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AERATED COWPQOSI TI ONS COWVPRI SI NG HYDROPHOBI C Fi el d of
the invention The present invention relates to aerated

W@ 200081968 ons conpri sing an emnul sified fat phaBer/eEP2007/000157
wherein at |east 50%of the fat is liquid at 50C. 1In
particular, the invention reflates to conposi tions
whi ch cont ai n hydrophobi n. Background to the invention

musse.  CHRR RS OMRA Al ot e e AR L

bubbl es are at least in part stabilized by enulsified
fat. Conventionally, the fat is substantially solid at
the processing and storage tenperatures, since liquid

Fididof 468 Irieintiohes foans. For exanple ice creamm xes in
whi ch greater than about 50% of the fat is l[iquid at

The isegarddeventiog relatps taBerated sopmosiions compiisind an amypified fat
j ! y vent.i éceS J, I i i

phbEbtet o, ERSERIRYof 8RRt TG S0HAE In, PafflBl, fhe invention
relates $o camphgiticuowbich dootdis hgdwphblin. you shoul d chi | |

cream before whipping it. Furthernore, to the extent

that such products can be aerated, the foans have poor
Bask@iourid to theoinvenfiehs contain a hi gh proportion of

i ds, for exanpl f at

satyrated fatt , . ' 60- 659
in geraed aeuds) Sdoss: cpedeam BREERDICHBndIALTRE. PEPhos and
aef@Y Lakkfimags dhe Hi0BUIsHIEs \Whé @b Id2RY Ebh stdlstiZAOpE e udsified fat.
of the traditional products but which are healthier.

Conyentinagiof U hfaby fonUDSFANtAL| 8B Al ot RrREESSNG and storage
tenﬁér%‘ﬁﬁ‘ése,dsiﬁ fiqUit 3t \YBeAbHEZaS §arhal For BRURPRY ice cream mixes in

satur at ed@eit‘ ats contain a substantial proportion of
whichcgreatef thaneabaug 508abf hedatis dinvig 2 prasessing temperature cannot

be :a:egﬁgrgztw%zﬁ%hagngﬁt ieiée ifca?és}'ﬂf/\?){) géﬁ\}éﬁlﬁ?néi mitjé/% fﬁrsn.ilarly, cream in

ura unsat urat e
whithethe fagve liGaid canneY ibeushippednihis is whyrambkery beoks saly that you
e gre

shall S SRem BRIEFS MRS BoRCEReEoragouie SheRghat S proaucts
caflbé akfnes, theifeaabdhave pabestabilityt i nuous fat enul sions
conprising 10-40 wt % of a fat

Solid fats contain a high proportion of saturated fatty acids, for example dairy fat (60-
65%) or coconut oil (90%). Health-conscious consumers are now looking for products
which have all the properties of the traditional products but which are healthier. One
way of achieving this would be to replace the saturated fats with unsaturated fats.
However, unsaturated fats contain a substantial proportion of liquid fat at typical
processing and / or storage temperatures. Thus it is not possible simply to replace the

saturated fats with unsaturated fats.

There have been previous attempts to produce aerated emulsions, such as whipped
cream and ice cream, using fats with higher liquid contents. WO 94 / 017672
discloses whippable, water-continuous fat emulsions comprising 10-40 wt % of a fat
mixture obtained by blending two fats, such as sunflower oil and palm mid-fraction. A
certain amount of solid fat was still found necessary. EP-A 1 212 947 discloses ice
creams comprising a fat phase and having overrun of at least 90%, characterised in that
at least 50 w/iw % of the fat phase is liquid at -5°C. A particular apparatus, in the form of
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m xture obtained by blending two fats, such as

sunflower oil and pal mmd-fraction. A certain anount
w@boogo8ioes f at was still found necessary. EP-A HCRER2097000157

di scl oses ice creans conprising a fat phase and havi ng

overrun of at |east 90% chaféacterised in that at

| east 50 ww % of the fat phase is liquid at -5C. A

an SR B DR Bb R e TR B8 50 Y e

baﬁélewéi pRUfred DBUsSiheraVRsm i g @i mesd topr‘rWldtel”eemﬁsmasmbmalrﬂng high
rovi de enuIS|onﬁ containingehlgh | evel s

e
levelﬁmﬁllﬂuwﬁtaés Whichnagraiea el weing crNvirgiens \RARTBERE fand which have
go&ﬂﬁiaﬁf‘?t%blh d whi ch have good foam stability. Tests
definitions Aeration and overrun The term

"aerated" neans that gas has been intentionally

i ncorporated into the conposition, for exanple by

mechani cal neans. The term "aeratabl e" nmeans that gas
Testsranskdefinitiopsr at ed i nto t he conposition, for exanple

by whi ppi ng. The gas can be any gas, but is

preferably, particularly in the context of food
Aeptio wptovesruhood- gr ade gas such as air, nitrogen,

ni trous OXI on djoxide. The ext nt. of . _
Thadpib | 3RS qaneAnsalian Gasr has dean Tusatiahany inCorpgrated into the
corfPp&difiort, fof ekBMpRy B FAEcHAMICAN I &dhs. YTHE e “heratdfiéma@ans that

in volunme terns as: ((volunme of aerated product . -

gas/6anke I@ﬁorn%a}ed inj@ thgmeorpposiie). far exgmpligdiyewhipeing. The gas can
f t o/,
be Y6y UEE o i plrTFabh), BaRRyRry T MSGIUBR 1660 Bicaibt alfood grade
gas sugh as aiatnifrogerinitiouscenide, tdieapmncdioxidge of the fat in
liquid format 50C as neasured by pul se NVR
spectroscopy as follows. The fat or fat blend is first
Théeatent of actiot |S\mléfmdmbm teeing cft‘oGEPD’f dn tBE context e the present
so.thgj the fat f Aa: letely nelted. It is then
InVERTe deq¥s ERdE HEliBed i HMEST MRS our. 1t i's ¢ hen
warmed to 50C (the measurement terrperature) and held
for 30 m nutes. The anmount of solid IS tf}
meas §fOMME Phagratadpeaet pmviy@Wvb&mp@&@ Kk 190
NVMS 120 M ni spec NWVR

where the volumes are the volumes of a fixed mass of product / mix respectively.

Liquid fat content

The amount of liquid fat (or oil) means the percentage of the fat in liquid form at 5°C
as measured by pulse NMR spectroscopy as follows. The fat or fat blend is first
heated to 80°C and then held at 60°C for 30 minutes, so that the fat is completely
melted. It is then cooled to and held at 0°C for one hour. It is then warmed to 5°C (the
measurement temperature) and held for 30 minutes. The amount of solid fat is then
measured with a standard pulse NMR technique using a NMS 120 Minispec NMR
spectrometer. The amount of liquid fat is given by (100% - amount of solid fat).

Brief description of the invention
In our co-pending application EP 1623631, we have found that a fungal protein
termed hydrophobin stabilises the air phase in aerated frozen confections.
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spectronmeter. The amount of liquid fat is given by

(100% - anpunt of solid fat). Brief description of the
WO pwengioes | n our co-pendi ng applicati on EP 16PGGBR2007/000157

we have found that a fungal protein termed hydrophobin

stabilises the air phase in dérated frozen

confections. Hydrophobin is surface active and acts as

o504 BB Y 5 SRR Aeh B Bppeann
cortfeb® highly Wécdetasticnmatureda tie sinddcet dfahe birdubplesbi n can

stabilise aerated emul sions containing high | evels of
liquid fats. Accordingly, in a first aspect the

WePhREERBw W&W%b@fhd@h?&#déﬂéb@%a@eétéblﬁéb BEFFRES binulsions containing
havi ng an overrun of | east 10% and conpri si ng water

high eNels oL I 131 GAARRIAINGINGIR 25T BPREGh NG BERRENbOYEBon Provides
an ta@?até@k?hgoglltlgwh‘;v g aﬁﬂgvdeﬂl’ﬂBgﬁﬁ IBL&Z AT, | éhgt%%ﬁﬁ?g water and

n-co refera
an emmmﬁed fab rphaserpﬂ'leS@B aatleasééﬁ% of tb@lfav\;ts%ctmsdjab@‘ifo isiharacterized

erably the n isolated form
in tE?t:tilgrcgm St'ﬁg C%:‘F%% %&{jﬂ)plhgbfa class || hydrophobi n.
Preferably the total fat content is from1 to 50% by
of the onp03|t10n fegred enb d| ment
PrafereBhiind sampestongoraiss ab st o 00T sRiL HERBin of ¢ he
corrp05|t| on. In another preferred enbodi ment, the fat

ase conprises from 15 to 40% by wei ght of t he
Per%rﬁﬁUsthﬁlhdﬁf%hép@r'ﬁm ipotated f8Mat ed conposition has an

overrun of from25%to 400% Preferably the aerated

conposition is an aerated food product, nore
Prqfﬁer@bb'rtablhydwpmpbme,iﬁ aaeiasy kaydiorhelini on, nost

preferably an ice cream Preferably the fat is

sel ected fromthe group consisting of sunflower oil,
Preftriably thiel t,otaﬁdgtbemtemi is, frmrap‘esceéﬂ%oby vaaightnofxthereasnpmsition. In a

i ons fhere Preferabl co i td furtlk
preifi eRlLAMERCe @t ShassdButprises SEREOR o ekt of the
corfipb$itsn. aﬁeiﬁothér @emlrecsambarmem theofat phaeé eoriprisea from 15 to

bacteri al ysacchari de, such as xanthan and/ or
40%é weight gafothe composition

Preferably the aerated composition has an overrun of from 25% to 400%.

