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Abstract Wine quality is closely linked to the fermentation
step, which is driven by the microbial ecology of grape and
the use of selected microbial strains as well. The microbial
species developing during fermentation determines the type
and concentration of many substances, which contribute to
the sensory properties of wine and its safety. In this view, the
present work aims to characterise the yeast microbiota, chem-
ical and sensory properties of Sangiovese red wines obtained
from both biodynamic and organic agriculture. The natural
yeast populations of grape musts and their evolution during
spontaneous were monitored and investigated. In addition,
the volatile composition, physico-chemical and safety fea-
tures (ethyl-carbamate) and sensory properties of wines were
evaluated. The results showed that the yeast population was
mostly related to the grape management, i.e. organic or bio-
dynamic, while the wine composition was mainly affected by
the winemaking process, and then by the grape management.
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Introduction

The demand for wines derived from organic and biodynamic
grapes has notably increased, as they are endowed with
healthy properties and perceived as environmentally sustain-
able (Parpinello et al. 2015). In fact, one of the aims of organic
viticulture is to dramatically reduce the use of synthetic chem-
ical pesticides, replacing them with copper-based molecules
(Martins et al. 2014), which can affect the size and structure of
the grape microbial population (Berg et al. 2005; Ranjard et al.
2006; Martins et al. 2014). Biodynamic agriculture is a partic-
ular approach of organic farming that emphasises the interre-
lationship between soil, plants and animals as a self-
nourishing system without external inputs and though the
use of specific fermented chemical parameters of wine pro-
posed by Rudolf Steiner (Reeve et al. 2005). Regarding wine
production, it excludes the use of chemical agents and micro-
bial starter cultures, in order to let the spontaneous microbiota
drive the fermentations. Although some authors studied the
effects of the organic and biodynamic grape practices on the
final quality and sensory features of obtained wines
(Parpinello et al. 2015; Tassoni et al. 2014; Laghi et al.
2014), little information is available on the evolution of the
yeast population during biodynamic winemaking processes
and their effects on wine quality and sensory features
(Muñoz-Bernal et al. 2013).

Although a great number of yeast metabolites, e.g. ethanol,
CO2, glycerol, acetic, succinic and lactic acid, and other vol-
atile substances, including terpenes and sulphur volatile com-
pounds, can affect the wine quality (Ugliano and Henschke
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2009; Vernocchi et al. 2015), very little is known about the
yeast characterisation and effect on biodynamic grape and
wine. Moreover, the current interest in wines with features
linked to production area has led to a rediscovery of fermen-
tation performed by indigenous yeasts occurring on the grapes
and/or in the winery (Francesca et al. 2012).

Non-Saccharomyces yeas t s , and par t i cu la r ly
Hanseniaspora and Candida genera, are predominant on
grapes and in the early stages of winemaking (Pretorius
2000; Jolly et al. 2014). Other species belonging to
Metschnikowia, Pichia, Zygoascus and Issatchenkia gen-
era, but at lower cell load levels (Zott et al. 2008), were
also described. Several ecology studies based on polymer-
ase chain reaction (PCR) and denaturing gradient gel elec-
trophoresis (DGGE) have demonstrated that indigenous
non-Saccharomyces yeasts are not completely suppressed
during the early stages of alcoholic fermentation and can
survive during fermentation, even in the case of the addi-
tion of active dried starter yeasts affecting wine sensory
f ea tu r e s (A lbe r t i n e t a l . 2014) . In f ac t , non -
Saccharomyces yeasts can contribute to the wine’s flavour
and taste by producing secondary metabolites, including
esters, higher alcohols, acids, volatile thiols, extracellular
enzymes like β-glucosidases and mannoproteins (Viana
et al. 2008; Pérez-Nevado et al. 2006; Domizio et al.
2014). It is well known that the grape microbial commu-
nity is influenced by several factors, including rainfall,
temperature, maturity stage, health status, use of
phytosanitary products and agronomic practices
(Nisiotou and Nychas 2007; Martins et al. 2014). Tofalo
et al. (2013), in a comprehensive review on the biogeo-
graphical characterisation of Saccharomyces cerevisiae
wine yeast by molecular methods, showed that agricultur-
al practices such as farming and winemaking management
systems selected phylogenetically distinct populations
within the main performer of wine product ion.
Otherwise, it is well known the relationship between spe-
cific microbial strains and the vitivinicultural ‘terroir’
(Tofalo et al. 2007, 2013; Valero et al. 2007; Schuller
et al. 2012).

