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Enhantenent of m crobial colonisation of the gastrointestinal tract

ki eld of the Invention . This invention relates to nethods of
enhancing the ~ nutritional conpositions, par b
conmposi tions fgmﬁﬁéﬂgel I very and 5 mai nt enance of probll;odt'l?%ﬁﬁ[o Ve

m croorganisnms to and in the gastrointestinal tract, especially the

| arge bowel of aninals including humans. A3 used in this
specification, probiotics or probiotic mcroorganisns are a live nicrobial

foed . SUPP! BRRRcatbl b URORIE AhbNioHbE Bud Gfeliios AT B

inproving its _ m cro ance
provi ded by R. Hield ofithe tnventionrRC | nstitute of Food Research, Reading

Labor-atory, UK) i n - Thiyinvahtion relates to methgds ﬁcbnlﬂanbﬂrgi thbmgfyect aP89. 66,

Backor ound, ar ¢ Aotrbobifcontbebfi!BoAalRyfcomppsiigns (f LBy . o

the heal t h® and meintensars gf mwbmhromlﬁ;eefﬂa@l%ﬁqw@@dp@sﬁhﬁs@é indestinad factel v
i nfluenced by tdspedially €y lafge lsowwel of animalsvhicledingianahs.t Ae vged i chist est i nal

tract, and in %&Extfi%%gﬁ fpr{a nk?ﬁxgﬁ‘sc?)?%ﬁ% mlcrgorganlsnﬂqgﬁea e ?{0% Iféé@

through t he produciion d
chain fatty acisupplement wénch ken%ﬁm@l&x afferts the, ¢%|aagpelaby xmprovms &*éndl tion

anfl heal th of tih®stifigltmicdébial balance. THi¢ is thvsdefinition provided baR. iFulledf tgeb
i'sease, 107 e JFERCHipttlhe BPRSR Raogrch, R ER1AbbIREY, W Sh. §éﬁgdra§§ﬁf’§m ’

whi ch positi vellyJ pliedBacteriplogys P89, 66y BP\3661378¢ Frgbistics f Man and Animals -

A Review".

Background Art
It is the contention of many scientists that the health and well being

15 of people can be positively or negatively influenced by the microorganisms
which inhabit the gastrointestinal tract, and in particular, the large bowel.
These microorganisms, through the production of toxins, metabolic by-
products, short chain fatty acids and the like affect the physiological
condition and health of the host.

20 The constitution and quantity of the gut microflora can be influenced
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
individual can be encouraged to populate the large bowel, this should
improve the physiological well being of that individual.

25 The introduction of beneficial microorganisms, or probiotics, is
normally accomplished by the ingestion of the microorganisms in drinks,
yoghurts, capsules, and other forms in such a way that the organism arrives
in a viable condition in the large bowel. It has been demonstrated by Englyst
H.N. et al (1987) "Polysaccharides breakdown by mixed populations of

30 human faecal bacteria", FEMS Microbiology Ecol 95: 163-71, that the
bacterial fermentation of resistant starch in the large bowel produces
elevated levels of short chain fatty acids, particularly beneficial types such as
propionate and butyrats,

The present inventors have realised that it would be desirable to not

35 only deliver probiotic microorganisms to the large bowel but also to provide a
medium that would function to promote the growth of the microorganisms
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10 an animal or human so as to enhance the beneficial effect of these
compositions. The present inventors have now developed improved
probiotic compositions and methods of delivering probiotic microorganisms
to the gastrointestinal tract of animals including humans.
Disclosure of Invention

15 In a first aspect, the present invention consists in a probiotic
composition including one or more probiotic microorganisms, a carrier which
will function to transport the one or more probiotic microorganisms to the
large bowel or other regions of the gastrointestinal tract, the carrier
comprising a modified or unmodified resistant starch or mixtures thereof,

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

In a second aspect, the present invention consists in a method of

increasing the number of probiotic or resident microorganisms in the

25 gastrointestinal tract of an animal, the method comprising providing to the
animal a probiotic composition including one or more probiotic
microorganisms, a carrier which will function to transport the one or more
probiotic microorganisms to the large bowel or other regions of the
gastrointestinal tract, the carrier comprising a modified or unmodified

30 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, and an oligosaccharide.

