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Nine Saccharomyces cerevisiae and four Saccharomyces bayanus strains used in the production of
Trebbiano wine were examined. The aim of this study is to evaluate the different abilities of various
yeast strains in wine-making. The possibility of yeast discrimination on the basis of their volatile
production is another possibility. Wine chemical analyses showed statistically significant differences
depending on the yeast strain used. Some compounds such as 2-phenylethanol, 2-phenethyl acetate,
ethyl lactate, 3-ethoxypropanol, and, to a lesser extent, diethyl succinate and propionic acid
characterized examined Saccharomyces bayanus yeasts. Moreover, these strains did not produce
any undesirable compounds, such as acetic acid and sulfur anhydride. For these reasons and because
they synthesized malic acid, they could be more suitable for white wine production. The other yeasts
showed great differences, which are difficult to correlate with the strain. However, some strains
had peculiar characteristics, such as an uncommonly high concentration of n-propanol and
3-ethoxypropanol.
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INTRODUCTION

Yeast influence on wine composition and quality is
well-known. Besides ethanol and CO2, the metabolism
of yeasts yields a great number of byproducts, for
example, glycerol, acetic acid, succinic acid, and lactic
acid. Moreover, the aromatic wine properties can be
deeply affected by production of higher alcohols and
other volatile substances (Ingraham and Guymon, 1960;
Rankine, 1967; Usseglio Tomasset, 1967; Soufleros and
Bertrand, 1979; Giudici et al., 1990, Delteil and Jarry,
1991; Giudici and Zambonelli, 1992; Mateo et al., 1992;
Giudici et al., 1993a,b; Castellari et al., 1994; Bertolini
et al., 1996; Lema et al., 1996).

Literature on this topic shows that yeast species and,
within each species, different strains have great differ-
ences in volatile compound production (Di Stefano et
al., 1981; Soles et al., 1982; Houtman and Du Plessis,
1985; Cavazza et al., 1989; Herraiz et al., 1990; Bertolini
et al., 1996; Gil et al., 1996; Riponi et al., 1997). Hence,
the yeast-induced fermentative aroma is responsible for
great differences in composition as well as in taste.

On the other hand, the variety displayed by different
yeasts from a qualitative and quantitative standpoint
could be used for their selection and for their taxonomic
classification. In fact, Saccharomyces cerevisiae strains
are not easily recognized from one another on the basis
of their phenotypic characteristics. Therefore, killer
activity, SO2 or H2S production, ethanol tolerance, fatty
acid production, and protein composition have been

studied to classify yeasts (Ribes et al., 1988; Martins et
al., 1990; Rozes et al., 1992; Van Vuuren and Jacobs,
1992; Vezinhet et al., 1992). In these terms, volatile
composition could help the difficult work of taxonomists
(Strydom, 1985; Cavazza et al., 1989; Mateo et al., 1992).

In this paper, 13 different yeasts, which fermented
the same must, were studied to focus upon significant
differences between alcoholic fermentation secondary
products, particularly regarding volatile composition, to
evaluate yeast ability in wine-making. A contribution
to the identification of possible markers of yeast species
or strains is another possibility of this study.

MATERIALS AND METHODS

Organisms. Thirteen strains of Saccharomyces spp. from
the CATEV and DIPROVAL collections, which belong to three
groups with well-defined general characteristics, were used
(Table 1). These characteristics are referred to a standard
fermentation of industrial ripe grapes with a reducing sugar
content of ∼200 g/L and a total acidity content of 5-6 g/L.

(1) S. cerevisiae (SC) sensu (Vaughan-Martini and Martini,
1993). These strains are identified by the numbers 404, 1042,
5298, 6167, 6527, 7833, and 7833 2C (spore culture from 7833).
These yeasts give maximum ethanol yield and minimum total
level of minor compounds (i.e., higher alcohols, glycerol, acetic
acid, etc.).

(2) S. cerevisiae (SC) Non-H2S-Producing (Strains 6392 and
6842). These strains are distinctive for their high n-propanol
and sulfite production and low-level production of other minor
compounds (Giudici et al., 1990, 1993b). They have a strong
stabilizing action on wines. These two groups always yield
fertile spores with the exception of strain 404.

