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Abstract

An easy and sensitive method for the analysis of glutathione (GSH) and other thiol-containing compounds in grape juice and

wine has been developed and optimized. Following a pre-column derivatization of thiols with o-phthalaldehyde (OPA) and 2 ami-
noethanol, isoindole derivatives are separated on reversed-phase HPLC column and quanti®ed by a ¯uorescence detector. The
minimum detection limits for thiols are: GSH, 3.3 nmol/l (1 mg/l); cysteine, 22 mmol/l (2.7 mg/L); methanethiol, 0.27 mmol/l (12.8

mg/l); ethanethiol, 0.65 mmol/l (11 mg/l). The method yields linear responses up to 40 and 21 mg/l for GSH and cysteine, respectively.
GSH levels in two varietal grape juices during fermentation varied from 0 (starting juice) to 2.1 mg/l (wine) in Sauvignon blanc,
while the GSH in a Palomino sample with 1.28 mg/l in the juice increased to 5.1 mg/l in the wine. This automated pre-column

derivatization of thiols followed by an automatic injection procedure is sensitive, reproducible and rapid, with a run time of 35 min.
# 2000 Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

Low molecular weight and hydrophilic compounds
with one or more thiol functional groups, especially
GSH (l-g-glutamyl-l-cysteinylglycine), have received
much attention owing to their physiological importance
in living cells (Jocelyn, 1972; Larsson, Orrenius, Holm-
gen & Hannervik, 1983; Pheifer & Briggs, 1995; Vina,
1990). In analysis of 21 varieties of grapes, GSH ranged
from 17.3 to 114.4 mg/kg (Cheynier, Souquet & Mou-
tounet, 1989). In yeast, GSH accounts for about 1% of
dry weight of Saccharomyces cerevisiae and represents
more than 95% of the low-molecular-mass thiol pool
(Elskens, Jaspers, Penninckx, 1991). GSH is essential
for the proliferation of yeast cells, therefore, yeast
mutants with de®ciencies in GSH synthesis show extre-
mely long generation times (Murata & Kimura, 1986).

GSH serves as a storage compound which can be
mobilized during starvation and/or reproduction, and is
used in the synthesis of cysteine (Elskens et al.; Meister
& Anderson, 1983). Despite the potential importance of
GSH in yeast metabolism, it has not been studied in
wines or fermenting musts. Similarly, although the
volatile thiols, such as methanethiol or ethanethiol,
contribute to o�-odors in wines, very few studies have
analyzed them because of the di�culty of analysis of
trace levels of thiols.
In the analysis of thiols by HPLC, a pre-column

derivatization using N-(9-acidinyl) maleimide resulted in
the formation of multiple by-products due to the hydro-
lysis of ¯uorescent products (Takahashi, Nars, Heguro &
Tuzimur, 1979). To circumvent this, Nakamura and
Tamura (1981) used a post-column derivatization based
on the reaction of thiols with o-phthalaldehyde (OPA)
and primary amines. However, this technique required
an additional dedicated post-column reaction system
and its sensitivity was ultimately limited by the ¯uor-
escent background of the reagent. Recently, Sano and

0308-8146/00/$ - see front matter # 2000 Published by Elsevier Science Ltd. All rights reserved.

PI I : S0308-8146(99 )00227-7

Food Chemistry 68 (2000) 475±480

www.elsevier.com/locate/foodchem

* Corresponding author. Tel.: +1-530-752-9356; fax:+1-530-752-

0382.

E-mail address: acnoble@ucdavis.edu (A.C. Noble).



