WO 2011/ 069987PCT/ EP2010/ 069016 | NFANT FORMULA W TH PROBI OTI CS AND M LK FAT
GLOBULE MEMBRANE COVPONENTS This invention relates to an infant fornula
wi th probwotzotisesasd M | k Fat d obul e 5 Menbranes conponectr&E&PeNB@Yo1@nd / or
bi oactive proteins. Mdther's mlk is recommended for all infants. However,
in sone cases breast feeding is i nadequat e or unsuccessful for nedical
reasons or the nother ch f t formul as have been
devel oped for these si tug I ons. Pﬁlﬂumtﬁg\ﬁﬁ-gcgﬁgmdgyégcertal n strains of
bacteria have attr ANBPMIEKFATGROBUIE MEMBRANECOMPONRENTSIve been found
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strains of the genera Lactobacilli and Bifidobacteria have been found to be
abl e to aiof e ddiPréiaiestd BAlinfRISAmUIL WigFHRbIbIES CARANIK bt eobile

pat hogeni ¢ bacteria to ere e Intestinal eprthelium ave

i mMun6modderabeanesefdneparerds MEGNpand foriboadivermoteirnance of wel | - bei ng.
Such bacteria are called probiotics. Extensive studies have been carried
out to identify new probiotic strains. For 20 exanple, EP 0 199 535, EP O
768 375, I\X@h%?"s%was r%’oﬁm@ﬁd@@%@ﬁﬂ iMarR9/ IRANBY Bt Sipl §6ReSELEAS bfeast
strains of Lactobacilli fidobacteria and their 'beneficial effects.
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i nfants have nore conplex mcrobiota, with Bi f| dobacteri a, Bacteroides,
Clostridia and Streptococci all usually present. For this and ot her
reasons, E)ttenab/ebeewli@ss bevschieen caduegdrali tot identify new anebibdicrairaiss. For
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bact er i albesefigipheff@@Snodul at e the conponents of the intestinal nicrobiota
of the host is one nmechani sm by which they affect the i Mmune system 1In
addition, a direct interaction with the nmucosal inmne 15 systemto
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5 abstract the use of whey or buttermlk as culture nmedia for the growh
and storage of probiotic lactobacilli. Rodas et al (B.A Rodas, J.O

Angul o, JwWOQouz69447S. Garcia (2002). Preparation of prolpcotEpPeolowsdoes m | k

wi th Lactobacillus reuteri.MI|chw ssenschaft, 57(1), 26-28) discloses the
use of Lactobacillus reuteri to prepare”a probiotic buttermlk. 10 UA 30
063 discloses a drink conprising buttermlk, or a mx of buttermlk with
cheese whey, or a mx of buttermlk with nonfat m |k and cheese whey as the
m | k vehilerge tditietchees véstist aitayrdsipeti ¢o phebearhpesitgbardfethe gut unieraiota in
specific bitidobacteria and | actobacilli. The above discl osures discuss the
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mat ur ati on of the physi cal barrier provided by the intestine in manner that
is simlar to that obtained with breast-feeding. US 2008/ 0003330 Al
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physi o- p@tplﬂﬁbmgh_cal conditions such as treating or preventing infl ammtl on,

treating or preventing infections, treating or preventing dysregul ated gut
barrier functi on, inproving gut confort or conbination thereof. The
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WO 2011/ 069987PCT/ EP2010/ 069016 5 Detail ed Description of the Invention
Definition In this specifi cati on, the followi ng terns have the neaning
assi gned wo 20hiewp9sel ow. "infant”™ means a child under thecage2ab/og®ieront hs;
5"infant fornula"” means a foodstuff |nt%nded for the conplete nutrition of
infants during the first 12 nonths of life; In the context of the invention
th| s appl i t
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nunber of 1teJ gaf r| a.j.n the colon and thus inproves host health (G bson
and RobePrPRPHC a5k lb Modul ation of the Human Col oni c M crobi ot a:
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to the end of the second nonth of |life of the infant. "MI k Fat d obul e

Menbr ane V(h\ﬁ-')GlW a GWéOthJit?rmed\tlﬂbﬂ@n@ft i K Rn@|0ﬁ99§¢tWhﬁM ap thewnipsvehicle or

human m | r r I

hapact s dPdstRy SARF™ BERLRAN BrobBRE <tBrEliciire PYispRRftic BRbRR A8 nd
18 (2008)actdbaciHis?, K Dewettinck et al. In short, the termencorrpasses t he
menbr ane _.and nenbr ane- associ at ed nmat eri aI s .t hat surround f at gl obules. in

manmal i arl NG 1300VEo SSARSUIGH t HISEHES oiferch §B'H?ﬁin§ht@”y§fca|\/F@9iUtﬁ| ¥ erigepsity: as

MFGWVk co
Cor > VR0 AR PN g PR Rl ie DR ko e B RS buse e
2011/ 06998 eREITrERDOA0LOBEOTHTK BSi Careists gaascsmsragatar grbwthagmma &iri probwiftics;

bacteria a rotein. onents in human m |k and the.
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enbodi e Oémegresent invention provi des a nutritional conposition 5
conpri si ng 8rob| otic bacterial strain in an amount equivalent to from 103
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fromO. 19rf?stl%e]\9?ﬁ Bfotil&ﬂ:stwm@lsp@élﬁé AkbAIt®beh&ftsconposi tion or formil a,
preferably from0.5%to 2% of the total protein of the conmposition or
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For the benefit of infants that will not be completely breast fed, there is a continuing

need to develop infant formulas which will replicate human milk as close as possible,

both in terms of its nutritional and its bioactive properties.



25The invention al so extends to the use of a probiotic bacterial strain and
mlk fat globule nenbrane in the nmanufacture of a nutritional conposition
for pronowOngideessmat ur ati on of the i mmune system of a meomERR@b/0s@nt in
the first few weeks of life. The inverhtion further extends to the use of
a probiotic bacterial strain and mlk fat 30gl obul e nenbrane in the

manuf act lgtﬁnﬂ{arg d}qhéilﬁ{,mncorrposi tion for the prevention or treatnent of
pat hogenic I nfections 1 h a neonatal infant in the first few weeks of life.
WO 2011/ eREBikeaTiohR204t@s 6% £6 mpoBitto mepieddratdynamn sesnatbrnnilal eonpgising t he
infant a therapeutic anpunt of a nutritional conposition conprising a

pr obi ot | PreRieties AR MEGH | khe ivegliop@lso F%ﬁbﬁlsatﬁe? cenRogitipat fof ghupaiNGSect
t he i nvent. S et QL€ i ;

pat hogeni T TNEESSFERS ohemB iiAflyleneldieibh uRRhoffY Mhmbb ARG, and (.,
weeksS5of foi freatihg oc pngverdeny adange of physig-pgatholbgicahtanditians lsech@sutéating
anount of a nutritional conposition conprising .a, probiotic, bacteria and
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account s d;y‘?,l‘e %acblﬁ%/rﬁeramﬂcﬁén,nimmbwngcgm%ﬂ%ﬂfortddn%mgﬁém f6s7e 6P B!
total fat), diglycerides (2% of total fat), and conplex lipids (1)/0 of
tot al f atinvertiongkyverd gedicelattynsigiabdel fornusendn gfaotsh peerdpn axants, bablesudum
of the narﬁmrx %Lé%%l r cell coalesce into |large droplets which mgrate to
15 the a|5i ')S'P B d “Henbr ane of the cell. The lipid droplets then push
agai ngt and progressively becone envel oped in the nenbrane of the mammary
gl and epithelial cells. These nenbranes, budded off around the mlk |ipids
as they ahorbdeggriptionefdheirawiadcel |s, are naned the mlk fat globule
menbr anes; esM : I ' LEdc | ns
such as I%a't q%f L‘rﬂﬁvém&n@?%zg n@@? g%@??%B%%ﬁ%ﬁ#ﬁ?%@%@?@é@é@%@eﬁ as
conpl ex REIdAR) kippledsinguirhpastiglye én gamosigizodigridls, aed isphe rggebnpifrdstiovany
of these conmponents are present in human mlk in nmuch hi gher concentrations
than in SOPHRINGINMKGM)he first interaction of probiotics with the host
occung atg; evel fo¥ers? | 'Sé'bgﬁﬂ%b | y
dem)rlét rg:tlglﬂ%tg 'p'ralgpgd::nt i\'W;(eﬁﬁfjns'?uagai het %Iaﬁciéié![l ﬂ%’r\{g\ Sin pot @ﬁ'ﬁaﬁ?ﬁ@% Fpper ove
speci f i c niiddkea? arroutsg appearirgrimpartibelak @ysamptesr2 and 3 eea intedcieam fractiorst i ¢
strain sel ecti.on il? M}ei r capacity to adhere to the intestinal nucosa. This
appears tCONEUNINGMEGMRE for bl ocki ng pat hogen adherence in vitro and for
nmodul at i ggRFOBect leterd IMTHER Jrapak INGF G (NRST wdiNgsrrAB RIS o BScterial
interaction of bovine mlk fat gl obule nmenbrane with i'ntéestinal “epithelial
cel I s (| Buciuiey iatang, ontinghpinssi@rarked watht arrewsl), essgriatediwigh e MFG. gl obul e

