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Abstract Non-Saccharomyces yeasts are metabolically
active during grape must fermentations and can contribute
with enzymes and metabolites to enhance the complexity
and to define the final wine aroma. Nowadays, the use of
non-Saccharomyces yeasts in combination with Saccha-
romyces cerevisiae is a state-of-the art strategy to improve
wine composition and/or wine sensory properties. The
present paper deals with the new yeast strains of Metsch-
nikowia fructicola and S. cerevisiae, that were selected as
representatives of the yeast microbiota isolated from grapes
and grape juice of Aglianico cultivar. S. cerevisiae was
utilized both as single strain starter and in combination
with M. fructicola in experimental fermentations of
Aglianico must. The dynamic of yeast populations was
evaluated during the fermentation process analyzing the
wine volatile compounds profile. The volatile compounds
were identified by SPME-GC/MS. The results, showed that
the multiple indigenous yeast starter was able to modulate
the volatile compounds profiles and improve the aromatic
complexity of wine, with a higher content of esters and
terpenes.
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Introduction

The vitis vinifera Aglianico is a very old red grape variety of
Campania, a Southern Italy region. This cultivar is a later-
maturing grape able to adapt to different environments and
managements of vine vigor (D’ Agata2014; Albaetal.2011),
producing a DOCG (Controlled and Guaranteed Designation
of Origin) wine. Nowadays the winery global industry uses
the selected commercial yeasts (LSA) to minimize risks in
the winemaking process, because they give the possibility to
standardize the procedures and ensure the quality of the final
product. The LSA yeasts belong to Saccharomyces genus in
particular to Saccharomyces species “sensu stricto”. The
widespread use of such starter cultures often resulted in aloss
of wine sensory properties and flattening aromatic charac-
teristics that differentiate wines of diverse cultivars. For this
reason, the research is focused on the selection of new
autochthonous yeast cultures that can be isolated from
vineyard, grapes, grape juice, winery and winery equipment.
The microbiology of wine and the origin of indigenous wine
yeasts have been extensively studied (Fleet 2003; Brysch-
Herzber and Seidel 2015; Boscaino et al. 2014). In particular,
the yeasts from vineyard and grapes-bunches belong to non-
Saccharomyces group are characterized by low fermentative
activity (Ciani et al. 2010), while those from wineries and
their equipments are clustered in the Saccharomyces group,
that is distinguished for an higher fermentative vigor (Bisson
and Walker 2015). The non-Saccharomyces yeasts belong to
the Hanseniaspora, Pichia, Rhodotorula, Metschnikowia,
Candida, Hansenula, Kloeckera genera and are able to start
the alcoholic fermentation process, producing, in the first
phase of the process, ethylic alcohol and different metabo-
lites and enzymes, responsible for the aromatic complexity
of the wine. When the alcohol reach 4°-5° their fermentation
activity decreases and the Saccharomyces yeasts action
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becomes predominant. Different studies have established,
the positive role of non-Saccharomyces species during the
winemaking process, demonstrating that they can improve
the efficiency of the starter increasing the bouquet com-
plexity and leading to a better chemical and sensory prop-
erties of the wine (Tofalo et al. 2016; Varela 2016). The
biochemical transformation of flavor-inactive grape juice
constituents into aromatic components has come out, as the
fundamental action mechanism of non-Saccharomyces
yeasts. In fact, through enzymes as glycosidases and
esterases, they can substantially impact on wine aroma and
flavor, facilitating a greater expression of grape varietal
character (Fia et al. 2005). In addition, during the fermen-
tation process, the winery yeasts besides producing ethanol,
also release other compounds such as glycerol, esters, higher
alcohols, aldehydes, acids, terpenes and ketones. These
molecules, known as secondary metabolites, determine the
final quality of the product. The quantitative level of these
compounds is determined by the different yeast species uti-
lized and, within the same species, between biotypes
(Robinson et al. 2014). In particular, yeast belonging to
Metschnikowia genus shows greater production of esters
during fermentation as a consequence of their specific
metabolism (Suarez-Lepe and Morata 2012). The native
yeasts are selected for characteristics that, over the fermen-
tative vigor, alcoholigenous power, tolerance to the antiox-
idant and antimicrobial compounds and minimal foam
production, are relative to the liberation of a balanced array
of flavor metabolites, without undesirable excess of volatile
compounds (Ribéreau et al. 2006).

