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Sel ect'i on and/ or Enhancenent of Resident M croorganisns in the

Gastrointestinal Tract Technical Field This invention relates to an

i mproved net hod of enhancing a 5 popul ation of one or nore target

m cr oor gani snmeswpR7a43¢ gastrointestinal tract, especially thecaymlohoolrs

I ntestine and the | arge bowel, of animls and humans. Background Art It is

the contention of many scientists that the healifh and well being of people

can be positively or negatively influenced by the m croorgani sns 10 which

I nhabit the gastrointestinal tract, and in particular, the | arge bowel.
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of people can be positively or negatively influenced by the microorganisms

10 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 by conditions or stress induced by disease, life style,

15  travel, and other factors. If microorganisms which positively affect the
health and well being of the individual can be encouraged to populate the
large bowel, this should improve the physiological well being of the host.

The present inventors have realised that it would be desirable to
provide a medium that would function to promote the growth and/or activity

20 of target microorganisms in the gastromtestmal tract of animals including
humans.

Disclosure of Invention .
The present invention consists in an improved method of enhancing
a population of one or more target microorganisms in the gastrointestinal

25  tract of an animal, the improvement comprising providing to the animal a
selected modified or unmodified resistant starch or mixtures thereof, such
that the one or more microorganisms will selectively utilise the starch and/or
increase in number and/or activity in the gastrointestinal tract.

The target population of microorganism may be enhanced

30 throughout the gastrointestinal tract of the animal or targeted at specific
sites of the gastrointestinal tract. It will be appreciated that the present
invention will be suitable for any animal that requires alteration of its
gastrointestinal flora. The present method is particularly suitable for use in
humans.



Di scl osure of Invention The present invention consists in an inproved

met hod" of enhancing a popul ati on of one or nore target mcroorgani sns in
the gastrointestinal 25 tract of an aninal, the inprovenent conprising
providing to the aninmal a selected nodified or unnodified resistant starch
or m xtures twW@ornkyz such that the one or nor.e m croorgani $g5A0h%de17s
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McNaught and resistant starches or mixtures thereof are used in this invention. The
advantage of resistant starch is that it is largely not degraded until it reaches
the large bowel. Therefore it provides a readily available substrate for

10 fermentation by the target microorganisms as soon as they arrive in the large
bowel. In both cases, 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 cross-reference.

15 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 or
wheat starch having an amylose content of 27% w/w or more and; particular
granular size ranges of starches having an amylose content of 50% or more

20 and enhanced resistant starch content, these starches including maize,
barley, and legumes. This invention is not, however, limited to these forms
of resistant starch. For example, other forms of resistant starch are derived
from sources such as bananas and tubers such as potatoes and modified
forms thereof. _ _

25 It may be advantageous to also chemically modify the starch to, for
instance, alter the charge density or hydrophobicity of the granule and/or
granule surface to enhance the attachment compatibility between the
microorganism and the resistant starch. Chemical modifications, such as
etherification, esterification, acidification and the like are well known in this

30 art as being suitable chemical treatments.

To modify the degree of enzyme susceptibility of the resistant starch
the conformation or structure of the starch can be altered. Examples include
acid or enzyme thinning and cross bonding using difunctional reagents.

The starches may be modified physically by, for example,

35 crystallisation.



Mol oney (1995) Food Australia 47: 272-275. Either nodified or unnodified
resistant starches or m xtures thereof are used in this invention. The
advant age of resistant starch is that it is largely not degraded until it
reaches the | arge bowel. Therefore it provides a readily avail able
substrate for w@onisepnentati on by the target m croorgani Sns PaS/AVOTNNIBS t hey
arrive in the large bowel. In both cases, a preferred form of resistant
starch is a high anylose starch particularly higgh anyl ose starches as

di scl osed and taught in WO 94/03049 and WD 94/ 14342, the contents of which
are incorporated into this specification for the purposes of convenient
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Figure 2 shows enumeration of number of bifidobacteria in starch
based medium inoculated with human faecal homogenates and incubated
anaerobically at 37°C for 12 hours. Individual starches according to the

15 description in Table 4.

Figure 3 shows enumeration of number of amylolytic bacteria in
starch based media inoculated with human faecal homogenates and
incubated anaerobically at 37°C for 12 hours. Individual starches as in
Table 4.

20 Figure 4 shows enumeration of major bacterial groups in stomach
contents from mice on various starch based diets (Table 4).

Figure 5 shows enumeration of major bacterial groups in ileal

contents from mice on various starch based diets (Table 4).

Figure 6 shows enumeration of major bacterial groups caecal
25 contents from mice on various starch based diets (Table 4)
Figure 7 shows enumeration of major bacterial group in colon
contents from mice on various starch based diets (Table 4).
Figure 8 shows the total anaerobic microbial population of ileal
origin, 9 hours post inoculation in media containing starch nos 4, 6, 8, 9 and
30 glucose.
Figure 9 shows the total anaerobic microbial population of caecal
origin, 9 hours post inoculation in media containing starch nos 4, 6, 8, 9 and
glucose.



etherification, esterification, acidification and the |like are well known
in this 30 "art as being suitable chemcal treatnents, To nodify the degree
of enzyme susceptibility of the resistant starch the conformation or
structure of the starch can be altered. Exanples include acid or enzyne

t hi nni ng andwey®assepondi ng usi ng difunctional reagents. Theeghdgdmbes nmay be
nodi fi ed physically by, for exanple, 35 <crystallisation. WO 97/ 34592
PCT/ AUQ7/ 00175 3 It is also within the scope ‘ﬁf this invention to subject
enzymatically treated resistant starches to chem cal nodification as

descri bed above. As used herein, H -maizetTm (trade mark) refers to a high

anyl ose st arch obtModedfdr CamviigDab thiavemligsi a Limted. 5 I n order

that the present iﬁ%qﬂ%‘iegn nmay Ee nore clearly understood, preferred forms

thereof will be descrived with reference to the follow ng figure and

exanpl es. Brief Descri pBydneasuringihp agylase gghuity of ppagific Bredinal bactsriat he

co-culturing of Lawhebgfovn itfstafidarddabbrpitiry uiedidrltoBtdihiighadassstmshr ai n

XBAT2 n gl ucosge a(ggly%gelc%?ﬁ fedfstdhe FedlbH I@mylose) added to a defined medium
(composition included in Table 1 at a final concentration of 10 mg/ml), one
can show that many of the intestinal bacteria produce amylase which can
utilise the resistant starch (Table 2). In addition, the specific growth rates
when six different intestinal bacteria were grown on glucose, amylose,

10 amylopectin, Hi-maize™ and carboxymethylated resistant starch were
determined (Table 3). The various bacteria tested grew at very different rates
to each other, indicative that individual bacterial groups or species will be
selectively enhanced by the form of starch used.