(3) S. bayanus (SB) sensu (Vaughan-Martini and Martini,
1993) (Strains 7877 3A, 11241, 11719, and 12233). These
strains differ notably from S. cerevisiae strains due to their
different production ratio of minor compounds: higher levels
of glycerol, succinic acid, and higher alcohols (particularly
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2-phenylethanol) and lower levels of acetic acid. They also
synthesize malic acid instead of degrading it (Castellari et al.,
1992, 1994; Bertolini et al., 1996). Strain 77877 3A is a non-
H2S-producing yeast.

Must and Fermentation. About 300 kg of cv. Trebbiano
grapes was harvested at industrial maturation. Pressing with
a stemmer-crusher and continuous press was carried out at
the CATEV Experimental Center. The must was cold clarified
(0 °C) for 48 h without any further addition, and then the clear
must was heated to 18 °C and divided into 26 flasks of 3 L
each.

The inoculation was carried out with 300 mL of a 3-day old
statistically produced culture of the 13 yeast strain (105 cells/
mL), previously prepared in sterilized must, thus obtaining
two flasks for each yeast. Fermentation took place at 20 °C in
a controlled environment. The progress of fermentation was
followed by CO2 production. At the end of fermentation the
natural sedimentation of the yeast cells (which occurred on
average in 5 days) was allowed to take place, and then the
settled wines were divided into subsamples for analysis.

Analysis. Ethanol was determined by densitometry at 20
°C after distillation; sulfur dioxide was determinated according
to the Ripper-Schmidt method and reducing sugars were
determined according to the Fehling method. Total extract of
wine was measured by evaporation at 100 °C, and pH was
determined by using the potentiometric method. Volatile
acidity was determined by steam distillation and total acidity
by titration with 0.1 N sodium hydroxide solution (phenol-
phthalein as indicator) and expressed as grams per liter of
tartaric acid; color absorbance was determined by a spectro-
photometric method. Details of the procedure used are reported
in Ough and Amerine (1987) and by EC Gazette (EU Official
Gazette, 1990).

Glycerol and succinic, malic, L-lactic, and D-lactic acids were
determined enzymatically with specific kits (Boehringer-
Mannheim GmbH, Germany) following the procedure specified
by the firm.

The higher alcohols were quantified with a Hewlett-Packard
5710 A gas chromatograph using the official AOAC method
(AOAC, 1984).

GC and GC/MS volatile analyses were performed according
to a previously reported method (Gerbi et al., 1992; Galletti
et al., 1996).

Statistical Analysis. One-way analysis of variance (ANO-
VA) and Tukey’s honest significant differences were performed
by a Statgraphics package (STSC, Rockville, MD) on the wine
volatiles only.

RESULTS AND DISCUSSION

The must, the composition of which is reported in
Table 2, was rapidly fermented by all strains used, and
the process ended within 20 days. In the same table,
wine composition is also displayed. During the process,
yeasts showed almost no differences, as already reported

for many of them (Riponi et al., 1997). As expected, SB
strains produced lower ethanol content as a consequence
of higher secondary products accumulation (i.e., malic
acid and volatiles).

Wine composition showed some remarkable differ-
ences in fixed compounds. As an example of the different
yeast metabolisms, glycerol varied from 3.58 g/L (strain
6392) to 6.95 mg/L (strain 78773A).

Despite the small differences among ethanol concen-
trations, some statistical differences were present. On
the other hand, acetic acid showed a wider range of
variation. All SB strains produced low quantities of this
undesirable substance. In contrast, some SC strains
(6527 and 78332C) reached the highest quantities
(Table 2).

No sample underwent malolactic fermentation, be-
cause malic acid was present in comparable quantities
in must as well as in wines and the L-lactic acid amount
was below 0.01 g/L, whereas SB synthesized malic acid,
thus reaching 2.09 mg/L (7877 3A). Less remarkably,
succinic acid showed the same behavior, even if strain
6527, a SC yeast, displayed amounts comparable to
those of SB strains.

