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WO 2009/101328 PCT/FR2009/050174 Method for increasing the
biomass and the metabolic activity of microorganisms by the combined
adjustment of the oxidation-reduction potential and of the oxygen
dissalved dueing ke fermentation process 5 The pres#iit ifention refates 4
to a method for cultivating microorganisms in order to increase the
biomashaddirthé metebelicacthlity df hoiormasgaridmti® fretapolic
in%gﬁ%%@&gfmﬁﬂegﬁfggﬂﬁftago%% @g@m@a@aﬁm&{%ﬁﬁc
produce mjcroorganisms), this combined adjustment of the
o%ﬁaﬁ&?—rg&}éﬁwﬁ&é%a UG (ﬁgs%?\%%dl g)?;gaé%%dlg%séér? oxygen
illustration@tesinlemsdordeine | dl fort exmpplablasi@BaseRE, but

also to microorganisms having preferably an anaerobic metabolism such
as yeasts. 20 The invention also relates to the field of certain finished
products, such as wine or beer, for which the production method employs
TrearmertatioAstep. THESERIARUIIVAIGH S takés place iRaVEEel, £OF
25 with-ay withputrstiging, 16 arduliuse Mediutrafawhicho the. compositiontise

suited.to the specific requirements - of eachmickaorganisg Theorgani sme

composition of the culture medium may be extremely varied, but mention,

i$usBally ni&de of tHe5ie&8nce 6F6he oF MO Elehdhts affiong 367 “2+%
pelysaechatides, gheesdly mitie ghacose ratd cSiniikasly pavdmetsts suchthe

as for example phl, temperaturg-and dissolved-axygen presswiee maydbe he
adjysted. 35 Varigus types of %ulti\éatmf pro e%lree exist; - Qé%pog}gnu%%s
ST ATGFE. tioBHROtEBIy Tar e pid Trmens o

e production o lactic ferments o
bread-making

As an illustration, the invention may relate for
example to lactic bacteria, but also to microorganisms
having preferably an anaercbic metabolism such as

veasts.

The invention also relates to the field of certain
finished products, such as wine or beer, for which the

production method employs a fermentation step.

The actual cultivation step takes place in a vessel,
with or without stirring, in & culture medium of which
the composition is suited teo the specific reguirements
of each microcrganism. The composition of the culture
medium may be extremely wvaried, but mention isg usually
made of the presence of one or more elements among

polysaccharides, glycercl, milk, glucose, etc.

Similarly, parameters such as for exanple PH,
temperature and dissolved oxygen pressure may Dbe

adjusted.

Various types of cultivation procedure exist:
- a discontinuocus or “batch” culture, used notabkly for
the production of lactic ferments or bread-making

veast,
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yeast, wO 2009/101328 - 2 - PCT/FR2009/050174 - a semi-continuous of
"fed-batch" culture, used for example for the production of ferments
sensitive to a fermentation product or for the production of a biomass
gEnsitivestotinhibition by the fermentation-substrate, F<a/COREAGOUS 50174
culture with or without recycling, the latter being used notably for the
production,of dermeniscmelesles aldatesasicand for the:biologicakd  for
puicajion et wastawale), . [he Siendy PERSSRNg e NgAS DAY o
carried out ﬁquu’:] ?orr%, Bylfreezmg, by cryopreservation, freeze
ESHTEOEy ARG TOHtve Aghts dretusedofl bt the & Promass
mdcteqrganisms fronhthieiharmfubeffecte dfqpreservaticotreatrbentsats,

Freeze diying isknowp te he.a loyy;tempsratyre, dehydration eperation. t he

which consists of removing the ma'lqr part of the water contained in the

BrotbEE aftei®Heézing By subtf 20"A hasbden sHigoucrLon  of
ficroerganismearecwidety odediimtheefood fieldl nbtablyleetie batrgingal

%@iﬁgg}pﬁt}g gultyres.qr. ferments. The viability and metabolic activity
of these lactic bacteria, produced on a large 25 scale for their criteria of
technological ability, may be affected by the various steps that they
(ldergo- euring tHengsrerutten (oculationaedtivedivn afd carried out
Gencenteation) and-their preservedion(fieezing orrfreeresdrying)£3@n, by
Wictaorgan s ay glsg pespadaoe oL e parduglian oL Dighiels, s o
notably by t Xconversmn of sugar into ethanol. Microorganisms also
dmprrotect the microorganisms from the harmful effects

of preservation treatments.

reeze drying is known to be a low temperature
dehydration operation, which consists of removing the
major part of the water contained in the product, after

freazing, by sublimation.

As has been said, microorganisms are widely used in the
food field, notably lactic bacteria, such as probiotic
cultures or ferments. The viability and metabolic
activity of these lactic bacteria, produced on a large
scale for their criteria of technological ability, may
be affected by the wvarious gteps that they undergo
during their production (inoculation, cultivation and
concentration) and their preservation (freezing or

freeze drying).

Microorganisms may also be made wuse of In the
production of biofuels, notably by the conversion of
sugary into ethanol. Microorganisms also enable
molecules of interest to be produced, notably in the

pharmaceutical field.