15 Table 1. Composition of medium used for growing intestinal strains of
bacteria. '

Ingredient Amount

' Bacteriological peptone 7.5g
Yeast extract 2.5¢
Tryptone 5.0g

- Starch 10.0g
K2HPO4 2.0g
KH2PO4 1.0g
NaHCO3 0.2g
NaCl2 2.0g
MgCl2 0.2
CaCly 0.2g
MnCly 0.02g
CoCl2 0.02g
Cystein 0.5g
FeSO4 0.005g
Tween 80 2 ml
Hemin 0.005g
Vit B12 0.001g
VitK 0.0005g
Water (final volume) 1 litre




Figure 2 shows enuneration of nunber of bifidobacteria in starch based

medi um i nocul ated with human faecal honbgenates and i ncubated anaerobically
at 37[err]C for 12 hours. Individual starches according to the 15
description in Table 4. Figure 3 shows enuneration of nunmber of anylolytic
bacteria in shwg®hssased nedia i nocul ated with human faecal ptysopmesrses and
I ncubat ed anaerobically at 37[err]C for 12 hours. Individual starches as in
Table 4. 20 Figure 4 shows enunerationgof mmjor bacterial groups in
stomach contents frommce on various starch based diets (Table 4). Figure
5 shows enuneration of major bacterial groups in ileal contents frommce
on various starch based diets (Table 4). Figure 6 shows enuneration of

maj or bacterial gr ecalaﬁﬁ Motolnt W-Taki ' A

based diets (Tabl eo'g?ﬁﬁi%gure s%%ws gﬁgﬁ‘gﬁeg?%mo Irlrgjggir‘ablg@? %rs i%gl%ig?gup
in colon contents fa¥hissistant§tarehy i ous starch based diets (Table 4). Figure
8 shows the total anaerobic mcrobial population of ileal origin, 9 hours

ost -i nocul ation i ;2 containin , :

Ei gure 9 shows t henﬁpinuagtlaauacl obic ﬁl ?lilg‘{glggl;rlsi pj&ﬁlgﬁe‘(g& Sm
hours post inocul at1lciupexnatant a dont ai ni ng starlch nos 4, 6, 4, 9 and
gl ucose. CL butyricum 0.592 0.987 0.317

Bact. fragilis 0.064 0.563 0.927

Bif. bifidum 0.506 0.131 0.293

Bif. pseudolongum 0.087 0.542 0.423

E. limosum 0.202 0.568 0.794

Bact. vulgatus 0.196 0.602 0.380

2. Cell Extract

Cl. butyricum 0.000 0.000 0.021

Bact. fragilis ' 0.045 ©1.038 2.018

Bif. bifidum 0.295 4.271 9.270 -

Bif. pseudolongum 0.664 ; 3.855 12.685

E. limosum ' 0.375 0.491 0.039

Bact. vulgatus 0.229 1.644 3.381

5

Table 3. Specific growth rates.

Bacteria Glucose | Amylose | Amylopectin | Hi Maize Modified
starch
A 955 D2
CI. butyricum 1.348 1.091 | 1.326 | 1.071 0.986
Bif. bifidum 0.8.6 0.509 0.721 0.746 0.704
Bif. pseudolongum | 0.807 0.575 0.712 0.692 0.658
Bact. vulgatus 0.834 0.331 0.680 0.501 0.598
Bacl. fragilis 0.645 0.355 0.490 0.398 0.448
E. limosum 0.570 0.338 0.632 0.421 0.320
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Modes for Carrying Qut the Invention Exanple 1 By neasuring the anyl ase
activity of specific intestinal bacteria when grown in standard | aboratory
medi um cont ai ni ng gl ucose, starch 5 (anmyl opectin) or resistant starch
(amyl ose) a defined nedium (conposition include 1l at a
final concg%?rgt lon of 10 ng/mM ), one can show t hat manygg* P??‘Br nt esti nal
bacteri a produce anyl ase Whl ch can utilise the resistant starch (Table 2).
In addition, the specific growth rates wher®six different intestinal
bacteria were grown on glucose, anylose, 10 anylopectin, H -nmaizeTm and
car boxynet hyl at qg(a 3t ant starch vvere determ ned (Table 3). The various
bacteria tested grew rat to .eac i ndi gat. t hat
i ndi vi dual bacteri al g‘r égro‘%] °8 OW? @?é@@gfﬁa\'}g} @’he'ﬂﬂ’éﬁcihf%get he
form of starch méewbremednaﬂiesieﬁned giowposiediwm présemted imTahled. fThe gr owi ng

i ntestinal str ailﬁﬁesﬁﬁamﬁfaﬁési@ereltﬁgﬁ $itbciMted and the starch concen@dR&At

-??;:)te (r):qgl ogi %al d%e{g tn(ljiggd after 22 é et‘l%%tasea)ﬁ malcatlon of the extent of utllzsa%%n

Total carbohydrate was estimated using phenol-sulphuric acid assay.
Surprisingly, a modification often resulted in altered utilisation of the starch
as can be seen in Table 5.

10 Table 4. Starch identification

Starch | Destination Identification Analysis
1 A939 (D19) Hydroxypropylated |DS* = 0.13
2 A938 (C79) Acetylated Acetyl value = 2.69%
3 | A861 (D8) Octenyl succinated OSA value = 4.73%
4 A855 {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
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Bacteria d ucose Anyl opectin Anyl ose 1.

Supernatant’ C . butyricum 0. 592 0. 987 0. 317
Bact. fragilis 0. 064 0.563 - 0.927 Bif bifidum
0. 506 0.131 0. 293 Bif. pseudol ongum 0. 087

0. 542 w0 97/3359423 E. | inpsum 0. 202 pCT,AUWQmﬁ@S

0.794 Bact. vul gatus 0. 196 0. 602 80 2.

Cell Extract C. butyricum 0. 000 8 0. 000

0.021 Bact. fragiis 0. 045 1. 038 2.018 Bif.
bi fidum 0. 295 4.271 9.270 Bif.

pseudol ongum Bxd&xfigle 3 3. 855 12.685 E. |inpbsum

0. 375 29

! G4 ”"é%?*%ct {ep-gulfuro Willnfiiyic Mif 43APS on the growdh i

d ucose Anyl ose SR in the WE‘Q" tsgh metiuey or ch O . butyri cum

1. 348 1. 091 1. 32&'he growth df Dact. acidophikstn hé Hi-meizetibontaining). 8. 6

0. 509 0.72 575

0. 712 0.bomediut wiliopwih Bttt ibecot O BCRRATI popifo. i

0.501 0.598  growth medium contame Hl-maxze starch or glucose as the growth

carbon and energy source. The medium was autoclaved at 121°C for 15
minutes and strictly anaerobic conditions were used during the medium
preparation. Overnight cultures (0.1 ml) of Lact. acidophilus and Bif.

10 X8AT?2 were inoculated into the serum tubes containing either glucose or Hi-
maize™ starch based media. For the control Lact. acidophilus only was
inoculated into the serum tubes. The tubes were then incubated at 37°C for
24 hours. Samples were taken at 0, 2, 4, 6, 8, 10, 12 and 24 hours to
enumerate the population of Lact. acidophilus by using standard series

15 dilution method. The population of Lact. acidophilus was expressed as
CFU/ml on MRS agar plates.

Since Lact. acidophilus can not degrade Hi-maize™ starch, the
growth of Lact. acidophilus in the defined medium containing Hi-maize™
starch as the sole carbon source was very slow and resulted in low biomass.

20 The improvement of the growth of Lact. acidophilus in Hi-maize™ medium
was observed when the strain was co cultured with the Hi-maize™ starch-
utiliser, Bif. strain X8AT2 (Fig. 1). As can be seen in Figure 1, a synergistic
effect is demonstrated when the Bifidobacterial strain is inoculated with the
Lactobacillus.

