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Summary
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Sulfur dioxide - properties

Antiseptic Antioxidant

Antioxidase
Other

functions

SO2 selects the must microflora and 
acts as an antimicrobial in wines
• apiculate yeasts
• acetic and lactic acid bacteria
• Brettanomyces spp.

Chemical oxidation
Polyphenols

Oxygen
Metals

Radical species

Acetaldehyde

Enzymatic oxidation
Grape PPO:

Tyrosinase

Botrytis cinerea PPO:
Laccase

• Solubilizing agent
• Fining agent
• Binding agent

SO2

Factors



Physical treatments and processing aids

Alternatives additives

Winemaking practices

It is possible to 
eliminate sulfur

dioxide or reduce 
its content?
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Sulfur dioxide– To reduce or eliminate it?

• Allergy (1% of population)
• Intolerance
• WHO indication

• Easy to use
• Easy to produce
• Cheap
• Effective  

Avoid SO2 to improve the 
“naturalness” of wines

Health issues

EU SO2 Limits red wines
Conventional (sugars ≤ 2 g/L) : 150 mg/L
Organic (sugars ≤ 5 g/L) : 100 mg/L  
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Sulfur dioxide - how to increase effectiveness in winemaking

pKa1

SO2(gas) ↔ SO2(aq) ↔ HSO3
-(aq) ↔SO3

2-(aq)

pKa2

≈ 1.8 ≈7
• pH
• ethanol
• temperature

Molecular 
SO2 Factors:

Binding
Acetaldehyde irreversible
Other acid and 
polyphenols reversible

Bound SO2

Free SO2

Bacteria : 0.5- 1 mg/L
Yeasts: 1 - 2 mg/L

Target 



Inert gas (CO2, 
Nitrogen, Argon)

Yildirim & Darici, 2020, JMBFS
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SO2 Alternatives

Not all these alternatives can be used in organic wines production! 



9th November 2020 
OENOBIO Conference

7

SO2 Alternatives– post-harvest
• Fast processing and fast 

fermentation start
• use ADY or spontaneous 

starter
• Bioprotection

• Glutathione-(not as direct 
addition)

• Reducing Oxygen during crushing: 
Dry Ice and inert gas 

• O2 Trapping: Ascorbic acid 
(always use with SO2)

• Botrytis cinerea laccase can oxidize
glutathione adducts

• Grape health status 
• Grape conditions 

(machine-harvested, 
temperature, liquid/solid)

Maria Alessandra Paissoni -
Università degli Studi di Torino
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Vignault et al., 2019, OENO One

SO2 Alternatives- Focus on Oenological tannins
Inhibition of laccase activity

Pascual et al., 2017, Food Chem.

Oxygen consumption 
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Montepulciano Merlot Cabernet
sauvignon

Syrah Aglianico Sangiovese Nebbiolo

∆% Color Intensity 72h

Ellagitannin Quebracho Seeds tannin 1 Seeds tannin 2 Skin tannin

Color protection • Prevent anthocyanins oxidation
• Tannins interacts with anthocyanins: 

condensation and copigmentation  

Paissoni et al., 2020, Food Chem.

VARIETY EFFECT
Effectiveness depends on 

anthocyanins ratio (different 
extractability and oxidability)
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SO2 Alternatives - Focus on Chitosan

contrast to 
Brettanomyces

Inactivation of 
lactic acid bacteria

Antimicrobial activity:
Brettanomyces bruxellensis and Oenococcus oeni
Saccharomyces cerevisiae seemed resistant to chitosan

Chitosan was able to contain but not to 
completely eradicate B. bruxellensis from 
wines

No chitosan 4 g/hL chitosan

Petrova et al., 2016, OENO One 

NOT 
DEFINITIVE 
SOLUTION

• Fining, clarification, and protein haze 
prevention

• Sorption of heavy metals
• Removal of ochratoxin A
• Antioxidant activity
• Remediation of wines containing high 

concentrations of volatile phenols

Proposed for many uses

Castro Marin et al., 2020, Crit. Rev. Food Sci.
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Emerging technologies – Ozone (O3)
• Strong oxidant

• Strong disinfectant

• Broad action but short activity
span (unstable)

• Generally safe (GRAS, no 
residuals on wine, but to be 
used with precautions) 

USA: Ozone is allowed for processing of «organic» 
or «made with organic» foods (7 CFR § 205.605)

CANADA: NASAA Organic Standard allows ozone
for storage (controlled atmosphere) and for 

washing solutions of fresh fruit.