menbrane.-. hp ri AJe) [rectly detected in fractions of

inta ﬁ mfr@lllrgn‘gi?gqag’?&iﬁ?%érogsr?%lﬁmﬁr%?ﬁ@%nbranes by ultra-sound resulted
in WO 20Hg&@9£9a§cfﬁ€ﬁéﬂiEP8élllEH§b6&§éﬁo 3 PR rrraBiotiet iapid MFGWeow&Cegithdliar eslis The
bacteria appeared to come fromthe MGV and not fromthe IEC cultures. In

support Gespensivergsscor dePxingialisngedt-PSo\anseralgted intdaranatone reacdivande of
bacterial S . ; _ : Vi _
e
encapsul auggestifg baghergysoeiwdtnthé heo ingredipatsent s within, the milk fat

| obul e nbr a faci|it ansport of the m bial c onent s
Chrodgh trairsasck rheediation MBMLART Brakietdcs Hemolae humpae RBRS 4 o
sites | “sﬁ/Hérg%‘cRﬁﬁ. betdbl%%HF‘e% Gégt?/\fe%ﬁ MBEKA hAg A1g90Rt e and, together with

other factors”in the mlk fat obul e nenbrane, nodul ate i munol ogi cal

pr ocessedigure 1:8B hglpactagione MRGMtprometdOB lanpbocyeiambivatiorVFEbbantids alone
probiotics |eads.to pofentiation ner f .the jcial effects seen
(s g pr GEF SRy hevnayariid PR siies ke tytand i i Spf oot vent  on
reveal s ippuRes TREULsiddiGe RteBBRAll I9A HodlEA.| mARSSaEtiAgiceNs YeTdls RsAbBieRf | CS
that are beyond what coul d be achi eved using the individual 15 ingredients
al ond0 Pifonm Heyegs patahnesipdveice et Gl fonmiweekplAsinst 4 meekadBpr ebi otics are
bot h recogni sed to have beneficial effects on health, their protective
effects against diarrhoea in infants are | ost when the two ingredients are
conbi ned (Chouraqui et al. 2007). Thus, the cooperation and/ or synergy

bet ween the probiotic and MFGM observed in the present invention could not
have been predicted. 20 The present invention reports that the conbi nation
of probiotics with MFGM on the one hand may limt sone pro-inflamuatory
signals and as such, may |imt tissue damage but on the other hand enhances
mucosal protection by increasing production of secretory IgA by intestinal
cells. This suggests that conbining probiotics with MFGM | eads to a
physi ol ogi cal synergy by pronoting distinct but 25 conpl enentary nechani sns
whi ch together provide an inproved protection of the host. Furthernore,
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9 processes, the present invention extends to their conbined use not only
ininfants but in at-risk populations irrespective of age. As such, it my
not be newexsrrogdshat a product contai ning such ingredi eorEPb@ob®IGO! €
source of nutrition during the period of: adm ni stration 5Mechanistically it
can be hypot hesi zed, for exanple, that I\§FGM is a significant source of
|ipids t ] . j . bacteria may increase the expression
of nol ec(l}?éetgﬂ?lrjl\%%\r/g&ﬁ% f’f]g?edﬁ%tsngirog}i on. It follows that it should be
possi bl e Dafinptiggduce sim | ar beneficial effects in fornula-fed infants by
supplenmenting the fornmula with probiotics and mlk fat gl obul e nenbrane.
The pr obildhig speaificaiion tlae llovdg teimshave therarpnes assidhgditeitopmikelowe
conposi t i« 3 t ; i hRiHS, MFGV) can be added

separ at el @rﬁetl@ t %%goé/rr\grggﬁi or{qg?%?’%edfﬁl%hﬁﬁgh. Preferably, the nutritional
conpoS$i t i“imMardffotnhelal’ meamisi avfoodstLaininterideat fof trentdrapletfdautiviopasdiinfants daimgoe a

children's food,. |liquid,. sem-]iqui r._soljd, especially for 15 chil dren
ot waen e i A2/mants o fedhvbs Aoptean gt 8% bipaloRats Spplies Morgmegiviay o
baby cer gglinfadfdeusRPeddd 86 Rforiite i nvention can also be targeted to

adol escent and adults sutfering from particul ar physio-pathol ogical

condi t i onifdieispatimmhegdi zans anyeadartidiady, thiichgdalapeent sea@dult having
gastro-intestinal ,systens _and/ aor, conmprom sed ,j ne ./ defense systens. 20
The. probirgricu AL RTbiEeA Drasc PERaZ]d B h BRI ettt S Monsten
103 apd kQhdideted @naffolliwhicl® e Prop@sed Henhas totfers ameiyhdreved e diteyiative

i nactivated or dead or even be present as fragnents such as DNA or cell

wal | mat éeiuion. This stdledesvwoatisnts plaltagasisujfesngoEemesuch RAYa-Ratkolpgicall a
cont ai ns cioﬁdﬁi)é%essed in terms of the 25 equivalent colony form ng units of
bacteria Trrespective of whether they are, all or partly, live,

i nact i vat‘pebbistettheand & agneadigestioRs édcer imgledi¢iethpt bénefidiallyi sfgute fenhostrbyan

anount equivalent to between 107to 1012 cfu/ g of dry conposition. The
pr obi ot | CEREl\@Y Atindulading the Jrmwihgndtactivyey af paetQr @ dinyfed number of
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of the invention m e any probiotic bacterirum'or probiotic m croorgarism
(" probi otNadUlatiorespéw EumanColamaMiombgta; Introdpaingi thel @Gongepdlofdrebmtickat

have been can riginated from found in, extracted or isolated from
m | k upoﬁ'g%rr%'igg?ﬁrgﬂgslabl y in human breast ml k. Suitable probiotic

lactic aephebdighdahkbans NGl decdrekobasadtbHal shARBOsMEroblsieen3@parMdns or
2011/ 069987PCT/ EP2010/ 069016 10 obtainable inter alia fromValio Oy of
Fi nl and wegwronemnds of atlerabaalkcallsqyith acdesiedicial laftect barthe hesItBEvoeel-beirmuof

Lact ghaci,] | teri A 557 d Jactopaci | lds reuteri DSM 179

oot aPflanitee FPshBrEhReR S QUMERARTY LY Tt thor veh BH6S o SLRE Y89 us
par acaseidefhed! Tretitilifood-8€i Tearhdll ¥999:abnHM10); CNCM | - 5 1225,

Lact obaci | | us hel veticus CNCM 1-4095, Bifidobacterium breve CNCM 1-3865,

Bi f i dobacther fiisinfewrimeslsonicihel liftsabasinfeab) meppsneesiod vp deheand af the
strains i o 1 I ongum ATCC BAA- 999 sold by Morinaga M1k
IndustrysgggH(gﬁnﬁt%Pg%%S%ﬁ%ﬁ er{'t hg trade mark BB536, 10 tKe straig of

Bi f i dobacChiikiFath Globuke Madnbrayie iGN arsl éaittyt fractisradef milkk (Bbp&diculaheow
strain of Bifidobacterium breve@sol d by Morinaga. under the trade mark M1

6V aRd t MRlksQT RTAaBMIES) S AASLEPRT POM ISR IR NUITIRNal ASFtecinqe@en) aspects

Lal | ema r t 2. |-G IrRY;
b1 11 doback 27 i e BT MR Rrgne AP L eRel o B R PURRE  RPeN e,
obt ai ned 457K t Bew@itinskietralHanssmorCotipmarnoe ntd messas th eintembtdnee tanade

mar k Bb12. m xture aof suitable obiotic lactic, acid bacteria and .

B 11 dobadiePPE S SRSt MAS BT L5 SHrroHpdal BIRLIERMR cham A MK o
commer ci ahdethar dithabkeothbF EhhrpdReRR OF RIFENI diehE8aB adPtNIFSMNchbinpdRdnihol e
mi| k. For product devel opment use, buttermik 20 fractions are the source
nost 30f t dworugase ofidanguadecin thelrreserd dopigant dheetermst IMRGM” srtVMFGM
conmponent s. l.es _of co cially available butterm |k products include
butterm Icﬁ’ntpgﬁ%ﬁ%ctar%ﬁgaé@fg%a”%%mytand O Lakes, Inc. M\, butterm |k
protein concentrate fractions from Fonterra Cooperative G oup (Auckl and,

New Zeal and); a phospholipid-rich fraction derived from MFGM fromt he
Font er r a Tbsopyesgnt inveaiass peoentvt epsqred knafrkactarda iy Bamandyilk gie eepegipied r om

