WD 97/ 34591 PCT/ AU97/ 00174

Al teration of Mcrobial Populations in the Gastrointestinal Tract Techni cal
Field This invention relates to methods of enhancing resident popul ations
of m croorgani sms or suppressing undesirabl e popul ations of 5 -

m croor gani snWo7348¥l ect ed sites of the gastrointestinal trBEFABYANANal s

I ncl udi ng humans. As used in this specification, probiotic or probiotic

m croorganismis a live mcrobial feed supplenment which beneficially
affects the host animal by inproving its intestinal mcrobial balance. This
is the definition provided by R Fuller (AFRC Institute of Food Research,
Readi ng 10 Labor afBezatianof MigrobighRepulatigns ppthe Gastmmintesting) Bragt 1989.
66, pp.365-378. TdhaiadFidé i n Man and Aninals - A Review', and has

subsequent |y been extended, 1 Q_incl ude, suppl emgnt,s and food for, humans.
Background Art The gastr O'Emségl’?‘ﬁ%ﬂn rﬂa}a{) R’,«H’%&‘&PF 8?5’%“%%"3%%# hy subj ect
protects 15 tpupu%amm' sfof emicysergeogsms pnsappressing nndesirablewpopulatiensaifder | y

and the conprom pedadghhidis at SAVREE sited Bf ﬁxe%a%@ﬁxttés\(ﬁapﬁ'ﬁéticffran'itﬁaﬂse_ss
effective. An indiyvidu can b .sed 1,0 vari ous. 4eg ging from

conpr o rees, ran
mi nor stress andOfMARERumans, s used in.this specificatiop,prp ‘lfe%’?b‘éﬁﬁt i onal
and nutritional micresrgasism is adiserminzokiakfeed supplemenit whichnheneficiallypafladts ed
patients and the host animal by improving its intestinal microbial balance. This is the
definition provided by R. Fuller (AFRC Institute of Food Research, Reading
10 Laboratory, UK] in - Journal of Applied Bacteriology, 1989. 66, pp.365-378.
"Probiotics in Man and Animals - A Review”, and has subsequently been
extended to include supplements and food for humans.
Background Art '
The gastrointestinal tract microflora of the healthy subject protects
15 the host from pathogen invasion. In the young, the elderly and the
compromised patient, however, this protective barrier is less effective. An
individual can be compromised to various degrees ranging from minor stress
and related events, for example, dietary changes, emotional and nutritional
stresses, to extreme cases such as in immuno-compromised patients and
20 patients undergoing radio- and chemo-therapy.

Probiotic bacteria have been described to exert antimicrobial effects
which refers to the actions of the probiotic preparation on another microbe or,
group of microbes in the gastrointestinal tract. These are directly applicable
to the use of probiotics for enhanced resistance against intestinal pathogens,

25 prevention of diarrhoea and constipation. The types of interactions include
competitive colonisation as well as adhesion and growth inhibition.

Competitive colonisation refers to the fact that the probiotic strain
can successfully out-compete the pathogen for either nutrients or the site of
colonisation. Since many gastrointestinal pathogens attach to the intestinal

30 mucosa as the first step in infection, it would be beneficial to the host if this
adhesion could be inhibited. There are reports that lactobacilli produce
components which inhibit attachment of enterotoxigenic Escherichia coli to
intestinal mucosa. In addition, various compounds produced during growth
of the probiotic have been shown to inhibit pathogen growth. These include

35 organic acids such as lactic and acetic acid, reuterin and bacteriocins.

Organic acids lower the pH and thereby can indirectly affect growth of the
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20 pati ents undergoi ng radi o- and cheno-therapy. Probiotic bacteria have
been described to exert antimcrobial effects which refers to the actions
of the probiotic preparation on another mcrobe or group of mcrobes in the
gastrointestinal tract. These are directly applicable to the use of-
probi otics fWOIEMI%NcCed resi stance agai nst intestinal pat RSTS84
prevention of diarrhoea and constipation. The types of interactions include
conpetitive colonisation as well as adhespon and growth inhibition. .
Conpetitive colonisation refers to the fact that the probiotic strain can
successfully out-conpete the pathogen for either nutrients or the site of
col oni sati on. ithogenelmadgition.dhaianticiand acstic Roiglsiran dettexis te snicrrbes.
Lnt efS_t' _na: 30 Rﬁuﬁﬂﬁ%ﬁpfﬁsn%ﬂ&ﬁsfth% glowkhe alve Efda_atria@  of del)eqsl pebdueed
eneficial to ost J.f this.adhesion co e inhi . r e
reports that |§>b$6%3’§‘f‘i’4‘?s rgpéeawgerag-%g}#ge %fecxﬁ:ei%rﬁ Hﬁ%&laﬂ]‘%&%@%t of
ent er ot oxi geni badfsxitrins bavebessl lepored mbspm@ceglrbyd@qobaqﬂlmm tion, various
conpounds gpr odueRboftid, HEidsMIRcRicidileBRIteRbAh] Bulgaiea 28BtoRRAOWY tO
i nhibit pathogen oW N. 'I('Qﬁsﬁ I ncl u 35 . rgﬁgl C_aci d§ sagh as ¢l actic
and acetic aciHact 1 g oRreviLy | yrF?.ne(‘ﬁ’ﬁ e 3 YPsoaa e Rd by and
t hereby can i naktirvdty oryalterhativelyspadifically inhibit the growth of a very limited range
of closely related microbes. For example, Lactobacillus sp can exhibit
specific antagonistic effects towards Clostridium ramnosum.
10 There are different levels of specific bacterial populations in the
various regions of the gastrointestinal tract of humans and animals. In
addition, it has been shown that the specific strains of the various genera and
species vary from one region of the digestive tract to another. It has been
shown that dietary fibre influences microbial activity and gas production in
15 the various regions of the gastrointestinal tract of pigs.
In humans it is known that the major carbohydrate sources for
bacterial growth in the colon are provided by dietary and endogenous means
and that bacteria in the proximal colon have a relatively high supply of
dietary nutrients and grow at a fast rate causing a decrease in nutrients

20 available in the distal region resulting in bacteria growing more slowly and
the pH frequently approaches neutrality. Because of these varying
physiochemical conditions, gross metabolic differences are likely to occur
between bacteria resident in the right or left sides of the colon. Thereisa
correlation between the fast and slow rate of bacterial growth in the proximal

25 and distal colon, respectively, with the incidence of disease, including
cancer. In the region of fast growth, there is a lower incidence of disease
than in the distal colon.

It is the contention of many scientists that the health and well being
* of people can be positively or negatively influenced by the microorganisms

30 which inhabit the gastrointestinal tract, and in particular, the large bowel.
These microorganisms through the production of toxins, metabolic by-
products, short chain fatty acids, and the like affect the physiological
condition of the host.

The constitution and quantity of the gut microflora can be influenced

35 by conditions or stress induced by disease, life style, travel, and other factors.
If microorganisms which positively affect the health and well being of the



pathogen. In addition, the lactic and acetic acids can be toxic to
m crobes. Reuterin which inhibits the growh of a very broad range of cells
i s produced by Lactobacillus reuteri when grown in the presence of
gl ycerol. Nunerous bacteriocins have been reported to be produce
EEEfgbye

l-act obaci | |i eWN$?845 acidophilin, Acidolin, Lactocidin, Bak

Bul gari can, Lactolin, Lactobacillin and Lactobrevin. They can either have a
very broad range of activity or alternativel§ specifically inhibit the
growh of a very limted range of closely related m crobes. For exanple,

Lact obacillus sp can .exhi bit specific,antaganjstic effect owar d
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bacteria gr 99 "9 g{s?axistls?av}'{cg in ﬁ‘f'e large bowel produces elevated levels of short chain

fatty acids, particularly beneficial types such as propionate and butyrate.

The present inventors have realised that it would be desirable to not
only deliver probiotic microorganisms to the large bowel but also to provide a
medium that would function to promote the growth of the microorganisms

15 when they reach the large bowel.

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. 1t has also

20 been shown in International publication number WO 96/08261, the content
 of which is incorporated into this specification for the purposes of
convenient cross-reference, that resistant starch may be eroded or pitted to
afford protection of the associated probiotic microorganisms and that the
microorganisms may also adhere to these starch granules. There is a need,
25 however, to be able to deliver probiotics in a more efficient and economical
manner.

It would also be desirable to be able to deliver substrate to specific
sites of the gastrointestinal tract so as to either enhance or suppress the
growth of particular populations of microorganisms at those sites without

30 substantially affecting the populations of other microorganisms at other sites.
The present inventors have developed improved methods for altering or
influencing microbial populations of the gastrointestinal tract of animals
including humans.



the pH frequently approaches neutrality. Because of these varying

physi ochem cal conditions, gross netabolic differences are likely to occur
bet ween bacteria resident in the right or left sides of the colon. There is
a correlation between the fast and slow rate of bacterial growh in-the
proxi mal 25 WO st al col on, respectively, wth the i neCTcUI®0Igs

di sease, including cancer. In the region of fast growh, there is a | ower

i nci dence of disease than in the distal cqgon. It is the contention of many
scientists that the health and well| being of people can be positively or
negatively |nfluenced by the .m croorgani snms 30 whi ch i nhabit the
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g’xa?mn Wi%h one N more probiotic microorganisms such that upon
ingestion the starch passes through the gastrointestinal tract substantially
unutilized until it reaches the selected site where it is utilised by the resident
and/or the probiotic microorganisms thereof causing an increase in number
10 and/or activity of the microorganisms.

In a second aspect, the present invention consists in a method of
suppressing an undesired resident population of microorganism in a selected
site of the pastrointestinal tract of an animal, the method‘comprising
providing to the animal a modified or unmodified resistant starch or mixtures

15 thereof in combination with one or more probiotic microorganisms such that
upon ingestion the starch passes through the gastrointestinal tract
substantially unutilized until it reaches the selected site where it is utilised
by another resident and/or the probiotic microorganisms causing an increase
in number and/or activity of the other microorganisms and suppressing the

20 growth and/or activity of the undesired microorganism.

By selecting a resistant starch or a specific modification of resistant
starch in combination with a probiotic preparation of one or more
microorganisms, it is possible to deliver substrates which are more poorly
used by the microorganisms of one part of the colon than another part. For

25 example, the microorganisms in the proximal colon may poorly utilise the
resistant starch selected than those microorganisms in the distal colon.
Similarly, it is possible to cause one population of microorganism at a
specific site of the gastrointestinal tract to grow while the remaining resident

~ populations remain static or are suppressed by the increased growth or

30 activity of the selected population and/or the probiotic microorganisms.

The present invention can also be used to promote growth of
desirable probiotic and/or indigenous microbes in the small intestine or
stomach where the levels of indigenous organisms are lower and pathogens
frequently establish e.g. H.pylori in the stomach or enterotoxigenic

35 Escherichia coli in the small intestine.



I ndi vi dual can be encouraged to popul ate the |arge bowel, this should

i mprove the physiological well being of the host. The introduction of
beneficial mcroorganisnms, or probiotics, is normally acconplished by the
i ngestion of the organisns in drinks, yoghurts, 5 capsul es, and ot

forms in such WOWEHShat the organismarrives in a viable coPrfarfvaﬁmﬂﬁ the
| arge bowel. It has been denonstrated by Englyst H N et al (1987)

"Pol ysacchari des breakdown by m xed popul atisons of human faecal bacteria",
FEEMS M crobi ol ogy Ecol 95: 163-71, that the bacterial fermentation of 10

resistant starch in the lai'ggﬁ bovvel roduces el evated.l evel s q_& ‘Zh rt chain
fatty acids, particul aindthighaspegt éh PIRIERT INYRRTOR CORSHSIF Uha e RY © rate.
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medi um t hat woul Inc n te t& v¥( go m cro&? ani sns 15
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modi f i ed or sinnDdhéreqstobietit Hhierdorgdmsmni & theelyrgk ostel onotier hegisnaoftbans t o
transport the pr ,t%lhges%ﬁf ﬂgétgﬁw elthmtx 1ﬁ§59§0£ﬁ¥@bf ﬁﬂﬂmﬂ%&i growt h

medium for the m ani Ivered to_t I on the | arge
bowel . It has al §931§'@n stay mslthe’ﬁﬂﬁéﬂf F apls |acﬁ§?Y"6l?|°ﬁunber VO

96/ 08261, the conh&ftenance medmm for the non-pathogemc microorganisms in the large
bowel or other regions of the gastrointestinal tract to an extent sufficient to
10 suppress growth and/or activity of the microbial pathogen.
In a fourth aspect, the present invention consists in an improved
probiotic composition comprising one or more probiotic microorganisms and
a carrier which will function to transport the one or more probiotic
microorganisms to the large bowel or other regions of the gastrointestinal
15 tract, the carrier comprising modified or unmodified resistant starch or
mixtures thereof to which the probiotic microorganisms are bound in a
manner so as to protect the microorganisms during passage to the large bowel
or other regions of the gastrointestinal tract, which carrier acts as a growth or
maintenance medium for microorganisms in the large bowel or other regions
20 of the gastrointestinal tract.
In a fifth aspect, the present invention is directed to an improved
method of providing probiotic microorganisms to the gastrointestinal tract of
an animal, the improved method comprising administering to the animal one

or more probiotic microorganisms and a carrier which will function to

25 transport the one or more probiotic microorganisms to the large bowel or
other regions of the gastrointestinal tract, the carrier comprising modified or
unmodified resistant starch or mixtures thereof to which the probiotic
microorganisms are bound in a manner so as to protect the microorganisms
during passage to the large bowel or other regions of the gastrointestinal

30 tract, which carrier acts as a growth or maintenance medium for
microorganisms in the large bowel or other regions of the gastrointestinal
tract.