Nakamura (1998) reported a pre-column derivatization
of thiols in human blood using HPLC chemilumines-
cence detection. This method also required an addi-
tional post-column derivatization of isoindole
derivatives following separation by reversed-phase
HPLC. A pre-column derivatization method using OPA
as a derivatizing agent for ¯uorometric determination of
thiols gave better sensitivity and reproducibility (Joce-
lyn & Kamminga, 1970; Mopper & Delmas, 1984) than
methods using UV detection (Alegria Toran, Farre,
Lagarda & Lopez, 1966; Yoshida, 1996). Although
HPLC analysis of isoindoles formed by derivatization
using OPA eliminated by-product formation, the iso-
indoles were unstable in the aqueous reaction mixture
resulting in variable reproducibility (Mopper & Delmas,
1984). In this report a procedure for automation of the
derivatization and analysis procedure for thiols was
developed which permits immediate analysis of the iso-
indole derivatives. The automated protocol developed
from the pre-column derivatization method of Mopper
& Delmas (1984) is suitable for analysis of thiols in
grape juice and wine, including GSH, l-cysteine,
methanethiol (MeSH), and ethanethiol (EtSH).

2. Materials and methods

2.1. Reagents and chemicals

Deionized water (Millipore, Milford, MA) and
HPLC-grade reagents and solvents were used for the
mobile phases, reagents, and sample preparation. The
mobile phases consisted of 50 mM sodium acetate, pH
5.7 (bu�er ``A'') and methanol (bu�er ``B''). The two
derivatizing reagents were 2 mg of o-phthalaldehyde
(Aldrich Chemical, Milwaukee, WI) dissolved in 1 ml
methanol and 2 ml of 2-aminoethanol (Aldrich Chemical)
dissolved in 1 ml of 0.8 M sodium borate (pH 7.4).
Standard thiols were purchased from following sources:
GSH, and l-cysteine (Sigma Chemical, St Louis, MO);
methanethiol and ethanethiol (Kodak Chemicals,
Rochester, NY); hydrogen sul®de (Liquid Carbonic, Los
Angeles, CA).N-acetyl-l-cysteine (Sigma Chemical) was
used as an internal standard. The stock solutions of
standard thiols (GSH: 3.25 mM (1000 ppm); cysteine
1.73 mM (210 ppm); 1 mM methanethol; 1 mM etha-
nethiol) were prepared in 5 mM sodium acetate bu�er
(pH 4) containing 0. 1 mM EDTA. The stock solutions
were made fresh each week, and serially diluted with
sodium acetate bu�er to desired concentrations, imme-
diately prior to derivatization. All reagents and samples
were put into sample vials (1.5 ml) which had been pre-
viously purged with nitrogen gas shortly before sam-
pling. The headspace was also purged with nitrogen gas
immediately before sealing the vial with a Te¯on-faced
septum.

2.2. Grape juice and wine

Sauvignon blanc and Palomino grapes, grown in the
University experimental vineyard in Davis, were used
for this study. The crushed juices were fermented in 650
ml, batches at 23�C in small (1 l) laboratory fermentors
which were stirred at 200 rpm (Applikon, The Nether-
lands). For analysis, 0.5 ml juice samples were taken
from the juice prior to fermentation, daily during fer-
mentation and from the ®nished wine. The 0.5 ml sam-
ples were diluted with 0.5 ml of 5 mM sodium acetate
bu�er (pH 4) containing 0.1 mM EDTA.

2.3. Derivatization procedure

The pre-column derivatization developed in this study
is a modi®cation of a manual analysis of thiols by reac-
tion with o-phthalaldehyde and 2-aminoethanol descri-
bed by Mopper & Delmas (1984) and of an automated
amino acid analysis procedure (Schuster, 1988). Using
the Hewlett-Packard autosampler which includes an on-
line derivatization system, 2 ml of OPA were withdrawn
from vial No. 1, the needle was washed with H2O and 5
ml of grape juice or wine were withdrawn from the
sample vial and the needle was washed again by H2O.
Finally, 2 ml of 2-aminoethanol were withdrawn and
mixed for exactly 1 min by moving the reagents and sam-
ple volumes back and forth (two cycle) inside the auto-
sampler's syringe capillary. The derivatized sample (total
9 ml) was then injected immediately by automatic injector
for analysis. For each sample, this automatic derivatiza-
tion procedure is performed just before injection.

2.4. Liquid chromatography

A Hewlett±Packard HPLC system (Model 1090)
equipped with an autosampler which permits on-line
derivatization was used for analyses. This automatic
HPLC system was controlled by HP Chemstation (HP

Table 1.

