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Sulfur dioxide

Applies to: Winemakers looking to understand how oxidative damage occurs and

Choose your country or region
how a variety of winemaking tools prevent it. This article offers options for

Africa / Middle East Europe North America
preventing oxidation while reducing the use of SO

Asia

s I ~
how a variety of winemaking tools prevent it. This article offers options for

South America

e Forluputs | Expanc

preventing oxidation while reducing the use of SO».

https://www.lallemandwine.com/fr/france/pratiques- o
) . . - https://scottlab.com/oxidative-damage
oenologiques/vins-peu-sulfites/?page=1
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Biological strategies
to reduce chemical inputs
during winemaking

Ver. Oslo 2019
X
localization into Japan 2025

Ann Dumont, M.Sc.
Marion Bastien Ing. Oenologue
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A real challenge for all the wine professionals

Reducing chemical intrants in winemaking
$;§" a real challenge for the wine industry,
f@%\ from a market

o

[ %

a§@ 7‘#

from a technical point of wg‘éJ
to respect the right balance, to respect the tei . 7i&
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Overview of winemaking steps & risk management

L {

R ot x T wHACCPE’m{ﬁi‘ﬂEﬁ X

steps Correction &

Fermentations Stabilization
management

Storage &
Transport

Main xyda | Oxydation | Proteic stability
risks to Mlcroblologlcal | Microbial contamination | Tartaric stability
manage LSpoilage Reduction Quality improvement

Fermentation issues

Microbial contamination|

Main SO, SO,
chemical | Ascorbic acid Acids (tartaric, citric, lactic, etc.) PVPP

intrants Diammonium . Salts (Falcium carbonate, CMC
Phosphate, ammonium  potassium salts) Salts
sulfate Copper sulfate or citrate Metatartaric acid
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Overview of winemaking steps & risk management

¢ ¥

Prefermentative
steps

Challenge n°1 : oxydation
Fermentations

management

Main | Oxydation |

risks to Microbiological
spoilage
Fermentation issues

manage

Main SO, ol

chemical | Ascorbic acid Pl

intrants Diammonium \ &
Phosphate, ammonium e
sulfate : 508
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Prefermentative
steps

Fermentations
management

Challenge n°2 :
Main Oxydation microbiological

i Microbiological . . .
risks to ‘ | & \ spoilage/contamination
manage spollage

Fermentation issues

Main

chemical Ascorbic acid
Diammonium
Phosphate, ammonium
sulfate

intrants
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Protection from oxydation in prefermentative steps

OH o What is one of the main mechanism of
on Caftaric acid oxydation in the early stage of white
(phenol) winemaking?

L=
INITIA” 92

v Browning

Quin
Very s
oxyd

GLUTASTAR"‘

- Thiols
4 \ precursors
N oxidation
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OH » Glutathion = natural tripeptide present
on Caftaric acid in grapes AND yeast

(phenol) Reduced glutathion (GSH) = strongest
natural antioxidant compound
=] in wine (the lowest redox potential)

v “ Limit / avoid
browning

(0]
N QuinonesA U
| V‘ e
< (& )
GLUTASTAR” 3 Protect thiols
| precursors

GLUTASTA ; >

from oxidation

W ST
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9 4

SPECIFIC
YEAST DERIVATIVES

Field results

Positive impact on color in rosé wines

Cinsault rosé (Provence, France) - Low SO, protocol

=t S0, |

2.5 g/HL / Visual monitoring of the rosé wine after bottling

GLUTASTAR™ With hai so,

o= — 1 N

M10 @ M1 M12 M13 M14

Sleld b & & 8

L2 113 ]
K12 K13 Kt
J12 Ji3 Ju

- - 12 118 114

ll — -

50, SYD BLUTASTAR™

2.5 g/hL 30 g/hL 30g/hL g DU ROSE

Thanks to GLUTASTAR™, we could divided SO, addition by two while preserving wine color
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9 4

