WO 2012/ 059502PCT/ EP2011/ 069212 Powder ed cereal conpositions conprising
non-replicating probiotic mcroorgani sns The present invention relates to
the fiel awofopmsedeed cereal conpositions to be reconst PCHiEPAOT1M69RIL K,
infant formula or 5 water. In particular, the present invention relates to
powder ed C3dﬁﬂereo %%§k§hpQ§H¥o bgfadninistered to intantﬁ:or y.Qung

chil dren. THESSdwered or ca Lo siis St P g Holy feblaGatdidien the

i mmune system and/or to trgabbobtpeeMentobhfhamemisory di sorders. For
exanpl e these benefits can be 10 provided by probiotic mcro-organi snms. An
enbodi mrent of the present invention relates to a powdered cereal
ConNposiTHeONo€OF@tit SiAgeNONohepkil e@biknNg opricid of i €1 i 6 FORkGaMeSINE e Hcr1
exanpl e bi oactive heat treated probiotic mcro-organi sns. Breast feeding is
t he optdIFRCHHRYAS oh©f 61 nERBBPATT ARAAEs. 111 5milK, 1infant formula or
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typi caldy atrthetage ofhd- bniRRSs ¢ & ant sindevel opo an rientrerestpaRded t
readi ness for other foods. Signs for this are that an infant starts to be
abl e t 015l tamRd tearit rél Sheae 25 nboememanrle widsdhebabrée ittes neve Psod
fr t fr.ont, of t ut.h to t b hat, t h oordi natj on
mﬁﬁp]al%gﬂﬂ%%%ii% aﬁﬁ“?%Héab |8&E Po%%éagggg%f fﬁg %ﬁ%gb 3§¥ﬁbn£gfng id
f oods isreopott amtvdroridbherigifeamdst oo a powdered cereal composition

comprising non-replicating probiotic-micro-organisms, for

example biocactive heat treated probiotic micro-organisms.

Breast feeding is the optimal nutrition for newborn infants.

15 Newborn infants are, consequently, usually fed by
breastfeeding or - 1n cases where this is impossible or
insufficient - by liguid infant feeding formulas, which

resemble the content of the milk of the mother as closely as
possible. Breastfeeding and/or infant formula administration
20 will typically continue during the first year of the infant’s

life.

However, typically at the age of 4-6 months infants develop an
interest and a readiness for other foods. Signs for this are
that an infant starts to be able to sit and control head
25 movements. It will be able to move food from the front of the
mouth to the back, so that the tongue coordination will allow

the infant to swallow from a spoon.

The introduction of solid foods is important for the infant to

build a positive relationship with food. This is the first



build a positive relationship with food. This is the first WO
2012/ 059502PCT/ EP2011/ 069212 step to a grow ng, happy baby, and to
devel opi yoI20f2#15e50¢ heal t hy eating habits. At this stag@CirtErPRél10eonrTENded
that an infant begins consumng infant cereals. 5 Infant cereals will help
t he infacnet tgoeéperioevrqlge taste, texture, %r}% n%triéi on oHlor\{vev r'f”l%n
infant'ss dﬁjgesti vetTact'd's S?EJPV evéf’opi ng an Wity Jhal[\D/e fo deal"Wth a
new chald=ange; <oliirdy frood.tProbiotics as part of gut flora help the stonach
tolerate 10 foods nmuch easier and can al so boost the i mune system for
exanple. A new innovative product in this respect is, for exanple, Nestle
Baby Certealticionprdisddig Bifi dovacterbrirhaeti stedkt uses. iTiFese Cuddires
mai ntain a healthy digestive tract flora and hel p support healthy growh
and dev&lropiERYd 5 aENn&rF1934S probi otics are considered safe for infants.
However under special circunstances it m ght be advisable not to use
probiotics for infants wi thout the consent of a doctor, for example if the
i nf ant 5T a8UT f eSineg 1y omila lcohpl B §ed | Widmet sylst eX2r TRt it Heénce a
need in the,art fog gﬁ?‘%&gﬁa‘?ﬁ cglealecompasiLian thatyoffers, the henefits
probi otics can provide, and that can Be consunmed wi thout any concern al so
by i nfadnt ssari younge chillods 2enowi dhda vcoipr dna sed i omalees sy stietth Ehenpmwesent
inventors have addressed this need. 25 It was consequently the objective of
the préd€hit eiqﬂ?entsioa%cfof i de a powdered cereal conposition that is easy
to digest and well tolerated by infants and young children, allows to
experience taste, texture and nutrition and offers the WO
2012/ 059502PCT/EP2081/989212 for GHiCot T tO BN S, THRi | 8EPBRNY e to
pragucerddund ndushr icalsiscal &randahdealdy bbbt nothd osguacd | vy e t kol onger
shelf life or at increased tenperatures. The present inventors were
sur pri sedntd sseeft lgtw t hepodailidss achideve this tdbjectriegechy the subjrect
e e i Lndependent ¢! Bl The RRANANS § 3TN Pl aR; the
cultures. These cultures maintain a healthy digestive tract

flora and help support healthy growth and development.

15 Generally, probiotics are considered safe for infants. However
under special circumstances 1t might be advisable not to use
probiotics for infants without the consent of a doctor, for
example 1f the infant is suffering from a compromised immune

system.

20 There 1is hence a need in the art for a powdered cereal
composition that offers the benefits probiotics can provide,
and that can be consumed without any concern also by infants

or young children with a compromised immune system.
The present inventors have addressed this need.

25 It was consequently the objective of the present invention to
provide a powdered cereal composition that is easy to digest
and well tolerated by infants and young children, allows to

experience taste, texture and nutrition and offers the



The present inventors provide a powdered cereal conposition conprising
non-replicating probiotic mcro-organisns. 10 The inventors were surprised
to see tD,202/09302i n terns of an i mmune boosting ef f ecPCamkl@n/os9212 er ns of
an anti-inflamuatory effect non-replicating probiotic m croorgani sns nay
even be, more &ffectiue. than rephicating problotic o croor gapigme. This is
surpri i ng Si'nce probiotics ‘are often efihed as "Tive 15 Cro-organi sns

t hat wheriadivinilst eiced d naadeqiatelagouni s1conder heed t mdreinefd s wiaH he
host" (FAQ WHO Gui delines). The vast majority of published literature deals
with |iNEgsmortstlifcs i %cﬁttiwf@saeiﬁé At IdiRE 9vest i gated the health
benefits delivered by non-replicating bacteria and nost 20 of them

i ndi cated that inactivation of probiotics, e.g. by heat treatnment, |leads to
a | oss 161 t REPFePlr porEEd oFEal YH- De FEFPE LERECHA | 8®Pt £1a). | tBEYalcoulzho4,
Gastro L y +520- 528; i , I 2 E

I méno%égl\f%r gﬂ)r?g . %91%5’%3:71: %%t a}QC:‘I'k/I IUE%% %bgﬁd@ % %%t Ef%?ﬁer Er%,
2001, BrirkdkndeB86: 2851289, TiKai HapeMdanét @laimd 9FmrtAech. DegeThipl dhe
72:51-53,). studi es .showed that killed probiotics nmay retain sone

heal t h léjf%ae&%:%ﬂrﬁﬁeéﬁ tZ2VHEI%L al ., 2004, Gastroenterol ogy

126: 520-528; GIlI, H S and K J. Rutherfurd, 2001,Br.J.Nutr. 86:285-289),
30 but clearly, living probiotics re regarded in the t so far as nore
per f or rﬁﬁ}?g.p 2012/ @éﬁ%/%@‘éﬁﬁoﬁz OEERSENETTY. THEPPAVERtSr s now

provi d%cﬁmﬁl@&@@f_%&ﬂ@li&ﬁl@ﬁj td Qb iGANRY inSil G RAyreRidcat i ng probiotic
m cr oor gani sns. These non-replicating probiotic mcro-organisns are still
bi oactive. 5 One enbodi mrent of the present invention is a powlered cereal
basgd comPositd Ao per-s econst] fubedsi BeWatahe, Mel k., onnl Riants farmy a
conprising at |east 25 weight-% cereal and having an energy density of at
| east OB WKealJap Hnid @ onf & @t ngnaf ver 1 netensisi pdt ison aatt et 2ylateokeal
protei n,cless Lhan 10,4, 50/ 100keal fat, -and less than L SgL100koa) added
sweet ening  agents w P% Fess" Ehan %k?%%gjfiod[kcal Frittose, Whérern the
powder e reereaie diased wompasidliion fid hefoldoard ses mot-g=ealdreat i ng
probiotic mcro-organisns. Any mlk may be used for the reconstitution.
Exanpl es are 15 bovine mlk, human m |k, goat m |k, and soy mlk, for

exanpl echiM lik pawderi preguciscaayrbei vsedsi Areeeanshi tetrecheliom as iwed | .
Speci alized nutritional products, such as infant feeding fornulas may al so
be lased 4G ¥ ECoHdt i Bufed Tt M 287 r e@ BRSTIUUI R € Rel PoRFErBLR cor @BP Ub&sed

composid it r 40 JNen CONRARS LLOR MDA 1 NG £ €8l BE1 e ealryd | k

drink, for exanple. The po ereg cereal composition may be to be

adm ni stas ed ntay) © mfigny sodnddob lyiozimgdchl 1 deera tupreo dde lager 0t h6 years, for
t.. Infant cereals

Compos HEGHE Ootai firhg EBHGEt 0 B At nitSHEE t o THACEL Fhey N e

usual | ywd=0 the radm misd efedi wsi8g BySReARrephdcABY nBepattered asddmyscer eal

for infants, for exanple. The codex alinentarius offers guidance on what

i ngPedicent'sham frfEmated that inactivation of probiotics, e.g. by
heat treatment, leads to a loss of their purported health
benefit (Rachmilewitz, D., et al., 2004, Gastroenterology
126:520-528; Castagliuolo, et al., 2005, FEMS
Immunol .Med.Microbiol. 43:197-204; Gill, H. S. and K. J.

25 Rutherfurd, 2001,Br.J.Nutr. 86:285-289; Kaila, M., et al.,
1995, Arch.Dis.Child 72:51-53.). Some studies showed that
killed probiotics may retain some health effects
(Rachmilewitz, D., et al., 2004, Gastroenterology 126:520-528;
Gill, H. S. and K. J. Rutherfurd, 2001,Br.J.Nutr. 86:285-289),

30 but clearly, living probiotics were regarded in the art so far

as more performing.



30 cereal should contain. WO 2012/ 059502PCT/ EP2011/ 069212 An "infant" means
a person of not nore than 12 nonths of age. Cereal mlk drinks are

pr ocessedwoenealsotwased foods based on cereal s and, opti @QalEHPR11j06QUES,

that are to be diluted with water, mlk, or any other liquid that neets the

requir nts 5 of .the local regulatory body and have a texture appropriate
for dr iNRIHGRE X "age or 608 oo whi BR™ HE prodiuet=i SRt ented Conpcal |y,

the cal@nmdensirty asmwtilsiasy t hevarmrmaris and g ndgrefoiprtatei nsyicro-

car bohydrates and |ipids present in the 10 powldered cereal conposition
shoul d BEEETFUl | P awf ustear el t fet eedBreP1PReCi AL&AT —6F HPodFg ScHAid and
are depgndent,;on tihe, stage of devel opnent and age. It is well known that
the requirenment for nutrition changes with the devel opnent and age, and the
conposition of the 15 powdered cereal conposition ideally reflects this

chagge.o | Qs &Thog MeRt tg‘Ie t&eegér‘%@e%v'bp‘é%hi %y éhﬁo%\éﬁ%he%e‘%%raﬁa!

based conposition in accordance with one of the preceding clains contains
after recoadt coutposiabout 2g5bsg/rkOkoalt igrot ednirandtess thiank 5ghbt00kca

added 20 et eni ng.agent ith le than 2.5/ 100kcal  fructose.. The
oot et E B Bt 0 e Lo tar 25 1 BE G hnI & bo e 11 om

the group,GNrStdg-Pf $4165 0S¢, 0 gl HEOSLastr UCBOREa1gLHUGRSE BY AN iRRNEY
and conbi nations thereof. 25 Due to the sugar content of the cereals, e.g.,
after HWidror yspsonshd tattount af teealt siiyakOebrsildered s nohessafian

di sgechard desod -4 perk L nal ngormas! thon, mays exceed- 29/ 100KGakeetening

agents with less than 3.75g/100kcal fructose, wherein the
powdered cereal based composition further comprises non-—

replicating probiotic micro-organisms.

Any milk may be used for the reconstitution. Examples are
15 bovine milk, human milk, goat milk, and soy milk, for example.
Milk powder products may be used in reconstituted form as
well. Specialized nutritional products, such as infant feeding
formulas may also be used in reconstituted form to

reconstitute the powdered cereal based composition.

20 The composition may be an infant cereal or a cereal milk

drink, for example.

The powdered cereal composition may be to be administered to
infants and/or young children up to the age of 6 years, for

example.

25 Infant cereals are known 1in the art. Infant cereals are
compositions containing cereals to be administered to infants.
They are usually to be administered using a spoon, and may be
offered as dry cereal for infants, for example. The codex
alimentarius offers guidance on what ingredients an infant

30 cereal should contain.



