10

15

20

25

30

ORAL TOLERANCE PROMOTI ON W TH GLYCATED PROTEI NS Fi el d

of the invention The present invention relates to a
woredoiosssef pronoting oral tol erance in an ani NBET/EP2006/068445

conprising adm nistering glycated proteins to the

animal; glycated proteins for use in the pronotion of

oral tolerance in an aninmal; a food product conprising

gl ycat e PRpE ot BERRNGEo PRYEE IPH WAB FareTEaRBCEEHEL hod

for making said food product. Background of the

invention Mdther's mlk is recomended for all
Fieldfdthsinventimver, in sone cases breast feeding is

i nadequat e or unsuccessful or inadvisable for nedica

reasons or the nother chooses not to breast feed.
Thlerﬁr@wht ineAubR el hRY & kﬂ%&h@@\f)@ f;@@tﬁéinﬁg) brdl R618Rince in an animal

situations. The majority of infant fornul ae are based
copirigipggrdmigipiRringiglyseied prefeins to thd dnimpl efypptedrprateing for use in
theb %pﬁn&% SIOF B}Ial tﬁle%a%cg Oﬁ'm?{‘ a1J11ﬂlai n{ Jr;](gecg proe%zl?@ CJ)%PJ]{ gmg glycated
préteis tﬁ@mas herha|sh1)ﬁe bﬁldl a thethod or nhztk1mg8salid1ﬁ>oﬂtp$<bdwo mmmon

di sease in infants, with an incidence of 0.5 to 3 %in

full terminfants and 3 to 5 %in pre-terminfants.
Ba-EEiérsouQJdl(ﬁ*tﬂ&lﬁ%HnSﬂuse rashes, hives, redness around

t nout h, a runny nose, sneezing, colic, diarrhoea,

vomi ting, anaphylaxis, or nore generally digestive

oubl It coul so _he_assaoci ated with sone case :
MRS amEH GeRl MR R e ehs PP SHOgRaeding
is Rad&uatd &%s§$b%9sfﬁlr&qhéc@?§a9§qof PHe@ic8l RBGRs oWMHeChothSr chooses
intolerance to mlk as a result of congenital

notl ¢4 ibedasintogd of Infane fhamatlas bamwb@amedexcmpsd fm thcsealﬂtmtlgwys The

st _cases, by a,r
S S A S FB O m RS oS BRET ot R HHBPkhebRs gyl allorey or
miBYpeldeasitilion s dotmxﬁ@nuﬂhmtéoeumu?eﬁdlbap pEBS By IhARLY S two or
al bumi n, which are potentially allergenic lactic

thise oreaisn Sutalt gBayp pecssivnaliyn be dglongy [Tk is th@ mpg oapmgn discase in
mﬂggt G/ﬁh%;’l 1h 15 hck I'I)% d SRS, SY g{llf E%rfnsm a{nltg énaﬂ? goe IS op I if %re term

0O recogni se an Suc etar
infahwel GihﬁHSalleT@ewrewhé rasBesi; haks,trbéndvabnouhd dat sotithea runny nose,
di etary_ prot
sneezing, colic, diarr oea vomiting, anaphylaxis, or more generally digestive troubles.

It could also be associated with some cases of infant sudden death.

Milk hypersensitivity should be distinguished from lactose intolerance, which is

intolerance to milk as a result of congenital deficiency of the lactase enzyme.

Cows’ milk allergy is caused, in most cases, by a reaction to the a-lactalbumin and B-
lactoglobulin proteins in the whey fraction. It can also be caused by casein and/or
albumin, which are potentially allergenic lactic proteins also present in cows’ milk. In
the early months of life the immune system is still developing and may fail to recognise
and tolerate such dietary proteins. The result is that the baby treats the dietary protein
as a foreign substance and develops an allergy to it. Children may also develop
allergies to other dietary proteins if their immune system does not recognise and

tolerate these proteins.
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as a foreign substance and develops an allergy to it.
Children may al so develop allergies to other dietary
w@emyes4387 i f their inmune system does not r ecOPCIi/BR20861658445
tolerate these proteins. Thene are two types of imune
response: cell nediated (or Thl) which is inportant
for attack by bacteria and viruses, and hunoral (or
Th2) which is inplicated in allergic reactions. Before
Th"ef'éearb Al 8&fpet 8 BMlne fe%%orﬁ@%ll'ﬁe&ét@d (drerr@ndntdhgs portant for
pat hway i's inactive. at hway, however, is
attach by daiefiornd yimsds, bed hueral t(on Shewbihas ympbcmdeue alfergic

regeBma ol B REL b Bk R AP, s AP BRI, ety g dnpetive
ThHe T2 UHEHWR4S hBREER) ik @cuMdﬁoﬂéQﬂﬂﬂﬂ Becast iﬂ@gﬁe‘c@ésar;ataq)r&mt the

Thl pathway is activated to deal with this onslau?
balpy fre Bt NAWNDSt iaWungl respones igritssupyberardmenqdiately dhaintast ischorn,

1t s%n%ﬁs%dggtﬁun{elfods a%%ﬁgnb(#ﬁéb%‘\\{)l %%F%%m 8281%1' t%'é%l spathway is

t1ssue through S an ‘encount er
actiadtace tol dedl With thfs éﬂsﬁlu'ghﬂ pat bavyndve popaial forgign substance is
correg{ ‘3 the body wi | ﬁnerate an i mune respons
c

1L dipg dken p e SHi-dsodRicd heep 1%5?81119 {hrough the
MRS hAd SRy diky RDOTYLAR. 1FRRSEITp Q@Mag it DAL BRE OffFectly, the

specl al I se I nnocuous di etary antigens w
boﬂyx twll germcitc as uarmmp pespsisie\censTEaiparti spatifio apti endaastor spec1ﬁcally

st BSOS Tl TP er e oo ANEEY THopuqiglctary

anBREs DAY 110 SNBFRLATasDY shPSretsNRIRRCRASRPAS Hrévend 'Flyb&gensnlwty
anti body, it will respond to further exposure to th

degglopige mathe dbhpathviapg This mevhhrismras brgwvr esaerel oleranghi c h
is the allergy. The mechanismof this type of allergy
can be explained as follows: the IgE anti bodi es appear

Howevehef idlaheb&dyodeneritddShy 1heGintiind gespbriseUk ah 188 antibody, it will
basophlls When the allergen/]gE interaction occurs,

resprad é@lfllféh%reé‘@@ﬂtrﬁ g the, énm@ﬁa/ by |SERQFRIANS: B pn%arg@ﬁ@ﬂaf@cﬂon
Iﬁﬂ{j CARS eﬂ:} Cﬁll cﬁﬁ%’n‘?to tg glolf%rllg‘%tyhf:ﬁlt 'Bléne;zglamed as
[ non uch as

S pneno S 1N
folloeal therlgﬁyaﬁtﬁmd@esvamdt Ioat atel surfa&h@f Téils, patlhd\xag d:lﬁculatmg

Sti Iate by the p ence of bacteria. If a ne
bawh or Wg?ry p%u%ergfé@g% Eqgueragipn rPéé‘t‘rSeﬁ%%g‘I’?llﬁ)a@F%%“&g the

IgBR1188Yn %ﬁﬂ% ngén@ra@@ ViRl ORRGsE eHdthichie ﬁleraH}s, including histamine.

This phenomenon leads in pathologic effects, such as local or systemic vasodilatation.