In a preferred form, the probiotic microorganisms are bound

irreversibly to the modified or unmodified resistant starch.

35 In a sixth aspect, the present invention consists in & method of
reducing the incidence of colorectal cancer or colonic atrophy in an animal,



of which is incorporated into this specification for the purposes of
conveni ent cross-reference, that resistant starch may be eroded or pitted
to afford protection of the associated probiotic mcroorgani sns and t hat

t he m croorgani sns nmay al so adhere to these starch granules. There is a
need, 25 WEn#Bd891 t o be able to deliver probiotics in aroDAEImRoii4ci ent
and econom cal manner. It would also be desirable to be able to deliver
substrate to specific sites of the gastroigtestinal tract so as to either
enhance or suppress the growh of particular popul ati ons of m croorgani sns
at those sites w thout 30 substantially affecting the popul ati ons of
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enhanci ng a r esihdqustrpinpestiabl tractpthentarriencaaprising |armaixﬁeﬂmumdmﬁ1ﬁmi of the
5 resistant starch or mixtures thereof, which carrier acts as a growth or

maintenance medinm for microorganisms in the large bowel or other regions
of the gastrointestinal tract so as to enhance SCFA production by probiotic
and/or resident microorganisms in the gastrointestinal tract of the animal.

In a preferred form of the present invention, the SCFA is butyrate and

10 the microorganisms in the gastrointestinal tract are Cl. butyricum and/or
Eubacterium. In order to further enhance the levels of SCFA, the probiotic
composition includes CI. butyricum and/or Eubacterium.

It will be appreciated that the modified or unmodxfled resistant starch
or mixtures thereof may also act as a growth or maintenance medium for

15 microorganisms in the large bowel or other regions of the gastrointestinal
tract so as to enhance short chain fatty acid (SCFA) production by
microorganisms in the gastrointestinal tract of the animal.

As used in this specification, "resistant starch" includes those forms
defined as RS1, RS2, RS3 and RS4 as defined in Brown, McNaught and

20 Moloney (1995) Food Australia 47: 272-275. Either modified or unmodified
resistant starches or mixtures thereof are used in this invention. The
advantage of selected resistant starches is that they are not digested until
they reach the selected site of gastrointestinal tract. Therefore, when used in
combination with a probiotic, they also provide a readily available substrate

25 for fermentation by the probiotic microorganisms as soon as they arrive in
the selected site of the gastrointestinal tract. A preferred form of resistant
starch is a high amylose starch particularly high amylose starches as
disclosed and taught in WO 94/03049 and WO 94/14342, the contents of -

“which are incorporated into this specification for the purposes of convenient

30 cross-reference. ‘

In WO 94/03049 and WO 94/14342, high amylose starches are
disclosed which are resistant starches and include maize starch having an
amylose content of 50% w/w or more, particularly 80% w/w or more, rice and
wheat starch having an amylose content of 27% w/w or more and; particular

35 granular size ranges of starches having an amylose content of 50% or more
and enhanced resistant starch content, these starches including maize,



gastrointestinal tract of an animal, the method conprising providing to the
5 ani mal a sel ected nodified or unnodified resistant starch or m xtures
thereof in conbination with one or nore probiotic nicroorgan:sns such t hat
upon ingestion_the starch passes through the gastrointestinal tract-
sgbstantgi al Iy YRUWPHP2ed until it reaches the selected site BFRAEHOPI7s
utilised by the resident and/or the probiotic mcroorganisms thereof
causing an increase in nunber 10 and/or gctivity of the mcroorganisms.
In a second aspect, the present invention consists in a nethod of
suppressi ng an uggﬁsir r esi l.at i on,of ,m croorgani a sel?cted

ent po m i
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preparation of ORR 3 heffY Kuitdbfd AMARH S8Rmehis. Sﬁnﬁ%ﬁ? bBlef miSiflEd ot can
substrates %1 'C hbg Egdu%%aeplgrgicc):glj\;, enzymically or by other means known to the art.
It may also be useful to modify the degree of enzyme susceptibility of
the resistant starch by altering the conformation or structure of the starch.
Examples include acid or enzyme thinning and cross bbnding using
difunctional reagents.

15 One useful modification is the amylolysis of high amylose starches to
give starch granules characterised by pits or erosions which can extend from
the surface to the interior of the granules. These pits allow the entry of
enzymes to the more enzyme susceptible core of the starch granule which is
solubilised.

20 As used herein, Hi-maize™ (trade mark) refers to a high amylose
starch obtained from Starch Australasia Limited.
In order that the present invention may be more clearly understood,
preferred forms thereof will be described with reference to the following
figures and examples.

25 Brief Description of Drawings
Figure 1 shows utilazation of of starches 1 - 10 by Bifiobacterium
strain X8AT2;
Figure 2 shows utilisation of starches 1 - 10 by of Bif. pseudolongum;
Figure 3 shows utilisation of starches 1 - 10 by Bif. bifidum;
30 Figure 4 shows utilisation of starches 1 - 10 by Bact. vulgatus;
Figure 5 shows utilisation of starches 1 - 10 by Bact. fragilis;
Figure 6 shows utilisation of starches 1 - 10 by CI. butyricum;
Figure 7 shows Salmonella typhimurium in cultures 24 h post
inoculation with Bif X13AT2 and Lactobacillus acidophilus;
35 Figure 8 shows Salmonella typhimurium in cultures 24 h post
inoculation with Bif X13AT2 and Lactobacillus spp




used by the m croorgani sns of one part of the colon than another part. For
25 “exanple, the mcroorganisns in the proximl colon may poorly utilise
the resistant starch selected than those m croorganisns in the distal

colon. Simlarly, it is possible to cause one popul ati on of m croorgani sm
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Figure 14 shows levels of butyrate production by a variety of bacteria
after 48h incubation; and
Figure 15 shows butyrate concentrations in mice faeces after
10 continuous feeding.
Modes for Carrying Out the Invention
Example 1. ,
A defined growth medium described in Table 1 was prepared
containing Hi-maize™ starch and modifications thereof, and after
15 inoculation, the total carbohydrate concentration was determined in the
growth medium at 0, 8, 22, and 58 hours. The various starches use are
shown in Table 2. As can be seen in Figures 1-6 some modifications were
favoured by some strains more than others e.g. starches 1 and 8 were clearly
more favourable for growth of B. fragilis (Figure 5) and while starches 3 and 5
20 were utilised by Clostridium butyricum, the consumption was slow relative to
starch 2 (Fig 6). Figs 1, 2 and 3 show variability between the individual
species of Bifidobacterium with some starches being rapidly consumed by one
strain and not by another, while some starches are not consumed well by any
Bifidobacterium e.g. starch 3.
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aCl2 2.0g
MgCl2 0.2
CaClz 0.2g
MnCl2 0.02g
CoCl2 0.02g
Cystein 0.5g
FeSO4 0.005g
Tween 80 2ml
Hemin 0.005g
Vit B12 0.001g
VitK 0.0005g
Water (final volume) 1 litre
Table 2. Starch identification
5
Starch | Destination Identification Analysis
1 A939 (D19) Hydroxypropylated | DS* = 0.13
2 A938 (C79) Acetylated Acetyl value = 2.69%
3 A961 (D8) Octenyl succinated | OSA value = 4.73%
4 A955 (D2) Carboxymethylated | Carboxyl value = 1.0%
5 A960 (D7) Succinated Succinyl value = 3.97%
6 HA 008 (D2118) | Unmodified - .
7 A993 D42 Succinated Succinyl value = 4.1%
8 A956 (D1) Carboxymethylated | Carboxyl value = 2.0%
9 A995 (D57) Acetylated Acetyl value = 4.0%
10 A965 (D9) Hydroxypropylated | DS = 0.13

* degree of substitution



ot her regions of the gastrointestinal tract, the carrier conprising

modi fied or" unnodified resistant starch or mxtures thereof to which the
probi otic mcroorganisns are bound in a nanner so as to protect the

m croorgani sns during passage to the | arge bowel or other regions of the
gast r oi nt est M@A7/38Y1 tract, which carrier acts as a gr ows@iT/avusmeai?t enance
medi um for m croorganisns in the | arge bowel or other regions of the
gastrointestinal tract. In a preferred form the probiotic m croorgani sns
are bound irreversibly to the nodified or unnodified resistant starch. 35
In a sixth aspect, the present i nventi¥n consists in a nethod of reduci ng
the incidence of colorectal cancer or colonic atrophy in an ani mal, t he
nmet hod conprising providing to the animal one or nore SCFA producing

probi otic mcroorganisns and a carrier which will function to transport the
one or nore probiotic mcroorganisns to the | arge bowel or other regions of

the gastrointestinal tradt, the carrjer cogprising:a hodi fied or unnodi fied
. eh{guq't\ Lo} (=~} -
5 resi stant starch oe N X urge st rgog, 5 cﬁ @rgler acts as a growt h
or mai nt enance nedi um f 61} @i & @Prgad Heci B tHeal & g8 bowel ofF ot her
regi ons
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of the gastrointestinal tract so as to enhance SCFA production by probiotic
and/ or restdent mcroorganisnms in the gastrointestinal tract of the animal.
In a preferred formof the present invention, the SCFA is butyrate and 10
the m croorganisnms in the gastrointestinal tract are C. butyrcum and/ or
Eubacterium MOPYRA™ to further enhance the levels of SCFAPCTAEYHOLH oti c
conposition includes C. butyrcum and/ or Eubacterium It wll be

appreci ated that the nodified or unnodi fi ety esistant starch or m xtures
thereof may al so act as a growm h or mai ntenance nediumfor 15

m croorgani sns in the | arge bowel or  other regionsg of the _gast)pintestinal
tract so as to enhancéVhemwthe wmphutilisatipnofithe sig et}ﬁ'ﬁﬁﬂg%ﬁﬁot{ﬁ%vs and

M croor gani sms i Petiyaen @afidr 2 Ré @S wdsdlstiifatad it @fastsben &iitsmine sbarchesedeien t hi s
specification, "resjstant starch’ j . J . RS2,
RS3 and R34 as dB4eBE™ WPE#JX‘ aa R@%%%ﬂg&%ﬂg?@%éﬁ %ﬁ“g%fg? Qf%ég)ﬁ%lgd
Australia 47: 27%-275. Either nodified or unnodified resistant starches or

m xtures ther eOL are ll§%dthbfbg§ﬂ%i®phfétﬁmhétmm chh@aailshaakeg stasdh wedebartively
resistant starches, is thaf t Le . n | o i ’

sel ected site of *Y¥NF aﬁ{eg?taﬁﬁg c‘f‘? 513%3. g’]‘ﬁ%%é?_%?‘é%&hgfngg%e?iﬁ&ﬁ_g@

conbi nati on wi t happlgadobatbitp enhengs indigesops bagtera as W@Hdﬁpﬁmaﬂ afiega
substrate 25 {wdicH edrBedadddangéttie Withithe btadth, @r &ithepbefgrndrsafterabe soon as
they arrive in t ?tearc%e.l SELEditdib &t I%fgioﬂlg?n RS bdsRiofitEstidd tlact Edfbe, oP abé ef €71 ed

form of resistan : , .
10 already, colonised by different genera of bacteria or different species or

strains of the same species, it is therefore possible to manipulate site or
region specific microbial growth in the gastrointestinal tract of man and
animals. This can be of value in several disease situations in which it would
be desirable to suppress microbial growth of undesirable microbes e.g.