SPECIFIC
YEAST DERIVATIVES

Field results

Positive impact on tasting

Chardonnay (1UVV, Burgundy, France) - Low SO, protocol

) Sensorial analysis (IUVV, 25 tasters) « Triangular tasting:

‘- Half SO2 —FullSO2 —Half SO2 + (G JTASTAR™ 3 wines significantly different
) * Wine "Half SO™ + GLUTASTAR™":
Argmatlc... more fruity and floral notes,

less reductive and less vegetal

Volume Redox***

F t % Kk k X .
2T THREYL
Vegetal* t ’

—~ - Significant at
o) vy
1! - {:._ch;;gj' *10% - ** 5% - ¥** 1% - **** 0,5%
- Guyol

Acidity

G
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SPECIFIC
YEAST DERIVATIVES

Field results

Positive impact on tasting

Pinot noir (IUVV, Burgundy, France)
sorial analysis (IUVV, 25 tasters)

—~Control —uiutastar * Triangular tasting:
T GLUTASTAR™ 2 wines significantly different
5g/hL SO2(Full dose) +2.5g/hL SO2(Half dose) Wine "GLUTASTAR™":
Complexit )
7 prextty more volume, better structure with
6 N .
Length s Vegetal more fine tannins

o GLUTASTAR™ also have a positive

impact on red wines

t [ Quality of tannins*’a Acidity

)
Quantity of
tannins**

) e uw Significant at
!A D) B *10%- ** 5%
‘. Guyot

T ¢ TFLyvahFEYICbISEEE

G
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Yeast characterization e

Impact on wine color A420nm is significantly reduced with Mp4 in Grenache

Absorbance 420nm

rosé, indicating a lower oxidation

Visible to the £ > < > < P
naked eye

=
=

GRENACHE

ROSE

o~ o
(@) (@)
N n
)
=

Cf. SB trial at 8C for 24h (2 052025 p22)
Deroite, ASEV 2022, San Diego
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Mp4(INITIA) D EZ 1L Bh L e R 0 Sl Bk

Yeast characterization

Impact final thiols concentration in wines

3MH on final wines AMMP on final wines

25

3MH (NG/L)
AMMP (NG/L)

[y
=]

-~ Mp4
=4 204 _
221
159 5

Sauvignon Grenache Rosé Sauvignon

Deroite, ASEV 2022, San Diego
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Mp4(INITIA) ZHEFIERE

m
. . g e
Yeast characterization
Pilot trial Chardonnay 2020 (Sicarex, France) No SO,, no bioprotection
No SO, winemaking Mp4: 10 g/hL
Yeast Population in the must: Hanseniaspora Other yeasts
5 days of 50% 50%
Hanseniaspora cold stabulation
32% at 10°C
-
D ZETRTF 3% vs 100%
Mp4
Other yeasts Hanseniaspora
68% 3%
97% Mp4

Viable Hanseniaspora percentage decreases with Mp4 bioprotection

Deroite, ASEV 2022, San Diego
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Protection from oxydation in prefermentative steps

* Another way to limit oxydation:

- Yeast consumes oxygen
_ Earl\l vinAct ;Y\I\ﬁlll'\+;ﬁr\ NN hlnhrnﬁrn A;(‘(‘ﬁl\lnf\l ﬁ\(ygen in

oqr| EREEOD [BHAEl] EEBICL P2 AFRREE
A

_ New applications and research

LALVIN LALVIN LALVIN LALVIN®
ICV OKAY ICV OPALE 2.0° PERSY SENSY

LALVIN ICV OKAY™ LALVIN ICV OPALE LALVIN PERSY™ LALVIN SENSY™

For Young, Fresh and Aromatic 2.0™ For sulfur compound For sulfur compound

Wines For rosé and white wine with management in reds management in white and
citrus and exotic notes g

https://www.lallemandwine.com/en/united-states/winemaking-practices/low-so2-wines/
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P ro LALVIN LALVIN LALVIN' LALVIN bes
ICV ONAY ICV OPALE 2.0° PERSY SENSY

