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A Novel Method for Quantification of 2-Methyl-3-furanthiol and
2-Furanmethanethiol in Wines Made from
Vitis vinifera Grape Varieties
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Faculté d’'cenologie, Université Victor Segalen Bordeaux 2, 351,
Cours de la libération, 33405 Talence, France

A rapid, easy method has been developed for isolating and quantifying 2-methyl-3-furanthiol (2M3F)
in wines. Until now, it was not possible to quantify this highly odoriferous compound, with a smell
reminiscent of cooked meat, in wine. The original aspect of this method is the specific release of
volatile thiols using a cysteamine solution applied in reverse flow to sample percolation on the basis
of a p-hydroxymercuribenzoate (pHMB)—volatile thiol conjugate formed by the direct addition of pHMB
to 50 mL of wine. Purification of volatile thiols in wines is much faster and easier than our previous
method. This method may also be used to assay 2-furanmethanethiol in wine. This thiol's strong
aroma of roasted coffee has been shown to contribute to the “roast coffee” aroma of certain wines.
Assaying 2M3F by this method showed that it was present in the wines analyzed (red and white
Bordeaux, Loire Valley Sauvignon blanc, white Burgundy, and Champagne) at concentrations up to
100 ng/L, i.e., significantly above the olfactory perception threshold for this compound in model dilute
alcohol solution.
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INTRODUCTION MATERIALS AND METHODS

The sensory importance of 2-methyl-3-furanthiol (2M3F) and ~ Wines Analyzed.The dry white wines were made from Sauvignon
2-furanmethanethiol (2FM), formed by Maillard reaction when Planc (vintage and appellation: 2001 Bordeaux, 1999 Sancerre, and
food is cooked, is well-knowrl-4). The formation mechanism 2001 Pouilly-Fumé) and Chardonnay (vintage and appellation: 2001

f th m nds has been studied rticularly in K dPuligny Montrachet, 1999 Chassagne Montrachet, and 1999 and 2001
of these compounds nas been studied, particufarly in cooke Chablis). The red Bordeaux wines (blends of Merlot and Cabernet

meat (5,6), as well as in a model medium containing cysteine  saignon) were from the following appellations: Pauillac (1999), Saint
and pentose 1=9). The use ofp-hydroxymercuribenzoate  jyjien (1999), Saint Emilion (1996), and Pomerol (1998). The
(pHMB), which has the property of forming reversible combina- Champagnes were kindly donated by Laurent Perrier and Pol Roger
tions with volatile thiols, together with deuterated analogues of (vintages: 1990—1982).

the compounds to be assayed as internal standards, made it Column Preparation. The resin Dowex 1 (1X2100) was reacti-
possible to assay these mercaptans accurately in cooked meatgated by flushing it with a 0.1 M hydrochloric acid solution and then
at concentrations around 1@/kg (6). rinsed with ultrapure water until the supernatant had a pH-66.5

S o : 0 .
The presence of these volatile thiols has also been reportedThe resin in suspension in water (approximately 70%) was loaded into

. . - . a glass column, filling it completely up to the joint and draining off
in certain wines over the year4q—13). The contribution of any excess water through the tap at the base of the colBigaré 1).

2FM to the toasty aroma of wines aged in oak barrels and The upper tap with a ground tip was then attached to the column using

Champagnes has been clearly demonstrat@dl@). However, a SVL 22 connector. A percolation flask was fitted on the system. The
the sensory impact of 2M3F on wines had never been proved column was rinsed with 50 mL of ultrapure water and was then ready
with the exception of sensory reconstitution studigs, (L6), for use. The resin was changed for each sample.

