Method for increasing the biomass and the metabolic activity of microorganisms by the combined
adjustment of the oxidation-reduction potential and of the oxygen dissolved during the fermentation
process The present invention relates to a method for cultivating microorganisms in order to increase

the biomass afid/ar¢he metabplic activity of microorganisms 10 (i.exde jcteass thesproguction of
certain metabolites, namely certain molecules produced by the microorganisms), this.by the combined

adjustment of they@xdatioFsedustiiordpaiential and the sisselved-axygaa. &2 Ak ilustration, the

invention may relate, for example fo lactic bacteria, byt alsp to mictoprganisms_having preferably an
anaerobic meta%gl‘%’slrﬁr Jé%%h%%s ?ela%lfgoﬁ?ﬁel i?'rﬁl/ger?ﬁ n gﬁs% e arf!:(:ajs:L ﬁ)%ﬁreafrlgeﬁ %?P(T:”er %’ln finished
products, such @5 e rHsE EAPITESHREFORUBR BRIl éRPIyE dReneieaRn step. The
actual cultivation step takesgtaeed avesse), 2haitharmedtoat sesingricgdlture medium of which
the compgsition is suited to the specific requirements of each microorganism. The composition of the
culture medium may be extremely varied, but mention is usually made of the presence of one or more
elements among 30 polysaccharides, glycerol, milk, glucose, etc. Similarly, parameters such as for

example pH, temperaturesand dissolvechaxygen presseiremay be adjastech<3Gariougdypes of
cquaﬂon[Nog%g%E%%ﬁ§5g microorganisms in order to increase the
biomass and/or the metabolic activity of microorganisms
10 (i.e. £o increase the production of certain
metabelites, namely certalin molecules produced by the
microorganisms), this by the combined adijustment of the

oxidation-reduction potential and the dissclved oxygen.

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

yveasts.

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

roduction method emplovs a fermentation step.
i

The actual cultivation step takes place in a wvessel,
25  with or without stirring, in a culture medium of which
the composition is suited to the specific reguirements
of each microorganism. The composition of the culture
medium may be extremely varied, but mention is usually
made cof the presence of one or more elements among

30 polysaccharides, glycerol, milk, glucose, etc.

Similarly, parameters such as for example  pH,
temperature and dissolved oxygen pressure may be
adjusted.

35
Various types of cultivation procedure exist:
- a discontinuous o¢r “katch” culture, used notably for
the production of lactic ferments cor Dbread-making

veast,



--a discontinuous or "batch” culture, used notably for the production of lactic ferments or bread-making
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 sensitveda dahibitionyy the fermentation substrate, 5 - a genrtinuOps Caltyegwith or without
recycling, the latter being used notably for the production of ferments, molecules of interest, and for

the biological purficalign.of uasiewaler.10-Ehe siemolpresging e lomass (uay be carried out n

liquid foiu, by freezing, cryopreservation, by freeze drying or by d[_ylng. rotective agentS are used to
protect the miSFERIFGARisMS Froitifie FARRHF BiEELs Bf pré&&maHios tréffhTerits Vs Freéeze drying is
known to be aflewrtenperatme dehydration opérationhwhich ednsisissaf refnaving the=major part of the

water contained in.the;produgt, affer freezigg, by, subldmation2Q AAs:has hesnsaid  microorganisms

are widely used in the food field, notahly lactic bacteria, such as probiotic cultures or ferments. The

viability ahd nietghof&BEMNIEFoFIheSEiatiEbattenn, Brodticdd oh a 1478YsHE ¢c4le for Wieir criteria of
technological abititys maykise affected &y theredrddusystegsthat they undembaduringitheis production

(inoculation, cultivation and.gongentration) and their praserationfreezing ok freeze drying). 30

Microorganisms pro uction of sugar int%ethagol. molecules of interest 35 pharmaceutical field.
puriricacion © wasctewater.

10 The step of preserving the biomass mayv be carried out
in ligquid form, by freezing, by cryopreservation, by
freeze drying or by drying. Protective agents are used
to protect the microorganisms from the harmful effects

of preservation treatments.

15
Freeze drying is known to bs a low temperature
dehydration operation, which consists of removing the
major part of the water contained in the product, after
freezing, by sublimation.

20

As hes been said, microorganisms are widely used in the
food field, notably lactic bacteria, such as probiotic
cultiures or 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 wvarious steps that they undergo
during thelr production (inoculation, cultivation and
concentration) and their preservation (freezing or
freeze drying).

30
Micgroorganiems may also be made wuse o¢of in the
production cf bicfuels, notabliy by the conversion of
sugér into ethanol. Microorganisms also enable
molecules of interest to be produced, notably in the

35 pharmaceutical fileld.