It will be appreciated that the present invention is suitable for any

animal which can benefit from probiotic treatment or administration. The

35 present invention is particularly suitable for use in humans.




probi otic conpositions and the content of which is incorporated into this
specification for the purposes of convenient cross-reference.
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sturvival in the gastrointestinal tract of probiotic mcroogani sns provided
to 10 an ani WHIP73#%human so as to enhance the beneficial ePEBAUIBIOIThese
conposi tions. The present inventors have now devel oped inproved .
probiotic conpositions and nethods of deli Ty]erl ng probiotic mcroorganisms
to the gastrointestinal tract of animals inhcluding humans.
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present i nvent PopiorsbgmetiimStdptycottns, Bkdrobstcus) Iictodobsii¥PBaphylococcus,
Peptostreptococcus and Lactobacillus. The invention is not, however, limited
to these particular microorganisms. The person skilled in the art would
understand and recognise those microorganisms which may be included in
20 the compositions of the invention.
In a preferred form, the probiotic microorganism is Bifidobacterium.
Typical concentration range of probiotic microorganisms
administered is 10° to 10*° cells per day. Usually, about 10° cells per day are
used in probiotic administration.
25 When administering probiotic compositions, typical consumption
rates are about 0.1 to 10 g per kg body weight. Consumption of around 1 8
per kg body weight has been found to be suitable.
Oligosaccharides suitable for the present invention may include any
oligosaccharides available for consumption. Commercial oligosaccharides
30 presently available include fructo-, galacto-, malto-, isomalto-, gentio-, xylo-
palatinose-, soybean- (includes raffinose and stachyose}, chito-, agaro-,
neoagaro-, a-gluco-, f-gluco-, cyclo-inulo-, glycosylsucrose, lactulose,
lactosucrose and xylsucrose. It will be appreciated by one skilled in the art,
however, that other oligosaccharides would also be suitable for inclusion in
35 the composition of the present invention,
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One important effect of the present invention is that the combination
of probiotic microorganism and resistant starch with the oligosaccharide
results in a synergistic enhancement of the beneficial effect of delivered

15 microorganisms when compared with probictic composition without the
oligosaccharide. This result is surprising and unexpected and therefore the
present invention provides an important improvement over current probiotic
compositions and methods of delivering probiotic microorganisms to the

- gastrointestinal tract. _

20 As used in this specification, "resistant starch” includes those forms
defined as RS1, RS2, RS3 and RS4 as defined in Brown, McNaught and
Moloney (1995) Food Australia 47: 272-275. Either modified or unmodified
resistant starches or mixtures thereof are used in this invention. The
advantage of resistant starch in a probiotic composition is that it is largely

25 not degraded until it reaches the large bowel. Therefore it provides a readily
available substrate for fermentation by the probiotic 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

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

In WO 94/03048 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

35 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
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combination. Alternatively, the probiotic microorganism and the carner may

10 be presented in each of two separate parts. In this form, either the part
containing the probiotic microorganisms or the part containing the carrier
and oligosaccharide may be consumed first, followed by the other part
shortly thereafter. Similarly, the probiotic microorganism and the carrier
may be presented in one part and the oligosaccharide in the other part. In

15 this form, the part containing the probiotic microorganism and the carrier
may be consumed first, followed by the other part shortly thereafter. It will
be appreciated that the parts may be administered in the reverse order as that
given above.

In an unmodified form, the resistant starch will serve as a substrate

20 for fermentation by the probiotic microorganisms when the composition
reaches the large bowel.

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

25 microorganism and the resistant starch. Chemical modifications, such as
etherification, esterification, acidification and the like are well known in this
art as being suitable chemical treatments. Similarly, other modifications can
be induced physically, enzymically or by other means well known to those
skilled in the art.

30 - 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 bonding using
difunctional reagents.

Modification of the starch may also be carried out by crystallisation.

35 Such methods are known to the art and would be suitable for the present
invention.




experinments carried out by the present inventors, other oligosaccharides 5
woul d al so be expected to have sim |l ar beneficial effects in probiotic
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In WO 94/ 0304'53631[!"1& glﬂtﬁ%‘ﬂ‘zl,auﬁpgh amyl ose starches are di scl osed
whi ch arl® resistant starches and include nmai ze starch having an

anyl ose content of SR FORMULAPIGN Particul arly 80%mgw or nore, rice and
_ Diet1 & 2 Diet 3 & 4

Casein 160 160
Maize starch 498 -

Hi-maize™ starch - 493
Sucrose 100 100
Safflower Oil 40 40
Wheatbran (Laucka) 200 200
Vitamin/Minerals 2 2

Sixteen pigs were divided into four groups of four pigs for the

experiment. All will be their own control and have time on each diet. Pigs
were fed experimental diet for a week and then had a cleaning out period of a
week where they were fed pellets containing Oliquindox. Experimental

20 feeding commenced every second Saturday, and pigs were fed twice a day.
Probiotic (Bifidobacterium longum 1941) was fed with all meals to all pigs.
Pigs on Diets 2 and 4 were fed fructo-oligosaccharide (Raftilose). After final
week of feeding all animals remained on experimental diet for a further seven
days but not fed Probiotic.

