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Effect of B-Glycosidase Activity of Oenococcus oeni on the
Glycosylated Flavor Precursors of Tannat Wine during
Malolactic Fermentation
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Under traditional wine-making conditions, this work examines the -glycosidic activity of Oenococcus
oeni on glycosylated aroma compounds of Tannat wines during malolactic fermentation (MLF) by
comparing the changes on slected aglycones liberated. MLF diminished the content of all the
glycosylated compounds. The level of the free aroma components was slightly modified by the action
of the malolactic fermentation so that the cleavage of the glycosidic linkage by the -glycosidic activity
of O. oeni did not appear to increase significatively the aglycone contents. The consequences of
further chemical rearrangements of the algycones under wine conditions were explored using
synthesized glycoconjugates on synthetic medium. Bacteria could also be responsible for the cleavage
of aroma glycosylated compounds, being the aglycone adsorbed on polysaccharides or peptidoglycans
and was released into the external medium. This hypothesis was studied through the evaluation of
a stable arrangement of aroma compounds with polysaccharides produced by lactic acid bacteria. A
possible retaining of free-made aroma compounds into the whole cells of O. oeniwas also investigated
through cell culture analysis. Through the results obtained, we assume stable linkage of aroma
compounds with bacterial polysaccharides.
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INTRODUCTION free volatiles; however, this hydrolysis procedure can also
promote the rearrangement of aglycon®s As an alternative,

. . . . i enzymatic methods have been reported to transform these flavor
norisoprenoids, and shikimate-derived compounds, are typically precursors into active aroma compounds with minimal change

formed as odorlesg-p-glucoside and diglycoside conjugates . -
in grape and other fruit juicesl{3). In general, the aroma ?{ ang)g;ones and appear to be more practical in wine-making

compounds are conjugated in the first instance to glucose as

p-p-glucopyranosides or form more complex disaccharides with _ The hydrolysis of monoglucosides requires the action of a
glucose being further conjugated with a second sugar unit of A-9lucosidase, while hydrolysis of disaccharide glycosides

o-L-arabinofuranoseg-L-rhamnopyranose-p-xylopyranose, requires sequentially an appropriabeo-glycosidase to remove
or B-p-apiofuranose (1, 3, 4). the outermost sugar molecule followed bySalucosidase to

Liberation of glycosylated compounds, like monoterpenes, remove the remaining gIgcosé(I). It was also s.hown.thz.at an
is important, contributing to the aroma of certain varieties, in endo-glycosidase alone is capable of hydrolyzing this linkage,

particular Muscats 5, 6). Sensory analysis of hydrolyzed thus liberating disaccharide and aglycon (12)Glycosidase

products also demostrates the contribution of other glycosylatedacnv'ty of grape juice Is virtually absent because of the low
compounds on varieties such as Semillon (7). pH of the medium and the presence of glucose and, later, ethanol

H d acid hvdrolvsis of | ides has b that inihibits the enzymatic activity2( 11—15). The glycosidic
sty d?:ct;l :2 a Erlr?:athog frooryrzllsé aose gc:fgguggccoosr;;c?ungs wi(t-jk? r;activity related toSaccharomyc_es cer_isiagis weakly sensitive
view to enhancing aroma of grape juice through formation of to the presence of sugar, bu_t its action is very reduced because
of the low pH of must and wine( 16, 173. On the other hand,
several norSaccharomycegeasts have glycosidic activities but
*To whom correspondence should be addressed (telephone 00598 23re inhibited severely by glucose concentratib8-20). More

ngton?\%:g’éfc?ggeslj gég&gﬁ&e-maul edellac@bilbo.edu.uy). promising findings come from work witBebaryomycesnd

* Catedra de Farmacognosia y Productos Naturales. Candidastrains (21—23).

Several attractive flavor compounds, like monoterpenegs, C
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Many commercial funggb-glycosidases have been reported
to carry out the hydrolysis of glycosylated compounds, but in
practical wine-making they also present problems because of
glucose inhibition 2, 12, 24, 2% They have been also reported
to present undesirable side activities that can transform free
aglycones into flavorless compounds or produce unwanted
artifacts in the resulting aglycones (26, 27).

