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Abstract

An easy, fast and reliable analytical method is proposed for the determination of the concentration of volatile phenols (ethyl- and vinylphe-
nols) in wines. The novel stir bar sorptive extraction (SBSE) technique is employed, following a simple and fast procedure that allows 15
samples to be extracted simultaneously using very small sample volume. Extracts are desorbed in a thermodesorption system (TDS) coupled
on-line to a gas chromatograph—mass spectrometry system. The SBSE offers better recovery and linear regression &y édii¢remtgur
volatile phenols than solid-phase extraction (SPE). The mass spectrometric detection in selected ion monitoring mode contributes to the lower
detection limit and good sensibility obtained with this method.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction [2,3]. It is known that yeasts of thBrettanomycegenus
can produce this enzymatic transformatidrb] and these
Aroma, in addition to being one of the most important are responsible for many unpleasant odours detected in
identity signals of a wine, is an indicator of its quality. The beer, cider, red wines and fino sherry wirgs7].
organoleptic analysis of wine is extremely useful for enol-  Volatile phenols are usually analysed by gas chromatog-
ogists, because it can provide information about the quality raphy, with a prior extraction treatment of the sample
of grapes employed, the enological practices applied in the being required. Traditionally, liquid—liquid extraction meth-
production of the wine, and possible diseases or other alter-ods were employed3,9], but nowadays easier and more
ations suffered. selective extraction methods have been applied, such as
Organoleptic alterations, often described as pricked, solid-phase extraction (SPH)L0,11] or solid-phase mi-
medicinal or animal odours in the wine, negatively af- croextraction (SPME}12].
fect its quality, and they are caused by the presence in Research into new adsorbent materials for SPE and SPME
the wine of volatile phenols, specifically the ethylphenols has made these techniques more selective towards the com-
(4-ethylphenol and 4-ethylguaiacol) and the vinylphenols pound studied, so offering cleaner and more concentrated
(4-vinylphenol and 4-vinylguaiaco[l]. These compounds extracts. It allows the analysis to be “tuned” to particular
are produced by enzymatic decarboxylation and reduction minority compounds in complex samples, such as wine, be-
of the cinnamic acidstransp-coumaric andtransferulic cause clearer chromatograms and lower detection limits can
be obtained.
EE— Recently, a new extraction technique for aqueous sam-
* Presented at the 2nd' meeting of the Spanish Society of Chromatog- ples, called stir bar sorptive extraction (SBSE), has ap-
raﬂhé:r?gsﬁgfg;%;iiﬂgf?iﬁgﬁ rggé?giggg? November 2002. peared[13], in which a magnetic rod encapsulated in a
fax: +34-956-01-64-60. glass jacket and coated with polydimethylsiloxane (PDMS),
E-mail addressdominico.guillen@uca.es (D.A. Géih). known as a twister, is employed. The extraction takes
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place while the agueous sample is being stirred with this Table 1
rod. for a given time. Later. the stir bar is thermally des- Retention times and MS fragments of volatile phenols using the proposed

orbed on-line with capillary GC-MS. SBSE has been Mehod ' _
applied to the analysis of contaminants in wine such as ompound Retention Quantitative
.. . . .. time (min) fragments 1(vV2)
pesticides[14], 2,4,6-trichloroanisoldg15] and fungicides _
[16] 4-Ethylguaiacol 81.62 13% 152
o . . 4-Ethylphenol 98.69 10% 122
In this study, a new method for the analysis of volatile phe- 4-Vin3)/llguaeigzol 101.65 15(1 135
nols in wine by SBSE, in combination with thermal desorp- 3 4-pimethylphenol (1.S.) 105.70 107 122
tion and on-line capillary GC-MS, is proposed. SBSE has 4-Vinylphenol 14151 126+ 91

been optimised to obtain selectively the best extraction of
volatile phenols with the minimum interference from other
substances, thus giving chromatograms that are as clean akner was used in the PTV. Then the analytes were thermally
possible. Finally, this new method has been applied to the desorbed at the TDS-2 in splitless mode, ramping from 20
analysis of different types of wine. to 280°C at a rate of 60C/min, and the upper temperature
was held for 5 min.
A split injection (ratio 1:30) was employed by ramping