Optimization of the biomass and/or o¢f the metabolic

activity of these cultures is therefore very important
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molecules of interest to be produced, notably in the 35 pharmaceutical
field. Optimization of the biomass and/or of the metabolic activity of these
cultures is therefore very important WO 2009/101328 - 3 -
RCTIFR2009/050274 and of necessity has both techiblggigalCaryd 050174
economic importance. Environmental parameters play a key role in the
growth, 6 of sreroorganisms; indbermetaholia seaetions andid theconomic
EIEéSIOloglcal mechanisms responsible for the activity of microorganisms.
the p emperature or composition of the medium, 10 the value of
the oxidation-reduction potential seems to have an effect on the growth
ane viahility.0f hacteralz straimss Ingicint of factyseveiat studieshen lactierth

hacteria.haye demopstrated an effect githe,oxidation-seduction potgatiak 1,

on metabolic fgw the survival of 15 probiotic ferments the pgoductl n.
5RGlor StaBRGP %P%T@éulespbﬁ?ﬁ@%ﬁﬂ% thig ?ess%%%tc’ &ference may%
madievdithe ¢dllowing docgmehtsislocuments EP-1 856 241 and EP-1
619 705 as well as WO 2007/036693 Al in the name of the Applicant, or
gate US 7 078 201. It will be noted that docucment WO 2&07/03@@5
$B5hE adjustemgr?t Gt the redox po?er}ﬁlaﬁ5 at one or more steps of

iethotforpreduciitpa oo 25 BGIEEHTOIGGIRaIR 68T CoOmBITHY a to
fermentations step: Seasibperformiat least one ab the stepsbf theeterial

methad unde reducing, copditions and at least ope of the steps of thec 5 o

method under oxidizing conditions, and "notably making it possible to

&ﬁ&ﬁﬁ@%e%‘é@e§8fﬂ§@%@?ﬁ%n%mﬁ coRSiderad under fEtuiiHg-©™
eentitianswithdthephasés ofithedemheritationféonsidetbe uAdervival of

8¥QBHHL@HW@E¥§@nts and the production and/or stability
of molecules of interest. In this respect, reference
may be made to the following documentg: documents
EP-1 858 241 and EpP-1 619 705 as well as
WO 2007/036693 A1 in the name of the Applicant, or
patent US-7 078 201.

It will be noted that dogument WO 2007/036652 relates
to the adiustment of the redox potential at one or more
steps of a method for producing a food or
biotechnological preduct comprising a fermentation
step, so as to perform at least one of the steps cf the
method under reducing conditions and at least one of
the steps of the method under oxidizing conditions, and
notably making it possible to alternate the phases of
the fermentation considered under reducing conditions
with the phases of the fermentation considered under

oxidizing conditions.

Various compounds may be used as & reducing agent and
for inducing a reduction in and/or maintenance of the
oxidation-reduction potential. Among these, mention may
be made of sgulfites and ammonia but also of reducing

gases such as hydrogen or mixtures containing hydrogen.
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Various compounds may be used as a reducing agent and 35 for

inducing a reduction in and/or maintenance of the oxidation-reduction
potential. Among these, mention may be made of sulfites and ammonia
it &166 bf ISt gases such as-hydrogen or mix®F&Es EGAtaHAE> 0174
hydrogen. WO 2009/101328 - 4 - PCT/FR2009/050174 These studies of
the prior art have made it possible to demonstrate that the use of reduced

%‘EQE’% media wnere %h%ﬁé'%@&ﬂegyet'%@@%@és low. makesits o
possible to increase the biomass produced but also the, viability of the
FrIRtREdGATF It Sitsebient Presthvatith a7t alSE tdkes i possibit &5 ©
inceeasex thieproduetientof metabolites et Ardthet snedrsreporeldsy thet
prira, for increasing-dhe biomassproduced isthewseofgamalise the
guantity of oxygcif. Although o>l<y%{en Qas an inhirli)iting 3Gﬂ‘:]‘ect onu@cgc nent
Bacteria, fatultative anadfobidBacteria, it iS” deserbed in the literature as
being @bl tolbe of 158sehefil frthair GrRoWth. THYRSStdles Heve SREWR2 S
that feranMGE1363 straineflactocaceus lactis, addition of oxygen
enables the biomass produced to be increased. In this way, the
concentration of biomass moves from 0.54 g/l (dry weight) in an ,
AREErBBiE CORARSOTFES GATD fBY a BlRuR 16 Whidh 4 peftentdyeraasing
dissolved oxygenob8Yriscadded (referenee will be mragélio ¢uestudias of
O Jensen ek gl golied Mejaalic hebavias of: Ladloceas lAckece on
MG1363 in microaerobic continuous cultivation at a Io# dilution rate" that.

apiseard fif S5KER - 2007 Vof 677 No™8f TEWedId théh Sppear thatthe

" wessolutiens récompiendéd ey thievprior af, nAmiehgthabstablishmést of £
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love redox potentialin the firsh case.and aetionsen <en3@-guantiymof thac
dssolyed grygen,nhe second case, Aegly seenIR R NCOMBRID, o
oxygen enables the biomass produced to be increased. In
this way, the concentration of biomass moves from 0.54
g/l {(dry weight) in an anaercbic culture te 0.68 g/l
for a culture to which a percentage of dissolved oxygen
of 5% is added {reference will be made to the studies
by Jensen et al. entitled “Metabolic behavicr of
Lactococcus lactis MG1363 in microaerobkic continuous
cultivation at a low dilution rate” that appeared in

AFM - 2001, Vel. 67, No. 6}).

It would then appear that the two scolutions recommended
by the prior art, namely the establishment of a low
redox potential in the first case and action on the
cquantity of dissolved oxygen in the second case,
clearly seem to be incompatible. Indeed, since oxygen
igs a powerful oxidizing agent, adding it to the culture

medium will significantly increase the redox potential.

