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Sulphur dioxide has been used as a disinfectant since the 
days of Homer (900 BCE), and has been used in winemaking 
since 1487. Sulphur dioxide has since become the wine 
additive of choice due to its vital benefits. Its “active” 
molecular form (H2SO3) has antimicrobial properties and 
its bactericidal and fungicidal properties play a role in 
the microbiological stabilisation of wine. In its free form 
(molecular sulphur dioxide + bisulphite (HSO3

-)), sulphur 
dioxide exhibits both an antioxidant effect1 – by indirectly 
neutralising the dissolved oxygen or quinones to form 
sulphates – and prevents enzymatic oxidation2 by inhibiting 
the enzymes that cause oxidation (complete inhibition of 
tryosinase originating in the grape, and partial inhibition of 
laccase produced by Botrytis cinerea). Finally, sulphur dioxide 
can help to neutralise any musty odours by combining with 
ethanal.

However, SO2 has been under the spotlight in recent years 
due to its numerous drawbacks:
• it is poisonous to humans, and therefore poses a risk both

to the consumer and the handlers in the cellar.
• it can lead to an unpleasant sulphurous, “rotten egg”

smell caused by a reduced sulphur (H2S) produced during 
fermentation3; in addition, the H2S can be oxidised into a 
sulphate, which is often responsible for the sensation of
dry mouth. Another potentially undesirable effect of SO2

is increased ethanal formation in the yeast4.
• it has a noticeable smell and/or can mask some of the

more positive aromas of the wine5.
• when combined with anthocyanins (pigments in red

and rosé wines), it can cause partial, but reversible,
decolouration of these pigments.

The significance of these drawbacks has meant that a lot of 
research has been conducted in this area, with the aim of 
reducing the use of SO2 in oenology and finding alternatives 
for both its antimicrobial and antioxidant properties.

One of the major risks involved when attempting to 
reduce sulphite levels in the vinification of whites or rosés 
is oxidation. This is a key component in producing these 
types of wine, whereas the microbiological risks often 
take precedent for reds; it is this latter problem which the 
alternatives seem to be able to manage well.

In all cases, the pH of the must and the wine is the key 
parameter that guides many decisions. At a low pH (close 
to 3.0), SO2 is more balanced in its molecular, active form 
and the risk of microbial, oxidative, and enzymatic oxidative 
changes is reduced. At a high pH (higher than 3.5), wines 
are more sensitive to attacks from contaminants (e.g. 
Brettanomyces or certain harmful bacteria) and to oxidation.
Managing the acidity of the wine is therefore a priority 
control mechanism, and musts should be treated differently 
according to their pH.
Similarly, maturity levels, polyphenol content in the grape 
varieties, the duration of pre-fermentation operations, the 
temperature at each step in the process and the quality of 
transfers are other key control mechanisms, which should 
be adapted to determine an alternative procedure.

THE DIFFERENT FORMS OF SO2 AND THEIR IMPORTANCE IN OENOLOGY
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1 Ribereau-Gayon, 1933 ; Dubernet, 1973 ; Vivas, 1999
2 Kovac, 1979
3 Henschke et Jiranek, 1991
4 Cleroux et al, 2015
5 Peynaud et Blouin, 1991

The Institut Œnologique de Champagne has 
been investing in this research for several years. 
Drawing on our partnerships with research 
institutes and suppliers, IOC is now in a position 
to offer a vast, although not exhaustive, range of 
methods or tools that can be used as alternatives 
to sulphur dioxide. The aim is not necessarily to 
completely eliminate its use, rather to significantly 
reduce the use and content of sulphur dioxide in

wines.

Of course, usage should be adapted to the 
individual raw materials, type of vinification, 
risk level, product objective and technical and 
economic constraints. Our oenologists will be 
delighted to assist you with the creation of a 
personalised procedure.
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 STEP  BY  STEP : THE  R ISKS A  SSOCIATED WITH REDUCING
SULPHITE  ADDIT ION AND THE POTENT IAL ALTERNAT IVES

STEP MICROBIOLOGICAL 
RISK

OXIDATIVE 
RISK

RISK OF INCREASING 
SULPHITE LEVELS

RISK OF
COMBINING SO2

MICROBIOLOGICAL
CONTROL SOLUTION

OXIDATION CONTROL
SOLUTION

Transport from grape harvest 
to the winery

STRONG
depending on time, 

temperature, hygienic 
conditions, condition of the 

grape berry, pH etc.

