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Introduction
Traditional winemaking process relies on spontaneous fermentation, which is conducted without
addition of chemical compounds or supplementary microbes at the beginning of the fermentation.
The spontaneous alcoholic fermentation (AF) is carried out by the native yeasts which are present
on the surface of grapes and winery equipment. A number of variables factor in the outcomes of the
process, such as the must composition, the microbial species present, and the environmental
conditions (Aponte & Blaiotta, 2016). Within the first hours of AF, apiculate yeasts are generally
prevalent, but as the fermentation proceeds, and the ethanol level raises, the species
Saccharomyces cerevisiae overpowers the others and becomes dominant, carrying out the process
to its completion (Stefanini et al., 2016).
The yeast strains that are dominant during the fermentation of musts have a marked influence on
the wine quality. Indeed, their metabolism is not limited to convert sugars to ethanol and carbon
dioxide, but it also produces numerous compounds, both of anabolic and catabolic origin, which,
taken together, contribute to giving the wine its quality characters (Bokulich et al., 2016).
Nowadays, the AF is generally carried out by inoculated starter cultures of selected yeasts, mainly
S. cerevisiae, with the goal of obtaining a faster, safer, more controlled and predictable fermentation.
Notwithstanding, some critics of this approach claim that the exhaustive use of the same starter
cultures with different grape cultivars and/or from different geographical areas could lead to a
standardization of wines, limiting the regional characteristics and typicity (Lambrechts & Pretorius,
2000).
Numerous studies have shown that spontaneous fermentation is able to best preserve the bond
wine-territory, as well as the use of selected strains from native populations at each winery, which
might be adapted to specific vineyard and cellar environments (Moschetti et al., 2016). The interest
for the conservation and improvement of traditional spontaneous fermentations is rising among wine
producers, to reduce the spoilage risks associated with this approach, and ultimately meet the
consumers demand for more typical and quality-focused products.
In this context, the aim of the study was the isolation, identification, typing and oenological
characterization of the prevailing yeast strains during a spontaneous fermentation of withered grapes
must in the production of the prestigious wine Amarone della Valpolicella.
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Material and methods
The work was conducted in the cellar of Azienda Agricola Ca’ La Bionda, located in the Valpolicella
area (Verona, Italy), where Amarone wine is made from withered grapes of the varieties Corvina (V.
vinifera L. cv. Corvina), Corvinone, Rondinella, and Molinara. Must samples were collected after
pressing (day 0, T0), at the beginning (12, T1), middle (26, T2), and end (53, T3) of a spontaneous
fermentation. Appropriate dilutions of samples were plated on WL Nutrient agar (Sigma-Aldrich),
added with 100 mg/L chloramphenicol (Fluka). After incubation (3 days, 27 ºC), and yeast counts, a
representative number of colonies were randomly picked and grown in YPD broth (yeast extract,
10 g/L; bacteriological peptone, 20 g/L; dextrose, 20 g/L) for 48 h at 27 ºC.
All isolated strains (i.e. 40) were identified by PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP) (Esteve-Zarzoso et al., 1999), followed by RAPD-PCR, using the primer M13
(Lieckfeldt et al., 1993), for the unambiguous differentiation of the species among the
Saccharomyces genus. The typing of isolates identified as S. cerevisiae was performed through
microsatellite multiplex-PCR (Vaudano & García-Moruno, 2008), and amplification of interdelta
elements (Legras & Karst, 2003).Total genomic DNA was extracted from the broth cultures by using
the Wizard Genomic DNA Purification Kit (Promega, Italy), following the manufacturer’s instructions.
Four selected strains were tested in microvinification trials. The trials were carried out at 22°C in
200-mL flasks containing withered Corvina grape must [305 g/L sugar, 172 mg/L YAN (Yeast
Assimilable Nitrogen), without any addition of nutrients]. Each strain was inoculated at about 1×106
cells/mL. The inoculum was prepared harvesting by centrifugation YPD cultures at early stationary
phase; then cells were washed twice and re-suspended in the same must.
Fermentation kinetics were monitored daily by weight loss, until constant weight. Each
microvinification experiments was carried out in duplicate. Two non-inoculated musts were used as
control. The fermentations were stopped by the addition of 100 mg/L K2S2O5, hermetically closed
and conserved at 4 ºC until further analysis. Before the chemical analysis, the wines were clarified
by centrifugation (5.000 rpm, 10 min). The following determinations were carried out with the
Analyzer Y15 (BioSystems, Barcelona, Spain): residual sugars (glucose + fructose), acetic acid,
primary ammonium nitrogen (PAN), ammonia, free sulfites and total sulfites.
Volatile compounds were quantified as described by Lorenzini et al. (2019), with slight modifications.
Wine aliquots were first submitted to solid-phase extraction method, and then evaluated by GC-MS
(Gas Chromatography-Mass Spectrometry) analysis, performed in an HP 7890A gas chromatograph
