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Abstract The spontaneous alcoholic fermentation of
grape must is a complex microbiological process involving
a large number of various yeast species, to which the
flavour of every traditional wine is largely attributed.
Whilst Saccharomyces cerevisiae is primarily responsible
for the conversion of sugar to alcohol, the activities of
various non-Saccharomyces species enhance wine flavour.
In this study, indigenous yeast strains belonging to Metsch-
nikowia pulcherrima var. zitsae as well as Saccharomyces
cerevisiae were isolated and characterized from Debina
must (Zitsa, Epirus, Greece). In addition, these strains were
examined for their effect on the outcome of the wine
fermentation process when used sequentially as starter
cultures. The resulting wine, as analyzed over three consec-
utive years, was observed to possess a richer, more
aromatic bouquet than wine from a commercial starter cul-
ture. These results emphasize the potential of employing
indigenous yeast strains for the production of traditional
wines with improved flavour.
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Introduction

The dynamics of fermentation, the composition and the
flavour of wine are greatly influenced by non-Saccharomyces
yeasts, an ecologically and taxonomically diverse group [1].
Non-Saccharomyces yeasts usually dominate in mature
grape berries, where they account for 50-75% of the total
yeast population, and consequently they persist during the
early stages of the fermentation process [2]. Although non-
Saccharomyces are generally not very ethanol tolerant and
are unable to completely ferment the sugars present in must,
they markedly affect wine flavour and quality through the
production of various metabolites that contribute signifi-
cantly to the quality of the final product [3-6]. It is widely
reported that yeasts produce over 400 compounds during
fermentation, including alcohols, esters, organic acids, alde-
hydes, ketones and terpenes [7], which contribute to the
individual character of the wine [8]. Local geography plays
a role too, as vineyards in different areas are characterized
by specific Saccharomyces and non-Saccharomyces florae
[9] that are adapted to the local conditions. This results in
the production of unique wines with characteristic flavours,
aromas and alcoholic strengths [10-14]. Furthermore, the
contribution of the yeast depends on several additional
parameters, such as the fermentation temperature, the qual-
ity of the grape juice, and the presence and concentration of
additives, including sulfur dioxide [15, 16].

In the present work, the sequential use of indigenous
wild yeast strains of Metschnikowia pulcherrima and
Saccharomyces cerevisiae as starters is investigated, as
well as their impact on the resulting wine product. These
strains were isolated and characterized from naturally
fermenting Debina must originating from the area of Zitsa
(Epirus, Greece). This partnership has not been investigated
before at the laboratory or industrial level.
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Materials and methods
Isolation of indigenous yeast strains

Indigenous yeast strains were isolated from spontaneously
fermenting Debina grape must originating from the area of
Zitsa (Ioannina, Epirus, Greece), one of the most prominent
wine-producing areas in Epirus. Debina is a white-wine-
producing variety, and all samples were collected in late
September when the grapes were ready for harvest. Five
grape clusters of approximately 100 g each were collected
randomly in the vineyard using aseptic sampling condi-
tions. These clusters were crushed aseptically in the labora-
tory and maintained (together with their must, skins and
seeds) for 20 days at 18°C to allow the spontaneous fer-
mentation of the must and the proliferation of the indige-
nous yeast. Samples were taken at the beginning of
fermentation (first day, Sample I, expected to contain cul-
turable yeast representatives of the initial population,
mainly non-Saccharomyces species) and at the end of
fermentation, when 90% of the sugar content had been
consumed (18th day, Sample II). This second sample was
expected to contain mainly culturable Saccharomyces
strains that can tolerate elevated ethanol concentrations.
Serial decimal dilutions were prepared from these samples
in Ringer’s solution (Merck) and plated on yeast extract—
malt extract agar (YM agar) suitable for selecting yeasts.
Chloramphenicol was added to the selection medium
(100 pg/ml) to minimise bacterial growth [17]. Yeast
strains from both samples were isolated on the basis of col-
ony morphology and microscopic observations and used for
taxonomic identification. In addition to the indigenous iso-
lates, two certified yeast species, Saccharomyces cerevisiae
strain 188/H51960/6 (Phillip Harris, England, UK) and
Metschnikowia pulcherrima/3047 (National Collection of
Yeast Cultures—NCYC, UK) were purchased and used as
standard prototypes.

