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Flor yeast Saccharomyces cerevisiae (capensis G1) strain assimilates gluconic acid during the aerobic
biological aging process of sherry wines and exerts significant changes on the final volatile compounds
of wines, especially a decrease in volatile acidity and butanoic, isobutanoic, 2-methylbutanoic, and
3-methylbutanoic acids. This decrease may have a favorable effect on the quality of sherry wines.
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INTRODUCTION results in long-term storage problems that can be solved only

The presence of mycoses causedBmyrytis cinereain the Y "éducing the concentration of the aci.(
form of “noble rot” in grapes gives rise to special wines such  Sherry and Montilla-Moriles fino wines are biologically aged
as the French Sauternes or the Hungarian Tokay; very often,in American oak casks for several years in the presence of so-
however, it is also the origin of severe problems in the wine- called “flor yeasts”, which form a biofilm (flor velum) on the
making process (1). Mycosis occurs during the grape ripening wine surface, where they grow on an aerobic metabol&m (
stage, and its development is influenced by meteorological Such metabolism involves the consumption of ethanol, glycerol,
factors such as moisture and rainfall and physiological factors acetic acid, and ethyl acetate and the production of acetaldehyde
such as vine variety and bunch shage3). and some of its derivatives in addition to organic acids with

Rot increases the activity of oxidase enzymes such asfour carbon atoms (910).
tyrosinase and laccase, which cause substantial color changes A decrease in the content of gluconic acid and an increase in
in wine; also, these enzymes increase the amount of dry extraclygjatile acidity during biological aging processes have been
(through the formation of glycerol and some polysaccharides), ascribed to the presence of lactic bacteria (1). These bacteria
decrea_se tltra_ltable_amdny,_and increase \_/olat|le acidity as a resultatapolize gluconic acid and produce lactic acid, glycerol,
of B._ cmereamfecuons being accompanied by the presence of ethanol, acetic acid, and carbon dioxidel), An increased
acetic bacteria of the geneficetobacterand Gluconobacter volatile acidity is a recurrent result in wines from rotten grapes,

Ei4lt5). 'I'_he(;yfpe Ofﬂ[lOt alffectlr_]g gr_z;pes z;mdtl_ts tehxtent alrt(_e usuall){ which darken during the aging process, all of which has an
etermined from the gluconic acid content in the resulting must _ . ttact on the resulting wine.

(1, 6); thus, content above-1l g L™! reflects a substantial . .
proportion of rotten grapes. Recently, Couto et al. (7) have put EXPeriments with pure cultures of the flor ye&ccharo-
in evidence that low levels of gluconic acid (up ted g L9 myces_cere_msm&:apensm’s1) strain reveale_d consumption of_
seem to indicate an initial stage of grape infection mainly by gluconic acid when the yeasts were subjected to the aging
fungi (B. cinerea), whereas higher levels (up te®2g L1 conditions at their flor biofilm stage and hence adapted to
might be interpreted as the result of the activity of acetic acid glycerol consumption2). In this respect, Peinado et al3]
bacteria. reported faster cell proliferation o8. cerevisiaein media
Oxidase activity and bacterial contamination can be reduced containing glucono-d-lactone as the sole carbon source when
by using appropriate amounts of sulfur dioxide; also, the filtering the yeasts were previously cultured in glycerol. Recently, a novel
problems derived from the presence of polysaccharides can bepathway for alcoholic fermentation of glucono-o-lactone in the
lessened by using appropriate enzymes. However, the sensoryeastSaccharomyces buldehias been reported (14).
properties of wine are altered by the presence of gluconic acid, |n this work, various tests were conducted on pure cultures
which additionally renders it microbiologically unstable and of the flor yeastS. cerevisiadcapensisG1) strain with a view
to identifying the conditions under which it consumes gluconic
* Corresponding author [e-mail milgamaj@uco.es; telephoh@4) acid and determining the influence of such consumption on the
957218640, fax (+34) 957218650] contents in volatile compounds of fino wines obtained by
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MATERIALS AND METHODS Table 1. Gluconic Acid Consumption by S. cerevisiae (Capensis G1)
Yeast Strain and Inocula. In this study aS. cerevisiagcapensis Flor Yeast SFf?“” in Wine_s and YNB (without Amino Acids) Culture
G1) strain (5) was used from the Coll)éction of the sicrgbiology Med|e_1lConta|n|ng Gluconic Acid, Different Sources of Carbon, and
Department of the University of Cordoba (Spain). This flor yeast Conditions
prevails together witlsaccharomyces bayanimsthe biofilms formed
on the surface of wines obtained by biological aging in the Montilla-
Moriles region (Cérdoba, southern Spain).
Two types of inocula were employed that were obtained from yeast