The Thl pathway is stimulated by the presence of bacteria. If a newly born or very
young baby does not meet enough bacteria as may happen in developed countries with
high standards of hygiene, the Thl pathway may not function well. In such cases, the
only response from the immune system will be a Th2 response and an allergy to the
antigen in question will develop. This is only one cause of failure to develop oral
tolerance; there may be others. Certainly there is thought to be a genetic pre-

disposition.

Thus, the phenomenon of oral tolerance is the ability by which administration of

antigens by the oral route can prevent subsequent systemic immune responses to the
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hi gh standards of hygiene, the Thl pathway may not
function well. In such cases, the only response from

wo bm7iomseme system will be a Th2 response and BEI/EP2006/068445
allergy to the antigen in question wll devel op. This
Is only one cause of failure to develop ora

tol erance; there nmay be oth rs. r.tainl here .i .
SR GALREN £beDe o g BHEETEBo B0 TITGAT TSRS s Delieved to
pr@%ﬁﬂﬁ’ﬂﬁfk@ﬁsﬂ@lt@ Fe’%boﬁs@s & ﬁf@%rﬂlﬁl Ee[&?erﬁp bbkat &f Y iMBdtGR, which
adm ni'stration of antigens by the oral route can
arprley esrenigalfoetjrerntd gy stenic dimomisss estfgensedf the mechanism of

or%l!'][fe)fe?agﬁe ﬁgt | ”dg%;l‘éﬁ% %’n g\r}g drrp%qgggg Ié)?]tlg e is% breakdown in

th YBQEiIS REdatl isvdté Yol @SEAAGE o t @rthfhe aRQEdTB] thiackhey i @bult in the
flora of the intestine, which are al so essential for

dey¢lppmerH @f AyRersensibivity écastionsar i ess anti gens. |f the
mechani sm of oral tol erance does not devel op
sufficiently in an infant, or if there is a breakdown
Usunlly, meillphygr@hdgitabpgiatt ehaf a fisbgrbicafin fie@rchadunters cows’
ntigens, this may result in the devel opnment L
mﬁy p%‘iogé?’l giettarry ipf)&pt Iog Xiep ke ar%\ﬁ%ways tqﬁrparg an established allergy -
e1tpé’1p1%5§§ B&dihMot e %H.\%\lg@ﬁ ‘f’nLiQ‘E 68 afoidUP Ql%ge'tﬂ%lr €or AE Q‘@&ds must be
irst encountérs co Froma dietary pol nt
trewicdwo therascahar ivrgumgity, tior ¢xaemic by hpdiohsisi sBet 1nfant formula
Il er ei.ther foods, containing.the allergen .nust be
and RS o PSR By e SR s berfides FARRURE B o more
thﬁﬁﬁ&eeﬁﬁﬁo bRk r@h{aﬁﬁﬁ@ﬁké‘d foY thif Rfte® e by o
hydrol ysis. Both infant fornula and cereal s containing
extenslvely hydrolysed proteins (peptides consisting

H B RIS o i g 15eB Ry AGHT Y rlf TRCHSCFL G opine he
allpig@ it probhived tHeeld cldpnicad be @olbhct IS Knt@ét pi@te@iso PhARularly in

the allergy and pronpte the devel opnent of tol erance

chldren dacaeht for kst ?é.rﬁ;k of Blag sanecu(fey ane dHhexihais & frsgigere family
mt%n%el? Sufblrid, f?gml%il atllg aﬂ@r &r Ibgeﬂ ]%rog{;]ﬁ%ﬁ tg %36% p%%‘ually

one amily r Su om a
hyfiysed pagptias td indhasorbletett:rmoe p@&ffﬁhtﬁ OAfneﬁﬁmaaVé a@rbach for the
. hydrol ysed, proteins to |nduce toler
mcﬂﬁfl%? mapitenapes Hearpl felesise & CIF‘E‘PF‘ lfll% ZQ?@P?M%&V the

us%’f%@&a%ﬁalﬁfn Oélﬁlblohglkﬁﬁt%ﬂﬁe E nqlﬁésc bF ?%jolétﬂ: Wteria include

03/099037, na he use of foods containin
vapowbisptiies baActleriodacitik aandl elfidfbapteoli ot itc hlaacbﬁmi dound that

i ncl ude
administration of probiotics can help to induce oral tolerance in infants.

An object of the present invention is to provide a further approach to the promotion of

oral tolerance.

Infant formulae often contain whey proteins which are of particular interest from a
nutritional point of view, containing all essential amino acids and being quickly and

casily digested.

When whey proteins are heated in the presence of reducing sugars, free amino groups

of the proteins will react with the sugars resulting in glycation of the proteins. If such
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vari ous species of Lactobacilli and Bifidobacteria. It

has been found that adm nistration of probiotics can
wedop/os4387 nduce oral tolerance in infants. An POJ/ER1006©068445

the present invention is toyprovide a further approach

to the pronotion of oral tolerance. Infant fornul ae

of.ten contai n whe rot ei ns ich are of particular, . .
roqeHip Rt BE A 1P FEOPIRR G P BIRRgBF FrouBean P SURua] frdHgrion in

nu@tlon8E8N Al sAH BOwARldSa@BE aREIHRGHLIEK! Yh@BSmFRR Isbes of
di gested. When whey proteins are heated in the

regstiessetheecaf ogead acsi npvwaugdlestively ee thenVindlagt mapisornf Indhed, it is

oo FAEPE M Ve fIGRE Dt g OR, PUIRL RG2S, Wy, i oo

préduc 8V lifin @ (RGeS skyCneAh@d erdup af @9 fenfpafitld€. Although the
substantial reduction in nutritional value and sone

My Hadresrgionay seneralyshousht gbsewndesirabih andgeis ag thesefpeestaken to

reactian c c ectivel

cofta gy grob e 80 1R bl To AR, SR TRELHE ¥, B3, boen
red‘izhédf, Itagtd <tay¢gally eaditioting, rgmcaﬁ%c uif, waﬂegaepﬁoteiﬁsr yn'@h?vdfger the

in foo roduct s contai ni ng. the necessary chem ca
OPRPIHHRY tat?n%ﬁ%t@ dhepuppartivse! the Prﬁ%ﬁwﬁntVﬁeg%WWSar d

reaction is generally thought of as undesirable and

steps are therefore taken to control it during
Therfostessvargblefprodiet reshiémgritoni gedehtehigmationeractioe nf layslycosyl

it h been reali.sed that,. carefully controlled, .
oy 60 oF StBYb LRy RS PRIGR oo thy éﬂEngﬁmrvund
All AfRDP U ApSuridd ExRERRE Tirb&ifie Qfhdnh§utic@ide i ScildNhydrolysis and
vari ous ways. The first irreversible product resulting
ac¢ardimglyremaibnd @h mpmepiieg thatpeegiessiadiglyshtion gf ydl pydteigs dbaged on

@R nif R U R CRRBSIRGOEal DR BSquen

deldlb@aémeoieRs Sp&jtueel teohieigiied, hity Be@inyes itgeordiidally fpossible to
accordingly a nethod of nonjtoring the progress of. )
maylitpE Hiej SAZISSS 9of thk Myaildardireastinns &dyGHORs L be e#rEiRd 0Bk in solution

or%ﬁ&g%L@me&OdUCtion was devised. Wth this tool and
€ subsequent devel opnment of mass spectronetry

techni ques, it becane theoretically possible to

noni tor the progress of the Mai|lard reaction
W@ QQ/ég%@nH ﬁ{)fbsea Prpsese dorpthe $qids sfats: glygeation of powdered whey

protein-containing materials comprising adjusting the water activity of the powder to
0.3 to 0.8 and allowing glycation to proceed at a temperature of 30 to 75 °C for
between 1 hour and 80 days. It is claimed that the resulting powder has enhanced
functional properties, such as enhanced heat stability, emulsifying activity, antioxidant
activity and enterotoxin binding capacity. The powder may be used as an additive to

enhance the functionality and nutritional content of foodstuffs.
Summary of the invention
In one aspect, the invention relates to a method of promoting oral tolerance to proteins

in a mammal comprising administering glycated forms of said proteins to the mammal.

