WD 20061035218 PCT/ GB2005/ 003715 - 1 Metabolically active m-cro organi sns
and nethods for their production Field of the invention 5 The invention
relates to a preparation of metabolically active bacteria, conpositions
conprising such a preparation, e.g. probiotic supplenents or animl feeds,
and to usas200é/6852180f, for exanple in the treatnent ofpch/cBassensiihie

invention also--relates to a growh substrate for 10 m croorgani sns _
conprising a mxture of conplex and sinple sugars and to a process for the
manuf acture of preparations of netebollcally active mcroorgani sns usi ng
this growth substrate. 15 Background to the invention M crobiol ogical

organi sns are frequentl _used as food supplenents One exanple are ;
probi otic bacteri & all ' : 5l aB€f ects on the !
intestinal microflora hggﬁgaglggrt ;fe fﬂ&%%%@oho infectious disease 20 i
such as diarrhoea. Prob o be involved in the f
nodi fi cation of blood chem stry and in innunonndulatlon (see references

li sted updgr PoE%ntiaI tgalth Benefits in the reference section). Probiotic |
bact eri a3 Al y products such 25 as yoghurt and species .

knows t o havertedhtenbensf kbsatag! t¥le éirl’e@%@ai:ﬁ@m blhemgeses Bi &tiey ococcus
and Lactobacillus. However, probiotic dairy products have a short shelf

life. F?%ﬁﬁ?ﬁlQ§9§§Féaal§6m39§}F%&ﬂ%3QQFHH%§1@8n§HﬁEra|ﬁr$2ﬁ¢ﬁ¥ﬁ°nwpomder or

tabl ets. o 4 fustdialoraePLLBBLEAGES & Hi%H1CTe38s! chAleEo totipe 1 ani mal

~thereof, for example in the treatment of dlsease _ The
invention also.relates to a growth substrate for
10 hicroorganisms comprising a mixture of complex and simple
sugars and to a process for the manufacture of preparations
of metabolically active mlcroorganlsms u51ng this growth

substrate

15 Baekground to the invention

Microbiological organisms are frequently used as food
supplements. One example are probiotic bacteria which are
known to have beneficial effects on the intestinal
microflora increasing the,resiétance to infectious disease

20 such as diarrhoea. Probietics have also been shown to bed
‘ -involved in the modification of-bleed chemistry and in
immunomodulation (see references llsted under Potential
.Health Benefits in the reference sectlon)
Probiotic bacteria can be found in dairy products such
25 as yoghﬁrt and species known to have health benefits include
those from the genera Enterococcus and Lactobacillus.
However, probiotic dairy preducts have a short shelf life.
 Probiotics are also available to the consumer in form of
powder or tablets;_A further application of probiotics

30 relates to use in animal feed.



WO 2006/ 035218 PCT/ GB2005/ 003715 - 2 Current nethods for storing bacteri al
cultures typically use Iyophilization, also called freeze-drying. In this
process, water is renoved fromthe organismby sublinmation and the organi sm
and can be revived after the 5 addition of water. However, freeze-dried

bact er i a woecm@ss2zisret abol ically active and it is well pkn@soossher15
freeze-dried products typically |lose nmuch of their resilience after a few
weeks of storage at roomtenperature_(Fonseca et al and Mirga et al). 10
Furt her nore, nmany conmerci al probi6t?c§ do not seemto:- contain all of the
speci es nentioned on the |abels, and where bacteria are present the nunbers
of viable bacteria are often very low (J. Hanmilton-MIler). The present

i nventors hav@Uﬁwwndem@thbﬂ@df@$mﬁtQﬂkﬂﬂ(bacﬁsraﬁépanQEUDﬁs of vi abl e,

met abol i ¢ &lﬁgebiﬁgsﬁ flfﬁ%ﬁ A%%%P%fﬁﬁeﬁyf ggzgf%ggﬂﬁ%thﬁylar growt h

substrate cont ai anced dnounts of —conpl éx”an
carbohydrﬁﬂxﬁspﬁd@e@@ntwasértbspremmveﬂtfnmmomhetchanihm bpreparat|ons
provi dedac or to t resent jnventjon 2% rlse hi nbers of
stabl e ani" Balf rF e WA 0L R P Caf avﬂﬁr?% term

st or age. Mﬂd?lt 'anwgi:eEheHbﬁé/@é‘f'Ofkéé&ea-‘a(i@"e@aﬁﬁét@kie@ @ré'r!c% aspect of
the invention 25 there is prOV|ded a preparation conprising viable,

netabol|d%ﬁﬁ%bQ%ﬂqadéYbaétéVEaﬁ%@mﬂﬁikﬁ(ﬁﬁﬂi &opynr hhat ﬁéﬁ%ﬁ¢sﬁﬁkfda m xture

of CO”p' §cG# Ogggé%&ﬁﬁlc%?%mng &Qélgﬁghéé' i P
equi i bri n1grom¢ tate 9 aracterised 1n that t popul at.i on J#Vﬁacterla
s weeks of storage at room temperature (Fonseca et al and
Murga et al).__
10 Furthermore, many commercial probiotics do n¢t seem to

contain all of the species mentioned on the labels, and
where bacteria are present the numbers of viable bacteria
are often very low (J Hamilton- Mlller)
The present lnventors have now determined that stable
15 preparations of viable, metabolically active bacteria can be
prepared by use of a particular growth substfate which
contains balanced amounts of compléx énd simple
carbohydrates. In contrast to prior art probiotibs, the
preparations provided according to the present invention
20 comprise high numbers of stable and active bacﬁeria which

‘can be maintained during long term storage.

Description of the invention

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

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



30 maintained at a constant |evel when stored at about 4C and -at controlled
pH for a period of at |least 5 nonths. WO 2006/ 035218 PCT/ GB2005/ 003715 -3
It is an essential feature of the invention that in this preparation, the
bacterial culture can be maintained in an equilibriumstate for a period of
at | east voopmendsaisat 4 at controlled pH In this stapergebesbasiserial 5
multiplication rate is maintained close to the death rate. In a preferred
enbodi ment, the popul ation of netabolically active bacteria in the near
equilibriumstate is maintained in i he range of from 108 to 109 vi abl e
cells per mllilitre. The growh substrate conprises a m xture of conpl ex
~and 10 sinple carbohydrates (sugars). As used herein the terms . "conpl ex
car bohydr at es'ITtods" aonpsesnisiajariatiurel ofethel igverthdrartdds iand ’ :

pol ysacchar.i_des . t t,e " si npl r Y/ es". .or_ "si.npl e
sugars" !{%&Sugztapgrrg%gg%gth%% ea'rsc'r%rﬁag‘i sgg%g g?i g%sgélg’&i}rneﬁaérnadl f/‘n t he total
amount ofarsegaidibpithesgiont for sulsiriabdesfi ati hesde § angechd aftr ah 20 ng/ nd

to 40 ng/m -and h&e t of al _amunt of redu%inﬂ sugars is in the range of from
-5 ng/m o SEMgPHe] Rl a I efErs - adRuodifeRBC Eht2toncent rati on of total

sugars i snakayh i3QRH6AT rand id1enaidk GoREeRIBELI 08 Ofie @I NGtRUIArS is
about 10np/m . The growth substrate preferably also conprises protein and
pepti de clr%hﬁo@éﬁtf@-"rwp%%@qiyﬂqrrre ttécalPorMdaht obf of pretal igwd Lyept i des

Fotal amont ot ETRESh ol el e Bept e (rorect AT ATt greater

t han 5000.rD&lheomengesofnfrdre ¥ainge 0% fvimhlk0Cedlsl peo BODlilitre.

_ - The grdwth substrate comprises é_migture of complex and

10 simple carbohydrates (sugars). As used hérein the terms
"complex carbohydrates" or "complex sugars" include
oligosaccharides and polysaccharides, whereas the terms

. "simple carbohydrates™ or “éimplersugars“ include
monosaccharides and disaccharides.

15 | Preferably, the total amount of sugars in the gronh
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
20 concentration of reducing sugars is about 10mg/ml. |
The growth substrate preferably also compriées protein
and peptide components. Typically the total amount of
protein and peptides present in the substrate is in the
rangé of from 1 ﬁg/ml to 2 mg/ml and the total amount of
25 high molecular weight peptides (molecular weight greater

‘than 5000 Daltons) .is in the range of from 100 pg/ml to 300.
pg/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
30 250pg/ml. | | o
The growth substrate may contain further components'

such as, for example, cellulose, starch, B-glucans,



pg/m. In a specific enbodinent the concentratlon of protein and peptides
may be about 2ng/m and the concentratlon of high nol ecul ar wei ght peptides
may be about 30 250g/m . The growth substrate may contain further
conponents such as, for exanple, cellulose, starch, (3-glucans, WO
20061035243 2096/§352320051003715 4 pent osans, polyphenpt@@3mm§@@#gde|c aci ds,
| i pids, - phosphates, flavenoids, amno acids, vitamns (Bl, B2, C and E),
silicates and trace elenents. In a preferred enbodi nent the gromﬂh substrate
is 5 derived fromnmalted cereal gratns. Mbst preferably the growth
substrate is prepared using the process described - hereinbel ow. The

I nvention presents an advantage over current prqgbiotic preparations as
netaboli(pﬂdQDSﬁNSLVQObaphenbhscawibdﬂMdi@istecédeoliaimﬂnber of nont hs

bact or i a PUHAR CAe ERRVERCH g LS 1 AoCary VERACANR B, et Grgd o

met abol i cg | )Slad.'fcla‘tesbaﬁﬂetr@ce Ferdnieyomr e, preparations of freeze-dried
bacteria Iose sonme of their characteristics and 15 act|V|ty upon

rehydration. A"@ PrRESFEREt FRRAEH P cide JroHE eSUPERER e SHelf 1ife and can

be ket 'dbrsﬂ@cﬁ@%ofnoﬁlaiteéh@éfeél M QsY. - ﬁbgezgréfeﬁ%PﬁC&rﬁé' a are often
not rehydrated before use in a host ani mal are " rehydrated, then

they gened%avtp iabstrotpelaspremirachaissiage the §ayce@$h@¢$@Eququare may be
rapid | oss %ﬁlﬁﬂéi lJity and spoilage from contan nating organisns. A
further pro mw th prior art freeze-dried :

The invention presents an advantage. over current

p;qblotlc preparations as metabolically active bacteria can’

10 be stored for a number of months without deterioration or
loss of activity. Preparations of ffeeze—dried bacteria
which are currently used typically contain few, if any,
metabolically active bacteria. Furthermoré, preparations'of
freeze-dried bacteria lose some of theif characteristics and

15 activity upon rehydration. Also;-the reactivated bacteria
have a short shelf life and can be kept in storage for a
short time only. Free;e—dried bacteria are often not
.réhydratéd before use in a host animal. If they are
rehydrated, then théy generally have to be used on the same .

20 day, otherwise there may be rapid loss in viability_and
spoilage from contaminating'organisms. 7 .

A further problem with prior art freeze-dried
"preparations is that they are hygrdscopic {attract meisture
from the air} and therefore a:packet-has to be used within a

25 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

30 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,



. preparations is that they are hygroscopic (attract noisture fromthe air)
and therefore a packet has to be used within a 25 few days of opening,
otherwi se the partial hydration will cause rapid |loss of viability. The
preparation according to the invention avoids the above-listed problens
associ at agowaoslshle use of freeze- dried bacterial cubtyigseoshssraddition, it
~has al so been 30 shown by the inventors that the bacterial cultures prepared
-according to the invention are significantly nore robust than bacteria
prepared by nethods known in the prier-art, WO 2006/ 035218 PCT/ GB2005/ 003715
- 5 which enables-the bacteria to establlsh nore rapidly in host aninals
and to tolerate the harsh environnent of the namualian digestive tract

(i |l ustrateidh enapdepl ehS)badt@ritha]te@rtabhasb oveecoapidhe igr dlglséns of 5
conventi o u re usi ng wt h_sub trate wi t h bal anced
nut ri ent %ﬁ}ﬁ%ﬁ ﬁgtﬁe g%%%% 1jﬁ%ﬁmr§§n§n ﬁ%?% § % protelns and
pepti des mammamﬁmnndhgeatmméhtraxuu(iﬂﬂdﬁirﬁﬁeandnC9kdm§I@rapﬁ Under these
conditions there .is a contjnuous slow gromh of bacteria in the

preparati on. ﬂ@eTﬁévéﬁﬁBFﬁaﬁ?YﬁlQﬁGQQSFEbFQFuPEO bEMS phEise growth and

subst rsat ecdRIFAHNA LN aﬁs@gu[%téggfatﬁmcgfsowhugaa ea Mh&kebYsub¥idhite
concentrations of viable abolically acCtive bacteria can be naintained
for. perlwkﬁﬁ(ﬁakﬂﬁcﬁéa§ﬂt51ﬁ®ht$EPPMM11@héhénﬁéémn@ﬁtComwkﬁ%ﬂﬁnﬂ= t he
preparati to e rgm 3.8 to 4.5 In
a spemf%gme %t’ {)ﬁgté ﬁ?%%edgr@a%?oﬁ&?{ggﬁaag lglvﬁe at about 4.0
during stcmagpalleﬁheﬁ phﬁotol@mﬁtﬂﬁgﬁﬁanmdnrcahesbecun@uﬂunnaﬂﬂnpreontroIIed