For the moment ozone is not
allowed in EU in direct contact

with organic foods

• Barrels sanitization 
• Bottling machine 

sanitization

• Post-harvest treatments 
• Grape dehydration

• Vineyard treatments
Spraying
Irrigation
Endotherapy
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Emerging technologies – O3 post-harvest as antimicrobial

C WO3 
6 min

WO3 
12 min

GO3 
12 h

GO3 
24 h

S
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Cravero et al. 2016, Food Res Int

Barbera O3 treated wines

Ozone
reduced the 

apiculate
yeasts load

At the moment ozone is not allowed in 
EU in direct contact with organic foods

Control untreated

Gaseous ozone (GO3) 32 g/h 12 hours 24 hours

Aqueous ozone (WO3) 5 mg/L 6 minutes 12 minutes

Ozone reduced the acetic
acid production in 
spontaneous fermentation
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Cravero et al. 2018, IFSET

Emerging technologies - O3 Brettanomyces

Air 12 h
O3 12 h
Air 24 h
O3 24 h

WO3 GO3

At the moment ozone is not
allowed in EU in direct

contact with organic foods

Ozone reduction of 
Brettanomyces led to 
significant decrease of 
ethyl phenols in  wine

Gaseous ozone (GO3) 32 g/h 12 hours 24 hours

Aqueous ozone (WO3) 5 mg/L 6 minutes 12 minutes

Barbera in perforated boxes (2Kg) was 
inoculated with B. bruxellensis

HS-SPME-GC-MS 
analysis of volatile phenols
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Emerging technologies - O3 Aroma
Does O3 modify grape and wine quality parameters? 

GO3 and AO3 Post-harvest 
treatment (cv Barbera)

Increase in 
terpenoids 
and C-6 
compounds

Biosynthesis of 
monoterpenes and 
of aldehydes

Confirmation at
molecular level of the 
elicitor activity of 
ozone

GO3 (30 uL) grape 
dehydration (cv Moscato) 

Cravero et al. 2016,
Food Res Int

Rio Segade et 
al. 2017 SciRep

1° experience on 
other grape
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anthocyanins extraction

flavan-3-ols extraction

Emerging technologies - O3 Phenolics

GO3 Post-harvest 
treatment (cv Barbera 

and Nebbiolo)

GO3 Dehydration (cv 
Barbera and Nebbiolo)

Nebbiolo ozone for
24 hours increased
extraction

Barbera ozone slowed
down extraction. No 
difference at the end

In Barbera no differences
among treatments 

In Nebbiolo: OZONE 
increased the flavan-3-
ols extracted

Anthocyanins 
protection?

Paissoni et al., 2017, 
Food Res Int

Rio Segade et al., 
2019, Food Chem;
Rio Segade et al. 
2020, JAFC

Variety
effect
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Issue: EW and chlorine residues 

EW Post-harvest 
treatment 

EW Post-harvest 
treatment + 
dehydration 

Emerging technologies – EW: another option?

C EW 40 
mg/L

EW 400 
mg/L

Barbera EW treated wines

Chloroanisols
formation

Electrolized water (EW) 
is a sanitization agent 

Grape
microbial load
reduction

EW postharvest 
treatments are 
NOT SUITABLE 

for wine 
production

EW is produced by electrolysis 
of dilute solutions of NaCl (also 
KCl or MgCl2)

Hypochlorite ions 
(ClO−; 80–95%)
residual on 
surface

Giacosa et al., 2019, Food Res Int

Cravero et al., 2016, IFSET
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Conclusions
Red winemaking

without SO2 
addition is

possible

• Healthy grapes
• Control of fermentation
• Control of oxidation factors

Alternatives options are 
available in organic winemaking

Oenological tannins
Chitosan

OZONE treatments on grapes
may be a promising tool in 
organic winemaking since it is
antiseptic, does not leave 
residuals, and does not
negatively affect quality
parameters

At the moment ozone is not allowed in 
EU in direct contact with organic foods

• Varietal
differences

• Shelf-life

EW: risk of chloroanisoles
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Thank you for your attention!
Questions?

Maria Alessandra Paissoni 
mariaalessandra.paissoni@unito.it
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