7232 J. Agric. Food Chem. 2005, 53, 7232-7237 J O U RN AL

AGRICULTURAL AND
FOOD CHEMISTRY
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Five mutants (obtained by UV mutagenesis) and the parent strain were selected to produce sparkling
wines following the traditional or champenoise method. The wines were aged with the yeast for 9
months, with samples being taken each month for analytical and sensory determinations. The wines
elaborated with mutant strain IFI4731 demonstrated an accelerated release of protein, amino acids,
and polysaccharides. An analysis of the secreted polysaccharides revealed that mannose was the
major sugar present. The effects of the products released by yeasts on the foaming properties of the
wines were determined by both sensory and instrumental analysis. In all cases, the wines elaborated
with mutant strain IFI473I showed improved foaming properties as compared to wines fermented
without this strain. Similar results were obtained at a decreased aging time of 6 months, thereby
confirming the capacity of IFI473] strain to carry out an accelerated autolysis. These results
demonstrate that mutant strain IFI4731 can significantly reduce production times of high-quality
sparkling wines.
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INTRODUCTION An interesting strategy for obtaining yeast strains carrying
out accelerated autolysis could be by genetic modification of
the yeast. This procedure could improve the final quality of the
product without having to modify the elaboration process and
avoiding sensory problems resulting from autolysate addition
and increasing the aging temperature. Among the strategies that
could be used to obtain genetically modified yeast are random
mutagenesis and genetic engineerihg))( Genetic engineering
poses important advantages, such as the possibility to incorporate
foreign genes with a high precision level?). However, its
application is restricted to simple and genetically well character-
ized traits. In addition, products obtained by genetic engineering
are controlled through strict legislatioh3) and may have poor
consumer acceptance. For mutants obtained by random mu-
tagenesis, it is not mandatory to possess extensive knowledge
"about the system in which the modification will be carried out.
Mutagenesis methods are simple and the general acceptance,
gLegulation, and commercial possibilities of products containing
these mutants are higher than for genetically engineering

In previous works, authors have stated that the yeast strain
used to elaborate sparkling wines following the champenoise
method could play an important role in the final quality of the
wines (1 2). The autolysis process takes place during the aging
with yeast, thereby releasing certain intracellular yeast com-
pounds that modify the chemical composition and sensory
properties of the wines3( 4). Autolysis is a process lasting
from a few months to years (%), depending on various
variables such as temperature, nutrient availability, grape variety,
or yeast strain used. Thus, accelerating this process is highly?
desirable for wine producers as production costs can be
significantly reduced.

Until now, various ways of accelerating yeast autolysis effects
have been examined. Increasing the aging temperature (7),
addition of yeast autolysaté), or the use of mixed cultures
containing Kkiller resistant and sensitive yeast strains (1) have
been used both successfully and less successfully, sometime
giving contradictory results. Besides this, some authors have
reported good results adding yeast autolys@gsnhile others ~ Products.
considered that this procedure negatively affects the organoleptic Gonzalez et al. 14) obtained autolytic mutants from the
properties of the wines (10). In other cases, as in the use ofindustrial second fermentation str&accharomyces cerisiae
mixed cultures containing killer yeast, some promising results IFI473 using UV mutagenesis. The most promising strain
have been obtained but they correspond only to preliminary (IF1473I) presented the highest release of nitrogen compounds
experiments carried out at laboratory scal} ( in a model system at low temperatures. The main objective of

this work is to study the behavior of this strain by a practical

* Corresponding author: fax (34) 91 564 48 53; phone (34) 91 562 29 approach following the industrial elaboration protocol. Other
00, ext. 216; e-mail amartinez@ifi.csic.es. similar mutants will also be investigated.
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MATERIALS AND METHODS of Troyano et al. 20). The sample was dissolved in 10Q of