Solvent gradient conditions. Bu�er A=0.05 M sodium acetate

(pH5.7); Bu�er B=100% methanol

Time (min) Bu�er A (%) Bu�er B (%)

1 90 10

2 85 15

6 72 28

7 68 32

9 64 36

10 56 44

12 52 48

19 50 50

21 40 60

25 32 68

26 0 100

31 90 10
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79994A). Using the gradient program for the mobile
phases shown in Table 1, derivatives were separated on
an Ultramex 3 C18 column (100 mm�4.6 mm I.D., 3
mm packing) (Phenomenex, Torrence, CA) and detec-
ted by a programmable ¯uorescence detector (Hewlett
Packard, model 1046A) where wavelengths for excita-
tion and emission were 340 and 450 nm, respectively.

2.5. Reproducibility and identi®cation

Identi®cation of unknown peaks was made by compar-
ison with the retention time of known thiols. Standard
curves were developed for quantifying the individual
thiols. Triplicate analyses were performed using standards
to determine both response linearity and reproducibility
of the protocol. Methionine, which contains no thiol
derivatives, was also examined to test for interference.

3. Results and discussion

For amino acid derivatization, 2-mercaptoethanol is
generally used as a nucleophile. In thiol analysis, however,

the test thiol compounds react as nucleophiles yielding
the highly ¯uorescent isoindole derivatives by reaction
with o-phthalaldehyde and 2-aminoethanol in aqueous
solution and at mild basic pH. In thiol analysis, the
sequence of the addition of reagents a�ects the yield of
the reaction. As observed previously (Roth, 1971;
Simon & Johnson, 1978), maximum sensitivity of this
method was obtained by adding the experimental sam-
ple (containing thiols) to OPA, followed by the addition
of the 2-aminoethanol. In this study, the reaction of
thiols with 2-aminoethanol followed by OPA gave
about 40% lower peak area.
The retention times (min) for authentic thiols were:

GSH, 6.95; cysteine (Cys), 7.95; N-acetyl-l-cysteine, 8.98;
MeSH, 18.46; EtSH 23.26; H2S, 25.00 under the condi-
tions used.Methionine, which does not have a thiol group,
did not yield any ¯uorescent peak in reaction with OPA
indicating no interference by the derivatizing chemicals
and compound containing sulfur in functional groups
other than thiols. Even at low concentrations, there was no
interference from reagents or reagent by-products, in con-
trast to an earlier pre-column derivatization technique for
thiols (Lindroth &Mopper, 1979),

Fig. 1. Linearity of response for cysteine. Top: 0±200 mg/l; bottom: 0±

21 mg/l. Barbell denotes standard deviation from triplicate analysis.

Fig. 2. Linearity of response for glutathione. Top: 0±1000 mg/l; bottom:

0±40 mg/l. Barbell denotes standard deviation from triplicate analysis.
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Reproducibility of the analysis was calculated from
triplicate analyses. The coe�cient of variation was
0.83% at 40 mg/l for GSH, and 9.9% for cysteine at 21
mg/l level. Although the detection limits for MeSH,
and EtSH were very low, their results were highly vari-
able because of their high volatility. These thiols and
other volatile sulfur compounds were reproducibly
detected in these fermenting musts and ®nished wines by
a gas chromatographic headspace analysis method
reported elsewhere (Park, Boulton & Noble, 1999).
Cysteine was shown to have a linear response up to
concentration of 21 mg/l with a r2 of 0.991 (Fig. 1). For
glutathione, the response is linear up about 40 mg/l
GSH (r2=0.987), however, the response for GSH
decreases above 40 mg/l (Fig. 2). This decrease in
GSH response not the result of swamping of the detec-
tor, but may be due to non-thiol side-reactions with
GSH (Nakamura & Tamura, 1981; Simon & Johnson,
1978). Reaction by-products were detected in analysis of
samples containing GSH at concentrations above
40 mg/l as shown in Fig. 3. Using cysteine as a reactant,