\
AR RS B ELERHEE IC X 5 ZEHEIS vs B E

itrus and exotic notes

Low sulfites Normal sulfites Low sulfites

(3,7 g/hL SO,) (7,5 g/hL SO,) (3,7 g/hL SO,)
NO yeast addition 2 NO yeast addition + Yeast addition

Brettanomyces end of AF (CFU/mL) 40 000 3 000 700
Volatile phenols end of AF (ug/L) 94 12 17
Volatile phenols end of MLF (ug/L) 467 68 \ 75 /

Source: IFV

Only early yeast inoculation
coupled with a half-dose of
sulphiting is effective

Even significant SO, addition will not prevent
completely Brettanomyces contamination
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Protection versus spoilage microbes

Il pelios Early wine bacteria inoculation

ML PRIME™ ) ) ,
—e— Lalvin31™ —e— Lalvin VP41™ <~ Omega™ —a— Control (spontaneous)

Bio-control to preserve wine

quality and reduce risk of VA 7 O
Very efficient biocontrol of

& 0.o0eni MBRs Brettanomyces growth thanks

o % to the selected bacteria
5.0

4.0

3.0 ' S —e

2.0
No SO, added, population follow up
2 months after MLF

Brettanomyces population (log cfu/m

.0
0.0
0 10 20 30 40 50 60 70 80
Time (days)
Brett contamination End of MLF End SENIE forcantial
(100 cfu/mL) for selected Eoontanasus)
Bacteria inoculation (1g/hL) bacteria &
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Overview of winemaking steps & risk management

¢ ¥

Prefermentative

steps
Fermentations
management
Main Oxydation
risks to Microbiological
manage spoilage

Fermentation issues

Challenge n°3 :

Main fermentation issues ,

chemical Ascorbic acid (et i

intrants Diammonium EHREZMEIES
Phosphate, ammonium BHEBRONZEZRLTS=RE A,
sulfate 9y e
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Overview of winemaking steps & risk management

Prefermentative
steps Correction &

Fermentations Stabilization
management

Fining & Aging

Storage &
Transport

Main Oxydation

risks to Microbial contamination
manage Reduction

Main

chemical Acids (tartaric, citric, lactic, etc.)
intrants Salts (calcium carbonate,

potassium salts)
Copper sulfate or citrate
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Prefermentative
steps

Fermentations
management

Fining & Agin
Correction & £ e

Stabilization Storage &
Transport

|

Reduce SO,

FEEE5E TR D]
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Stabilization at the end of fermentations

* Why reduce SO,?

-T sozch'ot' BEE LWERDTRE L T EEIT S5

TEs=T2H90ENERIMLT 2
- T miﬁwg;ﬁ L-,'-:\i.%
T (MWELIZA. MFZ{EET 37-9) nes, etc.)

* How to reduce SO,7?
1. BEHEOMNEZERT S endy

- N KR
4 )
www.lallemandwine.com L\®) | LALLEMAND OENOLOGY
g S,
WINE WINE NUTRIENTS
N BACTERIA /PROTECTORS N

Ispu:mc iiiiii CHTOSAN ~ VINEYARD Original by culture



SO, in wine: a quick reminder

Antioxidasic
Antioxidant
. | Anti bacteria Anti fungi
Sensorial impact |
Antiseptic
high pH (3.4-3.9) low pH (3.2 - 3.4)
low T° <25°C high T° >25°C
high TA

‘ Limit binding to increase active form of SO,
Manage pH
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Molecules that bind SO, in wine
7 P A ERERONE 2E < ERGE X EE