Optimization of the biomass and/or of the metabolic

activity of these cultures is therefore very important



Microorganisms also enable to be produced, notably in the and of necessity has both technological
and economic importance. Environmental parameters play a key role in the growth 5 of
microorganisms, in the metabolic reactions and in the physiological mechanisms responsible for the
activity of micrebrgahisiis.CLiike the pH, temperature dr-compositiorrofrthernediant the value of the
oxidation-reduction potential seems to have an effect on the growth and viability of bacterial strains. In
point of fact, several studiescenslactic bacteriahave demenstrated:an effect of the gxidatien-reduction
potential on me'%bgli gowéthe survival of probiotic ferments and the production and/or stability of
molecules of interest. Inl}ﬁls'respect, reference may be made to the following documents: documents
EP-1 856 241 and EP-1 649 755 as well as WO 2007/036693 Al in the name of the Applicant, or
20patent US-7:0#8 208hrit wilkhe pateshthatadecument WO 2007/036653 relates to,the.adjustment of
the redox poteptial at ane or. gé%@ Sg{ggsog%megggdf% &rgggﬁlnga.fgggcotri% blotechnolpglcal product

comprising a fermentation stép, so as to perform at least one of the steps of the method Under
reducing conditiofis ard 4B feasPERE df the RESHESFRB fnetHotrtderidxddizing 88nditiohs, and notably
making it posséte {or dlternafe thie-phases:0fi3drthe fermentation considered under reducing conditions
with the phases of the fermentation considered under oxidizing conditions. Various compounds may
be used as a redgﬁgngﬁg%ent and 35 for inducing a reduction in and/or maintenance of the

Y

oxidation-redutth ti&I“AmbRYRAESEES, Théntidh nTay B8 Tidde8f Qi End'8rini8hia but also of
reducingl§ases$ sacty as by drdgenher mixiures contaiming hydroyeno WO 2609/301328- 4
-PCT/FR20090580474, effect on the growth and viabiiity of bacterial

strains. In pecint of fact, several studies on lactic

bacteria have demonstrated an effect of the oxidation-

reduction potential on metabolic flow, the survival of

}_\
W

probiotic ferments and the production and/cr stability
of molecules of interest. In this respect, reference
may be made to the following documents: documents
EP-1 856 241 and EP-1 649 755 as well as
WO 2007/036693 AL in the name of the BApplicant, or
20 patent US-7 078 201. '

It will be noted that document WO 2007/036653 relates
to the adjustment of the redox potential at one or more
steps of a method for producing a food or
25  bilotechnological product comprising a .ferm@ntation
step, sc as to perform at least one of the steps of the
method under reducing conditions and at least one of
the steps of the method under oxidizing conditions, and
notably making 1t possible to alternate the phases of
30  the fermentation considered under reducing conditions
with the phases of the fermentation considered under

oxidizing conditions.

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 but also of reducing

gases such as hydrogen or mixtures containing hydrogen.



These studies of the prior art have made it possible to demonstrate that the use of reduced media,
media where the oxidation-reduction potential is low, makes it 5 possible to increase the biomass
produced but also the viability of the product during its subsequent Preservation, and also makes it

possible to increasethe/predugction of metabolites. 1 Another meansreporied bydbhe prigr art for
increasing the biomass produced is the use of a small quantity of oxygen. Although oxygen has an

inhibiting effect on lactic bacteria, facultative anaerobic bacteria, it is described in the literature as
being able to be of 15 benefit to theirrgrowth. Thus, studies have shown that for an MG1363 strain of

Lactococcus 3G Bdditdr gt Dx§derr Bfiabies e Bomasd TrolEcEd thtb@MEFdaeed. frPthis way, the
concentration d¢hmmsdassmeveshromii54 gike(dnifweight)dr@nmearderobicediure win8:68 g/1 20 for a

culture to which-a pegcentage QRdE_Sé%(@Qi%%(geﬁQﬁé?{Q:@aaidder(ref_%%ﬂce willkhe magde to the
studies bl)]é Jensen et aii entitled "Metabolic behaviar of Lactococgéfﬁlea(gt(i)%MGl 63 in microaerobic

continuous cuRNERGR afa o dRHoTYaTe" that APPRRFSTin=IaA 1EvEI89, N6'%). It would
then appear thatabe Mg Solutichs rédonmericedussithe Bricriarg, namely thesebtablisiament of a low

redox potentiahincthe-firstcase andagtion 0adher3d guantity ef«clissolved exygen i-thessecond case,
clearly seem t%l,l?e inco patEibIe. Indged §ir§e oxygen is a powerful oxidizing agent, adding it to the

: e prodictionh or metascl s. ; .
culture medium wHI%lgnl |can]tly increase the redox potential. 35 As will be seen below. in greater
detall, it is therefore the merit of the present invention to have demonstrated that it is possible to

provide and adista guantiyof dissplyedaxygen white adjustingethe 5 sedoxpoteatalte a desired
fixed low value. {ishringing.apatiDanexierely adyaniagequisdnanner g sgniicant increase In
the productivity of cultivated strains, while action on the two aforementioned parameters could appear

to a person skiffeddfthe ﬁ%m‘éﬁéigkﬁf’%@{ﬁ& Stafie For arttefeired?d alsoveSaid highly logically,

to be destructivectic bacteria, facultative anaerobic bacteria, it is
‘ ~ described in the literafure as being able tc be of
15 Dbenefit to their growth. Thus, studies have shown that
for an MGEl363 strain of Lactococcus lactis, addition of
oxyvgen 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 to 0.68 g/l
20 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 “Metabclic behavior of
Lactococcus lactis MEL363 1in microaerobic continuous
cultivation at a low dilution rate® that appeared in

25  AEM - 2001, Vol. &7, No. 6).

It would then appear that the two soclutions recommended
by the prior art, namely the establishment of a low
redox potential in the first case and action on the
30 guantity of dissoclved oxvgenn 1in the second case,
clearly seem to be incompatible. Indeed, since oxygen
iz a powerful oxidizing agent, adding it to the culture

medium will significantly increase the redox potential.