Preferably the aerated composition is an aerated food product, more preferably a

frozen aerated confection, most preferably an ice cream.

Preferably the fat is selected from the group consisting of sunflower oil, olive oil,

soybean oil, rapeseed oil and mixtures or fractions thereof.

Preferably, the composition further comprises a yield stress agent. Preferably the
yield stress agent is a polysaccharide, more preferably a bacterial polysaccharide,

such as xanthan and/or gellan.
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a second aspect, the present invention provides an

aer at abl e conposition conprising water and an
wepwressed fat phase wherein at | east 50% of RPEEEPDT/000157

is liquid at 50C, characterized in that the

conposition conprises hydrophdbin. Preferably the

conposition corrpri ses at least 0.001 wt % hydr ophobi n.

L T —

cod?pﬁélﬁg &)dtef érhﬁ‘arﬁ efrallsified fat @hh@?tﬂhbgeliﬁ Bomals; 60%56Rthb fat is liquid
X nmposition. Prefera at
at 25, EheiaiaricBiin N Qi tomBasiiyLeong oS BORPP RN i 1

olive oil, soybean oil, rapeseed oil and n1xtures or
fractions thereof. Detailed description o
Preferablyt the comosition semnrises &t [astip 98, vtk hx@ehmw and
scientific terns used herein have the same neani ng as
commonl y understood by one of ordinary skill in the
Predetablyethg .hydrophobinga it isofaded faomer y manuf act ur e,
chem stry and bi otechnol ogy). Definitions and
descriptions of various terns and techni ques used in
Prefér@abinthe tiytiesphiobineis \a ¢craseull dgdnophobine found in , "lce
Creamt, 6th Edition RT. Marshall, H D Goff and RW
Hartel, Kluwer Academ c / Pl enum Publishers, New York
Pref&fdBly (Rb AR cbRERNISTHNS 116 SB% @y He @Bt camngbsition.
bi ochem cal nethods can be found I n Sanbrook et a/.
Mol ecul ar Clonlng A Laboratory Manual, 3rd ed. (2001)

Pr% a% a/sﬂ{e' cll-‘? %Qr@f 6%ﬁsus%‘$f %anl&ger oil, olive oil,

and usu el et a rotocols in
soyWeaa il rapeseed o@yndmmemonnfrgdl,onsélhﬁfevﬁl ey & Sons,
Inc. - and the full version entitled Current Protocols
in Ml ecular Biology. Al percentages, unless
otherwi se stated, refer to the percentage by wei ght,

. he exceptjon .of rcentages cited in relation to
De%fﬁo‘@ﬁeﬁﬁ’lﬁﬂiﬂé@ﬁ%ﬁﬁﬁ Oy dr ophobi ns are a
Unieekl | defped netflebliss sawfte¢iridati aril 6¥IeAtRY sermk9ged MAdvein have the
M crob. Physio. 38: 1-45; \Wsten, 20801 Ann

Rev. .
same dpedning as5@mg@gly6u@ger§t§'9gbtp)éoag eqrpggg/eﬁgﬁ{yn the art (e.g. in

frozen confectionery manufacture, chemistry and biotechnology). Definitions and
descriptions of various terms and techniques used in frozen confectionery
manufacture are found in , “lce Cream”, 6" Edition R.T. Marshall, H.D. Goff and R.W.
Hartel, Kluwer Academic / Plenum Publishers, New York 2003. Standard techniques
used for molecular and biochemical methods can be found in Sambrook et al,
Molecular Cloning: A Laboratory Manual, 37 ed. (2001) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et al., Short Protocols in
Molecular Biology (1999) 4™ Ed, John Wiley & Sons, Inc. - and the full version entitled

Current Protocols in Molecular Biology.

All percentages, unless otherwise stated, refer to the percentage by weight, with the

exception of percentages cited in relation to the overrun.
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at a hydrophobi c/ hydrophilic interface, and having a
conserved sequence: Xn-GC- X5-9-CCXi

WO 3B7@87MEB 23- C- X5- 9-C- C- X6-18-C- Xrt| (SEQ | D NeCT/LP2007/000157
where X represents any ami no.acid, and n and m
i ndependently represent an |ﬁteger Typically, a
hydrophobin has a length of up to 125 amino acids. The

H Ehing residues (C) in the conserved sequence are

Mdl sul phide bridges. In the context of the

Hydophebihsi areeat well-defimed totass bfy gratpine b{\WWedseds, a199eAdv. Microb.
neanj ng, t clud fyncti |1y equivalen ei ns

Phge: $a45 WM R0 Tc Aaddrer BB SShe bk Ergiaple o ser-

asstimtsly By 8 m?afbb‘hbﬁrch%?&ﬂhﬁd |htérfa&beéfﬁcﬁﬁ@wﬁgiétdohsé@ed Bequence:
protein film such as proteins conprising the

sequence: Xn-C- Xi -so CXo- -CXi -io0o -Xi -i00-CXi-
0-C-Xp-.c o@igxt C 301 £5- RO LNOX 7 COK, RBECPI RET P
ar sel

still Wlr's acteristic o assenbl y
at a hydrophoblchydrophlllc interface resulting in a

B S ORISRl BB Bl e
Ty;adsllyr hihydrdphebjr ledsea terigth d&ap 125 dmire agd< 'IfhaJd:)altelne residues
(Chobr e B A SmEnss e ol PR SppBidRgRRioes; Thfhe bontext of the
pre58ABinvEBh g e tekm RgdropRBBinGis. a Widerf raeamihg ao indlude functionally

filmcan be established by jncubating a Teflon_ sheet
equivaleRle proking ns@u@*ﬁp@wngoﬂhgwéaa@,cteatsﬂpegét selfjpgeembly at a

hy&é@négﬁﬁ%W'yBFprﬁiEe‘int@r‘faé&*fégﬁltlﬁy‘bﬁt@ ;ﬁbteﬂ'{ filml989deh as proteins

0 5848-54) . The protein filmcan be
compesing thacseaquengdy sui t abl e net hod, such as | abeling
with a fluorescent marker or by the use of fluorescent
anti bodies, as is well established in the art. mand n

t XpiCeX| 4oyC-Daw €S- Xahgg€3-Xn 2 el -Kg-s6-C % 0C 0 52008, (BB IbNe. 2)
usually mand n in total are |less than 100 or 200. The
definition of hydrophobin in the context of the

or é|Q§ﬂﬁérebﬂﬂﬂhﬁ|bplayinlgcﬂhectﬂ&ré¢tehﬂr¢ ofr sdlassenuly @t a hydrophobic-

hobi d th l tid wel | . _—
IR G e Bt ey BRG IR GLr eI AnbIn aposiapBcy B tag geiiton of the
preReht/ ﬁﬁéﬁtfb”lf 's@ﬁsasbﬁﬁ’ibﬁpbﬁbbésdété&éﬂ IbfyI aﬁi%oﬂﬂn@i@ﬁ@ pdtein to Teflon
ané;enera y classed as either class | class I1.

Bot h
yseg GiscdanPishroigaNnto; $$té@|'ﬁhnthf3&fgﬁe’2£§ Q@ Secapdary structure (in
gemiral BLAkx} (15 VBEA 625 S 4588 Bidbhys. J. 74: 2059-68).