25 Example 4

Mice were fed either normal mouse diet or a prepared diet
containing either waxy starch, Hi-maize™ or modified Hi-maize™
{carboxymethylated) and were orally dosed with 200 microlitres of
Bifidobacterium sp strain X8AT?2 or Bifidobacterium bifidum cultures, The

30 composition of the mouse prepared diet is included in Table 6. Faecal
samples were collected after continuous feeding from day 3 to day 8 of the
diet plus the bifidobacteria. The major bacterial groups were enumerated
using selective media and the total bacteria output for the groups were
calculated. As can be seen in Table 7, Bacteroides numbers were enhanced

35 significantly in mice when they were fed a modified resistant starch plus
bifidobacteria compared to controls, which include mice fed resistant starch
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PCT/ AUQ7/ 00175 6 Exanple 2 A nunber of nodifications of the resistant
starch (H -maize" ) (Table 4) were used in the defined growth nmedi um
presented in ™OP®34592 The intestinal isolates were then i noggraivetioedarsd t he
starch concentration 5 determ ned after 22 h incubation as an indication

of the extent of utilisation. Total carbohydratge was estimated using

phenol - sul phuric acid assay. Surprisingly, a nodification often resulted in
altered utilisation of the starch as can be seen in Table 5. 10 Table 4.
Starch identificati phuschifidohactexiat While ibis establistied thdti Bomteraides of intehiahly/si s
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Acet yt at ed Ace 61 (
succi nated OSA vallﬁ‘ge“’%ﬂ by%g"eﬁs and E( slyers & Le B? P83 %ﬁﬁhﬁﬂr’ﬂf&m
Car boxyl val ue = 1. @d¢cever tbAQG@a(bBRymethylated stgtoseanndignificantly inugaséglowth

value = 3.97%6 5 BAUROBadtiRid8) Unnodified

Table 6. Diets for mice probiotic feeding experiments.
Test Groups A B C D E
Starch Waxy |HA Carboxy | HA None
-methyl
1 400 400 400 400
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 1 13 13 13 13
Methionine 2 2 2 2
Bacterial strain__ | X8AT2 | X8AT2 | X8AT2 | None XB8AT2

Waxy=waxy maize; HA=High amylose starcly; Carboxy-methyl=Carboxymethylated lugh
10  amylose starch. All weights are in grams. Baclerial cultures (100 microlitres per day) wore

orally ingested by the mice with starch containing meals.
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PCT/ AU97/ 00175 8 Exanple 3 The effect of co-culture with anylolytic Bif.
X8AT2 on the growth of Lactobacillus sp in the anylose starch nmedi um The

grow h of Lact. acidoplhilus in the H -mallzeTm containing 5 nmediumw th or
wi thout the present of B

_ hf. X8AT2 was)conpared. The growth nedi um cont ai ned
1% Hi - mai zeTm starch or &Il%cose as the growt h carbon and energy source. The
medi um was aut ocl aved at Oja[err]C foy 15
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m nutes and strictly anaerobic conditions were used during the medium
preparation. Overnight cultures (0.1 nml) of Lact. acidophilus and Bif. 10
X8AT2 were inoculated into the serumtubes containing either glucose or Hi-
mai zeTm starch based nedia. For the control Lact. acidophilus only was

I nocul at ed i niwo $dmmaseer um t ubes. The tubes were then i ncubaretvaayr@@¥fserr] C
for 24 hours. Sanples were taken at 0, 2, 4, 6,-8, 10, 12 and 24 hours to
enunerate the popul ation of Lact. aci dophil ualby usi ng standard series 15
di lution nmethod. The popul ati on of Lact. aci dophilus was expressed as
CFU mM on MRS agar plates. Since Lact. acidophilus can not degrade

Hi - mai zeTM st ar ch,Exameplgisowt h of Lact. acidophilus in the defined nedi um

cont ai ning H -nmai zgTM s vake f5d ur
resulted in | ow bizi@nassm{zlgg‘jggs bi'§ix SRIcE (BABROBPPPWERScouBRLLY f8d WitiA

mpr ovenent of .the gr of Lact, .

aci dophi I us in Hi -SsENsEthehe eﬁ#"ﬁés‘”‘?&e&f‘é‘&? Wﬁe’gﬁ‘g\a@?"r‘ﬁ?’fy %ﬁ’?h&} the
cul tured with the diet, andgedips Gamd Ethadu0gé nodifiedstarches D2iand)BFYT2 (Fig. 1).
As can be seep in Ej . 2 I gt f s ) ,gﬁ{athe
Bi fi dobact eri gl stég&ﬁ&%%g&lﬁop%aﬁtg \;&m&élﬁ) Btééfélgrgbﬂ%?? 3&51@%%?0 W)l e 4
Mce were fed eit HEEPURE W assisned ag tabsg E’at?‘cﬂ‘gfmi?fﬂ?%}i‘rﬁtng & t her
waxy starch, H - mefaeal bhmplesoetré celledted attheceiid dfexpbimpnt] ippiiad ¢4weaks) toer e
orally dosed with éfhféﬁ{% 'Sbgﬁﬁtﬁho@ ifi AR i Bg]lé rbgid?xic?%%?ﬂ

tar es e, h p

Bi fi dobacteri bi { d
d: elt iosaic ng[ Lg (Td :l}flf gg%r&gréa we er i enﬁfice?]rg%rocselll llnopph% ogy uncg?"llxsgﬁt epare
10 microscopy. The population of Bifidobacterium was expressed as total
output per day per mice.

The results from three experiments indicated that the specific
pathogen free (SPF) mice used in the experiment were free of detectable
bifidobacteria {<10%) and continued to be so for the 2 months as control

15 animals (Table 8). Itis very surprising, however, to find that when the mice
shifted from normal mice diet to the starch diets, the population of
bifidobacteria increased significantly. The degree of increase depended on
the type of starch incorporated into the diets. Hi-maize™ starch diet yielded
the greatest numbers of native bifidobacteria in the mice faeces, followed by

20 the waxy starch diet. Modified Hi-maize™ starch D57 demonstrated better
results in the stimulation of the growth of bifidobacteria than modified Hi-
maize™ starch D2. The results from previous experiments indicated that D2
starch mainly sustained the good growth of Bacteroides. The statistical
analysis of the data is also presented in Table 8.

25 After the first stage of experiment in which the mice were fed with
the experimental diet for 4 weeks, 200 ul of Bif. X8AT2 was orally dosed into
mice for 5 days. Numbers of Lactobacillus from all of groups were quantified
in the mice faeces at both stages of experiments by using Rogosa agar. The
cell morphology of Lactobacillus were also checked under phase-contract

30 microscopy.

It can be seen that the highest fermentability of starch was detected
with Cl. butyrium. Bif. bifidum and Bif. psuedologum are also capable of
hydrolysing all of the starches, while human isolate Bif. X8AT2 preferred
starch nos. 2, 4, 5, 8, 9 and 10. Bact. fragilis has a stronger amylolytic

35 capability to degrade starches than Bact. vulgatus. The poorest genus is



sanpl es were collected after continuous feeding fromday 3 to day 8 of the
di et pl'us the bifidobacteria. The nmjor bacterial groups were enunerated
usi ng selective nedia and the total bacteria output for the groups were

cal cul ated. As can be seen in Table 7, Bacteroides nunbers were enhanced 35
si gni ficant!| yo gy9as8e when they were fed a nodified resist aakapbahops P! US
bi fi dobacteria conpared to controls, which include mce fed resistant
starch WD 97/ 34592 1

PCT/ AUQ7/ 00175 9 plus bifidobacteria. Wile Ft i s established that

Bacteroi des of intestinal origin can fernment both starch (amyl opectin) and
resi stant starchLoetobhciias, sirce itk dtrbinsSedtyd couldruhly pediadly(dbtlisgehe &

Leedl e, 1983), i h&cﬁfi@ﬂg’?ﬁfrﬁeﬁ.&@‘g s{aqcﬁlil.scover that a carboxynet hyl at ed
' y

anyl ose can signitican Increase gromh 5 of the Bacteroides. Table 6.
Diets for mce probiot Al of theymice weprcheavilyicolonfres with dgpse populations of
B C Lactobacillus. Theinfbaéiiceiof diets on faecal Pépilation bfLactobacillus is