2. Experimental the PTV from 100 to 250C at a rate of 600C/min. Cap-
illary GC analyses were performed on a DB-WAX column
2.1. Reagents, standards and samples (60 mx0.25 mm i.d., 0.5Qum film thickness) (Agilent Tech-

nologies) with helium as carrier gas at an initial flow of
Standards of 4-ethylguaiacol, 4-ethylphenol, 4-vinylguaia- 0.6 ml/min.
col and 4-vinylphenol were acquired from Sigma—Aldrich ~ The oven temperature program was®&0for 5 min, then
(St. Louis, MO, USA). The 3,4-dimethylphenol, employed raised to 100C (held for 10 min) at a rate of I/min, to
as internal standard, also was supplied by Sigma—Aldrich. 160°C (held for 30 min) at a rate of &/min, to 180°C
The ethanol, of chromatographic quality, and the tartaric (held for 80 min) at a rate of ZC/min, and to 230C (held
acid were from Merck (Darmstadt, Germany). The wa- for 5min) at a rate of 2C/min. The mass spectrometric
ter employed was previously purified in a Milli-Q system detection was performed in the selected ion monitoring mode
(Millipore, Bedford, MA, USA). with a dwell time of 100ms for all compound3able 1
The method was applied to the analysis of two red wines, Shows the retention times and mass fragments of the volatile
a white table wine and two fino sherry wines, all of them Pphenols used.
supplied by Bodegas Osborne anthC(El Puerto de Sta.
Maria, Cadiz, Spain). 2.4. Validation of the method

2.2. Preparation of the samples The calibration curves were prepared for each volatile
phenol from a stock solution with the four volatile phenols
A sample of 25 ml of wine, to which 125l of 1000 mg/I in ethanol at 1000 mg/l, by dilution in a hydro-alcoholic so-
solution of 3,4-dimethylphenol had been added as inter- lution (15% ethanol and 3 g/l tartaric acid) to different con-
nal standard, was diluted 1:4 with water and an aliquot centrations between 0.05 and 1 mg/l for 4-ethylphenol and
of 15ml was poured into a headspace vial of 20ml. A between 0.5 and 5mg/l for the other three volatile phenols.
twister coated with PDMS was stirred in this sample for The ethanol concentration chosen for calibration curves was
60 min at a speed of 900 rpm. After sampling, the twister 15% because it is the greater level found of this compound
was rinsed in distilled water and water droplets were re- in the group of wine samples studied.
moved with tissue paper. For thermal desorption (TD), These hydro-alcoholic solutions of four volatile phenols
the stir bar was put into a glass tube of 187 mm length, were then subjected to the previously described SBSE pro-
6 mm o.d. and 4mm i.d., that is placed in the tray of the cess, with the prior addition of the internal standard, as per-

TDS-2. formed with any normal sample. Their extracts were des-
orbed and analysed by GC-MS using the method already ex-
2.3. Instrumentation and conditions plained, and the peak area results obtained were used to con-

struct the calibration curves, representing for each volatile
The analyses were performed using a TDS-2 thermodes-phenol the area relative to the internal standard against the
orption unit mounted on a 6890 Agilent GC system, which different concentrations.
is coupled to an Agilent 5973 mass spectrometric detector From each calibration curve, the regression coefficient
(Agilent Technologies, Little Falls, DE, USA). (r?), linearity and other analytical characteristics were cal-
The analytes were cryofocused in a programmed temper-culated according to Ga et al.[17]. The detection limit
ature vaporizing injector (PTV) (CIS-3, Gerstel) at —2@0 was determined as the addition of the origin ordenate to
with cryogenic nitrogen prior to injection. An empty baffled three times the standard deviation.
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The recovery study was performed by spiking a red wine 3. Results and discussion
with the four volatile phenols at different concentrations, the
same as those used for the calibration curves. 3.1. Optimisation of the extraction method