WO 2012/ 059502PCT/ EP2011/ 069212 The powdered cereal based conposition nmay
contain | ess than 40g nono- and di sacchari des, preferably | ess than 35g
nono- and wWoaiseszdes per 100g powdered conposition. PCTHEReOIpOGEEE ed
cereal based conposition nmay be fortified wwth 5 vitamns and mnerals, for

e_xarrp! PAn F"Olrn aéacnpln%énhse aCOIQJrOSInt Io n%acy H%eref. rhtz;{:r{c 1 mvc\)nr{th s\“otfam ) .Bl ! .
vitam n A, vitamin D vitamin E, vitamn C~ vitamn Bl, vitamn " niacin,
pyridoxine, folic acid, vitamn B12, biotin, iron, zinc, calcium and

conbi nat i ons, t hereof,. .10 For exanple, the powdered cereal based composition
oy conagt gt Bobribhs M A Rishhr RS 2 S R B B E TR A por
100 kcalaredidt oind; 3opgivhbamyn Dpeimsk)0 kead . aAs €erpal 8inelkegradith

cereal flours, refined cereal flours or conbinations thereof may be used.
For exatl®:, wheak: f Peurn > hiee tigurd $&701 iREEF o fhéadulard iz e

mal sodext ri . ?898@@%@598?}% BSH“;‘/OTarﬂ?%Q\‘?e!Jée@eth Poydered Gereal
conpositions nay be prepared oma“single grain - such as rice cereal or
wheat dermaldr ibécange ssi nghe graen gconppsiftdonshareh | eds Ipkeldpdio ¢ause
al lergi.c 20 Ie ctions. The conpositions may al so contain vanillin. Vanillin
has the ge that its taste is well liked and it has additional
anti oxi dant properties. Typically, the conpositions of the present
i nvention contain 01-7 vanil|in per 100g 25 reconstituted product
Honey. R of velg: 40T E2° iy 4 Sided o WAFY Coat Ehandro T ent Gk
Fruits and{or ovegstabl 8ss my-he2dded ddy t Beaf orimofs f bakesntpowders,and/ or
i eces.
P 10 powdered cereal composition should be carefully adjusted to

the needs of the infant or vyoung child and are dependent on

the stage of development and age.

It is well known that the requirement for nutrition changes
with the development and age, and the composition of the

15 powdered cereal composition ideally reflects this change.

In one embodiment of the present invention, the powdered

cereal based composition in accordance with one of the

preceding claims contains after reconstitution about 2g-

5.5g/100kcal protein, and less than 5g/100kcal added
20 sweetening agents with less than 2.5g/100kcal fructose.

The sweetening agents may be carbohydrates and are, for
example, selected from the group consisting of sucrose,
glucose, fructose, glucose syrup, honey and combinations

thereof.

25 Due to the sugar content of the cereals, e.g., after
hydrolysis, the amount of total sugar considered as mono- and

disaccharides in the final composition may exceed 5g/100kcal.



WO 2012/ 059502PCT/ EP2011/ 069212 The powdered cereal conposition of the
present invention may further contain prebiotics. Prebiotics nay support

t he gromwoahimsedsroti cs before they are rendered non-r @plTiEP2e1i1fe6212
"Prebiotic" neans non-digestible food substances that pronote 5 the growth
of healfh, benefiiglal Jmcro-opganisms andlar probiotics in the it est)nes.
They are not “Broken down i e st ona and/“or upﬁer I'ntestiné”or absor bed
in the g thasb-ofarthedpensonaingest i ng-dthaemplbut 1&bey @t f epgemtied-by t he
gastrointestinal mcrobiota and/or by probiotics. Prebiotics 10 are for
exanmp| ETHeIFFAF PR TEGTH AR G ISP Mt CMR S 1Rd18Yf roi d, Dietary

Modul ation of the Human Col onic M crobiota: Introducing the Concept of
Prebiotics, J. Nutr. 1995 125: 1401-1412. The prebiotics that may be used
i n accdrfaneeVdrticdt heqRdseAtSes iGNEMS 0 ar emABt S5ar EPELLALEY 1Yl ed

and inq}i%ddg%iq,g %r%%i%lasqc%rt t@gaﬂglcgmte the growth of probiotics or

heal th beneficial mcro-organisns 1n the intestines. Preferably, they may
be selected fromthe group consisting of oligosaccharides, optionally

cont ai ni e a .man e | fi Syl rtid.cul ar
sol ubl & O&?b%%%&%%y@?b%?@&?%ﬁﬁigﬁ; AP Ve PO U PBRD 1 BBl B
pr ebi otiicsarmrie fAuctadaldargosacchari desi(tFAS), vgalacio- al,i gosaechan i Hes

(G0s), i.sonmmlto-qgligosaccharides (| M), xylo-aligosacchari.des .(XOS),
ar abi nd-5aA% "ol iRfusadtiarites RY ,l%nndc'r%-lﬁc? g harvllg@l%B (VOR)

ol i gosacchar, desRf, sOhc,9lacesyhs U Rs e dEInad i@etosueese (LS), lactul ose
(LA), palatinose-oligosaccharides (PAO, malto-oligosaccharides, guns

and/ or hydrol ysates thereof, pectins and/or hydrol ysates thereof. For

exapp! & povdespth £er eaheCoppRsiciens MBY-L10Nt 8L 88! | gefdicd Oseoni pulji n 30
or a conbination thereof. Typically, powdered cereal conpositions are to be
m xed wiapmietcer atnilldasor SiOnfaant 1 fermil aBbebere Idohstmptli,oncOFbBO WO

2012/ 059502PCT/ EP20Q11/ 212 exanpl e, ;159 of an powdered cereal, caonposition
of "the HrGLEm A Tencion K beTTh Be Trnal withige, AL o v o iie
powder ed cereal conposition according to the present invention nmay conprise

non re%é(%gféghgrﬁgé9é5%aghcggkeal flours, refined cereal flours or
combinations thereof may be used. For example, wheat flour,
15 rice flour, semolina from wheat, and maize maltodextrin, and

combinations thereof may be used.

The powdered cereal compositions may be prepared from a single
grain — such as rice cereal or wheat ceral - because single
grain compositions are less likely to cause allerqgic

20 reactions.

The compositions may also contain vanillin. Vanillin has the
advantage that its taste is well liked and it has additional
antioxidant properties. Typically, the compositions of the
present invention contain 0.01-7mg vanillin per 100g

25 reconstituted product.

Honey, fruits or vegetables may be added to vary taste and/or
texture. Fruits and/or vegetables may be added in the form of

flakes, powders and/or pieces.



5 organisnms in any effective anmount, for exanple in an anount correspondi ng
to about 106 to 1012 cfu/g dry weight. "Non-replicating"” probiotic

m cr o- or gaiNi2e1eWsPFee] ude probiotic bacteria which have be&en/Hreat/o692¢at ed.
This includes mcro- organisns that are inactivated, dead, non-viable

and/ or 10 present _as fragrents such ag DNA petabolites  eytoplasmie
conpounds, wall materia n-repki i'ng" T reahs Tthat" o

vi abl e m,edﬂmerartdirottamlpﬂgbi@tfﬂt@g Piicks caarcbenget echedrby tekassiosah
plating methods, Such classical pI ating nethods are summarized in the 15
ni cr obicof o@?%b?tl\ﬁa?’m§el\%¥§e agy I\?alfifl ﬁe\lndﬁét.fs%@Pn‘%Hl&% &1 -den.

2005. Mydenn 400d- g crQbi Hbﬁgﬁlg@s*%l%@et giselsls! S_Qﬁél@%c@ BHGE p'%'%‘ﬁ(o%%r k

N.Y. 790 p. Typically, the absence of viable s can be shown as foll
no ¥isithhe cotonyhono agare platresb en el cicy kasiingr ¢ te bigdintiys s anquﬂodr

wt h 20 aft 1 di ff 1 1 t
Dot e OB A0 B Ao NOBHERE L OB I Il L s SRS BBk S g

appr oprdaines @ongh &} ®Asupperobing card/nr anagsobtscat mspher e1f @kaat: lgast
24h). Probiotics are defined for the purpose of the present 25 invention as
"M crobBils® BeFEopY ebagaffoRe ofebnpdiEnt $16TY nP€robfarmerf #8 WY h tae

benefi he "
ijehaﬁt?aé&r%%enﬁt%s . éelt apgféb%?%t Y%lééh%ewgg/hgélf%&?%]??é% g(fl nrg(}ﬂed#rends
Foad Scire Technaxzarip9e: 1k A0ZetO)y WL 20.12/F05960R2RBCT EBZGlM/aO&@JLZBThe
possibility to use non-re Ilcatlng probi oti c m.craqorgani sns of f rs sever al
P vt St L 1 o Savar ofy & P oc I B0 Pt Gt & 0F CFBHRG o Parhs < e
use of MiieHraki .ot ras-gBY-DPEJ! 'trHé edohpegxcepti enakicases, dug. t auad
potential risk to devel op bacterem a. Non-replicating pr obi oti cs may be

used wiltHoutl Zary vl léhZ .Addi tional |y, the provision of non-replicating
probiotic mcro-organisns allows the hot reconstitution while retaining
heal th benefit. 10 The conpositions of the present invention conprise
non- r eplticcariaiy Prioks othat mey ober gaﬁﬁsﬁrﬁ iaﬁ?C@ﬁdé@?@@nWi§lhIf ftihgl emtesamtat

| eagt pariall Yoproduos, @ heal th benst L, A aount, adegupte L9 aceqrpl i sh

thid is def erapeu I'ca ecjtlve ose nount ™ ef f ecti ve
for thissupur poseswidHatlSpdepend ama @umaem off fraedbh s thkrowo £ chthose of
skill in the art such as the weight and general health state of the infant
or youﬁ&r’fﬂﬁqc&alaﬁﬂl%?PTCP@%ﬂ%ﬁ bt the fBb&sShatesx. Freferably, they

may be selected from the group consisting of oligosaccharides,
optionally containing fructose, galactose, mannose; dietary
20 fibers, in particular soluble fibers, soy fibers; inulin; or
mixtures thereof. Preferred prebiotics are fructo-
oligosaccharides (FOS), galacto-oligosaccharides (GOSs),
isomalto-oligosaccharides (IMO), =xylo-oligosaccharides (X0S),
arabino-xylo oligosaccharides (AX0S), mannan-oligosaccharides
25 (MOS), oligosaccharides of soy, glycosylsucrose (GS),
lactosucrose (LS), lactulose (LA), palatinose-oligosaccharides
(PAO), malto-oligosaccharides, gums and/or hydrolysates
thereof, pectins and/or hydrolysates thereof. For example,
powdered cereal compositions may contain oligofructose, inulin

30 or a combination thereof.

Typically, powdered cereal compositions are to be mixed with

water, milk, or infant formula before consumption. For



I n prophylactic applications, conpositions according to the invention are
adm ni stered to a consuner susceptible to or 20 otherwise at risk of a

di sorder wo?2arv/@pent that is sufficient to at | east parCirapkerietaze t he
ri sk of devel oping that disorder. Such an anount is defined to be "a
prophyl actic effective dose". ain, the precise ampunts_depend_on a . nunber
of T aclertdich Be3 %6 TRt SRIIETa yUnG CHITHF ST A6 8f 55 neAITi nd

wei ght ,iranghtaor hevefdealo ofe thiecdpad trmtad i, Bosetskilled in the art will
be able to adjust the therapeutically effective dose and/or the
prophylactic effective dose appropriately. WD 2012/ 059502PCT/ EP2011/ 069212

I n genema tdwevgonpasicldram Of cbhpoprieset igv@Hdion cait aidlse  present
non-replicating probiotic mcro-organisns in a therapeutically effective
dose andlGiGipta prdPhyFaBPre Sef f édtt ver doseCa P caPrgPiphec micro-

t herap Lcal effective / 5 P LC effecti eis
in %hegggﬁggj%%sa%%u%ﬁ%¥d%§9%§t?ﬁ%O%%OEﬁ%ﬁoﬁ£$§ﬁ$%%§§?%gfgér%%i%%?égﬂ§

M cr o- argarsssdierg dai lapaduse.0°l hot @é0hs afu/muneni eadigrount s, the
"short-time high tenperature" treated non-replicating m cro-organi sns nmay
be 10 present in the conposition in an anount corresponding to between 104
and 101qceguiardlientt icfal/ gpodbibeidr ywiconpasidamisnbyynolsby, probiotic

non-replicatin i cro-qQrgani sns_do not formcaql onies, consequently, this
torm | DA 56 AnHBLSTOO 4S PRE"aNEMH (OIS RbRCr epficati HyL WEF olGFgA Sms
that isobfaided 1ondf omy1Q4 anth Q%2 d/ 9 aephj cahbagvhaster i andiiis

i ncl udes mcro-organisns that are inactivated, non-viable or dead or
pr d8enttrgsenhgmentis asyednas BNAtoragePNAwametorbeyt 6plsas it ¢ohpotinds. I n

ot her rds,  the i.ty. of r,0- Qr. [ whi ch the conposition contains
IS exp?%§@é§FQ4$’tg#%§&%é %%%% g%ﬁéoﬁgﬁgggg?gﬁng ability (cfu) of that
quantity of mcroorganisns as if all the mcro-organisns were alive

irrespective of. whether they_are, .in fact, .n replicatin such, as

ot | VA o Hhaa T I 1hgrOhEad S gt UP Tt ey of AT ELRTS at es.
25 Pr efferrading t heiten-d=epl beatddigedieet Obor gard sk Ar eppaesegt nidtradsanount
equi val ent to between_ 104 to 109 cfu/%_of dry conposition, even nore

pref er abIS! i nCaRSanBEAt St VdtEent PESTBEEWe et 205 SRFFOF 6k u/ g of WYY

Coqﬁosﬁ$ﬂé¥bbiology book: James Monroe Jay, Martin J. Loessner, David
A. Golden. 2005. Modern food microbiology. 7th edition,
Springer Science, New York, N.Y. 790 p. Typically, the absence
of viable cells can be shown as follows: no visible colony on
agar plates or no increasing turbidity in liquid growth medium

20 after inoculation with different concentrations of bacterial
preparations (‘non replicating’ samples) and incubation under
appropriate conditions (aerobic and/or anaerobic atmosphere

for at least 24h).

Probiotics are defined for the purpose of the present

25 invention as "Microbial cell preparations or components of
microbial cells with a beneficial effect on the health or
well-being of the host." (Salminen S, Ouwehand A. Benno Y. et
al “Probiotics: how should they be defined” Trends Food Sci.
Technol. 1999:10 107-10).