The formation of a film can be established by incubating a Teflon sheet in the protein
solution followed by at least three washes with water or buffer (Wosten et al., 1994,
Embo. J. 13: 5848-54). The protein film can be visualised by any suitable method,
such as labeling with a fluorescent marker or by the use of fluorescent antibodies, as
is well established in the art. m and n typically have values ranging from 0 to 2000,
but more usually m and n in total are less than 100 or 200. The definition of
hydrophobin in the context of the present invention includes fusion proteins of a
hydrophobin and another polypeptide as well as conjugates of hydrophobin and other

molecules such as polysaccharides.
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hydr ophobilic interfaces into anphipathic fil ns.
Assenbl ages of class | hydrophobins are relatively

w0 p®olsitobe wher eas those of class Il hydr ophobP€EEP2007/000157
readily dissolve in a variety of solvents.
Hydr ophobi n-1i ke proteins havé al so been identified in
filamentous bacteria, such as Actinonycete and

r QM .Sh. 1/ 74864 I 0]
AR ML B LBk 0Bl | o css 1
Bottpt}'bléaﬁagécbe‘e_mg'@ehtiﬂiadi fro fumgb iaﬁasecfelempwﬂemsuimat selfassemble at

i ' , I i .
el o o A UL B R oo
areSfeatiRlemESIubR WHEFCABNABES Bf RESNY hy R pREBIRENEHEily dissolve in a

sequences shown in SEQID Nos. 1 and 2 , and are

varjgty pf solv@fdsscope of the present invention. The
hydr ophobi ns can be obtai ned by extraction fromnative
sources, such as filanmentous fungi, by any suitable
Hygropbebis:likEproteinarhaee alspdvesshisientified: innfilamestsusi bacgengy such as

i fil f ' h : .
ol Shd OB g O B shitoons, cur s, 1o
RGQBmﬁga)ng'ﬁreseymadftéraalwgdstbinﬁ(b% cfnrhmsth)todengﬁl I;ydrophobins, form only

articularly preferred to,i t ' f
o RBsonS ciskipiE i Riet et nbiec PRV V) 4V SIgHED fFubles.  Such
protéifé esreednhegdrBprr of uRbRIRAL edRivdlénts . tol hyarsphebiig) having the

basi di onycet es and asconycetes. Particularly preferred
CONFEEEYS EPQUINSER ShPWAdN éEgHP Nes; 12nd? 38d @@Mﬁ@@f—ﬁcgpe of the

preggf,taiﬁ'{,é,i,t;b?_v\hi ch secretes a hydrophobin terned .
cryparin (MacCabe and Van Al fen, 1999, App. Environ.

M crobiol 65 5431-5435). Alternatively, hydrophobins
Thégﬂlc}?gp fid el BY +t{l§in§§eb§’fe>{tr%ﬁf?5ﬂ)'fmtnét%hggﬁr‘agé’,' such as
€ elTs, tTyplcally ani sns, nay

exanp host "¢ a m cro-org
filabentmdi furgd by awpseitabldmioogdsobifis exaimplae hydrophobins can be

hydr,ophobi ns can t hen i.solated and used in. . .
obHEGr BaRd e, fmRatyscuash Pehsereome REliphiopia rtp gpe growth
meﬁﬂlgﬁ Qﬁk@b@&ré@t@rﬁfrﬁnﬁﬂiﬁbaﬁhﬁb&i@liuoﬂi&; ienz@@tmol. It is particularly
rophobi ns i nt st.celLls are we no in the
prelfi{ed Ner eqtgn MY aBBRBES o G g% ORPAIGEhBRha el secrete
hydtBBRosihened, préfeeavehodt f HROalhypREHIEStes SER.$.0T Trichoderma),
basidiomycetes and ascomycetes. Particularly preferred hosts are food grade
organisms, such as Cryphonectria parasitica which secretes a hydrophobin termed

cryparin (MacCabe and Van Alfen, 1999, App. Environ. Microbiol 65: 5431-5435).

Alternatively, hydrophobins can be obtained by the use of recombinant technology.
For example host cells, typically micro-organisms, may be modified to express
hydrophobins and the hydrophobins can then be isolated and used in accordance
with the present invention. Techniques for introducing nucleic acid constructs
encoding hydrophobins into host cells are well known in the art. More than 34 genes
coding for hydrophobins have been cloned, from over 16 fungal species (see for
example WOQ096/41882 which gives the sequence of hydrophobins identified in
Agaricus bisporus; and Wosten, 2001, Annu Rev. Microbiol. 55. 625-646).
Recombinant technology can also be used to modify hydrophobin sequences or

synthesise novel hydrophobins having desired/improved properties.
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exanpl e W06/ 41882 whi ch gives the sequence of

hydr ophobi ns identified in Agahcus bi sporus; and
woeeresroe®2001 , Annu Rev. M crobiol. 55: 625- GEGI/EP2007/000157

Reconbi nant technol ogy can alLso be used to nodify

hydr ophobi n sequences or syntfiesi se novel hydrophobins

havi ng desired/inproved properties. Typically, an

iate h | ' i, ) .
TydiERbor BbPrPlaie Rt ol 1t HBRRBHL L iAtRROBHCE Phulteic acia
codtﬁfibbﬂﬂh@_bhﬁode'@hmerdssireatﬁyd&)mwﬁfThe retbotige fsequétee coding for
thel BeN BRbUse A B tRRETHRA UG an, SuiidblRe RHRreRgIon Vedor Shcdding the

nedds8B8CEIbRenf R ANSEARTINRAAP fraAfibtid aRd G sBchT@AGAner that they
that ‘they will be expressed under appropriate

willdgexpressed pedey. anpiopiate sonditipes{9i BrPraper edgntalien and correct
readi r d W . kaft e r j

roaff (e, (HEE ui alblcbrBfE RIHAG Cald BFedior? Mequences). The

methoust required eseonstipick $lesenevpressios vactoracdre wathwmown to those
those skilled in the art. A nunber of expression

sklli%;gpgggaﬁay be used to express the pol ypepti de codi ng
sequence. These include, but are not limted to,

A RJSbeal egpransion SYRRStA ik beyiebic' SXeieps i polyneptide coding

seducnief ThEBS indltde,t gt aRPhePlimiEE tGXbéetéﬁmer\éﬁqtrfwﬁiing yeast),
referred hosts are those that are consi dered food

insgetagrll systgase plant el cgiiurr @yaiemsaned planipgyl trapsformed with the
Re P o
ap§ﬁg§ﬁ@%o§@?§s¢ﬂ Lagbid epYgentd h%Hf%har@SthS%cheﬁ‘Hre dosidefed food

e genera Saccharomyces, uyver onyces,
gradechiganenaiiy segantied acsats’ (GRAS¢hi zo sacchar onyces and
the like, and filanmentous species such as (but not
limted to) those of the genera Aspergillus,
Suifable hodpat specidédincludeNeastssumhags (But ot limitexhid) thosel afkiee genera

The sequences_encodi ng the bydrophohins are preferably .
SaggharSete Bon. QB PENFeS (HENEm nEPhBF B oy e gog © Sohizo
sadtharaRyesi and dentiké, aed ififtameédtous spabies guchf & @litynett limited to)

| east 95% or 100% j dentical. However, Noersons skill ed
thopg of e gpReraealSRARELS oBPdaima Mdess Nevrspars Fysarium and the
likePt her ami no acid changes that do not reduce the

bi ol ogi cal activity of
The sequences encoding the hydrophobins are preferably at least 80% identical at
the amino acid level to a hydrophobin identified in nature, more preferably at least
95% or 100% identical. However, persons skilled in the art may make conservative
substitutions or other amino acid changes that do not reduce the biological activity of
the hydrophobin. For the purpose of the invention these hydrophobins possessing this
high level of identity to a hydrophobin that naturally occurs are also embraced within

the term “hydrophobins”.

Hydrophobins can be purified from culture media or cellular extracts by, for example,
the procedure described in WO01/57076 which involves adsorbing the hydrophobin
present in a hydrophobin-containing solution to surface and then contacting the
surface with a surfactant, such as Tween 20, to elute the hydrophobin from the
surface. See also Collen et al., 2002, Biochim Biophys Acta. 1569: 139-50; Calonje
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t he hydrophobi n. For the purpose of the invention
t hese hydrophobi ns possessing this high | evel of

WO d@nns1ys t o a hydrophobi n that natural |y occuPGI/EPB07/000157
al so enbraced within the terg1 " hydr ophobi ns".
Hydr ophobi ns can be purified®fromculture nedia or
cellular extracts by, for exanple, the procedure

ot S RRea? RIS S A HSIR SEC0T D MDA wicrobi
Biotédhbl. &7: 124-301 g Beavribst dtet., 4099, sExir JiBiochemsR62.:875-85.

wth a surfactant, such as Tween 20, to elute the
hydr ophobin fromthe surface. See also Collen et al.

Th@%%un?b%?dr’ébﬁb&ﬁ'bfésémtlﬁthe15§r9poéiﬁc9n A gémeramy eaty dependlng
030- 4, Askol I n_et

on alhe cgmmps'tlmptﬂrmma@pabaad mlbmecﬁﬁome a7: phase. 30 Tygigally, the
corPﬁoéfflér‘Fﬁ%ll?Eo@am L9kt o1 W %ﬁﬁﬁt{éﬂhogﬁz mg’rypr%?eragﬁ}eat least

obln present osiI ti
0.086ner a(D oy wt%(f y dgplsaﬂxy rtgeonompesmomrpwdh tcpotaln less than 1 wt%

BRI e AU b Honfru RS P bl ofsource

e. ghytdéonmbbhobiﬁbben poeef 2 rrabtyreadf ltewasbr MORS differntd hydrophobin
W % \ﬁ/pl cally the conposition will contain |ess than
polxpgﬁ’ €8y dr ophobi n. The hydr ophobin can be from a
single source or a plurality of sources e.g. the
hydr ophobi n_can be a nmixture of two or nore differe

Thﬁywdmm@blrhISpa@%bm AJOEM antk im parBPAY; FHchs hat et ?\f?"ab'e to
staﬁlllggrtﬁbsep gh3sén Bgul‘ﬂ@t te?MC"bc{%i@at wé r‘n%aﬁ“’tﬁbi Y fybiRphobin is

the air term "added", we fean
delibiesatetynstrogupedpntsoihe ctosnmmo@efpatr@l purpase etitaking advaptage of its

R e et
that legntaih urtgal aoetaprieards,t wbich addysconﬂaa’n hydmplabbinfpnlngzdptides this
do%%ﬁé;?;gagﬁ@g?d%é ggca%agﬁoﬁlg?vslﬁg c?cﬁﬁgﬂ 693 glehgresent invention.

hydr ophobin wi thin the context of t he present

i.nvention. Typicall, t he hydrophobin . is add to t o
TyRiBHodns (RHANGBT (F /ACSAAHS, e CPTPPSIIPE AT dogh Such that it is

capsﬂéom&a;&eynm;aaanairnrthoowrfacéurface Typically, the
hydrophobin is added to the conpositions of the

invention in an isolated
Typically, the hydrophobin is added to the compositions of the invention in an isolated

form, typically at least partially purified, such as at least 10% pure, based on weight of
solids. By “added in isolated form”, we mean that the hydrophobin is not added as
part of a naturally-occurring organism, such as a mushroom, which naturally
expresses hydrophobins. Instead, the hydrophobin will typically either have been
extracted from a naturally-occurring source or obtained by recombinant expression in

a host organism.

