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The present invention relates to a nethod for
produci ng whey proteins in nanoparticul ated form and

woaodshvs4g3anoparti cul at ed whey proteins thus obrarmeos/010485

Specifically, the present |nvept|on pertains to the

use of these nanoparticul ated W hey proteins as

enmul sifiers, fat substitute, mcellar casein

substitute, whitening, foam ng, texturising and/or

frddd ﬁ%gtn&aﬁfyd%vhé:y%m@&ﬂé aining food material makes up

a consi derabl e proportion of the diets of many people.

One of the problens encountered Mﬁth the production of

such products resides in that t %1 é r.emai .
JihghiPresERY BVEHIoPhdelales i e %h@ef 18 Tt ey Wgﬁlét proteins  in

%@néﬂhaﬁcmﬁte@ hevge sepadattieo Iﬂa@cﬁ;ﬁhﬂﬂi@la@'@ Wwheys peddins thus obtaired.
zed i de

SPriPes i AP it Rerlsf S b8 se R s Gullpapfiontated whey
tphetbins | ashemelsifieps; dgesubstitofe, anicely pdaséin csubstithted Mayioinige foaming,

@%éégﬁéggﬁggg v&%ggmgﬁlng sol ubl e in the non-aqueous

ydrophilic part being soluble in
wat er such that said nol ecules are facilitate

eqHESchink fo%ﬁ%ﬁ@@:ﬁ%él&s tu&‘)ea @éﬁbﬁfer:ﬂﬁ@ foportion of the diets of many
Addi t1 gnal enuIS|f g ents a

SReRIo; OPial s BOPISTS RO "aani He &0&9 6t irdcts resi des

NS ﬂﬁtﬁﬂiesfaf mxfsgreagﬁn §t8b1haédld§@ér|ﬂ5(e ettire shélf i fesoftbt prgkst, so that no
?F used, ..such as hydrocol | oi ds, phospholi pi ds

@%”FB?H‘O%PC%H@collplds and on the other hand
synthetic agents |ike stearyl-2-lactylate or nono-,

Gﬁoatﬁ%l Hay gﬁﬁisg?% a%El‘fts aﬁ‘ﬁﬂ% ed! MGt Pk A adé't@d‘i‘f?%lﬁﬁ o?fthe emulsion

gents re ag ents soneti mes
gawf@zquamayedaaa tb@r tlwr@ﬁswrgp@w pﬁ & ilp?ﬁhlhﬁ’oroédl}’éfophObw part;

e@tﬁzem;otbeﬁﬁgi sé1@blelf tAethbhlal qaﬁaﬁis phaddlend®h Isdm or hydrophilic part
r oduc Sorre er.. a

SasRiIS dedeteL R e 2 Fi@sdufButgne phase in
de bthce rp‘ha@a ahdditomaly] theo Brrmdm:lfylr;g agcmtmalsoTﬂiru’EBpt dre once formed

gﬁpz?ct om ag gg%lﬁ %néﬂdo&aieﬁéénqgsfx's %Fﬁlgé??n% E%etnts natura%ly occurring

Ive € exlIstin
stlimbamhse arenirsdesuchdis éefdrp@ﬁﬁ@gé.spkmﬂhqlwuba@wtwn) or glycolipids and

Mahb me‘? haﬁ@ é’ﬁ‘lﬂﬁﬂ@ bi&ed 1iRd sfehg1nMe f‘ﬂa‘té)& i®nb9 diacylglycerides,

prOVI bstitute, whitening, foam xig,
F‘@xtur|5| ng and/or filling agent with a high Protein
Efficiency Ratio (PER). To achieve this objectlve a

%{1 gﬁd feo%la%cl)}edrgw% 4&t Ifo ﬂqeOfagerﬁ NOREL cul at %hese aggnts sometimes
substantially add to the costs of the final product, and do not add to the nutritional value
of the product. Sometimes, such kinds of materials also do not show. adequ ate
stabilizing properties because of an interfacial competition with proteins.

Thus, an object of the invention resides in providing alternative to the existing
emulsifiers, that do not show the inherent disadvantages and is easily available.

Another object of the invention is to provide a fat substitute, whitening, foamimg,
texturising and/or filling agent with a high Protein Efficiency Ratio (PER).

To achieve this objective a method for the production of nanoparticulated whey protein
is proposed that comprises the step of subjecting a solution containing whey proteins to

COPIE DE CONFIRMATION
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is proposed that conprises the step of subjecting a
sol ution contai ning whey proteins toa specific

woeopasasare for a specific period of tinme andPCWER2005/010485

narrow pH range to result in tae production of whey
protei ns aggregates having a diraneter of less than 1
mm preferably from 100 to 990 nm |In particular, the

i §RRlHc teMypBRhire forl £patigie gefio@ offEineRmdfint Hah®w pH range to result in

producti on of .nanoparticul ated whey .protein co | Si

Phe oaBr 0 MRS Rt e RE 3, i B85 Ofan 1
afrefegiatd 9 fiwns DOl A0 mof. whey protein, or adjusting the

ionic strength of the whey protein preparation while

keepi ng the pH constant, and ii) subjecting the _
apu@edsubol uhé gmesent anventiper sldee tof absteiieash 80 the production of

9 r j I seconds to 30
rﬁg%{@%‘&h@%d%%egﬂﬁmgﬁﬁo%r%ﬁn |tgggﬂfé?£h of spheri cal )
riresipesting che aFe @t vhBYTYY JerEh oh 40 alyeaup apliier ©fswhey protein, or
Ofdih&%s HhbaBnik BneANEf Mg ARY tirblelapeshaiRy, WhIE eBping the pH
di Spersion may be turther dried, in particular by
fqoms28L dRYi ng” or spray-drying. It has been found that
Viestibpsctingithe Baropasslutibeso weerepabises vEdetwees @001td O4°C, during a
fter recopstityfion of the Y- dii Iy - .
i arbrt et Brmbt By Wbl i i DRAEE oI of spherical
demeprtidylatednfhaymraigin kevingvpartigle sizeiof lesa tispalr pine| es
are physically stable regarding spray drying. Said
nanoparticles have a Protein Efficiency R?rgi o of at i
| Bass nanapertionlpted §her eretette ASPYEIOB XY PRebFEeT fdedjpgparticular by
t Red/BRIPINE R HprdytU§ el Dihastten TaERICthaNWBBY PEStein nanoparticles were

syrprigi.ngly not t hat when adjusting th H at .
AP i el eg At PR R e -4 i i fp difference of
hebmpheldigaindtstrectiiengpuithbadeteders cenfimting thay fwhelygyotein nanoparticles
pr ot ei NS ;.0 . k maj or constituents, at

CR Sé?%{yusﬁaebqgfegglédtnﬁ%gag@%‘%g? 80 to 95 OC, for a tine

peri od of between about 10 s to 30 mn at the desired

t%@ﬁﬁﬁfﬂ%&l&ﬂ%v%@%oﬂ%ﬁpﬁﬁic{bﬁcy Rufo ePhakngdoghow a
particu |

ate form wth spherical shape and with a
particle size having a dianmeter of less than 1 mm An

adyant exidhsiveaikpédaenkdyadiigloahe praeitiisyasiop) thpaa@dd inventors

accor di I e npt been. subm d to any.nechani cal .
rrgee g i iRV Pen BB BT bl SolePy PRESEGRIAY Sl (meaning
dontre2 pH: wit)Hefare heatntréatinglanmqoems solufiensofmehédyogtoteins, or one or

| BHCHSSRABE BARARNABACPRILLGHIBL ltwRbn WK 8195 E5for a time
uring heat’ treatnent 1 n_absence of )

period of between about 10 s to 30 min at the desired temperature the whey proteins
thus obtained show a particulate form, with spherical shape and with a particle size
having a diameter of less than 1 pm. An advantage is that the whey protein particles
prepared accordingly have not been submitted to any mechanical stress leading to
reduction of the particle size, contrary to the conventional process. This method induces
spontaneous nanoparticulation of whey proteins during heat treatment in absence of

shearing.

The nanoparticulated whey proteins have shown to be ideally suited for use as an
emulsifier, fat substitute, substitute for micellar casein or foaming agent, since they are
able to stabilize fat and/or air in an aqueous system for prolonged period. In addition,

the present nanoparticulated whey proteins are still in a condition to serve as whitening



10

15

20

25

30

35

shearing. The nanoparticul ated whey proteins have

shown to be ideally suited for use as an enulsifier,
woatoenakssti t ute, substitute for mcellar casei RCOEP2005/010485

foam ng agent, since they are able to stabilize fat

and/or air in an aqueous syst3emfor prol onged peri od.

In addition, the present nanoparticul ated whey
ag\%r;lfi? :sg:qﬁisnat Pith %Béléoxﬂtpr&uﬂd Cs%@%’af kRRs 1PaySBE URIARA. Sﬁnce whey is a

gagent, so that w th one_conpound severa o

matgsRsahvaylandy #ailpblel &g ussithraeofipdipes geLoxheled prgduct requiring an
en%?k‘i[f’ﬁﬂg,t gﬂir@,’ hRRIng ort 08muSLadNeeRile SellGaBeltie 688g to its

of a product requiring an emulsifying, filling,
nujpiiieradivalior f oami ng agent, while at the same tine

adding to its nutritional value. Figures In the

figures: Fig. 1 shows the result of an experi nent
Figgfnstrating the effect of pH and heat treatnent on
Intthefigareeparti cul ati on of b-lactoglobulin. Fig. 2 is

showi ng a nean to determ nate the pH of

nanoparticul ation for a commercial preparation
FigBil pstafvs) theBegselh ofEoB2xperypg) desiangtratingoihei effect of pH and heat
rZRASM SIRR LI BA0lonbe (Fludtoghbiuina Transmi ssi on

ectron M croscopy m crograph from nanoparti cul at ed
whey proteins (2 w.-% WPl 95, Lactalis) at pH 7. 4.