Winemaking and Experimental Design. This investigation con-  anhydrous pyridine, and 1Qf. of trimethylsilylimidazole, 10QuL of
sisted of two experimental elaborations in which sparkling wines were trimethylchlorosilane, 10@L of n-hexane, and 20@L of deionized
prepared from one monovarietal base wine (Parellada white grapeWater were sequentially added, with shaking during each step. The
variety). For the first elaboration, six different wines were prepared, Silylated derivatives present in the organic phase were immediately
from six different strains. The base wine containing sucrose was injected in the GC. Trimethyilsilyl derivatives were analyzed on a
inoculated with yeast (approximately 8% of inoculum). During the Hewlett-Packard 6890 chromatograph, equipped with a flame ionization
secondary fermentation in bottles and subsequent 9 months aging,detector (FID) and split/splitless injector. Samples were injected on a
samples were taken at 1, 3, 6, and 9 months. To carry out the analyticalCarbowax 20M column (30 nx 0.25 mm) coated with a stationary
determinations, six bottles at each sampling point were mixed and Phase of 0.25m thickness. Temperatures were as follows: injector
homogenized. All the analyses were conducted in duplicate on wines a@nd detector, 226C; oven, held at 40C for 10 min, then increasing
that had been centrifuged for 10 min at 7600 7 °C/min to 150°C, and finally programmed at 3@/min to 210°C.

For the second elaboration the same protocol was followed, but only The carrier gas was helium (12.5 psi, split 1/15). Response factors were
three different wines were prepared (from parental strain IFI1473 and calculated with a series of pure standards at different concentrations
mutants IF14731 and IF1473K). Furthermore, wines were aged with the With myo-inositol as internal standard. The response factors (RF) and
yeast for 6 months instead of 9 months. the relative standard deviation (RSD) of the standard sugars relative to

Yeast Strains and Culture Conditions.Saccharomyces cerevisiae ~ themyainositol were the following: arabinose (RF 1.87, RSD 2.69%),
IFI473, a yeast strain previously selected as starter for a secondMannose (RF 1.4, RSD 1.17%), galactose (RF 1.25, RSD 2.14%), and
fermentation of sparkling wine<§), and the mutants strains derived ~ glucose (RF 1.35, RSD 1.5%). The identification of the compounds
from it, IFI473E, IFI473G, IFI473l, IFI473J and IFI473K.4), were present in the ;amples was carried out by comparing the retentlpn time
used to inoculate the wines for conducting the second fermentation. Of the peaks with those of pure standards. When two peaks of different
The procedure to obtain the mutant strains from IFI473 has been carbohydrates overlapped, the percentages of the individual carbohy-
extensively explained by Gonzélez et al. (14) but can be summarized drates were calculated from the area of the well-resolved anomer.
as follows: Cells from an overnight culture, grown in YPD (yeast Analysis of the Foaming Properties.The foaming properties of
extract 2%, peptone 4%, and dextrose 4%) at@G@nd 150 rpm, were the wines were analyzed by both sensory and instrumental analysis.
plated on YPD agar (YPD containing 2% agar) to give approximately  Instrumental Analysis of Foaming Propertigor the analysis of
500 cells/plate. Plates were irradiated with a G8T5 germicidal UV tube, the foaming properties, an apparatus developed at the Instituto de
obtaining a survival rate of about 50%, and were then incubated at 20 Fermentaciones Industriales (IFl) was used to determine the height
°C for 48—72 h. The selection method for autolytic mutants is based increase occurring in a liquid when air is passed through it. The change
on the release of active alkaline phosphatase into the medium. Yeastin the height of the liquid was quantified by an ultrasound wave
colonies were replica-plated on YPD or YPD supplemented with BCIP emitter—detector following the methodology described by Moreno-
(5-bromo-4-chloro-3-indolyl phosphate, 40 mg/L), incubated at@0 Arribas et al. (21). Three parameters were measured:
for 1 day, and transferred to permissive (ZD) or restrictive (37°C) (a) Hpeak is the maximum height reached by the foam after air

temperatures. Autolytic mutants stained blue after28 h at 37°C. injection through a glass fritd,eaxhas been related to the wine’s ability
Cultures were prepared by the traditional protocol: a portion of an for foaming.