In one embodiment, the hydrophobin is added to the composition in monomeric,
dimeric and/or oligomeric (i.e. consisting of 10 monomeric units or fewer) form.
Preferably at least 50 wt% of the added hydrophobin is in at least one of these forms,
more preferably at least 75, 80, 85 or 90 wt%. Once added, the hydrophobin will
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form typically at |east partially purified, such as
at | east 10% pure, based on wei ght of solids. By
WO 20desdss i sol ated fornf', we nean that the hyRCDBPIDT/ON0157
is not added as part of a najurally-occurring
organi sm such as a nushroony "which naturally
expresses hydrophobi ns. Instead, the hydrophobin w ||

weiodfh iBioelac e P GHC U BBk, i Te A Y Waretore the mount of
moRsiee sdimen ahd oligdrnet wouldase expected tordecesdsedi nent, the

hydr ophobin is added to the conposition in nononeric,
di meric and/or oligoneric (i.e. consisting of 10

Ae@é@@%m%suiﬁhgs or fewer) form Preferably at |east 50

0 0 e added hydrophobin is in at | east one of

Aerated compasitionsovithipr tee seane, ohtthiseiiyention coppriss wategpand an
v’ e : ohi i i I I QR

emlfsifed T TABSED Such TRETIGRET ALl dor Bkl fi BrolER fficn are

noramaliyretoretl andnsaTeed atiambierduod cbillitgoweratukes| sutheas whipped cream

expected to dec e r at ed Siti e .
or GERARLY Ereate LA orraL L REPRE S’ HROEHEARAN ot is replaces
witls oiggetable fat) emoassk Araeeatel sdsseds,f edstaidashocdatehsauce, yoghurt,
co RS o AP S B BAE R BRI ) B it ey
arel SEBRIAL NERfled TURDOBRIONE iaRREACIEFFoZeh duratedaddrifection8Buch as
(i ncl udi ng creamin which sonme or all of the dairy fat

icejcgearapsharbet. aprost 9ad &ogen ¥oghn.  nousse / aerated

desserts, custard, chocol ate sauce, yoghurt, cake

filling, salad dressing, mayonnai se, soft cheese and
Preferably the agpatediogawposition is Bfgod peoduet, amere. preferahly@ confectionery

progglgﬁ ?rz 'gﬁlé gjgﬁicﬁiﬁﬁl drg%lé?rég:?nfl b&difien %ﬁé&%&ﬂmnqgtai ﬁ’&?en. aerated

€ Crea sor be ozen yoghurt
corffeeticar. divlapothee eadraalirednt; thngp osnposition & a naussep whihped, cream or
re preferably a confectionery product. In one
“°’B‘§?F¥§£ﬁa£?~|y preferred enbodi ment the conposition is a
frozen aerated confection. In another enbodi nent, the

conmposition _is a nousse, whi pped cream or non-dairy
AQ@‘-&E&Q&Me Conposi ti ons
Aeratable compositions within the scope of this invention comprise water and an
emulsified fat phase. Such compositions, which include premixes for aerated
desserts, mousses and frozen confections, and whipping cream or non-dairy cream,

are subsequently aerated to form the final product.

Fat phase
At least 50% of the fat is liquid at 5°C, preferably at least 60, 70 or 80%. More

preferably at least 90% of the fat phase is liquid at 5°C. Most preferably the fat phase
is completely liquid at 5°C.

Preferably the fat comprises at least 80% more preferably at least 90%, and even
more preferably at least 95% by weight of a fat selected from the group consisting of
sunflower oil, safflower oil, olive oil, linseed oil, soybean oil, rapeseed oil, walnut oil,
corn oil, grape seed oil, sesame oil, wheat germ oil, cottonseed oil, ground nut oil, fish
oil, almond oil, perilla oil, water melon seed oil, rice oil, peanut oil, pistachio oil,
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Aer at abl e conpositions wthin the scope of this

i nvention conprise water and an enul sified fat phase.
W@Eon/081sposi ti ons, which include prem xes forPGEER106T000157

desserts, nousses and frozen confections, and whi pping

cream or non-dairy cream are subsequently aerated to

formthe final product. Fat phase At |east 50% of the

f is liguid.a eferably a : :
nalsie bbb Ebng efos LE AR b 6 AR by e fat s
seléd':téd:fmnalthdSi@@up!‘dgﬂtisﬁg%bEsgtﬂQf)WdrImg, dlate gihasgbean oil, rapeseed oil

0 ete i qui d at . Pr ra the fat conprise .
and fwies OB BosIHC e o Papicarl PaIieByp Rt aE Rl pving to it
cleanwlsvwr?ﬁ@hq}alwuﬁéatbu%@éd faodnient ¥ed Gite Sailabfigt

selected fromthe group consisting of sunflower oil,

safflower oil, olive oil, linseed oil, soybean oil,

TG SRERAR Sy P, HELEHpoShi BB il ERRS SRR Chdote prouc
beiog| matdestandi mayalramged feanh | 1 gor 60%a olinl theywase efelfiggen aerated

Y oi , , Ol . ) L N

ool by 54t o RSBl 2P B il 30 Flposion,

mopé Preferddlyy at :ceesf awf/ol, insost girefetatsly tat teast B&. gPoefprably the amount of
consi of sun

istin ower oil, al.ive oil oypean oil,,

fot B0t 614 DG & Q1 GoBPOF HE T s PrEfRE Bgrat rhost 12%, most
prefavably@tindédtiops.ef erred is sunflower oil owing to its
cl ean flavour, high poly-unsaturated fat content and

wi de availability. The anpbunt of fat in the

In hRBAL8 Ik %ﬁbﬁg&i ncgggﬁ n-48Rcreld dndPRIsted %%&I?@é? Itrr1]e amount of

product bel , and may range from1l to 50%
fat tis prefersblyoat leasl #5%atey weight o tile: comeasition.haogrlaterably at least
fat i 9 | f . 0
25%o i3 AR BHEIT 3L et D Threferady (HE s Rloridis at most 45% by
wejghe betheldoyn mdsitiopa storé prefbrablyeatabbst 40%. anount of fat
is at nost 15% by wei ght of the conposition, nore
preferably at nost 12% nost preferably at nost 10%
Emukifidte case of whi pped cream or non-dairy cream and

[ated products, th t of fat j ferab ,
Thqra gfggtp%fg /g |gyg|§é‘ssgﬁp gpéﬁéggggﬁ%g%t plg-?ﬂ- rﬁgqr:crer%u@{onatof discrete
dropleté &haPlave atadimsst b?ﬁ% SOSOrptSrE lof P leyh Lldifiére &5 theS Qb / water

r ef er abl Iy__t he ampunt of fat Is at nost 45% by
sifiers within the context of this invention include:

interface. Emu

- Dairy proteins such as skim milk powder, whey protein, hydrolysed whey protein,
and pure dairy protein fractions such as caseins, B-lactoglobulin and a-
lactalbumin.

- Non-dairy proteins such as gelatine, hydrophobins, and proteins derived from
plant materials or seeds, e.g. soy protein.

- Eggyolk

- Food grade non-protein emulsifiers such as Tweens, mono-/di- glycerides of fatty
acids, acetic acid esters of monoglycerides, lactic acid esters of monoglycerides,
and similar derivatives.