15 diarrhoea or bacterial overgrowth, or desirable to enhance growth of
beneficial ones e.g. CL butyricum in the distal bowel and thereby raise levels
of butyrate and reduce the risk of colon cancer and atrophy of the epithelial
mucosa.

One can demonstrate these parameters initially using cultures of

20 faecal slurries, a rodent model or pigs since the various sites of the gut can be
sampled. There are already available a number of animal models to allow
one to study the various disease conditions described below to which this
invention can be applied.

Uses

25 - Control of site specific bacterial fermentation in the intestine;

- Reduced colon cancer risk by enhancing fermentation in lower regions of
the intestine; '

- Prophylactic or therapeutic control of bacterial overgrowth since can target
the site of overgrowth with specific probiotic strain and the appropriately

30 modified resistant starch which can be selectively utilised by that strain; and
- Modifications of resistant starch can be used alone or in combination with a
probiotic or mixtures of probiotic strains to manipulate microbial growth at
particular sites. This can be applied to disease conditions such as
constipation, diarrhoes, irritable bowel syndrome, ulcerative colitis,

35 inflammatory bowel disease, Crohns disease, as well as gastric and duodenal
ulcers and cancer.



starch is a high anylose starch particularly high anyl ose starches as

di scl osed and taught in WO 94/03049 and WD 94/ 14342, the contents of -

whi ch are incorporated into this specification for the purposes of

conveni ent 30 cross-reference. In WD 94/03049 and WD 94/ 14342, high

anyl ose st ar Mees3¢59% di scl osed which are resistant starcheBCHAHIHMEKUde

mai ze starch having an anyl ose content of 50% w w or nore, particularly 80%
w w or nore, rice and wheat starch having{an anyl ose content of 27% w w or

nore and; particular 35 granul ar size ranges of starches having an
anyl ose content of 50% or nore and enhanced resistant starch content, these
starches incl ucME'é‘HﬁD&e 7 barley, wheat and | egunes. This invention is

not, lhoweve[] limit e@'mﬁe,@ngléiﬁ:rpéf dnh@g?cﬁuétcyffé&tstﬁf Hlﬁﬁmsisameaséfar ch. For
T L A S R e
nodi fy the starkkDoo La¢tg&aao5uus adidepliivs cagainst & tphémuriympandibreoliip the
hydr ophobi gi ty éé?mgﬁﬁbéhr At oA Phic hithiBed diffarest étgrcpghance the
attachment CorrpanEplenln!léx}tXl proce ure: the .
Stationary phase cultures of Lact. acidophilus or Lact. fermentum
were grown overnight in MRS, S. typhimurium grown in TSB broth (plus 5
mg/ml streptomycin sulfate), E.coli grown in MacConkeys broth, and Bif.
10 X8AT2 or X13AT2 grown in PYG innoculated into anaerobic serum tubes
containing 20 ml of test medium (Table 1). The basic composition of
medium is identical to the amylose medium with indivit;lual starches {1%)
used as the sole carbon source. Starches used here include 10 different
starches from Goodman Fielder Company, and amylose, amylopectin from
15 Sigma Chemical Company and soluble starch from BDH.
Starches from Goodmen Fielder Company are shown in Table 2.
Inoculation. The serum tubes were divided into three groups:
Group (1) added 1 ml Bifidobacterium cultures + 1 ml Lactobacillus
cultures, and then 0.1 ml cultures of S. Typhimurium and 0.1 ml E. Coli
20 which has been diluted x104 with TSB and MacConkey respectively.
Group (2} 1ml Bifidobacterium cultures, plus 0.1 ml diluted S.
Typhimurium and E.coli respectively.
Viable Salmonella were enumerated after 24 h fermentation. As can
be seen in Figures 7 and 8, some starces, namely 8 and 10, induced a
25 reduction in Salmonella when Bifidobacterium and Lactobacillus were
combined, This synergistic effect with the mixture of bifidobacterium and
Lactobacillus will provide an enhanced method of pathogen inhibition.
Example 2 -
) The effect of a number of probiotic compositions has been studied by
30 enumerating coliforms and salmonella in vitro in the presence of resistant
starch and modifications of resistant starch singly or together with
bifidobacteria when the system has been challenged with Salmonella. More
specifically, aliquots (1 ml) of human faecal homogenates (10 g per 100 ml
diluent) were added to diluted WC broth (diluted 50:50 with 0.05M
35 phosphate buffer) to which were added the resistant starch and modifications
thereof referred to as Starches 1 to 10. For each of the starches, parallel tubes



m croorgani smand the resistant starch. Chem cal nodifications, such as
etherification, esterification, acidification and the |ike are well known
in this art as being suitable chem cal treatnments. Simlarly other

nodi fications can 10 be induced physically, enzymcally or by other
means known tWa%i849tt. It may al so be useful to nodify thePOBgUEOOTH
enzynme susceptibility of the resistant starch by altering the confornmation
or structure of the starch. Exanples includg acid or enzyne thinning and
cross bondi ng using difunctional reagents. 15 One usef ul

nodi fication is the anylolysis of high anyl ose starches to give starch

gr anul es char act weiesprepisedpiith coe setrheinginocwlatechwithrvazious ifidabgcterinm
surface to the igerARmiturbdifetd MRkliRSculdRASALR54ltndHel 10 Wnl REmPIMT Mtéifo,
enzynes to the F€aeNg%Te s.uscggtl blaﬁ %ﬂre of the stargch g*rng’nul which is
sol ubi | i sed. 20 4 88and¥hoursyncybatipn, Kequpts arg ?’F%YF%?@FF%P 68 Mar k)
refers to a hi ghcaifpimos whenha@nomessiedias edlohydormsingnutitspes tmlalsisg a Li mi t ed.

In order that th ' ' d,
3t t hiraPEERRSY Nt pvaggf (Oll‘?@n@?ﬁa,b&aﬁ@{:]ﬁ rxg @?EL ¥eéfft'éﬁi Mhe

IR SR .l s SR ROITTNL
utilazation of o6f cildiorrhesrereduced domiiréd ththetstarchmlone. Furthermore, this
effect is enhanced by modifications of the resistant starch as seen in Fig. 10
and Fig. 9c for A955 and A960, with these corresponding to
10 carboxymethylated and succinated resistant starch, respectively. The
individual modifications exert altered enhancement.
Example 3
In addition to studying a reduction in coliform numbers as indicators
of pathogens, an effect of a pathogen on the host has been studied in vivo in
15 the presence of resistant starch and modifications of resistant starch singly or
together with bifidobacteria when the system has been challenged with
salmonella. The parameter investigated was weight loss after salmonella
administration. The experimental design is as follows: Mice were fed a
defined diet (Table 4) and groups A, B, C and E were orally dosed with
20 bifidobacteria (200 microlitre per day). All groups received a single oral dose
of Salmonella sp (0.1 ml containing about log 8 viable cells) and were
monitored daily for weight lose.

£



strain X8AT2; Figure 2 shows utilisation of starches 1 - 10 by of Bif.
pseudol ongum Figure 3 shows utilisation of starches 1 - 10 by Bif bifidum
30 , Figure 4 shows utilisation of starches 1 - 10 by Bact.

vul gatus; Figure 5 shows utilisation of starches 1 - 10 by Bact. fragilis;
Figure 6 sho¥@9uddsps sation of starches 1 - 10 by d . but yrr@Qvansrsiigure 7
shows Sal nonella typhinmuriumin cultures 24 h post inoculation with Bif

X13AT2 and Lactobacillus aci dophulus; 35 44 Fi gure 8 shows
Sal nonel la typhrimuriumin cultures 24 h post inoculation with Bif X13AT2
and Lactobacillus spp 8 Figure 9 shows Coliform popul ations; Figure 10

shows wei ght ofTahlecd; Filigtsefor mise prabigtic feeding experiofents.ot ei n to whi ch
starch adhered; Figure 12 shows | evels of propionate production by a

variety of 5 bafdsfGraupd | JU[ & 13 shas | evpgs of agetate |gfoduction by a
variety of bacterfgcy 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 | X8AT2 | X8AT2 | None X8AT2

Waxy=waxy maize; HHA=High amylose starch; Carboxy-methyl=Carboxymethylated high
amylose starch. All weights are in grams. Baclerial cultures (100 microlitres per day) were

5 orally ingested by the mice with starch containing meals.



Figure 14 shows |evels of butyrate production by a variety of bacteria
after -48h incubation; and Figure 15 shows butyrate concentrations in mce
faeces after 10 continuous feeding. Mddes for Carrving Qut the Invention
Exanple 1. A defined growth nedium described in Table 1 was prepared

cont ai ni ng H WRS7341%rr] starch and nodifications thereof, EE'B’A Y7415

I nocul ation, the total carbohydrate concentration was determned in the
grow h mediumat 0, 8, 22, and 58 hours. Thegsvarious starches use are shown
in Table 2. As can be seen in Figures 1-6 sone nodifications were favoured
by sone strains nore than others e.g. starches 1 and 8 were clearly nore
favourabl e for growt h Besubts are prsisented imiFignre 19)and showhabthe ompiagd 3 and 5

20| were utili %ﬁ)ﬁla yog_%ggﬁaﬁi séhﬂ:mil Ml)zifiﬁﬁbﬁﬁteﬁeh?re&@ﬂﬁaﬂffh_é :vmgmaasam ow )
[ ndlvi dual speci dRdgEanoRb s R A tudnd i T et ek NGB e T
consumed by one gertidulanmadifisatioy ofithe 1esistanfistareh sisge the modjficatigndesisd,
consunmed wel by mmelPraibefPastsidtedN idth maH@ddetdmental effect. Interestingly,

the resistant starch in the absence of the bifidobacteria had an initial positive

effect after which the weight loss was more rapid.

Uses

The present invention can be applied to all conditions in which

10 pathogens have been identified or proposed as causative agents of intestinal
disease in both man and animals. Since infective diarrhoea has been shown
to be improved by probiotic dosage, the present invention can be used to
enhance the effect of the probiotic by itself. In addition, the present
invention may used effectively to improve non-infective diarrhoea which has

15 not been shown to be influenced by probiotics alone. It could also be used
effectively in reducing the effects of dietary related diarrhoea problems.

Infective diarrhoea refers to all cases of diarrhoea, both acute and
chronic, in which the causative agents can be shown to be microbial,
including bacterial, viral and protozoan. Such infective diarrhoea can

20 manifest itself in a number of ways e.g. (a) infantile diarrhoea which is
frequently associated with viral agents and salmonella, (b) antibiotic
associated diarrhoea, (c) traveller's diarrhosa.

Both prophylactic and therapeutic uses of the present method are
envisaged. The former can relate to prevention when the individual can be

25 exposed to potential problems e.g. (i) investigative gastrointestinal
examination when the bowel is decontaminated and can then be recolonised
by an undesirable microbial population (ii) travellers exposed to an altered
pathogen load or an alteration of the gastrointestinal tract ecosystem which
can predispose the individual to a lower infective dose of a pathogen.

30 Therapeutic uses relate to the treatment of established conditions related to
an undesirable balance of the gastrointestinal tract microflora or an
established pathogen infection.

Enhancing production of antimicrobial substances by probiotic
strains. Such antimicrobial substances can include substances which inhibit

35 growth of a pathogen or the potential of the pathogen to colonise since
pathogens frequently need to adhere as the initial step in colonisation and it



9 Table 1.  Conposition of mediumused for growi ng intestinal strains of

bacteria. |ngredient Amount Bact eri ol ogi cal peptone
7.5g Yeast extract 2.5g Tryptone

5.0g Starch 10. 0g K2HP( err] .
2. Qg KH[ er r |\OpE#4s : 1.0g NaHCO3  PCT/AU97/00174
0.2g NaClferr] 2.0g MBO [err]

0.2 Cad [err] 0.3 MhCl[err]

0.02g Cod [err] 0.02g Cystein

0. 5g FeSO4 0. 005g Tween 80

om has been shown that pathogen adhesion can be inhibited by metabolites of

probiotic strains. The present invention will enhance these antimicrobial
effects either directly or indirectly.
Example 4
5 Screening the colonic bacteria and probioctic bacteria of the adhesion to
starch granules
Adhesion test in the buffer pH 6.8
The adhesion of colonic bacterial strains and probiotic strains to
amylose starch granules was detected directly by using light microscopy.
10 The bacterial strains included Bif. X8AT1, Bif. X8AT?2, Bif. X13ATz2,
Bif. bifidum, Bact. vulgatus, Lact. fermentum KLD, Lact. casei, Lact. bulgaricus
and Lact. sp. B49. Starches used in the experiments are shown in Table 2.
Bacterial cells were collected from 2 ml overnigh;: cultures in PYG
medium be centrifuging 13,000 rpm for 5 mins. After discarding the
15 supernatent, the pellet washed with 2 ml PBS buffer (12.1 g K,HPO,, 3.4 g
KH,PO,, 85 g NaCl, dissolved in 1 L distilled water, pH 6.8), finally
resuspended in 1 ml of PBS and pH 2.5 buffer. The starch solution were
prepared as following: 10% of all type of starches were individually
suspended in § ml PBS buffer. The mixtures were heated at 90°C for 30 mins
20 to mimic food processing procedures, then cooled down to the room
temperature. A sample (0.5 ml) of each pre-cooked starch solution was
mixed gently with 0.5 ml of cell suspension and incubated at 37°C water bath
for 30 mins. The supernatants were carefully removed and the pellets were
‘washed with PBS buffer. The mixtures were set on the bench for 5 mins to
25 precipitate the starch granules. The supernatents then were taken away to
remove the reversibly bound bacteria. The numbers of bacterial adhered to
starch granules were examined by phase-contact light microscopy
Adhesion to cooked starch granules was observed with the Bif. .
" X8AT1, X8AT2, X13AT2 and Bif. bifidum (Tables 5 and 6). Variation of
30 adhesion was detected depending on the strains and starches tested. Bif.
X13AT?2 appeared as the best strain to bind with starch granules, but Bif.
X8AT?2 proved equally sufficient in the adhesion. Starch nos. 4 and 11 were
the best substrates for the binding, whereas Starch nos. 1 and 3 seemed
adequate.