FigCali@ shinkS ®th Wietbinfinatd thé pFBot}Mﬁp&_ﬁUdllhticﬁf faara conﬁmercial
experli t e t { act . e lonlc stre
PIEMRBI R HRPRR ) C U TRDZ b Adt Rt Bibighd pifediedtt b5t

nanoparticles at constant pHof 7.0. Fig. 5 shows the

.vol y i .abiLi .0
FIOBYTS ARt RS 38 Rty il vy
prptesse@eet.-4b, WBL A Laciali) aleoHHOI4- Serlp hficla 20 nm.

non- nanoparticul ated b-lactoglobulin. Fig. 6 shows the

intensity-based sipze distribution.of nanoparti.cules.
FighgoaRsts g et of S8 rrBaimprt SvaRaies B PR G St feie stength
(AGbEREs BIOI o Bk fdmation ofipr@6iG mhopitidePs copasutipt ef 7.0.

charged with a zeta potential around +25nV) and at pH

6.0 (negatively charged with a zeta potential around )
Fig3Oukpws Thavenagetbilyor(G¥p) afifeandsahdized byfl whdo B-lactoglobulin
na%%ﬁ%@]%}ég' @a%%c&‘f‘% §I%97§ rﬁ]ﬂ?r@stené’é'lof' 66 PN ALAfind 1BE1 Binpared to

_ctorrespondi_ ng m crographs of the
nonaniwperticeiased BciogleRilBy TEM after negative stai ning

are shown.

Fig. 6 shows the intensity-based size distribution of nanoparticules obtained by heat-
treatment of a 1 wt% B-lactoglobulin dispersion for 15 min at 85°C at pH 4.25
(positively charged with a zeta potential around +25mV) and at pH 6.0 (negatively
charged with a zeta potential around -30mV). Z-averaged hydrodynamic diameter of the
nanoparticles was 229.3 mm at pH 4.25 an 227.2 at pH 6.0. The corresponding
micrographs of the nanoparticles obtained by TEM after negative staining are shown.

Scale bars are 1 pm.

As the whey protein to be used in the present method any commercially available whey
protein isolates or concentrates may be used, i.e. whey protein obtained by any process
for the preparation of whey protein known in the art, as well as whey protein fractions
prepared there from or proteins such as p-lactoglobulin (BLG), a-lactalbumin and serum
albumin. In particular, sweet whey obtained as a by-product in cheese manufacture, and



20

Scale bars are 1 mm As the whey protein to be used in
the present nethod any commercial ly avail abl e whey
wWORol@3#Bs7 SOl at es or concentrates may be used, PCTAEP2005/010485
whey protein obtained by any process for the
preparati on of whey protein“%nown in the art, as well
as whey protein fractions prepared there from or
. S;..b t ] .
ac1dp\51gé}§ égr] ﬁ%sﬂfi}cgﬁm i acll Céagia%??a%ﬁﬁctg?-m@atwgh\%ﬁ% @tgfﬁ'gh gny milk
micra§lteption-oF renge tVihay %Sh@éﬁ@dﬁlﬁhw r@éﬁ@rﬁ@selawf@mm éyaygie used

as tﬁé’ WhSHYbtelnn Pﬁéfgraﬁﬂs e PR AC LHAG, cHAl hypRcN8Yhey protein
obt al e iltrati or rennet whe

mcCr
preppspiigRoY @e%ﬁ%#ﬁ@% S@ag%t? %ﬁ@ﬂ%%ﬁ%@ﬂ%ﬁa%ﬂaeﬂa@ﬂﬂ its
prodhb@ommprm@é&la@ stdPriag enabiyl, The masreht fivleation iRst @eBicted to
ar.a

whe§ gt S0t Gou s DR Puf Baifthl 40 ol SMala %R fhmatian

animal Ssp501p8', ogleht amnfromsshpepf gpated hassest and icagelsatAdsao,athe process
acco}r&ﬁg fesé GRELEO, 'aﬁonﬁ}phgg% %?%ﬁ%tt&f%ﬁﬁrﬁlmed or slightly

rom oVl ne ori taln
mm&rrshﬂedt ggblﬂmmcatbm, fedhnas ?%pm’c@ﬁasoss [FeERlss | 011@9@1%; o fgom other

vegetddB SP@RRnal A8AER. 10 %héﬁa b@%d@x@ﬂi%ﬁsb AL ﬂyt R€neralized", the

ehmg{gggg 2)2 f?e%crg{ggérg ht océ %1@?1 q%gamqa%;ntammg minerals

assobiafedr & ipteeing| @bnb@ltalphﬁhﬁlahsatmuc b]ftas pEpgrapiont ef whey protein
cereals eeds.  Or frloem Oé’[“ LO veget abl es or
d

concgiig ey it BT At bbbk

m neralized", the elimnation of free mnerals which

mm@g;p%ot%hg' Ixéa@é ﬁ,r@sren@fna{qo eaﬁsawl&m m e{ﬁteehw S BINGE a) To 12 wt-

r nat 0m ner a satlon af
%, ppefersdbain @hamoumefi Oply Wt’fer/mtoc% ﬁéeﬁs mpre perfeiaby § lé‘tfél amount of

0.2 Wt Ioh %lt7 w08%I Telven MdRE pRéfeRBlY BNEE BinowkiDo M swv@m&m& %, in

parigtio 5000 o5 il 80 7S b o ReS B e S St o

the sotut®nowW . - % nore preferably in an amount of 0.2 w.-%
to 7 wt-%. even nore preferably in an anount of 0.5
-%to 6 Wt.-% in particular in an anoim of 1
The \Maqu%mso sgalugion opf edlish whey h@rejeisi spreparafien t es apresent before

nano&ﬁh&matfaﬁ s'eeﬂ&n&e,l AMd Qnpril a'ﬁﬁﬁxo%y@&hi%tﬁﬁé WokPRs B-ptdiRicts of

rot el prepar at | on as pr esent
the Wéﬁ?@ﬁi&? tvhey| BradgRtian BpPcREsES-o0ther E@Fﬁﬂaﬁa @Hﬁd&. tarligpirates. The

soluﬁ&ﬂﬁﬁy@%‘é, cotisin ABertio@ ededibsts ¢fat,IdaEhoh§SRER! AL dMBRYLs, etc).
The g%gg $ éo C&ﬁéonal 85£Sém¥’cfs°£%'fé‘ 5blyg d0%n?" exceed 50 wi. -%,
preferably 20 wt.-%, and more preferably 10 wt.-% of the total weight of the solution.

Whey proteins have a better protein efficiency ratio (PER) compared for example to

casein 118/100.
PER = body weight growth (g) / protein weight intake (g).

Examples: PER % Casein
casein 32 100
Egg 3.8 118
Whey 3.8 118
Whole Soya 2.5 78

W heat gluten 0.3 9
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solution may al so contain other food ingredients (fat,
carbohydrates, plant extracts, etc). 5 The anmount of

weucads/ae3rt i onal conmpounds preferably doesn't egTEE2005010485

Ww.-% preferably 20 wt-%, and_nore preferably 10
W -% of the total weight of the sol uti on. VWhey
proteins have a better protein efficiency ratio (PER)

qﬁ?ﬂ%ﬁ}%ﬁ)@elﬁsoﬁre %? %;!’E@ll%ntt QoGRS Bl @ssleillﬁél]&ﬁ)mo R RERAT (B9HY. Rich in AA

protein _weig I nt ake (g)
F@BllrePERTS%l@Xsbérlﬁl‘féﬁ%S@ii riHSCaEC rgostiegy 28d gn elderlys compared to

\éﬁﬁéln 20.8g t{&cBabeg Sartain). fweéB u%ﬂ&??iroi@iﬂétc%ﬁta@ﬁ 3 tAN¥eMore cysteine
pr ot e%c{s are an excellent so mﬁ?’? essenti al

&af peiq RRPY (sHpnes BoLR FYPIARS- APt ?é’f‘?‘énlélgﬁl%yarﬂ’ém acid for

l gﬂtﬁétﬁﬁﬁleC(GSﬂH)Cs&ﬁmemﬁ @mahﬁ)namsialtﬂp@itnﬂerrhgde afogtpamatt cysteine and

rgf Gae %ut@gﬂ?%egq?s>é)§1§rnegrn ei/n‘il.' o%é&% ?L(I{ télg%]lg angec%fenae V\%the body in case

b siresse@rahsnmolclylsmfehlqm witywhey peotﬁm 1n¢r@as®atpéasma:ﬁ$Hdgve1s of HIV-
' I: g t 1.S¥At

%ﬁ?ﬁﬁgflﬁ?ﬂéﬁlﬁ F}isuraj tﬁlérh|i E%‘?%ge%g% o]%ﬂg?ﬁ?armt e cysteine

and glycine. dutathione has primry inportant

f’[‘l'l@cﬁeln%[fl%wféstzt&@oﬁ‘ﬁfgeﬁé ethef piebéntbdehyntich &ase aOPER of at least 100,
stress, pl errentatlon with whey protein

iprefP@hbeal ‘Eﬂséﬁg GSH | evel s of H Vinfected patients
(Eur. J. din. Invest. 2001; 31, 171-178) The

;ﬁgo %&%ﬁr&eﬁf ggsc ag 61@8 ﬂr;aé: 181;1%1%?@5181?1%%3153)\{%%%1 ?E%Qcﬁyrﬁay be used
\h eyprifiedt form, oraBkewebe 1asfqrm effa amd%m@daﬁd/ﬁeﬂwtdm to a preferred
%Ht)%dﬂﬁ&ﬁe{h%s &b %ﬁfeﬁt gy tﬁ@ éﬂfﬁ%ﬁg' ﬁlaEEHa!lffo?dthfa O%ﬂgb%tlon of the

ew se | ormo crude product.