35 As will Dbe seen below 1n g¢reater detail, it is
therefore the merit of the present invention to have
demonstrated that it is possible to provide and adjust

& gquantity of dissolved oxygen while adiusting the



In one aspect, there is provided 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, characterized in that, during the entirety or
part of the cultivation, two of the following adjustments are made simultaneously: the quantity of

dissolved oxygenJa.thepedivm isiadjusted;to ggiven.dissphed-oxygan sebpeiat, the.vaue of the
redox potential Eh of the medium is adjusted to a given_set pqint value for Eh. The gresent invention
thus provides & FigtRod @nifiSig si%ltgﬁeoﬁt (ﬁﬁlgr?‘ﬁfengs,\’b‘—’rlgfjé?goeﬁ%%intﬁag%%eg or §aseous
mixtures to ensurerthéde adjustrmentsa sglvamadévusyt adiusirentaf e reda porévitid will use

injection of a redueing,gas orgaseous Auxiurs (forlexample-a gasesus grixiuemeomtaltiag hydrogen)
into the culture rggdiuy.e@ g cggg? red thaatrth addailtioneg:fscr}lemsg%%«lifu%h as aggorbg:r%cid (vitamin
C) for examplepcou%alano be emp oyeaptg rng aboit this acﬁustmen of the redox,ebut as has been
said, it will be prefefrsdstd usé Ié injektiorV dE3uitable tRBe L TwRile, a8Tant&d€sUisR? adfustment of
the dissolved exyges vatie willkes thatlediy-mjecingtadr biepuesaxygen Droxygen-enriched air into the
culture medium or any gas capable of releasing oxygen, for example mixtures containing oxygen and
CO2, etc. 5a - these adjustments are carried out during the entirety or part of the fetmentation, namely

during the entirfsly o4t oftBGltivatidii6Fthe bhtterBFQHHiRSEwilltbe MREF Dt dbEGment US-7
078 201 referres:ic-abave inglicates-that garaptmsum aatuetdidtie edddxpotentied médaeinerease the

production of %@?ﬂﬂ@ﬁ&'ﬁ?é@ foc{rr@@e% of glycerol anddeduge thefermgntation timg-as compared
with a conventional fermentation. The method ro%o_sed by this document proposes for this the
th al-%%t?

maintenance dFEVENTe ¥ redldR pStentit YerREHEr BrEBwEST and™¥F50 AV by means

of continuous aerationf theudédivatbydir infeetioneTheobjeci@esbught by:thesauiys of WO

2009/101328- 6nREJ 4 R2009/850174the €locumentis te REOCeed counter tora lowering of the redox
potential, and for this ording to one_of the methods mended %)é the document, the author
recommends ac ?ngdslgglgulrﬁ %%%(idetl‘hv%rd%grﬁtog it ﬁ%ﬁ%@g&uﬁoﬁ 0 %S:t\rlnaefﬁlléc%f tﬁge}edox
potential instedtRaRd fiplaceBreRa Fatlitional use of ammonia (considered as too reducing) in order

to adjust the pH duniag grawit 10,1t will therefera bedindergtpod that thetauthoss dharnoti s
adjusted to a given dissclved oxygen set point,
- the wvalue of the redox potential Eh of the medium is

adjusted to a given set point value for Eh.

The present invention thus provides a method employing
gimultaneous adjustments, preferably using "gases or
gaseous mixtures to ensure these adjustments:
- advantageously, adjustment of the redox potential
will use injection of a reducing gas or gaseous mixture
(for example a gaseous mixture containing hydrogen)
into the culture medium. It 1is considered that the
addition of chemicals such as ascorbic acid (vitamin C}
for example could also be employed to bring about this
adjustment of the redox, but as has been said, it will
be preferred t£o use the injection of suitable gases,
- while, advantageously, adjustment of the dissolved
oxygen value will be made by injecting air or pure
T oxygen or oxygen-enriched air into the culture medium
or any gas capable of releasing oxygen, for example

mixtures containing oxygen and CO,, etc,



adjusting_the_quantitof dissolved oxygen while 15 adjusting the redox potential to a desired fixed low
value (the dissolved oxygen content which would naturally have the tendency to raise the redox
potential). 20 The present invention then relates tog;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 straing,-angds3 stepmecultivatiog dhe medium seeded imihis waye 2% whiekis
characterized in that déJring ti%%en%'ref%logl art o{f3 1t_lhe %lg%\é?tiona{lw% qu tht fgllovz\{ci??Zae Justments are
made simultan%%uglfl/?- the quan?ity St disSorved oxygen int & medidiTis a jus?e oa ngen
dissolved oxygeh s oIttt 30 1¢h& VAlLEGTIROFe@ix pORNBAIES bife MmedRHT is adjusted to a
given set point value for Eh. It should be understood on reading the preceding account that according
to th_e |nvent|o%,tth% ivf\#u %f :;?O@ee edpx potential Eh.of the meéiylgn_ i%gdjygt@gxlpeqis%tcoomt value
that is less than the value that would be naturally reached by only adjusting the dissolved oxygen. WO

2009/ 0 328- 7APTYEFRIVYHESEE 4 Fhe tnvémtio PRSI RordGvetaddpt ord’6r M8 the following
technical features: entthelvaluengf thenedex petentiakadjpsteduc thiswaydXis regatiue;l the redox

potential is adjusted within the rapgegxtending frem -400 0NV, ang  reduce the
fermentation time as compared with a conventional
fermentation. The method proposed by this document
proposes for this the wmaintenance of a value of the
redox potential in the fermenter of between -250 and
+50 mV by means of continuous aeration of the medium by

air injection. The objective scught by the authors of



the dissolved oxygen value is adjusted within the range extending from 1 to 30%; 10 - different
adjustmentsequences are perfoimed according to the growth phase concerned, by employing different