As will be seen below in greater detail, 1t is
therefore the merit of the present invention to have
demongtrated that it is possible to provide and adjust

a quantity of dissolved oxygen while adjusting the
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is a powerful oxidizing agent, adding it to the culture medium will
significantly increase the redox potential. 35 As will be seen below in
greater detail, it is therefore the merit of the present invention to have
demphstrdtetiithagit is possible to provide and adjustt@lytieriifpsl/ 050174
dissolved oxygen while adjusting the WO 2009/101328 - 5 -
REIHR2009/050174 redox potential tea desiredfixadlow values thisthis
ringing about, in an extremely adv u , ignifi
O e oy o Oy e e e

SfovernBREGAEd 5 pardtasrsicould sppa 10 a erdon skiffled i the GR-ed
atfirst sight, inwieweof thecpriasrart referredite above and highiyrlegicatiyed

to_he destructive  The present inveption thus provides a methed, the art
employing 10 simultaneous adjustm nts}ﬁl'preferably us%%gas%s or

Gasebtd Pixtired o endiire 1héEYe fjustMntB™ Advaifagesdsiy= =& =°
attjiostmentbfitherddox patentidll will Gse fecliontofaciedueing gas or
gaseous mixture (for example a gaseous mixture containing hydrogen) 15
i%tlo the cultgxr1 melggym. I__td)snco sidseredrgr{zajt_gwees additi%ré}%&heemic%s in
SUch &s ascor icjaéloeﬁ/ﬁamm )y or gxample could also be empﬁ"gye fo°
Srifs AbeEmiE adpikimeRteRhe redoX SHREEHAS bE6RREid, #AFif Sbe OF
preferred tantise the:injectioarof suilable-gases 20 = whiter s :

advaniageously adiystment of the dissolved: oxygen valug will be mads
by mifctlng air or pure oxygen or ox§gen-enr|ched air into the culture

ieliuM =6t arty G4 capabte ofrefé4shig DRy gt fot exdhisie Fixtires
ddntainieggmpden and QG2; ete.:25 miheseradjustmenrtsare cartiedioaten)

during the gntirety -orRart.pf the,fermentation, namely: duringthe gatiretyn o

or part of the cultiation of fhe bacterial sy, \twilbe poted hat ., c,

for example could also be employed to bring about this
adjustment of the redox, but as has been said, it will
be preferred to use the injection cof suitable gases,

- while, advantageously, adjustment of the dissclved
oxygen value will be wmade by injecting air or pure
oxygen or oxygen-enriched ailr intco the culture medium
or any gas capable of releasing oxygen, Ifor example
mixtures containing oxygen and CO;, etc.

- these adjustments are carried out during the entirety
or part of the fermentation, namely during the entirety

or part of the cultivation of the bacterial strain.

It will be noted that document US-7 078 201 referred to
above indicates that an optimum wvalue of the redox
potential may increase the production of ethanol,
reduce the formation of glycercl and reduce the
fermentation time as compared with a conventional
fermentation. The methed proposed by this document
proposes for thisg the maintenance of a wvalue of the
redox potential in the fermenter of between -230 and
+50 mvV by means of continuous aeration of the medium by

alir injection. The objective sought by the authors of
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30 above indicates that an optimum value of the redox potential may
increase the production of ethanol, reduce the formation of glycerol and
reduce the fermentation time as compared with a conventional

fesmentationy Thegnethod proposed-by this documere 35/ mRrposes o dhis4
the maintenance of a value of the redox potential in the fermenter of

hetwegn -230.and; $50 MV, by means-of continueus geratigp-ofthe or the

medium by air injection. The gbjective sought by the authors of WO
SGOSTE0 LA B LT FRB008b50 4 th s fGteed™ ©0°

a6&imentis o procee
ceuritedo a loweringofdes! redox potertial, 8AGF8IEHAIS, accoiding FE6REY
ofthemetheds secammended by the docsment the.authererecommends «
ding sodium hydroxide in.order to.limit 5 the reducti fthe :
t géeredgﬁ%%?rgﬁt% in%?eac]: Téxlrefd in %Pa%% ofotﬁe t?%%tio%%%% of\{) gjrrg%g%ffi
(consiefedias togreBlieing) forddeto Bthust B PR dUfTy Growti it
witltherefere-ge Haderstooddhatthaquthars dedwet atanydimestefarite pH
ggbljg ndg%gn jquous adjustment of the redox to a fixed value being
maﬁerf in€ “adjustment) and even less do they refer to the fact of
adjusting the quantity of dissolved oxygen while 15 adjusting the redox
patentidl to shdesirsofixeddownvdaiue (teddisseive d-bry gentdontentiwhitiy t

weuld natyraliy h%ﬁé@: mel tepdencyta éﬁi%@?@eégg%p%%iaadgggmem
present invention then relates to, a metho cultivating microorganisms

K ethidd of & Pe witere Z in parica ar,vgoét%% is\ﬁ)gee?fzglg?;neén %%égeed%lﬁé" ne
adnlrenarediumivitheoiRsormbre MCré&gEniBRLSFainS, ahds Stspofot
cuitivating-the medium seeded inthisway,2bwhichdsi charactesized ihile
that. during the entirety or, part of the cultivation, twg of the.follwinds 10w
value (the dissolved oxygen content which would
naturally have the tendency to raise the redox

potentiall}.