BreAr R leA URBHRSFh MBI 1 ot BHE 607 HB. SValent gtons, more

mRiferabB) lefOthat b%. pr epar ation of the nanoparti cul ated
whey protein may be less than 2.5% in dival ent

cations, nore preferably |less than 2% Alternatively,
iﬁltaﬁmth'bll}adf wst pid nddjistepnt stepesi destked; it isspgssibd bl edjust the ionic

9@: g%ﬁ fqﬁe iv%éiycprotein preparation while keeping the pH constant. Then, ionic
strength may be adjusted by organic or inorganic ions in such a way that is allows

nanoparticulation at constant pH.

The starting material is then subjected to the heat treatment. In this respect it has been
found important for obtaining nanoparticulated whey protein to have the temperature in
the range of from about 80 to about 95 °C, preferably of from about 82 to about 89 °C,
more preferably of from about 84 to about 87 °C, most preferred at about 85 °C.

Once the desired temperature hhas been reached, it will be kept there for a minimum of
10 seconds and a maximum of 30 minutes (at the desired temperature). Preferably the
time period, during which the aqueous whey protein solution is kept at the desired
temperature ranges of from 12 to 25 minutes, more preferably of from 12 to 20 minutes,
or more preferred about 15 minutes.

By nanoparticules, in the present description, we understand particles with a diameter of
less than 1 pm, preferably between 100 and 700 nm. The mean diameter of the
nanoparticles can be determined using Transmission Electron Microscopy (TEM). In
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strength of the whey protein preparation while keeping
the pH constant. Then, ionic strength nay be adjusted

wORom@rog&src or inorganic ions in such a way thaCTiER2005/010485

al  ows nanoparticul ati on at cogst ant pEL The starting
material is then subjected to Yhe heat treatnent. In
this respect it has been found inportant for obtaining

fanehar e ﬂg&hex%fn &E&' s'in‘{p‘?eé" PESe %B@aﬂg%ﬁ%r At YEE ol tubes.

e’ ran 0 about

E)w(eifl@r b 9CIH¢VeFir‘QYrﬁTHJB§L&10182n £ ORIt o1gh5 %, slH@raldehyde in 0.1M, pH
’Pﬁecfa%(ﬂkl)i% baffef ﬁm&bﬂﬂiat&rﬂwhﬁ BROIMBh RFoxiMRSh the same buffer,

d at t t he, d t
bothsobibens FenERed 0 (o aR ety e el EhvuRaREif i drisd ethanol
&fneél,Qme@ongI@ %dlwméﬁmm)othé@arﬁpnst\e&e( a@hbddded in Spurr resin
e e Gl S BB BP0, i o,

@imltthm ﬂﬁlsultmdhmeammmt orege lcahga/eth a)Lefcamhra@t tUCE)T BBra-mlcrotome
gelic rsé 591 rged%lﬁjf g)ﬁu@éusfx[rgﬁ@dla?ce{a‘?e 24 f@a&] < tﬁ%?e wc%ﬁe examined

2/ nano articu
mmmmelwgnmlgpmﬁpywnuﬁa@l\é ard

ticles vvlth
a diameter of less than 1 mMm preferably bet ween 100

and 700 nm The an. dia t he nano t cles can

DR A BRoRotReT g ek TR P Le S e Gt DR GO factors in

tfng%%senﬂ Ricthod. ThSS ,fofli daﬁtelnm&'e]}ddmmze@ aampled lvatigd are virtually devoid
ncapsul at i ar. t

SETPLERISLE SSPRHNS.08 1 210 B AP o whe

perfotrauiag %Mbﬁemmmtlmpﬁtm mmgam@@ﬁlladleatbdlfaf epHabalow 5.4, curd

%81?1%1 e %ﬁ({] M%.tltel'ht glél%[}fbéﬁ&xﬁ§ 3 r80§61q§1e' WhdNGoRMRill aesult Thus,

utrtons conta| ni ng 0. 04% Rut heni umre
oxfly an ﬂue gt AT j1)s \gl @dleé(tmgm ins the; p@gtl((u}@e G with a size

ﬁ&ung‘?ﬁ diaPef% %héﬂ%othirﬁ 1 wanmee@otm%%oen@mgeq)amulate form is
purr _resin, ur. r ano er
%P‘gﬂﬁ% rrsael Broy e e %%z%eé LE 4 ?Ps 54

sem -thin and ultra-thin secti ons were cut W|th a

‘g‘l‘é{% u'tg raacrgferr P{]il%egfé g(a gbga?ig H y%zqtltvre A k{é& C?aneargcules the
il tis adjastedem e r@mmfrfqu ﬁ6ttpaﬁ1énngr§a Kfﬁfeéﬂéﬁtf?omﬁ 8 to 6.0 for a low
B gﬁ&?% (éf’%f&r '19§g &Min Zniti80wk&) pro‘e’é‘lﬁ‘i{o@&}d@ﬂ 1¥1 Qivalit cations. The
present fin % 4{) H and_the 1onic stren a}W
iRy hetnareased s e HePSRESE RN Wélqu@dcor*m%so vy protein source
g%h&ﬂ%ﬂaté?ér)ﬁs&h@b )'Iﬁ@drtﬁ:aﬂﬂx:c ale piHiaby ae e>erth7a$ tcys 4, preferably 7.6
evoi or t n,free cations

{95t 0ice it B YP B AL P ek RO, By PReRgrot RS s prount of free
mu@azilmﬂ ther pHgmbah et ibeevear 60 to rid4.c ptedetably @.6pid 7.2 to obtain
r?ee@gangzve@ 'cﬁargg&l ﬁgnoparticules in presence of moderate content of free minerals. The
pH is generally adjusted by the addition of acid, which is preferably food grade, such as
e.g. hydrochloric acid, phosphoric acid, acetic acid, citric acid, gluconic acid or lactic
acid. When mineral content is high the pH is generally adjusted by the addition of
alkaline solution, which is preferably food grade, such as sodium hydroxide, potassium

hydroxide or ammonium hydroxide.

According to another preferred embodiment, to obtain positively charged
nanoparticules, nanoparticulation. of whey proteins is done in a salt free solution at pH
adjusted between 3.5 and 5.0 depending on mineral content of protein source.
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woul d be obtained, while at a pH exceedi ng 6. 8,
sol ubl e whey protein will result. Thus, only in this

woabdsms4g3ar r ow pH wi ndow whey protein in the PCI/EP2005/010485

particulate formw th a size hzvi ng a dianmeter of |ess
than | mmw || be obtained. Thé same particulate form
is obtained synetrically below the isoelectrical pH,

' Ar%o%fn?[%}oga%réf&r g}nb&ﬁﬁl‘%ﬁfjﬂfé%ﬁ & @dﬁfs?efgeihra?fiange of from 6.3 to 9.0,

to obtaln negativel
fenha sartent in diyalenh gatisi C@H&&}Ss ¥’é'aWP‘?P 8-77arfpd H6% Fpmhey protein
Qdtp 6.4, nore preferably fromb5.8 to 6.0 for a | ow
content (below 0.2g for 100y of in initial whey
protein powder) in divalent cations. The pH may be
| AorRRGE G dhother Enbodimpandibugfeomay beralded dotthatagodous solution of

\Sg}%' Ig{)J %tgféon sf]tguaéf(éld eg Slﬂ%‘t:a.englta[ gﬁa%ﬁgr flst%{g g%-g %ﬁl‘ue d?mng heat treatment
of dieewhést yr07e116 In@nacmlet theopifiir mayehaseloeted fstra pyge dod-grade buffer
n?&@xﬁaF gl &9 %ﬁfdnarﬂrl?ssﬂ‘t%e Lg:fht alsaé e s@&iﬁﬁpﬁcé%ﬁtefdr%tassmm acetate,

a .
oSS a1l {5 S eEpoRop a Mol NG ohakgEROs, KaHPO,, or

Qﬁﬁe@@lﬁtdngqﬂsggtgacpresence of noderate content of free
mnerals. The pHis generally adjusted by the addition

of acid, which is preferably food grade, such as e.g.
I'Iygm@,ﬁ@;bai}ﬁd:mata@ ey prodsiphobtamed atclordaceta the@ceésant method shall have