The glycated proteins are administered enterally, for example by incorporation into a
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or in the solid state. WO 00/ 18249 descri bes a process

for the solid state glycation of powdered whey
w@emves4ssTont ai ni ng materi al s conpri si ng adj usPCTIBP100G068445

water activity of the powders to 0.3 to 0.8 and

al | owi ng glycation to proceed at a tenperature of 30

75, 0C f bet we hour, and 80 is.claine
oo {1 EIT MG BbTRCTTRS CRRAHEEYT aht A BHSEer Tad has
nug&gﬂgﬁ&ﬂﬁg; such as enhanced heat stability,

emul sifying activity, antioxidant activity and
enterotOX|n bi ndi ng capacity The powder nay be used

as ve to .enhance e
tn o B Sl BHET BBt B ERola B i gromorion of
ordlNYleRhEOD th@u@g@caa&p@@te,mstlha rhatd@AL i on r eI ates to a

met hod of pronpting oral tolerance to proteins in a

manmal conprising adm nistering glycated forns of said

r [ I The r
08 O IR R SO RORRELRS LB provcins
foi wdedn &feqrompti@dotdral ‘[Sld’,@?hlca t@thodiuglycatsd prawgheint dDmammal.

manuf act ure and adm ni ster and has nutritional val ue.

I n anot her aspect, the invention relates to glycated

PR I, 406U Rl U BUCTBE LA, e, ApLEGAIERProd
prabpecimprisies glpvaert wbey preleaisas atbabyof mdeht foroohlec t

conprising glycated proteins for use in the pronotion
of oral tolerance to the unglycated proteins in a

AlfBMATRLLy fieefosh akbdudt hﬁa}g by Caatch%id hd 1@tt 6 'ﬁgul"dr Set ok aloBrising

whey proteins. An exanpl e of food product conprising
glysatedareidinvhey proteins is a baby or infant formula.

Al ternatively the food product may be a dry, noist or

| iquid pet food conprising glycated proteins.

Prﬁéﬁ&)@f aht yg ?b&ﬁe(ﬂ' Yaat estohiBY cphptied NSly€ARPT p-$Rtoglobulin, and
ycated b-lactogl obulin, and preferag the(glycatlon

prerfgrabbmt%l@gwcatl%w lagtogylatice L p-clhie &edvging yar is dadlaser Sdece these
cof%hg ést QI%S e&e FB{’ ﬂ?aﬂ%;ff)&q V&é&ﬁgrﬁgtfok %x%%a\{/lge%dprotem isolate,

ent exa gte
whey protein concentrate or skimmed milk powder it is simple to adapt the processes

for the production of these products to include a lactosylation step. These whey
protein-containing products are all widely used as food ingredients valued for the

functional properties of their proteins as well as their good nutritional properties.

In yet another aspect, the invention relates to a method of producing a food product as
described above comprising subjecting the proteins contained in the product to a

glycation process. Glycation may be carried out either in solution or in the solid state.

In a further aspect, the invention relates to an infant formula containing glycated

proteins, preferably glycated whey proteins.
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whey protein concentrate or skimmed mlk powder, it is
sinple to adapt the processes for the production of
wo bmg®es4ssnducts to include a | actosyl ati on st epCT/EPB8€068445
whey protein-containing progucts are all w dely used
as food ingredients valued for the functiona
.properties of their proteins as well as their good
Iﬁ%ﬂ? itional properties. In yet another aspect, the
invention relates to a nethod of producing a food
product as descri bed above conprising subjecting the
Figrot shoes aghBdaciegobulin lg hyportapensivenessgh pinatgraups of mice fed
r ss., A ycation may be carried out.eit.her,.i.n
wifl, AGRRE Gt R KT B e o h pebingBibf wiflE i i pients of
ladidk§latiadent i on relates to an infant fornula containing
glycated proteins, preferably glycated whey )
FigreLehays W@@r@@togiogwlﬁ@@%hmesﬁﬁtlﬁw%leﬁsa@ttbg Bgheining groups
responsi veness in nine groups of mce fed with
0fh?$%%¥@'#’types of whey protein or b-l|actoglobulin
Figﬂﬁé B stloWwk eﬂitﬁ-ﬁltla@&gle}mlik? IlgiE ﬁ@oé@ﬁ%ﬂs&tehm;in ffivg @i@ipd of mice fed
sho anti-b-lactogl obulin I ypor espansi veness in
with, é\lﬂfﬁ%ﬁ% PR% ofr8lips Petiein; e Plactpglgbylin rmgn ﬂéf???e@h@ﬁ&ms of
i.+h:] act ogl obul i n I gE hypor esponsi veness in five
lmggghggnbf mce fed wwth different types of whey
Figrrotteshnws rnti-lactogipbolu gl hypdreghohdiecrent inetht aams fot groups
fIacto .Igtion; Figure 4 shows anti-b-Iactogl obulin
Ofﬁﬁﬁaiﬁﬁ responsi veness in the same five groups of
mce as Fig.3. Detailed description of the invention
According to the invention, proteins, such as the whey
Dataideded escriptior pbtfledbuérition whi ch are antigens to which
all ergies may be devel oped, can be gl ycated and
adm nistered to a mammal in order to pronbte ora
AdcotdeiaitCeic tivenbibel \A}zateiirg;ge Bigch 4ot the fwhey Qreteihsp-ldeedgldBayin P& hich
used 1 nclude the whey protein a-lactal bumn, casein
argHHIZENH tpvhich allergies may be developed, can be glycated and administered to

a mammal in order to promote oral tolerance to said antigens. Other proteins that may

be used include the whey protein a-lactalbumin, casein and albumin.

By promotion of oral tolerance is meant both the induction and maintenance of oral

tolerance together or separately.