These yeasts, enclosed in the starters, lead to a final
product enriched in those aromatic compounds which
enhance the character of the wine. The aim of the present
work was the evaluation of the impact on the aromatic
profile of wines, of autochthonous yeast strains isolated
from Aglianico grapes and used as starters. In particular an
autochthonous S. cerevisiae, also in combination with a
strain of M. fructicola, was utilized and the aromatic profile
of different wine samples was evaluated through the
identification of the volatile compounds by Solid Phase
Micro Extraction-Gas Chromatography/Mass Spectrometry
(SPME-GC/MS technique).

Materials and methods
Identification of yeast strains

Two autochthonous yeast strains (AGYP37, AGYP28)
isolated in a previous screening from the native microflora
of Aglianico grapes and musts (Sorrentino et al. 2012) and
stored in the ISA-CNR collection has been selected as
potential starter to realize an experimental Aglianico grape

juice winemaking process. The yeast strains were identified
through API 20C AUX assays (bioMérieux Italia Spa,
Italy) confirming the results, at species level with the
analysis of the D1/D2 domain of 26S rDNA sequence. The
genetic region was PCR amplified directly from individual
yeast colony following the protocol, as described by
Arroyo-Lopez et al. (2006). The standard primers utilized
were the commonly referred in literature as NL1 and NL4
(O’Donnel 1993).

Assessment of technological characters of yeast
strains

The selected yeasts were characterized for different tech-
nological features, such as SO, resistance and fermentation
power, as described by Boscaino et al. (2015), and for
ethanol resistance. Briefly, to YPD agar (1% yeast extract,
2% peptone, 2% glucose and 2% agar, kept melted at
45 °C) were added different aliquots of ethanol to obtain
the final concentrations between 14 and 17% (v/v). Twenty
microliters of broth-culture overgrowth for 48 h were
spotted onto YPD plates and the growth was observed after
24 and 48 h at 25 °C. The presence of a microbial coating
in correspondence of the spot showed resistance ability of
yeast strain. The culture of each selected yeast was scaled
up to 100 mL and the growth was carried out at 28 °C in
shake-flasks at 200 rev/min in an orbital shaker (New
Brunswick Scientific Co., Inc., USA) for 24 h. The
obtained yeast suspension was used to inoculate (at 1%
v/v) 10 L of YPD liquid medium in a pilot plant fermenter
(B-Braun Biostat C—10 L). The obtained biomass was
stored at 4 °C.

Aglianico vinification

The winemaking process was carried out at cellar of the
Agrarian Technical Institute “F. De Sanctis” in Avellino,
Italy. Aglianico grapes were harvested, destemmed, pres-
sed and then fermented with their skins. The chemical
parameters of Aglianico must were: 23° Brix, pH 3.23,
total acidity 9.52 ¢ L™' and assimilable nitrogen content
316 mg L' Potassium metabisulfite (MBK) (Sigma-
Aldrich, Gmb H) was added to grape juice at a final con-
centration of 100 mg L™', followed by 10 mg hL™' of
Trenolin® Rouge DF pectolitic enzyme (Erbsloh Geisen-
heim AG, Gmb H) and warming the mix at 18 °C for 18 h.
The grape must was separated in tanks of 50 L, the first one
was co-inoculated with mixed selected autochthonous
yeast (AGYP37 and AGYP28) [STI1], (3 x 10°
CFU mL™'); the second with a single yeast strain
(AGYP37) [ST3], while the last, was inoculated with 0.3 g
L™' (3.1 x 10'° CFU g™ ) of dry S. cerevisiae var. cere-
visiae [ST5], (I.C.V. D254, LALVIN) (Lallemand inc)
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previously rehydrated according to manufacturer instruc-
tions (control trial) (every fermentation was conducted in
duplicated n = 2). The inocula were dispersed in the grape
juice mass by stirring. Every day in the tanks were carried
out three punching down, namely the breaking of the marc
hat by immersion, to facilitate a leaching from the marcs of
trapped yeasts and re-oxygenation of the mass. The fer-
mentation processes were carried out at room temperature
and monitored at different stages (0, 4, 8 and 10 days).

