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Outline

• What is the Redox Potential (aka Electrode Potential, Oxidation-
Reduction Potential, ORP)?

• Why is it important during wine fermentations?

• How is the potential measured in fermentation systems?

• How can it be controlled by aeration during red or white fermentations?

• What target values should it be controlled at during fermentation?

• Some examples of research and commercial-scale fermentations.

• Why is it the more useful control variable than dissolved oxygen during 
wine fermentation?



Some Background

Oxygen does not (cannot) oxidize anything until it is activated by components in solution (iron and copper tartrate 

complexes) or temperature or light…to hydrogen peroxide.

The extent to which oxygen can be activated is determined primarily by the available iron(II) tartrate complex in wine. 

Half of the iron (II) is in this complex form and half is in the free iron(II) form at resting juice (and wine) potentials.

The iron content would be 30 uM, if the wine contains 5 mg/L of total iron. Most wines will be 1 to 3 mg/L in total 

iron, 6 to 18 uM.

Typical hydrogen peroxide formation is between 5 to 10 uM. The amount of oxygen consumed by this is at most 10 

uM, or about 0.3 mg/L of dissolved oxygen. No more is needed (or can react) at each addition.

The major reactions of hydrogen peroxide are with free SO2 to form sulfate, with iron (III) to reform iron (II) for the 

next round, and with glutathione, GSH  to form oxidized glutathione, GSSG.

In the presence of ethanol, the hydrogen peroxide forms the hydroxyethyl radical, which is the real oxidizing agent in 

wine. 

No dihydroxy phenols (or tannins) were oxidized (or used) during these reactions. They play no role in redox potential.



Why is it important in Wine  
Fermentations
Prevents formation of H2S from elemental Sulphur

Prevents the formation of certain sulfur components by Yeast

Affects yeast viability and fermentation activity once yeast growth has ceased

This prevents sluggish and stuck fermentations



https://www.hamiltoncompany.com/process-analytics/sensors/ph-and-orp-probes/pre-pressurized-ph-and-orp-

sensors/easyferm-plus-orp-sensors/easyferm-plus-orp-sensors-arc

Cleaned after each Fermentation,

Calibrated in Lab against Reference Solution

Installed in Fermentor prior to filling

Has liquid filling solution, 

Needs to be mounted vertical 

or at 45 degrees

We prefer 45 degrees on side of the 

Fermentor Wall, no obstruction for skins

How is it measured?

https://www.hamiltoncompany.com/process-analytics/sensors/ph-and-orp-probes/pre-pressurized-ph-and-orp-sensors/easyferm-plus-orp-sensors/easyferm-plus-orp-sensors-arc








Some Wine Fermentation 
Examples of Redox Potential
Joslyn 1949

Schanderl 1959

Rankine 1963

Berovic 2002



Tokay, T=24 C
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Schanderl, H. Mikrobiologie des Weines (1959)



H2S Formation from Elemental 
Sulphur During Fermentation
Rankine (1963)

Maximum H2S Formation is at the Redox Potential Minimum

Spontaneous Formation of H2S from Elemental Sulphur at Potentials below 150 mV



J. Sci. Food. Agric. (1963) 14:79-91
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Controlled Redox Potential Trials
Research Scale, Red Wine, 100 L, 2017 Harvest

Commercial, Surface Measurement, White Wine, 20 KL, 2018 Harvest

Commercial, Wall Mounted, Red Wine, 10 KL, 2020 Harvest

Commercial, Floating in skin cap, Open top-Punch down Red Wine, 300 L, 2020 Harvest

Scaled Fermentation, Red Wine, 100 L, 1 KL, 10 KL, 2021 Harvest



How is it Controlled During 
Fermentation?
Controlling Fermentation above a specific level, say 200 mV

Controlling Fermentation in a specific range, say between 150 and 250 mV

Killeen et al. (2018).









Maximum 

Fermentation 

Rate

~200 mV

~4 Hours



Air addition at 4 to 8

times per day

Rise in mV is almost immediate, 

if well-mixed, 20 to 30 minutes

Reaction decay is approx. 3 to 4 hours



Fermentation Model Parameters

No Redox Control

With Redox Control

Higher Maintenance Rate 

and higher Cell Viability



Commercial Scale Fermentation
White Trial, Surface Float Location, 2018 post Harvest

Hamilton Probe, Reconstituted Juice, 16 C







Commercial Scale Fermentation
Sensor floating in skin cap, Open top-Punch down, Red Wine, 300 L, 2020 Harvest



Open Top,

Cold Soak,

Punch Down,

Pinot Noir.