- Polysaccharides that exhibit emulsification capability such as pectin and
chemically modified polysaccharides such as polyglycerol alginates.
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wei ght of the conposition, nore preferably at nost

40% Emulsifiers The fat phase is enulsified, i.e.
w@e@3esntoeaas an oil -i n-wat er enul sion of di scr ePE&I/EP2007/000157

droplets that are stabilised Py the adsorption of an

emul sifier to the oil / watel!interface. Emulsifiers

within the context of this invention include: - Dairy

I Bel ns such as skimmlk powder, whey protein,

—E-y-grol ysed whey protein, and pure dairy protein
Thé raamdunt B ogercim preseat i the com;iasdiooghlblvary depmtdilrag on the desired

| act al bumi n. .. - - da
ook S ARt e i BL RSO i 3 e 25 or s
PrdfBizdly fheSarburit®f dverrtn & 189 Yhadl #00% "more E@ﬂer)é@lykless than 300 or
Food ‘grade non-protein enulsifiers such as Twee

ZO%n&n/rcfroze@ 9@@#@%@9@9@9@ tHheaRyeguin iscaast Pé%fPEPb'Y from 70 to
156! EoF wif e&'am FindRs anlly bhih &% felSRidepRdaEts, the overrun is
nonog cer es, si m er| vatives. -
mOBbplsei%(ebiyefrdrdéQOtthéﬁ()%(hl bit erulsification capability
such as pectin and chemcally nodified pol ysacchari des
such as pol ygl ycerol al ginates. Overrun The anmount of
Yieiy stressnagendsent in the conmposition will vary dependi ng

Cr%‘mﬁtngz(ﬁe%&egﬁ g)? &%C%L'Jé:yhag%:af %%%%fﬁs ggf} 1955t l&J/Qr’tljcgl phase

separefien ab|fdaﬁ1§&e§ﬂmn@tlncé mgerpsrupontml sfsbubbhles cfideY%o the upper
nore preferabl ess 2000/ For, froze

suRien 2t i APRIEHoD AL BUBRIES & dF DRIPE. risanng iereibicgd when the

cortin@BLg ‘th@e P& foBRT hadEarpad rl‘fécﬁ@d’lbélrpraﬁé}'tlgé" duth@seTpparent
and related products, the overrun is nost preferably

yield stiessocAacerdie@ys inypae Eabodiment dhacoMpasiianiyrivgncomprises a
y|e|dss E?s lé&phpeorbé’ rﬂQC\MhQﬁ W%ﬁ%tﬂé) q%%[bﬁlc%@ﬂ)rbﬁemes to the

ase separ at | ans resu
comtmuges mhapeyr uhusnnkubntmg kmeamungl ofdbe tair bwtzblemp&ve here define yield

stress agents as an ingredient or ingredients (molecular or particulate) that provide an

apparent yield stress to the continuous phase.

Suitable ingredients that can be used as the yield stress agents, particularly in food
systems, include gelling agents, some non-limiting examples of which are

summarised below:

- Thermoreversible gelling biopolymers such as gelatine, iota- and kappa-
carrageenan, and agar.

- Chemically set gelling biopolymers which derive their gel structure from an
interaction between the polysaccharide and an appropriate ion such as ca®.
Examples include sodium alginate and pectin.

- Bacterial polysaccharides such as xanthan or gellan that can form weak gel-like
behaviour which is disrupted by shear. Preferably such polysaccharides are
added to give a final amount of at least 0.2 wt% in the aerated mix. If the aerated
mix is stored for a long time before freezing, such as a day or more, higher
amounts, preferably at least 0.4 wt%, are added.

- Fungal polysaccharides such as schizophyllan.
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surface and the depl etion of bubbles at the bottom
Cream ng is reduced when the continuous phase of the

WO o@ni0$es8 cert ai n rheol ogi cal properties, suchPGBEER2907/000157
apparent yield stress. Accorﬁ ngly, in one enbodi nent,
the conposition further conprises a yield stress agent
or agents which inpart suitable rheol ogical properties

- et il Y SolBRRF avbt nar® i Bbot BrE R BARp € ngividuaty

aﬁom gelirg mrttornhndmggwﬁlcfoantasgélmlaegnNoala kigher modulus. Examples

|cuI at e |de an apparent I t
Pieluggh oty o8 ot aRelh BT Binhbust Redr 8w Ggar with
uraedsﬁfeaw@rwﬁdikaiipraetsaﬁra@@enaﬁwnméuswéam gym. n food
systens, include gel'ling agents, some non-liniting
exanpl es of which are summari sed bel ow -
A rﬂ?%é?%f%@ﬁél@'s@re%' gbng BURABLY TBEYe BHE o8 ceﬁwmoﬂs»uy to gel
appacarr ageenan, and agar. em ca
praglettsi mg:hlihat]dbby ee setvhGelling emiyksecchafidles @ee not thmmlv éngredients

the} G B8 ioe o814 sfR” 0SB I e Rt RE R Rvein B haredient
(mabgmlaabﬁpaﬂidlepmdlt :resultshiﬁiaotaﬂpiaféntmdlcyst;es:hlaf 1hénﬁuadms phase

as xan n or gellan t can -
Carbéﬁé@?éxu&k}ﬁ'ﬂed%"]Fge%?éw%]ﬂtszrgsﬁﬁggﬂ@é?cu :feriabley such

pol ysaccharides are added to give a final amount of at

least 0.2 Wm%in the aerated m x. |f the aerated

- | 4 osice AThesS Indlusify DEF A et INESd 1% SRNGYCeEeleia of saturated
PaYtyOdeE’ra‘ﬁgetﬂéﬂ&e bf ﬁ%%@%encﬂ’és%ﬁfaﬁ?'éblﬁ witﬁ%&hc @ctl esters of

are ad Fungal “pol ysacchari des such

seatummtattyaamds Hatisragid esleryef saturated fathyprdids qrmcml tartaric
b @8 o%t%ﬁ%fﬁﬁur% %djfatttlyn?é’d? 'I*yggﬂa\fy dt‘ﬁ?' ér%ﬂoﬂ‘rﬂnofgﬁidlgep%gredlent
nwdulduse IeEsahm aboutrﬁl—@d&t% mmwmeﬁaejatmt X Ehamples of how to

ect n, .xant.han st, _bea m
DB 6 APOGHD toare et Hober R sl RS Rt ahg ithnotosy.
A19a81i3ar 387-30Be yiel d stress agents descri bed above
are used convent|0ﬂallg gﬁ
- Gelling proteins (thermally or hemlc y), e.g. whey protein.
- Oil in water emulsions where the dispersed oil particles interact with one another
such as to provide the continuous phase with a gelled nature.

- Fibres e.g. of fruit or vegetable origin, modified cellulose etc.

Other ingredients

Aerated and aeratable compositions within the scope of this invention may
additionally contain other ingredients such as one or more of the following: other
proteins such as dairy proteins or soy protein; sugars e.g. sucrose, fructose, dextrose,
lactose, corn syrups, sugar alcohols; salts; colours and flavours; fruit or vegetable
purees, extracts, pieces or juice; stabilisers or thickeners, such as polysaccharides,
e.g. locust bean gum, guar gum, carrageenan, microcrystalline cellulose; and

inclusions such as chocolate, caramel, fudge, biscuit or nuts.
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products such that they are set. Gelling
pol ysacchari des are not the only ingredients that can
wheooasgdeas yiel d stress agents in the contextPOf/EPIDF000157
i nvention. Any ingredient (nDI ecul ar or particle) that
results in an apparent vyi el ‘d%tress of the continuous
phase can be used. OQther exanples of yield stress
E '% ts i nclude: - Lipogels. These include, but are not
XMR&%d to, polyglycerol esters of saturated fatty

Th@@ré‘é‘ent&rﬁ\ﬁédﬁbﬁﬂﬂiﬂ riw Fendsscyibed ifdiiserofitth aéfeyeriel sthe following

with citric acid esters of saturated fatt a\h df
exaraples cwhigh qares {lwslatire QatuRReBOT-dMp gac?%’s oflowing figures,
whéiedgetyl tartaric acid esters of saturated fatty

acids. Typically, the amount of |ipogel ingredient

woul d be |l ess than about 2 - 5 W% in the pre-aerated

Nupe I (o c | S .
Figlhe i SR MOl BhRAREIED () B afiF B0 SebEigRitage ot
1081, 387-396. - CGelling proteins (thermally or
chem cal |l y e.g. whey protein, -
F'Qé'ﬁ%ﬁst?'@m@s\ﬁFéY'é"tarQ@Sd?fs%Pﬁéf?t'HﬁleWE'PLb d3) Prfareand () after
not her such as to provide the continuous
stoY‘%%é‘aP”l% "a gelled nature. - Fibres e.g. of fruit or
Hgvaeg@t siidves hiotpgraphe df feixachpdes BuKkoared ebmpatative example C after
rgg nts Aerated and aeratabl e conpositions within
3t°f this invention may additionally contain
Flg‘i’ﬁé‘ef shB@E%cﬁBé@pﬁ%CGf &) Ofnple HURI M) EGRparative example D
| om ng: other proteins such as dairy proteins or
aftsro&v\metssatwageugars e.g. sucrose, fructose, dextrose,
| act ose, corn syrups, sugar al cohols; salts; colours
and flavours; fruit or vegetable purees, extracts,
Exampleesand combargtive texbimplesAr s or t hi ckeners, such as