At the beginning of the fermentation a mobilisator and a
nutrient (0.2 g L™! VitaDrive® and Vitamon® Combi from
Erbsloh, Gmb H, respectively) were added. The fermen-
tation process was completed in 11 days, when the residual
sugars concentration reached a value lower than 2 g L™
hence, 60 mg L' of MBK was added. On the experi-
mental wines the analytical analysis, as titrable acidity,
volatile acidity, pH, total sulfure dioxide, alcohol strength,
density and total dry matter, were carried out following the
OIV procedures (2015) (Table 1).

Monitoring of yeasts population

Grape juice samples were collected in sterile containers
before inoculation and brought to the laboratory to deter-
minate the yeast microbiome. Likewise, to evaluate the
performance of selected yeasts starter during Aglianico
vinification, samples in the initial, middle or tumultuous
and late phase of process were analyzed. To enumerate the
yeast CFU, 100 pL of proper decimal dilution of must
samples was spread onto plates of two different agar
media: WL (Wallersteins Nutrient agar) and Lysine-agar
(Oxoid Spa, Italy) and the plates were incubated at 28 °C
for 5 days. WL medium allowed the yeast identification by
colony morphology and dye uptake, while, the selective
Lysine agar allowed to distinguish Saccharomyces from
non-Saccharomyces yeasts as reported (Cavazza et al.
1992).

Solid phase microextraction gas
chromatography/mass spectrometer analysis
of volatile compounds (SPME-GC/MS)

Volatile compounds were determined by solid phase
microextraction coupled with gas chromatography/Mass
Spectrometry (SPME-GC/MS). All reagents were pur-
chased from Sigma-Aldrich (Sigma-Aldrich, GmbH).

The SPME fiber (PDMS-100 pm, polydimethylsilox-
ane) was conditioned according to the manufacturer’s
recommendations prior to its first use. To a 20 mL Head-
space vial was added 5 mL of wine samples, 3 g of NaCl
and octan-3-ol, in hydro-alcoholic solution (1/1, v/v) at
100 pg L~!', as Internal Standard. The solution was
homogenized with a vortex shaker and then loaded onto a
Gerstel autosampling device. The program consisted in
swirling the vial at 250 rpm for 5 min at 40 °C, inserting
the fiber into the headspace for 30 min at 40 °C as the
solution was swirled again, and in transferring the fiber to
the injector for desorption at 240 °C for 30 min.

Gas chromatography analysis were carried out using a
7890 Agilent GC system coupled to an Agilent 5975 inert
quadrupole Mass Spectrometer (MS) equipped with a
Gerstel MPS2 autosampler. The capillary column
employed was a HP-Innowax (Agilent technologies) (30 m
x 0.25 mm i.d. x 0.50 pm film thickness) and the carrier
gas was Helium. Splitless injections were used. The initial
oven temperature was set to 40 °C for 1 min. The tem-
perature was increased in four steps: 40-60 °C at 2 °C
min~'; 60-150 °C at 3 °C min~', 150-200 °C at 10 °C
min~! and 200-240 °C at 25 °C min~!; the final temper-
ature was maintained for 7 min. The injector, the quadru-
pole, the source and the transfer line temperature were
maintained at 240 °C, 150 °C, 230 °C and 200 °C,
respectively. Electron ionization mass spectra in full-scan
mode were recorded at 70 eV electron energy in the range
40-300 amu. Identification was achieved matching mass

Table 1 General composition of wines obtained with different yeast starters

S. cerevisiae + M. fructicola (ST1)

S. cerevisiae (ST3) Commercial yeast (STS)

Titrable acidity® (g L") 6.67 £+ 0.10
Volatile acidity® (g L™ 0.66 % 0.05
pH 343 + 0.04
Density (g cm™) 0.99525 + 0.0002
Alcohol strength (%,v/v) 10.04 £ 0.20
Total dry extract (g L™") 227 £0.52

7.50 £ 0.10 6.30 £ 0.10
0.59 £ 0.04 0.61 £0.03
3.41 £ 0.04 3.48 £ 0.04
0.99560 + 0.0002 0.99565 +£ 0.0002
10.12 £ 0.30 11.50 £+ 0.10
24.0 £ 0.55 25.0 £ 0.53

Each value reported is the mean of three replicates & SD (standard deviation)

4As tartaric acid
°As acetic acid
“Sucrose
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spectra obtained from the sample with those from pure
standards injected in the same conditions and by comparing
the mass spectra presents in the WileyO7/NIST 98 libraries
and the Retention Index present in database or in the lit-
erature. Afterwards, to calculate the RI value of these
compounds, the n-alkanes (C5—C25) were also analyzed
under the same conditions using GC-MS.