25 Formula for amounts fed to pigs: 70g x (Body Weight)
Probiotics fed at : 0.5g/kg body weight
Fructo-oligosaccharide: 1 g/kg body weight
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and enhanced r ¥Q@8T361S st arch content, these starches incl udi MeF/AEI78176
barl ey, wheat and | egunes. This invention is not, however, limted to these
forms of resistant starch. For exanple, other fornms of resistant starch
derived from sources such as bananfas or other fruit types , tubers
such as pot at oes, 5 and m xtures or conbinations thereof would be
suitable for th I nventi on. The conpositions

used in the in t|on prepaked L Ot |
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conbination. Alternatively, the prSﬁbVRﬁaNan&%ﬁlgéﬂﬂsﬁwame lymec@dr ri er nay
10 be presented in each of two %iRR&nM ColkRtdds- I n this form either the
part contai ning the probiotic mcroorganisns or the part containing
the carrier and ol i gosaccharide may be consuned first, followed by
t he other part VFA shortly t hé&Fakefatsampleiofifresh faeces m%dmasday,c

m croorgani smand the carrier Thursd%b’axﬂﬂ‘ﬂ&@ﬁméﬂichﬂn&&% fell, and t he

ol igosaccharide in the other part t he cpnt ai ni ng
the probiotic mcroorgani smand trféccé‘é?ltﬂyewe‘gg dut's¥ %0 d first,

fol l owed by the other part short| yplastisrcentrifuge tube apd ﬂllute 3 foldm@h
appreci ated that the parts may be jaghmhal stdifiaed (3.52 ¥ OfRiRe AfdYPH as t hat

gi ven above. 7.0) Centrifuge and decant.

pH Measure faecal pH after dilution with VFA
internal standard. Wednesday, Thursday and
Friday.

Faecal moisture Freeze dry a weighed sample of faeces from each

animal on Thursday.

Bile acids and Neutral Collect and pool all faeces from Wednesday to

Sterols Saturday morning and air dry over the weekend.
Homogenise and freeze dry a sample on the
following Monday.

Bacteria Fresh faecal samples to be taken at the beginning

of the experiment and at each clean out stage to
establish level of naturally occurring or residual
Bifidobacterium, each Thursday directly after the
morning feed. Fresh faecal samples to be taken at
each experimental stage on Thursday and Friday
directly after the morning feed. At the
termination of the experiment, animals were
sacrificed and the proximal, mid and distal colon

~ contents sampled for bacterial and VFA analysis.
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27/ 34615 dosed Hi-maize™ +bifidobacteria (7.24x108CFU/g)and approx1m§g[§ Ab361a00176
higher than those dosed oligosaccharide+bifidobacteria (1.9x108CFU/g).
Control animals receiving maize had 5.5x107CFU/g bifidobacteria.

10
Table 2. Number of viable bifidobacterial counts from faecal samples from
16 pigs fed either of the four experimental diets in conjunction with freeze
dried Bif. longum 1941 over a 7 day period (CFU/g).
Maize Maize/Fruct | Hi-maize™ | Hi-maize™/
o Fructo
Bifidobacterium
count 5.5 x 10’ 1.9 x 10° 7.24 x 10° 1.38 x 10°
15

Experiments were carried out in an in vitre study of human faecal
homogenates. The experimental design involved incubating human faecal
homogenates diluted in Wilkin Chalgren's broth (1:1000 wt/vol) with
Hi-maize™ (0.5% or 1%) in the absence or presence of oligosaccharide (0.5%

20 or 1%) and Bifidobacterium strain X8AT1 (1% inoculum). After 6 hours of
anaerobic incubation at 37°C the pH values of the different cultures were
measured and the pH adjusted to 6.5. Cultures were then incubated for an
additional six hours. The pH values are shown in Table 3 and the numbers
of Bifidobacterium in Figure 2. Table 4 shows the statistical analysis of the

25 results shown in Figure 2.

