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Met abolically active mcro organi sns and net hods for
their production Field of the invention The invention
WO edoaber1g 0 a preparation of netabolically actP@EGB2005/003715
bacteria, conpositions conpri-sing such a preparation,
e.g. probiotic supplenentslor animal feeds, and to
uses thereof, for exanplé i'nthe treatment of disease.
The invention also relates to a growth substrate for
m cr oor gani sns pri sing_a m xture of nmpl ex and
sHat . by jagEivacmiere :
preparations ofoPRLARCEbEALNY:AC
using this gro ;
i nvention M crobiol ogical organisns are frequently

F_uggd ES f ood sugElenents . One exanple are probiotic
1 : ' . e . SR nown to have beneficial offects on
t herhat estémed ol cEDhtOsatbnNgrgaspagat henr 651 st ABE116ally

i nfectious disease such as diarrhoea. Probiotics have
achise brereshdwnceBroelt hobs veempPhished nbarki @aPrepasption,

I ] St i i n ati S
e o Brob N & pBNnL AL TBLIOHRI BELORS | D8R, o uses
the¢heof of Boenegaspréi Dn) the Probathéest baft @isaasan b&he
., found in dair roducts such a oghurt and_speci es
inySRirot o Fav e REATEh banaldter PhorasetabarePom the
mi SEHEF JalEDERE OSORSLSs BRY hami gbasé| bHScomp¥RVERd simple

probi otic dairy products have a short shelf life. _
sugr bHi MG cEO ap ePBPSOSAVEPT abhe BanthectehsuRtrPraPfbaRions

on£etabolically active microorganisms using this growth

substrate.

Baokground to the invention

Microbiological organisms are frequently used as food
suppleménts. One example are probiotic bacteria which are
known to have beneficial effects on the intestinal
microflora increasing the resistance to infectious disease
such as diarrhoea. Probiotics have also been shown to be
involved in the modification of blood chemistry and in
immunomodulation (see references listed under Potential
Health Benefits in the reference section).

Probiotic bacteria can be found in dairy products such
as yoghurt and species known to have health benefits include
those from the genera Enterococcus and Lactobacillus.
However, probiotic dairy products have a short shelf life.
Probiotics are also available to the consumer in form of
powder or tablets. A further application of probiotics

relates to use in animal feed.
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powder or tablets. A further application of probiotics
relates to use in aninmal feed. Current nethods for
wat@sioszibact eri al cultures typically use PCT/GB2005/003715
| yophilization, also called freeze-drying. In this
process, water is renoved fromthe organi sm by
sublimation and the organTs%wénd can be revived after
the addition of water. However, freeze-dried bacteria
are not netabolically active and it is well known that
f r e€xerdmite shaihodisc tfon wiiawing Hasse radh ol turgs
resili.ence after .a.f.e eks of star room N
ey eRsd e’ R TS A S R Fgd R arying. 1
t WY he/geyss, wiietr GeMmIneivald [ aihes o mmmicim S8em t o ’
contain all of the species nentioned on the |abels,
SUld At B e B P &itd (4R Byyd A Hifie the

adRBG®N @ aLe 1t eloRIved 0 ek ze HaMidd M4 &1 Jare not
The present inventors have now determ ned that stable

megradgdriataldns agft iviealdirel ifetisbota ldalinowicttihat Hhraegdwdried
C e pr.epar b se a rtic r
P ?Slsctt%rsa&é' pn Clag'% Y Z)in %aﬁ A (shf Cbhaldiaiff:c:te}{oe l?ngjen%qsﬁgr{]cceo r?pﬁte% a tew
wedid M reayd ety dicaine £ enlpe aireastFdrs gird Gt &l and
probi otics, the preparations provided according to the
Munggs &t Gliventi on conprise high nunbers of stable and

act iNg HRGRIA W) SRR Rl Y Aldiest iy I A &Beem to
term st orage. ﬁEscrlptlon of the invention In

caadedirdanide off tthea spacsite sagpradti asfed n itheentdlml ¢ heand

SRR BRI SRS U g agrersa
are often very low (J. Hamilton-Miller).

The present invéntors have now determined that stable
preparations of viable, metabolically active bacteria can be
prepared by use of a particular growth substrate which
contains balanced amounts of complex and simple
carbohydrates. In contrast to prior art probiotics, the
preparations provided according to the present invention
comprise high numbers of stable and active bacteria which

can be maintained during long term storage.

Description of the invention

In accordance with a first aspect of the invention
there is provided a preparation comprising viable,
metabolically active bacteria and a growth substrate
comprising a mixture of complex and simple carbohydrates
wherein the bacteria exhibit a equilibrium growth state
characterised in that the population of bacteria is
maintained at a constant level when stored at about 4°C and

at controlled pH for a period of at least 5 months.
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conprising a m xture of conplex and sinple
carbohydrates wherein the bacteria exhibit a
we@oulodd218 um growt h state characteri sed i n thaeCt/882005/003715
popul ati on of bacteria is nmaintained at a constant
| evel when stored at about 40C and at controlled pH
for a period of at least 5 Jonths. It is an essentia
feature of the invention that in this preparation, the
bacterial culture can be maintained in an equilibrium
st atld figr ag poscadichl dfiedtearsy F fhe Hqv@antg omthat in
control | LI thi e, t ter)al . . :
thrﬁ%l ﬁr(éaac%ttﬁgﬁl’r g:th(? ibzacsrr%ael%lnlteaa]i neg C osg%ng bt%énadlena{ctahmed n
an &lgmi llibrd yit efterdeed cantaoiereindd dfheatpdmdsat i99mafths at 4°
net abolical |y active bacteria in_the near .equilibrium

ats Cond Tl Ist e T B & (0 4tRrgd B BABRTGE to 100

muMitah18 GRlileh BRIt dild indd i@ i nte ArM h SUld I@lfth rate.
conprises a mxture of conplex and sinple

Incar poiefdrratess erhaghimeont, AhaygsmpHatdian (e netraplically

" Q! .hohydrat es” ar " cannlex " ingl .
scSSOIPLE SN S ) S RO S cainee

ol ysacthari ereas the
int exhes rasigeplof dardaolydr abed’ ovidisl eptel bsigaes millilitre.

i ncl yde nonosacchari des and di,sacchari.des .

Pr effFaILP Y hh & WA BEsiP Tf SSUGars § i@ G e and
si%\lb/tlﬁ Al @SH Rt dhe Sipaes)of oMy M rdid a0 terns

ng

and the total anount of reducing sugars is in
" colm resin (e rfofydgrat@ sy /an. "taerrd arg/avgansi’ dnstlafds red
enbodi nent .. e _concentratj f, tot SHY | S |§H9H§
o%@r(r)ﬁ’/a rﬁ%%fﬁ d 4‘%@ e gwn et %B{Sa?laic‘jlcg’n%ro derséd 3Jchleng gjgta{{res i's
"sdlpilte HTWoNydrEte gt @t h' ssiulysiter atwrygursf aradiludeal so

mo;:n%gpa{%ﬁ)%sr%%ﬂr&o%nidsa%w;rdl%ecso.nponent s. Typically

Preferably, the total amount of sugars in the growth
substrates is in the range of from 20 mg/ml to 40 mg/ml and
the total amount of reducing sugars is in the range of from
5 mg/ml to 20 mg/ml. In a preferred embodiment, the
concentration of total sugars is about 30mg/ml and the
concentration of reducing sugars is about 10mg/ml.

The growth substrate preferably also comprises protein
and peptide components. Typically the total amount of
protein and peptides present in the substrate is in the

range of from 1 ﬁg/ml to 2 mg/ml and the total amount of

high molecular weight peptides (molecular weight greater
than 5000 Daltons) is in the range of from 100 pg/ml to 300
ng/ml. In a specific embodiment, the concentration of

protein and peptides may be about 2mg/ml and the

concentration of high molecular weight peptides may be about

250png/ml.

The growth substrate may contain further components

such as, for example, cellulose, starch, P-glucans,
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protein and peptides present in the substrate is in

the range of from1l ng/m to 2 ng/mM and the total
wa@ewanss2ef hi gh nol ecul ar wei ght pepti des (nol BCTGBR005/003715

wei ght greater than 5000 Daltons) is in the range of

from100 ng/m to 300 ng/m . In a specific enbodi nent,

the concentration of prot'ei‘h and peptides may be about

2ng/ M and the concentration of high nol ecul ar wei ght

pepti des nay be about 250ng/m . The growth substrate
pardyp s aine Fyphansl ssonpdranvsl esige lraists of dripbdmpl e,

cel lLul.agse, st . h- gl ucans, pent.os phenol,s,
phrqsr%ln%&cﬁséi cﬁaag'ireglgj,lqbsi’piagnsl,%%phagcslp vt Séi,scaf"figjlv%n 19 B2/ C and
E)gmgid iaGitdss and arare (Biemdhit,s.C and E), silicates and

trace elenents. In a preferred enbodi m%nt t he grow h
subsltt & PLeE Y SPHIBMGH tdf EHBHD G2 tbsis

dd¥i&fR] allom tn@t@@%&e%lbﬁﬂaeﬂrfs IS MyAapalRd usidg, thee
process described hereinbel ow. The invention presents
g rpw tad et sd g tev drs aurar@ite prushingt ith prajsatresd sissasibed
t.aholiically active bacteria can be stored for a
henrpl;er%%%relo%nont hs without deterioration or |oss. of .
act iMhd Wnvrapamtg et mfs fareezprairtiak hactrerdwr sdiitch
are currently used typically contain few, if any, ,
PLARLAIIIG CHEP TR Bt G GaR o IR et fsrte ve bdcteria can

bePTRRAAL 111 LindnfiREZ &R Akt Ra S Afion or
their characteristics and activity upon rehydration.
loaisef tawt invddot i v atrab aredtionsa dfavie &g zshoini eshdldctdfia

W ar}:qn an bc:eurke ntt iyn ussteoc{ ep'f %rll%/ S{bq'lrttaitr{ r?evp,nliyf any,
reeze-drledr acteria ar octen no
metabolically active bacteria. Furthermore, preparations of
freeze-dried bacteria lose some of their characteristics and
activity upon rehydration. Also, the reactivated bacteria
have a short shelf life and can be kept in storage for a
short time only. Freeze-dried bacteria are often not
rehydrated before use in a host animal. If they are
rehydrated, then they generally have to be used on the same
day, otherwise there may be rapid loss in viability and
spoilage from contaminating organisms.

A further problem with prior art freeze-dried
preparations is that they are hygroscopic (attract moisture
from the air) and therefore a packet has to be used within a
few days of opening, otherwise the partial hydration will
cause rapid loss of viability.

The preparation according to the invention avoids the
above-listed problems associated with the use of freeze-
dried bacterial cultures. In addition, it has also been
shown by the inventors that the bacterial cultures prepared
according to the invention are significantly more robust

than bacteria prepared by methods known in the prior art,
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rehydrated before use in a host animal. If they are
rehydrated, then they generally have to be used on the
WG 2006/0882y8 Ot herwi se there may be rapid | oss i PCT/GB2005/003715
viability and spoilage from contam nating organi sns. A
further problemw th prior grt freeze-dried
preparations is that they are hygroscopic (attract
noi sture fromthe air) and therefore a packet has to
be used wthin a few days of opening, otherw-se the
whigiht ieglathyasr dtheobagtiarigase asd@id isds snagfe viagbidlit yin host
T ' di t e J v ' v he
iR RRE B0 WA S Rl AR S 6
mamedziedr idddydxaditver itadaaul tilrlesst dateaddirt iectamp e Has.
al sQ _been shgwn by the inventors that e bacteri al
cul Lo AN MR HS A (R BRRRTEN O o
coriv@ thigrantly JBYE gralpistatitays BRACtRYiny B @paitth Bdubstrate
nmet hods known in the prior art,which enables the

wigdc teardianaesl exttagiangh suRrd ¥ dpi dihe ifpmoaf el ex ang

; t ol te t : VT f. 1 i :
it gleestsl%r\ggarfsr’agbtq:d(?:laﬁr Sr{%s??ladt &k nr}%xsgrﬁﬂ g%ﬁmllhcg{] Wl_th
cdmwreritlerds giiaae doveerleb e driegy epr dblders thfe seorwertiihinald ythere
, used preparations by using a growh ,substrate with .
LA SCc AT M FHRAWFR 0 R of T o B2 SRAF 2 Eon -
THY HIr iTEalch JF HRPgtsANG-PeHH, dghdde GRitatdn

with controlled pH and cold storage. Under these

 subsitdiaticonpdserse 4 fep @MY idddus U gy yitdwstadte, whereby

ISR U Y SR, VIR SRR e octerss
caredre eiiintdimednfgrowtdr istcs exf witerlelasthisgmonths.
ggg&gplto;l%t Ie?nrlla%doifmevnlta,blt%e npﬁ-lt %bfmtlhcealplr)éep%crtaltvieon when

stored is maintained in the range of from 3.8 to 4.5. 1In a
specific embodiment the pH of the preparation is maintained
at about 4.0 during storage. The pH of the preparation can
be conveniently controlled by the addition of a suitable
buffer or combination of buffering agents. Preferred buffers
include, for example, tri-sodium citrate or phosphate
buffers. The use of buffers, such as tri-sodium citrate or
phosphate buffers is described in standard methods in the
art. | |

In a preferred embodiment, the bacteria in the
preparation are lactic acid bacteria. The term "lactic acid
bacteria (LAB)" as used herein described a group of Gram
positive, catalase negative, non-motile anaerobic bacteria
that ferment carbohydrates to lactic acid. This group
includes the genera Lactobacillus, Lactococcus, Pediococcus,
Bifidobacterium, and Enterococcus.