Quantification was performed by using the relative
concentration in pug L™" of the Internal Standard, calculated
as the ratio between each compound area and the internal
standard area. The samples were analyzed in triplicate and
blank runs were made by using an empty vial every two
analysis (Boscaino et al. 2015).

Odor activity value (OAYV)

To evaluate the contribution of a chemical compound to
the wine aroma the odor activity value (OAV) was deter-
mined. OAYV is an indicator of the importance of a specific
compound to the aroma of a sample. It was calculated as
the ratio between the concentration of an individual com-
pound and the perception threshold described in the liter-
ature (Jiang et al. 2013).

Statistical analysis

The mean and standard deviation were calculated for each
experimental parameter. Differences among the experi-
mental wines were determined for each volatile compound
by analysis of variance, Duncan’s test, and the results were
considered significant if the associated p values were below
0.05. Statistical data processing was performed using
XLSTAT (Addinsoft XLSTAT v 2015.1.02). Principal
Component Analysis (PCA) was carried out using Tanagra
1.4 software.

Results and discussion
Technological characterization of yeast strains

Two selected indigenous yeasts preserved in the ISA-CNR
collection belonging to Metschnikowia and Saccharomyces
genera were employed in the present grapes juice Aglian-
ico winemaking process. These yeast strains, named
AGYP28 and AGYP37, were assigned to the species S.
cerevisiae and M. fructicola, respectively, through the
analysis of the D1/D2 domain of 26S rDNA sequence
(Sorrentino et al. 2012). The yeast strains were character-
ized for different technological features, such as SO, and
ethanol resistance, and fermentation power. In particular,
the strain (AGYP37) S. cerevisiae showed the best resis-
tance to SO, concentrations tested (100 mg L~! and

250 mg L"), the greatest fermentative power with higher
CO, production (15 g CO,/100 mL) and alcoholigenous
power (12°). The strain (AGYP28) M. fructicola showed
the ability to resist at SO, concentration of 100 mg L™', a
fermentative power with CO, production (5 g COy/
100 mL) and a low alcoholigenous power (3°) (Sadoudi
et al. 2012; Ciani et al. 2010). As regards the resistance to
ethanol the two selected yeasts showed a different behav-
ior: while AGYP37 was resistant to concentrations
14-15%, the AGYP28 strain has not been able to show any
resistance.

Yeast population

The enumeration of the growth of native yeast starters
during Aglianico vinification was carried out over the ini-
tial, middle and late phases of the process. The starters
were prepared utilizing the autochthonous S. cerevisiae
alone (ST3) or in combination with M. fructicola (ST1).
The results, reported in the Fig. 1, showed a similar pattern
between the experimental starters (ST1 and ST3) and the
commercial yeast (ST5) used as a control.

The yeast counts (Fig. 1a, b), obtained from seeding on
different culture media, demonstrated that the order of
magnitude reached by the populations of S. cerevisiae and
Metschnikowia spp. during the alcoholic fermentation, was
107 and 10® CFU mL™" in the middle-phase decreasing to
about 10° CFU mL ! at the end of fermentation (11 days),
for all experimental native starters. On the contrary, the
commercial yeast (ST5) after 11 days, still showed a high
microbial load, (about 10° CFU mLfl), indicating that, a
longer fermentation time was needed to complete the
process. The counts on Lysine medium (Fig. 1b), allowed
to define the order of magnitude of indigenous yeasts
belonging to Metschnikowia spp. (included in STI1 in
combination with S. cerevisiae), because this is a compo-
nent of non-Saccharomyces group able to assimilate
nitrogen from lysine (Cavazza et al. 1992). Moreover, a lot
of colonies showed a red colour at the bottom (data not
shown). This characteristic is typical of Metschnikowia
genus (Kurtzman and Droby 2001). The obtained data
highlighted the evolution of the microbiota during the
alcoholic fermentation and showed the loss of yeast loads
simultaneously with the accumulation of ethyl alcohol,
which is a toxic metabolite, especially for non-Saccha-
romyces strains, as reported by several papers (Rossouw
and Bauer 2016; Fleet 2003). Interestingly these vinifica-
tions experiments demonstrated that the cultures of
indigenous yeasts (Fig. 1), utilized as starters both in
combination (ST1) or alone (ST3), were faster to complete
the fermentation process, compared to commercial yeasts
(STS). These findings suggested that the use of these
experimental autochthonous starters could be of great
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Fig. 1 Growth kinetics during winemaking process with starter ST1
(M. fructicola/S. cerevisiae), ST3 (S. cerevisiae), ST5 (LSA). a WL
medium; b lysine medium