Both pH values and counts of bifidobacterium show that there is a
synergistic effect when Hi-maize™ (0.5%) and fructo-oligosaccharide (0.5%)
-are included together in the mix. Values for this combination were greater
than when 19 Hi-maize™ or 1% fructo-oligosaccharide are used singularly.

30 Furthermore, the specific growth rate was greater for growth in the
Hi-maize™ (0.5%) and fructo-oligosaccharide (0.5%) mix than in Hi-maize™
alone or fructo-oligosaccharide alone. '



As used herein, H -maize[err] (trade mark) refers to a high anyl ose

starch obtained from Starch Australasia Limted. I n order
that the present invention may be nore clearly understood,

preferred forms will be described with reference to the follow ng figures
and 5 exanWeg7/3461s Brief Description of Draw ngs PCT/AU97/00176
Figure 1 shows persistance of bifidobacteria after cessation of dosage

of the probiotic bifidobacteria in experin&ntal animal s and conti nuati on of
the Hi -maize[err] + fructo-oligosaccharide®diet; and 10 Figure 2
shows bifidobacterial counts in human faecal slurry cultures dosed

wi th bifidobactighles Z8ATIH vhleS®h éﬁitﬁfers]demcﬁi'f/ewtaﬁﬁ%@ h&IgRdcTfvCt 8F -
odo

Modes for Carrying Qut .the Inyention o ogy Table 1. Pig

di et formul ati (?hf.gg?gca"&e in probiohic COIRPRSHIGRA L ATI ON

g/ Kg - Det 1 &2 Det 3 &

4 Carbéi? Sdkces + inocula 6 houk§0 12 hours! 60

Mai ze starch - 98 —H-jal zebl grrjatarch

493 0.5% Raftiloge 4 faecal slurries + X8AT1 5.59 10 03 100

Saffl ower O| 0.5% Hi-maize™ + faecal slurries4® X8AT1 4004 6.36

VWheat bran (Laugkd), ti.maize™ + 0.5% Raftilogézjg faecal 200

Vitam n/ M nera . 2

Si xt een pigs \/\éf‘@“&?\‘hﬁ%’rint o four groups of flour ¥ for| t he 947

experinment. Al H9Hi-mdizet Refaecavsburriest-+ &8AdNd have t$.6e on jeach 5if4et. Pigs

were fed exper hgpRbfodl £l sRiptEEk Xeiiri hen 1ad a.) eanihng oylgper od of
wee

a Tgul UX-
Experinmental 20 feedi ng conmenced every second Saturday, and pigs were
fed twi ce a daYable 4. Statistical hnalfyslis fof desulte lof bifidobactegiadmiibabiers ivps f ed
with all mealsgf glﬁ'%?s on Diets 2 and 4 were fed _

fructo-oli gosaccef%gﬁlg’éﬂf%g??‘ﬂg%g

ter final
Group Culture Bifidobacterium | Significance*
CFU/ml
1 0.5% Raftilose + faecal slurries
+ X8AT1 5.96+0.02 999%
2 0.5% Hi-maize™ + faecal
slurries + X8AT1 5.11+0.10 99%

3 0.5% Raftilose + 0.5%
Hi-maize™ + faecal slurries +

X8AT1 6.51+0.08 -
4 | 1% Hi-maize™ + faecal slurries '

+ X8AT1 5.14+0.38 99%
5 1% Raftilose + faecal slurries +

X8AT1 6.22+0.13 95%

* Scheffe F-Test (compared with Group 3)

Uses
The results in Figures 1 and 2 show that in pigs administered
oligosaccharide-+ Hi-maize™ +bifidobacteria, high levels of bifidobacteria
5 persisted for a greater period of time than was observed in pigs dosed with
either oligosaccharide+bifidobacteria or Hi-maize ™ +bifidobacteria.



week of feeding all animals remai ned on experinental diet for a further

seven . . days but not fed Probiotic. 25 Formul a for anmounts fed to
pigs: 70g x (Body Weight) Probiotics fed at: 0. 59/ kg body
wei ght Fruct o- ol i gosacchari de: 1 g/ kg body wei ght WO
97/ 34615 WO 97/34615 PCPCBAD97/602767 6

7 Sanpling: Total faecal output Wei gh total faecal output daily from
Monday to Sat urday norni ng 9am and accurately
record with tinPcollected. VFA