overnight yeast culture was inoculated into sterile diluted (1:5) must.
This culture was incubated at 28 for 48 h until a cell concentration
around 16-10° cfu/mL was obtained. The culture was then added to a . . .
medium having the following composition: sucrose (200 g), yeast (¢) Sdhoo is the standard deviation of foam measures in the last 300
extract (0.8 g), tartaric acid (5 g), and base wine (1000 mL) (final points. Thls. has been reIategI t.o the effervescence of the wme..
volume was 3000 mL). This medium was incubated at@dor 48 h. The relative standard deviations € 6) for the parameters studied
The yeasts obtained were inoculated in base wine containing sucrose/Vere 6.1% forHpeacvalues, 3.6% foHpae and 2.9% forSthoo
until a density of 0.994—0.998 g/céhwas achieved (around 24 h of Sensory Evaluation: Sensory Analysi#\n expert panel consisting
incubation at 20°C). This procedure was used to prepare the inocula of 10 judges with extensive experience in tasting sparkling wines and
for each strain. their descriptive analysis conducted sensory analysis of the wines. The
Viability Assay. Serial 10-fold dilutions of the samples employing ~ tasting cards used are among those recommended by the Office
saline solution were plated on YPD agar (YPD containing 2% agar). International de la Vigne et du Vin (OIV) for international wine
The number of colony-forming units (cfu) was assessed after plates competitions (22). The scores used establish that better quality wines
had been incubated at 2@ for 1—2 days. receive a higher score. The different parameters carry different weights.
Analytical Determinations: Nitrogen Compound&The concentra-  Visual aspect carries a weight of 1 for limpidity (scale from 1 to 5),
tion of soluble protein and polypeptides was determined following the while for color and effervescence the weight is 2 (scale from 2 to 10).
Bradford method 16), based on the reaction of the protein with Intensity and genuineness of nose and taste also carries a weight of 1,
Coomassie blue G-250. Absorbance was determined at 595 nm 15 minbut the scale is from 3 to 7. The same weight and scale is applied to
after the addition of the reactant. The results were expressed in taste persistence. Quality (nose and taste) carries a weight of 2 with a
milligrams of bovine serum albumin (BSA)/liter. scale from 6 to 14. Finally, the overall judgment carries a scale from
Free amino acids were determined by the method of Doi el ), ( 8 to 12. The wines were tested individually and not comparatively.
based on the reaction of ninhydrin/cadmium with the amino group. For the first elaboration, six wines in two different session were tested
Absorbance was determined at 507 nm. The results were expressed irand the sensory analysis was developed on wines aged for 9 months.

(b) Hpiaw is the foam height stability during air injection. This has
been related to the average bubble lifetime.

milligrams of leucine/liter. In the second elaboration were analyzed three wines after 6 months of
Isolation and Hydrolysis of PolysaccharideShe procedure de- aging.
scribed by Segarra et all§) was used for the isolation of polysac- Descriptive Analysis of Foaming PropertieBescriptive analysis

charides. Ethanol (5 mL; 96% v/v) and HCI (2@, 1 N) were added of foam quality and effervescence was carried out for the wines of the
to 1 mL of wine. After 18 h of incubation at 22C, the tubes were second elaboration by the protocol described by Obiols e3a).¢nd
centrifuged (1800g20 min), after which the supernatant was discarded Martinez-Rodriguez and Pol®4). The attributes assessed and the
and the pellet was washed three times in ethanol (96% v/v). Samplescharacteristics of the descriptors used can be summarized as follows:
obtained were hydrolyzed at 10Q for 48 h in a closed vial containing initial foam formed (abundant, normal, poor); foam collar (total, partial,

1 mL of 30% formic acid and 0.5 mL ofmyo-inositol (0.1% wl/v; none); foam area (total, partial, none); bubble size (small, medium,
internal standard) solutionl®). After hydrolysis, the mixture was large); and effervescence speed (fast, medium, slow). Foam and
evaporated to dryness under vacuum. effervescence are considered to be of the best quality when abundant

Silylation of Neutral Monosaccharides and Chromatographic Analy- initial foam is formed, a total foam collar covers all the surface area,
sis.The dried hydrolyzed residue was silylated following the procedure the bubbles are small, and effervescence is fast. The mode of the scores
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Table 1. Changes in Yeast Viability in Wines during the Second 10 a
Fermentation and Aging
log cfu/mL? s
yeast strains toP 1 month 3 months 6 months 9 months ;4;
IFI473 6.6 7.6 42 <10 <10 D:J»
IFI473E 6.5 7.3 4.0 <10 <10 E 6
IFI1473G 6.3 74 2.9 <10 <10
IFI473 6.5 7.3 35 <10 <10
IFI473J 6.3 7.6 3.9 <10 <10
IFI473K 6.5 7.7 2.8 <10 <10 4
2 Data are the average of triplicates of log cfu/mL. ? ty: viable cells after wine
inoculation. 250

given by the 10 tasters was used to show the final score for each
parameter corresponding to the foam characteristics. 200 -
Statistical Methods. The statistical method used for data analysis
was a two- way analysis of variance (ANOVA) to test the effect of
two factors studied (yeast strain and aging time), considering the main & .,
effects to analyze the first-order (noninteractive) effects on two
categorical independent variables (factors). To process the data from
sensory analysis, an ANOVA was used (two-factor design without
interaction, repeated measures) for each judge and parameter analyzed 100

mg LeuwL

Data processing was conducted with statistical software (SPSS, version bw ™ 3M &M oM