_by the addlt'O%nAEn%ogglgfg%egrowth of bacteria in the preparatlon

10 The combination of temperature, pH, phase growth and
~substrate imposes a near equilibrium growth state, whereby
high concentrations of viable, metabolically active bacteria
can be maintained for periods of‘at least 5 months.
In one embodiment, the pH of the preparation when
15 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
20 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
25 preparation are lactic acid bacteria. The term "lactic acid
| bacteria (LAB)" as used herein described a group of Gram
positive, catalase negative, non—métile anaerobic bacteria.'
that ferment carbohydrates to lactic acid. This group o
includes the genera Lactobacillus, Lactoqoccus, Pediccoccus,
30 Bifidobacterium, and Enterococcus
In a preferred embodlment the bacterla are of the

-génus Lactebacillus or Enterococcus. In the most preferred



buffer or conbination of buffering agents. Preferred buffers 20 include, for
exanple, tri-sodiumcitrate or phosphate buffers. The use of buffers, such
as tri-sodiumcitrate or phosphate buffers is described in standard nethods
in the art. In a preferred enbodinent, the bacteria, in the 25 preparation
are lactic acid bacteria. The term"lactic acid bacteria gLAB " as used
herei n deecoédsstia group of Gram positive, catal ase HEgRPPOPMHn- notile
anaerobic bacteria that fernent carbohydrates to lactic acid. This group

i ncl udes the genera Lactobacill us, -Lactococcus, Pedi ococcus, 30

Bi fi dobacterium and Enterococcus. In a preferred enbodi nent, the bacteria
are of the genus Lactobacillus or Enterococcus. In the nost preferred WO

2006/ 03524 REHAB200RL0034dE: £ LHRMINRAL arbhes! acti L acighdagteria are
of at least one of the follow ng species: Enterococcus faecium
Lact obaci thaisfolgiomangr apecieet obakdrqapsctigsdpeghsml abs obelod ¢4 isis

act dophi | 4pan 44 PrELELLSE, PIOOULIBIY o8 GARBLABELPR,OF S Enteroooccus

f aeci um obaci'l ['us antarum aci c¢asel~is used. The
pr epar at i aau dph idddi. t fonal pye fangrd sedoaiimant| - af comgiad natgest ,ofsuch as, for

v anin e dT e R Tkl SR TOMR PUAPA B pr b M B e

ghé??lgtecéggilﬂg:m@@aganisns (especially bacteria) conprising a conplex mXx
of carbohydrates. The growh substrate conprises a m xture of conplex and
si npl e Sugarsfrhe preparation may additionally comprises an ap?i—
fungal agent, such as, for example, sterilised potassium
sorbate and/or.and anti oxidant, such as vitamin C.
10 _

In a second aspect the invention also provides a growth
substrate for microorganisms_(especially bacteria)
comprising a complex mix of cafbchydrates. The growth
substraté comprises a mixture of complex and simple sugérs,

15 including sugar monomeré, dimers, oligomers and polymers.

The preferred féatures of the growth‘substrate are
substantially as described above in relation to the firét
aspeét of the invention. Thus, the total amount of
cérbohydrate'(simple pius complex sugars) present in the

20 growth substrate is preférably 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 moét_preferably about 30 mg/ml. Of this
total carbohydrate (sugar} content, the total amoﬁht of
 redu¢ing sugars (monosaccharides) is preferably in the range

25 of 5 mg/ml to 20 mg/ml, more preferébly from 5 mg/ml fo 15
mg/ml and most preferably about 10mg/ml. '

While simple and complex carbohydrates are the key
componentldf the growth substrate, it will be appreciated
that the growth SUbStréte may also contain further '

30 components, such as préteins which provide nitrogen for
bacterial growth. Accordingly, the growth substrate

preferably comprises a total amount of protein and peptides



15 includi ng sugar nononers, diners, oligoners and polyners. The preferred
features of the growmh substrate are substantially as described above in
relation to the first aspect of the invention. Thus, the total anount of
car bohydrate (sinple plus conplex sugars) present in the 20 growth substrate
is preferably in the range of from20 ng/m to 40 ng/m, nore preferably in
the rang@VORMWEPFHDS ng/m  to 35 ng/ M and is nost pPETEBAWSHIFTEout 30
ng/mM. O this total carbohydrate (sugar) content, the total anount of
reducing sugars (nonosaccharides) is;preferably in the range 25 of 5 ng/m
to 20 ng/m, nore preferably from5 ng/m to 15 ng/m and nost preferably
about 10ng/n1 Wil e sinple and conpl ex carbohydrates are the key conponent

of the gr, subst r at it owll ppreC| e romth substrate
may al so * Jbﬁpgrﬁapg?tﬂgrf '2%&%Uﬁ§n% ngmgs Bro f PO pr ovi de
ni trogen Zn@f/mibacber tBis growih. pﬁ&t@qrndpagltydet ben g oMt {h e Uhstanat e

preferably conprises a total anmount of protein and feptrdes \WD 2006/ 035218
PCT/ GB20GS°00E7 95 highj Roleeukam g ights PeRrtidng/ Mo %ﬂ%ﬁyﬂﬁlghﬁreferably

about  2rgy/ee rOk i §o@@t@41tr8rp§;e'rdyypeet hetrONt&ie Lo 4Q4@h gpamount of

hi gh ol ecul ar wei ght peptides (nol ecul ar wei ght greater that 5000 Dal t ons)
nmay bé i mg/md rangeoofgfnbmaD typdghanllyt ab300 Z3ohg/reind tipei cal |y about
2509/ M. The 6 precise identity ) am no acid sequence) of the protein
and pept|Hﬁ?9ﬁ§ﬁpéﬂéﬁF§tYn(?H% g#%NWQ1@9&HsFPEF%“F§ ) geherhf IRFOtRAP material to

the i nverﬁd@@eptﬂeegee%oﬁeﬁt@%td alnR g%w%ﬁnsabgtwtéhfg a‘é}m}eﬂws 10 such
as, for exanple, cellulose, starch, gl ucans
not material to the 1nventlon

.. The growth substrate may contain further components

10 such as, for example, cellulose, starch, B~glucans, ’
pentosans, polyphenols, ribonucleic acids, lipids,
phosphates, flavenoids, amino acids{ vitamins {B;; Bz, C and
E), silicates and trace elements./ The precise identity and
relative quantitiesrof these additional components in the

15 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 compenents will usually be naturally occurring
biomolecules. )

20 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.

25 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

30 described hereinbelew. However, the invention is not
intended_to be limited to substrates prepared according to

this precess. Growth substrates exhibiting substantially




pent osans, pol yphenols, ribonucleic acids, |ipids, phosphates, flavenoids,
am no acids, vitamns (Bl, B2, Cand E), silicates and trace el enments. The
precise identity and relative quantities of these additional conponents in
the 15 substrate is not particularly limting. If, as is preferred, the
growt h swbabreat=is s derived froma natural plant sorceaBAsiooBEnpl e nalted
cereal grains, these further conponents will usually be naturally occurring
bi onol ecul es. 20 The growth substrate nmay contain various additives such as
buffering agents and ot her substancés designed to inprove the perfornmance
of the substrate and/or to extend shelf life. Such additives may incl ude,

for example,,anti-fungal agents, anti-oxidants etc. 25 In a preferred
enbodi ne fm%h%rgﬁEﬁﬁ?ﬁﬁﬁﬁﬁsﬁggt%enﬁﬁeP%ﬁ i CedH¥r eI®Bt ter, for exanple
particl esxagple axeaediing tddet Aedi BREL LEquilhel HiXMBeSHRSELERE EodBY be
prepared starting from malted cereal grains using the nmanufacturing process
30 descrPBEdSHER &R ety dpekeser togahenverith ¢myi #fnshe intended to be

l'imted tgqsubstipt epaied;accqr i to this process. Gowth substrates
exhi bi t i B s ibat ant] o BRSSP ELER hpoos) bosrie oo mi | ar

prope?ties may be prepared synthetically, for exanple by mxing together

the required m e of ¢ e and_si npl e rbohydrates, together wth any
of the addit?%%% -%%%ﬁéh%ﬂ?%r?Fs{e%S%%% éﬁfgﬁfbég%ﬁpﬁbon Bh%%ﬁther aspect
of the ingeptdboided kemethod for preparing a growth substrate for

micro organisms comprising:

10 subjecting malted cereal to a mashing stép in which the
malted‘cereal is mixed with aqueous liguid 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

15 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.

20 _

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. | _

25 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—amylasés'
which hydrolyse starch into maltose. A preferred embodiment
30 relates to the use of barley, but other cereals, such as '
rice, whéat, corn and oats or even mixtures thereof; may be

used within the scope of the invention. The procesé of



I's provided a nethod for preparing a growh substrate for mcro organisns
conprising: 10 subjecting malted cereal to a mashing step in which the
‘malted cereal is mxed with aqueous |iquid and subjected to conditions of
time and tenperature which limt the extent of conversion of conplex to

si npl e cavbolwMsatses such that a m xture of conpl ex aOUGERIWPHESTIS
carbohydrates, proteins and 15 peptides is obtained, and separating the

m xture of conplex and sinple carbohydrates, proteins and peptides fromthe
spent malted cereal to obtain a growh substrate 20 The ternms "malted
cereal" or "malt" as used herein refers to the product of a nmalting process
applied to cereal, grains. Malting _is a process well known in the art -of

br ewi ng. %ﬁ?WH?aélpﬁpFEaﬁe%%Fﬁ%Hb‘ﬁﬂdcé@@wéeréélwb%%Jb% aprrecdetpitnated to
i nduce t he, PR $athol ﬁéy%@r@agﬁrlw Lhenby: pr@@m@t%an%egieeds produce a

nunber of enzymes to nobilise storage proteins and car ates, including
cc- anyl asEginghiogh ahgirbhgsec ssuhrsdiratet gonnridteg A Ipnethmerexf embodi ment 30

rel ates téhﬁﬂgﬁ¥ﬁ§3t8%03 s$f%ereg¥KP%E%Q ggreals such as "rice, wheat, corn

and oats or ev used within the scope of t he
i nventi on. Thé’rptfen:ebi;ypftNDrﬂﬂDﬁ/r@B@&h&nECﬂGBﬁ@Dﬁéd)Qﬁe?ﬂc&e 9 _germnation

Lzrgfggrgﬂ#y W%Jbgggggg ¥m kbe 2\ rEC|a£ed t hat g e _method may be
p bn%nJ gt F EraPRTHeY i & rate conprising
a m xturefnfilicatkehydeasesor piatiedl RhdaREt@AEYDBS - of nutrients
during the mashing step, whilst avoiding shatféring'of the
grains assists_in the subsequent sepa;atibn of the growth

10 substrate from spent malted grainé.

The prepared malt is subjected to a mashing step which
resembles the mashing-in step used in methods for brewing
(see, for example, Kunze, W. Technology Brewing- and Malting
(1996) ). The term "mashing-in" is well known in the field of

15 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. _

20 The method of the invention also involves & mash step
in whiéh malted cereal grains are mixed with an agqueous
liquid (typically watér) and the mixture heated to various
defined temperatureé. This mash step does not, however, .
conform to a typiéal brewer’s mashing-in process. Brewers

25 aim to convert as much carbohydrate to simple sugars as

| possible, for subsequent fermentation to alcohol. In
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

30 amounts of carbohydrates in more complex oligomeric and

polymeric forms.



5 Preferably, the malting grains are rolled before further processing.
Cracking of the grains by rolling facilitates access of water and
extraction of nutrients during the mashing step, whilst avoiding shattering
of the grains assists in the subsequent separation of the growth 10

subst r at ewpr2ommogfzesnt nal ted grains. The prepared nmalt pCI/creb)s@ei7ed to a
mashi ng step which resenbles the mashing-in step used in nethods for
brewing (see, for exanple, Kunze,;V¥ Technol ogy Brewi ng and Mal ting

(1996)). The term "mashing-in" is we q known in the field of 15 brew ng and
relates to a process wherein nalted grains are agitated in the presence. of-

wat er heated to defined tenperatures in qQrder to prepare a wort. During the

mashing in stE) RIHPER LeAPLBRYBAEIFLT Fih&Xrarfedigranrkerater of oken down
into mal t ggeporParliie MRN8 0imibeql SN &0 JhdYakVES éi@f@_ step iIn
which nalted cereal grains are mxed with an aqueous liquid (typically

wat er) andre@decihnat ugarsapasdsent vani s refflitiad geppthasubesratihi s mash
step does ver., t ypd r ' LNng-in process.
Brewer s 2§Q§u£er3n5 %d\ﬁaon\?etptegggh%% %&B’E)hosfd?t?ttgqt g\ég?)r?%yggg%ars as

possi b e, cobntestubsedquenthef erngat afi Hromh Al G# clohfed). tbn50&onkyast, the

diti f th n st LN th f. the.i ti
Speci fical |y cHOSEIPTE ATPLFRE ERERTe T CorvBPLREN PosSMRET e (r educi ng)

sugars, | gayhpg md@Hd iaeantvel BYDUNESeofitAHIRh ¥ dmpbes thbe M ecigONpl ex
oligoneric and polyneric fornms. W 2006/ 035218 PCT/ GB2005/ 003715 - 10 In
non- 1 i m t PAGH eHERRIi AR § CHETExPRREODf Ok onissitawicrlly 30 minutes,

without allowing the mixture of malted grains/water to rest

10 at intermediate temperatures. Traditional brewing processes
include rests at 60-65°C and 70-74°%, as this allows.enzymes
to produde high concentrations of simple sugars (mainly
maltose). Accordingly, in a preferred embodiment of the
invention, the mashing-in step dées not comprise rests at