In vitro f-glycosidase of one strain ddenoccocus oeni
performing malolactic fermentation (MLF) was found to be
active at must pH (3.5), retaining 78% of the maximum activity
value @8). In a recent work examining performances of cultures
derived from 11 commercial preparations@&nococcus oeni,
responses ofi-glucosidase activity to enological pH values,
glucose/fructose ratio, and ethanol concentration were deter-
mined with synthetic substrates (29). While these activities were
readily detectable under the synthetic medium conditions used
in this study, changes under enological conditions remain to be
investigated. This study evaluates fhglycosidase activity of
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g/L, and the corresponding pH values were 3.37, 3.19, 3.15, and 3.22,
respectively. S@was added to the must (50 mg/L), which was then
inoculated with reactivated dry yeaSdccharomyces cersiag, strain
CIVC 8130; Gist Brocades, Chile). Fermentation was carried out at
22—25°C. At a density of 1000 g/L, the wine was run off from the
fermentor, pomace was pressed, and pressed wine was added to runoff
wine. Upon completion of alcoholic fermentation, each batch was
divided into three equal portions. Two portions were taken for MLF
by inoculation, in duplicate, with pure cultures Gfenoccocus oeni,
isolates 1 and 2. The third portion was treated with 50 mg/l. 80
control MLF (control) and then held under conditions similar to those
applied to the other two portions. A 200 mL aliquot of wine was kept
as a control (with no addition of SPto monitor if MLF took place
spontaneously. In sum, the experimental design was as follow: 4 wines
x 3 treatmentsx 2 duplicates to give 24 wines samples, plus 4 wines
held for evidence of spontaneus MLF. All samples were held &4C18

and MLF was followed by determining the concentrations of malic
and lactic acid by thin-layer chromatography (TLC38]. Upon
completion of MLF, the wines were treated with 50 mg/L S@ll
samples were stabilized at°€ for 20 days and sterile-filtered (0.45

LAB, during MLF, on glycosylated aroma compounds under um membrane), and free $@ontent was then adjusted to 35 mg/L.

the enological conditions of red wine (cv. Tannat) production
by comparing the changes in the free compounds obtained from
selected aglycones.

Vitis vinifera L. cv. Tannat is the major variety in Uruguay,
being introduced there in 1870 from France and very well
acclimatized to produce red premium wines. Uruguay is the only
country in the Americas where this variety is commonly grown.

Strategies to improve Tannat wine quality using advanced
viticultural and wine-making technologyQ) started with the
analytical characterization of the complex flavor profile of
Tannat 81—34), which is described as raspberry, plum, quince,
and small-berry-like scents. In aged wines it changes to wild
animal-like, smoked, and liquorice charactd4(35). Possible
peculiarities of the free forms and also the heteroside fraction
may explain some of these aroma descriptors as previously
reported (31).

Furthermore, the richness of the flavor and quality improve-

After bottling, the wines were held for 3 months at 10 before
analysis.

Synthesis of GlycoconjugatesThe glycoconjugates to be synthe-
sized were selected by their content in Tannat wines, as in the case of
benzyl alcohol, and in order to verify chemical rearrangements produced
as a consequence of its eventual degradation in the medium, as in the
case of geraniol. Benzy#b-glucopyranoside was synthesized following
the modified Kéenigs and Knorr metho89). Acetylated geranyl &-
a-L-rhamnopyranosyp-p-glucopyranoside supplied by Versini (Istituto
Agrario di San Michele all’Adige, Italia) was deacetylated at room
temperature with diluted NaOGHn methanol according to Voirin et
al. (40). The structure of the free glycosides was confirmedHbWMR
and °C NMR spectroscopy according to Agrawall) on a Bruker
Avance DPX400 spectrometer.

Synthetic Media. Actively growing cultures of the three isolates of
Oenoccocus oenwvere inoculated in duplicate at a rate of 0.1% (v/v)
into 75 mL of MLB medium at pH 4.5, then benzglb-glucopyra-
noside and geranyl ©-a-L-rhamnopyranosyl-®-glucopyranoside
were added. The media was incubated at@Zor 10—14 days. After

ment can be reached through MLF. Possible rearrangements Okne growing of culture, the media was centrifuged and filtered through
disappearance of free-made compounds were also investigateds cellulose nitrate membrane (Sartorius, Germany, Qb Free and

considering synthesized glycoconjugates similarly reacted in
synthetic medium. Finally, the production of a stable arrange-
ment of aroma compounds with polysaccharides produced by
LAB was also carried out.

MATERIALS AND METHODS

Strains, Media, and Cultivation. Oenococcus oerisolates used
in this study were isolate 1 (DSM 7008, Viniflora, Chr. Hansen), isolate
2 (D-11, Malolactine O, Groupe Oeno-France), and isolate 3 (Lalvin
31, Lallemand). Dried bacterial preparations were inoculated into 5
mL of malolactichasal (MLB) medium (37) and incubated for four to
five days at 25°C. Culture growth was monitored spectrophotometri-
cally (600 nm) and expressed as dry weight using a calibration curve
relating the two parameters. Such cultures formed the inoculum for
subsequent experiments.