due to the difficulty of assaying it by the methods used until ~ Specific Extraction of the Volatile Thiols from Wines. Five
now to analyze volatile thiols in winelB, 17). This article milliliters of a pHMB solution (2 mM in 0.1 M Tris) was added to 50
reports on a new specific extraction method for volatile thiols ML of wine containing 1.2 nmol of 4-methoxy-2-methyl-2-mercap-
in wine that makes it possible to assay 2M3F in wine and tobutane (Oxford Chemicals, Elizabeth, NJ) as an internal standard and
: . L then brought to pH 7.0 using a sodium hydroxide solution (10 N) and
estimate its organoleptic impact. subjected to magnetic stirring for 10 min. The wine was then percolated
for 10 min on a Dowex 1 column prepared as mentioned above. The
* To whom correspondence should be addressed. Tel: 33.5.40.00.64.90.column was rinsed with 50 mL of sodium acetate buffer (0.1 M, pH 6)
Fax: 33.5.40.00.64.68. E-mail: takatoshi.tominaga@cenologie.u-bordeaux2.fr.containing 0.02 mMert-butyl-4-methoxyphenol as an antioxidant.
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NS joint volatile thiols were selectively extracted from a red wine according to
14/23 <SS the method described above. The final organic phase obtained was
—_—_ /I\ added to a 100 ng amount of octan-3-ol as an external standard and

1100 concentrated to 25L. The following two ratios were calculated from
these assay results:

ratio (A) =
height of internal standard peak/height of external standard peak

olass frit
No.1

(thiol initial) ratio =
height of peaks for 2M3F or 2FM/height of internal standard peak

Then, 25 or 100 ng/L 2M3F and 2FM was spiked to the red wine,
together with the internal standard, and extracted in the same way.
Analysis of the thiols in these two samples made it possible to determine
the thiol-spiked ratios.

glass frit _ thiol-spiked ratios=
No.l / : height of peaks for 2M3F or 2FM/height of internal standard peak

Finally, internal standard was added to the solution (50 mL) used as a
flushing buffer in the purification column, together with 2M3F and
2FM (25 or 100 ng/L), and then extracted directly with dichloromethane
(4 and 2 mL). The organic phases were collected together, 100 ng of
octan-3-ol (external standard) was added, and the resulting solution
was concentrated to 24_.

¢ mm It was thus possible to determine ratio B and the thiol control ratios.
Figure 1. lllustration of the column specifically designed for elution in
the opposite direction to percolation.

NS joint
14/23

—

ratio B=
height of internal standard peak/ height of external standard peak

The volatile thiols were released from the thi@HMB conjugate thiol control ratios=
fixed on the column by turning it upside down and eluting it using a height of 2M3F or 2FM peaks/height of internal standard peak
cysteamine solution (500 mg/50 mL in the rinsing buffer) adjusted to
pH 6, for 15 min, in the opposite direction from the way the wine The recovery ratef %) for the internal standard was A8 100 (%).
percolated. The eluate containing the volatile thiols released from the The recovery rateT %) for the volatile thiols was (thiol spikee
column by the cysteamine was collected in a 100 mL flask. To improve thiol initial)/thiol control x E (%).
the extraction, ethyl acetate (0.5 mL) was added and the solution was GC/MS. The chromatographic conditions were identical to those
extracted using 4 and 2 mL of dichloromethane for 5 min each with described by Tominaga et alL.g) using a DB-XLB column (HP, 60 m
magnetic stirring. The organic phases were collected, dried on x 0.25 mm, 0.25:m) instead of the BPX-35. The analysis was carried
anhydrous sqdlum sulfate;, and then concentrated to approximately 500out on a gas chromatograph (Hewlett-Packard 5890-I1) coupled with a
uL under a nitrogen flux in a 10 mL graduated tube. The concentrate Hewlett-Packard 5972 series mass selective detector (MSD). The extract

was then transferred & 1 mL vial, concentrated to 28, and injected (2 uL) was injected. The operating conditions were as follows:
into a gas chromatography/mass spectrometry (GC/MS) within 24 h. temperature program: isothermal at %0 for 1 min, then raised to
Impact of the Method of Eluting the Column with Cysteamine 230 °C at 3 °C/min; injector temperature, 25C; injection mode,