coupled to a 5977B quadrupole mass spectrometer (Agilent Technologies, Italy). A DB-WAX UI
capillary column (30 m × 0.25 mm, 0.25 μm film thickness, Agilent Technologies) was employed for
the separation, and the carrier gas was helium at a constant flow rate of 1.2 mL/min. The GC oven
temperature started at 40 ºC for 5 min, then raised to 240 ºC at 4 ºC/min, and maintained for 10 min.
Mass spectrometer operated in electron ionization at 70 eV with ion source temperature at 200 ºC
and quadrupole temperature at 150 ºC, scanning within a mass range from 47 to 400 m/z.
Statistical analysis of the oenological parameters and volatile profile was carried out with one-way
ANOVA (ANalysis Of VAriance), followed by the post-hoc Tukey’s HSD (Honestly Significant
Difference) test, with the threshold for statistical significance p < 0.05. Principal Component Analysis
(PCA) was calculated for the parameters significantly different by the software PAST (Hammer et
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al., 2001).
Results and discussion
The yeast population associated with a spontaneous fermentation of withered grapes carried out at
cellar level was followed from the pressing of the grapes throughout the entire process of Amarone
winemaking. As shown in Figure 1, the yeast cell number ranged from 6×104 to 2×107 CFU/mL during
the fermentation that was conducted from November 2018 to January 2019 for 53 days.
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Yeast counts throughout the
fermentation of Amarone wine.
T0: grape must, day 0;
T1: beginning, day 12;
T2: mid, day 26;
T3: end of fermentation, day 53.
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At each sampling time, ten colonies were randomly picked from WL plates prepared with the highest
dilutions to detect the yeasts belonging to the dominant species of the sample. The RFLP analysis
of the amplified 5.8S-ITS region of the rRNA gene revealed that 38 out of the 40 isolates belonged
to the Saccharomyces genus. Surprisingly, Saccharomyces was found prevalent also in the grape
must (T0), since only two non-Saccharomyces yeasts were found in this sample, as indicated by the
presence of one uncut fragment after the digestion with the endonuclease HaeIII (data not shown).
The Saccharomyces isolates showed two different restriction profiles (Figure 2): the first one
containing the four typical bands of S. cerevisiae, which resulted dominant throughout the
fermentation (80% at T0, 100% at T1, 40% at T2, and 80% at T3); and the second showing a pattern
of 3 fragments, present at T2 and T3 (60% and 20%, respectively). Since this pattern could
correspond to different Saccharomyces species, RAPD-PCR analysis was carried out to
unambiguously differentiate the isolates. On the basis of the results (data not shown), the eight
isolates were assigned to S. bayanus, a species commonly found during Amarone winemaking
process (Torriani et al., 1999).
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Figure 2.
Representative restriction patterns of the 5.8S-ITS
region of isolates obtained with HaeIII. The yeasts
were picked from sample T2 (mid of fermentation,
day 26).
Lane M, O’GeneRuler DNA Ladder Mix
(Fermentas);
Lanes T21 - T26, S. bayanus isolates;
Lanes T27 - T210, S. cerevisiae isolates.
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To assess the relative contribution of the yeast strains during the fermentation process, the isolates
were subjected to two strain-typing methods, highly discriminative for S. cerevisiae strains, i.e.
microsatellite multiplex-PCR, and amplification of interdelta elements. Saccharomyces cerevisiae
EC 1118 was used as a positive control for these analyses, and also as a reference, since this strain
was previously used as starter by the winery, more than a decade ago. Figure 3 shows the
microsatellite multiplex-PCR profiles of the yeast isolates. The two non-Saccharomyces isolated at
T0 gave a single fragment; no amplification was observed for the S. bayanus isolates, as expected;
while three different profiles (strains) were differentiated for S. cerevisiae. As uncovered in Figure 3,
some of the isolates generated a pattern of bands identical to that of EC 1118, and thus can be
considered the same strain. It is very interesting to witness the ability of this strain to adapt in the
winery environment, and integrate along the natural microbiota, being one of the dominant strains
that conducted the AF, even after many years of relying only on spontaneous fermentation. It can be
considered a “domesticated” yeast, fully adapted to the conditions found in the winery. The results
of the interdelta elements amplification (data not shown) allowed the further differentiation of a fourth
S. cerevisiae strain, named SC4 (T11 and T33 isolates, which grouped with SC1 profile in Figure 3).
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Figure 3. Microsatellite multiplex-PCR profiles of yeasts isolated during a spontaneous fermentation of
Amarone wine. Lane M, O’GeneRuler DNA Ladder Mix; Lanes T03 and T09, non-Saccharomyces isolates;
Lanes T21 - T26, T31, T35, S. bayanus isolates; Lanes T01, T02, T05, T06, T08, T11 – T16, T18, T110, T32, T33,
T39, S. cerevisiae strain SC1; Lanes T04, T17, T19, S. cerevisiae strain SC2; Lanes T07, T010, T27 – T210, T34,
T36 – T38, T310, S. cerevisiae strain SC3; SC, S. cerevisiae EC 1118; SB, S. bayanus Y-12624.