Measurement offi-Glucosidase Activity. The 5-glucosidase activity
for the three bacteria isolates was determinated according to Grimaldi
et al. @9), using p-nitrophenyl-gp-glucopyranoside @-NPG) as
substrate. All the isolates showed activity agamdtPG, as previously
reported for the same strains (28, 29).

Wine-Making. Fresh grapesMitis vinifera L. cv. Tannat) were
sourced from a local vineyard (Santa Lucia, Canelones Province,
Uruguay) and delivered in good condition to our wine-making facilities.
Four samples (s1, s2, s3, s4), 30 kg each, were microvinified during

bound compounds were analyzed in the supernatant. Results for isolate
1 were not considered because one of the duplicates failed to produce
a growing culture.

Wine Analysis. All samples were analyzed at the same time after
completion of MLF (malic acid content below 0.1 g/L). Total acidity
and pH were measured with the usual methéd)( The malic and
lactic acids were analyzed by reversed-phase HP4®), (using a
Shimadzu equipment (Shimadzu Corp., Kyoto, Japan) composed of a
model LC-10AT pump and a SPD-6AV UV-vis detector. Peak
integration and quantitative calculations were performed on a C-R3A
integrator using a calibration curve obtained for each standard acid.
The column was a Beckman Ultrasphere ODg@@lumn (150 mmx
4.6 mm i.d., particle size pm) with the following parameters: mobile
phase, 0.005 M sulfuric acid; flow rate, 0.6 mL/min; injection volume,
20 uL; column temperature, 28C. Detection was by UV absorbance
atA = 214 nm.

Extraction and Determination of Free and Bound Aroma
Compounds.Extraction.The free and bound aroma components were
eluted as previously reported4). The bound fractions were evaporated
to dryness and then dissolved in 3 mL of citrate buffer at pH 5, and
Cytolase PCL5 (DSM Gist-brocades Food Specialities, Seclin, France)
was added. After the mixture was stirred, the tube was sealed and placed
in a water bath at 40C for 14 h. After the addition of 0.1 mL of the
same internal standard, aglycones were extracted three times with 3
mL of pentane/dichloromethane, 2:1, v/v, and the organic phase was

the 1998 vintage. The grapes were destemmed and crushed, and @ried with sodium sulfate and concentrated to 0.2 mL before GC and

subsample was analyzed for sugar content (g/L), total acidity (g/L,
expressed as430y), and pH. Sugar contents for the four samples were
193, 195, 188, and 203 g/L. The total acidity was 6.9, 5.4, 5.0, and 6.5

GC/MS analysis.
High-Resolution Gas Chromatography (HRGC)/MS Analy$RGC/
MS or SIM/MS analyses were conducted using a Shimadzu QP 5050
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Table 1. Chemical Analysis of Wines, Showing Mean Values of Two column temperature, 48C (8 min) to 180°C at 3°C/min to 230°C
Fermentations for Each Treatment (TA, Total Acidity (g of H,SO4/L) at 20 °C/min; injection mode, split; split ratio, 1:30; detector, FID;
for Malic and Lactic Acids (g/L) injector temperature, 250C; detector temperature, 28C; volume
injected, 0.5uL; carrier gas, H 55 kPa. The quantification of the
sample treatment? TA pH malic acid lactic acid components was performed on the basis of their GC peak areas,
sl control 63 345 16 08 considering as “total terpenes” the sum of linalaoiterpineol, nerol,
MLF 1 41 3.65 b 39 and geraniol and as “total norisoprenoids” the sum of 3-hidiéxy-
MLF 2 41 3.68 b 4.0 damascone and 3-oxo-a-ionol.
s2 control 46 334 3.0 0.7 Statistical Analysis. For the free and bound components, variance
MLF 1 37 3.45 b 2.9 analyses were performed between the control wine (without MLF) and
MLF 2 3.4 3.47 b 25 each treatment (MLF with different strains). Significative differences
s8 control 52 328 ﬁ'o b of the means were calculated according to the least-significant
mti; jg gg? b ig differences test (LSDs). All statistical analyses were performed using
s4 control 55 3.42 27 b the Statistica 5.1 software (StatSoft, Inc., 1998).
MLF 1 46 358 b 2.1
MLF2 45 352 b 18 RESULTS AND DISCUSSION
2 Control, wine sample without MLF performed; MLF 1 and MLF 2, wines with Wine Analysis. Table 1gives the chemical analyses of the
MLF performed using strain 1 or 2. ° Below detection limit (0.1 g/L) wine samples for the different treatments. Microbial degradation