The probiotics may be rendered non-replicating by any nethod 30 that is

known in the art. WD 2012/ 059502PCT/ EP2011/ 069212 The technol ogi es

avai | abl ewbadeyosps2r ender probiotic strai ns non-repli caPChgErasig/ooxual | y

heat-treatnment, y-irradiation, W light or the use of chem cal agents

(for ITB.HﬂIé ar af or, maig%gydgg. 5. 1t would bf. referred to.use a t echni que to
p

render probro ?%slbnlon-r | caﬁ%ﬁ fhat Trerari Vel ypggsy t(%capp lycrlﬁ)n_der

i ndust rdrajarcigreunsd anees | fetdeaf oodavadusyey. Mist preduells, onnmheovar ket
today that contain probiotics are heat treated duri ng their production. It
woul d KERERE e SEF corfvietileht ,C% o Bewasl eChblREGE t r ERE pHEli otdifcs ei‘tsher

toget herrgiidt e Rrgdused prggduel Ofndlckeastibfa staslar 4&y. while the
probiotics retain or “i nprove their beneficial properties or even gain a new
benéf i gicdlerprigpert yifsds t He conswErop 15 Hdovesrem i g .nac Noratriegn igfa tprgbi ot i ¢

m cro-organi sns_by heat treafnents i s associated in the literature
generaIQI%%qscﬁcasn%y ?)eeaéiseﬁgir"‘f]inc oqtosaglyofpﬁ?rabolbeinbti c activity. The present
i nventors have now surprisingly found, that rendering probiotic

m cro-qrganisnms non-repljcating, .e.g., by 20 heat treatnent, does nat
resul t AHCthe AHRL 13 pr BB 611 QUAGHTH Banet? Bl SBht o Lt Bt hd et ey -
may enhanee -exigddingideal thspeneki e tandeeyes: gener &t ewRewehealtth rhenefits.
Hence, one enbodi nent of the present invention is a powdered cereal

conpositgadirhwiems i G-he non-replicating probiotic 25 nicro-organi sns were
rendered non-replicating by a heat-treatnent. Such a heat treatnent may be
carried out at at least 71.5 C for at least 1 second. WO

2019/ 059502 POMERINNGIo69212 the present invention comprise non-

replicating probiotic micro-organisms in an amount sufficient
to at least partially produce a health benefit. An amount
adequate to accomplish this is defined as "a therapeutically
effective dose”. Amounts effective for this purpose will
15 depend on a number of factors known to those of skill in the
art such as the weight and general health state of the infant

or young child, and on the effect of the food matrix.

In prophylactic applications, compositions according to the
invention are administered to a consumer susceptible to or
20 otherwise at risk of a disorder 1n an amount that is
sufficient to at least partially reduce the risk of developing
that disorder. Such an amount is defined to be "a prophylactic
effective dose". Again, the precise amounts depend on a number
of factors such as the infant's or voung child’s state of

25 health and weight, and on the effect of the food matrix.

Those skilled in the art will be able to adjust the
therapeutically effective dose and/or the prophylactic

effective dose appropriately.



Long-term heat treatnents or short-term heat treatnments may be used. In

i ndustrial scales today usually short term heat treatnents, such as

UHT- | i ke woeabv1zoesesmenment s are preferred. This kind of 5 IREIUAEPROIGALIZENT
reduces bacterial |oads, and reduces the processing tinme, thereby reducing

t he qu | i ng_of T!Jtcﬁi ents. The inven%oq:% denonstrate for.the fj rst time

that pro i Oti ¢S~ Cro- (():rogm nolsslrr%l,o%eg trgatpercfsa?n%i bﬂv?rel%gpatcﬁrnesalfnosr

short triores-egxhiddtdirantp rdnfd @nareh o yo + oryaei pref thes regabdleess «efl 140
their initial properties. In particular either a new anti-inflanmmtory
prof i | €GiLHevE@ é%e‘?? GRH P Texils ta iy At -a i affetcsriyt 5 6199% i's enhanced
by this heat treatnent. It is therefore now possible to generate non
replicating probiotic mcro-organisns with anti-inflanmatory inmune 15

profil esvibyCadilng speei filke heBf Uitrigat kbt Paramei des dhat ot/ eshohd et o
typkcal, . fri y Lcahl at; 1 r.eat t enci [;yenC t arts
o oot e 1 B e ey S ra e Fenda Tor Sanol o the hest Freathont
may be -a Hi@gh nenmenatepel taeatgenprabiaboot mitrb-050aGifkors gleoutdali-1520 20
seconds, The high tenperature treatnent may be a high tenperature/short
time ( “treatnent or a ultra-high tenperature (UHT) treatnent. The
probiotic mcro-organi snms may be subjected to a high tenperature treatnent

at about 71.5-150 C for a short termof 25 abouyt 1-120 seconds. re
or ef or red T Firerdforbaficant Crdy BA SuBiteet od 18 & WRGH tompte at Gren

treat mntp At AW 9@ =2340C, nharre @ﬁeb@ia%- 2065 -§ BGaRi SHOT tnd @1 MOf
about 1-30 seconds. WO 2012/ 059502PCT/ EP2011/ 069212 This hi gh tenperature

t r d8t mente g ehderist t heenicomie @©F §4Ricsnsl at areato A tparar peAreepliedt itky. The
hi gh t%@c%eaéryrfoi r&%”%“ n@t%upx?af&[l{i %?u?%t oai1 QL rr%'ry composition.
Obviously, non-replicating micro-organisms do not form
colonies, consequently, this term is to be understood as the
amount of non replicating micro-organisms that is obtained
15 from 10* and 10 cfu/g replicating bacteria. This includes
micro-organisms that are inactivated, non-viable or dead or
present as fragments such as DNA or cell wall or cytoplasmic
compounds. In other words, the dquantity of micro-organisms
which the composition contains is expressed in terms of the
20 colony forming ability (cfu) of that gquantity of micro-
organisms as 1f all the micro-organisms were alive
irrespective of whether they are, in fact, non replicating,
such as inactivated or dead, fragmented or a mixture of any or

all of these states.

25 Preferably the non-replicating micro-organisms are present in
an amount equivalent to between 10* to 10° cfu/g of dry
composition, even more preferably in an amount equivalent to

between 10° and 10° cfu/g of dry composition.

The probiotics may be rendered non-replicating by any method

30 that is known in the art.

10



at nospheric pressure but nmay be also carried out under high 5 pressure.
Typi cal pressure ranges are form1 to 50 bar, preferably from 1-10 bar,
even nor evpref2ase®d from2 to 5 bar. Cbviously, it is prert@are@d/osf212 he
probiotics are heat treated in a nediumthat is either liquid or solid,

when t heat .,is | ied.. _An .ideal pressure to be applied will _therefore
dopend 15 on THE FRBLr 8 B s Ca ot TeT of Cwh R e T 2 B bF g SHr e o o
provi debri-rasidi et 1he beapesataurne useds —thhesthght t egperabdnetticegt nment may
be carried out in the tenperature range of about 71.5-150 C, preferably of
about 90t 930° C° Teven thsr e preterred of EBIUCAR0- 180°CLS15 ﬂﬁ%qﬂ%ﬂ¥n'

t enper i yre-dheatd®njadmy be carried out for a short termof about 1-120
seconds, preferably,” of about 1-30 seconds, even nore preferred for about

5-15 seconds. This given tine franme refers to the tinme the probiotic mcro-

or gani siys v@éﬁ&“@&eﬁ%sgek‘il]ghh%ogiu‘é%” d %B%%ﬂcﬁ&@- tNOEQndE?aFr%%i%%H%%di ng
on the nature and anount of the conposition the mcro-organisns are
provi dewri+r end idependiongt lma tt hies arehid ectvarley of atshe heatdpigl appardews

used, the time of heat applicati.on iffer. Typically, however, the
commsﬁW%ﬁ%F#%&%? aFﬁ%ﬁﬁ&%%é%%&%ﬁ% Yti cro- organi sms are
treated by a high tenperature short tine (HTST) treatnent, flash
pasteurjzation or a ultra high tenperature (UHT) treatnent, A UHT treatnent
P Ut P gt 4B ot Bnir Doeeng corh T et by BAPROAE (B0l &

abbr evirat ed WD+ auolyingnbhe rat i »W0:204:2/059502PET/ ER2014/ 069212 Least

partial sterilization of a conposition by heating it for a short tine,
ar ddnd clenpesdconts, @l act efperattr ererceddfr Ag t135C° P275F) ¢ swii chh B t he

te”per%é”é%£§gukﬁ%3h&9l“g%08&858r5¥o&ﬂ%¥e§r‘thﬂégﬁg*¥ne§agg&?aan
proce55|ﬁ% m I'N is5 way usSing tenperatures exceedi ng 135 permts a
decr easeof blacieritak lmadidtide necessavy halodiong: timei ftiocBebig)ial
enabling a continuous fl ow operation. o

propertlies or even galn a new beneficial property for the

consumer.

15 However, inactivation of probiotic micro-organisms by heat
treatments 1is associated in the literature generally with an

at least partial loss of probiotic activity.

The present inventors have now surprisingly found, that
rendering probiotic micro-organisms non-replicating, e.g., by
200 heat treatment, does not result in the loss of probiotic
health benefits, but - to the contrary - may enhance existing

health benefits and even generate new health benefits.

Hence, one embodiment of the present invention is a powdered
cereal composition wherein the non-replicating probiotic
25 micro-organisms were rendered non-replicating by a heat-

treatment.

Such a heat treatment may be carried out at at least 71.5 °C

for at least 1 second.

11



There are two main types of UHT systens: the direct and indirect systens.
In the direct system products are treated 10 by steaminjection or steam
i nfusi on,wotzeramssoen the indirect system products are REIEPRIIGAGLM2 USi NQ
pl ate heat exchanger, tubul ar heat exchanger or scraped surface heat

exchangLer. nbi rhatitoncs of, UHT. syste b ap at .any .step or_at

K y. be Lie
mul tipl &t epesml1 n-the prr%%%r%esn% %Fo%u%?%ngﬁrélr ag%ngrfgtﬂeﬁi;ﬁmtaryeﬁenent

is defiyedi.as follows (H gh Tenperature/ Short Tinme): Pasteurization nmethod
designed to achieve a 5-10g reduction, killing 99,9999% of the nunber of
viable mcroorganisns in mlk. This is considered adequate for destroying

al nost 1@l lineastsia ol Els] afndt 60aNDNsSPDI L agBokacteranand alsetarensure
adequat e destruction of comopn pat hogeni c heat resistant organisns. In the
HTST protessafi VRTis tkeatedtt & 'R 7198 1 BY of 8 SIS0 SecOnts. KFNask T
pasteunizat i ond o doHet Modaal dieabapashers | 7alans of et i shable. beverages
like fruit and vegetabl e juices, beer and 25 dairy products. It 1s done
prior tordddddingy itnitnee,cdriteiarer ssdduandertieo skidillisppidfageitmicrd-sor gani sns,
to make the products safer and extend their shelf life. The liquid noves in
controlled continuous flow while subjected to tenperatures of 71.5C (160F)
to 74C Tkb65FR) vt caboutenbh ttor B0 sEoondee 30 redr ttimee punposerafbitdia qar esent

invention the term "short ti hi gh tenperature treatnent" shall include
hi ghe t SHERACIHET VB 20157 05055 SPETFERD01 B/ 6693 FF Rt Ut £ o CATETP

treat mentg s Wh iy eat ABRE S i n@Ndrid-a%r pasteuid 28t 001 cEOb cg¥20PLEs JiCE
such a heat treatnment provides non-replicating probiotics with an inproved
antlp- i Afieahrat oiy igrlofpFepetiié 5 polwdered tderelah r coapdsint idnel ekld ipr esent

i nventi.qn e ;} I ien {he.preyeptio trea%ge t.of inflanmatory

, fﬁ'% 17 1 e

di sor der's. %“e alitl—’l ?é/n#g?gry |s%)r%dear/§ tghé){b%%noﬂre re%t elolégrl evented by
inflammatory profile is enhanced by this heat treatment.

It is therefore now possible to generate non replicating
probiotic micro-organisms with anti-inflammatory immune
15 profiles by using specific heat treatment parameters that
correspond to typical industrially applicable heat treatments,

even 1f live counterparts are not anti-inflammatory strains.

Hence, for example, the heat treatment may be a high
temperature treatment at about 71.5-150 °C for about 1-120
20 seconds. The high temperature treatment may be a high
temperature/short time (HTST) treatment or a ultra-high

temperature (UHT) treatment.

The probiotic micro-organisms may be subjected to a high
temperature treatment at about 71.5-150 °C for a short term of

25 about 1-120 seconds.

More preferred the micro-organisms may be subjected to a high
temperature treatment at about 90 - 140°C, for example 90°-

120°C, for a short term of about 1-30 seconds.