Take a sanple of fresh faeces on Wdnesday,

Thursday and Fri day 18el st GhveiRb e [s56%n in a working example that the
Accurately wei

h out ,1.5_.-..2.0 Info a.10 e )
ol ast | ¢ cent r i 4HHER(BA Of Aligesmpchaskde. repigiang starch and bifidobacteria:
i nt ernal st andaj enlfshceXheeffeainadrintieasedicnampets of intestinal bifidobacteria more 7. 0)

Tt on wi G b edditi¥ effect; and ot e nal st andard. . Wedneoday,
Thur sday and %rﬁmt the numbers persist for a longer periodr of time when the three v

components are orally dosed. _

5 In addition to usual uses of probiotics, the combination of resistant
starch+oligosaccharide+bifidobacteria resulted in extended persistence of
the higher numbers of bifidobacteria after cessation of dosage. This
additional use could be valuable in situations where it is not possible to have
daily dosage e.g. travelling. Persistence was also observed when Hi-maize™ .

10 plus bifidobacteria were used in these animals.

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
be considered in all respects as illustrative and not restrictive.



SESO 1L 11 I ek e
Col | ect and- pcol tal* fheces from Wedn OB
Sat ur day rmrni%and air dry over the e

Honogeni se andMA¥@485dry a sanpl e on PCT/AU97/00176
foll ow ng Monday. Bacteria Fresh faecal sanples to be
taken at the begi nning 11 of the experinment and at
each clean out stage to establish | evel of
naturally occurring or residual Bi fi dobacterium
each Thursday GLAgkfSty after the nor ni ng feed.

Fresh faecal z?ggl €sa bRomGuE B&m o%’h’gn.c ¥rising one or more probiotic€aCch

experi ment al e on'Thursday  an directly

after the nor nHEOPEESIISIRG. SrqaErier which will function to transport the AR GR TIGFE of t he
experinent, anprobisticumieroorganisms to the large bowel or othencegidnsosfthand t he
071 bR an sl o o cqpeing BT
PCT/ AU97/ 0017 cunmodified resisyant starch or mixtures thereof, which carrier actgas a
growth or maintenance medium for microorganisms in the large bowel or
other regions of the gastrointestinal tract, and an oligosaccharide.
2. A probiotic composition according to claim 1 wherein the probiotic
10 microorganism is selected from yeast, bacteria, and mixtures thereof.
3. A probiotic composition according to claim 2 wherein the yeast is
Saccharomyces.
4. A probiotic composition according to claim 2 wherein the bacteria
are selected from the group consisting of the genera Bifidobacterium,
15 Bacteroides, Clostridium, Fusobacterium, Propionibacterium, Streptococcus,
Enterococcus, Lactococcus, Staphylococcus, Peptostreptococcus and
Lactobacillus.
5. A probiotic composition according to claim 4 wherein the bacteria is
Bifidobacterium.
20 6. A probiotic composition according to any one of claims 1 to 5
wherein the oligosaccharide is used at a concentration of 0.01 to 10% (w/w).
7. A probiotic composition according to claim 6 wherein the
oligosaccharide concentration is between 0.05 to 5% (w/w).
8. A probiotic composition according to any one of claims 1 to 7
25 wherein the oligosaccharide is selected from the group consisting of fructo-,
galacto-, malto-, isomalto-, gentio-, xylo-, palatinose-, soybean- (includes
raffinose and stachyose), chito-, agaro-, neoagaro-, a-gluco-, B-gluco-, cyclo-
inulo-, glycosylsucrose, lactulose, lactosucrose and xylsucrose.

9. A probiotic composition according to claim 8 wherein the
30 oligo:. ccharide is fructo-oligosaccharide.
10. A probiotic composition according to any one of claims 1 to 9

wherein the resistant starch is derived from maize, barley, wheat, rice or
other cereals, legumes, bananas or other fruit types, potatoes, or mixtures
thereof.
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ALl pigs ' Tuesday and Friday nornings before f eedi ng.
Results ”!ﬂlﬂ"%ﬂﬂ@ﬂs’ﬁm ed in Table 2. i1 can.l en that the nunber of
bi fi dobacteraaduns 5s  +ani mal s dopee|SEHEETHASHEEN[lerr] pl us

oti gosacchari de plus bifidobacteri REPLAGEGSX10[lerr] CFU g) is twice as
hi gh as the nwgbepsdk bifi dobacter ; dosedaauvanmes er r |
+ bifidobacteria (7.24x10[err] CFU/ g)and approxi mately 10 fold hi gher
t han those dosed ol i gosacchari de+bifi dobacteria (1.9x10[err] CFU g).