%.: %,}é?[ §Y ﬁ{gnc%l ?tef g? lll?issatﬁ!n? lgﬁn llﬁgl%r‘é‘iblﬁ?glr)]g lfll‘o\ébelg)() to 9%0 nm, more
Ipyefitablyatidint l(lﬁhtoonOOmm,awhﬁ@ dsmﬁndmg) an dgkire amshcatlon the proportion
Q)rf%faﬁSI 1 rlnMeé %Oglf o R68 8054Gha @%1&%@' SHTHbI% O, gi‘f’es or soluble protein

pot as roxi de or anmoni um hydroxi de. Accor

tglozn 8Pe rTlasreémgFer&neﬂ%alﬁn% is Fargeensed BB P?W@spersﬂy index
%@W@ 200 aﬁ%ﬁééqu@hdeeﬁle vﬂlﬁﬂﬂﬁﬁpéﬂsﬁdﬂl @bta@ﬂibd@ﬁy ’bﬂéq&tesent invention is

t f I
lpledthen il ers et Ik PRy one her a

content of protein source.According to a preferred

dj t ' ' f . 0
RSq T, el BTk 3p @b 8 s LEHORAR 3 Mg its for 1%
peetrineselGiopohud wan 2easby liorabapidpngsy wrids Wheawhie yield of nanoparticulation:
Acodigng, t o anot her enbodi ment a buffer may be added
to the aqueous solution of whey protein so as to avoid

a substantial change of the pH val ue during heat

tThe ajume of @ﬁndﬁiﬁ;é&ﬂk&@d Whey @roftellnl prordluﬁé‘d pt@rdingeolihié hesthod of the
cte ro

Ipr«}éer?te érzv%lpﬁg on, Gan % g%faf%:d S o 23 ! ftﬁeer &Ggé 8@u1},?§1dual soluble
acatiat eNenopaoidssing raliaveited é)y q@htysfug@hom; aa@iO(beanid 26900 g for 15
zl?ﬂlt gk %f)%&tanfe isguseua‘!dzdé%%iné\%*%tei%%%t irlfglldgr%’cuvettes at

280nm. Values are expressed as a percentage of the initial value before heat treatment.

Proportion of nanoparticles = (Amount of initial proteins — amount of soluble proteins)
/Amount of initial proteins

Without wishing to be bound by any theory it is presently believed that the method as
described results in the formation of very small aggregates of whey proteins, i.e.
aggregates having the size indicated, and being in1 a particular denatured status resulting
from an electrostatic balance between repulsive and attractive forces present at the
surface of the proteins, that produces the propexties observed. In particular, since the
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citric acid and its salts etc. The nanoparticul at ed
whey proteins obtained according to the present nethod

wohadslozdsave a size with a dianeter of | ess thaRCI/ERR05/010485

preferably of from 100 to 990 pnm nore preferably from
100 to 700 nm while dependinggon desired application
the proportion of nanoparticles is of at |east 80% and

fg,g})&ﬁém&e&% ﬁ%&ﬁ&gﬁek)%gqéi’fecﬁ ehuRi §-R godtnal ﬁaﬁﬁh%gmpemes the

e aver nanoparti e slze Is clTaracteri
skenatuyed| sjatiss gpfqﬁemrsa@us Ieallow Bioragion witohhwhaeheic phase, c.g.
g %Bk@oﬁéﬁ? RABSIArRlA sifce, BYe 4diRoRE @8 Ritoni NVenNt i on

is stable and has a m | ky appearance in a |arge range
of pH 3-8. The turbidity neasured by absorbance at

51@@1@ Netcbiligd td aR¥ier %nﬁbamiém,rthe pugsetitsinhentidfapoakRitss to the use of
SRR R SR E3F S 1R OO R s i
riamxblpautted; simeedhastreyeuprabtasionl. prodeft €l ~vae 6o pmatagl hy)the use of such

e 10 By LS bRhESERITONETLEAN (AT AR, ODT al ned by

T8 ni hé& amunt o re3| e proteins.
Nanopartlcl es are elimnated by centrlfllgatlon at 20

?h%rigang %@ulgteﬁ%hélﬁpﬂeﬁns SbQinsH PREAAIRB to | the Hﬁ&ﬁo& @f the present

etermne the (gtEIH anount Jn g art V %:ﬁ)ﬁs
FEORHOLVERLBS UHFG 0% o dLatraon,Oh 3Rk driidy BT fpof pRroduct requiring
iseibiliZatiol @Euﬁ chaflgoe oh&é(barh,r @eh B rRtg. pElﬁ@erm rih imeuseé or ice cream, in
na articles = 1 Nl e
é;BPfo g Frga%]lc{jst 8y ﬁ1§§ ﬁ}n%%%at T e§sent§aﬂs) faffrg%o g’fy r%gw#% oroaflso where it
vinslhi apglitasione aboundcdblpr aasein lvetntijutet Exgmples éort plgoducts where the
?)?‘éseﬁtv el%nbﬁ%ﬁcﬁlﬁéd”%ﬂggdpﬂﬁelﬂ§ S it b?ﬁ‘ldr e%?lfcﬁtlbﬁ‘ Efée exemplanly,

rmati on ver Sirt roteln
ipasteutigpgr UGt a5l aw%cqnﬁén@ Agi ,nmgélarédfenalﬁlateéénﬂlgs ‘milk-based
'f&n?enﬁﬂrgrbﬁﬁ@t@rmﬂﬁ RBbIHIRE b RbeES 689 leihiligidnk Olve @eams, fermented

L

paKletEClegid bactgriapesgensisns)dsied vedl sugpherpant, ivelozal supplement.

t henanoparti cul ated whey proteins have perfect

emul si fying and foam ng properties, the denatured

4t artioutdr, theeprpsent saropsEiowRtech WAEY GVPtFimmayt heonses eifher alone or

%Oy%)r(%g%ﬁbétﬁ PRESR nfudiald didh 4 0AlSlodtarilbd (e3%hofia gum or

hilic pase th eauednfgs solu |on Thus,
SETOEENAY) 10 SERUIZR SPRABRoEIINER CX Mg 1y iky dppm matrices. Due to their

nefiygnbbteNwaltssing G;Joaaee %n(ﬁ @ta!bhﬁy wabseqhierihéo heat treatment, the present
o a%tﬁc%%:?c,: géﬁh%g{ Iil\rﬁt% ‘E%lﬂg’?f‘ ?o %Qre%glé' lsﬁhMeH%ﬂk whiteness and

mouthfeel

Apart from increasing the whitening power of dairy systems for the same total protein
content, at the same time the fat content in a food matrix may be reduced. This feature
represents a particular advantage of the present nanoparticulated whey proteins, since it
allows e.g. adding a milk creamer without adding additional fat derived from the milk as

such.

Hence, according to another embodiment the present inv-ention also encompasses a food
product, a food supplement, a nutritional and/or pharma<eutical composition containing

nanoparticulated whey proteins as described herein.
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ideally suited, since it has a neutral taste, i.e. no
off-fla vor is created by the use of such material.

wohey/ses7al so be used as mcellar casei n sSubsPCTAEP2005/010485

The nanoparti cul ated whey protei ns obtai ned according

to the nmethod of the present i‘hvention can be used for

the preparation of any krind of food product requiring

The Ruldwink 'eQﬁnu@fss BRI DB R iR h O WitHOGP1iATHiSs & thereto.
present IR nmousse or 1ce cream in coffee creaners, or

also in low fat or essentially fat free dairy

RxQfi3Lss, or also where it finds application, as a

m cel'l ar casein substitute. Exanples for products,

where the present nanoparticul ated whey proteins may

frhe dnappbh ¢atfirtrr defnekbypéfarehty to fasfotluniing xbhibles describing in
1|k,  sweet conde d mlk, .woghur fernented m | . .
el R Tt it prodki i e arEledopEentin. Fhe invention
tresesibed and claimsed kereings antto heclemged ansopt é:rm spgcific embodiments
ﬁgrrcaﬁlald&?o%%ﬂ %lﬁ?ed lﬂ?&sgrerﬂgddﬁn% efde pl?\.’%ﬂg&i’ a%@flﬁ'&fations of several
orvula, lI’et fortitications, pet food, tablets o
hépgoiscotbthe tiByenaions Ha R VOIS cgriogmelapre iptsnderbér be within the
g@)&)e%t%issﬁﬁp%tﬁfﬁ? Mideclt viaslsiBodiftatidnd ©PARSBNEntion in addition to
n

anoparticul at ed ro ns may be used eit .
Hiogm Bhapy™ £ AEREPS PSR Hob <R e By (%6 SKlsdinge art from
pRl BEpoateddsestidne Sgch andificatigunreralwanteagiedra sl within the scope

stabilize rices and for exanple mlky foam
ﬂﬁ&ahFiaBB%‘%deg??L”% their neutral taste, whitening power

and stability subsequent to heat treatnent, the

E&ﬁﬁ@@é 1Pﬁ@?ﬁ%&%ﬁ}ﬁéh%@*p\ﬂ@%}ém%wﬁinns may be used to

I ncrease s whi t eness and nout hf eel . Apart
fromincreasing the whitening power of dairy systens

ﬂIac’éd%%’o’tﬁﬁiﬂ?l&?E@bZ-st;Zz,eicljBl—lQOZDOePWas @gtaiﬂ@i ﬁ@ﬁ’g Dlalvigeo (Le Sueur,
C en LN a 00 r x nma I uc . 1.S .
M LSor 30 Sllorit viespRpt el i sed s Y e sltadon and on
pr@Gaesd chenapegriploulTht edmpbeiiopodtied pewder mc89.7t % protein, 8.85 %
al . ows 0 | a3, m_bk 3 2 § ' o + o
SinimuiRo hafos SR Ja far s GRE AREE RS 00 b 3016 26 Na, 0.050 %
ety okliipthgr reogemo tsrdrvespiob anakeival grade Ylexknbarmstads Germany).