In a preferred embodiment, the bacteria are of the

genus Lactobacillus or Enterococcus. In the most preferred
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can be maintained for periods of at least 5 nonths. In
one enbodi nent, the pH of the preparation when stored

W0 soor@ss2igi ned in the range of from3 .8 to 4 PGI/GBRWSA03T71S
speci fic enbodi nent the pH of the preparation is
mai ntai ned at about 4.0 durigyg storage. The pH of the
preparation can be conveniently controlled by the
addition of a suitable buffer or conbination of

oRULSHLRO, 2068 ScPrerertatpullers nclude, Tor L

frir-sodidam ci
thsefollbuiﬁ@rSpeeﬂéﬁ agntero8@dtUB EhbEabA, Oiactabaclllus

h hate buffers i s_described in standard nethods
p?ﬁgggf pm | ﬁaﬁtﬁLéFéHea eabedi arAt Lachebpaéiénsa in

a&h@qﬁh@@@&attﬁnaaﬁ?eféffé& @ﬁbgdpﬁ@ﬁgr JHSa %E}?Beaf

| actic acid bacteria (LAB) as used’ here| n
ERtgreapcels Faerpesi t Lleetobatal Ase pégataven, Lactobacillus

z [ naerobi ¢ bacteria that fernent
C%%?%nﬁydég (gs to lactic acid. This group includes the

geneTize Lace pdooect 1 b Sma ¥ S OTOLEMSL 1 PebRSPLEYS, an anti-
Bifi obacterlum and Enterococcus. In a preferred -

DN PR 1R RS erfer a‘?’éaf&?l?hes ised potassium
sdiﬁﬁﬂgﬁﬁﬁd}éﬁ Mo e aSoesst h% s Ptamin

pr ef er r edenbodi nent , the [act c aC| d bacteria are of
at Ieast one of the follow ng species: Enterococcus

f aecy agcl | | us ant aru Lactobaci |l us casei

and act lg <$us aeccl%do%h DY4PT, 338 drgides a growth
suamﬂdmhtmerﬁqr mmﬂnﬁgﬁﬂﬁh@f e@ﬁe%l%lol%ﬁlb?aéta&‘?lél)m

Lact obacillus plantarum Lact obaci |l us casei is used.

P HEParta G BP Lty Biduial sHach ¥dmie seThm grmyth

substrate comprises a mixture of complex and simple sugars,
including sugar monomers, dimers, oligomers and polymers.

The preferred features of the growth substrate are
substantially as described above in relation to the first
aspect of the invention. Thus, the total amount of
carbohydrate (simple plus complex sugars) present in the
growth substrate is preferably in the range of from 20 mg/ml
to 40 mg/ml, more preferably in the range of from 25 mg/ml
to 35 mg/ml and is most preferably about 30 mg/ml. Of this
total carbohydrate (sugar) content, the total amount of
reducing sugars (monosaccharides) is preferably in the range
of 5 mg/ml to 20 mg/ml, more preferably from 5 mg/ml eo 15
mg/ml and most preferably about 10mg/ml.

While simple and complex carbohydrates are the key
component of the growth substrate, it will be appreciated
that the growth substrate may also contain further
components, such as proteins which provide nitrogen for
bacterial growth. Accordingly, the growth substrate

preferably comprises a total amount of protein and peptides
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fungal agent, such as, for exanple, sterilised
pot assi um sqgrbate and/ or and anti oxidant, such as
woRd0a03321$C . I n a second aspect the invention BEBGB2005/003715
provides a growth substrate for m croorgani sns
(especially bacteria) conprjsing a conpl-ex m x of
car bohydrates. The gromﬁh’ébbétrate conprises a
m xture of conpl ex and sinple sugars, including sugar
nmononers, dinmers, oligoners and polynmers. The
inpitékerpadef edt from df mgralgitowzh Ngybdt r Pre farably about
t antyal a cri . ve.i.n r [ to t
R aDgesttsr SoE T Rt R B Bl et e g e
amolint¢aoho hy dhame 1esulplre weligs tc prpltaxdesugaicd e qulaseme ight
in the %romﬁh ubstrate is preferably in the range of

Irepsmr26 Ay mo Ot%o D23 tRgFH MaypPE dreféfalidfdien Athdrom 100
. d i
oy PP Seanry BB AL SR FPi TRt Y Phofs 200 R, aPhee

presuger )i dentient ,(et.lge watialb armduntseofuehedyciofg thegdrdtein
(nmonosaccharides) is preferably in the range of 5

anfyPRP ML G2 6 MEPRENtROrE S&f SR FUOMS &Gy s dsnegally

noWOhak <276 1Mpst tRkefi gkl oabout 1 Omg/m.. While sinple
and conpl ex carbohydrates are the key conponent of the

-gr ollhle gurosrthatsabsitir awel malye coppaddi fvadheratcompenents
owt h substrate may al so_contain further conponents,
SuBlicRSas TiFoLERHO M CRIIPITSGe MtArGHen P G UGaBCer | a
peBt@Whis, ApearBhRaly s, t he xanheawi i sURstikAl e 1araferably
conprises a fotal anount of protein and peptidesin the
phospgetess,f fdmvenegdsl, eminomgldds prdftamdisisy (#weuB2, C and
2my/. . . t hi Qt.al. pr i_n/_pepti de t.ent .t :
B oRAT LSASGR B egh o Bar e et Fpepiieed dentity and
re(amli®eulqaaneditdels of these additional components in the

substrate is not particularly limiting. If, as is

preferred, the growth substrate is derived from a natural
plant source, for example malted cereal grains, these
further components will usually be naturally occurring
biomolecules.

The growth substrate may contain various additives such
as buffering agents and other substances. designed to improve
the performance of the substrate and/or to extend shelf-
life. Such additives may include, for example, anti-fungal
agents, anti-oxidants etc.

In a preferred embodiment the growth substrate may
contain particulate matter, for example particles not
exceeding lmm in diameter.

The growth substrate may be prepared starting from
malted cereal grains using the manufacturing process
described hereinbelow. However, the invention is not
intended to be limited to substrates prepared according to

this process. Growth substrates exhibiting substantially
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greater that 5000 Daltons) may be in the range of from

100 ng/mM to 300 ng/mM, and typically about 250ng/n .
wabwepsees se identity (e.g. am no acid sequence)T/GB2008@03715

protein and pepti de conmponents in the growmh substrate

is generally not material _tg the invention. The

grow - h substrate may contarn further conponents such

as, for exanple, cellulose, starch, b-glucans,

pent osans, pol yphenols, ribonucleic acids, |ipids,
S o AR S ST e R ERY (R WS AL (i ForB
et By diiftpt@sgaih £ rare AIAMB S mibh& B &6 S&mp1

iégﬂiitfﬁandlie g?ﬁ%e quantities of_thé%% ad]%l'rtlonamp ex
ansh rigdraret anpativd matisst r dtage tthewtwigar targulaff [yhe

f s Zt'gg. s 1,s preferre the grom h substrate is

acj(?el?ellvde r('jogrlnnpé)%nea tusr a ls'p “ht* ot ce, for exanpl e

mal ted cereal grains, these further conponents wll

usua| | occurring bionplecules . The

be t |1 . .
gro Oﬁﬁé?gféfoga HOMTidP RS Gifs T AT WA iqibh there
i PYARM IR 30t ANG H Rere SUBSIANE &5 ARSH orgl%ote for

i mprove the perfornmance of the substrate an
migce i gtidlsinls faompuichirextdi ti ves may i ncl ude, for
exanpl e, anti-fungal agents, anti-oxidants etc. In a
preferred enbodi nent the growth substrate nmay contain
s ubgifeld tdunlgatva Irteld. eferfadr tex anplashiard isdegs iPtwhich the
xceeding I.mmin diameter. The growth substrate nmay be
MAGEGRCET SSttarks MY ¥5Comt il AR Rieaii PHd R disivRy adied to
coMRNWidHsUI NG IMPGRRE temperature which limit the extent of

conversion of complex to simple carbohydrates such that a
mixture of complex and simple carbohydrates, proteins and

peptides is obtained, and

separating the mixture of complex and simple carbohydrates,
proteins and peptides from the spent malted cereal to obtain

a growth substrate.

The terms "malted cereal" or "malt" as used herein
refers to the product of a malting process applied to cereal
grains. Malting is a process well known in the art of
brewing. ,

In a typical malting process cereal grains are
germinated to induce the mobilisation of storage nutrients.

Germinating seeds produce a number of enzymes to mobilise

storage proteins and carbohydrates, including a-amylases
which hydrolyse starch into maltose. A preferred embodiment
relates to the use of barley, but other cereals, such as
rice, wheat, corn and oats or even mixtures thereof, may be

used within the scope of the invention. The process of
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descri bed herei nbel ow. However, the invention is not
intended to be limted to substrates prepared
w@emensizng to this process. G owm h substrates PCT/GB2005/003715
exhi biting substantiallysimlar properties my be
prepared synthetically, for_exanple by m xing together
the required m xture of conplex and sinple
car bohydrates, together with any of the additiona
conponents |isted above. According to a further aspect
gegmimké jomv dist igeme reldive ves lpkawvivded T& métlHodef eppreciated

LeRgL r u f ni sns

th% Q%isﬁ%é%O% §%§5F% nalF@HO%erggi%QO%ﬁ n§hﬁlg §?ep

gnadnwhmﬁhath@nmmb&ad @amawrat@ woxpd iwinky aquEcitsire of
i d and subjected to conditions of tinme and

CaF Axaes rWREOE SRS APGhENSYTET of conversi on of

CONMPIRF lr@ b3 iyTP @ eC ANV 3fr@S nSUGH of K1 12 dMipdy e Of
conpl ex and S|nple car bohydrates, proteins and

fugépreird @ oice ssingi- ngdaCém@gs@éart@ﬁ SFaine fivxtneld iofg
fa%%ﬂﬁ'tges%”%c%'e%%' % £C ¥Ry dy %F %?(’tr% %t %' ”%bfa%%trlents

fromthe sSpent malt
dmrum@ltn@uhshmah@ sfh@ tammﬂstnawbadim@reMatumr ‘naldf’ the

used herein refers t he product of a ng
9 ¥6r161ée§§ Sagpis-d o ér“%’a?le qg’reé’utn S eGSO i a’E hsr Fresdh

subRltlr HROWR o st takda 19k dieWiRG.. In a typical malting
process cereal grains are gern1nated to i nduce the

mobiTihies riepared swdrtage mubjieshes tGemnmeshiimg sdews which

< GRS, RS A0EMIES SO WS Y 395, oreuing
ny

(see, for example, Kunze, W. Technology Brewing and Malting
(1996)). The term "mashing-in" is well known in the field of
brewing and relates to a process wherein malted grains are
agitated in the presence of water heated to defined
temperatures in order to prepare a wort. During the mashing
in step complex carbohydrates in the malted grains are
broken down into maltose.

The method of the invention also involves a mash step
in which malted cereal grains are mixed with an aqueous
liquid (typically water) and the mixture heated to various
defined temperatures. This mash step does not, however,
conform to a typical brewer’s mashing-in process. Brewers
aim to convert as much carbohydrate to simple sugars as
possible, for subsequent fermentation to alcohol. 1In
contrast, the conditions of the mash step in the process of
the invention are specifically chosen to limit the extent of
conversion to simple (reducing)'sugars, leaving significant
amounts of carbohydrates in more complex oligomeric and

polymeric forms.
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whi ch hydrol yse starch into maltose. A preferred

enbodi nent relates to the use of barley, but other
w@eroemb®]18 such as rice, wheat, corn and oats OPCEGBR005/003715

m xtures thereof, may be used within the scope of the

i nvention. The process of gﬁrm nation is generally well

known. It will be apprecia dd that the nethod may be

carried out by providing nalted grains or a synthetic

substrate conprising a mxture of carbohydrates, .
pr otlgl M rard eitAynee snpdiandts \the Rectfdlt iy gpraeision of
fore f.urt. €SS{.1g. ' of ¢ t h:
Bl R ot MASERLID o R, By [dfoLe
( mduaeig )orsfa rautgressdrst diy itige ttesulasiingsiveh substrate,

whi | st avoi di ng shatterin f th rains a.ssists .in
RS S5 G P R AT W 1 g CATRAHR om
cor@tt M tigd «HAidihgel R RApRNeh Maliw) S Wi echedst 0

a mashing step which resenbles the mashing-in step
usedlion apstiisds g iedewiany queen %, tKuizep le

A AR B4, R Ul T, o

masH attep taovexr [ Giens wWearieich afbltiedk ,grgimiscarley 30 minutes,
agitated in the presence of water. heated to defined

withian ALIRENG, St G T Sare H SWordE e iR T Thao Test

a tTBisTY d¥and di aHeE R AIEY 80 16 bo AitteSordl Y wid §fkocesses
grains are broken down into_naltose. The nethod of the

ingmwds ixastd oF iGdAVEsaadnddh74iep 2% Whighakhpvedenzymes
. > : .t _ b '
o AT S0 5D B SIS L iy

IMﬁé%ﬁL%g trerqerdiiingles. ithis pyssfre ratea) ahdesd imednt ;¥“lhe
ingﬁ?Q%ﬂ, the mashing-in step does not comprise rests at
temperatures in the range of from 60°C to 65°C and/or at
temperatures in the range of from 70°C to 74°C.