Bul I i nger; ther e j [ t ; [

Cal i f or ni’%‘)%, 48 rw;llthAﬁetélr .Et%q‘ﬁﬂfza@?éﬁéi ?8? @?. (o ’é?%@@%ré@@ﬁ%ﬁ@%?er
Anerica (Kansas Cty, MJ; First MIk Ingredients Limted, Paisley, UK and
Laban Up products of Gulf & Safa Dairies, United Arab Emrates. However,
whey protein fractions enriched in MFGM are al so comercially avail able. 30
Exanpl es include LACPRODAN (r) MFGW 10, a whey protein fraction enriched in
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The MFGM may originate frombutter mlk , butter mlk fractions, defatted
butter mlk, delactosylated butterm Ik, butterm |k fraction obtained by

m crofil twatzbomewsr 10 ultrafiltration, fractions recovece&rPkelonswhey
protein concentrate, sweet whey, acid y, whey creamor fat associated
fraction fromwhey containing phospholipids; and/or wherein said M-GM
conprise

Shosphat TR TDAAETY Bié the BaRAR t’f’éaecﬁ.é@gﬂétﬁtd“% SRR e RiRens
Muci nl (Wﬁufkﬂan rxmntandeh@éffdetseifdlab)aisodeﬂaﬁmadﬁag tcﬂme(mesdntSQherﬁtfonlS( PAS
I11), CD36, Butyrophilin(BTN)"Adipophilin(ADPH), PAS 6/7, Fatty-acid

bi ndi ng protei n(FABP), lactoferrin, |actaldherin, Butyrophilin,

A1 PO o PRSP bl Ehu @éﬁt%@t%@ﬁ%@*ﬁ@ -
pepti de IthGWMgﬁ@LMo@EE@ bm:teﬁal stpaiptindan laNGEUDT RiETGNEMR (0SEQM D0° &)

Donti e SRtDRaTprRUEcERs ik G alfble s mbr e W GIAbI at@rgﬂ@nbﬂﬁﬁamnt

the COWPQﬁO’FZ%Ed‘OOIf e (‘)Oﬁj’Sf‘ﬁcﬁlﬂd ORISRt o PRl ) SoréfdlrSbily Grdth tHD S & bRy

probi otic GM and the probiotic of the invention can interact
t oget her fait 100gobliguidgionapogidarebr farmylar anad/ar From OKE gve@ B foreHighotdiyr

Prabl s CREMHDIREPF BrrflinabteBhamyiaah 2) Wbrae 16 o SIORDHTRbehBRSE e
not heve fbimdiaeIrRBAEEIALEHIMERMhd BoRIPR st @bRis ROMABMMRGM amtount of

probiotics could have a sgnergl stic effect in that the beneficial
bi ol ogi cRetweerd:1%ranthd0pr whv & tetahpratens, prricear)detwaen 00 i dbglcaln

ef f ect c C
and/or o rf%tehé(;,}\ﬁ%(tj ﬁf'e[r{%}f'r‘?e ﬁg{r;@?bgﬁ&#ﬁ?ﬂe anpﬁv]tdr(g Sﬁf%ﬂ’ﬁé‘f‘{ﬂﬂén‘%gnﬁﬁ rr%er?e
reduct i or).®fg andil I7grUfENlIIFGM peMDEDILEAHPOSTHHCTWRN2010/ 069016 12 The

probi oti c can enhance or pronote the biological effect of the MFGM |In one
enbodi ment the probiotic enables the I\/FGI\/I to have a biological effect that
t | d r t n

nb\(,)\ggrrerltlﬁnoﬁ %eé%ﬁg Iﬂﬁqtgﬁ%n tlbhm&% cou Q%E%%/Esgpég\ﬂgggq)@?lé 2 fecgo?tn

t hat the etmelr‘m*fhumam nbikol ogi caI effect of 5 the MFGMw || be increased. Such
ablolog ef f ect nco ise the effect on the.maturation of the immune
2ot em ariior O, fuk s SBBRLE BRstkang:Praiers Remaesi e ecti 8ol vekFoufla/ or
the redU%‘]t‘h@U Afit éaiAt3TERDILN of"tﬁe'tdfaﬂ“ﬂrﬁllkf&'b't%th%oﬁ‘t‘&rﬂr S‘télﬂwérﬁardl?arﬁh%séﬂt

i nvention may cont ain a protein source in 10 an am)unt of not nore than 3.7
or 2.0 g/aiomkwalan mroée@mephaneem@nz bighi-1eoxeery. metieod and émgnav ey e oof

Compat + ifenfOffEhr anTnT BLoldhiR FRaTbbr e aMEht” RitcBrrglesis PABTY om

MFGM i s 220t1 8heli &N dThe ileertiont éfcmpesddicam st dinMemanomilRavgldedld hat
the m ninumrequirenents for essential amno acid content are net and

provi ded Ni¢mabrars sanging aftemr §-1gr dautd % Lfdheutodal PRV ef the conePesibioni dfent
it is pr r d t

orot oi b ST g pERTROlP SN Bl e el PR o R c8beStiof o Wy
Thus, prot el n sources based on whey, casei n and m xtures thereof may be
used _as r ot e| n sour ased on sc% r ot ei s are

concépned, et Wé/eﬁ‘&)@ﬂe? ROSHIRE Sﬁﬁ? &158:Q%8 ﬁbﬁi%%%@'%g?%UP@ﬂﬂéf‘ M%E/ or
m xtures gtldtﬁﬂ@?rﬁerﬁﬁpad@im t’g@%HF’ bl é‘ﬁpﬁ“ugﬁﬁl EbrﬁPgS'PﬁFe]%@P tHeh 1N

what ever “proportions are desi re Prefera owever, el n
sour ce i sndtasanoof the dinfrivee m‘n QMaer}eor&t\zﬂetlfawharythies‘irat ﬁeuad'eekes at/hfel abl e
by- product of cheese nmaking and is frequently 25 used in the nmanufacture of
infant formul as based on cows' m | k. However, sweet whey includes a
corrponentrnmn@antuén yoAREF BRlINgs tbaRei s bf qu’ﬁbﬁi%tlér!fbd@@r%l dtFhif ARt PRk ast

cal | ed casei no-gl yco-macropeptide (CGW). Renoval of the CGW from sweet
whey 3f es @lekule mempranesinnthei manafacture eisneutciian almongpesiden for thaatrev)entmman

aci o 1 n o3 oPRnphEer el e Rhe T o B TR R Sh iy YRRRE oF e

and tryptophan). A process for renoving CGW from sweet whey is described
in EP 880902 and an infant formula based on this nodified sweet whey

is
descri bedn @fuipenagpadiohie ikeHipmeEnde i avmeinogHieyPmetng thei rﬁ@i%ﬁ‘l'on of
protein it rjﬂﬁ]tﬁ’{ %@t&nsdttgﬁgoﬁat?mn?gnt% e%%ﬁﬂ@%@'.n%ﬂ%t%&w%eé& HAite.
provi ded a protein conte
2011/ 069987PCT/ EP2010/ 069016 13 2. 0g/100kcal . Such protein sources have
been shown in ani mal and hunan studies to have a protein efficiency ratio,
nitrogen digestibility, biological value and net protein utilization
conpar abI e to standard whey adapt ed pr ot e| n sources W|th a rruch h| gher

LY
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An infant formul a according to the present invention nmay contain a

car bohydrate source. Any carbohydrate source conventionally found in infant
fornul as woeh1148980 | act ose, saccharose, nmaltodextrin, ®CaMEPRoIANEOMS Xt Ur €S
t hereof may be used al t hough the preferapd source of carbohydrates is

| actose. Preferably the carbohydrate sources contribute between 35 and 65%
of the 1 otal ERROEYcactie. S Q0@ or N BUNL REIR8I T EEZAIOLARINIE 14 An
infant formla accofdi Pegent rnvention aln a source of
lipids, besitbmal heorinppsudenf rcom;irtsmgVFéSmem@ttmemaené’ handi mhitk sfaur gebuiy be
any Iipid or fat which is suitable for use in infant fornulas. Preferred
fat sour c@@MPHN&de hi gh ol ei ¢ sunflower oil and high ol eic safflower oil.
The essential fatty acids linoleic and a- 5 linolenic acid nay al so be
added as may snmall amounts of oils containing high quantities of preforned
ar achbdonin ca et dudner depedctaltiba deveritonaekignsactio asmeirsdd dor menlpreﬁentiobi at

oils. at cont . i s.preferably such as ut e b t ween
30 1o ssddtTehkof GekpoeREnafFoens itersthatel Nt dsed fisredl BHBREFSERY has
a ratio Qfedksof freN- i é&hﬁl)btsé’{r'a@fﬁmﬁﬂ‘ste% to ﬁtehrﬁf@nﬁ%oﬂ'feréﬁetﬂtlc éﬁ\buﬁ%%‘lﬂ%ﬁ e
about 8:1 to about 10: O The infant formula may al so contain

vi t am ns naltiitioniahecampositider sooodristhdhe pudenticabatcten&ardhim ijk cﬂaegloamlla n
nutritioEﬁ%%¥ éynflcant anounts. M ni mum requirements have been

establis '%ertain vitanmns and minerals. Exanpl es of m neral s,
vitanpns and other nutrients optionally present in the infant fornula
include 15 vitamn A vitamn Bl, vitamn B2, vitamn B6, vitamn Bl2,
vitam n H) mmmﬁllﬁnKnllhltheﬁahpftasa/g@%@mhy BCCq’lmthfO%téiandl | tand, 'Srmal@i}h
Dot v RRMBAOET0 1AGh RerRR! iy FARe LAY, RAGERADKBLS o) WltBEN thlPBnd
nmagnesi um opper ese ori de t'ass u I eni

chr om umcomplgbtigids il %t @fuotatéat) afrdglyceades eymteeslkedem ate;smbetmeudﬂ)masmdded
in salt form The Rresence and anount ecific 20m nerals_and. o

vitam ns r@\]i'W'URP‘a‘?f 8&6@%‘5‘@% %Y?Q'hre(?‘?'h@%atﬁ inte éﬁfgeﬂfﬁgie&ﬁi waich mfgrate tO

h
e say 1 Xne ppftel Blatha REMBIMATBY RPBLR, THEMHE rofets 3eh PLER gty
like. Thlpsogresewpb'cbextdryetelmaetcmed infthe meemtoramng af ihe pmvrndedgiandlepjthedal

f 25 T i nf f h whi ch
oy hace CENBen D 856 mElrale TotuABa T de &0 MR LK REdREITE notictos
and {he I5ekforcRrioy efcBbyis. B bBNRR! tHORTH i HI00IBATBRISEReS. PTRBI Mk dat