The most common food allergy or hypersensitivity is cows’ milk allergy or cows’ milk
hypersensitivity, since in most cases this is the first food product encountered by
infants. Accordingly discussion herein is mostly centred on this allergy. However, the
scope of the present patent application is not limited to this allergy, but is intended to
relate to the promotion of oral tolerance with respect to other dietary proteins such as
nut (e.g. peanut), wheat and egg proteins, which are also commonly associated with
allergy in children. For example, according to the invention, glycated wheat proteins
may be administered to a mammal in order to promote oral tolerance to wheat proteins,

glycated egg proteins may be administered to a mammal in order to promote oral
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By pronotion of oral tolerance is nmeant both the

i nduction and mai nt enance of oral tol erance together
woroosepasat el y. The nost common food al |l ergy OPCT/EP2006/068445

hypersensitivity is cows' m4 k allergy or cows' mlk

hypersensitivity, since in nost cases this is the

first food product. encountered by infants.. Accordi ngl
tolgfaBEq s aePRISTE! Y EDFRISY Y BT aRDOR (R EISFRL fayf ammmal
in GRMEMESrombREoraCBRearRE t& K@ R6@RENt patent application

Is not [imted to this allergy, but is intended to

relate to the pronotion of oral tolerance with respect

to.of her .dietar roteins such as. nut (e.q.  peanut) .
Glyust PR 37 BresPafts R RV SBickie W AragfifS ' yeation
pré&@sy) picat@Bly\ dollid lategigyation pridcksdr RBcor&iak t&XRARAEJ Agric Food

according to the invention, glycated wheat proteins
Cheay(1889 )ttt hidxtdriadsolid stateriipretses 1¢s8t tilesst eonfrrmgeral change

r t - ' lyc eqq. .
or S rale L ALRDGE, R OR SUiEhah Bl B & i apg contol
engisl iF0 Liedirath & adfEcan el tase goptein odggrdratiomnmhdghdaatel Maillard
nut proteins nmay be adm nistered to a manmal in order
reqcHoRy hk %t "t ol erance to nut proteins. d ycated
proteins are preferably prepared by subjecting the
proteins to a glycation process, preferably a solid
Thst gliyeatiny p@icessnmpy cmagsise Ac cuitdlihagt treatieng&s0 (-JSAGE) cof the

proy B uEU I s Pt g it A4 A0 D It fie B 3k T oy The

ovBlafitRbddsRBheE Wil Wl Retpted Q) thél coit@ LinRIAEASYBHnRNEand has
easier to nonitor and control enabling undesirable

a lefvtanetay, castichhasvgalbpeicassamay egapiissnadaustimenivead gadilibration of

e Raich S REPR e s, BRuEopLAF HEHARAERA ppgders and

opB63alBfcoblie @6 ehdIbiSUgRlz TWERFwdend th an adj usted Aw
(0.2-0.7) tor up to about 72 hours. The overal
process is very sinple, well adapted to the existing

[ jyal [ - I e h

IR SRR o, 18Ry AR Oty 0 ow

pratyist. | inbthacomextaff thdprevat atveadsén, hd eriAfdodogrodleg” is intended to
powder s, heat tgﬁ tment of the hum dified powder;

p an
CNEPISH aINYy CRBYMARYE ABINRT anBleBTe: dit yiRYy B 2t REdYewdpnded for

consumption by humans, in particular infant formula, baby formula, infant and baby

follow-up formula, and the like.

In accordance with Article 1.2 of the European Commission Directive 91/321/EEC of
14 May 1991 on infant formulae and follow-on formulae a child under the age of 12
months is considered an “infant”. An “infant formula” is a foodstuff that is intended for

the complete nutrition of infants during the first six months of life.

However, glycated proteins can also be included in food products not specifically
intended for infant or baby nutrition but nevertheless consumed by this group, for
example milk, yoghurt, curd, cheese, fermented milks, milk-based fermented products,

ice-creams, fermented cereal based products, or milk-based products, among others.
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In a preferred aspect of the invention, glycated

proteins are incorporated into a food product. In the
wa@onres45snf the present invention, the term "fPOIEP2006/068445

product” is intended to encgnpass any consunable

matter. Hence, it nay be a product |ntended for

consunp by hu articul i nfant fornul
THE oy kil RO oo B0 BRBYSY HIBRSE Rr ARTMMEd by other
mdr8alk] e exelrﬁbl@f;&@réi@ﬂﬁﬁdé!‘%st Batd\ehbisitse nga éﬂés hige, rats or other
Eur opean Conm ssion Directive 91/32 /EE of 14

dot@oticatnd mafanrsls, fscuplnrwlsalefeati@dk,fﬁnlrlerxmb foattieulhaesea mm | gheep,

und t.he age of 12.no cons der ed '
zoll B, SRGepdf oo Pelstarf ORAh S eiteL BrofirBfifCiripanion
anfn@dls. tAYR ofldmE) & h € aftiidrhdrtionsd 8fychtod prot@indledn 41§ bdhichipbiited in
six nmonths of |ife. However, glycated proteins can

petfosd Pheduckdn autsa td PromoeRoTpl okuivics. Setiabippetifppdatadycts include
f f
Ch{llﬂl §1%‘38§ S, cq{)% eﬂe?r&le&g)r&?ﬂ}/s %tlg‘[ ﬂ%(ﬂﬁtﬁ Eﬁ hna%v(ﬁdgl}l{@ ko%ﬁg’ and

con

liqaicﬂridnnalheeaeh as‘xerm”édsﬁletﬂenmdrlpapplm | k- based fer ment ed
products, ice-creans, fernented cereal based products,
or m | k-based products, anong others. The term "food

I ! food CRIMRS RO 4 f o that i
P e QBT RO REEPL Tl Y RRGR0T. BE @ that s
sult%dﬂ)d:)fdmhe gumpieta npirg®n ofiped, rats, or ot her

donesti cated mammal s, such as Iivestock, for exanpl e,

cattle, horses, pigs, sheep, goats, buffal oes, canels,

By2Q6fikingn, hkehe AESe afreglybatloi SdvVaBSReGhe AL Rah ¥ality of the
conmpani on ani mal' 8. Accofdi ngly, the aforenmentioned

glygaied areldings pragiessivelyrredicsd. ier heyprotting, duls nmyrbetesiflm@@d by

d . _tol
B °h PoBleeE b RePL SIRMFL AR bS8 ey b P resun
in @beY¢aplcOgiGinSntaNBifsdts i AeliChSritishd Vade WANREIxEMOsISglycation

and liquid formulas, such as mlk for kittens or

ang lHIEFpPTQBOTUPEtOf febsatel Prolaussaiin ampeioulsy Peastis et Rawh by borne
f f t.
in p{ﬁfnﬁl whe nult%tl %ﬁpo%]Xh‘{ %Q&ﬁ.l%y (;r d%%anjlrﬁ% Sih LRRLE £ {)ﬁﬁul& hs(ﬁould

| on, as t
pr@fé@b@en(ﬁfcog’[ayrc aior® rhaadabamc &% Hldm:keﬂ Lljzsrulld [ Iﬁ’lgbfcal]ethbtdte}ms are

the cat d protein. is pr essi yel uced. For
us%Lgy[hﬁ tﬁlsttgliggt gy bséngtsﬁgi%ﬁxagﬁ(g}/ g al the proteins to this
maximum desired extent or by using a mixture of more highly glycated proteins and

untreated proteins to respect overall the target for blocked lysine.

According to a further aspect of the invention, a method of producing such a food
product is provided, comprising subjecting protein to a glycation process, preferably a

solid state glycation process.

The invention also provides an infant formula containing glycated proteins, such as
glycated whey proteins. The infant formula can be of a standard composition with the
proteins therein glycated or substituted with glycated proteins of choice. As discussed
above, an infant formula containing glycated whey proteins should preferably not
contain more than about 15% blocked lysine and this target may be met either by

glycating all the proteins in the formula to this maximum desired extent or by using a
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measuring the % of blocked |lysine. Limted glycation

of these proteins does not result in noticeable
waledoriopEst al ef fects on their nutritional val uBChBEP20061668445

extent of glycation and thegproportion of glycated

protein used in a particular product nust both be

borne.in nmn en formul.ati ng the product. For
migRin S WOy ARt EPRe SHBM LSl ' Thect overall the
targQNbAb IR 1§sihdlan about 15% bl ocked lysine. If
gl ycated proteins are used in the fornula, this target
may be net either by glycating all the proteins to
t hi s xi mum desired extent or b sin m xt ur.e of
Thi el R 1 oub de Sk Bors Snsiteai F aufuliSuohg fgtyeated
prét@inn@$iP esdérafieioaht pidién thag B&dn dsaiblicac kel ckyspleenly glycated
According to a further aspect of the invention, a
eggptioEs sfould belceiishged yahl wlaryse theagl notein Sapbesn; agaglished, at

i sing, . . ] . . ti .

