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WO 2007/ 110422 PCT/ EP2007/ 052904 Whey protein vehicle
for active agent delivery 5 Field of the invention The
w@e@sani42t nventi on rel ates to whey protein m cedT/£B2007/052904

particularly to their use as delivery vehicle for
active 10 agents in the field of nutrition and/or
cosnetics. Background Delivery systens are known in
the art and have been widely used for targeted
delivery of drugs in the body in the 15

phar ndthel irzeteinehicleg dfor agipive Fueny el yarens
are also often found in the formof m crocapsul es for
food processing. In food applications, with the use
of delivery systens, 20 possible undesirable

i nt.eracti ogn between the added nutraceutical and ot her
K httds ARPYR™ or its  environment can be

o dedsand the dncald op. o Lel ease,0f, theraddedyicelies,
conmponent can be mani pul ated. The appropriate

repplicataony ofo dehiever yssystende echaoy ogyghendbl €25 ctive
maxi.m zation of. food wi thout .affecti the taste
T S ' e o e L A s on 1o

sensitive food ingredients and enhance the shelf-life

and stability of fortified foods. 30 Delivery systens
Ragkduthdbe a key technology with potential for the

L ' j Y r :
oot St ® e BB G R AR P wicely
st efivshavlrdiealesio drektvéeihe péeddifwrs sihe SpEechbddeg WD the

007/ 110422 PCT/ EP2007/052904 2 delivery, within the
] et nal "THHCtY orCsIEHF et r Dty S depihuiHg® 2re
Hnsd herdesi refirappl hcaticonsoFar Jdrhi§i PHEPOSS®ules for food

m croencapsul ati on has often been used.
processing.

In food applications, with the use of delivery systems,
possible undesirable interaction between the added
nutraceutical and other components in the food or its
environment can be avoided and the location of release of
the added component can be manipulated. The appropriate
application of delivery system technology enables
maximization of food without affecting the taste, aroma or
texture thereof. It can impart protection to sensitive
food ingredients and enhance the shelf-1ife and stability

of fortified foods.

Delivery systems <can also be a key technology with
potential for the delivery of dietary biocactive compounds
and/or cosmetic agents. In addition, the optimum delivery

system should also meet the need for site specific
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5 I ndeed, the encapsul ation of flavours and ot her
active agents in a matrix of a food polyner is well

whpamni104EDr exanple, EP 0 180 441 Bl teaches ther/EBB®0DH52904

whey proteins to encapsul atg volatile flavour

conponents. 10 drolysed mlk is concentrated hy
ARG dhid Evapora: PoRCE G ABRS T Ea 56 SorFhs W CHf dlrsdiale
t8S drilitRe oreNGRPHE AN AWdih dhe avhey prot ei ns.
WD 96/ 38055 descri bes the encapsul ation of a flavour

or 15 active agent in a matrix of whey protein
yi_ el di.ng an__encapsulation ¢ ition_whi resylts
b S oRT TR T ea T 6T RRLe"Er PR PP addir oo Sheriird uoed:
Tagenrid, andnvhiedeamyu e i dmcorfpof akedutr® and other active
yeast - | eavened dough wi t hout causing a deleterious

idh & e Yhis g of faned dSUgRe 20 WO 200 5048098
is concerned with gastro-intestinal tract delivery
systens, whereby m crocapsules made fromprotein and
Icar behydpace d&ie (sed30234MneBbf tdrehmwrobtess use of whey
en ountereg with the Er?ducti ntoﬁ product s oOnent s
FSHtEI ng= Yl obUFar Protei nd A “gefer al; > and whey ™t onen =S
HHEIysdd rpard il @ncdiowemesrd itsy thedtidd md®devaporation
processability. Indeed, protein nolecul es when heated,
tr %%en‘suﬁﬁgct%d e61aepdi ¢'horchal kal $he ERVPLSAMen: the

HeddLdhg 39, PHESENaR %é@@@é&% to lose their

native structure an rea e in various random
structures such as gels, for exanple. In the

P ' f the S d Int ti | W 3
b of SRS SRRERG6 Sout Bber 1820 LAGoBRL OF i A NeRvouT oF
2007%/110422 +PCTAER20Qi4/:052904 3,1y ergratdeanal yBaiayng an

Federation, 1998, 189-196, Britten M discusses heat
GreEaSrEmtsl Ao FoRRr ovet funhcYo6pal TEFYpEFt ilds thef Gpreyrolled

RNQUEIDNS, £ ABLOGESS, JQ7 BEOJUEL DY MRRY, PTOL&I Dhich may be
incorporated in a yeast-leavened dough without causing a

deleterious effect on the rising of the dough.

WO 2005/048998 is concerned with gastro-intestinal tract
delivery systems, whereby microcapsules made from protein

and carbohydrate are used.

One of the problems encountered with the production of
products containing globular proteins in general, and whey
protein in particular, however is their limited
processability. Indeed, protein molecules when heated, or
when subjected to acidic or alkaline environment or in the
presence of salts tend to lose their native structure and
reassemble in various random structures such as gels, for

example.

In the Proceedings of the Second International Whey

Conference, Chicago, October 1997, reported in
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m cro-particle dispersion at 95C is described. 5 Sato
et al. in US 5,882,705 obtained mcellar whey protein

whyoohaat421 reati ng a hydrol ysed whey protein soPCIL/ERPI007/052904

The mcellar whey protein age characterised by an

i rregul gr hape. 10_The encapsul ation S f the
LR AP N PR F oFe R onn ! CRBon LES B Spodtif Len M.
Bffetidave Hy tt ha Lomdald ed inglease afna fdmvoWrderties

simlar agents, insofar as they partially consist of
ofl obear PPToteding -anll A adTe efore B ProHW t ghey protein

structural, di f.i_cati_on _upqn heati.ng, %Eq reto
%ﬁﬁ%%Eﬁﬁ:fﬁ?eéﬂﬁ%ﬁ%ﬁﬁ%#}gﬁhgﬁﬁﬁil%rdﬁ aﬁ%%gﬁ
envi ronnment. Thus, there remains a need for a

delivery system conposition which enables controlled ,

Sedice e oF- & yitrer 200 ageht Ot i L v dhited Protein

Hgoofgeépdtfgég%{gc at el Be¥%q rﬁﬁé}f{/r?j@oﬁéﬁhl ahafdi¥n. The
esi gned products, such that the active ingredients

mioretldisredwhay t e odeliinver ye sydemcaes 1 spdotlexrt ed fyorpoular
nvi ronnental stress such as WV radiation, 1|ight,

g%?ﬁ%n, hum dity and tenperature. 25 Accordingly, the

obj ect of the present invention is to inprove the
usability of whey proteins as delivery system in a

ThicdecPaAgeUbRtapPl | AT UM, 030 Sufm@iyi 9t ke, therefore,

Haenid ﬁﬁ&%dit%g'% EB(%E]?%;Pb:b?@éci::?vécri‘ine% BYontrolled
means of the features of the 1 ndependent clains. The
mdperrdent f chaiffemvaevebop sfiovitlher ddmntcent tabofdeaasf they

t he present inventiaon. .35 2007/.110422
ot B30 08B0 OF T ARRI G RS 0, 589, &t hpEetore
JiInd he® MeRar@aidon ifdification upon heating, exposure to

salts and/or subjection to acidic or alkaline environment.

Thus, there remains a need for a delivery system
composition which enables controlled release of a given
agent. In addition, advanced food and cosmetic technology
requires particularly designed products, such that the
active ingredients contained in the delivery system are
protected from environmental stress such as UV radiation,

light, oxygen, humidity and temperature.

Accordingly, the object of the present invention is to
improve the usability of whey proteins as delivery system

in a wide range of applications.
Summary of the invention
Accordingly, this object 1s achieved by means of the

features of the independent claims. The dependent claims

develop further the central idea of the present invention.
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aggregates of protein mcelles and active agent is
proposed, in a first aspect, which conprises the first
waet@p/1af42i sper si ng whey protein mcelles and PEEEP2007/052904
active 5 agent in a solvent,  and the second step of
evaporating_ the ol vent. According to a second aspect
61 ST oAt on SR Svhod TEGHBH Sitiy Lhe SCEpEigRion of
HSRRISING Nat | eryheyn prat 8Nses10,3Rd aRta6kl Ve&gent  is
agent” in an aqueous sol ution and denaturing the whey
oprooosiad t olwhey prosei maAaEl /] eghanl formmmigEem the first
regat e . of ey pratein_m .| es. . t he i :
Ao & sl e e B E B hati e st of e active
doreeparimng agdregat,esaref fifdtsidondntkan @ttéeweo@gening the
conprising the step of mxing a whey protein mcelle
L.with an active agent falls under another
aspect of the invention. 20 The aggregates obtainabl e
by any of those nethods form part of the invention
racoorcdimy to ancidwemdspeetct hefedfhe Agverding,t @ anethod
further., aspect, %ﬁe invgn%@gne%%Q%jdega 9ggr§%ptes roteins
qgﬂ%ﬁﬁ%ﬁq%; %yEbF%Fbi% m-ceres "afd ‘At Ve §yaé%ﬁf
500l A et wé thgsat dinhey puokeiurs rMoceldies, dredd@taturing
cosnetic products containing these aggregates al so
el |RAdePrahca8péft "B Her presentifrabenti Rd Jprming an

= o e 438, whe Qt e ' I : '
%%#fégﬁgﬁ &gfing a%hactlﬁégggéfﬁgéiﬂﬁ?ﬁ|ﬁ§%L§§ﬁ?H§$2% e is
dmovieedl. and cosnetic applications constitute further
aspects of the present invention. W 2007/110422

PCT/ EP2007/ 052904 5 Finally, a conplex for active

mgenttdeldvery cOREiskEpg pwheK rphet eigy rieeldseo Aansrotein
said active agent is provided by the present |

anfvetit i eptige agent comprising "the step of mixing a whey
protein micelle powder with an active agent falls under

another aspect of the invention.

The aggregates obtainable by any of those methods form

part of the invention according to another aspect thereof.

According to a further aspect, the invention provides
aggregates comprising whey protein micelles and active

agent associated with said whey protein micelles.

Food or cosmetic products containing these aggregates also

fall under an aspect of the present invention.

Further, the use of whey protein micelles as a vehicle for
delivering an active agent, and the use thereof in food
and cosmetic applications constitute further aspects of

the present invention.
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Figures The present invention is further described
hereinafter wth reference to sone preferred
weewoedicaent s shown in the 10 acconpanyi ng fi geeBEP1007/052904
which: Fig. 1 shovvs the resukt of an experinent
demonstratin e effect of gH and heat _treat nment

on,
Fpa liveel #i € £%0f19% PSEL § oHiftHn. dg}éve§y1§comprls1ng

WHROWHNG 12 TR AN ded 1dat erfd ne thesiH f aqdreeldd setdwiied by
for a commercial preparation (Bi pro(r) Bat ch

tIEO BZeBaA20)i nysindg our bi dity 20 measurenents at 500

nm Fig. 3 is a Transm ssion Electron M croscopy

m crograph fromwhey protein mcelles (2 w. o, W

95, Lactalis) at pH 7.4. Scale bar 25 is 200 nm Fig.

4 shows the result of an experinent evaluating the

EL4&S of the ionic strength (Arginine HCl) on the

formation of protein mcelles at 30 constant pH of

7.0. Fig. 5 shows the volune stability (FVS) of foam

Téieabphfézedtbyillth%m- liact dgllrébﬁlri ndescelbed hereinafter
visc gr gengg of m%odlme shown in, the

11 4?”292 (EF’E%IB%/ 52904 8 ,Ergl ni ne 1 “Conpared

dc@xAPrriicr) ldispded act agliehul in. Fig. 6 shows the

I ntensity-based equivalent 5 hydrodynam c di aneter of

whey protein obtained by heat-treatnent of a I|w%R-

| agtog O?g'o'm Bpdhspersion 1ls by mBsat 8AC StpdHinent
demonstrating the effect of pH and heat
treatment on the micellisation of B-

lactoglobulin.

Fig. 2 1s showing a mean to determine the pH of
micellisation for a commercial preparation
(Bipro®, Batch JE032-1-420) wusing turbidity

measurements at 500 nm.

Fig. 3 1is a Transmission Electron Microscopy
micrograph from whey protein micelles (2
wt.%, WPI 95, Lactalis) at pH 7.4. Scale bar

is 200 nm.

Fig. 4 shows the result of an experiment evaluating
the 1impact of the ionic strength (Arginine
HCl) on the formation of protein micelles at

constant pH of 7.0.

Fig. 5 shows the wvolume stability (FVS) of foam
stabilized by 1 wt.% PR-lactoglobulin micelles

(Davisco) at pH 7.0 1in presence of 60 mM
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we-2@nmwjo4and at pH 6.0 (negatively

Whey protein mcelles are obtained at pH 4.25 10
(positively charged with a zeta potential around

potential around -30nV). Z-averaged hydrodynam c

di anmeter of the m Cf| l es was 229.3 nm at Erli;' 4,25 ap@
227.2 nmPIEENARepHIBL 0. CORRATHT r éSpoRAPAGFECHOGFEpHs
of the meeklesopohtiai.ned by TEM after negative
staining are shown. Scale bars are 1 pm 20 Fig. 7
shows a highly schematic structure of a whey protein

n&%ehle'6Figsh§w§hom§h% SEP&&%%QP@%D@ §é§Ctré§h'valent
mcrgoscopy) m crograph of a whey protein nmc 16
powder 2ydeblginaed caf t eriasrtay dr yfg ofhey 20%rotein
protein content dispersion after mcrofiltratjon.

Fig. 9 i8P43iegati W stsiaditid SPENSHter &Y agh of"& P

whey protgich Jaheelhes di SH&ssi oy obbai ned atn 3Q 4%8-°c
protein content. Fig. 10 i's a negative staining TEM

m crogr aplt ofl aanghiey proteiZn twi Gel | e di spersion

obt ai ned_at  20% pr.ot ei.n ntent_ after .

microf i | OFEth G%C 36 W 2507/ L1045 BT ESEbGH boba?®
7 Fig. 1lipshowsvihe heatrstabi kity of azswbey psoteinal
m cel | e di spersion obtained at 10% protein content
after m &FOMNC r &4%81Y )at 34 7.38F i PH priestncEefaNacgly

Peat staprTIEy of & Wity prat Brn o i Spers: o obt o e
at 4% pr Gteiveregetient hatirodynamic  diameter of the
micelles was 229.3 nm at pH 4.25 and 227.2 nm
at pH 6.0.
The corresponding micrographs of the micelles

obtained by TEM after negative staining are

shown. Scale bars are 1 um.

Fig. 7 shows a highly schematic structure of a whey

protein micelle.

Fig. 8 shows a SEM (Scanning electron microscopy)
micrograph of a whey protein micelle powder
obtained after spray drying of a 20% protein

content dispersion after microfiltration.

Fig. 9 1is a negative staining TEM micrograph of a
whey protein micelles dispersion obtained at

4% protein content.

Fig. 10 is a negative staining TEM micrograph of a
whey protein micelle dispersion obtained at

20% protein content after microfiltration.

char ged wi t PCHERBDA052904
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pH 7.0 in presence of NaCl after heating at 10 85C
for 15 mn. Fig. 13 is a negative staining TEM

wor@roguaph froma 4% whey protein mcell es dPGPEPRDTO52904

based on a pure whey protein mcelle spray dried

owder _ 15 after [ 50C d d t
Prgo 141 o BouT ahios ers%gs”qﬂ%ﬂs}r%' OF St P on greL

m cel | esgbtairedgbypthei phocessaofed et i NUENtpOftein
using a 4% Prol act a 80 whey protein 20 isolate

treated aonpHEns. REFY. m&nogfldtsEMlmrbr@graﬁh héwi 1Yy
the interpal Structyre afte te;ht g°fata %50*@%91; £4

powder glpanul &that is presen |gure

16 is a negative staining TEM m crograph of a 4% vvhey
protein mcelles dispersion based on a pure freeze
dried whey protein mcelle powder after at room

t eper atur e s dehenirsed watgrs 15 30 Seake Jpaly '%&téin
mcronetre. Fig. 17 is a schematic view of the M
coati ng WSPSBSl(OQUIqﬂT@tJGIeru@M 40l @apé)él@p(mmtent at

i ncreasin X|n ratio : |rcI
WPM 35 Wlp%h posi ti vg drf'ace %aﬁag%g %Fggk%%
2007/ 110422 (PECHER200/4/Q52904 8 head+tail: negatively

charged head and hydrophobic tail from SBO Fig. 18
is a photograph of a whey protein mcelle 5

1t r t, % bt {4
PSP el SRt an) eeon o

I [ ght Hisc rasep pyroiecnogriaph lefs wheyoer ot @l nbased! logr a

pomuerpure whey protein micelle spray dried powder

after dispersion at 50°C in deionised water.

Fig. 14 is a graph showing the size distribution of
micelles obtained by the process of the
invention using a 4% Prolacta 90 whey protein

isolate treated at pH 5.9.

Fig. 15 is a SEM micrograph showing the internal
structure after cutting of a spray-dried

powder granule that 1s presented on figure 8.

Fig. 16 1s a negative staining TEM micrograph of a
4% whey protein micelles dispersion based on a
pure freeze dried whey protein micelle powder
after at room temperature in deionised water.

Scale bar is 0.5 micrometre.

Fig. 17 1is a schematic view of the WPM coating by
SBO (sulphated butyl oleate) upon increasing
the mixing ratio at pH 3.0. Grey circle: WPM

with positive surface charges. Black
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10 sem -thin section after toluidine blue staining.
Scale bar is 50 mcrons. Fig. 20 is a SEM m crograph

we@boovhe4bn! | ow whey protein nmicelle powder paPCT/EP®07/052904

after cutting. 15 Left: intgrnal structure. Right:

Detail of the whey protein mcelle conposing th
powder p&EPaT Iaéﬁﬁatrfl?gaééé{le Ypar §P&F e%o g}ﬁ%ag and
mcron  nespephibwely+a2@ bebai lsed.description of the
i nvention According to the present invention, a nethod
for preparing aggregates of protein and active agent
I S..provi ded, which . aggregate nay en_¢ dtute
dz]li%er%/éjsyl/gt ém %}O%%%gi%egf Pgl d o‘fiﬁgﬁt Pir?):%%%naﬁﬁd]]%e?lle
cosnet i ceonthe taggregat e fodthei ndt estrdr | wehd i dhi on
are the result of an association of whey protein
i cel | es i #R1&R 4ot e lagénfd9FRe whey protein
mcelles used in the method of the 30 present
i nvention are schematically represented in Figure 7,
whieei n the Jitlsey Pproteiigdtar ef metdngedaoihn suchcroswegry
that the_hydrophilic Qartg of the proteins re
ori ent ed ORI Gt hE Tout’BF YpaPf bF 1t he™a %?o%er
and the dhydrephebi cspartisnof bhecprotebnsia@ige blue
oriented towards the 35 inner "core" of the mcelle.
Thi s enefgétindald-y Statulapl é SWDO200 7L P1G422
PCT/ EP2007/ 052904 9 configuration offers good
stability to these structures in a hydrophilic
envlirannent . i Thex spe&tl finccnbgebble st udter ehcanobe whey
seen fromthe 5 figures, igﬁfarti%ul 3r figures 3

€ g€

9
10, 13 EA@E5" WHereih PREHT cBPFES CaSed ity 't he b ting-

present rjdpventi it NS struesseat i alibytof pepheni et the
aggl onerates of denatured whey protein. The mcelles
of the phesentPigheiti onigpéle composing the powder

particle matrix. Scale bars are 10 and 1 micron

?%ger

respectively.

Detailed description of the invention

According to the present invention, a method for preparing
aggregates of protein and active agent is provided, which
aggregate may then constitute a delivery system 1in the
field of nutrition and/or cosmetics. The aggregates of the
present invention are the result of an association of whey

protein micelles with an active agent.