Car boxy ~ HA shmbggﬁ Tagﬁt&gtjbée%%%lr Ione #p&e starch ﬁ%gs supporteﬁgge Casein o5

200 2
o5 increased growth of native Lactobacillus, in comparison with normal mice

diets. Particularly low numbers of Lactobacillus were detected in the groups
of mice fed with modified starches D2 and D57. The population of
Lactobacillus, however, increased in the group of mice fed with Hi-maize™

10 diet when amylolytic bifidobacterial strain X8AT2 was associated with the
mice.
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a) Four groups of six mce (Balb/c, SPF) were continuously fed with
sem synthetic diets for 4 weeks. G oup A received 40% waxy starch in the
diet, and groups C and E had 40% nodi fi ed starches D2 and D57, 5
respectively in their diets. Goup D was the H -mai zeTM starch group and
group B was“;};;,'bgg;gd as the control to be fed with nornal pivageomboes. Two
faecal sanples were collected at the end of experinental period (4 weeks)
to enunerate the popul ation of Bifidob@gcterium by using propionic acid
agar. Bifidobacteria were further identified by cell norphol ogy under Iight

10 m croscopy. The popul ation of Bifidobacteriumwas expressed as total
out put per day per mice. he: results from tlv\hree experfi nrents indi cated that
t he specific pathogen fr ESPF) m&e usedd n the expgeri nent were free of
det ect abl e bifi dobacteri ( O[err]g and c&ht i nuecﬁt be so for the 2
mont hs as control 15 Is (Tabl& 8). :]'t is V@r8f surprising, however,
to find that when the m |fted raamnog{ral mc;a iet to the starch
diets, the popul ati cm ofw dobact,ﬁrla I neJ eased @yigni fi cantly, The degree
of increase depende ye—t-ype—of—starch—Tmcorporatied into the diets.
Hi - mai zeTM st arch du!at y| I aled the greates® nunbers native
bi fi dobacteria in thge mc aaeces ol | oweak by 20 t he waxy starch diet.
Modi fied Hi -mai ze Tl\?st ‘EFS? den’&nstrat_,_ better rlesults in the
stimulation of the g;owt of bi fidoBagterig/than nodified H - maizeTM
starch D2. The resulgs 8 :)mg)rew oud gxperlfgnants indicated that D2 starch
mai nly sustained the go gredwt h of mB&ct er @ des. The [tatistical analysis
of the data is also’é?rese Ted in raple 8.
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25 After the first stage of experinent in which the mce were fed
with the experinental diet for 4 weeks, 200 ul of Bif. XBAT2 was orally
dosed into mce for 5 days. Nunbers of Lactobacillus fromall of groups
were quantified in the mce faeces at both stages of experinents by using
Rogosa agar. Tweswaisb2 nor phol ogy of Lactobacillus were al so wheqlegepnder
phase-contract 30 m croscopy. It can be seen that the highest
fermentability of starch was detected with Cys butyrium Bif. bifidum and
Bi f. psuedol ogum are al so capabl e of hydrolysing all of the starches, while
human isolate Bif. X8AT2 preferred starch nos. 2, 4, 5, 8, 9 and 10. Bact.
fragilis has a strxapeleSnyl ol ytic 35 capability to degrade starches

than Bact. vul gatug. Th&/di69419Fm G8RER dolon wa¥ QiR a3 AREns Chargren broth

PCT/ AU97/ 00175 12 [#ﬁéb baci |l us, since both strains tested could only
partially utilise dified H -mi zeTM starch 1. All of the mce were
heavily col onised with The seixphupevard incubated BA0E fy4i b and samplediat D) 3eh®e of

di et s’ on faecsl pqgu_hﬁtzpﬁ _f,t ihe&dlahasi | lus is 5 shown in Table 9. In
Cact obaci |1 s, in Qﬁnié‘i‘ﬁg < oReiieRbrohics angibratos aherebb Pl Fficain
nunbers of Lact obadteration me@nuigtleu pErksident ndcxpbesipAfter 9 h incubation, Starch
nos. 8 and 9, induced an increase in the bifidobacterial population (Figure 2)
followed by the bifidobacterial populations of cultures supplemented with
10 Starch no. 1, 2, 10 and 7. Cultures supplemented with Starch no. 6 were less
benefited, resulting in a relatively poor development of the bifidobacterial
population. Starch no. 3 had only a moderate beneficial effect on
bifidobacterial growth.
A large stimulation of the amylolytic microbial population (Figure 3)
15 was detected when either Starch nos. 8, 4, 10 or 9 were used as a source of
carbon. In contrast, poor development of the bifidobacterial population was
noted in cultures supplied with Starch nos. 6, 3, 7 and 5. A close correlation
between growth response of amylolytic and bifidobacterial populations was
noted (Figures 2 and 3).
20 Example 7
Degradation of Starch nos. 1-10 by human faecal microorganisms
The degradation of resistant starch and modifications thereof (Table
4) by human faecal microbes was studied. After 12 and 24 h incubation of
faecal homogenates in media based on the starches in Table 4 the various
25 degree of utilisation was determined (Table 10). There was a great variation
in resistance to degradation. Starch nos. 1 and 8 were most efficiently
degraded by the human faecal microbiota, which resulted in 0.31 and 1.8%,
respectively starch remaining in the cultures 24 h post inoculation. Starch
nos. 7 and 9 were less efficiently degraded, giving about 9% remaining starch
30 in the final culture 24 h post inoculation. The most resistant starch was
Starch no. 6. The difference in resistance to degradation was even more
significant in cultures incubated for 12 h. At this point (12 h), six starches
were assayed: Starch nos. 1, 4, 6, 7, 8 and 9. Starch no. 1 was of the starches
the most easily degraded (2.74% remaining), followed by Starch no. 8 (5.3%),
35 Starch no. 4 (23.4%), Starch no. 9 (44.5%), Starch no. 7 (79.2%) and Starch



of mce fed wth nodified starches D2 and D57. The popul ati on of
Lact obaci | l us, however, increased in the group of mce fed wth H -mizeTM
10 di et when anylolytic bifidobacterial strain X8AT2 was associated with

the m ce. WO 97/ 34592
PCT/ AUQ7/ 0017430 ds3dsey ' | WO 97/ 34592 PCT/AU97/00175
PCT/ AU97/ 00175 14 [err] WO 97/ 34592

PCT/ AU97/ 00175 15 Exanple 6 a)

Material from human col on was dil ut ed
W kins Chargren broth 16

no. 6, the one most resistant to degradation. No degradation of starch no. 6
could be detected 12 h post inoculation (Table 10).

Table 10.  Degradation of Starch nos. 1-10 by human faecal

5 microorganisms.
Type of Starch Residual starch (%)
(Table 4)
12 h post inoculation 24 h post inoculation
10 1 2.73+0.46 0.31+0.10
2 N/A 7.07£1.24
3 N/A 8.57+1.08
4 23.4+4.72 5.59+1.73
5 N/A 11.8x2.86
15 6 119.217.4 29.9+8.57
7 79.2+11.3 9.01+2.85
8 5.26*+1.48 1.76+0.34
9 44.5+1.58 7.55+0,95
10 N/A 9.38+1.80
20
Example 8 .
Hi-maize™ can be modified to various levels with chemical reagents,
such as acetic anhydride. The degree of susceptibility to in vitro digestion by
25 bacterial alpha-amylase and amyloglucosidase of Hi-maize™ and three
acetylated starches from Hi-Maize™ was ascertained using the Megazyme
Total Starch Assay Procedure (AA/AMG 6/95). Each starch was solubilised
and the enzyme resistant "residue" recovered by centrifugation. The residue
was then solubilised using DMSO and assayed as per the Megazyme resistant
30 starch method. The results are shown in Table 11.