Suitabl e prebiotics include 30 certain oligosaccharides, such
f ruct ool ggtm&ecmmtueee( FaEpingn ¢ pgslifie g tysiopgotsins rsachmla(qeoieyrmAmucms

frucch of faadaethafifel e BiTRe.8dE% ARulies 8o P Ty Hatdr 1S en 87

BeneoO PYhycarodBdsepHblipids sh€ BpAhdonpidy adeay of ehssaioei@hohbatd &rR0sredBhKin
BeneoO HP, ST or HSI. WO 2011/0 9987PCT/ EP2010/ 069016 15 A particularly

pr ef er r edupI@HMKiiE Mushighet cancestragansthas iglaqydgaddkar i de(s), N

acetyl ated ol igosaccharide(s) and sialylated oligosaccharide(s) in which
the N- acetyl ated oligosaccharide(s) conprise 0.5 to 4.0% of the

ol i gosacdﬂrmriureemtenetzmepf @r(ounetuwwahttbecbioisgoeasurstmrthdeeéxaél octcbmgusmt&bsé to

98. 5% of the osa charide m xture and the ted ol i cchari de(s)
corrp??se Propi 0?' Ny WiKlehy feHoRsFRIGd @ePr %&tﬁ*gee oghpgal ?ﬁqthn§ an

her ei naf I r i t a

conposi t t%ﬁett%ﬂ'tt@é accoﬁ%'f'n%@@egéféﬁfﬁﬁen% Ahiopl ey #tt%fr'ﬁ‘ QER uSEG 200
wt % of t ipgopiodtetrasal sptesiblontlsdhmmalpeeity)mo adheye tmthemtesisia mucdsa.héhis

proviso that the 10.co 03| 0 es at ast 0.02 wt % .

N acery) A4EE%T e aBentner BlackEbEs Po3eR achBfcs iaut ehesr Bhuaing i de

and at | epstecivdfmmblediinaionsal yl ated ol i gosaccharide. Suitable

N-acetyl ated ol i gosaccharides include Gal NAcal, 3Galr31,4d ¢ and 15
Gal r 39, 6Gal NAcal, 3Galr31,4 A c. The N-acetyl ated ol i gosacchari des may be

R acet yi of SeodBsrtarBlhiRb 4HedfR B0 56 AR i RIOSTR RSl
transfer arsteetuﬁétoemthdﬁaacelts/klﬂi)ymmvb trreapfésenawsentm b%ru@@d tfn@rmilhlfét
pur pose. The N-acetyl ated oli %(r)saccharl des may al so be produced

f er ment adlefyle éfdﬁm@'facﬁ’@y ) gca Wﬂéemwm?ﬂﬁe@ef@ﬁ&%'ﬁﬁf@ﬁﬁﬁscﬂf intact
natural) rﬁél%PJq C QDI alsru iBRNEAlth&Mm del trBﬁ gemt?sss%uhae (ELEiakes may
ei t her express eir natura enzynes an ate engineered to
produce respective substrates and enzynes. Single m crobi aI cultures or

m xed cultures nay be used. N-acetyl ated ol i gosaccharide formation can be
initiated by acceptor substrates starting fromany degree of polynerisation
(DP) from 25 DP 1 onwar ds. Anot her opt| on |s the chem cal ~conver 5| on of

. o o o o o v o o



16 (2181, 6Gal81, 64 c, Gal81, 3Gal81, 4G ¢, Gal 81, 6Gal181, 6Gal8l, 4d c,

Gal81, 6Gal81, 3Gal81,4d ¢ and Gal 81, 3Gal181, 6Ga181,4d ¢, @181,4&A181,44 ¢c
and Gal8IwWoCaldh998EGal81l, 4G ¢ and m xtures thereof are cecwmEPedialobyp16

avai |l abl e under the trade marks Vivinal 8(r) and Elix'or (r). Oher
suppliers of oligosaccharides are 5 Dextra Laboratories, Sigma-Aldrich
Cem ¢, CHH AR 6t ke dROKEs OFne deddlordbbBLaly t%eécrrge%% ihé MFaM
glycoslytra erases, such a$§ galactos rans ases na sed tToO produce

neutral endgostafromatiedHSC chltiured! ¢n supbwtajfetdmlslg@wa@marogrephs of lbogne
NeuAcaz2, 3Gal81,4d ¢ and 10 NeuAcaz, 6Gal81,4d c. These si alé/
ol i gosacM%@Mé%V%)}hSé)ri%SPﬁ?éd Wtéﬁﬁb%@@gmamﬁ'eso@eﬁ ji L,Jr@“‘}))nWﬂhout

technol ogysfing T beNiBhuchby B arBYs o8 A0k TBLs Bbldie 18k bRERRG! uiRkiKg theY

nmay also oduc gy using specific sitalyltransteraSes

ei t heb bprarmrmsutﬁmdof eactenicaad ndor teein congmpngntecatibnnéme otk fettgloblle
enzymes) or m cr obi fermentatio hnol .0 n the | at cas

o) oben MEmBIAIEL Rg AsiHPREdre Ree Ttk T i ERSbiab comgosRhls Frbl8foneray
be engi ”%%rs%rﬁt@sﬂh@ﬂé‘&ﬁehﬁwe‘fﬁeﬁl&?hbﬁ €5 apBFoH rﬂﬂf-“es # th@! Bucosal

m crobi al” cultures or mxed cultures may be used. Si a yl -ol i gosacchari de

f or mat i ortisga@s bétherﬁuqkane@ebyat@caecﬂ)ttogetmbg\tllrha@teer acmrsnn@he Nl fahglothotyr ee

of DO THATHARE (P RR BB rochedl i o Hyobiaid A e

prepaped R¥obibadE onWIRCREARE bréBl6ties @a@srto%ﬁi!éﬁt@atldrh(% @f ko A @bensnsiare,
and the fat source in approE riat eagﬂcoportr ons. |f use e enulsifiers may
Qfi N

be i ncl ugdl@cisnseaieugng pHobi aiglabigle mermpeans ﬁlﬁy‘ebe added at this
poi nt but are usually added later to avoid thermal degradation. Any

l'i pophilic vitamns, emulsifiers 25 and the |like may be dissolved into the
fat sour d'erepmneeentmvéhtmrdre\@als\/ia‘ﬁmhne mc&fr%t&iy propattes ohiVIEGM &rs abamretron

subjected to reverse osnosis, mxed in t oformalr

m xture. WFHepF@*é;'Qrt'&Sn‘ifB&tLﬁ@ %yo'ﬂﬂérrh%cprréd R @9h'terV&Qt B3NS h%wu@w'dual
undesi re f rs be
r api y ﬁ?a Balrﬁ%%g&ie: Prg(r/gt%grdéglé‘%%magv%r ange o outprlé)'(sﬁédl é&%&ﬁﬁ%ﬂ%yfor

about saeedmﬂb reoogbrsred o madvarbesefiTial :eﬂim:ys be h:@alth etdemprotbefctdteaaffects
i nj t' by .heat h f I te heat h -

2011/ 060GPRS] ES3010R DAOGTE 1 RIS QUN M2 e Pk Bals BE> S081RaEo
about 60¢CheuaRflkt §5§oof7?rrrﬂa%afmé RoBYerldtidpbricd&f syiergy 'b%t\,l/ééhltrﬂa Plobidtce

may t hen be honpgeni zed or exanple In two stages at about MPa t o about
40 MPa i andni¥dFG Qbseltvagen érmipe&s@nt inventan coulghmithave bgea Qrﬁdtclt@ second

sta zed..m e f r . t n heat
enar?i vaTeomsonn SERu tothfs B hRZoaingl b PLcSORHES st R e
content @ne hendena@EM iz 60 pidirdlansmeaestyasigealsl and bardendnzadiimit tisyue
poi nt . The honogeni zed m xture is transferred to a suitable drying
appar at uéﬁaé’ﬁéﬁe%mao@dh@oﬁ}ﬂrel’r‘a@@ §Hearee 31 M Lo aRldP EeEéioneBY tiB CHRARIAN.
The owd t 5

aht - PreSDEHeR, SEREe oA BV FucSRhelsely: IS sk BRReRE ht S ™Mningun o
rret hod amdobiotiganeith Wewmadsom acpnylsmlogfoarhtsyhergwba pbymiotiagzaistingt ingt or

spray- dryr ng for exa ternatively, bacterj al e arations can
bougH? f#@%@@” fy egh@@lﬁm\gﬁ@stegﬁ’t% RERV @%Hn p@,t,%c mngﬁa
al ready a t f O S
ot ant Ol o hpfindre €t dthiic it Y orBHIANES BTGPty At S e
pr epar at irespdresiesrie diffgrengtisstie srtdsl emnid ditferiedt bell h,cpasg‘emmztbdse targatedr by the

associ ati.on bet ween M- obi otics and r obi ot r dryin he
bi ond carl el ESReSaH oo s esygy e sorRaRratons B LriivaEo!