of malic acid into lactic acid was carried out duly by both strains.
(Shimadzu Corporation, Kyoto, Japan) equipped with reference libraries Total acidity and pH showed the same behavior for the different
(Adams, 1995; McLafferty and Stauffer, 1991) using a BP 20 (SGE, strains tested, with final values depending on the initial malic
Ringwood, Australia) bonded fused-silica capillary column (25<m acid content in each sample.
?Hiing‘;)_"&g g&iﬁi t";"rt]hpgggj(gr\‘lﬁﬁgg f?é):ﬁ?gxgom tghfgg Effect of MLF on Free and Bound Aroma Compounds.
! The effect of MLF on glycosylated aroma compounds in the

°C at 3°C/min to 230°C at 20°C/min. The following additional . ] e
parameters were used: injector temperature, Z50njection mode, wine samples is reported fable 2 MLF diminished the level

split; split ratio, 1:40; volume injected, 1/0L; carrier gas, He, 92.6 of all the glycosylated compounds ¢ 0-05)' but the extension

kPa (55.9 cm/s); interface temperature, 260acquisition mass range, ~ Of the changes was found to be strain-relatpd<( 0.05).

40—400 amu. Significant differences between strains were found for 2-phe-
The components of the wine aroma were identified by comparison nylethanol and the sum of the twghorisoprenoids measured.

of their linear retention indices, determined in relation to a homologous  The level of the aroma components present in free form was

series ofn-alkanes, with those from pure standards or those reported slightly modified by the action of MLF, as shown Fable 3.

in the "te_r?]t“;]e' Compacrjis_or:j of gagmentation patternls in thfe mazs Significant differences were observed only for 2-phenylethanol

spectra with those stored in databases (45, 46) was also performed. and the sum of terpenols (linaloot-terpineol, nerol, and

HRGC AnalysisFor quantitative results each sample was analyzed . S .
by HRGC on a Carlo Erba Fractovap series 2900 (Carlo Erba geraniol). The cleavage of the glycosidic linkage did not appear

Strumentaziones, Milan, Italy) gas chromatograph equipped with a t0 increase significantly the aglycone contents. The significant
Shimadzu EZ-Chrom data processor; a MegaAcid (Mega, Legnano, increment detected for 2-phenylethanol in the treatment with
Italy) fused-silica capillary column (25 m 0.32 mm i.d., 0.40—0.45 isolate 2 cannot be explained by the changing of its glycosylated
um film thickness) was used. The following parameters were used: level (not highr enough) but by bacterial metabolism as in

Table 2. Effect of MLF on Glycosylated Wine Aroma Compounds, Showing Mean Concentration (+Standard Deviation) (mg/L) of Two Replications
of the Same Treatment for the Four Wines Analyzed

control? MLF 12 MLF 2xbb Fb pb
geraniol 0.015+0.005 a 0.009 + 0.003 ab 0.0052 + 0.0003 b 7.62 0.0225
benzyl alcohol 0.311+0.167 a 0.226 +0.167 b 0.199 +0.093 b 6.58 0.0307
2-phenylethanol 0.367 £ 0.098 a 0.225+0.052 b 0.140+£0.024 ¢ 26.37 0.0011
terpenols® 0.037+0.014 a 0.010 +£0.009 b 0.021 +0.008 b 10.11 0.0120
C13-norisoprenoids? 0.420£0.023 a 0.275+0.060 b 0.199 £ 0.034 ¢ 31.15 0.0007
C6 compounds® 0.103 £0.027 a 0.061+0.024 b 0.043 +0.009 b 13.66 0.0058

a Control, wine sample without MLF; MLF 1 and MLF 2, wine sample with MLF (strain 1 or 2) °F and p, values from the variance analysis; significant differences (p
< 0.05) according to the LSD test are indicated by using different letters (a, b, c). ¢ Linalool + a-terpineol + nerol + geraniol. ¢ 3-Hydroxy-3-damascone + 3-oxo-a-ionol.
€ 1-Hexanol + cis-3-hexen-1-ol + trans 3-hexen-1-ol.