ExBRpEa, clhabrate sorbestinc Sicordins Reedifinsbr gl Brepared using the
forinQRItiIE i shownSiCalide 1Coeomphrativeah@fille of Wiggeratiids orifection not

or nuts. Exanpl es The present invention will now be
coaiging Moﬁhﬂqmyﬁs\ﬁlwrﬁeﬁ@r"ence to the foll ow ng
exanpl es which are illustrative only and non-limting,

and the follow ng figures,
Table 1: Formulations

Ingredient (wt%) Example 1 Comparative Example A
Skim Milk Powder (SMP) 10 10

Hydrophobin HFBII 0.1 0

Sunflower oil 10 10

Sucrose 20 20

Water 59.9 60.0

Skim milk powder contained 33-36% protein, 0.8% fat, 3.7% moisture and was
obtained from United Milk, UK. Hydrophobin HFBIil was obtained from VTT
Biotechnology, Finland. It had been purified from Trichoderma reesei essentially as
described in WO00/58342 and Linder et al.,, 2001, Biomacromolecules 2: 511-517.
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wherein: Figure 1 shows SEM i mages of exanple 2 (a)
before and (b) after storage at - 100C. Figure 2 shows
wkiiosmees of conparative exanple B (a) bef oreCERB200D)00157
after storage at -10 0C. Figure 3 shows photographs of
exanples 3, 4 and conparative exanple C after storage
for 3 days Fi gure 4 shows photographs of (a) exanple

SR GB35 ST Sl PRS0 o Loon

FrenReRttEdURONTH2Etd m.@m@bdtermgot 00%at sPgent i on, was
prepared using the fornmulation shown in Table 1. A

conparative exanple of an aerated confection not

MiE ,@b@yémop,g hydrophobi n was al so prepared. Table 1:
ormul ations Skim m | k powder contained 33-36%

Mnmsgfc/@ﬂerma@e 8059 gtbatchepyahoitstumd. Ahe dnaingemstientaele. rsusrase and
I t ;
SMPEf e o ot sRRlp Wi skfld irliF R fRated o ppBiaxmatel
30°0, i artiostizrevefor d6gvinutess élhten dhe yuaﬁovmsnkwbseaddad and the mix was

. [ 58342 and, Under 2001 B
strtzd dory 3 EE SUBUIRSS i R QHP rB Taniotn @ Tyriged using
SI|\ﬁi§?}l’ﬂ gﬂiﬁérl hwlr\émfé ?ﬁ’ﬁlléﬂflﬁ@lﬁbﬁ tu?é)llggod/rthEﬁ ?ghiﬁatﬁd dsingka Branson
ad_a at_content, o o at
Digiab SARIEET 6 i Thes antaliide; & BULA BanieAEan (k). The required

corm&\tra%‘r? ofl H¥ B In%ﬁélr'ee;ﬂ{e%ntb wWas éiid%ﬂcé%eaﬁaﬁbuﬂvpaﬁ@ﬂﬁe mix briefly
bl ended and added slowly wth stlrr|n8 into

stirechaed then applyosenieated jn aconic balh for 8 rSQQO'P(&ﬁ\A?Ol%l”Y disperse the
HFE |Pu’fﬁé mnT% eFeh&o%‘d”ét'se fg?’subé@ﬁe iéhd the mix

was stirre a further m nut'es emx was next

coarsely enuIS|f|ed using a Silverson mxer (5 mnute

enul sification tinme) and then sonicated using a
AeﬁTéﬂson

The mixes were aerated to approximately 100% overrun using a hand-held electric
whisk (Aerolatte Ltd, Radlett, UK), for 5 minutes. Although the overruns achieved
were similar, it was noticed that during aeration the mix containing hydrophobin

appeared to incorporate air more efficiently.

Measurement of Foam Stability 4
The stability of the foams was measured by following the change in volume as a
function of time during storage at 5°C. This was determined as follows:

The aerated mixes were poured into 100 ml measuring cylinders. First the total
volume of liquid and foam was recorded (Vioa). The total volume was given by the
maximum height that the foam reaches in the measuring cylinder. Then the volume
of the liquid at the bottom of the foam (which separates due to creaming of the air
bubbles) was recorded (Vigua)- The liquid volume was given by the height of the
separated liquid phase at the bottom of the measuring cylinder. This was taken as
the point where the foam can be visually observed to be separated from the liquid
phase which is substantially free of air bubbles. The foam volume (Viam) was then
calculated as Vgt — Viquie- The foam volume is zero when Vigal = Viiquig, i.€. if only

liquid continuous phase remains.
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The required concentration of HFB I
and PCEEP10R7/000157
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This was taken as the point

TSR Mbling FAR R F SR ARG © socpearative prgere A
This reegresponds torappsbximataiy d 0P daaversin, ealcuiateshap the basiggf 40 ml of

| _ = Couid. T _ C .
oG58 AR o8k S s Bl SERUATT St in pouring
fromothei beakes irpmmc?l t’rﬁrrm}imis &eratdd o Hleemenasting o@imder)of The liquid
of .the foans

th it
volyme,was it el sipcq gaamyg

€ S

t abi |

was initially 80 m for

exa

le A

own in Table 2. Tabl e

ﬁ%@ggﬁﬁt)oc%rée ‘oam vol ume

both exanple 1 and conparative

For Exgrgple 1, containing hydrophobin, the total volume changed very little over a
period of 4 days. The foam volume decreased from 80 ml to 39 ml and the liquid
volume increased to 36 ml. This is a result of separation of the foam phase from the
most of the liquid phase (i.e. creaming) due to the air being less dense than the
continuous liquid phase. However, the total volume remained nearly constant,
showing that there was very little loss of air from the foam, i.e. the foam remained

even after 4 days storage at 5°C.

For comparative example A, the total volume was initially the same as example 1.
However after 4 hours, the foam volume decreased to 0, i.e. the foam completely
collapsed and only the continuous phase liquid remained. Thus the foam in the

comparative example was far less stable.

It is therefore apparent that in the presence of an emulsified liquid fat, the foam
containing hydrophobin was significantly more stable than the foam stabilised by milk

protein alone.
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cal cul ated on the basis of 40 m of unaerated m x
W@ 200798968 | ess than the initial
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However, the total

oW ng

o the ai
%’s‘?gﬁf%‘%i d phagle.r

vol unme remai ned nearly constant,

that there was very little loss of air from

sh
Tablee3: fRRURUIRtIANS { he foam remai ned even after 4 days

n aerated

INGIEPERBOV) 11mi ¢ al

FRRPE 2 o

BRIl el

af-ter—4—hours,—therfoamvotune—gecreased—to 0,1

Skim Mi @eniSIMPRI Y 5col | apsed af@ only the conti nuous
phasetH-gui-d—+erathed—TFhus—thefoeamt+n—the

Hydapbabin HF8llexanpl eOvlas far 1 essOstable. It is
therefore apparent{that in the presence of an

Suaflower éiled 1iquid {8t, the foam|&ontaining hydrophobjn
was significantly pore stable than the foam stabilisked

Subdpsel | k protein al ppg. Exanpl e 2|38d conparative
exanple B Exanple 2 , a frozen aerated confection

XafHa g9 to the ihgention, was|grgpared using the
aﬁormﬁ?ﬂatl on shown {n Table 3. Conparative exanple B, | a

[0zen aerated con tJ on not co ni ng hydrophobin
W%/%B@ al so prepared. ?gbjle 3: Form?lhgi ons Xant han gun

(RettTot—RDj wWas obtai nmed from CP Kelco. MX
preparation A mx of all the ingredients except for

 Xahginopurat{Ke|trolRD pwas abtained fbot Covi€elche

Mix preparation

A mix of all the ingredients except for hydrophobin, was prepared as follows. The
dry ingredients, i.e. sucrose, xanthan and SMP were blended and added slowly
with stirring into water at ambient temperature. The mixture was heated to 55-
60°C with continuous stirring to disperse the ingredients, and the sunflower oil
was then added. The mix was then homogenised in an IKA Ultraturrax T18 basic
mixer for 5 minutes at speed setting 6 (24,000 rpm) and then sonicated using a
Branson Digisonifier for 3 minutes at 75% amplitude (6 mm tip). The mix was

then cooled to 5°C and stored at the same temperature.