15 | 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, tﬁe mash step compriSes
mixing the malted cereal with water ét a temperature in the
- range of from 30°C to 45°C, resting the mixture for 1 to 2
20 hours, increasing the témperature 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,tand'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

25 90 minutes. At the higher temperature, any enzymes preéentl
in the mixture are inactivated and nutrients caﬁ 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

30 sufficiently long to inéctivate_all-enzymes pre§ent ih the

preparation. It will be appreciated that the precise



car bohydrate may be |imted such that the anount of sinple (reducing)
sugars present in the resulting growh substrate, expressed as a percentage
(ww) of total carbohydrate 5 content is in the range of from10% (ww to
50% (W w). The desired limted conversion of conplex to sinple sugars may
be achieved by increasing the tenperature in the nash step over a short
peri od oWwa ioneo3sigpi cal |y 30 minutes, without allow Hg/¢BEOMXNEre of

mal ted grains/water to rest 10 at i nt er medi at e tenperatures. Traditional
brewi ng processes include rests at 60-65C and 70-74C, as this allows
enzynmes to produce high concentrations of sinple sugars (mainly naltose).
Accordingly, in a preferred enbodi nent of the invention, the mashing-in

step doest@ﬁ?e?Qﬂ@fé Séhd &SR sysia EEPEAAY Lg&%edﬂstt Q%c'a@e@ﬁg%f rom 60C to

65C and/or at . tenperatures in the range o rom  70C to 74C. In a specific
“enbodi nenthet hgreash etxgrlcowed.ses m XI ng t he mal ted cereal with water at
a tenperature t f.tr he.pixture for 1 to
2 20 hours, mgggaéf%%é%:%%ts%r%%reg%%e t ﬁcal }t&rlgll:;cn {'ﬁ% range of

from 75C tmo85E of ecoravd naimnp eifi admpmekhsugaamge;o afidfprlems2Qaks. 40 m nutes,
pr ef er abl and then. res t he mxt e at, a be erature in the

3 t :
range g %PS g%%%?%é1§§CJFHFl§lp§?F£thfat??ﬂ?qﬁ? e ARn§aof3¥9%m 60 to 25

90 m nutesf Arohhgoht ghera 3 @RI UES, aRNYAGIZYIRS. RIeSeRbgel Int he m Xture
are inactivated and nutrients can be extracted. Hi gher tengeratures in the

range of P8k ¥bCatyniRs dh¢ géerpecaf| nimse aéfléisgé‘rﬁlé*r gepyigeeferred. The
t enper at urr@mFershafeft@&ﬂ%%d%hteohﬁghéylféﬁ&'@f\tﬂxyléﬂx%gfeor 3@ SHE{,HPC' ently

l ong to inactivate enzymes pres he preparation.
appreC|até@ £hao ﬁheCpmxxﬁgﬁylflcally about 45°C, are generally

10 ,preferred The purpose of this step is to hydrolyse storage
proteins present in the cereal grains into available amino
acids and peptides. The optimum combination of time and
temperature to achieve the desired hydrolysis may vary
somewhat depending on the type of grains used.

15 . 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 ﬁitrpgen. Typical mashing-in
processes used in traditional.brewing'would generally not

20 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. 7 _

When the mash step is complete, e.g. all the desired

25 nutrients have been extracted from the now "spent" malted
grains, the resulting mixture comprising complex and simple
carbohydrates, proteiﬁs and peptides may be separated from
the spent graihs to obtain a growth substrate using any
'suitablé means. Typically this will involve coarse

30 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



WO 2006/ 035218 PCT/ GB2005/ 003715 - 11 tenperature and times used can vary
sonmewhat according to the type of cereal used. The process described here
specifically limts the anmount of conversion of conplex sugars to sinple
sugars. 5 Furthernore, the initial rest at a tenperature in the range . of
from30Cto 45C. provides an additional advantage in that it maximses the
rel ease O¥O3MWPAIBECI ds and peptides. Tenperatures toREFEB200680F1gher end of
. this range, i.e. from 40C to 45C or specifically about 45C, are generally
10 preferred. The purpose of this step _is to hydrolyse storage. proteins
present in the cereal grains into available amno acids and peptides. The.
opti mum conbi nation of time and tenperature to achieve the desired

hydr ol ysi s._ nay, .var mewhat dependi ng_on the.type of grains used. 15 The
presence gk_ﬁaﬂitdhe c‘%ﬁ?&"z‘%‘t F\gfgﬁ%ﬁgggfl%r%‘?@%r&dg i ﬁéswgﬂgdam' no acids is
desi r abl egémega QI W thiebghakat Qi th Oa beotis @k dpR redp ROk nhet gh@ydd of

m croorgani sns as it provides a useful a source of nitrogen. Typica

mashi ng- i Rrepittesdds Weed tianel abrewbial ther ety ikograegeAbYal Iy not 20
i ncl ude acigﬁffﬁéd.atqt SRR Ui e Efatdd Sod@NG8esS _Q%%r@f:ﬁ"‘@?édugﬂ@m
normal Iy seek to achieve high protein or amno acid cohtent In a wort

‘i ntended #ofléar ngmwtd.on to produce al cohol. Wien the nash step is

CoL e & S p RS e anf I TR Dake ey BbEasLEC ! om ne
sinpl e caubﬁtwﬁatpesapamediéicﬂ&ramdgpte@ttir(teqmmyeslseoiepaeaiﬁderﬁtrmn t he
spent graggsaéégéggggdbéaa%r%g%gr gbgaéégé%éﬁ% %%eaq%-éuﬁporfihg the
growth of bacteria since it provides‘bo;h slow release
10 nutrients and particulate surfaces for the adhesion of
bacterial cultures. _-
If required, the growth substrate prepared according to
the invention can be sterilised prior to further usage. As
will be appreciated, this can be carried out by boiling for
15 about one hour or by autocléving 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 1s to be subsequently used in the
20 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 isvto be sterilised; the buffer(s)
~may be added prior to, during or after sterilisation as

25 convenient.

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

30



suitable means. Typically this will involve coarse 30 filtration, for
exanple using a Immfilter such as a wedge- wire basket,, yielding a
solution containing coarse particles. It is a feature of the process of the
i nventi on WD 2006/ 035215 PCT/ GB2005/ 003715 - 12 that the growth substrate
i S not clva® pdos/ess218as woul d generally be the case w t hcHGROIOSO@BrBpar ed
during standard brewing. In traditional brewing the wort is generally
clarified to renove all coarse parti%Ies, t hereby producing 5 a clear
l'iquid. The presence of sone parti'c&l ate matter in a growth substrate
prepared according to the process of the invention is advantageous as
regards subsequent use in supporting the -growth of bacterjia since it

provi des PEHTY BWCLel eag_RMIINH LT ik HEOVARd SPREEFR LR aC @ RIFid@e@ for the

adhesi on pf, v \HRCIRr ba}npggkta&s&ssjbdglé‘ %@é{a&gq, pEBEeQﬁQV\Q% ﬁ%ird%tse prepar ed

according to the invention can be sterilised prior to usage.

wil |l be appredisimned, prhpsrahiobeotaridredrganibpsboahdng for 15 about one
hour or by autoclaving at 120C for about 20 minutes. A buffer, or several
buffering conponents may be added to the growth substrate if required, for
exanplse idhiHengyrhet hesubsin@terdmadar iloe sobsbquentty wiseckim thike 20

manuf acture of a bacgterial preparation according to the first aspect of the
[ nvent | o B RHIABA SR FUPET of MSAF SUUELAGTEHMCBRRBER | A% th the fir st

aspect ofchdieadveveREldonn thit thige gpMiRtsvBsSbrabBcteri® e gferilised, the
buffer(s) may be added prior to, during or after steri]isation as
preparation can be maintained at a constant level when
stored at about 4°C and at controlled pH for a period of at

10 least-5 months, and
cptionally storing the preparation at about 4°C.

In a preferred embodiment of this method the
15 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
‘20 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 é
near equilibrium growth state during long term storage. In
this near equilibrium state, which can be maintained for a
25 pericd of at_leaSt 5 months, the population of metabolically.
active bacteria is maintained at a substantially constant
level in the range of from 108_to 10° viable cells per
millilitre. It will be appreciated, however, that the
pfecise number of viable cells at the near equilibrium state
30 can vary somewhat depending on the species of bacteria used.
"The method according to this aspect of the invention

'involﬁes_a "growing step" in which the microorganisms (e.g.



25 convenient. In a further aspect the invention also relates to a nethod
of producing viable, netabolically active and stable m cro organi sns
conprising: 30 WO 2006/ 035218 PCT/ GB2005/ 003715 - 13 growing micro
organisns in a growh substrate conprising a mxture of conplex and sinple
sugars, pwoteisnsszand peptides to obtain a preparati orcefcERHEHIYAN SIS,
and 5 chilling the resulting preparation to about 4C wherein the mcro
organi sns adopt a near equilibriumgrowh state characterised in that the
popul ati on of bacteria in the _préeparfali on can be nmaintained at a constant .
| evel when stored at about 4C and at controlled pH for a period of at 10
| east .5 nmonths, and optionally storing the preparation at about 4C. In a
preferr edbaslisodiate R eobronn simea hotbwite SUI@tWEE?OBWQQhI tmey areadiact eria. In

a speci 11 Sosrhadl i, hi8nPaSLeTie Al sU9MaL0 110 07 QUi st rate unti]

they reach a concentration o Wweeh co ony form ng
units pertmnbé|ddhuaaedAuurlhgssmhnequddtesmwkhgee ibrlée&mmﬂMgﬁnuuﬁk I's cool ed

down to 2 bout 4C onbi nat.i on of ratu phase of growth
and resid %5% 5%8 E§8§ thah P Eres §%tngg35ﬁﬁ£?i dim condi ti ons

whi ch =l Ipmvifcmrs raalbauaaa@aen@{r@enmwpgﬁqﬂchhlaawmugrvaﬁ{k@mat &guring |ong
termstorage. In this near equilibriumstate, which can be maintained for a

25 peri odCHMPER* 130%s E1BPABNE ARG TE HENGISP & hdAhoPrARPEbYPR caf |y  acti ve
bacteria d:§rk5@dﬂh%ﬁt'ée@oﬁ§:eﬁtSi’?%ﬁ”&ﬂ@'fd&n?%@ﬁ:@ﬂblex sugars that

may be used as an energy source by the micro organlsm This
mix helps to limit immediately available energyhggrlng the

10 growing step. The composition and preferred features of the

' growth substrate is/are preferably as described above in
connection with the first and second aspects of the
invention. The growth substrate is preferably prepaﬁed from
malted cereal grains.using_the manufacturing method

15 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
requiréd proportions of complex and simple carbohydrates,

20 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 conditidns which would otherwise
inhibit fufther growth as well as limiting the period of

25 storage of the resﬁlting preparation. On the other hand, if
the growing step is terminated prematurely, this will limit
bioméss production. The pH of the preparation during growth
of the micro organisms can be used as an indicator of the
near equlllbrlum state. 1In a typical embodlment cultures.

30 of lactic acid bacteria may be grown untll a pH of 4. 5 +/—

0.3 unlts is reached.



| evel in the range of from108 to 109 viable cells per mllilitre. It wll
be appreciated, however, that the precise nunber of viable cells at the
near equilibriumstate 30 can vary sonmewhat depending on the species of
bacteria used. The nmethod according to this aspect of the invention

i nvol ves WO 2a96/035218g st ep” in which the m croorgani SnsPCEGH2005032(3061035215
PCT/ GB2005/ 003715 14 Dbacteria) are grown in a growh substrate until they
reach a concentration which enablef t he near-equilibriumcondition to be
achi eved during subsequent storage. [Pt”is an i nportant feature of the
~method that the growth substrate used 5 provides a bal anced nutrient supply
containing a mxture of conplex and single sugars wherein a high proportion

of carbohydr dfeWtbhtRhitaRRFSG{atRE £BRrM bR P extRbugai¥thhat nay be used

as an en%ﬁlﬂ)ﬁt%ﬁﬂlécﬁaPYVéﬂﬁ JBrfP 2@ aaggﬁa}, JRi ene Mgt HehPS Kt 2ahiai t

i mredi.ately avail able energy-during the 10 grow ng step. The cofposition and

pref erredoresharascod ergsnigmovichgsubsetaredl susee®. pirefeertapliyads descri bed
e onCrEBARRERL Pl Ll 1 &y bR, SFE DL ATPEA Hiflonldg bEve L on,

The growt ra ef erabl répare rom | t'ed "cereéeal “grai ns using
t he manufmdnuaingdneh hode hamesoifi fedmhadt 8i to 415 vdddihe sappieel at ed,

however, {hat i IS t strictly necessary to use growh _substrate prepared
accor di nd TE3ERPLY MRR NEEES 5 SHARa P St GEGT FAOLER BhESRAAY dfedhoHBRAG oG owt h
substr at e rpr apaeadcsyetdeficald Buby ckhxengot dént FENWHLDHHRREMYI ons  of

conpl ex and sinple carbohydrates, 20 proteins and peptides.- The grow ng
st ep nust3TEEEaPE| BRI JCTH WHARIETGafnahBELSREN T SHUWEHT -not to grow the

mcro organi sie {911100 dg¥ibciated that the exact timing of the
10 step of growing the micro organisms (e.g. bacteria) to a
near equilibrium state depends on the species used. Growth
of the micro organisms can be carried out in any suitable
| cuiture apparatus. 1In specific embodiments the growing step
can be carried out by way of fermentation in a fermentation
15 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

20 of simple sugars the excess energy supply would lead to
exéess 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