The whey protein micelles used in the method of the
present invention are schematically represented in Figure
7, wherein the whey proteins are arranged in such a way
that the hydrophilic parts of the proteins are oriented
towards the outer part of the agglomerate and the
hydrophobic parts of the proteins are oriented towards the

inner “core” of the micelle. This energetically favourable
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particularly characterised by their regular, spherica
10 shape. Due to their dual character (hydrophilic and

woyarophebi c), this denatured state of the prBCEEP2007/052904

seens to allow interaction yith a hydrophobic phase,

.Q., a fat, droplet 15 or. ai hydr ophi | i c phase.
PR ARGV P8t 81t AR G196 Sftat?éﬁéftafr e o fgatet ures in
aem@dydgﬂﬂyldﬂ@%Jﬂyyﬂm@%tpropert|es Furthernnre, t he
m celles may be produced in such a way that they have

an extrenely sharp si ze dlstrlbutlon (see 20 Fig. 14),

34N L3 Tar e than 80% ot Lhe. i cell.es, or oduged MLl che
have °& size “sma er than m cron referab
ﬂﬂghﬁ@sand1aOOpartmbnEaprefeg@béy bﬁtmeen 100- 770nnand 15,
nost =~ preferably between 200 and 400nm 25 The npean
vieARetlert T RS Inisce U ddh B dATTR hed R nigPn consist

eys%@&maﬁ%lyonogl %@H&qa\épr 9@@95{1@&5%& di gedekuteqdomey
so, the Iiquid mcelle sanples are encapsul ated in

ragarcigel Theesniddkbes onofs abhle@e@SEWtunﬁ@ﬁ%ﬂnﬁiqn1 are

olutlo 2. 5% gl ut aral dehy
Qﬁﬁi gﬁbuf#@ FaGhE 36 gosg flgg %gn MA lgﬁé ?ﬁherlcal
&ﬁﬁﬁ@XIde in the sane buffer, both solutions

cont ai ni ng 0.04%)Rutheniun1red. After dehydration in
a graded ethanol series (70, 80, 90, 96, 100%

ol.) ' r
L) s G SR A R D S oo

td)ﬁs35 ddretresid (stGCe 4&thourts) , memiedrhi rsegms to allow
ultra-thin O 007/110422 PCT/ EP2007/ 052904 _1Q
e U 0t i PO G I PRG OCT uft Tt droplet

d¥ &fi0t,0mhd U trr}aﬂépﬂusle@tpm& Stiad n@ek Wik @geatiScel les
uranyl -acetate and lead citrate, are then exam ned by
hedresiA s ihor e Insatiesit mnerlasidopy | PHIG i GRsnovR prgperties .
kV). 5 Wthout wishing to be bound by theory, it is

t hought t hat

Furthermore, the micelles may be produced in such a way

that they have an extremely sharp size distribution (see
Fig. 14), such that more than 80% of the micelles produced
will have a size smaller than 1 micron, preferably between
100nm and 900nm, more preferably between 100-770nm, most

preferably between 200 and 400nm.

The mean diameter of the micelles can be determined using
Transmission Electron Microscopy (TEM). In order to do so,
the liquid micelle samples are encapsulated in agar gel
tubes. Fixation 1s achieved by immersion in a solution of
2.5% glutaraldehyde in 0.1M, pH 7.4 cacodylate buffer and
post-fixation with 2% Osmium tetroxide in the same buffer,
both solutions <containing 0.04% Ruthenium red. After
dehydration in a graded ethanol series (70, 80, 90, 96,
100% ethanol), the samples are embedded in Spurr resin
(Spurr/ethanol 1:1, 2:1, 100%). After polymerization of

the resin (70°C, 48 hours), semi-thin and wultra-thin
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during mcelle formation, the mcelles reach a
"maxi mun' size, due to the overall electrostatic

webarge4of the micelles repelling any additi oPed/EP2007/052904

protein nol ecule, such 10 thgf the mcelles cannot

row in size any longer. This_. accounts for th rrow
fgf%éQﬂ%nquﬁn!%ﬁFob@é?@eda(cF?lcﬁigylfﬂ?mﬁﬁe%xﬁg ultra=
Gl ge deserd bed iphovesaayi bes produeedehy aipmoCessucous

15 which is described in detail in the follow ng. As
utlee W@ gredteei Andhi Ehadmyc beraised fagie t REeRanefaginee by

of . _whey. protei icell es, 0 r.gi.alJl i l,apl
?ﬁ%&fmﬁﬁﬁﬁﬂﬁr?#%%1§¥b$ﬁﬁxiﬁg%§%t%aleéﬁﬁh¥m@§§u§263%)'
i.e. whey 20 protein obtained by any process for the

YA_E.)i,rg‘eparati,on of whey protein known in the art, as well
Navey "prgtidich ¢ raet PersdpPEpared¥nerds romgrought that

RIALR) NS; Sdche agoBnakachoglelul i ned BLG) . razbactal b fum”
and serum albumn. In particular, sweet whey obtained
sdsca bylupr odactthe chease 125 edentfrasttaité c achdraheyof the
abt ai.ned as b%-Pgodu%t inc?q5%naase£n g§nu§%ﬁ%%5%€ such
ThatS §*Vh%?p% %ai%e&'gyzi KM oPFPEFAY T OFSF !
drernet hahey cehiaisneda@so by gpioeduct isn zer enngt 1oaseirn This
manuf acture may be used as the whey protein. The whey
AHGEI TP mhyT bé o%%r%Wnélléeso%%%%rkauH%% gserved (ct.
E&%ﬁtgﬂgg of any sources. It is preferable that the

ey protein does not undergo any hydrol ysis step
prior to mcelle formation. Thus, the whey protein is

ot subjected, to any enzymatic treatnent prjor to
The dF 1§ Sat s orie S RehoTai AgoT6 TRE PRVeRErgRed Oy & process
WHIRG! tiantgddati e iwheye tW 12007 /chk0422 1 owing .

PCT/ EP2007/ 052904 11 protein be used in the mcelle
formation process and not hydrol ysates thereof. The

%"he%é’r%?%'h”%?é’yéfﬁ &ﬁﬁcﬁhﬁa %‘éf%%te‘éf A meeldesed Srure

not res ted to ey I1solfates from bovine origin,
dfutwhey protein micelles, any commercially available whey

protein isolates or concentrates may be used, 1i.e. whey
protein obtained by any process for the preparation of
whey protein known in the art, as well as whey protein
fractions prepared therefrom or proteins such as @-
lactoglobulin (BLG), «o-lactalbumin and serum albumin. In
particular, sweet whey obtained as a by-product in cheese
manufacture, acid whey obtained as Dby-product in acid
casein manufacture, native whey obtained by milk
microfiltration or rennet whey obtained as by-product 1in
rennet casein manufacture may be used as the whey protein.
The whey protein may be from a single source or from
mixtures of any sources. It 1is preferable that the whey
protein does not undergo any hydrolysis step prior to
micelle formation. Thus, the whey protein is not subjected
to any enzymatic treatment prior to micellisation.

According to the invention, it is important that the whey
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pertains to whey isolates fromall manmmalian ani nal
speci es, such as from sheep, goats, horses, and

wa@ 200180422 Al so, the manufacturing process appl PEFEPIN07/052904

m neralised, demneralised gr slightly mneralised

whey preparations. 10 By "slightly mneralized” is

Bfedet Cary® whdy pﬁ@‘pz}%ﬁi S LF§ oF SBT7 i vt PORCGFSF RS not

HPde 18l nohy i@ di al yzable or diafiltrable, but

whi ch maintains mnerals associated to it by natural

m neralisation after preparation of the whey protein

oncentrate .or. i solate Q a T - -

"] iwg Tt )]/p 'R Neralised™ vé]oey tg?r%e glggrng{flao%s ea\]/O gf had enloleS o

rgpeci s €r Nt hed alkcenfichnment 1 aWaey oot ebogiae eocangin, but
1

excel l ent source of essential am no _acids (AA%@MSO .
FOSRAre (5 calenh (ComHiTh ng 10" 3g 250 Gyt N ook i

HIRLEId) | s sueet WheYoPr Qhebps ¢t N HotidBs BBEE camels.
cysteine, and acid whey 10 tines nore cysteine.

MQyst,ei hleei snatrhveE arcdtuer drigni prageani moralcias f gp mineralised,

| ut at hi.one ., (GSH) synthesis, _a tripeptide made of .
BrlieBnia Gyt o e THM g1 vit REr Ut R By Ty roc dons-

HyTpost aght f ynetinensiliinddre 25 dehenceaf tiheyboslyepdrration
case of stress. Requi rements in _these am no acids nm

Peé I Eeased TiPre e DieStHexyr Al "ol et | §- petptiele oF
d‘}'asfq,ltgﬂaﬁhaet,h'@@@ Qhaknsuppl amentat hoRe WM Eh MheY i ated to

protei n has 'been shown to I ncrease plasma GSH |evels
iof e W tinfreclt edi rpatd lentast (Euraftler @rigpataniest .of Ithe whey
2001;, 31, 171-178 O her health benefits provided by
RAey 0% ot%?%%e?ﬁlé%:ﬁ%e S&nhancerfent’ of%ﬁﬁscleéiampqe' These

“davie) e Nty iand- i d H'N g, wiasy Wed de@bratiustd € have had no
mai nt enance in children, adults or elderly people, 35
erarcdemernegfa t e Gishne F.uncti on, i nprovement of WO
2007/ 110422 PCT/ EP2007/ 052904 12 cognitive function,
control of blood glucose such that they are suitable
Wery dbabetics, avei gt araralgesrent sandce of essential amino

acids (ARA) (45%). Compared to <casein (containing 0.3g
cysteine/100g protein), sweet whey proteins contain 7
times more cysteine, and acid whey 10 times more cysteine.
Cysteine 1is the rate limiting amino acid for glutathione
(GSH) synthesis, a tripeptide made of glutamate cysteine
and glycine which has primary important functions in the
defence of the body in case of stress. Requirements in
these amino acids may be increased in case of stress and
in elderly people. Also, glutathione oral supplementation
with whey protein has been shown to increase plasma GSH
levels of HIV-infected patients (Eur. J. Clin. Invest.
2001; 31, 171-178).

Other health benefits provided by whey proteins include
enhancement of muscle development and building, as well as
muscle maintenance 1in children, adults or elderly people,

enhancement of the immune function, improvement of
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satiety, anti-inflammatory effects, wound heal i ng and
skin repair, lowering of the blood pressure, etc. 5

wob@y/1pdet ei ns have a better protein effici encBCT/EP1007/052904
(PER = 118) conpared for exagnmple to casein (PER =

100),.. PER is a neasure of a prote ual ity assessed
TSt aEn HERGCHBN Ve TESUh Oir ok BP9 s GTES warght that
tgRIN. okt can 8,10 real cyl atedi by, th@m&ﬂhJthﬂggement and
formul a: PER = body wei ght gromﬁh (g) / protein weight
sartigke , ( @Rt 1 Erdnpines:t PER 95 e n WiBiInsade i1 arph skin
E 3 8,118 ey, 1 2.3 .78 Weat
er &9?%5 0™ §i é§ﬁ¥¥£ ﬁ%é%%%% Sgbcess whey
protelns may be present i n an aqueous solution in an
amount of 0.1 wt.%to 12 wt.% preferably in an
Wesurtt Ofe oa %V%%obetwrwmﬁeﬁ@ e erEncy et (FER
flnrmg}t aérgom%]?eo(%\'tf(ﬁ?t@xzmﬁé\@e%toeggge?cﬁ TRER p:rqfo@r ablptr is
u : ,

apmefeervats] i m arr it L It wa s e d bm d@iéemmtrhﬂeng how
b is of the total f the.s Iutlon Th

aﬁeod%‘§b|u$¥o% of tﬁ%g%ﬂeg pro?egﬁ prgbaratig% as " be
B30 qanesent Befiore fdia gWiee) ldisatilen step may al so
conprise additional conpounds, such as by-products of
the respective whey production processes, other

FOLeINSy y, MRy ohyg & HOn Y :
Pﬁ%Irso contai 1Iher fo£} |ngre %%%’ %@f& ¢ (9
car bohydrates, plant extracts, etc). The 35 amount of

uch addi ti onal conpoundgagreferablycdoesn t WO

15422 PCT/ EP2007/0 04 13

casein 3.2 100
Egg 3.8 118
Whey 3.8 118
Whole Soya 2.5 78
Wheat gluten 0.3 9

For the micellisation process, whey proteins may be
present in an agueous solution in an amount of 0.1 wt.% to
12 wt.%, preferably in an amount of 0.1 wt.% to 8 wt.%,
more preferably in an amount of 0.2 wt.% to 7 wt.%, even
more preferably in an amount of 0.5 wt.% to 6 wt.%, most
preferably in an amount of 1 wt.% to 4 wt.% on the basis

of the total weight of the solution.

The aqueous solution of the whey protein preparation as
present before the micellisation step may also comprise
additional compounds, such as by-products of the
respective whey production processes, other proteins, gums
or carbohydrates. The solution may also contain other food
ingredients (fat, carbohydrates, plant extracts, etc). The

amount of such additional compounds preferably doesn't
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exceed 50 wt.% preferably 20 wt.% and nore
preferably does not exceed 10 wt.% of the total

wowdoghto4of the solution. 5 The whey protein, BST/RR1007/052904

as the fractions and/or the i n proteins thereof may
be used urified ‘%ékew se in formof

B prodtot ¢ P Srtent=eF dfvaliteTably

RRld Oﬂ%tl nekheewheyo prv@E ein Jor tthe Reepar al/k9gntofof  the
the whey protein mcelles concentrate is |l ess than 10

s1l5%iorore preferably | ess than 2% even nore

preferably I|ess than 0.2% WMst preferably the whey
proteins are conpletely dem neralised. PH and ionic

TSia engivh pafca d inpordsante flactorshd nftdecidds and/or the main
m cel | isation of whey proteins. Thus, for ext ensi ve|

RfiCHAFEd A s WY CPS al8Sdi HEuBPEy Tdédoif@rar or liKewise

idepketgd of o f egqeatdong,such P@%f@%ab*&y,’\'athé\/gcohttent of
has been found that ‘when perform ng theé

dirvedtarentcaurdmy ant ithe péra;odpmtemsfpa Zhi%mlsefa’::rfatlon

low 5.4, curd.i s obtai 20 at apH
Bc Bl e b S ey r ot SRR T (sbeless chan
Fisgyr andﬁe pheseraply ilesthimdrather saenowdd vpmlw_tably
Wil | (gr oteins mcelles having a dianmeter of | ess

lteteen rcbaﬁq e obt Alaféd. PTRESE2RI Fel Fe® WY hRvetgans are
C%@l%éelgiggﬁtﬁ{l rgharge. The same micelle form can

talne 25 symretrically bel ow the
i soel ectrical pH i.e from3.5 to 50 nor e

referably 3. . resul tin cell es  being,
%bsiaﬂoseljf%rgsetom(% R e B e tg the
naktain posidd velry ehargedrpieehkes, Tndd, m e6tl isatd@ively
of whey proteins may be done in a salt free solution

chite Jay 7514l Veeinupel e st e ad’eﬁ weert gl amr w5l gepdsih figed of
t I'Ee r}leg BSL c%orgse I'i\?a prl\g) e']ﬁ Srﬁég GSen found that

5t era e mcel e’s Yot ai'ne ave an overall

vﬁ'faamqmtﬁommhﬁrtg& nidhaus, t tdeecnprh i shadjustadtime goeriod of
range of WO 2007/110422 PCT/EP2007/052904 .

10s 2 hours at a pH below 5.4, curd is obtained, while
at a pH exceeding 6.8, soluble whey protein results (see
Figure 1). Thus, only in this rather narrow pH window will
whey proteins micelles having a diameter of less than Ilum
be obtained. These micelles will have an overall negative
charge. The same micelle form can also Dbe obtained
symmetrically below the isocelectrical pH, i.e from 3.5 to

5.0, more preferably 3.8 to 4.5, resulting in micelles

being positively charged (see Figure 06).

Thus, 1in order to obtain positively charged micelles,
micellisation of whey proteins may be done in a salt free
solution at a pH wvalue adjusted between 3.8 and 4.5

depending on the mineral content of the protein source.

Preferably, the micelles obtained will have an overall

negative charge. Thus, the pH is adjusted to a range of
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14 from6.3 to 9.0, for a content in divalent cations

conpri sed between 0.2% and 2.5% in whey protein
w@ondaro422 More specifically, to obtain negati vVECTEP2007/052904

charged micelles, 5 the pHig adjusted to a range of

from5. 6 to 6. refram
f<‘;’Fqnbw6d|%v Fént gcéh'l o%orgoﬁt eht™ F%nb ]rressg:t‘ﬁ%}]erﬁ)t 20/C‘Ebtflons
dRR diidd dleRRY proteighg powder), wHe pHIRY D@ owder.

incCreased up to 8.4 depending on the m neral content
of whey protein source (concentrate or 10 isolate). In

6%2tg%%%?rfog%ﬁgHgggy?B%a ﬁt%%%thv%l é%é%ged chelles,

ai n-negat’i
tNecepli es si mdhe qudesenca ofardey gefarfmunﬁssozf tbeGS 4, more
mnerals and the pH may be between 6.4 to 7.4 ,
p&reéfeéfraéﬂyy 6I6™M 0° - 7. =% 0 PoBt af A nehatlicoVel Ql‘éﬁg?@Ed cation

aanct%dtes ﬂ{thfegé eggnpe oléﬁfofroee&atleleﬁaqn%eq; protein
free mnera As a general rule, the higher the

realdsitum ahidd OPHrTa@I’YestJmLOGnEéﬁEdOﬁJPt heo Bnritt |d@|pamﬂelylg on

rotein wder e hi r the m'cellllsat
% elrr%‘(e]r C‘tocgi tetngcn afr g"ltheey tthe’ ceolnndl T'ohs” of“tYorma ]fate or

l@‘oltalt% whey diratieiul 48, celHe s ifayaye hestmsdn 7.5 to 8.4,
preferabl e to demneralise by any of the known
¥ sati%n teechnPqués (diaidygi spegatively charged

ﬂ%géfﬂéétﬁﬁtﬁgnp§§y (§§(ﬂ§@%¥§% aﬂ&Hh@%QQ@WQ%E minerals

ronmat ogr ap any source of liquid native 25
astteytlps obBi meywiltdh lacprwetei B .dorcent rét | pmefangbay ©6.6 to

at of s croflltralon per mea of
T8 Blaly RRESLIEC8Y; sTothrh cifimer Bi il Gfiaence
SLONEEM Fate 2abug0% protaide crﬁmﬁ@fms Thesdizalgesisrganrule,
be done agai nst water (dlstllled dei oni sed or soft),
Udnﬁ asghﬁrs W49 | C8OCHANY A/ r BAEVEFIBR tHNFYHs OF the

SR DU | e oy RAg el el AT B, o
n{iareglani s tarori .nor gani ¢c) to better control the ionic
conposition of the whey proteins. By doing so,

In order to standardize the conditions of formation of the
whey protein micelles, it may be most preferable to
demineralise by any of the known demineralisation
techniques (dialysis, wultrafiltration, reverse osmosis,
ion exchange chromatography..), any source of liquid native
whey proteins with a protein concentration ranging from
that of sweet whey, microfiltration permeate of milk or
acid whey (0.9% protein content) to that of a concentrate
at 30% protein content. The dialysis can be done against
water (distilled, deionised or soft), but as this will
only allow removal of the ions weakly bound to the whey
proteins, it is more preferable to dialyse against an acid
at pH below 4.0 (organic or inorganic) to better control
the ionic composition of the whey proteins. By doing so,
the pH of whey protein micelle formation will be below pH

7.0, more preferably comprised between 5.8 to 6.6.



10

15

20

25

30

35

the pH of whey protein mcelle formation will be bel ow

pH 35 7.0, nore preferably conprised between 5.8 to
W®2@7/1WEa22007/ 110422 PCT/ EP2007/ 052904 15 Pr i PCT/EP2007/052904

heati ng the whey protein aqg us solution, the pH is

generally adjusted by the addition of acid, which is

preferably food grade, such as e.g. hydrochloric acid,

5 iRROSRNOId G 186 hAGRld £ Bt Ciddidnacighl @ Ugonithe pH

acid or lactic acid. en the mneral content is

i ghenehel pH afsugérdr alv ytl] aéﬁéalﬁy tHe additi ohieh 1s

S iC pr ef er :

préﬁ%rggﬁ'odgun1 r%ﬁﬁ@%; dguC%Otégs%h &898 Qﬁ§?§c acid,

ey DX decet@cAlatcdidnatd viet aﬁldo @Huconlc acid

adjustnent step is desired, it is 033|ble t

QQMﬁﬁQﬁﬂ% %?%%ngWHertpﬁemHﬂﬁfﬂﬁ(ﬁ ?ﬁnﬁréﬁagéﬁg The pH
i l(%erlf&%’i t hg;pEegnstant . tﬁr@enadHQEhSn stgengtfkaline
adj ust ed by organi c or inorganic ions in 15
ssljcitlwnmaywmm abl @W@fmra@llm satddbngweda, censharnts m@dlum

héfto{rogf O{)H ure\}nglhsg ro X 1. egtovlé]naﬁn?notrhlum“%ﬁfcg:ox1d’
strength is varled by the addition of 70-80 nM of
arglnlne HC1 20 A buffer may be further added to the

loti onf o1° BHepdpratBFAts6tar 6 &fsiigesd, 1t 1is

@w@ PhethEnPH yabUgAuLing healy £
ED?Dreatmsnt ofgt mheyeprg?e?ns In %pr|n0|p th ey protein
thgffeera tneyn behsékbectezd fnpmtary pbodxgrzﬂhﬁt buﬁhen, ionic
s stem cetiGc a% g_ nd its salts, such as

%f“%ﬁﬁn%ﬁﬁagétéﬁéué é%§?ﬁ%?%%%t8Felnﬁﬁggﬁﬁgnlons in
A sanghpalhstt her esfs enidbe INAHZRHN Na2HROAconstant pH
KH2PO4, K2HPO4, or citric acid and salts thereof etc.
vedjugstdthg’ t Wl grF andl/ 6ot Re thefi B1seldrgt agt Qeeformed at
29 0. sol St c 0 pr.
yig?§?§%n§1é§$lg%i&%av?ng}5§sk§é %e?&%ﬁnigggﬁnfg%%% th
varefeat abl yeHeetaseint ik00-of 70-80 mM of arginine HCI.

