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                                                                    Summary 

 

In wine technology redox potential represents fast, accurate and reliable measurement which results give an insight 

into oxidation as well as reduction ability of wine, its alteration and its influence on quality and stability. Wine as 

the fermentation product express a reductive character related towards the oxidation. The majority of top quality 

wines express very low redox potential characters Eh 240 to 330 mV (rH 15 to 18).  Redox  potential levels from Eh 

270 to 340 mV, ( rH 16 to 18) are typical for healty error free wines, while in opposite Eh 420 to 500 mV (rH 22 to 

24) represents oxidized wines with typical failures. In present research, redox potential was used as a key parameter 

for monitoring of wine fermentation of cabernet sauvignon. 
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Introduction 

Redox potential measurement represents a sum of potentials of all oxido-reduction processes in 

particular fermentation. In this measurement the main indication the metabolism  in microbial 

cells plays the most significant role (1). Its indication is influenced by reversible oxido-reduction 

couples, irreversible reductors,   the activity of free oxygen  and hydrogen (2). It is dependent on 

pH value, equilibrium constant, oxido-reduction potentials in the substrate and dissolved oxygen  

concentration (3). 

In living organisms oxidation-reduction systems play so intimate and so essential a part, that life 

itself might be defined as a continuous oxidation-reduction reaction. It is not surprising, 

therefore, that theoretical speculations and experimental studies on oxidation and reduction 

processes in animals and plants have been actively pursued since the isolation of oxygen over 

150 years ago (4). 

Redox potential was used as a  relevant parameter for bioprocess monitoring in several aerobic 

processes with various microorganisms as Pseudomonas (5), Actinomyces levoris, (6) 

Corynebacterium glutamicum (7), as well as in anaerobic processes where the significance of the 

redox potential has been reported  (8,9). In xylitol production by a recombinant Saccharomyces 

cerevisiae containing xyl-1 gene of Pichia stipatis, the xylitol yield on substrate increased with 

increased xylose activity supported  by high value of redox potential (10). 

In Aspergillus niger citric acid fermentation it was found that for high yielding production,  

particular redox potential levels of  fermentation are of the  essential importance (11,12).  Redox 

potential was used as a main parameter for scale-up  from 10 litres laboratory to 100 and 1000 

litres pilot plant geometrically non similar stirred  tank reactors (12,13).  



In principle there are two possibilities for measuring a redox potential, by redox dyes and by 

electrodes. Measurement of the redox potential by dyes is not exact and requires a number of 

different dyes to obtain just semiquantitative measurements; furthermore, many of these dyes 

may be toxic to the cells or may be inhibit the enzyme activities in biological liquids (14). In 

biochemical engineering in lab and large scale fermentors combined sterilizable platinum as 

indicator and calomel or silver/silver chloride electrode as reference electrodes are in use. As 

electrolyte 3M KCl solution or less often KCl-gel are used.  

 

According to Nernst equation redox potential measurement could be defined as : 

 

E =  E calomel + RT/ nF  ln    a oxidants / a reductants                                                   (1) 

 

                                               where   E calomel = 244 mV E0 

 

and standard redox potential mesurement 

 

                        Eh =  E0 + RT/ nF  ln    a oxidants / a reductants                                                           (2) 

 

In comprehensive wine technology besides the measurements of redox potential in mV more 

often incorrect rH factor is in use. It was introduced by Clark and Cohen 1923 (15) in order to 

eliminate pH dependence on the redox potential.  

 

                                                  

                          rH =     0.0343 Eh + 2 pH;     pH = - log a(H
+
)                                                (3) 

      

 

Where  rH of 0 corresponds to a pH2 = 1 atm and pH = 0, to above rH = 42 corresponding to a 

solution in which pO2 = 1 atm and pH = 0. Although Clark himself  recall this definition as 

incorrect and useless, in wine technology unfortunately it is still in practice. 

 

Finally, variation of fermentation temperature as well as increased partial pressure of carbon 

dioxide could significantly influence in on yeast cell metabolism. According to Nernst equation 

(2) this changes could be observed and reflecting in bioprocess redox potential measurement.   

 

Redox potential is relatively fast, accurate and reliable measurement which results give an 

insight into oxidation as well as reduction ability of wine, and thus can be used as a useful factor 

in wine fermentation. In measured it gives information on redox reaction, that takes place in 

wine and which have an influence on its quality and stability (16). 

 

During ripening, storing and ageing of wine, oxidation and reduction processes which take place 

affect the character and taste of wine to a considerable extent. The intensity of the oxidation and 

reduction can be measured; its unit is the redox potential. The value of the redox potential, 

following the Nernst equation, Eh, depends on the ratio of the activity of oxidised and the activity 

of reduced parts of a certain substance, on the number of electrons and on the constant of the 

system E0 (17). 

 

Redox potential of wine reflects rate and intensity of oxidation and reduction processes which 

took place. Wine represents a complex redox system due to its chemical composition. Generally 

speaking wines show reducing character. As the value of redox potential is in close relation with 

a number of reactions taking place in wine, being either spontaneous or induced, it enables one 

to control the wine making process (16). 

 



The practical significance of redox potential and oxygen content at various stages of winemaking 

were examined by Mazzoleni 1979 (18). Many of chemical, enzymatic and biological processes 

in wine are correlated with the oxidative state of wine. Redox potential measurement asses the 

ability of life of micro-organism, growth as well as the physiological activity in defined 

environment. 