The present invention then relates tc a method for
cultivating microorganisms, a method of the type where,
in particular, a step is performed of seeding a culture
medium with one or more microorganism strains, and a
step of cultivating the medium seeded in this way,
which is characterized in that, during the entirety ox
part of the cultivation, two of the following
adjustments are made simultaneously:

- the quantity of dissolved oxygen in the medium is
adjusted to a given dissolved oxygen set point,

- the value of the redox potential Eh of the medium is

adjusted to a given set point value for Eh.

T+ should be understood on reading the preceding
account that according to the invention, the wvalue of
the redox potential Eh of the medium is adjusted to &
set point value that is less than the value that would
be naturally reached by only adjusting the dissolved

oxygen.
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adjustments are made simultaneously: - the quantity of dissolved oxygen

in the medium is adjusted to a given dissolved oxygen set point, 30 - the
value of the redox potential Eh of the medium is adjusted to a given set
paintvalge farlEl.clt should be understbod on readingdie’ preceding 50174
account that according to the invention, the value of 35 the redox

potential Eh of the medium is adjusted to a set point value that is less than

value that would _be naturally reached ly adjusti |ssolve
?x%%eﬁ%%bfﬁ/lﬁfﬁ - V?g%qﬁl?Rzg%ggoﬁ%T%gging\egr%onggulg&q -
rRBreEVE AdopESHE 6F foré ¥ T 36llowing technical features: - the
valug:ef thelredox potential-adjusteddndhisivaly &4swegative;rtheheédoxvay
pogegté%lg%ggjé{sted within the range extending from -400 to O mV; - the
dissolved oxygen value is adjusted within the rar?lfe exte}?ding from 1 to

30%-48 - différeht &fasitiert seqtiencddhrs perorfred &tcordiiy t5 e ©
grawtmphase Concernéd0by enmbploying different couples (set point value

of theyyedax; potentiah dissolyed oxygen-setipointkaccording toithe i phasee
of the growth-of said sgain C nsidergg;} 15 - adjustment of the redox
prcﬁgﬁt'al %@%r%ﬁé fifection’ of a r%duciﬁg gas or gaseous mixture into the
culturetiriddiosm suchash] 3 9a8eslis migereeafaming AYdrogens Wkirgned

adjusiment of the disselved oxygenalue usesrarednjectiorntef asasofaing
QRS ae%qeé)usc@@é%%%apa@%@o ?ééﬁ'l‘?é‘s'”%’i%%e” sieh as pure, o 5

oxygen or oxygen- enriched air into the culture medium; - adjustment of
{RE 686X PotentlaPiseshe infsEisHt of AcHRMiBd corfpstnd i the =he

quitremefliume growth-of said strain corsidered;

- adjustment of the redox potential uses the injection
of a reducing gas or gaseous mixture into the culture
medium, such as a gaseous mixture containing hydrogen,
while adjustment of the dissolved oxygen value uses an
injection of air or of a gas or gaseous mixture capable
of releasing oxygen such as pure oxygen or oxygen-
enriched air into the culture medium;

- adijustment of the redox potential uses the injection
of a chemical compound into the culture medium;

-the two simultaneous adjustments are made by an
adjustment of the PID type according to the following
procedure:

- an evaluation is first of all made of the impact of
the injection of air or of oxygen or of a mixture able
to release oxygen, and of a reducing g¢as ©r gaseous
mixture, on the one hand, on the dissolved oxygen value
and, on the other hand, on the redox potential, by
means of performing preliminary tegsts employing
variable gas flows injected into the medium;

- two flow rate controllers are used, capable of
adjusting the flow rate of the gas able to release
oxygen and the flow rate of the reducing gas or gaseous
mixture into the culture medium. These controllers

constitute actuators of the regulating system;
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-the two simultaneous adjustments are made by an 25 adjustment of the
PID type according to the following procedure: - an evaluation is first of all
made of the impact of the injection of air or of oxygen or of a mixture able

toPeleass b6xk9aéa cand of a reducing gés or gaseous 36 THRR#E 0GH fifed 174
one hand, on the dissolved oxygen value and, on the other hand, on the

redex potential,by: yeeans of perdereding pretimitery teststempioyimy:, for

variahle,gas flows, injeeted inte the mediumcritwoifigw eatecontisllersate of
used, c?;x;gble of 35 adgjstingflie flow rate of the gas Sablg é[% regeeatse oint
o%ﬁen J'thé i5W rate’or the reeﬁj%fng agsas c;:reéqaseous Mixture into the

coitbreemedilintEheselesntofiefsh oSt Gie ERAGADrCof theFeGRAGTRE e~
system; WQ 2009/101328 -8:=BETAR20094581 74 : arconttol systesmisly
ucs&(_;l Jyvejgt}gatgtasc%%%% ;for example an automaton t_hat perio_dically
examines each of the flow rate controllers, as regards its set point value

and the%al & BF fe rhE8surBfeiit ot the ParanTdler's ifiNwhRhifE  Were
assoeiateichand fuich comséquentiyceorectslitouipat - #ie corréstive ion
measures by; each-canirollepwere, deteypined froprsajdimpadiet points

evaluations as ﬁla8 function %f .th?[ désé rb&g(s:e é’)é theds%ss'gem efor given set

poffts 16 fdriHE FedS¥ potehtial Sht dissoived ox

oxygen.yﬁenihvention will
be better understood on reading the following example with reference to
fighee 1 thatnidlustrates in a sehematicmanneltheexpérimentat Abing the

aéé%ﬂ%'s/i% d for carying Qutthe tests Testswerecared,guion @  that

mesophilic strain, Lactococcus lactis, in a fermenter with a capacity, of
115 Fié7S 0 Fhe fikBd targe GRIBE (6t pIRETTor thé LRidatiche ~ T mental

assembly used for carrying out the tests. ‘

Teats were carried out on a mesophilic strain,
Lactococcus lactis, in a fermenter with a capacity of
1.5 liters.