In this perspective, the main aims of this work were
to evaluate the yeast population deriving from organic
and biodynamic grapes and to characterise the derived
wines for chemical, safety (biogenic amines and ethyl
carbamate) and sensory attributes. For this, guided and
spontaneous fermentations, starting from organic and
biodynamic grapes, were set up and the relationship
between microbiota composition and wine features was
investigated. To reach the last goal, the yeast isolates
from either organic or biodynamic grapes or from musts
during fermentations, also in relation to the starter ad-
dition, were identified though internal transcribed spacer
(ITS) region sequencing.

Materials and methods

The Sangiovese grapes used in this experimentation were har-
vested in Tebano (Ravenna, Italy). In the vineyard (2 hect-
ares), two different managements (organic and biodynamic)
have been adopted since 2009. Differences between organic
and biodynamic management rely on the use of preparations
during the vegetative season such as 500 (cowmanure), fladen
(cow manure enriched with basalt powder and eggshell) and
501 (canopy-applied finely ground quartz powder) (Spaccini
et al. 2012). On vintage 2012 from each management, two
replicates were carried out collecting, for each of them,
200 kg of grapes from two adjacent rows, for a total of four
grape trials (two managements × two replicates from indepen-
dent rows). Once in the winery, each of the four grape trials
(called parcels) was split into two and spontaneous (SV) and
inoculated (GV) vinification were set up using a starting fer-
mentation temperature of 23 °C, finally obtaining eight wines.

Briefly, grapes were destemmed and crushed on the day of
harvest and the grape must was placed in 200-L stainless steel
tanks. In the inoculated vinification, the grapes were treated
with sulphur dioxide (as potassium metabisulphite: 5 g/hL,
AEB, Italy), complex nutrients (30 g/hL, Nutristart, Laffort,
France) and inoculated with an appropriate yeast strain (20 g/
hl S. cerevisiae, F15, Laffort, France). In the spontaneous
vinification, the grapes were not added to by either sulphur
dioxide or nutrients. Before and during the winemaking pro-
cess, samples of grapes from all the parcels (from biodynamic
and organic management) and of musts vinificated in the
spontaneous or guided methods were collected and analysed
for yeast cell loads and composition.

Sugar consumption was monitored over time bymeans of a
Babo densimeter throughout fermentation and the tank con-
tent was homogenised every day to dissolve the cap into the
wine. At the end of fermentation and after stabilisation, the
wines were bottled and stored at 15 °C prior to chemical and
sensory analyses.

Microbiological analyses

For microbiology analyses, grapes, musts across fermentation
and final wines (60 days from fermentation) were analysed.
Yeast viable cell counts were evaluated by plate counting
usingYPD agar (Oxoid, Basingstoke, UK) and lysinemedium
(Oxoid, Basingstoke, UK), incubated at 28 °C for 72 h, for the
recovery of Saccharomyces and non-Saccharomyces species,
respectively. Three repetitions for each sample were
considered.

Yeast molecular characterisation

The isolates were randomly picked and characterised by mo-
lecular tools. For each phase considered and fermenting time,
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30 isolates were analysed. The molecular characterisation was
achieved by sequencing the ITS polymorphic region compris-
ing the sequence ITS1, the gene encoding ribosomal RNA
5.8S and ITS2 sequence. The DNA extraction was performed
using the commercial kit Insta-Gene Matrix® (Bio-Rad,
Hercules, CA, USA). The extracted DNA was quantified by
using a spectrophotometry at 260 nm and then employed in
the PCR reaction according to the method proposed byGardes
and Bruns (1993) for the amplification of the ITS region by
using the universal primers ITS1 forward and ITS4 reverse
(Eurofins, Genomics, Ebersberg, Germany). After the ampli-
fication, the amplicons were purified by using the QIAquick®
PCR Purification Kit (Qiagen, Valencia, CA, USA). The sam-
ples sequencing was performed at the BMR Genomics
Laboratories according to internal methods (Padova, Italy).
The identification of the isolates was obtained comparing the
obtained sequences with those of the database of the National
Center for Biotechnology Information (NCBI) gene bank
using the Basic Local Alignment Search Tool (BLAST).

Wine chemical analyses

Each wine was analysed for alcohol strength (%), pH, total
acidity (g/L), dry matter (g/L), volatile acidity (g/L), optical
density (AU) at 420, 520 and 620 nm, total colour intensity
(420 + 520 + 620 nm AU), hue (420/520 nm AU) and total
polyphenols at 280 nm (TP, g/L), according to European
official methods (European Union 1990). Moreover, analy-
ses of total and free sulphur dioxide (SO2, mg/L), (Ripper
and Schmitt 1896) and reducing sugars (g/L) (Lane and
Eynon 1923) were carried out. Data are presented as mean
values obtained from two replicated analyses of each dupli-
cated vinification.

