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one broad aspect, the resistant starch fH@ﬁ ?ﬁ%
as a carmeﬂgq@P% ansport the probiotic mcroorganisns to hb }arge

bowel . The introduction of those m croorgani sns into the | arge bowel
Is beneficial as previously 5 explained.® In addition, the resistant
starch when present in the large bowel will function as a nutritional
source for m croorgani sns already present in the | arge bowel.

In a narrower aspect, sone probPRDBIOTICT COMPO may be sel ected
such_that the%ﬁ?%%-ﬁﬁ#ﬁﬂég%ﬁgéhiiﬁnthe 10 re5|stant starch as a
nutritional s resistant starch will function both as
a carrier and a Thiguinvenbian relatesf sp FH§§éthPBBﬂoFPEP°Slt1°nsr

m croorganis t afpgr c | ss
m cr oor ga Surﬁar icularly coﬁBSﬁ@tibﬁs 120) 3 tabydehlpéeylahu ndliatenaaae

for use in this invention includ
Sacchar oftyces®f aHH°B&€FéF|§1§689r9§n%ﬁ@5 to ange&8r§ﬁ§|HP&&E§ 3FP nal %>
Bact eroi des, €rast}idspstially thestbzgeebowsl.Pr asi asedadnethis
St rept ococcus teroccus

.. E |
PeptostreptocﬁggﬁéféﬁagﬁggfoBﬁBPFP%EEggﬁgpﬁﬁygi%ig%yhgggg%gﬁanﬁ§mshomever
linmited to thkieepmitroblial feedosuppiesent whichTheneficdaldly @ffects t he

o o, unEhs! fRde Bina) byeIAgRLYEr1%8 Mrteeid ileathisa) My be
10 balance. This is the definition provided by R. Fuller

(AFRC Institute of Food Research, Reading Laboratory, UK)
in - Journal of Applied Bacteriology, 1989. 66, pp.365-
378. "Probiotics in Man and Animals - A Review"
Bac (o) t ti

15 It is the contention of many scientists that the

health and wellbeing of people can be positively or
negatively influenced by the microorganisms which inhabit
the gastrointestinal tract, and in particular, the large
bowel. These microorganisms through the production of
20 toxins, metabolic by-products, short chain fatty acids,
and the like affect the physiological condition of the
host. The constitution and guantity of the gut
microflora can be influenced by conditions or stress
induced by disease, life style, travel, and other factors.
25 I1f microorganisms which positively affect the health and
wellbeing of the individual can be encouraged to populate
the large bowel, this should imprové the physiological
wellbeing of the host.
The introduction of beneficial mlcro-organisms, or
30 probiotics, is normally accomplished by the ingestion of
the organisms in drinks, yoghurts, capsules, and other
forms in such a way that the organism arrives in a viable
condition in the large bowel. '
It has been demonstrated by Englyst H.N. et al
35 (1987) "Polysaccharides breakdown by mixed populations of
humaﬂ faecal bacterial", EMS Microbiology Ecol 95: 163-71,
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4 Specific strains that have been tested and found suitable
for usWO960826ls i nvention are set- out in Table 1. PCT/AU95/00613
TABLE 1 5 Bacterial Nane Strai n Nunber
Bifidobacterium adolescentis 248 UNSW 509400 Bi f.bifidum
248 UNSW 509800 Bi f.l ongum 248 UNSW 509700
Bi f . pseudol ongum 248 UNSW 509500 Bif. infantis

248 UNSW 5400 he bac@?fiﬂ Ofé’ﬁﬁeﬁfé"@igé%sof res;stantl.\l(&%

Bact . vul gat us Lact obaci us V|rqdescens
1ATCC 1270rge bovel produces elevated levels of shoxi chaipyp fatty

L. aci dophidaitds, particularly berdf{dl#B%¥ypes sudh B Propidnate
1ATCC 8014 d btL Sasei subsp. rhammosus 1ATCC 7469

f er ment um@ne dutyrate 1ATCC 9338 L. brevis

248 WNSW 055100 The preseyd iimventor has realised thatlARCwckild! be

desirable to not only deliver probiotic microorganisms to

the large'bowel'but'a1301to provide a medium that would

‘function to promote the growth of the microorganisms when

they reach the large bowel. C

10 Surprisingly, it has been found that modified or

unmodified resistant starches may function both as a means

. to transport the probiotic microorganisms to the large ‘
bowel and as a growth medium for the microorganism

delivered to the target region of the large bowel. As

15 used in this specification, "resistant starch® includes
those forms defined as RS1, RS2, RS3 and RS4.
s o e i

Accordingly, this invention consists in a probiotic
composition comprising one or more probiotic
20 micfoorganisms and a carrier which will function to
transport the one or more prdbiotic microorganisms to the
large bowel or other regions of the gastrointestinal
tract, the carrier comprising a modified or unmodified
resistant starch or mixtures thereof, which carrier acts
25 as a growth or maintenance medium for microorganisms in
the large bowel or other regions of the gastrointestinal
tract. |
In another aspect the present invention further
consists in a two part composition comprising a first part
30 which includes one or more probiotic microorganisms and a
second part which includes a carrier, the carrier
comprising a modified or unmodified resistant starch or
mixtures thereof, which carrier acts as a growth or
maintenance medium for microorganisms in the large bowel
35 or other regions of the gastrointestinal tract. '




The probiotic mcroorgani sns may be used in this invention in a

vari ety of ncl udi ng concentrates, frozen conce
f reeze- drlegﬂkﬁggﬁlal. 10 In one preferred form ppggﬁgﬁﬁgaﬁg

m croor gani snms nmay _be freeze-dried as a suspension with the resistant
starch. . Far conmpositions of this type,3the resistant starch may
act as a cryoprotectant. Typically, the resistant starch nay be

i ncorporated 15 at a level of 2-20%Vv w. Dependi ng on the anount of
resistant starch added, ohéebdogdngspete, abtef reslistant ptaduhtfhnctlons

cons, stercy, andy STYgsbgh S1BRRAEHLE! S5 fibbigssp BLCELLSGuRlens*dorve

SolIds
PCT/ AU95/ 00613the large bowel. The introduction of those mjeroprgeniisms

used, al t houghnbbobgre iﬁ!&aenbbﬁbw&g E&?Ael?.ficlal ass peel/ondniove dry cake
propertleg I'n anotap ro i otic m Croorgani may be
used as fPeeze®BPiaiingdror I8 @ FﬁlpES|§ &nFe§ﬂ§Féﬁt|ﬁt§ﬁC§ i@%tPE?FGﬁt

process to forghatHealdkrge bbedmcwlllTQuﬂeeaaheas a nuitrs tien@okource

conposi tion, is i ortant .to ensure .that emper atucre of the
ex??u5|on i s ng?r Bif aﬂrggnfgms aiready present ln th rrRarge 5owel

In a narrower aspect, some problotlc microorganisms
may be selected such that they are able to utilise the

10 resistant starch as a nutritional source. Thus the
resistant starch will function both as a carrier and a
nutritidnal source for those probiotic microorganisms.

~ There are a variety of probiotic microorganisms

which are suitable for use in this invention including

15 yeasts such as Saccharomyces, and bacteria such as the
genera Bifidobacterium, Bacteroides, Clostridium,
Fusobacterium, Propionibacterium, Streptococcus,
Enteroccus, Lactococcus, Staphylococcus,
Egp;g_sxgg;gggggng and Lactobacillus. The 1nvent10n is

20 not, however, limited to these particular microorganisms.
The person skilled in the art would understand and
recognise those microorganisms which may be included in
the compositions of the invention.



adversely affect the viability of the m croorgani sns. One way to
achieve this is to feed resistant starch together 10 with a higher

mel ti ndQIRk 5t into an extruder with zones keptPCGHAYISO86Mer at ur e
sufficiently high to maintain the material in nolten form In
subsequent, cool er zones of the extruder, a suspension of probiotic

m cr oorgani sm together with a lower nelting point fat is fed. This 15
results in an effective mixing with the fat and resi stant . starch

bl end. Extspetdpithetrachisr habr REgs Be&ﬂitabtﬁd and f6tihdl edigagle The

nol ten fat Y n dr ogenat ed v o] bl end of
hydrogenatgggaﬁggngﬂ-exls gnﬁ?ﬁfﬁﬁgnﬁfﬁdsegggP bfﬁ %?pge SUCh as palmoil,
whi ch has a 20 nelting point of nore than 50 C but with a high plasticity

in the region of about 35C to 40 . iiﬁégggly the oil (s) shoul d be
stabl e and non- oxi di si ng. te of blending of the | ow
mel titg point fat or: oil_into the extruder may be in the range of 0 to
10% 25 | shoterialOnahe My be used whelgepahihi fidmBer . characteristics
such as iproveddrstrToutTom through—tihg oot rtx—fare required.
Cther in Eﬁf@ﬂ@haﬁﬁerb@maed@éeseea 4Bi | | 248t HNSW 509400nd. 30 The
m xture dfgf#shsFpEamSt arch to probiotic|a4g Uﬁsﬁrgggggalsn1nay be in any
rati o, prieferapty at fteast It Tgsistant_starcit —bagteria in freeze
dried forjpBif.-loAgum fa1) Ry altering t h24BaPNSW,508280st ankt - oi | / f at :
the f|0WBQBIprb@ﬁd6h§n§hﬂnd may be Iﬂprnzqd-uﬁéw 509500 | n [another form
probiotig roo ganlsns ey De O-EHCdeUIdLeu Wt resistant
' Bacterozdes fragilis ' NCTC 9343

Bact.vulgatus 1ATCC 8482

Lactobacillus viridescens 1ATCC 12706

L.casei | | aarcc 25302

L.acidophilus | 1aTcc 4356

L.plantarum 1ATCC 8014

L.casei subsp. rhamnosus 1ATCC 7469

L.fermentum 1ATCC 9338

L.brevis . 248 UNSW 055100

L.salivarius ) _ 1ATCC 11741

The probiotic microorganisms may be used in this
invention in a variety of forms including concentrates,
frozen concentrates and freeze-dried material.