9.0 for Windows) (25). Figure 1. (a) Protein (milligrams of BSA/liter) and (b) amino acids
(milligrams of Leulliter) in the base wine (bw) and sparkling wines after

RESULTS 1, 3, 6, and 9 months of aging. Parent strain (<), IFI473E (@), IFI473G

Behavior of Yeast Viability. Table 1 shows the results for (O), IFI4731 (2), IFI473J (C0) € IFI473K (m)

yeast viability during the second fermentation and aging. During
the first month an increase in yeast population (around 1 log) 4o |
was observed in all wines, independently of the yeast strain

used. Although it was possible to recover viable yeast from all

wines after 3 months of aging, significant differences<(0.05) < 300 -
were found between the different yeast strains. IFI473, the parent@
strain, showed the highest viability at this point (k@&.0* cfu/

mL), while mutants strains showed lower viability, especially 2%
strains IFI473G and IF1473K, where only 7:91(? and 6.3x
1@ cfu/mL were recovered, respectively. This variability could 100

be due to different growth kinetics observed for various strains
used in this experiment, as also has been reported by Gonzale
et al. 4). From 6 months of aging onward, no viable cells
were recovered from any wine.

Changes in Nitrogen Compound. Figure larepresents
protein and polypeptide concentrations during the second 6 months of aging, the wine elaborated with IFI473| showed
fermentation and aging. The pattern observed for the first 3 anincrease in the amino acid concentration, while others showed
months shows an increase of protein and polypeptide contenta reduction. This result indicated the presence of accelerated
during fermentation in all wines. This is followed by a decrease autolysis by this strain throughout the early release of amino
attributed to the rise of alcohol concentration of the wir2g) ( acids into the wine. After 9 months of aging, a somewhat similar
and the protease activity2{). Samples taken at 6 months of pattern was seen for all wines, except for the wine elaborated
aging demonstrated an increase in protein and polypeptidewith strain IFI473J, which presented the highest amino acid
content in the wines elaborated with IFI473I strain, while for content. The general analysis of variance indicated that there
the rest of the wines, a decrease (or a slight increase for IFI473Ewere significant differencegp(< 0.05) between the free amino
strain) was seen. After 9 months of aging, protein and polypep- acids contents in terms of aging time and the yeast strains used.
tide concentrations increased again in all wines. Similar behavior ~ Analysis of the Polysaccharide ContentFigure 2 demon-
was observed in the second experiment. Protein and polypeptidestrates the polysaccharide concentration over aging time. The
changes observed in the wines during aging were significantly polysaccharide content increases during the fermentation (in the
correlated (p< 0.05) with the time of aging but not with the  first month) in the majority of wines, except for the ones
yeast strain used. elaborated with mutant strains IFI1473J and IFI1473K. The latter

Figure 1b shows the variation in amino acid content of the can be explained by different growth kinetics and fermentation
wines during the second fermentation and aging. During the power as compared to the parental strain that has been reported
first month of aging, a decrease in amino acid content was by Gonzalez et al.1d). Although some mutant strains presented
observed, caused by the amino acid consumption of the yeastdelayed fermentation power in a model wine, this fact does not
This period was followed by a slight increase in concentration. eliminate their ability to perform the second fermentation
This is related to a physiological process called exorpt&8) ( process. After 3 months of aging, polysaccharide concentrations
in which amino acids are passively released into the wine. After decreased in all wines except for the ones elaborated with

bw ™ 3M 6M 9M
%igure 2. Polysaccharide content (milligrams/liter) in the base wine (bw)
and sparkling wines after 1, 3, 6, and 9 months of aging. Parent strain
(O), IFIAT3E (@), IFI473G (O), IFI4731 (), IFI473] (O) e IFI473K (m).