Control animals receiving maize had 5.5x18[err] CFU g bi fi dobacteria. 10
Tabl e 2. Nunmber of viable bifidobacterial counts fromfaecal sanples from

16 pigs fed either pf the.four experinmental di i I i i4 h
freeze e ﬁi“?b.mPf) ﬁ%%o 18125 ag\?%lrd%‘ag {;J %gi;n 62 rv?ﬂg%bfé%/rg%ﬁs tint
Mai ze Metapaly Erakigh idmyledezsashiaving amemyjase cpntent of 50% wiw or

0 more, or rice and whedt/stitR having an dihjlode benteat bfi27% w/w or count
5.5 x 10[err] 1.9 x 10[err] 7.24 x 10[err] 1.38 x 10[err] 15

Experi nments ‘carried out in an in vitro study of human faecal
honogenates. The exbprobiotic gpmpesitign scromiingte ¢laia 3dwherein theresigtagy

honogenat es difaitef o KighiaklseCladchifivisg i ainfldsé cba bt \wf BOg W/wiok h

H - mai ze[err] (0(%.5% or 1% “in the absence or presence of oligosaccharide
(0. 5% 20 of™®1%6) and Bifidobacteriumstrain X8AT1 (1% i noculum). After 6
hours of 13. ana@npmdiioticnmsﬁbnmowkhqm?moéfﬂa% 442137 t he
different cul {yhsin\é Fesistant stai®Bas WicHied Phdically)ichemicdlsd to 6. 5.

Cul tures, were then jncubated fo& cﬂn. v ﬁggn'altr'egé’bﬂrs §rﬁwours. The pH

val ues afe sh&Fymatically) eross-hppdedusing difung of 'Bi f Pdobacteri umin
Figure 2. Tabtrystalli$adiem.t he statistical analysis of the 25 results shown

in Figure 2. 34 A method of RRiréhsPig thl nefbaui probiotic odfredidéntdobact eri um
show that t he;neic}o%rgaanisms in the gastrointestinal tract of an animal, the method
comprising providing to the animal a probiotic composition according to any

15 one of claims 1 to 13.

i



synergistic effect when H -nmaize[err] (0.5% and fructo-oligosaccharide

(0.5% are included together in‘the mx. Values for this conbination
wer e Qreater t han when 1% Hi - mai ze[err] or 1% fructo-oligosaccharide
are used singularly. 30 Furthernore, the specific growth rate was
greater for gWOWHP4618 t he Hi -mai ze[err] (0.5% and FPCT/AU97/00176
fructo-oligosaccharide (0.5 mx than in H -mize al one or
fructo-oligosacchari de al one. WO 97/ 34615

PCT/ AU97/ 00176 1/2 9 Tabl e 3.
pH val ues in cultures denonstrating synergistic effect of

ol i gosaccaride in probiotic conposition Car bon sources + inocul a

6 hours 12 hours 0.5% Raftilose + faecal slurries + X8AT1l
5.59 6. 03 0.5% Hi -mai ze[err] + faecal slurries + X8AT1

6. 04 6. 36 0.5% Hi -mai ze[err] + 0.5% Raftilose + faecal
slurries + X8AT1 4. 95 5.47

1% Hi -mai ze[err] + faecal slurries + X8AT1 5.5 5.74

1% Raftil ose + faecal slurries + X8AT1 4.62 5.68

Tabl e 4. Statistical analysis of results of bifidobacterial nunbers in

faecal cultures shown in Figure 2

Bl bifday2 [ bifdayd Z] bif.day6
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G oup Cul ture Bi fi dobacterium Significance*

cFUm., | 1 0.5% Raftil ose + faecal slurries + X8AT1
5. 960. 02 99% 2 0.5% Hi - mai ze[err] + faecal

sfurries + XBAW 5.110.10 99% 3

0.5% Rafti | ose ™0 §/A4645 Hi -mai ze[err] + faecal sPaFAPEHOLT6
X8AT1 6. 510. 08 4 1% Hi - mai ze[ err]
+ faecal slurries + X8AT1 2/2

5. 140. 38 99% 5 1% Raftil ose + faecal slurries +

X8AT1 6. 220. 13 95% * Scheffe
F- Test (conpared wth G oup 3) Uses - The results in

Figures 1 and 2 show that in pigs adm nistered
ol i gosacchari de+Hi - mai ze[err] + bifidobacteria, high |evels of

Times (h)