-

S

A buffer may be further added to the aqueous solution of
whey protein so as to avoid a substantial change of the pH
value during heat treatment of the whey protein. In
principle, the buffer may be selected from any food-grade
buffer system, 1i.e. acetic acid and its salts, such as
e.g. sodium acetate or potassium acetate, phosphoric acid
and salts thereof, e.g. NaH,PO4, Na,HPO,, KH;PO,;, KyHPO4, or

citric acid and salts thereof etc.

Adjusting the pH and/or the ionic strength of the aqueous
solution results in a controlled process yielding micelles
having a size between 100nm-900nm, preferably between 100-
700nm, most preferably between 200-400nm. Preferably, the
distribution of micelles having dimensions between 100-
700nm is greater than 80% when carrying out the process of

micellisation described herein (see Figure 14).
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700nm nost preferably between 200-400nm Preferably,

the distribution of mcelles having dinensions
whedoreer2200- 700nmis greater than 80% when CBCT/EPI997/052904

out the process of 35 micel]dsation described herein

(see Figure 14). WD 2007/110422 PCT/ EP2007/ 052904 16

It is preferable that the whey protein does not

4Ndes 9 re2BY A RYEr Qltsd S8t epnRkl Hrdi@ M c8bt€ not undergo
formation. Thus, the whey protein is not subjected to

aany rerzyriatd i teeer mehios ppi i ceslai deltmeddonon. Thus, the

According to the_ inventi.o it ] ' r t.hat

Wﬁ%%/%ﬁ% ein g 835d%%$%%%§%éc% I%th%P%§?%gﬁubﬁ%éE§?ent

@b maio hytkkel ysadesort hereodrdl ngatsecord istveptitdne it is
whey protein aqueous 10 solution js then

startin .
%%@t‘"&d toihedt e rEaevemEOtPA Y P UPESpett Ffehdgtcelle

een dfiound, thats f o, Obfal niyg ek droteidt o Jd cel | es,
it 1s 1nportant to have the tenperature in the range

of fromabout 70 to below 95 C, preferably of from

]%pout 82 to ab% t_ 89 nDrEaEEegerabég of féonwabout s
4 5 £5°B6ut “87°C, MBSt preferted At hbdui®EsC TTUeH
Jrasitaleso ibeethdwunaidjkatteontan hewlystyrealtngeal.e, Tht this
Is inportant that the tenperature be preferably |ess

HFREO5GE e Ppref EPEBFY thetweern SOCdid "o iGipsrrotelin

nﬁrc%flgreast;' yi@bgyt inf3Erafl %cenév&f fgsi red Lenperat urne the
as been reached, the starting ey proteln aqueous
rsolgst icoh fisokepboat Thi so bedper &bur'e ,f grred amiaki ipum of from

0 d d ' f 2 h . Pref | th
 gechnas ands maloun o2 e el bl the.
&Plddan 48 keptnadt the desid@ it tamper aduUrec | angesas also

from1l2 to 25 mnutes, nore preferably. from1l2 to 20
hfiefut baundr thest prefest abt§uabotrl 15Cahfnutés 1S 1mportant

that the temperature be preferably less than 95°C, more
preferably between 80°C and 90°C, most preferably about
85°C.

Once the desired temperature has been reached, the
starting whey protein aqueous solution 1is kept at this
temperature for a minimum of 10 seconds and a maximum of 2
hours. Preferably, the time period during which the
aqueous whey protein solution 1is kept at the desired
temperature ranges from 12 to 25 minutes, more preferably
from 12 to 20 minutes, or most preferably about 15

minutes.

The heat treatment may also be achieved in a microwave
oven or any similar equipment allowing heating by
microwaves with a time/quantity ratio of 10 s/10 mL for a
4 wt% protein solution heated in a 1500 W apparatus up to
boiling temperature (98°C at an altitude of 833m). A

continuous process may also be used by addition of 8 or
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m crowave oven or any simlar equi pnent allow ng
wheaviing2by mnicrowaves with a tinme/quantity recT/BPmD7/052904

10 s/10 nL for a 4 mﬁ@bprotﬁ;n sol ution heated in a

1500 W appar at us i ng tenperature (98
TR AR T B EE EoRt PHASGLTR SEOet oy i 4 Henaed
bgjs ed by Add then ofs 8 e WR209 Y L8422 F incubation.
CT/ EP2007/052904 17 nore magnetrons around a gl ass
tube potentially prolonged by a holding tube to

i ncrease the ti i pcubat S ' I gur

Aur bl% tny rreasu?glrlréﬁtsgéregaﬁ%glﬁd@% o%&g IJNQF;’né(lce 1Ize
ifn@rirsatd iemh. dmmﬂmmmdhmmmmmmﬂemmwtwmﬁmimmmmamrajby
500nm may be at | east 3 absorbance units faor 1%

AP ol At | B BUM AP eHc - SFe tabs GHIRHGA 1A tghits for

1%*1%066% Wahd 1Qfn Mgelddsatd pm 1155 abavs 80%d S@its when
gure 2). 10 To further illustrate the effect of

tﬁnecedﬂeéd‘ orfmatiicen fiserhica phy sitcoshétizcalsgsoititouafe 2) .
view, a 1 mt%dispersion of Bipro(r) was heated for
15 mnutes at 85C at pH6.0 and 6.8 in MIIiQ water.

TEher Untdveadyinam - i amedrey of fdde o Ao @galest oht@i et from
after heat treatnent was neasured by 15 dynam c |i ght
escab v et FagheThea apparierit %l dd@ar wweilghttof digpersion of

t t t
Bﬁ@%g t £5 Mas efghm ye g?h*éésa 4 ddghtyscatterd nghyg 6.8

e so-ca The surface
mydrmphbi@ci trg tewnas m‘r@bedhmw@ymmelmwd@pmebec ANS the

b dt f bI t hi ol th
Bivonand, Se 15, acessitle ol roves.ty iirea vy

Bflhi Fingfdy s dhe dmihology Hpdhent agoregates wasght of
studi ed by negative staining TEM The results are

tﬁ?@es@%ﬁ@%lg@he%aﬁﬁé Hetrapligel PRysteséRentii@lt scattering
B e S A
mms)tler@beldspensngorthen présepicebdr abisenmeobof aNdClthe free
accessible thiol groups by the DTNB method using cystein
as the standard amino acid. Finally, the morphology of the
aggregates was studied by negative staining TEM. The

results are presented in table 1.

Table 1: Physicochemical properties of soluble whey
protein aggregates obtained by heat treatment (85°C, 15
min) of a 1 wt% protein dispersion in presence or absence

of NaCl.

PH hydrodyna molecular morpholog C- protein accessib
mic weight M, y potential  surface le SH
diameter (x 10° (mv)

L hydropho groups
.mol”
(o) g-mod ) bicity (nmol

(ug.mmol~  SH.mg™
prot.)
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pH hydr odyna nol ecul ar norphol og protein accessib mc
weight M Y potential surface le SH dianeter (x 106

W@ eddy/1iogelr opho groups (nnm) g.nol-1) bicity (nNPOI/EP2007/052904

007/11042

Sheri cal 3. 5. 9 ﬁicél I es. .

(g.mmol- SH nmy 1 prot.) W

56024. 6 100 649.101 2V i%4edad - 2ehe9lce2 200. 8:068 80. 505.4 3.5£0.4
aggregate s Fromtable 1nxikdi1és clear that the whey

ps@tein yacelbes, fhatowere; formed atopH, 6. 0284 oW ¢ 5105
protein to decrease its specific ANS surface

hydr ophobi city by a factor 6f°2°5 conpared to
non-micellised whey protein Reated in the sane
condition, but at pH 6.8. The micelle formation can be

al so seen on the very high nol ecul ar wei ght of 27 x
Foe et - 1 céﬁpérsed:]tec?]@.%ﬁat}( 106 &.hﬁ‘é(l PrGtgin micelles

e MLl | ESede g PLRt §iun, ¢ INdL £ak) Ngrac ¥Ry reondensede its
state of the matter 10 wthin the mcelle (|ow anount

sgfe adeftier ) ANBnt enesecagllyydemoughicithe dpotentihgkbonf of 2
the mcelles is even jnore e ativetet.hnarhetahce
tte

PRl TT K Protei e SV e T e S att %t - Havd been 59me

ave been

dorared at, apuer ethasiic cpid .t hae t he cemileel f@dmadhbs kksin be
the result of a nore hydroghilic surface 15 of the .
aHSCel $RBN beNNng ek posed PéIPhEGAERT, wHArE yOotorted x 10

T R T I T
dedause ofdidetdthdfer entrypHofddreatd t seataentt. the matter
within the micelle (low amount of water). Interestingly
enough, the {-potential of the micelles 1is even more
negative than the non-micellised proteins even 1f the
latter have been formed at a more basic pH than the
micelles. This is the result of a more hydrophilic surface
of the micelles being exposed to the solvent. Finally, one
should note that the thiol reactivity of the micelles 1is

much lower than that of the non-micellised protein because

of the different pH of heat treatment.

It has been found that the conversion yield of native whey
protein to micelles decreases when the initial protein
concentration is increased before pH adjustment and heat
treatment. For example, when starting with a whey protein
isolate Prolacta 90 (lot 673 from Lactalis), the yield of
formation of whey protein micelles drops from 85% (when
starting with 4% proteins) to 50% (when starting with 12%
of proteins). In order to maximize the formation of whey
protein micelles (>85% of the initial protein content), it
is better to start with an aqueous whey protein solution

having a protein concentration below 12%, preferably below
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20 It has been found that the conversion yield of
native whey protein to mcelles decreases when the

WO niovital42protein  concentration is increased be¢DEPR20pH052904

adj ustment and heat treatnepf. For exanple, when

starting with a whey protein isolate Prolacta 90 (| ot
%73 PFBRNEAESa ?%),%ﬁge YSRGSt §%nﬁ&rna?ﬁ>§hC%Flaﬂg1%y the
MBI J9 e tdIeps f remBR%d Wwheth restrafdd narMident to
4% proteins) to 50% (when starting wth 12% of

neredEl e, oot isredenhiey maditfiize mtilve flesnatlicddt -of  whey
protein mcelles (>85%of the initial protein

content), it is better to start with an agueous whey
TPreot ®hB8ySad titicoim S0mhaeilngsa ¢ibod ehab toncerddratiran to the
bel ow 12% preferably bel ow WO 2007/11Q0422 | ,
PPCHRER G U53504 297905 R dkpehdl Rgor 1ERe Wiefdeytameter

Jd nalsapphicat ;Qns o bhe 1P ot & £oNceny§ akbonoioS nm, more
adj usted before heat treatment to manage the opti nal
ey rercdtyei frami ceP P esoyi@l0d. nid, Thes heyepesesils fTrom 200-
425ioce| | es obtainable according to the process
es¢li bed above shall have a size with a di ameter of
| ess than |l oam preferably of from 100 to 990 nm nore
referably from100 to 700 nm nost preferably from
L‘%@f@ﬂd&mmoqo tependfhyred t RBPdéspFé@ appltifCat ivigld ©of

n¥i lyiieesJ %@fofglggellle%%ti %d’%f, %ré?@?#b@(y%tpﬁ%fa%rta@(ﬁ% and

at least 80% a the residual” sol ubl e aggregates or
Sl ulsedsel doredt edal ot erggrdgs twrefaer abd yulbled aw @09%n Thentent

aver a mcel |l e si [ 5 terised b . .
oot IO PR b PR Melhe size 1o
ohsermed-ithat whew ppol ginspeel t gs ieeukd hore, 0.200. It

aggregates around pH 4.5, wth however no sign of
hegcriosenpicdsphase sepal athel aftdreiat Peastle? Kourls form

éggrég%tég) around pH 4.5, with however no sign of
macroscopic phase separation after at least 12 hours at

4°C.

The purity of whey protein micelles which may be produced
according to the process described herein can be obtained
by determining the amount of residual soluble proteins.
Micelles are eliminated by centrifugation at 20 °C and
26900 g for 15 min. The supernatant 1is used to determine
the protein amount in quartz cuvettes at 280nm (lcm light
pathlength). Values are expressed as a percentage of the

initial value before heat treatment.

Proportion of micelles = (Amount of initial proteins -

amount of soluble proteins) / Amount of initial proteins

The whey protein micelles obtainable according to a
process described herein have not been submitted to any

mechanical stress leading to reduction of the particle
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The purity of whey protein mcelles which may be

produced according to the process described herein
wa@2am7he4obt ai ned by determ ning the anount of PCBEEPTHONADS2904

soluble proteins. Mcelles e elininated by

centrifugation at 20 C an 26900 g for 15 mn.

SSifser HHEFARE i SCTRRY 2 det mPEQCQtSﬁe PrOYEr a?%b?fh‘ia“eous

mr&eqqqrstazcl%ve@ﬁ esnaly 280 (demairghly maddl ergblhent in
Val ues are expressed as a percentage of the initia

el @& sisefcsr @ thedearrigat-nent . 30 Proportion of mcelles
= (Anmpunt of initial proteins - anount of sol uble
proteins) / Amount of initial proteins The whey
Yt @iy vaicelnlies Jakisaiuahl e raadar dimgsdroc ai nypFrociess may be
descri bed herein have not been submtted to an %? ,

T ACEHrETY | eadFRg 16 CPédUCritoR oPIHE TartF T et Ped

a%@x%o%ﬂtl%qﬁez%o%cﬁ/ﬂ%?%%w/t@l%%%% 20 size during

formati on. The process induces spontaneous

m cel I isation of whey proteins during heat treatnent

in e absence of . shearing roteln m_cel.l.es
AﬁéC67Jﬁmih%op?esgﬁPolﬁy'Hgléﬁ§n%§ebg%ese l%yentlon’ the
WARCQY Giinge 1110 d1e IF gelddesat |dzarsd1rlmsﬂkdase:rmmdoe carried
above but are not limted thereto. According to an
GBrbodRmeht COFPERE lpreseht Namiéitt | BRSYt MRFCOUOTwhere active

Gl | 'él%dﬁ opy,Rrogess desclihedrabove; sRY BE CfdLlite of

ut on i spersion of native whey protein and active
vagentor csecin trhiate luporami celtlied erowatt ors, rarpdaggegat e
of whey protein mcelle and active agent is produced.
15 Thus the nmethod conprises the steps of dispersing

THatd Viene WABYnBHOL I rakd san it E¥&p agemit dipdt AGUeOUStive
solution, and denaturing the whey protein to whey
Wieot ePFP PR el FRE  Sandh Ford PN aggr @@at@%@%e@@/@lutlonr

eﬁﬂ?t ﬁa@ﬁff&%eﬁh@n%h%geé> d ¢ égewheg %? %@Hﬁ%&%lles
e carried out acc ng 20 to a proc escri be
aﬂﬂm&nrﬁﬁmﬁeambhggra@aéélD§aWheU|pxote1n mlcelles and the
active agent. Micellisation may be carried out according
to a process described above. Preferably, micellisation is
carried out by adjusting the pH of the native protein
aqueous solution to a range between 5 and 8 and heating
said solution at a temperature between 80°C and 95°C,

preferably below 95°C, more preferably between 80°C and
90°C, most preferably about 85°C, for at least 10s.

Accordingly, the amount of active agent present in the

dispersion prior to micellisation is between 0.1% and 50%.

According to another method of the present invention, the
active agent is dispersed in a solvent with whey protein
micelles. The whey protein micelles may be used as such or
may be used in the form of concentrates and/or powders
thereof. Additionally, the whey protein micelles may be

coated with an emulsifier such as phospholipids, for
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carried out by adjusting the pH of the native protein
aqueous solution to a range between 5 and 8 and

wheaviing22 sai d sol ution at a tenperature betweRCT/BRPLB07/052904
and 95C, preferably below 95C, nore preferably

bet ween 80C and 25 90C, rms referably about 85C,
PGP /| et 910s.C9 tp Ufraﬁ)urﬂs of* adtiein, 2

gﬁﬁﬁﬂkkprgﬁ it dﬂyfy§3ﬁ% Qﬁ:Qf' m {Qich as acacia gum
m cel | i sat ?%:10 IS ble%t%/ween 0. 1% and 5095% 30 According 7

itno oemﬂ@trhetro metchdd tof v fprmeseimnd nviehtdforihe hdsactpyetelin
mL%e t é)e\rl\% gzrotealnsoisveﬂg %ﬁ" a@ V@e%oQEQBg' % ent, it
F es ag

mce protein mce e use
mwwhb@rseﬁawtéalﬁﬂﬁhlﬂn§h@ﬂdﬂéﬁdﬁ B@ﬁt@@tﬁ&t&%oelectric
and/ or powders thereof. Additionally, the whey

Horidttei AR &l Fes iy hed et ¢ H&t e%IOWJEh %ﬁmenﬁfl@iff jRpotein.

9UCh as - phosphol i pi lefobr@@a%ggé/119$g@oferrun and some
PCT/ EP200'7/ 052904 1 exanpl e, other coating agents

rsych agoaepnet.ei hen @epﬁtncuteelra prvotreilly slayrdr ol gsateed as
or A %om such as acaci a gum [ a%rlder tohrmogul at e the

naargﬁy of the V\ﬁey fee Yni Eel I'es” O\;W trom

p&rdﬁee_lrﬂs I gudsedaas pa:cctgmlrﬁg, aga@ttofletrrannayrbee, casein,
sel ected fromany proteins having an isoelectric

Wheivht V@?Qﬁﬁrf|%%Y1tP§OE?§ﬁeProF“lIX6Wélest H&enrdy griotigrrbly,
tmesc%aaéﬁeg 1 Gxanm| f B ﬂ@} %El%té@%pénﬁrmbmd putyl

some rice protelns. a protein hydrolysate iIs
aused egs dmatenglagenarlct i ipt ef esably a difydr obysat e and

m10p telns uch as protam | actoferrin,.rice
e Py, SOy IS Ot GPTEY it ur B Pk gof tes
s%e%f&:rﬁbl yactymstggatar{w msxaarepulidieir selregtedi7 is a

from sul phated butyl oleate, diacetyltartaric acid
ssdreared it KORBSSARBAtEPYl yler FHES, “Gating akiifhestiekghated

%té{lgog%égg_t'gg&rtﬂémﬁé roydo 'sqg%taéJ gandagl YLESi ped

IS a emitlcr ntatlon
Rudtheoatéengimi t hagubpkat edsuiut yin oheabering of the whey

Furt her nore,. co-spraydryin as descri bed
protein micelles. praydrying.

Micelles concentrates may be produced by evaporation,
centrifugation, sedimentation, ultrafiltration and/or

microfiltration, for example.

Evaporation may be carried out on the micelles by feeding
the micelle suspension obtained after heat treatment to an
evaporator under vacuum, having a temperature between 50°C
and 85°C. The whey protein micelles concentrate obtained
by evaporation tend to have a creamy, semi-solid texture
(as shown in Figure 18) which may be used in the methods

of the present invention.

Centrifugation may be carried out with high acceleration

rate (more than 2000g) or low acceleration rate (less than
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further herein, may also result in a coating of the

whey protein mcelles. 20 Mcelles concentrates may
wheoopnodered by evaporation, centrifugation, PCT/EP2007/052904

sedi nent ati on, uItrafiItrati and/or

n1crof|Itrat|on [ exa Evaﬁgratlon

be .
La0 ea 66E oreiReEhPea TEs s by fté?dl 5t Her A GLP [ gricelle

AUsReNSIEN ebtaigied Afder Hheats t &fza;tfré%tb 150 4ar .
evapor at or under vacuum haV|ng tenperature bet ween
50C and 85C. The whey protein mcelles concentrate

obt ined by e oration t a
Bt i S T
Wiy, bepusedinn tmecﬁﬁﬂbodelsﬁetbeOpresbpt |1mﬁﬂﬁf1natlon

CEntrlfugatlon may be carried out with hig

FEcdarerdti ot R dtle Yhbt ePEhan> 2@@§gfhﬁ'qﬁﬂ&mentatlon time

;aceel.er atjon ratg {JLess than WO 2007/110422
PCT/ EP2007/ 052904 22 500g) after acidification of the

whey protein mcelle dispersion at a pH | ower than 5,

ref er abl ont aneous se tion y .a
41 Qéi %%l%ﬂ1? £ EﬁﬁﬁF%ﬂo e| ﬁlgé “Fe Fﬁﬂgﬁ%¥%l%ﬁféales
Ry adddi ficatéend Pref eiakbyiltherpbnw ldf becid 5 mingklles
the sedinentation tine is nore than 12 hours.
SN&p@rrque@lytaé@%eﬁtffﬂ&ﬁ dirast FrheaWReytpr gbdisn enriching

£ Cg{ﬁqgu% 19 may, e achigyed py rgoq{c%fﬂt!rtart%t'Qﬂle N ein

suspension obtained after heat treatnent
mBhies] lers | bglngemmwnmmlqmeanebl@ahy eémabl ed stoo enables the
concgﬁir ratein mcelles enovi n

tn%ﬂ %ﬁgtﬁﬁa gﬁhnv%rkgﬁw naé&ve proteins

Jon-g91681ld sedqpeeteicr)(suehuas nahkverprot ei psoddcor only
sol ubl e aggre gates). Thus the final product only
m@% of micelllles (&3S caAnb@hekrelepy Py Transmission

AN o K GG} ron.M CER3ERRY o a6k 110)UTH AW case,
. n IS Case,
the concentration factor that is possible to achieve 1is

obtained after the initial flow rate of permeate through

the membrane has dropped to 20% of its initial value.