POSSIBLE
depending on the condition 

of the grape berry
LOW LOW • MICROBIOLOGICAL BIOPROTECTION with GAÏATM • GLUTAROM EXTRA (reducing power)

• + potentially ascorbic acid.
Pre-fermentation cold maceration

Pellicular maceration  
(generally not advised with 
sulphite-free vinification)

HIGH 
depending on time, 

temperature, hygienic 
conditions, pH etc.

HIGH
more significant  

polyphenol extraction
LOW LOW

• Conduct at low temperature and with GAÏATM.
• Enzyme addition with EXTRAZYME MPF 

to catalyse changes.

• GLUTAROM EXTRA (reducing power)
• + potentially ascorbic acid.

Pressing MEDIUM

HIGH
depending on the  

type of pressing and 
the raw material

LOW LOW
• Enzyme addition with EXTRAZYME TERROIR 

for selective extraction and to begin 
the breakdown of pectin.

• GLUTAROM EXTRA (reducing power)
• + potentially ascorbic acid
• For certain product types: controlled oxygenation.

Maceration of the sludge

HIGH 
depending on time, 

temperature, hygienic 
conditions, pH etc.

MEDIUM
depending on inerting, 

polyphenols, time, 
temperature

LOW LOW
• Conduct at low temperature and with GAÏATM.
• Enzyme addition with EXTRAZYME MPF to catalyse 

changes.

Settling

HIGH 
depending on time, 

temperature, hygienic 
conditions, pH etc.

MEDIUM
depending on inerting, 

polyphenols, time, 
temperature

LOW LOW
• FLOTATION with Qi’Up and INOZYME TERROIR

recommended.
• For static settling: GAÏATM and INOZYME TERROIR.

• Flotation settling recommended for deoxygenation:
QI’UP

• Bonding of polyphenols and oxidation catalysts:
QI NOOX (non-animal, non-allergenic antiradical).

Alcoholic fermentation HIGH LOW HIGH HIGH
• Yeast as soon as possible with a S. cerevisiae flora 

that either does not produce SO2 or ethanal, or 
produces them in small quantities (IOC BE yeasts).

• GLUTAROM EXTRA after yeasting to enrich the wine 
with glutathione and to increase future resistance.

• Organic nutrition with thiamine (ACTIVIT O) to restrict 
the formation of compounds that combine with SO2.

Malolactic fermentation HIGH
HIGH

(if delay before 
triggering MLF)

LOW MEDIUM
• Co-inoculation of selected wine bacteria 

recommended to restrict bacterial contamination and 
to respect the varietal characteristics of the wines.

• Co-inoculation or early inoculation at 2/3 of AF 
with MAXIFLORE SATINE or INOFLORE to remove 
the ethanal.

Ageing HIGH HIGH LOW
HIGH

(oxidation of ethanol 
into ethanal)

• pH management (acidification) where necessary.

• Ageing on selected lees to protect the wines against 
oxidation.

• Tannins adapted to restructure the wines if the 
polyphenols have been oxidised.

Each time the wine is moved LOW HIGH LOW MEDIUM • Hygiene, pumps, pipes, vats etc. • DESOXYGENATION.

Bottling then storage MEDIUM HIGH LOW HIGH • Appropriate filtration.

• Choice of stoppers
• Care with filtration and bottling in order to minimise 

oxygen addition.
• Ascorbic acid: in certain circumstances only 
• It may still be necessary to add SO2.
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 STEP  BY  STEP : THE  R ISKS A  SSOCIATED WITH REDUCING 
SULPHITE  ADDIT ION AND THE  POTENT IAL  ALTERNAT IVES

STEP MICROBIOLOGICAL
RISK

OXIDATIVE
RISK

RISK OF INCREASING
SULPHITE LEVELS

RISK OF  
COMBINING SO2 

MICROBIOLOGICAL  
CONTROL SOLUTION

OXIDATION CONTROL 
SOLUTION

Transport from grape harvest 
to the winery

STRONG
depending on time,

temperature, hygienic 
conditions, condition of the 

grape berry, pH etc.