m xed to|i,8rpibidtieovtang irEStM A itthsRBWOREI a@dhyﬁ@ﬂrﬁ@w?r@oreﬁw sndyer Mered
by dry mxing, formng a specific blend. This blend could be added together
in tR8 fiatachmenata spegifitintegioatsites maydenimpgpyed.ne bl end can be added
extenporary to the liquid formula. 25 MFGM preparation could al so be added
during fornmul a process before honbgeni zati on and pasteurization / heat

t r eat mentThet grieskhe imvention exteddstie tuseadMARGM @hdaprobitice té i %ﬁfﬁér%sp@ct@bf
drying the probiotic could be incorporated by dry m xi ng preparation

coul d al wt@@reehén%rer%orwuahgafoanw Matathlion | FEriheamPEuBBCEHDe CO-
| sif d t
composi t PRATERRRdY BRPEBNES ekl WO (Al I, My e, fiEpmmatory

preparations care added separately or toget her to a ready to-drink or
ready-to-dilute nutritional conmposition such as a powder infant formula.
Such addition(s) can occur during one of the |ast process steps of the
manuf act uri ng/ packagi ng of the conposition or can occur just before the use



WO 2011/ 069987PCT/ EP2010/ 069016 18 and/or the probiotic preparation can be
provi ded separately fromthe powder or liquid nutritional conposition.
Exanpl e Iwo2oAmeedsanpl e of the conposition of an infant pComrria/cemeor di ng
to the present invention is given below{table 1). This conposition is
given by way of illustration only. Table 1: Infant fornula according to the

| e Ses AOKGRNHEE b o S yEBl e (AP TRAEES ol o)
101 675 limetoisk populdibnd inéspediveonbge ( s Budh, R nfayNaof ba)ne2@s3af that a
product containing such ingredients be the sole source of nutrition during the period
of administration
5 Mechanistically it can be hypothesized, for example, that MFGM is a significant
source of lipids to the infant and that certain bacteria may increase the expression of
molecules involved in lipid absorption. It follows that it should be possible to produce
similar beneficial effects in formula-fed infants by supplementing the formula with
probiotics and milk fat globule membrane. The probiotics can be pre-blended with
10 MFGM before addition to the composition or the two preparations (probiotics, MFGM)
can be added separately to the composition of the invention.

Preferably, the nutritional composition of the invention is an infant formula. The
composition can be a children’s food, liquid, semi-liquid or solid, especially for

15  children between 0 and 7 years, or between 0 and 3 years. The composition can be a
baby cereal. The composition of the invention can also be targeted to adolescent and
adults suffering from particular physio-pathological conditions, especially those in
need and/or having compromised gastro-intestinal systems and/or compromised
immune / defense systems.

20
The probiotic is present in the formula in an amount equivalent to between 10° and
10" cfu/g of dry composition. The bacteria may be used live, inactivated or dead or
even be present as fragments such as DNA or cell wall materials. In other words, the
quantity of bacteria which the formula contains is expressed in terms of the

25 equivalent colony forming units of bacteria irrespective of whether they are, all or
partly, live, inactivated, dead or fragmented Preferably the probiotic is present in an

amount equivalent to between 10" to 10" cfu/ g of dry composition.

The probiotic bacterial strain may be any lactic acid bacteria or Bifidobacteria with
30 established probiotic characteristics. The probiotic of the invention may be any
probiotic bacterium or probiotic microorganism (“probiotics”), especially of human
origin, in particular probiotics that have been or can be originated from, found in,
extracted or isolated from milk upon excretion, preferably in human breast milk.

Suitable probiotic lactic acid bacteria include Lactobacillus rhamnosus ATCC 53103



K (mg) 89 590 d (ng) 64 430 Ca (ng) 62 410 P (ng) 31 210 My (nmg) 7 50 Mh
(pg) 8 50 Se (pg) 2 13 Vitamn A (pg RE) 105 700 Vitamn D (pg) 1.5 10
Vitam n BvOrzg11ii6y9s0. 8 5.4 Vitamin K1 (pg) 8 54 PCT/EP2010/069016

10

obtainable inter alia from Valio Oy of Finland under the trade mark LGG,
Lactobacillus rhamnosus CGMCC 1.3724, Lactobacillus reuteri ATCC 55730 and
Lactobacillus reuteri DSM 17938 obtainable from Biogaia, Lactobacillus fermentum
VRI 003 and Lactobacillus paracasei CNCM 1-2116, Lactobacillus johnsonii CNCM I-

5 1225, Lactobacillus helveticus CNCM 1-4095, Bifidobacterium breve CNCM [-3865,
Bifidobacterium longum CNCM 1-2618

Suitable probiotic Bifidobacteria strains include Bifidobacterium longum ATCC BAA-
999 sold by Morinaga Milk Industry Co. Ltd. of Japan under the trade mark BB536,

10  the strain of Bifidobacterium breve sold by Danisco under the trade mark Bb-03, the
strain of Bifidobacterium breve sold by Morinaga under the trade mark M-16V and the
strain of Bifidobacterium breve sold by Institut Rosell (Lallemand) under the trade
mark R0O070. A particularly preferred Bifidobacterium strain is Bifidobacterium lactis
CNCM 1-3446 which may be obtained from the Christian Hansen Company of

15 Denmark under the trade mark Bb12. A mixture of suitable probiotic lactic acid
bacteria and Bifidobacteria may be used.

A variety of ingredients enriched in MFGM are commercially available. MFGM can be
present in cream, buttermilk and whole milk. For product development use, buttermilk
20 fractions are the source most often used due to their relatively high concentration of
MFGM components. Examples of commercially available buttermilk products include
buttermilk (product code 26048) from Land O’Lakes, Inc. MN, buttermilk protein
concentrate fractions from Fonterra Cooperative Group (Auckland, New Zealand); a
phospholipid-rich fraction derived from MFGM from the Fonterra Cooperative Group
25  Ltd. (Auckland, New Zealand); buttermilk from Bullinger Butterei (Bullingen, Belgium),
Foster Farms Dairy (Modesto, California), Dairy America Inc. (Fresno, California),
Dairy Farmers of America (Kansas City, MO); First Milk Ingredients Limited, Paisley,
UK and Laban Up products of Gulf & Safa Dairies, United Arab Emirates. However,
whey protein fractions enriched in MFGM are also commercially available.
30 Examples include LACPRODAN ® MFGM-10, a whey protein fraction enriched in
MFGM produced by Arla Food Ingredients amba, Denmark. Other examples of
material may include Promilk 602 E from Ingredia Lacto prosperité AG (Ingredia SA ,
Arras France), and from any suppliers containing MFGM (at least 1.5% of MFGM

components; in order to be able to adjust the amount of MFGM to total protein).
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Depending on the whey protein casein ratio (50/50, 70/30) in the infant formula, one
source of MFGM casein based or milk based such as butter milk or Promilk 602E can

be mixed in respect with this ratio with a whey protein.

The MFGM can comprise proteins, gangliosides and/or phospholipids or combination
thereof.

The MFGM may originate from butter milk , butter milk fractions, defatted butter milk,
delactosylated buttermilk, buttermilk fraction obtained by microfiltration, or
ultrafiltration, fractions recovered from whey protein concentrate, sweet whey, acid
whey, whey cream or fat associated fraction from whey containing phospholipids;
and/or wherein said MFGM comprises sphingomyelin, phosphatidyl ethanolamine,
phosphatidylcholine, phosphatidyl inositol, phosphatidyl serine, Cholesterol,
gangliosides, Mucin1 (MUC 1), Xantine-oxidase/dehydrogenase, Periodicacid Schiff
(PAS Il1), CD36, Butyrophilin(BTN), ,Adipophilin(ADPH), PAS 6/7, Fatty-acid binding
protein(FABP), lactoferrin, lactaldherin, Butyrophilin,  Adipophilin,  peptide
ETTVFENLPEK (SEQ ID: 1), peptide SFQLFGSPPGQR (SEQ ID: 2), peptide
GSNFQLDQLQGR (SEQ ID: 3), peptide FQFIQVAGR597 (SEQ ID: 4), peptide
IFIGNVNNSGLK (SEQ ID: 5), peptide INLFDTPLETQYVR (SEQ ID: 6), peptide
TPLPLAGPPR (SEQ ID: 7), peptide EGQEQEGEEMAEYR (SEQ ID: 8), peptide
SELLVDQYLPLTK (SEQ ID: 9) or combination thereof.