All volatile substances (Tables 2 and 3) displayed
statistical differences among each strain, except for
methanol, which is not a fermentation product, and
benzyl alcohol.

Acetaldehyde showed wide fluctuations regardless of
yeast group, but its concentration is affected by SO2
content. In fact, linear regression analysis showed a
good agreement between these two parameters (y ) 29
+ 1.16x, r ) 0.73, p > 0.99).

Ethyl acetate is strongly influenced by acetic acid
content. As a consequence, low acetic acid producers had
the lowest ester content. Anyway, this relationship is
not so strict, because of the importance of the different
yeast esterase activities (Dell’Oro and Delfini, 1992). In
any case, yeasts formed more ethyl acetate than would
be expected from the law of mass action (Rapp, 1988).
In regression analysis of ethyl acetate versus acetic acid
(y ) 14 + 27x; r ) 0.53; p > 0.99), the large data
dispersion confirms this fact. On the contrary, acetal-
dehyde versus SO2 is simply a chemical reaction, and
hence it is mainly influenced by reagent concentrations.

Higher alcohols (n-propanol, isobutanol, amyl alco-
hols) were in good agreement with what has been
previously published both on the same strains (Giudici
et al., 1990; Castellari et al., 1994; Bertolini et al., 1996)
and, more in general with literature data (Giudici et
al., 1985, 1993a; Kunkee and Vilas, 1994). However, two

Table 1. Main Characteristics of Yeast Strainsa

yeast
strain species

H2S
producer

acetic
acid,
g/L

SO2,
mg/L

glycerol,
g/L

succinic
acid,
g/L

malic
acid

n-propanol,
mg/L

isobutanol,
mg/L

amyl
alcohols,

mg/L

2-phenyl-
ethanol,

mg/L

404 S. cerevisiae yes 0.2-0.5 <10 5-8 0.5-0.8 degrb 20-50 >50 >250 <50
1042 S. cerevisiae yes 0.2-0.5 <10 <5 <0.5 degr 20-50 >50 >250 <50
5298 S. cerevisiae yes 0.2-0.5 <10 5-8 0.5-0.8 degr 20-50 >50 >250 <50
6167 S. cerevisiae yes 0.2-0.5 20-30 5-8 0.5-0.8 degr 20-50 30-50 150-250 <50
6527 S. cerevisiae yes 0.2-0.5 <10 5-8 0.5-0.8 degr 20-50 30-50 150-250 <50
7833 S. cerevisiae yes 0.2-0.5 <10 5-8 0.5-0.8 degr 20-50 >50 >250 <50
7833 2C S. cerevisiae yes >0.5 <10 5-8 0.5-0.8 degr 20-50 >50 >250 <50
6392 S. cerevisiae no 0.2-0.5 20-30 5-8 0.5-0.8 degr >100 30-50 150-250 <50
6842 S. cerevisiae no 0.2-0.5 20-30 5-8 0.5-0.8 degr 20-50 30-50 150-250 <50
7877 3A S. bayanus no <0.2 <10 5-8 0.5-0.8 synthc >100 30-50 150-250 >100
11241 S. bayanus yes <0.2 <8 >8 >0.8 synth 20-50 40-60 150-250 >100
11719 S. bayanus yes <0.1 <8 >8 >0.8 synth 20-50 40-60 150-250 >100
12233 S. bayanus yes <0.1 <8 >8 >0.8 synth 20-50 40-60 150-250 >100

a Data are means of various fermentations on musts and syntethic media. b Degradate. c Synthesize.
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strains (12233 and 11241) were generally poor in higher
alcohols content, and yeast 7833 was the richest. n-
Propanol was always the less abundant alcohol, except
for strain 6392. In this case it was the main alcohol.
Finally, unexpected low quantities of propanol (7877 3A)
and amyl alcohols (11241) are less frequently reported.
Herraiz et al. (1990) reported 37.24 mg/L for the sum
of amyl alcohols, whereas Gil et al. (1996) reported even
lower contents for these substances with apiculate
yeasts. The presence of significantly different quantities
of 1-butanol was also documented by the latter author.
Our samples show a small but sharp difference of this
analyte between SC and SB.