Biochemical characterisation of the indigenous yeast
strains ZY6 and 2622

The biochemical characterisation of the isolated non-
Saccharomyces strain ZY6 was achieved by performing

several biochemical assays according to Yarrow [17] such
as fermentation of carbohydrates, assimilation of nitrogen
compounds, splitting of arbutine (f-glucosidase activity),
growth at 30 and 37°C, starch formation, cycloheximide
resistance, tolerance of 1% acetic acid, gelatin liquefaction,
and hydrolysis of urea. For the Saccharomyces strain, 2622
API tests were used (API 32C, Biomerieux, Marcy 1’Etoile,
France) according to the manufacturer’s instructions.

Molecular characterisation of the indigenous yeast species

This was based on cloning and sequencing the internal
transcribed spacer regions (ITS) as well as the polymor-
phic D1/D2 domains of 26S ribosomal RNA genes
(rDNA). Prototype strains were also processed in parallel
with controls.

The ITS1-5.8S rDNA-ITS2 unit was amplified using the
primers ITS4 [18] and ITSS5.1. Primer ITS5.1 is a modifica-
tion of ITS5 [18] derived by deleting the first nucleotide
(a G residue) at its 5" end. The removal of this G results in a
reduction in the difference between the T\, values of the
original primer pair ITS4-ITSS. The PCR cycles applied
here were: an initial denaturation step at 94°C for 5 min,
followed by 30 cycles consisting of three steps each (dena-
turation at 94°C for 1 min, annealing at 51°C for 1 min and
extension at 72°C for 1 min), and a final extension step at
72°C for 10 min. The polymorphic D1/D2 domain located
at the 5 end of the 26S rDNA gene was amplified using the
primer pair NL1 and NL4 [19] and the amplification condi-
tions reported by Kurtzman and Robnett [20]. In addition,
specific amplification of the ITS region of S. cerevisiae spp.
was achieved using the primer pair SC1/SC2 and the reac-
tion conditions reported by Josepa et al. [21]. All of the
primers used in this study are listed in Table 1.

Amplification reactions were carried out in a PTC-100
version 7.0 thermocycler (MJ Research Inc., USA) using
the Expand High Fidelity PCR system (Roche, Switzer-
land) and 1.5 mM MgCl, (final concentration). The ampli-
cons produced were purified using NucleoSpin Extract 2 in 1
(Macherey-Nagel, Germany). Molecular cloning was per-
formed using Zero Blunt Kit (Invitrogen, USA) according
to the manufacturer’s recommendations. Escherichia coli
strain DH5a served as the recombinant plasmid host [22].

Table 1 List of primers used in Primer designation

Primer sequence [5' to 3']

Reference

this study
ITS 4 TCCTCCGCTTATTGATATGC [11]
ITS5.1 GAAGTAAAAGTCGTAACAAGG [11] and this study
NLI GCATATCAATAAGCGGAGGAAAAG [13]
NL4 GGTCCGTGTTTCAAGACGG [13]
SC1 AACGGTGAGAGATTTCTGTGC [14]
SC2 AGCTGGCAGTATTCCCACAG [14]
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Cloned ITS or D1/D2 fragments were sequenced by Macro-
gen (Korea). Sequence alignments were performed using
the program BLLAST?2 [23] at the National Cancer Bioinfor-
matics Institute (NCBI) website.

Cells used for DNA extraction were grown for approxi-
mately 24 h at 30°C on YM agar, and DNA was isolated
according to Zambardi et al. [24]. Amplified or extracted
DNAs were separated by electrophoresis in 1% agarose
gels, stained with ethidium bromide, and visualised using
standard procedures [25].