Hem n 0.005g Vit B[err]

0.001g Vit K 0. 0005g Water (final vol une)

litre Table 2. Starch identification Starch Destination

I dentification Anal ysis 1 A939 (D19) Hydr oxypr opyl at ed DS*
= 0.13 2 RO FIY4EFR9) Acetyl at ed Acet yl valPGRABITI00gT0, 3
A961 ( D8) Cct enyl succi nat ed CSA value = 4.73% 4 A955 (D2)

Car boxynet hyl at ed Car boxyl value = 1.0% b7 A960 (D7) Succi nat ed
Succi nyl value = 3.97% 6 HA 008 (D2118) Unnodified 7 A993 D42

Succi nat ed Succi nyl value = 4.1% 8 A956 (D1)

Car boxynet hyl at Egample3 boxyl value = 2.0% 9 A995 (D57) Acet yl at ed

Acetyl value 4.0% 10See TaMé&b57 (D9 for results oftsytvivaly e Bififétmictatiom DEder 0. 13 *
degree of substifullOitural conditions.
Example 6
5 The effect of Hi-maize in the Bifidobacterium growth medium and in
the mouse diet on survival of the Bifidobacterium in vivo. Three groups of
mice previously fed with normal mice diet were used. Two groups were
consumed normal mouse diet and one group Hi-maize™ based diet. The
composition of the Hi-maize™ diet contained (g/Kg):

10 Hi-maize™ starch 400 g
casin 200 g
canola oil 25g
sunflower oil 25g '
sucrose 150 g
15 wheat bran 100 g
gelatin 20g.
methorine 5g
minperal and vitamin mix 5g
20 Two types of bacterial cultures were used in the experiments. In the

first type, Bif. X8AT2 was grown in the glucose containing medium
overnight, and growing Hi-maize™ containing medium was accounted as
second type. The mice were housed individually during the experiment and
all were orally administered with 200 ul of Bifidobacterium X8AT?2 in the

25 first hour. Group 1 were fed with normal diet dosed with 200 ul of bacteria
culture previously grown in glucose, whilst the bacteria grown in Hi-maize™
starch medium were fed to the second and third groups of mice. Group 2 of
mice were kept on the normal diet, group 3 mice were fed with a Hi-maize™
starch diet. All of the faecal pellets produced in the next 10 hour period after

30 bacterial dosage were collected sequentially from individual mice and
weighted immediately. The populations of Bifidobacterium X8AT?2 in each
faecal pellet were enumerated. The number of viable cells in the bacterial
suspensions used for oral dosage were enumerated as CFU/ml. The recovery
rates of Bifidobacterium X8AT?2 in the three groups of mice were expressed

35 as daily total output per mouse and as the percentage of survival in the faeces
based on the numbers orrally dosed.



10 [err] 11 When the rate of utilisation of the starch between O and 8
hours and between 8 and 22 hours was estimated it was seen that some
starches were used nore rapidly than others by specific bacteria of
intestinal origin (Table 3). 5 It is therefore apparent that one
can tailor mReu3ssydtarch to sel ectively enhance bacteria RCTAYEYIRTL sites
in the gastrointestinal tract. This can be applied both to enhance

i ndi genous bacteria as well as probiotig bacteria which can be dosed
together with the starch,” or either before or after the starch. Since
different regions in the gastrointestinal tract can be, or are 10

al ready, colonised by different genera of bacteria or different species or
strains of the same species, it is therefore possible to manipulate site or
region specific mcrobial growh in the gastrointestinal tract of nan and

aninmals. This can be of value in several {isease sit&ialdons in which it
woul d be desirable to sgpgleis m cr obi al growth of q@d&sirable m cr obes
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15 di arrhoea or bacterial overgrowth, or desirable to enhance growth of
beneftcial ones e.g. . butyricumin the distal bowel and thereby raise

| evel s of butyrate and reduce the risk of colon cancer and atrophy of the
epi thelial nucosa. One can denobnstrate these paraneters initially using

cul tures of 2WOo9/¥3cal slurries, a rodent nodel or pigs sPREVAUPMEIMari ous
sites of the gut can be sanpled. There are already avail abl e a nunber of
animal nodels to allow one to study thg various di sease conditions

descri bed below to which this invention can be applied. Uses 25 -

Control of site spegiLfic bacterial fermentation in the intestine; - Reduced
col on cancer risk byaenhancing fernentation in | ower regions of the
intestine; - Prophyldctic or therapeutic control of bacterial overgrowth

since can target theg@site of overgrowh with specific probiotic strain and

the appropriately 302 nodi §i ed resisftant starch which can be selectively
utilised by that strgin;, and]- Mdificjations of resistant starch can be
used ‘al one or in coqginatioa mﬁth & prljobiotic or m xtures of probiotic
strains to manipul at'@ mi crof al kdhﬁh at particular sites. This can be
applied to disease c@ndition$ such as [constipation, diarrhoea, irritable
bowel syndrone, ulcefative c Iiti54
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35 i nfl anmat ory bowel di sease, Crohns disease, as well as gastric and
duodenal ul cers and cancer. 12 METHODS | nvestigation of antagoni st
effects of human isolates of Bifidobacterium X8AT2 and X13AT2, wi th/w thout
Lact obaci |l us fermentum KLD or Lactobacillus acidopl hilus, against S.

typhi muri umwod7Basscoli in the 5 serum tubes w th nmedi urgTMIisgkoicont ai ned
different starches. Experinental procedure: Stationary phase cultures of
Lact. acidophilus or Lact. fermentum were gg own overnight in MRS, S.

typhi muriumgrown in TSB broth (plus 5 ng/m streptonycin sulfate), E.coli
grown in MacConkeys broth, and Bif. 10 X8AT2 or X13AT2 grown in PYG

i nnocul at ed i ntTakdeZerldtsi affegterIrarwﬁemed@r{ghmsmgnttbhwwal%ﬁ besad) gadheim
(Table 1). The Qasival GOBRBbA VA XSRTH UIPBS bulleP iiibaricustgle anyl ose

medi um wi th individual starches (1% used as the sole carbon source.

St arches used h%L-e-uLGJ—ude—LO—m—LLepeni—s{-a-pehes—Lpem—eeed#&n—%der—

Conpany, and anyl ose, anyl opectin f Viable bacterial counts (log/10ml)

Times (h) pH6.5 pH 3.5 pH 2.3
Glu HM Glu HM Glu HM
0 6.85 8.11 6.63 7.89 ND 6.68
3 6.45 7.73 0.00 5.64 0.00 0.00
6 6.54 7.47 0.00 5.37 0.00 0.00

Table 8: The effects of growth media (glucose and Hi-maize™ based) on the
survival of Bifidobacterium X8AT2 in PBS buffer with various pH

Viable bacterial counts (log/10ml)

Times (h) pH 6.5 pPH 3.5 pH 2.3
Glu HM Glu HM Glu HM
0 6.14 7.80 6.38 7.75 6.07 6.88
3 5.98 5.99 3.48 6.67 0.00 0.00
6 5.54 7.92 0.00 5.24 0.00 0.00

Table 9: The effects of growth media (glucose and Hi-maize™ based) on the
survival of Bifidobacterium X13AT2 in PBS buffer with various pH

Viable bacterial counts (log/10ml)

 Times (h) pH 6.5 pH 3.5 pH 2.3
Glu HM Glu HM Glu HM
6.94 8.16 6.75 6.80 7.04 6.88
3 6.92 7.97 6.50 5.44 0.00 0.00

7.05 8.05 0.00 4.50 0.00 0.00




15 Sigma Chem cal Conpany and sol uble starch from BDH Starches from
Goodnen Fi el der Conpany are shown in Table 2. Inoculation. The serum tubes
were divided into three groups: Goup (1) added 1 nl Bifidobacterium
cultures + 1 m Lactobacillus cultures, and then 0.1 ml cultures of -S.
Typhi nuri um anWO0@7845%4 E. Coli 20 whi ch has been dil uted XqGAaUsof4 TSB
and MacConkey respectively. Goup (2) 1m Bifidobacteriumcultures, plus
0.1 mM diluted S. Typhinuriumand E.coli regpectively. Viable Sal nonella
were enunerated after 24 h fernmentation. As can be seen in Figures 7 and 8,

sone starces, nanely 8 _and 10, induced a 2 reduction jn Sal nonell a when
Bi fi dobact eri um andyLagg’GtﬁféFstin‘%C smfgnerf@avlvg#ﬁ@@aﬂ%r&%@?f ect
with the m xture mevisuslydgbantiarthe medivnlcaataihingiglicose or Hi-meize™ dtarcin
enhanced net hod Pfh&ﬁirggaﬁﬂﬁhrﬁ?ﬁ@égﬁd ol igéﬁg%'sio%em%usf LfiGtvaPin ftiiiger of
probi oti c conpositions_has been s Udi ed enuner.ati ng co_rl orms and
sal nonel I a in vi tacids splutian fFablesnt® ﬂfmdeé)sﬂ'éﬁtcegﬁa’rh&hﬂﬂﬁ Pr8viousWat i ons
ﬁf rgéi staﬂt lslstardaale&ida%inymlcthehm” Mejontdihéd Hi-aigd™ “etaecrﬂ Iar_hwﬂ:eﬁne1teh;aoffeyste][n
as been chal | enged. ] e i i o
human faecal homﬁéﬁ%{%éﬂ ﬁ%g%ﬂﬁé’f‘gi‘btgaﬂﬂ% %ﬁqf?egr\%x%@l\?e%ogl%&%ggqﬁ%%ﬂ%d WC
0 5]

broth (diluted 5 tfrpmp thiesmedium not containing Hi-maize™ starch.