Effect of Accelerated Autolysis on Sparkling Wines Elaboration J. Agric. Food Chem., Vol. 53, No. 18, 2005 7235

a2 r 1200 1 found in each wine after 6 and 9 months of aging. For both

: 1000 | aging times, wines elaborated with strain IFI473] yielded the
highest mannose concentration.
Instrumental Analysis of the Foaming Properties. Figure
3 presents the behavior of foaming properties from wines aged
9 months. The parameters shown &g (a), Hpeak (b), and
. Sdio (). Wines elaborated with strains IFI4731 and IF1473K
gave higher values as compared to the other wines for all
parameters analyzed. The high scoresHggaxandHpiao have
been associated with high-quality foan&l(24). The S
value (40.2) belonging to the wine elaborated with strain IFI473|
was approximately 1.5 times higher than B value (27.7)
3 of the wine produced with strain IFI473, placed in second
rﬁm [ position. The variable sd300 has been related to wine ef-
fervescence3l). We had previously found that sparkling wines
with good effervescence (evaluated for sensory analysis) present
W FI4731 @ IFl473J [] IFI473K hlgher values fOde;oo (3945:|: 306) than wines with poor
effervescence (7.0% 1.23). It can therefore be concluded that
the wine elaborated with strain IFI473] demonstrated the best
© effervescence. The second experiment (developed with yeast
' strains IFI473, IF1473l, and IFI473K and aged for 6 months)
gave similar results.

800
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Figure 3. Behavior of the foam properties from the wines aged for 9
months. The parameters represented are Hyapo (a), Hpea (), and Sthgo

Table 2. Mannose Composition of Wine Polysaccharides after 6 and 9

Months of Aging Sensory Evaluation.A sensory analysis of sparkling wines
aged 9 months was developed. The scoring system used gives
mannose concn? (Mg/L) higher scores for superior wines. The color for all the wines
yeast strains 6 months of aging 9 months of aging analyzed was considered as characteristic, and they presented
IF1473 100.7 (1.15) 102.6 (2.46) the traditional fragrance and flavor with good intensity and
IFI473E 79.2 (0.60) 94.2 (1.22) character. The judges found that the overall quality (visual
IFI473G 528(3.12) 627 (2.23) perceptions, olfactory sensations, and taste) was good for all
:E:ggg 1?2'?1%'25)6) 122'?3%'5‘;9) wine_s and gave them a similar score (z_around 80 points from a
IFI473K 705 (1.67) 96.1 (1.76) maximum of 100) (data not shown). This was also the case for
the wines of the second experiment aged for 6 months.
aData are the average of triplicate analyses; relative standard deviation is listed Descriptive Analysis of Foam Quality and Effervescence.
in parentheses. Table 3 shows the foam quality and effervescence results for

wines of the second experiment (aged 6 months). The judges
IFI473K. This can be explained by the hydrolysis and consump- found differences between the wines produced with strain
tion of polysaccharides by viable yeast during the early stages|FI473I and wines produced with other strains. They described
of aging, as previously reported by Moreno-Arribas et al. (21), the foam produced for the IFI473I wine as normal but totally
Llauberes et al. (29), and Colagrande and OttB@).(From 6 covering the wine surface area. However, for all other wines
months of aging, a significant increase in polysaccharide investigated, the surface was only partially covered with bubbles.
concentration is observed in wines elaborated with strain The judges also considered the size of the bubble of the IFI473I
IFI473l. This increase continued until 9 months of aging. Similar wine as small, while the bubble size of the IFI473 and IFI1473K
results were obtained in the second experiment, for wines agedwines were regarded as medium or medium-large, respectively.
6 months. A similar pattern is observed for the wine elaborated Small bubbles, which often remain longer at the wine’s surface,
with strain IFI473K, although the final polysaccharide concen- indicate high-quality wines2@). The judges evaluated the
tration is lower as compared to strain IFI473l. Trends in effervescence of the wines between medium and fast and gave
polysaccharide concentration were similar for all other wines. the highest score to the wine elaborated with strain IFI473l.
The analysis of variance indicated there were significant
differences | < 0.05) between the polysaccharide content in 5 c-5510N
terms of aging time and type of yeast strain.