interest from an economic point of view because it allow a
reduction of processing time and at the same time an
enrichment of the wine with peculiar metabolites (Capozzi
et al. 2015; Tufariello et al. 2014; Comitini et al. 2011).
The choice of M. fructicola as selected yeast in this work
was linked to its higher frequency and relative abundance
on grapes than the sister species M. pulcherrima (Kurtzman
and Droby 2001), that together with Hanseniaspora
uvarum, is the most abundant non-Saccharomyces species
on grapes (Rossouw and Bauer 2016; Fleet 2003).

Volatile composition of wine

The SPME-GC/MS analysis of experimental wines allowed
the identification and quantification of forty compounds
belonging to six groups of volatile molecules (Table 2). In
this work were quantified 15 esters, 11 alcohols, 4 acids, 4
C13-norisoprenoids, 4 terpenes and 2 volatile phenols.
Many of these volatile compounds are commonly found in
wine and are derived from grapes, yeast fermentation and
vinification process.

@ Springer

The Ethyl esters and acetates were quantitatively the
largest group (~ 55%) of the volatile compounds in
Aglianico wines (ST1; ST3; STS). The Ethyl esters were
mainly synthesized during yeast fermentation by enzymatic
grape precursors and by ethanolysis of acylCoA that is
formed during fatty acid synthesis or degradation. Their
concentrations are influenced by yeast strain, fermentation
temperature, aeration degree and sugar content. Both esters
and acetates have a key role in the whole wine aroma
impressing a positive contribution by distinct sensory notes
such as the sweet-fruity, sweet balsamic and grape like
ones (Rapp 1998). The acetates are produced from the
reaction of acetyl-CoA with higher alcohols derived from
the degradation of amino acids or carbohydrates (Perestrelo
et al. 2006).

The wine ST1 obtained by co-inoculations of M. fruc-
ticola and S. cerevisiae had higher amount of esters and
acetates respect to that ST3 obtained by mono-culture of
the selected indigenous S. cerevisiae and the control wine
(STS). In particular, the following compounds responsible
for different types of aroma such as the fruity (ethyl
butanoate, ethyl hexanoate and ethyl 2-methylbutanoate),
apple (ethyl isovalerate) and banana odour (isoamylac-
etate) contributed significantly to the aroma of the wine
with a OAV > 1 (Fig. 2); these compound concentrations
were higher in the wine ST1 compared to ST3 (signifi-
cantly different p < 0.05) and the control wine (except
isoamyl acetate p > 0.05).

The Alcohols class represents about the 36% of the total
volatiles and includes isobutanol, isoamyl alcohol, 2-phe-
nylethanol, 1-hexanol. Isobutanol, isoamyl alcohol,
2-phenylethanol; they are, among the aromas, released as
secondary products of yeasts metabolism. These com-
pounds could be synthesized through either the anabolic
pathway from glucose, or the catabolic pathway from their
corresponding amino acids (valine, leucine or iso-leucine
and phenylalanine respectively). Another compound rela-
ted to the catabolic pathway is methionol, produced from
the amino acid methionine (Perestrelo et al. 2006). Among
the alcoholic compounds the isoamyl alcohol, responsible
for the fusel odor, was at the highest concentrations in all
the wine samples followed by 2-phenylethanol that confers
a rose flavor. The importance of these compounds is also
related to their role as precursors for the formation of esters
(Soles et al. 1982), that are very important for wine aroma.
However, all the alcohols concentration are below its odor
threshold.