The whey protein concentrate obtained by microfiltration
may have a protein concentration of at least 12%.
Furthermore, the concentrate may contain at least 50%,
preferably at least 80% of the protein in the form of

micelles.

It 1is 1interesting to note that the concentrate, if
adjusted to a protein content of 10% has the ability to
withstand a subsequent heat treatment at 85°C for 15 min
at pH 7.0 in presence for example of up to 0.15 M of
sodium chloride, as shown in Figure 11. As a matter of
comparison, a native whey protein dispersion (Prolactaf0,
lot 500658 from Lactalis) forms a gel in the presence of

0.1 M of sodium chloride at a protein concentration of



10

15

20

25

30

35

the concentration factor that is possible to achieve
is obtained after the initial flowrate of perneate

wo oooagha22 20 t he menbrane has dropped to 20% OPCT/EB2007/052904

initial value. The whey protgin concentrate obtained

by mcrofiltration have "a pratein concentration ...
oé‘flyat%fl eHst - ﬁlﬁur%u??%er hBr&, PR lEBﬁc&%ter @Wa%lllty
oA dv 1 | 838t o PO% £25 HRr efir @bbYoatih easte80%Us0fused in
the protein in the formof mcelles. It is

tihgt @resteimy inyandti@nt-hat the concentrate, if adjusted

to a protein content of 10% has the ability to 30

wi t hstand a subsequent heat treatnment at 85C for 15

i rerad ik gdedk | inpeesence the exanplesomayp Heo drdbs Md as
of sodiumchloride, _as shown in Figure 11. As a ,

st erPE L EONpREFEOASSa WAt i V& whB)eYr ofdiatein micelles

Hpersian (R oi?{?&ﬂ?ofom‘nogssgogﬁ%ﬂe&%molﬁa}mi@! I $dmi-solid
forms a gel in the presence of 35 0.1 M of sodium
fohdmor | de atna dr atwied cdimoant r 8hieonwbeyWP2O0Fin104xelles

PCT/ EP20Q7/ 052904 23 onl 4% f. Figure 12) . Th
T e Tl ghes il o Bt qn, Ja1 67 48] gepbiiding on

trie appey: preatgi.n micel les used in the present
invention. 5 In the present invention, the mcelles

may be provided as whey protein mcelles or as whey

Prarery meell gs Iﬁ%ﬁq@dgagngyi bd | gUkdiHEEMAS @ny  known
di spersion, in sem-soli orm or I1nadried form
tHuenileeye spr obech nageldresy-condent,r afeepay-Beyused ascller

uch or diluted depending on 10.the application. A .

9 5 of M RelFds iy D BBt af HedoBy "Ry MiiphrProtetn
ieENices; sHEBcabrspeaytdeyedd. hceezerHdi)Miy)g.drying may
roller drying etc, which may be carried out on the

Bgheyprotas] n a5 nivtellt esClor Woneeht r A€ tHer eoff further
l%q%q%ra(yé}g!dsy drying may be carried out with or

wthout addition of further

Figure 8 shows a powder obtained by spray-drying without
addition of any further ingredients, having an average
particle diameter size greater than 1 micron due to the
micelle aggregation occurring during spray-drying. A
typical average volume median diameter (Ds3) of such
powders 1is between 45 and 55 microns, preferably 51
microns. The surface median diameter (Dsy) of such powders
is preferably between 3 and 4 microns, more preferably it

is 3.8 microns.

The moisture content of the powders obtained after spray-
drying is preferably less than 10%, more preferably less

than 4%.

Whey protein micelle powders may be used in the present
invention. Preferably, these powders will be “pure”. By

“pure powder” 1is meant a powder comprising at least 90%
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ingredients. Figure 8 shows a powder obtained by
spray-drying without 20 addition of any further

WO pgredident s, having an average particle di anBCEEPDNZE52904

greater than 1 micron due to, he mcelle aggregation

ccurring during dr typi cal vera

T i A3 o Y oH3) 35f>t§aeh TGGRAAFS | $ovder  is
ck?l%tﬁé(%@:réﬂ%e%ﬂdb§5 aM $& PPS m@hefﬂ@\mb/l Bl 25 mhekenscowders
The surface nedi an di ameter (D32) of such powders is

b@h@f\f@r a@hyob*et weenl 3qands4 anikr bRSSenbr elpt epeivablygepe of

SR DO gl B 8 PG oz o

tHrlzase 1@&Wd€EBeJnfebe@&bkﬁbﬂ@ssbelﬁﬂnZﬁﬁ@ V%eyeprmﬁeﬁérably
m _cel | e powders 0 é_be used |n t he resent I nvention.
s

@%%W%hﬁ%ly Stfe Gt hig | 9F bEQPBE?e@ lgys 351 Rpwgiers

Misk§ ARAM] &4l ﬁ@@p[hsngm@Elbe%ﬁpfﬁ%@ﬂﬂgns or
2007/110422 PCT/ EP2007/ 0 2904 24 whey protein. Said

ey geedtigiat imirgel 1fey powdemdes characteri sed by a

very high flowability. These powders behave al nost as
liquids and present the advantages of easy usability

rand Hararsfegr abid i biyey Theoaaghemotel epeseoabies these a high
powders is preferably bel ow 35, nore preferably bel ow
BediggeheaPpewt dngl e oFCLEEEE aPFoihs Ahe"poRbler ILYGFTOLs

| o e S I Gat;! 1
foogl%appaéli MBQD?Q NS i (GOSOEL | crapphiicat; n%nscz%gac ty

| i cati ons or instance. 10 Furthernore, th
cmheyher@bww@rmldableslpomﬂeathdxsna:hB@h, Bicndvager 1is at

aC| for sol vent.s su h as r., glycerol
G hY s o o SBEy it Soe PG oprs terably at
%@a&lﬂ@oo OfFéﬂ"'escplQ)f&ﬁisﬁ dr1ids |c§l}a$eﬂ&]asénc§0&ﬁheh@ol the
water is at |east 50% Breferably at | east 90% nost

prefigraptapagi s eacf 200d@arsr 5961-vaRls §uceady of the
#Hé§ng8téijﬁﬂggﬂ¥é'péﬁg%rs allows these to be sprayed or

filled with further active agents selected from the group
of peptides, plant extracts, protein hydrolysates,
biocactives, vitamins, minerals, pharmaceuticals, cosmetic
components etc. and mixtures thereof. The complex formed
may then act as a delivery agent according to the present

invention.

A important feature of whey protein micelles is that basic
micelle structure of the whey proteins is conserved upon
processing or reconstitution in solvents. Figure 15 shows
a whey protein micelle powder grain which has been
sectioned, and whereby the individual whey protein
micelles are observable. Furthermore, the micelle
structure can be easily reconstituted in solvents. It has
been shown that the powders obtained from whey protein
micelle concentrate can be easily redispersed in water at
room temperature or at 50°C. The size and structure of the

whey protein micelles are fully conserved compared to the
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bi ndi ng capacity is of at |east 50% This property of
the whey protein mcelle powders allows these to be

waepaged2nr filled with further active agent SPGEERIMDBAS2904

fromthe group of peptides,,plant extracts, protein
hydr.ol.ysates, 20 bioactives, vitam.ns,_m

m neral s,
T 2o ko o CXeBGnerits BIET andds the whey

ghottdurescthesgofardhencemlex oragdarmey thensaet @sSotein
a delivery agent according to the present invention.

2B cAritmpsricanthdeabare oldiseprest eith Apéentesdi yater at
5t0h’%I albtasI c rrér]t%:eLllrll & LG rt%o%f (gf]e w.eyffﬂreo.tsec'r%scﬂuﬁre of
conser ved Bpon processi ng “or reconstitution in

t$@l et s gure e rs howseda mwheyeMrat@idemilseld@mpared to
Ep,owder grai n whi ch has been sectioned, and whereby

t

Hendhi Vi dbiaP TiHé§ Tpridiéicn 30 Ricettes gpg obtaired. The
Obsprvable W therdwre, Jhe Mgel 1 1 riet We 1A Peami c

easily reconstituted in solvents. It has been shown
ltilgditt t beapowderny obtahned fpohvdheyepsotei nindecelde 0.2.

oncentrate .can be easil|y redispersed in_water at .
ﬁiﬂ&ﬁﬁie%@efﬁfﬁ?esgpwﬁt %ﬁﬁferﬁﬁ§ﬂéi?g éﬁdngFﬁgtuFéegf whey
die 35 whey cpnotei npoweel) es warerdid | y teensenvediles  are
conpared to the WO 2007/110422 PCT/ EP2007/ 052904 25
nefiqisdli tediicent rate. For exanple, in Figure 13, the
whey protein concentrate that was spray-dried at 20%
protein concentration has been redispersed in
Fbed arirsed neptert athe 50C raid o pridieiprconcentratioroof whey

50%@.The structure of 5 the nicg#les ?as beenc%robe&1 £
By “FEM divd” T bre %8%%?58%%8 goret16r A<Cimyartreree
ishane, of o #th G4 ¥ e5e Wase @bt ahned. mike pediianet esusfertdioon, in
mcelles was found to be 315 nm by dynam c |ight
sscAPLTF L Wi ERTR, pOydisper Sittedi ddest of ToU2, 1R guretrst
| so isp j a eze-dried whey ;.
E%?%fé?ndﬁggéffgé%o§é@$?gagg?eW%é h %ﬁggéﬁles are%% and an
geecionst agemedin a solvent 1is formed. The solvent may be
any solvent. For instance, 1t may be water, organic

solvents, ethanocl, glycercl, oils etc.

Active agents may be any agent selected from vitamins,
minerals, antioxidants, poly-unsaturated fatty acids,
peptides, plant extracts, protein hydrolysates,
bicactives, aroma, sweeteners, sugars, polysaccharides,
sucrose, supplements, pharmaceuticals, drugs, cosmetic
components, components sensitive to heat, UV radiation,
light, oxygen, metals, humidity, temperature etc. They may
be unstable compounds such as polyphenols (from coffee,
green tea etc.), lycopene and other carotenoids. They may
include compounds such as caffeine, hesperidins, soluble
or non-soluble salts, probiotic bacteria, stains,

maltodextrins, fats, emulsifiers, ligands.



10

15

20

25

30

For carrying out the nmethod of the present invention,
whey protein mcelles, concentrates thereof or

weowder®21 hereof 15 in any formmy be used. ACEER200BY52904

be in a suspension, in a sessolid form or in a
r|ed forn1 Thus, in a HS%F st.ep a.di spersion ot
I

iy A Drivei A B4 TETG1gn SHdt ive Bdent e

Mnr<1+ acsel veMids fpLnedncThe sl MeMed®YpBE c@R¥umption of
solvent. For instance, it my be water, organic 0

téel Viemcs o ratdvariol ,anglArseraain L igldtsl et f Adid whageeitical
nmay. be ny. age l.ected fromvitamns, mnerals,

Cant i oxI ant§g)gg1y%hnsaturated fatty aC|ds peptides,

pl ant extracts, protein hydrolysates, 25 bloactives

aroma, sweeteners, sugars, polysaccharides, sucros
ot Eriefit s29PHaracebei BaPE J8rugs, Scosmidtis active agent

(ﬁpQQQngnﬁ§xtEQQEo%?n%%ﬁ¥¥¥”é 640 heakhayWe provided in
radi ation, Ilght oxygen, als, humd ¥

amenpepanureoét Jﬁheyona§0°beﬁhnghabl@3©®hp@mﬂd%H8u@ﬁ the
pﬁ%% henols (fron1coffee 30 green tea etc.),

€ ‘and ot her carotenoids. They may i ncl ude
conpounds such as caffeine, hesperidins, soluble or
non-sol ubl e salts, probiotic bacteria, stains
Al V60 39 s, M Bt B éRulesi Fider SO Yakes, ippadded to the

dﬁ%%@ﬁ%%‘}ﬁ%fp%ﬂeg%%@ qh%%%eﬁ% Tq% actdme,Agent s

e mneral's suc 2+, M2+ etc.
whi ch are control released upon consunptlon of the

food product, and/or Ilcatlon of the pharnmaceuti.cal
ectd%ﬁét egLyc;’o S| F‘Fg n’es5 a]%eemacrp‘i"‘\\?e%z?gejrﬂ ﬁa§L {6 form
M@H degdaspa S's@@"a@'e@(:t bYecagenpt oftoastBe M wheleSp®ftein

active agents. It may be provided in an anount of
ng.CBk tes 500 of LiAEifotiarmvenght Pef tife 2@létegaPE™ £g the

active agent, or it may result from the dissolution or
suspension of the active agent in a ligquid. Said liquid
may be the same as the solvent in which the whey protein
micelles and the active agent are dispersed according to
the method of the present invention. It may also be

different.

Alternatively, the active agent in 1ligquid form may be

mixed with a whey protein micelle powder.

Evaporation of the dispersion solvent to yield the
aggregates 1s then carried out. This may be done by any
evaporation treatment known in the art. According to an
embodiment, evaporation may be carried out by spray-drying
such that the aggregates after spray-drying are in the
form of a mixed powder comprising the whey protein
micelles aggregated with the active agent. The resulting

mixed whey protein micelle aggregates comprise whey
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Active agents may be in a dry formwhich is added to

the dispersion of whey protein mcelles in a solvent.
wa\bdoenmaei vel y, the active agent may be in a | PQUEP2007/052904

form 15 which may be sprayedZJdl rectly onto the vvhey

protein [les. The Ii form may .be the actua

S S ey f“ﬁ@eﬁéétsl ver ge?ﬁtl%? 139 STy ré§u| £ f‘fz%hg]’?he ratio

ArSSelutd, O ar: 1 s¥spensicen of the active agent in a

liquid. Said liquid may be the sane as the solvent in

whi ch the whey protein 20 mcelles and the active

Tﬂf@“c&”§bfﬁ§ﬁ¥¥fﬁ§if@§@19én9n OWHQ%SW%%RQQSQEnbh%f whey

present invention.” It may al so ferent.

pAlott@mmtmlW@Il;Aest mgd@tme\mat@gﬂemr lqpaﬁQﬂJlletﬂbr&ﬁ megdipelonal
ed W|th a whey protein mcelle powder.

l@\gaporzftl on of the dispersion solvent to yield the

aggregates is then carried out. This may be done by

evaporation trea nt knpown the art rd|
I?lc?y 'S0 BRBOAT HeftCC vgpé)r aV%C?eornS nggkf/t%m%%r Pye% tp]f)eqsent
iISRIAY-i1dTY i Rge suhddiate tihee@OgiLgales aft@mal structure
spray-drying are in the formof a m xed fovvder

C(%mﬁ@eﬂ N ey whdy 15t bt & nSPRPEBF| &8itagy %@apéd &% t+ppsed

GLive agent . jie rmasulgdng,, i oteid b
e e acggr egaqi es (j(}orrpn se V\,heywv\g%g%w 110422 can e

el%@'ﬁ/@PZ@ﬁﬁl@B@@@4by27‘t}m ofermaniicel lags and a’@plowe drOplet

tS|na ht ratlo r.angi from1l;:1 to 1:
Bt B i T T RIS, GBS i g of SPTaY
5 e Ott,@é nvét@a@@fl @ﬁo@ggtomalfat et conrepatesh Mt fdue to

an adqdl tional ingredient. The whey protein mcelle

P ORI ST Dt B né@oﬁ? e ;§res%n]tmllﬁWeﬁPh@ﬁearr@malned The
Ghar acst%fﬁ sed by ap.intepnal strjeture 10 ¢ water
mal nl oIIows eres buf' also 0 coIIa sed spheres

e(\&fpoﬂ%lt@.onl%roﬁh@rdﬁp)ld}’omsﬁhehes esdtreureitallr @mm within
the droplet.

The internal structure of the spherical hollow spheres was
investigated by SEM after sectioning the particle close to
its diameter (Figure 20, left). The wall thickness of the
particle was around 5 um and seemed very smooth, whereas
the 1nner structure had a more gralny appearance.
Increased magnification showed that this graininess was in
fact due to the presence of the initial WPM that were
fused to form the inner matrix of the powder particle.
Interestingly, the spherical shape of the micelles was
kept during spray drying as well the homogeneous particle

size distribution (Figure 20, right).

Thus, on a microscopic basis, whey protein micelle powders
are characterised by a unique granule morphology of hollow
or collapsed spheres containing intact and individualised

whey protein micelles.
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easi |y explained by the formation of the vapour
droplet wthin the WPM concentrate droplet during the

W@ pioas104elr yi ng. As the vapour droplet |eft theP@¥WEP2007/052904

dropl et due to 15 a tenperatyy e above 100C, a hol | ow
sphere remai ned. The "bone-shape" is due to a
conbi nation of the water evaporation from droplet and

R e ImaRr @S W Mddivhert Res « fﬁfh’%y b e micelle
|nternal structure of the spherical hollow spheres was

pompesti gﬁl%dtotSEMC@fptaénl%m i ohi Bgesherpareirel o absorb
tt%]hoseOEVenJCt SCOdI gn%te%nca I géj}létee ! lhgfl%) ]fel'g—i]lﬁ'l V@C‘zl 8 the

ness of the artlcle was ar oun m an
OERIQE 1S MFotr,. Mebea@mtgng,u naermsthodt use hatepanbme whey
grai ny appearance. 25 |Increased magnificati on showe
RIS 11 81 G bl i ABES Ards Vien 29kt dderPEetRe: presendy the

Qfr ithe A%ﬁﬂ al g V\Rwlx%aam\wed &Hé?dptr%tg%mﬂlf&%tmrénegowder

matri x powder particle. Interestingly,
isqom\uaiedsh&g@f@frathw,mtd@ Iresydgas wikleptcaurs e spr ajeast

as I qgggeneous particle 30 size
|st utlgﬁ: gure Tight). Thus, on a

m croscopic baS|s whey protein mcelle powders are

characterised by a uni que granul e norphol ogy of hol | ow
T cohrapsBaOSphEr 68l ¢oht @f niffy it adevands high binding

dzaga(%g t%gg%eds o ey protein njgelles, W0 ic solvents,

PCT/EP2007/052904 28 Evaporation may be
cAwaicded wWherharse hg whey amataﬁhanbemdengpoa@epltdu@f the

o the capability. of th t b
G SRR, BbrYAPHS cROBAE S e Fiohatn By IR otre 1%
weawder ikorm  Accordi mghky, 9r@§éb@l§l9f Pf eparisty vbey most

protein mcelle and active agent aggregates, mhergéf
aned e radtliwea gére sits hi%ed WPEh 50 MRSy or oE @R n ai <@l yeerol

Huwer, . 4§ prt%Vé %%‘?gdhjg&hc%rfa@ Yoy Lifle O rle"Mét! 50%.
conpri se at | east I'Ot etn m C .

This presents the advantage that the active agent may be
added to the whey protein micelle powder in a liquid form
by mixing, spraying etc., and that the resulting
aggregates are in the form of a powder, without further

processing required.

The active agent may be included in the whey protein
micelle powder in an amount of 0.1-50%, preferably 2-20%.
Thus, the powder may act as a delivery vehicle for those

active agents.

Due to their dual hydrophobic and hydrophilic character,
whey protein micelles are able to absorb hydrophobic as

well as hydrophilic compounds and solvents.

The aggregates of the present invention are such that they

comprise at least one active agent associated with the
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10 The whey protein mcelles powder have a high
bi nding capacity for solvents such as water, organic

waeelwam4sy gl ycerol, ethanol, oils etc. The bPCTEPZI07/052904

capacity of the whey proteij mcelles povvders to oil

is at |least 30% to 15 terls | east 50
St dFAES e Este D0%% %%tmaﬁa%?eﬁabwea gt @ whey

Q0% nFor 3@l went;s tguchras) ghycer he anceeipandtedt hective
bi ndi ng capacity is of at |east 50% This presents the

sadvant stfel @ helteY herateiveragent may e 20 Abdedors of an
P teln mcelle powder in a liquid form by

aﬁoﬁp\é\% S r%}j ng ‘etc., and that the resulting

aggregates are in the formof a powder, wi thout

further processing required. 25 The active agent
The IHESFded Y SHe hhéy Pt St 998 Gel ¥ Rgw rfi@aﬁlvefy

Aoyt pf Qgéﬂéoc/e)mﬁ%fﬁ@bweg %Q%ocelﬁh%a,cetln%spcamﬁrsald

may act as a delivery vehicle for those active
aagentss ag3@itbue to their dual hydrophobi c and
hydrophilic character, whey protein mcelles are able
to absorb hydrophobic as well as hydrophilic

eeNpayYsesgandssahyents Thedagys e@@ipaac@ftlwm pweseat slow
invention are such that they 35 conprise at |east one
rgctgare &fertC tdssoding e Wt the 485 YooYy tHousphey protein

nggé(ﬁet%gozgjgé@&ogme%%n%emr algin eel {gs: Eheé@n{@alled

e in ormo whey protein matrix wth at |east
r@rieaasmoﬁ)otla@ edcawevegeagems Eﬁaasctbﬂk@ey Prgthemore, the

#}H?é’ in Jr'ljg form of an dﬁphous ggli¥rrerd P .
pi%gé n| H{}Je?]? T° t Al pPovi dae cOpf or GertvVery
#Eﬂﬂd@§YWhQ&ha aNelﬁﬁﬁﬁﬁeCQﬂ@J|§i@ﬂV%@E&bDIQ%ﬁI@f active
m cell es and sai active agents

agents. The micelles may indeed act as a lipid delivery
vehicle for liposoluble vitamins, antioxidants, long-chain
polyunsaturated fatty acids. Furthermore, on the one hand,
they allow stabilisation of water soluble compounds such
as catechins, polyphenols etc. by releasing liposoluble
antioxidants. On the other hand, they may also stabilise
liposoluble compounds such as long-chain polyunsaturated
fatty acids, vitamin E etc. by releasing water soluble

antioxidants. This versatility presents a great advantage

over the delivery systems already known.