gluconic consumption
glucose glycerol ethanol acid  of gluconic
medium® (@L™Y) (gL™Y) (%viv) pH shaking (gL™1) acid (%) days

cells growing on YM medium (0.3% yeast extract, 0.3% malt extract, (@ 5 0 0 55 no 5 0 90
and 0.5% peptone, pH 6.5) containing 50 g!lglucose (Merck) in 2(a) 5 10 0 55 no > 0 90
- ) 3(a) 5 0 15 55 no 5 0 90
one case and 30 gt glycerol (Merck) in the other. Both were 4(a) 5 10 15 55 no 5 0 %0
incubated at 2% 2 °C with shaking for 72 h. Yeast cells were collected ®) 0 0 0 30 yes 5 0 28
by centrifugation at 5000 rpm and used to inoculate the different media g () 0 0 0 70 vyes 5 0 08
with a population of 1®viable cells mL-. 7 (b) 0 10 0 40  yes 45 40 18
The number of total and alive cells was determined by counting wine(a) 0 95 1405 36 yes 45 43 100
under a light microscope in a Thoma chamber following staining with Wwine (b) 0 95 1405 36 yes 5 66 70
Methylene Blue (16).
Culture Media. Synthetic culture media were used from the YNB aTwo inocula have been assayed with the yeast strain tested: (a) yeast grown
without amino acids (Difco) containgn5 g L™* glucose, 5 g L! in medium containing glucose and (b) yeast grown in medium containing glycerol.

gluconic acid (Sigma), and either 15% (v/v) ethanol (Merck) or 10 g

L~ glycerol, or both, as carbon source, and a control medium with 5  Minor volatile compounds were determined following continuous

g L™* gluconic acid as the sole carbon source. Wine from healthy Pedro extraction for 24 h of 100 mL of wine at pH 3.5, which was supplied

Ximénez grapes was used for control experiments versus the same winewith 5 mL of internal standard (30 mg & 2-octanol) and 100 mL of

supplied with 5.1 g £* gluconic acid, because it is the highest quantity Freon-11. The Freon extracts containing the volatile compounds were

of acid reported in the study area. All of these media were sterilized concentrated to 0.2 mL in a Kuderma®anish microconcentrator, and

by passage through Supra EK filters (Seitz, Germany). All tests were 1.5uL aliquots were injected into an HP-6890 chromatograph equipped

conducted in triplicate. with an HP MS 5972 mass detector from Agilent Technologies. An
Experimental Conditions. All tests were carried out in 250 mL HP-Innowax 60 m longx 0.32 mm i.d. capillary column (0.26m

flasks, with or without shaking. Shaken samples were thermostated atfilm thickness) was used. The oven was held at°@0for 10 min,

27+ 2 °C and unshaken samples at22 °C. The volume of synthetic which was followed by a *C min~* ramp to 180°C (held for 35

medium or wine used was that resulting in a surface/volume ratio of min). Helium at a constant flow rate of 0.9 mL mihwas used as

17 cn? L1, which is the typical value for the traditional biological ~ carrier gas. The split ratio was 30:1, and the MS detector was set at

aging of sherry wines in oak casks. 1612 V in the scan mode in order to sweep the mass range from 39 to
Changes in the concentrations of gluconic acid and volatile 300 amu.

compounds were studied in 15 flasks containing the same wine at 23 Retention time, Wiley mass spectral library, and pure volatile

