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Metabolism of  Saccharomyces cerevisiae 



Methods and possibilities for  
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Redox Potential in Wine Technology 
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E =  Ecalomel + RT/ nF  ln aoxidants / a reductants 

   Standard redox potencial 

     Eh =  E0 + RT/ nF  ln aoxidants / a reductants 

Clark rH potential definition  

rH = 0.0343 Eh   +  2 pH  ; rH = - log pH2 ; pH = - log aH2  

REDOX  POTENTIAL 

          Ecalomel = 244 mV E0  



Redox potential in more complex systems 
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  Redox electrode         pH electrode   
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REDOX POTENTIAL in WINE

Wine represent complex oxydo-reductive system composed by :

 Chemical oxydo – reducitive compounds :

alcohols, aldehydes, organic (oxo & keto) acids polyphenols, 

kinons, ascorbic & dehydroascorbic acid, 

Ion couples Fe 2+ /Fe 3+ ; Cu + /Cu 2+

Redox potential in wine express intensivity and the rate of  the 

sum of all oxydo - reductive processes

Metabolic activity of microbial culture and its metabolism 

play the main role

sugars (glucose)  alcohols + biomass



REDOX CHARACTERISTICS of  WINES

Premium quality wines are characterized by the lowest redox potential values

Reductive and close character wines are disposed to oxidation 

Reductive non-oxydized wines Eh = 100 - 180 mV ;   rH=18 do 20

Oxydized wines Eh = 268 - 300 mV ;   rH=24 do 25

White bottled wines : Eh = 275 -280 mV

Red bottled wines : Eh = 100 -223 mV

REDUCTANTS

SO2, ascorbic acid, cell products (cisteine , glutatione) are parameters that are 
decreasing redox potential and express  reductive character

OXIDANTS

Air oxygen, bentonites, mineral adsorbents, peroxyde

PROTECTORS AND ANTIOXIDANTS IN FERMENTATION

Carbone dioxyde, gaseous nitrogen are protective agents

in the pipes and fermentor head space



    

     Redox potential and sensorial analysis in 

wine fermentation 
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Temperature influence 

T [°C] Eh [mV] - starting Eh [mV] - final ΔEh [mV] 

15 210 -10 220 

18 200 -150 350 

24 200 -200 400 
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Redox potential,  reducitive sugars consumtion, acetaldehyde and ethanol at 15, 18 in 24°C 
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Temperature influence on redox potential  

and glycerol biosynthesis 
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Redox potential and glycerol  
in sulfurized grape must  

Redoks potencial in nastanek glicerola pri fermentacijah 

z dodano žveplovo(IV) kislino pri 15, 18 in 24 ºC 

Fermentation temperatures pri 15, 18, 24 °C 
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Redox potential  

in other  

cultivar fermentation 



 

 
Fermentation with additional CO2 at T  18 , 22, 26 ° 

-200

-150

-100

-50

0

50

100

150

200

0 7 14 21 28 35 42 49 56 63 70 77

čas(h)

E
h

(m
V

)

f-A

f-B

-300

-250

-200

-150

-100

-50

0

50

100

150

200

0 10 20 30 40 50 60 70 80

čas (h)

E
h

 (
m

V
)

f-18

f-22

f-26

f-22 apr

 Redox potential in Cabernet sauvignon fermentation  

                   Fermentation with and without additional CO2 
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Blue frankish fermentation T  24 °C on-line data 

With CO2 injection 
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Influencing  factors for 

regulation of Saccharomyces 

cerevisiae metabolism  

 



The Influence of  Galvanic Field on 
Saccharomyces cerevisiae  

in  Grape Must Fermentation  
M. BEROVIC 1) , M. POTOCNIK 1) and  J. STRUS 2) 

 

 

Vitis 47 (2), 117-122 (2008) 
 



 

GALVANIC FIELD 



 

 

S. cerevisiae in fermentation with electrostimulation 

  
 

 

Current 30 µA ,  after 72 hours, colourized with methylen blue 

 



The influence of  galvanic field on Saccharomyces cerevisiae  

in  grape must fermentation 
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The influence of  galvanic field on Saccharomyces cerevisiae  

in  grape must fermentation 
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Upadanje koncentracije jabolčne kisline med fermentacijo (g/l)
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Influence of static magnetic field on 

Saccharomyces cerevisiae metabolism 
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Influence of static magnetic field on 

Saccharomyces cerevisiae metabolism 
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ISOAMIL ALCOHOL

-0,05

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0 50 100 150 200 250 300

Fermentation (h)

C
o

n
c
e
n

tr
a
ti

o
n

 (
g

/l
)

kontrolna kultura

mag. polje 1 dan

mag. polje 2 dni

mag. polje 3 dni

 

 

 

 

 

 

 

 

 
control 

 

1.day 
 

2.day 
 

3.day 

 

 



Influence of static magnetic field on 

Saccharomyces cerevisiae metabolism 

 ACETALDEHYDE
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On-line redox potential at single, double heat shock and in control  

in Sauvignon blanc fermentation 
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Influence of heat shock on glycerol production 
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Influence of single and double heath shock on 

glicerol production 
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Fig. 1: Glicerol production at constant fermentation 

temperature of 18ºC; black square, control; black circle, 

single heat shock at 34ºC for 4 h; black triangle, single 

heat shock at 34ºC for  24 h.  