10 In one preferred form, probiotic microorganisms may
be freeze-dried as a suspension with the resistant starch.
For compositions of this type, the resistant starch may
act as a cryoprotectant. ’

Typically, the resistant starch may be incorporated

15 at a level of 2-20%w/w. Depending on the amount of
resistant starch added, the drying rate and final
products’ consistency and rehydration characteristics will
be affected. A level of about 5% of total dry solids will

€
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6 rocess of mcro-encapsul ation requires the preheating_ of a
| ow el ti nS"‘bW‘bi |, typically at less than 50[err]C, PC'H%@P%W&B y

| ess than 40[err]C, above its -nelting point. Under conditions of |ow
shear, an amount of freeze dried 5 probi gtic m croorgani snms, such as
10% are added and di spersed. Resistant starch in an anmount of for
exanpl e 20% of oil is added together with other ingredients and :
bi ndi ng agent s peldypATQalidedNd dWHbugh higher condbhtdSHPEsME Gy SHd hen
sprayed into the head of & 10 comlrm]%omer to allow uniformparticles
with an aver agsed to Jmprave,dry |Gake, RIAPGLLIRS 20- 200 i crons. (dependi ng

on appl i cati onlIin @anovherafbdg ¢gadbiotic microorghisned ntay dd
counts of 1 nel, Uk SUMALEER nagoria vith FaYiatanh 37 1n 4
I n additi én t o eHterusdon prodess b diwne,a tgwanular graghiati c To prepare

mi Cr oor gani Ss ¢iRy B ¥ Aﬁﬁd&ﬁ; {018 importdd¥!tdll kbl {9
spray cooling, entrapnent an _ adhesi on. n _general terns,

the probiotic fhe Semparafureal the extzusien Jdenak 130 thigh as stant
starch in a rabddvediselipWffect thdVdHirity ¥ thd §idtcE¥gHi fEmd). O'one

more, preferabu%ygggygchieve this is to feed resistant starch together

10 wiih a higher melting point fat into an extruder with
zones kept at a temperature sufficiently high to maintain
the material in molten form. 1In subsequent, cooler zones
of the extruder, a suspension of probiotic microorganism
together with a lower melting point fat is fed. This .

15 results in an effective mixing with the fat and resistant
starch blend. Extrusion then occurs through a suitably
chilled die. The molten fat may be an hydrogenated
vegetable oil or a blend of hydrogenated and non-
hydrogenated vegetable oils, such as palm oil, which has a

20 melting point of more than 50°C but with a high plasticity
in the region of about 35° to 40°. Desirably the oil(s)
should be stable and non-oxidising. o

The rate of blending of the low melting point fat or
oil into the extruder may be in the range of 0 to 10%.
25 Higher'amounts may be used where particular
characteristics such as improved distribution through the
- food matrix are required.
Other ingredients may be added to stabilise the
blend. ; :
30 ' The mixture of resistant starch to probiotic.
microorganism may be in any ratio, preferably at least
1:1:1 (resistant starch: bacteria in freeze dried form:
oil/fat). By altering the ratio of resistant: oil/fat,
the flowability of the blend may be improved.
35 In another form, probiotic microorganisms may be
micro-encapsulated with resistant starch.: A typical



10[ err] or nore, nost preferably about 10 or .nore. As a

12 maxi num generally nor nore than about 10[err] cfu per gram
resi stW@P6/8826t ch wi || be used. 25 Ei t her nodi f PEDAYPS/PETROdi f i ed
resi stant starches or m xtures thereof -are used in this invention.

" The advant age of resistant. starchgin a probiotic conposition S
that it is not digested until it reaches the |arge bowel . Therefore it
provides a readily available 30 substrate for fernmentation by the
pr obi ot i € JH,EERer %ﬂh&@%-enaap&mmws:édme@ i g&ﬂé&eu@ bowel .
In both cgge preferred or m of resrstant st ch |% anyl ose

. starch paft |1E’l‘!ﬂ %W%gglﬁ’%ﬁ‘}l Sdd 15 (LYPAFEL LYs aF d@SSs & C, taught in

W94/ 0304 prafdrébiy 16342 tHare 4050t cabsvel iesi M183ng pa.rmtl ncgnaerat ed

Lpggstrg?ggg c%fb%%tr forf%he guggpsesunt of %;egggye |en

PCT/ AU95/ p@bb3iotic microorganisms, such as 10%, -aré added and I n

1094/ 03048, 34 YA/ {33 ¢ crth ABECHS LW ShBRne. ot Tt Undgbsized i ch

are resistant starches an I ze starch having an~anyl ose

content oR0809fweilodsmadded together wrt&rp}hs@/o:mnaslrlemse and ce starch
havi ng anbﬁndlﬂgyhgﬁﬁtgoﬁh%widﬂ:qu%ﬁMHNdWH um® .and;  particul ar

_ The dispersion is then sprayed into the head of a

10 cooling tower to allow uniform particles with an average
size typically in the range 20-200 microns (depending on
application) to form and harden. _ ‘

The viable cell counts of flnal mlcro-encapsulated
product may be of the order 108-1012 microorganisms- per

15 gram. In addition to the forms monitored above, the
probiotic microorganisms may be presented in other forms
including blending, spray cooling, entrapment and
adhesion. o _

in general terms, the probiotic microorganisms will
20 be included with the resistant starch in a ratio of about
102 cfu per g resistant starch or more, preferably about
10§ or more, most preferably about 10’ or more. As a
maximum, generally nor more than -about 10*% cfu per gram
resistant starch will be used.

25 Either modified or unmodified resistant starches or
mixtures thereof are used in this invention. The
advantage of resistant starch in a probiotic composition
is that it is not digested until it reaches the large
bowel. Therefore it provides a readily available

30 substrate for fermentation by the probiotic microorganisms
as soon as they arrive in the large bowel. 1In both cases,
a preferred form of resistant starch is a high amylose
starch particularly high amylose starches as disclosed and
taught in W094/03049 and W094/14342, the contents of which

35 are incorporated into this specification for the purposes
of convenient cross-reference.



granul ar size ranges of starches having an anyl ose content of 50% or
nore and resi stant starch content, t hese star i ng
nej ze, barﬂ@éﬁﬁﬁﬂ%at and | egunes. " This invention is noﬁnﬁzﬂggﬁégg
linmited to these forms of 10. resistant starch. For exanple, other forns
of ‘resi stant ~ starch are derived from spurces such as bananas and

pot at oes. The conpositions of the invention nmay be prepared
such that probiotic mcroorgani sns and carrier are 15 presented in

conbi nation. Alterntnhiwe$4/03049 pandi W094/14342pi higbhr gmypleseaatiarbbes
Car e oy DeaPleaeRlfdebd GREONOhre rpsiERaREPELALENaR bRy tAckfibs for ™
ei ther the arnin h I'C m Croorgani sns or 't

cont ai ni ng them%az¢|etanqy bevcogsgneamYlpse cootepke@fbH03ow/w: pE mpnen

part shortly tﬁ&f@ﬁéﬁf&rl 80% w/w or'ﬂoﬁ@ UEEEQ'Etﬁ?cﬁohﬁblhﬂeahes'Stant
starch w || serve as a su? %rate or fernentatlonpa¥ the problotlc

M cr oor gafi sEAMREASE hECRERPESPEi 4A% WAWKRY PRES| ange 25
It may be advagi&gedas  &0z68| sangegnb€aktrohdisf Haviiag an amguasehcbnxehur

nst ance, alter t h t I
;nzlor granul e 5 Qﬁgggéige gegga éﬂgﬁgge?hﬁegﬁgggﬁ %£85% n%gﬁtgranu ©
bet ween t he these1stancgaa|sncaudlngemaezestbnrlgwarvhea@henchEQBQes.
modi £ cat i ons, piyghy feft i6h! 1CAbLIhokaleY)  19/i8E: to thesBCirdikisCald On

and the |ike are we nown in el ng suitable chem cal
treatment@.  resistant stapgh.al Eerpexampisi PGhﬁﬁdﬁPFthQfd€§Fé§téﬂt

enzyne S§€4E6h! kbl aér%eaherbﬁs ESshi2BksS sachh agy banhaaisn@ndhe 35
conformati on ogostrgg;ure of the starch Exanpl es i ncl ude

The compositions of the invention may be prepared
. such that probiotic microorganisms and carrier are
15 presented in combination. Alternatively, the probiotic
microorganism and the carrier may be presented in each of
two separate parts. In this form, either the part
containing the probiotic microorganisms or the part
containing the carrier may be consumed first, followed by
‘20 . the other part shortly thereafter. |
In an unmodified form, the resistant starch will
serve as a substrate for fermentation by the probiotic
microorganisms when the composition reaches the large
bowel . _ | : .
25 ' It may be advantageous to also chemically modify the
' starch to, for instance, alter the charge density or
hydrophobicity of the granule and/or granule surface to
enhance the attachment compatibility between the
microorganism and the resistant starch. Chemical
30 modifications, such as etherification, esterification,'
acidification and the like are well known in this art as
being suitable chemical treatments.
It may also be useful to modify the degree of enzyme
susceptibility of the resistant starch by altering the
35 conformation or structure of the starch. Examples include
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acid or enzyne thinning and cross bondi ng using

d| f undY? 86{08261 cagent s. - One useful nodificatPEHADESA06ES
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char acter
t he
enzymes t
which is
i ncr eased
also allo

the prote
the | arge

chem cal
af orenent i

usi ng
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15

s of high anyl ose starches to give starch granul es

ised by 5 pits or erosionsgnich can extend fromthe surface to

interior of the granules. These pits allow the entry of

0 the nore enzyne susceptible core of the starch ~ granul e

S ibidr shfteyme thlnnln% AP UEEbSS BEAU LGN fisg Not only have

Wﬁ he attachment of T croorgani sns, they
tangtienal FRAFAtSN and entrapment of M .cr oor gani sns
within the |ntemnﬁ'uﬂeﬂdkamydﬂnﬂdhtldHNfs the anylldlfsil QErHiglassi sts in

o] prarendd L6 A I AR (4 e LR LAET R L
i nverlt i on pics or emstﬁamt vmmhrmamaexgend ekaranl thes i surfdacetto cties to

gggﬁ a tothe
| onecfl (Cﬁ'lem ca : 1:L’Eegl’l\ézj mb'@?%s% %snzalrrla W él{%em Clét
modi fi cat |Wltqﬁatt%gh%én°re enm%e t@ﬁmﬁ&x%tme Qfrhe atargh obiotic

n1croorga@gaﬁhle whid®ly i sdniBCrisdeqAttached to the resistant starch

surface area for

Eroded starch granules not only have increased
surface area for the attachment of microorganisms, they
also allow for the encapsulation and entrapment of
microorganisms within the interior of the granule. This
latter property assists in the protection of
microorganisms thereby'facilitating transport to the large
bowel. | _

It is also within the scope of this invention to
subject enzymatically treated resistant starches to

- chemical modification as described above.