With the addition of sulphur dioxide into the grape juice redox potential will be reduced and the 

fermentation processes will be more slowly. There are big differences in requirements between 

the some yeast species as for redox potential ratio. The addition of H2O2 increases the rate of 

fermentation processes (13).  

 

The sphere of yeast activity is within the limits of –200 mV and 350 mV. Above this value 

oxygen acts toxic and inhibitory, and below the value –200 mV, the concentration of dissolved 

oxygen is too low for normal life conditions of yeast (14). 

 

 

Results and Discuscussion 

 

Wine fermentation generally shows a growth pattern consisting of four phases – lag, exponential 

growth, stationary and decline phases. This process is reflecting also in  on-line redox potential 

measurements of fermentation process (Fig.1). 

 

During lag phase short pseudo aerobic fermentation process occours. This part is significantly 

important. In this phase the relaible amount of biomass is produced and the most of acetaldehyde 

is excreted (19,20,21). High levels of acetaldehyde may cause growth inhibition of yeast and it 

could significantly diminish the glucose consumption rate. In this level the activation of enzyme 

alcohol dehydrogenase started. This enzyme converted acetaldehyde into the ethanol and 

reductive conditions in the system were achieved. Increasing of  fermentation  temperature 

influence on shortering of  duration of pseudo aerobic lag phase. At 18 °C it last 22 hours, at 22°C 

18 hours and at 26 °C only 4 hours. 
 

After this follows the exponential growth phase. During the exponential phase of yeast growth, 

larger amounts of ethanol and glycerol are produced. This phase is also influenced by 

fermentation temperature. This phase is followed by  abruptly decrease of redox potential. At 

higher temperature of 26 °C it is more expressed, it lasts faster with more extended change in 

redox potential up to –140 mV after 22 hours;  at 22 °C to – 50 mV at 28 hours; and at 18 °C to - 40 

mV at 28 hours. Accumulated ethanol finally blocked the microbial growth and yeast metabolism. 

Inhibitive effect of ethanol concentration on the yeast growth rate is also strongly dependent on 

the fermentation temperature (22). Redox potential changes are well related to ethanol 

production.  At the minimum value of measured redox potential,  the ethanol concentration 

reached its maximal value and it became constant until the end of fermentation in stationary 

phase. This change was significantly detected also by redox potential that entered into a steady 

state phase.  At higher temperature of 26 °C it reached – 250 mV and it is more expressed,  at 22 

°C to – 160 mV  and at 18 °C to - 100 mV (Fig.1). Higher fermentation temperature induced also 

higher biomas  and therefore higher etanol production. 

Redox potential in this phase is balanced by secretion of glycerol which acts as osmoregulator of 

the process. Its metabolism and therefore the produced amount is strongly related to fermentation 

temperature, partial pressure of carbon dioxide and the length and intensity of  lag phase.  

The stationary phase followed. Metabolic activity of yeast is blocked by produced ethanol, so 

redox potential here reached a steady state until the end of fermentation.  Enzyme alcohol 

dehydrogenase converted acetaldehyde into the ethanol and reductive conditions were achieved 

in the system.  
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                              Fig.1. Redox potential temperature dependence in Cabernet sauvignon  must. 

                Fermentation temperatures  ▲18, ●22  and  ■26 °C 
 

 

By introduction of carbon dioxide the additional resistance against pyruvate decarboxylation 

towards acetaldehyde was obtained, as a change in the balance between carboxylation and 

decarboxylation reactions. The major inhibitory effects of CO2 build up seem to result from 

changes in yeast membrane composition and permeability (23). As a possible consequence 

limited reoxidation of NADH and dehyrogenases enzymes occured. The yeast metabolism is 

therefore  much slower and it result mostly  in reduced production of ethanol and other higher 

alcohols (Fig.2). 

  

Inhibited production of ethanol, as a reductant substance, is detected also in increasing of redox 

potential.  In opposite introduction of  CO2 , does not inhibit lactic acid biosynthesis.  
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                                                                      Fig.2 Redox potential in Cabernet Sauvignon must: 

                                    with injection of CO2 (solid line) and without CO2 (dotted line) 

 

This inhibitory effect of carbon dioxide is in opposity of temperature  a possibility for regulation 

of decreasing the rate of fermentation and ethnol production. Fermentations with application of 

additional carbon dioxide fluxes proceeded slowlier with lower biomass and lower ethanol 

production compared to those without this tratment (Fig.2). 

 

 

 

Conclusions 

 

Variation of the process temperature, as well as additional inlet carbon dioxide fluxes could be 

applied as useful regulatory parameters, as a tool for regulation the rate of fermentation process, 

as well as a control for production of Saccharomyces bayanus metabolites. The effectivity of this 

process could be monitored  by on-line redox potential measurement.  

Wine fermentation process could be regulated and steered over redox potential monitoring to 

higher production of glycerol and other higher alcohols. According to results redox potential of 

particular fermentation process could be measured and controlled over simultaneous temperature 

and additional inlet carbon dioxide flux control.  Redox potential  fermentation profile for great 

vintage could be measured and stored and later on compared to all further indications. 

The same principle could be used also as effective scaling-up  criterion used in large scale 

production plant.  
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