Alcohol tolerance tests

A cell population of 107 cells/ml was inoculated in yeast
extract—malt extract medium (YM) [17] with an initial con-
centration of reducing sugars of 200 g/l and containing 3, 6,
or 12% v/v ethanol. A similar culture that contained no eth-
anol served as the control. All cultures were incubated at
30°C. Cell growth was monitored by measuring the optical
density of the culture at 600 nm for 30 h.

Growth kinetics of the strains ZY6 (M. pulcherrima var.
zitsae) and Z622 (S. cerevisiae) in Debina grape must

Debina grape must was fermented by the strains ZY6 and
7622, each of which were added at an initial population of
107 cells/ml. Cells of the commercial strain VL1 were also
used as a control. The initial concentration of reducing sug-
ars was 200 g/l (Baume value of 11.5). Fermentations were
carried out in a 101 Bioflo 110 bioreactor equipped with a
cooling system (New Brunswick Scientific, USA) without
aeration and with the temperature adjusted to 18°C. Growth
was followed by a count of yeast colony forming units (cfu)
on YM agar plates after inoculating serial decimal dilutions
of 0.1 ml samples taken every 48 h for 30 consecutive days.
Sugar consumption was followed by measuring the level of
reducing sugars using the Nelson method [26].

Must fermentations

The must used in fermentation experiments for wine pro-
duction was derived from grapevines of the variety Debina.
The sugar content of the must ranged between 11.2 and
11.8 Baumes, while pH values ranged from 3.05 to 3.45
(Table 2). 107 cells/ml were used for all inoculations, based
on the routine practices of the Chateau Glinavos winery
(Zitsa, Epirus, Greece).

Laboratory-scale fermentations were performed in 501
cultures at 18°C. For fermentations on an industrial scale,
stainless steel vessels with a capacity of 500 or 50,000 I and
equipped with cooling jackets at the Chateau Glinavos win-
ery (Zitsa, Epirus, Greece) were used as bioreactors. Indus-
trial wine fermentations were carried out according to the

Table 2 Physicochemical parameters of grape musts used in vinifica-
tions

Year Density Baume’ pH

2005 1.086 11.5 3.06
2006 1.086 11.5 3.05
2007 1.087 11.8 3.45
2008 1.083 11.2 3.10

following scheme: M. pulcherrima var. zitsae strain ZY6
isolated from Sample I was added as the first starter, and
when the ethanol concentration reached 6% v/v, S. cerevi-
siae strain 7622 was added to continue and complete the
process (yielding “Wine 17). In parallel, a second wine fer-
mentation of the same volume using must from the same lot
and a commercially available S. cerevisiae strain (VLI1,
routinely used in Chateau Glinavos as starter culture) was
always set up as a control (referred to as “Wine 2”). Wine
fermentations at the industrial pilot scale were performed
three times in three consecutive years (2006, 2007 and
2008). In the years 2006 and 2007, the volume that under-
went pilot fermentation was 500 1. In year 2008 this volume
was scaled up to 50,000 1. The temperature of the ferment-
ing must was always maintained at 18°C.

Physicochemical analysis of the fermented wines

The official analytical methods of the European Commu-
nity were employed to determine the pH, the total acidity
and the concentrations of ethanol, reducing sugars and
sulfur dioxide in a conventional manner [27].

Gas chromatography and mass spectrometry

Sample preparation for analysis was performed by diethyl
ether extraction according to Lilly et al. [28]. Analyses were
done on a Hewlett Packard (USA) model 6890 series gas
chromatograph coupled to a MSD 5973 quadrupole mass
spectrometer. The gas chromatograph was equipped with a
J&W Scientific (USA) capillary column (model HP-5MS:
length, 30 m; inside diameter, 0.3 mm; film width, 0.25 pm)
with helium used as the carrier gas. The injection block tem-
perature was kept constant at 200°C. The oven temperature
was programmed as follows: 35°C (held for 5 min), then
increased at a rate of 10°C/min to 230°C, where it was held
for 5 min. The mass spectrometer was operated in the elec-
tron impact mode, and the masses were scanned over an m/z
range of 29-350 amu. The MS source temperature was
230°C and the quadrupole temperature was 150°C. Each
sample was injected in duplicate. The aromatic compounds,
which served as standards for peak identification, were pur-
chased from Roth (Germany). The internal standard method
was employed for quantitative analysis.
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Results

Isolation and identification of yeast strains originating from
spontaneously fermenting must: selection of the
appropriate strains as starters for industrial vinification

In order to isolate indigenous yeast strains of Metschnik-
owia and Saccharomyces species that are characteristic of
the natural yeast flora present in the area studied, samples I
and II were obtained from spontaneously fermenting
crushed Debina grapes, as described in “Materials and
Methods”.