Table 10: The effects of growth media (glucose and Hi-maize™ based) on the

survival of Bifidobacterium X8AT1 in PBS buffer with varied concentration
of bile acids

Viable bacterial counts (lc;g/mml)

Times (h) 0.00% 0.03% 0.05%
Glu HM Glu HM Glu M
0 6.70 7.46 6.60 6.99 6.90 6.99
3 6.19 6.75 6.47 6.90 5.84 6.88
6 5.04 5.73 4.41 6.65 2.98 6.18

Table 11: The effects of growth media (glucose and Hi-maize™ based) on the
survival of Bifidobacterium XB8AT?2 in PBS buffer with varied concentration .
of bile acids

Viable bacterial counts (log/10ml)

Times (h) 0.00% 0.03% _ 0.05%
Glu HM Glu HM Glu HM

) 6.78 7.04 6.80 7.05 6.95 6.92

3 6.90 6.94 6.84 6.03 6.70 7.08

6 6.74 6.60 6.88 7.16 5.21 7.13




35 phosphate buffer) to which were added the resistant starch and
nodi ficatirons thereof referred to as Starches 1 to 10. For each of the
starches, parallel tubes 13 were prepared with one set being inocul ated
wi th various Bifidobacteriumspp. Al mxtures were then inoculated with
sal nonel | a awdbssaapi ed after 0, 2, 6 and 9 hours incubati orcT/Res8bizs are
expressed as the nunbers of coliforns when enunerated as col ony form ng
units. per m using 5 MacConkey No 1 agay, (Figures 9a, b and c). It can
be seen that when resistant starch (Figure 9) is added together with

bi fi dobacteria, the nunbers of coliforns are reduced conpared to the starch
al one. Furt her nmabde 12hThe effeets of grovethnasdiadglugoseghd Hi>ataiizuTs baded) be the

resi stant starc | I Qs j . .t h
{hese. cor r esportyraiye) of Bl G AP |elpn ulfef wili el Lofitirattl

st arch, respectqf\Pélgeﬁc“isne i ndi vi dual nodifications exert altered
enhancenent. Exanple 3 In addition to studying a reduction in coliform

nunbers as indicators of pathogens,,a fTect ,of a, pal eny on the host has
been studied in vivo in viliSba &S hal Poud ogV‘Rﬂnﬂ

Times (h) 0.00% 0.03% ! 0.05%
Glu HM Glu HM Glu HM
0 5.70 6.28 6.32 6.67 6.14 6.78
3 4.60 6.52 4.63 6.84 4.48 6.85
6 3.27 6.40 2.60 6.74 2,78 6.84

H

Comparative survival rates of Bifidobacterium X8AT2 previosly grown in
glucose and Hi-maize™ starch in mice colon

The comparative daily output of Bifidobacterium X8AT2 in the mice

5 faeces was shown in Table 13. High recovery rates of Bif. X8AT2 were found
in the group of mice fed with normal diet and dosed with bacteria grown in
the Hi-maize™ starch medium, in comparison with the normal diet group of
mice fed with glucose grown cells. The Hi-maize™ starch diet further
enhanced the excreted numbers of Bif. X8AT2. Faecal daily wet weights

10 would also be influenced by the diets. Hi-maize™ starch diet yielded the
highest faecal output (Table 13), due to the high intake of feed.

The adhesion of bacterial surface proteins to starch granules was
detected using a dot blot where fractions of spent culture supernatant and
lithium chloride extracts were assayed for adhesion to Amylose starch

15 granules (Sigma). Residual starch granules were detected by iodine. The
spent culture supernatant LiCl, extracts of Bifidobacteria X13AT2 was
_ extracted by gel filtration chromatography using Sephacryl S-300
(Pharmacia), and the Biologic chromatography system (Biorad). The relative
molecular weight of the protein (Fig 11) which showed affinity for the starch
20 granules was estimated using molecular weight standards. The molecular
weight of this comnponent was between 50,000 and 60,000.

It can be seen from the above results that modifications influence the
degree of attachment and that different species and different strains of the
same genus attach to some modifications to different degrees. It is therefore

25 be possible to make predictions as to which structures will favour attachment



15 t he presence of resistant starch and nodifications of resistant
starch singly or together with bifidobacteria when the system has been

chal l enged with sal nonella. The paraneter investigated was wei ght |oss
after salnonella adm nistration. The experinmental design is as foll-ows:

Mce were fed P HE¥Med diet (Table 4) and groups A B, C aRETEUNE04oral |y
dosed wth 20 bi fi dobacteria (200 mcrolitre per day) Al'l groups
received a single oral dose of Salnonella sg (0.1 m containing about |og 8

viable cells) and were nonitored daily for weight |ose. 14 TabI e 4.
Diets for mce pr ot i edi ng experinents. Test G oups B
C e}l_e tﬁp@ﬁnohc microorganisiy Furthgxmore it can be@{mlyed HA

None - met hy | 400which sté&iftures are in4@bred in the 4@9{35@&5 ﬁlll&wmg 1rrevers1bl%00

200 200 attacRh SPRSR4P 25

Sunf | ower oil 25 25

Table 13:  The effect of Hi-maize™ on in vive survival of Bifidobacterium

XB8AT2

Groups 1 2 3

Diets Normal diet Normal diet Hi-maize™ starch

diet

Growth substrates for Glucose Hi-maize™ Hi-maize™ starch

X8AT2 starch

number dosed 9.48° 8.56" 8.56°

(Log 10)

number recovered 7.14° 7.43" 7.51"

(Log 10/10h)

Recovery rates 4.65 37.50 44.92

(per 1000) |

Faecal weight {g) 2.51 2.67 4.01

a log10 CFU per day

b log10 CFU per ml

Attached bacteria are known to be more resistant to antibiotics and it.

5 is therefore envisaged that since modifications of resistant starch allow

attachment, that bacteria attached to the various mod1f1cat10ns of the
starches will be:
a. more resistant to conditions in the digestive tract namely low pH,
| bile acids and digestive enzymes. This will be a clear advantage for a
10 delivery system designed to deliver viable probiotic bacteria to the
" stomach, small intestine or large intestine.
b. survive better in a preparation since they will be more resistant to
environmental conditions in the formulated product.
C. identification of adhesions on the microbial surface and structures on
15 the starch granules which are involved in irreversible attachment will
have a range of applications not only for improving delivery of
probiotic microbes but also in a further range of applications for
attaching components to starches and derivatives thereof.



Sucr ose

100 100
M neral m x
13 13

Bact eri al st rWOP/34sXBAT2 X8AT2 X8AT2 None X8AT2 V\ammmwonw ze

150 150 150 150 Wheat bran 100
100 CGelatin 20 20 20
67 67 67 67 Vitamn m X 13
13 Met hi oni ne 2 2 2

HA=H gh anyl ose starch; Carboxy-nethyl =Carboxynet hyl ated hi gh anyl ose
starch. Al weights are in granms. Bacteriabgcultures (100 mcrolitres per

day) were 5

orally ingested by the mce with starch containing neal s.

20

2

15 Results are presented in Figure 10 and show that the conbi ned dosage of

resistant starch and Theipsksentinventorp haveshawn thas partioyiar hedificatiensceld by

T
rticul ar i ficati resjs sf.arch, si modi fi.
Ito ested, 5 narfEFucles, ngmwgﬁ% é,ﬁgﬁﬂ%{lﬁuﬁﬁpﬁ‘%ﬂ%&ﬁeﬁg Av af &y f’g%?

I nterestingly,
had an initgal

10

15

20

25

30

35

tamd thakihesaadhesionsattach te bisuctivcesethefstamb. Fiheivavibdet eri a

RASditic¥®ons tested allow one to predict the structures which are involved
in specific and non-specific binding and which afford most resistance. In
addition, some modifications or treatments will erode the granules to cause
pitting and the resultant pits offer physical protection for the probiotics from
the harsh environment.

Attachment to starch granules offers an advantage in stability and
delivery of probiotic preparations since attachment to the granules will result
in microbial preparations which are more stable. This would therefore apply
during passage through the digestive tract and allow a more efficient delivery
system as the attached microbes would be more resistant to the harsh
conditions of the tract e.g. low pH, bile acids and digestive enzymes. This
can be demonstrated in vitro by studying the survival of attached probiotic
strains in buffer or growth media at various pH levels or containing digestive
enzymes. In vivo confirmation can be obtained by studying survival after oral
administration to humans, pigs or rodents.

Example 6
The medium included in Table 1 was used for studying growth of,

and short chain fatty acid (SCFA) production by a range of intestinal isolates.

Cultures were incubated anaerobically for 48 hours and the SCFA levels in
the cultures were determined. The concentrations of propionate, acetate and
butyrate for the various isolates are presented in Figures 12, 13 and 14,
respectively.

It was shown that when resistant starch was the sole source of
carbohydrate, high levels of acetate were produced by Bifidobacterium spp,

* high levels of propionate by Bacteroides vulgatus and Bact. fragilis while

butyrate was produced to a limited extent by Eubacterium Jinosum and in
large quantities by Clostridium butyricum.
Example 7

Mice were fed either normal mouse diet or a prepared diet containing
either waxy starch, Hi-maize™ or modified Hi-maize™ and were orally dosed
with 200 microlitres of Bifidobacterium sp strain X8AT2 or Bif. bifidum
cultures. The composition of the mouse prepared diet is included in Table



effect after which the weight |oss was nore rapid. Uses The present
I.nvention can be applied to all conditions in which 10 pat hogens have
been identified or proposed as causative agents of intestinal disease in
both man and animals. Since infective diarrhoea has been shown to be
i-mproved by pmadrotsse dosage, the present invention can be BESEHAUYPOEMhance
the effect of the probiotic by itself. In addition, the present invention
may used effectively to inprove non-infectiage diarrhoea which has 15 . not
been shown to be influenced by probiotics alone. It could al so be used
effectively in reducing the effects of dietary related diarrhoea problens.

| nf ective di ar r ha¢aFaafaksamples atere collentedt diiyserpaad at gey A afer centipypus

chronic, in which m‘%ﬁ 61‘1'1]5&2'3\’@) éﬁthﬁﬁlﬁet u§ﬂﬂé/\!iif‘ﬁebilﬁem CS@ﬂmptds were
i ra

|nclud|n bacterlal nd 0Z0 uch, i nf d n 20
’ QAL PTYY 0\%&9 S8 ;‘% J?H afrar%%oea g’l}#é i s

mani fest itsel f stored
frequently associevebschreiprésentedan E’igumtlﬁ evated lm'ﬂlsl qf;}putxng}e whTs pated in

associ at ed ¢ ar 1 ea e fobiskd VakLiE or SaftioRyind te@%astaﬁpmwhamaemnd

o pravent foﬁsﬁﬁyﬁﬂt dp e%?ﬁaapmitsapd’é@@%e tnc gt pes SR wER" 12t C
probl ens e.g. (i higheydsdn Yuse netegasnnmaldpe%iwnhlthex%tﬁaﬂtéwlkm@n t he bowel
i s decontam nat eg;andatRRulBiRdRA, {t87R! QRcRfdd that the elevation was not solely

attributable to the resistant starch but rather the combination with the
10 Bifidobacterium sp strain used.

Table 14.  Diets for mice probiotic feeding experiments.

Test Groups A B C 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 | X8AT2 | X8AT2 | None X8AT2

Waxy=waxy maize; HA=High amylose starch; Carboxy-methyl=Carboxymethylated high
15  amylose starch. All weights are in grams. Bacterial cultures (200 microlitres per day) were

orally ingested by the mice with starch containing meals.

The fermentation end products of some dominant human intestinal
bacteria after growth in a defined laboratory medium containing resistant
20 starch were studied. It was shown that when resistant starch was the sole
source of carbohydrate, high levels of acetate were produced by
Bifidobacterium spp, high levels of propionate by Bacteroides vulgatus and



by an undesirable m crobial population (ii) travellers exposed to an
al.tered pathogen |load or an alteration of the gastrointestinal tract
ecosystem whi ch can predi spose the individual to a | ower infective dose of
a pat hogen. 30 ‘Therapeutic uses relate to the treatnent of establ.ished
condi tions rwoarReé9t o an undesirabl e bal ance of the gastropci/gsd7ioeah tract
m crofl ora or an established pathogen infection. Enhancing production of
antimcrobial substances by probiotic strajgns. Such antim crobi al

subst ances can include substances which inhibit 35 growm h of a pathogen
or the potential of the pathogen to col onise since pathogens frequently
need to adher e Bustdrbides frogilis whiledptyrate olas prahtced o ahinitéd extedBbjras been

shoun that pat NAfeReRHBeiheshnt 8R4 BP A BidAfks) CRSMA baRaRLP! OD1 Ot 1 C

strains. The present | nvegtl on w [ CF dt e.antim c%o [ effects
ei t her direct | Conseqwrnthe 814ty qemprueatsinciudinggesistaptstarch@ndol oni ¢
bacteria and prmédificatiodsaitioesaf aviiéh tlewadleetive enhancetrnt bf §f. datyrirsim

5 could be used to prevent colorectal cancer. This effect could be enhanced by
oral administration of Cl. butyricum and Eubacterium, microbes of intestinal
origin known to produce high levels of butyrate.

Furthermore, when resistant starch was orally dosed to mice in
combination with Bifidobacterium spp, elevated levels of faecal butyrate were

10 noted. The increased levels were also noted when a modified resistant starch
was orally administered together with a Bifidobacterium sp. The elevated
butyrate levels, however, are less marked for one strain of Bifidobacterium
than another, indicative that it is the combination of the resistant starch and
the Bifidobacterium rather than the starch alone which is the contributing

15 factor to the elevated levels of butyrate.

Consequently, the invention covers the combination of resistant
starch or modifications thereof with microorganisms such as Bifidobacterium
spp, Cl. butyricum, Eubacterium as well as other SCFA including, butyrate,
producing intestinal bacteria. Furthermore, since propionate can be absorbed

20 and reach the liver where it can reduce de novo synthesis of cholesterol, one
can postulate that oral administration of resistant starch and/or Bacteroides
spp could yield a reduction of cholesterol levels.