12



t he conposition prepared by the use of the present invention 10 are not
particularly limted. For exanple, they nay be selected fromthe group
consi sti nyoab12asetoe | nfl anmati ons such as sepsis; burnspcamPahoceiz

i nfl ammati on, such as inflanmatory bowel disease, e.g., Cohn's disease,

ul ceratjve colitis ouchitis; necrotizing.enterocolitis; skin. 15

[ nf | At o Lhcre RN 51 CHENT BAFE T nAUea SkiAc A CAmTaL CoR. 28, &fa,
reacti Vie=sdd nn igadtt ablre-egwelcasyinds.onme; eye inflanmmation; allergy, asthng;
and conbinations thereof. If long termheat treatnents are used to render
the probiotic mcro-organi snms non-replicating, such a heat treatnent may be

20 carrired wughi Behbe tenpes at ee thange idy abeuta70-1 ka0 ud ost aheutnad

mnutes - 2 hours, preferably in the range of 80-140C from5 mnutes - 40
m nut e IAFRNE R e BFPBPUERT é@’énem%ﬂ’l Pt edctfesC R Rat cHadtdr i wRFeRdéried

nonzrepl.i [ by -ter sjreat usdally; I ess £5 giticient
tha1r51 I ?JVI?%%H}%] nTk/grrl%ségf %%:S?%Lll né th%?@%r%%t ?g prope??i es, }tg%e ’
pr esentornafserdlong wesrme abl @ har dervastmate phateheat- freat €d tpr ébikatri.cs are

superior_i.n stinmulating the_inmmune s em conpared to thejr live

count ettt 1V B 08 b RE TR, dt (5T FeI L CL PSP BoRbvdErad Chr eal
30 conpasid ifdd CORPEhSNG Probiad+ C1 MyGE 8- BRI 1SS, thadnWehe h¥WBt is
2012/ 059502PCT/ EP2011/ 069212 rendered non-replicating by a heat treatnent
at at |a@stisthboin 700 ¥ grreagsieasto absutPBlafAurésl The refmiise AsGEE ng

ef f,ect s _of - cati p Ot .contir _ (o
i m%ﬁno%rnofﬁ%on%g%ﬁ%% <|53‘1§] 1£\;'Llg r%&g g%?‘gzg}ég&glggeghgﬁgé%ﬁe o%rg\oéfnlllsl%nsg From
human RerdvohirdalirBlarat dvbrdnudeearerGaluree (RBMCs) and is wel |l accepted in
the art as standard nodel for tests of imunonodul ati ng conmpounds (Schultz
et al., 2003, Journal of Dairy Research 70, 165- 173;Taylor et al., 2006,
d i ni calhandibxperémpatalt A tergyatiel6, mEA27-423%;r Kekkonert einakhe 2008,
World Journal of Gastroenterol ogy, 14, 1192-1203)
temperature range of about 71.5-150 °C,’ preferably of about

90-120 °C, even more preferred of about 120-140 °C.

15 The high temperature treatment may be carried out for a short
term of about 1-120 seconds, preferably, of about 1-30

seconds, even more preferred for about 5-15 seconds.

This given time frame refers to the time the probiotic micro-
organisms are subjected to the given temperature. Note, that
20 depending on the nature and amount of the composition the
micro-organisms are provided in and depending on the
architecture of the heating apparatus used, the time of heat

application may differ.

Typically, however, the composition of the present invention
25 and/or the micro—-organisms are treated by a high temperature
short time (HTST) treatment, flash pasteurization or a ultra

high temperature (UHT) treatment.

A UHT treatment is Ultra-high temperature processing or a

ultra-heat treatment (both abbreviated UHT) involving the at

13



The in vitro PBMC assay has been used by several authors/research teans for
exanple to classify probiotics according to their imrune profile, i.e.

t heir antweo20r2/g592 15 i nfl ammatory characteristics (KelkkomPpolgiooeeh2 , 2008,
World Journal of Gastroenterol ogy, 14, 1192-1203). For exanple, this assay
has been shown to allow prediction of an _anti-inflanmatory. effect

Dt obi ot oot Z T I Mbees il & of FARGRET RaPRobi CEECCER i ndo, | e
al ., 2Q07%&hdtr | €iR8, Jaashooantier decckdi236a243) temPbraover, cidiiceESSAY | S

regulart%%ysed as read-out in clinical trials and was shown to lead to
resul t st coHer ént’ Wit hr t H&1FH ni Ealt ot eBRES {BehtiPt Z €t ared 2gp3kiddur nal

of Dai ry, Reseanchy /e 168 1B Tayl oregingl e, 2008esCibyi f@h1@Nd this
Experimental Allergy, 36, 1227-1235). 25 Allergic glseases have steadily

i ncheasedy oveing heepastatacadesxantdimgy lai®e’ clrpentiyscenskederedecas £

el i betveth | HESTH R and oo E ST DB TS| e 498t e edth g to
a stronrghdpiasd ewaldds itrhe yy adus! igereft it 30 nedi ators. Therefore,

allergy can be mtigated, down-regulated or prevented by restoring an
appropri ate bal ance between the Thl and Th2 arns of the i mMmune system This

i npli esrHdie WOe20146050502PGIyER20L]Y 069312-neeenst t ythe reduce: t hedrh2
responses or to enhance, at |east transiently, the Thl responses. The
| at t er WslliEPe THarERS er iL8t i f JaheFhmays UsdostPredponsearef ttarpated

acqgnpani ed by, o5 gxamphe i ghar, | ayel & 00, | FlWa 1L 0E- 2ra0f ol bild vect
system, products are heat treated using plate heat exchanger,
tubular heat exchanger or scraped surface heat exchanger.
Combinations of UHT systems may be applied at any step or at

multiple steps in the process of product preparation.

15 A HTST treatment is defined as follows (High Temperature/Short
Time): Pasteurization method designed to achieve a 5-log
reduction, killing 99,9999% of the number of viable micro-
organisms in milk. This is considered adequate for destroying
almost all yeasts, molds and common spoilage bacteria and also

20 ensure adeguate destruction of common pathogenic heat
resistant organisms. In the HTST process milk is heated to

71.7°C (161°F) for 15-20 seconds.

Flash pasteurization 1s a method of heat pasteurization of
perishable beverages like fruit and vegetable juices, beer and
25 dairy products. It is done prior to filling into containers in
order to kill spoilage micro-organisms, to make the products
safer and extend their shelf life. The ligquid moves in
controlled continuous flow while subjected to temperatures of

71.5°C (160°F) to 74°C (165°F) for about 15 to 30 seconds.

30 For the purpose of the present invention the term “short time

high temperature treatment’” shall include high-temperature

14



5( Kekkonen et al., 2008, World Journal of Gastroenterol ogy, 14, 1192-1203;
Viljanen M et al., 2005, Allergy, 60, 494-500) The powdered cereal
conposi t iw 20f2/ash2pr esent i nvention allows it hence toPCTAERROIGN6PAZYENT
di sorders that are related to a conprom sed i nmune defence. 10

Consequent |y, .t.he di s.lLinked to _a rom sed i ne def ence_that can
e tr SeTBe" by T et Al by e ONRELITI O hr apes STEY The GEE of LERe
pr esentpddneantii-an iarg nMofr patdrigcwW.arly limted. For exanple, they may be
selected fromthe group consisting of 15 infections, in particular
bacterial, viral, fungal and/or parasite infections; phagocyte

defici enigices; |lsowH 0 seveneat nMmunpdepiessi opt@velss suchras-ddiosentingduced
by stress or i mmunodepressive drugs, chenotherapy or radi otherapy; natural
st at es FBIOQ1ESS GSmifiidEonpet erfPF AftEide 3y5t el SRR BRTY hdse bl 20 the

neopat es, gLES..an i-nationset o} powder r
congos?ﬁwﬁﬂfg%c?lsﬁgaﬁi g:ot e pl?%sdéﬁtélfn\r}g{r’]e?i %ﬁeaeﬁgwg It rgclqsog{atlgg nr?aence a
response tousaccineshe npparterctuliam torortale yaneimeso fAnyn ahemntaodry
non-repl.icatjng mcro-organisns will be 25 effective. However, it is
gener alty’ Ted, if at least 90 % preferably, at least 95 % nore
preferably at |least 98 % nost preferably at least 99 % ideally at |east

99.9 % nost ideally all of the probiotics are non-replicating.
2012/ 0HEB0 BT BB 06P1Z F5F brie enbodh Rt COPSERE Brosert SiiFention al |
M cr o- qigant Siso 8k €1 BenyreRld cal ing. tanseauent lnhe igk-dhen povdeced icer eal

conposition of the present invention at |east 90 % preferably, at |east 95
% 18 noyeepreftermably latul easty 981%1 hedt dref erFERP 4B/ | e YORAY pbdeal | y

5 h ) h i . :
at | eas elgﬁgctged@f%ttﬁge%% a&éngiswgapr 9%?%&%5 186 fonsnepld cating.
Al'l probiotic mcro-ofganisns may be used for € purpose of the present
i nventizof. sepsis; burns; and chronic inflammation, such as
inflammatory bowel disease, e.g., Crohn's disease, ulcerative
colitis, pouchitis; necrotizing enterocolitis; skin
15 inflammation, such as uv or chemical-induced skin

inflammation, eczema, reactive skin; irritable bowel syndrome;

eve inflammation; allergy, asthma; and combinations thereof.

If long term heat treatments are used to render the probiotic
micro-organisms non-replicating, such a heat treatment may be
20 carried out in the temperature range of about 70-150 °C for
about 3 minutes — 2 hours, preferably in the range of 80-140°C

from 5 minutes — 40 minutes.

While the prior art generally teaches that bacteria rendered
non-replicating by long-term heat-treatments are usually less
25 efficient than live cells in terms of exerting their probiotic
properties, the present inventors were able to demonstrate
that heat-treated probiotics are superior in stimulating the

immune system compared to their live counterparts.

The present invention relates also to a powdered cereal

30 composition comprising probiotic micro-organisms that were

15



10 For exanple, the probiotic mcro-organisns may be selected fromthe
group consisting of bifidobacteria, |actobacilli, propionibacteria, or
conbi nat iwa0tdspeef , for exanpl e Bifidobacterium on PCT/EP2011/069212
gum Bi fi dobacterium actis, Bifidobacteriumani malis, Bifidobacteriunbreve, 15
Bi fi dohact erium i nfanti-s. chllfI{ dqobact rium @dol scegti s, JLact ob%ci 1 u

VY, a a.

aci doprﬁﬁnuse,r actobacii1us casei’ Lact%%%m F?%sm%%r acaséi, Lact 06315)(99 us
sal i varius,c lfaat ehacidddts aentterd milkkacdeghaci | | us rhammosus, Lactobacil | us
johnsonii, Lactobacillus plantarum Lactobacillus fernmentum Lactococcus 20

| actis, Streptococcus thernophilus, Lactococcus |actis, Lactococcus

di acet ylractingrula OCOELHS E6f eaptkSoflLashobagililus bl gatitws.ics were
Lactobacillus h el ve ti cus Lactobacillus del brueckii, Escherichia coli
and/ or GANGIES therdf Vi The {RranerEef eal"Pn dBBordaméérd R dHe Ysrssent

inventi 5 o 1§ OF, € l; €0 I $€ PN+, cat Ln Rhiotig
m cr oor%%%%sn%j?}sfé)l ect eed ?g)m t%eq}ﬁ oup d(}gnglg{?%ng o% %%%obagct erll %(r)n ongum
NCC 300bndBiddcdebacCerilem (RBYELEM NOCI12Y05yeBilf isdolrgeied | iim bheverliCE@2950,

Bi fi dobacterii | actj N 2818,  Lact obacil | j ohnsoni.i Lal, Lactobacill
ot ho e A5G BEHIC! LLOroaa e § otk hoas nd acbatasitias

reUterU@@N&ﬁQ§§1b@Ct§p§Pi|20@8,reUb@khéICC§57&Qdr§mpResearch_ 70, 165-
2012/ 059502PCT/ EP2011/ 069212 Strept ococcust her mophi | usNCC

2019, Stlreptleededus et her hophilP9$ NGE 205921 LaedoBaEiqniueragei ANCETL006,
Lact,obaci | | il il 3009, .Lact obaci S [ - 2_(NCC
18%@) , WA LoRY %ifggﬁéfg‘?a?ttoﬁ‘%r P E%buﬁé‘iﬁléﬁ?’fﬁgn PP2oeN
15, Lact@coocushicactlicgyyNCA 42287, 90— 1carthi nati ons thereof. Al these strains
wer e either deposited under the Budapest treaty and/or are commercially
avai |l abl e. The strains have been deposited under the Budapest treaty

as 10faHeowsin vitro PBMC assay has been used by several

authors/research teams for example to classify probiotics

according to their immune profile, i.e. their anti- or pro-

15 inflammatory characteristics (Kekkonen et al., 2008, World

Journal of Gastroenterology, 14, 1192-1203). For example, this

assay has been shown to allow prediction of an anti-

inflammatory effect of probiotic candidates in mouse models of

intestinal colitis (Foligne, B., et al., 2007, World

20 J.Gastroenterol. 13:236-243). Moreover, this assay 1is

regularly used as read-out in clinical trials and was shown to

lead to results coherent with the clinical outcomes (Schultz

et al., 2003, Journal of Dairy Research 70, 165-173; Taylor et
al., 2006, Clinical and Experimental Allergy, 36, 1227-1235).

25 Allergic diseases have steadily increased over the past
decades and they are currently considered as epidemics by WHO.
In a general way, allergy 1s considered to result from an
imbalance between the Thl and Th2 responses of the immune
system leading to a strong bias towards the production of Th2
30 mediators. Therefore, allergy can be mitigated, down-regulated
or prevented by restoring an appropriate balance between the

Thl and Th2 arms of the immune system. This implies the
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Bi fi dobacterium | ongum NCC 3001: ATCC BAA-999 Bifi dobacterium | ongum NCC
2705: CNCM 1- 2618 Bi fi dobacteri um breve NCC 2950CNCM 1-3865 Bi fi dobacteri um
| acti s NOUO28LASENEM 1- 3446 15 Lactobacill us paracasei RCUEPZ@1H0GRCM 1-2116
Lact obaci | | us rhamosus NCC 4007: CGVCC 1. 3724 Streptococcus thenophilus NCC
2019: CNCM 1- 1422 Strept,ococcus nmophi | us NCC 2059: CNCM 1- 415 act ococcus
B e L A T L S T e

Lact obact & husi easel v NCE 1825 ACA-IX s B0G2s kact obad | 1 us asirdaphillus BEC
3009: ATCC 700396 WO 2012/ 059502PCT/ EP2011/ 069212 Lact obaci |l us bullg%ri cus

NCC 15:ENEMCLSLITE Hactlobei HFHSPoRASSH iTASHTNEM 191D95 accompanie
by for example higher levels of IFNy, TNF-oo and IL-12.

5 (Kekkonen et al., 2008, World Journal of Gastroenteroclogy, 14,
1192-1203; Viljanen M. et al., 2005, Allergy, 60, 494-500)

The powdered cereal composition of the present invention
allows it hence to treat or prevent disorders that are related

to a compromised immune defence.

10 Consequently, the disorders linked to a compromised immune
defence that can be treated or prevented by the composition
prepared by the use of the present invention are not

particularly limited.