Aeration

The mix was split into 2 parts. The first part (comparative example B) was aerated
to 70% overrun using an Aerolatte aerating mixer. Example 2 was aerated as
follows. Firstly, 21 g of a 0.45 wt% solution of hydrophobin was aerated to a

volume of about 120 ml using an Aerolatte aerating mixer. Then 79 g (the second
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dry ingredients, i.e. sucrose, xanthan and SWVP were
bl ended and added slowy with stirring into water at
W@ e8mo6s enper at ure. The m xture was heat ed tBCHBEP2007/000157
600C with continuous stirring to disperse the
i ngredients, and the sunflower” oil was then added. The
m x was then honogenised in an KA Utraturrax T 18

ol 5, e M Bl e AR L Bflon. e

resuftihng3bREindete®ant had%amaveriundef 66%MThepaeratéd mMixas Wasre then
then cool ed to 50C and_stored at the sane tenperature.

powiedainten30mek velumelast tubs and guieseenrtly fizep; patsolid carbon
R AR 4 S AR P e Rt A0 90 G reezer

I'ng an Aer
was aerated as follows. Firstly, 2 1 g of a 0.45 w%

sol uti on of hydrophobi n was a?rat ed to a vol une
Y

Sagipies o v mz%?ﬁ@t% prad s of exarp @@drﬁwara%fﬁ%ﬁxamp'e B
we??sfbré& hE SS89PEdPas c#e?—ﬂég 1th% e reg‘iﬁﬁ"’rérﬂo%‘taha stored

to aerate sol u t1ng
at bBfodedefarerrfdr&rbrannalysrsr urﬁhef nﬁ@%strﬁbmraeoﬁtmbhri samgple was
nt o .30m _vol unme ubs

h
vistighsec: diing TP JemPsratE | SN ElRtERN GMiEERAPE o(SEM). To
Pre;f;a'i’@rSp%an%ﬁBJY&SmlérB&dﬁyoCih'éts“arrYkﬂé Syl 366Rd © B0 BOCH dry ice

reezer rrp es of the rozen aerated pr oduct s of
ana asgitonowas cut ohipigreection, apprexireately\bmm « Iney xi tPram in size,

s RS S BoBRY LS SIS TR E ™ hBkha (Pva

1199, THDoWIXt 5YLand mhn@r&r@écﬁwmmpém@hts;emersemlé dmeluding
tenperature Scanni ng El ectron M croscopy (SEM

thepr*'@&ﬁfe“@éeé’lq?@l@ frip Hﬁlléfio%r&g?“ ﬁh’éhsaﬁﬁl ga(mfgrred to a low
terﬁrgajaﬁﬂ ?re Pafién Oéha‘#r @x@?& ﬁs@ﬁﬂérﬂn WﬁOGHF? held under

n, approxrna
vaowsn mapptedmatelp seifbar. h'ﬁ1e1|esram;ﬂe ngas wassee UKo GOT °C for

nd VA 11% Car powax 5%
aprﬁr@?r?m@tgg{) B0e tocéﬁ‘p SH1EGs) SO Hha! TeplowY rublidesttq peveal surface
det'&% dl? td NP Ll 9 WY W\btéuﬂﬂl%tﬂnuﬁ'he%ple was next
trans erre to a | ow tenperature preparati on chanb
codted fwithdgoldsusingrangorCplesata-A)his pretassdaso took place under vacuum
with an applied pressure of 10 millibars and current of 6 milliamps for 45
seconds. The sample was then transferred to a conventional Scanning Electron
Microscope (JSM 5600), fitted with an Oxford Instruments cold stage at a
temperature of -160°C. The sample was imaged and areas of interest were

captured via digital image acquisition software.

Results

Figures 1 and 2 are SEM images of Example 2 and comparative example B
respectively (a) before and (b) after storage at -10°C. Comparison of Figure 1(a)
with Figure 2(a) shows that the air bubbles are initially smaller in Example 2
containing hydrophobin. Moreover, Figure 1 shows that in the presence of
hydrophobin, the air phase remains substantially the same after storage both in
terms of bubble size and air phase volume. In contrast, Figure 2 shows that

comparative example B contains significantly fewer air bubbles after storage,
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dedreabsd auFifg stérage (HIY RNIiKeM & bSRgBIydLededispportionation).
M croscope (JSM 5600), fitted with an Oxford
Instrunents cold stage at a tenperature of -1600C. The
ExSADRES 5n5%"}§=r§ﬁ\% ak Ieoé i nterest were captured
AW—%-Q‘% i rage atqus-iﬁtﬁécm—software. Results
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. conparative exa e. B respectively (a e a .
inveptien wsqrsr%r@eamrgoum@dhecgww.'at@aﬁ %73\/#'? @?fr@%ﬁ 3) 15ueyhconta'n
i e~2(a) t.ha L. bub i NLhtd: I
sulfIgHér2of ) it 'fical oF, Floce Y BoRMALRI "ehaiitld whipping
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the.aié%ha e renair]ﬁissubstan ially the sanme after
contaping, RYHOPROPIN Was ASLR'epahtd-e size and air phase
volunme. In contrast, Figure 2 shows that conparative

Taﬂ?%o@nﬁl&tﬂmsai ns significantly fewer air bubbl es
a

ter storage,indicating that in the absence of

IngiHiom ko), the al Exahpie3VvqlpEnhasy decbaipaestivliEkasple C
Storage (this is ||kely to bg largely due to

r ' | Exanpl eqd 3. 4 and cgnparative

S@@%F@gdﬁg%@g g and 4, vm5|30h are v»hlgpped

creanri, oduct §accor di Ng the Tnvgniion were
H’b‘i@Bﬁi}’é%qﬁ'éeﬁg t he Pglr mul at i cr?ts?shovvn i nSTabI e 4. They

cotai I sunftower—pLf T anoynts typrcal ,of those in
Synians'Qibl 1y avai l agbe whi ppi| 9 creans a%@ non-dairy

et-eafrs—Conparatyerexantpte—Cra—strtar—product—rmot
Xaheaigkimg hydr ophpBitn was al|$bl prepar ed-1Tabl e 4:

Eaormil at i anes

Water 74.8 54.8 74.9

Mix preparation

Mixes were prepared as follows. The xanthan and SMP were blended and added
slowly with stirring into water at ambient temperature. The mixture was heated to
55-60°C with continuous stirring to disperse the ingredients, and the sunflower oil
was then added. The mix was then homogenised in an IKA Ultraturrax T18 basic
mixer for 5 minutes at speed setting 6 (24,000 rpm) and then sonicated using a
Branson Digisonifier for 3 minutes at 75% amplitude (6 mm tip). The mix was

then cooled to and stored at 5°C.

Aeration

Examples 3 and 4 were aerated as follows. Firstly, 21 g of a 0.45 wt% solution of
hydrophobin was aerated to a volume of about 120 ml using an Aerolatte aerating
mixer. Then 79 g of the mix prepared as described above was added with gentle
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M x preparation M xes were prepared as follows. The
xant han and SMP were bl ended and added slowy wth

W@ R007087968 | Nt 0 wat er at anbi ent tenperature. TREI/EP2007/000157
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to di sperse the ingredi ent s‘,1 hd the sunflower oil was
then added. The m x was then honobgenised in an | KA

U traturrax T siec . mXx for 5. mnut t
Stghutp SE B[99 HHGE Shfytomnal v s i S 8ae Teah ad overruns o
ab&itISEN Bxanineid) fid AB0% (BxdHpRS4At CoMpaanLeé lexdmbié C was
mmtip). The mx was then cooled to and stored at 5C.
aeratechitd apprximptaly 180%n avarrye using-an Aefoladteragrating mixer. 50 ml

o GP ol 8 B ST 44y G PRRP B stored
5°@erol atte aerating mxer. Then 79 g of the m x
prepared as descri bed above was added with

gentlestirring to the aerated HFB sol ution. The
Resuks)| ti ng bl ended foans had overruns of about 150%

o S e 0858 RERIRL o B RGBT T s

fundoR! 6t itedier e REeaduxiag. cyihders.of Intiadly, abahrewsoams filled the
poured into a cylindrical glass nmeasuring cylinder and
megsyfiea @tinder teaQ, ks Figeres Sahews yphatogiaphbogtrinefeams after

sto??ﬁﬁrﬁd%?’s.ffméfo?éwtgﬁggﬁn LPdtle & Illé% WBmASteRy collapsed and

asuring cyli1nders.
onlyrtheiwad-agrated liquidr eendineds Ihiddntrdst, Hbe feamsrofrexamples 3 and 4

cor? L{h&j %Pgﬂg&g}m&@é@f% %t%g%?n\ﬁﬁgh\g%g%r rr]ﬁ c‘c%:‘la;gsh(-ge occurred.
Wiﬁ%ﬁfé A ethR¥@ RlsLs SmEeUTRARNIR] ¥f &t foaps e deduldified oil phase,

e un-aerated liquid remained. In contrast, the foans _
bubthectotaipiobsme ofrttie foamntemained thg $aoehdis. thewsr wag éoyloss of air

ongkE s teDs ShoEk B R Tl AR SRS ELRFhnaehl i s mucr
gredier whéh agdeiphobliiaeaddud. the total volume of the foam
remai ned the sane, i.e. there was no |l oss of air

Example 5 and comparative example D

Example 5, an aerated mayonnaise according to the invention was prepared using
the formulation shown in Table 5. Comparative example D, a similar product using

Hygel as the foam stabiliser instead of hydrophobin was also prepared.