_ In a specific embodiment, the mash step comprises
mixing the malted cereal with water at a temperature in the
range of from 30°C to 45°C, resting the mixture for 1 to 2
hours, increasing the temperature to a temperature in the
range of from 75°C to 85°C over a time period in the range
of from 20 to 40 minutes, preferably 30 minutes, and then
resting the mixture at a temperature in the range of from
75°C to 85°C for a period of time in the range of from 60 to
90 minutes. At the higher temperature, any enzymes present-
in the mixture are inactivated and nutrients can be
extracted. Higher temperatures in the range of from 76°C
to 80°C and specifically 78°C are generally preferred. The
temperature in this step needs to be sufficiently high for

sufficiently long to inactivate all enzymes present in the

preparation. It will be appreciated that the precise
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conformto a typical brewer's mashing-in process.
Brewers aimto convert as nmuch carbohydrate to sinple

WG a@anss2es possi bl e, for subsequent fernmentatiPET/GB2005/003715

al cohol . I'n contrast, the conditions of the mash step
in the process of t he |nvengpon are specifically
chosen to limt the extent conversion to sinple
(reduci ng) sugars | eavi ng significant anmounts of

fe Q ex oli r|c and pol yneric
CPRPRIANENE Shd R vERRD GRhe e RemErian aprording. to

tbenteorsi of @breaﬂbuhﬁdrate may be I|n1ted such t hat
sugars present in the

f d
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from10% (w
FUEhDEFEPER - of heodplissatoreshphe sugamsemayuhe dehiteeedange

reaspng .t e re |n e mash, st ove

e S st 161 GoPREyBis: ) a0 nrAAres, “aeAsage in

thhtowingpakheimkext the otleaktedfgraiAs/ WAtk ek Eﬁdr§§bt§Hes
Tradi tional brew ng

TS ELE P UOEar obhe BiOBBE 680C ARACROST4A0Ge, Ase. from
40hc3talh9m@ 692¥ﬂ8§1§9c9i99ugﬁoﬁtgESC@nCQQF 8&h89§19§

inpl € sugars (mainly nmaltose) . Accordingly
Pﬁ?%?éF?@d efbedprEReSef of hehiavehepohs tbehyﬁsblygelstorage

es r jat te era ures
DL erBr PO EoTR HIE ceBE Eh b A “LeRRcrde bl e[ pamino
a@h@Sran@epeptideﬂl70®ﬁbt@pﬂlﬂ@£3comhlﬂaﬁﬂﬁﬁléfctlme and
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The presence of high concentrations of proteins,
peptides and amino acids is desirable in a growth substrate
to be used to support the growth of microorganisms as it
provides a useful a source of nitrogen. Typical mashing-in
processes used in traditional brewing would generally not
include a rest at a temperature in this range, since brewers
do not normally seek to achieve high protein or amino acid
content in a wort intended for fermentation to produce
alcohol.

When the mash step is complete, e.g. all the desired
nutrients have been extracted from the now "spent" malted
grains, the resulting mixture comprising complex and simple
carbohydrates, proteins and peptides may be separated from
the spent grains to obtain a growth substrate using any
suitable means. Typically this will involve coarse
filtration, for example using a lmm filter such as a wedge-
wire basket, yielding a solution containing coarse

particles. It is a feature of the process of the invention
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hours, increasing the tenperature to a tenperature in
the range of from75 Cto 85 Cover atine period in
wo b@eaizge of from 20 to 40 m nutes, preferabl pCBGB2005/003715
m nutes, and then resting the mxture at a tenperature
in the range of from750C tg 85 C for a period of tine
in the range of from 60 to 190 Trinutes. At the hi gher
tenperature, any enzynes present in the mxture are
i nactivated and nutrients can be extracted. Hi gher
thappdrataresth nselhet rargel 919 ¥ ord 6T 14 8028 vawbd

specifi y. /8 "C are. gener d |
TR e P e U PLE AL wadlly i
bfetirsguf f i entdyit Dmgal bradtig vistie wbit engyg@serally
resent in the preparation. It wil] pe appreciated i
chaphfigmd iR kR Y%nﬁ‘;le]r FW S AP e%‘se’gh%’é‘?mbiéaﬁ’fl"ducmg

a Sorewat; aecerding to the type of cereal used. The
process described here specifically limts the anmunt

of UM arsiernet ebnpdrex Rambiculateimpteesuyars. growth

PN fopd 06! ARG, g SRTELENEEAD, Hifent ton
ifdvdvdagegedud hag iégameds rﬁs@lﬁﬁedﬁdﬁ@tﬁ eleasen ofuppdioing the
o S ST o BRA s PFY SGTal B, 5y el

nsPetdi Sy SboU cdba G s @ £a GENEF G | Yo £hEE £6n Jhe

purpose of this step is to hydrolyse storage proteins
barteseiml ienltweresreal grains into available anino

aci dse and, peply degy . The, opt | £onpl [}'S‘%é r$<5 §L8rding to
and tenperature’ to achieve the desire rol'ysi s nay

thvar yn saeidrat c ke pea ds hgr DI ddxe pyper ofo gf @t tisetiSeslage. As
Thelpresence of high concentrations of proteins, . .

will be appreciated, this can be carried out by boiling for

about one hour or by autoclaving at 120°C for about 20

minutes.

A buffer, or several buffering components may be added
to the growth substrate if required, for example if the
growth substrate is to be subsequently used in the
manufacture of a bacterial preparation according to the
first aspect of the invention. Preferred buffers are as
listed in connection with the first aspect of the invention.
If the growth substrate is to be sterilised, the buffer(s)
may be added prior to, during or after sterilisation as

convenient.

In a further aspect the invention also relates to a
method of producing viable, metabolically active and stable

micro organisms comprising:
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pepti des and am no acids is desirable in a growh

substrate to be used to support the growth of
wWOoR@sos2gani sns as it provides a useful a soureer/eB2005/003715

nitrogen. Typical mashing-in processes used in

traditional brew ng would generally not include a rest

at a tenperature in this‘Tgﬁbéj since brewers do not

normal |y seek to achieve high protein or am no acid

content in a wort intended for fernentation to produce
grivtigh Imicitherrgarel smshiste @ ievtdormplateate corprising a

desired nutrients have bheen extracte 1.t he. now .
ML puern "Of:]mﬁmé)glegxr aafl}]as/,s%r?éler egs(&Lﬁ %Csrfg%rﬁf é(t?él}lrrg] and peptides
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and peptides may be separated fromthe spent grains to

obtain a grow h substrate using any suitable neans.
cﬂBﬁ%fﬁﬁ|6hé'Bé%d@ﬂin%FB%%&&%&%%H&*%J'dﬁd&ﬁ'4”& ¥¥rein the

exanple using a ImMmTilter such as a wedgew re basket,
miyG g dirgprel ot @daent comed hiegpicoidrsiamgniiesstatei s

a feature of th 0 s of t i nvent i,0 . the
st St il ST e o e 2w e e
pixpd et oAb ecam the anaiita pteparteth disrstgarst askas X when

brewing. In tradjtional brewing the wort is generally

StQLR9 e PRI ehdv @il |12t e Pardd Atbstox HerRgRA0d of at

1 QdUeiihen £ edfg | i quid. The presence of sone
particulate matter in a growh substrate prepared

according to the process of the invention is

of R Sl e O PR R S o
rel ease nutrients and particul ate surfaces for the
adhesi on of ) )

In a preferred embodiment of this method the
microorganisms are bacteria.

In a specific embodiment, the bacteria are grown in the
growth substrate until they reach a concentration of between
2 x 10%® and 1 x 10° colony forming units per millilitre. At
this point the culture (or fermentation) is cooled down to
about 4°C and the combination of temperature, pH, phase of
growth and residual substrate composition provides the
equilibrium conditions which allows for maintenance of a
near equilibrium growth state during long term storage. In
this near equilibrium state, which can be maintained for a
period of at least 5 months, the population of metabolically
active bacteria is maintained at a substantially constant
level in the range of from 10° to 10° viable cells per
millilitre. It will be appreciated, however, that the
precise number of viable cells at the near equilibrium state
can vary somewhat depending on the species of bacteria used.

The method according to this aspect of the invention

involves a "growing step" in which the microorganisms (e.g.
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bacterial cultures. If required, the growth substrate

prepared according to the invention can be sterilised
w@eioen32e8 f urt her usage. As will be appreci at eBCT/GB2®5/003715

can be carried out by boiling for about one hour or by

aut ocl aving at 1200C for about 20 m nutes . A buffer,

or several buffering conpo énfs may be added to the

growt h substrate if required, for exanple if the

growt h substrate is to be subsequently used in the .
bapdieufiadt @re ofroarbdet er igalowihe sabsitivgrt cad®didi rdpayo reach -a
t first. aspect of the in tiaon.. Pref.er.n uf f er .
o ST A 1 SRR o T A T e ABb ST tion
td e iamkariviean dulrfi nighe ugrsewfue nsulstoraige . St dsban important
sterilised, the buffer (s) nmay be added prior to,
it St St et (PG A B e
prid¥ildRer AMRAGHARE RO’ RG RIeahing & MBthete of
of producing viable, netabolically active and stable
comipder Gmgasilgpe-ec GMIIETS dregiedwi g haiddy ®remgaTtiiams din
ca%.b%rh&\éﬁj?ﬂ Uhsalke GM $9 A ] rc%mg{)l 0 @?Jg%’r LMhat
sinpl’e "sugars, proteéeins and peptides to obtajn .
mafyf &pandtedo sofanmeticaayganiuse, byndhehindildmg ddyanism. This
resulting preparation to ahout 4Q erein the mcro
migr GediPShe Caddftt ta Wl@&%ﬂx @r"iad'_ﬁ[l . eﬁlesrtgaﬁ__é?%mg the
greRAMRC t®fdpsed Tha il ddie iRpPuinat igae ffr RACtRIdtAIAdY of the

the preparation can be maintained at a constant |evel
gnghdrh stubrsddadte disdatr e4 e efied adtl Yo @t dgisicad bsid fagrove in

C nenreic dlo%f waltthI ec%set fSl]’.JLI%ntal?l%' S%Q:%nd aspects of the
invention. The growth substrate is preferably prepafed from
malted cereal grains using the manufacturing method
described herein. It will be appreciated, however, that it
is not strictly necessary to use growth substrate prepared
according to this method. Similar results can be achieved
using growth substrate prepared synthetically by mixing the
required proportions of complex and simple carbohydrates,
proteins and peptides.

The growing step must be carried out in such a way that
care is taken not to grow the micro organisms for too long,
to avoid producing acid conditions which would otherwise
inhibit further growth as well as limiting the period of
storage of the resulting preparation. On the other hand, if
the growing step is terminated prematurely, this will limit
biomass production. The pH of the preparation during growth
of the micro organisms can be used as an indicator of the
near equilibrium state. In a typical embodiment, cultures
of lactic acid bacteria may be grown until a pH of 4.5 +/-

0.3 units is reached.
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optionally storing the preparation at about 40C . In a

preferred enbodi nent of this nethod the m croorgani sns
wa@emoloz2ieria. In a specific enbodi ment, the bect/eBR@s5/003715

are grown in the growth substrate until they reach a

concentration of between 2_x 108 and 1 x 109 col ony

formng units per mililTtte. At this poi nt the

culture (or fermentation) is cooled down to about 40C

and t'he conbi nati on of tenperature, pH, phase of

gr owthwaad b@sﬁ@@&ECéab§ﬁréh@tc@ﬁpo@ﬁtpéntpﬁowwawghthe
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emBSS&WﬁPloﬁs&ﬂtﬁ94§b5PFOé9F§l§cFF9Q bacteria)i H Should be

maTRiAtakRednathd suhgkantd &by gorstany, Bewﬁklh@ %Q%rage
range of from 108 to 109 viable cells per mlli
PIEEGWﬁbHYbéU§§SK§GIévéb,aﬁoﬁéﬂeﬁOdﬂﬁatCﬂﬁ@aﬁﬁe@ms@hOSPhateS

2 rQUTREE Ok VR 6, BEkLS <BESL08 . 8CR0 SO LATIUT 4818 ing
can - vary sore ependi ng on t e Speci es o
grosed. ofhehﬁehh@doaoeqadhﬁgstanﬂhssbagna@hto%tbhage

i nventign _involves a row ng step” in which t
-n1cF60W@éﬁ|§ﬁsaPQr§CB§g?QrFQFtaFQegF6®ﬁt|ﬁlQlQHQW@hthe

st%bb%Erak%wﬁﬂb'kh%hﬁic&%a%ggénggﬁ%eﬂhr%t'%%cW%&QB) to a
enabl es the near-equilibriumcondition to be achieved

neerquléubseqmeﬁtageoda@endstomstaﬁ ispporitsntuskedat Grewth
el e G AT TR S
cucaumbeap@adaiu@pleIﬁug@eslwheremboalhb@hspm@poqmdmimﬁ step

car bohydrate content is in the formof cqnpl ex sugars
capphe carried out by way of fermentation in a fermentation
vessel.

In a preferred embodiment, the micro organisms used are
lactic acid bacteria. Preferred species are of the genera
Enterococcus and Lactobacillus. If such species were to be
grown using "conventional” growth media consisting largely
of simple sugars the excess energy supply would lead to
excess acid production by lactic acid bacteria, which would
limit biomass production and shelf life of the resulting
culture. In contrast, the complex mix of sugars present in
the growth substrate used in the method of the invention
supplies energy for growth in the initial growing step and
also for maintenance during storage of the product.

According to the invention, the growing step can be
carried out using a single species of bacteria (or other
microorganism). In a preferred embodiment of the invention,
two or more different bacterial (microorganism) species may

be grown independently in separate growth media.and then

blended together before or after the chilling step. The
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may be used as an energy source by the mcro organi sm

This mx helps to Limt imedi ately avail abl e energy
wa@losn0ss2the growi ng step. The conposition and peeEGBRINSMHI3715

features of the growh substrate is/are preferably as

descri bed above in connection with the first and

second aspects of the invent®on. The growth substrate

is preferably prepared frommalted cereal grains using

t he manuf acturi ng nethod described herein. It will be

gepptriecs b edrateseveed fontindepgnaent stulturyg of two or

b d di
MO R L VETRb PSSR 1&F FRTCt T0 WAk 5O Bahi o9ha 151 75
dgfﬂ@t@nsU@6mp@§ﬁtpb@pareﬂu§yniheiéCpbéylbyentéiBgtiﬁESe the

requi red proportions of conplex and sinp
g%%Wb%%yﬂ?%@b%l°%$of%Fn%ubhHr%%p?fdb%d1Wﬁ%u@¥oRPﬁ§e§%%b

sgyéiegeaﬁérﬁﬁﬁg O4hbi Be SHED &y régaéogéﬁﬁeksfsekseorage

not to growt mcro organi sns for too long, to avoid
urpcli@ul ucomgi atouns cendch i pasmivhi mhimbehanoe hef wegeilibrium

nhj bi furt s limting t eri pd
bR ot iR v Pt EThE TS abornefhne " PRe Shhghre-
handznlétm@ﬂ ghiovd Nfe 5t €Po f st herme tiadbede Po esnt Mbeky,
this wll [imt_ biomass, production. The pH of the
dpfEpeeat i DACHUFIRY FPOGEBS f°¥h%th?Er%l%FQQHG%H%S@ah can be
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In a typical enbodi nen tures of lactic acid
shast eate, nzalyoioedgdov\lmamthma prpeth 4rates -ape3campasable

hed dith h .th
SGrElh Al ir et fadSoa Dot hahite t 8 bt aso B ghabh®

FODPL bwBthg Pthé aggewifg sbepmi €ne PrgpatSP16.. §an be analysed
bgagégééggdﬁisghoég ?btgeéggélne the microbiological purity
and enumeration of micro organisms. It is also possible to
grow two or more different combinations of microorganisms
(e.g. bacteria) together in separate growth substrates and
then combine the cultures together in a final product A
combination culture could 31mllarly be blended with a
culture of a single bacterial species.