For example, they may be selected from the group consisting of
15 infections, in particular bacterial, viral, fungal and/or
parasite infections; phagocyte deficiencies; low to severe
immunodepression levels such as those induced by stress or
immunodepressive drugs, chemotherapy or radiotherapy; natural
states of less immunocompetent immune systems such as those of

20 the neonates; allergies; and combinations thereof.

The powdered cereal composition described 1in the present
invention allows it also to enhance a response to vaccines, in

particular to oral vaccines.

Any amount of non-replicating micro-organisms will be
25 effective. However, it is generally preferred, if at least 90
%, preferably, at least 95 %, more preferably at least 98 %,
most preferably at least 99 %, ideally at least 99.9 %, most

ideally all of the probiotics are non-replicating.
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Lactobacillus reuteri DSML7983DSML7983 Lactobacillus reuteri
ATCC55730ATCC55730 5 Escherichia coli N ssle 1917: DSM 6601 Strai ns naned
ATCC wer ewOepregisps®d with t he ATCC Pat ent Depository, 10801/BBRémes®ily

Bl vd., Manassas, VA 20110, USA. Strai ns named CNCM were deposited with

t he ECT] ON Tl ONALE LTURES M RGANI S.(CN 25 rue du
10" DocUdur FoUR L 75755 PhR & CRAEx =15, LFY Ance  SAl i aretl E wer o
deposi te@ widrh-1tdrg iChitiangseneral M crobi ol ogi cal Culture Col |l ection Center,
Institute of M crobiol ogy, Chinese Acadeny of Sciences, Zhongguancun,

P. O. Box2714, Beijing 100080, China. 15 Strains naned ACA-DC were deposited

W th the kxeeketaordj nahed Hol | getionsdof cM-ernoor ganbseBLibal r'vf the
Laboratory, Depart ment of Food Sci ence and Technol ogy, Agri cul tural .
Uni ver SIR8FBTE AtRERRTLTE, Aferetdtlos POBotranPke5Sr AP hEns 2L118%%, &Pecve.

Strain % P i d i tgh = e 0 o

Sam% uﬁngvon% kroor%\g%?sgngngﬁé%gl Ig\gulot'u?%ﬁset?%%ﬁ%}?ggnggr .le%sé, “381%4

Br aunschiest gl vy GERVANY.s tTHO%$e9 ski | hed ti n.ddrel Ayt awll lo furides spandibhatcs hey
can freely conbine all features of the present invention described herein,
wi t hout™'depatti™ %flrci?rﬁlthr% scope of the invention as 25 disclosed. WO
2012/ 059502PCT/ EP2011/ 069212

All probiotic micro-organisms may be used for the purpose of

the present invention.

10 TFor example, the probiotic micro-organisms may be selected

from the group consisting of bifidobacteria, lactobacilli,

propionibacteria, or combinations thereof, for example
Bifidobacterium longum, Bifidobacterium lactis,
Bifidobacterium animalis, Bifidobacterium breve,
15 Bifidobacterium infantis, Bifidobacterium adolescentis,

Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus
paracasei, Lactobacillus salivarius, Lactobacillus reuteri,
Lactobacillus rhamnosus, Lactobacillus johnsonii,
Lactobacillus plantarum, Lactobacillus fermentum, Lactococcus
20 lactis, Streptococcus thermophilus, Lactococcus lactis,
Lactococcus diacetylactis, Lactococcus cremoris, Lactobacillus
bulgaricus, Lactobacillus helveticus, Lactobacillus

delbrueckii, Escherichia coli and/or mixtures thereof.

The infant cereal 1in accordance with the present invention
25 may, for example comprise non-replicating probiotic micro-
organisms selected from the group consisting of
Bifidobacterium longum NCC 3001, Bifidobacterium Jlongum NCC
2705, Bifidobacterium breve NCC 2950, Bifidobacterium lactis
NCC 2818, Lactobacillus johnsonii Lal, Lactobacillus paracasei
30 NCC 2461, Lactobacillus rhamnosus NCC 4007, Lactobacillus
reuteri DSM17983, Lactobacillus reuteri ATCC5H55730,
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Furt her advantages and features of the present invention are apparent from
the foll owi ng Exanpl es and Fi gures. Figures 1 A and B show t he
enhancenew0 20f2/asb@@2ant i -i nfl ammat ory i nmune profil es of pprgirR@itioce12 r eat ed
with 5 "short-tinme high tenperatures”. Figure 2 shows non anti-inflanmatory
probi otdc S;;tr ac;onéscz%ﬁhat b }?é’r”z%@&?ﬂizé nfl afmstory, ,ig €. that, exhibit. . .
pronourced anti-int1ammatory ifmune profiles im vitto after bHeing treated
Wit h " shiostmdpnnel di gh Noenpervator es” LatBobkgul egs3 Acasdi B show pralnati c
strains in use in conmerci al !{\;11 avai |l abl e products that exhibit enhanced or

new antidqGiasititt VAT irrirel rofites3PROvi Lae tabeer 1hdisngascdatéd W h
"Short'éddﬁe hkg@ctqu%gt,ur %'ch&h%leas 4C£‘l_?‘n,dN§S§|T%W d%aré’tc%é?crltle_lrus
strains (i.e. Lcl starter 15 strains) that exhibits enhanced or new

ant b- i Mfdlararetary i Mddhe pooefi | éscitpcorctre updacheat tN@a@t metit8'at hiagh
tenperatures. .. Figure 5 shows a non anti-inflammtory probiotic strain
that extiBitE &S %ﬁﬁraerﬂjrit ory imune profiles in vitro after 20 being
treated with HTST treatnents. Figure 6: Principal Conponent Analysis on
PBMC data (JL-12p40Q, IFN-y, TNF-a, |1L-1Q) generated with probiotic and

ot ry 1ok { BIeSE SRATIE L HEFE (9 Ve ShdoREde T ah WA EEA0RS o S4858adond)
forms. thach doindepr esentsene Stdaipn Lidihenild ve or heat 25 treated
identified by its NCC nunmber or nane. Figure 7 shows |L-12p40 / 1L-10
ratios of live and heat treated (85C, 20mi n) strains. Overall, heat

treat neMe abt 851§ 0Ha2Q Mdr eadsotOrad LREEease Of phdad@pdOrhebky1Qd ati os
as opposed to "short-tine high tenperature” treatnents 30 of the present

i nent ifen (Fisgures 1, 2, 3, 4 and 5). WO 2012/ 059502PCT/ EP2011/ 069212
Figure 8 shows the enhancenent of in vitro cytokine secretion from human
PBMCs stinulated with heat treated bacteria. Figure 9 shows the percentage
of di afBiealdbstadmsiitup diygerupe G OVA-:sensi ti zed G GRActfdd enged with
saline (negative 5 control), OVA-sensitized mce challenged with OVA
(positive control) and OVA-sensitized mce challenged with OVA and treated
w t h hésttitdodstadoru i hendBinf iINGSbact@r:i um br eveeNQCC295 1 Resul ts are

di spl ayed as the percentage of diarrhea intensity (Mean SEM cal cul ated
from 4 i ndependent

Bifidobacterium breve NCC 2950 CNCM I-3865
Bifidobacterium lactis NCC 2818: CNCM I-3446
15 Lactobacillus paracaseil NCC 2461: CNCM I-2116
Lactobacillus rhamnosus NCC 4007: c@MCcc 1.3724
Streptococcus themophilus NCC 2019: CNCM I-1422
Streptococcus themophilus NCC 2059: CNCM I-4153
Lactococcus lactis NCC 2287: CNCM I-4154
20 Lactobacillus casei NCC 4006: CNCM I-1518
Lactobacillus casei NCC 1825: ACA-DC 6002
Lactobacillus acidophilus NCC 3009: ATCC 700396
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10 experinents) with 100 % of diarrhea intensity corresponding to the
synpt ons devel oped in the positive control (sensitized and chal |l enged by

t he al | ergorpiypsessp. Exanpl e 1: Met hodol ogy 15 Bact eri alPCpm@p@anas2ens: The
health benefits delivered by live probiotics on the host imune system are

gener al_l nsi.der ed L9 be stral ific. Pr ijyduci ng high levels
of IL- Cto aCl el UCI n Fow I\R%Cgplo pro-i nf @mﬁét%iyldgtokl nes in vitro

(PBMC assay) 20 have been shovvn to be potent anti-i anarmatory strains in
Vi vo (FoI| 200 Wwrld J. Gastr ] :236243) Sever al
§ el Pz

pr obi ot71¢ S bra{acfl s Yk jcﬁmssodut {Fvesti gate the armat or y
properties of heat treat ed pr obiotics. These were 25 Bifidobacterium | ongum

NCC 3001, BI f| d act er| 4\55 2705, Bifi a@t %{I um breve NCC 2950,
Bi f i dob&ctetd obaci | | us Asei NCC 2461,
Lactobacillus r harmosus NCC 4007 Lact obaci | l us casei NCC 4006,

Lact obaci | | ys aci.do h| | ys N act obaci | | ACA- DC 30 6002 (NCC
1825), O%éjnlgﬁ Uéttﬁ? C%q%g:l%ggpéever al fruf%q%%sﬁq ure strains

i ncl udi ng some stralns commercially used to

2012/ 0595 PCT/ EP2011/.069212 produce Nestle Lcl ferment ed products were

al s tgss( B e pic &\EIFSS%TGEQT%D’N | us NCC 209! gq'qept ococcus

t her nophi | us NCC 2059, Lactobacillus bul garicus NCC 15 and Lactococcus

| actis NCC 2287. 5 Bacterial cells were cul tlvated in conditions opti m zed

for each 58F&ih FATSASET blormeatBoPSPAPE USfpi Al Thalcher i aTGr ovit

are usahlie,siQUGEh, Mediabang known to H1ReSE skdddedid nvednty, Wign pH Was
adjusted'to 5.5, 30% base sol ution (elther NaOH or Ca(OH) 2) was added

continuously. Wen adequate, 10 anaerobic conditions were naintai ned by
gassi ngheadspacgphh SRy E Lol wasocukkhvat,ed under st andarcaenpbi ¢

conditions. Bacterial cells were collected by centrifugation (5,000 x g,
4C) andAHE-BUgpended COLpbdsphdite BUfCROORGANIFMECSPBSYNCH) adeégquates valwnes

in 18r d%oétoedrechomxa, fEi—nﬁoJ72C4O%T§ aéeicPegi Olf5, France.

Strains named CGMCC were deposited with the China General
Microbiological Culture Collection Center, Institute of
Microbiology, Chinese Academy of Sciences, Zhongguancun,

P.0.Box2714, Beijing 100080, China.

15 Strains named ACA-DC were deposited with the Greek Coordinated
Collections of Microorganisms, Dairy Laboratory,Department of
Food Science and Technology,Agricultural University of Athens,

75, Iera odos, Botanikos, Athens, 118 55, Greece.

Strains named DSM were deposited with the DSMZ-Deutsche
20 Sammlung von Mikroorganismen und Zellkulturen GmbH,

Inhoffenstr. 7 B, 38124 Braunschweig, GERMANY.

Those skilled in the art will understand that they can freely
combine all features of the present invention described
herein, without departing from the scope of the invention as

25 disclosed.
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15 around 109 -1010 cfu/m . Part of the preparation was frozen at 80C with
15% gl ycerol. Another part of the cells was heat treated by: Utra High
Tenper at IWO:202489%02f or 15 sec; by indirect steam i njectPCR/EP2Q1/4682gN
Tenperature Short Tinme (HTST): 74C, 90C and 120C for 15 sec by indirect
steaminjection_ .Long Tine Lo enper at ur 5 C._ 20 mn) _in ter bath
Upon hear Ui ba: RRRE Lahn cl her e RObE ot oz ShaCm B unt 7T hEe 0P8 2y
vitro iappmeprofiddmgref tadieriral miepdrat ians Fithedsuune profil es of
live and heat treated bacterial preparations (i.e. the capacity to induce
secretion of specifi cﬁé%/toki nes from human bl ood cells in vitro) were

assessédt IHdaR perfpletdl thl 98¢ hohdifucPedtabalgBeppaved) i anti-
2012/ 059592RGHER2011{ QA1 2 wereinsal ated fromblopdsfikiensedAf terh

separation by cell density gradient, nononuclear cells were collected and
washed "tshicoes wiithe Hartk! § dyatearmdedrssdlt solution. Cells were then
resuspended in Iscove's Mdified Dul becco's Medium (I MDM 5 Si gna)

I ) it %, f I f. ' ., Pari 1 %
Ut A heE TSP Lof B o e T T T SH Tt O NECBSar st 0L 196 gutanyc n
(S gmabedPBMCsafi7xi0hfcehhstwel/l ) iwer.e thed iatlhattedowbhbuhewae and ikeat

treated bacteria (equivalent 7x106 cfu/well) in 48 well plates 10 for 36h.
The ef fEtiSBR Y ARt Hed&tr Y ebted! Bakt EF Pachere PELHEd Lo aPBITcY fom 8

i ndi vi dual,danors spldH tedddta dmesepar at ed experinents. After 36h

i ncubation, culture plates were frozen and kept at -20C until cytokine
measurenment. Cytokine profiling was perforned in parallel (i.e. in the sane
15 18xpdri geyite 6n I hd supe Bat e of PBMEH)L b6 4 i 9 hadted i arandsthel i

PE?Eb;ﬁ%ﬁ@éﬁ??&?i?r8@%&§aﬁf%“ﬂ§béﬁc9¥tgﬁgge%ﬁﬁfgiy’eﬂﬁé%ggéobrT@E%? and

anti-inflammatory immune profiles in vitro after being treated

with "short-time high temperatures".

Figures 4 A and B show dairy starter strains (i.e. Lcl starter
15 strains) that exhibits enhanced or new anti-inflammatory
immune profiles in vitro upon heat treatment at high

temperatures.

Figure 5 shows a non anti-inflammatory probiotic strain that
exhibits anti-inflammatory immune profiles in vitro after

20 being treated with HTST treatments.

