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Redox measurements in Redox measurements in ……

SoilSoil WineWine CheeseCheese

Lakes, rivers, etcLakes, rivers, etc …… Deep oceansDeep oceans
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Life can be Life can be 

summarized in summarized in 

some thousands of some thousands of 

chemical reactions. chemical reactions. 

They are involved in They are involved in 

metabolic pathways metabolic pathways 

which ensure both a which ensure both a 

transfer and a transfer and a 

utilization of energy.utilization of energy.M
et
ab
oli
c 
Pa
th
wa
ys

M
et
ab
oli
c 
Pa
th
wa
ys

No life without energyNo life without energy ……
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…… like you I like fresh air, I breath and I release COlike you I like fresh air, I breath and I release CO22
and Hand H22O in the atmosphere !O in the atmosphere !

…… but I have in my stomach , an efficient but I have in my stomach , an efficient microbiotamicrobiota

which is responsible for my energetic supplywhich is responsible for my energetic supply
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Energy transfer (at the animal level)Energy transfer (at the animal level)

ENERGY FROM ENERGY FROM 
FEEDFEED

DIGESTIBLE DIGESTIBLE 
ENERGYENERGY

METABOLISED METABOLISED 
ENERGYENERGY

NET NET 
ENERGYENERGY

maintenance

lactation

fattening

faecesfaeces

methanemethane

urineurine

HEATHEAT

Extra heat

MICROBIAL MICROBIAL 
ENERGETICSENERGETICS

USEFUL ENERGY USEFUL ENERGY 

for microbesfor microbes

FERMENTATIONFERMENTATION
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The Gibbs Free Energy (The Gibbs Free Energy (∆∆G) is defined as the G) is defined as the 
energy available to accomplish a energy available to accomplish a ““usefuluseful”” work work 

(reaction)(reaction)

∆∆G = G = ∆∆GG°° + RT ln [Products / Reactants]+ RT ln [Products / Reactants]

∆∆G = G = –– nF nF ∆∆EE

OxidoOxido--reduction (redox) reactionsreduction (redox) reactions

Most of the energyMost of the energy--transferring reactions involve an electron fluxtransferring reactions involve an electron flux

∆∆E = E = ∆∆EE°° + RT/nF ln [+ RT/nF ln [ Oxidised sp./Reduced sp.Oxidised sp./Reduced sp. ]]
Nernst Nernst 

EquationEquation

1111

How this energy is measured ?How this energy is measured ?
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What is Redox Potential (EWhat is Redox Potential (E hh) ?) ?

The ability of a chemical species to The ability of a chemical species to 

give give (reductant)(reductant) or to capture or to capture 

electrons electrons (oxidant)(oxidant)

The The redox potentialredox potential (E(Ehh in volts)in volts) is is 

measured as a potential difference measured as a potential difference 

((∆ ∆ ∆ ∆ ∆ ∆ ∆ ∆ E) E) with respect to the Standard with respect to the Standard 

Hydrogen Electrode (SHE)Hydrogen Electrode (SHE)

Pt Pt SHE SHE Ag/Ag/AgClAgCl

∆∆∆∆∆∆∆∆E = E = -- 400 mV400 mV

EEhh = = -- 201 mV201 mV + 199 mV+ 199 mV
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According to the literatureAccording to the literature ……

�� In 1957 :  In 1957 :  Broberg G.Broberg G., one of the first to publish on , one of the first to publish on 

ruminal Eruminal Ehh values (values (in vitroin vitro,, in vivo in vivo on sick/healthy on sick/healthy 

animals)animals)

�� Followed by Followed by Barry Barry et al.et al. (1977)(1977) ; ; Marounek Marounek et al. et al. (1982 ; (1982 ; 

1987)1987)

�� Regain interest in mid 90Regain interest in mid 90’’s : Mathieu s : Mathieu et al.et al. (1996) ; (1996) ; 

Broudiscou Broudiscou et al.et al. (2001) ; Andrade (2001) ; Andrade et al.et al. (2002) ; (2002) ; GigerGiger--

ReverdinReverdin et al.et al. (2006) (2006) 
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According to the literatureAccording to the literature ……

�� In 1957 :  In 1957 :  Broberg G.Broberg G., one of the first to publish on , one of the first to publish on 

ruminal Eruminal Ehh values (values (in vitroin vitro,, in vivo in vivo on sick/healthy on sick/healthy 

animals)animals)

�� Followed by Followed by Barry Barry et al.et al. (1977)(1977) ; ; Marounek Marounek et al. et al. (1982 ; (1982 ; 

1987)1987)
EEhh situated

situated between
between –– 150 & 

150 & –– 260 mV
260 mV

��Regain interest in mid 90Regain interest in mid 90’’s : Mathieu s : Mathieu et al.et al. (1996) ; (1996) ; 

Broudiscou Broudiscou et al.et al. (2001) ; Andrade (2001) ; Andrade et al.et al. (2002) ; (2002) ; GigerGiger--

ReverdinReverdin et al.et al. (2006) (2006) 
∆∆∆∆∆∆∆∆E E situated

situated between
between –– 302 & 

302 & –– 380 mV
380 mV

EEhh situated
situated between

between –– 103 & 
103 & –– 181 mV

181 mV
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(Marden (Marden et al. et al. 2005)2005)

No atmospheric contaminationNo atmospheric contamination

Simultaneous samplingSimultaneous sampling

An An ““ ex vivoex vivo”” device to measure pH and Edevice to measure pH and E hh
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TT--11 TT00 TT11 TT22 TT33 TT44 TT55 TT66 TT77 TT88

