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The aroma of wine is a vast collection of volatile compounds at trace level concentrations. Among the different volatiles that
contribute to the olfactory impact of wine, compounds responsible for the varietal aroma of wine are the more powerful odorants
that contribute significantly to the character of wine. Varietal thiols, identified in wine of certain varieties are considered key odorants
and labeled character impact compounds in Sauvignon Blanc, Muscadet, Petite Arvine and Verdejo wines, to cite a few. Low
concentrations of these thiols contribute positively to wine aroma, being responsible for the nuances such as box tree and broom,
tropical fruit and passion fruit aroma but in higher concentrations, they have a negative effect [1,2].

Analytical methods have been developed for determining the concentrations of volatile thiols in wine [3-5]. However, these
compounds posed challenges in the analytical determination because of their very low odor thresholds. Also, thiols of interest have
poor detectability and stability, making their quantification difficult.

A simple and reliable analytical method for the determination of volatile thiols that contribute to the aroma of wine is presented. Stir
bar sorptive extraction (SBSE) using ethylene glycol-silicone coated stir bars is used in combination with thermal desorption-gas
chromatography-mass spectrometry for the analysis of 4-mercapto-4-methylpentan-2-one (4MMP), 2-furanmethanethiol (2FM),
3-mercaptohexyl acetate (3MHA), and 3-mercaptohexanol (3MH) in wine (Table 1).
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Table 1. Volatile thiols studied

Fig 1. Chromatogram obtained for a synthetic wine with known
amounts of the volatile thiols studied

 

Factor Low (-) High (+) Center 
pH 3.5 5.0 4.25 
Volume, mL 10 25 17.5 
Time, min 15 90 52.5 
Speed, rpm 500 1200 850 
NaCl, M 0 2.8 1.4 
twister a 1 2 1.5 

Table 2. Ranges of the variables studied

Fig. 2. Pareto chart of main effects and interactions in the factorial 26-1 for area response of 
the four studied compounds (4MMP, 2FM, 3MHA, 3MH).

Fig. 3. Estimated response surface plots for
chromatographic area obtained by plotting the main
interactions for 3MH. a) time vs. type of twister, b) pH
value vs. type of twister.

a For the twister, 1=PDMS, 2=EG-Si; the centre value of 1.5 indicates that one trial was done using PDMS and another trial using EG-Si

 

Compound 
Linear range 

(μg L-1) R2 Intercept ± SD Slope ± SD aLOD (μg L-1) 

4MMP 50-500 0.9977 -0.0577 ± 0.0202 0.0028 ± 0.6835 21.52 
2FM 0.01-50 0.9995 0.0147 ± 0.0012 0.0098 ± 0.0619 0.36 
3MHA 0.01-100 0.9996 -0.0427 ± 0.0314 0.1287 ± 0.0009 0.73 
3MH 0.01-500 0.9956 0.0017 ± 0.0014 0.0017 ± 0.0043 2.55 

 

Compound 
Intra-day (5 twisters), %RSD  Inter-day (3 days), %RSD 

Day  Twister 
1 2 3  1 2 3 4 5 

3MH 10.98  8.66 5.19  7.03  18.55 15.09 3.51 14.27 
3MHA  8.16  11.90 8.45  13.84  11.21 6.43 12.97 16.55 
4MMP 17.31  14.02 30.07  18.68  3.28 10.11 9.66 11.74 
2FM  8.21  24.79 29.62  9.36  24.95 16.18 9.95 49.55 

Table 3. Characteristics of the calibration curves for the studied volatile thiols

Table 4. Intra-day and inter-day precisions of the developed method

For the cryofocusing temperature, among the temperatures
studied (0, –40, –80, –110, and –140 ºC), cooling the
desorbed analytes at –140C gave the highest chromatographic
area response for all of the analytes, hence, this was the
cryofocusing temperature selected for the analysis of the
volatile thiols studied (Fig. 4).

Fig. 4. Chromatographic response obtained for 3MH at different 
cryofocusing temperatures

The optimized SBSE method achieved good linearity (r2 >
0.995 for all compounds) and it provided detection limits
of 21.52, 0.36, 0.73 and 2.55 μg/L for 4MMP, 2FM, 3MHA
and 3MH respectively (Table 3). It was repeatable, with
precisions lower than 18% RSD for both intra-day and inter-
day (Table 4) and it did not present any matrix effect.

The developed method was applied to the determination of the
four studied volatile thiols in three different Verdejo wines
(Table 5) with a negative aroma due to the presence of high
levels of these volatile thiols.

 

Compound 
Concentration, (SD)a 

Wine 1 Wine 2 Wine 3 
3MH 287.62 (0.17)  328.23 (0.13) 434.24 (0.07) 
3MHA  nd b nd nd 
4MMP nd nd nd 
2FM  35.30 (0.08)  16.02 (0.01) 27.49 (0.01) 

Table 5. Volatile thiol concentrations (μg/L) found in the wines samples (n=3)

a SD: Standard deviation; b nd: not detected

TD-GC-MS analysis

EG-Si extraction at 500 rpm for 90 min

Adjust pH to 3.5 (0.1 M NaOH)

Weigh 4 g NaCl (2.8 M)

25 mL of sample
Six factors, namely, pH, sample volume, extraction
time, stirring speed, NaCl concentration, and type
of twister were included and evaluated, (Table 2),
in a two-level fractional factorial screening design.

The chromatographic data, obtained from
extractions of wine with the analytes at 10 g/L,
following the conditions specified for each
experiment, were evaluated using analysis of
variance at 1% significance level and the results are
presented in bar charts (Fig. 2). Some of the
detected interactions are presented in Fig 3.

Based on the obtained detection limits and precision
values of the compounds studied, the developed
method using the recently available EG-Silicone phase
stir bars enables the precise and accurate determination
of the volatile thiols in wine at a medium
concentration level.
Although detection limits below the sensory threshold
values of these volatile thiols are not reached
employing this technique, they are low enough for the
quantification of medium concentration levels, which
could produce negative effects on the aroma of wine.
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