ghe ?r&&ﬁ%gpﬁ%ﬁ SonsPrdfaed A10094 Chnoeirh@RHb$ UBRIBBR M 8-1Actoglobulin

nutrition and/.qor pharnmaceuti ca£

. oSl ti .
s MIHIQP gt P EpeeL AR tsEE g Yy %?@?fg{ o Lhen o phliquots was
h@gusa -tdheof obl ow, rie,ex8/1pl0p$.1,| 6.4s6160668,t N® by @8€htddition. The

Lventt on widngut b miLng, itad RELELS TERIBTRLSRs) 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 mir). 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

nanoparticulation is 5.8.
Example 2: Nanoparticulation of whey protein isolate

Whey protein isolate (WPI) (Bipro®, Batch JE032-1-420) wras obtained from Davisco
(Le Sueur, MN, USA). The composition of the powder is reported in table 1.
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The invention is further defined by reference to the
foll ow ng exanpl es describing in detail the

wonrepasasron of the nanoparticles of the preseRCI/EP2005/010485

i nvention. The invention described and cl ai nred herein
is not to be limited in scope ly the specific
enbodi nents herein disclosed, since these enbodi nents

. ey : .
A N LBhE L 0 B EK SRR S ot povde
tio Midli QP iter hlipoeopandstiting gt 2hverer dp. Thadetigl pH was 7.2. Then
;ﬁ%{)&f)&imﬁm%sia 1ean$ 5% 5ih8.0, BYepUi /8 6.41b-9ddEt AN ddition.

Se shown an escribéd hereéjn I.] becqne apparen )
tlhet sobions pyare dfed in LHNhBIST VigH é%i%ifeﬁw%gws nd sealed with
f% Pt éPBuleSbiftaitgi 4 §itiodi/PTEE aealirgl The islefsiRdvé@ heated at 85

f_(aj ﬁ%wg%lhllg&u%ng%) gq%?]g ﬁmegf mfy?fa&%? %3?)2% 15:6|r§r?iin . 'Af%r( %%gat treatment,
Ratplk agrobudlédin(totadE@O20 82922, 13-12-2000) was

taj ned. fr Vi ( eur., , . _Th tepn °
SIS VAR ShB PGBl L0k B R 00 "ana 25
isamplex ciareg dilethd draalbyy afbhymeateenasripas iei gangs ath@.1-3 Abs unit

: : . 0 ) 250
3P Tlgphalicl CRGEHEN KoM RpRY, VR < 85, Qifptated for the
Gnigisbprosed) coneentrtoniet /or eagent s used were of
anal ytical grade (Merck: Darnstadt, Germany). The

protein_sol ution was prepar.ed at 0. 2% concentrati.on o
Pt PERsPaneR sPERRr iR 185 et Snaharoifty (s than 5%
(Mibtidrpof te, inmativate)r ofi thg ahsorBfc€ hawswd tag S00hem withiof an interval

i quot i _ .
53, LB, e B & Py B
wetienal igH dor nanopertielagionswas pd} to pAgiliasthis pH adjusted before heat
TRGAN: Q&S huriRBdy $R810e dind dekidad 1 UBTUbTheRRUERIuated by absorbance

contal ning a silicon/ PTFE seal jng. The, sol uti re. )
e AE8 AN PeDE FERORVER hOs b i CHEALR (e A% Of iital proteins
tRdFD @Al e Pin3Anopadti€les aipH 6.0Af t er the heat

treatnent, the sanples were cooled in ice water to 20

C. The visual aspect of products (Figure 1) indicates

tTble 1:F@omydsitioal of pMPhindhsngpacharaai¢ristics aftérongaparticulation
Exanpl e 2: Nanoparticul ati on of whey protein isolate

J)

\ e
JE@EQHQ=420) as obtained;fron1Daviscbggcgcgawdﬁp |
ﬁ%gmkﬂhgngonposition of the powder is reporgiggin
l e L Tneproterm solratron was prepared_al _o. 4%
pEatedi MnBErsol vati on of whey protein powdEr932-1-420
Composition (mg/100 g)
Sodium 650
Potassium 44
Chloride*10 1f< 40 10
Calcium 82
Phosphorus 49
Magnesium 6
Initial pH 7.2
pH nanoparticulation 6.0
Turbidity (500 nm)for 3.4% protein in solution 21
Residual Soluble protein (%) by absorbance at 280 nm 1.9
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in MITiQr) water (MIlipore), and stirring at 20 C
for 2 h. The initial pHwas 7.2. Then pH of aliquots

woasicadssssted at 5.6, 5.8, 6.0, 6.2, 6.4 and 6PETEP20010485

0. 1N addition. The sol utions re filled in 20 m
gl ass vials (Agilent Technol ogi?es) and sealed wth
al um num capsul es containing a silicon/PTFE seal i ng.

! V3DDs i€ oPRAY £GP bE B aménesw mn (time to
;ﬁg’{g{:ﬂﬁﬁ%ﬁeten}% 5t8re230- Og . After the
heat treatnent, sanples were cool ed |n ice water to 20

BrodifdBon Bf RindbhyicRE: heat ed V\,hey pr ot ei ns has been

determ ned at 500 n were .diluted to

EFYEih RO IEHEL 2 316 ARG R oD of 1 stb G pweer (WEL
O8mathraspl Lacklis Rdter, Krande) Mﬂhﬂ@ ovatdrridfitlipoes)t snd stirred at 20

Yeles pven s Rl SUALEL 00 alfiged BB McIR AL B Raom 0.1

Ghasbhitions weee fibed ecaaﬁe@ll gilp@nwslsa(ﬁ‘glllpmtquqhegbgtehhﬁmg%ealed with
VR mno&gg\hg%ggnthﬂﬁﬁ al siN@neIr ot eeﬁﬂl% "TIBE %oﬂﬁ%@ Jyere heated at

nmeasu anI hin an 1 nterval

867C forel Ssare(tigeripreachdhe femperiees by Qﬁ@n? @%ﬁréh‘z heat treatment,
bR sdofiiiss %%w&ﬂed e i@Pivhidlo pb {OIFRanrRPRbliGUhatdgimal pH for
was 6.0 to eﬁ?r this pH adjusted before heat
o at’Qflé(ﬁ}s urbidity was 2 1 and residual
sol ubl e protein eval uated by absorbance at 280 nm

.ter centrlfugl%}ll on was 1.9% W can concl ude t hat

teins were transfornmed in

haqoparnppdreenlated ppmple. wigbensapsulatedip siger gal sbey\piFixation was

a0 7RI/ BfiB8aA%H ﬁrsbﬁlhbﬁ %f QfSt’/? Elutaraldehyde in 0.1M, pH 7.4 cacodylate
nanopart’i cul at | onExanf 3:. M croscopi c ob serg ﬁ onb

huffepand pest-dxaibpn Huky 6@%?1%??86&%‘1&178 |t sarps Gy, both solutions
%91|1t‘din|1ﬁ§‘0 VB, RiBednecred! AZY aa@u@mnby asphdeat émodf series (70, 80,

bl Yo OB chabsll e pimiPlonyrd GRBRICEip Sppparll (Spprvethanol 1.1

Stll 1106%h).aA ft@Cpd@Enénzatidntef thhesing(8° G f43alaugyoseanivibire and ultra-thin
\%g tfﬂ)%% %??rg (Sjélﬂ gwglgl a Qe %agf'tral:\lﬁoﬁ(ﬁ‘ ki\t'rﬁ Iﬁlﬁot%ﬂ{eu 29S8 thin sections,

SS Vi a
mmdow@.agggo@rma@éaﬁcg@tm% le@ﬂmﬁem)v@@p%ﬁr@@ed in transmission

CRRkEh Hh&gs&g?(ﬁuﬁ CR/H'_ZESQW)' ng The solutions -were

heat ed_ at reagh t he

@I%é?”éﬂ?ﬂr@f? @@rege@t@ né H@g?paﬂlc‘elgf r?éqtpresentmg a
"sﬂ&l‘fbrﬁ:aml’ﬂ @wwnraehmeﬂeedfzm)mne water to 20 C. For this
product the optimal pH for nanoparticul ation was 7. 4.

Particle size distribution
The intensity-based size distributions of nanoparticles were measured for

nanoparticules obtained by heat-treatment of a 1 wt % B-lactoglobulin dispersion for 15
min at 85°C at pH 4.25 (positively charged with a zeta potential around +-25mV) and at
pH 6.0 (negatively charged with a zeta potential around -30mV). Z-averaged
hydrodynamic diaemeter of the nanoparticles was 229.3 mm at pH 4.25 an 227.2 at pH
6.0. B-L.G and whey protein aggregations were followed using dynamic li ght 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 was used in the
backscattering configuration, where detection is done at a scattering angle of 173°. This
allows considerable reduction of the multiple scattering signals found in turbid samples.
Samples were placed in a squared quartz cell (Hellma, pathlength 1 cm). The pathlength
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M croscopi ¢ observations: Liquid nanoparticul ated
sanpl es were encapsul ated in agar gel tubes. Fixation

woasocaskiseved by imersion in a solution of 2. BOA/EP2005/010485

gl utaral dehyde in 0.IM pH 7.4 cacodyl ate buffer and
post-fixation with 2% Gsm uthrom de in the sane
buffer, both solutions containing 0.04% Rut heni um red.