The fixed target values (set points) for the oxidation-
reduction potential and the dissolved oxygen were

respectively -200mV and 10%.

Here is what should be understood by thig 10% dissolved
cxygen value: the apparatus used 1s capable of
measuring the oxygen concentration of the culture
medium by means of a probe. This probe is calibrated in
the following way: an H;/N, mixture (4/96) is injected
into the culture medium in order to draw off all the
oxygen present. At this stage, the probe should then
indicate a concentration of 0% dissclved oxygen.
Secondly, the aforementioned Hp/N, mixture is replaced
by air, which is injected in a large quantity
(typically at the maximum flow rate that the system can
provide). After waiting until the measured value is
stable, the system should then indicate a value of 100%
digsolved oxygen. 1f thisg is not the case, the probe is

calibrated with a wvalue of 100% Dbeing given to the
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reduction potential and the dissolved oxygen were respectively -200mV
and 10%. Here is what should be understood by this 10% dissolved 25
oxygen value: the apparatus used is capable of measuring the oxygen

canceptratian of the culture medium by means of a prole . FHIS PPOtIEsiS17 4
calibrated in the following way: an H2/N2 mixture (4/96) is injected into

the sulture;medium knarder 1o drayk aff il the 30 oxygen prasentALIRS <o
stage, the probe should then indicate a concer%atlon of 0% (1|§solv%d can

S¥Ygen B Blly, T AfStementioned F2/NZ thiktive iS Patiacsd By aif,
whick dslinfectethinea latgesquamtitye (g pically dtdthe RrEIMUERTIBWSAteCU T
t%agﬁbgﬁyéﬁ ean %ﬁ%@tyideédﬁf@&y@&mlg @@%I ;%%Omgfwﬁgzlmed& th
stable, the system shqu n_indicate a value % dissolved. . .
o%?}%er%% th%soijsrh%t %ea%agtee{l%ge plr%bé]L is c?%ﬁ%%é:t% V\%t% a@\%lﬁ%g%%Sh e
100% BeihgEivenedhe o 2e09/102328 X9 ipLsT/FR2009/05017 were
prabe. This100% dissolved exygeridhentcortespongsdtomthe maximunthe

en r%h%t Otrqg éa%%iggl E%rﬁgierggscggl,\gg_solve. Once this calibration

QX

has been carried out, adjustment of dissolved oxygen can be activated

with 5 the set point that that it is desired to establish in the culture
rpeditimafere foreexamplelif96)ndests wdére then carred oatiwith 18%60f1s

the maximum that the., mediym;considered. could, disselven1q Simiarly; »e
one embodiment of the tvio smultanegus adjustments according to the

(FESRtiRGShtioh Wil B explaiied midétail hereinafter. An automaton is

used that periodically (according to a 15 period that has been imposed on

infor axample less; thap=esecend), examinesieach of theseassiflew to =
OOl T 3 SR AN DR e LU BTl
than a second), examines each of the mass flow
controllers, namely i1ts get point wvalue and the wvalue
of the measurement of the parameter considered and that
consecuently corrects its output, i.e. the instruction,
which it gives as feedback. In this case, use is made
of a control of the PID type which here makes it
possible to adjust both the redox and the dissolved
oxyvgen. As will be explained in greater detail
hereinafter, it should in point of fact be pointed out
rhat the redox potential and the disscolved oxygen do
not have the same behavior, and they do not have the
same time constants or the same reaction amplitude for
an identical flow rate wvariation. Consequently, the
parameters of each controller are not identical and
fine adjustment employed on each PID enables the
controllers not to oscillate, this implementation thus

limiting interferences between them.

The implementation described above is only an
illustration of one embodiment, which does not of
course exclude other means of adjustment and this
without at any time departing from the scope of the

present inventilon.
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consequently corrects its output, i.e. the instruction, 20 which it gives as
feedback. In this case, use is made of a control of the PID type which

here makes it possible to adjust both the redox and the dissolved
exygen AsWill besexplained in greatet tletail hereindf&r /iEF 8RO GIE 1A Poirt 4
of fact be pointed out 25 that the redox potential and the dissolved oxygen
do not have the same behavior, and they do not have the same time
snstants,ordhe same readion amplide for an, RNIGaIaN 1ale,; a1 1,
varlatlon.%onsequently, the parameters of each controller are not

identical Bpd 3o-fns'agftisihent &fpyed on each PID enables the
controllers not to oscillate, this implementation thus limiting interferences
EEULNE@H dhem The implementation described above is only an 35

[ T mbodiment, which does not of course exclude other
me&fis bf-8djustment and this without at any time departing from the

scope dfithé. present imentioniwe 2009/201328010s given from the
PCT/FR2009/050174. The-ippdts-and, putputs of the controller typically

installed are described b%IOW' SEﬁ)r the gladox:. g Alg.iwgt i rgdgéggé od
point in%ill%%ﬁéc’ T‘:517|:veerﬂef?omcffﬁe man-machine intérface ( ) Y
Measuferertof s fetoximrmiivefts EBnF&R 1O B theehsr
immersed in the culture medium - As output: k) Flow rate of H2/N2

conveye into.the medium. 15 For dissolved oxygen - As input i)

d
: PEA
Dlssolvgatb%uset point expressed as a percentage (0-100%) and that was
enteredfromiA¥ Mar-e of H;/N; conveved into the medium.

