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Haloanisoles in wine have devastating effects on the aroma and quality of the wine. 2,4,6-trichloroanisole (TCA)

was discovered and coined as “cork taint” in 1982. There are many more haloanisoles that contribute to these

musty odors, including 2,4,6-Tribromoanisiole (TBA), 2,3,4,6-tetrachloroanisole (TeCA), and pentachloroanisole

(PCA). While TCA, TeCA, and PCA can all be traced back to the cork, TBA’s phenol precursor is ubiquitous in

building material as a fire retardant, making it a much larger vector. All haloanisoles have the ability to aerosolize

and resettle onto surfaces in the winery, making this a very difficult problem to eliminate. 
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1. Introduction

In 1982, 2,4,6-trichloroanisole (TCA) was the first haloanisole identified as causing musty odors in wine. Even

before its discovery, wine makers suspected that corks had something to do with the odor, thus naming the fault

that leads to musty odors in wine “cork taint”. This groundbreaking research also concluded that in some wines the

concentration of TCA did not correlate with the level of musty odors the wine had . Researchers now know that

there are multiple haloanisoles that can be the cause of musty odors in wine, including 2,4,6-tribromoanisole

(TBA), 2,3,4,6-tetrachloroanisole (TeCA), and pentachloroanisole (PCA) .

2. What Are Haloanisoles in Wine?

Haloanisoles in wine all cause the same musty and moldy odors and are indistinguishable from each other in a

wine matrix . Although detrimental to wine quality, haloanisoles are not toxic; however, their halophenol

precursors are “highly toxic” . The main difference between the haloanisoles are their sources and how they

come into contact with wine.

2.1. Trichloroanisole

Trichloroanisole was the first haloanisole identified as the causal compound for musty, moldy aromas in wine in

1982 and is the most well-researched haloanisole in wine. Previously, TCA was only studied as an off flavor in

chicken eggs and broilers . TCA was originally found in corks that had been bleached with chlorine bleach in

order to create a uniform white color for the corks . The chlorine would mix with the natural fungus present in the
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cork and produce TCA. The TCA would then be released into the wine once it was sealed and left to age in bottle.

Buser proposed that the “replacement of chlorine treatment in the processing of cork” would fix this issue. The

industry has since eradicated the use of chlorine bleaching of corks, so how can we still have “corked” wines?

Another change that cork producers made after becoming aware of TCA is not washing the corks using public

water that contains chlorine for human health and safety . Wineries now also know to dechlorinate the water that

they use for wine making if they are using public water.

Studies conducted in cork tree forests in Portugal indicated the presence of TCA in the bark. Further research

showed a higher concentration of TCA at the base of the trees. The researchers hypothesized that the past use of

chlorophenol-based biocides, containing either TCP or PCP, led to these compounds being still present, even

though the spraying regime was stopped in the 1980’s . In 2005, a study conducted by Herve found a 76%

decrease of ‘releasable TCA’ in corks. He defined releasable TCA as the amount of TCA able to move from the

cork into a solution such as wine. It is possible that in the past 17 years since the study conducted by Herve, this

amount of releasable TCA has decreased even more.

The precursor to TCA is 2,4,6-trichlorophenol or TCP. TCP can be methylated by different fungi to produce TCA as

shown in Figure 1. Different fungi showed varying aptitudes to transform the TCP to TCA. Trichoderma and

Fusarium were found to be strong methylators with a 25% conversion of TCP to TCA, and Penicillium, A. strictum,

C. sitophila, and C. oxysporum were found to be medium methylators, with only a 5–10% transformation of TCP

into TCA . A recent study in 2021 found that Aspergillus versicolor and Paecilomyces variotii were found to be

strong methylators and are very common in wooden constructions .

Figure 1. Microbiological formation of TCA by O-methylation of TCP.

2.2. Tribromoanisole

There are many sources in the winery for tribromoanisole and its precursor tribromophenol. Fireproofing agents

can contain tribromoanisole or tribromophenol (TBP); these agents can become aerosolized, contaminate wood or

other products treated with brome fumigates, and can spread to all parts of the winery .
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Another source of bromine-based fire retardants is spray foam insulation. By itself, spray foam insulation is

flammable; however, when bromine flame retardants are added they “enhance the flame retardancy of the foams,

helping to inhibit ignition or slow down the process of combustion” . According to the FDA, spray foam insulation

can be installed and left unexposed—not covered by drywall, for example. Older bromine-based fire retardants

such as Hexabromocyclododecane (HBCD) are being phased out; however, newer ones are being implemented.

Methyl Bromide is a chemical fumigant that is used to treat shipping containers, wood products, and other

materials in order to protect them from invasive pests. It is also a substance that is being phased out of use by the

Environmental Protection Agency (EPA) due to its damaging effects on the atmosphere .

Recently, a study showed that there are still measurable concentrations of fumigants in both treated and untreated

containers. These concentrations are higher in containers that are treated with methyl bromide and in containers

that contain metal or glass items, as well as containers from China .

Methyl bromide is still in use for wood treatment in order to adhere to the International Standards for Phytosanitary

Measures. These measures are necessary to prevent the introduction of harmful species that could potentially

disrupt our ecosystems .

TBP can become TBA by O-methylation of fungus, such as Paecelomyces variotii, which has also been found to

convert TCP into TCA .

A study performed in 2004 tested three wineries for TBA contamination. The authors sampled a variety of places,

including the atmosphere, wines stored in stainless steel vs. barrel, walls of the buildings, and barrels of different

ages. All wineries had TBA present, ranging in concentration from 2–2185 ng/L .

TBA can become aerosolized and resettle onto many things in the winery and lead to drastic quality loss in wines.

2.3. Tetrachloroanisole & Pentachloroanisole

Tetrachloroanisole (TeCA) and pentachloroanisole (PCA) are unique haloanisoles due to the co-use of their phenol

precursors—2,4,6-tetrachlorophenol (TeCP) and pentachlorophenol (PCP)—in various applications. PCP was once

the most widely used biocide in the United States, but its use has since been heavily restricted by the EPA. Despite

this, PCP is still used to preserve utility poles and railroad ties. TeCP is often found in combination with PCP, as it is

used as a component of PCP based biocides. This means that when one of the compounds is detected, it is likely

that the other is present as well . Due to its previous use as a biocide in the United States, residual PCP and

TeCP can be found in oak forests used to create many products found in the winery. PCP and TeCP are easily

methylated by fungi found in the air that includes, but are not limited to, Trichderma virgatum, Aspergillus sydowi,

Scopulatriopsis brevicaulis, and penicillium spp. . Both the phenol and the anisole can become airborne and

resettle in and on soil, water, trees, etc., thus making it extremely difficult to be completely eliminated in natural

settings. Wood is commonly used in wineries, from the building structure to wood pallets, barrels, and more.
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Though it may be a useful material, it is important to consider the potential for contamination from TeCA and PCA,

as well as their phenol precursors.
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