- couples (set point value of the redox potential, dissolved oxygen set point) according to the phase of

the growth-of gaid-sirain consigdered; 15 - adjustment of the redox petentiad uses the injection of a
reducing gas or gaseous mixture into the culture medium, such as a gaseous mixture containing

hydrogen, Wh%%édiaé%gﬁg%%f the d&@pﬁvggc@ggegcﬁgg@e%segoanain'@ggggﬂf} air o c_)ghggas_ or
gaseous mixture capable 20 of releasm%mggen such as pure oxygen or oxygén-enriched air into the
culture mediufE sijuStiieiit of e reto® potentiafises thE FEctioreof EcHEnfica Tompdund into the

culture mediume tthedwo sirautbaneous-=adjustmentsare madebyant25 adjistment.aftthe PID type
according to the follawing pracedure. an evaluatin is first of all made ok the impact of the injection of

air or of oxygen or of a mixture able {o r(?_lease oxygen, and of a reducing gas or gaseous 30 mixture,
on the ore hahttSon Thgdidsoived BxygérFalud Nt onthe GthEr hafEGh tHREfeToX Potential, by
means of perfobmirgpretindnany tests empidyingreariabielgas. flows injected intatiesmedium; two
flow rate controligrs-are-used, £apable of 38.adiugting the flowk tate of thegas.able g release oxygen

and the flow r%;e of the redumﬂg gas or gaseous mixture into the culture medium. These controllers
constitute actUators 'Sf t%%or"ébul'ating system; WO 2009/101328- 8 -PCT/FR2009/050174 a control
system is used with data acquisition, for example an automaton that periodically examines each of the

flow rate gontrofless; as regardsrits-setpointadiesand the-ralue ehtbesneasrement ghthe parameter
5 with which |ta|§ a%%%magggean}g?\yggh Egnsggyga@/ %%{E?Cté d}%‘ﬁ%t' S,thea Egogg '%Qt/ee r)kr?easures by
each controller were determined from said impact evaluations as a function of the disturbance of the
{swﬂemforgwﬁﬁseFB@Hﬂ§ed°X to & fixed walue being made (fine
adijustment) and even less do they refer to the fact of
adjusting the quantity of dissolved oxygen while
15 adijusting the redox potential to a desired fixed low
value {the dissclved oxygen content which would
naturally have the tendency to raise the redox

potential) .

20 The present invention then relatez te a method for
cultivating microorganisms, a method of the type where,
in particular, a step is performed of seeding & culture
medium with one or more microorganism strains, and =a
step of cultivating the medium seeded in this way,

25 which is characterized in that, during the entirety or
part of the cultivation, two of the following
adjustments are made simultaneously:

- the guantity of dissolved oxyvgen 1in the medium is
adjusted to & given dissolved oxygen set point,

30 - the wvalue of the redox potential Eh of thes medium is

adjusted to a given get point value for Eh.

It should be understood on reading the preceding
account that according to the invention, the wvalue of
35 the redox potential Eh of the medium is adjusted to a
set point value that is less than the value that would

he naturally reached by only adjusting the disscolved

oxygen.



10 for the redox potential and dissolved oxygen. The invention will be better understood on reading the
following example with reference to figure 1 that illustrates in a schematic manner the experimental 15
assembly used for carrying out the tests. Tests were carried out on a mesophilic strain, Lactococcus

lactis, in a ferggntes yyth, a capacity of 1.5 liters. 20 Fhe fixed targei yvalues(setpeints) for the
oxidation-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 concentration of the culture medium by means of a probe. This probe is

calibrated in tH& foll6RIFRFARAF “arFA3 AL MAFE {206 FETRECRRING TheQHitiré fedilif in order to
draw off all the& 3DJaxyden preséntiAtthis stagerthe:probe should then indicate a concentration of 0%

dissolved oxygen.jpecondly, the-aforementioned fHA2IN2 mixuredsreplaged » trnie way
5 is negative;
- the redox petential is  adjusted within the range
extending from ~400 toc 0 mV;
~ the disseclved oxygen wvalue is adjusted within the
range extending from 1 to 20%;

10 - different adjustment sequences are performed
according to the growth phase concerned, by emploving
different couples (set point value of the redox
potential, dissclved oxygen set point) according to the
phase of the growth-of saild strain goﬁsidered;

15 - adijustment of the redox potential uses the indection
of a reducing gas or gaseocus mixture inte the culture
medium,'such as a gaseous mixture containing hyvdrogen,
while ad-iustment of the dissoclved oxyvgen wvalue uses an
injection cof air or of a gas or gaseous mixture capable

20 o©of releasing oxygen such ag pure oXyygen or oxvgen-
enriched air into the culiture medium;

- adjustment of the redox potential usesgs the injection
of & chemical compcund into the culturese medium;
-the two simultaneous adjustments are made by an

25 adjustment of the PID type according to the following
nrocedure:

- an evaluation 1s first of all made of the impact of
the injection of zir or of oxygen or of a mixture able
to release oxygen, and of a reducing gas oOr gaseous

30 mixture, on the one hand, on the dissclved 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