Considering the four strains of S. cerevisiae detected during the fermentation, one of them (SC2)
was present only at the beginning. The other three strains, (SC1, SC4 and SC3 = EC 1118), were
found both at the beginning and the end of fermentation, and thus could be considered as the main
responsible of the AF. Also S. bayanus SB1, identified at the middle and end of fermentation, could
influence the sensory quality of Amarone wine. Therefore, the native strains SC1, SC4, and SB1
were tested for their oenological properties in lab-scale microvinification trials. A set of fermentations
without any inoculation was used as control, and the inoculation of strain EC 1118 completed the
experimental design.
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The fermentation kinetics of the five microvinification trials, represented by carbon dioxide release
(Figure 4), showed a similar trend for the S. cerevisiae strains, while S. bayanus SB1 slowed down
after 5 days of fermentation. The spontaneous fermentation started slowly, but then was comparable
to those of the S. cerevisiae strains. Even if the fermentations were stopped when the daily weight
loss was constant, any of the trials reached its completion, leaving residual sugars (from 17.35 for
EC 1118 to 61.75 g/L for SB1) (Table 1). The ethanol content reflects the observed CO2 release, and
agrees with the consumed sugars in each fermentation.
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Figure 4.
Fermentation kinetics of withered Corvina
grape must inoculated with the detected
dominant yeast strains.
SB1, S. bayanus strain;
SC1, SC4, EC 1118, S. cerevisiae strains;
CTRL, spontaneous fermentation.
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As regards acetic acid, the strain SC4 presented the highest value (0.65 g/L), which was not
significantly different from the other native S. cerevisiae SC1 and the spontaneous fermentation
(Table 1). The strains EC 1118 and SB1 produced significantly less acetic acid level. Moreover, in all
the experimental trials it remained under the threshold of 0.80 g/L, above which the wine quality
could be compromised (Capozzi et al., 2015).Considering the yield respect to the sugar
consumption, the strain SB1 showed less than half in comparison with the other strains (data not
shown).
Table 1. Chemical analysis (mean ± standard deviation of two independent replicates) at the end of
fermentation of withered Corvina grape must inoculated with the detected dominant yeast strains.