Table 3. Effect of MLF on the Free Aroma Compounds, Showing Mean Concentration (+Standard Deviation) (mg/L) of Two Replications of the
Same Treatment for the Four Wines Analyzed

controf2 MLF 12 MLF 22 Fb p°
geraniol 0.025+0.013 0.026 + 0.011 0.024 + 0.008 0.37 0.706
benzy! alcohol 0.073+0.018 0.115 +0.040 0.102 + 0.012 1.83 0.239
2-phenylethanol 33.7+14.2b 349+17.2b 428+195a 6.16 0.035
C6 compounds® 156 £0.79 141+0.64 1.54+0.39 0.51 0.624
terpenols 0.046 +0.013 ab 0.051 +0.005a 0.038£0.010b 7.81 0.021

a Control, wine sample without MLF; MLF 1 and MLF 2, wine sample with MLF (strain 1 or 2) °F and p, values from the variance analysis; significant differences (p
< 0.05) according to the LSD test are indicated by using different letters (a, b, c). ¢ 1-Hexanol + cis-3-hexen-1-ol + trans-3-hexen-1-ol. ¢ Linalool + o.-terpineol + nerol +
geraniol.
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Table 4. Effect of Bacterial Activity on the Amount (mg/L) of Aroma
Compounds in Glycosidic and Free Forms, Measured in the MLB
Medium, Showing Mean Concentration of Two Replications of the

Same Treatment

control isolate 2 isolate 3

glycosylated compounds

geraniol 3.703 2.336 1.315

benzyl alcohol 2.119 1.576 0.416
free compounds

linalool a 0.067 0.025

o-terpineol 0.005 0.042 0.024

geraniol 0.022 0.206 0.140

benzyl alcohol 0.099 0.218 0.285

2 Below detection limit.
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free geraniol content resulting from the cleavage of its glyco-
sylated form.

Effect of Bacterial Polysaccharides on the Fixation of
Aroma Compounds.The polysaccharide fraction, precipitated
by adding ethanol to the substrate according to Vivas eB6), (
was separated by centrifugation, then 4 mL of dichloromethane
was added, and the mixture was submitted to ultrasound for 10
min. The supernatant was separated, concentrated, and analyzed
by GC/MS/SIM (m/z69 andm/z108), as described above, for
detecting the presence of geraniol and benzyl alcohol at relevant
retention times (Figure 1).

Bacteria might have cleaved the aroma glycosylated com-
pound and used glucose as the carbohydrate source, being that
the aglycone was adsorbed on polysaccharides or peptidoglycans
and was released into the external medium. This is consistent

agreement with previously reported data for wine and synthetic With what happened with other glycoconjugates like anthocya-
media in the presence of LABI{—49).

Effect of Chemical Modifications on the Aglycones in

nines, whose decrease is due to fhglycosidase activity of
O. oeniduring the MLF, with coupled production of a stable

Wine. The differences between the free and bound fraction @rrangement of polysaccharide-malvidB6j. Besides, strong
amounts could be explained by further chemical transformation intéraction of aroma compounds and polysaccharides has also
of the aglycones under the mild acidity conditions of the wine. P€en demostrated in in vitro experimengd ).

To evaluate the liberation of volatile compounds from the

A possible retaining of free-made aroma compounds into the

glycoconjugate alcohols in a medium simpler than wine, the whole cells ofO. oeniwas also investigated through the cell
experiments were repeated on MLB medium with added benzyl culture analysis. Cells were separated by centrifugation (20 min,
and geranyl glycosides as substrates of the enzimatic activity,6500gat 5°C) at the end of the growing phase, then submitted
at concentrations similar to those found in wines of different to ultrasound for 3 min according to Guilloux-Benatier et al.

varieties.

(28) and extracted twice with 3 mL of dichloromethane. The

As in the wine samp]eS, the level of g|ycosy|ated components extract obtained was then (.Ioncentrated at 0.2 mL and analyged
decreased (Table 4) after 9 days of fermentation without a by HRGC/MS/SIM as described above. The absence of geraniol,
guantitative increase of the corresponding alcohols. The in- benzyl alcohol, or any of the byproducts described confirmed

creased amount of linalool andterpineol detected (Table 4),
both produced from geraniol by acidic rearrangem@&ntsQ),

the only parietal location of the glycolitic enzyme23J.
In sum, thes-glycosidic activity ofO. oenion glycosylated

was still not enough to explain the expected differences of the aroma compounds was proved in oenological conditions too.

TIC
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Figure 1. Analysis by coupled GC/MS of volatile compounds extracted from polysaccharides produced by LAB: (A) TIC; (B) GC/MS/SIM for geraniol

(1, m/z 69) and benzyl alcohol (2, m/z 108).
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The level of the free aroma components was, however, only
slightly modified by the action of the MLF, so the cleavage of
the glycosidic linkage did not appear to increase significatively
the aglycone contents. This behavior could be explained by
assuming stable linkage of aroma compounds with the polysac-
charide macromolecules usually produced @y oeniduring
MLF.