on the Thiol Recovery Rate.Two methods of eluting volatile thiols  splitless (splitless time 1 min). Helium 55 (Air Liquide, France) was
from the Dowex 1 column were compared as follows: in the same the vector gas used (135 Kpa). 2M3F and 2FM were detected in SIM
direction the wine percolated through or the opposite direction. mode selecting the following ionsp/z= 71, 85, and 114 for 2M3F
Stability of the Volatile Thiols. An extract sample containing the ~ andm/z= 53, 81, and 114 for 2FM, and quantified with/z= 114
volatile thiols purified by the method described above was injected for both compounds. The internal standard was detected with the ion
into the GC/MS after 24, 48, and 72 h. m/z= 134.
Calibration. Calibration standards were prepared by adding increas-
ing quantities (56-300 ng/L) of the two volatile thiol reference RESULTS AND DISCUSSION

compounds to a wine. The concentrations of volatile thiol standards . . . .
were previously determined by the Ellman’s method (18) using 5,5'- Detecting the Purified Volatile Thiols. The method devel-

dithio-bis(2-nitrobenzoic acid) (DTNB). For each concentration, the OPed for purifying volatile thiols makes it possible to isolate
volatile thiols were extracted from the wine using the method described V0|at!|e thiols easily and rap_ldly from conjugate mixtures, such
above. The wine selected for purpose of calibration was a red Bordeauxas wine. In fact, the formation of theHMB—thiol conjugate
(2003 vintage). The analysis of this wine presented a slight amount of by adding pHMB directly to wine (50 mL) instead of preparing
the volatile thiols. The calibration of these compounds was therefore gn organic extract ggHMB from 500 mL of wine (3, 14,17,
corrected by subtracting the blank ratios (height of peak formed by a 19—21) simplifies the method, thus minimizing any loss of
selected ion of these compounds contained naturally in this wine/that \,qatile thiols. The conjugate thus obtained is fixed on an anion
of internal st_a}ndard). ) o exchange column. The volatile thiols fixed on the column were
Repeatability of the Assay.The same wine was analyzed five times released by percolating with a cysteamine solution in the
(extraction and assay) to determine the variation coefficient for assaying . . . . . e
opposite direction to the sample. The volatile thiols purified by

each compound. . ’
Spiking Experiments. To determine the impact of the matrix on the above method were detected by GC/MS in SIM mode with

the assay, spiking experiments were conducted on different types of tN€ three selected ions. In view of the mass spectra of the

wines (dry white and red) before and after spiking known quantities reference materials in scan modégure 2a,b), ions 71, 85,

(25 and 100 ng/L) of volatile thiols (2M3F and 2FM). and 114 and ions 53, 81, and 114 were selected for 2M3F and
Recovery Rate The recovery rate during purification for 2M3F and ~ 2FM, respectively. These selected ions were superimposed on

2FM, as well as the internal standard, was calculated as follows. The the retention times of the reference compouridgyre 3). The
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Figure 3. Detection of 2M3F and 2FM from a red wine in SIM mode by E 30 #2FM
overlapping the ions selected (m/z 71, 85, and 114 for 2M3F and m/z 53, b o2M3F o
81, and 114 for 2FM). 45 4 . . . .
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number of peaks formed by the three ions increased, while Time (hrs)

maintaining the same ratio, after coinjection of the reference gy 5. Stability of 2M3F and 2FM purified from a white wine and kept
materials in quantities equivalent to those present in Wines i, gichioromethane at =10 °C.
(results not shown). We were, therefore, sure that these volatile
thiols could be detected by selecting these ions. lon 114 wasTable 1. Calibration Line Parameters
used to quantify these volatile thiols as the baseline formed by
this ion had very little background noise. o linear limit of validation
Impact of the Method of Eluting the Column with calibration . fange  quantficaion - range
Cysteamine on the Thiol Recovery RateThe release of ~ _2maVe fine R (nglL) (nglL) (nglL)
volatile thiols by percolating a cysteamine solution in the 2M3F  y=20639%x 09668  0-300 0.52 0.52-300
opposite direction to that taken by the sample is a key stage in 2FM y=65888x  0.999%8  0-300 22 227300
this method.Figure 4 compares the recovery rates for 2M3F
and 2FM using the two elution methods with cysteamine.
Reverse elution improves recovery of these two volatile thiols,
especially 2M3F, which is very poor and not reproducible when
the column is eluted in the “usual” direction. It is probable that
reverse eluting the volatile thiols releases them from the column
more rapidly, thus minimizing losses by oxidation and nonspe-
cific interaction with the resin.
Stability of the Volatile Thiols. Repeated injections of the