+ 2 °C without shaking. Nine flasks were supplied with the same compounds from Merck, Sigma-Aldrich, Riedel de Haén, and Fluka

amount of gluconic acid, and the other six, which were used as controls, were used for identification, confirmation, and preparation of standard

had no gluconic acid. Control flasks were examined at 0 and 105 days Solutions of volatile compounds. Quantification was based on the

(the end of the experiment), and the others at 40, 70, and 105 days.response factors calculated from standard solutions that were subjected

All wines were simultaneously inoculated with®gable cells mL:? to the same extraction process as the samples, using the target and
from a S. cerevisiag(capensisG1) culture grown in YM medium qualifier ions selected for each compound by the Hewlett-Packard
containing glycerol as the carbon source. Chemstation.

Exhaustive controls as visual in the culture medium flasks, micro- _ Statistical Treatment. The statistical software package Statgraphics
scopic examination, and samples pouring over the surface of a platePlus V. 2, from STSC, Inc. (Rockville, MD), was used to perform a
(Petri dish) were carried out during all of the experiences to detect Single analysis of variance (ANOVA) to identify those compounds
possible contaminations of lactic bacteria that could consume gluconic exhibiting significant differences with the controls at the end of the
acid. tests.

Analyses. Ethanol was quantified by dichromate oxidation (17); All results reported herein are the average of all three experiments.
titratable acidity, pH, residual sugars, and volatile acidity were
determined with the official method&&); gluconic acid was quantified RESULTS AND DISCUSSION
using an enzymatic test from Boehringer-Mannheim (Germany) at pH

11; and the absorbances at 280, 420, and 520 nm were measured on gc/ibc\jsvggg ct))besz(ra\?; df?gﬂaebltzs];s mtﬁogiémxfiﬁgu?fa%?ggn;(:;i d
Beckman DU-640 UV spectrophotometer.

. - 1 1 - .
Major volatile compounds and polyols were determined by gas ”?ed'a tOOWhm 59 L™ glucose, 5 9 L* gluconic acid, and
chromatography on an Agilent 6890 GC model (Palo Alto, CA), using ©ither 15% (v/v) ethanol or 10 g't glycerol or both were

the method of the OIVY9) as modified by M(inz et al. 0). Capillary added, even though the yeast cells cultured previously in glucose
column CP-WAX 57 CB (60 m long; 0.25 mm i.d.; Ogm film or glycerol grew in all media, where they formed a thin surface
thickness) was used, and Q& aliquots of 10 mL wine samples  film (media 1, 2, 3, and 4).

previously supplied with 1 mL fol g L™t 4-methyl-2-pentanol as Tests with the same base media (media 5 and 6) but

internal standard were injected. Tartaric acid in the wine was removed containing gluconic acid as sole carbon source, at pH 3.0 or
by precipitation with 0.2 g of calcium carbonate, followed by 70 were also conducted with a view to determining the
Cegr'f“%f"f‘_t'o?_ at 3000 me' 4 on th act btained | influence of the molecular form of the acid on its consumption
uantiication was based on thé response faclors obtained 1orp., the yeast cells cultured previously in glycerol, because the
standard solutions of each compound. A split ratio of 30:1, an FID, acid occurs largely as gluconblactone (the cyclic form) at

and a temperature program involving an initial temperature ofG0 | H val d | te ion i tral Kkali di
(15 min), a 4°C min~* ramp, and a final temperature of 19C (35 oW pH vailues and as giuconate ion In neutral or alkaline media.

min) were used. The injector and detector temperatures were 270 and €Sts were finished after 28 days, with no apparent cellular yeast