Similar trends were observed by Dufour and Bayon®a (
indicating that the production of polysaccharides by the mal-
olactic bacteria could also account for, at least in part, the
reduction of glycosides through binding interactions as adsorp-
tion and occlusion phenomena. This model contributes to
support the hypothesized role of the polysaccharides in binding
flavor aglycones.

Therefore, to enhance the aroma release in Tannat wines,
future work should be focused on the selection of bacterial
strains showing low capacity in the polysaccharide biosynthesis
during malolactic fermentation. Because of difficulties in
purifying wine polysaccharides, further studies of the polymers
are also required to clarify the type of binding involved in
intermolecular interactions.

ACKNOWLEDGMENT

The assistance of Dr. Versini (Istituto Agrario di San Michele
all'’Adige, Italy) and M. Galli (Mega, Legnano, Italy) is kindly
thanked.

LITERATURE CITED

(1) Winterhalter, P.; Skouroumounis, G. K. Glycoconjugated aroma
compounds: occurrence, role and biotechnological transforma-
tion. In Advances in Biochemical Engineering Biotechology
Scheper, T., Ed.; Springer: Germany, 1997; pp 73—105.

(2) Williams, P. J. Hydrolytic flavor release in fruit and wines
through hydrolysis of nonvolatile precursors Rlavor science-
Sensible principles and techniquéscree, T. E., Teranishi, R.,
Eds.; American Chemical Society: Washington DC, 1993.

(3) Williams, P. J.; Strauss, C. R.; Wilson, B.; Massy-Westropp, R.
Novel monoterpenes disacharide glycoside \fis vinifera
grapes and wine$®hytochemistry1 982,21, 2013—2020.

(4) Marinos, V. A,; Tate, M. E.; Williams, P. J. Protocol for FAB
MS/MS characterization of terpene disaccharides of wihe.
Agric. Food Chem1994,42, 2486—2492.

(5) Bayonove, C.; Cordonnier, R. Recherches sur I'arome du Muscat.
Etude de la fraction terpéniquénn. Technol. Agric1971,20,
347—-355.

(6) Ribéreau-Gayon, P.; Boidron, J. N.; Terrier, A. Aroma of Muscat
grape varieties). Agric. Food Chem1975,23, 1042—1047.

(7) Francis, I. L.; Tate, M. E.; Williams, P. J. The effect of hydrolysis

conditions on the aroma released from Semillon grape glycosides.

Aust. J. Grape Wine Re%996,2, 70-76.

Williams, P. J.; Strauss, C. R.; Wilson, B.; Massy-Westropp, R.

A. Studies on the hydrolysis ofitis vinifera monoterpene

precursor compounds and model monoterpgmeglucosides

rationalizing the monoterpene composition of gragesAgric.

Food Chem1982,30, 1219—1223.

Cordonnier, R.; Bayonove, C. Mise en évidence dans la baie de

raisin, variéé Muscat d'Alexandrie, de monoterpénes slie

révélables par une ou plusieurs enzymes du frGit.R. Acad.

Sci. Paris, Ser. DL974,278, 3387—3390.

Gunata, Z. Y.; Bitteur, S.; Brillouet, J.-M.; Bayonove, C. L.;

Cordonnier, R. E. Sequential enzymic hydrolysis of potentially

aromatic glycosides from grapeSarbohydr. Res1988, 184,

139—-149.

Gunata, Z.; Blondeel, C.; Vallier, M. J.; Lepoutre, J. P.; Sapis,

J. C.; Watanabe, N. An endoglycosidase from grape berry skin

of Cv. M. Alexandria hydrolyzing potentially aromatic disac-

charide glycosidesl. Agric. Food Chenil998 46, 2748-2753.

®)

)

(10

(11)

Boido et al.

(12) Ayran, A. P.; Wilson, B.; Strauss, C. R.; Williams, P. J. The
properties of glycosidases Witis vinifera and a comparison of
their 5-glucosidase activity with that of exogenous enzymes. An
assessment of possible applications in enoldgy. J. Enol. Vitic.
1987,38, 182—188.

(13) Biron, C.; Cordonnier, R.; Glory, O.; Glnata, Z.; Sapis, J. C.
Etude, dans le raisin, de I'activif2glucosidaseConnaiss. Vigne
Vin 1988,22, 125—134.

(14) Gunata, Y. Z.; Bayonove, C. L.; Tapiero, C.; Cordonnier, R. E.
Hydrolysis of grape monoterpenyl-p-glucosides by various
f-glucosidases]. Agric. Food Chem1990,38, 1232—-1236.