Fig. 2: Glicerol production at constant fermentation 

temperature of 18 ºC; black square, control; black 

circle, double heat shock at 34ºC (2 x 4 h); and black 

triangle, double heat shock at 34ºC (2 x 8 h). 
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Metabolites produced in fermentations at various temperature conditions 
 

           Single HS: single heat shock for 4 h and  single heat shock for  24 h 

           Double HS: double heat shock for 2 x 4 h and double heat shock for 2 x 8 h. 

 

Fermentation 

Reduc. 

sugars 

(g l-1) 

Isoamyl 

alcohol 

(g l-1) 

1-

propanol 

(g l-1) 

Acet 

aldehyde 

(g l-1) 

E

Ethanol 

(

g l-1) 

Glycerl 

(g l-1) 

Acetic 

acid 

(g l-1) 

Succ. 

acid 

(g l-1) 

Citric 

acid 

(g l-1) 

Malic 

acid 

(g l-1) 

Tartaric 

acid 

(g l-1) 

Control 

(18°C) 
3.2 0.24 0.090 0.009 86.90 6.7 

    0.35 0.67 0.58 2.9 2.5 

Single HS 

(4h) 
      2.6 

  

    0.33 

   0.031 0.010 92.00 7.9 0.45 0.73 0.57 2.5 3.5 

Single HS (24h)       2.3 
      

    0.35 

 

0.033 

 

0.012 

      

    94.00 

 

8.2 

 

0.41 

 

0.74 

 

0.58 

 

2.5 

 

3.5 

Double HS (2x4h) 2.0     0.51 0.037 0.013 101.00 10.0 0.56 0.78 0.72 2.3 3.6 

Double HS 

(2x8h) 
      1.9 

0.53 0.039 0.014 103.11 10.9 0.56 0.79 0.72 2.1 3.5 



Biosynthesis of glycerol at temperature oscilation 

Fermentation with 8 h temperature oscilation 
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Influence of heat shock on  

Sacharomyces cerevisiae inoculum 
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 Fig.2  Glycerol  biosynthesis  with inoculum 

exposed for 20 min to the heat  shock at 45 °C 

and  control at 18 ºC. 

.  

Fig.1. Production of biomass with inoculum  

exposed for 20 min to the heat  shock at 45 °C 

and  control at 18 ºC. 
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 Naraščanje biomase in etanola med fermentacijo pri 18ºC, 20 

minutnem temperaturnem šoku na vcepku pri 45ºC in dvakratnem 12 

urnem temperaturnem šoku pri 34 ºC 
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Poraba glukoze in fruktoze med fermentacijo pri 18ºC, 20 minutnem 

temperaturnem šoku na vcepku pri 45ºC in dvakratnem 12 urnem 

temperaturnem šoku pri 34 ºC 
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Nastajanje izoamilalkohola, 1-propanola in acetaldehida med 
fermentacijo pri 18ºC, 20 minutnem temperaturnem šoku na vcepku 

pri 45ºC in dvakratnem 12 urnem temperaturnem šoku pri 34 ºC 
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  Nastajanje ocetne in mlečne kisline, upadanje vinske in jabolčne kisline med 
fermentacijo pri 18ºC, 20 minutnem temperaturnem šoku na vcepku pri 45ºC 

in dvakratnem 12 urnem temperaturnem šoku pri 34 ºC 
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            Table 1. Biomass and  metabolites of  control  fermentation   

                and heat shocked inoculum. 

 

Products Control 

(18 °C) (g l-1) 

 

Heath shocked inoculum 

    (20 min / 45 °C) 

(g l-1) 

Biomass 6.7 ± 0.02 7.2 ± 0.02 

Red. sugars 6.5 ± 0.23 2.4 ± 0.09 

Acetic acid 0.28 ± 0.06 0.32 ± 0.02 

Succinic acid 0.63 ± 0.11 0.75 ± 0.12 

Malic acid  3.3 ± 0.16 3.4 ± 0.17 

Tartaric acid  2.5 ± 0.18 2.2 ± 0.09 

Ethanol 84.70 ± 2.18 91.77 ± 0.93 

Glycerol 6.81 ± 0,06 12.14 ± 0,26 



0,00

0,01

0,02

0,00 2,00 4,00 6,00 8,00 10,00

Fermentation time (days)

1
 
-
 
P

r
o

p
a
n

o
l
 
(
g

/
l
)

0,00

0,01

0,02

0,03

0,04

0,00 2,00 4,00 6,00 8,00 10,00

Fermentation time (days)

2
 -

 B
u

ta
n

o
l 
 (

g
/l
)

0

2

4

6

8

10

0 2 4 6 8 10 12

Fermentation time   (days)

T
a
r
t
a
r
ic

 a
c
id

 (
g

/l
)

The Influence of  Galvanic Field on  

Saccharomyces cerevisiae  

in  Grape Must Fermentation 

2-Butanol Tartaric acid 1-Propanol 



 

 

 

 

 

 

 

 

 

 

    

         Temperature regulation          CO2   pulses 

Redox control process regulation   

WINE FERMENTATION  

PROCESS CONTROL 



Izbran profil redoks potenciala in poskus regulacije 
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OTHER METHODS 





REFLUX AROMA CONDENSERS 
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Crystalisation of potassium hidrogen tartarate in 
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conductivity process control 
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Sensor for SO2 measurement 

on-line measurement of free SO2 

with  

modifyed CO2 electrode 

and sample acidification 
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Free SO2 measurement  
 

 Red wines            White wines 
 

    5-35 mg SO2/l         5-25 mg SO2/l                                 
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