POSSIBLE
depending on the condition 

of the grape berry
LOW LOW • MICROBIOLOGICAL BIOPROTECTION with GAÏATM • GLUTAROM EXTRA (reducing power)

• + potentially ascorbic acid.
Pre-fermentation cold maceration

Pellicular maceration 
(generally not advised with 
sulphite-free vinification)

HIGH
depending on time,

temperature, hygienic 
conditions, pH etc.

HIGH
more significant 

polyphenol extraction
LOW LOW

• Conduct at low temperature and with GAÏATM.
• Enzyme addition with EXTRAZYME MPF

to catalyse changes.

• GLUTAROM EXTRA (reducing power)
• + potentially ascorbic acid.

Pressing MEDIUM

HIGH
depending on the 

type of pressing and 
the raw material

LOW LOW
• Enzyme addition with EXTRAZYME TERROIR

for selective extraction and to begin
the breakdown of pectin.

• GLUTAROM EXTRA (reducing power)
• + potentially ascorbic acid
• For certain product types: controlled oxygenation.

Maceration of the sludge

HIGH
depending on time,

temperature, hygienic 
conditions, pH etc.

MEDIUM
depending on inerting,

polyphenols, time,
temperature

LOW LOW
• Conduct at low temperature and with GAÏATM.
• Enzyme addition with EXTRAZYME MPF to catalyse

changes.

Settling

HIGH
depending on time,

temperature, hygienic 
conditions, pH etc.

MEDIUM
depending on inerting,

polyphenols, time,
temperature

LOW LOW
• FLOTATION with Qi’Up and INOZYME TERROIR

recommended.
• For static settling: GAÏATM and INOZYME TERROIR.

• Flotation settling recommended for deoxygenation: 
QI’UP

• Bonding of polyphenols and oxidation catalysts: 
QI NOOX (non-animal, non-allergenic antiradical). 

Alcoholic fermentation HIGH LOW HIGH HIGH
• Yeast as soon as possible with a S. cerevisiae flora

that either does not produce SO2 or ethanal, or
produces them in small quantities (IOC BE yeasts).

• GLUTAROM EXTRA after yeasting to enrich the wine
with glutathione and to increase future resistance.

• Organic nutrition with thiamine (ACTIVIT O) to restrict
the formation of compounds that combine with SO2.

Malolactic fermentation HIGH
HIGH

(if delay before 
triggering MLF)

LOW MEDIUM
• Co-inoculation of selected wine bacteria

recommended to restrict bacterial contamination and
to respect the varietal characteristics of the wines.

• Co-inoculation or early inoculation at 2/3 of AF
with MAXIFLORE SATINE or INOFLORE to remove
the ethanal.

Ageing HIGH HIGH LOW
HIGH

(oxidation of ethanol 
into ethanal)

• pH management (acidification) where necessary.

• Ageing on selected lees to protect the wines against
oxidation.

• Tannins adapted to restructure the wines if the
polyphenols have been oxidised.

Each time the wine is moved LOW HIGH LOW MEDIUM • Hygiene, pumps, pipes, vats etc. • DESOXYGENATION.

Bottling then storage MEDIUM HIGH LOW HIGH • Appropriate filtration.

• Choice of stoppers
• Care with filtration and bottling in order to minimise

oxygen addition.
• Ascorbic acid: in certain circumstances only
• It may still be necessary to add SO2.



LOW SO2 SOLUTIONS : INNOVATIVE AND TAILOR-MADE TOOLS  
FOR REDUCING SULPHITE CONTENT
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ALTERNATIVE PROCEDURE FOR REDUCING  
SULPHITE ADDITION AND SO2 CONTENT
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Conscious of the fact that reducing the concentration 
of SO2 in wines cannot be achieved through traditional 
procedures alone, IOC has developed the Low SO2 solutions 
range: a set of complementary products and techniques 
that have been specially designed for this purpose. 

The decision whether to use these tools or not is made 
following a detailed study of the existing procedure and 
its constraints and risks (microbiological and oxidation), 
whilst keeping the objective of reducing sulphite levels at 
the forefront of the process.