20

In addition to the aforementioned chemical,
enzymatic and enzymatic/chemical modifications that may be
made to the resistant starch, the probiotic microorganisms

- may be chemically attached to the resistant starch using

25

30

35

materials such as difunctional reagents or polyfunctional
reagents. Examples of reagents of these types are
respectively gluteraldehyde and sodium trimetaphosphate.

. This latter reagent is preferred as it is a food
grade chemical. _

Although the compositions of the invention may be
directly ingested or used as an additive in conjunction
with foods, it will be appreciated that they may be
incorporated into a variety of foods and beverages
including but not limited to yoghurts, ice creams,
cheeses, baked products'such as bread, biscuits and cakes,
dairy and dairy substitute foods, confectionery products,
edible 0il compositions, spreads, breakfast cereals,
juices and the like. Within the scope of the term "foods"

¥



materials such as difunctional reagents or pol yfunctional reagents.
Exanpl es of reagents of these types are 25 respectively qluteral dehyde
and sodi urﬁ@r%‘@gﬁphosphate. : This latter reagen%@%@f’@?r ed
as it is a food grade chem cal . Al.t hough the conpositions
of the invention may be _ directly ingested or used as an additive in
conj unction 30 with foods, it will be appreciated that they nay be

i ncorporated into-a variety of foods and beverages i ncl udi ng but not
limted to yoghuet 80 becintdaded in partiieades flakedikedguaios bauch as

contoctionery FPAARAEESsRs fupeiiangt TR0ARG it Fone oPHPoRAEY B Bak ast

cereal s, simider andappeakriance Wot kiomventionade fobdshandeame’ f oods"

WO 96/ 08261 intended t d PEH ARSI, 13
9 are %3 gg ?nclﬁdgg Fﬁnsg?FiCSFaPafgogfli g%g ?% g%%@, but have

classified as PeRBt PeAAEirdode, Physiclpgigalt ralesr beyond thenprgvision
appearance to ggngempienautireedt #eduifrements® i(NFaN®edicy PasevssyERd as
part of a norngl dlesygggt have 5 been nodified to physiological roles
beyond the proYPEREn ‘of sinple nutrient requirenents" (NFA Policy

Di scussi on Papesimi®4)yly, the compositions of the invention may be

presented in dosage forms such as in a capsule.

10 In'general terms, the resistant starch in
combination with the probiotic microorganisms will be
presented in dry form. Suitable, but not limiting drying

- means include: spray drying, freeze drying and spouted bed .
drying. |

15 Brief D ipt i f the O .

Figure 1 is a light microscopic photograph of
Bifidobacterium associated with a source of resistant
starch (high amylose starch granules) prior to anaerobic
incubation at 37°C;

20 Figure 2 is a light microscopic photograph as in
Figure 1 after incubation;

Figure 3 is a light microscopic pﬁotograph as in
Figure 1 after degradation during incubation;

Figure 4 is a scanning electron photomicrograph

25 showing intact resistant starch (high amylose starch
granules); | |
' Figure 5 is a scanning electron photomicrograph
showing external erosion of the starch granule as a result
of treatment with thermostable bacterial alpha amylase and

.30 pullulanase;

Figure 6 is a scanning electron photomicrograph of
an enzyme treated starch granule fracturing about the pit; .

Figure 7 is a scanning electron photomicrograph of a
fractured enzyme treated granule displaying a hollow core

35 region;



Simlarly, the conpositions of the invention-my be presented in

dosage forns such as in a capsule. 10 In general terns, the
resi sSWAH6/0826dr ch in conbi nation with the probioti PGHAYSEIGENi sns wi | |
be presented in dry form Suitable, but not limting drying means *
i nclude: spray drying, freeze drying ggd spouted bed - drying. 15
Bri ef Descrlptlon of the Draw ngs Figure 1 is a light
m croscopi ¢ phot ograph of Bi fi dobacterium associated with a source of
resi stant gﬁf@ éhighaaﬂéﬂgeogt%fgtgiénfg@@ £:iQr to anaerobic

ure Is_a |light n1croscop|c phot ogr aph

I ncubati on gé 37
as in vekEon §?¥eFe§hiﬁﬁﬁf|%ﬁar°h (Hi-maize; gtRECh) jang | ght

nicroscop$£gm&mﬁm&ﬁd¢$lﬁhennfermenféauwetﬂ af henbeée 96 fdpa¢ OEr faly | Ng
i ncubati on; 1%‘”6 4 |]i a. scanni n&elé}%r Ol phot om crograph 25

showi ng i nt act TeTYES aht 1St FFeRRi Qh gr anul es);
Figuse 5 bsfzdaangaebwrbhnansmgcaoqumlpar of reshsvamt external

er osi on ul e, aresult of treatnent with
thernnst§%$ H%%c% I a a ha %ﬁ%lase and 30  pul |l ul anase,
Figure 6 is a sﬁm%gl%lli%tﬁ Irapitofi aradkhprofile of Byubifidum treat ed

starch gragl @ fpeey f&é@ﬁ GPeritime ﬁ%in? a number of Ft&siftdntS a scanning
electronﬁ5?0t0n1c of a fractured enzyne treated granule

di spl ayi g?%s  region;
Modes for Carrying out the Invention

One form that the resistant starch of this invention
may take is when it is eroded or pitted. An example of (
the prepération of such starch will now be described with
reference to Figure; 4 to 7.
15 i i

A slurry containing 2000 grams of high amylose maize
(Hi-maize-trade mark - obtained from Starch Australasia
Ltd) starch (12.5% moisture) and water (7000 mL) was

20 adjusted to pH 6.0 using sodium hydroxide solution
(0.65M). The slurry was heated to 859C in a water bath.
At this point in Experiments 2, 5 and 6 the thermo stable
bacterial alpha amylase Termamyl was added. The
experimental details are provided in Table 2.

25 After 60 minutes the temperature of the slurry was
reduced to 60°C and either (i) the pH adjusted to 4.5
using hydrochloric acid (10M), prior to the addition of
the fungal glucoamylase and bacterial pullulanase blend
Dextrozyme, or (ii) the pH was adjusted to 5.0 before the

30 inclusion of the bacterial pullulanase Promozyme
(Table 2). The slurry in both cases was maintained at
60°C for 20 hours.

The pH was then raised to pH 6.0 using sodium
hydroxide solution (0.65M) and the insoluble portion

35 recovered'using a Buchner funnel fitted with a Whatman 54
filter paper. The recovered material was washed with
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10 Figure 8 is a graph of volatile fatty acid

product i OWOf96/0826si st ant starch (Hi -mai ze starch) and PCHADIRNOY) 0se
when fermented with a nunber of bacteria; Figure 9 is a graph
of growth profile of 5 bi fi dobacteria q4er tinme using a number of

resi st ant " starch substrates;. and Figure 10 is a graph of
grow h profile of B.bifidum and C . butyricumover tinme using a nunber

of resistant 5 j;¢r-akat (?Ehd?_lél%.itll’ YL Sattd andgien dried T R0 fii fidiked
8le At th

| nventi on ormthat the resistant starch of this invention

may take i's wo¥en at $08Coded or pitted. An exanple of t he

preparation of suchysgar @larfaldyinaw be descthéeflonstable endef aiphae to

Figures 4 to 7. 15 Preparati on of Anylolysis Pr od.uc&ﬁ i;gg gg‘p Anyl ose
0

Mai ze Starch Granul es A slurry contarmng grans of
hi gh anylsose Baicidlus (H -mai ze-trade mark - obtained from Starch
Austral asi a Ltd) starch (12.5% noi stu (7000 nL) was 20
adjusted to pH 6.0 using sodi um hydroxi de sOT'utton ( The

0.65M) .
slurry was heated to 85] ®uljl@liamagenst er bathermo stahle; pudligdppase,

Experiments 2, 5 and 6 the therno stable.  fromb B 8ppha anyl ase
Termanyl was added. The ~experinment al ?et ai ! S are.E&ovi ded _in Table 2.
Glucoamylase - rom s

10 (all enzymes ex Novo Nordisk
Bioindustrial Pty Limited).