(1:1000). The m xtures were incubated 37[err]C for 24 h and sanpled at O,

3, 6,.9 5 12 and 24 h post inoculation. The type of resident starch or
nodi fications thereof will induce an alteration or stinulation of resident
m crobes. After 9 h incubation, Starch nos. 8 and 9, induced an increase in
t he bi fi dobactvas ¢mdssqzopul ati on (Figure 2) followed by the bpéErdubmmimsri al
popul ati ons of cultures supplenented with 10 Starch no. 1, 2, 10 and 7.
Cul tures supplenented with Starch no. 6 weregqbess benefited, resulting in a
rel atively poor devel opnent of the bifidobacterial population. Starch no. 3
had only a noderate beneficial effect on bifidobacterial growth. A large
stinul ati on of th&ahleydbl ytResistameaifiaaétypoed Hidmaze™ Raml  Shylase digestion
detected when either Starch nos. 8, 4, 10 or 9 were used as a source of
carbon. In contrast, poor devejopnent of the bifidobgcterjal populg n_has
noted in cul tures SEIHAYR%ed wit h AH9se Aomied . | Acetyd valge }q  dEnzyingy| og g Starch rest
correl ati on between growt h respons@eaikb*anyl ol Y#%) dsbang solubilistdistmather i al%) dsb
popul ati ons was noted (Figures};2 and 3). 20 Exanmple 7 (%ggbadat' on of

U

Starch nos. 1-10'gﬁ"ﬁm STTE —TTe Yegradatl on
resi stant starch AHUMMBEIfi cat

ons t8ereof [ Tablfe 4) |by h$h faegal 6-2
m cr obes was studiSesich&ter 12} and 24 h incubaigsn of fae®dsls honogenas®s in
nmedi a based on theistppches in| Tabl e 4 the harigops 2% dag ee of 415

utilisation was d%terH1 ned (Taple 10). Therf waS a gfeat varlatio
tarch C - 7.72 35.5 64.5

—

* dry solids basis

5 Table 12.  Degradation of Starch nos. 1-10 by human faecal
microorganisms [Percentage starch degraders of total faecal population
growing on amylose plates (Sigma)] at various times post inoculation.

10 Amylolytic isotates in percentage of total CFU
3hb 6h gh " 12h

15 Starch 1 100 56 56 30
Starch 2 90 36 69 65
Starch 3 80 35 28 12
Starch4 87 35 61 29
Starch 5 81 50 54 28

20 Starch 6 88 58 16 7
Starch 7 63 47 48 10
Starch 8 72 66 67 56
Starch 9 77 75 80 65
Starch 10 72 73 ~ 58 21

25




In resistance to degradation. Starch nos. 1 and 8 were nost efficiently
degraded by. t he human faecal mnicrobiota, which resulted in 0.31 and 1.8%
respectively starch remaining in the cultures 24 h post inoculation. Starch
nos. 7 and 9 were less efficiently degraded, giving about 9%  renai ni ng
starch 30 wowBhezfinal culture 24 h post inocul ation. TherRBsheeiRSI St ant
starch was Starch no. 6. The difference in resistance to degradation was
even nore significant in cultures incubat edIEor 12 h. At this point (12 h),
six starches were assayed: Starch nos. 1, 4776, 7, 8 and 9. Starch no. 1
was of the starches the nost easily degraded (2.74%renai ning), followed by
Starch no. 8 (5. Bhmplo9 Starch no. 4 (23.4%, Starch no. 9 (44.5%,
Starch no. 7 (79.2% . . e s .

PCT/ AU97/ 00175 16 no. a'gf,?‘st%%‘g{“@%ed%}s{&?%é?é‘?gﬁ’?“?%s modifications of registant
degradation of stiremasnpresgntedip dable 4mdueedhe devalopmant ofpicaokasiwith ( Tabl e

10). Table 10. Waginglanywlytd adivityg ((Stagch nd-1léhdy abeistiiableandalould not be
M oroorgant 5. LR inthi fllay). This Wi AeBa B Miffind the AdBBlrordolates

i nocul ati on that prodycedclparing zonss enamyaseiagar to the total populatiopdGFLY
0.310.10 on amylose plates (in % of total), and the degree of amylolytic activity

expressed by amylolytic isolates. This was assessed by measuring clearing
~ zones developed around colonies with amylolytic activity. There was a great
10 variation in capacity the human faecal microbiota to degrade the different
starches. Starch nos. 2 and 3 were degraded by the highest percentage of the
population {65%) followed by Starch no 8 which was degraded by 56% of the
- population (Table 12). Starches 3 and 6 were degraded by only 12% and 7%
respectively.
15 Production of Short Chain Fatty Acids (SCFA)

Compared to the glucose control, the addition of starches {(except
Starch no. 11) resulted in a significant increase in the production of all
investigated SCFA’s.

The production of n-butyric acid was greatest in media containing

20 Starch no. 8, followed by Starch no. 4, Starch no. 5, Starch no. 2, Starch no. 6
and media containing Starch no. 10 (Table 13).

The production of acetic acid was greatest in media containing Starch
no. 8, followed by Starch no. 1, Starch no. 2, Starch no. 10, Starch no. 5 and
media containing Starch no. 9. '

25 The production of propionic acid was greatest in media containing
Starch no. 8, followed by Starch no. 3, Starch no. 9, Starch no. 6, Starch no. 4
and media containing Starch no. 2.

The production of iso-butyric acid was greatest in media containing

glucose, followed by Starch no. 7 and Starch no. 3. Iso-butyric acid could not
30 be detected in cultures supplied with any other starches.

The production of iso-valeric acid was greatest in media containing
Starch no. 6, followed by media containing Starch no. 4, Starch no. 9, Starch
no. 8, Starch no. 5 and glucose.

Starch no. 8 promoted production of all major SCFA’s (acetic,

35 propionic and butyric acid), more that any of the other starch, that resulted



2 N A 7.071.24 3 N A
8.571.08 4 23.44.72 5.591.73 5 N A
11.8[err]2.86 15 6 119.17. 4 29.98.57 7
79.211.3 9.01 2.85 8 5.261. 48

1.76+0.34 9 wo097/3459244. 51. 58 ' 7. 550. p&1/A097/00175

N A 9.381.80 20 Exanple 8 Hi -nai zeTM can be

nmodified to various levels with chem cal reaggnts, such as acetic
anhydride. The degree of susceptibility to in vitro digestion by 25
bacterial al pha-anylase and anyl ogl ucosi dase of Hi -nai zeTM and t hree
acetyl at ed st ar chizsa butymicricidveoncentration shatrwas about 0S5 times preatdsdhonyfas Tot al
Starch Assay Procggwieno/ S (TaMle £4)95) . Each starch was sol ubilised and the
enzyme resistant "residue" recovered by centrifugation. The residue was

t hen sol ubilised using DMSO and assayed as per the Megazyne resistant 30
starch met hod. Thé&ableddl t s Pagdaictinnof ShartiChdin Fatty Acids/ffp@7Starrdompws. 1-11 and

PCT/ AU97/ 00145

10

15

20

glucose, 24 h post inoculation with human faecal material.