Starter cultures for the growing step of the method
include, for example, freeze-dried bacteria or liquid
cultures.

It will be appreciated that the preparation of
microorganisms prepared using the method of the invention
may be used immediately after the chilling step but more
typically the preparation will be stored before use. The
optimum temperature for storage in order to maintain the
near equilibrium growth.state in the culture is about 4°C
but it will be appreciated by the skilled reader that the
storage temperature could vary somewhat. For cbnvenience,

aliquots of the near-equilibrium culture produced by the
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enbodi nent (suitable for lactic acid bacteria) pH

shoul d be maintained in the range of from3.8 to 4.5
wa@lowocss28¢ or age. Preferably buffers, such as tp¢reBdi0smv3715

citrate or phosphates are added to the growth

substrate to control the pH_during growth of the mcro

organi sns and subsequent ~stldr age. It will b.e

appreci ated that the exact timng of the step of

grow ng the mcro organisns (e.g. bacteria) to a near

meddngid My A Stigoe ndese ddy o wila bdige & tes Idse da ragiitrte
f ' '|§;'gs< an be carried out in any
pr&ﬂ% ah:& eTog{ﬂott%{rgpgppar us. In specific enbodi nents
t he Igr dw g kHvepdantayecarf ittt outthod wey tife invention
tfer ntation in a fernentation vessel., In a preferred
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vikaatierd . .add efdBad SPafes A fAdie Sangidfd periods,
Ent erococcus and Lactobacillus. |f such species were
tvrg asd lgt Ay @i Agasdorv @ntnitdrial ' Hpwemet medi a/ill be
4 gely . . <
R el AT S SR e SRR e the
cHdu draatuest actwhd oy weulstdred tfdr atadsgetoduatdrarhs prior
and shelf life of the resulting culture. In contrast,
tq FESonpl ex ni x of sugars present in the growh .
substy @ iusathd yARRHRIMGARfi td1e Ydaeant 9N a5uPpldf8sgal
energy for growth in the initial growing step and also
agfegyt ,mesiusthe rfen & edlirlien p odtastsdgin fonbad epr dctbe added prior
r.di t i.nventjan, r.QW - :
e S, e ity Ly s e AR R Brevent
spatinergemior garaganicyrmfundin duxpmef erseed verbathiusss ofonce a

t he i nventjan, _
container of the product has been opened. Furthermore, an

-anti oxidant, for example, vitamin C can be added to help to

preveht spoilage of the product during storage. It will be
appreciated that other agents well known in the art can also

be used as anti fungal agents or anti oxidants.

In a further aspect the invention also relates to an
alternative method of producing a preparation of viable,
metabolically active and stable micro organisms which does
not require an active growing step. This method comprises

the following steps:

adding microorganisms to a growth substrate comprising a
mixture of complex and simple sugars, proteins and peptides
to form a preparation of microorganisms, wherein the
microorganisms are added to the growth substrate at a
concentration providing a near equilibrium growth state
characterised in that the population of microorganisms in

the preparation can be maintained at a constant level when
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two or nore different bacterial (m croorganism

speci es may be grown independently in separate growth
wore@cass2and t hen bl ended toget her before or afPer/GBh@®s5/003715

chilling step. Thegrowth substrates used for

i ndependent culture of two or nore different bacterial

speci es may be the sane or I& different conposi tion.

Thus, it is possible to optim se the grow ng

conditions for cultures of individual bacteri-al

stspread ext artebutheh’ @ ord net t¢enerd ke PH oer herpgpiod of at

Hﬂﬂe condi tions which permt maintenance of
lezéqw 7 bri um“lgr ové](ﬂ for each of the individual species

in the culture. In other enbodi nents of the mathod t wo
or, nore different bacteri al ecies (or oth

ORf L3R Gant SN E o’ %e%&?smﬁtf tHerdioa %.Chg| e
culture in the same growth substrate, provided that

their growth rates are conparable so that one species
doeslhod Riowderated teeb gl | oh. thFos sl e tHee

S R0 A AR, e R RS2 spectes

aprirad yl iswke@nberatinncainettcien organi ss.mdthod ®d@Diring
r?nOSSIble to grow two or nore different conbi nati ons of

5o ot {e'FPbacteria) together. in separate
gr owtiy $Uhstiéd esoanthdherne el nend hei Cbd M ESisms (e.g.

together in a final product. A conbination culture
bagg el sl nio dre ygmwrbl enddte Wrdrth cilbitea ol kekdrglthe

HRCL SR BRECl E8e SR Sl G LSSl O 4 NG UOIAND ciener,

heTu rexanpl €, ze-drie
tt’DE&chﬁth&h osfubstqub ci& tmmlaﬂéd wiith bftaaWECd:laItaﬂre (s)
o%r§§c§g§} géﬁggguzé”b(ﬁbacterla) at a concentration that
will allow for the maintenance of the equilibrium state when
the resulting preparation is stored at 4°C and at controlled
pH for a period of at least 5 months. Starter cultures for
the method include, for example, freeze-dried bacteria or
liquid cultures. The growth substrate may be inoculated
with more than one bacterial species. Preferably, the
concentration of the viable cells in the starter culture is
in excess of 10° viable cells per millilitre. '

The near equilibrium state is again achieved by the
combination of nutrients in the growth substrate,
temperature, pH and phase growth. In the near equilibrium
state, which can be maintained for a period of at least 5
months, the population of metabolically active bacteria is
preferably maintained at a constant level in the range of
10% to 10° viable cells per millilitre. Again it will be
appreciated that the precise number of viable cells at the
near equilibrium state can vary somewhat depending on the

species of bacteria used. It will also be appreciated that
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m cr oor gani sns prepared using the nmethod of the
invention may be used imedi ately after the chilling
W@ b@p/0ki218 nore typically the preparation will Per/eBersdo371s
bef ore use. The opti numtenperature for storage in
order to maintain the near _equilibriumgrowh state in
the culture is about 4C But? € will be appreci ated by
the skilled reader that the storage tenperature could
vary somewhat. For conveni ence, aliquots of the
t hee @xagdquidangenimaddlonucd phedsdad tigy vditdeo@nehyphef the
i She [ [ I ri| agi riar. to
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baaftetrtia iumeenti on that the near-equilibriumcultures
produced maintain viapility and integrity when stored
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neld ML Qtutes $Muesd Bing Th et fe s,
inpra @retfe rytear agdodilenant it hieupgialo fagerrt $carre gauiimEbidiyim
to prevent spoil.a or fungi_during use

e, hy yeast [ by ,
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steRARRM. PRHNALTRY Su R raNt isu@k dantrifeb@XRi&rate or

vitamn C can be added to help to prevent spoilage of
phas@hgitesuctarguniseg $tcocegdrolt thiel PHpalugdmde sitpradge -

t hat. ot her. t %ﬁhl in.the.art [ b

use&nag ﬁfﬁ%ﬁﬁﬁ%%| aé@%?@“@( gﬁfi%é%rghﬁﬁgé%ﬁ%gg Used are
lafatritcherc igs pecit edia .i vefleirardalspe cielsataes tof ahe genera
Enterococcus and Lactobacillus.

Preferred features of the growth substrate used in this
method are as described above in relation to the second
aspect of the invention. Again, it is preferred but not
essential that the growth substrate be prepared from malted

cereal grains using the process described herein.

Uses of the preparation of metabolically active bacteria

The health benefits of probiotics are well known (see,
for examplew, Marteau, P. and Rambaud, J-C, (1996)
‘Therapeutic applications of probiotics in humans’ in Leeds,
A. R. and Rowland, I. R. (eds.) Gut flora and health - past,
present and future, Royal Society of Medicine Press Limited,
London; Stark, B. A. and Wilkinson, (eds.) (1989)
Probiotics. Theory and Applications). Probiotics have shown
to be useful in the treatment of diarrhoea and constipation,
irritable bowel syndrome, cancer treatment and prevention

and other diseases affecting the intestinal microflora.
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alternative nethod of producing a preparation of
vi abl e, netabolically active and stable mcro

wo@e@andams whi ch does not require an active grPOI/G§2005/003715
step. This nmethod conprises the foll ow ng steps:
addi ng m croorganisns to a_growth substrate conprising
a mxture of conplex and‘s?ﬁpre sugars, proteins and
peptides to forma preparation of m croorgani sns,
wherein the mcroorgani sns are added to the growth
substrate at a concentration providing a near

equit i brium gr.owt h _state,.characteri. Ln that .the .
capdrst P tsRia: BrakRra T Bt b R (il neion
t heielfloalen&d nat pa reédrsilant Jtavdlt whensher ed eatt rdaautor40C

and at, controlled pH for a period of at |east 5 .
PreyRifdonand Sptiear&s ﬁhﬁ%ﬁfﬁ&%thé?lﬁr B &TabiGT ditestinal

fl%&%%taﬁ@-mb&eag%h%E%ﬁr%@iﬁqQ%dﬁ%ﬁ%%l%ﬁnbhk% AN ithe
m_croor gani sns “ar e bacteria. "Preferred bacteri al
hegdgdivegigrebaall ifdiogd@ -above in connection with the

met hod Jrequi L %%r%ﬁe%c.tais:b% G QYg S %Q‘io-ﬁgiéﬁ:o%.tc%%d a
does not requi rethe m croorganisns (€.g. cteria) to
meli@ oglr QN tire atth@ ggoewpresehstinat @ kdfsorel crhea ffeediitngorthe

for near-e uilibriungﬂrommhlare i mposed. Rather, the

LngesfihaduBLCrapd ails Betsdmeatdy awiimady g énidiak et tent
comdri@fing GHRehIAReT TR @¥a PRGLQMIEA)irAhe®d thereof an
concentration that will allow for the maintenance of
efiflestdqei lamouingmodt at aeiade Lilva 1lgs @atilivg minshartatdlen
oo TSNP RO BONERY 80 WA Ao of
I nclimd@arftacuesanplee fingeneidn edlbaeiserdoa thfe treatment
or prevention of chronic inflammatory bowel disease,
ulcerative colitis or Crohn's disease. Furthermore, the
bacterial cultures according to the invention can be
administered to human or animal (e.g. mammalian or avian)
patients for general maintenance of a healthy microbial
flora, rather than for treatment of a specific disease.

In a further embodiment the invention also relates to
the use of a metabolically active and stable preparation of
bacteria according to the invention in the manufacture of a
medicament for the treatment of diseases that affect the
microbial intestinal flora.

The bacterial preparations may be used as they are, for
example as probiotic supplements, or they may be admixed
with further components prior to administration to a human
or animal subject, or even administered together with
further components without admixture. For veterinary use it
may be convenient to add the bacterial preparation to normal

animal feed. In the veterinary field the preparations find

particular utility in the treatment of avian species,
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liquid cultures . The growth substrate may be

i nocul ated with nore than one bacterial species.
woe@besai y, the concentration of the viable cet1/6eB2005/003715

the starter culture is in excess of 108 viable cells

per mllilitre. The near eguilibriun1state IS again

achi eved by the conbinatio lof nutrients in the gr ow h

substrate, tenperature, pH and phase growh. In the

near equilibriumstate, which can be maintained for a
especiiad lof cammeeastals prordithry, (Ese iddpsitakited dfn the
acn%gggpchall ac&ivg bact eri i% %%efer%%%y nain%gined

At & 2 Fa it A e & i'natshéqelr1 ﬁe 0 % 0 £HF % &9
cobgl,| sheefp,Mhldrslelst,r @atAgaidbgst ewdd.| be appreci at ed :

that the precise nunber of viable cells at the near

equifloth NUTHs Ugte tE&N PRSP TG RFSP Ad &S RdiSn §edh Pene
adfRBGis® S rdly BACLRhA ey IayWadda @l $ Rendnied At ed

thatthe exact concentration of the starter culture and
fogrudfa tielde wgrtdwiekidd tiomedt eomppneartyy gagdenditieg on t he

eci es qf. bacteria used. Features . described.as

BT rad ol o & oo RS Bl - dBS PrSER Ly (s
enRlonacee sUiot@olshie idkishedmpaqwinign@ dagteming Preparation

apply mutatis nutandis to the near-equilibrium
acE@radings tackihey éd VEsitign Mldismonfo®r MRS fugrtaer |

reed e ' . of. ; - T oV o

S Ba NeT: n T ERS T aneh CAPT R SR A pay e
addied ny steragye. theeperlaltlapifuftfyercs, tduec oy asdit-iswdifigm

citrate or phaospha ,.are used to.control the pH
hlah, RGPSEIFRgR T n I PO ERLER Centbt BERE A TG e o
acodAINGTE UEed Ah&rendGiont ma6i Gebaeiceirpa.r afreefl amnted

species are of the genera _ i
foodstuffs or beverages for human consumption, provided that

this does not affect the viability of the bacteria in the

preparation.

For human and/or veterinary use it may be convenient to
formulate the preparations according to the invention into
unit dosage forms, either alone or in combination with one
or more pharmaceutically acceptable diluents, excipients or
carriers. Again such formulation should not adversely
affect the viability of the bacteria in the preparation.