Tor digsolved oxygen

- Ag input
i) Dissolved 0. set point expressed as a percentage
(0-100%) and that was entered from the man-
machine interface (MMI)

) Measurement of digsolved 0; conveyed by the

L

corresponding probe in mV and converted into a
percentage so as to have the same unit as that
of the sebt point.

- As output

k) Flow rate of air conveyed to the medium

More precisely, as an example of the implementation

indicated above:

- a controller of the PID type is used that is in fact
a proportional-integral controller. Other types of
controller could alsc be uszed, as for example an
internal model or fuzzy logic controller,

- as hag been indicated above, the redox potential and
dissclved oxygen do not have the same behavior and they
do not have the same time constants or the same
amplitude for an identical flow rate wvariation.

Conseguently, the parameters for each controller are
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machine interface (MMI) 20 j) Measurement of dissolved 02 conveyed by
the corresponding probe in mV and converted into a percentage so as to
have the same unit as that of the set point. - As output 25 k) Flow rate of

@j@cgﬁv@yﬁgbtpgﬂ@ medium More pregisely, as an example=ofithe /050174
implementation indicated above: 30 - a controller of the PID type is used

that is jny fact ;a propgrtionakintegral copirglles. Other types ofgonsraller on

could also be used, as for example an\%ntern model or qu y logi
=]

C
CHTrOIEEY a8 FEE Dedt indfciied hbove therétox Botentiar and 35°° =
dissoliéd bxygenvtdo oot have thehsame Pelavieranid they: 46 ot hageCces
tﬁaséf?é%%t_ tiéﬂﬁ&@nstaﬁttltéﬁﬁ tl’i’?r%@ﬂ@e@@?'”b@ﬁépf aavdentical flovseate ie
variation., Consequ , the parameters for e ntroller W

SO 110 POTTEROOGIB0T 54 gt onted At e b e
adjusmserEnployed ofasdth PIDHiaKEsLiEBossible*for tHatcontrlférd ous
nrettarescilate whichdm thistway limits interferences rbetweendthenr:  gas

More precisely, what makes jt posgible 5 according to,the invention o, c ¢
ézlﬁgrentlate between parameters of each controller, is the previous

FRAHERIERAGHY of IHEFREAS of Bir SrGthét GRs°cd5ible oRrefdasiig v o
axygeraad bbthe mixturesrconfamingekdydrogen:em thedissolvedhoxygém e

value on 10 the opg hapd andson the redox patential epthe-gtherihand.out
This quantification was meé(ge b carryin to.ut preliminary tegt%vfhe?e 4 of
VlrfatioRs Weré establishe gfréevgaas‘ ows ihjected into the medium.—

These tests Fawlesit possipte asldetévhiinetthe infstt 6Fair IS fjécticiFBRS
thededox poteptigkand en the disselvedmine the impact of air

injection on the redox potential and on the dissolved
oxygen, and then the impact of injecting a hydrogen-
containing mixture on the redox potential and on
dissolved oxygen. These tests made 1t possible to know
the impact of each gas on its measured reference
guantity but also on ite impact (or disturbance that it
produces) on the other cuantity measured. These
experiments made 1t possible to conclude that in the
case studied (gasecus mixtures, medium treated, ebtc.):

- the influence of the hydrogen-containing mixture on
disgsolved oxygen is approximately four times less than
that of air,

- as regards the redox potential, air has an impact 10
timeg less than that of the Thydrogen-containing

mixture.

Taking account of this identification of transfer
functions, it is thus possgible to determine the
parameters of each corrector, the objective being that
the system reacts correctly to a disturbance of the
system for a fixed point. In point of fact, according
to the invention, & given set polnt 1s established
during all or part of the growth, and on the other hand

the effect of the growth of bacteria in the culture
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oxygen, and then the impact of injecting a hydrogen- containing mixture

on the redox potential and on dissolved oxygen. These tests made it
possible to know the impact of each gas on its measured reference 20
guantitydsyt ;adsa e its impact (or disturbarce that it Frogices) orothes 0174
other quantity measured. These experiments made it possible to

cepglude thatinthe case studied (gageous mixiyees, medivmireaiedn of
ete.). the Influence of the hydrogen-copiainino mixiyre gp 25dissalved., .
OXygen Is appr%mmaterPTour times Téss than that oipalr, - as regards the
rédéx potettal, dithalaFiifipatt 16 Hinfds 1S3 k4R TR offhe the Tedox

hydrageniedntaining mbdure. 36 Taking:accounflef thisidentifigatiorrof and
trapser functions, ibis-thys possibledg determinethe parametets of gach
corrector, the objective being that the system reacts correctly to a
G R B e
tethe mventien, Eegived setpointisdstalslishad sdtingtalloepdart ofthebest
gsewth, aedronsthe other hand the effect of the growth of bacteria in the

culture WO 2009/101328 - 12 - PCT/FR2009/050174 medium should be
included in the determination of corrector parameters. It is known in point

of Factthia® tHEGrowth ofFactetfa T TilbéAce G thé F8a6X Tpdtartipns
thededox-pbtental fadls:dering grovithcamd-Sexygenmcensumptien adjusted

increases, dtconsists of a;phenamenon that disturbs,adiustinents o set
adjustment of the correctors is made tq react to this dlsturbaré%(%3 as best

RYJa5ible 16 n tRRTES), it is the E5mbTatidof Mertifidaticns mage " =
apdtheeshned ifwhictethe eerrector IS ddpseed controllers of the

PID (monovariable) tvype.