The repeatability of the method was evaluated by process-
ing five replicates of a red wine, following the SBSE proce-  This method was optimised by testing several values for
dure described previously and later thermally desorbed andall the parameters involved. First, the dilutions of the sample
analyzed by GC-MS. tested were 1:4, 1:10, 2:10 and 5:10. Then, the effect of
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Fig. 1. Chromatograms of the SBSE extracts of (a) a red wine and (b) the same red wine spiked with the four volatile phenols. 1: 4-ethylguaiacol, 2:
4-ethylphenol, 3: 4-vinylguaiacol, 4: 4-vinylphenol. Time scale in min.
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Table 2
Analytical characteristics of the method
4-Ethylguaiacol 4-Ethylphenol 4-Vinylguaiacol 4-Vinylphenol

Concentration range (mg/l) 0.57-5.79 0.05-1.08 0.52-5.19 0.52-5.15
r? 0.9995 1.00 0.9999 0.9964
Linearity curve (%) 98.40 99.72 99.25 95.77
Detection limit (mg/l) 0.159 0.006 0.067 0.373
Quantitation limit (mg/l) 0.529 0.021 0.223 1.244
Analytical sensitivity 0.0648 0.0024 0.0273 0.1524
R.S.D. (%) 4.67 3.77 - -
Recovery (%) 97 101 89 89
Table 3
Concentrations(g/l) of volatile phenols in different types of wine

4-Ethylguaiacol 4-Ethylphenol 4-Vinylguaiacol 4-Vinylphenol
White wine 42 n.c 94 367
Red wine-1 50 76 49 730
Red wine-2 65 84 54 4385
Red wine-3 42 7 53 1803
Fino sherry wine-1 263 226 55 41
Fino sherry wine-2 296 232 55 nid.

2 n.d.: not detected.

the sample volume used for the extraction was analyzed,[11]. Moreover, sensitivity was also increased dramatically

with 10, 15 and 20 ml of diluted wine being tested. Another (Table 2.

variable considered was the time of extraction, and times of It can also be seen iflable 2that the lowest recovery

45, 60 and 180 min were applied. Agitation speeds of 600, for spiked phenols was 89%. Hence recoveries were also

900, 1200 and 1500 rpm, and the effect of ionic force by much higher than those obtained in the method developed

addition of NaCl (0.10g) to the sample prior to extraction, previously[11].

are other variables that have been tested. The slopes obtained from the standard addition experi-
From all these tests, the optimal values selected for this ment done for the recovery study were very similar to those

extraction method were the following: dilution of the sample, corresponding to the calibration curves. So, it can be con-

1:4; sample volume used for extraction, 15ml of diluted cluded that no matrix effect exists.

wine; time of extraction, 60 min; agitation speed, 900rpm  The good repeatability of this method can be deduced

and no addition of NaCl. from the low R.S.D. values of for 4-ethylguaiacol and
Fig. 1 shows the chromatograms of a red wine extract 4-ethylphenol. None of the vinylphenols were detected in

obtained using this SBSE extraction method under the op-the wine used, so the R.S.D. were not calculated.

timal conditions. The coupling of the extraction technique

with gas chromatography and mass spectrometry detection3.3. Application to wines

in single ion monitoring (SIM) mode makes this technique a

powerful tool for the analysis of particularly complex sam- Finally, the new method was applied to wines. A white

ples, as is the case with wine. Other valuable features are theiable wine, three red wines and two sherry wines were an-

need for only a very small quantity of sample, and the pos- alyzed to check the applicability of the method developed

sibility of simultaneously performing as many extractions to different kind of samplesTable 3shows the results for

as the number of twisters available. Further, the utilisation these wines. It can be seen that levels of phenols in these

of MS detection in the SIM mode makes this an especially samples were extremely low. Specifically, the compound

selective technique. used for detecting the Brettanomyces contamination, i.e.

4-ethylphenol, was found only in very low concentration

because the samples selected were all high quality, healthy

wines.