25 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)..ln_a prefetred embodiment of the invention,

30 two or more different bacterial {microorganism) species may
be grown independently in separate groﬁth media. and then

blended together before or after the chilling step. The



to avoi d producing acid conditions which would otherwise inhibit further
gromh as well as limting the period of 25 storage of the resulting
preparation. On the other hand, if the growing step is terminated
prematurely, this will limt biomss production. The pH of the preparation
during gr, the mcro organi sns can be used as an indicator of the
near equi‘?&%@ﬂg%{%’& ate. In a typical enbodinent, cul IBFQQB%SIB“P”[D&CH c acid
bacteria may be grown until a pHof 4.5 +/- 0.3 units is reached. WO

2006/ 035218 PCT/ GB2005/ 003715 - 15 14t_-w Il be appreciated that the pH: of
the gromh substrate may vary sonewhat depends on the optinmal pH range for
the mcro organism (e.g. bacteria) used. In a typical enbodinent (suitable

for lactig-a6te QAGEal RE.S" %djblﬁg?;eﬂ@mﬁ Afied N khe,pange of from 3.8

to 4.5 durfing storage. era ers, such as tri-sodiumcitrate or
phosphat emoraradi Gtk tt dacitergrdwsbesibstnat e dheostmel orhef pH duri ng
growt h of .t m cro._organisns and, subsgquent_ st aq e, It wll he appreciated
That the SkEEe Rl SRl lh . S0thREo b0 O etk bltio el epbint et e (o o
bact eri a) gtowbng nEAtdiegwnlsi Eorusudtat€s depends vdriuane bapeekes1i used. G ow h
of the mcro organi T}: can be,carrﬂ'led out in any suitable culture

[

appar & usSPER &€Hett s HPABRL §NE HeR Hr bR shd S9EdHe Tc AR hELREFFS ed out by

~way of fenABeEadd i dikbrd (@LERNHALLOD mdthidsiRle Jfhequpfiebelfkd enbodi nent, .
the mcro organisns used are lactic acid bacteria. Preferred species are of
t he gener 8ro¥hk ekt facils cdngheadpdbatdvaispradiesudn $pecrustwese to be

grown using " cARVAN. oMokl SRR GRNSIGY IWe L deky

diﬁferent bacterial species (or-other microorganisms) can be

10 gtown together in a Singlé culture in the same growth |
substrate, provided that their growth rates are comparablé
so that one species does not dominate the population.
Following the growing step, the preparation can be analysed
by standard methods to determine the microbioclogical purity

15 and enumeration of micre 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 simiiarly‘be blended with a

20 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

25 microorganisms prepared using the method of the invention
may be used immediately after the chilling étep 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

30 but it will be appreciated by the skilled reader that the
storage temperature could vary somewhat. For cbnvenience,

aliquots of the near-equilibrium cﬁltﬂre produced by the
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i npl e sugars the excess energy supply would lead to excess acid
ion by lactic acid bacteria, which would Iimt biomass production

and shelf life of the resulting culture. In contrast, the conplex m x of

sugars

present in the growmh substrate used in the nethod of the invention

25 supplies energy for growth in the initial growing step and also for
mai nt enaWEO2RIBFHE st orage of the product. Accordi nPGIHGEHESQ03TENt i on, t he
growi ng step can be carried out using a single species of bacteria (or other
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separate gromh nedia. and then blended together before or after the

chilling
used formgkgepen nt~ cu

/ / 1 Q037 owth sub
B HRIE Y S RERRSRR TRG oh There e SPeRECSATIBHI al speci 5 n

speci es may

be the samioortoflom ffeemmenttoea@agposi tion. Thus, it is possible to optimse
the growi.ng conditiqns for culture? of indivig%ﬁ%&bacterial 5 speci es and

then conbine thet®d ttfieVE5EeAES ©

permt

oFP& 1T &8¢ dBNEPELSRs whi ch
NMehAt eARA Cee OF - RALINIHM LBMEu LW S F8a8Reh ndfi nt-Reni Ndi vi dual speci es

in the culture. In other enbodinents of the nethod two or nore different
bact e?i aVigdpetiky Fnf tuesrifvc whErgakrEes)far ¥ended geswadtoget her in a

single cubbUEsIif #4e SAMRGROY RofthS! T MG RIOVIGeG hRab t el r growth
rates are"conparable so that one species does not dom nate the popul ation.

Fol | ow
nmet hods
organi s

10

15

20

25

30

ngephechaed nthalt g, itshaopr epaeatiah twarthse methiogsstlatbyhst andar d
(1PELEE NS the [0 0o BLOLRBLEA! rBITdd Y b3 AT BAYAE BLIGR of mcro
to use.
To avoid the growth of fungi or yeast, an anti fungal
agent, such as sterilé potassium sorbate, may be added prior
to storage. The anti fungal agents are primarily to preﬁent
spoilage by yeast or fungl during use by end-users, once a
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 éctive growing step. This method comprises

the following steps:

adding microofganisms to a growth substrate comprising a
mixture of complex and simple sugars, proteins and peptides
to form a preparation of microorganisms,-wherein the
micrporganiSms 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 cqnstant level when



grow two or nore different conbinations of mcroorganisns (e.g. bacteria)
together in separate growh substrates and then conbine the cultures
together in a final product. A conbination culture could simlarly be

bl ended with a 20 culture of a single bacterial species. Starter cultures
for the gFdMag381%ep of the method include, for exanBC®GBR2§SEWEIri ed

bacteria or liquid cultures. It will be appreciated that the preparation of
25 microorgani sns prepared using th 2t hod of the invention nay be used
imediately after the chilling step but.nore -typically the preparation will

be stored before use. The optinumtenperature for storage in order to
mai ntain the uiliRriumgrowth-state in. t e culture is about 4C 30
but it wi’F‘l'-O’b%g a%pl‘ag% utt 8dCpen ?h%ts‘k‘?w@gl%ﬂé’la@@r PRaf PREICSIRr &fe .

t enper at uLgas©OW dnotaihs, sargwhat . For conveni ence, aliquots of the

near - eqU|I|br|un1cuIture produced by the WO 2006/ 035218 PCT/ GB2005/ 003715 -
17 method may be dispensed into suitable sterile packaging prior to |ong

term storage: oddi iy A KW agﬁgn% L &« e Jretihedof o Ehe invention that the

near - equi |1 brium cul tures produ maintain 5 viabil'ify and integrity when
storech f or extended peri ods, typically for at least 5 nonths. However, it

w il be apprgﬁk%} qi%%%e store%g% ?§§§§ Hﬁ&g @e&ohﬁhggthOd that the

cul tures nust actu east r|or to use. 10 To

‘avoi d theQOthfgaﬁl§M$ngme0bayeesia EHPfﬁﬁérerﬂDabte&g&Dtspéﬂﬂﬁh as ster||e
ium sor ri

potassiu Sg baifisgngl %%vgdggdc nné%tlon with the method requiring

‘an active growing step. o o

10 This method does not require the microorganisms (e.g.
bacteria) to be grown in the growth substrate before the
. conditions for near-equilibrium growth are imposed. Rather,
the growth substrate is inoculated with starter culture(s)
of microorganisms (e.g. bacteria) at a concentration that |
15 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'méthod include, for example; freeze~dried bacteria or
liquid cultures. The growth substrate may be inoculated
20 with more than one bacterial species. Prefefably, the
concentration of the viable cells iﬁ the staiter 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,
25 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 bac;eria is
preferably maintained at a constant level in the range of
10° to 10° viable cells per millilitre. Again it will be-
30 appreciated that the precise number of viable cells at the
-pear equilibrium state can vary somewhat depending on the

species of bacteria used. It will also be appreciated that



to storage. The anti fungal agents are prinmarily to prevent spoilage by
yeast or fungi during use by end-users, once a contai ner of the product has
been opened. Furthernore, an 15 anti oxidant, for exanple, vitam n C can be
added to help to prevent spoilage of the product during storage. It will be
appr eci awexkzovdiess216t her agents well known in the art caT/e®eoobasused as
anti fungal agents or anti oxidants. 20 In a further aspect the invention
also relates to an alternative netrgd of producing a preparation of viable,
met abolically active and stable mc organi snms which does not require an
active growing step. This method conprises the follow ng steps: 25 adding
m croorgapni'sns to a growmh substrate conprising_.a mxture of conplex and

sinple sGBﬁr%xa%?dﬁ%ﬂ?ﬁ??ﬂ%}lﬁéprdége $R T A Lfggaradi B of the
M croor gaRbafR, sYAEY &Itk The vaikG! egﬁaﬁ@imr@r&eaegggﬁggrwe growth

substraté at a 30 concentration” providing a near rumgrowth state
char act ebastdria usrd. t he popul ation of nrcroorganrsns in the preparation

can be. nai nt aj t_ leyvel mhen 0352 8 CT/GBZOOS/003715
18 stored attﬂgI ltaé4%{ s'Ltéfr%@lcont O?F%%Ireq—l or%a péero | east 5

mont h$, aadree@mr&m&ﬁgumﬁqmﬂtngeehpr@dﬁmedeusxng'ameaheuhoéc 5 In a
preferred enbodi nrent of this nethod the mcroorganjsns are bacteria.

Pref err e§eBEETLPY of THHINGs StEPe2BRLY | BYERY Lh FHFanT iSokReElfon with t he
met hod r @adi-FE§@i 1 Bk iAC M@ uge8WaBHi 8¥&P using this method. Thus,

in a preferred embodiment, the pH of the near- equlllbrlum
culture is maintained in the range of from 3.8 to 4.5 during

10 storage. Preferably buffers, such as tri-sodium citrate or
phosphates, are used to control the pH during storage.

In a preferred embodiment, the micro organisms used are
lactic acid bacteria. Preferred species are of the genera
Enterococcus and Lactobacillus.

15 Preferred featu:es of the growth substrate used in this
method are as described above in ielation 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.

20

Uses of the preparation of metabolically'active bacteria

The health benefits of problotics are well known (see,
for examplew, Marteau, P. and Rambaud, J-C, (1996)

25 ‘Therapeutic applications of probiotics in humans’ in Leeds,
A. R. and Rowland, I. R. (eds.) Gut flora and health - past,
present and future, Royal Soclety of Medicine Press Limited,

" London; Stark, B. A, and Wilkinson, (eds.}) (1989)
Probiotics. Theory and Applications). Probiotics have shown

30 to be useful in the treatment of diarrhoea and constipation,

irritable bowel syndrome, cancer t;eatment and prevention

. and other diseases affecting the intestinal microflora.



10 This method does not require the mcroorganisns (e.g. bacteria) to be
grown in the growh substrate before the . conditions for near-equilibrium
grow h are inposed. Rather, the growh substrate is inoculated with starter
culture(s) of mcroorganisns -(e.g. bacteria) at a concentration that 15

wi |l al | % 066/035238 nmai nt enance. of the equilibrium st arer/akmnsooshe resul ting
preparation is stored at  4C and at controlled pHfor a period of at |east 5
nonths. Starter cultures for the nféhod i nclude, for exanple, freeze-dried
bacteria or liquid cultures. The gfowth substrate nay be inoculated 20 with
nore than one bacterial species. Preferably, the concentration of the
viable cells in the starter culture is in excess of 108 viable cells per
mllilitre. The near equilibriumstate is again achieved by the conbination

of nutrients ¢Rethg. G ,0uhh Sh@lk 8ns 29 SETRE! 3G gﬁv@HgiBHaS? growt h.
In the near equilibrium staté, which can be maintained for a period of at
least 5 thenehsrethinpanntdicudarofitibitholn cdig Ersettimeatbacteria i s

pref erab i i t n t ] dnt of . 108 top 109 viable
el 5 por el Phbl Rt P Gnch SRNAD) apBUEh Ul MG, RnredfEgPeci se
nunbed offlvirapl endetdre afertcral nedlieguitileipimettat emadatavary sonmewhat
depending_og %he , species qf bacteria used. It wll also be appreciated that
WO 2006/ 5821 8Y PRAY 963715 19 the exact concentration of the starter

culture and prhes, tihe a gewhSubpbEat Eh&Byn WA OA ILRARiBEs0n the species of
bacteria used. Features described as preferred in relationto the 5
near - equifeFBPRuAf cirealridw mro@redgntsnaga tHesidatodffecting the

intestinal microbial balance in a human -or animq}hpatient

10 'comprising administering to a patient in need thereof an
effective amount of a metabolically active and stable |
preparation of bacteria according to the invention.

In particular, the invention relates to the treatment
or prevention of chronic inflammétory bowel disease,

15 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.

20 In a further embodiment thé 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. 7

25 The bacterial preparations may be used as thef are, for
example as probidtic 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.