The objective of the adjustment during the tests
referred to above 1g to maintain, during at least part
cf the growth of the strain, a constant value of the
redox potential as well as a constant dissolved oxygen
value (this will indeed be seen moreover in figure 2

that will be commented cn hereinafter).

The iomass, the acidifying activity and the
productivity per operation were measured at the end of
fermentation (end of cultivaticn) but also on frozen
pellets and on the freeze-dried product. These results
were compared with a control culture in which neither
the redox potential nor the dissoclved oxygen were
adjusted) (an aerobic culture prepared with a simple
flushing with nitrogen at 0.5 1/min in the headspace of

the fermenter).

The results shown in figure 2 show tracking of the
adjustment of dissclved oxygen values (p0O;) and of the
oxidation-reduction potential (Eh} for & strain of

Lactococcus lactig.
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(response to a disturbance and not to a change of set point) that makes it
possible to obtain the results observed with the use of "simple" controllers
of the 15 PID (monovariable) type. The objective of the adjustment during
the testso refetredo above is to maintdin,~during at |&45t e of the? 50174
growth of the strain, a constant value of the 20 redox potential as well as a
eonstapt dissalved;axygen omdue {this withindeed he seemmoreovanin: i on
flgure 2 dhat wil be commented ga heralnafteld, Fe biomass, the
acﬁﬁ)ylng actlvfy and the 25 productivity per operation were measured at
the end of fermentation (end of cultivation) but also on frozen pellets and
ohthe:fkeeza-deed peadict. Theselresulis: were tompasediwithras todtreic,
cylse in which peither the regox poteptial nor the dissplved oxygenweres
30 adjuste %%an aerobic culture prepared with a simple flushing with -
RitFoGER at 85 Pt i heeadS5ac ot CIRB fermenter). The Fasuite™ - =" °
stavire in figutesshows trackihgof thes B5uddjastaent bf dissolved &xygen -
values a02) and-ef-ihe oxidationsredustion patentigd4Eh) for a strain of
Lactococcus lactis. WO 2009/101328 - 13 - PCT/FR2009/050174 The
various gains obtained during various production steps are described in
thie talsle balow. Thewessertialreslieof FHisHiveRBSR IS 'GemSitrafioe s ex
accordingdo avhichit isspessible, mha systeavef eontrdlled-adjustmenthtoch -
uncouple the two ters.,whil Just S lys:
e, e e And Giosohot oxen. 101t & the o 5
{PAF EGARE obfafEd aregreater HarPBoR St the sfep GFifle S1S50-ved
fseszeedried produet, wiadh ds verysatisfyingi Bydimultanebushyzatijustingd
1Q§§@Q£ying activity.

Table of results obtained

End of Frozen pellets Freeze-dried
fermentation product
Gain in biomass 28% 45% 55%
{in %)
Gain in 17% 19% 71%
acidifying
activity {in %}
Gain in 17% Not determined 71%
productivity
(in %)

As it will appear clearly to & person skilled in the
art, the optimum dissolved oxygen and redox potential
values will have to be adapted according to the strains
and targeted obijective (production of biomass and/or

production of metabolites).

The performance of different adjustment seguences may
also be envisaged as a function of the growth phase

concerned, that is to say the establishment of




parameters, oxidation-reduction potential and dissolved oxygen, large
gains are obtained in biomass and 15 acidifying activity. Table of results
obtained End of Frozen pellets Freeze-dried fermentation product Gain
ibiemass 2894 49% 55% (in %) Gain in 17% 19% 748 acdityiny activity4
(in %) Gain in 17% Not determined 71% productivity (in %) 20 As it will
appearclearly (o a person.skilled in the. o, ihe.eplimum disseived s on o

oxygen and redox potential values will have to be aoII%E)ted accgrdg}gatrtn)ple

fHESs IR tHh daFG&te @ objettive irollictidh of Blofass anaror
produttien obristabelites): 25 Thesperfdritance of different adjustment
sequlencesmay also beenvisaged assa fupgtionofdhe geowib pbasee to
concerned, that is tg sa th e taoblish@en%ofl\{lvog 09/101328 5014 -
Dé‘;]‘?Fﬁ“éoﬁ‘él 50174 “difteren coﬁiﬁl%srivalﬁe of redox pOZi as a function
of tiergrowth phrasesh BTestFain -amdasfimeticaPegampr egivense te
below as;andlusirationscatibe starobgrovedhuea lavi sedoxovalté close to