Short Chain Fatty Acid (mM)

Type of carbon Acetic

source

Starch 1
Starch 2
Starch 3
Starch 4
Starch 5
Starch 6
Starch 7
Starch 8
Starch 9
Starch 10
Starch 11
Glucose

40.7+4.17

© 37.9+£0.44

35.4+0.95
34.8x0.71
37.0+7.85
35.8

34.1£3.35
54.4*+1.65
36.4+0.90
37.6+0.82
22.5%0.26
31.0x0.08

Propionic

15.4%1.21
15.8+0.11
18.5+0.62
16.2+0.36
15.7+4.65
17.4

15.2+0.36
18.0+0.33
17.7+0.43
15.5+0.82
10.0+0.77
12.4+1.09

iso-Butyric

0
0
0.48+0.95
0
0
0
0.79+1.11
0
0
0
0
3.05+0.30

n-Butyric

11.5%2.44
9.66+0.37
8.28+0.51
10.7+0.34
10.4+3.19
9.77

8.44+0.07
12.7+1.01
8.41+0.17
9.51x£0.50
4,.74+0.25
7.15x0.02

iso-Valeric

0.18£0.37
0
0.35+0.40
0.53+0.46
0.46+0.40
1.05
0.30+0.42
0.48+0.68
0.97£0.02
0

0 .
0.41+0.57




17 Table 11. Resi stance of acetylated Hi -mai zeTM starch to anyl ase

di gesti'on Starch type Anyl ose content Acetyl val ue Enzynme

Starch residue (% dsb* (9% dsb sol ubi li sed starch (9% dsb
(%9 dsb Hi-maize 85 0 93.8 6.2
Starch A wi - 2.85 66. 5 .5
Starch B oy 4. 39 og o FCmAuTEIE: D
Starch C 7.72 35.5 64.5 *

dry solids basis 5 Table 12. Degradati%'ﬁ of Starch nos. 1-10 by hunman
faecal m croorgani sns [Percentage starch degraders of total faecal

popul ation grow Tgblert4any [Bificieatpofstatch dbgbadativh byethe @nisrdbidte th@adlonises
i nocul ati on. 106ﬁnimals fed eiﬂbeﬁ Wé@'hgl-rﬂ §%¥£§§Bgt£§&r§ per cent age of total

CFU 3h arch 1 100 56
56 30 Starch 2 9Q__ 36 69 65 Starch 3
80 35 28 DéagradaticinofdietarPstarch 35 61
29 Starch 55 81 50 54 28 20 Starch 6 88
58 16 —7—St-at-ch—+ 63 —AF 48 10
Starch 8 72 Animals fgd Sfarch 4 Starg}gb Starch 9 Amylose
Starch: {Sigma)
1 + + ++4+ +
10 1 + - + -
4 +++ ++ ++ +
4 +4+++ +++ ++ ++
15 6 ++++ ++++ ++++ ++
6 ++++ + +++ +++
9 +++ + ++++ +++
20
Example 10 _

Specific pathogen free (SPF) mice were fed synthetic diets consistent
.with those presented in Table 6 but using waxy starch and starches 4, 6 and 9
(Table 4). Five animals per group were used and maintained in the diet for 2
25 weeks. Animals were sacrificed and the gastrointestinal tract was collected.
Contents from the stomach, ileum, caecum and colon were collected,
weighed and stored on ice for processing within an hour. The major bacterial
groups were enumerated using routine selective media. The groups include
the obligate anaerobes, lactobacilli, enterococci, coliforms, amylolytic
30 bacteria, clostridia and bifidobacteria. Amylolytic activity was assessed for
isolates from the mice on the various diets by ranking the zone of clearance
around colonies on agar plates prepared using either amylose (Sigma) of
starches 4, 6 or 9. Results are presented in Figures 4, 5, 6 and 7. It can be
seen in these figures that the different starches will induce altered levels of
35 specific groups of microbes at different sites in the tract. For example starch
6 and 4 stimulate lactobacillus from the stomach, ileum and caecum; starch



Starch 9 77 75 80 65 Starch 10 72 73
58 . .21 25 WD 97/ 34592

PCT/ AUQ7/ 00175 18 Exanple 9 This exanpl e denonstrates that various

nodi fications of resistant starch as presented in Table 4 induce the

devel opment o¥wowressebes wth varying anylolytic activity. (ftmiwrvanoes 1 and
8 are soluble and could not be 5 assessed in this study). This was
assessed by rel ating the nunmber of isol ates 4,hat produced cl earing zones on
anyl ose agar to the total population (CFU on anylose plates (in 96 of
total), and the degree of anylolytic activity expressed by anylolytic

i sol ates. Thi s wesstmabseckifidpbarterdami mgﬂbditearshml%omché\s@kmﬁet&s around

col oni es with amyl 03%61% f@ﬁﬁinﬁ gﬁiulaﬂlﬂs%g&ﬁﬁs 31 lﬁﬁrnéﬂf?m all ¥ifds alipled A

capacity the human cal _m.c nt skﬁrches

Starch nos. 2 andsUPpfesees the CB";F“{] ﬁ%%?ltlﬁﬁ?%@l’i‘ﬂéﬁg ggrcp

popul ation (65% $uppressed ehdospoee folnmimg Bopulatitnmsimsalbmgicdsdmpleds 6% of t he
population (Fabl eE%lecSiharches 3 and 6 were degraded by only 12% and 7%

respectively. 15 uction of  Short Fatty Aci SCFA
P y Ex-germ free mice co omseda with humgn faecglshognogen)ates were

fed a commercijal animal diet. Material from gastrointestinal of germ free
mice colonised with human microbes (gastric, ileal, caecal and colonic
content) was diluted in Wilkins Charlgren broth (1/1000). The faecal

10 microbial composition of the animal that served as a source for inoculum is
presented in Table 15. Diluted material was used as the inoculum for the
starch media (Table 1) continuing the different resistant starches in Table 4.
The mice gastrointestinal content mixes were sampled at 0 and 9 h post
inoculation.

15 The use of different modifications of resistant starches or unmodified
starches could be used to control specific populations at different sites. This
has been shown when gut contents from the stomach, ileum, caecum or
colon of ex-germ-free mice colonised with human colon microflora were
collected and inoculated into media containing the various starches as in

20 Table 4. The mixtures were incubated anaerobically at 37°C. The
concentrations of the major bacteria groups were enumerated and these
included the total anaerobes, lactobacilli, bifidobacteria. It was shown that_
the modification influenced the levels of the different microbes. For
example, starch 9 induced higher levels of obligate anaerobes in the ileum

25 than were induced by starch 8 (Figure 8) while starch 8 promoted higher
levels of these obligate anaerobes in the caecum than were induced by starch
9 (Figure 9).



Conpared to the glucose control, the addition of starches (except Starch
no. 11) resulted in a significant increase in the production of all
i nvestigated SCFA's. The production of n-butyric acid was greatest in medi a

cont ai ni ng 20 Starch no. 8, followed by Starch no. 4, St arch no. 5,
Starch no. 2wod7auk no. 6 and nedi a containing Starch no. {%%g,g 13).
The production of acetic acid was greatest in nedia contai n| ng arch no,

8, followed by Starch no. 1, Starch no. 2, 2§Tarch no. 10, Starch no. 5 and
medi a containing Starch no. 9. 25 he production of propionic
acid was greatest in nedia containing Starch no. 8, followed by Starch no.
3, Starch no. 9,Tdbl@nsh nMicbiabcaimpbsifion of fastds KBel mousdtchéug@d St arch no.
2. The production of iso-butyri¢c acid was greatest in nedia containing

gl ucose, followet—by Starch—no—7Fant—Stareh—no—3—+so-butyric acid coul d
not 30 be detBastartp in cul tures supplied GEWPeRg ot her starches. The
production of iso-valeric acid was greatest in nmedia containing Starch no.
6, followed.by media containing Starch no. 4, Starch no. 9, Starch no. 8,
Starch no. g and gl ucose. Starch no. 8 pronot ed production of all ngjor
SCFA' s (acetic, 13stobacilliopi onic and butyric €#°d), nore that any of the

ot her starch, tgifidobsdtbiied 1.7x10°
Enterococci 3.7x10°
E. coli <10’
10 Total anaerobes . 9.6x10°
Total amylolytic <10°
endospores 3.3x10°
15 The resident bifidobacterial and amylolytic population may be

replaced with new bfidobacterial and amylolytic populations. This will
happen if the unmodfified Hi-maize™ (Starch no. 8) is supplied. Although
bifidobacterial and amylolytic populations will be disadvantaged in the short
term, animals fed Starch 6 (fro about 2.5 months) have a dense

