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History
The name “Wine” is derived from the Latin word vinum, “wine” or “(grape) vine”.

The history of wine is marked by a tradition of innovation driven by a culture of innovation through
tradition.
New ideas, practices and technological interventions have been applied to optimise these properties
for maximum wine quality outcomes.
With every new vintage, grape
growing and winemaking practices
were tweaked, tested and learned
from. Every successful, value-adding
innovation in the vineyard or winery
that improved wine quality invented
a new tradition.

What happens during fermentation?
Wine fermentations constitute complex microbial ecosystems consisting of highly
dynamic yeast communities which play a key role in shaping wine quality. This
complex array of relations influences the nutritional, hygienic, and aromatic features
of the product through the consecutive growth and death of different species and

strains within each species, during the fermentation process

In spontaneous fermentations − uninoculated ferments − there is a progressive growth
pattern of indigenous yeasts (also referred to as autochthonous, natural, wild or feral
yeasts) with the final stages invariably being dominated by the Crabtree-positive,
alcohol-tolerant strains of S. cerevisiae

Pretorius, 2020

Autochthonous yeasts are not alone!!!
Wine yeasts might constitute a specific yeastome relevant to wine quality
Autochthnous yeasts: yeasts inhabiting a niche vineyard are referred to as natives and yeasts
that migrated and accumulated in a winery are referred to as settlers.
Commercial active-dried yeast
starter strains used in many

wineries across the world are
referred to as nomads.
Laboratory-bred strains of S.
cerevisiae are termed
supermodel mannequins while
genetically engineered and
semisynthetic yeasts with

reinvented or edited genomes
are called avatars.

Pretorius, 2020

Terroir…..myth or reality?
Terroir entails the total natural environment for specific viticultural sites, including climate
as measured by temperature and rainfall; sunlight energy (or insolation) received per unit
of land surface area; relief
(topography

or

geomorphology) comprising
altitude, slope and aspect;
geology

and

determining

physical

pedology,
the

and

basic

chemical

characteristics of various soil
types; and hydrology or soilwater relations.
Pretorius, 2020

Three vineyards located in Abruzzo region, a
Montepulciano d’Abruzzo wine producing area

in Central Italy where the wine is produced
based on spontaneous fermentation
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35 Non- Saccharomyces

Maybe the terroir exists…..
23% 5.8S-ITS
atypical profile

5 different profiles
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Two of them (KML2 e
KML23) were present in the
consecutive years
The presence of atypical S. cerevisiae strains only in a particular vineyard suggests the role of
local selective pressure as origin of distinctive Saccharomyces yeast populations.
5.8S-ITS polymorphism, probably related to microevolutionary change and divergence
between species, could contribute to phenotypic variation

rRNA gene

The differences in the rRNA internal transcribed
spacer (ITS) have been used to identify yeast species.

The ITS region, including the 5.8S rRNA gene
(coding and conserved) and two flanking variable
and non-coding regions ITS1 and ITS2, show low

intraspecific

variability,

polymorphism.

and

high

interspecific

Restriction fragment length polymorphism in 5.8S-ITS amplicons of S.
cerevisiae strains generate by HaeIII digestion. Lane M: molecular marker.
lane 1-2-3-4-6 atypical restriction profiles; lane 5: typical restriction profile

Wine aroma
Wine aroma is composed by 100s of different compounds

Wine aroma can be subdivided into three groups:
• the varietal or primary aroma, determined by the grape variety;
• the fermentation or secondary aroma;

• the bouquet or tertiary aroma resulting from the transformation of aromas
during aging.
Non-Saccharomyces yeasts
can influence both the

primary and secondary
aroma through the
production of enzymes and

metabolites, respectively.

Volatile compounds
Primary aromas from the grape, mainly present in young products; these may have a
positive influence on wine quality (such as cold maceration aromas), or negative
effects derived from an inappropriate grape processing after harvesting.

Secondary aromas originate from first fermentation and secondary fermentation in the
bottle and are mainly affected by must and base wine quality, fermentation
temperature and yeast strain.

Tertiary aromas arise from wine maturing on lees and develop also by yeast cells
lysis, after long ageing as a consequence of low molecular weight intracellular
compounds release

Pretorius, 2016

The construction of malolactic and maloethanolic wine strains of Saccharomyces cerevisiae which
eliminates the need for malolactic bacteria to drive the conversion of malic acid into lactic acid. A
genetically modified malolactic wine yeast strain, ML01, was commercialised and made available for
commercial wine production

Pretorius, 2016

The construction of a ‘synthetic’ wine strain of Saccharomyces cerevisiae capable of

producing raspberry aroma in Chardonnay. This is the first wine yeast containing a
‘synthetic DNA circuit’ coding for raspberry ketone

Pretorius, 2016

Characteristics of selected yeasts
•

Ethanol tolerance

•

Fermentation vigour

•

Resistance to SO2

•

Type of growth in liquid media

•

Dispersed cells

•

Aggregates cells

•

Flocculence

•

Foam formation

•

Film formation

•

Sedimentation speed

•

Growth at high and low temperatures

•

Presence of killer factor

•

Fermentation by-products (e.g. glycerol, acetaldehyde)

•

Enzymatic activity

Starter cultures: single and multistarter

Starter cultures: single and multistarter

Multi starter cultures

Yeasts

Trial

S. cerevisaie

CS

S. cerevisaie

SRS1

S. cerevisaie

RT73

H. uvarum

STS45

C. zemplinina

STS12

S. cerevisaie/C. zemplinina

SRS1 + STS12

✓ Fermentation trials inoculated with SRS1, RT73, and the co-culture (SRS1+STS12) started
the fermentation quickly
✓ At the end of fermentation lower values were observed in must inoculated with S. bacillaris

STS12 and H. uvarum STS45

Esters represented the major group for all wines, followed by alcohols.