Figure 6: Principal Component Analysis on PBMC data (IL-12p40,
IFN-y, TNF-o, IL-10) generated with probiotic and dairy starter
strains in their live and heat treated (140°C for 15 second)
forms. Each dot represents one strain either 1live or heat

25 treated identified by its NCC number or name.

Figure 7 shows IL-12p40 / 1L-10 ratios of 1live and heat
treated (85°C, 20min) strains. Overall, heat treatment at
85°C for 20 min leads to an increase of IL-12p40 / 1IL-10
ratios as opposed to "short-time high temperature" treatments

30 of the present invention (Figures 1, 2, 3, 4 and 5).
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cul ture supernatants after 36h incubation were determ ned by ELI SA (R&D
DuoSet Human |L-10, BD OptEl A Human |1L12p40, BD 20 Opt El A Human TNFa, BD
Opt EI A Huwareo12/Bp809) fol | ow ng manufacturer's instructi @OF/EPRHEN0YY212 L- 12p40
and TNF-a are pro-inflanmatory cytoki nes, whereas IL-10 is a potent

anti-inflammatory nediator. Results are expressed as _neans (pg/m) .+/- SEM
PRt o TR SN B Rt epd SrmaVt S e
exper i mans Herdrormmat dti rdh 1daner Svieachealhe vt dack2p4Qi/ 1L-10 is

cal cul ated for each strain as a predictive value of in vivo
anti-inflammtory effect (Foligne, B., et al., 2007, Wrld J. Gastroenterol.
13: 23624835 NUnerPEal "o GG TeSVattes O fpg it fat erf fedt by BPPSAVESke 30

above) if.or ceaghsshE i N uer ept ransferned {quo B oNIMeLhesnuS. 10, spftiware
(Applied Maths, Sint-Martens-Latem Belgiunm). A Principal Conponent
Anabysi®{tPCA,) ,di AFAsEenisng tzednigae) alesl perdodned tén G s(setl6f vdat a.
Subtraction of the av es WD.2012/ 059502PCT/ ER2011/ 0692 oV t he

char actceor%]?]éﬁlﬁ(:jL )di?/rilcgi §%yseﬂ1seltvlazreldanéﬂelsceovgcrkat%hleen&eéfa(‘:’qt%tr%s V\(/DS{Ae iNct uded
in thi sanalysi swiBesuhkat-treAntd- i ifd ammator y pproticbes tgeniemat eg-daye U tra
Hi gh Tenperature 5 (UHT) / Hi gh Tenperature Short Time (HTST)-Ilike

treat EMe probibET c 28Er APt RAVESE gAIGH WY hbMELERST0 a

seri es iq{t&gﬁTtt re%Mg%ﬁt s {U tda, H gh Temperaf ur e LHT) s HighyTeaperat ure

Short Tinme ( T) and 85C for 20 nmin) and their inmmune profiles were
conpar exkpay itnhioses bfwltilvel @@l + sof ndvatrbealOnLieve ifyc coroegaoirsisig to

bi gt i / dai tart | t i nd di, ff t I
cy1 ok R Dy DAL TN RREVL RSt ot & PRORLER PENE™CH JGFE8 £ 0 3700 and

5). HealhdinealgmntyofrHdhese dAg0- ofr@am sns nodified the | evel s of
cyt oki nes produced by PBMC in a tenperature dependent nmanner.

Example 1:
Methodology
15 BRacterial preparations:

The health benefits delivered by live probiotics on the host
immune system are generally considered to be strain specific.
Probiotics inducing high levels of IL-10 and/or inducing low
levels of pro-inflammatory cytokines in vitro (PBMC assay)

20 have been shown to be potent anti-inflammatory strains in vivo
(Foligné, B., et al., 2007, World J.Gastroenterol. 13:236-
243) .

Several probiotic strains were used to investigate the anti-
inflammatory properties of heat treated probiotics. These were
25 Bifidobacterium longum NCC 3001, Bifidobacterium Ilongum NCC
2705, Bifidobacterium breve NCC 2950, Bifidobacterium lactis
NCC 2818, Lactobacillus paracasei NCC 2461, Lactobacillus
rhamnosus NCC 4007, Lactobacillus caseil NCC 4006,
Lactobacillus acidophilus NCC 3009, Lactobacillus casei ACA-DC
30 6002 (NCC 1825), and Escherichia coli Nissle. Several starter

culture strains including some strains commercially used to
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15 "Short-tinme high tenperature” treatnents (120C or 140C for 15")
generated non replicating bacteria with anti-inflammtory i mune profiles
(Fi gures WO 2812/@9%2d 4). Indeed, UHT-1i ke treated strai RET(EPIQAT 069252 sec)

i nduced | ess pro inflammt ory cytoki nes (TNF a, IFN-y, | L-12p40) while 20

mai nt ai_ni n [ |ng ddi ti anal gtion_(co red.to Lve
Count o BT L81e e Fasuitt h TLL2BaGT TLoR0 At | B8 iersi I owdr T bF tany

UHT- 1 i kﬁtﬁépﬁﬁicﬁd:cﬁiet’ ai nsticonpapredl 4o i veceel | s20Riogur es dhreqhtdantd:id) .
Thi s observation was also valid for bacteria treated by HIST-1i ke

t r eat nERtMGPRE L EUbNCEL e4023/ t&%%@%%lr s s@éll@ﬁrdtfﬂje% NCC2 13 axd 4)
or 74C and Q0¢. fior Lo sec dd gur Heat treatments (UHT-1i ke or
HTST-1i ke treatnents) had a sim I ar effect on in vitro imune profiles of
probi otic strains (FI gures 1, 2, 3 and 5) and dairy starter cultures

(Fi gur eBa@terp'railnci:péﬂSCorﬁjmentulAﬁala\i}eﬁs on PBMOidaten30ogenei ated fwirt h
live and he t reat ed 14 15" obi ot and dai ny,starter strai
reveal edac?haﬁtﬁl Ve st réu nggakr)e s%?géaral I}ﬁﬁ @7ptlﬁe X ax%s rl|a1ll st ranttl ng

that stdeiing xdildydb MWD M%&&D&P@é@a@axﬂ;/ 0692h3 seerkidilfderienttHamune
profiles in vitro, fromlow (left side to high (right side) inducers of
pro- i nfAmmeteey &k dkdhesd HE&ETt rieat ed st @é)lonsb%ﬁ%s?@@u%oflhe qidfeLsi de

Of e AP, o shows gt hat. pro- | BBLARTRLORY, KbAK Des aeeTUGhdRssd nduced

5 by heat treated stral ns (Figure 6). contrast, bacteria heat treated at
85Q0f orarE vl ¢ rmlmreldtm:e \peuoemefailaharanedybyygalssmes apddspssd kil t han
live cells resul in h 2p40 / ratios.(Fiqgure 7).

At - i ama g oftaen o1 8Pt en SRRER Sropaneraetony FUERT RS e g and
HTST-1i ke treat rrents UHT and HTST treated strains exhibit

anti - i rid et 91 ycplL okl ves o egalr b €ssdobyt henr riespectioe | Bj boal 1 mgyune
profiles (live cells). Probiotic strains known to be anti- mflammtoryln
vivo arfd exhPBid i hg~ AREPETAPHantat P T eSUES SN §RE+0S( BIFBDhgum NCC

3001, Bgdpngum Még%n ?Pcﬁé‘f’et'é'ccr@%@ B30t 1 SoNCG, 2818) cuerg shown

to exhi b|t enhanced anti - | anmatory profiles in vitro after "short tinme
hi g t enperat ur@" -tIr@at nént/ml A®astiowf ithdigreratatihe WeslZps@eh at

-80°C with 15% glycerol. Another part of the cells was heat
treated by:

- Ultra High Temperature: 140 C for 15 sec; by indirect

steam injection.

20 - High Temperature Short Time (HTST): 74°C, 90 C and 120°C

for 15 sec by indirect steam injection
- Long Time Low Temperature (85°C, 20 min) in water bath

Upon heat treatment, samples were kept frozen at -80°C until

use.
25 In vitro immunoprofiling of bacterial preparations:

The immune profiles of live and heat treated bacterial
preparations (i.e. the capacity to induce secretion of
specific c¢ytokines from human blood cells 1in vitro) were

assessed. Human peripheral blood mononuclear cells (PBMCs)
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IL-10 ratios of UHT-like treated Bifidobacteriumstrains were 20 | ower than
those fromthe live counterparts, thus showi ng i nproved anti-inflammatory
profil es WO 20H0sp30Re treated sanples. Mre strikingly, ProE/Epeigned2idn of
anti-inflammatory profiles by UHT-1i ke and HTST-1i ke treatnments was al so
confirnmed for_non.anti-inflammatory. |ive strains, Both live L., 25 rhamosus
NOC 4007 mnd B0 B e N i ek hrbre. Rg T L okap6 o TS0 Fad oo i n
vitro (ddr@iirss grafikn), mbeohwelkhve csilna Rswere shownetioahe Relshed
protective against TNBS-induced colitis in mce. The |L-12p40 / IL-10

rati os_ti‘”hjd%l%etilfﬁ1 Lﬂa?ﬁaﬁn&ﬂﬂsarﬂ@%@@_?l tan%l?l@%&r%ca%@ﬂlﬁc@’%%ltﬁéne
dramat 'r‘@é&gpéﬁdre‘%fufﬁdléfcto‘%fe "' SNRE -t 1Ny hbﬂﬁb%ﬁ!&%?w {ﬁt M!’e%i'i&h{ eatappt s (UHT

or HTST) reaching levels as | ow as those obtai ne Bi f 1 dobacteri um
strai nsidnesestipwl ehehpdl0 Wi dh -10% r &bieds: larea diieseo umow Bievebscept,

'L-12p40 praduction conbined,w th no VO 2012/ 059502PCT/ EFZQ11/ 069212
penicillin/streptomycin (Sigma) and 0.1% gentamycin (Sigma).

PBMCs (7x10° cells/well) were then incubated with live and heat
treated bacteria (equivalent 7x10° cfu/well) in 48 well plates

10 for 36h. The effects of live and heat treated bacteria were
tested on PBMCs from 8 individual donors splitted into two
separated experiments. After 36h incubation, culture plates

were frozen and kept at -20°C until cytokine measurement.
Cytokine profiling was performed in parallel (i.e. in the same

15 experiment on the same batch of PBMCs) for live bacteria and

their heat-treated counterparts.

Levels of cytokines (IFN-y, IL-12p40, TNF-a and IL-10) in cell
culture supernatants after 36h incubation were determined by

ELTISA (R&D DuoSet Human IL-10, BD OptEIA Human IL12p40, BD
20 OptEIA  Human TNFa, BD OptEIA Human IFN-y) following

manufacturer’s instructions. IFN-y, IL-12p40 and TINF-a are
pro-inflammatory cytokines, whereas IL-10 is a potent anti-
inflammatory mediator. Results are expressed as means (pg/ml)
+/- SEM of 4 individual donors and are representative of two
25 individual experiments performed with 4 donors each. The ratio
IL-12p40 / IL-10 is calculated for each strain as a predictive
value of in vivo anti-inflammatory effect (Foligné, B., et

al., 2007, World J.Gastroenterol. 13:236-243).

Numerical cytokine values (pg/ml) determined by ELISA (see
30 above) for each strain were transferred into RBioNumerics vb5.10
software (Applied Maths, Sint-Martens-Latemn, Belgium). A
Principal Component Analysis (PCA, dimensioning technique) was

performed on this set of data. Subtraction of the averages
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change (L. rhammosus NCC 4007) or a dramatic induction of |L-10 secretion
(L. paracasei NCC 2461) (Figure 2). AS a consequence: Anti-inflammatory
profil es WO 2bi2ws9502Ccr 0- or gani snms can be 5enhanced by UHPCIiEHPR01a/0692HT ST- | i ke
heat treatnments (for instance B. | ongum NCC 2705, B. |ongum NCC 3001, B.

breve NCE 2950, By, Jacti s NOC 2818, AnLi- knf | aqmag ouy profi | 5 can he
gener ate romnon antli-1n Iamratory Ive mcro-organlsmse( or exanpl e L.

10 r hamestusINGE 406 inclpaiaataseit NCC 2408 ;sidairy starters S.

t her nophi | us NCC 2019) by UHT-1i ke and HTST-1i ke heat treatnents.
Anti-inflammatory profiles were al so denonstrated for strains

i sol at &FFHdmA commercial Iy available products 15(Figures 3 A & B) including
a probiotic E. coli strain. The inpact of UHI/HTST-like treatnents was

si m | arafror-iald1 dpsired-priobi oti£s godedatsy plavters, ioh exd&ture
| actobaci |l i, bifidobacteria and streptococci. UHT/HTST-1ike treatnents
wer & applHiad /t dlisBy dreatedradtslradtidnt Ranepi fHEIbadtierd & rardstytept ococci

exhibiting different in vitro imune profiles. Al the strains induced |ess
pro-i nfql]?emga]_t ytokin f{.enUHL/ '[Sljfgte Lrea n h heir |ive
counterparts ( |%ﬁr%sg.t[, EE?QSTU g,e 5 %%6 * en%%str%??néa%)ﬁa?@teﬁe%gf fect of
UHT/ HTSEdi&ke 4 f eataent secanmehési mullne 22 51igrtopeentpesaofirehéUHaEs yl Hing non

replicating bacteria can be generalized to_all, probiotics, in particular to
| Bt Ob AT ST S Bi £RACBaca a WLt &paert Fe €. oot 12 Gul o hsAaHd 6 di |

dairy staflf Crltures wdr-pardihsat-ay t6 shHept 8E0CEke LatlacacLivand,
lmipb%qéghmfgro—organisms (probiotics and/or dairy starter
cultures) induced different levels of cytokine production when
incubated with human PBMC (Figures 1, 2, 3, 4 and 5). Heat
treatment of these micro-organisms modified the levels of
cytokines produced by PBMC in a temperature dependent manner.