35 adjusting the flow rate o©of the gas able to release
oxyvgen and the flow rate of the reducing gas or gaseous
mixture into the culture medium. These controllers

constitute actuators of the regulating system;



by air, which is injected in a large quantity (typically at the maximum flow rate that the system can 35
provide). After waiting until the measured value is stable, the system should then indicate a value of
100% dissolved oxygen. If this is not the case, the probe is calibrated with a value of 100% being
given to the WO 2009£,Q01:83282 9 -POT/FR2009/050%74 probe. Thiel1QG% dissoEsbaxygen” then
corresponds to the maximum oxygen that the medium considered can dissolve. Once this calibration

has been carried gut-adigstmentpf dissolved oxegen sanbe astivatedwith=y the-set peigt-that that it
is desired to establisl'jtin the cuggre mediuméﬁhg,re for example ;LE)%). Tests were ther}lc%rg'ed but with

10% of the maximurd that the Medium-considered B601d dissonve 10 Simitarly. one embodiment of the

two simultanedtiadfustiierits BBcofdifg ¥O theePfesert nvEftHaw A bé eXpldifed iRdétl
hereinafter. An-aqtamaiod is-tizedibatperddically (arcosdingrieacpesivoddhat hasheeniegposed on it,

for example legs than g;second) .examines.each af thg mags, flow, cantrollers, namely,its;get point

value and the value of the measurement of the parameter considered-and that conseauerntly corrects
its output, i.e. ffRRGRSIICtiohs 205MiEl Tt igives as feedback. In this case, use is made of a control of
the PID type which-here makes it pogsiblengeadjustshotibthe sedox amdbtierdissaved wxrygen. As will

be explained ir greater: defail hetginafigr dt shaulddn paiptof fact be pointed put:25;that the redox
potentlal and tg% dlgﬁglv%q_ g&%%na%% not t%avgtl_tlge same b%h vior, al’]l_(;\if élgle_'y dgtnotgg\xe% éhe same
time constants or the Same reaction ampllcfude or an Pﬁ%nﬁcal Ow réte variafion. C,%nsequently, the
parametéfs of £a€h eBAtraRsIareFt fdEntRal ANPGRS adjiatmetémployed on each PIP enables
. the controllers not to oscillate, this implementation thus limiting interferences between them. The

”nmemenwmo%g§SQH%%H¥¥@§'%QTWEEE better understood on reading the
following example with reference to <figure 1 that
illustrates in &a schematic manner the experimental

£

15 agscembly used for carryving out the tests,

Tests were carried out on a mesophilic strain,
Lactecoccus lactis, 1in a fermenter with a éapacity of
1.5 liters,

20 The fixed target values {(set points) for the coxidation-
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 concentration of the culture
medium by means of a probe. This probe is calibrated in
the following way: an H;/N; mixture (4/98) is injected
into the culture medium 1n order to draw off all the
30 oxygen present. At this stage, the probe should then
indicate a concentration of 0% digsolved oxygen.
Secondly, the aforementioned H,/N; mixture is replaced
by = air, which 1is injected in a large guantity
(typically at the maximum flow rate that the gygtem can
35 provide). After waiting until the measgsured value is
stable, the system should then indicate & value of 100%
dissolved oxygen. If this is not the case, the probe is

calibrated with a wvaliue of 100% being given to the



35 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 invention. WO 2009/101328- 10
-PCT/FR2009/050174 The inputs and outputs of the controller typically installed are described below:

5 For the redoyn Asginput ¢hAFedox set point in millyolts given fromthesnan-maching mierface
(MM1) J) Measurement of the redox in millivolts conveyed 10by the sensor immersed in the

culture medium, As outgyt: k) Flowate;0LHRAN2 gonveyed into the medium. 15 Eok dissplved oxygen

o u
As input i) Dissé’ISe§ 02'set point expressed as a percentage (0-100%) and,tba%was entered from the

man-machine Fit8rfal& I 20y REEurémiét of & olvBE 2 Bonve&REriPiR corfédponding
probe in mV add cenvered ibtaa péicentage lsotasstoilave e samennitas thatdf thetset point. As

output adiustment of dissclved oxygen can be activated with
5 the set point that that it is desired to establish in

the culture medium (here for example 106%). Tests were

then carried out with 10% of the maximum that the

medium considered could dissocolve.

10 Similarly, one embodiment of the twe simultaneous
adjustments according To tThe pregent invention will be

explained in detail hereinafter.

An automaton is used that periodically (according to a -
5 period that has been imposed on it, for example legg
than a second), examines each of the mass flow
controllers, namely 1ts set point value and the value
of the measurement o0f the parameter considered and that
conseguently corrects its output, i.e. the instruction,
20 which it gives asg feedback. In this case, uss is made
of a control of the PID type which here makes it
possible to adjust both the redox and the dissclwved
cxygen. Az will be explained 1in greater detail
hereinafter, it should in point of fact be pointed out
25 that the redox potential and the dissolved oxygen do
nnot have the same behaviocr, and they do net have the
same time constants or the same reactlon amplitude for
an i1dentical flow rate variation. Consequently, the
parameters of each controller are not identical and
30 fine adjustment emploved on each PID enables the
controllers not to oscillate, this impiementation thus

limiting interferences between them.

The impilementation  described above is only an
35 1llustration of one embodiment, which dJdoes not of
course exclude other means of adjustment and this
without at any time departing from the scope of the

present invention.