2 0.5% Raftilose+faecal slurries+Bit.X8AT1

4 0.5% Hi-maize+faecal slurries+Bif.X8AT1

6 0.5% Raftilose+0.5% Hi-maize+faecal slurries+BIf.X8AT1
10 1% Hi-maize+faecal slurries+Bif.X8AT1

12 1% Raftilose+faecal slurries+Bif.X8AT1

bi fi dobacteria 5 persisted for a greater period of tine than was
observed in pigs dosed with ei ther oligosacchari de+bifi dobacteria or
Hi -mai ze[err] + bifidobacteri a. WO 97/ 34615
PCT/ AU97/ 00176
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1:0 ——Fhe -present—-avent of s have shown Pm’Aorv%rli AgOeQa‘lrp?eﬁ

that the | nation of oligosaccharide, resi 1S4 C a1 4000
bi fi dobacteri a: d’] mm(lmuﬂ €Iﬂemfe the effect of mc?%gggﬁ}rﬂhbgrgng\f‘ 1398

i htestinal bifi i than the additive effect; and

(b) that the nunbers persist for a |onger pgjiod of tine when the three
conponents are orally dosed. 5 In addition to usual uses of
probiotics, the conbination of resistant : i T
starch+ol i gosacchAM&e+bi fi dobacteria resulted in extended persistence of

t he hi gher nunmbgrs of Ahyj Mﬂ? af ter ' . Thi s
addi ti gnal use g'qul d %girég uabl e, -%ﬁgla{ltggm@%zﬁ%grge%rﬁqﬁﬁg@%%ssi ble to

have dai TYCT9eEERMSIES A Camiey arhichgvil pimgtionstedsansporbthaormer maose
when Hi - mai ze[ epfdbidic micRioigariisinsde RRE 1&gk BowRl Dr beRék ﬂe?idd&‘iﬁechéni mal s.
var ati onsand GEtaicsRtal FRRCoan animainthe sarHer SOmRRANRS BMGUSHRR, | ¢
the specific enmimniodifi¢d residgtantistartdper triixirés tiroredl wiiich icarider sstopgaof the
be ' consi der ed | SoNth dAGHAiEthce RBARIE Xy GRERREH RS 1 365 torkp DpWel o *°
11 CLAI aiber regions of the gastrqintsistival tract apd sint oligosaociparids selected or
mor e probi oti ¢ from the rﬁ)ﬁggp%hgﬁ%gr&f,fnmsqrgaia%&o-wmﬂtb-wsbkn&wﬂ?éém-} lo-,

ort _the one aqr ) .
transp 16 paelagmose-, soybean- (includes raffinose and stachyose), chito-, agaro-,

neoagaro-, a-gluco-, p-gluco-, cyclo-inulo-, glycosylsucrose, lactulose,
lactosucrose and xylsucrose.

2. A probiotic composition according to claim 1 wherein the
oligosaccharide is fructo-oligosaccharide.

15 3. A probiotic composition according to claim 1 or 2 wherein the
probiotic microorganism is selected from yeast, bacteria, and mixtures
thereof. '

4. A probiotic comﬁosition according to claim 3 wherein the yeast is
Saccharomyces. -
20 5. A probiotic composition according to claim 3 wherein the bacteria
- are selected from the group consisting of the genera Bifidobacterium,
Bacteroides, Clostridium, Fusobacterium, Propionibacterium, Streptococcus,
Enterococcus, Lactococcus, Staphyfococcus; Peptostreptococcus and
Lactobacillus.

25 6. A probiotic composition according to claim 5 wherein the bacteria is

Bifidobacterium. '
7. . A probiotic composition according to any one of claims 1 to 6

~ wherein the oligosaccharide is used at a concentration of 0.01 to 10% (wiw).
8. A probiotic composition according to claim 7 wherein the

30 oligosaccharide conqentfation is between 0.05 to 5% (w/w).

9. A probiotic composition according to any one of claims 1 to 8
wherein the resistant starch is derived from maize, barley, wheat, rice or

other cereals, legumes, bananas or other fruit types, potatoes, or mixtures
thereof. '
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¢ ; r . ~
probi otic m croor gani sns to the large bowel or otpgr’AVemZné ngt Ile_lv
gastroi ntesti nal ﬂfl the carrier conprising nodi fi ed.