Further advantages offered by the aggregates of the
present invention include their ability to modulate taste
perception. For instance, caffeine bitterness perception
is reduced when caffeine as an active agent is associated
to the whey protein micelle according to the present
invention and used 1in caffeinated nutrition bars, for
instance. On the other hand, these aggregates may provide

a saltiness/sweetness perception increase.
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10 The aggregates may be used in applications where
slow release of active ingredients is desired. The

wob@y/1pel ein  mcelles i ndeed present the adveeit/BBE®07/052904

that a controlled release of,the active agent is

ossi bl e. Furthernore, the "whe otein mcelles ma
PR TR ey S (1 1S VERP TSR o OTE K iy micelles,

HHProye-d e bi ogyaichabidddae of actdvei oR9eRES a1ERe ideally
m celles may indeed act as a lipid delivery vehicle
sfugrted poSot ublvgevi tagri nen arﬁm@ﬁﬁd%mrsf, | 6AG- chgipstitute,
%% %@S%%yr§gedI&ﬂ§py59 i%%‘eEHrt ?rqyﬁﬁﬁjg{ %Egngne since
Fand,” ey af | ow stabilisation of water sol ubfe '
teepounes ablieh 20 @salcal echi naf pold/phenols éhc.arbyaqueous
rel easing |ipaosoluble antjoxidants. On the other

WaE™ threy By QRS 545199 se  |i posol ubl e conpounds

such as | ong-chain pol yunsaturated fatty acids,

vitamin E etc. by rel easing water sol uble

Tt ifodrdaaited i THHIvs Mersgatvirl ity Prasents whigtleatompares the
advantage 25 over the delivery systens_already kno .
5 Cher Ga7AREaISs BT SPBY Ho Vel Rogrbgares sl § e 1ioed
W8S o idivertt athd Raddided heiverallidrity to nodul ate

taste perception. For instance, caffeine bitterness
perception 30 is reduced when caffeine as an active

@gent 413 associated e the M@)é_eﬁrtmi%ivrén@ig%! &y be used

according to the present invention and used in
acafdreigmatled hitrrg tdgamtbarSyr fworich nstanueterdrlt hies ideally

ther hand, th t i d .
T oSO ot nd¥e frBapts b THoredild ™8 Qi ~flavour is
AQQAHL AR 2 {RCT £P200 74052 9k e 30 IFUrthey e, a e Bd used

the presence of whey protein mcelles, the aggregates

a5 Mifee lgraas eSS v emtdson tart€ -al so ideally suited for

use as an enulsifier, fat substitute, substitute for

m cellar casein or foam ng agent, since 5 they are

Tabl eddi tsitaabi | itZes f gtreguliOr ajgregrtass agquevusstill in  a

condition to serve as whitening agent, so that with one
compound several tasks may be fulfilled. Since whey 1is a
material abundantly available, the use thereof reduces the
cost of a product requiring an emulsifying, filling,
whitening or foaming agent. When wused 1in nutritional
applications, the aggregates therefore also contribute to

the nutritional value of the food to which they are added.

Furthermore, whey ©protein micelle aggregates have a
Protein Efficiency Ratio equivalent to the starting whey
protein of at least 100, preferably at least 110, which

makes them important nutritional ingredients.

Accordingly, the aggregates obtained according to any of
the methods of the present invention can be used for the
preparation of any kind of product requiring stabilisation

of an emulsion or a foam, such as e.g. present in mousse
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system for prolonged period. The foamstability is
shown in Figure 5 which conpares the use of

woenwmiaet | i sed whey protein versus the nm cel | PGEEP2020052904
whey protein of the present jjnvention. Thus, the

aggregates of the ent invention may be used n

Fmi ST f G RgTagent , S ehe P EFATHES mPer 1150 511 dbal] }%t or

éﬂﬁéﬁ%*afﬂyncgatt hase aReutsr abrbastesanthN0also where it
ff-flavour is 15 created by the use of such material.

fﬁh@kﬂ mapralisetbenused s mhosdllegr casein sabBBFiibpes. In
cos d:ngQ%ligatféﬁgenEh%%%r%&%}eﬁe %e&f'% E%F?ﬁ, hair

con serve as’ whi téni ng -agent,
g@e, 20 Borpeuwnd sﬁ\tﬁmwnttgasl@armodase dad fill ed. Si nce
whey is a material abundantly avail able, the use

t hereof reduces the <cost of a product requiring an

IR RG, fid | dfdre gl s €BE PEcPr 47 BRRT BG a9RMther with
Wien used in nutritional applications, the aggregates

qtﬁmfrm@@les]cs,comcrﬁl b@lseppéyzswhérmdtesltleon?al aglye gum

of the food to mh a qh%pj‘ Furth rmore, | 4 s
(ﬁheﬁaﬁf%?%?%aﬂ?cepﬁg'aé@reg ?es Tave a E RS’ an ot
Hfniticeneyl Rat Eoagquiavalients .t oddecst ahtellmg n\mﬁy:al taste,
protein of at |east 100, preferably at |east 110,

thifiigh  BO1REREETt heRPVRbor tait niteifi onaFability,  these

a!%%ro?%! eerét Smaf‘c}g@rgé@?l Yo tlﬁ%r%%%reegsq&%eqptnﬁlrkedwhiteness

ing to any o he met hods of the present
amyentutdrfecdn be used for the preparation of any kind
of product requiring stabilisation 35 of an enul sion
or a foam such as e.g. present in nousse WO

220041110422 RGH ER200 #H 562904 e B3l Prpdieer (LM i1 systems
coffee creaners, or also in lowfat or essentially
ﬁ%ﬁ theeSdRPr FOPROIBEIS S ior WE Wher BNt fafi g@atent in a

'ﬁé%ff%kﬁg%abg198&hé%d08§eb% ggb%Mtlgﬁﬁrédétes of the

cosnmetic ap ations ese” may used |
daigentS gelmsyerboidyn cr edycaigd nentlssy shampoosiet c.micelles

aggregates may be used as fat substitute while maintaining
desirable structural, textural and organoleptic
properties, a wider variety of low-fat product may be

obtained.

The present invention thus provides a system, whereby all
the advantages described above are provided while further
offering the provision and delivery of active agents. This
combination of effects presents a tremendous advantage
over the delivery systems known in the art. Furthermore,
the delivery system of the present invention may be used

in the field of nutrition, pharmaceutics and cosmetics.

As a result, the aggregates of the present invention may
be used in a wide range of applications. For instance,
protein-enriched consumables containing active agents,

such as chocolate, performance nutrition bars, dehydrated
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Furthernore, the aggregates either alone or together
with other materials, such as pol ysaccharides (e.qg.
wa@emaeilg4gum or carrageenans) may hel p to st abPCT/ER2007/052904
watrices and for 10 exanple 5l ky foamnatrices. Due
their neutral taste, their mhltenln ower,

SHELY BFATUG S 1t FESE I NGBy &t s Rt 1o Produced
Hyn%rs%@e 3l RE, Pdde b LARRSS e %%ﬂ%ttréfsed 15 As

as increasing the whitening power of dairy
systens for the sane total protein content, the fat
UL 2 e OO0 HBLEL Y URY DE S LUUCRIRY USA0 AR may
aggregates e % a<@nt i nvention ecau
H@TﬁdmpkiﬂéfliﬁSan@ggnegﬁhﬁS ﬁaydb©ruﬂedta$dﬂﬁor cosmetlc

substitute while maintaining 20 desirable structura
YU aPPARHABPGRNOR ptTEP BT dpeitS eSUCR it Hef OVarg P Le

L dyowf-aty REeduct ; fayn bese obtaiined. dIQ@s@E? rﬁasteurlzed

I nvention thus provides a system whereb
U@dVanﬂdgessmEstrcbedeabﬁdemaﬂé,pM@@mmyi\Mﬁqnmannqdmmllks,

offering_t ErOV£S|on and delivgry of actlve ;agent s,

Sﬁﬁces’coﬁﬁlﬁg Pon of é&ffects presents EFE S Adons Te  for

atvaiage mOVeFbhbhed deldrvesit esly Sp eddu KNOWN miin kt h@h@dﬁcﬁlate ,
Furthernore, the delivery systemof the present
WQRﬁﬁﬁﬁronfﬁﬁWSbe<¥ﬁRﬁPlQﬂﬁ4 nlfRe FEARE of LRGFPRERPEN, CoTeal

Jreceuti,cs sand, cosMBli LSy ASudehesul znsggﬁt Food/drink

aggreggtes o? fhe present invention ray be used in
pwivde rsgngéndinappldmatliconsdifor fostianicsmtions, pet food
%%? tei n-enri ched consunmabl es, cont ai ni ng acti ve §g8nts

a§YERBEo! at €S Per f St hnte  in r PEEGN Spar 879 “are

efydr ab26 Y0 2002/:140422 oRGT/ ERR0T/ 052904 ugd2cment, wet
cul i nary products, ew ng-gum etc. can be easily

QﬁﬂﬁnﬁﬂﬁP1QﬁﬁfJSﬁﬁgithe whey protein micelle

aggregates. Furthernore, the aggregates of the present
invention may 5 be conprised in any kind of food

produwet apdlocacesnet i tnclude skin care and mouth care,

such as toothpaste, chewing gum or gum-cleaning agent for

instance.

In the present invention, any disclosure of 1list of
ingredients is intended to disclose any possible

combination of said ingredients, in any possible ratio.

The following examples illustrate the present invention

without limiting it thereto.

Examples

The invention 1s further defined by reference to the
following examples describing in detail the preparation of
the micelles of the present invention. The invention

described and claimed herein is not to be limited in scope
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exanpl e, dairy products, mayonnai se, sal ad dressing,
w@amvaudezed UHT mil k, sweet condensed nil k, BOmRP20D7/052904
fermented m | ks, sauces, reguced fat sauces such as
bechanel sauce for 10, instance, m | k-based fernented
Bt ddifet e m 1 ¢ c%femga@%?ts G5§e8, HGLmS S SEmuISiisivs, these
dnfR GhRas;, fetarented cerealas based,producdss M K several
based powders, instant food/drink powders, infant
afsamilsa, o ©i ehef dmviehitdani-onshy pegufvedentt ghledgments are
'%Mk#? ! QLF%Q§’ f%ﬂgﬂn%ﬁ&§%x§H£9¥§fdggﬂy Gar&, 95%. Indeed
lI|qU|§3dbacter|a suspensi ons,” dri'ed oral supﬁienent, !
wseti oy amosipplanenhset 6f Filtd hemvappliiceat Lansadactiide to
skin care and nouth care, such as toothpaste, chew n
tnRcors iR cRRANPRGCEGERC MTEeSD Yhst aREECMEn kg rent to
PIRSeN  { Vet k gn . nany, i SEL 98 UEBeOfrdre3foi®fy description.
ingredients 1s intended to disclose any "possible
Scorhi mad i bicof i sas dairegraldient stendedny-pobsl bl @ithin the
r%tieo. g%he foelnlof)e\/& n e>§narrpl es illustrate the
Présent” iMVentiFon “ W thout™ mting it thereto. 30
Exanpl es The invention is further defined by reference

to the follow_ng exanples describing.in detail the
Exagpdeatl ofligel iife bt |9 S drrdtrglatadd® i nventi on.

The d td 35 cfi ed angh £l aj in -
06 1T a0 | n Scope W 2007/ T1oz - 000 48 Mbcained
RON ER20OGH V52804 ud8 by hé)FpeciThe enpodimems purified
erein disclosed, gince %he§§. gnbgdinents are n
iMtendddds st Pt i BhST6F TSVEFar O asptt s™3F tHEThanIe
dINVEd Rfa Y. etlié Valerib sefhedi nent shar eovddendedgia 7 2
be within the scope of this invention. |ndeed, 5 .
Rrgticos odiT i eatebnsuet, the3bhvenki 6R-PriZaddiction t P13 °

Mg?*, 0.097 % K', 0.576 % Na', 0.050 % Cl7). All other

AO

reagents used were of analytical grade (Merck Darmstadt,

Germany) .

The protein solution was prepared at 0.2% concentration by
solvation of B-lactoglobulin in MilliQ® water
(Millipore), and stirring at 20 °C for 2 h. Then pH of
aliquots was adjusted to 5.0, 5.2, 5.4, 5.6, 5.8, 6.0,
6.2, 6.4, 6.6, 6.8, 7.0 by HCl addition. The solutions
were filled in 20 ml glass vials (Agilent Technologies)
and sealed with aluminum capsules containing a
silicon/PTFE sealing. The solutions were heated at 85 °C
for 15 min (time to reach the temperature 2.30 - 3.00
min) . After the heat treatment, the samples were cooled in
ice water to 20 °C.

The visual aspect of products (Figure 1) indicates that

the optimal pH of micellisation is 5.8.
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those shown and described herein will becone apparent
to those skilled in the art fromthe foregoing

walemenig@ei on. Such nodifications are al so i nt BOEP200D052904

fall within the scope of t appended clains. 10

le 1: | t, Lact ogl abul
SR 1 o MHCE B 580 68, #1650 PLPRE13 SG00R Hfas
v@l@yalp}%(%elfr{ amPamiescairihe GHelW o, I\/PﬂsatL&A)JEonl 420) was

protein was purified from sweet vvhey
thlttarlalefd | Frrcat IQ?WW i Gre éxchangdN5 lbﬂﬁona?%r%@jmpmtlon

ostlo th er, 89 7 % protein, 8.85
S tOr R 10, é’s?ﬁ‘”etfgioggb RS -0 015 o Myt +,
T%eogﬁr%tﬁin 0s576tYoNatya . Qﬁﬂﬂﬂ@ﬁad) at ABL 4et herotein by
reagents used were of analytical grade (Merck
1@@1, ofGeraAy) . P2ZOTTRE prstElaT smrutukﬂhlwag@) water
are t 0.2% oncentrat by, t|
pﬁ{ﬁel JiEBuAnT IS M rt) oZ(/\%t et fso(]i\/l%al por % indfgtal P
weld rm:mg athe20 }ﬁ{fal‘f ?athqqu’tEEﬂ m;lsofadjajstq;mbt&vva% 5.8,
adjusted to 5. , 0, 25 6.2, 6.4,
%.%, %.78, 67403ES‘)P1 I-§C16 éﬁ’letqlorQ 1'?‘}1@%@61tlﬂq%ns wer e
Fill ed in 20 M glass vials (Agilent Technol ogi es)
and seal ed wi th al um num capsul es containing a
id | soht PI¢Es sealrendt i IThed soh ut2i00n1$l ng’teShea’ti@dsat (BBllent
C for 15 mn eac e_t.enperat ur
STy G el RO (7S o Sk
veSie GO At HIN sdCle At erhd CBoleithnTémﬂé@éLk%at&&P@ﬁ 85 °C
of products (Figure 1) indicates that the optinal pH
fsfr mieelnisat FéRei £5. geawD 2@097/ tepggpature 2.30 - 2.50
HPQJ/E@%QQ;!qg%g a§4t£§9ﬂﬁi Jﬂéﬁgé ﬁ%ﬁé(%béﬁe&mﬁﬁ ice
prote| n isolate ey protein |soi ate (WPl) (Bipro(r)
wBettech tIEQ3R-°13.420) was

ontalnlng

The turbidity of heated whey proteins has been determined
at 500 nm and 25°C, samples were diluted to allow the
measurement in the range of 0.1-3 Abs unit
(Spectrophotometer Uvikon 810, Kontron Instrument). Values
were calculated for the 1initial protein concentration

3.4%.

The pH of micellisation was considered to be reached upon
stability (less than 5% variation of the initial value) of
the absorbance measured at 500 nm within an interval of 10
minutes for the same sample as illustrated by the figure
2. For this product the optimal pH for micellisation was
6.0 to 6.2. For this pH adjusted before heat treatment
stable turbidity was 21 and residual soluble protein
evaluated by absorbance at 280 nm after centrifugation was
1.9%. We can conclude that 45% of initial proteins were

transformed in micelles at pH 6.0.
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Turbidity (500 nm)for 3.4% protein in |21

solution

Residual Soluble protein (%) by|1.9

absorbance at 280 nm

Example 3: Microscopic observation of micelles

Production of micelles:

Protein solution was prepared at 2% protein by solvation
of whey protein powder (WPI 90 batch 989%/2, Lactalis,
Retier, France) 1in MilliQ® water (Millipore), and stirred
at 20 °C for 2 h. Then pHs of aliquots were adjusted using
HC1 0.1N or NaOH O.1IN.

The solutions were filled in 20 ml glass vials (Agilent
Technologies) and sealed with aluminum capsules containing
a silicon/PTFE sealing. The solutions were heated at 85°C

for 15 min (time to reach the temperature 2.30-2.50 min).



35 Table 2: Conposition of WPI and sanpl e
characteristics after mcellisation Supplier Davisco
woe@dao42nane Bi pro Batch nunber JE 032-1 420PCT/EP2007/052904
Conmposition (ng/l OO g) Sodi ufp 650 Pot assi um 44
Chloride*10 if < 10 Cal Cl um 8 Phosphor us 8 L
M grest Qﬁn]@eaTnFFieﬁFmﬁPIW >SS i ¥afF o816 0 1ce
whWhi dicty £500 M o 3cAYaprot&iict Ntk  $kWkbon po  for
Resi dual Sol uble protein (o) by 1.9 absorbance at 280
mnes 1bearplos :asMcrioscopi ¢ observation of nmicelles
Production of mcelles: Protein solution was prepared
at 2% protein by solvation of whey protein powder
Mi\ARIo 2D hat etws@89/a2,idract al is, 10 Retier, France) in
MTTTQr) water (MITipore), and stirred at 20 Cfor 2
I autien "BHE 10F aPPgiers weFESadPlistRaVhSFRg Hel e9aN 9e!
Qo N0 QAN Thes Sl iaans: Wy & iddathd 120, Mo tl@ssn o
vials (Agilent 15 Technol ogi es) and sealed w't
2al5l%mqﬂumecﬂaz|dsiﬁfesi€com abnivg ra gi.Ki @@rﬁ:/OI@WFlEt%éﬂuﬁrf@r and

slutlons ed at %gac f.o (tine
Hp %. Jfﬁkjf%hﬂ%rgiure%%; x5&e in the same buffer,

both solutions containing 0.04% Ruthenium red. After

dehydration in a graded ethanol series (70, 80, 90, 96,
100% ethanol), the samples were embedded in Spurr resin
(Spurr/ethanol 1:1, 2:1, 100%). After polymerization of
the resin (70°C, 48 hours), semi-thin and wultra-thin
sections were cut with a Leica wultracut UCT wultra-
microtome. Ultra-thin sections, stained with agqueous
uranyl-acetate and lead citrate, were examined in

transmission electron microscopy (Philips CM12, 80 kV).
TEM micrograph is presented in figure 3. Obtained micelles
are presenting a spherical shape with a diameter of 200

nm.