300°C, respectively. The flow rate of carrier gas (helium) was initially growth or gluconic a‘?id cor_lsumption. ) o
set at 0.7 mL min! (16 min) and followed by a 0.2 mL mir ramp Only in the tests involving synthetic culture media with
to the final value (1.1 mL mint), which was held for 52 min. glycerol (medium 7) and wines enriched Wi g L™t gluconic
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Table 2. Wine-Making Variables and Gluconic Acid Values in the Control Wines and Those Supplied with 5.1 g/L Gluconic Acid

wine + gluconic acid, control wine, wine + gluconic acid, control wine,

compound 0 days 0 days 105 days 105 days p value?
residual sugars (g L 1) 22+0.2 22+02 22+03 22+0.2
ethanol (% v/v) 14.05+0.03 14.05 +0.03 83+0.1 8.25+0.6
viable yeast (106 cells mL~1) 1.0+0.1 1.0+0.1 88+19 93+22
gluconic acid (g L™1) 51+01 0.0+0.0 3.73£0.02 0.0£0.0
volatile acidity (mequiv L) 7.7+03 43+0.3 20£02 28+05
pH 3.21+0.02 334+0.01 321+0.05 351+0.05
titartable acidity (mequiv L~1) 56.5%0.2 405+0.2 472+0.2 353+0.1
absorbance at 280 nm 8.91+0.05 8.91+£0.05 8.27+0.11 8.22£0.05
absorbance at 420 nm 0.161 +0.001 0.161 £ 0.001 0.106 + 0.002 0.099 +0.003 *
absorbance at 520 nm 0.0374 + 0.0004 0.0374 + 0.0004 0.0108 + 0.0005 0.013 +£0.001 *

ap values obtained by ANOVA for the wines at day 105: *, 0.05; **, 0.01; *** 0.001.

acid and Subjected to continuous agitation was the acid Table 3. Final Contents of Major Volatile Compounds and PO|yO|S in
concentration found to decrease with time: the decrease the Control Wines and Those Supplied with 5.1 g/L Gluconic Acid

amounted to 43% with the yeasts that were previously cultured
in glucose and to 66% with those grown in glycerol. These

control wine +
wine,  gluconic acid, control wine,  p

results are consistent with those of Peinado et E),(who compound 0 days 105 days 105days  value?
stqdled the adaptation of yeasts to the consumption of qluconlc acetaldehyde (mg L) 11244 222+ 11 251+ 2
acid (added as glucono-o-lactone), and those of Cortés et al. gy acetate (mg L) 3442 4+1 43+04
(12), who found the acid to be consumed in sherry type wines, 1,1-diethoxyethane (mgL™?) 0+0 1.0+0.6 0705
by both pure and enriched cultures with t&e cerevisiae 1methano| (If?g Lll)l) ‘2123 1 o gg g 1 Lo gg g 4 o
; ; -propanol (mg L™ 9+0. 01, 01, *

(CapenSISG:l)_ stra_ln. . ., isobutanol (mg L) 47+1 31+2 29.8+0.6

As gluconic acid content may be decreased by lactic acid ispamyl alcohols (mg L) 316+14 1677 154 +5
bacteria, the possible presence of these kinds of bacteria duringacetoin (mg L2 21+8 1208 129+9
all of the experiments have been strictly checked as describedgtgylglﬁtlﬂatzl(fln? L"l() L Z?Si 443 ggli 5110 gégi 116

H H H ,o-butanediol, levo (mg L™ + + +

under Materials and Methods, so all of the studied experiments 2.3-butanediol, meso (mg LY) 157414 296+ 38 26843

were lactic acid bacteria free.

In summary, the results obtained with regard to the consump-
tion of gluconic acid can be ascribed to the following condi-
tions: aerated media containing glycerol but no glucose or
exhausted. The specific carrier for gluconic acid is not yet
identified in S. cerevisiae. We suggest two possible hypoth-
eses: first, the gluconic acid transporter of yeast could be

diethyl succinate (mg L™1) 104+£03 139+20 14+£2
2-phenylethanol (mg L™1) T4+4 94+9 96+ 6
glycerol (g L™Y) 9.4+14 0+0 00

ap values obtained by ANOVA for the wines at day 105: *, 0.05; **, 0.01; **
0.001. No detectable change by gluconic acid addition was observed in the studied
compounds at 0 days.