The Acids class represented about the 5% of the total
volatiles and includes acetic, hexanoic, octanoic and
decanoic acids. These molecules, enzymatically produced
during fermentation, constitute an important group of
aroma compounds that can contribute with cheese, fatty
and rancid notes. Usually, the presence of C6—C10 fatty
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acids is related to the appearance of negative odors, they
are very important for aromatic equilibrium in wine,
because they are opposed to the hydrolysis of the corre-
sponding esters. Only the octanoic acid (cheese aroma) had
a concentration higher than its odor threshold (OAV > 1)
giving negative sensory notes in ST1 and ST5 wines but
not in ST3 wine.

The C13-norisoprenoids, important as aromas in many
foods and fragrances, derive from carotenoids, and are
commonly found in nature. Four norisoprenoids compris-
ing the isomers vitispirane I and vitispirane II, B-damas-
cenone and trimethyl dihydronapthalene (TDN) were
identified in these wines and represented about the 1.2% of
the total volatiles. In all the wines, B-damascenone (rose
aroma) and TDN had a concentration higher than its odor
threshold (OAV > 1).

Terpenes are present in free and glycosylated form in
grapes. During alcoholic and malolactic fermentation, the
content of free terpenes often increases due to the B-glu-
cosidase activity of yeasts (Gil et al. 1996). The ability of
non-Saccharomyces yeast to release terpenes from glyco-
sidic precursors has been described by several authors
(Maturano et al. 2012; Ferreira et al. 2001) and the amount
of the enzymatic hydrolysis is dependent on the yeast strain
and the chemical structure of the substrate. In fact the ST1
wine, obtained with M. fructicola have a higher concen-
tration of terpenes (linalol, 4-terpineol, nerolidol and B-
citronellol) than ST3 and ST5 wines (Table 2).

In the group of volatile phenols, ethyl-phenols are par-
ticularly important because they negatively contribute to
the final quality of wine, being responsible for the ‘phe-
nolic’, ‘animal’ and ‘stable’ off-odors found in certain red
wines. In this work we identified two volatile phenols,
4-ethyl phenol and 4-ethyl guaiacol that contributed to
wine flavor at normal levels with a stable, sweaty saddles

—-ST1
—-ST3
—A—ST5

and smoky spicy odor respectively. Usually their produc-
tion may be associated with Brettanomyces spoilage yeasts
and below certain levels (140 and 620 pg L™ for 4-ethyl-
guaiacol and 4-ethyl phenol, respectively) these com-
pounds can also positively contribute to the aroma of red
wines (Weldegergis et al. 2011).

The ST1 wine obtained with M. fructicola/S. cerevisiae
co-culture had the most interesting aromatic profile char-
acterized by high concentrations of fatty acids (hexanoic
acid and octanoic acid), ethyl esters and acetates (ethyl
acetate, ethyl butanoate, ethyl 2-methylbutanoate, isoamyl
acetate, ethyl hexanoate) and terpenol compounds, with
elevated levels of linalool, 4-terpineol, nerolidol, pB-
citronellol. These data could be the consequence of a
positive synergistic effect between the two yeasts inclu-
ded.in the fermentation starter. A similar positive interac-
tions between two yeasts has been reported for M.
pulcherrimalS. cerevisiae co-culture but never investigated
for M. fructicolalS. cerevisiae (Ciani and Comitini 2015;
Sadoudi et al. 2012).

Odor activity value (OAYV)

In order to assess the influence of the compounds identified
on wine samples, Odor Activity Value (OAV) was calcu-
lated by dividing the concentration of each compound by
its odor threshold. Only the compounds with OAV higher
than 1 individually contribute to the wine aroma; com-
pounds with OAV lower than 1 could also contribute to the
aroma character through the additive effect with molecules
possessing similar structure or odor. Moreover, substances
with similar OAVs can improve the wine aroma through
synergy with other compounds (Vilanova et al. 2010; Guth
1997). The Fig. 2 showed the volatile compounds with an
OVA > 1: ethyl butanoate, ethyl 2-methylbutanoate, ethyl
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Fig. 3 a Scores and b loadings plots for the principal components analysis (PC1 vs. PC2) of volatile metabolite profiles from autochthonous and
commercial yeasts

isovalerate, ethyl hexanoate, ethyl octanoate, ethyl decan-
oate, octanoic acid, B-damascenone, TDN and linalool that
were the predominant odorants and constituted the global
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aroma of Aglianico wine. As can be noted the trend was
similar for the three wine even if the wine ST1 with co-
culture of M. fructicolalS. cerevisiae, had a higher content
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Table 2 Volatile compounds identified in wines with single and mixed indigenous selected yeasts