The invention will be further understood with reference
to the following non-limiting experimental examples,

together with the accompanying drawings in which:

Figures la-1d show the robustness of a liquid culture of
Lactobacillus plantarum prepared by the method described
herein ("wet") compared to a lyophilised preparation of the
bacterium ("dry"). The first two growth curves (Figure la

and 1b) indicate that in a non-hostile environment, the
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Ent erococcus and Lactobacillus. Preferred features of

the gromh substrate used in this nethod are as
walewensaexl above in relation to the second aspect/Gakoos/003715

the invention. Again, it is preferred but not

essential that the growth substrate be prepared from

mal ted cereal grains usimng2?he process described

herein. Uses of the preparation of netabolically

active bacteria The health benefits of probiotics are
bagdid r ilen are pasesed a‘cu:roreidarqnltewthmdtremnti@n g faster

Ra ud,, J-C,..(.1996) ' Ther eutl applic t| ons of .
SO (BRTH SR P EaRF e - A0 ROy Rk Fioure
1c dRowd edfe )gx@ﬂtl’f | @aﬁﬂﬂoﬁkﬁﬁilfbs Rt ta it $dpael by
future, Soci ety of Medicine Press Limted,
ttt%mttoostogﬂ%@n@ed Meredmy \WWad s siPmRagRS tq B989)

[{fg.h t ;ocrég_; Pr t| :
lf own ﬂge(iﬁep %qr# In tdlﬁ tr{regg%énent omdqgfy hoelgrc'aahnga/eedlum
s upgristniguetteico i tilr b itlablse lgmwe | Fisyumdr die, shoavicarthe growth of
t rent., and reventl on and o |sea ffecti
LadE AT R SEePRES I st deiinidta
heed\d dedvddy" )t hesnigient iten 4 nqxcgamrlqs‘édwqawatﬁm&f of the
utility in the treatment or ‘prevention of diseases

bat@ar i eCtdrme af & divalPH Mk tim ARG .IRAes enaRl Hord Le
saARLET lmt*itéft{ 'r‘IgV drl! é?ﬁ}ﬂlcﬂﬂn @cﬂirthm%?'LeteIWigestive

m crobi a ora. Thus, in er aspect
trnanterdfi oranpraohd .d€hen xreestdiads ca‘ho:w etataimglm qﬁcemenitai ng

a di sorder aff.ectin tes m crobl . bal ance
PSP L RRF TR . R TRt 51 hd "SR TG, G grore
rddd s At iNta iHbIgad theriednmshtef fective anount of a

nmet abolically active and stable
Figures 2a and 2b show that the shelf life of bacteria

prepared according to the invention is increased.

Figure 3 shows the colonisation of bacteria in chick small

intestine.

Example 1: Production of a growth substrate, using a barley-

based medium.
(A) Germination (malting)

Day 1

Barley was steeped in water for 2 to 24 hours, depending on
the batch of grain. 0.1% (w/v) sodium hypochlorite (bleach)
can be included in the water to inhibit growth of
contaminants during the germination phase. After 4 hours,

the water was drained from the grains and the grains left to
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preparati on of bacteria according to the invention. In

particular, the invention relates to the treatnent or
w@emees2ion of chronic inflammatory bowel di seBESEGB2005/003715

ulcerative colitis or Crohn's di sease. Furthernore,

the bacterial cultures according to the invention can

be adni nistered to human o 3ani mal (e.g. mammalian or

avi an) patients for general maintenance of a healthy

m crobial flora, rather than for treat ment of a

stepeiaft o atins dxeswpedat e indrerl CeisodidtEnforhepproximately

épventlon also relates to the use of a netabolically

¢i've and stable preparati on of bacteria according to

-the invention in the manufacture of a nedi canent for

the treatnment of diseases that affect the mcrobia
Daiyht:%stinal flora. The bacterial preparations nay be

sdﬁaq%st I'wlﬁe)&:earsq:eef e q)??"g?ﬂeear?%va@'eqb'ﬁﬂ Gnother 4-hour

supp enents, or th be adm xed with further
pemqﬂJnéiﬁcqugemrpetmmdm nGQs-tlr%tw/oﬁ i@ ya Heuregldegt to the

ven ad stere tpget her with
Wi R dligorad o BT gt Y R e

présedde mMRYydRM mmheergemrﬁchiddwe;ﬂmoisarlaaid act as a
reparatlon to normal, animal feed. In the veterinar

d1f~°11é1 48 pr-dpler N Bris’ Fidhd W%qnmya}oqmqqlttf MY

uddLatAmuy of YA SRAU LS ASREU BdY GRRH eralns and
poul try (as illustrated in the acconpanyi ng exanples),

thees gl iinsasl afdmted ImrsbémIE@pF@Og(lnm@.y sheigy, - Occasional

horses cat etc.. Far yuse the bacterlm
(o e e e Be e o i i i 3 krove
géﬁﬁﬂdhﬂ%bdﬂby>%ﬁtﬁﬁa§ﬂﬁdﬂddﬂéﬁhstﬂtHﬂﬂbdI(yﬁﬂv1d1ng oxygen

conponents prior to
and removing carbon dioxide.

Day 3 onwards

The cycle of steeping, draining and standing was continued
until the emerging rootlets on the germinating grains were 2
to 4 mm long. This state of growth indicated that the grains
had produced enzymes for the mobilisation of stored
nutrients. These enzymes are central to the subsequent
production of the growth medium, during ‘mashing-in.’ More
extensive modification of the grains could be allowed,
leaving the germination phase until the rootlets are several
millimetres long. However, too much growth will merely
convert nutrients into plant roots and shoots, which cannot

be used in the fermentation.
(B) Rolling

When the grains had germinated sufficiently, they were then

milled with a roller mill. The mill was adjusted such that
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adm nistration to a human subject. The invention thus
enconpasses conpositions conprising a bacteri al
w@e@pasais on according to the invention plus OPEr/GB2005/003715
nore further conmponents. By way of exanple, additional
conponents nmay be added to inprove the palatability of
the conposition for humarm & nsunption. |f convenient,
the preparations according to the invention my be
incorporated into foodstuffs or beverages for human
thoormtanpts o reprand dedt tdysn thhits rdvesshadtt efddotr tdmmpletely

viability of the bacteria in the aration
LR kT d/c‘tﬁﬁ‘i}%ltnéﬁ'l‘?érg)"%s%“ﬁnﬁ'réﬁub c:oahc{/ce‘?ﬁsen?f fpter and
exftordud i e eRaT | QNS af Gy $H gy tin t hehi Ivedv@iding
into unit dosage forms, either alone or in conbination

shitteoimo orf die m&mmw@ 130 fdlcdptatbl @ of f Rt s,
exci pients or carriers. Again such fornulation should
not adversely affect the viability of the bacteria in

(Oheermmppatiomnnt Ehagrowkntsubstaate be furt her
understood with reference to the foll ow ng
non-limting experinmental exanples, together with the

THRE CRIRRIMNA 1, d vl NG, | W £ hietki guinesd lardid Sl dhent
robustness of a |iqui d cq)lture of Lactobacill us

wagl &t ted Lﬁfﬁ‘fﬁreﬁd?%@ Bt the Creered thes Brxpadendedid at 45°C

% t) orrpared to a lyophilised preparation of the
ac erlum( dry") . The first two growth curves
(Figure la and Ib) indicate that in a non- hostile

TR TSI o PRRCL 25 R SO SR ALIE o 0 c
o\pglep@rgggﬁm Jhes@mewdr£dirve in Figure Ic shows the
growt h of Lactobacillus plantarum prepared by
The mixture was allowed to stand at 78°C for 1 hour. After
the 78°C stand, the spent grains were separated out by
filtration. A relatively coarse filter (e.g. lmm gap wedge-
wire basket) was used yielding a solution containing A
significant amounts of suspended solids. The spent grains
were discarded and the liquid then heat-treated to
pasteurise or sterilise it. In this particulér experiment
the liquid was boiled for 45 minutes. A buffer (0.5% (w/v)
tri-sodium citrate) was then added and the mixture boiled
for a further 15 minutes to yield the final growth

substrate.
Example 2: Analysis of the growth substrate
(a) Carbohydrate Analyses:

Total carbohydrate content was determined using the phenol-

sulphuric acid assay, with glucose as reference standard.
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woreaicoss2sgippl enented with bile salts.

the net hod descri bed herein ("wet") conpared to a
| yophilised preparation of the bacterium ("dry") in a
Fi gure |BECEGOB2®5/003715

the growm h of Lactobacillus plantarum prepared by the
met hod descri bed herein ("Vfﬁ[;]") conpared to a
| yophi |l i sed preparation of e bacterium ("dry") at a
| ow pH and in the presence of bile salts sinmulating an
envi ronnment as_found in_ the digestive tract of
Ps. MTheS ket sSKshdw thamitbenbaét efi a PeleensedP. A.

e . 0 : ‘ . .o o
P PPNy 10 LR PO AT LRHREREED, 6L N0 b
33hbw that the shelf life of bacteria prepared
according to the invention is increased. Figure 3
shows the col onisation of bacteria in chick snal
Redii @Bt Neugdxamd e lde t ¥ ROMEd | 981 0 BN fon-somogyi
S b§§rate,_u5|ana bar| eybased nedium (A) Germnation
m #ﬁ? i R B It BFI WP St Eepereiorargerstandordo 2

ey bocr o1 e LBtk iy o bo Bl et vor.

19%mterptol9nhibit growh of contaminants during the
germ nation phase. After 4 hours, the water was
drained fromthe grains and the grains left tostand at

Ragsndmd enperature from 10 to 300C for approximately 1
day. Day 2 The grains were steeped in clean water for
anot her 4-hour

Total sugars in substrate are in the range 20 to 40 mg/ml

(milligrams per millilitre)
Reducing sugars are in the range 5 to 20 mg/ml.
(b) Protein and Peptide Analyses:

Total protein was determined using two assays, with bovine
serum albumin as reference standard:

(i) The Biuret Reagent (Itzhaki, R. F & Gill, D. M. (1964)
Analytical Biochemistry, Vol. 9., p. 401-410.

(ii) The Lowry Method, as modified by Ohnishi and Barr.
(Ohnishi, S. T. & Barr, J. K. (1978) Journal of Biological
Chemistry, Vol. 193, p. 265).

Peptides of molecular weight above 5000 daltons were
determined using the Bradford Reagent (Bradford, M. M.

(1976) Analytical Biochemistry, Vol. 72, p. 248-254).

Results:
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peri od. Hydrogen peroxide (0.1%wv) may be added to

the water for this and subsequent soaks. Hydrogen
w@eooexnssies provi dse oxygen for the germ nati ng BCEGB2005/003715

and act as a disinfectant .-Alternatively, sodium

hypochl orite may be used. Aﬁ%eg 4 hours, water was

drai ned fromthe grains and“the grains left to stand

for approximtely 1 day. Cccasional (e.g. every 4

h Uﬁsb agltatlon of the grains na¥ I mpr ove iernination
T8§ -nBFR581RgafRdsBERE1eRENARBe i npEBYi ERRGCO%y §ENn2and
mfi @MDYk BRsCREROR: fh 9Xidee Day 3 onwards The cycle of

steepi ng, draining and standing was continued until

the energing rootlets on the gern1nat|ng grains were 2

HigalngﬂhhgmproThl gﬁééﬁgée? ?gfﬁ% %gg?bgﬁt Tgons)

aséomadthatraﬁgésl0Uhes63BOZMﬂ@§o§f§m§eﬁéfahllQllBEre
subsequent production of the growth nedium during
mashing-in. ' Mre extensive nodification of the

EQaahDs SOUPHob8ceibAVEE. a! ﬁé&ﬂ&i{? f&b@?&éoﬂaeééﬁal

until the rootlets are several res

cpbtie%er, too nuch growth will nerely convert nutrients
into plant roots and shoots, which cannot be used in
the fernmentation. (B) Rolling Wen the grains had

(gbrnénmemdatﬂéﬁiciently, they were then nilled with a
roller he m|l was adjusted such thatthe gralns

T%r%r%‘f%f&k%ﬂb%%%t%u?r%r%%ae%%@lw *é@n%*@@@l? was
cddBéd ene R 7% aGld NP Hadre raral R 1 3JL%V¥S Qfo%h EQIamples of
uring mas

wat er and extraction of nutrients |ng I n,
awhilsablgolepeglum are freeze-dried bacteria or liquid

starter cultures (typically 1% (v/v) of an overnight culture

in nutrient broth).

In this example the following bacteria were grown in two
vessels:
(1) Enterococcus faecium, Lactobacillus plantarum;,

(ii) Lactobacillus casei

Fermentation was carried out for 16-20 hours, until the pH
reached 4.5 +/- 0.3 units. The fermentation mixture was
then cooled to 4°C and subjected standard techniques to
assess quality (to determine microbiological purity and

enumeration of bacteria).

At this point, sterile potassium sorbate (0.005% w/v final
concentration) may be added to the fermented broth. This
acts to inhibit the growth of any fungi or yeast that may

arise due to contamination during handling by the end-user.



10

15

20

25

30

shattering of the grains assists in filtration steps.

(C) Preparation of a growh substrate. The germ nat ed,
wOoredob@ess219r ai ns were m xed with sufficient watBET/GB2005/003715

cover them at 450C, and the mixture held at 450C for

1 hour. After 1 hour at 450C , the tenperature was

increased to 78 C over a peXiod of 30 minutes. The

m xture was allowed to stand at 780C for 1 hour. After

the 780C stand, the spent grains were separated out by
vitdmiatd amy AaY6b abé vaddedoad se1 % ivierfima . comemgapation)

wedgew re basket) was used yielding a solution
a?xﬁﬁzﬁ?ﬁ%mf%ﬂ?ﬁﬁ?1cant amount s of suspended sol i ds.

The spent grains were discarded and the liquid then

heat-treated to pasteurise or sterilise it. In this
chﬂakwmg guakbey | apmeramnes | tepl g Vst Frrereld pakchigs can be

oS i Tty Lo G AN Fheg P ppfera

specides iD yeqhidrdédie final growh substrate. Exanple 2
. Analysis of the growh substrate (a) Carbohydrate
Anal yses: Total carbohydrate content was determ ned

TASERE & 08nPIe Ot Ssd DM | 1ge AL %p&wyng v # he 19d UE@S e @che s
reference standard. (Duboi s, ™M, Glles, K. A

ofigmttonia Jyiekded RebBiral pProguct sepnigMning Fthe bacteria

p49P8)0 AL YEL LA ENeF 8L Lo YD) ps 291 2 Pa rurdSO)

cing sugars wer'e erm ned using
amg| Badit Soaogyiusretdoei. again with glucose as the
ref erence standard.
Example 4: Shelf life of the metabolically active bacterial

culture

To assess the shelf life of the metabolically active
bacterial culture, batches of the bacterial culture
comprising the species Enterococcus faecium, Lactobacillus
plantarum and Lactobacillus casei, as obtained in example 2
were stored at 4°C (+/- 1°C). Samples were taken at weekly
intervals, and 100ul aliquots of serial dilutions in 0.1%
(w/v) peptone water were spread on agar plates. The plates
were incubated for about 48 hours at about 37°C and the

bacterial colonies counted.