--210210

--200200

--190190

--180180

--170170

--160160

--150150
EEhh (mV)(mV)

pH : pH : «« fibrefibre »» dietdiet pH : pH : «« starchstarch »» dietdiet
EEhh : : «« fibre fibre »» dietdiet EEhh : : «« starchstarch »» dietdiet

5.75.7

5.95.9

6.16.1

6.36.3

6.56.5

pHpH

Some results Some results ……

DRY COWSDRY COWS



1313thth July 2007July 2007

--176.5176.5

--134.3134.3

--115.0115.0

–– 200200

–– 180180

–– 160160

–– 140140

–– 120120

–– 100100

DRY COWS DRY COWS 
(8 kg DMI)(8 kg DMI)

LACTATING COWSLACTATING COWS
(21 kg DMI)(21 kg DMI)

LACTATING COWSLACTATING COWS
(28 kg DMI)(28 kg DMI)

ControlControl

EEhh
mVmV

Some results Some results ……

More More AcidoticAcidotic dietsdiets

RR 22 = 0.73= 0.73
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DASCOR pH loggers with immersed sensorsDASCOR pH loggers with immersed sensors

((PennerPenner et al. et al. 2006)2006)
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Adapted Adapted ““ ex vivoex vivo”” method for screeningmethod for screening

(Marden (Marden et al. 2et al. 2008)008)
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RealReal--Time monitoring of rumen gasesTime monitoring of rumen gases

View of whole systemView of whole system Hermetic cannula & security flasksHermetic cannula & security flasks

Data collection Data collection viavia softwaresoftware Gas chromatographGas chromatograph Gas samplerGas sampler
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RealReal--Time monitoring of rumen gasesTime monitoring of rumen gases

CH4

O2H2

CO2

CO
N2

H2O + CO2

H2S

NH3

ArgonArgon

HeliumHelium



1313thth July 2007July 2007

Some results Some results ……

CarbonCarbon dioxidedioxide (%)(%)

64.064.0

66.066.0

68.068.0

70.070.0

72.072.0

TT--11 TT00 TT11 TT22 TT33 TT44 TT55 TT66 TT77 TT88TT--11 TT00 TT11 TT22 TT33 TT44 TT55 TT66 TT77 TT88

HydrogenHydrogen (%)(%)

0.00.0

0.40.4

0.80.8

1.21.2

1.61.6

2.02.0

TT--11 TT00 TT11 TT22 TT33 TT44 TT55 TT66 TT77 TT88

MethaneMethane (%)(%)

18.018.0

20.020.0

22.022.0

24.024.0

26.026.0

28.028.0
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Gathering more redox couplesGathering more redox couples ……

RUMENRUMEN

RETICULUMRETICULUM

OO22 –– HH22OO NONO33
–– –– NN22OO

succinatesuccinate –– fumaratefumarate

SOSO44
22–– –– SHSH––S S –– SHSH––COCO22 –– CHCH33COOCOO––

SOSO44
22–– –– HH22SS

COCO22 –– CHCH44

RR--NHNH22 –– NHNH33
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–– 0.300.30

COCO22

CHCH33 COOCOO--

SS

SHSH--

acetogensacetogens

(strictly anaerobic)(strictly anaerobic)

SOSO44
22--

SHSH--

COCO22

CHCH44 methanogens methanogens 
(strictly anaerobic)(strictly anaerobic)

FumarateFumarate

SuccinateSuccinate
Facultative aerobicFacultative aerobic

Aerobic respirationAerobic respiration
FeFe3+3+

FeFe2+2+

NONO33
--

NN22O, NOO, NO22, N, N22

OO22

HH22OO

Anaerobic respirationAnaerobic respiration–– 0.270.27

–– 0.250.25

0.00.0

+ 0.40+ 0.40

+ 0.75+ 0.75

+ 0.82+ 0.82
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Biological significance of EBiological significance of E hh
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EEhh complementary to pHcomplementary to pH

pHpH

M. elsdenii &M. elsdenii &
S. ruminantiumS. ruminantium

(Growth rate)(Growth rate)

RuminalRuminal
acidosisacidosis

pHpH

pH < 5.0pH < 5.0

Growth rateGrowth rate
(numerous bacteria)(numerous bacteria)

Total bacteriaTotal bacteria
(Growth rate)(Growth rate)

Amylolytic bacteriaAmylolytic bacteria
(Growth rate)(Growth rate)

Readily fermentable Readily fermentable 
sugars (CHO)sugars (CHO)

VFAVFA

S. bovisS. bovis
(Growth rate)(Growth rate)

LacticLactic
acidacidLacticLactic

acidacid

S. bovisS. bovis

LactobacillusLactobacillus
(Growth rate)(Growth rate)

(Nocek, 1997)(Nocek, 1997)

EEhh

EEhh

Sequential events during acidosis :Sequential events during acidosis : pH & EpH & Ehh ConceptConcept
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Thanking you for Thanking you for 
your attention ...your attention ...

Life is induced by electronsLife is induced by electrons……

the movement of an electron is like a little currentthe movement of an electron is like a little current……

thus, life is just a little electric currentthus, life is just a little electric current……

All complex intermediates around this basic fact, All complex intermediates around this basic fact, 

are purely ornamental.are purely ornamental.

((A. S. GYORGYIA. S. GYORGYI))