Floating Epoxy Sensor,

Air Tube on the floor

Note the decline in Redox 

Potential after each punch 

down 

Note the Redox Potential held 

between -50 and zero mV*

Note the Redox Potential held 

between -50 and +60 mV*

* mV on the relative scale, add 

240 for the absolute scale



Scaled Fermentation 2021
Scaled Fermentation, Red Wine, 

Same Grapes at 100 L (3x), 1 KL, (UC Davis) 10 KL (Commercial)

Control to above 150 mV

Results yet to be Published







Why is it more useful than 
Dissolved Oxygen?
It is difficult to get oxygen dissolved into wine, 2 to 4 mg/L at best 

Most the dissolved oxygen is unreactive

Only the first 0.5 mg/L is active, after that it is independent of the DO level



Closing Comments
Less than 1 mg/L of DO is required to get a 100 to 200 mV rise.

The effect is short lived, so frequent or controlled additions are required.

An open tube is adequate, no need for spargers or membranes.

Mixing within the fermentor is important to get this result

The effect of Punch-down or Pump-over is real, but short lived.
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Redox Potential and Iron, Copper
Fe(II) and Fe(III) pair

Cu(I) and Cu(II) pair

Copper sulfides and Elemental Sulphur

Iron and Copper Tartrate Complexes



https://en.wikipedia.org/wiki/Pourbaix_diagram

https://en.wikipedia.org/wiki/Pourbaix_diagram


https://www.911metallurgist.com/oxidation-

reduction-effects-depression-sulfide-minerals/

https://www.researchgate.net/figure/Eh-pH-

diagrams-for-sulfur-and-selenium-species-at-5-C-

and-150-bar-total-pressure-The-30_fig5_283837484

https://www.911metallurgist.com/oxidation-reduction-effects-depression-sulfide-minerals/
https://www.researchgate.net/figure/Eh-pH-diagrams-for-sulfur-and-selenium-species-at-5-C-and-150-bar-total-pressure-The-30_fig5_283837484




The Nernst Equation

Eh = E0 + 0.0592 log [Oxidized] – 0.0592 h pH

n [Reduced]          n

Eh = E0 + 0.0592 log [Fe3+] 

n [Fe2+]           

Eh = E0 + 0.0592 log [Cu2+] 

n [Cu+]           

Eh = E0 + 0.0592 log [GSSG] – 0.0592 h pH

n [GSH]           n

n= 1, h=0

n= 1, h=0

n= 2, h=2



Eh = E0 + 0.0592 log [Fe3+] 

n [Fe2+]           

Eh = E0 + 0.0592 log [Cu2+] 

n [Cu+]           

Eh = E0 + 0.0592 log [GSSG] – 0.0592 h pH

n [GSH]           n

Eh = Em + Eref

Biology: pH 7

Eh7 = E07

Chemistry: pH 0

Eh0 = E0 

Tartrate

Malate

Glutathione

Cysteine 

Measured Redox Potential and Other scales



Fe(II) + Ta = Fe(II)Ta                 β101
II = [Fe(II)Ta]/[Fe(II)]/[Ta]

β101
II = 2.61

Fe(III) + Ta = Fe(III)Ta                 β101
III = [Fe(III)Ta]/[Fe(III)]/[Ta]

β101
III = 13.55

M + H + L = MHL                 β111 = [MHL]/[M]/[H]/[L]

M + H + 2L = MHL2 β112 = [MHL2]/[M]/[H]/[L]2

Metal Binding Constants

EFe(III)/Fe(II) = 0.77 – 0.59*Ln(13.55/2.61) = +348 mV



Measuring Electrode Potential in 
Wines
Nitrogen sparging, Removal of Free SO2 and Dissolved Oxygen

Well-Stirred, Constant Temperature, 20 C

20 to 30 minutes to equilibrate solution and electrode

Record pH as well



1. Nitrogen Sparger

3. Temperature Probe

2. Oxidation Reduction Potential 

(ORP) Electrode

Jacketed 3 Arm Flask

Round Bottom Stir Bar

Magnetic Stir Plate

pH mV meter

1.
2.

3.