Strain

Residual
Ethanol
sugars (g/L) (%v/v)
a

SB1

61.75±1.77

SC1

20.60±0.28

SC4

22.50±3.39

c

c

c

EC 1118 17.35±2.33
CTRL

b

36.90±6.08

Acetic
acid (g/L)
d

11.17±0.01

c

0.26±0.01
b

14.61±0.11
ab

14.67±0.26
a

15.23±0.15
c

13.84±0.11

a

0.63±0.01
a

0.65±0.01
b

0.51±0.01
a

0.63±0.03

PAN

Total
(mg/L)

(mg/L)
c

SO2 Free
SO2
(mg/L)
b

23.00±0.00

76.50±0.71

d

a

16.50±0.71

a

20.00±0.00

81.50±0.71

d

ab

19.50±0.71

79.50±0.71

b

b

10.50±0.71
bc

9.00±0.00

ab

25.50±0.71

78.50±0.71
a

39.00±32.53

c

70.00±1.41

b

11.50±0.71
c

7.50±0.71

CTRL, spontaneous fermentation; different letters in the same column indicate a significant difference in
Tukey’s HSD test (p<0.05).
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The differences in the consumption of PAN could be due to strain-specific needs for the nitrogen
nutrients (Table 1). The S. cerevisiae and S. bayanus strains showed similar requirements, while the
spontaneous fermentation consumed less PAN. As regarding ammonia, it was completely consumed
in all the trials. This depletion could explain the ending of fermentations before all sugars were
consumed.
The content of SO2 is important for the microbiological stability and protection of wines against
oxidation. However, its concentration should be kept at low level due to health concerns (Lisanti et
al., 2019). In the spontaneous fermentation, both the total and free content of SO2 was significantly
lower than the inoculated trials. Nonetheless, in all trials the values were restrained and under
90 mg/L (Table 1).
Subsequently, the effect of the considered strains on the volatile profile of the wines was analyzed.
A total of 35 compounds were identified, included in the following classes: alcohols (8 compounds),
fatty acids (3), esters (9), terpenes (9), carbonyl compounds (4), and volatile phenols (2). Noteworthy
variations were found among the microvinification trials, and a Principal Component Analysis was
carried out with the compounds that showed statistically significant difference (Figure 5).
Nonetheless, the discussion was focused on compounds with concentrations above the odor
threshold (OT).

Figure 5. Principal Component Analysis score plot of volatile compounds differently produced by the detected
dominant yeast strains in the microvinification trials.

As it can be noted, the replicates were positioned very close to each other, and remarkable
differences were acknowledged for the volatile profile produced by the strains SB1 and EC 1118.
The native S. cerevisiae strains SC4 and SC1 were next to each other, and showed higher similarity
with the spontaneous fermentation. This suggests that the differences on the volatile profiles were
mainly due to the metabolic activity of the inoculated strain that was dominating the fermentation
process.
The strain SB1 produced much higher concentration of phenylethyl alcohol, related to floral
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characteristics. The other alcohol produced above the OT was 1-hexanol, related to herbaceous
character, but only slight differences in the concentrations among the obtained wines were observed.
These two molecules are described in literature among the most relevant for the sensory profile of
wines produced in the Valpolicella area and are considered aromatic markers for Amarone wine
(Versini et al., 1999; Bellincontro et al., 2016).
The three fatty acids quantified (3-methylbutanoic acid, hexanoic acid, and octanoic acid) surpassed
the OT, and all of them were significantly higher in the wines obtained with SB1. Although fatty acids
are usually related to negative rancid descriptors, they were present at a total concentration below
20 mg/L (7.2 mg/L for SB1 was the maximum level found), thus they could contribute to the
complexity and body of wine (Ribéreau-Gayon et al., 2006).
Regarding the esters, many of them were present above the OT, and could contribute with fruity and
floral aromas. The sum of all esters was higher in the two native strains of S. cerevisiae SC1 and
SC4, while SB1 was the least producer. For the terpenes, SB1 produced significantly lower quantities
of β-citronellol and geraniol, related to fruity descriptors.
Volatile phenols were produced in lower quantities in the spontaneous fermentation, but were below
the OT in all fermentations. Among the carbonyl compounds, β-damascenone was above the OT in
all trials, but without significant differences. High concentrations of β-damascenone were reported in
wines from Corvina grapes (Bellincontro et al., 2016; Slaghenaufi & Ugliano, 2018), thus in
accordance with the present survey.