Results

The results below show the shelf life for bacteria prepared
by the method of the invention as number of colony forming

units per millilitre per week (also see Figure 2). Batch A

and B have been prepared according to the same method as

described herein but on different days.



(Sonmogyi, M. (1952) Journal of Biological Chem stry.,
vol. 195., p . 19) . Results: Total sugars in
wepnbshsi®e are in the range 20 to 40 ng/ m (m PET/GB2AVS/003715
per mllilitre) Reducing sugars are in the range 5 to
20 ng/m . (b) Protein and Pgpti de Anal yses: Total
protein was determ ned using two assays, w th bovine
serum al bum n as reference standard: (i) The Biuret
Reagent (ltzhaki, R. F & GIlI, D. M. (1964)
EAn&nipracessts BegidReni stry, Vol. 9., p . 401-410. (ii)
L.prd-actelclupeieMyd™ as nodified by Chnishi and Barr.
Lcenaptgpaciluseaseir g Barr, J . K. (1978) Journal of
l@al%@pé«aﬂ%ﬁem stry, Vol. 193, p . 265). Peptides of
PR CHOWEAYRE above 5000 dal tons were determ ned
uniSiPRE™ME Br adf ord Reagent (Bradford, M. M. (1976)
Anal ytical Biochem stry, Vol. 72, p . 248-254).
TdRasulits : Total protein and peptides are in the range 1
To Z mlligrans per mllilitre. H gh nolecul ar wei ght
peptides (greater than 5000 daltons) are in the range
Bé&@n 0988 mcrograns per millilitre. Exanple 3 :
ro UC{I on of a netabolically active bacterial culture
(A) Fernentation The growt h sdesit rate prepared
bact @ri abe<us t uraEsosddeoE+Mx aMBEe88 of
1  20E+08 24E+08 1.9E+08 6.3E+08
2 AE+08 2.2E+08 1.5E+08 6.1E+08
3 30E+08 19E+08 9.0E+07 5.8E+08
4 30E+08 1.8E+08 8.0E+07 5.6E+08
5 35E+08 1.7E+08 6.0E+07 5.8E+08
6 3.0E+08 1.9E+08 5.0E+07 5.4E+08
7 31E+08 1.5E+08 3.0E+07 4.9E+08
8 28E+08 1.7E+08 3.0E+07 4.8E+08
9 25E+08 1.7E+08 3.0E+07 4.5E+08
10 25E+08 1.6E+08 20E+07 4.3E+08
11 22E+08 1.5E+08 3.0E+07 4.0E+08
12 20E+08 1.4E+08 3.0E+07 3.7E+08
13 16E+08 1.5E+08 2.0E+07 3.3E+08
14 15E+08 1.5E+08 2.0E+07 3.2E+08
15 1.5E+08 1.3E+08 2.0E+07 3.0E+08
16 1.4E+08 1.3E+08 2.0E+07 2.9E+08
17 12E+08 1.4E+08 2.0E+07 2.8E+08
18 6.0E+07 1.4E+08 1.0E+07 2.1E+08
19 4.0E+07 1.3E+08 2.0E+07 1.9E+08
20 3.0E+07 1.1E+08 20E+07 1.6E+08
21 4.0E+07 . 1.1E+08 20E+07 1.7E+08
22 1.0E+07 1.0E+08 1.0E+07 1.2E+08

Table 2.
Batch B (8060)

Total

Week Ef L.p L.c LAB

3.0E+08 1.3E+08 1.5E+08 5.8E+08
36E+08 1.6E+08 25E+08 7.7E+08
3.0E+08 1.5E+08 1.4E+08 5.9E+08
18E+08 2.2E+08 1.2E+08 5.2E+08
21E+08 1.0E+08 8.0E+07 3.9E+08
1.7E+08 1.0E+08 7.0E+07 3.4E+08
16E+08 2.0E+08 8.0E+07 4.4E+08

DN dDWN-=0
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a suitable inoculumare freeze-dried bacteria or

liquid starter cultures (typically 1% (v/v) of an
wWo®s03gt culture in nutrient broth) . In thi BCEEBREM03715

the follow ng bacteria were grown in tw vessels : (i)

Ent erococcus faecium Lactobacillus plantarum (H)

Lact obaci | | us casei Fernmen€8tion was carried out for

16-20 hours, until the pHreached 4.5 +/- 0.3 units.

The fermentation m xture was then cooled to 40C and

subj7ectesE+e8 andaE€ed ectoE+Ques3BB+@ssess qual ity (to

det & ni 12E+0B Cr 0J5SE€I80QiS0H+OpUr BRE+GBNd enuner ati on of

bactoer i BjE+08 At 111B+38 pdh.08+07 St 8REH+E8 pot assi um sor bat e

(0. 05%.3&#+08f i maE+@sonc0BE+0At | BBE+08ay be added to the

f er mentegE+H0B ot W.OE¥UE S 208+07t 03.0BHI&iI t the growt h of

any1¥ ungeE+08 yeaE+08 had0BvAy ar®E€08&due to contam nati on

during t2maBi ng.16y0a hes.aE¥d7 use2BEXI& ami n C nay al so be

added (00©>D86 wivE+0anal2.agExTeneBBE+I®ON) as an

ant 15 oxi.cEx08 . 166+08OW20RF+qUal RRE+GSSUr ance tests,

di f feer engE+Hoat choE+@8an AREHY end@B+08 gi ve products with

com eXO0E+OV UISEOESF7 bthodExOV al 18pedd es, if required. In

t heteexa0qe+@7 prodoERI7e d1.00H+07 bhoBe#daNg of the two

bat thes oeH+0baGtoeErGY y2.00H+02d 4 8E+08al product

con2(i 00Ey 07 e8.0oEed7er 1.00EHOT er 0.6B€@AUS f aeci um
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bacterial culture

Example 5: Assessment of the robustness of the metabolically

active culture and of freeze-dried bacteria

In this series of experiments a single strain of
lactobacillus plantarum was used to inoculate growth media.
Subsequent growth at about 37°C was measured by monitoring
absorbance at 600nm (and also checked by plating out

dilutions on agar media).

‘Wet’ refers to a liquid culture of the bacterium (produced
by the method described in this patent application).

‘Dry’ refers to a lyophilised preparation of the bacterium,
suspended in MRS broth (De Man, Rogosa and Sharpe Broth)
just prior to incubation in the specified media.

Identical numbers of viable ‘wet’ and ‘dry’ bacteria were

used in each pair of incubations.

(1) Growth in a rich and ‘friendly’ medium



To assess the shelf |ife of the netabolically active
bacterial culture, batches of the bacterial culture

W@ oopnsRiIg t he speci es Enterococcus faeci um PCT/GB2005/003715
Lact obaci | |l us plantarum and Lact obacillus casei, as
obtained in exanple 2 were stored at 40C (+/- 10C)
Sanpl es were taken at weekl3P imtervals,. and | OQul
aliquots of serial dilutions in 0.1% (wv) peptone
wat er were spread on agar plates. The plates were

Bd dtoahiad edk fori rodoula dd himtres MRS dixostth FJ0LC Enel t hgrowth

bacterl al colonies counted. Results The results bel ow
PHIR 23R 6heT F119FE B0 hakt &bl a i éﬁﬁ SATBY t he

ch?éé}&dré)chtrhe snvendt ipm @s C'Ildlmﬁﬁr) .0frneo @iy 1ftQf g shown
units per mllilitre per week (also see Figure 2 )

irBdtignye gk Bfrh:aﬁ/efb@@m ﬂ@ﬁd? eq:u@&olrrmu@att@stma%am a
5 LA 2% AGRET DG fewe by AT ELaDt g faye . Sudy =
C acCl ar um

terococcus ftaecium = La us pI
f&ﬂmtﬂ’mmttﬂmslmﬂeilid& P teyed 1t &t Aon d Bm:stﬁnalalyc;f uthe
per m :colo for units per rnillilitre Tabl
AERastF 0 iR £ {595 (PReRagA T 90 isp Time to

r%h%g%% 9arQE"‘<§)Jt %@panét@o&ﬁfm B AFHO8 dnOFHH8

10 (2) The effect of acid shock
1% (v/v) of either a liquid culture, or a suspension of
lyophilised bacteria, was added to MRS broth, which had been
adjusted to various pH values with HCIL. The bacteria were
incubated in the acid broths for 1 hour and then samples

15 were counted on MRS-agar plates.

pH 6 5 4 3 2 1
Wet | 10°%cfu/ml | 10°cfu/ml | 10°cfu/ml | 10°cfu/ml 6 x 105cfu/ml |0

Dry 10%cfu/ml | 10%cfu/ml | 10%cfu/ml | 2 x 10%cfu/ml |1 x 10%fu/ml |0

Cfu= colony forming units per millilitre
20
This result indicates that the ‘wet’ bacteria are
better able to survive the acidic environment than are the
‘dry’ bacteria. As the stomach may reachApH levels as low as
2, this is obviously relevant to survival and fitness of the

25 Dbacteria during and following gastric transit.

(3) Combining the effects of pH and bile salts
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Tdk it Othd . BB 2f OO Sn @E+H 8s idp 1 obHSr 1. St Ofrowth of
2. 0E+07 3, 0E+08 16 1.4E+08 1.3E+08 2. 0E+07 2.9E+08 17
‘webEsqnd 1| FEN0g0aC b bal P BERIBA GRS EEH7CINNELHR in the

£d1 D5y 2 M5t D8i di9s 4. OE+07 1. 3E+08 2. OE+07 1. 9E+08 20
3. 0E+07 1. 1E+08 2. OE+07 1.6E+08 2 1 4. OE+07 1. 1E+08

2. 0E+07 1. 7E+08 22 1. 0E+07 1.0E+08 1.0E+07 1. 2E+08

Y BRI g o Lo e

MRS broth supplemented with 0.5% (w/v) bile salts (Oxoid
L55) (Figure 1lc) » _
(c) Incubation in MRS at pH 3.0 for 1 hour, félioWed_by
growth in MRS-broth with bile salfs (Figure 1d). _

The combined results from the experiments indicate the

following points:
¢ ‘Wet’ bacteria grow faster than ‘dry’ bacteria.

e Acid shock has a more detrimental effect on ‘dry’

bacteria than it does on ‘wet.’

e Bile salts inhibit both types, with possibly a more

adverse effect on ‘dry’ than ‘wet.’

e The combined sequential effects of an acid shock followed
by exposure to bile salts significantly slows the growth
of ‘wet’ bacteria, but kills the ‘dry’ bacteria (judged

by lack of colonies on agar plates).

However, whilst pH and bile tolerance are obviously
important factors, there are a number of other challenges,
both chemical and microbial, which probiotic bacteria must
face. Thus the viability and total number of bacteria, as
judged simply by the number of colony forming units per gram
or ml, is only one indicator of the fitness of a preparation
to function as a probiotic. If bacteria are not in an active
state when entering the host, there is a significant
possibility that they will either be killed, or pass too far

along the digestive tract, before they have a chance to
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Assessment o f the robustness o

tﬁé?&bo?h@aﬁ?§a56%99éléu|?Gﬁévanaa@uﬁefpéezée ampeuct is
dg?QPﬁEHatbnlhEkéaéﬁr%ﬁé ehaBXRer Lge §§§V§vghnga§esthaln

act obaci | 'us pl antarum was used i nocu
cglonihakédnawsSthsequbet hgstwt h at about 370C was
measured by nonitoring

Example 6: Affects on the Gut Microflora of Poultry Chicks

Introduction and Methods:

A probiotic containing the lactic acid bacteria
E.faecium, L. plantarum, L.casei and L.acidophilus was
prepared aCcording to the method described herein. The
probiotic was tested for its ability to alter the gut
microflora of poultry chicks on a commercial poultry

(broiler) unit.

Treatment of Chicks:

Poultry chicks were given the antibiotic Lincbspectin from
day 1 (day old) to day 3.

On day 4 the birds received no treatment.

On day 5, half of the broiler houses received the
preparation at a rate of 1 litre per 5000 chicks The
remaining houses were used as controls.

On day 6, six birds were randomly selected from each group,
sacrificed, and the intestinal microflora examined. (Tissue
samples from pairs of birds in each group were pooled,

giving three samples from each group).
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absor bance at 600nm (and al so checked by plating out
dilutions on agar nedia) . "Wt' refers to a liquid
weob0sr1oHf the bacterium (produced by the metPOTGB2005/003715

described in this patent application) . Dry' refers to

a lyophilised preparation gf, the bacterium suspended

in MRS broth (De Man, Rogosa and Sharpe Broth) just

prior to incubation in the specified nedia. |dentical
nunmbers of viable wet ' and 'dry' bacteria were used

MU IO 9ealiGR loAnadgfifiddtli ons . (1) Growth in a rich and
T ritepdlare SR UBACTAIG A (RS d AR I MBalysis
broth and their growh nmonitored (xI = inoculum of IX

islchecfuppdr fiintals tdgrede hinaatti,orkaken £ rpnk they hefainming of

enf &L AIULLS QLS Shoud 1 QU &3 TH S SIS JHOWUD che
curve i'ndicates that 1h a non-hostile ‘environment, e

ydlikgwiat .cul ture grows away faster than the |yophilised
preparation. Presunably, the dormant bacteria jn the

| yoptiYl i S Y5 Fa1atI B Sided 159 Reg Hfe fd P! Sarttf et

malcREi 't LD Qe 14 IS r,( Ai1the £f f8d LQmples
acid shock 1% (v/v) of either a liquid culture, or. a
spngise 3l on veir dlgkgplell issed sedtemtiize W o d P HleWRS
. broth,. whi had heen adj ust tQ various pH val_ ue
s TRl M AL o B R S numoess
welreotits dyr thdeailve rand tihhefi cxargalogs oveina 166UId et ahe
VRS- agar IpI ates. pH6 54 3 2 1 Wt 106cfu/m |
baffediig -l ofiddfty Mt 106ty ACle Rrisdid MPerissy was

pe%f%ﬁf/&frrh{é/dgbyl%@&fﬁlﬂgti@l&gﬂﬂdglo%y{ HMAG WP sk i%,1Qe11

morphology and carbohydrate fermentation profiles (the

latter using the ‘api 50 CH’ test kit from BioMerieux) .
Results:

The results are shown in Figure 3.