The sum of Table 3 substances (Figure 1) indicated
SB strains as the greatest aroma compound producers.
Ethyl lactate and 2-phenylethanol justify these differ-
ences and characterized SB strains. These yeasts, in
fact, are known as 2-phenylethyl producers, even if our
data were particularly high compared with those of the
literature (Gil et al., 1996). Also, Di Stefano et al. (1981)
reported a concentration 10-fold higher of this alcohol
in Saccharomyces uvarum, now belonging to the SB
group (Vaughan-Martini and Martini, 1993) versus SC.
Moreover, in the same strains this higher 2-phenyl-
ethanol content yield higher phenethyl acetate amount,
which was not significantly correlated with acetic acid
concentration. In fact, no significant correlation between
these two substances was found (r ) -0.17; F ) 1.69;
ns).

The higher ethyl lactate concentrations of SB can be
related to the malic acid production typical of these
yeasts. Because no malolactic fermentation had oc-
curred, all ethyl lactate was due to yeast activity. In
addition, the higher quantities of lactic and succinic acid
developed by SB strains were responsible for their ethyl
ester accumulation. Several authors have reported lower
concentrations of this hydroxyl ester (Di Stefano et al.,
1981; Herraiz et al., 1990; Gil et al., 1996), but Dubois
(1994) in his review reported quantities up to 534 mg/L
for ethyl lactate.

It is worth mentioning the very high quantity of
3-ethoxypropanol typical of yeast 6392. The following
strain in order of abundance (6842) reached only one-
fifth of the previous one. As already discussed, these
two strains showed a particularly high propanol content,
the relation of which with 3-ethoxypropanol is evident.
Di Stefano et al. (1981) reported this compound as
typical of certain yeasts, and recently some of us
detected a high increase of this alcohol during flor aging
of Vernaccia di Oristano wine. Other authors (Herraiz
et al., 1990) found comparable amounts of this alcohol
in Torulospora delbruekii but with no correlation with
n-propanol content.

Some SC strains (404, 1042, 5298, 7833) produced
>10 mg/L of 3-methylthio-1-propanol. The other sub-

stances were evenly distributed among yeast strains
without any evident relationship. Six carbon atom
alcohols, which mainly derive from enzymatic cleavage
of fatty acids during juice extraction, were slightly
affected by yeast. However, previous papers by some of
us (Galletti et al., 1996; Carnacini et al., 1997) reported
an increase of these substances due to flor yeast
metabolism.

Acetates and short-chain fatty acid esters are very
important for the sensory characteristics of white wines
(Soles et al., 1982). The anomalous value for isobutyl
acetate in strain 11241 could be interesting, but it needs
further confirmation. In fact, the other acetates of this
sample were of the same order of magnitude compared
to the other samples,and its low isobutanol amount
makes isobutyl acetate datum doubtful. Apart from
these considerations, strains 11241 and 1042 were the
best acetate producers, whereas strain 6167 was the
poorest. Despite the influence of acetic acid and the
relative alcohol on acetate yields, there was no statisti-
cal correlation among them. These observations are in
good agreement with the findings of other authors (Soles
et al., 1982; Houtman and Du Plessis, 1985; Cavazza
et al., 1989; Gil et al., 1996). Only phenethyl acetate
showed a linear regression with its related alcohol (y )
297 + 0.01x, r ) 0.75; p > 0.99). The absence of any
correlation between acetic acid and acetates indicated
that acids were not the limiting factor for acetate
production. In fact, SB, which presented minimum
levels of acetic acid, had the highest acetate contents.
As already supposed for ethyl acetate, the esterase
activity and its selectivity are the main reasons for
acetate content.

The most efficient acetate producers synthesized also
the highest content of short-chain fatty acid esters (ethyl
hexanoate, ethyl octanoate, and ethyl decanoate). How-
ever, some strains had different behaviors to the dif-
ferent homologues. Strain 11241 produced mainly ethyl
decanoate, as did strain 1042 ethyl hexanoate. A
straight correlation is shown between total fatty esters
amount and total fatty acids amount (y ) 154 + 0.11x;
r ) 0.61; p > 0.99). Compared to small fatty acid
variations in each sample, the great ethanol excess
makes this procedure meaningless.