In one embodiment the composition of the invention comprises proteins able to bind
to the probiotic.

The MFGM and the probiotic of the invention can interact together at the biological
level. In particular, the MFGM can enhance or promote the biological effect of the
probiotic. In one embodiment the MFGM enables the probiotic to have a biological
effect that it would otherwise not have in the absence of MFGM. In one embodiment
the MFGM and probiotics could have a synergistic effect in that the beneficial
biological effect of the probiotic will be increased. Such a biological effect can
comprise the effect on the maturation of the immune system and/or of the gut, the
promotion of the anti-infection effect and/or the reduction of inflammation.
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and mixtures thereof may be used as well as protein sources based on soy. As far
as whey proteins are concerned, the protein source may be based on acid whey or
20 sweet whey or mixtures thereof and may include alpha-lactalboumin and beta-

lactoglobulin in whatever proportions are desired.

Preferably, however, the major protein source is based on modified sweet whey.
Sweet whey is a readily available by-product of cheese making and is frequently
25 used in the manufacture of infant formulas based on cows’ milk. However, sweet
whey includes a component which is undesirably rich in threonine and poor in
tryptophan called caseino-glyco-macropeptide (CGMP). Removal of the CGMP from
sweet whey results in a protein with a threonine content closer to that of human milk.
This modified sweet whey can then be supplemented with those amino acids in
30 respect of which it has a low content (principally histidine and tryptophan). A process
for removing CGMP from sweet whey is described in EP 880902 and an infant
formula based on this modified sweet whey is described in WO 01/11990. Using
modified sweet whey as the principal protein in the protein source enables all

essential amino acids to be provided at a protein content between 1.8 and
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of the protein source.

The proteins may be intact or hydrolyzed or a mixture of intact and hydrolyzed
10 proteins. It may be desirable to supply partially hydrolyzed proteins (degree of
hydrolysis between 2 and 20%), for example for infants believed to be at risk of
developing cows’ milk allergy. If hydrolyzed proteins are required, the hydrolysis
process may be carried out as desired and as is known in the art. For example, a
whey protein hydrolysate may be prepared by enzymatically hydrolyzing the whey
15 fraction in one or more steps. For an extensively hydrolyzed protein, the whey
proteins may be subjected to triple hydrolysis using Alcalase 2.4L (EC 940459), then
Neutrase 0.5L (obtainable from Novo Nordisk Ferment AG) and then pancreatin at
55°C. Alternatively, for a less hydrolyzed protein, the whey may be subjected to a
two-stage hydrolysis using trypsin, chymotrypsin or pancreatin or mixtures thereof as
20 described in EP 322589. If the whey fraction used as the starting material is
substantially lactose free, it is found that the protein suffers much less lysine
blockage during the hydrolysis process. This enables the extent of lysine blockage to
be reduced from about 15% by weight of total lysine to less than about 10% by
weight of lysine; for example about 7% by weight of lysine which greatly improves the
25  nutritional quality of the protein source. In one embodiment of the invention, the

MFGM preparation is subjected to the same proteolytic treatment.

An infant formula according to the present invention may contain a carbohydrate
source. Any carbohydrate source conventionally found in infant formulas such as

30 lactose, saccharose, maltodextrin, starch and mixtures thereof may be used although
the preferred source of carbohydrates is lactose. Preferably the carbohydrate
sources contribute between 35 and 65% of the total energy of the formula.
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versi on 9lucoseiidier Bhage ylg_a actose. Equally, N-acetyl-ga actosyl transferases and/or
N-acetyl-glycosyl transferases may be used for this purpose. The N-acetylated
oligosaccharides may also be produced by fermentation technology using respective
20 enzymes (recombinant or natural) and/or microbial fermentation. In the latter case
the microbes may either express their natural enzymes and substrates or may be
engineered to produce respective substrates and enzymes. Single microbial cultures
or mixed cultures may be used. N-acetylated oligosaccharide formation can be
initiated by acceptor substrates starting from any degree of polymerisation (DP) from
25 DP=1 onwards. Another option is the chemical conversion of keto-hexoses (e.g.
fructose) either free or bound to an oligosaccharide (e.g. lactulose) into N-
acetylnexosamine or an N-acetylhexosamine containing oligosaccharide as
described in Wrodnigg, T.M.; Stutz, A.E. (1999) Angew. Chem. Int. Ed. 38:827-828.

30 Suitable galacto-oligosaccharides include Galp1,6Gal, Galp1,6Galp1,4Glc
GalB1,6Galp1,6Glc, GalB1,3Galp1,3Glc, GalB1,3Galp1,4Glc,
GalB1,6Galp1,6Galp1,4Glc, Galp1,6Galp1,3GalB1,4Glc Galp1,3GalB1,6Galp1,4Glc,
Galp1,3Galp1,3Galp1,4GIc, Galp1,4Galp1,4Glc and Galp1,4Galp1,4Galp1,4Glc.
Synthesised galacto-oligosaccharides such as Galp1,6Galp1,4Glc
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Galp1,6Galp1,6Glc, Galp1,3Galp1,4Glc, Galp1,6Galp1,6Galp1,4Glc,

GalB1,6Galp1,3GalB1,4Glc and GalB1,3Galp1,6Galp1,4Glc, Galp1,4GalB1,4Glc and
Galp1,4Galp1,4Galp1,4Glc and mixtures thereof are commercially available under
the trade marks Vivinal ® and Elixor ®. Other suppliers of oligosaccharides are

5 Dextra Laboratories, Sigma-Aldrich Chemie GmbH and Kyowa Hakko Kogyo Co.,
Ltd. Alternatively, specific glycoslytransferases, such as galactosyltransferases may
be used to produce neutral oligosaccharides.

Suitable sialylated oligosaccharides include NeuAca2,3GalpB1,4Glc and
10 NeuAca2,6Galp1,4Glc. These sialylated oligosaccharides may be isolated by
chromatographic or filtration technology from a natural source such as animal milks.
Alternatively, they may also be produced by biotechnology using specific
sialyltransferases either by enzyme based fermentation technology (recombinant or
natural enzymes) or by microbial fermentation technology. In the latter case microbes
15 may either express their natural enzymes and substrates or may be engineered to
produce respective substrates and enzymes. Single microbial cultures or mixed
cultures may be used. Sialyl-oligosaccharide formation can be initiated by acceptor
substrates starting from any degree of polymerization (DP) from DP=1 onwards.

20  The infant formula may be prepared in any suitable manner. For example, an infant
formula may be prepared by blending together the protein source, the carbohydrate
source, and the fat source in appropriate proportions. If used, the emulsifiers may be
included in the blend. The vitamins and minerals may be added at this point but are
usually added later to avoid thermal degradation. Any lipophilic vitamins, emulsifiers

25 and the like may be dissolved into the fat source prior to blending. Water, preferably
water which has been subjected to reverse osmosis, may then be mixed in to form a

liquid mixture.

The liquid mixture may then be thermally treated to reduce undesired viable bacterial

30 loads. For example, the liquid mixture may be rapidly heated to a temperature in the
range of about 80°C to about 110°C for about 5 seconds to about 5 minutes. This
may be carried out by steam injection or by heat exchanger; for example a plate heat
exchanger.
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The liquid mixture may then be cooled to about 60°C to about 85°C; for example by
flash cooling. The liquid mixture may then be homogenized; for example in two
stages at about 7 MPa to about 40 MPa in the first stage and about 2 MPa to about
14 MPa in the second stage. The homogenized mixture may then be further cooled
to add any heat sensitive components; such as vitamins and minerals. The pH and

solids content of the homogenized mixture is conveniently standardized at this point.

The homogenized mixture is transferred to a suitable drying apparatus such as a
spray drier or freeze drier and converted to powder. The powder should have a

moisture content of less than about 5% by weight.

The selected probiotic(s) may be cultured according to any suitable method and
prepared for addition to the infant formula by freeze-drying or spray-drying for
example. Alternatively, bacterial preparations can be bought from specialist suppliers
such as Christian Hansen and Morinaga already prepared in a suitable form for
addition to food products such as infant formula.

The selected probiotic may be blended to any MFGM preparation before drying. This
blend could be homogenized to favor association between MFGM, probiotics and
probiotic (s). After drying the blend can be used as a module (added to liquid
formula) or MFGM can be mixed to formula powder.

Probiotic powder and MFGM powders could be mixed by dry mixing, forming a
specific blend. This blend could be added together in the final infant formula powder.
Alternately the blend can be added extemporary to the liquid formula.