A%f‘ i 6?@@%&% el ah{anﬁuemd ed %ﬁ&ﬁé e@eg@ﬂ%nig% the sample

00% et hano he sa

S'g{hldlty é@’qeﬁuz(tm}ﬂm@tqqgw@rre@tlgn fgncilonmo lcujgtgcdefrom the fluctuation

et meﬁda?tateaqmeﬂéuﬁhq“hé asbilts( Zx@Cpreéls‘%néapuf fﬁ)gureSGmIt El'ikb\f/‘s that the
and ul tra-t ectlond[ig\gre cut V\/lthalaelca ul.t

u@‘prqg]etpaéﬂﬂ? dF HRECTIES 2 KFO ALY BRYSDPLSitY éad% Eﬁo 200). In

&ﬂiﬂl@éqmnw iy Wwhiae atsgélmc&n@bthlaadi beithie presnt Wwereatiex anstatde and has a
lf{r ansm ssi on eecrtar on 1msligqgscopy (Philips CvL2, 80
.y?@ﬁafﬁng?glg?‘g% LEHPEEERT%d in figure 3. Obtained

nanoparti cles are presenting a spherical shape with a

é:%u %{) ggn@mm 6f§h€la&béﬁ»bﬁh b L RYh QR gpgs

Sl ze |str|but| ns o nanopart i
mere neasured for nanoparticul es obtai ned by

Pﬁ?ct mth%@thbeﬁfin Bxakible %0 Wad REEASH Q/@t%: thé pfﬂv@%edﬁls an aqueous
i

(dugant Aifgelhlne E—Iﬂ_’arsgmﬂlom tohotaaiz et finap edlecdncahtraion titking from 5 to 200

ﬁﬁﬁg&dr ¢ FafliRIfRE A §8gyen@fnh&}_|g§?§g§gﬁsre3§%u 488 treggment (80 °C.

6L.00mirh ab@t@mlnmfayng npX Weasncaagcﬁ eufdo pm@cmmpﬁmcuasvve d
usi ng dynamc light scattering. A Nanosizer ZS
agpa ratus (Mal vern_l nstrunents, UK) equi pped wit

sl are shopvadn Biga4 and sleatlyindicate thagoulydnde i wa@ strength range
Ucﬁeﬁomﬂh%ohtn SOI tHTH0t mMASa Lbﬁﬁﬁcahtﬁhlt febibidg K §iadatiaf | 1he presence of
confi wher e. det e% nt? one at a scattering
drgP Fu it? WhFPﬁ%“S’I“Pﬁ%ﬁ EBhSTGE @bl e reduction of
t he rrultlple scatterlng signals found in turbid

Ln a squared quartz cell

S@g‘ﬁlﬁﬁs pa?ﬁ%‘ %W"?ﬁ ?gc éh‘{e pat hl engt hof the |ight
beam was automatically set by the apparatus, depending

QAGathveCwh Ir&eithr ipye oy bﬁ@htmu‘ia!c‘%m S-R?te% aqueous solution) were

autocorrel ation unctl on_was Ca
Al PP BRI B o eXETlE A Bt HPERE ug} lighigssrdd grassmeasured in

Qfﬁsﬂéﬂ&ﬁaﬁic@dnbdb fisigg reMacBith CPOIEH tIh6S 10h8CRY spagfus equipped
tl Cée | S, Char act ert i@leﬂ% ﬁ‘mgeﬁ ne%g rv(\?a\llg L = 74.8, that could be

compared to the Value of L =74.5 for full fat milk.

Example 6: Preparing a coffee creamer

Native whey proteins (Bipro®, lot JE 032-1-420, 0.5 wt-% aqueous solution) were
mixed at 50°C with 10 wt.-% partially hydrogenated palm oil, 14 wt.-% maltodextrin
(DE 21) and in presence of 50 mM phosphate-citrate buffer adjusted to the
nanoparticulation pH of 6.0 for this Bipro®. The mixture was homogenized under
400/50 bars using a Rannie homogeniser and subsequently heat-treated for 15 minutes
at 85°C.
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consequence, the white suspension obtained by the
present invention is stable and has a m | ky appearance

wonow/B&sge range of pH 3-8. Exanpl e 4: PCT/EP2005/010485

Nanoparticul ation of a b-| actg | obu in at a constant
pH The net hod described in ex %lpl e 1 was repeated with
the proviso of using an aqueous solution of 2 %

h}e%ﬁhﬁﬁbﬁ’ QHiahféd sﬁme@ﬁg §t£ﬁlﬁt)5@s}ewa|tﬁﬂe pasodsrs least one month
a

usted to 7.0 after i nin Iut|
by FOniRoTs NaIPES Cbicdntha g ar\gﬁﬁ?l}?as Pf S5 gompared to 2

260 bt Aadidacrehmal (Cremeci gy bi&dhlinil mﬂmnhﬂ)ahmgg af fat content of
% e at eatnment (80 0C, 10 mn, about 2
#@ﬂ%ﬁ%f&ﬁ“ﬁ?ﬁ)‘)ﬁm 7§ Tri ed out to produce
nanopartl cles. The results are shown in Fig. 4 and

earl.y -1 8di ¢ the ionic strength range
E" X7 Eg‘%ﬂﬁg@ %J]o%be%ﬁk/#%ilgubst antial turbidity,

i ndi c_atl ng the presence of nanoparticul ated whey
%a?ltv@'mﬁctogﬁ)%uﬁﬁ eBiophRe ‘Dé%ﬁxco BeaRloe2-98X, epgt- %‘Q #ous solution)

tening ent Native oteins (WP 9
8RS, Tied Hiths 12G5 L. %@&{Péoﬁgl ‘H%qno%‘) b\?é @et el bapctogtobuiin
R6EMEaNEn +as @b @ndZAréihﬁlerIQSLlB(D M. ’Dh@ﬁHOvtfas then adJusted to 7.0

.

Woth ofl 1ﬁt1&]’rBFimasngbmig1 wls Iconiﬁtmadr ms ntnopgrtidlgghhmesgs a z-averaged
\Haaﬂelt%r ?fj 50 %m? ?l’us el ﬁix *ﬂ%;ﬁé%gxf(ﬂf tgg nﬁ&gﬁﬂﬁ:le\é%éé%e%nlmed using

@ONfuRIsiZsr AMBPP RIS \(Ma\lfm Ip%mnﬁ% Yig). pfhf-‘( isa)mplp drasjpoured in a
Q@%ﬁ% cfteélie &évma:u&@%em@@camfddt tht)W%r@chﬂ&ﬁdu@Enatlcaﬂy The

TR At
ﬂhﬂ’@@&ﬁb@cfﬁbieﬁﬁbﬁtﬁ&lﬁai‘@d‘lesﬂﬁbtﬂd;ﬂaed:atcmldtdftband thereafter the z-averaged
a t i cuI at | H of r T

E]p/aji ]’?8}?8 d eﬁsm% athg nsgoke% 4]61%};@%181 Eﬁléf ?élg X}HS Hgasurement the
Refinaxitiore hnmg@ms splvanidweuisken ae it33yandethat ofr félatn@—domatrlcles 1.45. A
%éhgh{ B[f 83 rﬁtr&ﬁ ews%uﬁ{glhﬁg&emﬁbaf% %@og?&ﬁ?ﬂ‘ﬁ%ﬁoﬁéﬁbles is then

time erio . | east” _one nont
tfpamed hmrtltr@%@ FRrgng rﬂargéglata agydriy ggngraties Rublpips ehddsl6 pm to

Eo&uce a7§)a9r9 Wm&doit 08 @ cméfusﬁgnme stdndbitdgked rRANBEan™ (ITConcept)
@ppairgg@ &mﬂa‘}?&gg of heL 05%9%21@%6“’ If&gov?edf v%'}th %1%@ a%rbt6°C using
image analys1s and compared to the stability of the foam obtained with B-lactoglobulin
treated in the same conditions, but without Arginine HCl, where no nanoparticles were
formed. Fig. 5 shows that the foam volume stability is greatly improved by the presence
of B-lactoglobulin nanoparticles.

Example 8: Whey based Fermented dairy product — 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
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Exanpl e 7: Preparing an aqueous foam Native

b-1act ogl obul i n ( Bi opure,

Davi sco,

| ot JE 002-8-922, 2

woredkoaegieous sol ution) was mxed with 120 nV ACTIER2006/010485

HC solution so that the final
concentration was 1 wt.
pH was then adjusted to 7.0 by addition of
m xture was then heat treated at 800C for

so that 90% of |
ofanoparticles having a z-averaged di aneter of 130

W&S?ﬂ%

| %@?Il}??élﬁp

erm

- % and

nitial

-l actogl obul i n
ginine HO 60 mM The

10 m

IN HO .