30 may be convenient to add the bacterial preparation to normai
animal feed. 1In the veterinary field the preparations find

particular utility in the treatment of avian species,



requiring a grow ng step apply nutatis nutandis to the near-equilibrium
cultures achieved using this nethod. Thus, in a preferred enbodi nent, the
pH of the near-equilibrium culture is maintained in the range of from 3.8
to 4.5 during 10 storage. Preferably buffers, such as tri-sodiumcitrate or
phosphates, are used to control the pH during storage. In a preferred
enbodi meMO 28HBSHBcro organi sns used are |actic aci PEHEBHEPINITIPr ef er r ed
species are of the genera Enterococcus and Lactobacillus. 15 Preferred

features of the growmh substrate us inthis nethod are as described above

inrelation to the second aspect of the invention. Again, it is preferred
but not essential that the growh substrate be prepared fromnmalted cereal
grains using th rocess described herein. 20 Uses of the preparation of
netaboli83??91%£;§1R?Wﬂ%ﬁﬁéﬁ'apo? ErRefF Y H Pt e npFBBi ot i cs are wel |
known ('sg@comp@fiy BXREHRW1 Myl 83Uwe P ANthdiaiEakd, spebieb]996d. 25
"Therapeutic applications of probiotics in humans' in Leeds, A R and

Row and, CPWSR Sieswy. Yhauges| 6e&5ando%h@ast®r - past, present and future,
Royal Soci et ypof I£ie Rrespakiatigd, Nongt Lk pB- A and
Wl ki nson, (eds.) (1989 Probio?ics. T%é%$ and Eﬁplﬁ? tFons). Probiotics
have BhoadmigDsterdsk agsdhgly emet he naeadgwint bef adimdxedoea and consti pati on,
irritabl r , ncer .treat nent. and .preyention and ot her

di seases%?%%’f% & EadiEional GRS PAB 686/ 035218

PCT/ GB2088hDA3gd5a t :d2) tolke hhaahesull e Pt epartad iionenpiow dadsby the invention

therefore find garticUIar,utiIitg in the treatnnent
encompasses compositions Co

mprising a bacterial brepéfation
‘according to the invention plus one Q;;mqre furtpg# )

10 components. By way of example, addit;onal‘components may be
added to improve the palatability of the composition for
human consumptioﬁ. If convénient, the preparations
according to the invention may be incorporated into
foodstuffs or beverages for human consumption, provided that

15 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
20 unit dosage fo:ms, either alone or in combination with one
or more pharmaceutically acceptable diluents, excipients or
carriers. Again such formulatioﬁ should not adversely
affect the viability of the bacteria in the preparation.
The invention will be further understood with reference
25 to the following non-limiting experimental examples,

together with the accompanying drawings in which:

Figures la-ld show the robustness of a liquid culture of
Léctdbacillus plantarum preéared by the method described

30 herein ("wet") compared to a lyophilised preparafion of the
bacterium ("dry"). The first two growth curves (Figure la

and 1b) indicate that in a non-hostile environment, the



prevention of diseases that affect the mcrobial intestinal 5 flora, and
nore general utility in helping to maintain a healthy mcrobial flora.

Thus, in a further aspect the invention provides a nethod of treating or
preventing a disorder affecting the intestinal mcrobial balance in a human

or ani-malw@ass@sse1sl0 conprising adm nistering to a paptedisde8ossesd thereof
an effective anount of a netabolically active and stable preparation of

bacteria according to the invention. In particular, the invention relates to
the treatment or prevention of chr@ie inflammtory bowel disease, 15

ul cerative colitis or Crohn's disease.. Furthernore, the bacterial cultures
according to the invention can be admnistered to human or animal (e.qg.
mamral i arbartendisapreppatteatsofdinganeridle tavehehancgrof fadtead thy mnicrobi al
flora, rather reatnment of a speqr'tnfi C digease. 20, In_a further

han for .
obod] me P ahd Hon IRPR e SPE P FRR AL . TR e OECEES ! So WotAbdE y et i ve

and st abl fc AR &hke0§refithPeEt B4 & SoBecNdisng 1kALh Peni PVEMALQN dyn the
manufacture of a medicanment for the treatment of diseases that "affect the
m.cr obi al thsmesthogadeprsihed e i basted’ ) acoppapaftat? ohs may be used as

they af .1y fini 19RIPL2 B8 RECO, Bt LI MIRTRALR (Ohr{NEY, PndR M xed

wi th further conponents”prior mnistration to a hunman or ani nal
subj ect, mupEheaended rishebibe t oyetsherFigure lflushhes Choerppmnsritts ofi t hout

adm xture, For, veterinar se it 30 ma %e nvenien 0 ad.q}t e bacteri al
prepar at i B 18 Ao p’ol\%f]?rﬁfu?e%%?palrrgq g 3&%?‘?%@?@ ‘%?Secrlf ‘eﬁg prepar at i ons
find pariiesailmr{ uitM)t gomnpatée tso eatlypphidfisadi ppespest & O £H06/ 035218
PCT/ GB2005/ 003715 : ' , ,
' bacterium ("dry")at a low pH and in the presence of bile
10 - salts simulating an environment as found in the digestive
tract of mammals. The results show that the bacteria
prepared according to the method of the invention are more

resistant to a hostile environment.

15 Figures 2a and 2b show that the shelf 1life of bacteria

prepared according to the invention is increased.

Figure 3 shows the colonisation of bacteria 'in chick small
~ intestine.
20

Example 1: Production of a growth_substrate, using a barley-

based medium.
25 {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)
30 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



- 21 espeC|aIIy conner0|al poultry (as illustrated in the acconpanying
exanpl es), as well as mammalian species, e.g. cows, sheep, horses, cats,
dogs etc. For human use the bacterial preparations may be 5 adm nistered as
they are or may again be admi xed or fornulated with additional conponents
prior towoeadng/dkakrati on to a human subject. The i nvemin®gobdiiesr1s ENnconpasses
conposi tions conprising a bacterial preparation according to the invention
pl us one or nore further 10 conponents. By way of exanple, additional
conponents may be added to.inproveZdhe palatability of the composition for
human consunption. If convenient, the preparations according to the
i nvention may be incorporated |nto foodstuffs or beverages for human
consunpt s¢apdpabviced temgterbEurki §rdoes0 no %ﬁﬁbébrthppnmximdna%ycﬁ t he
bacteria |g the preparation. For human and/or veterinary use it may be
convenlent £&° fornmulate the preparations according to the invention into
20 unit dosage forns, either alone or in conbination with one or nore
pharnaceutlc | 1y acceptable diluents, excipients or carriers. Again such
f or nul at P8H 2hou|d not adversely affect the viability of the bacteria in
the psep@hatgeaanTbeéngﬂgép%o Wh'El@@nf*ﬁﬁéﬁ”fd&“%%b%h@9d4mhéu reference 25
to the follow ng non-limting experinental exanples, together with the
acconpan?ﬁﬁgoﬁraﬁw¢@ﬁ96n1RﬂﬂQﬂideFﬂgul%SW4¥%:ﬁﬁxﬂhﬁNaﬁﬁédr@bu§hﬁess of a
liquid cyltuce t I n t hod descri bed
30 hEFEIﬁ %H&e¥8§ %%%%é?gg%nggafgéghf?f%%EH¥rep§% p&er he bacterium
("dry"). pTheiflbe soxyyen giaowthec gevasngEinurerdins, and act as a

-disinfectant._ Alternatively, sodium hypochlorite may be
10 used. After 4 hours, water was drained from the grains and
" the grains left to stand for approximately 1 day. Occasional
(e.g. every 4 hours) agitation of the grains may improve
germination by increasing gaseous exchange, providing oxygen
and removing carbon dioxide. | '
15 o
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
20 had produced enzymes for the mobilisation of stored
nutrients. These enzymes are central to the subsequent
production of the growth medium, durihg ‘maéhing?in.' More
extensive modification of the grains could be allowed,
leaving the.germination phase uﬁtil the rootlets are several
25 millimetres long. However, too much growth will merely
| convert nutrients into plant roots and shoots, which cannot

be used in the fermentation.

(B) Rolling

30 _
When fhe grains had germinated sufficiently, they were then
milled with a roller mill. The mill was adjusted such that



and I'b) indicate that in a non-hostile environnent, the WO 20061035218

PCT/ GB2005/ 003715 22 bacteria prepared according to the invention grow
faster than the |yophilised preparation. The growh curve in Figure |Ic
shows the grow h of Lactobacillus plantarum prepared by the nethod

descri be®WhaepinzB" wet ") conpared to a 5 | yophilised pregeBIasecnsof the _
bacterium ("dry")in a nmedium supplenmented with bile salts. Figure 1d shows
the gromh of Lactobacillus plantarum prepared by the nmethod descri bed
herein ("wet") conpared to a Iyopﬁi?ﬁséd preparation of the bacterium
("dr-y")at a low pH and in the-presence of bile 10 salts sinulating an
environment as found in the digestive tract of mammals. The results show
t hat the WhecO&pias ﬁ?é@ﬂwlﬁ?@gmnnéuﬂiowheshﬁww%fon wompdesaivon are

Tore  resistanhoho arfORHld & NI GUIRNL. o150f) O E% 20, A0 20 shaw that the

shelf life of cterra prepare ng to the invention is 1 ncreased.

Fi gure 3 ssttowsttihe obl omisidnion dufr ibgcmeshangnizhiwki lsyaldvoidihgsti ne. 20
Example 1.. .Production_of a growh substrat sing a harl ey- based medi um
25 (R CORUTSEREH Phar it A by e kR ) i S R SRSt ot for 2 to 24
hourss depending on the batch of grain. 0.1% (wv) sodium hypochlorite

(bl each) , 30 _can be included in the water to inhibit growh of contam nants

during t h&)gErRPARBELIR Bfsh IZRMtly sibrbERrEe- the water was drained. from
the grains and the grains left to

The germinated, milled, grains were mixed with sufficient
water to cover them, at 45°C, and the mixture held at 45°C
10 for 1 hour.

After 1 hour at 45°%C, the temperature was increased to 78°C

over a period of 30 minutes.

15 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 »
significant amounts of suspended solids. The spent grains

20 were discarded and the ligquid then heat-treated to
pasteurise or sterilise it. 1In 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
fbr a further 15 minutes to yield the final growth

25 substrate.

Example 2: Analysis of the growth substrate

{a} Carbohydrate Analyses:
30 | |
Total carbohydrate content was determined using the phencol-

sulphuric acid assay, with glucose as reference standard. -



WO 2006/ 035218 PCT/ GB2005/ 003715 - 23 - . stand at roomtenperature from 10
to 30C for approximately 1 day. Day 2 5 The grains were steeped in clean
wat er for another 4-hour period. Hydrogen peroxide (0.1%wv) nmay be added
to the water for this and subsequent soaks. Hydrogen peroxide. providse
oxygen for the germinating grains, and act as a

di si nf e®t@m06/e35Ber nat i vel y, sodi um hypochl orite mayPBECEWIHYEHS After 4
hours, water was drained fromthe grains and the grains left to stand for
approxi mately 1 day. Cccasional (6. every 4 hours) agitation of the
grains may inprove germnation by i1ncreasing gaseous exchange, providing
oxygen and renovi ng carbon dioxide 15 Day 3 onwards The cycle of steeping,

draining st andin S tipue t|| t mer gi ts on the

ger ni natiéi‘%ggr i EP riﬁlﬁ 5‘. d‘iadiiz} i ?esgaf 8}?‘95?’0 ‘ndi cat ed t hat
t he gr ai axsd SHlﬂhadEperBSGd gnzype5céchﬁémagﬁﬁ@,lbsatu@m pﬁ:stored
nutrienhg These enzynes are central to the subsequent production of the
growt h o h] during “mashing-in.' Mre extensive nodification of the
grains could be allowed, |eaving the gernination phase until the rootlets

are several 25 mllinetres |ong. However, too nuch growmth will nerely '
convert RRAWGEH: $UYMRES pERIAt debersingd ugiast $henlréRovaPeiRaybe used in the

ferment afd Oy (BlgRY Wil ¢8Qcose as the reference standard.

{Somogyi, M. (1952) Journal of Blologlcal Chemistry., vol.
195., p. 19). .

10 Results:

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

(milligrams per millilitre)
15 | 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
20 serum albumin as reference standard: |
(1) 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
25 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).
30

Results:



When the grains had germ nated sufficiently, they were then mlled wth a
roller mll. The mll was adjusted such that WO 2006/ 035218

PCT/ GB20051003715 24 the grains were cracked open but not shattered or
conpletely flattened. Cracking of the grains allows access of water and
extract i @@ MfsBsig i ents during mashing in, whilst aveicdiaxeossbets ering of
the grains assists in filtration steps. 5 (C) Preparation of a growh
substrate. The germ nated, mlled, grains were mxed with sufficient water
to cover- them at 45C, and the mixt8 & held at 45C 10 for 1 hour. After 1
hour at 45C, the tenperature was increased to 78 C over a period of 30

m nutes. 15 The mixture was allowed to stand at 78C for 1 hour. After the
78C st andtotHe Psésingpafingepeide s aygr dedhgurange titerdtion. A relatively

coarse. filter; - oh .yfggg- wi re basket) was used yielding a solution
cont ai ni ng sﬁénl igagrhg%ghn § of suspended solids. The spent grains 20
were discarded and the |iquid then heat treated to pasteurise or sterilise

it. Inthis artlcular ment uid r 45 mnutes. A
buf o ( OHEBE CHASTRLEF, FEDah brratidete) (e Rt anqea0E r L ena xt ur ¢
boi l ed fare ar_ri‘ WHeheandd MHoutes3dm nw&'o@rbﬁg pbhahi DI P25 substrate.

Exanple 2: Analysis of the growh substrate (a) Carbohydrate Anal yses: 30
Total carbohydrate content was determ ned using the phenol -

Example 3: Preoduction of a metabolically active bacterial

culture “

10 (A) Fermentation ‘ _
The growth substrate prepared according to example 1 was
cooled to 37°C and the bacterial cultures added; Examples of
a suitable inéculum are freeze-dried bacteria or liquid
starter cultures (typically 1% (v/v) of an overnight culture

15 in nutrient broth).