(15) Lecas, M.; Gunata, Z. Y.; Sapis, J.-C.; Bayonove, L. Purification

and partial characterization grglucosidase from grap&®hy-

tochemistryl991,30, 451—-454.

Darriet, P.; Boidron, J.-N.; Dubourdieu, D. L’hydrolyse des

heérosides terpéniques du Muscat a Petits Grains par les

enzymes périplasmiques 8accharomyces carisiae Connaiss.

Vigne Vin1988,22, 189—195.

Delcroix, A.; Guinata, Z.; Sapis, J.-C.; Salmon, J.-M.; Bayonove,

C. Glycosidase activities of three enological yeast strains during

winemaking: effect on the terpenol content of Muscat wi.

J. Enol. Vitic.1994,45, 291—296.

Charoenchai, C.; Fleet, G. H.; Henschke, P. A.; Todd, B. E. N.

Screening of non-Saccharomyose yeasts for the presence

of extracellular hydrolytic enzymedust. J. Grape Wine Res.

1997,3, 2-8.

Gueguen, Y.; Chemardin, P.; Arnaud, A.; Galzy, P. Comparative

study of extracellular and intracellulgrglucosidases of a new

strain of Zygosaccharomyces bailii isolated from fermenting

agave juiceJ. Appl. Bacteriol.1995,78, 270—280.

Vasserot, Y.; Christiaens, H.; Chemardin, P.; Arnaud, A.; Galzy,

P. Purification and properties of A-glucosidase ofHans-

eniasporavzineaeVan der Walt and Tscheuschner with the view

to its utilization in fruit aroma liberationl. Appl. Bacteriol1989,

66, 271—-279.

(21) Yanai, T.; Sato, M. Isolation and properties ®flucosidase
produced byDebaryomyces hansenand its application in
winemaking.Am. J. Enol. Vitic.1999,50, 231—235.

(22) Rosi, I.; Vinella, M.; Domizio, P. Characterization @fglucosi-
dase activity in yeasts of oenological origih.Appl. Bacteriol.
1994,77, 51119-51217.

(23) Gueguen, Y.; Chemardin, P. A very efficiefitglucosidase
catalyst for the hydrolysis of flavor precursors of wines and fruit
juices.J. Agric. Food Chem1996,44, 2336—2340.

(24) Gunata, Z.; Dugelay, I.; Sapis, J. C.; Baumes, R.; Bayonove, C.

Action des glycosidases exogenes au cours de la vinification:

libération de I'aroma a partir de précurseurs glycosidigues.

Int. Sci. Vigne Vinl990,24, 133—144.

Shoseyov, O.; Bravdo, B. A.; Siegel, D.; Goldman, A.; Cohen,

S.; Shoseyov, L.; lkan, R. Inmobilized endo-S-glucosidase

enriches flavor of wine and Passion Fruit juide Agric. Food

Chem.1990, 38, 1387—1390.

Sefton, M. A.; Williams, P. J. Generation of oxidation artifacts

during the hydrolysis of norisoprenoid glycosides by fungal

enzyme preparations. Agric. Food Chem1991,39, 1994—

1997.

Nicolini, G.; Mattivi, F.; Versini, G. Uso di glicosidasi esogene

in mosti e vini ed attivita enzimatiche collaterd®iv. Vitic. Enol.

1994,47, 45-60.

Guilloux-Benatier, M.; Son, H. S.; Bouhier, S.; Feuillat, M.

Activités enzymatiques: glycosidases et peptidase ¢leer

conostoc oenoau cours de la croissance bactérienne. Influence

des macromolécules de levurastis 1993,32, 51-57.

Grimaldi, A.; McLean, H.; Jiranek, V. Identification and partial

characterization of glycosidic activities of commercial strains

of the lactic acid bacteriun®enococcus oenAm. J. Enol. Vitic.

2000,51, 362—369.

(30) Carrau, F. The emergence of a new uruguayan wine industry.
Wine Res1997,8, 179—185.

(16)

(17

(18)

(19)

(20)

(25)

(26)

(27)

(28)

(29)



Effect of 5-Glycosidase on Wine Precursors

(31) Versini, G.; et al. Updating of varietal aroma components in
wines. In Proceedings of VII Congreso Latinoamericano de
Viticultura y Enologa; INV: Mendoza, Argentina, 1999; p 325.

(32) Boido, E.; et al. Modificaciones producidas por la fermentacio

malolactica en la composicion aromatica de las fracciones libre

y ligada para la variedad Tannat.Pnoceedings of VII Congreso

Latinoamericano de Viticultura y Enology INV: Mendoza,

Argentina, 1999; p 119.

