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Metabolism of  Saccharomyces cerevisiae 



Methods and possibilities for  

on-line control of metabolism  

of Saccharomyces cerevisiae 



   Standard redox potential 

     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 

aoxidants / a reductants 
 



  Redox electrode         pH electrode   

 Pt / calomel                               glass/calomel 



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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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 ° 
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                   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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                             T = 18, ■ 22 and ▲ 26 °C ,                          ◊ T = 26° C ( 1,3 µA) , □ T = 26° C ( 7,7 µA), ∆ T = 26° C ( 30 µA), 

                                    without electrostimulation                                                                    with electrostimulation. 

 

           



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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The Influence of  Galvanic Field on  

Saccharomyces cerevisiae  

in  Grape Must Fermentation 
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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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Influence of static magnetic field on 

Saccharomyces cerevisiae metabolism 
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FERMENTATION 

TEMPERATURE 



Single heat shock 

-150

-100

-50

0

50

100

150

200

250

300

350

0 24 48 72 96 120 144 168 192 216

E
h
 /
 (

m
V

)

18°C 34°C 18°C

6 h 24 h
 210 h

Fermentation (h)

-150

-100

-50

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10 11 12

čas fermentacije / dan

E
h
 /
 m

V
; 

s
la

d
k
o

r,
 e

ta
n

o
l 
/ 
g

L
-1

0

0,005

0,01

0,015

0,02

0,025

0,03

0,035

0,04

0,045

0,05

a
c
e
ta

ld
e
h

id
 /
 g

L
-1

sladkor(TŠ) etanol(TŠ) E(TŠ) acetaldehid(TŠ)

Redox  potential and tempetature 

profile at single heat shock up to 

34 °C  

Redox  potential, reductive sugars,  

acetaldehyde, ethanol, at single heat 

shock up to 34 °C  

  Fermentation (day) 



Double heat shock 

Redox  potential and tempetature 

profile at double heat shock up to 

34 °C  

 

Redox  potential, reductive sugars,  

acetaldehyde, ethanol, at double heat 

shock up to 34 °C  

-150

-100

-50

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10 11 12

čas fermentacije / dan

E
h
 /
 m

V
; 

s
la

d
k
o

r
, 
e
ta

n
o

l 
/ 
g

L
-1

0

0,005

0,01

0,015

0,02

0,025

0,03

0,035

0,04

0,045

0,05

a
c
e
ta

ld
e
h

id
 /
 g

L
-1

etanol(DTŠ) sladkor(DTŠ) E(DTŠ) acetaldehid(DTŠ)

-150

-50

50

150

250

350

0 24 48 72 96 120 144 168 192 216 240

čas fermentacije / (min)

E
h
 /
 m

V

18°C

34°C 34°C

18°C

Fermentation  (min) 

Fermentation (day) 



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. 
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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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            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 
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Redox control process regulation   

WINE FERMENTATION  

PROCESS CONTROL 
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OTHER METHODS 



REFLUX AROMA CONDENSERS 
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LARGE SCALE  REFLUX AROMA CONDENSERS 



REFLUX AROMA CONDENSERS 
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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  
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