3.2. Validation of the analytical method

Table 2shows the analytical properties of the calibra-
tion curves obtained for all the phenols studied. The high-
est detection limit was 373g/l for 4-vinylphenol and the 4. Conclusions
lowest was Gug/l for 4-ethylphenol. Therefore the limits
of detection LODs were between 10 and 100 times better An easy, fast and reliable analytical method is proposed
than the resulting LODs obtained by the authors previously for the determination of the concentration of volatile phenols



J. Diez et al./J. Chromatogr. A 1025 (2004) 263-267 267

(ethyl- and vinylphenols) in wines. The novel SBSE tech- [5] P. Chatonnet, D. Dubourdieu, J.N. Boidron, Am. J. Enol. Vitic. 46
nique is employed, following a simple and fast procedure _ (1995) 463.

. _ [6] R.B. Gilliland, J. Inst. Brew. 67 (1961) 257.
that allows 15 samples to be extracted simultaneously us [7] I. lbeas, I. Lozano, F. Perdigones, J. Jiménez, Appl. Environ Micro-

ing very small sample volume. The mass spectrometric de- biol. 62 (1996) 998.
tection in selected ion monitoring mode contributes to the [8] P. Chatonnet, Les acquisitions recentes en chromatographie du vin.
lower detection limit and good sensitivity obtained with this Applications a I'analyse sensorielle des vins, Inst. d’Oenologie, Univ.
method. Bordeaux-1l, 1993, p. 121.
[9] P. Chatonnet, J.N. Boidron, Sci. Aliment 8 (1988) 479.
[10] R. L6pez, M. Aznar, J. Cacho, V. Ferreira, J. Chromatogr. A 966
(2002) 167.
Acknowledgements [11] C. Doninguez, D.A. Guillén, C.G. Barroso, Anal. Chim. Acta 458
(2002) 95.
This study was Supported by the FEDER of the Euro- [12] N. Martorell, M.P. Mart, M. Mestres, O. Busto, J. Guasch, J. Chro-
pean Union (project 1FD97-0875-C02-02). The authors are . Malodr A 875 (2002) 349.
! ) ’ . [13] E. Baltussen, P. Sandra, F. David, C.A. Cramers, J. Microcol. Sep.
indebted to Bodegas Osborne & Cia. for supplying samples ™~ 11 (1999 737.
and for the facilities granted to use their installations. [14] F. David, A. Tredoux, E. Baltussen, A. Hoffmann, P. Sandra, in:
P. Sandra (Ed.), Proceedings of the 23rd International Symposium
on Capillary Chromatography, 1.O.P.M.S., Kortrijk, Belgium, 2000,
CD-Rom paper M 35.

References [15] A. Hoffmann, W.R. Sponholz, F. David, P. Sandra, in: P. Sandra
(Ed.), Proceedings of the 23rd International Symposium on Capil-
[1] P. Chatonnet, J.N. Boidron, M. Pons, Sci. Aliment 10 (1990) 565. lary Chromatography, 1.0.P.M.S., Kortrijk, Belgium, 2000, CD-Rom
[2] T. Heresztyn, Arch. Microbiol. 146 (1986) 96. paper D 35.
[3] P. Chatonnet, D. Dubourdieu, J.N. Boidron, M. Pons, J. Sci. Food [16] P. Sandra, B. Tienpont, J. Vercammen, A. Tredoux, T. Sandra, F.
Agric. 60 (1992) 165. David, J. Chromatogr. A 928 (2001) 117.

[4] P. Chatonnet, C. Viala, D. Dubourdieu, Am. J. Enol. Vitic. 48 (1997) [17] A.M. Garda, L. Cuadros, F. Ales, M. Roman, Trends Anal. Chem.
443, 16 (1997) 381.



	Optimisation of stir bar sorptive extraction for the analysis of volatile phenols in wines
	Introduction
	Experimental
	Reagents, standards and samples
	Preparation of the samples
	Instrumentation and conditions
	Validation of the method

	Results and discussion
	Optimisation of the extraction method
	Validation of the analytical method
	Application to wines

	Conclusions
	Acknowledgements
	References