Uses
The invention can be used in reducing the incidence of colorectal cancer and

25 reducing colonic atrophy.

It will be appreciated by persons skilled in the art 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

30 be considered in all respects as illustrative and not restrictive.



Adhesion test in the buffer pH 6.8 The adhesi on of col onic bacteri al
strains and probiotic strains to anyl ose starch granules was detected
directly by using light m croscop' Tr jal strains included
Bi f. X8AT1, Bif. X8AT2, Bif. X13AT2 cEEHASoBEEN act. vul gatus, Lact.
fer ment um KLDWQ 8¢9 casef, Lact . SRACEINd Lagt. sp. BWAUSL/@mhes
used in the experinents are shown in Tab e ‘i-at—cell's were-

collected from2 m overnight cultures in P¥ nmediumb 000
rpmfor 5 mins. After discarding the 15 super nat ent ﬂmwcw nFmﬂHm
with 2 mM PBS buffer (12.1 g Klerr]HPJ err], 3.4 g KH err|PQlerm

Nad , dissol ved FRAIME: distilled water, pH 6.8), finally resuspended in 1

m of PBS and pHi2.5 Adethod zma]}mam.gn fesident pﬁp\\ﬂanen pf efieroesganism in a

fol low ng: 10% OLel@%tlad T ‘Sf H'Ie %Eﬁ-@ﬁiggﬁ %{S&Fc{ #ﬁgol)‘ne %ﬂ&ﬂg@@&ﬁpk@m n1

PBS buffer. The
f ood processing Prayé aert@éhearngw aselestedapogi 166 qrh@quem egsistant:stareh op

8 arrplme (? 5 sﬂ ) gfixeaedthefedf ﬁQ@&ﬁﬁBnﬁﬂtﬁh&htﬁ @habr ﬁibr fobibtie thigebidayisthd h
Thg supgr n;teant s® ﬁf@sk %’? r%ew‘?'gﬁitsetgm '%%E) ‘}& ter %\R‘?ﬁ@ﬁ ldé%vlcttmhns
PBS buffer. The wbemtea;ilwméxl@d ugtil dtweaghasdhe fsoluec@d rﬂmswhe;e d6is utilised
precipitate the by@iélestieatahd/or thesrobitiR! tr6diganisH8thaRbEcddkiiadnay t o
remove the rever §l bl e 10 Wtk &h&fok detivibf of WG Rotpatggi e 1 8l adhered to

10 2. A method of suppressing an undesired resident population of
microorganism in a selected site of the gastrointestinal tract of an animal, the
method comprising providing to the animal a modified or unmodified
resistant starch or mixtures thereof in combination with one or more
probiotic microorganisms such that upon ingestion the starch passes through

15 the gastrointestinal tract substantially unutilized until it reaches the selected
site where it is utilised by another resident and/or the probiotic
microorganisms causing an increase in number and/or activity of the other
microorganisms and suppressing the growth and/or activity of the undesired
microorganism.

20 3. A method of reducing the incidence colorectal cancer or colonic
atrophy in an animal, the method comprising providing to the animal one or
more short chain fatty acid (SCFA} producing probiotic microorganisms and _

a carrier which will function to transport the one or more probiotic
microorganisms to the large bowel or other regions of the gastrointestinal

25 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 so as to enhance SCFA production by probiotic and/or resident -
microorganisms in the gastrointestinal tract of the animal.

30 4, The method according to claim 3 wherein the SCFA is butyrate and
the probiotic and/or microorganisms in the gastrointestinal tract are CI.
butyricum and/or Eubacterium.

5. The method according to any one of claims 1 to 4 wherein the

resistant starch is selected from high amylose starches and modified forms
35 thereof.
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starch gra weed by phase-contact |ight mcroscopy Adhesion to
cooked sta:mmmlmmuﬁnmmbserved with the Bif. X8AT1, X8AT2, X13AT2 and
Bif bifidum*(Tablks % &nd*6). Var a%lg 3 iesi on was det ect ed
dependi ng on the strains and starfch d EI_?E%% ASEEEN IlBATZ appeared as the
best strain twoBwswdemi th starch t%g ir%.DRif _K8AT2 prreradiseopiad | y

sufficient in the adhesion. Starch nos. 4 and 11 were the best substrates

for the binding, whereas Starch nos. 1 and,g seened adequate. 17 Exanpl e
5 See Tables 7 to 9 for results of survival of Bifidobacteriam under
various cultural conditions. Exanple 6 5 The effect of H -maize in

the Bifidobactesi um gThemiethedlacoording to laiine whemdn techighansiiosd staichof t he
Bi {1 dobact er i UMy fimizHVidiEh Ha0tHR S DdmPloSE cBREIE HARIoY i thoig, noT mal

mce diet were use roups we ornmal. nouse di ef _and one
group Hi-maizetPerr] B gggathﬁ) gqcoqtﬁfgg fo claim 6 wherein the maize starch having an

amylose content of 80% w/w or more.

5 8. The method according to claim 5 wherein the high amylose starch
includes rice or wheat starch having an amylose content of 27% w/w or more.
9. The method according to claim 5 wherein the high amylose starch

includes particular granular size ranges of starches having an amylose
content of 50% or more with enhanced resistant starch content.

10 10. The method according to claim 5 wherein the high amylose starch
from plants selected from the group consisting of maize, barley, wheat, rice,
legumes, bananas, potatoes, and modified forms thereof.

11. The method according to any one of claims 5 to 10 wherein the
resistant starch is modified chemically, enzymatically, and/or physically.
15 12. The method according to claim 10 wherein the chemical modification

is by etherification, esterification, or acidification.
13. The method according to claim 11 wherein the physical modification
is by crystallisation.
14. The method according to any one of claims 5 to 10 wherein the

20 modified resistant starch is selected from the group consisting of
hydroxypropylated starch, acetylated starch, octenyl succinated starch,
carboxymethylated starch, and succinated starch.

15, The method according to any one of claims 1 to 14 wherein the
growth and/or activity of the resident microorganisms is increased.

25 16. The method according to any one of claims 1 or 14 wherein the
growth and/or activity of the probiotic microorganisms is increased.
17. The method according to any one of claims 15 or 16 wherein the
selected site is the small intestine, stomach, or large bowel.

~18.  The method according to claim 2 wherein the undesired resident

30 microorganism is a microbial pathogen.

19. The method according to claim 18 wherein the resistant starch acts as

a carrier which will function to transport the one or more probiotic
microorganisms to the selected site of the gastrointestinal tract, and which
carrier acts as a growth or maintenance medium for the non-pathogenic

35 microorganisms in the selected site of the gastrointestinal tract to an extent
sufficient to suppress growth and/or activity of the microbial pathogen.
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E??DWS?'ZE'[ZP&”JI!HIWII Iﬂllﬂﬂlﬁlll 400-gecain o 0O 10 200 g

canol a oi l 25 g su TENESHOET HAS BEE N 25 g sucrose
150 g 15 wheat bran a REPLAC,‘;QO g latin
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Two types of bacterial cultures were used in the exper| ments. In the first
type, Bif. X8AT2 was grown in the glucose ceataining medi um overni ght, and
growi ng Hi -maize[err] containing nmediumwas accounted as second type. The

m ce were housed i ndividyall uripg . the experinent and all were or%ll
admi ni stered wit 80200 4P 1BWP i RIGBLLIC SOMRBASIBPRTCOMPFISIAg OBE OF MOre pry

G oup 1 were fedmictdorgarismas and atcariberechich twillXafiction tf trimespoet tha oneldrur e

previ ously grown el

starch medi um merr%&Fnggﬁgﬁmmg%éé AP@% ?@e%ﬂe@%o?{ér k&(ge&?gg oup 2 of

mce were kept omBastRintestingl tragtethe caimienromprising Wéqdef gdoer yamadified redistant

Hi -mai ze[ err§ st atarth of alixtufed th@f‘edf lbe whielCtlle probioticniefsigaresims ard thaxmdex t

10 hour period aff Ghnannersoas to protect the microorganisms during passage to the large
bowel or other regions of the gastrointestinal tract, which carrier acts as a
growth or maintenance medium for microorganisms in the large bowel or
other regions of the gastrointestinal tract.

10 21. The improved probiotic composition according to claim 20 wherein
the probiotic microorganisms are bound irreversibly to the resistant starch.
22, The method according to claim 20 or 21 wherein the resistant starch

is selected from high amylose starches and modified forms thereof.

23. The method according to claim 22 wherein the high amylose starch
15 includes maize starch having an amylose content of 50% w/w or more.

24. The method according to claim 23 wherein the maize starch having

an amylose content of 80% w/w or more.

25. The method according to claim 20 or 21 wherein the high amylose

starch includes rice or wheat starch having an amylose content of 27% w/w
20 or more.

26. The method according to claim 20 or 21 wherein the high amylose

starch includes particular granular size ranges of starches having an amylose

content of 50% or more with enhanced resistant starch content.

27. The method according to claim 20 or 21 wherein the high amylose
25 starch from plants selected from the group consisting of maize, barley, wheat,

rice, legumes, bananas, potatoes, and modified forms thereof.

28. The method according to any one of claims 20 to 27 wherein the
resistant starch is modified chemically, enzymatically, and/or physically.
29. The method according to claim 28 wherein the chemical modification
30 is by etherification, esterification, or acidification.
30. The method according to claim 28 wherein the physical modification
.is by crystallisation.
31. The method according to any one of claims 20 to 27 wherein the

modified resistant starch is selected from the group consisting of
35 hydroxypropylated starch, acetylated starch, octenyl succinated starch,
carboxymethylated starch, and succinated starch.
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bact e ol | ecffFed=segquent | al | Ly from i ndi vi dual mce and
vvel ghted i miﬂl““ﬂﬂ@m““ﬁlﬁuﬂul ati r’fszS)SHggf H'§ Act ey
faecal pellet "wefe nuherat ed. Thd nunbﬂEPQi\cgb
suspensi ons used for oral dosage Wwere enurerae CFU/ m . The recovery
rat es of Bi fwoelimsdlieri um X8AT2 in the three groups of m cPCRAUTRNN essed
35 as daily total output per nouse and as the percentage of survival in
the faeces based on the numbers orrally dgged. 18 [err] 19 [err]

32. An improved method of providing probiotic microorganisms to the
gastrointestinal tract of an animal, the improved method comprising
administering to the animal the improved probiotic composition according to
any one of claims 20 to 31.
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Table 7: The effects of growth nedia (glucose and Hi -mai ze[err] based) on
the survival of Bifidobacterium X8AT1l in PBS buffer with various pH Viable

‘bacterial counts (log/10m) Tines (h) pH 6.5 , pH 3.5

pH 2.3 Qu HM Gu HM Gu HM ’(?7485

8.11 6. 63y 97/3459189 ND 6.68 3 6. 45 FPCTAPIHY 0. 00
5.64 0. 00 0.00 6 6. 54 7.47 0. 00 5.37 0. 00
0.00 Table 8: The effects of growth nedi a (.ggycose and Hi -mai ze[ err] based)

on the survival of Bifidobacterium X8AT2 in PBS buffer with various pH

Vi abl e bacterial counts (log/10m) Tinmes (h) pH 6.5 pH 3.5
pH 2.3 Qu HM Au HM Au HM 0 6. 14 '
7. 80 6. 38 7.75 6. 07 6.88 3 5.98 5.99 3.48

6. 67 0. 00 0.00 6 5.54 7.92 0. 00 5.24 0. 00

0.00 Table 9: The effects of growth nedia (glucose and H -nai ze[err] based)
on the survival of Bifidobacterium X13AT2 in PBS buffer with various pH

Vi abl'e bacterial counts (log/10m) Tinmes (h) pH 6.5 pH 3.5
pH 2.3 .