20 bifidobacterial and amylolytic population through out the gastrointestinal
tract (Figures 4, 5, 6 and 7 and Table 14).
Uses

It has been shown that carboxymethylated resistant starch

consumption resulted in greater numbers of faecal Bacteroides than

25 unmodified resistant starch. It is well established that Bacteroides spp
contribute to saccharide degradation in the large intestine, in particular
polysaccharides degradation (Salyers, 1979). This would resultin an
increase in short chain fatty acids, which are used as metabolic fuel for the
epithelial mucosa and for the host. In addition, there is a clear link between

30 the levels of butyrate and the iincidence of polyps and cancer {Young, 1996).
Consequently, enhancing bacteroides numbers will lead to increased
fermentation which will contribute to intestinal health and protect from the
risks of colon cancer.

Other chemically modified starches may lead to enhancement of
35 other beneficial bacteria in the large intestine. Consequently, one can use a
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butyric acid concentration that was about 1.5 tinmes greater than for Starch
no. 3 (Table 13). Table 13. Production of Short Chain Fatty Acids from
Starch nos. 1-11 and 5 gl ucose, 24 h post inoculation with hunman faecal
mat eri al . Showio 3oy Fatty Acid (mV) Type of carbon Aceti CPCFAUENO0ITEC

| so-Butyric n-Butyric 1iso-Valeric 10 source Starch 1 40. 74. 17

15.41.21 0 11.52.44 0.18 0.37 St arc%z 37.90.44 15.80.11 O
9.660.37 0 Starch 3 35.40.95 18.5 0.62 0.480.95 8.280.51 0.350.40
15  Starch 4 34.80.71 16.20.36 0 10.70.34 0.530.46 Starch 5
37.07.85 15. 74. 6fmodffied resistab® sthschlin th@ detosehivaopk o8 all @ahafollowing 4

0 9.77  condido St arch 7 1+3.35 15.20.36 0.791.11
8.440.07 0. 300. 43 SR @4 41, 65 19. gg 33 0 12.7 1.01

0. 480. 68 20 r ch 9538983 gypmicrefloga stapiliger; 8.410.17 0. 970. 02

Starch 10 37.6+0iip2 IbchHAidPcorilitions rel&ted 10 dsburbanSisar.g Hldrd rel@@d50. 26

%Olgg Z); 8 #10. Sgﬁta%f@bgéel niFdiO8fd inflm3td} bokel dibe?, Crotnldidthse,

diarrhoea;
iii) improved intestinal health e.g. of the epithelial mucosa;
iv) - immunostimulating activities; and
V) colon cancer
10 In addition, as discussed by Coates (Coates, 1988), resistant starch

ingestion can cause a lowering of the pH which will lead to suppression of
bacterial transformation of cholesterol and bile acids, thus affecting excretion
of cholesterol and bile acids. Since the present inventors have found that
modification of the resistant starch affected utilisation by specific microbes

15 and the bacterial groups that were enhanced, modifications of the resistant
starch could influence cholesterol and bile acid excretion levels.

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

20 invention as broadly described. The present embodiments are, therefore, to
be considered in all respects as illustrative and not restrictive.
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20 Exanpl e 10 Specific, pat h R free m.ce were f.€d ntiret '
consi stent with those Ab‘f ehtﬁ‘f%gfs %’%’Eﬂg ¢ BPRYye {Rﬁ fé?%f’{:ﬁmé%ﬁ“get
starches 4, 6 anﬂﬂgﬂ()lgemsm“p thFB@%tl‘@mﬁmnsl iegt of apwpimel, ¢he isnproyement
mai nt ai ned in th&)rﬂpﬂﬁné(ﬁoﬁdﬂ'@ to th&"ﬁﬁﬁﬁal Méﬁé@rﬂbﬁ{fﬁacﬁﬁcﬁﬂﬁb&lﬁ@dand the

gast roi nt est.i nal tr ect e ed. fremthe stomach, ileum
caecum and ol on™& ? tgglaflégfv tures thereo? suc‘ilstha{ he one or more

microorganisms will selectwely utilise the starch and/or increase in number
and/or activity in the gastrointestinal tract.

2. The method according to claim 1 wherein the resistant starch is
selected from high amylose starches and modified forms thereof.

10 3. The method according to claim 2 wherein the high amylose starch
includes maize starch having an amylose content of 50% w/w or more. -
4. The method according to claim 3 wherein the maize starch having an
amylose content of 80% w/w or more.

5. The method according to claim 2 wherein the high amylose starch

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

6. The method according to claim 2 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.
7. The method according to claim 2 wherein the high amylose starch
20  from plants selected from the group consisting of maize, barley, wheat, rice,
legumes, bananas, potatoes, and modified forms thereof.
8. The method according to any one of claims 2 to 7 wherein the
resistant starch is modified chemically, enzymatically, and/or physically.
9. The method according to claim 8 wherein the chemical modification
25 is by etherification, esterification, or acidification.
10. The method according to claim 8 wherein the physical modification
is by crystallisation.
11. The method according to any one of claims 2 to 7 wherein the
modified resistant starch is selected from the group consisting of
30 hydroxypropylated starch, acetylated starch, octeny! succinated starch,
carboxymethylated starch, and succinated starch.
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wei ghed and stored on ice for processing within an hour. The ngjor

bacterial groups were enunerated using routine selective nedia. The groups
i ncl ude the obligate anaerobes, |actobacilli, enterococci, coliformns,

anyl olytic 30 bacteria, clostridia and bifidobacteria. Anylolytic
activity was aesesasdd for isolates fromthe mce on the varpeyaudidis by
ranki ng the zone of cl earance around col oni es %Q agar plates prepared using
ei ther anylose (Sigm) of starches 4, 6 or 9. Rults are presented in
Figures 4, 5, 6 and 7. It can be seen in these figures that the different

starches will induce altered levels of 35 specific groups of m crobes at
different sites in the tract. For exanple starch 6 and 4 stinul ate
| act obacillus fromthe stonmach, ileum and caecum starch WO 97/ 34592

PCT/ AU97/ 00175 21 9 stinulates bifidobacteriumin all sites sanples; starch
4 stinul ates endospore form ng popul ati ons such as the clostridia in all
sites sanpl ed and§uppre§ es the bifidobacterial punbers as all sites

sanpl ed; starch 9 Zuppresged endospore formng po ons in|all regions
sanpled. 5 Exampl e 11 Bx-germfree m oni sed with human faecal
honobgenates were f&d a cormerci al ani diet. Material from
gastrointestinal et germ firee m ce @ol oni sed with human m crobes (gastric,
ileal, caecal and col onic
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Figure 1
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content) was diluted in WIlkins Charlgren broth (1/1000). The faecal 10

m crobi al conposition of the animal that served as a source for inoculumis
presented in Table 15. Diluted naterial was used as the inoculumfor the
starch nmedia (Table 1) continuing the different resistant starches in Table
4. The m ce gsddmudhestinal content m xes were sanpled at cﬁ“{}w% p,spost

i nocul ation. 15 The use of differggt nodification pR8 "3t ant
starches or unnodified starches could be used to control specific

popul ations at different sites. This has been shown when gut contents from
the stomach, ileum caecumor colon of ex-germfree mce colonised with
human col on microflora were collgcted gnd inocul ated into nmedia containing
t he various starches as in 20| —eTalire ¥. The m xtures were incubated
anaerobically at 37[err]C. Thv—eeﬁeeﬁtratqﬂmﬁmgknghe najor bacteria groups
[ ooed—tstfe j-o anaerghe phacil li,

bi fi dobacteria. It was shown WEIZI@% he | evel s of
the different mcrobes. For gXanplegs tarch 9 |nduced hlgher gvel s of
obl i gat e anaer obes i &t he 7.9 ¢q l-by=st-afch 8 (Figure
8) while starch 8 progpted hig br obes in the
caecum t han were |nduSed by i
PCT/ AU97/ 00175
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22 Tabl e 15. M crobi al conposition of faeces from nouse to be used