25 After 60 mnutes the tenperature of the slurry was reduced v

to 60[err]C and either (i) the pH adjusted to 4.5 usi ng hydrochloric-
acid ( ¥Qp6/08261 or to the addition-of t he fungal gl UPCERAVYSH6130Nd
bacterial pullul anase bl end Dextrozyme, or (ii) the pH was adjusted to *-
5.0 before the 30 i ncl usion of the qicterial pul | ul anase Pronozyne

(Table 2). The slurry in both cases was nai ntai ned at 60[err]C for .20
hour s. The pH was then raised to pH 6.0 using sodi um _

hydr oxi de solution (0.65M and the insoluble portion 35 recovered using a
Buchner funnel fitted with a Whatman 54 filter paper. The recovered
materi al was washed with WO 96/ 08261 _ _

PCT/ AU95/ 00613 TABLE 2 11. 7 litres of

distilled wate ried_in fan forced - oven at 50[err]C

N{E.ITernanyl'&OEBQT&Bﬁgtﬂﬁbﬁolgt o PRERARATION OF HIGH AHYLOLE ]

anyl aSe from5s Baci | MATZE STARCH AMYLOLYSIS PRODUCTS '

licheniforms ' Pul | al anase - therno stabl e pullul anase

from Bacil |l us sp. _
- Exp.2 Exp.3 Exp.4 Exp.5 Exp.6

‘Starch Used (g) dsb 1750 1750 1750 1750 1750

Water (mis) 7000 7000 7000 - 7000 7000

Stage One

Temperature (°C) 85 85 85 85 85 ‘
pH _ 6.0 6.0 6.0 6.0 6.0

Reaction Time (mins) 60 . 60 60 60 6.0

Novo Termamyl 120L (mL) 4.00 -- -~ 2.00 2.00

10 Stage Two

Temperature (°C) 60 60 60 60 60
pPH 5.0 5.0 5.0 5.0 5.0
Reaction Time (hrs) 200 20 20 20 20
Novo Dextrozyme (mL) - -- - 2.00 --
Novo Promozyme 200L (mL) -- 10.00 2.50 -~ 2.50

Amount recovered (g) 735 1555 1549 1020 1012
*Exp. = Experiment
Dietary fibre and resistant starch levels were

15 determined for the starches of each of these experiments,
the results of which are shown in Table 3.



Qucoanyl ase - from Aspergil l-us niger 10
(al'l enzynes ex Novo Nordi sk

Bi.oi ndust "'VAQP6A8261 | i ni t ed) . WD 96/ 08261 PCT/AU95/00613
PCT/ AU95/ 00613 12
TABLE 2 . CONDI TI ONS USED | N THE PREPARATI ON OF HI GH AMYLOSE 5
MAI ZE STARCH ANYLOLYSI S PRODUCTS Exp. 2 -
Exp.3 Exp.4 Exp.5 Exp.6 Starch Used (g) dsb 1750 1750 1750
1750 1750 Wat er (ms) 7000 7000 7000 7000 7000
St age One Tenperature ([err] Q) : 85 85 85 85 85
pH 6.0 6.0 GMLEGO 6.0 .
- 'POTAL DIETARY FIBRE AND RESISTANT STARCH LEVELS_IN
5 HIGH AMYLOSE MAIZE STARCH AMYLOLYSIS PRODUCTS -
Total Dietary Resistant Starch
Fibre McCleary et al
(%)dsb (%)dsb
10 High Amylose Maize Starch 33.4 18.1
lose Maiz rch
Residues After Amylolysis
Experiment 2 37.0 36.0 + 2.
Experiment 3 31.4 30.1 + 2.0
15 Experiment 4 34.4 29.3
Experiment 5 35.8 34.7
Experiment 6 39.3 1 42.0 + 0.9

* dsb = dry solids basis
20
In each case, it is evident that the enzyme
treatment has resulted in a substantial enhancement of the
resistantrstarch content while dietary fibre levels have
been essentially maintained.

25 - The results of such enzyme treatments are clearly
shown in the accompanying Figures 5, 6 and 7, particularly
when compared with the unrreated starch granules of
Figure 4. |

- Modified starches prepared in this way may be

30  readily combined with probiotic microorganisms to form
compositions of the invention. '

An example of the preparation of an extruded form of
the compositions of the invention will now be described.



Reaction Tine (mns) 60 60 60 60 6.0 Novo Ter manyl

120L (mL) 4.00 -- - - 2.00 2.00 10 Stage Two Tenper at ure
([ er r | ¥ 96/08261 60 60 60 60 60 POWAU95/00613

5.0 5.0 5.0 5.0 5.0 Reaction Tinme (hrs) 20 20

20 20 20 Novo Dextrozyme {gt) -- -- -- 2.00
- - Novo Pronozyne 200L (nL) -- 10.00 2.50 -- 2.50

Amount recovered (gQ) 735 1555 1549 1020 1012 *Exp. =
Experi ment tEi_qg%glﬁng%%iﬂfg_i:igit1'13(efibre and resistant starch levels were 15
determ ned for ch of these experiments, the results

of which are shé#tnuderaficrey profile\ofHGRB2SFP (30°), 2RP (30°),
PCT/ AU95/ 000613 2Fs, 5FP (60°), 3RP (60°), 3Fs, 3FP {30°), 2RP (30°),

2Fs, 3FP (30%°), 2RP (30°), 3SLS
5 - Temperature Profile

Zone 1 (70°),
Zone 2 (70%),
Zone 3 (70°%),
Zone 4 (50%),

10 Zone 5 (50°),
Zone 6 (35%),
Zone 7 (35°), : . ‘
Zone B (35%),
Die 20

15 Method

Resistant starch is fed into an APV MPF 50.20
extruder at a feed rate of say, 20 kg/hr in conjunction
with a molten fat, melting point of >50°C. The fat is
kept liquid by recirculated hot water and delivered into

20 the extruder in the second injection port at a rate of
2 kg/hr. A suspension of lyophilized bacteria, especially
Bifidobacterium bifidum or Bif.Longum is prepared using a
low melting point fat, eg,'hydrogenated maize oil with a
M.P. of 35-37°C, such that the fat is heated just above

25 its melting point but not in excess and the lyophilized
bacteria added and mixed thoroughly. This suspension is
then fed into zone 7 of the extruder where it is mixed
with the fat/starch blend, and then forced through a
chilled die fitted with 2mm dia meter orifices. The

30 material is granulated and further chilled to. maintain its
shape until used. '

An example of a freeze dried form of the
compositions of the invention will now be described.

Cell cultures, especially those of Bifidobacterium

35 longum, Bifidobacterium bifidum or Cl.butyricum are
produced by conventional means and a concentrated cell



TABLE 3 TOTAL DI ETARY FI BRE AND RESI STANT STARCH LEVELS IN 5
H GH ANYLOSE MAI ZE STARCH AN YLOLYSI S PRODUCTS

Total Di eWQ96M86&} st ant Starch : PCT/AU9SA06L}, o
McCl eary et al (9% dsb (99 dsb
10 Hi gh Anyl ose Maize Starch 33. 4 15 18.1 H gh Anyl ose
Mai ze Starch Resi dues After Anylolysis Experinent 2

37.0 36.0 + 2.9 Experinment- 3 31. 4

Egbérrnéh? éSsuspgﬁggghﬁBEEpérgg By membraneBEigérétingipgrefégaﬁly

39. 3 ulprafilgretion and/ogsgentyifugation HaBest &Egihgtngh In

each case, itjkSg8HtIgNbtiRabd! hateNEhEEcell suspension (0ad0resw.5ed in a
substanti al enh

_ ncenent of th resi stant ,starch caqnt [ di et ar
Fibre |evel s ABUBL) alongeu B apRtnar: 5 =¥GRIPESsaanLys Suctose’ Lo Byt et ary
results gf sugin/mdjyneTheeprodocs dse thiemaguickly froizem tion +40C and
acconpanyi ng Eigures 5. d_7 Icll.arlay dew th the
untreated_stafgggé aﬁ%??g g a W?Q%Eféﬁﬁé%ﬁﬁ& of aw vhgi %%gpﬁﬁgdtgiarches
prepared in t hbsaimy opgimus stabilisydi | Fheo eltagenish themirgmayved
m croorgani SRgeh tAeMiryer, gently pulverised and packed into air-
tight containers and stored at 4°C until use.
10 Some examples of food products incorporating compositions

of the invention are as follows:

- BE
DRY MIX
15
' INGREDIENTS ' % by Weigh
Resistant starch ' | 9.00
Freeze dried probiotic - 1.00
Sucrose _ - 68.00
Fieldose 17 Maltodextrin 13.83
Dextrose . ' 1.72
Citric acid anhydrous 1.00
Flavour ' . 0.20
Acacia gum _ 0.25
Tricalcium phosphate ' 0.10
Colour To suit
100.00
METHOD .
1.  Blend all ingredients thoroughly.
Preparation | |
20 With stirring, add 30 grams dry mix to 337 mls

water. ' - = '

Ingredients Supplier
‘Resistant starch (Hi maize) and Fieldose 17 are supplied
by Starch Australasia Limited, Australia.



conposi tions of the invention. An. exanpl e of the preparation of =

an extrude rm of the conpositions of the invention wll now be
descr | Blépabesct WO 96/ 08261 - PCTIAUSS/00613
PCT/ AU95/ 00613 _ 14
Equi prment Profile - Ext ruder jgcrew profile of 5FS, 3FP (30[err]),
2RP (30[err]), 2FS, 5FP (60), 3RP (60[err]), 3FS, 3FP
(30[err]), 2RP (30[err]), 2FS, 3FP (30[err]), 2RP (30), 3SLS
5 - Tenmperature Profile YOGHURT Zone 1 - (70[err]),
-Zone 2 (7 r . Zpne (70[err %, :
-Zone 4 ( %rf%%%oqug formulazbﬁeogfergd as ?5%?%?% Rg for
Zone 6 the na®itactyre of stirred goneef yoghurté35[err]),
Zone 8 (35), D e _ 20 15 Met hod
INGREDIENTS : o 3
Resistant starch 10.0
Whole Milk 33.0
Sugar | _ 10.5
Non-fat Milk Solids 9.0
MAPS 449 _ 0.5
Stabilizer : 0.5
Culture (probiotic) 1.0 ‘
Water to 100.0
5 METHOD E
1. Combine all of the ingredients gxcept the culture,
- making sure that the stabilizer is well dispersed.
2. Heat the mixture to 88-93 degrees C, and hold at

this temperature for 30 minutes.
10 3. Cool to 38-45 degrees C.
4. Add the.resistant starch fraction.
5. Inoculate with the culture and incubate at 42
degrees C. . ' |
6. Allow the culture to ferment the yoghurt to a pH of

15 . 4-0 - 4.2. )
7. Refrigerate at 5 degrees C.
NOTES: _
1. There are a variety of stabilizers available
20 : consisting of gelatine, gelatine and gum blends or

gum blends. Recommended stabilizers are a) Gelatine
available from Leiner Davis Gelatin (Australia) Co.,
b) Sta-Rite and Stabilizer Gemcol ADQ available from
Germantown Australia Cd. . .