QRIS 0 RELE 0P LR Ko Y6 BIORRS Rt

Similxéntandnfaatl f@mpraosontesing iglycafedniroeig wubwild dertdiiadna baby until
gl ycated proteins, such as glycated whey proteins, The

weaRmgHs cogie and dhe 5%3%#161% re&sﬁw@ gheda%?oﬂ%%aém& UM fopds e.g.

rigtsel therein glycated or substituted with

beg?§32t8§%§?§teins of choice. As discussed above, an
infant formula containing glycated whey proteins

Flsggﬂld preferably not contain nore than about 15%
¥Yed 1 ysine and this target may be net either by
glycating all the proteins in the fornula to this

maxi mum desired extent or by using am xture of nmore
Thii fgHowyingl speatpdes e dtlestrtivared theprashicescndr oedods of anaking the

re ct erall the.target for blocked |ysine..The . .
salff TR s porr SR UE FEspLPpihy By et b Bhsigered in
an$ URS1 limithevd of teinvaghont ataghdek aneimodifitdtlont GheMRNGEde with

to the protein has been established. For exanple, only

resegicat g iayentignot dhaisiss mesubleilled PesAs uMldregagnise many possible

L L T

pradesding alcttexigi andreaaireQnand Shhdjast tie naturdlyf grtirrfngr igwdigof the
cont aj ning gl ycated proteins should be fed to a baby
copiRpyds\aE A Hyentondenpy ately ahtPrliFdi®i | d has reached

the age of eating normal foods e.g.

Example 1: Glycation of whey proteins in liquid conditions

B-Lactoglobulin (BLG) was obtained from Davisco (USA). The purity of (90 %) was
assessed by RP-HPLC. Lactose was obtained from Fluka.

4% BLG (approximately 2.2 mM) and 7% lactose monohydrate (approximately 200
mM) were dissolved in 20 mM phosphate buffer, pH 6.8. After filtration on 0.22 mm
acetate cellulose filters (Millipore), mixtures of protein and lactose were put in well-
capped flasks and heated in a water bath at 60 °C for 0, 24 or 72 hours to reach low
levels of lactosylation which do not induce noticeable detrimental effects on the
nutritional value of the proteins. Theoretically these conditions allowed the binding of

2-3 lactose molecules per B-lactoglobulin monomer on a total of 14 possible lysine
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between 3 to 5 years. Exanples The foll ow ng exanpl es

are illustrative of the products and nethods of making
wo bm7esuse7 fal ling within the scope of the presBCIL/EP2006/068445

invention. They are not to hg¢ considered in any way

limtative of the inventi on Changes and nodifications

can made with resp in That is
s TRPRe vl DR eSS Bt b LR A8 AT Bpcens er
pef‘f@ﬁhéiit 1hoiﬁ§eﬂ091ctéﬂ§%?eri¢é(@éﬁﬁ|1t§§1s %9%&1!1@1% ﬁ‘le‘ﬂeg@spﬁmel Ofmlina
onposi tions, ingredients, processing mnethods,

30ﬁ1 i lasks, Afidr daafingd] the tdiffbienh dratiens yewc ool ﬂladﬁgzed but were
eve ounds f. the invention for a variety
imgiGHcly Poader G WA o

°"Q ycation of whey proteins
inliquid conditi ons b- Lact ogl obulin (BLG was
obt ai ned from Davisco (USA). The purity of 290 % was
Thgseayekaatiy [Rincipighulingconse BG) ows divdecd farh Bpwkaat room

tetﬁé@g%ﬁ)ﬁéd %g@gﬁ ?ngérﬂﬁte %!/a}fe t eal‘?.'h %ﬁ% 7\@&& Q&{ 5§ r?aclé éhei same 7%

pproxi ma Wer e di 'sso
coRéxnirMi @hasthb glyeatod B &F. , pH 6.8. After filtration on
0.22 nm acetate cellulose filters (MIIlipore),
m xtures of protein and | actose were put in wellcapped

As]c ) ?@Jﬂ'fer andirbeat esﬁnieEpLﬁlﬁ%t @ﬂGbs%tan [ w80 mQQF?ftQ({ witho lactose

hours to reac ow | evel s o act osyl ati on
cod]ﬂd niben |lzmﬂmseqaomibf caahlddéedatd disenival toerfeﬁ@lc the Bn Ctotleantra‘uon
nutritio val ue of t ins. Theoretically these
iy G oG e P RO of 23 1 act ose
nol ecul es per b-1lactogl obulin nononer on a total of 14
possi bl e | ysi neresi dues (Mdrgan et al, 1999, J . Agri.
In E@fiidommwhﬂ}?proaﬂn ovlatesAWPlg xyseg iestedit s wer e per f or ned

I e e e T

(cdﬂﬁ@llédlBffﬁfa@mpef:fr@tﬁbﬂé@n@nd/\ﬁfe not di aI yzed but vvere
i medi ately freeze-dried to prevent gelation.

- contleProfiait 80 elreym| At dgrébuhich ceupinedpR @g@)lewésaf lactosyl p-
YR L ARl O FRAT ST e ool 0 an
sanme 7%

Blocked lysine was determined by the furosine assay. An aliquot of the protein (ca. 20
mg of protein) was hydrolyzed with 60 ml of 6 M hydrochloric acid for 24 hours at 110
°C in a reflux apparatus. After quantitative transfer to 100 ml volume with water, a 10
ml aliquot was evaporated to dryness and further resuspended in 3 ml of 0.02 M HCI.
Analysis was then performed by injecting 10 pl in a Hitachi L-8500 amino acid
analyser equipped with sodium citrate buffers and column for protein hydrolysate
analysis. Lysine and furosine were quantified in the same chromatogram by
comparison with external standards after post-column derivatization with ninhydrin
reagent. The percentage of blocked lysine was calculated from the lysine and furosine
content in the acid hydrolysates assuming that during hydrolysis about 40 % of e-
deoxyfructosyllysine (blocked lysine) is retransformed into lysine, part is transformed
into pyridosine and about 32 % into furosine (Finot ef al. (1981) Prog. Food Nutr. Sci.
5, 345-355).  All results are mean values resulting from two independent

measurements.
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concentration as the glycated BLG As a further
control the sane purified BLG solution was incubated
wowdhossst act ose, cool ed, then | actose powder PEBFEPZNIEAS445
and di ssolved to reach the ypoconcentration.
| Mmedi ately after the solution was freeze-dried. In
addition two whey protein isolates (WPl) were tested:
- Davisco WPl BIPRO which is virtually depleted in
Thb36AS Yhe AohAGh FabielWcidv.(control I ed by mass _
spectronetry), and Lacprodan 80 from Aria Foods which
contained a high level of lactosyl b- lactoglobulin
TahRr {78 (characterized by nass spectronetry). Bl ocked
tne was determ ned by the furosine assay. An