the isoindole derivative of cysteine was identi®ed as one
by-product. Six other peaks observed from analysis
of higher concentrations of GSH were not identi®ed.
These byproducts did not form in analysis of other thiols
even at high concentrations, possibly since other thiols
had no reactive functional groups or had small side
chains.
The maximum sensitivities (with a signal-to-noise

ratio of about 2) were GSH, 3.3 nmol/l (1 mg/l);
cysteine, 22 mmol/l (2.7 mg/l); methanethiol, 0.27 mmol/l
(12.8 mg/l); ethanethiol, 0.65 mmol/l (11 mg/l). Mopper &
Delmas (1984) reported a detection limit of 0.25 nM
(with 100 ml injections) which was averaged over six
thiols, hence their sensitivity, although similar, cannot
be directly to compared the data in this study.

3.1. Analysis of grape juice and wine

Fig. 4 shows the typical traces from analysis of Palo-
mino grape must and wine. Peak No. 1 is GSH, No. 2 is
tentatively identi®ed as g-glutamylcysteine, an enzy-

Fig. 3. Formation of reaction products by GSH derivatives at

increasing concentrations of GSH. Peak No. 1, glutathione; No. 2,

cysteine; No. 3, impurity from the derivatizing agent. Other peaks

were not identi®ed.

Fig. 4. Analysis of thiols in Palomino grape juice (top) and resulting

Palomino wine (bottom). Numbers on Y-axis represent a recorder

scale (%). Peak No. 1, glutathione; No. 2, tentatively identi®ed as g-
glutamylcysteine; No. 3, impurity from the derivatizing reagent. No

internal standard was added to the samples.
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matic hydrolysis product from GSH, and No. 3 is an
impurity from the derivatizing agents. Several other
unidenti®ed thiol peaks appeared in wine as a result of
fermentation.
Before fermentation, the Palomino juice contained

1.28 mg/l GSH, while the Sauvignon blanc had no
detectable GSH. As shown in Fig. 5, GSH increased
during fermentation in both samples. Following fer-
mentation, 5.1 mg/l GSH was found in the wine vs 2.1
mg/l for the Sauvignon blanc. A similar pattern of GSH
increase during fermentation was observed in fermenta-
tions of three other varietal grapes (Park et al., 1999).
Although the average concentration of GSH in white
grapes analyzed under anaerobic conditions was 47 mg/l
(Cheynier et al., 1989), musts from crushed grapes, such
as these juices, contain very low GSH levels. Oxidative
reactions of GSH with hydroxycinnamates occur during
grape crushing, yielding the ``grape reaction product'',
2-S-glutathionyl caftaric acid (Singleton, Salgues, Zaya
& Trousdale, 1985).
Peak No. 2, tentatively identi®ed as g-glutamylcysteine,

decreased upon fermentation; the concentration was not
determined because of unavailability of a standard. No

cysteine was found in the juice or wine despite the low
detection limit of 2.7 mg/l for cysteine.

4. Conclusions

This in-line pre-column derivatization and HPLC
analysis provides sensitive, reproducible and rapid
quanti®cation of thiols in grape juice and wines. With a
total run time of 35 min, up to 40 samples per day could
be run with unattended operation.

Acknowledgements

We thank the American Vineyard Foundation for
®nancial support for the research project.

References

Alegria Toran, A., Barbera, R. Farre, R. Lagarda, M. J., & Lopez, J.

C. (1996). HPLC method for cyst(e)ine and methionine in infant

formulars. J. Food Sci., 61, 1132±1135.

Fig. 5. Concentration of glutathione (mg/l) in starting musts, and throughout fermentation. Top: Sauvignon blanc; bottom, Palomino.

S.K. Park et al. / Food Chemistry 68 (2000) 475±480 479



Cheynier, V., Souquet, J. M., & Moutounet, M. (1989). Glutathione

content and glutathione to hydroxycinnamic acid ratio in Vitis vini-

fera grapes and musts. Am. J. Enol. Vitic., 40, 320±324.