25 2. The stabilizer and MAPS 449 cdmbination_should be 1%
w/w of the final mix. Higher concentrations can,
under some circumstances, give adverse effects.



Resi stant starch is fed into an APV MPF 50. 20 . extruder at a feed rate

of say, 2 |n conjunctlon with a nolten fat, neltln oi nt of
>R0[err] C, $ﬁ%ﬂ kept liquid by recircul ated hot R ébJ) 3
delivered into 20 the extruder in the second injection port at a rate of
2 kg/hr. A suspension of |yophilized bacterya, especially

Bi fi dobacterium bifidumor Bif.Longumis prepared using a | ow nel ting
point fat, eg, hydrogenated rmaize oil with a M P. of 35-37[err]C,

such that the F.at i yohegm@tyo@m@ pumpiiriy raid ifid JPaigitoHwherot i n

Suspension 15 Peonrtihers de BHE BRI SER RENTre 1T 12 m xed
with the fat/dt.arch F@Irem,t oy hrds ,f (frJdddxterau:gh t;he c_ontanméxtsedl.sjl e
fitted with 2mm di a ggpleehet Wéaﬂ”§ie§g“§] g.material is granulated and
further chilled to maintain it pe unt|I used. An

exanpl e & a PreezeThe Fhole Midk Gan be Suhﬁﬁwqq atithofFulde Graamt i on

Wil l now be describedix Powder usedC%Id apqlewle%o ?arw iwdiwne of
Bi fi dobacteri um 35 l,ongum Bi fi dobacteriu |f| n1or .but ricum are

produced by convent B8tdAsnEmnthase &%?c‘é“’c id ko) 1
PCT/ AU95/ 00613 gquantity of water required is ém%o adjusted_ “
- accordingly.
10 6. ‘For fruit flavoured yoghurts, commercial fruit bases

are combined with the yoghurt prior to filling.
typical ratio would be 85 parts yoghurt to 15 parts
fruit base. -
7. . If homogenization is required for textural purposes,
15 it is recommended to lightly homogenize at 200 - 250
psi after Step 2, before cooling. Homogenization at
lower teﬁperatures could result in damage to the
stabilizer component.
dient jer
20 Resistant starch (Hi maize) and MAPS 449 are supplied by
' Starch Australasia Limited, Australia.

INSTANT MOUSSE
- INGREDIENTS - : PARTS BY WEIGHT
Resistant Starch Fraction, : . _
Probiotic, Corn Syrup Solids 15 parts
Fieldose 30 75 parts
Sugar : - ' 50 parts
Instant Gelatin 800 c : 4 parts.
Instant FTD 176 Pregelatlnlzed
Starch ' o 10 parts
Water : : 150 parts
Colour and Flavour As required

25 METHOD
- Blend all of the dry ingredients.



suspensi on prepared by nenbrane filtrating, preferably ultrafiltration s
and/ or centrifugation. Resistant starch Is gently stirred into the

cel | sW&P6/98263n (0.10 - 0.50 -gmm) along wth anoPE3IAUMSHeRB ot ect ant ,
sucrose (0.07 5 gmm). The product is then quickly frozen to -40[err]C"*
and freeze dried to a water activjpy of aw 0.01 or less to . obtain
optinumstability. The culture is then renoved - fromthe dryer, gently
pul veri sed and packed into air- tight containers and stored at 4 C

until use._10 W@I@ceé@{%l: Of ad @ Oh ' @EY Gh £ | 15 EHL Abd conmposi tions
of the invention are, as foll fﬁg a &ty %: US- FLAVOURED

BEVERAGE - Continue to Whlp until theygver-zrun is 15°$NGREDIENTS :
% by Wi giilngredieresswpphiess arch 9. 00 Freeze dried

probiotic 0 8. 00
Fi el dose 17 VeIt cfi? st Flef%ﬁ§88§p and regigtang starch itk
1.725 maiqe)(aggnspppwgen(km Starch AustirgDasia Limitedur §
0.20 Adggygfaéuun 0.25 Trical ci um phosphat e

0.10 To suit
100. 00 Instant Gelatin 800 is supplied by Leiner Davis Gelatin

(Australia) Co. .
In order to further assist in the understanding of

10 this invention, a series of experiments will now be
described which demonstrate utility.

Experiment 1 - ‘l
In this experiment the ability of a range of colonic
"bacteria, obtained from culture collections and isolates

15 from human faeces, to utilise a source resistant starch as
a fermentation substrate was assessed. In all cases the
source resistant starch was high amylose maize (Hi-maize-
TM obtained from Starch Australasia Ltd) or derivatives
thereof. _ :

20 In Table 4, there is shown the fermentability
results obtained for a range of resistant starch types and
bacteria. Assessment was in terms of total carbohydrate
resldue (mg/mL) .

In Figure 8, there is shown the results obtalned for

25 volatile fatty acid production (VFA) for Hi-maize starch
and Sigma amylose when fermented with a number of
bacteria. o

In Figure 9, there is shown the growth profile of
Bifidobacterium strains X8 and X13 over time using a

30 number of resistant starch substrates. _

In Figure 10, there is shown the growth profiles of
B.bifidum and Cl.butyricum over time using the res;stant
starch substrates of Figure 9.



METHOD 1. Bl end all ingredients thoroughly. Preparation

20 Wt h stlrrlng add 30 grans dry mx to 337 nils wat er .
Ingredl ent YOR4/08261c Resistant starch (H maize) and FGVARISO06I3 5r o

supplied - by Starch Austral asia Limted, Australia. WD 96/ 08261
PCT/ AU95/ 00613 - 19 16
YOGHURT The following fornula is offered as a starting for
t he manufacture of stirred or set yoghurts. | NGREDI ENTS
Resi stant starch : : 10.0 _ - VWhole MIk
33.0 - Sugar _ 10.5
Non-fat M|k Selids- . Q.0 MARS._ 449
0.5 - Stabilizer. 0.5
.Culture.(problotqc)_ : ; L()Table s

5 _ .

' Fermentability of native and derivatised high amylose
maize starch by different bacterial strains (residue of
total carbohydrate present after 48 hours of anaerobic
fermentation) _

10 Total carbohydrate residue (mg/ml)
Starch Type 1 2 - 3 4 5 6
Bifido strain X8AT1 6.43 4.99 5.57 4.68 4.97 6.41
Cl. butyricum 5.62 4.09 6.16 4.88 6.18 4.99

" B. bifidum ~ 6.70 5.20 6.09 5.79 6.00 6.68
Medium control 9.31 9.87 9.92 9.30 9.70 9.80
Starch type 1 = Hydroxypropylated
Starch type 2 = Acetylated
Starch type 3 = Octenyl succinated

15  Starch type 4 = Carboxymethylated
Starch type 5 = Succinated
Starch type 6 = Unmodified
Observations o

Some strains, particularly those from the genus
20 Bifidobacterium, Bacteroides, Eubacterium and Clostridium,

demonstrated an ability to degrade the granular starch.
‘The products of these in vitro fermentations
included short chain fatty acids (VFA) such as acetate,
pfopionate'and butyrate which are important in the
25 ﬁaintenance and protection of the bowel and the body.

- It is to be noted from Figure 9 that each bacterial
strain displayed individual growth profiles that
demonstrated that the starch or chemiéally'derivatised
starch could act as the substrate for the fermentation.

30 . In some cases such as that shown by Bifidobacterium
strain X8 the ability to utilise the hydroxypropylated



Wat er to 100.0 5 MVETHOD 1. Conbi ne al

of the redlents except the culture, maki ng sure that the

st abi | ﬁ%g di sper sed. - 2. Heat the m xt urRBCT/AUSHOOB degr ees
C, and hold at this tenperature for 30 m nutes. 10 3. Coo
to 38-45 degrees C 4. Add thegpesistant starch fraction. -5

| nocul ate with the culture and |ncubate at 42 degrees C.

6. Allow the culture to ferment the yoghurt to a pH of 15 , 4.0 -
4.2. hilgh a:@.’[éé&%@i@e %téréﬁ%@@sngt reflectedirn re%?% There
are a varlety of stabjlizers available 2 con5|st|ng % tin

gel ati ne atl Qﬁi% tign of Blf1d°baiﬁﬁF%W%Hﬂ%ralﬁkﬁﬂnﬂﬂﬁnﬁﬁtsnuﬂnI|zers
are a) Geltmunb about 8 houmvmdugbme}‘cemé;geéﬁn@?& sthe! ?; Ib Ine(]{%gztm ralia)
Co., : | zer ncto avai

Ger mant own RIS ,fQ % 1&%%1"%5’61‘8“?*2@“533 NRPEIBGLRD nhi nat i on
should be imreased from vahmut 4 he Yogvanl nic.6 12 ghey/nebreftdsr afg ons can, -
under somhdjggLunst ances, give adverse effects. WO 96/ 08261

PCT/ AU95/ 00613 '

Accordingly, the type or extent of the modification
of the resistant starch may be used as a means by which to
control either the rate or site of fermentation of the

10 resistant starch in the gastrointestinal tract.

This is further demonstrated when the growth
performance graphs shown in Figure 10 are considered. ‘l

This allows for the possibility of selecting a
modified resistant starch type to selectively target the

15 promotion of bacterial growth in a region of the
' gastrointestinal tract. '
Experiment 2 : _ _

In this experiment, the ability of, for example

Bifidobacterium, to adhere to the starch granules of

20 native and derivatised high amylose maize starqh granules
for the purposes of transpdrtation or fermentation was
examined. The results shown in Table 5 indicate some
differences based on the modified starch type.

25 | o Table 5 |
Percentage of starch granules with bacteria attached in
agueous suspension after simulated food processing (heated
to 90°C for 30 minutes).