Isobutanoic acid was the main short-chain fatty acid.
Its content was often greater than the sum of the
remaining ones. Propionic acid was the poorest, but SB
and SC 5298 accumulated it more effectively than other
yeasts. Dubois (1994) reported low butanoic acid quanti-
ties and indicated octanoic acid as the main compound
within this class. The others were in comparable
amounts. This discrepancy could be due to the different
extraction techniques.

From a quantitative point of view hydroxyl acid ethyl
esters were well represented. Ethyl lactate was the most
abundant, and it is well represented in every sample
with some important differences (see above), but only
five strains produced appreciable amounts of ethyl
3-hydroxybutanoate. On the contrary, ethyl 4-hydroxy-
butanoate was ubiquitous, with concentrations from 1
to ∼4 mg/L, except for strain 404, which produced only
520 µg/L. γ-Butyrolactone, 10-fold more concentrated
than ethyl 4-hydroxybutanoate, displayed almost the
same distribution. In fact, they come from a common
precursor: glutamic acid through 4-hydroxybutanoic
acid (Dufossé et al., 1994). The free acid is not present
because it lactonizes spontaneously or it is esterified as

Figure 1. Total aroma amount for each yeast (higher alcohols
are not included).
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for the other fatty acids. Lactone is the favorite form of
accumulation. A linear correlation of γ-butyrolactone
versus 4-hydroxybutanoate (y ) 28906 + 8x, r ) 0.52,
p > 0.99) underscores this fact.

In cluster analysis (Figure 2), the first nine strains
of the dendrogram are SC yeast, and the last four are
SB. The evident presence of the two main groups is a
consequence of their volatile production (Tables 2 and
3), as outlined before; it also completes what has been
previously reported by some of us on the same yeasts,
regarding some nonvolatile parameters and optimal
temperature of fermentation (Castellari et al., 1994;
Bertolini et al., 1996).

Strain 404, widely used by Italian wine-makers,
seems to be completely different from all the other
yeasts. This yeast produces only a few nonvital spores
and, due to this fact, it is difficult to classify it from a
taxonomic standpoint. Some authors reported these
sterile yeasts to be natural interspecific hybrids (Nau-
mov et al., 1994), haivng behavior apart from the parent
species.

The strain 7833 2C is a culture obtained from a single
spore from 7833 strain. The latter is a heterozygote
genotype for higher alcohol production, and all of its
single-spore cultures show a great variability of this
parameter (Zambonelli, 1991). This fact justifies the
distance between them in the diagram.

On the contrary, the position of strain 5298 is
taxonomically more difficult to explain.

CONCLUSIONS

The vinification trials with 13 different yeasts (species
as well as strains) showed their influence on the volatile
composition of wine.

The outcomes clearly indicate some differences be-
tween SB and SC strains. The former produced higher
volatile content, mainly phenylethanol and ethyl lactate.
The latter are less characterized but exhibited some
peculiarity, such as high 3-ethoxypropanol or 3-meth-
ylthiopropanol concentrations. Also, ethyl esters vary
within a large range. Some of these differences are so
sharp that it could suggest a distinction between
producers and nonproducers. However, this last obser-
vation needs further confirmation. Finally, SB strains
fit very well into the white wie-making process not only
for their volatile production but also for their low acetic
acid quantities and for malic acid accumulation.

On the other hand, at the moment, the great differ-
ences among yeasts do not allow sure taxonomic con-
siderations based upon volatile composition. Further

studies and the use of other analytical parameters could
help to achieve this purpose.
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volatils de vins de Chardonnay. Rev. Fr. Oenol. 1991, 132,
41-46.

Di Stefano, R.; Ciolfi, G.; Delfini, C. Composti volatili prodotti
dai lieviti. Riv. Vitic. Enol. 1981, 34, 342-355.
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