Wine volatile molecule profiles

Wine volatile molecule profiles were analysed by headspace
solid phase microextraction coupled with gas chromatography
mass spectrometry (HS-SPME/GC-MS) according to the
method proposed by Patrignani et al. (2016).

Wine biogenic amines and ethyl carbamate

The determination of biogenic amines (BA) was performed
according to the methods proposed by Torrea and Ancín
(2002) and Tabanelli et al. (2013). The determination of ethyl
carbamate (EC) concentrations in wine samples was per-
formed according to the method of Whiton and Zoecklein
(2002), with some modifications proposed by Patrignani
et al.(2012).

Wine sensory analysis

Twenty-four panellists (14 men and 10 women) were recruit-
ed among experienced students specialised in winemaking
and sensory evaluation at the Department of Food Science
and Agricultural Sciences of the University of Bologna
(Cesena, Italy). They were requested to evaluate wines in
terms of visual (colour intensity), olfactory (fruity, herba-
ceous, spicy, alcohol, overall aroma), gustatory (sourness,
alcohol, bitterness, astringency, overall taste, persistence)
and overall judgment characteristics. Assessors were pre-
sented with transparent glasses containing 30 mL of wine
and asked to taste wines from left to right (International
Organization for Standardization, ISO 1997). Samples were
coded with three-digit numbers and distributed in a
completely randomised order. Tasting was organised in four
different sessions, in which assessors tasted four wines. The
sensory characteristics had to be rated on an anchored not-
structured rating scale of 10 cm from weak to intense as
reference points. Data are presented using a spider plot as
mean values obtained from two replicated analyses of each
tasting session (Lawless and Heymann 2010).

Statistical analysis

Principal component analysis (PCA) was used as an unsuper-
vised multivariate data tool to find hidden structure among the
chemical parameters of wine and volatile molecule profile
(XLSTAT version 2011.1.05; Addinsoft, Anglesey, UK;
Statistica 8, Package for Windows). The one-way analysis of
variance (ANOVA; significance p ≤0.05), Fisher’s least sig-
nificant difference (LSD) post-hoc test and the spider plot
representation of sensory profiles were performed using
XLSTAT.

Results and discussion

Yeast cell loads and microbiota identification in grapes
and in musts during fermentation in relation
to the adopted winemaking conditions

Eight different experimental wines were produced in relation
to the farming system (two parcels from organic and two par-
cels from biodynamic management) and type of vinification
(guided or spontaneous). Sugar consumption was monitored
over time by means of a Babo densimeter throughout fermen-
tation. As expected, the guided fermentations were faster than
the spontaneous ones, independent of the farming system; the
former ended after 13 days of fermentation while the sponta-
neous vinification requiredmore than 20 days. The analyses of
grapes showed that non-Saccharomyces yeasts had counts
ranging between 1.0 and 4.2 log colony-forming units
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(CFU)/g, without any relationship to the farming system
(Table 1). In fact, cell loads of about 4.0 log CFU/g were
determined in parcels 2 and 3 belonging to the organic and
biodynamic farming systems, respectively. In any case, the
yeast population on the grape surface was in the range of cell
loads reported by other authors (Francesca et al. 2010; Guzzon
et al. 2011). After 3 days of fermentation, the level of non-
Saccharomyces yeasts in guided fermentation ranged between
5.1 and 6.1 log CFU/mL for the parcels from organic grapes
and 4.8 and 5.8 log CFU/mL for those from biodynamic ones.
In the guided fermentations, independently of the grape agro-
nomic practices, the level of yeasts detected on YPD ranged
between 6.4 and 6.7 log CFU/mL after 3 days. The levels of
non-Saccharomyces yeasts detected in the musts subjected to
spontaneous fermentation ranged between 3.0 and 4.0 log
CFU/mL. Yeasts detected on YPD medium reached levels
higher than 7.0 log CFU/mL within 5 days, independently of
starter addition. By contrast, the cell loads of Saccharomyces
yeasts decreased more rapidly in guided fermentations com-
pared to spontaneous ones, independently of grape manage-
ment. The data recorded on lysine media showed that the
levels of non-Saccharomyces yeasts remained high (levels
ranging between 4.0 and 5.7 log CFU/mL) during the first
10 days of fermentation, independently of the farming system
and starter supplementation. However, their disappearance
was faster, particularly in organic samples, in the guided fer-
mentation compared to the spontaneous one. The literature
showed that non-Saccharomyces also persist in the fermenta-
tions that are inoculated with pure cultures of S. cerevisiae
(Comitini et al. 2011). To identify a relationship between yeast
microbiota and wine quality parameters, the yeast population