' ~ Starch granules with bacteria

30 ) N attached (%)
Starch Type 1 2 3 4 - I 6
Bif. bifidium 10 17.5 2.5 10 . 0 0
Bif. strain XBAT2 25 40 10 32.5 47.5 10

Bif. strain X13AT2 50 30 2.5 17.% 15 7.5

¥



1% 3. For stirred yoghurts, punping and filling of the

containers is done between Steps 6 and 7. 4, For set o%hurts
filling i "Y@9%M®#6kont ai ners is - done between St eB&’é 95oeE 5
5. The Whole M1k can be substituted with Full Cream M| k
Powder used at a level to give equivalent 21 solids to those
contributed by the Wiole MIk. The quantity of water required is
al so adj usted accordingly. 10 6. For fruit flavoured

yoghurts, comiadcH thypd t1 EasRfdroxypropylated € conbined with the yoghurt
prior tofiIIin%. @\1 2 = té/ical ratio woul d be 85 parts yoghurt to
15 parts starch typg 2 dgetylated, | f honmpgeni zation is required

for textural PBraedesype 3 = Octenyl swaoigwtednded to |ightly honopgenize

at 200 - 250 : | _af %ﬁﬂ e cool i ng.. Honogeni zati on at
| ower terrperatst}raé"s?hc'c}-‘mp(fofdesul aezlfbn. arra&eylt%éﬁe stabilizer
conponents, Staﬂﬁgﬂ@%rﬁ-%tﬁj{ﬂqma@é Resi stant starch (H nmaize) and

MAPS 449 are SipldiEdype 6 = vilmdieyuptralasia Limted, Australia.

| NSTANT MOUSSE . 1 NGREDI ENTS ' _ PARTS BY
VEI GHT Expaydfent;# ‘Starch Fraction, ' Probiotic, Corn Syrup
Sol i ds 15 par iorder to demonstrate that resistant starch can
pass through to the large bowel and promote the growth of
10 probiotics microorganisms, two feeding trials were -
conducted.

The first trial involved feeding mice known not to
have any native caecal bifidobacteria, with a diet
including Bifidobacterium strains as shown in Table 6.

15
Table 6
Diets for Mice Probiotic Feeding Experiments
Test Groups A B Cc D E
Starch _ _ Waxy HA Carboxy- - HA None
' methyl '

400 400 400 400
Casein - 200 200 200 200
Canola oil 25 25 25 25
Sunflower oil 25 - 25 25 ' 25
Sucrose : ' 150 150 150 150
Wheat bran 100 100 100 100
Gelatin 20 . 20 20 20
Mineral mix 67 67 . 67 67
Vitamin mix 13 13 13 13
Methionine 2 2 2 2

Bacterial strain X8AT2 ' XBAT2 X8AT2 Bif.bifidum X8AT2

* all weights in grams



Fi el dose 30 - 75 parts. Sugar

50 parts I nstant Gel atin 800 4 parts
| nst an? 6983615 pregel ati ni zed St ar ch PCT/AU95/00613
10 parts . Wat er _ 150 parts

- Col our and Fl avour Asgpequired 25  METHOD Bl end
all of the dry ingredients. WO 96/ 08261 .
PCT/ AU95/ 00613 18 - Wi | st
stirring, add the dry mx to cold water. . - Continue to whip unti
the over-run is é gredlent Suppliers I nstant FTD 176,
Fi el dose 30*%hY V%§Y§T3h?es? PEFR(H 5 mmize) are supplied by Starch
Austr al asiBA{ imigkdamylose naisze astarch Instant Gelatin 800 is supplied

?ﬁr%ﬁgP6255|st iﬁgééyun ers?oﬁﬁwﬁgﬁg*éq%dqg%%hsa$¥ﬁo?ﬁ|%ﬁlgioég$#%g of
exper5nents w |l now be
Bacterial cultures (200 microlitres) were orally ingested
by the mice with the starch containing meals.
The consumption of resistant starch resulted in an
increase in faecal output and faecal dry matter plus a
10 significant increase in the amount of starch detected in
the mice faeces, as is shown in Table 7.

Table 7
Starch concentration in mice faeces : :
15 - Starch in Faecal pool (% dry weight)
Day 3-4 - Day 5-6 Day 7-8
Group A 1.80 - -0.56 . 2,87
Group B 29.23 _ 24.51 32.87
Group C- 19.59 16.37 . 14.23
Group D 18.09 27.09 28.16

A comparison of the average viable bacterial counts in the
mice faeces during the dosing period of the experiment, as
shown in Table 8, revealed a significant increase in the

20 number of bifidobacteria being excreted.by the mice
consuming resistant starch in the form of unmodified high
amylose maize starch and modified (carboxymethylated)
maize starch. .
’ It is of further note that less carboxymethylated

25 maize starch was found to be present in the faeces as
compared with high amylose maize starch. This further
demonstrates in vivo the differential utilisation of
modified versus unmodified resistant starch as was
mentioned in relation to the Table 4 and the results shown

30 in Figures 9 and 10.



descri bed which denonstrate utility. Experi ment 1 In this

experlnentrﬁg§P§§ﬁllty of a range of colonic bacterla tained from
cylture co s and isolates 15 ~“from hunan faeces, RI/AT500e13
source resistant starch as a fernentation substrate mas assessed. In
all cases the | source resistant starcB3iwas hi gh anyl ose nmai ze

(Hi -mai ze- TM obt ai ned from Starch Australasia Ltd) or derivatives

t hereof . 20 - In Table 4, there is shown the fernentability

results obtained for a range of resistant starch types and bacteri a.

Assessnment was I n terns of total carbohx@%€§$ re5|due (nmg/nL) .

In Figure 8, there is shown the results fed for vol ati-le fatty

aci d producti chavéréde oHrviablei bacténialb countsain Ehgnaonﬁxhned dbsing

fermented wt pber of bacteri a. I'n Flgure 9, there

i s shown the grew _ | er
time using a 30 nunber of resi stMa]sthcite:si&)sﬁum\Hs/day/mouse I n
Figure 10, there is shown the gro 0, B. bi fi dum and
Cl . butyricum over 'time using the:ﬁé;iq %Aéﬁ%lgstarch.substrates of Figure
9. - WD 96/ 08261 Mean+-Std Mean Diff. PCF~AE8%/ 00613
19 Group A 7.152+-0.96

Group B 7.965+-0.56

Groups A-B : -0.813 p<0.05

Groups A-C : . .=0.855 . p<0.05

Group D 9.434+-0.72

Groups A-D o o 0 =2.282 p<0.05

Group E 7.159+=-0.61 '

Groups A-E ' -0.007 none

The second trial involved feeding pigs a diet as
shown in Table 9. '

10 The formulations of these diets was prepared by
blending the ingredients in a Hobart mixer at low speed
for about 60:seconds to minimise any damage to the
bacteria. ' '

_ This trial (crossover design) was conducted

15 involving 12 male pigs where one of two experimental
diets,-containing the probiotic Bifidobacterium longum,
Qas fed for a period of one week followed by a cleaning
out period where an antibiotic (Olaquindox broad spectrum
for both gram positive and gram negative) diet was

20 consumed. '



Fernmentability of native and derivatised high anyl ose 3

Table 4 5

mai ze starch by different bacterial strains (residue of t ot al

car boh resent after 48 hours of anaerobic f POTEATIOSON6ES) 10
Total carbohydrate residue (ng/m) Starch Type 1 2 3°
4 5 6 Bifido strain X8ATl;46.43 4.99 5.57 4.68 4:97 6.41
. butyricum 5.62 4.09 6.16 4.88 6.18 4.99 B. bifidum
6.70 5.20_6.09 5 .79 6 00 6. 68 Nbdiun1contro| 9.31 9.87
9.92 9.30 9.70 9.80 Starch a%! Hydr oxypr opyl at ed Starch
type 2 = Acetyl ated Starch type abten | succinated 15 Starch
type 4 = mm gigts for S?cl’!ﬂ @98/ pe 5 = Succinated . Starch type
6 = Unm)dl;[fﬂ dient Qbservations - Sone ﬁ{‘d&w gart rcularly
those fro e genus 20 Bi fi dobacteriu Bact er'ol des E% acterium and
Clostridi denonstrated an aMIit£%Qo degr ade t&&%ﬂanular starch.

The produtaxyoinaizesatidtch tro fernentatiogs
High amylose maize starch

Sucrose
Safflower
Wheatbran

Bifidobacterium longum 1941

Vitamins & Minerals

100
40
200

20

2

498
100
40 -
200
20

2

The Bifidobacterium longum 1941 was consumed as a'freeze'

dried powder w1th a viability of between 5. 48 x 10° cfu/mg

5 and 1.02 x 10%° cfu/mg.

The experiment showed an increase of 0.92 (logl0) in the:

numbers of bifidobacteria present in the faeces of

individual pigs, as shown in Table 10.

10 | Table 10

Summary of average Bif.longum counts in pig faeces on both

diets |

Pig Number Control Starch + Resistant Starch +
Bif.longum Bif.longum
(cfu/day) (cfu/day)

4 1.14 x 10° 2.57 x 10

5 4.70 x 10° 4.24 x 10%°

6 9.77 x 10%° 1.35 x 10!

7 4.67 x 10° 6.43 x 10*°

8 1.02 x 10'° 2.37 x 10M!