(a) Sample I: Several yeast strains belonging to different
non-Saccharomyces genera; i.e. Hanseniaspora, Can-

Table 4 Size, accession numbers and alignment data for the ITS

regions

Isolated ~ Amplicon GenBank NCBI % Identity

strains size (bp) accession number

7ZY6 359 EF449524 95.2% M. pulcherrima
3047 357 EF449525 96.1% M. pulcherrima
7607 1,137 FJ516400 99.9%, S. cerevisiae
7608 1,137 - Identical to H51960/6
7614 1,136 EF432783 99.8%, S. cerevisiae
7617 1,136 - Identical to 2622
7622 1,136 EF432782 99.9%, S. cerevisiae
H51960/6 1,137 EF432781 99.8%, S. cerevisiae

dida, Rhodotorula, Pichia and Metschnikowia were
isolated and identified through intensive molecular
analysis (unpublished results). According to the bio-
chemical data, strain ZY6 was the only one that exhib-
ited a similar phenotype to the prototype strain NCYC-
3047 of M. pulcherrima [17] (Table 3). Taxonomic
characterization based on ITS polymorphism con-
firmed the preliminary biochemical characterization.
The sequence identities of the ZY6 and NCYC 3047
regions (359 and 357 bp, respectively) with the M.

accession number EU137672) were 95.2 and 96.1%,
respectively (Table 4). The above results were further
tested using the polymorphism of D1/D2 regions
within the 26S rRNA gene. Sequence alignment of
amplicons of the D1/D2 regions of strains ZY6 and
NCYC 3047 with the corresponding region of M. pul-
cherrima (NCBI GenBank accession number U45736)
revealed identities of 98.3 and 99.4%, respectively
(Table 5). These results demonstrate that strain ZY6 is
a representative of Metschnikowia pulcherrima, and

pulcherrima prototype sequence (NCBI GenBank

justify its selection for further use in this work.

Table 3 Biochemical

characteristics of strain ZY6 Strains  Fermentation of carbohydrates
(M. pulcherrima var. zitsae) Glucose Galactose Sucrose Maltose  Lactose  Raffinose  Trahalose
7ZY6 + s - - - - -
3047 + s — — - — —
Assimilation of nitrogen compounds
KNO; NaNO, L-Lysine
7ZY6 - — +
3047 — — +
Splitting of arbutine (f-glucosidase activity)
ZY6 +
3047 +
Growth at 30°C Growth at 37°C (v)
ZY6 + +
3047 + —
Cycloheximide resistance 0.01% w/v Cycloheximide resistance 0.1% w/v
ZY6 + -
3047 + —
Formation of extracellular amyloid compounds (starch formation)
Hydrolysis of urea
Tolerance of 1% v/v acetic acid
Gelatin hydrolysis
+, Strongly positive; s, slowly
positive; —, negative; v, variable ZY6 -
3047 -

within the species
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:jzl;efs asniie:;l?gcrilif;if:rziata Isolated strains A.mplicon GenBa'nk % Identity DIDZ nucleotide
for the D1/D2 domains size (bp) accession no. differences