Boido, E.; Carrau, F.; Dellacassa, E.; Medina, K.; Lloret, A.;

Versini, G. Studies of aroma compouds developed during

malolactic fermentation and ageing of Tannat wined?loceed-

ing of 2nd International Viticulture and Enology Congress

SASEV: Cape Town, South Africa, 2000; pL 27.

Gambaro, A.; Boido, E.; Zlotejablko, A.; Medina, K.; Lloret,

A.; Dellacassa, E.; Carrau, F. Effect of malolactic fermentation

on the aroma properties of Tannat wirkust. J. Grape Wine

Res.2001,7, 27-32.

Carrau, F.; et aVitis vinifera L. cv. Tannat produces the typical

red wine of Uruguay. In52nd Annual Meeting- Technical

Abstracts— The American Society for Enology and Viticulture;

ASEV: San Diego, CA, 2001; p 49.

Vivas, N.; Lonvaud-Funel, A.; Glories, Y. Effect of phenolic

acids and anthocyanins on growth, viability and malolactic

activity of a lactic acid bacteriunf-ood Microbiol. 1997, 14,

291-300.

(37) Cox, D. J.; Henick-Kling, T. Protonmotive force and ATP
generation during malolactic fermentatiohm. J. Enol. Vitic.
1995,46, 319—-323.

(38) Boido, E.; Dellacassa, E.; Carrau, F.; Moyna, P. An improved
means of monitoring malolactic fermentation in wines by TLC-
DensitometryJ. Planar Chromatogr1999,12, 269—271.

(39) Flowers, H. M. Use of mercuric cyanide and mercuric bromide
in the Koenigs-Knorr reactionReu Methods Carbohydr. Chem.
1972,6, 474—480.

(40) Voirin, S.; Baumes, R.; Bayonove, C. Synthesis and NMR
spectral properties of grape monoterpenyl glycosi@esbohydr.
Res.1990,207, 39-56.

(41) Agrawal, P. K. NMR spectroscopy in the structural elucidation
of oligosaccharides and glycosidd2hytochemistry1992, 31,
3307—3330.

(33)

(34)

(35)

(36)

J. Agric. Food Chem., Vol. 50, No. 8, 2002 2349

(42) lland, P.; Ewart, A.; Sitters, Jechniques for chemical analysis
and stability tests of grape juice and wirtest. ed.; Patrick lland
Wine Promotions: Adelaide, Australia, 1993.

(43) Benassi, M. T.; Cecchi, H. M. Method development for the
simultaneous determination of carboxylic acids, phenolic com-
pound and sorbic acid in white winek.Lig. Chromatogr. Relat.
Technol.1998,21, 491—-501.

(44) Ginata, Y. Z.; Bayonove, C.; Baumes, R.; Cordonnier, R. The
aroma of grape. |. Extraction and determination of free and
glicosidally bound fractions of some grape aroma components.
J. Chromatogr.1985,331, 83-90.

(45) MclLafferty, F. W.; Stauffer, D. BThe Wiley/NBS registry of
mass spectral data, 5th ed.; Wiley and Sons: New York, 1991.

(46) Adams, R. Pldentification of essential oils by gas chromatog-
raphy/mass spectroscopy, 1st ed.; Allured: lllinois, 1995.

(47) Soufleros, E.; Barrios, M.-L.; Bertrand, A. Correlation between
the content of biogenic amines and other wine compoufns.

J. Enol. Vitic.1998,49, 266—278.

(48) Tracey, R. P.; Britz, T. J. Freon 11 extraction of volatile
metabolites formed by certain lactic acid bactefippl. Erviron.
Microbiol. 1989,55, 1617—1623.

(49) Edwards, C. G.; Peterson, J. C. Sorbent extraction and analysis
of volatile metabolites synthesized by lactic acid bacteria in
synthetic mediumJ. Food Sci.1994,55, 192—196.

(50) Skouroumounis, G. K.; Sefton, M. A. Acid-catalyzed hydrolysis
of alcohols and thej-p-glucopyranosidesl. Agric. Food Chem.
2000,48, 2033—2039.

(51) Dufour, C.; Bayonove, C. L. Influence of wine structurally
different polysaccharides on the volatility of aroma substances
in a model systemJ. Agric. Food Chem1999,47, 671—677.

Received for review July 19, 2001. Revised manuscript received
December 11, 2001. Accepted January 3, 2002. The authors thank the
Instituto Nacional de Investigaciones Agropecuarias (INIA, Grant No.
125) and the Consejo Nacional de InvestigacmCientifica y Tecnlogica
(CONICYT, Project 5058) for financial support that made their work
possible.

JF0109367