MFGM preparation could also be added during formula process before
homogenization and pasteurization / heat treatment sterilization up to UHT treatment
for a liquid formula. After drying the probiotic could be incorporated by dry mixing
MFGM preparation could also be considered as a good natural emulsifier to reduce
the emulsifiers conventionally used in Infant Formula or nutritional compositions. In
one embodiment the probiotic and/or the MFGM preparations care added separately
or together to a ready-to-drink or ready-to-dilute nutritional composition such as a
powder infant formula. Such addition(s) can occur during one of the last process
steps of the manufacturing/packaging of the composition or can occur just before the

use of the composition by the intended user. In such instance the MFGM preparation
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and/or the probiotic preparation can be provided separately from the powder or liquid

nutritional composition.

Example 1
5 An example of the composition of an infant formula according to the present

invention is given below (table 1). This composition is given by way of illustration
only.
Table 1: Infant formula according to the invention

Nutrient per 100kcal | per litre
Energy (kcal) 100 670
Protein (g) 1.83 12.3
Fat (g9) 5.3 35.7
Linoleic acid (g) 0.79 5.3
a-Linolenic acid (mg) 101 675
Lactose (9) 11.2 74.7
Minerals (g) 0.37 2.5
Na (mg) 23 150
K (mg) 89 590
Cl (mg) 64 430
Ca (mg) 62 410
P (mg) 31 210
Mg (mg) 7 50
Mn (ug) 8 50
Se (Mg) 2 13
Vitamin A (ug RE) 105 700
Vitamin D (ug) 1.5 10
Vitamin E (mg TE) 0.8 5.4
Vitamin K1 (ug) 8 54
Vitamin C (mg) 10 67
Vitamin B1 (mg) 0.07 0.47
Vitamin B2 (mg) 0.15 1.0
Niacin (mg) 1 6.7
Vitamin B6 (mg) 0.075 0.50
Folic acid (ug) 9 60
Pantothenic acid (mg) 0.45 3
Vitamin B12 (ug) 0.3 2
Biotin (ug) 2.2 15
Choline (mg) 10 67
Fe (mg) 1.2 8

| (Lg) 15 100
Cu (mg) 0.06 0.4
Zn (mg) 0.75 5
Bifidobacterium lactis 2.10" cfu/g of powder,
CNCM 1-3446 live bacteria
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Nutrient per 100kcal | per litre
MFGM: Lacprodan MFGM 10 from Arla Food | 4% (w/w)

Ingredients (Arla Foods Ingredients amba,
Skanderborgvej 277, 8260 Viby J (Denmark).

Alternatively, in another example, the MFGM ingredient can be used in such amount
to achieve a ratio MFGM/ total protein of 0.5%.

Example 2
The following example presents scientific data developing and supporting the

concept of interactions between probiotics and MFGM in mammals breast milk. It
follows that compositions comprising both MFGM and probiotics present an
advantageous effect.

In is known from prior art that a low dose of micro-organisms and a range of microbial
DNA are contained in human breast milk and are associated with the milk cellular
compartment. The inventors have herewith hypothesized that bacteria in milk may
be associated with other milk compartments besides the cellular component. For
example, they may be transported within the MFGM or casein micelles. The
inventors have analyzed the presence of microbial DNA signals in various fractions of
mammals’ milk. In Figure 1 and 2, temporal Temperature Gradient-gel
Electrophoresis (TTGE) has been used. The experiments detected that strong
bacterial DNA signals were also found in the cream fraction of the milk (Figures 1 and
2). The finding supports the concept that the MFGM contains bacterial components
and/or that the MFGM may bind to or ‘envelop’ the bacteria in the milk.

Further the inventors have investigated the transportation of microbial load. Figure 3
shows microbial components co-located with MFGM. The inventors hypothesize that
bacterial binding to or encapsulation of bacteria and/or their components within the
MFGM, may facilitate transport of the microbial components through the
gastrointestinal system The inventors believe that this may enhance their delivery to
appropriate sites in the mucosal tissues of the suckling neonate. Together with other

factors in the MFGM it may further modulate immunological processes.

Example 3
Proteomics studies of the human MFGM both internally and externally, have

identified several proteins which are considered to influence bacterial growth or
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survival, are involved in the recognition of and/or response to microbes or their
components, or are known to interact with other proteins which do so. For example,
Toll-like receptors (TLRs) are a class of cell membrane receptors that recognise
structurally conserved molecules derived from microbes and activate immune
5 responses. They are believed to play a key role in the innate immune system. The
MFGM comprises molecules which are co-receptors/molecules of TLR signalling
complexes as well as potential ligands for these complexes.
Differential responses to pro-inflammatory factors have been observed in vitro,
suggesting that the MFGM and/or MFGM fractions may support immune defense

10  mechanisms without promoting exaggerated responses (see table 2).

Peripheral blood Intestinal
mononuclear cells | epithelial cells
Fraction

NF-xB

IFN- LPS- activation

induced | induced
IL-12p70| TNF-a | TNF-induced

MFGM ! 4 1
MFGM
Digest - T T

Table 2 : Effect of various fractions containing MFGM (whole or digest) on the
expression of factors, showing up-regulation or down-regulation.
15
Taken together, it is plausible that delivery of bacteria and/or bacterial components in
the presence of MFGM may influence the composition of the intestinal microbiota. It
could further modulate immune responses in the recipient host such that there is
tolerance to components of the normal microbiota and dietary antigens and
20  protection against potential pathogens or danger signals.
Combinations of MFGM and/or MFGM fractions with probiotic organisms and/or
microbial components could be used to educate the immune system and provide
protection against early life infections.
Overall, MFGM and/or MFGM fractions, when associated with probiotics and/or
25  probiotic components, could promote the interaction of probiotics with the host and

modulate downstream processes involved in defense mechanisms. The inventors



5 10 <210> 6 <211> 14 <212> PRT <213> Unknown <220> <223>

pepti de

10

15

20

25

30

<400> 6 WO 2011/069987 Il e Asn Leu Phe Asp Thr
WO 2011/069987 PCT/EP2010/069016

21

believe that MFGM and/or MFGM fractions, in combination with probiotics and/or
probiotic components, may help modulate the neonatal microbiota composition,
support immune development and trigger efficient protective host defense reactions.
This can include immune responses, against various pathogens or other
environmental danger. This can be linked to capacity of the probiotics to confer
optimal delivery to the host and/or promote host responsiveness to exogenous and
endogenous signals.

Example / Experimental data 4.

The Interactions of MFGM fractions with the host and potential synergistic effect with
probiotics was evaluated in vitro in a system mimicking the gut mucosa (figure 4).
The data support a beneficial effect of a combination of MFGM and probiotics on host

defences against infections and modulation of inflammatory conditions.

HT29CI34 NFKB reporter assays:
The HT-29 (human colonic epithelial cells) cell line expresses endogenous TLRs.

TLR signalling activates the NF-kB transcription factor either through MyD88 or TRIF
adaptator proteins and leads to expression of inflammatory genes. HT-29 cell lines
were also transfected with a reporter construct, such that the secreted alkaline
posphatase (SeAP) is expressed under the control of a NF-kB inducible promoter.
This transfected cell line, HT-29CI34, has been developed at the Nestlé Research
Center. TLR stimulation of these cells leads to NF-kB activation and subsequent
secretion of alkaline posphatase into the culture supernatantin To assess TLR-
mediated inflammation, the HT-29CI34 reporter gene system was used to measure
levels of NF-kB activation after a pre-treatment with Bifidobacterium lactis NCC2818
(B. lactis) at 10e® or 10e” CFU/mL and / or MFGM preparation at 50 ug/mL or 100
ug/mL final, followed by incubation with or without LPS (100ng/mL). SeAP activity
was assessed by a fluorometric assay and expressed in relative fluorescent units.
Bifidobacterium lactis NCC2818 (B. lactis) was selected as a representative of the
bifidobacterial species that are important early colonizers of the infant gut. Figure 5
shows the cumulative, synergistic effect obtained by combining MFGM and
probiotics in this modelMFGM alone decreases the responsiveness of epithelial cells
to an endotoxin challenge. MFGM + probiotics (B. /actis) exhibits a stronger effect

than MFGM alone or probiotics alone (Figure 5 upper and lower panels).
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B and T cell stimulation assays:

Lymphocyte suspensions were prepared from pooled mesenteric and inguinal lymph
nodes isolated from 6-8 week old C57BL/6 mice. Cells were suspended in IMDM
culture medium supplemented with 5x10° M B-mercaptoethanol, 1 mM glutamine,
100 U/mL penicillin, 100 kg/mL streptomycin and 10% FCS. For anti-CD3 (T-cell
specific) and anti-CD40 (B-cell specific) stimulation, 96-well flat-bottom plates were
coated with 50 L PBS containing 2.5 ug/mL anti-CD3 (clone: 2C11) or 5 ug/mL anti-
CDA40 (clone: FGK-45) 1-3h at 37°C. After extensive washing, serial 3-fold dilutions of
lymph node cell suspensions were added per well. After 3 days, 1 LCi/well 3H-
thymidine was added for the last 18 h prior to harvesting. When said NCC2818 (B.
lactis) obtained from standard cultures were added to the well together with the
MFGM preparation at MOl 100 and/or 100 ug/mL final concentration . Results of the
assay performed with optimal titration of lymphoid cells (111°000 cells/well) are
presented in Figures 6 and 7. The results highlight the synergistic effect of a probiotic
with MFGM.