Table 5; Formulations

Ingredient (wt%) Example 5 | Comparative Example D
Mayonnaise 75 75

Hydrophobin HFBII 0.2

Hygel 0.2

Water 24.8 24.8
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phase. These results show that the stability of foans
containing liquid oil is nmuch greater when hydrophobin

WO so0adgmes Exanpl e 5 and conparative exanpl e DPERBPPHB000157
5, an aerated nayonnai se ac %;dl ng to the invention
was prepared using the formfAi%ti on shown in Table 5.
Conparative exanple D a simlar product using Hygel as

ok et o B NS SRR 190 e 773

vedétablemai. svdteal eygywna(%) irlt e\MﬁégéJK)saJDnﬁ@ga‘redeW)‘}ﬁ juice,
vegetable oil, water, 8% spirit vinega

mustare, flevewr antioxisantsi eag napgmra ragtadiygel is a hydrolysed milk

p'ﬂi@hrﬁéﬁﬁgﬁq‘e?ﬁggﬁgﬁg‘? F]'%}efkét %nge@f'%%l %’?al ned from

Kerry Bi o-science, UK Mx preparation and aeration The
hydr ophgbi n or gel was dissolved in 12.4 m of water
Mixpeepasatigreand @eé%tﬂ’bm mately 60 nl vol une using an

Th@‘eﬁﬂiré‘% @ov\ldﬁfgliz’“r'l]w‘yggl Wd&eglsséerfd' ffl 9Dt4 SHEDF YWatdPSand aerated to

obt out 10 seconds. These foans were
approaimatielyr 6@dnlgﬂnmﬂn¢ uswa@ aaa@erofattehaaemygmmaeseSuﬂ" icient overrun

wal B R iR sPoit D serenas. Fadee fasfliviare JRer liugd @énty into
38555:Q5¥“iﬁe"‘ﬁ1ra lo§|§é|ﬂoy Eﬁﬁﬁj%éséﬁ ﬁra@d”MoﬁﬁQ|SQQMtﬁ é}ﬁﬁr@klmately

t or age two wee ure 4 shows "phot ogr aphs of
1OQ%)OmrwrpIT@emr@ddCKSbythparSé@fed@teﬁ(Qrpl e Dafter 2
weeks storage. The air bubbles in conparative exanple
D coarsened significantly so that they becane visible
Re8hfls t here was sone separation of the liquid phase.
Exanpl e 5 was nuch nore stable to storage, and n? '
Foamsi weee wiskaliBesessefertiimpes8randiagaincatien sorage; fafup weeks.

s LOBR PTG RSB P SF Bbhpthay 8 Stample 0
aftéeRaivesls agerdge. The air bubbles in comparative example D coarsened
significantly so that they became visible and there was some separation of the
liquid phase. Example 5 was much more stable to storage, and no visible air
bubbles were observed. These results show that the aerated mayonnaise
containing HFBIl was much more stable than that containing the conventional

aerating agent.

Example 6
Example 6, an aerated mayonnaise according to the invention was prepared as

follows: 20ml of HFBII solution (equating to 0.1% HFBII in the final product) was
added to one egg yolk, 15 ml of vinegar and 2g of salt. This was mixed using a
balloon whisk on a Breville mixer resulting in an overrun of approximately 20%.
125 ml of olive oil was then added slowly whilst mixing and aeration continued,
until the mayonnaise reached an overrun of approximately 100%. This example
demonstrates that a mayonnaise containing liquid fat can be aerated when it

contains hydrophobin.
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product) was added to one e% yol k, 15 m of vinegar

and 2g of salt. This was m™Xed using a ball oon whi sk

on a BreV|IIe m xer resulting in an overrun of

r oxi ma 20% 125 Qlive oil .
in SBRINGRHT 2R, e crhaiteoliad gblgR, toRflung an
emURIRIH il féeaﬁbwothan tHeY BFddUttO tar i a¥ta1@d evhenl APdrophobin is
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sta‘Bﬁl ophobin.In summary, the above exanpl es of various
d products containing an emulsified liquid fat show
that the products can be aerated when hydrophob| nis
resent, and that the h drophobl resul t

Th%u‘(j'rﬁ'ioflﬁ cfgAturesANY Imgntsoginthe aﬂiﬁ?‘?’it invenfion afefeied to in
mdfvﬁﬁ:ta!J 58&tidRRCatvR W@§aﬁ’6robh§tepf@§ﬁf& sbBt{@r&t 'r@tﬂat/s mutandis.
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Coanggsiueptly deatures spepified siac one rsectiontmay stnﬂomhm%d With features

spec%g%?ﬂﬂ% w!tﬁf'@at%%?’i’ﬁ@ﬁ%' ed in one section may be
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modtﬂleatlonsenf itbe dtsarhedr moappafoencartying rase ethek invieation nwhich are
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the following claims.
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1. An aerated conposition having an overrun of at
| east 10% and conprising water and an enul sified fat

wpbasesmberein at | east 50% of the fat is |iqupdI/EapP2007/000157

50C, characterized in that the conposition conprises
hydr ophobin. 2. An aerated conposition according to
claim1l wherein the conposition conprises at |east

CLg!@§1 wt % hydr ophobin. 3. An aerated conposition

10.

rding to claim1 or claim2 wherein the
hydrophobin Is in isolated form 4 An aer at ed

osi tion accor.di to any one Im

¥ apiatedh GoRpar bomBar G 8 drechaad at feail AP ans pompising water
AnarRf bt @HulSFBR OBt phage ARPEH étglebﬁ?t 80% 6Nthedfattifaiquid at 5°C,
precedi ng clainms wherein the total] fat content is from
1 eharagenzad ndhatihe senmnesition Geptarises Aydwphabinger at ed
conposi tion according to claim5 wherein the total fat
content is from2 to 15% by wei ght of the conposition.
7 Am\aewéedit:emposut‘rplmscmrdrmgatomdﬁlml ‘hyhertein the earapegitiorecomprises

n from15 to 40% by wei ght of
thae 0%41?%;% é%bhr?bgﬂer ated conposition according
to any one of the precedlng cl ai ms wherein the overrun

is, from 0/to4 An aerate osi tion. .

ac%@afa%ads £ iom actiraae SialncipfEaET 21 He i the, hygrophobin
a Eaodoedisiin. 10. An aerated conposition according

to claim9 which is a frozen aerated confection.11. An

aerated conposition according to any one of the

P & SR dCeHh PSS N\‘S}? ra%bé‘rd?rl@e td %tny' o°neS oF Qil‘én%@ {1t Wtferein the

group consisting of sunfl ower oi olive oil, soybean

oi hydrepibirisca oiass Hriydiephobines or fracti ons thereof.

12. An aerated conposition according to any one of the

precedi ng clainms which further conprises a yield

. stArseratge momposition according to any one of the preceding claims wherein

the total fat content is from 1 to 50% by weight of the composition.

An aerated composition according to claim 5 wherein the total fat content is from
2 to 15% by weight of the composition.

An aerated composition according to claim 5 wherein the total fat content is from
15 to 40% by weight of the composition.

An aerated composition according to any one of the preceding claims wherein
the overrun is from 25% to 400%.

An aerated composition according to any one of the preceding claims which is a

food product.

An aerated composition according to claim 9 which is a frozen aerated

confection.
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13. An aerated conposition according to claim12

wherein the yield stress agent is xanthan and/ or
w@edorasnoesl4. An aer at abl e conposition conpri si PQI/RR108T/000157

and an enul sified fat phase erein at |east 50% of

the fat is liquid at 50C chdardcterized in that the

conposi tion conprises hydrophobin. 15. An aeratable

cofmpasi tion_accardin . im1 ' . . .
1o AR gerted RoiFSlPhcbchfuie 2 Bhg ob S\ bhib ki nn siaims wherein

16&heAat Bedeidaidd eronptheogidupatbnaisting &f sgnflower ail, rolivd odlr soybean

claim 15 \Age[ei the h dr?ghobig IS in isolated form

1701, Fgpesepd 4 And RsHIBS Pt Ir8tions B?r&iohg to any one of

claims 14 to 16 wherein the hydrophobin is a class Il

hydr ophobi n. 18. An aeratabl e conposition according to _
12.arin @ecated campasitions ageprdingviveary RnerHef thet Breceding claims which

c I 3 ieldCstRil% i ght of the conposition.
13.{]H§§ %der%rﬁ%e%{ge%gonﬁo%s%igt%rqv}ﬁccordi ng to any one of
clainms 14 to 18 wherein the fat is selected fromthe

13,01 RN B ERT cBirehioBh AR o8l 12U B BRIRRE agent s

xanthan and/or gellan.

14. An aeratable composition comprising water and an emulsified fat phase wherein
at least 50% of the fat is liquid at 5°C, characterized in that the composition

comprises hydrophobin.

15. An aeratable composition according to claim 14 wherein the composition
comprises at least 0.001 wt% hydrophobin.

16. An aeratable composition according to claim 14 or claim 15 wherein the
hydrophobin is in isolated form.

17. An aeratable composition according to any one of claims 14 to 16 wherein the

hydrophobin is a class Il hydrophobin.

18. An aeratable composition according to any one of claims 14 to 17 wherein the
total fat content is from 1 to 50% by weight of the composition.

19. An aeratable composition according to any one of claims 14 to 18 wherein the
fat is selected from the group consisting of sunflower oil, olive oil, soybean oil,
rapeseed oil and mixtures or fractions thereof.