In this example the following bacteria were grown in two
vessels:
{i) Enterococcus faecium, Lactobacillus plantarum;'

20 (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
25 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
30 acts to inhibit the growth of any fungi or yeast that may

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



sul phuric acid assay, wth glucose as reference standard. WO 2006/ 035218
PCT/ GB2005/ 003715 25 (Dubois, M, Glles, K A, Hamlton, J. K, Rebers,
P. A and Smith, F. (1956) Analytical Chemstry, vol. 28., p. 350). 5
Reduci ng sugars were determn ned using the Nel son-Sonpbgyi nethod, again with
gl ucose asWOrB0608§24% ence standard. (Sonogyi, M (1952PCTERZAMI0HRS

Bi ol ogi cal Chem stry., vol. 195., p. 19). 10 Results: Total sugars in
substrate are in the range 20 to 40 ny/n1 (mlligrans per millilitre) 15
Reduci ng sugars are in the range 5 To Eorng/n1. (b) Protein and Peptide
Anal yses: Total protein was determ ned using two assays, w th bovine 20
serum al bum n as reference standard: &b) The Biuret Reagent (ltzhaki, R F &
Gll, D. MVifaosn)C mualdhscdie BddeRenPsPy, wApILingl goncgpiratoon)ii) The
Lowy N@thgg,aﬁs H€Eﬂ$i H%K Ohni shi and Barr. (GOhnishi, S. T. & Barr, J.

K. (1978) Journa? of Biological 25 Chem-stry, Vol. 193, p. 265). Peptides
of nol ecul ar wei ght above 5000 daltons were determ ned using the Bradford

240 250) 3" RRGLF 0 Ui GOETb AR T bR eSO D0 ot eBES afahe protei n
and pepsi dedeatedi tio tdeve angelubtisow2th complex mixtures of bacterial

species, if required.

In the example presented here, blending of the two batches
of bacteria yielded a final product containing the bacteria
10 Enterococcus faecium, Lactobacillus plantarum

and Lactobacillus caseli.

Example 4: Shelf life of the metabolically active bacterial
culture |
15
To assess the shelf life of the metabolically active
bacterial culture, batches of the bacterial culture
comprising the species Enterococcus faecium, Lactobacillus
plantarum and Lactobacillius casei, as obtained in example 2
20 were stored at 4°C (+/- 1°C)f 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. '
25
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
30 and B have been prepared according to the same method as

described herein but on different days.



mlligranms per millilitre. H gh nol ecul ar wei ght peptides (greater than 5000
daltons) 5 are in the range 100 to 300 mcrograns per millilitre. Exanple
3: Production of a netabolically active bacterial culture 10 (A

Ferment at i %I’heagrgomh substrate prepared according to exanple 1 was

cooled to WHE2He pacterial cultures added. Exanpl eBCoiB2ms8087isabl e

i noculum are freeze-dried bacteria or liquid starter cultures (typically 1%
(v/v) of an overnight culture 15 in pgit¥ient broth). In this exanple the
foll owi ng bacteria were grown in two vessels: (i) Enterococcus faecium
Lactobacillus plantarum 20 (ii) Lactobacillus casei Fernmentation was
carried outgfofndBeotishidius until the pH reached 4.5 +/- 0.3 units. The

f er ment at i onp B ¥hdba8d@tantaluRen cool ed to 4C and subjected standard

t echni ques t @=25&tessREeas@bal ity (to determ ne m crobiological purity and
enuner at i onLAH = RR6d KJid BocterigM - this point, sterile potassium sorbate (0.005%
w v final ¢opeentesbiydsiningay be added to the fernmented broth. This 30 acts
to inhibit wriitepgmailiitra of any fungi or yeast that may arise due to

contam nation during handling by the end-user. WD 2006/ 035215

PCT/ GBZOOSJFQQT%%Z% - 27 Vitamn C may al so be added (0.01% w v final
concentratt S an anti-oxidant. Followng quality assurance tests,

di fferent batches can be 5 blended to give products with conplex m xtures

f rial
of bacteriab . i a (8059) .

— Total
Week Ef Lp L.c LAB
276408 1.2E+08 S.0E+07 4.8E+08
2.0E+08 24E+08 1.9E+08 6.3E+08
24E+08 2.2E+08 1.5E+08 6.1E+08
3.0E+08 19E+08. 9.0E+Q7  5.8E+08
3.0E+08 1.8E+08 B8.0E+07 56E+08
3.5E+08 1.7E+08 G6.0E+07 58E+08
306408 1.8E+08 5.0E+07 54E+08
31E+08 1.5E+08 3J.0E+07 4.9E+0B
28E+08 1.7E+08 3.0E+07 4.8E+08
_ 25E+08 1.7E+08 3.0E+07 4.5E+08
10 25E+08 1.6E+08 2.0E+07 4.3E+08
11 22E+08 1.5E+08 3.0E+07 4.0E+08
12 20E+08 14E+08 JO0E+07 3.7E+08
13 16E+08 15E+08 2.0E+07 3.3E+08
14 1.5E+08 15E+08 20E+)7 3.2E+08
15 1.5E+08 1.3E+08 20E+07 3.0E+08
16 14E+08 1.3E+08 2.0E+07 2.9E+08
17 1.2E+08 14E+08 2.0E+07 2.8E+08
18 6.0E+07 14E+08 1.0E+07 2.1E+08
19 40E+07 1.3E+08 20E+07. 1.9E+08
20 3.0E+07 1.1E+08 2.0E+07 1.6E+0B
21 4.0E+07 .11E+08 20E+07 1.7E+08
22  1.0E+G7 1.0E+D8 1.0E+07 1.2E+08

O ODLDMDN L LN

Tahle 2.
Batch B (8080)

Total
Week Ef L.p Lc LAB
3.0E+08 1.3E+08 1.5E+08 5.8E+08
36E+08 1.6E+08 2.5E+08 7.7E+08
3.0E+08 1.5E+08 1.4E+08 5.9E+08
1.8E+08 22E+08 1.2E+08 S5.2E+08
21E+08 1.0E+08 - 8.06+07 3.9E+08
17E+08 1.0E+08 7.0E+07 J3.4E+08 -
16E+08 2.0E+08 B8.0E+07 4.4E+08

QoW = O



species, if required. In the exanple presented here, blending of the two
batches of bacteria yielded a final product containing the bacteria 10
Ent er ococcus .faecium Lactobacillus plantarum and Lactobacillus casei.
Exanple 4: Shelf life of the nmetabolically active bacterial culture 15 To
assess t héVQRYbP3RNIF ¢ of the netabolically active bacPET/GBRIOSOITLY e,
batches of the bacterial culture conprising the species Enterococcus
faecium Lactobacillus plantarum an LactobaC|IIus casei, as obtained in
exanple 2 20 were stored at 4C (+/ -- Sanmpl es were taken at weekly

I nterval s, and 100ul aliquots of seri aI di lutions in 0.1% (wv) peptone
wat er were spread on agar: plates. The plates were incubated for about 48
hours at about 37¢ -%ﬁ%eg ’e‘PE"B%lct%?'-zr*zQV coPEPes counted. 25 Results The
results bel ow show-4He sh%'?Ef*o?i 120507 pAE i a prepared by the method of
the invention et of 15§ OB*0f i HéE+08ni t s per mllilitre per week
(al so see Flgu 3E+ t(ﬁPQW%O °B h% HBeen prepared according to the
same nethod as’| e& 07 on #*erent days. WD 2006/ 035218
PCT/ GB20051003 51 @bcc% ecium L.p = Lactobacillus

nt
pl antarum L. Ci4 g)ac1i E ﬁ o7 +08Lact Ic Acid Bacteria

15 1.0E+08 1.0E+08 2.0E+07 2.2E+08
16 1.0E+08 1.0E+08 2.0E+07 22E+08
17 8.00E+07 9.00E+07 1.00E+07 1.BE+08
18 9.00E+07 9.00E+07 1.00E+07  1.9E+08
19 B8.00E+07 8.00E+07 2.00E+07 ~ 1.8E+08
.20 B.00E+07-—8.00E+07 1.00E+07 1.5E+08 .
21 5.00E+07 7.00E+07 1.00E+07 1.3E+08
22 4.00E+07 8.00E+07 1.00E+07 1.3E+08

Example 5: Assessment of the robustness of the metabolically

5 active culture and of freeze-driad 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
10 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 déscribed in this patent application}.

15 ‘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.

20

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



cfu per mM = colony formng wunits per mllilitre Table 1 Batch A (8059)
Total Wek EJ L.p L.c LAB 0 2.7E+08 1. 2E+08 9. OE+07 4.8E+08 1 2.0E+0 B
. 4E+08 1. 9E+08 6. 3E+08 2 2. 4E+08 2. 2E+08 1.5E+08 6. 1E+08 3 3. OE+08

. 9E+08 9. OE+07 5. 8E+08 4 3. 0E+08 1. 8E+08 8. 0E+07 5.6E+08 5 3.5E+08

. 7TE+08 6. 0E+07 5. 8E+08 6 3.0E+08 1. 9E+08 5. 0E+07 5.4E+08 7 3. 1E+08

. 5E+08 3.WRHPIOFIEEL08 8 2. 8E+08 1. 7E+08 3. OE+07 4. SREBEB2YSHOKES 03

. 7TE+08 3. OE+07 4.5E+08 10 2. 5E+08 1. 6E+08 2. OE+07 4. 3E+08 11 2. 2E+08

. 5E+08 3. 0E+07 4.0E+08 12 2. 0E+08. % AE+08. 3. 0E+07 3. 7E+08 13 1.6E+08
. 5E+08 2. 0E+07 3.3E+08 14 1.5E+08 1(%E+08 2. 0E+07 3.2E+08 15 1.5E+08
.3E+08 2. OE+07 3.0E+08 16 1.4E+08 1. 3E+08 2. 0E+07 2.9E+08 17 1.2E+OB
.4E+08,2 E+07 2, 8E+08 OE+07 1. E+07 2, 1E+08 19 4. OE+07

. 3E+0B 2. BESPFIE dBIGs 1“?6“236%10’7“10 iﬁ%g’rﬁ’t E£H YhBER0BTOWH 4. OE+07

. 1. 1E+08 Zm&EﬂWreh (42+Q8 1 nd2ulufEdP71d. NE+e8u ImDEAD al. 2E+08 Tabl e

concentration; x2 = 2 x 107 efu/ml). The results are shown

PRRPRPRPRRRPEN

in Figure la. This first growth curve indicates that in a

5 non-hostile environment, the liguid culture grows away
faster than the lyophilised preparation. Presumably, the
dormant bacteria in the lyophilised preparation need time to -

rehydfate and get their metabolism up and fﬁnniﬁgL

10 (2) The effect of acid shock
1% (v/v) of either a liguid 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 1 3 2 1
Wet | 10°cfu/ml | L0Pctu/ml | 10°ctu/ml | 10°ctu/ml 5 x 10cfu/ml |0

Dry | 10°cfu/ml | 10%cfu/ml | 10°%cfu/ml [ 2 x 10%cfu/ml |1 x 10%cfu/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 reach pH levels as low as
2, this is obviouély relevant to survival and fitness of the

25 bacteria during and following gastric transit.

{3) Combining the effects of pH and bile salts



Batch B (8060) Total Wek E.f L.p L.c LAB 0 3.0E+08 -1. 3E+08 1. 5E+08

. BE+08
.9E+08
. 9E+08
. 4E+08
. 6E+08
. 2E+08
. OE+08
. 6E+08
. 2E+08
. 8E+08
. O0E+07

. O0E+07

NNENNWOWWR~LWOO

| 3.6E+08 1. 6E+08 2,5E+08 7. 7E+08 2 3.0E+08 1.5E+08 1.4E+08
3 1.8E+08 2.2E+08 1. 2E+08 5. 2E+08 4 2.1E+08 1.0E+08 8. 0E+07
5 1. 7E+08 1. 0E+08 7. 0E+07 3.4E+08 6 1.6E+08 ‘2. OE+08 8. OE+07

VW RW08Y3888218 PCT/ GB2005/ 003715 29 7 1. 5E+O0TICHMeD®3TASOE+07

8 1, 2E+08 1.5E+08 5.0E+07 3.2E+08 9 1.5E+08 1.1E+08 6. 0E+07

10 2. 3E+08 1.0E+08 5. 0E+07 3.8E+08 11 1.8E+08 1. 0E+08 2. 0E+07

12 1.6E+08 1.0E+08 3. 0E+07 319FE+08 13 1.2E+06 1. 1E+08 3. 0E+07

14 1. 0E+08 1. 1E+08 2. 0E+07 2.3E+08 15 1.0E+08 1.0E+08 2. 0E+07

16 1.0E+08 1.0E+08 2.0E+07 2.2E+08 17 8,00E+07 9.00E+07 1.00E+07
Tekdrngothe7lovedmd cha gmagy a1 sgepoSurloes, OaEerwmeftmOEfm

0%+ 071 9EY0g™ S5 IR 5 0RI07 4" OURRAF JE268 Exarl e 5.

Assessnnntfqﬂiomhegrobudih&s&sof the netabolically 5 actlve culture and of
freeze-dried bacteria

5

10

15

20

25

30

(a} MRS broth only (Figure 1b) _
b) MRS broth supplemented with 0.5% (w/v) bile salts (Oxoid

L55) (Figure lc)

(¢} Incubation in MRS at pH 3.0 for 1 hour, féliohed_by
growth in MRS-broth with bile salts (Figure 1d). _

The combined results from the experiments indicate the

following points:

¢ ‘Wet’ bacteria grow faster than ‘dry’ bacteria.