standard is expressed on the graph in relation to the concentra-
tions mentioned previously. The correlation between the two
parameters is linear for both volatile thiols to be assayed (Table
1). The limit of quantification was calculated as the minimum
concentration that generated a peak signal 10 times higher than
the signal from adjacent noise. The limit of quantification was
0.52 ng/L for 2M3F and 2.2 ng/L for 2FM, respectivelyable
same sample demonstrated the stability of the volatile thiols 1)- Répeatability of the assay was confirmed by a series of five
preserved in dichloromethane atl0 °C over a 24 h period extractions.Table 2 shows the va_rlatlon (_:o_efflments obtained
(Figure 5). 2FM remained stable for 48 h under these condi- for these two compounds. It was in the vicinity of 3.5% for the
tions, while 2M3F decreased clearly after 24 h. All of the 2M3F assay and less than 5.0% for 2FM.
organic thiol extracts used in this study were, therefore, injected  Spiking Experiments and Recovery Rates of the Volatile
into the GC/MS within 24 h. Thiols. The two volatile thiols spiked (25 or 100 ng/L) to the
Standard Curves, Sensitivity, and Repeatability The ratio various types of wines were recovered independently of type
of the height of the peaks corresponding to the selected ion of of wine used Table 3). Thus, the type of matrix had no impact
the compounds to be assayed and the peak for the internalon the assay. The recovery rate for these two volatile thiols
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Table 2. Repeatability of the 2M3F and 2FM Assay in a Champagne 58
02M3F
(1990)
2001 ®2FEM
samples 2M3F (ng/L) 2FM (ng/L) 150 4
1 77.3 22.7
2 76.9 223 1001
3 76.2 20.9 50 A
4 71.6 20.9 0
5 784 202 white wines  red wines  champagnes
average (n=5) 76.08 214 (n=8) (n=8) (n=8)
23 (5%) §'83 411'25 Figure 6. 2M3F and 2FM concentrations (ng/L) in certain red and white
) ' wines and Champagnes.
Table 3. Quantity of Added 2M3F (25 or 100 ng/L) or 2FM (25 or 100 can estimate that this highly odoriferous thiol would have a
ng/L) Recovered from Different Types of Wine certain contribution to the roasted coffee aroma found in some
wines (13,14, 23).
2M3F
2M3F spiked
Spike ACKNOWLEDGMENT
initial 25 ng/L 100 ng/L
2M3F  observed observed We thank Laurent Perrier and Pol Roger champagne companies
concn conen recovery concn recovery that kindly provided their wine samples and Guy Guimberteau
(o) (g (nglL) (nglL) (nglL) for the sampling preparation. We also thank Naoko Oguri for
white wine 1 96 120 24 206 110 illustration of column.
white wine 2 49 75 26 153 104
red wine 1 99 124 25 209 110
2FM (1) Tressl, R.; Silwar, R. Investigation of sulfur-containing compo-
2FM spiked nents in roasted coffed. Agric. Food Chem1981,29, 1078—
_ 1082.
initial 25 nglt 100 nglt (2) Gasser, U.; Grosch, W. Identification of volatile flavour com-
2FM - observed observed pounds with hight aroma values from cooked b&efLebensm.
concn concn recovery concn recovery Unters. Forsch.’l.988, 186, 489—494.
(nglL) (ngfL) (nglL) (nglL) (nglL) (3) Schieberle, P. Primary odorants in popcdtmgric. Food Chem
Wh?te W?ne 1 49 75 26 149 101 1991,39, 1141—-1144.
white wine 2 14 37 23 112 98 (4) Guth, H.; Grosch, W. Identification of the character impact
red wine 1 52 79 21 158 106 odorants of stewed beef juice by instrumental analysis and
red wine 2 3 61 28 140 108 sensory studiesl. Agric. Food Chem1994, 42, 2862—2866.