GRAPE HARVEST AND PRE-FERMENTATION STEPS 
USING LIFE TO CONTROL LIFE: GAÏATM

From harvesting to the vat or press, the microorganisms 
responsible for producing acetic acid (such as Kloeckera 
apiculata) could multiply at breakneck speed. This risk 
is amplified once pre-fermentation maceration begins, 
especially if the temperature is relatively low or if the 
maceration duration is particularly long.

The French Wine and Vine Institute selected GaïaTM, a 
Metschnikowia fructicola yeast with no fermentation ability 

to counteract this harmful flora. It can therefore occupy the 
ecological niche by reducing both deviations and the risk of 
starting alcoholic fermentation too early. In this respect, it 
is quite natural that GaïaTM is a significant tool for reducing 
pre-fermentation sulphite addition, both when used in the 
vatting process and in earlier phases (harvest bins). It 
also facilitates the implantation of the S. cerevisiae that 
have been selected and inoculated to drive fermentation.

MUST AND ALCOHOLIC FERMENTATION – ANTICIPATING ENRICHING  
THE WINE WITH GLUTATHIONE: GLUTAROM EXTRA

Glutathione (GSH) is a tripeptide that indirectly exhibits a 
strong antioxidant effect. It reacts with quinones to prevent 
their agglomeration (responsible for browning musts and for 
oxidised wines) and the oxidation of aromatic compounds. 
Although GSH is found naturally in grapes, its concentration 
is too weak to effectively protect the wine.

GLUTAROM EXTRA is the result of the latest selection and 
production techniques of inactivated yeasts with very high 
levels of GSH. If it is added at the start of the fermentation 
process, it is possible to obtain a wine with a higher 

concentration of GSH at the end of the process, provided 
that appropriate amounts of organic nitrogen are added 
to the yeast.

In cases of low sulphite levels, the positive impact created 
by this richness in GHS is distinct on the aroma of the wine, 
including in reds.

It has also been demonstrated that adding an inactivated 
yeast that is rich in GHS could be more effective for the 
aromatic content than by adding pure glutathione. This is 
probably due to synergies with the other yeast compounds.

ALCOHOLIC FERMENTATION - AVOIDING PRODUCTION OF SO2  
AND ITS COMPOUNDS: IOC BE YEASTS

Conventional yeasts, especially certain wild yeasts, are 
likely to produce varying quantities, and often extremely 
large quantities (from 40 mg/L to upwards of 100 mg/L) of 
SO2. These yeasts generally produce significant amounts 
of ethanal, the most powerful element in combining 
sulphites. This ability to produce acetaldehyde depends on 
temperature, turbidity and the nutrition applied to the must. 

However, some rare yeasts do not have this ability to 
produce SO2, regardless of the fermentation environment. 
Recent innovative selection methods have made the 
procurement of these yeasts possible for oenology, the 
fruit of which is IOC BE range. The first of these yeasts, IOC 
BE THIOLS and IOC BE FRUITS, transcend the conventional 
range of low SO2 /ethanal producing yeasts on offer (IOC 
TwICE, IOC R 9008, IOC PrimRouge etc.).

Grenache rosé (Initial sulphite added  
30 mg/L - pH 3,30 - TAV 14% vol.)

Sauvignon blanc (Initial sulphite added  
50 mg/L - pH 3,27 - TAV 12,5% vol.)

Sauvignon blanc (Initial sulphite added  
40 mg/L)

Sauvignon blanc (Total sulphite added  
55 mg/L - pH 3,27 - TAV 12,8% vol.)

Sauvignon blanc (Total sulphite added 
35 mg/L - pH 3,45 - TAV 12,6% vol.)

 Production SO2  - Deviations between SO2 added and total SO2 measured
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IOC
 ZI de Mardeuil - BP 25
51201 EPERNAY Cedex France www. ioc.eu.com

Tel +33 (0)3 26 51 96 00 
Fax +33 (0)3 26 51 02 20 
ioc@iocwine.com

MORE INFORMATION

You can find more information in the articles  
published by IOC available on our website: www.ioc.eu.com