Conclusions
S. bayanus, a species commonly found in Amarone wine, was found amid the dominant yeasts,
alongside with four different strains of S. cerevisiae, three of them present until the end of
fermentation. The starter EC 1118, formerly inoculated in the estate many years ago, was able to
adapt in the winery environment, integrate along the natural microbiota, and behave as a
“domesticated” yeast.
The analysis performed validated the strains ability to lead the fermentation, and recognized their
distinctive outcomes in the wine. The presence and efficient use of native and domesticated yeasts
offer the winery the possibility of obtaining wines with remarkable quality and distinctive volatile
profiles.

Acknowledgements
R.L.B.’s PhD scholarship is funded by Conselho Nacional de Desenvolvimento Científico e
Tecnológico (Brazil).

WWW.INFOWINE.COM, INTERNET JOURNAL OF VITICULTURE AND ENOLOGY, 2020, N. 3/1

R. L. BINATI et al., UNCOVERING OF A DOMESTICATED YEAST STARTER CULTURE DURING THE SPONTANEOUS
FERMENTATION OF WHITERED GRAPES, PAG. 8

References
Aponte, M., Blaiotta, G. (2016) Potential role of yeast strains isolated from grapes in the production of Taurasi
DOCG. Front. Microbiol. 7, e00809.
Bellincontro, A., Matarese, F., D’Onofrio, C., Accordini, D., Tosi, E., Mencarelli, F. (2016) Management of
postharvest grape withering to optimise the aroma of the final wine: a case study on Amarone. Food Chem.
213, 378–387.
Bokulich, N. A., Collins, T. S., Masarweh, C., Allen, G., Heymann, H., Ebeler, S. E., Mills, D. A. (2016)
Associations among wine grape microbiome, metabolome, and fermentation behavior suggest microbial
contribution to regional wine characteristics. MBio 7(3), e00631-16.
Capozzi, V., Garofalo, C., Chiriatti, M. A., Grieco, F., Spano, G. (2015) Microbial terroir and food innovation:
the case of yeast biodiversity in wine. Microbiol. Res. 181, 75–83.
Esteve-Zarzoso, B., Belloch, C., Uruburu, F., Querol, A. (1999) Identification of yeasts by RFLP analysis of the
5.8S rRNA gene and the two ribosomal internal transcribed spacers. Int. J. Syst. Bacteriol. 49, 329–337.
Hammer, Ø., Harper, D. A. T., Ryan, P. D. (2001) PAST: Paleontological statistics software package for
education and data analysis. Palaeontologia Electronica 4, 1–9.
Lambrechts, M. G., Pretorius, I. S. (2000) Yeast and its importance to wine aroma review. S. Afr. J. Enol. Vitic.
21, 97–129.
Legras, J. L., Karst, F. (2003) Optimisation of interdelta analysis for Saccharomyces cerevisiae strain
characterisation. FEMS Microbiol. Lett. 221, 249–55.
Lieckfeldt, E., Meyer, W., Börner, T. (1993) Rapid identification and differentiation of yeasts by DNA and PCR
fingerprinting. J. Basic Microbiol. 33, 413–425.
Lisanti, M. T., Blaiotta, G. , Nioi, C., Moio, L. (2019) Alternative methods to SO2 for microbiological stabilization
of wine. Compr. Rev. Food. Sci. F. 18, 455–479.
Lorenzini, M., Simonato, B., Slaghenaufi, D., Ugliano, M., Zapparoli, G. (2019) Assessment of yeasts for apple
juice fermentation and production of cider volatile compounds. LWT 99, 224–230.
Moschetti, G., Corona, O., Gaglio, R., Squadrito, M., Parrinello, A., Settanni, L., Barone, E., Francesca, N.
(2016) Use of fortified pied de cuve in winemaking. Aust. J. Grape Wine R. 22, 36–45.