9 6.68 x 10° 2.43 x 10°

11 5.76 x 10° 1.19 x 10t

12 2.39 x 10%° 2.60 x 10°

13 4.59 x 10° 4.69 x 10°

14 3.28 x 10%° 3.78 x 10%°

15 .3.62 x 10%° 6.69 x 10%°



ihglgded shor&hchﬁin fatty acids (VFA) such as acetate, - propi onat e

an utyrate ich are inportant in the 25 .. maintenance and. _protection of
the bowel WANSA8A hody . It is to be noted fromBSHYaPE/ Y6l 5
each bacteri al : strain displayed individual- ‘grovith profiles that
denonstrated that the starch or chemni cal |l ggderivati sed © starch could
act as the substrate for the fermentation. 30 In sonme cases such as
t hat shown by Bifi dobacterium - strain X8 the ability to utilise the

hydroxyproPY'gﬁédlevel of Y6L88108R6%t chain fatty acids (acetate,

PCT/ AUQ5/ 0061 | gh anyl ose
mai ze starch REePLORater pad; BUtyRakR); fprrgaged when %hfhgesésﬁ gglon of
B|f|dobacterlﬂ?asﬁhawasXBnpmpdédt1nnthe dleunbnt dhdunos ogrtdefr om t he
conmencenent o b n e dob

popul ati on %E?eggg n@&ggg?%QE W%Q EFO 6 #gF %;?g?rég
hours. 5 analy5A§cpeufngm9d pneth?péaepeéxﬁéﬁﬂdoﬁhﬁﬁeanéeFBPEat|on

-of the resistgal.-shehgh ys?ﬁrﬁﬁe@aﬁspﬁegéﬁﬂs1BYtWB|9&g§0fed resietane!
e 0

either the ra or sl fermentation Q resi stant,.starch in the
gastr0|ntest|ﬁ§PrFPaEPat in the °°“t?ﬁﬁsd#§tfGFPH§P18é98h§FF§P§H'when t he
growt h digestible waxy maize starch), but more importantly a

significant drop in the percentage of starch present was
10 observed when the resistant starch was fed in conjunction
with the Bif.longum indicating that the Bif.longum was
probably using the resistant starch as a substrate.
At the end of the final rotation, the experimental
diets were maintained. The probiotic supplementation
15 ceased. When the faeces were monitored over a four day
period the level of Bif.longum experienced a rapid decline
for the first two days and then appeared to achieve an
equilibrium. This suggests that the diet may be promoting
the colonising of the bifidobacteria in the bowel. Other
20 reported experiments: which did not include resistant
starch found that the levels of bifidobacteria dropped
completely within two days even after maintaining the
experimental diet.
It will be appreciated by persons skilled in the art
25  that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the
invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as
30 illustrative and not restrictive.



per formance graphs shown in Figure 10 are consi dered. _ Thi s
allows _for the pogsthidity of selectjng a nodi fi ed resistant starch

type t VL1 el yTHIBrpRtETI NG BfeN |pronotion of- er i BET/APOYR0613 n a
region of the gasmmkugngﬁnlnaJ tract. Experi ment - |
In this experi nent=—tHe=abrtity opgexanpl e  This Sheq@iibd BbaDRG Ll UM tO
adhere to the starch granul es of 20 native and ﬁﬂ” 1 anyl ose
mai ze starch granul es for the purposes of tr

f er ment at | ODAYMS exam ned. The results shown in Ta

b nodi fi ed h t
g;grgrgncef aéégcéﬁ?%b%tb? g?%sgﬁfgiéﬁuF%éBﬁ}?ﬁngaEP%r?ﬁ BP¥Rched in

aqueous su@p@hs¢bp¢amieroergahaSmd &nddapcareiernghibhaWEml functién
90[err] C fo5 BPafkpyiESthe one or mor?'grﬂbaof¢§ micrgﬁgééaégﬁgggées Wi th

bacteria 30
1 57 thegjlarge bowel gr other regionsppf thefgastneintestinad 17.5

2.5 10 trékt, theOcarrierBtém ﬁléﬁhg §8ﬁ§%1f1e%25r unﬂgdlfiég 32 5

A 5
47.5 10 res18té£t géé@é_ g%%mlxtures ‘thereof, which carrier acts

as a growth or maintenance medium for microorganisms in
the large bowel or other regions of the gastrointestinal
10 tract. _
2. A two part probiotic composition comprising a first
part which 1ncludes one or more probiotic microorganisms ‘
and a second part which includes a carrier, the carrier
comprising a modified ot unmodified resistant starch or
15 mixtures thereof, which;catrier acts as a growth or
" maintenance medium fbr mic:dérganisms in the large bowel
or other regions of the gastrointestinal tract.

3. A composition as in claim 1 or claim 2 wherein the
starch is type RS1, RS2, RS3 or RS4. :
20 4. A composition as in claim 3 wherein the resistant

starch is selected from the group consisting of high
amylose maize, rice, barley, wheat and legumes, or is
derived from a source including potatoes and bananas.
5. A composition - as in claim 4 wherein thé-amylose
25 content is 50% w/w or more, preferably 80% w/w or more, or
for rice, starch, 27% w/w or more. _
6. A composition as in claim 5 wherein the resistant
starch is maize starch. _ _
7. A composition as in any one of claims 1 to 6 wherein
30 the resistant starch is modified.
8. A composition as in claim 7 wherein the resistant
starch is hydroxy propylated, acetylated, octenyl
succinated, carboxymethylated or succinated.
9. A composition as in any one of claims 1 to 8,
35 wherein the probiotic microorganism is in freeze dried
form, concentrate form or frozen concentrate form.

R Y




VWO 96/ 08261 - PCT/ AU95/ 00613

21 Starch type 1 Hydr oxypropyl ated . Starch type 2 = Acetyl ated
Starch tyW&9%/0826tct eny| sucm nated - Starch. type 4 = CaPSGAE0MRIBated 5
Starch type 5= Succinated i+ Starch type 6 = Unnodified Experiment 3
In order to denonstrate that resistant stagmch can © pass through to the
| arge bowel and promote the growth of 10 probi otics m croorgani snms, two
feeding trials were conduct ed. The first trial involved
feeding mce Kgown ROtk 031t10nh3¥elﬁn¥laih|§? ﬁﬁéﬁahepéﬁdéﬁﬁaﬁheélalmMﬂth
a diet I ncl udi ng obagteriumstra as_shown .in gablg 6,.15
Table 6 1EXHP§erP EpeerPﬁbﬁFBPFcsF@EthQSEiﬁEFFﬁEHF§e withribg
g;oups A proﬁmotlc Ricroorgafiism. ‘St arch

Xy rboxy- . . . R
met hy! gﬁ. X CompOSltE%h 2801nh9286m 10 XBsreln the ﬁsslstant
Caseéin 5 starch 260a copgentratipgoof 2 to 28&ow/w. Canol a oi
gg 25 1225 A composZRion as $HNEhPVBheOblt claims22 to 125 25

wherein the resistant starch has been eroded or pitted.
13. A composition as in any one of claims 1 to 12
wherein the probiotic microorganism is selected from the

10 group'consisting of Saccharomyces, Bifidobacterium,
Bacteroides, Eubacterium, Clostridium, Lactobacillus,

- Fusobacterium, Propionibacterium, Streptocbccus,
Enteroccus, Lactococcus and Staphylococcus,
Peptostreptococcus.

15 14. A composition as in any one of claims 1 to 13
wherein the one or more probiotic mlcroorganlm and a
modified resistant starch are selected such that bacterial
growth is promoted in a selected region of the
gastrointestinal tract.

20 15. A food composition including an effective amount of
a probiotic composition as defined in any one of claims 1
to 14. '

16. A method of forming a probiotic composition
comprising drying, blending, co-extruding, spray cooling,

25 entrapment, adhesion or micro-encapsulating one or more
probiotic microorganisms with a modified or unmodified
resistant starch or mixtures thereof.

17. A method as in claim 16 wherein drying is by freeze
drying, spouted bed drying or spray ‘drying.

30 18. A method as in claim 17 wherein drying is by freeze
drying. ' '

N 0 R



Sucr ose 150 150 150 150 Wheat bran

100 100 100 100 CGel atin 20 20

20 WO 9598261 M neral mix - 67 67 6RCT/AUISI00613 57
Mitanm n mx 13 13 13 13 Met hi oni ne

2 2 2 ' 2 Bacterial strain X8AT2 X8AT2 X8AT2
Bi f.bifidum XB8AT2 * all weights in grans WO 96/ 08261

PCT/ AU95/ 00613 22 Vaxy: waxy
mai ze starch HA: hi gh anyl ose ngy e starch Car boxynet hyl :

Car boxynet hyl at ed hi gh anyl ose mai ze rch 5 Bacterial cultures
(200 mcrolitres) were orally ingested by the mce with the starch
cont ai ni ng neal s. The consunption of resistant starch resulted in an
i ncrease in faecal output and faecal dry matter plus a 10 significant

I ncrease in the amount of starch detected in the mce faeces, as is

shown in Table 7.

Fig.1
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Table 7 Starch concentration in mce faeces 15

Starch in pool (% dry weight) 5

Day 5-6 “Fa”%m;ééy 7-8 G oup A 1. 80 PEYagiashoss

2. 87 Goup B 29. 23 24.51 32. 87 Goup C
19. 59 - 16. 37 14. 23 G oup D 18. 09

27.09 - 28. 16 Goup E 0.94 ' 0. 30

-1.63 A conparison of the average viable bacterial counts in the
mce faeces during the dosing period gf7the experinent, as shown in
Tabl e 8, revealed a significant increase in the 20 nunber of

bi fi dobacteria being excreted by the mce consum ng resistant starch
in the formof unnodified high anyl ose mai ze starch and nodified

(car boxynet hyl at ed) mai ze starch. ' It is of further note
that | ess carboxynethyl ated 25 mai ze starch was found to be present in
the faeces as conpar ed Mﬁth hi gh anmyl ose mai ze starch This further
denpnstrates in Vvivo thgetedsies e vy nodi fi ed versus
unnodi fied resistant st elation to the Table
4 and the results shown

Fig. 2
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23 Tabl e 8 Average of vjable

bact eri al WOR@8261i n t he conti nued dosi ng period 5 PCT/AUSN00613

Total bacteria output/day/ nouse bi fi dobacteria
Mean+- Std Mean Diff. F-test G oup A 7.152+-0. 96

G oup B ' 7.965+- 0. 56 G oups A-B

-0.813 p<0. 05 Goup C 8.007+-0.50 G oups A-C
-0. 855 p<0. 05 Goup D 9.434+-0.72 G oups A-D
-2.282 p<0. 05 Goup E 3/7 7.159+- 0. 61 Goups AE
-0..007 none ' The second trial involved feeding pigs a diet
as :

SUBSTITUTE SHEET (Rule 26)



shown in Table 9. 10 The formul ati ons of-these diets was prepared

by bl ending the ingredients in a Hobart m xer at | ow spee for
about 60 WOM6/H861t 0 mi ni m se any damage to the bacterll’(f'ir.'A 95/00613

This trial (crossover design) was conducted 15 i nvol ving 12 nal e pigs
where one of two experinental diets, containing the probiotic

Bi fi dobacteri um | ongum was fed for a period of one week foll owed by
a cleaning out period where an antibiotic (d aqui ndox broad spectrum
for both gram positive and gram negati #J diet was 20 consuned.