repressed by glucose and derepressed on glycerol media; or,

second, the gluconic acid lacks a specific carries.icereisiae

and it can only enter in the yeast via some carrier. The
physiological characterization of glycerol uptakeSincereisiae

has revealed that glycerol can enter the cell in at least two
different ways depending on the particular growth conditions.
Thus, when glucose is present, glycerol can enter cells by
facilitated transport, probably through the glycerol channel,
encoded by th&PS1gene (21—24). By contrast, in cells that
have been cultured in ethanol, glycerol, or acetate, a proton
symport system ensures uptake of the glyce28| 25, 26). The

last inducible active uptake may be the origin of gluconic acid
enteringS. cerevisiaecells in the absence of glucose.

To confirm whether gluconic acid consumption By cer-
evisiaecells growing as a biofilm (flor velum) on wine during
its biological aging and to determine its effect on the volatile
fraction of wine, a new experiment involving the addition of
gluconic acid to healthy wines and their inoculation with pure
cultures of yeast cells previously grown in glycerol was
conducted over a period of 105 days with no shaking. In this
way, the physicochemical and microbiological conditions under
which wines with a high gluconic acid content are biologically
aged on an industrial scale were reproduced in the laboratory.

Table 2 shows the wine-making variables and gluconic acid
value of control wines and those supplemented with gluconic
acid. Only pH and titratable and volatile acidity values were
affected by the addition of gluconic acid. The effect on volatile
acidity was a result of the commercially available gluconic acid

used containing 1% acetic acid. All other compounds determined
in the wines at the beginning of the tests exhibited no detectable
changes by the effect of the addition of gluconic acid; their
contents remained at the same levels as those in the control
wine without gluconic acid addition (Tables&d4).

Fifteen days after inoculation with @iable cells mLZ2, the
control wines and those containing gluconic acid exhibited a
rough, ivory biofilm ~3 mm thick virtually throughout their
surface. This velum is typically formed b$. cerevisiae
(capensisG1) strain growing on an aerobic metabolism and
contributes to the special features of biologically aged sherry
wines (9).

At the end of the tests (day 105), an overall 1.38 ot L
gluconic acid (27% of the amount added to the wines) was found
to have been consumed. The wines supplied with gluconic acid
also exhibited significant differences at the 95% confidence level
in titratable acidity, pHA420, andAsyo that can be ascribed to
the effect of residual gluconic acid. In addition, the wines
supplied with gluconic acid exhibited a more marked reduction
in volatile acidity (from 7.7 to 2.0 mequiv!) than the control
wines (from 4.2 to 2.8 mequiv1).

The contents in methanol, major higher alcohols (viz.,
isobutanol, isoamyl alcohol, and 2-phenylethanol), ethyl esters
of acetic, lactic, and succinic acids, and carbonyl compounds
(acetaldehyde, 1,1-diethoxyethane, and acetoin) were not in-
fluenced by the presence of gluconic acid in the wines. Nor
were the contents in polyols (viz., levo- and meso-2,3-butanodiol
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Table 4. Initial and Final Contents in Minor Volatile Compounds in the Control Wines and in Those Supplied with 5.1 g/L Gluconic Acid