15 "Short-time high temperature" treatments (120°C or 140°C for
1577) generated non replicating bacteria with anti-
inflammatory immune profiles (Figures 1, 2, 3 and 4). Indeed,
UHT-like treated strains (140°C, 15 sec) induced less pro-
inflammatory cytokines (TNF-a, IEN-v, I L-12p40) while

20 maintaining or inducing additional IL-10 production (compared
to live counterparts). The resulting IL-12p40 / IL-10 ratios
were lower for any UHT-like treated strains compared to live
cells (Figures 1, 2, 3 and 4). This observation was also valid

for bacteria treated by HTST-like treatments, i.e. submitted

25 to 120°C for 15 sec (Figures 1, 2, 3 and 4), or 74°C and 90°C
for 15 sec (Figure 5). Heat treatments (UHT-like or HTST-like
treatments) had a similar effect on in vitro immune profiles

of probiotic strains (Figures 1, 2, 3 and 5) and dairy starter
cultures (Figure 4). Principal Component Analysis on PRMC data

30 generated with live and heat treated (140°C, 15”) probiotic
and dairy starter strains revealed that live strains are

spread all along the x axis, i1llustrating that strains exhibit
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WO 2012/ 059502PCT/ EP2011/ 069212 Exanpl e 2: Mt hodol ogy Bacteri al
preparations: 5 Five probiotic strains were used to investigate the i mune
boosti ng Woapeyasp®3 of non-replicating probiotics: 3 biPCcaaracties2a (B.

| ongum NCC3001, B. lactis NCC2818, B. breve NCC2950) and 2 lactobacilli (L.
paracasei_ NCC2461, L. rhamosus 007). 10 Bacterial . cell re. wn on
VRS | n e T e et O AT Boe (o o1 Whrhout B Eont ol BACKar | a
cel | s wey ensgun (dawh o 5 008) XigdudCr andr resuspandesdmbnophosphatia ruf f er
saline prior to be diluted in saline water in order to reach a final
concentteitli ohr ®7taf oFher2LOBL0C 49 . ©B. Whgbaf NCE3oe1,°B. th5 19 A@Rts
NCC2818ch AT Ac2S Chr NOERAG L b o FPATRASS MOOAOW e heat frepied at
85C for 20 mn 1n a water bath. B. breve NCC2950 was heat treated at 90C

f or 530 by meas tireatadterrdband. (FHeatrer éat eBybaothérialt, sbspergiiendasdr e

al i quot.ed and%e t froczcin at -80C until use. %i ve bacteria were stored at -
20 80C in°PBS |€ efol 15ttt Bsd' tRVIGTS Pimobrér i g 8 Hdct eri al
pr epar attes nkhe dnaunespr oflilies wiahi vevandeheat ddaatetnbacheniigher
preparations (i.e. the capacity to induce secretion of specific cytokines

f r om huan Bt4bd delL inpbias o) el 25 -assessed. Human peri pheral bl ood
nononucl ear cells (PBMCs) were isolated fromblood filters. After

separ atQn by, Gelidn Aens) t%r?fﬁgégma’remmé&ﬁ” oeelc%énéfﬁtee&%ye%ﬁd and
washed tw ce wth Hank''s bal anced salt solution. Cells were then

r ed@spended drml [ ikavodiddtederd .becco' s Medi um (I MOM 30 Si gma)

suppl enented with 10% foetal calf serum (Bi oconcept, WD

mnz/m%g@zggéqug}/q%g%%ed strains exhibit anti-inflammatory

profiles regardless of their respective initial immune

profiles (live cells). Probiotic strains known to be anti-
inflammatory in vivo and exhibiting anti-inflammatory profiles
15 in vitro (B. longum NCC 3001, B. longum NCC 2705, B. breve NCC
2950, B. lactis NCC 2818) were shown to exhibit enhanced anti-
inflammatory profiles in vitro after "short-time high
temperature" treatments. As shown in Figure 1, the IL-12p40 /
I1,-10 ratios of UHT-like treated Bifidobacterium strains were
20 lower than those from the live counterparts, thus showing
improved anti-inflammatory profiles of UHT-like Lreated
samples. More strikingly, the generation of anti-inflammatory
profiles by UHT-like and HTST-1like treatments was also
confirmed for non anti-inflammatory live strains. Both live L.
25  rhamnosus NCC 4007 and L. paracasei NCC 2461 exhibit high IL-
12p40 / IL-10 ratios in vitro (Figures 2 and 5). The two live
strains were shown to be not protective against TNBS-induced
colitis in mice. The IL-12p40 / IL-10 ratios induced by L.
rhamnosus NCC 4007 and L. paracasei NCC 2461 were dramatically
30 reduced after "short-time high temperature" treatments (UHT or
HTST) reaching 1levels as low as those obtained with
Bifidobacterium strains. These low IL-12p40 / IL-10 ratios are

due to low levels of IL-12p40 production combined with no
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Paris,france) ,1 %L-glutam ne(Sigma), 1% penicillin/streptomycin (Signma)
and 0. 1% gentanycin (Sigma). PBMCs (7x105 cells/well) were then incubated
with |i vewerdi2msaio2t reat ed bacteria (equival ent 7x106 cPar@PROn/0692128 wel |
plates 5 for 36h. The effects of live and heat treated bacteria were tested

on PB from8_ individual d r llitted i nfo two separate experilrents.
After S TROUDAL | DA CLrEar Sopl 2008 hwitie 7 rOrah ARG Faar &t o 200 dnti |
cyt oki ne measurenent (L.Opokd esgr ofdd iougwas merdrer red in parallel (i.e. in
t he sanme 10 experinment on the same batch of PBMCs) for |ive bacteria and
their heat-treated counterparts. Levels of cytokines (IFNvy, IL-12p40,
TNF-a 4hd 9 ISIHeTUEEE | cul ture supernatants after 36h incubation were
determ ned by ELI SA (R&D DuoSet Hunman |L-10, BD OptEl A Hurman |L12p40, BD 15

Opt EI A _HumamniNF, 1B 1Qtk # rﬁ%bffT@¥)of0ii9@jﬂgcﬁﬁnBE%%hﬁ%%%'%an be

instructions. IFN-y, 1L-12p40 and TNF-a are pro-inflammtory cytokines,
whebeas | L- Fhiangepobent/HdmtlilianfardnBioly Lied diort Resatnsnire (€xpr essed

as neans (pg/md). .+ - SE indi vi | donor d e srepresent,at { ve of
two 20 indi \%Tr%nuta nJeexpBeS:r :\ﬂn%;rﬁ[@n p@%o%?rg%’ ngf h(‘?ﬂ% gﬁﬁ?%%@ﬁ&w %’gvib\a}{)&éfect
of |ive andNwmatzdgeatred Bidtidohext exrdian breve NCC2950 i n preventi on of
allergic diarrhea A nouse nodel of allergic diarrhea was used to test the
Thl pronoting effect. of B, breve 950 (Brandt E.B et al, JCl 25 2003;
112 Ty 1668 667 L BORF bty Sehs o atith O | RS K6 Tbnedio™ Gt | ons

of Oval bum ny{{QVA), rangn@ltyini umkRot assi-um sybphake atran idtanved of 14
days; days O and 14) male Balb/c mce were orally challenged with OVA for 6

ti dBs (days ZBEmREulNCQGLAO0F6, B9)praesabeseagNLh EA&Asi et rel istiagaler30

synptons (diarrhe - chan i a r p B centration

o Toral | gt PRI S OE A00ed Mo Es  ThE" anbiPLaSTR. IR0
treatments.

- Anti-inflammatory profiles were also demonstrated for
strains isolated from commercially available products

15 (Figures 3 A & B) including a probiotic E. coli strain.

The impact of UHT/HTST-like treatments was similar for all
tested probiotics and dairy starters, for example

lactobacilli, bifidobacteria and streptococci.

UHT/HTST-1like treatments were applied to several lactobacilli,
20 bifidobacteria and streptococci exhibiting different in vitro
immune profiles. All the strains induced less pro-inflammatory
cytokines after UHT/HTST-like treatments than their 1live
counterparts (Figures 1, 2, 3, 4, 5 and 6) demonstrating that
the effect of UHT/HTST-like treatments on the immune
25 properties of the resulting non replicating bacteria can be
generalized to all probiotics, in particular to lactobacilli
and bifidobacteria and specific E. coli strains and to all
dairy starter cultures in particular to streptococci,

lactococci and lactobacilli.
30
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WO 2012/ 059502PCT/ EP2011/ 069212 protease 1, i.e MMCP-1). Bifidobacterium
breve NCC2950 live or heat treated at 90C for 30m n, was adm ni stered by
gavage 4 wepsiyspe to OVA sensitization (days -3, -2, PCI/ER@ndcways 11,
12, 13 and 14) and during the challenge period (days 23 to 5 39). A daily
bacterial dose of around 109 colony form ng units (cfu) or equi val ent
cfu/ nouse was used. Results Induction of secretion of 'pro-inflamatory'
cytoklgps after heat treatnent 10 The ability of heat treated bacteri al

st rai ns 055t Ml at e cyt oki ne secretion by human peri pheral bl ood
nmononucl ear cells (PBMCs) was assessed in vitro. The inmmune profil es based
on fouragytagkilmesy upon stinmul ation of PBMCs by heat treated bacteria were
conpared to that induced by live bacterial cells 15 in the same in vitro

assay. ghe heatl; tyeated preparations were plated and assessed for the
absence of any viable counts. Heat treated bacterial preparations did not

produce col onies after plating. Live probiotics induced different and
strélnEﬁ%@h@éﬁPHQQkﬂSS§BaéP%nﬂ%ﬁ¢n%sﬁﬁo&@n%QNﬁﬁEéﬁﬁﬁﬁnﬁ%ﬁeHmWPﬂ$rmnan

PBMCS (3 gurie, 8) . o Heat oLr eatnent, of Hbﬁ:@bb%a@%f' ed 1Lag Jevel:s ofy

cytoklnes produced by PBNCS as conpared to their |Iive counterparts. Heat
treatednbaakémqienmmc@ﬁ|ﬂnmgmmoNcca®®hnnBtoﬂ¢c¢ysomﬂﬁé§1@TNEiabﬁé%$y,

| L- 12p%§?2%%ﬂ@ their live f unte art cont r ast 58 % ﬁreat d
bact of A tRed ST I 81 - of T OER- Shbant 450 I Litpar NACEA0H ve el I s
rhamnosus NCC4007)

10 Bacterial cells were grown on MRS in batch fermentation at 37°C
for 16-18h without pH control. Bacterial cells were spun down
(5,000 x g, 4°C) and resuspended in phosphate buffer saline
prior to be diluted in saline water in order to reach a final
concentration of around 10E10 cfu/ml. B. longum NCC3001, B.

15 lactis NCC2818, L. paracasei NCC246l, L. rhamnosus NCC4007
were heat treated at 85°C for 20 min in a water bath. B. breve
NCC2950 was heat treated at 90°C for 30 minutes in a water
bath. Heat treated bacterial suspensions were aliquoted and
kept frozen at -80°C until use. Live bacteria were stored at -

20 80°C in PBS—glycerol 15% until use.
In vitro immunoprofiling of bacterial preparations

The immune profiles of live and heat treated bacterial
preparations (i.e. the capacity to induce secretion of
specific c¢ytokines from human blood cells 1in vitro) were
25 assessed. Human peripheral blood mononuclear cells (PBMCs)
were isolated from blood filters. After separation by cell
density gradient, mononuclear cells were collected and washed
twice with Hank’s balanced salt solution. Cells were then
resuspended 1in Iscove’s Modified Dulbecco’s Medium (IMDM,

30 Sigma) supplemented with 10% foetal calf serum (Bioconcept,
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(Figure 8). These data show that heat treated bacteria are nore able to
stinulate the i mune systemthan their live counterparts and therefore are
nor e abl ewoaoaseinzweakened 30 i rmune def ences. | n ot hePCREPASIIObRIZ N Vitro
data illustrate WD 2012/ 059502PCT/ EP2011/ 069212 an enhanced i mmune boost
effect of bacterial- strains after heat treatment. In or der tq illustrate
the enhanced &ffect of Heat™freat &d° B. “breve 3950 (compared to |ivi

cel | s) emitdig liimimne spytsiremird bet bmbi vearadd cheat gegededcBa  braevwen NCC2950
(strain_A) were tested in an_animal nodel of allergic diarrhea. As conpared
to the FONTi (\/7é<1c§bnﬁeéllséf”§ﬂt6,) VRES MRS USR tECarthéa IMds sighifaatant | y

and consi Iy, decreas e at - Wi tsLreat . Ar
NCCZQS(I;CSﬁl(eZélt%%% G 8)19%0?‘3\%%%%3@%3%2&ncs?%{/ﬁ%?ﬁgi é&r%ga%%alg %viagc\régsd by

onl y 2CoR838h% dhter ifreatsrent Wivke larve Babr eveaNEeCRISOct Fheseweesul t s
denonstrate that -treated B.. breve N 950 exhi bits ,an enhance

o morien et By MRS LBRLRT e B SR AT Shn R AR DS e

(Fi gur e Qarskle Asxpccansequencartthe abhl i 1ycebaphebi,otdicist tpeephanes t he

i mmune defences was shown to be inproved after heat treatment. Exanple 3:

A ready'a%® edtoizgfantlEer APt 2pr epdt €d BYTH xi AGEASH Df MRS HETRIITat | on

wth 9 er.... The . LEI b pated by.a d

known '% t ]A(I)Yg{ee rosiiﬁ]]]q{(%ln&ét)%gggfr% %(ﬁral¥rr11f %tg%lgté§t ﬁ%'ggeng %é-eg‘%[a%%nt hs:
10 experiment on the same batch of PBMCs) for live bacteria and

their heat-treated counterparts.