was characterised on raw materials and through the fermenta-
tion processes in relation to farming and winemaking condi-
tions adopted. In fact, it is well known that the yeast popula-
tion present on grape plays a key role in the definition of
quality features of wine independently of starter addition
(Romano et al. 1997, 2003; Vernocchi et al. 2011). The yeast
identification data obtained showed that, in spontaneous fer-
mentations, Saccharomyces and non-Saccharomyces yeasts
coexist (Romano et al. 2003; Ciani et al. 2006; Capece et al.
2011; Garofalo et al. 2016a, b; Nuñez-Guerrero et al. 2016)
and confirm that grape berries are colonised by a complex,
dynamic microbial ecosystem, in accordance with Barata
et al. (2012). In fact, as shown by Fig. 1a, 90% and 84% of
yeast isolates of biodynamic and organic grapes belonged to
Kloeckera apiculata and Hanseniaspora uvarum, respective-
ly. In biodynamic grapes, C. zemplinina (about 10%) was also
found, while in organic grapes, in addition to H. uvarum,
P. kluyveri, C. zemplinina and I. hanoinensis were identified
for a proportion of 5.3% The different grape microbial com-
munities can be influenced by several factors, such as the
berry maturity stage, the use of phytosanitary products
(Martins et al. 2012) or the organic or biodynamic manage-
ment of farms based on copper-based fungicides (Berg et al.
2005; Ranjard et al. 2006; Verginer et al. 2010). However, the
predominance of H. uvarum is in accordance with the litera-
ture data (Barata et al. 2012). According to Tristezza et al.
(2016),H. uvarum can contribute to the production of volatile
compounds of wine in spontaneous or scalar fermentation
with S. cerevisiae, although some oenological features such
as ethanol, volatile acidity or production of metabolites are
strain-dependent. Also, C. zemplinina is considered to be of

Table 1 Yeast cell loads recorded in grapes and musts during fermentation in relation to the initial grape management and the adopted winemaking
process

Time
(days)

Spontaneous vinification (SV) Guided vinification (GV)

Organic Biodynamic Organic Biodynamic

Parcel 1 Parcel 2 Parcel 3 Parcel 4 Parcel 1 Parcel 2 Parcel 3 Parcel 4

Cell loads (log
CFU/mL)

Total yeasts detected on YPD Grape 2.2 ± 0.1 3.8 ± 0.2 3.5 ± 0.2 1.2 ± 0.1 2.1 ± 0.1 3.9 ± 0.2 3.6 ± 0.2 1.0 ± 0.1

3 6.2 ± 0.3 5.9 ± 0.3 6.2 ± 0.4 6.1 ± 0.4 6.4 ± 0.4 6.5 ± 0.4 5.9 ± 0.3 6.70 ± 0.5

5 7.1 ± 0.4 7.0 ± 0.5 7.1 ± 0.3 7.0 ± 0.5 7.3 ± 0.4 7.7 ± 0.4 7.1 ± 0.4 7.3 ± 0.5

10 6.8 ± 0.5 5.9 ± 0.4 7.1 ± 0.3 6.8 ± 0.4 5.1 ± 0.3 6.0 ± 0.4 7.3 ± 0.4 7.2 ± 0.4

13 2.9 ± 0.2 2.9 ± 0.1 2.5 ± 0.2 3.0 ± 0.1 –* 0.8 ± 0.1 3.1 ± 0.2 3.1 ± 0.2

60 –* –* 2.3 ± 0.1 0.9 ± 0.1 –* –* 2.3 ± 0.2 –*

Non-Saccharomyces yeast
detected on lysine

Grape 2.6 ± 0.1 4.2 ± 0.2 4.0 ± 0.2 2.6 ± 0.2 2.4 ± 0.2 4.1 ± 0.2 3.9 ± 0.2 2.8 ± 0.2

3 5.8 ± 0.3 6.3 ± 0.4 5.4 ± 0.3 5.9 ± 0.3 5.1 ± 0.2 6.1 ± 0.4 4.8 ± 0.3 5.8 ± 0.3