Acetaldehyde _

. Pyruvate 20-330 0,3

Acide 2-oxoglutarique 50-330 0,5 25
IGIyoxaI 0,2-0,5 - 81
IMéthnglyoxal 0,7-6 0,017 87
Acide galacturonique 100-700 17 10
Acide glucuronique Traces-60 50 1
5-oxofructose Traces-2500 0,48 22
IDihydroxyacétone Traces-20 2,65 16
IGchéraIdéhyde Traces-10 0,4 26
Acide gluconique 1000-25000 20 -
Acide 2-oxogluconique Traces-1200 1,8 -
Acide 5-oxogluconique Traces-500 - -
T et 6-gluconolactone 6% et 4% d.e Facide 4,22 5,6

gluconique
Glucose +100g-L* 800 0,03

Dissociation constants, levels in wine, and binding rates in wines made from botrytis-affected grapes.
Source: Burroughs-Sparks, 1964, 1973; Blouin 1965, 1995; Guilloux-Largeteaux, 1996; Barbe, 2000
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SO, binding compounds:
the key role of acetaldehyde

* Present in wines with concentration from a few mg/L to 150 mg/L
 Perception threshold: 40-45 mg/L
* Main origin: yeast metabolite during alcoholic fermentation

* 1 mg acetaldehyde binds with 1.5 mg of SO,

 Binding is fast. At pH 3.3, 98% of the acetaldehyde binds in
1 hour and a half and 100% binds in 5 hours!

V) DA HEVWERERRMETR< !

« Example ) n a wine after

alcoholic s is than 10 mg /L
e, BEICTRFEEESELRL! °

_ If the acetaldehyde level is 20 mg/L, sulphiting must be 3 g/hL.
_ If the acetaldehyde level is 50 mg/L, sulphiting must be 7 g/hL!

www.lallemandwine.com @ @ ‘MD @ @ e LALLEMAND OENOLOGY
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How to limit SO, binding compounds?

The role of initial SO, addition

70

& —f— 4 g/hL SO, in one addition
. —@— 49g/hL SOzin three addition
%', 50 —fk— 10 g/hL SO,in one addition
£ —4@— 10 g/hL SOzin three addition
:: 40
§ 30
8 Avoid high SO, addition
£ 2 at the beglnnlng,

o especially

if added in one single
0 — addition
FL DB 1060 1010 FFA MISE
Winemaking steps
S —
45l - LR D ET =5 E
Source: IFV Centre du Rosé
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Specific yeast selection:
low SO,, acetaldehyde & H,S production

S04
v Skp2p
o | 50,
'Homoserine *
LALVIN® LALVIN® LALVIN® LALVIN met2 S
ICV OKAY CV OPALE 2.0 PERSY SENSY !
LALVIN ICV OKAY™ LALVIN ICV OPALE LALVIN PERSY™ LALVIN SENSY™ Homocysteine
For Young, Fresh and Aromatic 2.0™ For sulfur compound For sulfur compound
Wines For rosé and white wine with management in reds management in white and L
ow acetaldehyde
)

citrus and exotic notes rosé

SO, & H,S wine yeast
Acetaldehyde (mg/1t4)

—=  SCIENCE & IMPACT

40
30 Montpellier
20 - Suplalsite

10 - GROUPE 4‘

° [QVPR

Control yeast Low acetaldehyde
. L'art & I'expertise du vin
yeast selection
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Managing a balanced and non chemical yeast
nutrition to ensure healthy fermentations

DAP or AS (chemical
form of nutrients)

CARBON
EERRE [/INTFT VR

/ e.g. DAP Hi{K|3 TiEE |
/ Ammonia
VITAMINS [B&]

@4 mEHT T

F77L ==
‘ (o]:{c7:\\\|[®
. 7t FmIVE o
: ) Amino acids,
=) small peptides

OXYGEN & Yeast autolysates
MINERALS LIPIDS (organic forms of
nutrients)
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Managing a balanced and non chemical yeast
nutrition to ensure healthy fermentations

* One example of the lipids role and interaction with

-

D — * Experimental conditions
e o o e ) 5 oy
W e .. @ — Same yeast, same conditions

S — Impact on viability

80.-. — Variables

3 Nitrogen Levels: low, medium and higt (7]
142 and 425 mg/L YAN)

2 lipids levels: deficiency (5%) vs no
deficiency (100%)