7ZY6 499 EF449526 98.3% M. pulcherrima 8

3047 500 EF449527 99.4% M. pulcherrima 3

7607 572 EU603922 100%, S. cerevisiae 0

7608 572 EU603923 99.8%, S. cerevisiae 1

7614 572 - Identical to Z607 0

7617 572 - Identical to Z607 0

7622 572 - Identical to Z607 0

H51960/6 572 - Identical to Z607 0

(b) Sample II: Hundreds of colonies originating from the
late fermentation sample II were tested by API, which
revealed that all belonged to the species S. cerevisiae
with 99.9% identity. Among these, 20 were randomly
selected and used as culture starters in laboratory-scale
vinifications (501). Preliminary organoleptic evalua-
tion (tasting by a professional wine evaluator) indi-
cated that the resulting wines using the strains Z607,
7608, 7614, Z617 and Z622 had the best aromatic bou-
quet and were selected for molecular characterization.
The sequence of amplified ITS fragments (1,136 or
1,137 bp) (Table4) and D1/D2 domains (572 bp)
(Table 5) exhibited almost 100% identity with the cor-
responding sequences of the species S. cerevisiae, with
virtually no nucleotide differences within these regions
(Table 5). Among these, as evaluated by GC-MS anal-
ysis (unpublished results), strain Z622 presented the
highest total concentration of desired esters, such as
isoamyl acetate, ethyl caproate, hexyl acetate, ethyl
caprylate, phenyl ethyl acetate and ethyl caprate, in
laboratory-scale vinifications (501). Furthermore, the
concentration of higher alcohols (2-methyl-1-propanol,
3-methyl-1-butanol, 2-methyl-1-butanol, hexanol-1,2-
phenyl ethanol) did not exceed the limit proposed in
the literature of 300 mg/l [29]. Similar results were
obtained when strain Z622 was compared with the
commercial S. cerevisiae strain VL1 used routinely by
the Chateau Glinavos winery (data not shown). There-
fore, strain Z622 was selected as the second starter and
was used for further testing.

Alcohol tolerance tests

As expected, strain Z622 was capable of growing in a rich
medium containing 3 and 6% v/v ethanol at the same rate as
in the control medium (no ethanol) (Fig. 1A). No growth
was observed in 12% v/v ethanol, but in this case the cells
stayed viable for at least five days post-inoculation (data
not shown). In contrast, strain ZY6 was only able to grow
in 3% v/v ethanol. It retained viability in 6% v/v ethanol for

30 h post-inoculation (Fig. 1B). No viable cells were
detected in 12% v/v ethanol 10 h post-inoculation.

Growth kinetics of the strains ZY6 and Z622 under
fermentation conditions

In the present study, cells of the strains Z622 and ZY6 were
cultivated in sterile-filtered Debina grape must at an initial
cell population of 107 cells/ml. Cells of the commercial
strain VL1 were also used as a control. Under these condi-
tions, the 7622 and ZY6 cells exhibited different growth
profiles and sugar consumptions in the medium used. Z622
cells consumed all of the sugar present in must within
20 days of fermentation, they doubled their population,
and they maintained 30% viability 30 days post-inocula-
tion. In contrast, ZY6 cells were unable to complete the
process, consuming only up to 50% of the initial sugar con-
tent in 12 days (Fig. 2) and completely losing their viability
12 days later (24th day of fermentation). The growth kinet-
ics of strain VL1 were comparable to those of strain Z622.

Industrial pilot scale vinifications using strain Z622 alone
as the starter culture

Strain Z622 was used as a single starter culture in a industrial
pilot scale vinification (500 1) (year 2005, Wine 0) and com-
pared with the commercially available S. cerevisiae sp. strain
VL1 used routinely by the Chateau Glinavos winery (year
2005, Wine 2). The physicochemical values of the grape
must used are shown in Table 2. The fermentation kinetics of
7622 were similar to those of the commercial strain, as both
strains completed the process within 20 days and produced
wines with similar physicochemical parameters.