25k) Flow rate of air conveyed to the medium More precisely, as an example of the implementation
indicated above: 30 - a controller of the PID type is used that is in fact a proportional-integral controller.
Other types of controller could also be used, as for example an internal model or fuzzy logic controller,
as has been ipdicaigsaboye; the redox potentialand, 35 dissolved mxygen giogwtdaye-ihe same
behavior and they do not have the same time constants or the same amplitude for an identical flow
rate variation. Consequently, the parameters for each controller are not identical and the suitable
adjustment employed on each PID makes it Eossible for the controllers not to oscillate, which in this
way limits inteFfefenéEEBéfve s hent MBS Srecidely thfat MARES Rp0SEibIEF aSétdiMg to the
invention to differentiniefetwee mparameterxd afeslamh :controller, is the previous quantification of the
impact of air or other gas capable of releasing oxygen and of the mixture containing hydrogen on the
dissolved oxygen value on 10 the one hand and on the redox potential on the other hand. This
quantification %&—ﬁmying out preliminary tests where variations were established of the gas
flows injected intbghemadium. These tests made it possible to determine the impact of air injection on
the redox potential ang op the-disgolued oxygers and than thegpast efiinigctingan the |
hydrogen-containingmrg%(g%e %‘JQG rg%@é E%yaeggal @&EP” dissolved oxygen. These tests made it
possible to know the |mpacfﬁo each gason its measured reference 20 quantity but also on its impact
(or disturbance that if profRREYGFBiCothér FhantiEfreastifed™ Thesd ekperifeRtsMate it possible
to conclude that in the,casesstudied dgadeousrmbdures, niedium Ireated, metd ) umthe influence of the
hydrogen-containing mixture on 25 dissolved oxygen is approximately four times less than that of air,
as regards the redox potential, air has an impact 10 times less than that of the hydrogen-containing
mixture. 30 Takiftg abcodhit of this identification of transfer functions, it is thus possible to determine
the parameters of edch dobreetorathe cbfjedtivéibeimpttared into the medium.

15 For dissolved oxygen

- As input
1) Dissolved 0, set point expressed as a percentage
{0-100%) and that was entered from the man-
machine interface (MMI)

20 i) Measurement of dissolved 0; conveyed by the
corresponding probe in avV and converted into a
percentage so as to have the same unit as that
of the set point.

~ Ag output
25 k) Flow rate of ailr conveved to the medium

More precisely, as an example of the implementation

indicated above:

30 - a controller of the PID type is used that is in fact
a ©proportional-integral controllexr. Other types of
controller could also be used, ag for examplie an
internal model or fuzzy loglc controller,

- as has been indicated above, the redox potential and

35  dissclved oxvgen do not have the game behavior and they
do not have the same time constants or the sgame
amplitude for an identical flow rate variation.

Consequently, the parameters for each controller are



the system reacts correctly to a disturbance of the 35 system for a fixed point. In point of fact,
according to the invention, a given set point is established during all or part of the growth, and on the
other hand the effect of the growth of bacteria in the culture WO 2009/101328- 12

-PCT/FR2009/9501{d-;medirm should be included imthe determination efcosreciorsearameters. It is
known in point of fact that the growth of bacteria has an influence on the redox potential: the redox

potential falls dur;ng.%rgwttril_ an 5 %;(%yggﬂ é:og%%rgggci% in%rg%%sc. A%%%ns'g%&%é gge%olmenon that

disturbs adjustiménta™adjustment Sf’ e correctors is made to react to this ance as best as
possible. 10 IrEAfEwWEY Ot BakE BormbinRESTT sPRniiati oM ATE Aha th&RfanRBLin Which the
corrector is adjissted (eesponsesta.adistutbane and netto a thange: of Settpmirity thead mrakes it

possible to 0b%s‘ﬂé%&neeeﬁeseE%ﬁbsef\f@@r\giﬂb&h@as:@e%a;?i el:coptrollers ot the IRID)

(monovariable) type. The objective of the adjustment during the tests referred to_above is to maintain,

during at feastisarPEEigrovith dftfe StATETE CORstanfvalte of HhE20 T846x potertafas well as a
constant dissabzetkowygersvaluef(thisasiilindeedberssehanoreovsy in figute 2 thagwilbbe commented

on hereinafter), The biemass;theacidifyingiactivity.gpdthe of  air or other gas

capable of releasing oxygen and of the mixture
containing hvdrogen on the dissolved oxyvgen wvalue on

10 the one hand and on the redox potential on the other
hand. This gquantification was made Dby carrying out
preliminary tests where variations were established of
the gas flows injected into the medium. These tests
made 1t possible to determine the impact of air

15 injection on the redox potential and on the dissolved
oxyvgen, and then the impact of injecting a hydrogen-
containing mixture on the redox potential and on
digsoclved okygen. These tests made i1t possible to know
the impact of each gas on its measured reference

20 guantity but also on its impact (or disturbance that it
produces) on the other guantity measured. These
experiments made 1t possible to conclude that in the
case studied {(gaseous mixtures, medium treated, efc.):
- the influence of the hydrogen-containing mixture on

25 digsolved oxygen ig approximately four times less than
that of air,
- as regards the redox potential, air has an impact 10
times lesgs than that of the hydrogen-containing
mixture.