Fodl 1 quotpr@kint he protein (ca. 20 ng of protein) WasBlocked
gr(g%drol yzed with 60 m of 6 Mhydrochloric acid §Qf;c24

&
nganmtlé% \4 6 vol ume vvltg}/vat h a
1 or at ne ur Cher
resusp {1 35#1 gbaéloﬁggewl lﬂﬁﬁ% a§(\R%s then
perfor 6 agt ee%ﬁ mguaagiopthendyephi Ri L-8508 anino
Facid afsmrebBLEgd? g@abwonﬁh@bldpﬂ?ﬁléqdﬂml@ BC9Se f 8rs and
G col urm Blgs tdadessi Athipdwnletips sham Ispplifsation Lysi ne 14nd
H f ur osi fe@mmereiafpaductf WEH9S Bigrhe sane chr omat ogr dm by
I conpar iGamwiciahpexuerinabrosh@folar ds after post-céfum

derivatization wth ninhydrin reagent. The percentage
* Mbulpalpad Wil e pr&sinGAlsatd af ethnigiom the ysine and

et IR it amim

deoxyfructosylly5|ne (bl ocked lysine) is retransforned
into lysine, part is transfornmed into pyridosine and
about 32 %intq fur05|ne (Flnot et al. (1981) Prog.

Expaiple Jylaductiap pf Oal Tplerangsan Mige | results are nean
val ues resulting fron1tmo |ndependent measur enent s. The
results are shown in Table 1 below Table 1

To test the induction of oral tolerance, the standard mouse protocol described by

Pecquet et al. (1999, Immunology 96: 278-285) was used. The mice were fed with
different types of whey proteins or BLG, lactosylated or not, as described in Example
1. Five days later, mice were challenged by subcutaneous injections of BLG (100 mg
B-lactoglobulin/mouse) diluted in a solution of AI(OH);. Three weeks later, mice were
sacrificed and blood samples were collected in order to evaluate the oral tolerance

induction by measuring titres of BLG-specific IgE and IgG1 in the different groups.

The mice were treated according to the following groups:

Group A: Water

Group B: Control BLG lyophilized with lactose (no incubation)
Group C: BLG + lactose T 0

Group D: Control BLG, 24h incubation then lyophilized with lactose
Group E: BLG + lactose, 24h incubation then lyophilisation

Group F: Control BLG, 72h incubation then lyophilized with lactose
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For Protein % Bl ocked group+ |lysine B Control BLG

| yophilized with | actose 42* C BLG + lactose T O3 D
w@enrodssBLG 24h i ncubation then | yophilized »ET/RP2006/068445

| actose 3 E BLG + | act ose, h i ncubation then

| yophi l'isation 8 F Contr ol G 72h incubation then

0 e se 5.G LG +.l actose, 72h
Grf’ﬁ%g]bgk&z)ﬁ?ac hﬂ;}“d arlg%{l}ea yqlpj;ul}qa%r cial product
Gréfp HO il (Wl%y]prbteﬁqmtrey I 1aBfoRAHGEn EApRY) 0dan 80 14 +

Mouse group fo which t protein was fed in Exanple 2.
Grohp & Wit yhigh lgétospdatiom (II@CIDiUéaIt)o a probl em during

| yophilisation. Exanple 2: Induction of Oral Tol erance

in Mce To test the induction of oral tolerance, the

Thet RRdar ﬁemn;&empmg acetovdesdr ficbdiflg e REeswath Rictosllated BLG
(1999, nol ogy 96: 278-285) was used. The mce were

(glfoéﬂ Fai il whey eraseins tvjihebizhflagihsyatsmotaseups DofurpGimproves the

3L RPN Do R AESARS A BT Bk Yove b

fed nmtﬁatatmasm (Bbép B1@Ad mHthbwhac proglimbwith néwdasedylation (group
diluted in a solution Al ( . Three weeks | ater,

H)n*)‘?} gligipe Bsaidy i pping ositiye BYMEYS sanpl es were col | ect ed
in order to evaluate the oral tolerance induction by
nmeasuring titres of BLG specific IgE and 1gd in the

It (d;i of eoterthatggrtoup)@ (Ae htbcd@dvi@a;iee)t didattcecpradlmertﬁé regstt @sponse,

cergits 5 BT SAgeSrBrns GBS sty Ab HeuBHET oA 5P GO of this
coB@chhhiamb P€osYlabon reaction was not controlled. Further, it could be due to
the fact that excessive lactosylation masks critical epitopes in the protein. In the same
way, the results of group G are no better than the results from group I despite the same
level of blocked lysine in the proteins fed to both of these groups. This may be because
the lactosylation of the BLG given to group G was carried out in the liquid state and
consequently was not well controlled. Liquid state lactosylation being difficult to
control may lead to the occurrence of some undesirable phenomenon, including protein
aggregation and advanced Maillard reaction. On the other hand, the lactosylation of the
whey proteins given to the group I occurred in the dry state with better control (only

carly Maillard reaction).

A similar profile was observed with anti-BLG specific IgG1, another isotype produced
under the regulation of Thl cells, showing the anergy of these cells due to oral
tolerance induction. As shown Fig. 2, groups E and I present the lowest titre of anti-
BLG IgGl, indicating that the lactosylation of the proteins in these two groups
improves the hyporesponsiveness in comparison to the groups which were fed the same

proteins with less lactosylation, i.e. groups B and H respectively.
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G oup D: Control BLG 24h incubation then Iyophilized
with lactose Goup Ei BLG + | actose, 24h incubation
Wa b@n/os4sephi | i sati on Group F: Control BLG 72hPCT/EP2006/068445
i ncubation then |yophilizedjpith |actoseGoup G BLG +
| act ose, 72h incubation then | yophilisation G oup H
\P| (WQﬁ rotein |solate) | ow | act osyl ati on (Bi pro)
—5é985§i+—§iﬁﬁﬁ—ﬁﬂéh—ﬂﬁctosyIatlon (Lacprodan) The
results presented in Fig. 1 show that feeding the mce

with |actosylated BLG (group E) and whey proteins with
Prﬁaqn 15awhes pratin gron¢grtatep (WO ufrasrmrrcfiaﬁw twes Lattelis Industrie

BLG h .
REBST anied gl ata S KRB FRBRTG AR, (Rt &R0 »
laoﬁ)se,am Wait) 0uey cRicRinehmss 98 Whatck.ow | act osyl ati on

(group H), both groups B and H being positive
controls. It is of note that group B (42% bl ocked

e i r e e

THATP LN G U RIPEHR I8 Ealioh PIRRIS P EREY A TAw)

walnd@xpidan aboan0.od bgzrpla&:mgatﬂeqaobxeiet a4 cidied crahns yidt samated
reaction was not controll ed. grther it could be_ due

Ko ©st néalenuptake, aid Sxc s %mitoge duyngihinphasgs Wihen the required
AW Rx}ats 'r@a%hetf@l'lé (R?C‘f’er'v&hs sgeﬁedp ﬁe b%%é t e‘[ﬁfWﬂ% r Way tl}e'htk% t at
nt results fro

results G are no
leagt 6arpAy hoia‘sp,t tlé OLChE) sldove Waéareﬂo @fuﬂﬁ:lrﬂie kveithih yé metiixn  Protein

the proteins fed to bot fth 0
EI158 b PP B G B AT POVIG LS o Jeind ot piicsesled
stal¥ASss Gadel budds P minfink. h(ﬁarh' qu?sﬂjgg%%@r) aRd HoRRPRAL UL heating
was not well controll Liqurd state |actosylation

appariug diViafer cghivity @va@mimeckﬂd avta@ﬂeleeﬂddOE thet glgcasvouparedcend no
of sone. undesi heno i udi.n
chiesS SR 15 Rt ReaRaga an e he P A e
ot her hand, the Iactosylatlon of the whey proteins
given to t he roug)| occurred in the dry state with
Xya

Magg tspegiropesiiyr AL BRY yaersedyto pgtect bi‘ﬁ@SYlé@étme of pyoteins and to
qu?ﬁt@r'tﬁ‘é (—{% ﬁtﬁ%ﬂé@?%f‘f&?&r Eﬂeé{"‘pé%‘g 1{ H@h&nﬁpﬁc 'I‘%ola?ta 75

ype pro uced regulatron o
(uﬂ'g‘ljlca&&ildrﬂglﬁdaw&)ng t he anergy of these cells due to
or al

Glycation extend was evaluated by free amino group determination as described above.