5 6.0 ± 0.4 5.1 ± 0.4 5.4 ± 0.3 5.7 ± 0.3 5.4 ± 0.3 6.0 ± 0.4 5.9 ± 0.3 6.0 ± 0.4

10 5.7 ± 0.3 5.1 ± 0.2 4.2 ± 0.2 4.0 ± 0.2 4.9 ± 0.3 5.1 ± 0.3 5.0 ± 0.3 4.9 ± 0.2

13 3.0 ± 0.1 3.4 ± 0.2 2.3 ± 0.1 3.2 ± 0.2 –* –* 1.2 ± 0.1 1.0 ± 0.1

60 –* –* 0.5 ± 0.1 0.8 ± 0.1 –* –* 0.8 ± 0.1 –*

*Under the detection limit
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great oenological interest due to its ability to produce less
ethanol from sugar consumed, tolerate high concentrations
of ethanol present in wine and produce low levels of biogenic
amines (Englezos et al. 2016). C. zemplinina and
I. hanoinensis were also found by other authors to be minor
species. For example, Drumonde-Neves et al. (2016) found
their presence in yeasts collected from Azores Archipelago
vineyards. None of the isolates from grapes belonged to
S. cerevisiae . On the other hand, while the non-
Saccharomyces species are dominant on raw grapes, reaching
levels up to 5–6.0 log CFU/g, the presence of S. cerevisiae is
very scarce on raw materials (Romano et al. 2003; Nisiotou
and Nychas 2007). Due to its alcohol tolerance and oenolog-
ical features, the incidence of S. cerevisiae increased during
fermentation and, after 13 days, all the isolates belonged to
this species, independently of the farming management (data

not shown). However, the analyses of yeast identification per-
formed in musts under spontaneous vinification after 5, 8, 10
and 11 days of fermentation showed a higher persistence of
non-Saccharomyces species than in fermenting must from or-
ganic grapes. In particular, after 5 days of fermentation
(Fig. 1b), the must from organic grapes was characterised by
the presence of I. terricola (3.8%), H. uvarum (88.4%) and
M. pulcherrima (7.8%), while in the must from biodynamic
grapes, I. terricolawas not found and S. cerevisiae (4.5%) was
present. According to the literature data, the presence of
I. terricola could be important since some strains are particu-
larly gifted of an extracellular glucosidase to increase the
amount of free monoterpenes and non-isoprenoids during vi-
nification and, for this species, its application in wine fermen-
tation was studied (Capozzi et al. 2015). Also, the presence of
M. pulcherrima can contribute to increasing the aroma and
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flavour of wines thanks to a secreted arabino furanosidase.
This can influence the amount of several varietal volatile com-
pounds in the final products, such as volatile thiols and ter-
penes. Another important property of this species consists of
the elevated production of esters and, in particular, of ethyl
octanoate. Moreover,M. pulcherrima possesses antimicrobial
activities against several spoilage yeasts (Capozzi et al. 2015).
After 8 days of fermentation, the presence of S. cerevisiae in
organic must was detected at higher levels with respect to the
biodynamic must (Fig. 1c), although the presence of non-
Saccharomyces yeast was still high. After 10 days of fermen-
tation (Fig. 1d), S. cerevisiae represented the major species
found in biodynamic must, while in organic must, S. pombe
is at the highest level. This species is, in general, appreciated
for its ability to completely transform malic acid into ethanol.
Moreover, its ability to produce glycerol was recently de-
scribed and it can be considered an interesting species to im-
prove some sensory features of red wines (Loira et al. 2015).
Its persistence continues after 11 days of fermentation in or-
ganic must, while S. cerevisiae is the only species found in
biodynamic musts (Fig. 1e). However, also in organic must,
after 20 days of fermentation, S. cerevisiae took over.

Chemical analyses

The chemical analysis of the experimental wines (Table 2)
showed a satisfactory degree of grape ripeness consistent with
the typical composition of Sangiovese wines (Parpinello et al.
2015). The alcohol strength was always higher than 14.0%,
with the exception of the sample from biodynamic grapes of
parcel 3 (13.2%), which was subjected to guided fermentation.
Wines from spontaneous fermentations (SV) showed higher
levels of reducing sugars (SV: 5.7 g/L; GV: 1.8 g/L), volatile

