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WO 2006/ 010426 PCT/ EP2005/ 006997 | AERATED FOCD
PRODUCTS - CONTAI NI NG HYDROPHOBI N Field of the invention
nt invention relates to frozen produ <

W%P(ﬁ%@%ﬁydr ophobi ns.  Background to the inveﬁ{cﬁ%}%ﬁﬂ&/ooa997
During storage, the ice crystals present in frozen

roducts tend to increase in size as a result of
RERATER TP BREESES SHTHREC (EORGE IR i sation. This can

| ead to poor product characteristics such as poor

appear ance and unaccept abl e nout hfeel 1o and/or to

FRICEHUGE iHasmish |t has been suggested previously to use
proterns terned "anti-freeze proteins" (also known as

i i | iiSzan poduphd it incluve ydrepRsbiak.
Tp%@??sg%rﬁﬁ\{éﬁﬂioﬁggﬁ%‘@ @%Zr;ar?a??dgg t he inventt%n ?5 We
have found that a class of proteins found in fungi,
termed h drophobiPs, are also able to inhibit ice
EMQM&M’EMOZW products. Accordingly, the

present invention provides a frozen conpositi

,,. such as .
~ Daring stragef dedcpcaRials, pressrrin fioggn quq;g%wcg& increase in size

f bl.y, hydr.ophobi.n_in. LsSQl ; :
o @ g s GyBRE P RsPas bl 2 ToEReshaliBh ks oBp load to poor
p Phbitensitehs@ash asf pegeappeadnbe ashit tunacoapiabls myouthfeel
ydrophobin in a form capable of assenbly at an

andior ltoquiodustidemageandt Bas hssenseagiied tﬂ%ﬂ?%‘ﬁ(a’@ Hge gproteins
f food _ pr t, 1 i d 1] L ORI e
SR 8y A Y EBERNG L g

id plavdsophR Rcrystalfsaiionf er red enbodi ment, hydr ophobi n
I's present in an anount of at least 0.001 w% nore

preferably at least 0.01 wt% 30 In one enbodi nent, the
frozen conposition is aerated. In another enbodi nment,

SuhenmArozfdhedovamioint i on i s unaer at ed.- WO 2006/ 010426
PCT/ EP2005/ 006997 2 In a rel ated aspect, the present

_ vif/é'hg% On@ L9 &l efss of Proeiis found iarfung derohed) hydrdphebins, are

ood product of the invention, which conposition
atsorahle $e inhilyit icsptrystehgrowih & &0zen Prepuatsphobi n i n

i sol-ated form together with at | east one of the -

Accordingly, the present invéntion provides a frozen composition, such as a
frozen food product, comprising hydrophobin, preferably hydrophobin in isolated
form. In a related aspect, the present invention provides a frozen composition,
such as a frozen food product, comprising hydrophobin in a form capable of

“assembly at an air-liquid surface and a frozen composition, such as a frozen food

product, to which hydrophobin in said form has been added.
Preferably the hydrophobin is a class 1l hydrophobin.

In a preferred embodiment, hydrophobin is present in an amount of at least 0.001
wi%, more preferably at least 0.01 wt%.

In one embodiment, the frozen composition is aerated. In another embodiment,

the frozen composition is unaerated.
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remai ning ingredi ents of the food product, the
conposition being in unfrozen 5 form Preferably the
i Lion conprises all the renmaining ingredi Qf

W(?%léﬁ%?q‘éfozlé product. In a related enbodi nent, tg’g%ﬁngﬂéﬁ’{'w”

i nvention provides a dry conposition for producing a

frozen ,food prpduct of .the .invention, which conposition.
In gofiPd @Perh G BesRU I YEtSRATOVIdERy2 RYEPSSHR T ppodiicing 2
froz8Al BbADHrbaLM of MBShDERtiN, Whidh dofdsdsitite cOfptles hé/d rophobin,

remai ning non-liquid ingredients of the food product.
prefestidy abydrophebine darpiesiated fovongpgeiber anitht Bt leastaiomengf the

non-liquid ingredignts of the foqd roduct. is.The
eBlias oRANTF o B Booil st B Dedtan dRihan yntrozen
forkml Rra¥BidbAA i cohipdisRioh é&nBﬁ@esP BYSha! reiaNih ihBredlients of the

frozen conposition. Preferably the hydrophobi'n “is used
foadprathichi t i ce recrystallisation. in a rel ated aspect,

the present invention also provides the use of

hydrophobin in 20 a method of nodifying ice crystal

n ] ' "