Qe

The
nut es

b-1 act ogl obul i n was converted

fo® %o%&ewaﬁ higssdivaiehede-HnidedewaRn apaditiérCle fave a protein

R 47T SR 8t et g Ea & Y WL

N eI 28455 g

CMvehtee TN hyﬂfdtlahltﬁﬁs vafs B Heusc aAfiar Rodrhiight thiseseution has been

e

ed aut.0

s qRey By

AR Bt B

? 1?1% Jocorr el
S

ation

fret hod so t hat
the di ffusion coefficient of the particles could be

cphigaul at evh@nd t her eaf Lactokd€o) - aver aged IpHIr odyndeatmg 85°C /
di arrr:t&qmg%@g,)t he Stokes-Einstein | aw. adi@tmbid $ 15 min
MERSUT EMeRl, The Tefracti yes 1 ndex of he 3§ veni was ¢
taket—as J.QSS and—ttrat—of Bne maropar rcheg 45 A ¢
voture—of 6—m—ef—theresttti ||g eH SPet St “"‘17 of

b-$ adt ogl obuli ntnanepartictes—is—thenfoared by -
ni#rogen Sgarg| ng t hrough glass fri gpf@p’rmi ng +
bubblles 0f012-16 nmto produce a foam vol Gne of [180 +
cn® ysing ®he standardi sedOFoamscan(tm (1&Concept) -+
apparjat us. 0 The val (dadedsdf@ebpHiddyusaherithe foam was|then -
ofTawed Wyt h Ti|meadded2fifer PHI daustii®@p | anal gsis and +
conpared to the stabi ity of the foam obtained with

R s TS 30 bSR30

globulin treated in the sanme conditions,
W t hout Arginine HO, where no nanoparticles were

but

ch{o;ﬁé'l‘gl{sg %gq%&%%‘;%dhré I?eating.

r&mqﬂes wierd lestedBxitinthleglogble\nodyr intoeth °Eeandanigimatithiy temperature

Phghcts wﬁ@{fﬁ@ﬁ@ﬁ ﬁ? eé.

Sw@mbacms h‘)&%ﬂc(lﬁ)rﬂ@

réo%tﬁa

was obt al ne

from

dftd20 r MRS Yt PROBISR 16 ¥apiatbdim Sl rodna et 6L

concentrati on:

83 % -M neral s:

The results are presented in Table 3.

&E | bleWﬁﬂOpC%ﬁ' ioculated with
Le

Davi sco

trepiqsae@ist thermehilys. Jamplessiaygd 5h30 in a

8% Lactic Acid 50 %

Trial | Whey Lactose pH Heating | pH after Aspect
permeate 5h30

1 + + 6.5 + 4.68 Very firm

2 - + 6 + 4.7 Firm

3 - + 6.7 - 5.78 Liquid

4 - + 6.7 + 4.81 Very firm

5 - + 6.1 + 4.59 Very firm

6 - - 6 + 4.99 Very firm

7 - - added after 6 - 4.87 Liquid with white
pH adjustment Speckles

8 - - added after 6 + 4.77 Firm
pH adjustment

Table

3.
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Edi bl e Lactose (Lactalis) De-ionized waterMethod The
Bi pro(r) powder was dissolved in de-ionized water in

wonaesro3sss7have a protein concentration of 4.6 PECTIEP2005/010485

for 3 liters of solution 154.5 g of WPl powder and
2845.5 g of water. The hydratllén time was 3 hours.
After hydration, this solution has been divided in
sanples of 200 mM to prepare the different trials:
Tabl e 2. For each solution, lactic acid at 50 % has
dWheyaRTeigm bagstail ippetnam nukh rpduceshial content
wer e heated with the double boiler up to 85C and
i@t n at this tenperature during 15 minutes. After

heating, .saolutiaons were cool ed at_400C and i ngcul at ed
AWhey DEEiB aﬁéatm(“él’lbm@%ﬂ@@& %Q%Lﬁtalep%%%cﬁem@ with a protein
tagferPeMIdoys. Sanpl es stayed 5h30 in a steamroom at 4

C before in a cold roomat 60C. The
3@%@% B?@a?r‘@geg% éa’f?tﬁmfé’ﬁfeé‘?s. Tabl e 3. Exenple 9
\ﬂ‘mej_s()sprotel n boosted ice creamw th reduced fat

et Vat | \Whey protein isolate (W,

({:]fm% 3gfarom Lactalis, Retiers, Fr ance) with a
mmerwsmﬂtfarht of 90% Skim mi | k povvder with 35%
@qql&glfﬁ@ content Sucrose Ml todextrins DE39 Anhydrous

t Emulsifier De-ionised water Edible

Hatoaesi §f4& acid | M Method Using a doubl e-j acketed 80

lEdis18 lydidaBloRc @bwciM90(r) powder was di spersed at 50C

in de- |on| zed water at a protein concentration of'9.67
wt % under gentle stirring in order to

Method

Using a double-jacketed 80 L tank, the Prolacta90® powder was dispersed at 50°C in
de-ionized water at a protein concentration of 9.67 wt% under gentle stirring in order to
avoid foam formation, i.e. 3.3 kg of ProlactaS0® were dispersed in 31.05 kg of de-
ionised water. After 1 hour of dispersion, the pH of the dispersion was adjusted to the
nanoparticulation pH by addition of HCl. The temperature of the dispersion was raised
to 85°C and maintained for 15 minutes in order to generate the whey protein
nanoparticles. After 15 minutes, the temperature was decreased. to 50°C and the
additional ingredients were sequentially added to the nanoparticles 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
wi%. After 30 minutes of hydration, the mix was two-step homogenised (80/20 bars)
and pasteurised (86°C/30s) before 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.
Exemple 10: Powdered whey protein nanoparticles obtained by spray drying
Material

Whey protein isolate (WPI, Prolactad0® from Lactalis, Rétiers, France) with a protein
content of 90%
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avoid foamformation, i.e. 3.3 kg of Prolacta90(r)
were di spersed in 31.05 kg of deionised water. After 1

waawe/00d85di sper si on, the pH of the dispersion RE$/EP2005/010485

adjusted to the nanoparticul atjon pH by addition of
HCl . The tenperature of the diisﬁgersi on was raised to
85C and maintained for 15 mnutes in order to generate
thepihsXoRr ot ei n nanoparticles. After 15 minutes, the
tenperature was decreased to 500C and the additi onal
iMatedremsdRiet e sequent | aIIy added to the

maaRdetivedt@s di spersion (i.e. skimmlk powder,
tr 3 sucr ose, enulsifier and anhydr ous
Eﬁ‘!rtlleg%(?ﬁ h{h’?@afcﬁw amount of mix was 50 kg with

total solids content of 39.5%and a fat content of 5
vﬁgo/ E@fter 30 m nutes of hydration, the m x was
t ep honogeni sed (80/20 bars) and past euri sed

(86 30syblodhdketedalish I dandu therRyo e P A®gwder veas dlagpersed at 50°C in
Q%tq?}nze& Q&%térca? ?r@t%fﬁ Eﬂﬂéeﬂ@ﬁloﬁlrﬁzl%@% lﬁ‘iﬁel‘:’g&ftfe%ﬁn‘?ﬁﬁ)ln order to

usi n MF50 a_PEar at us_and har dened
t?@p&@am féoratle pbie of Thelagta X were dispetspd Hb? ke 9é de-ionised

818 PA RECT nﬁodﬁ@%d@@éﬁid’l\ﬁ th8q% vdfemepﬂ@p@fm@ﬁ) wadl@dfusted to the

PR s T, BT, GRBR ol Tee) B 2HEAR REATy Topfeggperature of

dhy dmgermhmasahlsW]MSﬁ Ccmldlnn’amismiedlﬂar (SMBinutes in order to generate the

F"{,}geltyg&%%?n %ﬂo %% S‘ml Bek! S WE H.g‘g)\ffa‘én delre@sed 1o 50°C

n con act ose
[aE@@heDbO M@%n@@y mate@r n@@pmnéleﬁ 91t§p©r@mnowsCspaé nutwomatches of 50 kg.

ﬁhﬁgt i1 N e TR Sl @&%Qﬁﬁﬂrs%@ Qn ISOtI%%iE: nzlhﬁﬁamcles dispersion at

acta90(r). powder
eﬁ& Cond f@afe%qreiﬂ IgD- § %fyeiﬁi&&? %ﬁ@ﬁ%ww BE39 oefig oded to the
4B@eigest keobivhéy pmwm ﬁamipdﬁfclds digpensich. f oam

fﬂﬂ1 ggrtokg&gfre%ge{e]iﬁ 1\ g%_of Pr 1n %Pﬁggq%ﬁgﬁg\?toﬁé BEL %logv rate of 15
di/BpBesainimput tespstitak wisd 4@?@ ped Sieoir ewiputddingstage was 80°C. The
Rigage&%ﬂ%%@{ﬁﬁé%@%éarbo%ewgmeﬁgén s, that case) by

tion erature
The size of the whey protein nanopartlcles 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
before spray drying or reconstitution of the powder in order to be in the dilute regime of
viscosity for whey protein nanoparticles. A Nanosizer ZS apparatus (Malvern

Instruments) was used and nanoparticle diameter was averaged from 20 measurements.