Ribéreau-Gayon, P., Dubourdieu, D., Donèche, B., Lonvaud, A. (2006). “The microbiology of wine and
vinifications” in Handbook of enology (Wiley, England).
Slaghenaufi, D., Ugliano, M. (2018) Norisoprenoids, sesquiterpenes and terpenoids content of valpolicella
wines during aging: investigating aroma potential in relationship to evolution of tobacco and balsamic
aroma in aged wine. Front. Chem. 6, 66.
Stefanini, I., Albanese, D., Cavazza, A., Franciosi, E., De Filippo, C., Donati, C., Cavalieri, D. (2016) Dynamic
changes in microbiota and mycobiota during spontaneous “Vino Santo Trentino” fermentation. Microb.
Biotechnol. 9, 195–208.
Torriani, S., Zapparoli, G., Suzzi, G. (1999) Genetic and phenotypic diversity of Saccharomyces sensu stricto
strains isolated from Amarone wine. Antonie van Leeuwenhoek 75, 207–215.
Vaudano, E., García-Moruno, E. (2008) Discrimination of Saccharomyces cerevisiae wine strains using
microsatellite multiplex PCR and band pattern analysis. Food Microbiol. 25, 56–64.
Versini, G., Schneider, R., Carlin, S., Depentori, D., Nicolini, G., Dalla Serra, A. (1999) Characterisation of
WWW.INFOWINE.COM, INTERNET JOURNAL OF VITICULTURE AND ENOLOGY, 2020, N. 3/1

R. L. BINATI et al., UNCOVERING OF A DOMESTICATED YEAST STARTER CULTURE DURING THE SPONTANEOUS
FERMENTATION OF WHITERED GRAPES, PAG. 9

some northern Italian Passiti-wines through aroma and stable isotope analyses. In E. Lamperle (Ed.),
Proceedings of the 12th international symposium of enology, Montreal, 544–571.

SUMMARY:
The interest for the conservation and improvement of traditional spontaneous fermentations is rising among
wine producers, to reduce the spoilage risks associated with this approach, and ultimately meet the
consumers demand for more typical and quality-focused products. The aim of this study was the
identification and characterization of the prevailing yeast population during a spontaneous fermentation of
withered grapes must in the production of the prestigious wine Amarone della Valpolicella. For this matter,
samples were collected throughout the fermentation process and the dominant yeasts were isolated,
identified, and typed with molecular approaches. These analysis allowed the recognition of three leading
strains of Saccharomyces cerevisiae, including a starter strain, which was formerly inoculated in the estate
many years ago, and thus was able to adapt in the winery environment, integrate along the natural
microbiota and behave as a “domesticated” yeast. Moreover, S. bayanus was present amid the dominant
yeasts, a species commonly found in Amarone wine. Some strains were selected for laboratory
microvinification trials, followed by chemical and volatile compounds analysis of the produced wines. The
statistical evaluation of significant differences between the selected strains validated their ability to conclude
the fermentation, and recognized their distinctive outcomes in the wine. In conclusion, this study allowed the
highlighting of potential advantages, and eventual drawbacks related to spontaneous fermentations.
Furthermore, it confirmed that the presence and efficient use of native and domesticated yeasts offer the
winery the possibility of obtaining wines with distinctive volatile profiles.
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