control wine, wine + gluconic acid, control wine,

compound 0 days 105 days 105 days p value?
ethyl propanoate (ug L™1) 163 + 16 956 + 93 1303 £ 95 *
propyl acetate + 2,3-butanedione (ug L) 318+31 183+ 22 106 + 15 ki
isobutyl acetate (ug L) 48+3 15+3 19+2
2-butanol (ug L) 1964 + 200 1069 + 113 1140 + 276
ethyl butanoate (g L™1) 150+ 6 53+5 89+19 *
2,3-pentanedione (ug L™Y) 00 2003 + 185 2829 + 601
isoamy! acetate («g L) 592 + 50 26+3 47+12 *
1-butanol (ug L) 2683 + 202 1948 + 124 2283 +326
limonene (ug L) 128 +17 147+ 24 120+ 15
ethyl hexanoate («g L) 116+ 3 0£0 00
3-methyl-1-pentanol (ug L) 178+ 7 98+4 158 +5 xk
hexanol-1 (ug L™%) 764 +15 264 + 26 214+ 27
3-ethoxy-1-propanol (ug L) 00 566 + 50 507 + 50
furfural (ug L™Y) 83+3 0+0 0+0
ethyl octanoate (ug L™1) 11+£2 120+ 11 93+6 b
ethyl 3-hydroxybutyrate («g L) 687 + 43 1215 +130 1255 + 68
linalool («g L~ 0+0 28+3 26+5
1-octanol (ug L) 531+ 10 223+ 27 221+3
isobutanoic acid (ug L™Y) 1604 + 72 6906 + 449 10303 + 548 ki
y-butyrolactone (ug L™Y) 19380 + 1327 32653 + 3894 27393 + 3562
butanoic acid («g L™1) 1741 £ 97 3779+ 83 4416 + 146 i
2-methylbutanoic acid + 3-methylbutanoic acid («g L~1) 1175+ 42 3618 + 505 6608 + 292 rk
furfuryl alcohol (g L™Y) 239+ 14 498 + 39 498 + 188
neral (ug L% 56+ 9 93+12 146 + 11 b
methionol (ug L™Y) 4783 + 432 3905 + 330 8473 £ 1121 *
B-citronellol (ug L™1) 37+3 0+0 00
2-phenylethyl acetate (1g L) 347+11 56 + 10 212+21 ok
hexanoic acid («g L™1) 1400 + 45 0£0 00
benzyl alcohol (ug L™1) 383+49 452 +30 474 +51
4-ethylguaiacol (ug L™1) 90+3 89+ 11 88+ 11
pantolactone (ug L) 392+8 1671+ 63 2058 + 293
Z-nerolidol («g L™1) 27.05+0.05 76+ 12 64+2
diethyl malate (g L™1) 525+ 23 406 + 45 487 + 54
octanoic acid (ug L™Y) 2582 + 68 0+0 0+0
4-ethylphenol (ug L™1) 129+ 0.4 15.7+0.6 14+2
decanoic acid (ug L™1) 537 £ 57 0+0 0+0

ap values obtained by ANOVA for the wines at day 105: *, 0.05; **, 0.01; ** 0.001. No detectable change by gluconic acid addition was observed in the studied
compounds at 0 days.

and glycerol) affected by the metabolization of the acid by yeast acetate+ 2,3-butanedione and ethyl octanoate in lower con-
cells (Table 3). In fact, only the 1-propanol contents exhibited centrations in the control wines.

significant differences at the confidence levelpf 0.05. Butanoic acid and isobutanoic acid, and the combination of
The content changes shown Teble 3 are typical of a 2-methylbutanoic and 3-methylbutanoic acids, are typical prod-
biological aging process and fall within reported rangg27); ucts of the metabolism of flor yeasts in their aerobic develop-

however, acetaldehyde was produced in lesser amounts omment stage9). The fact that these acids were obtained in lesser
average, and the opposite was true of the isomers of 2,3-amounts in the wines that were supplied with gluconic acid must
butanediol obtained in the wines containing gluconic acid. These be related to the presence of the acid and its metabolism.
results suggest that gluconic acid may somehow influence the The significant differences observed in the above-mentioned
equilibrium involving acetaldehyde and 2,3-butanediol, both of volatile compounds may be ascribed to the involvement of
which play prominent roles in biological aging process2®) ( gluconic acid in the metabolic pathways $f cerevisiadlor

It should also be noted that the populations of living yeast yeast. Thus, yeast cells previously cultured in glycerol-contain-
cells at the end of the tests were similar in the control wine and ing media probably metabolize some of the gluconic acid via
in the wine supplied with gluconic acid’éble 2). the pentose phosphate pathw&@), similarly to other wine