Free amino groups were determined using the ortho-phthaldialdehyde method (OPA).
The OPA determination was carried out by mixing 200 ml of the protein solution (1.5
g/l in 50 mmol/l sodium phosphate buffer pH 7.8), 2 ml of reducing solution (480 mg
of N-acetyl-L-cystein dispersed in 200 ml of 0.1 mol/l sodium borate buffer pH 9.3)
and 50 ml of a 20 % (w/w) SDS solution. After mixing and incubation for 10 minutes
at 50 °C, 50 ml of the OPA reagent (prepared by dispersing 170 mg of OPA in 5 ml of
methanol) were added. The mixture was further incubated 30 minutes at 50 °C and
then cooled down at room temperature for 30 minutes before reading absorbance at 340
nm using an Uvikon 810 spectrophotometer (Flowspek, Basel, Switzerland). The
calibration curve was obtained using an L-leucine standard in a concentration range of

10 to 200 mmol/l in final mixture. To obtain the signal of the reaction, two blanks were
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tol erance induction. As shown Fig. 2, groups E and |

present the |lowest titre of anti- BLG I1gd, indicating
WO bav/054367 | act osyl ati on of the proteins in theBer/EPm06/068445

groups inproves the hyporesppnsiveness in conparison

to the groups which were fed the sane proteins with

| ess | acto ation, i..e roups .B and H .
s Gt TS | ERitph e g TR i redpagleinsicad of OPA
redge. 2Q318nk’ 2 WASYooRdii e b 1ePACRDT ihat }%O(ﬁ%%lu%l% by the sodium
purchased from Lactalis™ Industrie (Retiers, France).
phagrdatedhudiyrt dradvetsrrmd utagsnisrused were topecaively: Feridacil, N-acetyl-

rot.ei . 3% ose, ~3.2 % ash,..Q, 42 9% cal ¢i um.an
LB GeIen R i dCHBRT aiedl RS rAned)y Sl iogen
pheégjh@@t indhohBlra®f | Methbh@, Waldeim aBydrykitly {rM) Megk (Darmstadt,

adjusted to about 0.44 b | aci ng the powder in a
Gezmagpdind halepeine \fﬁoﬁh&ﬁﬁtadéh edsiMBOUSAt er upt ake and

Aw were nonitored during this phase. Wen the required

Aw was reached, the powder was seal ed i n opaque bags.
Sizehscheivdehromsogphy kepiliscdto tiesR thd mieseh8e bbagesegatedlfotein in

o allow water to equil i%rate within the matri x.

OC t )
thexfselastn g1 (ngticairdvil Eatieed BYFRctBarPFhY thdpshayith an
o q .
1B O AN S B U0 TR SURALARD Rl o 121
batadboh ethhesititing o atousentMiver Abe i aoldyn wass ehd&8Ked@000SW

at . th nd , of. t | ycati on rjio ch es, .
(i idie it O o b S Bk el 050l A Fpiny The
op@ital enéfy whPRgoRIBE &t 0 07BE ) LMALRC) colafin g Lafiskafigtvaiet MW

| actosyl'ated forns of proteins and to quantify the
staadada gentrinimgentivg atlzatalbemin dndieticipglobphot ei n mononer

in the Prolacta 75 (unglycated and gl ycated).

d ycation extend was eval uated by free am no group
ThdetRItEoNAkicRBmRS] ERs&IdrReTbRReY thownl i@ TaBlE eIk OUPS

wer e determ ned using the ortho-phthal di al dehyde

met hod (OPA). The OPA determ nation was carried out by

Tameg ng 200 mM of the protein solution (1.5 g/1 in 50
/1 sodi um phosphate buffer pH 7.8), 2 ml of

reduci ng sol uti orNK48Gotg Blbckiddac etawl nbmeyiséfelattose bound per
di spersed in 200 @baof 0. lysimel/ 1 s@ghiieiimiRoaice (MUHIMS)

Sa(?l'ff)lg . 3) (Furosine) BLG A BLG B a-LA
Prolacta 75 unglycated 8.6 % 5% 0.8 0.8 0.3
Prolacta 75 3h glycation 6.2 % 19.7 % 34 3.6 2.6
Prolacta 75 8h glycation 5.5 % 31.0 % 5.4 5.7 34

A good correlation was found between the various methods used to characterize protein
lactosylation. The conditions used for protein lactosylation (glycation in the dry state)
did not lead to the formation of protein aggregates (as shown by size exclusion

chromatography).
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and 50 m of a 20 % (w w) SDS solution. After m xing
and i ncubation for 10 mnutes at 50 0C, 50 ml of the
woRA7TneEgeENnt (prepared by dispersing 170 ng of PCRRAP1006/G68445
m of methanol) were added. dhe m xture was further
i ncubated 30 mnutes at 50 OC and then cool ed down at
e ' es before readi ng
DS baRe g 05 i 7 Galkdl an<®vi kon 810
spectrophot onet er (Fl owspek, Basel, Switzerland). The
calibration curve was obtai ned using an L-Ieucine
In gtrdevotar measure theoeideshtof dadtosylatmmg ¢heofnductiaro o Oerl rindstante was

in final mxture. To abtain.the.sign of .the .
pep i B, 0% S mod o eGPl B it S i e
diSérgmairpat@foniTtaboRd unklyBatt® bR@pBtattd PtRada pfepiRA in Example
reagent. Bl ank 2 was obtai ned by regl acing the protein

3 SMlastwerR than elelorgsiair pRepmEvel BiiR fley [-1wiedeutlia (Bhds) and
RS SSRL RSB ol BRSO RIS AR Whcaing

thSev ¢l B [ah sheci ROGE wmd dg Gy dr thg saruphe@phatie:. nonohydr at e,
nmet hanol , sodi um hydr oxi de from Merck (Darnstadt,
Germany) and L-leucine from Sigma (St-Louis, MO, USA).