5 -4004m and.a dissolvel oxyospvalue clgsedodoi, olhef Ndbse  co

éxponentié?ph%se, a redox value close to -400 mV and a dissolved
OARETVAIGE EIGER (67598 SHaii i sttidREr Fhase: a redox value close

to -400 mV and an oxygen value close to 0%. 10
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WO 2009/101328 - 15 - PCT/FR2009/050174 CLAIMS 1. A method for
cultivating microorganisms, a method of the type where, in particular, a
step is 5 performed of seeding a culture medium with one or more

micreerganisim strains, and a step of cuitivating the medipnrseedething 74
this way, characterized in that, during the entirety or part of the

cultivation, two of the following adjystmggts are made simultaneously: 10

- the quantity of dissolved oxygen Tmthie medium is adjusted to a given
dissolved oxygen set point, - the value of the redox potential Eh of the
medium is adjusted thadivén set poitit vahieifos Elm &2 chuscultvation &

methodas slaimed.in ¢laim 1., chatacterized in that the yalue of the-egdox s
potential adjusted in é%slway is neqattive. 3. T 1cIt%lltivatjCchn @Etéﬁodrasmcre
S&inied fichaifit 1 BF %02 Thardcterized inTarthe rédox potential s

adjgstedweithin the ratige extendingdrom -400R 0AV . CUITRE 2ERVEtioR e
method.as claimed in ¢laims 1 to 3yeharacterized in that thel dissalveghat ,
oxygen value 25 is adjusted within_the r 0 30%. [tivat]

rﬁg 0d-as L({:T%lm%%tfr“l}oensteyof%ﬁe ppargge w%ge&%f%ns%%%%?gz%grgiz&e%’in%%%? oF

ditierehip ldapuditirert SeHEEREES @ e IR aCCBiding16 e 38 growth
phase.eongekied;, by employing=differedt couptes: (séhpoiitevalmedithe is
f§89%a§9ge£ﬂ@5 disspjved, oxygen setroinh according o thephase of the

growth of said strain considered. 35 6. The culjtivag’?n ethl%)d as claimed,
in ohBf e Preeding Blaints Ehakittsivedin that atjustment 6F the. *°
redox potehtiabusessthesinjectiond Evedugihgegas or Haseous mixture

into the culture medium, such as WO 2009/101328 - 16 -

Fg?”FRZOQ%§§O%Zﬂtivation method as claimed in claim 1,

characterized in that the value of the redox potential

adjusted in this way is negative.

3. The cultivation method as claimed in claim 1 or
2, characterized in that the redox potential 1is

adiusted within the range extending from -400 to 0 mv.

4. The cultivation method as claimed in claims 1
ro 3, characterized in that the dissolved oxygen value

is adijusted within the range 1 to 30%.

5. The cultivation method as claimed in one of the
preceding c¢laims, characterized 1in that different
adjustment sequences are performed according to the
growth phase concerned, by employing different couples
(set point wvalue of the redox potential, dissolved
oxygen set point) according to the phase of the growth

of said strain considered.

6. The cultivation method as claimed in one of the
preceding claims, characterized in that adjustment of
the redox potential uses the injection of a reducing

gas or gaseous mixture into the culture medium, such as
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a gaseous mixture containing hydrogen, while adjustment of the
dissolved oxygen value uses an injection of air or of a gas or gaseous
mixture capable of releasing oxygen such as pure oxygen or

J%ygeAENfiERdd i into 5 the culture Hiedium. 7. ThE CRKITEREGT MRS 74

as claimed in one of claims 1 to 5, characterized in that adjustment of the
redoxpetentiahuses.the injectioniofiaghém@abdecompourt iathl thetment

Guiturepedivnk 8 -Jhe cultivation methed aselained in-one-ef slaimg lair
to 6, characterized in that the tC\D/vL%)S si%u%&qgousca%)u t@gntcs) @rerlgﬁggg%ﬂ
a%radﬁjstmaen?&s 15the %‘?‘B?ype according fo the fol owing procedure: - e

apreERTAtBNdE fifst oPHIF radd S Bie iffpaekds B Rijectionsst aftior of 5E©

mixture @bl tereteasewxygen, and of a reducing gas or gaseous
mixture, on the one hand, on the dissolved oxygen value and, on the 20
other hand, on the redox potential, by means of perﬁs][ieming preliminary

tdsts employing varite Yas Hitvs THEORD infothe hietiiim, - tho fiow  ©F
rateacomtrollerscaré usedizcapablerdfzadjusting-inetflondines ohtrigast the

ablestorelease. 25 axygen aad the flew ratejefdhe seduchiy gas okhemical
gaseous nrg.lx;c_l%lrg |ntt0ntgeccuitg{1err€r§1egéugn;u}n a control system is used with
dara g@qwsmon, for examblle ah automaton that periodically examines

each of the flow rate controllers, as regards its set point 30 value and the
value of the TReasuremeant0f ther parametet wWith whichiitiscassociatese of

aé‘f'ﬁ‘%%h consequently corrects,its QUIpUL, = the cofrective measuies by: o
each controller were _determined from said W%% ct evaluatloas as.a

fiichion" 35 e MSIE IR SFnG &TstEiR Tor gfven 38t points P tRE ©F
redex paRentigkenddissolvedoxygenne following procedure:

- an evaluation is first of all made of the impact of
the injection of air or of a mixture able tc release
oxygen, and of a reducing gas or gaseous mixture, on
the one hand, on the dissolved oxygen value and, on the
other hand, on the redox potential, by means of
performing preliminary tests employing variable gas
flows injected into the medium;

- two flow rate controllers are used, capable of
adjusting the flow rate of the gas able to release
oxygen and the flow rate of the reducing gas or gaseous
mixture into the culture medium;

- a control system is used with data acguisition, fox
example an automaton that periodically examines each of
the flow rate controllers, as regards its set point
value and the value of the measurement of the parameter
with which it is associated, and which conseguently
corrects its output;

- the corrective measures by each contrecller were
determined from said impact evaluations as a function
of the disturbance of the asystem for given set points

for the redox potential and dissclved oxygen.