30
Taking account of this identification of transfer
functions, it 1s thus possible to determine the
parameters of each corrector, the objective being that
the system reacts correctly to a disturbance of the

35 system for a fixed point. In point of fact, according
to the invention, a given set point 1is established
during all or part of the growth, and on the other hand

the effect of the growth of bacteria in the culture



25 productivity per operation were measured at the end of fermentation (end of cultivation) 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 dissolved oxygen were 30 adjusted) (an aerobic culture
prepared with asimpledlusbingpwith nitrogen at 0.5 Ifmin-in the headsmatefthe ferswenier). The
results shown in figure 2 show tracking of the 35 adjustment of dissolved oxygen values (p02) and of

the oxidation-reguction paigatialdEnyfor a strainpf dactacoceus lactis - WQ:2009{101 3288
-PCT/FR2009/050174 The various %ains obt%igeg é:lui::llqg v\v,/%rious grodugtionfstggg tat:rethgeﬁcicribed in the
c

COrrector ara rers, : 11l 11 . .
table below. The essenttlaT ré&UTt ot This Tverition 1S demonstrated, 5 Hecor ihgto wWhi ftrs possible,

by a system of‘dvhtréleladiustine RE & BRdcuplefthe B0 ParanietaSsvhie adjasting2Rem
simultaneouslys exigletioaredutiionpetentiabane dissalved axygeni1oilhis tharviotind #hat the gains

obtaned e gigaleehan 0%.abe lgp of e eszssded product Jich 201 vepy satsiving By

simultaneously adjusting the two parameters, oxidation-reduction potential and dissolved . oxygen,
large gains arPGERTETRRBIGHASs gﬁ@i%%i@%%ﬂﬁﬁtfdblé‘gﬁ HEEE Bbtaffed™ BRd of

fermentation Frozensgellets is made to react to this disturbance as best

asz pcssible.,

10 In this way, 1t is the combination of identifications
made and the manner in which the corrector is adjusted
(response to a disturbance and not to a change of set
point) that makes it possible toc cbtain the results
cbserved with the use of “simple” controllers of the

15 PID (monovariable) type.

The objective o¢f the adjustment during the tests
referred to above is to maintain, during at least part
of the growth c¢f the strain, a constant wvalue o©f the
20 redox potential as well as a constant dissoclved oxygen
value (this will indeed be seen moreover in figure 2

that will be commented on hereinafter).

The biomass, the acidifying activity and the
25 productivity per operation were measured at the end of
fermentation (end of cultivation) but alsc 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 dissclved oxygen were
30 adjusﬁed) {an aercbic culture prepared with a simple
flushing with nitrogen at 0.5 1/min in the headspace of

the fermesnter).

The resgults shown in figure 2 show tracking of the
25 adjustment of digsolved oxygen values {(p0;) and of the
oxidation-reduction potential (Eh}) for a strain of

Lactococcus lactis.



Freeze-dried product Gain in biomass (in) 28% 45% 55% Gain in acidifying activity (in %) 17% 19%
_71% Gain in productivity (in %) 17% Not deteLined 71% 20 As it will appear clearly to a person skilled
in the art, the optimum dissolved oxygen and redox potential values will have to be adapted according

to the strains gpd targeted,ahjegtive (production aof higmass and/orgreduetionef meiabolites). 25

The wvarious gains obtained during various production

steps are described in the table below.

The essential result of this invention i1s demonstrated,
5 according to which it is possible, by a system of
controlled adjustment, to uncouple the twe parameters
while adijusting them simultaneously: oxidation-

reduction potential and dissolved oxygen.

10 It is then found that the gains obtained are greater
than 50% at the step of the freeze-dried prcduct, which -
is very satisfying. By simultaneously adjusting the two
parameters, oxidation-reduction potential and dissolved
oxygen, large gains are obtained in Dbiomass and

15 acidifying 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%
acidifving
activity (in %)
Gain in 17% Not determined 71%
productivity
{in %)

20 As it will appear clearly to a person skilled in the
art, the optimum dissolved oxygen and redox potential
values will have to be adapted according to the strains
and ﬁafgeted ohjective (prbduction of biomass- and/or
production of metabolites).

25

- The performance of different a&justm@nt seguences may
also be envisaged as a function of the growth phase

concernad, that is to say the establishment of



The perfomance of different adjustment sequences may also be envisaged as a function of the growth
phase concerned, that is to say the establishment of WO 2009/101328- 14 -PCT/FR2009/050174
different couples (value of redox/p02) as a function of the growth phase of the strain, and a numerical

example is given belew as,an dlgstration:  at the start of growth, adewFadex yalyeclese to 5 -400
mV and a dissolved oxygen value close to 10%, then, in an exponential phase, a redox value close to

-400 mV and a, dissolved oxygen value close to 5%, and in a stationary phase, a redox value close to
400 mv and &1 g%gréaﬁl\?glgg%?ols@esto 542 15 W6 ﬁ%%?fb?l%% 1%%@%?&%%566%%58{74 CLAIMS
1.A method fof REILTERHE it FFan S Eme RS thé R ePWREFES - FarticGRRR sRp is 5
perfolLilled of seeding arcultste-mediunmnwithianes armotemicroorganism strains, and a step of

cultivating the megiu ﬁge%ﬂthgfwaé/xg@§@ctegzq_q3m that.dyring.the entirety, or part of the
cultivation, two of the following atili'ustments are made simultaneously:
5 -400 v and & dissolved oxygen value close to 10%,
- then, in an exponential phase, a redox value close to
~400 mvV and a dissolved oxygen value close to 5%,
- and in a stationary phase, a redox value close to

-4£00 mV and an oxyvgen value close to 0%.