The sugars identified in the wines were glucose, mannose, The possibility of using autolytic mutants obtained by UV
arabinose, and galactose, with mannose being the main sugamutagenesis to elaborate sparkling wines was first reported by
present (around 40% of the total sugar presented in the Gonzélez et al.14). These authors suggested that strain IF1473I
polysaccharides). The rest of the sugars were found in the showed the strongest temperature-sensitive and autolytic phe-
following proportions: galactose and glucose, around 25%; and notype and therefore appeared to be the most promising strain
arabinose, 10%Table 2 presents the mannose concentrations to use for sparkling wine production. In this work, we conducted

Table 3. Results? Obtained from the Descriptive Analysis of Foam Quality and Effervescence of Sparkling Wines Aged for 6 Months

wines initial foam formed foam area foam collar bubble size effervescence
IFI473 normal partial partial medium medium
IFI473] normal total total small medium-fast
IFI473K normal partial—total partial—total medium-large fast

2 Values represent the mode of the scores given by the 10 tasters.
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two different long-term storage trials of sparkling wines. During Accelerated autolysis compounds released into the wine for
the first experiment, the wines were aged with strain IFI473 IFI473] mutant modified the sensory properties, thereby having
and five mutant strains for 9 months. This is the minimum time a positive effect on the foaming properties of the wine. The
that sparkling wines must be in contact with yeast to be awardedrelationship between different compounds released by yeast
the Designation of Quality cava, the highest quality sparkling during autolysis and the foaming properties of the wines has
wine produced in Spain. been fully documented in the literature. In this work, it is
Others authors have pointed out that cellular death is essentialconfirmed that IFI473] strain can be very effective to elaborate
to trigger the autolysis process,(32). In our experiment, no sparkling wines by the champenoise method. Quality wines with
viable cells were detected after 6 months of aging, thereby improved foam properties were obtained in a short time (6
indicating that the autolysis process could have started betweenmonths) by use of a yeast strain carrying out accelerated
3 and 6 months. From 6 months of aging an increase in both autolysis. This result is regarded as very important for producers
nitrogen compounds (proteins, polypeptides, and amino acids)that intend to reduce production times to improve economic
and polysaccharides was found in the IFI4731 wine. In the other benefits. In addition, the method of obtaining mutants (induced
wines this rise was not detected until 9 months of aging (except mutagenesis) is regarded as advantageous over genetic engineer-
for the IFI473K wine, which also demonstrated an increase in ing because it is simple and more widely accepted than
this period). Mannose was the main sugar present in the recombinant yeastld). Although the mutation or mutations
polysaccharides released by the yeast. This sugar is one of theoroduced here are unknown, we can speculate that similar
main constituents of the yeast cell wall. An increase of phenotypes have been reported for genes involved in the cell
polysaccharides rich in mannose is a result of the fermentationintegrity—signaling pathway3g), indicating that mutations in
and/or aging process indicating the occurrence of yeast autolysisthis group of genes could be involved in the phenotype obtained.
as reported by Doco et al38) and others. In this study, the The characterization of the gene or genes involved in the
highest concentration of mannose was detected in the IF1473l expression of this autolytic phenotype could be very interesting
wine. Our results suggest that the IFI473I strain possesses &an the genetic engineering experiments designed to obtain

great ability to accelerate autolysis, which was expressed in theautolytic yeast strains to be used in enology.

fastest release of intracellular compounds into the wine.

An instrumental analysis of the foaming properties was ACKNOWLEDGMENT

conducted to elucidate whether the released compounds could

affect the properties of the wines. Some authors reported We are grateful to J. M. Barcenilla for technical assistance.

elsewhere that the products released by the yeast during autolysis

could modify the organoleptic properties of the wines, among LITERATURE CITED

them, foam propertiesl@, 21, 34). The latter are the most
characteristic features observed in sparkling wines by consumers
(35). In these experiments, we had obtained the best results for
the parameters analyzed for the IFI473I wine. In other works
carried out in our group (24), we had found similar behavior
for wines with high-quality foam. However, no significant
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carried out twice by an expert panel of judges. This can be
explained by two factors. First, the products released by IFI473|
during accelerated autolysis did not cause sensory changes
detectable by the judges. Second, the method used for sensory
analysis was not appropriate to detect the differences observed
by the instrumental analysis. In other works, Martinez- Rod-
riguez et al. 24, 31) had found that many tasting cards are not
completely satisfactory since the descriptors on the card are
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cided to age the wines for 6 months instead of 9 months. Addi-
tionally, we included a descriptive analysis of the foam quality
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for sparkling wines but clearly demonstrates that it is not
sufficient to study the foaming properties of sparkling wines.
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