acidity (SV: 0.64 g/L; GV: 0.41 g/L), as well as dry matter
(SV: 31.8 g/L; GV: 27.5 g/L) compared to wines from guided
fermentations (GV), regardless of the farming system. Total
acidity, pH, total polyphenols, colour intensity and hue were
not significant different. One of the reasons for the higher
residual sugar content in spontaneous vinifications could be
due to selection among the natural microbiota of wild
S. cerevisiae strains not being endowed with a high alcohol
tolerance. As mentioned, wines derived from spontaneous fer-
mentations (SV) were characterised by higher volatile acidity
(i.e. acetic acid) compared to those obtained with S. cerevisiae
starter culture, independently of the farming system adopted.
Awide variability of alcohol tolerance and acetic acid produc-
tion, also in relation to the stress conditions during fermenta-
tion, is well known also in S. cerevisiae species (Rainieri and
Pretorius 2000; Vernocchi et al. 2015). On the other hand, an
efficient conversion of grape sugars to alcohol and low levels
of acetic acid release in wine are the primary selection criteria
of wine yeast strain selection (Rainieri and Pretorius 2000).

Wines from spontaneous fermentation showed lower con-
centrations of tartaric acid compared to those from guided
fermentations, independently of the raw material farming sys-
tem (Table 3). The ability of S. cerevisiae strains influence the
tartaric stability throughout the release on mannoproteins dur-
ing fermentation (Rosi et al. 2000), whereas the entity of the
mannoprotein release, although influenced by physicochemi-
cal conditions, is strain-dependent (Vernocchi et al. 2015). So,
it is probable that the spontaneous fermentation was dominat-
ed by strains endowed with a lower capability to release
mannoproteins, although the literature data recognise non-
S. cerevisiae strains as having a great role in mannoprotein
release (Domizio et al. 2014). Moreover, citric and malic acids
were under the detection limit in all the wines from

Table 2 Basic chemical composition of the Sangiovese wines in relation to the grape management and the adopted winemaking process

Spontaneous vinification (SV) Guided vinification (GV)

Organic Biodynamic Organic Biodynamic

Parcel 1 Parcel 2 Parcel 3 Parcel 4 Parcel 1 Parcel 2 Parcel 3 Parcel 4

Free SO2 (mg/L) 40 ± 2 38 ± 3 35 ± 2 38 ± 2 35 ± 2 35 ± 2 33 ± 2 32. ± 2

Total SO2 (mg/L) 77 ± 4 60 ± 3 73. ± 4 78 ± 5 64 ± 3 70 ± 5 93 ± 6 96. ± 6

Volatile acidity (g/L) 0.60 ± 0.0 0.66 ± 0.0 0.69 ± 0.0 0.60 ± 0.0 0.33 ± 0.0 0.30 ± 0.0 0.51 ± 0.0 0.51 ± 0.0

Total acidity (g/L) 6.5 ± 0.3 6.2 ± 0.3 5.9 ± 0.3 6.2 ± 0.3 6.6 ± 0.5 7.0 ± 0.5 5.6 ± 0.3 5.8 ± 0.4

pH 3.34 ± 0.23 3.39 ± 0.24 3.44 ± 0.21 3.43 ± 0.21 3.28 ± 0.16 3.25 ± 0.16 3.46 ± 0.24 3.48 ± 0.24

Total polyphenols (mg/L) 1533 ± 107 1649 ± 82 1530 ± 76 1706 ± 85 1807 ± 108 1697 ± 101 1497 ± 104 1541 ± 77

Colour intensity (AU) 8.613 ± 0.020 9.104 ± 0.332 8.592 ± 0.031 8.131 ± 0.013 9.346 ± 0.052 7.642 ± 0.030 9.791 ± 0.093 6.668 ± 0.036

Colour hue (AU) 0.686 ± 0.031 0.698 ± 0.010 0.705 ± 0.001 0.641 ± 0.003 0.599 ± 0.000 0.700 ± 0.006 0.573 ± 0.010 0.722 ± 0.003

Alcohol strength (% ) 14.9 ± 0.3 14.9 ± 0.2 14.7 ± .03 14.5 ± 0.1 14.8 ± 0.4 14.7 ± 0.3 13.2 ± 0.6 14.3 ± 0.4

Dry matter (g/L) 32.0 ± 2.2 32.0 ± 1.9 32.6 ± 1.9 30.7 ± 1.5 29.2 ± 0.8 29.2 ± 2.0 25.5 ± 1.3 26.3 ± 1.4

Reducing sugars (g//L) 6.1 ± 0.3 3.6 ± 0.2 7.1 ± 0.5 5.9 ± 0.3 1.7 ± 0.1 2.1 ± 0.1 1.7 ± 0.1 1.6 ± 0.1