60_

"y
s
r—
=
m
P2

40""‘ . . . o1 P \
——— SM71LF5% * Nitrogen does not impact yeast viabilit

——— SM142 LF5% : e e e .
Warning against DAP!

fEE : ERORBAUYNIFIVR > EEHBITE o

0 20 40 60 80 100 only is even more detrimental for yea

Production of CO:z (g.I"") ) viability!

it 1 Echerche Agronomique
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Warning against DAP!
Mane cf et : =04 /85 v 2R |} — 1 — ast

nutrit J
<y
, =353 kT2
Panthonetate (B5) and sulfur off flavors (H,S)
P 60 mg/L YAN - 250 mg/L YAN o
6000 -
ey Ecyff;?;& S * Pantothenate deficiency
S A
2 = High H,S production
g 4000+
2 30000 ! * Even worse in high YAN
= ) condition and
2 2000 & panthotenate deficiency.
b
1000'1 d o ) * Nitrogen management is
y
, | L 1B _ I Sl not enough...
10 50 250 10 50 250
Wang et al., 2002 Pantothenic acid (ug/L)
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Managing a balanced and non chemical yeast
nutrition to ensure healthy fermentations

« Example of the mineral role:
Magnesium & ethanol tolerance

o Warning against DAP!

" MghG L EERIIESICRVLWIINEG L
% 8041
g U S. cerevisiae viability
0 ol after 60 minutes of
E ethanol stress
e 607 02 mM Mg | )
S nfluence of various
3 40__ u .50 mM Mg . 2+
> concentrations of MG
= 3047]
8
5 2041

10

0 =5 =

0% 5% 10% 15% 20%
Birch and Walker, 2000
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How to limit SO, binding compounds?

FT7IVARE

\l, o
Ther Tk & ELE nine)

N2

concentration [mg/L]

300.0 HEARISO2IE =502 EHNEL KB
I acetaldehyde
250.0
2-ketoglutarate
200.0
— - M pyruvate
100.0 Warning against DAP!
50.0
0.0 [ B B
control thiamine ammonium thiamine +
ammonium
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Overview of winemaking steps & risk management

Prefermentative

Fining & Aging
steps Correction &
Fermentations Stabilization S+t0rage &
management ransport
Main Proteic stability
risks to Tartaric stability

manage ualit .|m rovement
Oxydation

IMicrobiaI contamination |

Main
chemical PVPP
intrants CMC

Salts

Metatartaric acid
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Stabilization at the end of fermentations

* How to reduce SO,7?

2. NAFATHILY —ILDIFE
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Fining alternatives
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Chitosane & chitine glucane:
an action towards bacteria

* Fighting lactic bacterias...

Lactic acid bacteria management in red wines in Winery-scale trials.

Lactic acid bacteria population (cfu/mL)
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O. oeni
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1.E+00 - —
ﬁ.rgenﬁna Spam Merlot 2014 Spam S}rrah 2015 Spam 2015
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Total $0,99 Total S0, 6
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Chitosane & chitine glucane:
applications

* Malolactic fermentation control

FFEMLFF B H B TOEEHR C
> UYVOBRORE=7Ly>al74 %y 772 -0l
EGT IV, VABRTH

Trial in a Chardonnay wine (pH = 3.4) in collaboration with IFV:
Comparison of different microbial stabilization tools
o || and kinetics of malic acid degradation in the case
of alactic acid bacteria contaminated wine.

Malic acid degradation - Chardonnay 2014 - pH 3,4
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' Time
0 10 20 30 40 50 60 70 80 90 100 (days)

actiless™ can avoid malolactic fermentation in white wines.
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Overview of winemaking steps & risk management

Prefermentative
steps Correction &

Fermentations Stabilization
management

Fining & Aging

Storage &
Transport

Proteic & tartaric stability
uality improvement

Oxydation
Microbiological spoilage

Main risks

to manage
ermentation issues Oxydation
Microbial contamination
Main SO, SO, SO

2
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Low SO2 Winemaking 2026(?)

.. and more, stay tuned!
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