RI Compounds S. cerevisiae + M. fructicola  S. cerevisiae Commercial yeast Odor Threshold** (g
(ST1) (ST3) (STS) descriptor* L™h
Concentration (pg L™") + standard deviation
890  Ethyl acetate 2088.2 £+ 67.0a 1436.8 £ 55.5b  1517.9 £ 106.6b Fruity 7500
1046  Ethyl butanoate 114.8 £ 3.4a 60.4 £ 2.2¢ 89.7 £ 5.5b Fruity 20
1057 Ethyl 17.3 £ 0.1c 30.7 £ 0.a3 23.8 £ 0.4b Fruity 1
2-methylbutanoate
1073 Ethyl isovalerate 272 + 1.1b 12.0 £ 0.1c 31.7 + 1.6a Fruity 3
1128 Isoamyl acetate 682.1 + 1.4a 253.4 £ 10.5b 678.8 £ 21.4a Banana 30
1242 Ethyl hexanoate 1817.5 + 118.1a 677.7 £ 33.1c  1403.8 £ 128.8b Fruity, 5
1280 Hexyl acetate 325+ 24a 2.6 £0.3c 26.5 £ 0.9b Fruity, pear 670
1327 Ethyl lactate 303.6 £ 14.0b 150.2 £+ 1.7¢ 377.2 + 14.8a Lactic, 14,000
raspberry
1422 Ethyl octanoate 5918.0 £+ 96.3a 3677.7 £ 52.6c 41879 + 212.2b Pineapple, 2
pear
1522  Ethyl nonanoate 23.7 £ 0.7a 243 £ 1.7a 21.4 £ 0.8a - 28
1623  Ethyl decanoate 1576.9 £+ 4.3b 1976.2 £+ 188.6a 1245.1 £ 99.7b Fruity, fatty 200
1644 Diethyl succinate 820.1 £ 28.2b 1270.5 £ 26.7a 788.9 £ 38.5b Light fruity 500,000
1698 Ethyl 9-decenoate 110.2 £ 4.2b 3104 £ 3.7a 44.0 £ 1.3¢ - Unknow
1812 Phenethyl acetate 354 £ 0.2a 29.8 + 1.5b 33.1 &+ 1.4ab Floral 250
1829 Ethyl dodecanoate 23.0 £ 1.5¢ 41.1 £+ 1.8a 31.5 £ 2.4b Flowery, 1500
fruity
1104  Isobutanol 588.5 £ 5.3a 234.6 £+ 5.3b 537.9 £ 34.6a Alcohol 40,000
1151 1-Butanol 8.4 4+ 0.1b 4.8 £ 0.3c 9.8 £ 0.4a Alcohol 150,000
1219 Isoamyl alcohol 5781.3 £+ 391.3b 4636.4 + 87.5c  6950.7 £ 414.7a Fusel 30,000
1301 4-Methyl-1-pentanol 6.6 + 0.5a 2.8 £ 0.01c 4.6 £ 0.1b Almond 50,000
1318 3-Methyl-1-pentanol 12.7 £ 0.4a 7.2 £ 0.01b 12.2 £ 0.8a - 5000
1331 1-Hexanol 3843 £ 17.8a 88.5 + 3.9b 367.4 £+ 23.9a Grass 8000
1337 (E)-3-Hexen-1-ol 3.8 £ 0.3b 1.3 £ 0.1c 5.1 £ 0.4a Green, floral 400
1347 (Z)-3-Hexen-1-ol 6.8 £ 0.4b 1.1 £ 0.1c 79 £ 0.4a Green 400
1533 1-Octanol 68.1 + 6.2a 60.4 + 2.3a 66.3 + 3.6a Citrus, roses 900
1711 Methionol 6.5 £+ 0.6b 6.1 £0.1b 10.6 £ 0.1a rubber 500
1911 2-Phenylethanol 649.2 £ 43.9b 751.2 £+ 49.9b 972.1 £+ 46.1a Flowery 10,000
1441  Acetic acid 116.6 + 1.2¢ 168.2 + 16.9b 208.2 £+ 5.2a Acid, fatty 200,000
1842 Hexanoic acid 86.6 &+ 1.6a 54.5 + l.4c 77.5 £ 3.2b Rancid 3000
2049  Octanoic acid 640.2 £+ 31.8a 325.7 £ 19.7¢ 521.3 £ 8.1b Cheese 500
2254  Decanoic acid 343.3 £ 15.3a 355.2 £ 0.2a 271.8 £+ 21.8b Fatty 15,000
1513 Vitispirane I 63.5 £ 5.0a 19.1 £ 2.1b 20.1 £ 2.6b Woody, spicy 800
1515 Vitispirane 11 40.8 + 1.7a 16.8 £ 0.8b 25.5 £2.3b Woody, spicy 800
1801 B-Damascenone 11.7 £ 1.0c 29.8 £ 0.2a 224 + 1.1b Rose, honey 0.05
1723 TDN 12.1 £ 0.1a 45+ 0.1c 6.7 £ 0.1b Petrol 2
1529 Linalol 254 £ 0.9a 15.1 £ 1.0c 20.0 £ 1.3b Rose 15
1603 4-Terpineol 109 £ 0.7a 43 £ 0.1c 6.7 £ 1.0b Floral 110400
2053 Nerolidol 39.1 +£29a 237 £ 1.3b 23.6 £ 2.9b Floral > 100
1738  B-Citronellol 20.5 £ 1.5a 15.5 £ 1.5b 13.7 £ 1.0b Lime 100
2055 4-Ethylguaiacol 352 £ 29 107.7 £ 0.5a 17.9 £ 1.1c Bretty flavors 140
2208 4-Ethylphenol 111.1 £ 9.7b 380.1 £ 5.1a 59.7 £ 1.9¢ Bretty flavors 620

