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Abstract 
 
Compounds responsible for musty-earthy off-flavours in cork, namely 2-methylisoborneol 
(MIB), geosmin (GSM), 2,4,6-trichloroanisole (TCA) and 2-methoxy-3-isopropylpyrazine 
(IPMP), were determined from tainted cork using water-based soaks followed by 
headspace solid-phase microextraction and gas chromatography–mass spectrometry (HS-
SPME–GC–MS). The influence of the fibre coating used and of the extraction time and 
temperature were investigated for the joint analysis of MIB, GSM, TCA and IPMP. 
Considering the obtained results, an extraction time of 30 min at a temperature of 50 °C 
were fixed as experimental conditions, using a divinylbenzene/carboxen-
polydimethylsiloxane/polydimethylsiloxane (DVB/CAR/PDMS) fibre. Quality parameters of 
the chromatographic method were obtained and good recoveries (117–128%) were found 
in spiked aqueous cork macerates. Using the same experimental conditions, the presence 
of guaiacol, 2,3,4,6-tetrachloroanisole (TeCA), pentachloroanisole (PCA), 2,4,6-
tribromoanisole (TBA) and 2-methoxy-3,5-dimethylpyrazine (MDMP) could also be 
evaluated in a single chromatogram. From all the compounds analyzed in tainted samples, 
TCA and guaiacol were the only contaminants present and only TCA concentrations were 
found above its perception threshold in water. 
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Abstract 
 

The microbial community structure of cork with marked musty-earthy aromas was 
analyzed using denaturing gradient gel electrophoresis of amplified ribosomal DNA. 
Cork stoppers and discs were used for DNA extraction and were analyzed by using 
selective primers for bacteria and fungi. Stoppers clearly differed from discs harboring a 
different fungal community. Moreover, musty-earthy samples of both types were 
shown to have a specific microbiota. The fungi Penicillium glabrum and Neurospora 
spp. were present in all samples and were assumed to make only a small contribution 

to off-odor development. In contrast, Penicillium islandicum and Penicillium variabile 
were found almost exclusively in 2,4,6-trichloroanisole (TCA) tainted discs. Conversely, 
Rhodotorula minuta and Rhodotorula sloofiae were most common in cork stoppers, 
where only small amounts of TCA were detected. Alpha- and gammaproteobacteria 

were the most commonly found bacteria in either control or tainted cork stoppers. 
Specific Pseudomonas and Actinobacteria were detected in stoppers with low amounts 
of TCA and 2-methoxy-3,5-dimethylpyrazine. These results are discussed in terms of 
biological degradation of taint compounds by specific microorganisms. Reliable and 

straightforward microbial identification methods based on a molecular approach 
provided useful data to determine and evaluate the risk of taint formation in cork. 
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Abstract 
 
The risk of development of specific olfactory profiles in cork was evaluated after 
inoculation of cork granules and agglomerated and natural cork stoppers with isolated 
bacteria and fungi. The highest incidence of off-odor development was found in assays 
when fungi were inoculated. Cork granules with musty-earthy, musty-earthy-TCA, and 
vegetative deviations were inspected by gas chromatography−olfactometry (GC-O) and 
gas chromatography−mass spectrometry (GC-MS). Sixteen odor zones were clearly 
recognized in the GC-O analyses. Among these, octanal, 2-methoxy-3,5-
dimethylpyrazine (MDMP), Z-2-nonenal, 2-methylisoborneol, 2,4,6-trichloroanisole 
(TCA), geosmin, and guaiacol were the most significant odorants and helped in the 
discrimination of sensory deviations. Only TCA and guaiacol were detected above their 
respective detection limits by HS-SPME-GC-MS. The fungi Cryptococcus sp. isolate 
F020, Rhodotorula sp. isolate F025, Penicillium glabrum isolate F001, and Pennicillium 
variabile F003A and the bacterium Pseudomonas jessenii isolate A1 were found to 
produce TCA to a greater extent. Additionally, 13 of 38 isolated microorganisms (2 
bacteria and 11 fungi) proved able to produce unpleasant musty-earthy or vegetative 
odors that were not related to a significant TCA accumulation. 
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Compound quantification 
m/z Compound quantification 

m/z
Terpenoids Aliphatic Alcohols
linalool 80+83 1-octen-3-ol 72
borneol 95 1-octanol 69+70+83
β-terpineol 136
limonene 95 Lignin related compounds
`-terpinolene 93+136 guaiacol 81+109+124
citronellal 95 1,2-dimethoxybenzene 95
camphor 95 benzyl alcohol 77+79+108
1,8-cineole 81
camphene 79+93+121 Chlorinated compounds
geraniol 123 TCA 210+212
fenchyl alcohol 81
isomenthylacetate 95 Other compounds

benzothiazole 108+135

TARGET COMPOUNDS
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