The analyses were performed at the end of the fermentation time
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spontaneous fermentation, as well as in wines obtained from
grapes from biodynamic management processed by guided
fermentation. The SV wines were also characterised by the
presence of 1.2 g/L of lactic acid attributable to malo-lactic
fermentation. This secondary fermentation performed by lac-
tic acid bacteria also characterised wines obtained by guided
fermentation of biodynamic musts, which showed an average
lactic acid concentration of 0.7 g/L related to the absence of
malic acid in GVof biodynamic grapes. In addition, the sam-
ples from spontaneous fermentations, although not supple-
mented with exogenous sulphite, showed higher levels of free
SO2 and similar levels of total SO2 compared to those from
guided fermentations. It is well known that wine yeast strains
differ in their ability to produce sulphite, even if the medium
composition and environmental conditions can affect its pro-
duction (Vernocchi et al. 2015). With regard to vineyard man-
agement (organic and biodynamic) and regardless of the vini-
fication undertaken, wines obtained from biodynamic grapes
were characterised by higher volatile acidity (organic: 0.47 g/

L; biodynamic: 0.57 g/L), whereas total acidity, total polyphe-
nols and dry matter showed higher concentrations in wines
obtained by organic farming. The pH colour intensity and
hue were similar.

The chemical data were submitted to PCA in order to out-
line the differences among the samples in relation to farming
and winemaking adopted conditions. All the samples were
mapped in the spaces shared by the first two principal com-
ponents PC1 and PC2, with an explained total variance of
64.4%. The score plots reported in Fig. 2 show that the wines
would cluster in four groups. The first group included the
wines from spontaneous fermentations (upper left side of the
two PCAs space). The wines from guided fermentation
grouped into three different clusters. Cluster 2 enclosed wines
from guided fermentations of organic musts (lower left side of
the two PCAs space), while wines from guided fermentation
of biodynamic musts were quite widespread on the right side
of the two PCAs space, in relation to the parcels considered,
thus representing clusters 3 and 4. This result is not surprising,

Table 3 High performance liquid
chromatography (HPLC) analysis
of organic acid composition of the
Sangiovese wines in relation to
the grape management and the
adopted winemaking process

Organic acid
(g/L)

Spontaneous vinification (SV) Guided vinification (GV)

Organic Biodynamic Organic Biodynamic

Parcel 1 Parcel 2 Parcel 3 Parcel 4 Parcel 1 Parcel 2 Parcel 3 Parcel 4

Citric –* –* –* –* 0.1 ± 0.0 0.1 ± 0.0 – –

Tartaric 1.9 ± 0.1 2.0 ± 0.1 1.9 ± 0.1 1.9 ± 0.1 2.4 ± 0.1 2.6 ± 0.2 2.2 ± 0.2 2.0 ± 0.1

Malic –* –* –* –* 0.6 ± 0.0 0.6 ± 0.0 –* –*

Lactic 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 0.6 ± 0.0 0.4 ± 0.0 1.1 ± 0.0 1.2 ± 0.1

Acetic 0.6 ± 0.0 0.6 ± 0.0 0.7 ± 0.0 0.6 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 0.4 ± 0.0 0.4 ± 0.0

Total acidity 3.7 ± 0.3 3.8 ± 0.2 3.7 ± 0.2 3.7 ± 0.2 4.0 ± 0.2 4.0 ± 0.2 3.7 ± 0.2 3.6 ± 0.2

*Under the detection limit

The analyses were performed at the end of the fermentation time
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as grape composition variability due to a ‘parcel effect’ is a
well-known phenomenon in viticulture.

Ethyl carbamate and biogenic amine content

The biogenic amine (BA) and ethyl carbamate (EC) contents
detected in wines in relation to starter addition and farming
managements were very low or under the detection limit (data
not shown).

Volatile molecule profiles

In order to evaluate the effects of the farming and fermentation
management on the wine volatile molecule profiles, at the end
of the fermentations, the samples were analysed by means of
HS-SPME/GC-MS. This technique allowed the identification
of about 100 molecules belonging to different chemical clas-
ses, including alcohols, aldehydes, ketones, organic acids and
esters. This technique has proven its potential to provide a
volatile molecule fingerprinting of food and beverages in re-
lation to their microbiota and/or production processes (Rocha
et al. 2001; Patrignani et al. 2013). Due to the large dataset of
information acquired, PCAwas performed in order to pinpoint
the differences among the samples in relation to fermentation
management (spontaneous or guided) and farming practices
(organic or biodynamic). In particular, the PCA loading plot of
volatile molecules in relation to the variables taken into con-
sideration showed that the samples were mapped in the space
spanned by the first two principal components, PC1 and PC2,
accounting for 41% and 16 % of the variability, respectively
(Fig. 3). Four different clusters were evident. The wines ob-
tained through guided fermentations grouped into two