* 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 microkial, 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




In this series of experinents a single strain of |actobacillus plantarum
was used to inoculate growh nedia. Subsequent growth at about 37C was
nmeasured by nonitoring 10 absorbance at 600nm (and al so checked by plating
out dilutions on agar nedia). Wet' refers to a liquid culture of the

bact eri uwd poe@asszied by t he net hod described in this PaepoEpdTiEcation). 15
"Dry' refers to a |yophilised preparation of the bacterium suspended in
MRS broth (De Man, Rogosa and Shar pe §n9th) just prior to incubation in the
specified nedia. lIdentical nunbers o? viable "wet' and "dry' bacteria were
used in each pair of incubations 20 (1) Gowh in a rich and friendly'
medi um WO 2006/ 035 / GB2005/ Q03715 30 Bacter.i i nocul ated into
MRS br ot h “8nd" %ﬁ“etr %efné’ﬁPPéP aFRI 2R arfg e‘&‘ﬁe&fl5| C¥o¥SRftPm final

concentr abi ROstX2f Tie X akd/ i6f W Wekabdhecs BBl 4t 1o/ ssR@wnwhieA Figure |a.
This first growh curve indicates that in a 5 non-hosti-le environnent, the

li qui d cuPRORELIRT ovhke dRsE - PAesceringakot Hee | ymiafibicsed theeparher ba.
Presummbl yeel bR o d01 i PEHT 11011 D% LUARD ddi3Ed cEpengl nepeed i me

to rehydrate and get their netabol |sn?up and runni'ng. ef f ect of
aci d shockRrgogbyg vijo ofi tdistised ahblqgsdlbﬂlemwxxonmeni sfispbrsGdn of

| yophi | 15¢d,BRCT£1L ne t132,139089 ! QMR DEOLLL o WY G DBY fAgep ;adl usted 1o

various p al ues Yhabrerta tere dncu tﬁe acid broths
for 1 houdeahgngdetro sanpleasel Theechanoust efl surdﬂ%ﬁiagam pl ates.

colonisation within the host.
10 Example 6: Affects on the Gut Microflora of Poultry Chicks

Introduction and Methods:

A probiotic containing the lactic acid bacteria
15 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.
20

Treatment of Chicks:

Poultry chicks were given the antibiotic Lincéspectin from
day 1 (day old) to day 3. '
On day 4 the birds received no treatment.

25 On day 5, half of therbroiler 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. (Tiésue'

30 Samples from pairs of birds in each group were pooled,

giving three samples from each group).

|



pH6 54 3 21 Wt 10 cfu/m 10 cfu/m 10 cfu/m 10 cfu/mM 6 x 10 cfu/m O
Dry 10 cfu/m 10 cfu/m 10 cfu/m 2 x 10 cfu/m 1 x 10 cfu/m O Cfu= col ony
formng units per millilitre 20 This result indicates that the “wet'
bacteria are better able to survive the acidic environnent than are the
“dry' baoverewo3sass t he stomach may reach pH | evel s aspCowmBams/o®@71g his is
obviously relevant to survival and fitness of the 25 bacteria during and
following gastric transit. (3) Cbng ning the effects of pH and bile salts
WO 2006/ 035218 PCT/ GB2005/ 003715 31 Taking the |l evel of challenge a step
further, the gromh of “wet' and "dry' bacterial preparations was conpared

in the Jgtng.n cond&t'on -5 (a) MRS broth only (Figure Ib) b) MRS broth
suppleneﬁieéQmiéi4iéﬁ%%bﬁﬁi1%Lié salts (Oxoid L55)(Figure 1c) (c)

I ncubation inM&SaakapHo8. Ohé odidedture sheteaweHobyn HsOVMREIyEIMRS--broth
with bile salts Fi gur e Id% 10 The conbined results fromthe ex erlrrents

i ndi cat e Yhehs SPP&R AGtpeFaRal tragh, tekepeframghlty Pettinhaf “dry’

bact eri a.the %qdaqlsh%tsshgﬁeadm dlaidd Rihel cef hectcfendryf tnkd bacteria
than it does on vet . Bile salts inhibit both types, with possibly a nore

adver se efdldetsagn “dry' than “wet . The conbi ned sequential effects of an
aci d shock foldQweqssyes and contents from pairs of birds were

macerated in sterile peptone water, diluted, and samples
spread on a variety of semi-selective agars. Foilowing'
incubation of the plates, colbny cha;ac;eristics §nd_numbers

10 were.noted, together with microscopic analysis ofqthe
bacteria. Identity of lactic acid bacteria species was
performed by examination of colony characteristic, cell
morphology and carbohydrate fermentation profiles ({the’
latter using the ‘api 50 CH’ test kit from BioMerieux).

15 o

| Results:

The results are shown in Figure 3.

20 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

it

25 As expected, there were many different microbes present
in the gasfrointestinal 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

30 particular species.

Lactic Acid Bacteria

T here was a very noticeable difference in the lactic

acid bacteria (LAB) content between the preparation~treated



by exposure to bile salts significantly slows the growh 20 of "“wet'
bacteria, but kills the "dry' bacteria (judged by |ack of col onies on agar
pl ates). However, whilst pH and bile tol erance are obviously inportant
factors, there are a nunber of other challenges, 25 both chem cal and

m cr obi aW0 hd/ask2ipr obi oti ¢ bacteria nust face. Thus tieEesmbdetly and tot al
nunber of bacteria, as judged sinply by the nunber of colony formng units
per gram or m, is only one indicajpr_of the fitness of a preparation to
function as a probiotic. If bacteria are not in an active 30 state when
entering the host, there is a significant possibility that they will either
be killed, (0 ass toa far . al t di,gestive tract, befo t hey have a
chance t8h9{£5€d€rb FLr CTﬁEgﬁﬁgg?%Hgf¥§n¢§ %E%CSP8RF§%£f%herefore,
probi ot i estal enathvard ageaas,f eheUsBotd oft tiastcdrftrioheyiate wasa

met abol i cal | ,%%%ive state when entering the host. According to the

i nventi oﬂ?m%%%t R¥rd S1NGLE PROGIPP v RIS PTORLPY 1 6cEFRE9%r m  such

that they;pqaradll &t hskandetbe fosdidL prwdnennent of the G tract.
The netabolically active nature of the product is designed to increase the

chanc®es of survival and colonisation within the host. 10 Exanple 6: Affects

on the Ggscg%(}ﬁfé P‘f!ﬁf%eﬁée ol%oMosxo%iéCﬁ%%gﬁﬁi%u%u&;%mh'st.{wé: A

probi otic taining t l'aCtic acl ertra 1 ecl um pl ant arum
L. casei and L. acidophilus was prepared accordi-ng to the nethod descri bed

herein. The Rrobj ic was tgstedugo ité tglét etoE%gE%t'ggeagut
mcrofl ora of p%ﬁ*ﬁ))”%sm@l{§ &4 8o ‘f’c‘?g“} o ¥ s.
preparation according to the inventiop on ostrighmphicks.

10 The trial was carried out for a period of 4 weeké with
chicks which suffer from diarrhoea from day 4. One groﬁp 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

15 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

20 prolapses. Furthermore, a weight increase of 27% compared tb.
the control groups was observed in the group treated with

the probiotic preparation.

In a second trial, wherein 100ml of the preparation
25 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,
30 morbidity and mortality is influenced by the administration

of the probiotic preparation according to the invention.



(broiler) unit. 20 Treatnment of Chicks: Poultry chicks were given the

anti biotic Lincospectin from day 1 (day old) to day 3. On day 4 the birds
received no treatnment. 25 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 OWARI0GP3IS2IBOn day 6, six birds were randonly seCEGB2WSHISOIM each
group, sacrificed, and the intestinal mcroflora exam ned. (Tissue 30
sanples frompairs of birds in eac roup were pool ed, giving three sanples
fromeach group). WD 2006/ 035218 PC‘??GBZOOS/ 003715 - 33 M crobi ol ogi cal
Anal ysi s: The ar eas of the digestive system chosen for anal ysi s is the

upper sti act .. t ake i nni.n the s i ntestine
down to #ﬁ‘ ? %ﬁ%’caﬁ'rrg?rﬁf{e@frp % Qggy%f?bg%%"c ERERAT g%d&& 8Rd contents
from pai I‘rfamfalbl rds were nacerated in sterile peptone water, diluted, and

sanples spread on a variety of sem -selective agars. Follow ng incubation
of the plates, colony characteristics and nunbers 10 were noted, together

W th nlcroscoghcaagﬁ$y§|§h&gpéﬂg%ntb@gagilat deptddy of digetic acid bacteria

speci es was perforned by exam nation of ony characteristic, cell
nor phél oyrepad ataphodyel ety éircnﬁmeannﬁﬁn‘pmmmres:a(tm@nd a@oger using the

“api 50 gﬁff%%ﬁhgkk£o$réHgéﬂf¥w% ﬂ@fﬁ%ls %gs evaluated and it was

found that it is useful in restoring a normal bowel flora.

In a trial in humans, volunteers'hqye observed
10 beneficial effects of the preparation to help with acute
cases of diarrhoea and to correct chronic bowel

irregularity.

This pattern of benefits suggests that a product based
15 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
20 triai is also being carried out to support the results so

far obtained.
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Results: The results are shown in Figure 3. 20 LI to L3 = probiotic treated
birds (pairs 1 to 3) d to C3 = Control birds (pairs 1 to 3) SI = smal
intestine cfu = colony formng units 25 As expected, there were nany
different mcrobes present in the gastrointestinal tracts of both control
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15 results show that the group treated with the preparation according to
the invention had a 67% decrease in nortality conpared to the antibiotic
treated group and that adm nistration of the preparation could relive
synptonms of constipation, diarrhoea, gut stases, deviant behaviour and 20
pr ol apseswoBmrstohsmsor e, a wei ght i ncrease of 27% conpacedHzeosoeiie contr ol
groups was observed in the group treated with the probiotic preparation. In
a second trial, wherein 100m of the_Preparation 25 according to the

i nvention was administered to breedet’ birds, it was observed that

adm nistration resulted in increased fertility conpared to the control
group. Accordingly, these results show that the growmh rate, 30 norbidity
and nort aftt t Juk@§EF| Jen®dgcBylriedadif nidastdEedskaof Kt he probiotic
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35 Exanple 8 Beneficial Effects of the probiotic preparation on mamuals In
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vi abl e, netsabakkcad Igyh aihtel rengbast efdom andma/ gL owd M swbginl ased conpri sing a
mxture Ofwherein the total amount of reducing sugars is in the range
of from 5 mg/ml to 20 mg/ml, proteins and peptides, wherein
the bacteria in the preparation exhibit a near equilibrium
10 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.

15 2. The preparation according to claim 1 wherein the
population of bacteria is maintained in the range of 10% to
10° viable cells per millilitre when stored at about 4°C and

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

20
3. The preparation according to claim Z wherein the total
amount of sugars is 30mg/ml.

25 4. The preparation according to claim 2 or claim 3 wherein

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

5. The preparation according to any of claims 1 to 4
wherein the total amount of protein and peptides is in the
30 range of from 1 mg/ml to Z mg/ml and wherein the total

amount of high molecular weight peptides with a molecular



.and.siople..sugars. . wherein the total amount of sugars is in the
range of fron120 ng/mM to 40 ng/ M and wherein the total anount of reducing
sugars is in the range of from5 ng/m to 20 ng/ M, proteins and peptides,
wherein the bacteria in the preparation exhibit a near equilibrium 10
growt h strate characterised in that the popul ation of bacteria is maintained
at a constant |evel when stored at about 4C and at controlled pH for a
period of at least 5 nonths. 15 2. -The preparati on according to claim1l
wherein the population of bacteria is nmaintained in the range of 108 to
109 viable cells per mllilitre when stored at about 4C and at controlled
pH for a pesdoshiofgraatkeashad IW0W M81t3Rs 3is The theepanati on aesondong to
claim2 wherein the total anmount of sugars is 30ng/m . 25 4. The
pr epar at i ont&HCEtor @ F§0t BIETRi m 2 or claim 3 wherein the total amount of
~reducing sugars is 10ng/m . 5. The preparation according to any of claims 1
to 4 wherein the total anpbunt of protein and peptides is in the 30 range
of from1 n/ nl e PrRgARETEAN atverdingthe dletial Sanbaneinftid dltadl ecul ar
wei ght peptddesitMoten na D 8 Al e g@ldgglﬂpgm%r /dater than 5000 Daltons is in
t he range of fron1108 g/m to §b g/ m he preparation according to
claim5 wherein the total 5 anount of protein and peptides is 2ng/m. 7.
The preparafion T@&%CEEQbQQaE&rpla@cg‘réu% & %l@iﬁ wheEedh ;i he Jhatal, anount of

hi gh nol ecul 'ar wei ght peptides is
the tota amount of high molecular welght peptides is 250

pug/ml.
10
{ 8. The preparation of any of ¢laims 1 to 7 wherein the pH

is maintained in the range of from 3.8 to 4.5.

S. The preparation according to claim 8 wherein the pH is

15 maintained at about 4.0.

10. The preparation of any of c¢laims 1 to 9 wherein the pH

is controlled by a buffer.

20 11. The preparation of any of claims 1 to 10 wherein the

bacteria are lactic acid bacteria.

12. The preparation of claim 11 wherein the bacteria are of
the genus Lactobacillus.

25

13, The preparation of claim 11 wherein the bacteria are of

the genus Enterococcus.

14. The preparation of claim 11 which comprises at least
30 one of Enterococcus faecium, Lactobacillus plantarum,

Lactobacillus casei or Lactobacillus acidophilus.