L1 to L3 probiotic treated birds (pairs 1 to 3)
Cl to C3 = Control birds (pairs 1 to 3)
SI = small intestine
cfu = colony forming units

As expected, there were many different microbes present
in the gastrointestinal tracts of both control and
probiotic-treated birds. Overall, there were similar numbers
and types of bacteria in both groups of birds, but with some

significant differences in the distribution and quantity of

particular species.

Lactic Acid Bacteria

T here was a very noticeable difference in the lactic

acid bacteria (LAB) content between the preparation-treated



10

15

20

25

30

Cfu= colony formng units per mllilitre This result

indicates that the Lwet' bacteria are better able to
wawoeise1g he aci di c environnment than are the dpgl/GB2005/003715

bacteria. As the stonmach may reach pH |l evels as | ow as

2, this is obviously releyant to survival and fitness

of the bacteria during and™follow ng gastric transit.

(3) Combining the effects of pH and bil e saltsTaking

the | evel of challenge a_step further e growt h of
ancgpe” SRR tEaL, b S oMF AL ST SRR ob e e GrRead oLs

to%%@ B%hb@%sn%fCQ%@Ft%%%sflG&h MRS thieotdd n@ oy %E&%%r%as
b) b)) MRS broth suppl emented with 0.5% (W v) bil

doglalntaste@obm IS35)g LeFispace elsg) whe el tibgt mhl@twlqstateated
blelas % %r 1 h;ﬁe(r Elgcltlu%mfgyfb% cq\é'tgh Ir% §R§ broth

salt Igure i‘fed résul ts
fron1the experiments indicate the fO||0MAng poi nt s:

b ct a grom1f aster than M hacteria. . Aci
E"?H‘S’&E % Zefdr @538 S PEPPAER R PP %&&&h ghicks
than it does on wet.' Bile salts inhibit both types,
with possibly a nore adverse effect on dry' than .

Lwef. trifile wasnisiarad esle quéntticale velvgdes thle &f fgeitg of a

pr%%%%%tg%ll%@%%r%ﬁn%xgg§%%% Egvghk%o 3#%?0%#%&{ e%% t%%
Thba&&&buaw@mud@edlbw loack fofr @olpeniiesl of aga@embame$h
chT%ﬂ%vaalcﬂhgh%%e@Hf%%% %Hg%r oggr Q%% ;% %va%%sg¥oup of
chicks was treated with the preparation according to the
invention, a second with an wide spectrum antibiotic and a
third with a vitamin amino acid supplement. The trial
results show that the group treated with the preparation
according to the invention had a 67% decrease in mortality
compared to the antibiotic treated group and that
administration of the preparation could relive symptoms of
constipation, diarrhoea, gut stases, deviant behaviour and
prolapses. Furthermore, a weight increase of 27% compared to .
the control groups was observed in the group treated with

the probiotic preparation.

In a second trial, wherein 100ml of the preparation
according to the invention was administered to breeder
birds, it was observed that administration resulted in

increased fertility compared to the control group.

Accordingly, these results show that the growth rate,
morbidity and mortality is influenced by the administration

of the probiotic preparation according to the invention.
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i mportant factors, there are a nunber of other

chal | enges, both chem cal and m crobial, which
w@embiosR2i& bacteria nmust face. Thus the viabi | P€YGB2@®S/003715

total nunber of bacteria, as judged sinply by the

nunber of colony formng ugits per gramor m, is only

one indicator of the fitne of a preparation to

function as a probiotic. If bacteria are not in an

active state when entering the host, there is a
Examgler Bc Banefacindi EEEpctBaLt ibe RFPPigtifepreparation on
aEH hgd, or pass too far along the digestive tract,

ore they have a chance tocol oni se. Therefore,
probiotics are advantageous for use in a host if they

are_in _a ne i.call tive sta wh entering the

host? AcEBR nénPSPF é P%v&ﬁﬁig tt?‘ﬁe %ggFérlg 5%@ in
prépbkﬁﬁléﬁda&&b@@@hbcib|Xh@Cth%nEQbﬁloﬁu@ﬁt%h&hdt@©bs

are able to withstand the hostile environment of the

suffegragt LrPMe ChECABG! ORI tast FRé RYPdHEteH pRe it was
foB%Gd%%%t'ﬁtdﬁé'QE%%uﬁo NG %@%%1% e CE@@&%% b wel féora

survival and col onisation w th Exanp
Affects on the Gut Nlcroflora of Poultry Chi cks

| nt rod d Methods th
| notfc ok 8 batlel Thops:f 2o BRESES, PRrEnPRATATSE

behe€asghlaBd fbctacCodophiel Byepasapliepatednhadpoidichd alcdte
t he nmet hod descri bed herein. The %&Oblotlc was tested

capgs PfsdaBrirhegat andl tor COrEe§lit CRTERSFr! BPHSdf poul try

| rGRLeks 9R 2 commercial poultry (broiler) unit.
lr%rgatngn? of Chicks: Poultry chicks were given the

antibiotic Lincospectin from

This pattern of benefits suggests that a product based
on the method reported here could have significant benefits
for humans in the control of both acute and chronic
gastrointestinal dysfunction (including irritable bowel
syndrome and inflammatory bowel disease, food poisoning,
infectious diarrhoea and constipation). A full clinical
trial is also being carried out to support the results so

far obtained.
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1. Oﬁ'ﬂlﬂéﬁ%(ﬁl d 1n]g )v:)ablAeS Glot a0 cA 1y Metive

Shor ni kova, : sas, . Mykkanen, E . Salo, and
baptel\l@siam#la giémtd”t rsuhsrtfreaéte WPLiFing @ (HIIJ;_Xt)ure of

cix#]i%ek ]a]n%D Sm&ﬂggﬁn‘{]oanrségn r;\lloq;rlzqﬁ{éq%?éd r}%‘pti es,vwherein
tHﬂJ[lﬂa,ctand.FR in Xhe ‘ﬁmﬁpgaral:l.d?edaﬂtﬂblt B35dh) ecﬁﬁ_élllbrlum

568, 1999 Irritable Bo dro . Br.iqidi
IR StAEe ARIHELIGEY B St PR LA dih i

baﬁserJM qrsobdﬁntallﬁa%i (589 a rsteht 2041 then stored at
Ni edzi eI in, H. Kordecki, and B . Birkenfeld. Eur. J

abaudstd Seranst Gt qepatdiled PH for & e pE Z0pdeast S

md}%asek M. L . Johansson, G. Mlin, S . Ahrne, and B
. Jeppsson. Am J.Gastroenterol . 95 (5)' :1231- 1238,
2000. General review : Marteau, P . and Ranbaud, J-C
(199 Thera eutlc a Ilcatlons f probl tics in

hu orAa_ rdifgy SRl Yy whegeln dfe )
pdﬁﬂlgﬂﬁaﬁidﬁ“ﬁéBﬁﬂﬂﬂh'iéﬂﬁabnﬂﬁfﬁgﬂﬂln the range of 10% to

10° viable cells per millilitre when stored at about 4°C and

at controlled pH for a period of at least 5 months.

3. The preparation according to claim 1 or claim 2 wherein
the total amount of sugars is in the range of from 20 mg/ml
to 40 mg/ml and wherein the total amount of reducing sugars

is in the range of frbm 5 mg/ml to 20 mg/ml.

4. The preparation according to claim 3 wherein the total

amount of sugars is 30mg/ml.

5. The preparation according to claim 3 or claim 4 wherein

the total amount of reducing sugars is 10mg/ml.

6. The preparation according to any of claims 1 to 5
wherein the total amount of protein and peptides is in the
range of from 1 mg/ml to 2 mg/ml and wherein the total

amount of high molecular weight peptides is in the range of

from 100 pg/ml to 300 pg/ml.
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and future, Royal Society of Medicine Press Limted,
London. Stark, B . A . and WIkinson, (eds.) (1989)
w@embis2iLs. Theory and Applications, Chal conbBCT/GB2005/003715
Publ i cations, Bucks, UK 21Clains 1 . A preparation
conpri sing viabl e, netaboLigglLy active bacteria and a
grow h substrate conprising a m xture of conplex and
sinpl e sugars, proteins and peptides, wherein the
bacteria in the preparation exhibit a near equilibrium
grom h state characterised in that the popul ati on of
7bact ®heapkepavhft 8hNgdc8kd@ngopst eye nSEQLe
at aboutp40%:and - at contro??egé éP%g% g %2%?%3 %RE QOtal
apauat gt nﬂﬁ?hglnzandTh@pbtégaraﬁ|amgémbordlng to claim
1 wherein the popul ation of bacteria is maintained in
the range of 108 to 109 viable cells per mllilitre
8mhenTBeopedparaab@mtadﬁﬁkanﬂgatoc@nétmlGedrpbhéﬂm ? wherein
f_at |eas . The, preparation

g a %1 thg )

accor fhg? Pt af Hl%? 2P ?ﬁ?%aﬁm%?ég%ttﬁ%PFB@%F is 250
p@ymunt of sugars is in the range of from20 ng/m to

40 ng/ ml and wherein the total anount of reducing

sugars is in the range of from5 ng/m to 20 ng/m . 4.

g The reparatlon accq§g to cIa|n13 wherein the total
2 anouh ni:f? of sclaypy hriepat athepein the pH

mmmmé@ 1:141 ainB 3 Mgk o r&ﬂowr@%t@e total
anmount of reducing sugars is |Om/m. 6 . The
preparati on according to any of clalns 1to 5 wherein

L1 4 e SRV UOLST A, ROBLLES UL g g

maintained at about 4.0.

1;. The preparation of any of claims 1 to 10 wherein the pPH
is controlled by a buffer.

12. The preparation of any of claims 1 to 11 wherein the

bacteria are lactic acid bacteria.

13. The preparation of claim 12 wherein the bacteria are of

the genus Lactobacillus.

14. The preparation of claim 12 wherein the bacteria are of

the genus Enterococcus.

15. The preparation of claim 12 which comprises at least
one of Enterococcus faecium, Lactobacillus plantarum,

Lactobacillus casei or Laétobacillus acidophilus.
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amount of high nol ecul ar wei ght peptides is in the
range of from 100 ng/m to 300 ng/m .7. The
w@e@pasRils on according to claim6 wherein the poOL/&B2005/003715
anount of protein and peptides is 2ng/nl. 8. The
preparation according to cl a| m6 or claim7 wherein
the total anpunt of high ndi%ecul ar wei ght peptides is
250 mg/m . 9 . The preparation of any of clainms 1 to
8 wherein the pHis naintained in the range of from
1@, 8 Tthe pmepapktitive qfreida?rlalt ilon wdiedy dlamprisest ai m 9

erein the S jrain a. The
Eng%eli)oaroa G%n p‘%ecwm’of c al lIzt]tLﬁP%fa 4tear%lfnﬁ e pH is
Lamrtiﬂajijawéayc&émffer. 12. The preparation of any of
claine 1 to 11 wherein the bacteria are lactic acid

bacteria. 13. The preparation of claim 12 wherein the

1Pacteld gk Qe itdie denis, lafd dracdildives -1 kb 1Tehewhlch
preparation of claim12 wherein the bacteria are of

futd gye momErtsEococ A L - fumgafhegardpar at i on of ¢l ai m
12 which conprises at | east one of Enterococcus
faeci um Lactobacillus plantarum Lactobacil|us casei
leor |med ghagiddats acidoptiidius 17 whereilf.theanti-fungal
re ar at| on of claim 15 Whl C?ﬁqltgq ri ses Enterococcus

a sterdildsgd Ate Lact obaci | | us

casel 17 The preparatl on of any one of clainms 1 to

16 which further conprises an anti-fungal agent.
19. The preparation of any one of claims 1 to 13 which

further comprises an anti oxidant.

20. The preparation of claim 14 wherein the anti oxidant is

vitamin C.

21. A growth substrate for micro organisms comprising a
mixture of complex and simple sugars wherein total amount of
sugars is in the range of from 20 mg/ml to 40 mg/ml, and the
total amount of reducing sugérs is in the range of from 5

mg/ml to 20 mg/ml.

22. The growth substrate of claim 21 wherein total amount

of sugars is in the range of from 25 mg/ml to 35 mg/ml.

23. The growth substrate of claim 22 wherein total amount

of sugars is about 30 mg/ml.

24. The growth substrate of any one of claims 21 to 23
wherein the total amount of reducing sugars is in the range

of from 5 mg/ml to 15 mg/ml.
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18. The preparation of claim 17 wherein the
anti-fungal agent is sterilised potassium sorbate. 19.
wab@epsepar ati on of any one of clains 1 to 13 pi/GB2005/003715
further conprises an anti oxidant. 20. The preparation
of claim 14 wherein the anti oxidant is vitamn C.
21. A growth substrate for 4% cro organi sms conpri si ng
a m xture of conplex and sinple sugars wherein total
anmount of sugars is in the range of from20 ng/m to
290 miplerigrath theodtatale anbwitaiof 2rde durod mregirs ugesr statsal

in the range of from5 ng/m to 2 /.. 22. The
S 1 S G D PR ich B amount of
sugars is in the range of from25 ng/m to 35 ng/m.