Elskens, M. T., Jaspers, C. L., & Penninckx, M. J. (1991). Glutathione

as an endogenous sulphur source in the yeast Saccharomyces cere-

visiae. J. Gen. Microbiol., 137, 637±644.

Jocelyn, P. C. (1972). Biochemistry of the SH group. New York: Aca-

demic Press.

Jocelyn, P. C., & Kamminga, A. (1970). Development of ¯uorescence

between o-phthaldialdehyde and thiols. Anal. Biochem., 37, 417±421.

Larsson, A., Orrenius, S., Holmgren, A., & Mannervik, B. (1983).

Function of glutathione-biochemical, physiological, toxicological, and

clinical aspects. New York: Raven Press.

Lindroth, P., & Mopper, K. (1979). High performance liquid chro-

matographic determination of subpicomole amounts of amino acids

by pre-column ¯uorescence derivatization with o-phthaldialdehyde.

Anal. Chem., 51, 1667±1674.

Meister, A., & Anderson, E. (1983). Gutathione. In E. E. Snell, P.

D. Meister, A. Meister, C. C. Richardson, Annual review of bio-

chemistry Vol. 52 (pp. 711±760). California: Annual Review Inc.

Mopper, K., & Delmas, D. (1984). Trace determination of biological

thiols by liquid chromatography and precolumn ¯uorometric label-

ing with o-phthalaldehyde. Anal. Chem., 56, 2557±2560.

Murata, K., & Kimura, A. (1986). Relationship between glutathione

contents and generation times in Saccharomyces cerevisiae. Agric.

Biol. Chem., 50, 1055±1056.

Nakamura, H., & Tarnura, Z. (1981). Fluorometric determination of

thiols by liquid chromatography with postcolumn derivatization.

Anal. Chem., 53, 2190±2193.

Park, S. K., Boulton, R. B. & Noble, A. C. in press. Formation of

volatile sulfur and thiolcontaining compounds during fermentation

of eight white grape musts. Am. J. Enol. Vitic.

Pheifer, J. H., & Briggs, D. E. (1995). Thiols and disulphide in Quies-

cent and germinating barley grains, both dormant and mature. J.

Inst. Brew., 101, 85±93.

Roth, M. (1971). Fluorescence reaction for amino acids. Anal. Chem.,

43, 880±882.

Sano, A., & Nakamura, H. (1998). Chemiluminescence detection of

thiols by high-performance liquid chromatography using o-phtha-

laldehyde and N-(4-aminobutyl)-N-ethylisoluminol as pre-column

derivatization reagents. Anal. Sci., 14, 731±735.

Schuster, R. (1988). Determination of amino acids in biological,

pharmaceutical, plant and food samples by automated pre-column

derivatization and high-performance liquid chromatography. J.

Chromatogr., 431, 271±284.

Simon, S. S., & Johnson, D. F. (1978). Reaction of o-phthalalde-

hyde and thiols with primary amines: ¯uorescence properties of

1-alkyl(and aryl)thio-2-alkylisoindoles. Anal. Biochem., 90, 705±

725.

Singleton, V. L., Salgues, M., Zaya, J., & Trousdale, E. (1985).

Caftaric acid disappearance and conversion to products of enzy-

mic oxidation in grape must and wine. Am. J. Enol. Vitic., 36, 50±

56.

Takahashi, H., Nars, Y., Meguro, H., & Tuzimur, K. (1979). A sensi-

tive ¯uorometric method for the determination of glutathione and

some thiols in blood and mammalian tissues by high performance

liquid chromatography. Agric. Biol. Chem., 43, 1439±1445.

VinÄ a, J. (1990). Glutathione: metabolism and physiological functions.

Boca Raton, FL: CRC Press.

Yoshida, T. (1996). Determination of reduced and oxidized glu-

tathione in erythrocytes by high-performance liquid chromato-

graphy with ultraviolet absorbance detection. J. Chromatogr. B-Bio.

Med. Appl., 678, 157±164.

480 S.K. Park et al. / Food Chemistry 68 (2000) 475±480