O Starch 1
—e— Starch 2
wmngye Starch 3
4 —— Starch 4

—o— Starch 5
—o— Starch 6
smptmmne Starch 7
2 —— Strach 8
~—o— Starch 9
—a— Starch 10

0 ——
-10 0 10 20 30 40 50 60
Time ( hours )

Total carbohydrates concentrations concentrations ( mg/ml )
(2,
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SUBSTITUTE SHEET (Rule 26)



Au HM Au HM Au HM 0 6. 94 8. 16
6. 75 .6. 80 7.04 6.88 3 6. 92 7.97 6. 50 5.44
0. 00 0.00 6 7. 05 8. 05 0. 00 4.50 0. 00

0. 00 21 The effects of bile acids on the survival of Biw‘g@ﬁg pium
_Were previ ougkywr7@s§sewn in the nedi um contai ni ng gl ucose or "H™-Nal'z '?err]
starch. The three human bifidobacteria isol@ s showed better survival in
the bile acids solution [Tables 10, 11 and f The cells which were
previously 5 coll ected fromthe nmedi um contained H -maize[err] starch
whi ch were nore resistant- in the high concentration of bile acids in
conpari son with the one obtained fromthe nmedi um not containing

Hi -mai ze[err] starch. Table 10: The effects of growh nmedia (glucose and
Hi -mai ze [err] based) on the survival of Bifidobacterium X8AT1 in PBS
buffer with varied concentration of bile acids Viable bacterial counts
(log/10OmM) Tinmes (h) 0. 00% 0.03% 0. 05%

4 —o— Starch 1 3 e
4 -l Statch 2 — s

| ety Starch 3 :
4] ~——a— Starch 4
24 —o— Starch §
9| =e==Cm=== Starch 6
~—a—— Starch 7
ol —— Starch 8

} ~——o— Starch 9
- —a—Starch 10} 20 30 40 50 60

Time

Total carbohydrates concentration ( mg/ml )
[,

Figure 2
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Au HM A u HM Au HM 0 6.70 7.46
6. 60, .6.99 6. 90 6.99 3 6. 19 6. 75 6. 47 6. 90
"5.84 6.88 6 : 5.04 5.73 4.41 6. 65 2.98

6.18 Table 11: The effects of growth nedia (glucose and Hi-nmaize[err]
_based) on t hgygeHiisdal of Bifidobacterium X8AT2 in PBS buf PEFARPTH! ar i ed
concentration of bile acids Viable bacterial ggsnts (log/10m ) Tinmes (h)

0. 00% 0. 03% 0.05% A u HM Au HM

Au HM O 6.78 7.04 6. 80 7. 05 6. 95 6. 92
3 6. 90 6. 94 6. 84 6. 03 6.70 7.08 6

6. 74 6. 60 6. 88 7.16 5.21 7.13 22 Table 12: The

effects of growh nmedia (glucose and Hi-nai ze[err] based) on the survival
of Bifidobacterium X13AT2 in PBS buffer with varied concentration of bile
aci ds

-~ 12
E - H
0 ]
E 10_ .........
= -
2 .
E ]
= -
] i
= -
5 6
§ p
:E, 44 —— Stmh 1 .;
2 J —— Starch 2
= J ===y Starch 3
el 2~ —+— Starch 4
= 4 —o— Starch §
& § —o— Starch 6

04 —— Starch 7

—— Starch 8
-} ——o— Starch 9 20 30 40 50 60
> ]
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Vi abl e bacterial counts (log/10m) Tinmes (h) 0. 00% 0. 03%

0.05% A u HM Au HM Au HM 0 5.70

6. 28 6. 32 6. 67 6. 14 6.78 3 4. 60 6. 52

4. 63 6. 84 4. 48 6.85 6 3. 27 6. 40 2. 60

6.74 2. 78w0 97/34596. 84 Conparative survival rates of BifiRATENTEm
X8AT2 previosly grown in glucose and Hi -nai zefygyst] starch in mce colon The
conparative daily output of Bifidobacterium X8AT2 in the mce 5 f aeces

was shown in Table 13. Hi gh recovery rates of Bif. X8AT2 were found in the
group of mce fed with normal diet and dosed with bacteria grown in the

Hi -mai zev[err] starch nmedium in conparison with the normal diet group of
mce fed with glucose grown cells. The H -mai ze[err] starch diet further
enhanced the excreted nunbers of Bif. X8AT2. Faecal daily wet weights 10
woul d al so be influenced by the diets. H -maize[err] starch diet yielded
t he hi ghest faecal output (Table 13), due to the high intake of feed. The
adhesi on of bacterial surface proteins to starch granul es was detected
using a dot bl ot where fractions of spent culture superpatant and lithium
chl oride extracts were assayed for adhesion to Anyl ose starch 15

granul es (Signma). Residual starch granules were detected by iodine. The

E ' '
Eo 12 .
- ]
2 10
k=) ]
8
£ 8]
5 .
g 1
é 3 : : T_:_:_ Starch !
5 4] ) —— Starch 2
B _ wrymen Starch 3
K-} N : : : —— Starch 4
< 2 : : : —o— Starch 5
3] : ' ~—0— Starch 6
= ] ' —+— Starch 7
ﬁ 0 ' —— gtnrcg g
- ——o—— Starc
10 0 10 _20 30 40 = Starch 10
Time ( hours )
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spent culture supernatant LiC[err] extracts of Bifidobacteria X13AT2 was
extracted-by gel filtration chromatography using Sephacryl S-300
(Pharnmacia), and the Biol ogic chromatography system (Biorad). The relative
nol ecul ar wei ght of the protein (Fig 11) which showed affinity for the
starch 20  woamsdsess was estimated using mol ecul ar wei ght RITAMEZPYIY The
nol ecul ar wei ght of this conponent was between 50,000 and 60, 000. It can be
seen fromthe above results that nodifications/isnfl uence the degree of
attachnment and that different species and different strains of the sane
genus attach to some nodifications to different degrees. It is therefore 25
be possible to make predictions as to which structures will favour

at t achnment 23 of selected probiotic mcroorganism Furthernore it can be
det erm ned which structures are involved in the adhesion (allow ng
irreversible attachnent if desired). Table 13: The effect of

H -mai ze[err] on in vivo survival of Bifidobacterium X8AT2 G oups

1 . 2 3

R —

J| —o— Starch 1 :
44 —e—Starch2 J.2

J | s Starch 3 | .
—a—— Starch 4

{| —o—— Starch 5
241 —o— Starch 6
~—a— Starch 7
]| ——— Starch 8
0 —e— Starch 9

—a— Starch 10
1 Sobo 30 4 0 60

Time ( hours )

Total carbohydrates concentration ( mg/m! )
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Diets Nor mal di et Nor mal di et Hi - mai ze[err] starch

diett Gowth substrates for G ucose H - mai ze[ err]

"Hi -mai zet[err] starch X8AT2 starch
nunber dosed 9.48[err] 8.56 [err] k
.8.56[err] (L@gokBisonunber recovered 7.14[err] PCT/AUSTI00174 43 oy [ ]
7.51[err] (Log 10/10h) Recovery rates 6/15 4.65 37.50
44.92 (per 1000) Faecal weight (Q) 2.51 2. 67

4.01 a log[err] CFU per day b 10gl0 CFU per ml Attached bacteria are known
to be nore resistant to antibiotics and it. 5 is therefore envi saged
that since nodifications of resistant starch allow attachnent, that
bacteria attached to the various nodifications of the starches will be: a.

nore resistant to conditions in the digestive tract nanely low pH, bile
acids and digestive enzynes. This will be a clear advantage for a 10
delivery system designed to deliver viable probiotic bacteria to the

—=o— Starch 1
~—e—— Starch 2
vemmyyem Starch 3 s = . -1
e Starch 4 N E—— )
memaceene Starch 5 { :
—O— Starch 6

———- Starch 7
w— Starch 8 10 20 30 40 50 60

——o— Starch 9 Time ( hours )
~—a— Starch 10
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stomach, small intestine or large intestine. b. survive better in a

preparati-on since they will be nore resistant to environnental conditions
in the formul ated product. c. i dentification of adhesions on the
m crobi al surface and structures on 15 t he starch granules which

are invol ved wossasversible attachment will ?ﬂge a range oPCHABYYMEHI ons
not only for inproving delivery of probiotic nm'crobes but also in a further
range of applications for attaching conponents to starches and derivatives
t her eof . 24 The present inventors have shown that particul ar

nodi fications of resistant starch will favour attachment of particular

m crobes to the starch particles. This denonstrates that particular
bacterial adhesions are involved and that these adhesions attach to
structures on the starch. The various 5 nodi fications tested all ow one
to predict the structures which are involved in specific and non-specific
bi ndi ng and which afford nost resistance. In addition, sonme nodifications
or treatnents will erode the granules to cause pitting and the resultant
pits offer physical protection for the probiotics from,

typhimurium (log10/mt)

@ M Bif.+Lact.+Pathogens
= Bif.+Pathogens
c Bl Pathogens
2
-
K.
2
a2
)
a. Starches
Figure 7
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t he harsh environnment 10

attachnment to the granules wll

nor e stabl e.

Attachnment to starch granules offers an
advantage in stability and delivery of probiotic preparations since

result in mcrobial

preparations which are
This woul d therefore apply during passage through the’

-di gestive trawbomsgdonl | ow a nore efficient delivery syst emREI/AUIE0H¢ ached

m crobes would be nore resistant to the harsh 15

e.g.

vitro by studying the survival

to humans, pigs or

production by a range of

of carbohydrat e,
Spp,

(

i nt esti nal

after

or al

conditions of the tract
| ow pH, bile acids and digestive enzynes./{gis can be denonstrated in
of attached prO%IOtiC strains in buffer or

growm h nmedia at various pH |l evels or containing digestive enzynes.
confirmati on can be obtai ned by studying survival

rodents. 20

In vivo
adm ni stration

Exanple 6 The nmediumincluded in Table 1
was used for studying growth of, and short cpain fatty acid (SCFA)
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| sol ates Cul tures were incubated
anaerobically for 48 hours and the SCFA |l eveEs in the
determ ned. The concentrations of propionat
for the various isolates are presented in Figures 12,
respectively. It was shown that when resista@tastarch
hi gh | evel s of acetate mere“p@oduced

cultures were
and 25

13 and 14,
was the sol e source
by Bifidobacterium

butyrate

Figure 8



hi gh | evel s of propionate by Bacteroides vul gatus and Bact. fragilis while
30 butyrate was produced to a limted extent by Eubacteriumlinosum and
~inlarge quantities by Clostridiumbutyricum Exanple 7 Mce were fed

ei ther normal nouse diet or a prepared diet containing either ‘gg%%ﬁtar ch,
Hi - mai ze[ er rpoQ4a48pdi fied H -mai ze[err] and were orally d G W th
" 200 mcrolitres of Bifidobacteriumsp st raig?jsSXSATZ or Bif bifidumcultures.
The conposition of the nouse prepared diet i ncluded in Table 25 14.
Faecal sanples were collected at day zero and at day 8 after continuous
feeding fromday 3 to day 8 of the diet plus the bifidobacteria. Sanples
were stored frozen prior to analysis of SCFA. The results of the faecal
butyrate | evels are presented in Figure 15. Elevated | evels of butyrate
were noted in 5 m ce fed resistant starch, or carboxynethyl ated
resistant starch, together with Bifidobacteriumsp strain X8AT2. Since
these butyrate |l evels were higher than those noted in mce dosed with the
resi.stant starch and Bifidobacteriumbifidum it was concluded that the
el evati on was not solely .