Particle size distribution

The intensity-based size distributions of micelles were
measured for those micelles obtained by heat-treatment of
a 1l wt % p-lactoglobulin dispersion for 15 min at 85°C at
pH 4.25 (positively charged with a zeta potential around
+25mvV) and at pH 6.0 (negatively charged with a zeta
potential around -30mV). Z-averaged hydrodynamic diameter
of the micelles was 229.3 mm at pH 4.25 an 227.2 at pH
6.0. PB-LG and whey protein aggregations were followed
using dynamic light scattering. A Nanosizer ZS apparatus
(Malvern Instruments, UK) equipped with a laser emitting

at 633 nm and with 4.0 mW power was used. The instrument
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WD 2007/ 110422 PCT/ EP2007/ 052904 36 After the heat
treatnent, the sanples were cooled in ice water to 20
wW@200F01042hi s product the optinmal pH for m cel PCBEP100TI052904

was 7.4. 5 Mcroscopic obseryations: Liquid mcelle

sanpl es were encapsul ated in agar gel tubes. Fixatio
“Re's dHﬁCjeveJdnbyt]ilgmeb%FgﬁciaﬁtS%é&ggt i fglfgurf‘.t%‘%n' where

Grwanaldehydeide 05IM 5 pHCAL4 GacRAYL ARG B bW e 73nd  This
post-fixation with 2% Gsmiumtetroxide in the sane .
agufofesy , cADs b helsbt utednstéont &ifni Rge 0MO4 % RdEheftaimiering

red. -After ehydratjion | ad hanol erj -
Ti8a 15 o L 00 b AnBLPC 2ILnBE DT Rk B BRed in a
sefkeddedqhar Spuce lrnesime 1 (n8pur pAehhangthl:11,c®) 1, The path
100% . After polynerization of the resin £70C, 48

IREHd) | 0§enihg hilA9Rid REITF aYEHi n24508_BEFRRSY weisd cliy  the

it & dei ca ulbkacyhqUCT yhtra-caicrotomee1d tra-ti ity
Séctions, stained wth aqueous uranyl -acefi)ate and

legae roiattdatre, . ildree aexamiared: liatiar ansrdtsisirorvat ecayonlated

Phi | i CML2 kV).. TE ' h
L0200 AL PR SIZs 30K R0 TEM mEro0r 20D, [ e

fyesed | Rgea spheshcall shapeivwuirk acdi anet ehoefs 20Rat the
nm Particle size distribution 25 The intensity-based
SIFE I sthdPutfohs ¥ nfeerpeschered nb¥sufed oy narrow

ﬁ%%é}ﬁltéyﬁ%?gtﬁﬁ ingteag ned Bydieat-treatment of a1 w %

ulin dispersion for 15 mn at 85C at pH
4.25 (positively charged with a zeta potential around
+25 and at_pH 6.0 (pegatively charged wth.a.zeta
B st%ent al %?%ﬁﬁﬁls%g . Qfg'avgra%ég‘aﬁ:ﬁ?gt&(%%lalrﬁnc at a
dSriyeiry pof the micelles was 229.3 mmat pH 4. 25 an
227.2 at pH 6.0. R LG and whey protein aggregations
TR eng B PBnEE s CidRg onyhaﬁ%@mpiahtl et t BFPAGEeA with the

ghﬁﬂgﬁk;erogs %E@ﬂﬁatQ§1 aqueous solution of 2 % BR-

lactoglobulin. The pH of this solution has been adjusted
to 7.0 after adding Arginine HC1 solutions to obtain a
final salt concentration ranging from 5 to 200 mM and a
final B-lactoglobulin concentration of 1%. Subsequent heat
treatment (80 °C, 10 min, about 2 min heating up) was

carried out to produce micelles.

The results are shown in Fig. 4 and clearly indicate that
only in the ionic strength range of from about 50 to 70
mM, a substantial turbidity can be observed, indicating

the presence of whey protein micelles.

Example 5: Preparing a whitening agent

Native whey proteins (WPI 95 batch 848, Lactalis; 8 wt-%
agqueous solution) were treated according to example 2. The
resulting product lightness (L) was measured 1in trans-
reflectance mode using a MacBeth CE-XTH D65 10° SCE

apparatus equipped with a 2 mm measuring cell. The
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(Mal vern Instruments, UK) equi pped with a | aser
emtting 35 at 633 nmand with 4.0 mWV power was used.
wab@7iineer ument WO 2007/ 110422 PCT/ EP2007/ 05290dT1/EB2007/052904

was used in the backscatterifg conflguratlon mhere
detection js done at a scatt n Ie of
&9 “@b&ﬁQRﬁQﬂﬁ% Y2dutt ion %f ﬁEIFP &8 be! Compared

3 At RiaNG e $rgnal=s founddm ftuqubiﬂétsmlke.s Sanpl es
were placed in a 5 squared quartz cell (Hellnm

pathlength 1 cm . The path length of the |ight beam

SRR AT et ekl RRASA o7, cepending of

Nﬂﬂuﬂgnwméﬁlpeﬁtéunstlenpwa® calacul @t ed32fFnenedhe 0.5 wt-%
fluctuatlon of, the scattered |nten3|ty . The 10

FBEANSs &% Priedent e ticr filgine &t 1 oG Howd tHat the vt-—%

Si Vst %qqyp%§dfégeeﬂasté$a%§%eéhzed1@ywac MeML MY dOWrin (DE
pol ydi spersity 1ndex Exa

ZM ceahdsahnowrﬁﬁeaM$8 béct@@lGﬁhlPhoaphafeislééﬁEEaﬁwafer

t ho descrl d in.exa r-epe t.ed
qﬁ OJF%OQ%? Usi ﬁg%a agéﬁgoggisd% ?agn 0 %h%:l lpro®

ThﬁlaCt pgkobuki nvadhe.pdehithkics sabuki onohaso beenrs using a
adjusted to 7,0 after_ adding Arginine HC1 sol utions
Rag\roist ahﬁmQQQOlﬁ?ﬁa|arsda| fubsREBREFAYI dIFFENgiTRF ST iP5 10

ﬁ%&u%%% ENL final 13-1actogl obulin concentration
0

1% sequent heat treatnent (80 C, 10 m n, about
2 mn heatlng up) was carried out to produce
iﬁcell 25 The res

ST L TR SBATGSI A CRE OHPg ddrdngiier @ time

Jaangsy ofr f4om about 0HO h@nzﬁ aftMtr@ sdastianitdral of storage
turbidity can be observed, indicating the presence of

athey piCot @Pd WIeCs! | @s "h3depegvpl f 51 Prepar i fifiered to a
't t VWP
AP0 RN N Yfe MR RO e d Wi, B b erlana)

having a fat content of 15% and a lightness of L = 75.9.

Example 7: Preparing an aqueous foam

Native R-lactoglobulin (Biopure, Davisco, lot JE 002-8-
922, 2 wt-% agqueous solution) was mixed with 120 mM
Arginine HCl solution so that the final B-lactoglobulin
concentration was 1 wt.% and Arginine HCI1 60 mM. The pH
was then adjusted to 7.0 by addition of 1IN HCl. The
mixture was then heat treated at 80°C for 10 minutes so
that 90% of initial B-lactoglobulin was converted into
micelles having a z-averaged diameter of 130 nm. In this
case, the diameter of the micelles was determined using a
Nanosizer ZS apparatus (Malvern Instruments, UK). The
sample was poured 1in a quartz cuvette and variations of
the scattered 1light were recorded automatically. The
obtalined autocorrelation function was fitted using the
cumulants method so that the diffusion coefficient of the

particles could be calculated and thereafter the z-
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aqueous solution) were treated according to exanple 2.
The resulting product |ightness (L) was neasured in

wo e@ng104eef | ect ance node usi ng a MacBet h CE- XTPCDBB2020052904
SCE 35 appar atus equi pped w a 2 mm neasuring cell.
The WO 2007/ 110422 PCT/ EP2007/ 052904 38 resulting., .
AVSGROTES sTHREC £V 2274C 8 ALt SCouf o B Egﬁpﬁwe%%ﬂ%wem
1val.uerdt e s74mdakorefittht; f athdr bkerExampke fidex of the
Preparing a coffee creamer 5 Native whey proteins

SEBIVEING( MRS ItatkeJE 332 . B 2004 (s twa st hyueioisl Les 1.45. A
sql ution e m.xe t .50C wit 0 .- % ially _
Vr%(/idlfnc?geﬁ)d‘ct \(/evce?ropalmr% oi(lqufj1 1t45flevvt \.lyil)o m%lalon\égextdﬁisr}r?%&gl)()f b

lanrd dgl qprasence cefl 120 nM phoesphaderced tatrel tafder sparging
adjusted to the mcellisation pHof 6.0 for this
BRGty )2 B0 ePRe H Kt uPENRES tHORo gt 2 6eE ufdert 40b? 5™ tO

RYE ST 09 £ s pRapN g doppgenicseryands sybseauenid Yndardised
heat-treated for 15 mnutes at 85C. The enul sion

Foltraiozed” s hDieen et ghaprabiitiity fer wotime stgbility of
eriod of at k %%t OQ% quth ithtyfﬁgongiﬁke Slfgin image
“or %]aé“ 4t°a ana ‘gave gv%i eness of L™= 78 g g

Lenpaied tod defenence dd quirte cresdmr {16 enef a Qaf e, foam

Emm, Switzerland having a fat content of 15% and a

dHtghtesss Bith = 7dartoyaBiangl e #rePFefariiiy afhe  same

a ti -l a [ Bi , :
P PIRAR SR SOY LS B i, oo

weere nfomecedd t 1420 Smidhoirgi hate HOE Sokot ivonlwe thaability
the final 13-1actogl obuli concentratio s, 1 wt.% .
EnGIRPY N e W B Y THRS PR SREE 1 An a5t i qulin
b yeaddition of 1IN HCL. The mixture was then heat
treated at 80C for 10 mnutes so that 90% of initial

13-l act ogl obulin was converted into mcelles having a

FAACOE, % LT ookl (Rychinlli: 6, (Peoduct -
fermentation trials

Material

Whey protein isolate (WPI) (Bipro®) was obtained from
Davisco (Le Sueur, MN, USA) (protein concentration 92.7%).
Spray dried whey permeate (Variolac 836) : Lactose
concentration: 83 % -Minerals: 8%

Lactic Acid 50 %

Edible Lactose (Lactalis)

De-ionized water

Method

The Bipro® powder was dissolved in de-ionized water in
order to have a protein concentration of 4.6 %, i.e. for 3
litres of solution 154.5 g of WPI powder and 2845.5 g of
water. The hydration time was 3 hours. After hydration,
this solution has been divided in samples of 200 ml to

prepare the different trials:
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30 Nanosizer ZS apparatus (Ml vern Instrunments, UK).
The sanple was poured in a quartz cuvette and
wo2007atd4ons of the scattered |ight were recorBedEP2007/052904
automatically. The obtaine utocorrelation function
Tg&é fitted using the cunulants nethod so that the
i on coefficient of the 35 particles could be
calculated and thereafter the z WD 2007/110422

TREHIEPP0OY/ 0529042c39saveraged hydrld@ynami ¢ di afeeéring

usingé%h St okeg-Einstein |aw. For éﬁéésgggéﬁrgge%féé

the r rac?lve ifndex of the solven
and that)of thejmcelles 1.45. A vplunme of 50|minof

the resulting dilspersion of 13 5 | toalobhulin

Ini cel | €s%i s t hefh 2-Ganed by ni trogen @pgrglng { Ar ough

A gtapg frit gemerating bubbtes of [1g=16 pmto[
produce a foam volune of 180 cnB usj ng the

tandpodi sed FoanmscanTM (1 TConcept|) 6 appar at us.| -The

-A4n4#?;444uu4443—4¢——Lhe—iea”*mnc thenfol-owed—wth
“inme gt 26C u3|m& | mage 10 anaIyS|s gna conpared’to

g e sfgbr Tty off sthe foarm obtal nedf gi 1N n
13-l actoqglobulim treated in the sane conditioms, but

oM t hopuo A«ginineOHC1 where no nicel@es wer e flor ned.

EiL A =~ chn\l\n t hat A | +\: | g

T TTq \.II ullb

F@reat g |nprove{5by Tﬁ%a%rﬁﬁEﬁEep@f q3-| Iactoglobulin
15 migelles. ExanplieBneWhgy based Fermented dairy

product - fernmemtation trials Mterjal 20 We
Prote| B isol ate @WM%dQ$¢pﬁéF€¥)Eﬁbs6obtained flrrom
Davi sgo (Le Suelr - ment (proteipn concentratfi on
92.70). Spray drlé&' 6erneate Vari ol ac 836):

Lactose concentration: 83 % -M nerals: 8% Lactic Acid
50 % 25 Edi bl e Lactose (Lactalis)
For each solution, lactic acid at 50 % has been added to

adjust the pH before heating.

Samples were heated with the double boiler up to 85°C and
maintain at this temperature during 15 minutes. After
heating, solutions were cooled at 40°C and inoculated with
Lactobacillus bulgaricus and Streptococcus thermophilus.
Samples stayed 5h30 in a steam room at 41°C before to be

placed in a cold room at 6°C.

The results are presented in Table 4.

Table 4
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di ssolved in de-ionized water
w@emrai@2zoncentration of 4.6 i.

Met hod The Bipro(r) powder was
30 order to have a
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for 3 litrerCDEP2007/052904

solution 154.5 g of WPl powdgr and 2845.5 g of water.
_'I:h_e_h_y_ nme was-3 hours Vil - h\/rlr::fn on- this
SR Whﬁés bedrFaditisfed i hPEampiEs 4R o0p N m  t|hsPect
prepar e thgdikflerent trialp: 35|WD 2007/|119422
PCT/ Epz]807/ 052904 40 Tablk 3 Tjial ey Lactose (o)
pH Heating perreate adjust rrent 85C / 15 | $©30nin 1
21.92:6':*L“5ﬂ*° 5—6—+ 4u':g8,:v':“f
561k 6008% 705 (hadad|after pH & ° ery Lirm
adjustpent) 8 0[5 (added affer pHi6 + adjyustnentyirm
For each solutign, lactic acid afl 50 %has been |added
to ad|ust the gH before hepfi Hg 5 Sanpl e% wer ¢ Liquid
heated v"vlth t+he-rdoubte—boi +0—85C |&| 8iu:u é” ] firm
at this tenperatlure during lE m put es. Affer \Z
sol ut1 pas were dool ed at 40{eand [1+nocul at e@l.wath Very fj_rm
lLactobacillus bullgaricus and Streéptococculs
ther nophi | us. - 6 + 4.99 Very firm
7 - - added | 6 - 4,87 Liquid
after pH with
adjustment white
speckles
8 - - added | 6 + 4,77 Firm
after pH
adjustment

Example 9: Whey protein boosted ice cream with reduced fat

content

Material

Whey ©protein
Rétiers,

Skim milk powder with 35%

France)

Sucrose

isolate

Maltodextrins DE39

Anhydrous milk fat

Emulsifier

De-ionised water

Edible hydrochloric acid 1M

Method

(WPT,

protein content

with a protein content of 80%

Prolacta%90® from Lactalis,
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10 Sanpl es stayed 5h30 in a steamroom at 41C before

to be placed in a cold roomat 6C The results are
w@e@san4erl in Table 4. 15 Table 4 WO 2007/ 110BCREP2007/052904

PCT/ EP2007/ 052904 41 Trlal‘ﬁyey Lact ose pH Heatlng pH

Aspect t t 30 5

fihect, BELIpRte Lol BIP Lt * 80 S8 MUY power

W-'éSG (Zlé’pér§é-dv%rty £0TAN 19 -dd-Hodi Fed- 29 cMer Yaﬁl BMpftein
- 6 +4.99 Very firm 7 - - added 6 - 4.87 Liq cip

cavfrmﬁtgﬁt\mqrh ofadPust neits wiidexr gpeikes e§t8rrmgad@ed3rder
6 é%l Irnt%E%g BH ad1%§tq?ﬂ§ kgx%ggkﬁd%aé@%@b® were

pro 8in boosted ice cream i th Tedut content 5
dvBicerrisald Wieys 1prost eign d S aleatio(MRId WRricd actafr )1 fiom of
Lactalis, Retiers, France) with a protein cqontent of

GERESId it | K poRde P Twi 5@%‘%%? h EdRt 8AYUSSGEr dge the
i JvBltodextyigs BE3% gyt oys mdK fate temperature of

the dispersion was raised to 85°C and maintained for 15
minutes in order to generate the whey protein micelles.
After 15 minutes, the temperature was decreased to 50°C
and the additional ingredients were sequentially added to
the micelles dispersion (i.e. skim milk powder,
maltodextrins DE39, sucrose, emulsifier and anhydrous milk
fat). The final amount of mix was 50 kg with total solids
content of 39.5% and a fat content of 5 wt%. After 30
minutes of hydration, the mix was two-step homogenised
(80/20 bars) and pasteurised (86°C/30s) Dbefore ageing
during overnight.

The day after, the ice-cream mix was frozen at an overrun
of 100% using a Hoyer MF50 apparatus and hardened at -40°C
before storage at -20°C. The final ice cream contained
8wt% proteins (20% caseins, 80% whey proteins) and 5 wt%

fat on the ice cream mix basis.

Example 10: Powdered whey protein micelles obtained by
spray-drying

Material

Whey protein isolate (WPI, Prolacta90® from Lactalis,
Rétiers, France) with a protein content of 80%

Edible lactose

Maltodextrins DE39

De-ionised water

Edible hydrochloric acid 1M

Method
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Emul sifier De-ionised water Edible hydrochloric acid
1M 15 Met hod WO 2007/ 110422 PCT/ EP2007/ 052904 42

wagiongie2rdoubl e-j acketed 80 L tank, the Prol ace@®8P10)7/052904

powder was dispersed at 50G4 n de-ionized water at a

rotein —concentration of 9.67 w % under ntle
Ui i 9T G e R 6 v % ¥ ofaﬁﬂl?ror% R, 13 @909 powder
WG Oofi1 BrotactaQ@(rjoverend ghspersedyi Ra3tr05%Kkgaofprotein
de-ionised water. After 1 hour of dispersion, the pH
o cetng rgitsper sifon! hvast adjpudeedIeptife streengi sat iagiler to
pH.b ddition . The_tenperature_of
Aoah, $o5h WLBrfhe b D LT AL B0 pebceqg00 were
diisputresd nior der 4o @eneeat enthedwheyepr.oteiter 1 hour of
mcelles. 10 After 15 mi nutes, the tenperature

Was
dedreeased t - 5o afd tHE dHiRTON" | Hgf edPets Ser® the
na%qm@laaéilo\h ethiOund he. m ¢al ks di-spensifn ddai@ion of

skimm 1k powder, nmaltodextrins DE39, sucrose,

HeWul Sifd ereraprlr anbyelr ofisthie| Risbatr}ionThesf insalseghoimt85°C
of , mi x., was. 50 kg with_total .salids 15 content of 39.5%
2y Iﬁafl\gga%%%?e%torof P% WP APt et 30 Fitnuties I5FETatE the
Whedr at i @fe it heigkbX1was tawa-cst eps henmpgesssedhe 8 m@ferature
barsﬁzﬁ and pasteurised (86C 30? bef ore ageing during
erdfgrRasethd dayf & 1381 e T eriet Sas Vi B Wkl & ribzepl 1 €S
Als A QYET 1 1 9F 100%USING & JDYEF MrSQapRar af usi rst
ant aré)ene%&atg}-gmc gefore storage at -ZOC?I The HEe
tfiiral, | @@ ckgampfontatnete 8wiré pridtsgiarsgR0% caseéi nkg of

80% . whey pr.oteins) and 5 %, fat on the ice crea 1 X .
TS 5 CERASI 10" Powddr 6o @RSy BFOTEFH niebl | 4e min-
gbtiaigred, by2o spgayfdmdNbdextrins DE39 were added to the

remaining 50 kg of whey protein micelles dispersion.

The two mixtures were then spray dried into a NIRO SD6.3N
tower at a flow rate of 15 L/h. The air input temperature
was 140°C and the air output temperature was 80°C. The
water content of the obtained powders was lower than 5%.

The size of the whey protein micelles was determined in
presence of lactose and maltodextrin (DE39) in water using
dynamic light scattering before and after spray drying.
The total protein concentration was set to 0.4 wt% by
dilution of the dispersion Dbefore spray drying or
reconstitution of the powder in order to be in the dilute
regime of viscosity for whey protein micelles. A Nanosizer
7S apparatus (Malvern Instruments) was used and micelle

diameter was averaged from 20 measurements.

The particle diameter determined for whey protein micelles
in presence of lactose and maltodextrins (DE39) was 310.4
nm and 306.6, respectively. After reconstitution of the

powders, the respective diameters were found to be 265.3
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Material \Whey protein isolate (WP, Prolacta90(r)
fromLactalis, Retiers, France) with a protein

weonraeny2df 90% 30 Edi bl e | act ose Mal t odext r i PCT/BERD7/052904

De-i oni sed water Edible hydr chI oric acid 1M 35
Met hod WO 2007/ 110422 PCT/ EP Zl/ 052904 43 a .
HouBhe- | SEkot ed HEOBAC iy + hd HBral At a80t P poaggontim

Phas, di §]9§¥75e(ﬂ31%tteiqp i pideiieni zedmat ephakiaapiot eidraple
concentration of 10 wt % under gentle stirring in order

regaraVioiad foemy f oFmandon Thie el P Pr GloaeregsEtrd by
e 5 dIS ersed LN 89 of de 0 ed ter, t

T\r@{” 0 ﬁgrspc%%ertvﬁléq “of t%]erﬁdﬁspﬁl on vévgs %Iolcem

nadjelsteed (ﬂ.‘DSEBé'I]ESl(ﬂﬂlEﬁIeh_hl sattean pH {@r oagdt6v3 IsﬁtaIiIma'tng in

case) by addltl on of HCL. The tenperature of_th

RHeSSES off wds rRF SN e BUBSBT L and el it ai RE ?orA15Phlllps

dﬂﬂynﬁ¥éﬁ£h£§§¥%nt919§B§5ﬁt%ukﬂ%s@%ﬁ@“%’é&éﬁfﬁ@ at 80 kv
mcelles. After 15 m nutes, thetenperature was

wdec neased Wkoeﬁograhellm heieelhess weeay ;@rb@teeqwdmlcelsﬁcelsutlon
di_spersion was spli bat ches of 0, k _
k%eljfdpe Th%Rl <20 rkgg oq’cpl H s wet'e i tsugcelrosrgaO in %% Tgray
dfiedn gellies. dingped sf oaratc50Cranto sphs I egly f @thOst[ﬁhﬂ;ture
15 Simlarly, 20 kg of maltodextrins DE39 were added

Gt lthée C&aatiasy 50 kg of whey protein micelles

di spersion. The two mixtures were then spray dried

into a NLRO SD6.3N tower at a flowrate of 15 L/h.
ERzanpdier Jilnplﬁortcammeaiﬂme by @vepormadorand the air

out put te erature ? i . t% C ntené o% :Lhe (1ot
Pobt’afHedPl Jel?sj\ﬁé) "PHER 8% 7 The <t ze6t 1 h& ©
R Ar ot £ rbé@@efé@én@@ﬁ@@é@rgtn@a cnlnprsmnmt@‘r at a
| actose and mal todextrin (DE39) in water using

protein concentration of 4% to reach a final Pbatch size of
2500  kg. The pH was adjusted by addition of 1M
hydrochloric acid so that the final pH value was 5.390. The
whey protein dispersion was pumped through plate-plate
APV-mix heat exchanger at a flow rate of 500 1/h. Pre-
heating at 60°C was followed by heat treatment of 85°C for
15 minutes. Formation of whey protein micelles was checked
by measurement of particle size using dynamic light
scattering as well a turbidity measurement at 500 nm. The
obtained 4% whey protein micelles dispersion was
characterised by a hydrodynamic radius of particles of 250
nm, a polydispersity index of 0.13 and a turbidity of 80.
The whey protein micelle dispersion was then used to feed
a Scheffers evaporator at a flow rate of 500 1/h. The
temperature and vacuum in the evaporator were adapted so
that around 500 kg whey protein micelles concentrate

having a protein concentration 20% were produced and

cooled down to 4°C.