=10 - 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. 15
2.The cultivation method as claimed in claim 1, characterized in that the value of the redox potential
adjusted in thiﬁdvaéloig @gg@.&i\é&% 3. The cultivati_onlrgetbod as claimed /igﬁ%igb]/ OE 2024
characterized in that the redox potential is adjusted within the range extending from -400 to O mV. 4.
The cultivation method as claimed in claims 1 tq.3, t}%acterized in that the dissolved oxygen value 25
is adjusted within the range 1 to 30%. 5. The c ttoft method as claimed in one of the preceding
claims, characterized in that different adjustment sequences are performed according to the 30 growth

phase concerned, by employing-@iffetent ceuples(set peint viatue af theoweexpoteial, dissolved
oxygen set pori[rlwé)c %Cé)l’d(i}l‘}g] tq_ﬁhee ppgég ouﬁg@éowtq%f s%ia(‘jrsgr%iﬂ gf,lsidearedS gg 6.T£1§ cultivation
method as claimed in"one of the precéding claims, charactérized in t ‘at*édjustment%f the redox
potential BsesRFE frjEetRsh ot rRBEEHGD SR oF Yabediss MBdureTintithe ciftGreShediG®such as

WO 2009/101328r16RERAR2082/0560174 agadeous mbdre cOntaining kgdrogen, whie adjustment
of the dissolvegl.oxygen valuesuses ap injegtian ofaiy, or of.a gasargaseoys mixture capable of

releasing oxygen such as pure oxygen or oxygen-enriched air into_ | , ~
during the entliYety or part oi the cultivation, two of

the following adjustments are made simultanecusly:

10 - the guantity of dissclved oxygen in the medium isg
adjusted to a given dissolved oxygen set point,
- the wvalue of the redcx potentizl Eh of the medium ig

adijusted to a given set point value for Eh.

- ey

[3

15 2. : The cultivation method as claimed in claim 1,
characterized in that the wvalue of the redox potential

adjusted in this way ils negative.

3. The cultivation method as claimed in claim 1 or
20 2, characterized in that the redox potential is

adjusted within the range extending from ~400 tc 0 mV.

4, The cultivation method as claimed in claims 1
to 3, characterized in that the disscolved coxygen valus

25  is adjusted within the range 1 to 30%.

5. The cultivation method as claimed in one of the
preceding claims, characterized din that different
adijustment sequences are performed according to the

30 growth phase concerned, by employving different couples
(set point wvalue o0f the redox potential, dissclved
oxygen set point) according to the phase of the growth

of said strain considered.

35 6. The cultivation method as claimed in ocne ¢f the
preceding claims, characterized in that adjustment of
tha redox potential uses the injection of a reducing

gas or gaseous mixture into the culture medium, such as



- 5 the culture medium. 7. The cultivation method as claimed in one of claims 1 to 5, characterized in
that adjustment of the redox potential uses the injection of a chemical 10 compound into the culture
medium. 8. The cultivation method as claimed in one of claims 1 to 6, characterized in that the two

simultaneous adjustments are meade by an adjustmerg of 15 the PIDtyparacoording 4o the: following
procedure: an evaluation is first of all made of the impact of the injection of air or of a mixture able to

release oxygen, yickefa EeduCing,9as OLaRSEGUSRIXHFe R the onghand, onuthe dissolved oxygen

value and, on th Zt other hand, on the redox potential, by means of gerformin pregiminary tests

employing varfable'gHs f Wss i é’r&g‘d ifite the me iq%% fwo Tow fate” CdRToIiers a us%af‘ﬂcapable of
adjusting the floW r&e ofth€z@s able BrAREaSe 2B6KyGER artkirdicy rafe of theasilbihg gas or

gaseous mixtugginje theseufure meslis; e-cppial systepkissusedwith datasacguisition: for example
an automaton Ehaet pgriggi&gelaly examines each of the flow rate controllers, as regards its set point 30
value and the value 01T1the measurement of the parameter with which it is associated, and which
consequently corrects its output; the corrective measures by each controller were determined from
said impact evaluations asteefunctioni3&ofittre diskirbante akthedysterdfor givermset poihts for the

IEdOXpo“”maE§@1H§sqN%%O§¥W%%aracterized in that adjusgtment of the
redox potential uses the injection of & chemical

10 compound into the culture medium.

8. The cultivation method as claimed in one of
claims 1 Co &, characterized in that the Two
gimultaneous adjustments are made by an adjustment of
15 the PID type according to the foliowiﬁg procedure:
- an evaluation is first of all made of the impact of
the injection of air or of a mixture able to release
oxygen, and of & reducing gas or gaseous mixture, on
the ome hand, on the dissclved oxygen value and, on ths
20 ther hand, on the redcx potentiai, by ‘means of
performing preliminary tests employing variable gas
flows injected inte the medium;
- two flow rate controllers are used, capable of
acdjusting the flow rate of the gas able to release
25 oxygen and the flow rate of the reducing gas or gaseous
mixture intoc the culture medium; ' ‘
- a contrel system 1is used with data acguisition, for
example an automaton that periodically examines each of
the flow rate controllers, as regards its set point
30 wvalue and the value of the measurement of the parameter
with which it is associated, and which conseguently
corrects lts outputb;
- the correétive measures by each controller were
determined from said impact evaluationsg as a function
35  of the disturbance of the system for given set points

for the redox potential and dissolved oxygen.