Bacteria - CFU per g 5 Lactobacilli

< |O[err] Bifidobacteria 1. 7x10[ err] Enterococci
3.7x10[err] E. coli <10[err] 10 Tot al

anaer obes 9.6x10[err] Total anylolytic

<10[err] endospermse2 33m«10[err] 15 PCT/AU97/00175The

resi dent bifidobacterial and anylolytic population may be replaced with new
bfi dobacterial and anyl ol ytic popul ations. This will happen if the
unnodfified H -mai zeTM (Starch no. 6) is supplied. Al though bifidobacterial
and anyl ol ytic popul ations w || be di sadvant aged in the short term aninals
fed Starch 6 (fro about 2.5 g ; gebegt eri al and
amyl el ytic popul ation throug _ bsst r0| ntestin tm)d@lv cFfgures 4, 5,
6 and 7 and Table 14). Uses It Hs ‘Bﬁ a%‘?f&‘vm that c P% Yl at ed

resi stant starch consunption {re | t BEFTPSeC rs %elal

Bact eroi des than 25 unndfi gred-Treasrstartstarci Tt 1S WeT T pst abl i shed
t hat Bacteroi des spp contribuUEe to sacchari de—degr adat [ on_IJ.n the | arge
intestine, in particular ] ) - ;
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pol ysacchari des degradation (Salyers, 1979). This would result in an
increase in short chain fatty acids, which are used as netabolic fuel for
the epithelial nmucosa and for the host. In addition, there is a clear link
bet ween 30 the levels of butyrate and the iincidence of polyps and
cancer (Youngwd®&ass: Consequently, enhancing bacteroi des nggpausoddsl | ead
to increased fernentation which will contribyte to intestinal health and
protect fromthe risks of colon cancer. Ohe Eichem'cally nodi fi ed starches
may | ead to enhancenent of 35 ot her beneficial bacteria in the |arge

I ntesti ne. Consequently, one can use a WO 97/ 34592

PCT/ AU97/ 00175 23 nodified resistant.starch in the diet to achieve one or

all of the followi ng conditipnsiiki gpaerobesa$ a gener alEguimyiiarcoffl or a
stabiliser; ii) in clinical n&ifidebagiena el at ed t @ dilstiehatillindes e. g.
flora related 5 irritabl g i lone and i nfifarsiesisiy fowel

di sease, Crohn's disease, th - Nani health e.g.
of the epithelial nucosa; ivE:- inmjhostiifl ating l es; |and v)
col on cancer 9 e — ’
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10 In addition, as discussed by Coates (Coates, 1988), resistant
starch ingestion can cause a |lowering of the pHwhich will lead to
suppressi on of bacterial transformation of cholesterol and bile acids, thus
affecting excretion of cholesterol and bile acids. Since the present

I nventors have found that nodification of the resistant starch affected
utilisation bywceegmsassi c m crobes 15 and t he bacterial growagtdests wer e
enhanced, nodifications of the resistant sta¥®h coul d influence chol esterol
and bile acid excretion levels. It wll be appreciated by persons skilled
in the art that nunerous variations and/or nodifications nmay be nade to the
invention as shown in the spefl TgaC ARO I ments without departing fromthe
spirit or scope of the 20 tn;!n“gn 's broadl y descri bed. The present
enbodi nents are, therefore, to be considered in all respects as
illustrative and not restrigtive 24_Cl AV 1 An |0y
enhanci ng a popul ati on_ of oneEor nore target mcragorganis
gastrointestinal tracE of an fnimal, the inprovenent conpr

met hod of
he
provi di ng

to the animl a selectged nodified or. unnodiified 5 rest $tarch in
the form of high anyl§$e starggh or m xtures thereaof, such he one or
nmore target mcroorga®i sms & pH-set-ecttvet-y-utiti-ge-t-he-s -and i ncrease
i n nunber and/ or acti\é.ity in fEthe gastrointestinal it

T

Total anaerobes (

IR ER RN

Starch4 Starch6 Starch8 Starch9 Glucose

Figure 8

Total anaerobes (log CFU per ml)

Starch4 Starch6 Starch8 Starch9  Glucose

Figure 9
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2. The -method according to claim 1 wherein ‘the hl‘?gl'/ﬁny907e/80aocfl 75
I Acl udes na ﬂmmﬂmmmﬁﬂmmltn amy).ose. gont-ent of 50% w w or nore. 10
3. The | ai m 1 wherein the hi ghREQEIYVE Bt rZ:h' 4 1998

i hcl udes rral ze" star ¢h Maving® an anyl ose content of 80%w w or nore. 4.
The*net hod according to claim1l wherein thgghigh anyl ose starch i ncl udes
rice or wheat starch having an anyl ose content of 27% w w or nore. 5. The
met hod according to claim 1l wherein the high anyl ose starch 15 i ncl udes
particul ar grdIILAMSsi ze ranges of starches having an amyl ose content of

cccording o dvai mPk AgRwed thah o iR AC R Pbation of 7 o B8 tarest
sel ected fr ommiwoqrgaupsmsmsﬂmt gasgrojntestinabiractef aty anithalathe Impdemtyumas
bananas, pot atc%ﬁ?pnﬁﬂg Md&fﬁé?o by ﬁ%rﬁv\i{leaf @Ecteﬂ%odl fied or Jﬂﬁoﬂﬁiﬂp

accordi ng to any one ereLn the re5|stant starc
modi fi ed Echemreasta}lt s@x@bﬁatthezﬁm of high amybesesstarah gr mixturesitheraef, ﬁBﬁh

a0ﬁor d:c ng to ahat tHe7orYt?6f fiiote ta@eE G axﬁﬁﬂistHPééIQéhﬂ'éiybmhsg tge starchd
O S e SR by i ESfpaotniSoe B e o0 "
10. The nethe@d ac@thednethddoacooydingaoadlaith diwherkin thé higheamiyloserstarohdi f i ed
LTSt P SEed 1AL ARt TS W o =
starch, Hhd s@eci nThemmethodcas ng to claim 1 wherein the high amylose starch

includes maize starch havmg an amylose content of 80% w/w or more.

4. The method according to claim 1 wherein the high amylose starch

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

5.  The method according to claim 1 wherein the high amylose starch

15 includes particular granular size ranges of starches having an amylose

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

6. The method according to claim 1 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.

20 7.  The method according to any one of claims 1 to 6 wherein the resistant
starch is modified chemically, enzymatically, and/or physically.
8.  The method according to claim 7 wherein the chemical modification is

by etherification, esterification, or acidification.

9.  The method according to claim 7 wherein the physical modification is
25 by crystallisation.

10. The method according to any one of claims 1 to 6 wherein the

modified resistant starch is selected from the group consisting of

hydroxypropylated starch, acetylated starch, octenyl succinated starch,

carboxymethylated starch, and succinated starch.
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