Each value is expressed in pg/L of Internal Standard and is the mean of three replicates = SD (standard deviation)

Compounds with different letters in the same row are significantly different according to the Duncan test (p < 0.05). RI:Retention Index
calculated on INNOWax capillary column. *Based on flavornet (www.flavornet.org) and pherobase (www.pherobase.com) online databases.

**Based on Jiang et al. (2013) and Weldergergis et al. (2011)
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of volatile compounds that contribute to the aroma with
floral and fruity notes.

Principal component analysis (PCA)

The principal component analysis performed on the wine
volatile compounds composition was showed in Fig. 3.
PCA gives a pictorial relationship among wines based on
their volatile concentration. It makes easy the interpretation
of multivariate analysis and in this study was used to
identify the volatile compounds that best discriminated
among wines. The first two principal components, PC1 and
PC2, accounted for 97% of total variance (74% and 23%
respectively). Wines clustered, according to starter com-
position, in three different quadrants. The ST1 wine was
positioned in the second quadrant and it was mainly
characterized by monoterpenes (B-citronellol, nerolidol,
4-terpineol, linalol), C13-norisoprenoids (vitispirane iso-
mers, TDN), ethyl esters (ethyl acetate, ethyl octanoate)
and methionol. The ST3 wine was positioned in the first
quadrant and was mainly characterized by phenols (4-
ethylguaiacol, 4-ethylphenol), some ethyl esters (ethyl
2-methylbutanoate, ethyl dodecanoate, ethyl decanoate,
ethyl 9-decenoate, diethylsuccinate) and Cl13-noriso-
prenoids (B-damascenone); while the wine control (ST5)
was located in the third quadrant and was principally
characterized by isoamyl alcohol, 2-phenylethanol and
acetic acid.

This representation shows that the presence of M.
fructicola in ST1 respect the S. cerevisiae alone (ST3),
contributes to the aroma of the wine through volatile
compounds with fruity and floral notes (some esters and
terpenes). This result suggests, again, the positive synergic
effect between the two yeast strains (S. cerevisiae/M.
fructicola) used in this work.

Conclusion

The present study confirmed that the non-Saccharomyces
yeasts, generally considered as spoilage yeasts, represent
tools of great value for the winemaking industry. More-
over, was also evidenced that, the wine-related environ-
ments represent a reserve of biodiversity that might give
new input to quality and aromatic complexity of the wine.
In fact the results obtained by using in co-culture a M.
fructicola and a S. cerevisiae yeasts isolated from grapes
and grape juice of Aglianico, demonstrated that the mul-
tiple indigenous yeast starter was able to modulate the
volatile compounds profiles and improve the aromatic
complexity of wine, with a higher content of esters and
terpenes.
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