different clusters even if a relationship with the farming prac-
tices was not evident. In fact, the first cluster included the
wines from guided fermentation of grapes of parcels 1
(ORG) and 3 (BIOD), while the second included those of
parcels 2 (ORG) and 4 (BIOD). By contrast, the wines obtain-
ed though spontaneous fermentations were grouped in relation
to organic or biodynamic farming systems. In general, the
spontaneous fermentations give rise to wine significantly dif-
ferent from those from guided fermentations along PC1,
explaining about 41% of the variability. Molecules such as
hexanoic acid ethyl ester, nonanoic acid, ethyl acetate and
2,3-butanedione contributed to the clustering of biodynamic
wines obtained without starter addition, while 3-methyl-
propanol, decanoic acid ethyl ester and 5-phenethyl,2-
pentanone grouped the organic wine obtained though sponta-
neous fermentations. It is well known that the formation of
volatile compounds during grape must fermentation depends
on several factors, including the nature and concentration of
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the compounds initially present in the must (their proportions
differ from one grape variety to another), the capacity of the
naturally occurring or inoculated yeast to transform them and
the conditions used in winemaking. The impact of the yeasts
upon wine flavour is largely determined by the array of vola-
tile substances (e.g. higher alcohols, acids, esters, carbonyls,
thiols) produced by the metabolism of grape juice components
(Pretorius 2000). Therefore, the yeast microbiota of spontane-
ous and guided fermentations were completely different, af-
fecting in a significant way the volatile molecule profiles of
samples. In fact, the starter addition significantly reduced the
differences induced by farming practices, and the former sam-
ples differed to each other only along PC2, explaining about
16% of the variability. In samples from guided fermentation,
the contribution of raw material peculiarities, which differed
also for naturally occurring yeasts, was less pronounced com-
pared to wines from spontaneous fermentations.

The differences along PC2 of wines from different parcels
of the same farming management indicated a high variability
within both organic and biodynamic grapes.

Sensory analyses

Sensory evaluation was performed in order to assess differ-
ences among wines in relation to farming (organic and biody-
namic) and winemaking (spontaneous or guided fermenta-
tions) managements. To better understand the sensory data,
they were analysed by averaging the results obtained from
the two replicated vinifications, thus considering the ‘vineyard
management’ and ‘winemaking process’ variables only. The
one-way ANOVA showed a significant difference among
wines at p < 0.05 for astringency, taste complexity and overall
judgment, whereas the level of p < 0.10 was found for odour
complexity and persistence. The post-hoc test highlighted that
the sensory profile was mainly affected by winemaking man-
agement rather than vineyard management (Fig. 4). As
regards to significant differences, spontaneous fermentation
(org SV: 5.4; biod SV: 5.5) and inoculated in organic grapes
(org GV: 5.4) obtained higher scores than inoculated in bio-
dynamic grapes (biod GV: 4.8) in terms of odour complexity.
Comparable differences were obtained for taste complexity
(org SV: 5.6; org GV: 5.2; biod SV: 5.7; biod GV: 4.7). The
astringency was significantly higher in guided vinification of
organic grapes when compared to biodynamic grape, regard-
less of the vinification adopted, whereas spontaneous vinifi-
cation of organic grapes were not significantly different from
all of the other vinifications (org SV: 5.6; org GV: 6.0; biod
SV: 5.1; biod GV: 5.1). Biodynamic wines obtained lower
scores in terms of persistence, regardless of the vinification
(org SV: 5.6; org GV: 5.6; biod SV: 4.9; biod GV: 5.1). For
overall judgment, spontaneous fermentation obtained signifi-
cantly higher scores compared to the inoculated fermentation
(org SV: 5.6; biod SV: 5.0; org GV: 4.6; biod GV: 4.4). All the

other sensory descriptors gained similar scores; as a conse-
quence, no significant differences in relation to starter addition
and farming management were recorded. These wines were
characterised by aminor persistence and heterogeneity of non-
Saccharomyces species. Although non-Saccharomyces wine
yeasts have some specific oenological characteristics that are
absent in S. cerevisiae species having additive effects on wine
flavour and aroma (Viana et al. 2008), these data suggest that
the features of the S. cerevisiae strains dominating fermenta-
tion played a key role in the wine sensory profiles.
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