Quantitative analysis by GC-MS of several major vola-
tile compounds present in the two wines revealed that,
although they both presented the same concentrations of
esters with pleasant fruity aromas [30], the total concentra-
tion of higher alcohols in the commercial wine (year 2005,
Wine 2) exceeded the limit of 300 mg/l that is known to
confer a “hard character” to wine [29] (Table 6).
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Fig. 2 Growth kinetics and sugar consumptions of strains 2622, VL1
(S. cerevisiae) and ZY6 (M. pulcherrima var. zitsae) under fermenta-
tion conditions

Industrial pilot scale vinifications using the strains ZY6
and Z622 sequentially as starter cultures

Industrial-scale vinifications were performed in 500 1 tanks
containing Debina must at the Chateau Glinavos winery in
Zitsa during the years 2006 and 2007. A 50,000 I tank was
used during 2008. The physicochemical parameters of the
grape musts used are presented in Table 2. Each year, one
tank of Debina must was inoculated with strain ZY6 as the
first starter, while strain Z622 (second starter) was added
when the ethanol concentration reached approximately 6%
(v/v) (Wine 1). This approach was used due to the results of
the alcohol tolerance tests. In our hands, strain ZY6 proved
to be a semi-alcohol-tolerant strain; it retained viability in

@ Springer

Table 6 Quantitative analysis of wine produced with the indigenous
yeast strain Z622 (S. cerevisiae) or with commercially available inoc-
ula (500 1) as single starters

Volatile compound Aroma Compound concentration
(mg/1)*
Wine 0,2005  Wine 2, 2005

Ethyl acetate Pineapple - 49.1
2-Methyl-1-propanol  Fusel oil 16.8 12.1
3-Methyl-1-butanol Fusel oil 131.1 142.2
2-Methyl-1-butanol Fusel oil 344 40.1
2,3-Butanediol - 3.3 3.2
Hexanol-1 Grass 1.0 1.1
Isoamyl acetate Banana 0.7 0.7
Ethyl caproate Banana 1.2 0.9
Hexyl acetate Apple - -
2-Phenyl ethanol Rose 72.7 119.5
Ethyl caprylate Pear 1.1 1.2
Phenyl ethyl acetate Honey 0.3 0.4
Ethyl caprate Grape 0.1 0.2
Total concentration 256 315

of higher alcohols

(mg/)
Total concentration 34 34

of esters with pleasant
aromas (mg/1)

# Each value was verified by duplicate injections

3% (v/v) ethanol for approximately 20 days and in 6% (v/v)
ethanol for 12 days. A second tank containing the same
must was inoculated with the commercial S. cerevisiae
starter culture VL1, which is routinely used by the winery
and served as the control vinification (Wine 2).
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Table 7 Quantitative analysis of industrial wines produced with Metschnikowia and Saccharomyces (Wine 1) or with commercially available

inocula (Wine 2)

Volatile compound Aroma Compound concentration (mg/1)*

Wine 1 Wine 2

2006 2007 2008 2006 2007 2008
Ethyl acetate Pineapple - - - 16.1 15.3 44.1
2-Methyl-1-propanol Fusel oil 12.4 11.1 9.8 31.6 33.0 11.5
3-Methyl-1-butanol Fusel oil 114.3 68.9 122.9 209.0 215.3 123.0
2-Methyl-1-butanol Fusel oil 24.6 17.4 24.6 56.0 58.2 324
2,3-Butanediol - 2.9 5.0 5.1 2.1 4.5 2.3
Hexanol-1 Grass 0.4 - 1.0 0.8 0.7 1.0
Isoamyl acetate Banana 3.1 1.0 1.6 0.9 0.5 0.6
Ethyl caproate Banana 1.8 1.5 2.2 0.5 0.8 1.1
Hexyl acetate Apple 0.3 - - - - -
2-Phenyl ethanol Rose 42.0 24.5 58.7 59.7 38.6 59.6
Ethyl caprylate Pear 3.7 2.7 5.5 1.7 1.2 4.6
Phenyl ethyl acetate Honey 0.5 - 0.8 - - -
Ethyl caprate Grape 1.6 1.2 1.3 0.3 0.5 0.8
Total concentration of higher alcohols (mg/1) 193.7 121.9 217.0 357.1 345.8 2217.5
Total concentration of esters with pleasant aromas (mg/1) 11.0 6.4 11.4 34 3.0 7.1