10 8. The preparation of any of clains 1 to 7 wherein the pH is maintained
in the range of from3.8 to 4.5. 9. The preparation according to claim38
wherein the pHis 15 maintained at about 4.0. 10. The preparation of any of
clains 1 to 9 wherein the pH is controlled by a buffer. 20 11. The
preparation of any of clains 1 to 10 wherein the bacteria are lactic acid
bacteria. 12. The preparation of claiff11l wherein the bacteria are of the
genus Lactobacillus. 25 13. The preparation of claim 1l wherein the bacteria
are of the genus Enterococcus. 14. The preparation of claim 11 which

conpri ses at>{ ealte PIGPraHEtoHPR Bt erlGdscébsvibdriapARriBgaet obaci | | us

plantarum gphlactORACHd Ysc6a88] Meddtbobagh | bis, 3¢ ,gophil us. 44 15. The
preparation of claim 14 which conprises Enterococcus faecium Lactobacillus

pl ant ar um ah#ct¢RRIIGIAE FRESZcasei. 5 16. The preparation of any one of
clainms 1 to 15 which further conprises an anti-fungal agent. 17. The
preparation of claim16 wherein the anti-fungal agent is sterilised

pot assi m sbf bat@e P@eEBFa¢H@1ﬁﬁé&&ﬁa??%no%ﬁg%ﬁymo etef Lzt 1 to 12 which

further conpiigRs @@m%gggg@&&g@&kiu¥gnggpqﬂﬂgﬁparation of claim 14 wherein
the anti oxidant is 5 vitamn C
17. The preparation of claim 16 wherein the anti-fungal
agent 1s sterilised potassium sorbate.
10
18. The preparation of any one of claims 1 to 12 which

further comprises an anti oxidant.

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

15 vitamin C.

20. 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
20  total amount of reducing sugars is in the range of from 5

mg/ml to 20 mg/ml.

21. The growth substrate of claim 20 wherein total amount
of sugars is in the range of from 25 mg/ml to 35 mg/ml.

25
22. The growth substrate of claim 21 wherein total amount

of sugars is about 30 mg/ml.

23. The growth substrate of any one of claims 20 to 22
30 wherein the total amount of reducing sugars is in the range

of from 5 mg/ml to 15 mg/ml.



20. A growth substrate for mcro organisns conprising a mxture of conpl ex
and sinple sugars wherein total anount of sugars is in the range of from 20
ng/ M to 40 ng/m, and the 20 total anmount of reducing sugars is in the
range of from5 ng/m to 20 ng/m . 21. The growth substrate of claim 20
wherein total anmobunt of sugars is in the range of from25 ng/m to 35

mg/ M. 25 22. The growth substrate of claim21 wherein total anount of
sugars is about 30 ng/m . 23. The growm h” substrate of any one of clains 20
to 22 30 wherein the total amount of reducing sugars is in the range of

from5 mg/ m 15.mo/md.. 45 .24. The growh bstrate of, clai.m.23 wherein
t he total arr%éa‘nt %c})l‘re 958%{%591}1’5%&’3}5 f)g %%%JUI? 0 g7 i 12%8 tﬁ1tealgrovwh
substrat e of amypmnetotedhalmp Ryatre 24 Soadtd v agdinlional |y conpri ses
proteins and peptides, wherein the total anmount of proteins and peptides in
the range of froml1l ng/m to 2 ng/m and the total anount of high

nol ecul ar weight péapt pdestiv subsarankestl| ary weieghtt gleater2¢ ttoar45000 Dal t ons

is in the.range of f.rom 100 /m_to 300 0.9/m. .26. Th romh substrate
of cl'ai m 55 WHEG RUPRELEOT BH AMBEAES OroT e 2 o PR TP E St o
ng/ m. 15 27.thEhecgedwhhosuthsis atreteinel adni2prates| &h M6 nabgeebn t he
total amount of high ecul.ar Lght .peptides.is_about 50.ug/m. 20 28. A
net hod for prfg:ﬁgr ilnrﬁga%#re%%b%ﬂg?%:ll %ctfeflpﬁletogﬁ& EPaHte ©HrEF&r ati on of
bacteria conmuoileicndar weight peptides with a molecular weight greater

than 5000 Daltons is in the range of from 100 pug/ml to 300

10 Hg/ml,

26. The growth substrate of ¢laim 25 wherein the total

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

15 27. The growth substrate of claim 25 or claim 26 whexrein

the total amount of high molecular weight peptides is about

250 pg/ml.

20 28. A method for preparing a metabolically active and stable

preparation of bacteria comprising:

growing bacteria in a growth substrate comprising a mixture
of complex and simple sugars, wherein the total amount of

25 sugars ig 1n the range of from 20 mg/ml to 40 mg/ml and
wherein the total amount of reducing sugars ig in the range
of from 5 mg/ml to 20 mg/ml, proteins and peptides to obtain

a preparation of bacteria, and

30 chilling the resulting preparation to about 4°C wherein the
bacteria adopt a near equilibrium growth state characterised

in that the population of bacteria in the preparation can be



growi ng bacteria in a growh substrate conprising a mxture of conplex and
sinple sugars, wherein the total anount of 25 sugars is in the range of
from20 ng/m to 40 ng/mM and wherein the total anmount of reducing sugars is
in the range of from5 nmg/mM to 20 ng/m, proteins and peptides to obtain
a preparation of bacteria, and 30 chilling the resulting preparation to
about 4C wherein the bacteria adopt a,ear equilibriumgrowh state
characterised in that the popul ation of bacteria in the preparation can be
46 mmintained at a constant |evel when stored at about 4C and at

cont ol | ed phcfiat,2,080100, 9ratheast. URALNS . oA04 AR ARALLY Sioring the

preparation at abou 3 nmet hod 0 alm 28 wherein two Speci es of
bacteria aretgronhreblred e for a Béerigice odgr ewt hessbst mxinehs30andhe et hod of
claim28 or claim29 wherein two or nore 10 species of bacteria are grown
in separate grow h substrates and bl ended together prior to storage at
about 4C. 3lopAinethbd sforpmepahe ngreparettabol atatbgutactitve and stable
preparatign of bacteria conprising: 15 adding bacteria to a growth substrate
conprising a mxture of conplex and sinple sugars, wherein the total anpunt
of sugars i 8% n The merigd of Ciam ZG whembkitotwid smyoilesand bawrermian t he
total anmount _of Ci rs.is j.mn. the r f_.f 5nm/mM to 20

ng/ m, prot ela‘%g %ﬁ%e%%e g%%t :énf%rsl’rﬁ glfogﬁsg%grsa%q?s&r#ag "bacteria, wherein
the bacteria are added to the growh substrate at a concentration providing

a near  equi %h?”ﬁlﬁé WU 3EaL e, Gharact eEié%Q 34 Jhdt;hhe,, Popyl gLl on of
bacteria in e prepar ation can %e mal nira| ne
10 species of bacteria are grown in separate growth substrates

( and blended together prior to storage at about 4°C.

31. A method of preparing a metabolically active and stable
preparation of bacteria comprising:

15 adding bacteria to a growth substrate comprising a mixture
of complex and simple sugars, 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 from 5 mg/ml to 20 mg/ml, proteins and peptides to form a

20 preparation of bacteria, wherein the bacteria are added to
the growth substrate at a concentration providing a near
equiltibrium growth state characterised in that the
population of bacteria in the preparation can be maintained
at a constant level when stored at about 4°C and at

25 controlled pH for a period of at least 5 months, and

optionally storing the preparation at about 4°C.

32. The method as claimed in anvy one of claimg 28 to 31

30 wherein the bacteria are lactic acid bacteriaz,



at a constant |evel when stored at about 4C and at 25 controlled pH for a
period of at least 5 nonths, and optionally storing the preparation at
about 4C. 32. The nmethod as clained in any one of clains 28 to 31 30
wherein the bacteria are lactic acid bacteria. 47 33. The nethod as cl ai ned
in any one of clains 28 to 31 wherein the bacteria are of the genus
Lactobacillus. 34, The nethod as claineg.in any one of clainms 28 to 31 5
wherein the bacteria are of the genus Enzerococcus 35. The nethod of any
one of clains 32 to 34 wherein the concentration of bacteria in the

preparation | od 5?; 3ng8 ancf a|n59§8£§ 109 VI 1%1%§|5§ PEF¥§L||I|Itre

10 36. The any one of ereln the

substrate is w&&nﬁﬂh reése bﬁcaﬂylanﬁ;eobfcthen%eﬁubt&acﬁbbaC1513§ The met hod of
any one of clainms 28 to 36 wherein an anti-fungal agent is added prior to
storage of the preparation. 38. The nethod of claim 37 wherein the

anti - fungal a@@nt’mwe m@@hsﬁea$Idkaamepotasamynnnaamﬁatéaiﬁg 28the 3tet hod of any

one of cl %I etl%s%gs\,\@%gél’.nl an% 2:%&}_@%i tegggg%_ﬁrl or to storage of

t he preparatlon erern € anti oxidant is
vitamn C. 41. The nethod of any one of clainms 28 to 40 wherein the pH of

the preparation i s elntalfed: it g " arge of f 593 8,10e A0 R -
concentration of bacteria in the preparation is in the range

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

10
{ 36. The method of any one of claims 28 to 35 wherein the

growth substrate is as defined in any one of claims 20 to

27.

15 37. The method of any one of claims 28 to 36 wherein an
anti-fungal agent is added prior to storage of the

preparation.

38. The method of claim 37 wherein the anti-fungal agent is

20 sterilised potassium sorbate.

39. The method of any one of claims 28 to 29 wherein an

antl oxidant iz added prior to storage of the preparation.

25 40. The method of claim 3% wherein the anti oxidant is

vitamin C.

41. The method of any one of claims 28 to 40 wherein the pH
of the preparation is maintained in the range of from 3.8 to

30 4.5.



42. The nethod of claim4l wherein the pHis controlled by a buffer. 43. A
nmetabol ically active and stable preparation of 5 bacteria obtained by the
nmet hod of any one of clainms 31 to 42. 44. Aninal feed conprising a

met abolically active and stable preparation of bacteria according to any
one of 10 clainms 1 to 19 or 43. 45. A foodstuff or beverage suitable for
human consunption conprising a netabolically active and stable preparation
of bacteria according to any one of claigne 1 to 19 or 43. 15 46. A
pharmaceutical conposition conprising a netabolically active and stable
preparation of bacteria according to any one of clains 1 to 19 or 43

adm xed with e@pe orhémiehdghacnageihi caldneraceephabbe i ldenksliearsy ers or
20 excipients. 47,_.The use of a netabolically active and stable preparation
of bacteria aécﬁ?ﬁf%ﬁ'to any one of clainms 1 to 19 or 43 in the manufacture
of a nedi canent for treatnent of 25 an intestinal disorder. 48. Use of a
nmet abol ically active and stable preparation of _bacteria according to any

one of clainséi'tOA]ﬁ?ﬁﬁbqiécfﬁ§¥hﬁptﬁﬁﬁhGPQCFEFE;%fp%FHﬁiﬁté&ﬁeﬁf for use in
the treat ment beEtar3D Jdutfeeabbions tid esdumal odi sepsenafdectibigsas megral i an
subject wherein the infectious intestinal disease is selected from the
group consist%%g of : diarrhoea or constipation 49 irritable bow syndrone,
and/or treatnent and prevention of other diseases affecting intestinal

m crof | ora.
44, Animal feed comprising a metabelically active and
stable preparation of bacteria according to any one of

10 claims 1 to 19 or 43.

45. A foodstuff or beverage suitable for human consumption
comprising a metabolically active and stable preparation of
bacteria according to amny one of claims 1 to 19 or 43.

15
46. A pharmaceutical composition comprising a metabeolically
active and stable preparation of bacteria according to any
one of claims 1 to 19 or 43 admixed with one or more
rharmaceutically acceptable diluents, carriers or

20 excipients.

47. The use of a metabolically active and stable
preparation of bacteria according to any one of claims 1 to
19 or 43 in the manufacture of a medicament for treatment of

25 an intestinal disorder.

48. Use of a metabolically active and stable preparation of
bacteria according to any one of claims 1 to 19 or 42 in the
manufacture of a medicament for use in the treatment of a

30 infectious intestinal disease affecting a mammalian subject
wherein the infectiocus intestinal disease is selected from

the group consisting of: diarrhoea or constipation



49. Use according to claim48 wherein the disease is 5 selected fromchronic
i nfl anmat'ory. bowel disease, ulcerative colitis or Chrohn's disease. 50. Use
of a netabolically active and stable preparation of bacteria according to
any one of clains 1 to 19 or 43 in the 10 manufacture of a nedi cament for
use in maintaining the intestinal mcrobial balance in a mammal i an subj ect
wherein said intestinal disorder is selected fromthe group consisting of
di arrhoea and constipation; irritable bdirel syndronme and/or treatnent and
prevention of other diseases 15 affecting intestinal mcroflora.

irritable bowl syndrome, and/or treatment and prevention of

other diseases affecting intestinal microflora.

45. Use according to claim 48 wherein the disease is
5 aelected from chronic inflammatory bowel disease, ulcerative

colitis or Chrohn's disease.

50. Use of a metabolically active and stable preparation of
bacteria according to any one of claims 1 to 19 or 43 in the-
10 manufacture of a medicament for use in maintaining the 7
[ intestinal microbial balance in & mammalian subject wherein
gsaid intestinal digorder is selected from the group
consisting of diarrhoea and constipation; irritable bowel
syndrome and/or treatment and prevention of other diseases

15 affecting intestinal microflora.