Table 4 shows the contents in minor volatile compounds in microorganisms such as heterofermentative lactic bactédia (
the wines. The 38 minor compounds determined at day 105 or some yeast species suchSahizosaccharomyces pon(Bé,
exhibited the same variations with respect to the initial contents, 32); in this way, they can inhibit the formation of the above-
both in the control wines and in those supplied with gluconic described byproducts. In fact, glucono-d-lactone is known to
acid. Only methionol (3-methylthio-1-propanol) exhibited a induce enzymes of the oxidative part of the pentose phosphate
decrease in its content during the aging process in the winespathway inS. cerevisiag33).
containing gluconic acid and an increase in control wines. Table 5 shows the variation of the contents in those

Only 14 minor volatile compounds exhibited significant compounds that exhibited significant differences at the end of
differences between the two types of wine at the end of the the study between the control wines and those supplied with
study. Thus, ethyl propanoate, ethyl butanoate, isoamyl acetate gluconic acid.
3-methyl-1-pentanol, isobutanoic acid, butanoic acid, 2-meth-  The greatest variations in the contents of volatile compounds
ylbutanoic acidt+ 3-methylbutanoic acid, methionol, neral, and were normally observed during the first 40 days after inoculation
2-phenylethyl acetate were found in higher contents and propyl with S. cerevisiagcapensisG1) strain, while the yeast cells
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Table 5. Variation of the Contents in Gluconic Acid, Glycerol, and the Minor Volatile Compounds That Exhibited Significant Differences at the End of
the Biological Aging Experience between Control Wine and Those Supplemented with Gluconic Acid

compound 0 days 40 days 70 days 105 days
gluconic acid (g L™%) 51+0.1 4.83+0.06 4.40 £0.05 3.73+0.02
glycerol (g L) 9+1 15+04 0+0 0+0
propyl acetate + 2,3-butanedione (ug L™Y) 318+31 149+ 12 121+9 183+ 22
isoamyl acetate (ug L™1) 592 + 50 101+ 10 62+5 26+3
2-phenethyl acetate (ug L) 347+11 227 +17 116 £10 56 £ 10
ethyl butanoate («g L) 150+ 6 122 +12 82+7 53+5
ethyl octanoate (ug L) 11+2 104 + 12 121+10 120+ 11
ethyl propanoate (ug L) 163 + 16 2353 + 231 1517 £ 132 956 + 93
neral (ug L1 56+9 272+33 87+8 93+12
3-methyl-1-pentanol (ug L1 178+ 7 213+2 152 +13 98+4
methionol (g L™%) 4783 + 432 3104 £ 118 3926 + 341 3905 + 330
butanoic acid («g L) 1741+ 97 3954 + 223 3232 £281 3779+ 83
isobutanoic acid (ug L™ 1604 £ 72 8762 + 625 6914 + 601 6906 + 449
2-methylbutanoic acid + 3-methylbutanoic acid (ug L) 1175 £ 42 3086 + 190 3371+ 293 3618 + 505

formed the flor velum on the wine surface. During that period, industry will be carried out with higher volumes in a designed
the contents in propyl and isoamyl acetates, and that of and patented device by our research group (Patent P9702139),
2-phenylethanol, decreased markedly, and so did that of ethylwhich produces an acceleration of the process of biological aging

butanoate, albeit to a lesser extent. By contrast, the contents inby aeration without destroying the flor velurhQ).

other esters such as ethyl octanoate and (especially) ethyl
propanoate increased during this period.

The above-mentioned esters exhibited an identical behavior
in all wines subjected to the same aging conditions with the
same yeast; this is consistent with previous res@t4Q) and
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can be ascribed to the activities of esterases (hydrolysis and (2) Suérez, J.; Ifiigo, B. Microbial alterations in wines. Yeasts and

synthesis), which are especially active at the early flor velum
formation stages (34).

The content in neral, which is a monoterpene involved in
the early stages of sterol formation by the yeasts, also increased
over the first 40 days and then decreased to levels twice as high
as the initial ones. Flor yeasts synthesize monoterpenes in wines
from healthy grapes (35). On the other hand, the content in the
sulfur-containing alcohol methionol decreased by 35% during
the first few days and then leveled off at concentrations similar
to the starting values. One other alcohol (3-methyl-1-pentanol)
exhibited a slight tendency to decrease in content during the
tests.
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