(5) Noleau, |.; Toulemonde, B. Quantitative study of roasted chicken
flavour. Lebensm.-Wiss. Techndl986,19, 122—125.
was approximately 7585%, irrespective of the quantity added. (6) Kerscher, R.; Grosch, W. Quantification of 2-methyl-3-furanthiol,

The recovery rate for the internal standard was over 85%. 2-furfurylthiol, mercapto-2-pentanone, and 2-mercapto-3-pen-
. . . . . tanone in heated meat. Agric. Food Chem1998,46, 1954—
Quantification of the Volatile Thiols in Wine. Because of 1958. ! g
highly oxidizable compounds2g), quantification of the two (7) Parliment, T. H.; Stahl, H. D. Formation of furfuryl mercaptan
volatile thiols normally demands the use of a deuterated in coffee model system®ev. Food Sci1995,37A, 805—813.
analogue as an internal standard. The original aspect of the (8) Hofmann, T.; Schieberle, P. Identification of potent aroma
method described in this article is purification of thiols as a compounds in thermally treated mixtures of glucose/cysteine and
conjugatepHMB —thiol by percolation through a strongly basic rhamnose/cysteine using aroma extract dilution techniqiies.
anion exchanger column [Dowex (1%200)]. During purifica- Agric. Food Chem1997,45, 898—906.

(9) Hofmann, T.; Schieberle, P. Quantitative model studies on the
effectiveness of different precursor sytems in the formation of
the intense food odorants 2-furfurylthiol and 2-methy-3-

tion, the SH group of the target compounds is protected by
pHMB. Although the internal standard used here is not quiet

similar in behavior to the target compounds, the method furanthiol. J. Agric. Food Chem1998,46, 235—241.
developed has a good sensibility and repeatabiliigb{e 1). (10) Bouchilloux, P.; Darriet, P.; Dubourdieu, D. Identification d’un
The 2M3F and 2FM quantifications were carried out using thiol fortement odorant, le 2-méthyl-3-furanthiol, dans les vins.

Vitis 1998,37, 177—180.

several white Sauvignon blanc and Chardonnay wines from o I . .
9 y (11) Kotseridis, Y.; Baumes, R. Identification of impact odorants in

different Frqnch appellations, Champagnes, and several red Bordeaux red grape juice, in the commercial yeast used for its
Bordeaux wines made from the Cabernet and Merlot grape fermentation, and in the produced windsAgric. Food Chem.
varieties. The average concentrations of these compounds 2000,48, 400—406.

(Figure 6) in the wines analyzed varied from 50 to 145 ng/L  (12) Aznar, M.; Lépez, R.; Cacho, J. F.; Ferreira, V. Identification

for 2M3F and from 25 to 140 ng/L for 2FM. The highest values and quantification of impact odorants of aged red wines from
were found in Champagnes. In view of the perception threshold Rioja. GC-olfactometry, quantitative GC-MS, and odor evalu-
of 2M3F in model dilute alcohol solution (4 ng/L), it would gggg of HPLC fractionsJ. Agric. Food Chem2001, 49, 2924~
partially contribute to the overall “toasty arorT1a n .W|nes. (13) Tominaga, T.; Guimbertau, G.; Dubourdieu, D. Role of certain
The 2FM contents of both red and white wines were volatile thiols in the bouquet of aged champagne wideAgric.

significantly above the perception threshold (0.4 ng2Q)( We Food Chem2003,51, 1016—1020.
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(15) Ferreira, V.; Ortin, N.; Escudero, A.; Lopez, R.; Cacho, J. grape varieties). Agric. Food Chem2000,48, 1799—1802.

Chemical characterization of the aroma of grenache rosé wines. (21) Tominaga, T.; Guimbertau, G.; Dubourdieu, D. Contribution of
Aroma extraction dilution analysis, quantitative determination
and sensory reconstitution studids Agric. Food Chem2002,
50, 4048—4054.
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