10

15

20

25

30

35

dynam c light scattering before and after spray

drying. 25 The total protein concentration was set to
w@2007mieeby dilution of the di spersion bef or ePGPER2007/052904

drying or reconstitution of,dhe powder in order to be

In_t il ute VISCO y f whey protein

e 2 A BEFHGITERE T gff 2 er n

Al ngheymept s}evas used, and P’H&l%ldt% @@ diraBRt efa¥881is (lo
averaged from 20 neasurenents. The particle dianeter

Sdtedtm e fkmrerw\hlé@/ccm@tettmtemi cel| &8°Ci aAnppedéncetelr at a
| act ose and |t tri so 3 S
cpageat QRGIRAIS i B Hedfip Skt MRANE cize of

powderisg . thEhéeSQECtlwesdlam@hetsdmen@zfoandltoobe of 1M
265.3 WD 2007/ 110422 PCT/ EP2007/ 052904 44 nm and
sy oshloddfe@Givelsy. Hhids dhfedsididmatit &bt itaR tnah The

gy pretein micebd es; yer a[EhY§|u§n kby stabhgn plate “plate

regardi ng spray drying. The results were corroborate
ARV - nTERM Ire oty osx@lp@nmseavmal driowfrake of %olfey/h. A pre-

ﬂé’@ta oG 10 B SEBhce DO R oD UMt TS Bei G et pet £

16 A Rhidd pso M2 3 airs mirss) air @l ot moint 4l te o seapechecked
operating at 80 kV. was used. \Whey protein mcelles
hyer éeprsramed i n ol MG Clsef or & Spradd i yi e 1ight

sg;f 18T 116 gggrgsg'&élﬂog earwsl%prﬁxaégr%bﬁ@ racw%%ro N0, The

feren of norphol ogy and Structure coul
ahﬂ&xmaw Exanpleesl: p&ntﬁﬂnramuaﬁlbﬁseanQEBEKQMOA was
rotein |solate<£{o acta 90 f on1L taH

7 b ebr ¥ Y o L1 o 260

rﬁt & Dy Sosoncent 1 addLnoef 049t @nﬁe%@ftl,ﬁ:kﬁldlady of 80.
batch size of 2500 k The pH was adjusted b
Tétmummmlkﬁ i%mhgﬁér&%ﬁl R d"3d BREP Fﬁ@cﬁﬁeﬁalbibl—TEM

AR ue 59% uctEc AR PTAL Sl U AP ALAN 8% £ 150-200
punpe rou 1 at e- plate 20 AP heat exchanger

rat WEﬁd(n&d&ﬁky(ﬂléﬂﬁldeF1§W%£ The whey protein micelle
dispersion could be cooled at 4°C for storage or directly
used to feed a filtration unit equipped with a 6.8 m?
Carbosep Ml14 membrane at a flow rate of 180 1/h. In that
case, the concentration of the whey protein micelles was
performed at 10 to 70°C until the permeate flow rate
reached 70 1/h. In that case, the final whey protein
concentrate contained 20% of proteins. The structure of
the micelles in the concentrate was checked by TEM, and
clearly no significant change was visible compared to the
4% whey protein dispersion before microfiltration (Fig.

10) .

Example 13: Whey protein micelles powder comprising at

least 90% whey protein.

200 kg of a whey protein micelle concentrate obtained by

microfiltration at 20% protein (see example above) were
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heating at 60C was foll owed by heat treatnent of 85C

for 15 mnutes. Formation of whey protein mcelles
wor®7aeked by measurenent of particle size BSI/RBR007/052904

dynam c light scattering as [l a turbidity

reasurenment at 500 nm_ The 2 obtained.496mhey(£rotein.

EAHSSs difsp@r 1 b wa® cHar 46FE5 sBdhy a1 dtomisation

ygnedypanic or adigys, ofpoparihs! 88908 25055 MM pRessure = 40

pol ydi spersity index of 0.13 and a turbidity of 80.

bR )whey proteraduttel feowi spersi oF wads t henhuselheo inlet

feed Scheffers evaporator _at a flewr of 0

RS %gl§b t%ﬁpe#g?%ﬁgﬁéndwggcuu%$¢n&éhgﬁgbapgggtoroutlet

e radaptedwse 7tHat. arioendix@0 okg isheyhpr ot @rer was 150

icelles concentrate having a protein concentration

H%B@&méﬁ@ BIORIYEE &t tol Bl HoRnPPEIZE. “id less than 4%
2007/ 110422 \BGTLEP2007/ 082904451 EXamplg, 125 ver high

Enrichment "by mcrofiltration A whey protein isolate
Propladdtld t90 f foanbacyaldle(iwpn 500648Fchay beenthe powder

reconstituted at 15C i.n_soft ter at rotein
eB%H%@%F?%tW@ﬁybfsg ff&c?zacﬁag% F%gﬁ b@?g ndj /g pfdmgparent
P250Q teg: rHigyipkd s nadjusiced duy addirtiicon of. 1M
hydrochloric acid so that the final pH value was 5.90.

The whey protein dispersion was punped through

- plat.e pm: ] : rate of
e 19,0 iSRG ey T AR IR Pl T ot

treatment of 85C for 10 15 m nutes. Formation of whey
ro%einéﬁicelles was checked ﬁtneasurenent of  ved
PP oo stz eSS g dyna QICEghE  SERTTOrT W ad SHEI 1M1%
WVAdiirbidi ty peagdneserktat n20@itm aThee ebt doned 4%at the
whey protein mcelles dispersion was characterised by
Tal Tyid rERph i O G g iisC oif L palr? it B dF X DBl 1 hiy B powder
ROl Nl SPersity ry fodk O And & tyr bl dify, ofp80sy +
J%%e ﬁécéllejforﬁio t gvﬁid¥é|n was tﬁso o é%ked by ower
UEEMg andatnoceddei st ructuies (W th Oan awer age adilanetaergle =
6 °}58igggure = 40 bars) at a product flow rate of 25
kg/h. The inlet temperature of product was 150°C and the
outlet temperature was 75°C. The airflow in the tower was
150 m®/h. The moisture content in the powder was less than
4% and the powder was characterized by very high flow

ability.

The powders of examples 13 and 14, when reconstituted in
water, comprise essentially micelles having the same
structure and morphology as the whey protein micelle

concentrate.

Example 15: Whey protein micelle powder obtained by

freeze-drying

Material
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10

nmwere clearly visible (Fig. 9). The whey protein

m celle dispersion could be cooled at 4C for storage
weooditreer |y 20 used to feed a filtration unitPEenEPPPBAS2904

wWth a 6.8 n2 Carbosep M4 penbrane at a flow rate of

180 1/h. In that ase, the concentration of the whe
WS B0 T Bl Potehle . ComProred cart 02D S FOE it | qced

bgz_eﬁr{z%afto%ifﬂt%tri@tne id eached 70 JLtH i thadtLaseodthent of
i nal whey protein 25 concentrate contai ned 20% of
¥rotei ns. The structure of the nmicelles in the
concentrate was checked by TEM and clearly no
significant change was visible conpared to the 4%
Meheyrot ei n di spersion before microfiltration (Fig.

. 30 Exanmple 13; Wey protein mcell es powder
@?r;prcffsi‘ﬁ%e%tpr%%{l @6%\5@1@? FPECEPT T 3360 af Sof Lt roduced
whey Jpratein gugeld e concentrate obtadned, byon3Seek. This
mcrofiltration at 20% protein (see exanpl e above)
heerke "W 20 0 arl 04 22c RECTL EP200720052004 46 cizg ebtiet iVitrtis
a N ro SD6. 3N tower usi an at.oni sation 0zzl| 0.~
qﬂ%%ﬁ%%ds§%F% iﬁgvgﬁ:Uglégﬁ%?'pégggEFe“@'4dﬂa-%rgfgag a8Ys
wraducthd | pyeratiecofin25 g/ hredhe Hrhetr regnyiercat Ukenstant

of product was 150C and the outlet 5 tenperature was
SF5COPHE aPPf I BRRTH- t HEEQWWer Aflas 91505 nBrRCzqp@riced whey

LYY & scontent Ja, the pouder,as | ess than 4% and
the powder was characterized by a very high
flowability. Scanning electron m croscopy of the
powder exhi bited very spherical particles having an
apparent 10 dianeter ranging from 10 to 100 pm (Fig.
8). Exanple 14: M xed whey protein mcelle powder 20
kg of a whey protein micelle concentrate were m xed
15 with 1.7 kg of naltodextrins with a DE of 39 so
that the
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final
powder
w7342 DWVWer
sprayi ng angle = 65, press
flow rate of 25 20 kg/h. The
product was 150C and the
EkdAld fileoWa RiHdye gromiinVasn
content in the po

er was | ess than

whey protein mcelle to maltodextrin ratio in
is 70/30. This mxture was injected in a Niro
usi ng an atom sati on nozzl e (0 BCOEB200TY52904

= 40 bars) at a product
Inlet tenperature of

outl et tenperature was 75C.

i drdvk Bl StdIei thout
4% and t he powder

sSpp¥rosfar acteri zed by very high flow ability. 25 The

N%%%Q%Eﬁ_Of exanpl es 13 and 14, when reconstituted in
—conprise essentially mcelles having the sane

st ruct ur gngteédientisol ogy as t
caoncentrate 30 Examle 15:

he whey prreireientagee! | e

WSt eP T ©be Al natl IR L r Beyeed)
2007/ 1%9%%@15“ {2 P200;2/,95290-

concentrate at Yo protein pf
pmotredin |domateingn dfn %éxanpl e 11

ey prm‘pi nmec
ying Materi &0 w83
Il 47 \Whey protein mcelle
oduced by
P With a protein content

of —90% 5 Met-hod—100g—of—whey

~7

S at e were i ntroduced

nrot-et-ha—/m all ac

iEI;LpIHSFQEU%EgE%% and

z@ﬂﬁ%ﬁ%d@ g A0 one Wweek
placed in a | ab-scale freeze

Thi S Deaker &3 1 hen
drier Virtis equipped

unt 1| + hao

nroacorirn 1N

+thn fra
OO ul O LI ] L BLILA~S LI 72

Geidda d ivacuum punp. Sanpl e was |eft for BOddys 10

Lor

L [ L " B | L) T

CO5e STt about 30 nbars.

ronnt A
LI Y2 Ig IEU
Around 20 g %f15°

VdEeze~fdried whey protern m
recovered. WO 2007/110422 PC]

celles has goeem.015%
[/ EP2007/ 052904

Lecithin

0.1-1%

Method

Cocoa liguor is mixed with cocoa butter,

protein micelle powder,

This mixture 1s conched
homogenous paste 1s obtained.
moulded in chocolate plates
chocolate is characterized by

of 45-50%.

sucralose,

overnight

butter fat, whey
vanillin and lecithin.
at 65°C until a
This chocolate mass 1is then
and cooled down. The dark

a final whey protein content
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48 Exanpl e 16: A whey protein enriched dark chocol ate

W t hout

sucrose Materi al
w@emvaiw2m cel | e powder 40-50%

protein content of 90% Sucr

mlk fat 3-5%

Vanillin 0.005-0.015% Lecithin 0.1-1%

B

Cocoa |iquor

I ngredi ents Percent age

from exanpl e
se 0.05-0.1%
0- 40%

Cocoa butter
5 Method Cocoa

le 1197 :MaXQhedf PrARGA ditilc®led RMilQ dhdlcolehry

VWhey
1BCTEPIN0AH052904
Anhydr ous
5-15%

protein mcelle powder, sucral ose, vanillin and

. e e S e O O oos
el o By Lehodol oReChrd ¢ ahd Sarady 3
Wewn. e dark chacebake 1s|charasteskzed by a f5nabs
whey protein dqontent of 45-5%0% WD 2007/1190422
IrFiGTE./lELIBZOO?/ 052904 49 Exanpl¢ 17: A whey protein

P stnod 2 WElnod 3 Whey pritein 16 9556 25| 3% 35- 40%
emaceglllee powder| from exanple|13

with a

protein

content of

90%

Sucrose 40-45% 30-35% 30-35%
Anhydrous 1-10% 1-10% 1-10%
milk fat

Whey powder 2-10% 2-10% 0%

Cocoa butter 20-30% 20-30% 20-30%
Vanillin 0.01-0.1% 0.01-0.1% 0.01-0.1%
Lecithin 0.1-1% 0.1-1% 0.1-1%
Method 1

Whey protein micelles, whey powder, sucrose and vanillin
are mixed and ground until the desired particle size
distribution 1s obtained. This mixture 1is then conched

overnight at 65°C with cocoa butter,

and lecithin until a homogenous paste 1is obtained.

chocolate mass

cooled down.

1is then moul

ded

final whey protein content of 20%.

in chocolate plates

anhydrous milk fat

This

and

This white chocolate 1s characterized by a

Method 2

Whey protein micelles, whey powder, sucrose and vanillin
are mixed and ground until the desired particle size
distribution 1s obtained. This mixture 1is then conched
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with a protein content of 90% Sucrose 40-45% 30- 35%
30-35% Anhydrous 1-10% 1-10% 1-10% m |k fat Wey

w@ondar0422 10% 2- 10% 0% Cocoa butter 20-30% 20PGDE#2007/052904

20-30% Vanillin 0.01-0.1% 0:-5 1-0.1% 0. 01-0. 1%
Leci t.hin %0 1-1% 0. 1-1% 5 Met hod e ro
%%&Hg@g %e% SwdBHth sGeFage béjljf&e\fanl T r%/ﬁlg gd fat

2ad Eé@#mlﬂ&mhhltltlhea dﬁémrﬁgn@agt |p%|sezeS|Z§ obtained. This
distribution is obtained his mxture is then conched

ch@covertsi ghesat 165Cte L h rsvdlstebut percharthyalrous APk and
f at nd | ecithi.n u u a
Cbﬁﬁ%ﬁégow%hl%ﬁlchg@b é%ecg8g89328tﬁé£ §ﬁ§¥ éterlzed by a
fahedohales, plrattes mrdnteeal ed down. Thi s whi te
chocolate is characterized by a final whey protein
content of 20% 15 Method 2 Wey protein mcelles,
wehey pawder, sucrose and vanillin are mxed and

ntil the desired particle size distribution
rihse yo byt an treeich ﬁm@lM&x uwcrgsehéndwﬁ@hédimare mixed and
2007/ 104%2 /EP 007/0 2904 50, over.ni Ni hg at E -
WIH cotoa™ gﬁhyg u%amﬂi fat®* and fLeclIt1 fhton is

dbHdilned] hmwg@nmugtpaét e d sclabt aipedhedhbserahogel atte 65°C
mass is then noul ded in chocol ate ipl at es and . cool ed

vdikin.COTrias i e e odBl Bt icHarkdt etid et bytpin until a

homogenous paste is obtained. This chocolate mass 1is then
moulded in chocolate plates and cooled down. This white
chocolate is characterized by a final whey protein content

of 30-35%.

Example 18: Aqueous dispersion of whey protein micelles
coated with sulfated butyl oleate (SBO) or any other

negatively charged emulsifier

Material

Whey protein micelle (WPM) powder from example 13 with a
protein content of 90%

SBO

Hydrochloric acid (1M)

Method

WPM powder described in example 13 is dispersed in MilliQ
water to achieve a final protein concentration of 0.1 wt%.
This dispersion is filtered on 0.45 pm filters in order to
remove possible WPM aggregates. The pH of this WPM
dispersion was Dbrought down to 3.0 by addition of
hydrochloric acid 1IM. A 1 wt% dispersion of SBO is
prepared at pH 3.0.
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5 final whey protein content of 30% Method 3 Wey
protein mcelles, sucrose and vanillin are m xed and

w@eman4emt i | the desired particle size distriBbCt/EPW0T/652904

10 obtained. This m xture issithen conched overni ght at
65C with cocoa butter, anhydrous mlk fat and lecithin
until a honpbgenous paste is obtained. This chocol ate

T‘msshyér&ﬁ‘ﬁi‘ami@mrg@(idsn Lhocotate prates and, £oehede wpM
down.” This white chocolate is characterized by a

wigisn adte renyl rp@@tesmn@ortﬁi@ntNarl@smeBOZSSWPE%@WSe M lvern
I’%% er%lflns dcl Sé&g&g&?;lﬁa‘m & §§t ejé’b 'Hrr?ea{rl ele@%o%oretlc

or any o
ma;egatllt\&ely char ged el élél er Mﬁ enyatodWieyipr ateliins and

mcelle (WPM powder_ from exanple 13 with a groteln

eé&ﬁtérﬁph&fregd% Z?%B@Wd?écﬁlh@rls@oac@ds?ﬁml Mefhod? 3-0

RMpowder, desar ished i, gxamphe! 131 s dgpersed1iyn
M11iQ 30 water to achieve a final protein

oncentratlon of 0.1 vvt% Thi s dispersion is flltered

;1% mfllt§5| q° er. to jrenpve osglbl n
A%gﬁgerre t'esd ThHe" phir 6F “t ﬁ $ SWBM© di"spEr'st on vva%c%erlzﬁlo ’
tdl@Nl’lSE@ i Bpbys addi tusorms@fd try de DERb O | chacm@ManeA Ivhile
Wt % di spersion of SBOis 35 prepared at pH 3.0. WO
FOOPVETOU 22 PCTEP2O07/ 055904 NBArqRENFHF odyAaAiEs  and

diadlidiz A Aata pptientiAlo Of dhese MEM  ves A8l efdinednat
using the nosi zer ZS apparatus (Malvern Instrunents

tited. hydmdmamncmcﬁﬁﬂb nmaandcceﬂle‘cam‘opmceme 850-300 nm
éHﬁ?fIQB%PM;%g% welégt ml§§§g gé {99 n%ﬂgg gé%%ﬁgﬁ At
this point, the hydrodynamic radius diverges dramatically
to 20000 nm and precipitation of complexes WPM SBO 1is
encountered. Upon further addition of SBO, higher than a
mixing ratio of 5:1, the hydrodynamic progressively
decreased to 250 nm, as found initially for WPM, levelling
of from a ratio of 4:1 on. Following the electrophoretic
mobility of the mixture showed that 1t decreased upon
addition of SBO, reaching zero value for a mixing ratio of

5:1. Then it continued to drop upon SBO addition, starting

levelling of at - 3.0 um.cm.V'.s™t from ratio 4:1 on.