Iz [ : ed to check the

Thgrnégee%g 0 @&5&@‘32@&%%@2%5@% e Prolacta 75
(ungl ycated and gl ycated). Protein sanples were

GdiI t ed \f&%h ﬁn adequat e anmount of elution buffer to
grRe-a préft¥ih*toncentrati on equivalent to | g/1 based

G@ﬁpl_ghe St dydagkdrelagharysconcentration. The col um was
a TSK 2000 (Tosohaas), eluted with 0.1 M phosphate

Grpkp 6: 8 + (Np@itedProkien &t (bbooBed Lis: /1800, The opti cal

dens|.ty s recorde 1 280 N The col um was
Grgléli’ r at \e@y%t?cﬁprﬂ%fgatﬁ]@ﬁc}cgg(?g%?’gi {’ifnng native
Graup act al lqywal @mgked- | act ogl obulin. The results of the
chem cal characterisations are shown in Table 2 bel ow
Table 2 NH ZNt O Bl ocked Av. nunber of | actose bound
| ¥si tei -
Th? E%srugﬁrnee%ggﬂ% %E%E GI@ tﬂg%%g%ay( Mﬁp !‘GSM@ pI%Q&!HP&ldem Example 2,
one can observe that the mice tolerised with the lactosylated Prolacta (groups C and D)

show a better BLG specific IgE hyporesponsiveness than the groups fed un-lactosylated
Prolacta or fed Lacprodan. The anti-BLG IgG1 titres shown in Fig. 4 indicate the same

type of tolerogenic response, groups C and D titres being the lowest.

In conclusion, this data shows that the lactosylation of whey proteins improves the
specific tolerogenic hyporesponsiveness (IgE and IgGl), when compared to non-

lactosylated proteins.
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QIh{ss (@7 T OW Ng groupsf & oup A_ Lpgprodan G opp B:
G0up C 4y d-Profacta 75
' et tys 189 G ok PG ycatefJgroracta 7p
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ee—tolersed—wththetactosyated Prolac] a
ecific 1 gE
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Vitamin E (mg TE) 0.8 5.4
Vitamin K1 (ng) 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 (ng) 9 60
Pantothenic acid (mg) 0.45 3
Vitamin B12 (ug) 0.3 2
Biotin (pg) 2.2 15
Choline (mg) 10 67
Fe (mg) 1.2 8
I (ng) 15 100
Cu (mg) 0.06 0.4
Zn (mg) 0.75 5
5
The protein source is Prolacta 75 whey protein concentrate glycated by the process
described in Example 3 above to a blocked lysine content of 11%. The infant formula
is prepared by blending together the protein source, the carbohydrate source, and the fat
source. Emulsifiers may be included in the blend if desired. Water which has been
10 subjected to reverse osmosis is then be mixed in to form a liquid mixture.
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In conclusion, this data shows that the |actosylation

of whey proteins inproves the specific tolerogenic
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contai ning G ycated Wiey Proteins The conposition of

the infant formula is given below - The protein source
ThiedigRidomaxttra i Sremha@ly peatdkioredwrdenterialt lea@l ycapallly bating it to
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1 C

esire Wat e
ang ] ﬁerbéfeﬁb%% Sty 50 29 B 4SO s aHon I Mpggpised
mikturd & fuethen @ollddopnidcheai dnwitiee ﬂitemhnscumlddnmbvallmxre adged. The pH
ani iR ient 0GR Ronhuf 68 1B PR o Ry iali 500
to about 1100C for about 5 seconds to about 5 m nutes.
I
g SSRGS (R Sk 39 sPES, G R REERED ypowder
haying pyeeistuesgeogtent pf lgps han a%aﬁé‘ywbwwslgtlb about 40 MPa
and then at about 2 MPa to about 14 MPa in the second
stage. The honogeni sed m xture is further cool ed and
heat sensitive vitam ns and mnerals are added. The pH
and solids content of the honpgeni sed mi xture is
standardi sed at this point. The honbgenised m xture is
then transferred to a spray drier and converted to
powder having a noisture content of |ess than about 5%
by weight.C ains 1. A nmethod of pronoting ora
tolerance to proteins in a manmal conprising enterally
adm ni stering glycated forns of said proteins to the
mammal . 2. A nmethod as clainmed in claim1l wherein the
gl ycated proteins are admnistered orally. 3. A nethod
as claimed in claim2 wherein the glycated proteins
are a conponent of a food product. 4. A nethod as
claimed in claim3 wherein the food product is a baby
or infant
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formula. 5. A nmethod as clained in claim3 wherein the
food product is a pet food. 6. A nethod as clained in
waey7of4581 ains 1 to 4 wherein the proteins ar ePGIER2006/068445
proteins. 7. A nmethod as claimed in claim®6 wherein
the glycated whey proteins are | actosyl ated whey
yoteins. 8. A nethod as clained in claim6 ox 1
ein the whey proteins conprise b- |actoglobulin.
9. dycated proteins for use in the pronotion of ora
tol erance to the unglycated proteins in a mamml. 10.
1. G ydamesthqst of @ramoting elahiterednem te [peitem imhi wamarad ophgpyising

roteins.. 11. cated whey .protein s clained in
enF b ioonTios EbFE% Fombai oot Ginae R atuthE T,
G ycated whey proteins as clainmed in claim10 or 11
wherein the whey proteins conprise b-lactoglobulin.
2.13. Annrcdwd asrebduned i elapm il svhrgeigthe glyedicd pei@nnarefagministered
in the pronotion of oral tolerance to the
urgl ycated proteins in a mammal . 14. A food product as
clainmed in claim 13 wherein the glycated proteins are

whey praoteins, 15. A food product as clained in claim
3.14 hBrEHod qsw@u&p?, dyelagm \%H@}Pr‘ﬁ]a él@eeglpfgat%gf proteins are a component

rhagtPsyhated. 16. A food product as clainmed in claim
© 14 or&¥g wherein the whey proteins conprise

b-1actoglobulin. 17. A food product as clained in any
4. 8]; %]?I‘Igmsodfl %r (ﬁ%{ﬂ%@l i\rl\lhc a{il%l V&h%rearfl ?l?edfoe)[iopqg(ﬁct IisSa %a‘t?}? gy infant

formula.

Cl

5. A method as claimed in claim 3 wherein the food product is a pet food.

6. A method as claimed in any of claims 1 to 4 wherein the proteins are whey
proteins.

7. A method as claimed in claim 6 wherein the glycated whey proteins are

lactosylated whey proteins.

8. A method as claimed in claim 6 or 7 wherein the whey proteins comprise -
lactoglobulin.
9. Glycated proteins for use in the promotion of oral tolerance to the unglycated

proteins in a mammal.

10. Glycated proteins as claimed in claim 9 which are whey proteins.

11. Glycated whey proteins as claimed in claim 10 which are lactosylated whey

proteins.
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18. A food product as clainmed in claim 13 wherein the
food product is a pet food. 19. Method of producing a
wo omdopisetluct as claimed in any of clainms 13 tBCI/BP2006/068445
conprising subjecting protejgis contained in the
product to a solid state gl ycatl on process 20. An
| a containi

12 ot el MHrarRiutaingediy Catedomn &) i feavhd proteins

comprise B-lactoglobulin.

13. A food product comprising glycated proteins for use in the promotion of oral

tolerance to the unglycated proteins in a mammal.

14. A food product as claimed in claim 13 wherein the glycated proteins are whey

proteins.

15. A food product as claimed in claim 14 wherein the glycated whey proteins are

lactosylated.

16. A food product as claimed in claim 14 or 15 wherein the whey proteins

comprise B-lactoglobulin.

17. A food product as claimed in any of claims 13 to 16 wherein the food product is

a baby or infant formula.
18. A food product as claimed in claim 13 wherein the food product is a pet food.

19.  Method of producing a food product as claimed in any of claims 13 to 18

comprising subjecting proteins contained in the product to a solid state glycation

process.
20.  An infant formula containing glycated proteins.
21.  An infant formula containing glycated whey proteins.