Levels of cytokines (IFN-y, IL-12p40, TNF-a and IL-10) in cell
culture supernatants after 36h incubation were determined by

ELTISA (R&D DuoSet Human IL-10, BD OptEIA Human IL12p40, BD
15 OptEIA Human TNF, BD OptEIA Human IFN-y) following

manufacturer’s instructions. IFN-y, IL-12p40 and TNF-a are pro-
inflammatory cytokines, whereas IL-10 1is a potent anti-
inflammatory mediator. Results are expressed as means (pg/ml)
+/- SEM of 4 individual donors and are representative of two

20 individual experiments performed with 4 donors each.

In vivo effect of live and heat treated Bifidobacterium breve

NCC2950 in prevention of allergic diarrhea

A mouse model of allergic diarrhea was used to test the Thl
promoting effect of B. breve NCC2950 (Brandt E.B et al. JCI
25 2003; 112(11): 1666-1667) . Following sensitization (2
intraperitoneal injections of Ovalbumin (OVA) and aluminium
potassium sulphate at an interval of 14 days; days 0 and 14)
male Balb/c mice were orally challenged with OVA for 6 times
(days 27, 29, 32, 34, 36, 39) resulting in transient clinical
30 symptoms (diarrhea) and changes of immune parameters (plasma

concentration of total IgE, OVA specific IgE, mouse mast cell
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Ingredients : Weat flour, Senolina (Weat) Mneral (lron), Vitamns [C

Ni acin, B6, Thiamn], M ze Ml todextrin. Energy 228 kJ/15g Protein

1, 79/ 15g W0 20i5250059502PCT/ EP2011/ 069212 Fat 0, 3 g/ 15gPCarEpoinpgseizs 11, 3
/159 (3,6 g fromsugar) probiotics 108cfu/15g heattreat ed(85C

fOrZomﬁpg%ééggbﬁftfréqﬁ%&gngyp]%Egﬁ%ggécterium breve NCC2950 live or
heat treated at 90°C for 30min, was administered by gavage 4

days prior to OVA sensitization (days -3, -2, -1, 0 and days

11, 12, 13 and 14) and during the challenge period (days 23 to

5 39). A daily bacterial dose of around 10° colony forming units

(cfu) or equivalent cfu/mouse was used.
Results

Induction of secretion of ‘pro-inflammatory’ cytokines after

heat treatment

10 The ability of heat treated bacterial strains to stimulate
cyvtokine secretion by human peripheral blood mononuclear cells
(PBMCs) was assessed in vitro. The immune profiles based on
four c¢ytokines upon stimulation of PRMCs by heat treated
bacteria were compared to that induced by live bacterial cells

15 1in the same in vitro assay.

The heat treated preparations were plated and assessed for the
absence of any viable counts. Heat treated bacterial

preparations did not produce colonies after plating.

Live probiotics induced different and strain dependent levels
20 of cytokine production when incubated with human PBMCs (Figure
8). Heat treatment of probiotics modified the levels of
cytokines produced by PBMCs as compared to their live
counterparts. Heat treated Dbacteria induced more pro-
inflammatory cytokines (TNF-o, IFN-y, IL-12p40) than their live
25 counterparts do. By contrast heat treated bacteria induced
similar or lower amounts of IL-10 compared to live cells
(Figure 8). These data show that heat treated bacteria are
more able to stimulate the immune system than their live
counterparts and therefore are more able to boost weakened

30 immune defences. In other words the in vitro data illustrate
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WO 2012/ 059502PCT/ EP2011/ 069212 C ains: 1. Powdered cereal based
conposition to be reconstituted in water, mlk, or infant formula
conpri si yoanidmsae 25 5 wei ght-% cereal and havi ng anPemaprgyrimerst ty of
at least 0.8 kcal/g and containing after reconstitution at | east Zgllookcal

protein S tha b9/ 100kcal_ fat g/_100kca
sweeteﬁ?hdagﬁen S ess% CEH:3 EEgF%OGﬁizf ruc oge %:‘%%%?na?%

powderedeEHﬁﬁknﬁaﬁﬁd 10conposition further conprises non-replicating
probi otic mcro-organisns. 2. Powdered cereal based conposition in
accordance with claim11, wherein the sweetening agents are selected from

the graup eomst stbnglolissueresehcgldroosesed ractose, oisSgkdeosecsyedp,5.honey
and conbi nations thereof. 3. Powdered cereal based conposition in
accordéﬁﬁ?ﬁm¥¢ﬁ%%%oofC?W@aﬁﬁécédinbl%$apﬁéléénﬂ51n¥%% aAFPERer ee6HSt uti on

aboyt 2y SpL100KeR] (I O Benfnd Less,LhpD Re/cHUleal arded syeqten ng

agents wt ess than 2. 5g/ 20f ructose. 4. Powdered cereal based
conposittasdred niracooraganed widdelone &fl ltcheyipr etiedinigeac] ai s cont ai ni ng | ess
t han 40g nono-and di sacchari des, preferably |ess than 35g nono- and

di sacchari des per 100g powdered conposition. 255. Powdered cereal based
conpodecnbmpaaedom@amhev@&bibmeeotdﬂEKQHegedupg dhﬂrﬁmﬁembhEy of

conpris | east 50 v tanln Bl per 100 kc 0-1 A per
oo e e Pagh R VLA P B R R ent Y Sohd i o Peced
CONPOS ity ridhtacs of danee twi i fe ones 3e0f M@d@rﬁ@@gwg qlaai. s, o f urt4h@
conpr|5|ng prebiotics,

whereas the intensity of diarrhea was lowered by only 20 %

28.3 2% after treatment with live B. breve NCC2950. These

results demonstrate that heat-treated B. breve NCC2950

exhibits an enhanced protective effect against allergic

diarrhea than its live counterpart (Figure 9).

15 As a consequence, the ability of probiotics to enhance the

immune defences was shown to be improved after heat treatment.
Example 3:

A ready to eat infant cereal is prepared by mixing 15g of the
formulation with 90 mL water. The dry composition may be

20 prepared by any method known to those of skill in the art.
For infants at the age of 6-12 months:

Ingredients : Wheat flour, Semolina (Wheat) Mineral (Iron),

Vitamins [C, Niacin, B6, Thiamin], Maize Maltodextrin.

Energy 228 kJ/15g

Protein 1,7g9/15g
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for exanple oligofructose and inulin.
in accordance with one of the preceding clainms conprising non replicating
WO 2012/ OB0R02RGETFEP2011/ 069212 probi oti c m cro- or gani sS®ETIER2@N/069202nt
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claim1l1l for use in the prevention or treatnent disorders related to a
conprom sed i mune defence. 13. Powdered cereal based conposition in

accor dancEownt2ns9d? one of the precedi ng clai ns wher ei nPaT/HPR@EIN06L02 %
preferably, at least 95 % nore preferably at |east 98 % nost preferably
at least 99 % ideally at least 99.9 % nost ideally all of the probiotics
are non-replicating. 14. Powdered cereal based conposition in accordance
W th %)1 ane of the preceding clains wherein the probiotic m croorgani sns
are selectéd fromthe group consisting of bifidobacteria, |actobacilli,
propi oni bacteria, or conbinations thereof, for exanple Bifidobacterium

| Bi fi_ dobact eri | act | i fi dobact.eri | i .
2015] 050502 BET EREOL 11 0602 2P B PP BB T chbr & B FF aBBSLEHEGR dfant i s,
Bi f i dobact erjdmeagdohesegntdss, i haghebad hhusaacidgphidirks, at  least 25

Lact obaci |  uscasei, Lact obaci | | usparacasei, Lactobacillussalivari
us, Bact obaciaiEileut e¥¢L Bt agfgbacViRgs CRaiosUsy LaRtobati PEusffoReseii i,

Lact obaci | | yg @'@@éf‘?ﬁﬁ}ah%%%%a&éi'rlﬂ% eéF"EBEP%c'o%%tﬁcﬁ%Pén' aCthSost
Strept ococcus thernophi l'us, Lactococcus Tactis, Lactococcus di acetf/al actis,
Lact ococcus y/drrlicsy ]l Lacd obac) | Lassbuhgar idcusy/ WHttadacidt usabdhéleset i cus,

Lactobaci |1 ys, del-prueckidy, Eochgnighia cold, and/or mxtyures thereot, o

3.75g/100kcal fructose, wherein the powdered cereal based

10 composition further comprises non-replicating probiotic
micro-organisms.

2. Powdered cereal based composition in accordance with
claim 1, wherein the sweetening agents are selected from
the group consisting of sucrose, glucose, fructose,

15 glucose syrup, honey and combinations thereof.

3. Powdered cereal based composition in accordance with one
of the preceding claims containing after reconstitution
about 2g-5.5g/100kcal protein, and less than 5g/100kcal
added sweetening agents with 1less than 2.5g/100kcal

20 fructose.

4. Powdered cereal based composition in accordance with one
of the preceding claims containing less than 40g mono-
and disaccharides, preferably less than 35g mono- and
disaccharides per 100g powdered composition.

25 5. Powdered cereal based composition in accordance with one
of the preceding claims further comprising at least 50ug
vitamin Bl per 100 kcal, 60-180 ug vitamin A per 100
kcal, and/or 1-3 pg vitamin D per 100 kcal.

6. Powdered cereal based composition 1in accordance with one

30 of the preceding claims, further comprising prebiotics,
for example oligofructose and inulin.

7. Powdered cereal based composition in accordance with one

of the preceding claims comprising non replicating
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15. Powdered cereal based conposition in accordance wth one of the

precedi ng clainms wherein the probiotic mcroorgani sns are selected fromthe
group corsD=iNgowe 15 Bifi dobacteri um | ongum NCC 3001 pCBiEPR@G0eRMZTr i UM

| ongum NCC 2705, Bifidobacterium breve NCC 2950, Bifidobacteriumlactis NCC

2818, Lact obacoi Iiloucsi(j;orplnsoni_i LarlﬁL rlﬁgct.%bagi I Ia‘%n%% ragggei NCC 25161’1:0
Hehnos U8 NS 4087" ' thct obacil'l 08" Feut ef f)%ﬁﬁ?@gjs,g

Lact obaci | | is ¥
Lact obaci | | uso20 1rcéuter i 0XTCE5H730, Strept ococcus thernophil us NCC 2019,
St rept ococcus thernophilus. NCC 2059, Lactobacil]us caseii NCC 4006,

Lact obaci ft l?§“éjcﬁr(féjph¢¢{%a¥dc@a§@@9,co@§@ts&5&@iq | s @aserdaeae D@‘lG@O?r(eNCC

1825) , Escheyd chija. cobi-Nhgshé. &ﬁ&%ﬁga%hb%iﬁu' g3l C%Agl%ggagating

Lact ococcus 25l actis NCC 2287, or c i nati ons thereof. 16. ered cereal

baséd conposirtdomtin adcorcdancEnistts orse cofr drivke rprce cedi-ngerd] igiatsl repatai ni ng
about 0,005 fg, ¢ 1000 19, non: repLicallng, i chg; organi sng per.dally dese. 30
treatment at at least 71.5 °C for at least 1 second.

9. Powdered cereal based composition in accordance with claim
8, wherein the heat treatment is a high temperature

10 treatment at about 71.5-150 °C for about 1-120 seconds,
and preferably is a high temperature/short time (HTST)
treatment or a ultra-high temperature (UHT) treatment.

10. Powdered cereal based composition in accordance with
claim 9 for wuse 1n the prevention or treatment of

15 inflammatory disorders.

11. Powdered cereal based composition in accordance with
claim 8, wherein the heat treatment is carried out in the
temperature range of about 70-150 °C for about 3 minutes —

2 hours, preferably in the range of 80-140°C from 5
20 minutes — 40 minutes.

12. Powdered cereal based composition in accordance with

claim 11 for use in the prevention or treatment disorders

related to a compromised immune defence.

13. Powdered cereal based composition in accordance with
25 one of the preceding claims wherein at least 90 %,

preferably, at least 95 %, more preferably at least 98 %,
most preferably at least 99 %, ideally at least 99.9 %,

most ideally all of the probioctics are non-replicating.
14. Powdered cereal based composition in accordance with
30 one of the preceding claims wherein the probiotic micro-
organisms are selected from the group consisting of
bifidobacteria, lactobacilli, propionibacteria, or
combinations thereof, for example Bifidobacterium I1ongum,

Bifidobacterium lactis, Bifidobacterium animalis,
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Bifidobacterium breve, Bifidobacterium infantis,

Bifidobacterium adolescentis, Lactobacillus acidophilus,

Lactobacillus caseil, Lactobacillus paracasei,
Lactobacillus salivarius, Lactobacillus reuteri,
Lactobacillus rhamnosus, Lactobacillus johnsonii,
Lactobacillus plantarum, Lactobacillus fermentum,
Lactococcus lactis, Streptococcus thermophilus,

Lactococcus lactis, Lactococcus diacetylactis, Lactococcus
cremoris, Lactobacillus bulgaricus, Lactobacillus
helveticus, Lactobacillus delbrueckii, Escherichia coli
and/or mixtures thereof.

15. Powdered cereal based composition in accordance with
one of the preceding claims wherein the probiotic micro-
organisms are selected from the group consisting of
Bifidobacterium longum NCC 3001, Bifidobacterium 1longum
NCC 2705, Bifidobacterium breve NCC 2950, Bifidobacterium
lactis NCC 2818, Lactobacillus johnsonii Lal,
Lactobacillus paracasei NCC 2461, Lactobacillus rhamnosus
NCC 4007, Lactobacillus reuteri DSM17983, Lactobacillus
reuteri ATCC55730, Streptococcus thermophilus NCC 2019,
Streptococcus thermophilus NCC 2059, Lactobacillus caseil
NCC 4006, Lactobacillus acidophilus NCC 3009,
Lactobacillus casei ACA-DC 6002 (NCC 1825), Escherichia
coli Nissle, Lactobacillus bulgaricus NCC 15, Lactococcus
lactis NCC 2287, or combinations thereof.

16. Powdered cereal based composition in accordance with
one of the preceding claims containing about 0,005 mg -

1000 mg non-replicating micro-organisms per daily dose.
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