasting as ‘musty’ or ‘corked’.
Recently, 2,4,6-tribromoanisole (TBA) was
shown to give similar musty/mouldy taint
problems, either with screw caps [4], cellar
atmosphere or plastic stoppers [5]. 

TCA, while not the only causal agent, is
certainly most commonly encountered.
Amon et al. [6] observed that TCA was
present in 62% of the tainted wines they
analysed. An additional report suggests that
TCA is present in 70–80% of all tainted
wines [1]. 

It has been found [1][7] that fungi may
biosynthesise TCA along with other
chloroanisoles as a detoxification mecha-
nism in order to remove chlorophenols

from their environment and these may mi-
grate to wines from contaminated cork
stoppers.

Few currently available analytical tech-
niques allow the direct determination of
chlorophenols at ppt level [8][9]. This has
promoted the development of various pro-
cedures for the extraction from their matri-
ces using organic solvents or solid-phase
extraction with different sorbents. In every
case, large volumes of sample have to be
processed and the final extracts must be
concentrated. Chlorophenols are then usu-
ally determined by chromatographic tech-
niques such as HPLC or GC. However, be-
cause of their high polarity, they give broad,
tailed peaks if separated directly (without
prior derivatization) by GC. It is therefore
advisable to convert chlorophenols into less
polar forms in order to improve peak shape,
resolution and sensitivity. Acetylation is the
most frequently used reaction for this pur-
pose [8][9]. 

For these reasons, we wanted to set up 
a reliable, sensitive, and fast analytical
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Introduction
Cork has been the most popular material for
wine stoppers for many years and is regard-
ed as the standard in the case of quality
wines. However, it is not entirely without
problems. The most important of these
problems is a musty/mouldy taint known as
‘cork taint’, which is often attributed to
chemical compounds present in the cork
stoppers, but may also be caused by the bar-
rels or the atmosphere in the cellar. The eco-