The explanation for these results is that the positively
charged WPM are, in a first step coated electrostatically
with the negative head of the SBO wuntil full charge
neutralisation 1s achieved (mixing ratio 5:1). At this
point, the hydrophobic tails from the SBO are able to
self-associate, leading to over-aggregation with very
large hydrodynamic diameter and precipitation of
complexes. Upon further addition of SBO, the hydrophobic
tails associate further to form a double coating, exposing

their negative head to the solvent. This lead to
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el ectrophoretic nobility of the SBO di spersion at pH
3.0 are 4 nmand - 1.5/-2.0 dam cm V-1. s-1,

wo empaodeyel y. After having perforned this prePCTEPRNY052904
characterization, 10 the SBQ di spersion is used to

tltratethe WPM o whi | e ol evol uti on _of
RAFr Iy S CESW%dWlEPe@t r%%#ﬁ)lr%t?%aﬁb%?l Pty S5 (see
ftl@%ﬁ@ XY &onldar@s & eund that ;t ydrednanide some .

radi us was constant around 250-300 nm until a WPM SBO
wei ght-m xing ratio of 5:1 was reached. At 15 this

paoi.nt,  the hydraod a e I Y,

18 36600 S et e Bt e B e oha R SL pEas I food
g&mntmchblﬁjmfwmﬁer addi DACDEMOf BSBOREN, ghexsTt hanErom

a mxing ratio of 5:1, the hydrodynam c_pr gresswely
ediPo FBEHT ASLEGGAE i fF t P&l | §- For” th re

daval) i ng A0 of firomiaiati o Qfordicl arrifFol Lewbng éﬁ@hlcal
el ectrophoretic nobility of the m xture shovved t hat
fiuncdeéemedsed upon addition of SBO, reaching zero
value for a mxing ratio of 5:1. Then it continued to
drop upon SBO addition, starting |levelling of at -
Ekdhgls @B :VA protdimenridiedt bkaiamed sHirce
explanation for these results is that the positively
charged WM are, in a first step coated
D/Fa!teeﬁi rgqst atically wth the negative head of the SBO

Il charge neutralisation is achieved (m xing
Miagedo vhdy prétefhi sii8elpei mowdche hyanophabpéet didl svith a
from.the SBO Qto sel f-associate, leading to
Rdver eléjggcroéjgtaﬁqator? % very Iarge hydrodynanic
Miamat er and preci p| tation of conplexes. Upon further
addi tion of SBO, the hydrophobic tails associate
Fli@tther to form a doubl e coating, exposing 35 their
%%8@%\{% head to the solvent. This lead to WD

422 PCT/ EP2007/ 052904 52 negatively charged
9APM wi th a doubl e coating of SBO (see

Method

30 g of mixed whey protein powder are dispersed in 1 litre
of skim milk under heating. 30 g of butter and 80 g of
flour are then added together with 2.85 g of salt. The
mixture 1s then boiled in order to produce a Dbéchamel

sauce having a whey protein content of about 3 g/100 g.

Example 20: A whey protein-enriched base for performance

bar
Material

Ingredients Percentage
Mixed whey protein micelle 40-50%

powder from example 13 with

a protein content of 90%
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figure 17) conparable to a full protein core |iposone.
Simlar results have been obtained with other acidic

wo owd/ 150402 ade Enmul sifiers such as DATEM Cl TREBMT/B&I007/052904
(from Danisco) in aqueous sglution at pH 4.2 where

@Rermitede 3f§ﬁ%tions) 10 Exafmple 19: A

TR &N Ghgn bechamet—saiice VAt er T azsMzxed whey

protein mcellé powder froméxanple 14 with a protein
Medntigmtl of 70% 15 Butter Fl pur Skin1n1|& Bart 20
Mot haod 20 o nf m vod \Ahey pr N A Arn AdAicnorond

QL¥QFHQ%re of Ekfﬁfnffk und:;bhéarrgéblég QSdlqgaiF;F

and 80 g of frour are then added together with 2. 85 g

of salt. The mxture is then boiled in order to

produce a bechanel 25 sauce having a whey protein

content of about 3 g/100 g. Exanple 20: A whey
protein-enriched base for performance bar 30 Materi al
Matgredi ents Percentage M xed whey protein mcelle
~40-50% powder fromexanple 13 with a protein content
Egfovg0os VP 26071 P1 042 2 PETE EP2607 M052904 L 53nd ( fdivsedrd 2t

2?5 %/@ V\ﬁfe%rrdt%%r?ﬂl%l?l‘ré %dé\@l té tﬁq{er? Md and mixing

is performed for 10 minutes. A whey protein-enriched base
for performance bar is then obtained and can be mixed with
other ingredients (minerals, vitamins, flavours). This

preparation contains more proteins than milk (38%).

Example 21: Determination of repose angle for spray dried
whey protein micelle powder, mixed whey protein micelle
powder, whey protein isolate powder and low heat skim milk

powder

Material

Whey protein micelle powder from example 12 with a protein
content of 90% (moisture 3.5%)

Mixed whey protein micelle powder from example 13 with a
protein content of 90% (moisture 3.5%)

Whey protein isolate powder Prolacta 90 (lot 500658 from
Lactalis, France; moisture 4%)

Low heat skim milk powder (lot 334314 from Emmi,
Switzerland; moisture 3.5%)

Measuring device described to measure repose angle for

powders according to ISO norm 4324

Method
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G ycerol 10-15% Method 5 Brown rice syrup is m xed
with maltitol and glycerol at 25C Wey protein
wore@elii@2powder is then added and m xi ng is peeT/BPIORT052904
for 10 m nutes. A whey protejn-enriched base for
erformance, bar _is then obtalined and can be m xed wth
et gt ol SRESCEM Rer &) S U anfhist FI 080T S oF
ob0 i @RRT AtHORBH KRAINS AV P} et sy thamddie (EBMator.
Exanpl e 21: Determ nation of repose angle for spray .
Tdvei edovdhey Prbtei i eel teapoiiesnt ni HilfeyvpeFeeei with
icelle powder_, whey ot.eli n isolat owder, a
TSWheAt é Pmrxrr}ﬁl I?ndpoade@éll\@?%rioafls bs\hgrf/ﬂ?'proteel nngle of
napeeld e qovde mdasameeX a@mplre th vidih cav iprcoteeiua t 120
content of 90% (noisture 3.5% M xed whey protein
m cell e powder fromexanple 13 with a protein content
o 20% istgire 2:B%n ey 1erot ei n i sol ate powder
Prpol actagllz%o (1ot 500658 from Oﬁact alis, France;
noi sture 49% 25 Low heat skimm |k powder (lot 334314
rom Emm Switzerland; nojsture,3.5% Measurin
& s cF The s 0" Babar BnF el bed Engld ey L haddry oan
RCCOLELAGH) | SO Nos M 4324 3 MethkodpV@s2007/1d0422 being
PCT/ EP2007/ 052904 54 The powder is placed in a funnel
G es stidih dicaifster of 99 nmm and the powder is
forced to flow using the agitator. The powder falls
on a transparent plastic vessel with dianeter 100 nm
Raredh la shefight  ofie 25epneseThegdrglteesof (Baleposerecmeis of 3

assured Lrom the fol) ou ng sajation, Repass.angle (O

Whey Mixed whey | Whey Low heat
protein protein protein skim milk
micelle micelle isolate powder
powder powder

Repose

angle (°) 24.6%1.1 27.3£0.7 34.3%£0.5 43.8£2.8

Repose angle results clearly show that whey protein

micelle powder, pure or mixed with maltodextrins, exhibit
a significantly lower angle than the initial whey protein
powder or even skim milk powder. A repose angle lower than

35° is characteristic of very well flowing powders.

Example 22: recipe to obtain a green tea extract delivery

vehicle.

Method 1
5ml of 20% green tea extract solution were poured on 10g
of pure whey protein micelle powder, then vigorously

stirred in a beaker. The powder absorbed all the liquid
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Where h is the maxi num hei ght of the powder cone than

can 10 be obtained, all surface of the plastic vesse
whedtongio4enpvered with powder. Results fromthe PEPBB®07/052904

angle test (values are nean gf 3 neasurenents and

tandard deviation is indicated)., 15 Wey M xed whe
SVREY L Wi hebE S Brot e LB ot @it B tdiHT ki BY mFR10” at 60

o cgl | &nnbeehl euirSolaties povees . ppuden npowWdelodRRROSE ntain
angle () 24.61.1 27.30.7 34.30.5 43.82.8 Repose angle

Yesuylees dlegardyLrsigdw t hat whey protein nicelle

powder, pure or mxed with maltodextrins, exhibit a
significantly I ower angle than the initial whey

Marteicel 2 20 powder or even skimm |k powder. A repose
angle Tower than, 35 is characteristic of very well

3 oW ngt panaerelicERFprRE 22T 1St PR £820BEAFN BY YO
e Sxtpact dekbiVvelivecMehigleie 25 Mpthod 1 5al 0fr120% i na1

green tea extracCt solution were poured on 10g of pure
pwieednair oheidn ani oeldyve powderntt heresad gorcdpsiny  Bthaped was

in_a beaker. The .powder absaorbed all the liquid WO
%ﬁﬁ?ﬂ?ﬁ%ﬁﬁgfnpéfﬁﬁﬁiﬁb FO55904 55 phase. The residua

water was elimnated by drying at 60 C in an oven

during 18 hours. The final product contain 9% green

tea extract. 5 Method 2 30 ml of alcoholic extract of
EXaafild &8 Waetipelred cdbtiain 2gaffeiliie deldweryceatdidcle.
powder, then stirred. The fina

10ml of 2% caffeine were poured on 10g of pure whey
protein micelle powder then vigorously stirred 1in a
beaker. The powder absorbed all the liquid phase. Drying
at 60 °C in an oven during 18 hours eliminated the
residual water. The final product contains 1.7% caffeine.
The compact final product was manually crushed and tested.
The product was crispy and no bitterness was perceived,

even at such high caffeine content.

Example 24: recipe to obtain a coffee extract delivery
vehicle.

5ml of solution containing 20% soluble coffee extract were
poured on 10g of pure whey protein micelle powder then
vigorously stirred in a beaker. The powder absorbed all
the liquid phase. Drying at 60 °C in an oven during 18
hours eliminated the residual water. The final product
contains 9% soluble coffee extract, was very crispy and

had a strong coffee taste.

Example 25: recipe to obtain a lycopene delivery vehicle.
30 ml of saturated lycopene alcoholic extract were poured

onto 70g of pure micelle powder, then stirred. The final



product had a very pl easant green col our. Ethanol was
evaporated at anbient tenperature. 10 Exanple 23

WO e@7pe4eDd obtain a caffeine delivery vehicl e. PCT/£P1000652904
2% caf fei ne were poured on | of pure whey protein
mcelle Eomder t hen vigorously stirred in a 15 bgakeﬁ.
PHrESowder Catisor bEd &11°aHe! | §hrBIphasE O Bryi AgheaPL vas
SR e riat AN 0V emAWitng b NHouns el i mnated the
resi dual water. The final product contains 1.7%
caffeine. The conpact final product was manually
crushed and tested. The product was crispy and no
bitterness was perceived, 20 even at such high
caffeine content. Exanple 24: recipe to obtain a
coffee extract delivery vehicle. 25 5nm of solution
contai ni ng 20% sol ubl e coffee extract were poured on
| Og of pure whey protein mcelle powder then
vigorously stirred in a beaker. The powder absorbed
all the liquid phase. Drying at 60 Cin an oven
during 18 hours elimnated the residual water. The
final product 30 contains 9% sol ubl e coffee extract,
was very crispy and had a strong coffee taste.
Exanpl e 25: recipe to obtain a | ycopene delivery
vehicle. 30 m of saturated |ycopene al coholic
extract were poured 35 onto 70g of pure mcelle
powder, then stirred. The final WO 2007/110422
PCT/ EP2007/ 052904 56 product had a very pl easant
orange col our. Ethanol was evaporated at anbi ent
tenperature. WO 2007/110422 PCT/ EP2007/ 052904 57
Clains 1. A nmethod for preparing aggregates of protein
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5 mcelles and an active agent, the nmethod conpri sing
the steps of: - dispersing whey protein mcelles and

WO b@m7ao4erye agent in a solvent, and - evapor apCTIP100B052904

solvent. 10 2. Method accorging to claim1, wherein
the solvent is selected fromwater, organic sol vents,
et hanol, glycerol, and oils. 15 3. Method accordi ng
d1aiglsaine 1 to 3, wherein the active agent is in a
—orted formprior to dispersion in a solvent. 4.

Met hod according to clains 1 to 3, wherein the 20

aCEi VE agneemhoiog i %%J?hlolg%%:p rfi%.rgm ggé%eeégtgé Sp%%Si %]rotein

in"a sol vent. clai ein the active
agentmi Selspsayed antacthecwheynprotein mcelles. 25
6. Method according to any of the preceding cl ai s,
wher eFct et ROAp6PEPT A1 1Y EAFr FREPBUPT by spray-

drying. 3Qo6, AdPEthad,f QIr HEPAT 198985808185 10E active
protein and an active agent, the nmethod conpri sing

the stepstofn a dpspensi ngnAati ve whey protein and an
active agent _in antggueoEgesglution, and 35 -

denat ur f ﬁp?ﬁ% mﬂ%y p of 8i A ?o'mhey protein WO

2007/ 110422 PCT/ EP2007/ 052904 58 micelles and form ng

an ag%regate of whey protein mcelles and the active
ag%nt_eg_o@@pﬁggrgﬂng|Qqncﬁalm 1, wherein the solvent 1is

selected from water, organic solvents, ethanol,

glycerol, and oils.

3. Method according to <claims 1 to 3, wherein the
active agent is in a dried form prior to dispersion

in a solvent.

4., Method according to claims 1 to 3, wherein the
active agent is in a liguid form prior to dispersion

in a solvent.

5. Method of c¢laim 4, wherein the active agent 1is

sprayed onto the whey protein micelles.

6. Method according to any of the preceding claims,
wherein the evaporation 1s carried out by spray-

drying.

7. A method for preparing aggregates of protein and an
active agent,
the method comprising the steps of:
- dispersing native whey protein and an active agent
in an aqueous solution, and

- denaturing the whey protein to whey protein
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5 wherein the denaturing is carried out by adjusting
the pH of the aqueous solution to a range between 5

waea781@er heati ng said solution at a tenperat BEEEP2007/052904

bet ween 80C and 90C for at Iﬁ@st 10s. 10 9. A nethod

for pre arln aggregates of protein and an ve
ngent ML ERLL 18t ROl cOmBRTaPngth naSUPERubR: T mikEHg BEOTeIn

whey ﬁi@éfl@s”&ﬁ&'£§ep9@9§€emé§@ntan active agent. 15
10. Met hod according to claim9, wherein the active

agent is in a solvent prior to mxing. 20 11. Met hod

acgorﬁeggo Oglg&g}%o wherein the sol vent nay be
organic so venzé et hanol, glycerol, oils.

12. Nbﬁh@deaﬁc&m@|nkﬁat&wmm@flelwanrﬁbd0oaﬂ b&5 adjusting
wherein the mhe protein mcelle powder has a binding

capacFf§ Bf &t IQ&%ﬁaﬁﬁﬁ%?%rs?h%t%%WvEﬂta rf§gﬁb§ﬁgﬁeen

accorghﬁgéioaﬁey ﬂéaﬁ&ﬁ%‘“%éadtoségutﬂgﬁr%hﬂ Ehetdmﬁakature
protein mcelle powler conpri ses at | east 30 50

m cel beswedd. 8N’ GeehddoacCofdingtt beany bdfst he
precedi ng clainms, wherein the active agent is
sel ect ed fron1vitanins, m neral s, antioxidants,

poby- unsatubat b f aftepBbiraci dggrogptédess phramnkin and an
extracts, protein WO 2007/110422 PCT/ EP2007/ 052904 59
hydr ofy8ares298ibact i ves, aronmm, sweeteners, sugars,

polyseﬁghﬁétﬁﬁa cSHEEesen sypp! epEpt §¢ .
phar maceut i cal's, drugs, cosnetic component s,
pol yphenol s e- gnﬂiiﬁ@C@fﬁﬁeyopr@meen treacdtle ,powder with

an active agent.

10.Method according to claim 9,
wherein the active agent is in a solvent prior to

mixing.

11.Method according to claim 10,
wherein the solvent may be water, organic solvents,

ethanol, glycerol, oils.

12.Method according to any of claims 9 to 11,
wherein the whey protein micelle powder has a

binding capacity of at least 30% for the solvent.

13.Method according to any of claims 9 to 12, wherein
the whey protein micelle powder comprises at least

50% micelles.

14. A method according to any of the preceding claims,
wherein the active agent is selected from vitamins,
minerals, antioxidants, poly-unsaturated fatty

acids, peptides, plant extracts, protein
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5 lycopene, carotenoids, caffeine, hesperidins,
sol ubl e or non-sol uble salts, probiotic bacteri a,

waet@rnsd42mal t odextrins, fats, enulsifiers, |i geemEP20aT1052904

any mxtures thereof. 10 15.4¢ethod according to any of
the precedi ng cl ai . Wherein the active agent is

sel cchEQTP1 87 EBAPORGAES T EBRsi FEGoro THERLENGY S, Sugars,
radi abh0psabbghtigexygen, metalsoskum dity, supplements,
tenperature. 15 16. Method according to any of the

pr ecedhagnetaiscalaher ei drehi@d, pr ope? IO ©f mEBIPEENLS,
to active en [ etween 1: 1: 1000 Ve d
accor%?% p?%n%%ﬁ d$'$hew%?£%eé%ﬁggb a%%t,gﬁ%gaheﬁggn etc.
t he aggrepahes comureratidseast onéfacheye agefberidins,
associated wth whey protein mcelles. 18. The, nmet hod ,
accor dPhgPEs Phi M7 SAAEE nSehéSaggregatestar eafteria,

whey protein miLeldf x2S At riexew t hoaty deastrOne  1igands
i ncorporated active agent. ~19. The method according

to claneh 48y mheterast heepabfix is an anor phous

pol ynmer. 30 20. Method according to any of the

precedi ng clains, wherein the active agent is
conprMsedoln iheorapey egad e dny apfampuat pfeedih® claims
50% WD 2007/110422 PCT/ EP2007/052904 60 21. An

aggr e§aeESbbt AlRaBrEé1HG adreithdd aSGdisty FPmanPrrnents

the pregeding C'@bnshegg;§©§269@5&§a99aprisiﬂghwmeyoxygen,

protein mcelles and at ast one active agent
assocmnatedsw bhmi Hetwheyempeotennem cel | es. 23.
Aggregates according to claim 22, wherein the
aggregates are a whey protein mcelle 10 matrix with

at 1keastnene daeorpoiat ed aghiveoageme preceding claims,
wherein the proportion of micelles to active agent

is between 1:1 to 1:1000.

17.Method according to any of the preceding claims,
wherein the aggregates comprise at least one active

agent associated with whey protein micelles.

18.The method according to claim 17,
wherein the aggregates are a whey protein micelle

matrix with at least one incorporated active agent.

19. The method according to claim 18,

wherein the matrix is an amorphous polymer.

20.Method according to any of the preceding claims,
wherein the active agent 1is comprised 1in the

aggregate in an amount of 0.1 to 50%.
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24. The aggregates according to claim 23, wherein the
matrix i s an anor phous pol yner. 15 25. The aggregates

wa@ewondi4ey to any of clains 21 to 24, wherei nPCTEP2007/052904

active agent is selected frop V|tan1ns ninerals

ant i oxi dant s, on satu fatt e tldes
%%tA%xﬁggﬁ?g tﬁr8$§?ﬁna ; gﬁy§a ‘f td any

ar ona®f5¥\§§t§P§&§d1§3§|g§[§1mgo pol ysaccharl des,

sucrose, supplenents, pharnmaceuticals, drugs,

cosnetic conponents pol yphenol s e.g. fromcoffee or

grSEnAéga etges |6%]%H% 1T Q@ﬁ&? EQ5QE1DCQ£I5%1168 and at

hesper Fe “or fon- so salts
bacteleastZSOﬁéauﬂﬁ;nnalt@ﬂﬁwirBGSpcﬁatsd_ with the whey
pol ysaccharides such as guns etc., emulsifiers,
Ilganﬁéoéﬁanaﬁycﬁ%%?ﬁres thereof. 26.A food or

cosnetic product conprising aggregates 30 according

to any of clainms 21 to 25. 27. Use of whey protein

mi 22} | Bggasgatvehicterflong tel ¢vekrinngZan active agent

WO 2007/11042%:PCT/EP%OO7é052904 61 28, Us of whey . ..11e
prot eM AShFERI 14 a894 FPBIra detivery éﬁlgFe 23 C%

of claker28, wiberetnithetl bpedihsospbested heomvebSagent.
| i posol ubl e vitam ns, antioxidants or |ong-chain
pol yunsaturated fatty acids. 30.Use of whey protein

"b gll@ﬁeagggﬁiégpég'§8£09&ln&ﬂ£8rc§9hﬂbb§ conmpounds.

1.Use o y protéein mcélles as a stabiliser of
| i posehabkéncohpouadsix32sThe aserphoanypolvoeains 27
to 31 for food or

25. The aggregates according to any of claims 21 to 24,
wherein the active agent is selected from vitamins,
minerals, antioxidants, poly-unsaturated fatty
acids, peptides, plant extracts, protein
hydrolysates, biocactives, aroma, sweeteners, sugars,
polysaccharides, sucrose, supplements,
pharmaceuticals, drugs, cosmetic components,
polyphenols e.g. from coffee or green tea etc.,
lycopene, carotenoids, caffeine, hesperidins,
soluble or non-soluble salts, probiotic bacteria,
stains, maltodextrins, fats, polysaccharides such as
gums etc., emulsifiers, ligands and any mixtures

thereof.

26.A food or cosmetic product comprising aggregates

according to any of claims 21 to 25.

27. Use of whey protein micelles as a vehicle for

delivering an active agent.
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15 cosnetic purposes. 33.A conplex for active agent
delivery conprising whey protein mcelles and said

61

PCT/EP2007/052904

28.Use of whey protein micelles as a lipid delivery

vehicle.

29.Use of claim 28, wherein the lipid is selected from

liposoluble vitamins, antioxidants or long-chain

polyunsaturated fatty acids.

30.Use of whey protein micelles as a stabiliser

water soluble compounds.

31.Use of whey protein micelles as a stabiliser

liposoluble compounds.

of

of

32.The wuse of any of c¢laims 27 to 31 for food or

cosmetic purposes.

33.A complex for active agent delivery comprising whey

protein micelles and said active agent.