WD 96/ 08261 PCT/ AU95/ 00613

24 Table 9 Experinental diets for
t he pigs | ngr edi ent Anount ( Q)

Casein 160 160 Waxy nai ze
starch 498 - : Hi gh anyl ose nmai ze starch

- 498 Sucr ose 100 '

100 Saf f | onergey ' g 40

V‘&\!’
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200

Bi fi dobact erium

Vitamns & Mnerals

The Bifidobacterium|ongum 1941 waPEMEWIee3as a

The experinment showed an increase of

in the faeces

?aeces on both

Wieat br an 200

| ongum 1941 20 20

2 WO 96/08261

freeze dried powder with a viability of between 5.48 x 10[err] cfu/ng
5 and 1.02 x 10[err] cfu/ng.

0.92 (logl0) in the nunbers of i7fi dobacteria present

of | ndi vi duayPAGpro@fuétiBirafter'48 Kot fertientatio

Tabl e 10 Sunmary average BiT.longumcounts 1n pig

diets Pi g Number Control Starch +

Bi f.l ongum
(cful day)
5

9.77 x 10[err]
10[ err]

2.37 x 10

11

2.39 x 10[err]
10[ err]

3.78 x 10[err]

Bi f.l ongum

Resi stant Starch +

(cfu/day)

4 1.14 x 10[err] 2.57 x 10[err]
SOp—TO—X1oferTi 24X 10T prr|] 6
L 1.35 x 10[err] 7 Acetate 4.67 X
6.43“§_10[err] 1.02 x 10[err]
9 10[ err] 2.43 x 10[err]
.76 x 10[e 1.19 x 10[ grr] 12
30F2.60 x 10[ 13 4.59 x
4.69 xL 10[err] 3.28 x 10[err]
zo15 . 3. 62 x 10[ grr] 6.69 x 1010
B sigma Amylose
B Hi-maize starch
10
S0 .
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V\G 96/ 08261 -PCT/ AUQ5/ 00613

he level -of flaecal short chain fatty acids (acetate,
prop| onat &Pk yrate) increased when the resistant PCT/AUSS00%Y
included in the diet but did not further i ncrease when the probiotic
was added. However the starch 5 anal ysis perfornmed on the faeces found
that a | arger percentage of starch was present in the pigs fed
resi st ant starch that in the con?f’l di et (containing readily
di gesti bl e waxy rﬁrm&hs:feﬁlﬁldpbacnanummm KB differgn atarches ($i6ni fi cant drop
in the percentage of starch Qpregent was 0 observ d en the resistant

starch was fed in conjunctiaq he, Bi f. | onJum’i ndi cating that the
Bi f. | ongum was EISéusPng th % |4$tant stércl® as a substrate.

qQroba

At the end of the fl g : =ehS were

mai nt ai ned. The probiotic suppl errent ation 15 ceased. t he faeces
were nonitored& over a four day period the |evel I f 4l ongum

experi enced a::apl dd for the first two d t hen appeared

y be

to achi eve an—- eq e _
owel . Qther 20

pronoti ng a.Che 108! foni sing of the bifidobacy$

reported experg_lﬁents jtarch found
that the Ievel.sapf bi f§ dobact er.i a dropped c-oRfpHit @ i thin-two days
even after maifh@aini ng t he _
iz
3]
3¢ 10°
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3 ;
=
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Growih of -Bifidobacterium strain X13 on difféi'ent starches (1-6).

Xi3-189 —o—1 = —&=3 —k—3
—0—2 —0—4 —— 6

108
[~
2
3 10
2=
i
- Q)
sSe |08
i
K3
9 10°
=
o
10°
Time (h)
FI1G.9

SUBSTITUTE SHEET (RULE 26)



I will be appreciated by persons skilled in the-art 25 that nunerous

vari ations and/or nodifications nay be made - to the i |_.on 3s shown
in the spWei%P826knbodi nent s wi t hout departing from t%&#“’ml or
dcope of the i nvention as broadly described. The present enbodi nents
are, therefore, to be considered in all respects as 30 il lustrative and
not restrictive. ' Dat e: CLAI V5
1. A probiotic conmposition conprising one or nNore s« probiotic '
ni croorgani sms and a carrier which M7l function to transport the one
or nore probiotic mcroorganisns to 5 the | arge bowel or other regions of -
t he gastroi ntesti nal © tract, the carrier conprising a nodif.ied or
unnodi fi ed rekfstanmtstarciT or M Xt ur es ereor, wihichn carrier acts as
a growt h or maignt enpince medi um for mi croor gans in the | ar ge bowel
or other regi OI? of ft he gastrointestinal 1. \LO 2. A two part
probi otic conpOsitipn conprising a fir 4 whi ch i ngcl udes one or
nore probioticean cf ; whi ch J ncl udes a
carrier, the ca&rie nmodi fipd_Lgsist
starch or in’ xt. as a grpw thI‘ z%&&;
2 —f— Starch3
o —{J— Starch4
5 —— Starch$
= —/— Starchs
rF-3
o
40 : 5 10 15
Incubation time ( hours )
E
-
'8
S
s
g. —@®— Starch 1
2 —Q— Starch2
: —3— Starch3
§ —{}— Starch4
ii —2&— Starch5
E' —/— Starché
o 2 2 N 2 1 2 i s A 1 M el L
' 2 5 ' 10 15

Inubation time ( hours )

FIG.10
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27 10. A conposition as in claim9, when dependent on claim 1,
wherein the resistant starch is freeze dried with the probi otic

m cr oor gani sm 11. A conposition as in claim10 wherein the resistant . i
5 - starch is a concentration of 2 to 20% w w. - 12. A conposition as
in any one of clains 1 to 11 wherein the resistant starch has been
eroded or pitted. 13. A conposition as in-any one of clains 1 to 12
wherein the probiotic mcroorganismis selected fromthe 10 gr oup

consi sting of Saccharonyces, Bifidobacterium Bact er oi des,

Eubacterium C ostridium Lactobacillus, ~Fusobacterium

Pr opi oni bacterium Streptococcus, Ent er occus, Lactococcus and

St aphyl ococcus, Pept ost rept ococcus. 15 14. A conposition as in any
one of claims 1 to 13 - wherein the one or nore probiotic mcroorgani m
and a nodi fied resistant starch are selected such that bacterial
growm h is pronoted in a selected region of the gastrointestinal tract..
20 15. A food conposition including an effective anmount of a
probi otic conposition as defined in any one of clains 1 to 14.

16. A nethod of form ng a probiotic conmposition conpri sing drying,

bl endi ng, co-extrudi ng, spray cooling, 25 entrapnment, adhesion or
m cro- encapsul ati ng one or nore ' -

FOR THE PURPOSES OF INFORMATION ONLY
Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemational

applications under the PCT.
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ClL Cire d'Ivoire Kz Kazakhstan SK Slovakis
cM Cameroon LI Liechtenstein SN Senegal
CN China LK Sri Lanka ™ Chad
cs Czechoslovakia LU Luxembourg TG Togo
CcZ Czech Republic LV Latvia T3 Tajikistan
DE Germany MC Monaco ™ Trinidad and Tobago
DK Denmark MD Republic of Moldova UA Ukraine
ES Spain MG Madagascar us United States of America
FI Finland ML Mali uz Uzbekistan
FR MN Mongolia VN Viet Nam
GA
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starch or m xtures thereof. 17. A nethod as in cl ;ﬁggﬂg |2|JUL 1336
drying is by freeze dryi ng, spout ed bed drying or m ryrng. 30

18. A method as in claim 17 wherein drPa®§ is by freeie~_______*lglgl__~

L

1. A probiotic composition comprising one or more
probiotic microorganisms and a carrier which will function
to transport the one or more probiotic microorganisms to
5 the large bowel or other regions of the gastrointestinal
tract, the carrier comprising a modified or unmodified
resistant starch or mixtures thereof, which carrier acts as
a growth or maintenance medium for microorganisms in the
large bowel or other regions of the gastrointestinal tract.
10 2. A two part probiotic composition comprising a first
part which includes one or more probiotic microorganisms
and a second part which includes a carrier, the carrier
comprising a modified or unmodified resistant starch or
mixtures thereof, which carrier acts as a growth or |
15  maintenance medium for microorganisms in the large bhowel or
other regions of the gastrointestinal tract.
3. A composition as in claim 1 or ¢laim 2"wherein the
starch is type RS1, RS2, RS3 or RS4.
4. A composition as in claim 3 wherein the resistant
20 starch is selected from the group consisting of high
amyloée maize, rice, barley, wheat and legumes, or is
derived from a source including potatoes and bananas.
5. A composition as in claim 4 wherein the amylose
content is 50% w/w or more, preferably 80% w/w or more, or
25 for rice starch, 27% w/w or more.
6. A composition as in claim 5 wherein the resistant
starch is maize starch.

7. A composition as in any one of claims 1 to 6 wherein
the resistant starch is modified.

30 8. A composition as in claim 7 wherein the resistant
starch is hydroxy propylated, acetylated, octenyl
succinated, carboxymethylated or succinated.

9. A composition as in any one of claims 1 to 8, wherein
the probiotic microorganism is in freeze dried form,

35 concentrate form or frozep concentrate fprm;-."
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