Example 5
The interactions of MFGM fractions with the host and potential synergistic and long

lasting effects in association with probiotics were evaluated in vivo in a mouse model
of neonatal maturation. The data support a beneficial effect of a combination of
MFGM and probiotics on non-specific adaptive host defences against infections via

an increase in secretory mucosal IgA.

Recently weaned mice (28 day old) were fed for 1 week (A) and 4 weeks (B) as
below:

Group 1: Placebo (maltodextrin)

Group 2: Bifidobacterium lactis BL818 (108 CFU/day)

Group 3: Bifidobacterium lactis BL818 (108 CFU/day) + MFGM

Group 4: MFGM

MFGM was administered daily at a dose of 0.6 mg/g of body weight. The ingredients,
B. lactis and/or MFGM, were administrated orally. Recently weaned animals were

used to avoid an effect of the MFGM naturally present in mouse breastmilk.
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IgA-secreting cell numbers in Peyer's patches cell suspensions were evaluated in 10
animals per group using a standard ELISPOT protocol. Our data (figure 8) show that
MFGM can have strong effects on adaptive immune B cells. Indeed, we observed a
significant increase in the number of intestinal IgA-secreting cells isolated from the
Peyer’s patches of mice fed with MFGM and/or probiotics. Interestingly, we observed
that the combination of MFGM and B. /actis significantly increases the IgA-secreting
mucosal B cells numbers after 28 days of feeding and the numbers are greater than
those observed after feeding of the individual ingredients. Even more interestingly,
we observed a long-lasting immune boost effect of MFGM and B. /actis feeding. More
specifically, the increase in IgA-secreting mucosal B cell numbers persists and
indeed, is further increased 84 days after feeding of the ingredients was stopped (day
112). Importantly, the effect of the combination of probiotics and MFGM was
significantly higher than that obtained with the individual ingredients, which
demonstrates a synergistic effect when feeding the combination of probiotics and
MFGM.
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CLAIMS

1. A nutritional composition comprising a probiotic and Milk Fat Globule
Membrane (MFGM) wherein said MFGM enhances the biological effect of said
5  probiotics.

2. The nutritional composition of claim 1 wherein said composition is an
infant formula, infant cereal, baby food or a health care nutritional product for patients
in needs.
10
3. The nutritional composition of any of the preceding claims wherein said
biological effect comprises promoting immune maturation, reducing inflammation,
treating or preventing diseases or infections, enhancing gut comfort, reducing colics,
enhancing or regulating sleep or sleep patterns, reducing regurgitation, enhancing
15  digestion, reducing constipation or combinations thereof.

4. The nutritional composition of any of the preceding claims wherein said

composition is intended for premature infants.

20 5. The nutritional composition of any of the preceding claims wherein said
probiotic is originated or isolated from human origin, more particularly from human

breast milk.

6. The nutritional composition of any of the preceding claims wherein said

25 probiotic is selected from a list comprising Bifidobacterium lactis CNCM 1-3446,
Lactobacillus rhamnosus GG ATCC 53103, Lactobacillus rhamnosus CGMCC
1.3724, Bifidobacterium Ilongum BB536 deposited under ATCC BAA-999,
Lactobacillus Reuteri ATCC55730, Lactobacillus Reuteri DSM-17938, Lactobacillus
paracasei CNCM [-2116, Lactobacillus johnsonii CNCM 1-1225, Lactobacillus

30 helveticus CNCM 1-4095, Bifidobacterium breve CNCM 1-3865, Bifidobacterium
longum CNCM 1-2618 and mixture thereof.



2. The nutritional conposition of claim1l wherein said conposition is an
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t he preceding clains wherein said biologjcal effect conprises pronoting

i mmune maturation, reducing inflammtion, treating or preventing diseases
or infectd ons, e i : ] col i &S i - -
regul ati r?g sl eepq@%@l‘t@gggggggﬁ%gﬁ'rope(jﬁég?ﬁgp%eegﬁrlrégcfé?jé qeglr%?rﬂgn\ﬂg%%]%gald
15di gest iINRGM edoprizgsqrosdinpadr vibaotive prbiensd iabis tbhgneafith o4 bidlogically
nutritional conposition of any of the preceding clains wherein said
conposi t iR With $d #HORI8HCSHr enat ure i nfants. 205. The nutriti onal
conposition of any of the preceding clains wherein said probiotic is
originated or isolated fromhuman origin, nore particularly from human
breast m8.k. 6. THdenuttritibphehedbmpospiosi ofl @y of thengrexiedinge claimsedhergic saidrs

wher ei n i 5 probiqgtic is selected froma.,ljst c risin .
8111 dobadl M, PEERa it Aot e Hetuieaputiiih abck Paiind) cotakpenteinson,
Lact obacigréfdsarsPdeRRsers 0 G ehdl598724, Bifidobacterium | on gum BB536

deposi ted under” ATCC BAA-999, Lactobacillus Reuteri ATCC55730,

Lact obacillus Reuteri DSM 17938, Lactobacillus paracasei CNCM 1-2116,

Lact obacid | us j ohnsoni,i... - .. Lact obagi | | .hel vetic NCM. .
13005, 51| dobad Ne TUIHIBPEL O TRBRRon i Bf e bRl bl s e enc
1-2618 amgFGitigipees &8I RPEN aMOUAD botWE8ABH Y BRAOZE/IAAETHM2Be _-ﬂﬁb%':of
nutritional conposition of any of the preceding clains wherein said Gm
conpri seSOPIRASEIONS(WEW).bi oacti ve proteins able to bind with or biologically
interact with said probiotics. 58. The nutritional conposition of any of the
preceding clains wherein said MFGMis present in an anount of between 0.1%
and 10% wOw of t dihal nytriibrahsompositenadi anyet ieprdzedinqokhirh%whereth sdite
nutritional conposition of any of the preceding clainms wherein said 10 MFGM
s preseddrGH EAMarseRoaDataRERs ane/ts Aheaphelikits pblcRRd My Op piologically
conpgsi t i; i QUL PR I : hEi i ng
ol oy o2 il e hioP RIS, bre ity SeR RhOAeHII: o RSk Mo SRRRE

t o bi nd wresendrin bhanogurdaiflbgtvieemOdy36 andi 5% ve/ai of tptad prateinss,
preferentially said gangliosides or phospholipids being present in an
amount of between 0.03% and 5% w w of total proteins. 11. The nutritional
conposi ti1gn of amhediuttifiBnBr €5RBbBRIoRI G¥ Wy Wheieehre @iy ERIMSSVKER@M said
conprises a prebiotics, preferentially Fricto-oligosaccharide (FOS), 20

Gal act o- lonyeRsitien Lo igES08)Rrebmtios), ke falre gbalby Enaetodeigosantim)ride (f 05)a

br ecelh ng bR Rhsacal g B Sekar b 0k S8R EE b BlluBa EHER), ‘ivece
m | k fracbhiisatictefhatdsfd butter mlk, 25 delactosylated buttermlKk,

butterm |l k fraction obtained by mcrofiltration, or ultrafiltration,
fractions recovered fromwhey protein concentrate, sweet whey, acid whey,

wh ; . . i oL de.
oGl o whiar el n odis MEEKBhEreomBESHE, of A S e BrizeBi L B BRRARIRIA BaRS
et hanol amiR@M rigiphéés dhdnealtteremilgholsptiat nil friactisintsoldefatieod dhatardylik,

Xant Pae- G6 aaCHRIA-PIYET IR, thaeBallk e chiar ia e I4haY migrofisggion, or
prof ei n( AR P, FRRR YecpDe e b WASy gdieid Ebhyedfars, Swakh Whey, acid
pept i de BMNEYEENEER aBEQr Ifat adjqciptept irdetiGQORCHPRGIRNISEMY Phogpholieds) de
o e TR i st M ERE 60 prises SBHigormy &1, pHosphatidy PSRRI mING,
phosphatidylcholine, phosphatidyl inositol, phosphatidyl serine, Cholesterol,
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ETTVFENLPEK (SEQ ID: 1), peptide SFQLFGSPPGQR (SEQ ID: 2), peptide

GSNFQLDQLQGR (SEQ ID: 3), peptide FQFIQVAGR597 (SEQ ID: 4), peptide
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TPLPLAGPPR (SEQ I D: 7), peptide EGQEQEGEEMAEYR (SEQ ID: 8), peptide
SELLVDQYDWOPKI(6ER71 D: 9) or conbi nati on thereof. 513. Apcomposioswmne of any
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regulating sleep or sleep patterns, reducing regurgitation, enhancing digestion,
reducing constipation or combination thereof, in infants, pre-term infants, babies or

10 individuals in need.

14. A composition of claim 10 wherein said composition is intended for the
prevention and/or treatment of infections and/or inflammatory conditions, and/or
physio-pathological gut discomfort, and/or of necrotizing enterocolitis, in pre-term

15 infants, infants born by caesarean, or full-term infants.

15. A composition of any of the preceding claims wherein said MFGM is
treated by food grade proteolytic enzyme such as trypsin, chymotrypsine,
pancreatine papain, alcalase, neutrase or combination thereof.

20