The particle diameter determined for whey protein nanoparticles 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 nm and 268.5,
respectively. These measurements confirm than whey protein nanoparticles were
physically stable regarding spray drying. The results were corroborated by TEM
microscopy observations of 0.1 wi% whey protein nanoparticles dispersions in water
using negative staining in presence of 1% phosphotungstic acid at pH 7. A Philips
CM12 transmission electron microscope operating at 80 kV was used. Whey protein
nanoparticles were observed in solution before spray drying and after reconstitution of

the spray-dried powder. No difference of morphology and structure could be detected.
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the di spersion was raised to 85C and mai ntai ned for 15
mnutes in order to generate the whey protein

woanmpasgsicl es. After 15 ninutes t he tenper at BCE/PRABS/010485

decreased to 500C and the 10 mhey protein
nanoparticl es di spersion was s in two batches of
50 kg. In a first trial, 20 kg of | act ose were

di spersed in 50 kg of nanoparti cl es di spersion at 500C
and stirred for 30 mn. Simlarly, 20 kg of
nglaimdext ri nes DE39 were added to the remaining 50 kg
of whey protei n nanopartl cl es dispersion. The two

{n b\),(\é?rgfmgt p& ﬁg:t}élp alf?(}{t drl d I n 013]] {.\I dR%(a{ pro%em comprising the

tegpefature was 140C and the alr out put tenperature
805? H% Hg&% %;é?&:?se %ar[‘c\%ﬁ r&?% {'gﬁi aﬂﬁé!&ﬁ%%ﬂi@o% of whey
nla'otqmrdrl m;mngahe detie et of rhhepwésje peaeinf prepareigae while keeping

n (DE39) in water using dynamc Ilght
2@% e#ﬁjggﬁgg{l%re and after spray dry \Mfg{? The t

pnbsléllcrctlns e agreoup Galufigs tQ atteppergtuae Weaua%ttpc% C, during a

Ofimb %@ngd 8pgbal PNsRBh&Y © M@nuté&r 30 Sltai@dra liquid d1spers1on of spherical
reconstitution of the

FRDEUPEgIHOV Y REPEEL SRS P AR S bR an T it

nanopartl cI es. A Nanosizer ZS apparatus (Ml vern

t . .
e A WA e
dwhey pioteins faringihes) tspimnasit in AkASBEP $I@p-@@,g,|1n Whiels thegwoportion of
%%4 g&llt@&@ iRk ARliE fsEdnn@ of RERQYt MBS 34 Qes?dlﬁt[rh@lﬁgle aggregates

respecti v % ter reconstitution of the
p@mm@ﬂ%epmﬁ@nbégw@ Qﬁve di aneters were found to be

265.3 nm and 268. 5, respectlvely These neasurenents

conflr tha [ O rticl.e . ..
ohysi cabt retioieko R Pulig” T 2 nafER e Wceseaapppagticte size i
V\@fa@acﬁ@{s&@ bgraqtoéﬁﬂlmcrsﬂ&mdnx&edxw 6p@P0obser vati ons of

0.1 wt % whey protein nanoparticles dispersions in

wat er using negative staini nlg in presence of 1%
phos phBheimpstddeacaeidingio gL, whepesn thedmemerod is 15 minutes and the

tkﬁﬁégh§§@gm3electron m croscope operating at 80 kV
was “used. Whey protein nanoparticles were observed in

solution before spray drying and after reconstitution
of t heTﬁ@fn@&hdﬂlrdcedrd&@Ndeme oRolaitnd f & 4rvdeereify : mor phol ogy

ot R o0 aHEroheara 8 rayaraRen: Shubehangpartioutes
towe step of : i) adjusting the pH at a very precise
NafQH (219% Qf4, A AP YT B ¢ Haifinc¥itBly charged nanoparticules
in presence of large amount of free minerals or,
- the pH is 6.4 to 7.4, preferably 6.6 to 7.2 to obtain negatively charged nanoparticules

in presence of moderate content of free minerals.

6. The method according to one of claims 1 to 4, wherein the pH is 3.5 to 5.0, to

obtain positively charged nanoparticules.

7. The method according to one of claims 1 to 6, in which the dispersion of

nanoparticles is subjected to drying.
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protein, or adjusting the ionic strength of the whey
protein preparation while keeping the pH constant, and

woOidoeakgsect i ng t he aqueous solution to a tenpeCatER2@®S/010485

of between 80 to 95C, during a time period of from 10

seconds to 30 minutes, to obtailf a l'iquid di spersion

of spherical nanoparticul ated whey protein having a

particlg sij f S, d wherein th

agcor dijﬁjﬁ ' }[néﬁlg .a?éﬁg%ﬁné E(g%g ngféqsggpnr{3 %’ﬁgﬂggwﬁ > wheretn the aq_ueous
navieyaroiesuseionisofssaially prbtierts vhare iRfinsength has been adjusted
t %g%gﬁ{ﬁ: ok ri‘r%cﬁ'%%ﬁ@ ¢6hsOh sheard\othatl R aMdkgMahbarticulation at constant
proportion o anoparticles in“the liquid dispersion

i pIof at | east 20% and resi dual sol ubl e aggregates or

sol ubl e protein below 80% 3. The nethod according to

claim1 or 2, in whi.ch the rage nangparticle .si.ze .
9" char MeFhed FoaRgdine % 1ur S PECeGISE AR TR RSy protens
4 arT peeseretihahle aquonslisolgtibo it kaiamoint ehed evin-% ke 12 iwke %, preferably
period js 1 I put enperoat. yr L T
mithaa-4oieos aftige idts aciepbfy DARELRSEnEuk, Sven e proferably 1
t lvet.-ptd 6 w5-%, ot basismf diecotabmpight gf the selupiopo obt ai n

negati vely charged nanopparticules or, - the pHis 7.5

to 8.4, preferably 7.6 to 8.0 to obtai.n negatively. .
cH&r gedTheamsthedt 3ceordang o apy & dhe @r%ﬁdm&rgagnﬁnﬂb i}y the whey is

f6rr aégdg% ahsy Q{gher_' dérhﬁleﬁiﬂ_z'bdilcﬁr. élri]g}ﬁlyhdrénerp)]ﬁﬁfde gmblullar protein, in
.6 to 7.2 to obtain negat,iyv ar nanopart i .
i rﬁ’aﬁfcé‘%aér%“@‘ BE RO AAL EUREAMT G0 VS FHERIP I . Aot origin.

The nmet hod according to one of clains 1 to 4, wherein

the PHNS s f?ﬂ;g% i ot by & YoeBlRN 968 rding t £
ng‘riOpar Wﬁﬁélgﬁ . %ﬁlg&&gtg ﬁggog%g%rﬁlcﬁ n% to one o?cq)r g fo any o
clctdimms 11totl®. 6, i n which the di spersion of

nanoparticles is subjected to drying.8. The nethod

according to any of the preceding clains, .wherein the .
SdGeous saErERbtel Vs oo e uCngnll WD o (il @ Protein
OIEiBRAEy bPMileasstiI®&Ngt h has been adjusted by organic

or inorganic ions in such a way that is allows

nanoparticul ati on at const ant 1pH. ) . )
13.  Nanoparticulated protein obtainable by a method according to claim 11, having a

Protein Efficiency Ratio of at least 100

14. Use of a nanoparticulated whey protein according to any of the claims 11 to 13
for the preparation of a food product, a food supplement, a nutritional and/or

pharmaceutical composition.
15. Use according to claim 14, for low fat products.

16. The use according to claim 14 or 15, for coffee creamers, yoghurt, pasteurized,
UHT milk, sweet condensed milk, fermented milks, milk-based fermented products,
milk chocolate, mousses, foams, emulsions, ice cream, milk based powders, infant

formulae, diet fortifications, pet food, or tablets, dried oral supplement, wet oral

supplement.

17.  Food product, food supplement, nutritional and/or pharmaceutical composition,
containing a nanoparticulated whey protein according to any of the claims 11 to 13.



9. The met hod according to any of the preceding

clains, wherein the whey proteins are present in the
weaqusmassszol ution in an anpunt of 0.1 w.-% t oPLR/EP2005/010485

Ww.-% preferably 0.1 wt.-%to W.-% nore

preferably 0.2 wt.-%to 7 mﬁ.-@% even nore preferably

1 wm.-%to 4 w.-% on the basis of the total weight

of the solution. 10. The nethod according to any of

the preceding clainms, in which the whey is replaced by

an§. ot Hercopapsiionapsereding riostlpght 1% WHiSR, i| Foléep creamets, yoghurt,

glrgiehadd BliRkEntiik-bate® Aetrh&lté@prdduets, egdssédYice creams, milk based

cereals, . ollseeds, qr, fr ot her et abl e .or ani mal
PP oy aERr St A HOE MR G AP B Hebp ! supplement,
bwedor@khmseraestor ding to any of claims 1 to 10. 12.
Nanoparti cul ated whey protein according to claim11,
having a Protein Efficiency of at |east 118. 13.
Nanoparti cul ated protein obtainable by a nmethod
according to claim 11, having a Protein Efficiency
Ratio of at |east 100 14. Use of a nanoparticul ated
whey protein according to any of the clains 11 to 13
for the preparation of a food product, a food

suppl enent, a nutritional and/or pharnmaceutica
conposition. 15. Use according to claim14, for |ow
fat products. 16. The use according to claim 14 or 15,
for coffee creaners, yoghurt, pasteurized, UHT mlKk,
sweet condensed m Ik, fermented ml ks, mlk-based
fermented products, m |k chocol ate, nousses, foans,
enmul sions, ice cream mlk based powders, infant
formul ae, diet fortifications, pet food, or tablets,
dried oral supplenent, wet oral supplenent. 17. Food
product, food supplenent, nutritional and/or

phar maceuti cal conposition, containing a
nanoparti cul ated whey protein according to any of the
clainms 11 to 13.18. A conposition according to claim
17, which is coffee creaners, yoghurt, fernented

m | ks, mlk-based fernmented products, nobusses, ice
creans, mlk based powders, infant fornula, diet
fortifications, pet food, or tablets, dried ora

suppl enent, wet oral suppl enent.