23. The growth substrate of claim?22 wherein total
2 GgnoUiite GFraidarsih st sicuto BEMy/ane . cImiagyrowte 25
St Q. . V., O . i . j h ,
Y g:tth algog&n%ulg{nagfqyr e%gnﬁlgscéssﬁéar sgellls&slon t g riatﬁlg%stb’f Sherein
tHe drota Ingdmdurtto dis paptrd 125 . arkheegprowtds siibsthatmmofe of

5 g/ ™o /T /g8, PR O QU E B TP one

f j - ' addi ti I [ ‘
mo%reocﬁlellaa!n@aen%g? ﬁptg ﬁ%&cﬁ;@ eCg1whlgs‘r]|gl|&n t he lltaég;{ rggfméulﬁ?n o]foO Hg/ml
tdPraygeigy/mnd peptides in the range of from1l nmy/nl to
2 nmg/ M and the total anount of high nol ecul ar wei ght
peptides is in the range of from 100 ng/m to 300

Zﬁ/erﬂhbet grow-ghe &fbo%ﬁééjbosg rﬁa%npré;lhﬁ{é’gezl% V\ﬂ% eﬂ.cﬂzal

amount of protein and peptides is about 2 mg/ml.

28. The growth substrate of claim 26 or claim 27 wherein

the total amount of high molecular weight peptides is about

250 pg/ml.

29. A method of preparing a growth substrate for micro

organisms comprising:

subjecting malted cereal to a mashing step in which the

malted cereal is mixed with aqueous liquid and subjected to
conditions of time and temperature which limit the extent of
conversion of complex to simple carbohydrates such that a
mixture of complex and simple carbohydrates, proteins and

peptides is obtained, and

separating the mixture of complex and simple carbohydrates,
proteins and peptides from the spent malted cereal to obtain

a growth substrate.
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anmount of protein and peptides is about 2 ng/m . 28.
The growt h substrate of claim 26 or claim 27 wherein
wao bwens2ed anount of hi gh nol ecul ar wei ght pepedTI€B2G05/003715
about 250 nmg/m . 29. A nethod of preparing a growth
substrate for mcro organi s4gs conprising: subjecting
malted cereal to a mashing step in which the nalted
cereal is mxed with agueous liquid and subjected to
ondi.tions ,of .tinme and tenperature ichljmt the ,
3Eor e ot aereilins dhn it @ 4w ee L thé ashing

sty hdwelrred ©siseoiid hatrstriad W e p &Pl X Atkhe range
si npl e car bohydr at es, Cig‘)/lrot eins and peptides is
OfotEATheRP " @ritP st ANHPE AL i xaamee Tt wemplexthadrange of

£19Bl & car bojydr ates, proteins and peptides fromthe

spent malted cereal to obtain a growth substrate. 30.
The net hod according to claim?29 wherein the nashing

st ep,.does .not,include a rest at, a tenperature jn the
31r'angreheofmeftrr}b9ﬂ 6 CIE S 1© SHa Qta% t‘g]rfap’é? ai(ﬂr“(—:h‘?"??m
tHhend gy oft g WBm? 6 dP ik iGg The e v@d breal with

according to claim29 or claim30 wherein the mashing

WadtSdp orfhriERe 1A TRy ihehfanaswe afediram t30 Watter 4t C,
r UHP U Wikeed 10 A4S F JIAAE SAreddhs fifbene

Testing the mxture for 1 to our's, -I-ncreasi:
tampepsrtatng 64 @ & dgrpertatng en nhdheamyyge Hif faomM 5™ to
"G t0.85 "C_w thin a period.,f tinme in the range of
55 FomIg g o B TAAE S s Hah YU riHES e ri S dho 40
miduteraidiittdm Adit ImNahOniftAbe/at G e atfle in
period of time in the
e range of from 75°C to 85°C for period of time in the

range of from 60 to 90 minutes.

32. The method according to any one of claims 29 to 31
wherein the mixture of complex and simple carbohydrates,
proteins and peptides is separated from the spent malted

cereal by coarse filtration.

33. The method according to any one of claims 29 to 32

wherein the growth substrate is not clarified.

34. The method according to any one of claims 29 to 33

wherein the cereal is barley, wheat, rice, oat or corn.

35. The method according to any one of claims 29 to 34

wherein the growth substrate is sterilised.

36. The method according to any one of claims 29 to 35

wherein a buffer is added to the growth substrate.
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range of from60 to 90 m nutes. 32. The net hod
according to any one of clains 29 to 31 wherein the

woobsR1of conpl ex and sinpl e carbohydrat es, PeDGBRWS/003715

and peptides is separated fromthe spent nalted cereal
by coarse filtration. 33. The nmethod according to any
one of claims 29 to 32 wherddim the growth substrate is
not clarified. 34. The nethod according to any one of
claims 29 to 33 wherein the cereal -is barley, wheat,

3% cdy patwtdr stdrstra83fe okt imettied kg ddredimeg-Htasl anfy some one
f clai 9t%63;4v\,hereinthe growt h substrate is
of5 A iMSs *he met hod according to any one of
clainms 29 to 35 wherein a buffer is added to the

grom h substrate.37. A growth substrate obtainable
38-héd mathed! doramy e igi9 a diefebed o 1de. g ive r?é’t%o‘btable

pdea IERAT 1910 ;A IR} ARl il Aidaeangd stabl e

preparation o rgani sms conprising: grow ng
mcro organlsrrs in agrowh substrate conprising a
m xt ure .of conpl ex and Si gle S ars rotel ns_and

IS UL T BT A pr far s crraooer JEiRmS ing @
midtdhr@Nidf igigngih& raeﬁJlstllmwaorﬁmaarxaél PrdteiahoundtPeptides
wherein the mcro organi sns ‘adopt a near equilibrium
£Qy Rt 1s tea RSPty i Fe R G QAR @ ot i on of
m cro organisns in the preparation can be nmaintai ned
at a constant |evel when stored at about 40C and at
chidnitimg |téae e sfudrt ian p g egeeh et iatn lteastoditmointthsthearedin the

c,p toI oonraglal ssr&so raI Aq o%tt he rP eraezp 2 rqautlI l%. raltuma %orltl)tw tAhO % tate
characterised in that the population of micro organisms in
the preparation can be maintained at a constant level when
stored at about 4°C and at controlled pH for a period of at

least 5 months, and
optionally storing the preparation at about 4°C.

39. The method of claim 38 wherein two species of micro

organisms are grown together in a single growth substrate.

40. The method of claim 38 or claim 39 wherein two or more
species of micro organisms are grown in separate growth
substrates and blended together prior to storage at about

4°C.

41. A method of preparing a metabolically active and stable

preparation of micro organisms comprising:

adding micro organisms to a growth substrate comprising a

mixture of complex and simple sugars, proteins and peptides
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39. The nethod of claim 38 wherein two species of
m cro organi sns are grown together in a single growh
wenbsosarie. 40. The nmethod of claim 38 or clai PaB&B2005/003715
wherein two or nore species of mcro organi sns are
grown in separate growth substrates and bl ended
together prior to storage a8 about 4C. 41. A nethod of
preparing a nmetabolically active and stable
preparation of mcro organisns conprising: adding
tan £61m ca gaesdsa t Dom gf aut dir S ubsdg st emspnpieseiny Bhe micro
m xture of conplex and si r@l e sugars %Protei ns_and
t

OLIRT It AT AT prRpEi At § oA ot TRs bt b Gant s,

cINEL L Fa £ 1\6h M £591 @1 HQNA SHBa AT Eq@foesr { omt heoGt W hate
substrate at a concentration prOVIdIn a near

chagattorised gioviha st e poRYbeEEeN sell Phcipaprgapisms in
o) 0 r e.p 0
BB o R e g d, A RECRELEE P GT ymen
sk andt adbewnt 4 Bt | &dd pit fosnarpeléddpbf fat depstidd of at
nont h§, anc&1 optionally storing the preparation at.
legfut> 4602 th$n andhe nethod of any one of claims 38 to
41 wherein the mcro organisns are bacteria. 43. The
met hod of claim42 wherein the bacteria are |actic
opiel endpbly estering, LT ep reR oAt HPN cd ki P23t wheFein the
bacteria are of the genus Lactobacillus . 45. The
met hod of claim 43 wherein the bacteria are of the
4yenuBh&Enetiosdcefisany 46ne The ckitrosl 38 tmy4 bnehefein the

clains 43 to 45 wherein the
micro organlisms are bacterila.

43. The method of claim 42 wherein the bacteria are lactic

acid bacteria.

44. The method of claim 43 wherein the bacteria are of the

genus Lactobacillus.

45. The method of claim 43 wherein the bacteria are of the

genus Enterococcus.

46. The method of any one of claims 43 to 45 wherein the
concentration of bacteria in the preparation is in the range

of from 10® to 10° viable cells per millilitre.

47. The method of any one of claims 38 to 46 wherein the
growth substrate is as defined in any one of claims 21 to 28

or 37.
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concentration of bacteria in the preparation is in the
range of from 108 to 109 viable cells per millilitre.
wa@ 7006021812t hod of any one of clainms 3 8 to 46ra@iheBe008/003715

the growt h substrate is as defined in any one of
clains 21 to 28 or 37.48. _The nethod according to any
one of clains 38 to 47 mheré?n_the grow h substrate is
prepared according to the nethod of any one of clains

The net hod of any one of clains 38 to 48

9 tq, 36. 49, ;
4 ergpﬁ QﬁtgﬂgigFGﬁéanggéﬁtaP§ as@e@fpFilaimso38t spadd
wBérehe phepgkalitANsuBAtrdhe ﬂEtngHQEeS'Qhﬁbéﬁi eg?g@he

the anti-fungal agent is steril pot assi um sorb
mgihoghaf rapKodnef ocfinglanwsof9ctai #6.38 to 50 wherein

an anti oxidant is added prior to storage of the
preparation. 52. The nethod of claim51 wherein the

4ant i Toxi labbodsofi &ayi 6n€ of531aThe BBt hed4of wvABY¥eQRCan
oé.%tains 38 to, 52 wherein the pH of the preparation

ARSI NRPRY AL nd9ePh {Re?fdRgePBEOFr bth StErege40h. tha. The

phepipgdt 0dnecl ai m 53 wherein the pHis controlled by a
buffer. 55. A netabolically active and stable
preparation of bacteria obtainable by the process of

s@ny i .+ 56, . Anj mal _feed ,
conﬁ?@%ié%f@éﬁe ab%f?%@l?é HRET RN AN siBbt efungal agent is
stprephi st d opotod s it esdebaeeor ding to any - one of

51. The method of any one of claims 38 to 50 wherein an

anti oxidant is added prior to storage of the preparation.

52. The method of claim 51 wherein the anti oxidant is

vitamin C.

53. The method of any one of claims 38 to 52 wherein the pH
of the preparation is maintained in the fange of from 3.8 to

4.5.

54. The method of claim 53 wherein the pPH is controlled by

a buffer.

55. A metabolically active and stable preparation of
bacteria obtainable by the process of any one of claims 42

to 54.

56. Animal feed comprising a metabolically active and
stable preparation of bacteria according to any one of

claims 1 to 20 or 55.
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claims 1 to 20 or 55.57. A foodstuff or beverage

sui tabl e for human consunption conprising a
woredoabshzigcal |y active and stabl e preparati on 0PCT/GB2005/003715

bacteria according to any one of clains 1 to 20 or 55.

58. A pharmaceutical conposition conprising a

nmet abolically active and~sP8bre preparati on of

bacteria according to any one of clains 1 to 20 or 55

adm xed with one or nore pharmaceutically acceptable
57di|aeﬁp9d8¢a¢ﬁi@msb@NeeﬁgbpS@dt@ble5§orAhwmaab@bm@amp¢ion

n 1Rr e ration_of b ct, according.to

coBE8Te00r HeekB TCERTa0usPtat Al BRI R RN AR o
badedircamartor@@ngUse ahyaofet alfokilaahisy 1a¢bi v@ ardss,

stabl e preparation of bacteria according to any one of

claims 1 to 20 or 55 in the manufacture of a
58U3dhc?ﬁﬁ@haE%ﬁtﬁ%§l'Qoﬁ 631E§@B”%6E 1s§ng $0nd@hbolically
- affecting the intestinal mcrobial balancé in a
acfrafraRndn ssabjlecpreparatiienaofobdictgrie ekcaomdddg to any

e i sorder affecting _the i.n estlna

onﬁ?g?o ?gﬁﬁgaﬁaﬁgegﬁs ghsgn%d ganaWﬁgﬁory “pSRefCre.
phdirsaasatichteyabiceeptabiti aituethisphaag rdesease. 62.

Use of a netabolically active and stable preparation
ex5iPh&RLSri a according to any one of claims 1 to 20 or

55 in the manufacture of a nedicament for use in

mai ntai ning the intestinal mcrobial balance in a
S9manfamesabolbiedtdy egtiﬂﬁnendodt@blereaepagacdon of

ntln a . disorder _affecting the in I
o2 Rt €Y TR, aP2aRrhBc i el e OB A TRA patredt oF 05 for

useoaprasmegladmbntsterlng to a patient in need

60. Use of a metabolically active and stable preparation of
bacteria according to any one of claims 1 to 20 or 55 in the
manufacture of a medicament for use in the treatment of a
disorder affecting the intestinal microbial balance in a

mammalian subject.

61. Use according to claim 60 wherein the disorder
affecting the intestinal microbial balance is chronic-
inflammatory bowel disease, ulcerative colitis or Chrohn's

disease.

62. Use of a metabolically active and stable preparation of
bacteria according to any one of claims 1 to 20 or 55 in the
manufacture of a medicament for use in maintaining the

intestinal microbial balance in a mammalian subject.

63. A method of treating or preventing a disorder affecting

the intestinal microbial balance in a human or animal
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t hereof an effective anount of a netabolically active
and stable preparation of bacteria according to any
wo@owenss2ed ains 1 to 20 or 55 or a pharnaceut i cBET/GB2005/003715
conposition according to claim58 . 64. A nethod
according to claim63 wherein the disorder affecting
the intestinal mcrobial balance is chronic
i nfl ammat ory bowel disease, ulcerative colitis or
Chrohn' s di sease. ~
patient comprising administering to a patient in need

thereof an effective amount of a metabolically active and
stable preparation of bacteria according to any one of
claims 1 to 20 or 55 or a pharmaceutical composition

according to claim 58.

64. A method according to claim 63 wherein the disorder
affecting the intestinal microbial balance is chronic
inflammatory bowel disease, ulcerative colitis or Chrohn's

disease.