# Each value was verified by duplicate injections

Quantitative analysis by mass spectrometry of several
major volatile compounds present in the two wines
revealed that, in all cases, Wine 1 presented significantly
higher total concentrations of esters (known to confer fruity
aromas to wine) than Wine 2 (Table 7). In addition, Wine 1
contained lower levels of higher alcohols than Wine 2
(Table 7). To statistically enhance the above results, Debina
must from year 2008 was used in laboratory-scale vinifica-
tions that followed the same scheme of starter inoculations
as used for the industrial pilot scale vinifications. For this
purpose, 3 x 31 laboratory vinifications were set up and
inoculated separately as described above. The estimated
values of the volatile compounds were similar to those
obtained in the industrial-scale vinifications (Table 8). Here
again, the total concentration of esters with pleasant aromas
was significantly higher in Wine 1, whereas the total con-
centration of higher alcohols was lower in Wine 1 than in
Wine 2, and was, in any case, within the acceptable limits
(see the last two rows of Table 8).

Physicochemical analysis of the fermented wines

The values of the physicochemical parameters of the wines
produced such as the ethanol and reducing sugar concentra-
tions, the density, the SO, concentration, and the total acid-
ity were estimated. No differences were observed between
any of the vinifications. All experimental and industrial
vinifications gave the following results: ethanol 11% v/v,

reducing sugars 0.1-0.2 g/1, density 0.990-0.991 g/l, SO,
concentration 90-100 (mg/1), total acidity 5.6-6.4 g/1.

Discussion

It is well documented in the scientific literature that, aside
from the grape variety, the production of a quality wine
with a local character and a traditional name of origin also
requires the exclusive use of indigenous yeasts [14]. In this
work, the previously uncharacterized indigenous strains
7ZY6 and Z622 were used as starters to produce the tradi-
tional wine of Zitsa at Chateau Glinavos (Epirus, Greece).
Initially, strain ZY6 was identified as M. pulcherrima,
among several other non-Saccharomyces species isolated
from the initial fermentation stage of the must used. The
domination of non-Saccharomyces strains at early stages of
spontaneous must fermentation has reported previously by
several other investigators [2, 14]. In particular, strain ZY6
exhibited a 98.3% DNA sequence identity with the D1/D2
region, corresponding to eight nucleotide differences with
other M. pulcherrima strains deposited in the NCBI data-
base (Table 5), as well as a 95.2% identity with the ITS
cluster (Table 4). On the other hand, the prototype strain
NCYC 3047 exhibited a 99.4% identity with the D1/D2
region and a difference of only three nucleotides (Table 5).
In general, as proposed by Kurtzman and Robnett [20],
strains within a species should possess no more than three

@ Springer



92

J Ind Microbiol Biotechnol (2010) 37:85-93

Table 8 Quantitative analysis of laboratory-scale vinifications with
Metschnikowia and Saccharomyces (Wine 1) or with commercially
available inocula (Wine 2)

Volatile compound Aroma Compound concentration

(mg/)*

Wine 1, 2008  Wine 2, 2008
Ethyl acetate Pineapple - 458 £ 6.0
2-Methyl-1-propanol  Fusel oil 13.7 £ 8.9 188 +2.4
3-Methyl-1-butanol Fusel oil 100.8 =41.8  130.2 £32.2
2-Methyl-1-butanol Fusel oil ~ 24.4 4+ 14.6 344+6.9
2,3-Butanediol - 6.7+22 5120
Hexanol-1 Grass - 04+1.0
Isoamyl acetate Banana 4.0+ 1.1 39+1.1
Ethyl caproate Banana 1.8£0.9 1.1£04
Hexyl acetate Apple 04+£09 0.1 +£0.3
2-Phenyl ethanol Rose 214 +19.8 3544+6.7
Ethyl caprylate Pear 5.6£20 33£19
Phenyl ethyl acetate ~ Honey - 04 +0.8
Ethyl caprate Grape 1.5+0.6 0.8+04
Total concentration 160.3£85.0 27924 46.8

of higher
alcohols (mg/l)