ynnodi fi ed resi sta ﬂ',m umumm ures t her eof , V\RIEﬁlE‘WEVUZG actsi as ’a
growt h or maintenande fredtum for mcroorganisnms in the | arge bowel or

ot her regions of the gastrointestinal tract2 and an ol i gosacchari de

sel ected fromthe group consisting of fructo-, galacto-, malto-,

i somal to-, gentio-, xylo-, 10 pal ati nose-, soybean- i ncl udes raffinose
and st achyose) 10.chi t A-probipticocomposition ageewling ¢o claisy 9 whereiscthe resistant
[err]-gluco-, guediptd QH%?ram?ldé@%ﬁ%Mﬁﬁan'aﬂ?ﬂHéé’é&;,tent of 509 WAk @pUCT OSe

and xyl sucrose. r obi oti c, conposi‘ti on according to, claim1l
wherein the more, qlg%éra@a\ﬂwﬂ%atﬁr%%ﬁmagﬂp B, St Q27w og, | A
probi otic conpagiréi on accor di ng to claimi1 or 2 wherein the

problotlc m cr gor gan ted,.from e X

t her eof . ?!B A p&obfotﬁcl o%lgﬂﬁc%: %‘ﬁ@ﬁé 5% gg&f‘{ﬂ )}E}% 'gla %g\iﬁ@te. n
the yeast is starch 1sSahtghaamylase$tar2h having an amylpseotontent of 80%cwiw ioon
according to claim 3 wherein the bacteria are selected fromthe
group consi sti ng of the genera Bi fi dobacterjum Bact er oi des,

G ostridium Fl&obacAdrphigticsasppesitisaaceprding t@@nmn@afcré@@s 1to11

Ent er ococcus, hﬂféﬁ'ﬁﬁ(}!‘aﬁlt&ms’e‘é&ﬂlmtbﬁ(i@ﬁfdd‘iﬁei’@h tan ghélsafcally, and |
Lact obaci |l | us 1 s|ob 4%5; G c OSI accogsdl n% to claimb
wherei n e baﬁ?@F’Pﬁ“ﬁ’%‘ Yy, Cross=bqiqe ‘6‘?355 r)&li'[llona reagen YA probiotic
conposi tion accxysthlhgaﬁcm any one of clains 1 to 6 wherein the
ollgosaccharld is u 9 8.
A probi ot ¢ cotdosi t haiepdbiRREBLIE e Hhutbeb of irdttodO 6 iddne

ol i gosacchar i dBlicteEganismsiii egaﬁe@mé@rtlrml@@cw spanina), the methodg. A

probiotic CO”DQ&hbbi@ﬁlgaﬁMdihggottHe ARYmANS p%bl%h%'d@iﬁnﬂostiﬁoﬁ according Wgh@i N
the resistant st arg ived from mai ze, barley, wheat, rice or
.ot her cer@al s, °P@§ ﬁléé Ha s or ot her fruit types, pot atoes, or mxtures

t her eof .
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10. A probiotic conposition according to claim?9 ' ,_?ﬁgﬁr esi st ant+
starch is .a high anyl ose starch having an anyl ose content of 50% W w Gtgg

. ‘A:’k'?': .
more. 5 11. obiotic ﬂﬁlﬂgﬁi F o) ' Q! al M 1 MR ehnridiees
resi st ant g@mh s a rﬁ':‘;g any lm%mémﬁn%ﬁhﬁg%nﬁq an anyl 0% cont ent
to any o aq AILMI‘J'G'. whergrm—tire—reststant—starch
nodi fi eq %ﬂgﬂ?&-ﬁ}hﬁ% wlfcitny lXAzjéE e e
0 unct oS S AT % 34 ittt e, 3 e 5
the gast i) kst Kpplichion Nhmifel: AN p2MaGFooyzd 1€ MBIONGLY, Patricia, LynGOIRAU 20 Goorawahl Av-
provi di to the animal a probiotic co 05|t|or{';;§gmial}§nscj“l§iggr20g§1 U} JOPPING, pavid,

nbre, or rice and wheat starch having an anyl ose content of 27PN or «+
1yl s
of 80% W W JNTERNATIONAIQIPPLICATION PUBLASHED UNDER 2HE PhereP 0BOPEHAON ARERTY (Pt
h ) terpagions! Pyblicatipn Numbesio n o e WO H434615
of i ncr gastRg—he esident roorganl sns
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(57) Abstract

Probiotic composition comprising one or more probiotic microorganisms, a carrier which will function to transport the one or more
probiotic microorganisms to the large bowel or other regions of the gastrointestinal tract of an animal, 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, and an oligosaccharide. Method of increasing the number of probiotic or resident
microorganisms in the gastrointestinal tract of an animal comprising providing to the animal the probiotic composition.