Coliform population ( Log 10/ ml medium )

0 2 .6 9
Incubation hours

T Mixed faecal bacteria plus S. typhimurium
B Mixed faecal bacteria plus S. typhimurium and B. bifidum

Figure 9a
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attributable to the resistant starch but rather the conbination with the 10

Bi fi dobacterium-sp strain used. Table 14. Diets for mce probiotic

feedi ng experinents. Test G oups A B C D

E Starch Waxy HA Car boxy HA None -nmethyl 400
400 400 w0 97344810 Casei n 200 200 2@GT/AUITANTO

Canol a oi l 25 25 25 25 Sunfl ower oil 25

25 25 25 Sucrose 150 150 150 150 Wheat
br an 100 100 100 100 Gel at i18/15 20 20

20 20 M neral m x 67 67 67 67 Vitamn m X

13 13 13 13 Met hi oni ne 2 2 2

2 Bacterial strain X8AT2 X8AT2 X8AT2 None X8AT2 Waxy=waxy nai ze;

HA=Hi gh anyl ose starch; Garboxy-nethyl =Car boxynet hyl ated hi gh 15 anyl ose

starch. All weights are i® ofus.Bacterial cultures (200 microlifres per

day) were orally ingestedsby the mice with starch containing neals.
. [ 3] o -

Coliform population (Log 10/ ml m

6 9
Incubation hours

Figure 9b

Coliform population ( Log 10 / ml medium )

0 2 6 9

Incubation hours

Figure 8¢
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The fernmentation end products of sonme dom nant human intestinal bacteria
after gromh in a defined | aboratory nedi um contai ning resistant 20
- starch were studied. It was shown that when resistant starch was the sole
source of carbohydrate, high levels of acetate were produced 2& ' 4
Bi fi dobact er jgas»éde high I evels of propionate by Bacteroi e ﬁ'f"t?é-f us and
" 26 Bacteroides fragils while butyrate was produced to a limted extent by
Eubacteriumlinosumand in large quantities by dostridiumbutyricum
Consequent |y, dietary conponents includinglhggistant starch and
nodi fications thereof which allow selective enhancenent of C. butyricum5
could be used to prevent colorectal cancer. This effect could be enhanced
by oral adm nistration of C. butyricumand Eubacterium m crobes of
intestinal origin known to produce high | evels of butyrate. Furthernore,
when resistant starch was orally dosed to mice in conbination with
Ri fi dobacterium spp, elevated | evels of faecal butyrate were 10 not ed.
The increased |levels were also noted when a nodified resistant starch was
orally adm nistered together with a Bifidobacterium sp.. The el evat ed

g
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- ]

:: -

2 27

F o '
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» o H
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g 4 —e—aA \\\\
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2 6 O C i

z ]——D} -\\87<\““‘
o1 - b

S 0 1 2 3 4 5 6 71 8
& Days

Group A: Waxy starch plus S. typhimurium and B. bifidum

Group B: Hi Maize starch starch flus S. typhimurium and B. bifidum
Group C: Modified amylose A 955 D2 plus S. typhimurium and B. bifidum
Group D: Hi Maize starch plus S. typhimurium only

Group E: Normal mice diet plus S. typhimurium only

Figure 10
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butyrate | evels, however, are |less marked for one strain of Bifidobacterium
than another, indicative that it is the conbination of the resistant starch
and the Bifidobacteriumrather than the starch alone which is the
contributing 15 factor to the elevated |l evels of butyrate. Consequently,
the invention cwoeers4sbhe conbi nation of resistant starch or nmewAdzadizons
thereof with m croorgani sns such as Bifidobacteriumspp, O. butyricum
Eubactezium as wel|l as other SCFA including, bujyqgte, producing intestinal
bacteria. Furthernore, since propionate can be absorbed 20 and reach the
liver where it can reduce de nova synthesis of chol esterol, one can

postul ate that oral adm nistration of resistant starch and/ or Bacteroides
spp could yield a reduction of cholesterol |levels. Uses The invention can
be used in reducing the incidence of colorectal cancer and 25 reduci ng
colonic atrophy. It wll be appreciated by persons skilled in the art that
nunmerous variations and/or nodifications may be made to the invention as
shown in the specific enbodiments without departing fromthe spirit or
scope of the invention as broadly described. The present enbodinments are,
therefore, to 30 be considered in all respects as illustrative and not
restrictive. )

Absorbﬁncc

268.88 ' 309.98 460.90 ' spa.ab

Wavelength (Mg s00)

Figure 11
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27 CLAINB 1. A nmet hod of enhancing a resident popul ati on of
m croorganismin a selected site of the gastrointestinal tract of an
~ani mal, the method conprising providing to the animal a selected nodified
or unnodi fied resistant starch in 5 the form of high a | ose starches or
m xtures theggpdialhdy conbi nation with one or nore probiotic ﬁ?éP%&ngnlsns
~such that upon ingestion the starch passesjjqarough the gastrointestina
tract substantially unutilized until it reaghes the selected site where it
is utilised by the resident and/or the probiotic m croorgani sns thereof
causing an increase in nunber and/or 10 activity of the m croorgani smns.
2. A net hod of suppressing an undesired resident popul ati on of
m croorganismin a selected site of the gastrointestinal tract of an
aninmal, the nethod conprising providing to the animal a nodified or
unnDdlfled resistant starch in the formof high anyl ose starches or

m xtures thereof in 15 conbi nation with one or nore probiotic
m croorgani sms such that upon ingestion the starch passes through the
gastrointestinal tract substantially unutilized until it reaches the

selected site where it is utilised by another
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resident and/or the probiotic mcroorgani sns causing an increase in nunber
and/or activity of the other m croorgani sns and suppressing the growh 20

and/or activity of the undesired m croorganism 3.
t he inci dence col orectal

A et hod of reducing

cancer or colonic atrophy in an animal, the method
one or nore short chain PEE/AYI7HEITE

.conprising prayessg; to the ani mal

(SCFA) producing probiotic mcroorganisns and a carrier which will function
to transport the one or

nore probiotic 25
bowel or other regions of the gastrointestinal tract, the carrier
23 . :

conprising a nodified._qr

which carrier acts as®& gro
ot her
enhance SCFA production bygp

the | arge bowel

or

in the gastrointestin
claim3 wherein the SGEA is |butyrate and

m croeorgani sns in the Pasto
THe net

Eubacterium 5.

resistant starch is 358

forns thereof.

Acetate con

re

h or

i ons of the gastroi
obiotic and/or re

mai nt enance nedi um f or

tradt of the ani

Butyrate concentration (mM)

S
20

10
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d according
| ected from
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30 m cr gor gani snms
he nmet hod adcording to
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starches and nodified
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28 6. The net hod according to any one of clains 1, 2 or 5 wherein the
hi gh anmyl ase starch includes mai ze starch having an anyl ose content of 50%
W w or nore. 7. The net hod according to claim6 wherein the maize starch
having an 5 anyl ose content of 80% w w or nore. 8. The met hod”
according to a@p@Aassepf clains 1, 2 or 5 wherein the hi gh anP¢HAEIPHACh

I ncl udes rice or wheat starch having an anyl ose content of 27% w w or nore.
9. The net hod according to any one of clai #1383, 2 or 5 wherein the hi gh
10 anyl ose starch includes particular granul ar size ranges of starches
havi ng an anyl ose content of 50% or nore wth enhanced resistant starch
content. 10. The met hod accordi ng any one of clains 1, 2 or 5 wherein the
hi gh amyl ose starch is derived fromplants selected fromthe group

consi sting of nmize, barley, wheat, rice, |egunes, bananas, potatoes, and
nodified forns 15 thereof. 11. The met hod according to any one of
clains 1 to 10 wherein the resistant starch is nodified chem cally,
enzymatically, and/or physically. 12. The net hod according to claim11
wherein the chem cal nodification

5

concentrition (mM)

M column2

Butyrate

Groups

Group 1: Waxy starch plus Bif. X8AT2

Group 2: Hi maize starch plus Bif. X8AT2 ‘
Group 3: Carboxymethylated high amylose starch pius Bif. X8AT2
Group 4: Hi maize starch plus medium

Group 5: Normal mice diet plus Bif. X8AT2

Figure 15
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. © e o o ' Pﬁr AYY q - N~ O
i S by cross-bonding, etherification, esterification, or acidificatdon.-

13. The et claim1l wherein the p 5-|~Q;ai-a4=md| 0

‘by crystalli slmmmﬂ “Iﬂ"lmnm met hod according to an;qone of~¢l ﬁbﬁgb @3?0
wherein the nodifiel rtsistdnt starch is selected fromthe group consisting
of hydroxypropyl at ed starch, acetylated st2& ch, octenyl succinated starch,
25 car boxynet hyl at ed starch and succi nated starch. 15. The net hod

according to any one of clains 1 to 14 wherein the growh and/or activity
of the resi deRbMMSioor gani sns is increased. 16.  The method according to

any one of cl@ims 1AGhethbdéfditiahcidEa F66bht Wlﬁﬁoﬁ‘ﬁf 'ﬁﬁc‘rdox%ﬁniéiﬁ ina

By one. of ¢l SARESAF Brok bo R FRISTURAIEACS of 6 apimel; Lo B s iaprsty
intestine, stprovdingto theragémabusklectét modified ve uhotbdifiedrdsistanit etaxthiim 2
ANEREeD L AT T By B
resi stant st apméhonmareguobiotic microorganisms such that upon ingestion the starch
passes through the gastrointestinal tract substantially unutilized until it
reaches the selected site where it is utilised by the resident and/or the
probiotic microorganisms thereof causing an increase in number and/or
10 activity of the microorganisms.
2. A method of suppressing an undesired resident population of
microorganism in a selected site of the gastrointestinal tract of an animal, the
method comprising providing to the animal a modified or unmodified
resistant starch in the form of high amylose starches or mixtures thereof in
15 combination with one or more probiotic microorganisms such that upon
ingestion the starch passes through the gastrointestinal tract substantially
unutilized until it reaches the selected site where it is utilised by another
resident and/or the probiotic microorganisms causing an increase in number
and/or activity of the other microorganisms and suppressing the growth
20 and/or activity of the undesired microorganism.
3. A method of reducing the incidence colorectal cancer or colonic
atrophy in an animal, the method comprising providing to the animal one or
more short chain fatty acid (SCFA) producing probiotic microorganisms and
a carrier which will function to transport the one or more probiotic
25 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 as a growth or maintenance medium for
microorganisms in the large bowel or other regions of the gastrointestinal
tract so as to enhance SCFA production by probiotic and/or resident
30 microorganisms in the gastrointestinal tract of the animal.
4. The method according to claim 3 wherein the SCFA is butyrate and
the probjotic and/or microorganisms in the gastrointestinal tract are CL.
butyricum and/or Eubacterium.
5. The method according to claim 3 or 4 wherein the resistant starch is
35 selected from high amylose starches and modified forms thereof.
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10 amylose starch includes particular granular size ranges of starches having an
amylose content of 50% or more with enhanced resistant starch content.
10. The method according any one of claims 1, 2 or 5 wherein the high
amylose starch is derived from plants selected from the group consisting of -
maize, barley, wheat, rice, legumes, bananas, potatoes, and modified forms

15 thereof. '
11. The method according to any one of claims 1 to 10 wherein the
resistant starch is modified chemically, enzymatically, and/or physically.
12. The method according to claim 11 wherein the chemical modification
is by cross-bonding, etherification, esterification, or acidification.

20 13. The method according to clalm 11 wherein the phys1ca1 modification
is by crystallisation.
14. The method according to any one of claims 1 to 10 wherein the
modified resistant starch is selected from the group consisting of
hydroxypropylated starch, acetylated starch, octenyl succinated starch,

25 carboxymethylated starch, and succinated starch.

15..  The method according to any one of claims 1 to.14 wherein the
growth and/or activity of the resident microorganisms is increased.
16. The method according to any one of claims 1 or 14 wherein the
growth and/or activity of the probiotic microorganisms is increased.

30 17. The method according to any one of claims 15 or 16 wherein the
selected site is the small intestine, stomach, or large bowel.
18. The method according to claim 2 wherein the undesired resident

microorganism is a microbial pathogen.
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sufficient to suppress growth and/or activity of the microbial pathogen.
20. An improved probiotic composition comprising one or more probiotic
microorganisms and a carrier which will function to transport the one or
more probiotic microorganisms to the large bowel or other regions of the
10 gastrointestinal tract, the carrier comprising modified or unmodified resistant
starch in the form of high amylose starches or mixtures thereof to which the
probiotic microorganisms are bound in a manner so as to protect the
microorganisms during passage to the large bowel or other regions of the
gastrointestinal tract, which carrier acts as a growth or maintenance medium
15 for microorganisms in the large bowel or other regions of the gastrointestinal
tract.
21. The improved probiotic composition according to claim 20 wherein
the probiotic microorganisms are bound irreversibly to the resistant starch.
22. The improved probiotic composition according to claim 20 or 21
20 wherein the high amylose starch includes maize starch having an amylose
content of 50% w/w or more.
23. The improved probiotic composition according to claim 22 wherein
the maize starch having an amylose content of 80% w/w or more.
24. The improved probiotic composition according to claim 20 or 21
25 wherein the high amylose starch includes rice or wheat starch having an
amylose content of 27% w/w or more.
25.  The improved probiotic composition according to claim 20 or 21 _
wherein the high amylose starch includes particular granular size ranges of
starches having an amylose content of 50% or more with enhanced resistant
30 starch content.
26.  The improved probiotic composition according to claim 20 or 21
wherein the high amylose starch is derived from plants selected from the
group consisting of maize, barley, wheat, rice, legumes, bananas, potatoes,
and modified forms thereof.
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or acidification. _
29. The improved probiotic composition according to claim 27 wherein
the physical modification is by crystallisation.
30. The improved probiotic composition according to any one of claims
10 20 to 26 wherein the modified resistant staich is selected from the group
consisting of hydroxypropylated starch, acetylated starch, octenyl succinated
starch, carboxymethylated starch, and succinated starch.
31. An improved method of providing probiotic migroorganisms to the
gastrointestinal tract of an animal, the improved method comprising
15 administering to the animal the improved probiotic composition according to
any one of claims 20 to 30.
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Method of enhancing a resident population of microorganism in a selected site of the gastrointestinal tract of an animal, the methed

comprising providing to the animal a selected modified or unmodified resistant starch or mixtures thereof in combination with one or more
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