Total concentration 132405 9.6 + 0.6

of esters with
pleasant aromas (mg/l)

# Standard errors were calculated using standard numerical analysis
software with a statistical accuracy of 95% in relation to the confidence
limits (95% confidence coefficient). The statistically significant values
are italicized

nucleotide differences in the D1/D2 domain. When differ-
ences in this domain exceed three nucleotides, the isolates
should be considered different varieties, subspecies or even
species. In this regard, and based on the fact that strain ZY6
differs by eight nucleotides from the D1/D2 region of the
prototype M. pulcherrima species, we propose to classify
strain ZY6 as a different variety named M. pulcherrima var.
zitsae. According to the same molecular analysis, strain
7622 was unambiguously classified as Saccharomyces
cerevisiae.

In agreement with previous reports [1, 2, 14, 16], our
results demonstrated that S. cerevisiae dominates in the
later stages of the spontaneous fermentation of Debina
grape must. Among the S. cerevisiae strains tested, 2622
was selected as a starter because of its superior effect on
wine aromatic bouquet. Furthermore, Z622 proved compa-
rable with the commercial S. cerevisiae strain used rou-
tinely by the Chateau Glinavos winery (Zitsa, Epirus,
Greece), but it has the following extra advantages: (a) a
higher concentration of 2,3-butanediol, a metabolite that
has been used to differentiate wine character on the basis of
its possible effect on the wine bouquet [31]; and (b) a lower
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total higher alcohol, the concentration of which should not
exceed 300 mg/l [22]. These results mirror our findings
based on laboratory-scale vinifications, and verified that
strain Z622 is the more suitable second starter.

The effect of the sequential use of a non-Saccharomyces
(ZY6) and a Saccharomyces (Z622) strain on wine quality
was investigated by comparing Wine 1 with Wine 2 during
the years 2006, 2007 and 2008 in industrial- or laboratory-
scale vinifications. Although the physicochemical parame-
ters of the wines did not differ significantly, the total
concentration of esters associated with pleasant fruity aro-
mas was estimated to be 1.4- to 3.2-fold higher in Wine 1
from all years as compared to Wine 2. Additionally, in all
of the batch fermentations analyzed, the concentration of
2,3-butanediol was higher in Wine 1. On the other hand,
Wine 2 contained a higher total concentration of the deter-
mined higher alcohols compared to Wine 1, which in most
cases exceeded the acceptable limits [22]. Surprisingly,
ethyl acetate was absent in Wine 1 from all years, as well as
in the test Wine O produced using strain Z622 alone. Per-
haps 7622 possesses an esterase that hydrolyzes ethyl
acetate that is absent in VL1; the existence of unknown
esterases has been reported before for other S. cerevisae
strains [32, 33].

Non-Saccharomyces species such as Hanseniaspora,
Candida and Pichia have been used in the past as first start-
ers, followed by S. cerevisiae, at least in laboratory-scale
vinifications [3-6]. The use of M. pulcherrima as a first
starter at either laboratory or industrial scale has not been
reported so far. Our results support these previous findings
implying that non-Saccharomyces species are primarily
responsible for the production of wines with enhanced
pleasant fruity aromas [3-6].

All of the metabolites reported here were detected at
concentrations above their perception threshold (10~*—
10712 g/l) [29]. These results were a perfect match with the
organoleptic evaluation that took place at Chateau Glinavos
in Zitsa on August 2008 for the vinification batches of 2006
and 2007 (results not shown). The professional evaluators
tasted the unique aromatic bouquet that characterized Wine
1. Such results strongly support the notion that the sequen-
tial use of indigenous yeast strains starting with a non-
Saccharomyces strain leads to the production of wines with
fine organoleptic characteristics and a local traditional
character.
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Appendix

A patent was granted for the sequential use of M. pulcherr-
ima var. zitsae strain ZY6 and S. cerevisiae strain 2622 for
wine production (Hellenic Industrial Property Organisation,
License No.1005847). Organoleptic evaluation was per-
formed by the experts Anestis Haitidis and Dimitris
Katsouras.
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