The wines obtained with the co-culture showed the lowest relative percentage of
alcohols in the heat space (about 14%), while those produced with S. cerevisiae were
characterized by the highest one

2-phenylethanol

had

the

highest relative percentage in
SRS1+STS12 fermented wines

2-methyl-1-propanol and 1hexanol prevailing in wines
fermented by NS and co-

culture

The wines fermented with SRS1 and
the co-culture were characterized by
a good floral and persistence

Wines obtained with STS12 and
STS45 were characterized by grassy
and reduced aroma
The most interesting wines were those produced with SRS1 and the co-culture since

they were characterized by a good floral, a highest persistence and, above all, have the
reduced and grassy not too marked

Working with Cantina Orsogna…..
Microbial bioversity in grapes subjected to different land management
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MTC: Montepulciano conventional, MTBG: Montepulciano organic;
MTBD: Montepulciano biodynamic; TRC: Trebbiano conventional; TRBG:
Trebbiano organic; TRBD: Trebbiano biodynamic
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Working with Cantina Orsogna…..

The

different

managements

influence the metabolic profile

of microbial populations

The organic and biodynamic

grapes of both cultivars show a
greater use of sugars and amino
acids

New inoculation strategies
Wine starter cultures are
available as free cells (e.g.
CRY, ADY, AFY)

Cells can grow as free cells
(planktonic) or as sessile cells
(biofilm)
O. oeni cells organized in

biofilms on oak chips showed
increased tolerance to wine
stresses and malolactic activity, and the modification of volatile composition of wines
Few data are available concerning yeast biofilm metabolism and the aroma compounds

released in wine

C. zemplinina adhered on oak chips
➢ Fermentation B started 2
days later
➢ No significant differences
were observed for the main
oenological parameters
➢ Higher glycerol amount in
wines B

Sample Ethanol

Residual

Titratable acidity* Volatile acidity** pH

Glycerol

(% v/v)

sugar (g/L)

(g/L)

(g/L)

(g/L)

A

14.28±0.04

0.45±0.13

7.17±0.19

0.5±0.02

3.29±0.02

9.12±0.28

B

14.13±0.19

0.72±0.22

6.42±0.26

0.43±0.06

3.33±0.04

11.92±0.17

C

14.22±0.08

0.66±0.10

6.74±0-38

0.49±0.04

3.35±0.05

10.12±0.41

**expressed as acetic acid, *expressed as tartaric acid
A S. cerevisiae+C. zemplinina; B S. cerevisiae+C. zemplinina on oak chips; C S. cerevisiae+C. zemplinina+oak chips

➢ The effects of C. zemplinina adhered on oak chips was not evident on the content
of higher alcohols
➢ Esters underwent significant variations
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A

CZ PLANK+ RT73

mg/L

B ADESA+RT73
CZ

80

C CHIPS+RT73
CZ

40

0
Higher alcohols Esters
A S. cerevisiae+C. zemplinina; B S. cerevisiae+C. zemplinina on oak chips; C S. cerevisiae+C. zemplinina+oak chips

1-Butanol, 3-methyl-, acetate
2,5-di-tert-Butyl-1,4-benzoquinone
3-Methyl-but-1-yl ethanoate
4-Decenoic acid, ethyl ester
Acetic acid, 2-phenylethyl ester
Methyl vanillate
Butanedioic acid, diethyl ester
Butanoic acid, ethyl ester
Decanoic acid, ethyl ester
Dodecanoic acid, ethyl ester
Ethyl 9-decenoate
Ethyl dihydrocinnamate
Ethyl ethanoate
Ethyl phenylacetate
Ethyl trans-4-decenoate
Hexadecanoic acid, ethyl ester
Hexanoic acid, ethyl ester
Methyl 2-methylhexanoate
Nonanoic acid, ethyl ester
Octanoic acid, ethyl ester
Pentanoic acid, 2,2-dimethyl-, methyl ester
Isopentyl acetate
Hexanoic acid, 2-ethyl-, methyl ester
Hexanoic acid, ethyl ester
Acetic acid, hexyl ester
Butanoic acid, 2-methyl-, ethyl ester
Hexanedioic acid, monoethyl ester
Octanoic acid, 3-methylbutyl ester
Ethyl isobutyrate
Pentanoic acid, 2-methyl-, butyl ester
Ethyl isovalerate
4-Hydroxymandelic acid, ethyl ester, di-TMS
Carbamic acid, (4-nitrophenyl)-, phenylmethyl ester
Acetic acid, [(phenylmethoxy)imino]-, trimethylsilyl ester
Ethyl phenylacetate
E-11-Hexadecenoic acid, ethyl ester
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A S. cerevisiae+C. zemplinina; B S. cerevisiae+C. zemplinina on oak chips; C S. cerevisiae+C. zemplinina+oak chips

O. oeni adhered on oak chips

Better fermentation kinetics in sessile
cells
The different malic acid kinetics observed
could be related also to the genetic
variation between strains and a
differential expression of genes involved
in malate metabolism

➢Exploitation of microbial diversity and microbes
lifestyles
➢Possibility to modulate wine aroma increasing esters
and glycerol content and improve the impact of oak
chips in red wine maceration to obtain effects
comparable to wine aged in oak barrels
➢New method to develop starter cultures

Thank you for your attention