In 22 Rdihted e%Ho!dg‘ééﬁ‘t, 4Q8 Hﬂégéﬂgfi‘ﬁvgﬁ‘lﬁkgﬁl Ffr@ﬁ@@é d ?}‘gg{oa sition for

further provi S a netho | Ing 1 ce

 prepuning a fropen deeanpredud eofrtberingenrtion, sehicb ncornpositibn aoemrises

onposition i,ch t hod.conpri se adding,to the
Py GBHEOBIN. BRI SYRERANE b MoROlLSh ot loGne Ry s dsasigne of
f ; ot ihited Jf € spesdi~tt he
the? reRAning rich R  nefdipis™ of i TPof BRduct: PPRIERRY the
commgioisitioinn canfprisesn alt oingo sematmingvhnariiqeidh ingredigmts sefs the food
adding to the conposition hydrophobin prior to and/or
ﬁﬂg freezing of the product. 30 In a preferred
enbodi nent of the above-descri bed uses and net hods, the

conposition is a frozen food product. WO 2006/ 010426
TheCprdsepd 16y attRe0 also3 pBrtides dhe dese of pihydropbdbinhin a method of

innifR1od Fryetal el iLA e rieutiofe PIeiACCAR hgaphobin

is GARNINNIBIES re&9ediiRutigpe of ordinary skill in the art
(e.g. in chilled confectionery/frozen confectionery

manuf-acture, chem stry and 5 bi otechnol ogy). Definitions
terns and,te

Ind '}%a‘{ig %rs;'jgét', ﬂw%sp%:se\r/!?lrr{v%lﬁ lon also provides t%gnﬁs USF h?ér%%hobin in

a method of modifying ice crystal habit in a frozen composition.

The present invention further provides a method of inhibiting ice crystal growth,
for example ice recrystallisation, in a frozen composition which method comprises
adding to the composition hydrophobin prior to and/or during freezing of the

composition.

In a related aspect, the present invention provides a method of modifying ice
crystal habit in a frozen composition which method comprises adding to the

composition hydrophobin prior to and/or during freezing of the product.

In a preferred embodiment of the above-described uses and methods, the
composition is a frozen food product.
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in chilled/frozen confectionery manufacture are found in
Ice Cream 4u' Edition. Arbuckle (1986), Van Nostrand

W%?inﬂg)?ﬂ“gzporrpany, New Yor k, NY. Standard tec%ﬁk‘fﬁuxﬂgm%?

used mol ecul ar and bi ocheni cal net hods can

in Sanbrook et al., Mlecular Coning: A Laboratory
Manual , 3d ed. (2D01) Cold 10 Spring Harbor Laboratory
Press, Cold Spring Harbor, N. Y. and Ausubel et a/.,

Short Protocols in Mlecular Biology (1999) 40' Ed, John
Wley & Sons, Inc. - and the full version entitled

DtE e s o i} tiHnQﬁQh&mVéhchl ecul ar Biol ogy). Hydrophobi as

—mm%ﬁrm| | -defined class of proteins

uz%%s n8d okRise dyY tecNhﬁ:aDhnd sEaptiicder8g used hsreimbave ihe
1, Annu Rev. Ccro

62 |
sas! NCARIES A5 (OPMEROTY ¥ H%EPS’@PR @ ‘Bﬁ% B90R A Bl g0 n
ch@%g h%‘.@@&@gﬁ%&%wedonf@m Ace: méﬁuf@feree Ghemiss® Gand

bistephresdagy)- @@mgaﬁn%%aééwo %e W%H&%@mﬁ%‘ﬂﬁ% sed
SRl o o 4 oo,
ArbGRKie rmaea Vanwst@dddﬁ@nwd&%ﬁ@a%rwe‘éf Qﬁﬁ(-sNthéif’é' afd
te?fé{«%%ﬁy HF%‘E hfSt Wﬁo:g&ﬂéﬁ‘ ’éhdofmobﬁ@m%ﬁ Sﬁé'chthV(%H 'b@n founide in

as a w der mf:
sdrbrebk @nail.| Mmmlaramenmgpmmmgtogt anual s?p 594 0t1h&0fd_

h f
Sy Giab BT S T gbﬁ 1R R and Ausubel of ea.' ;
Sﬂdrl P%ot@dé;@m Msiepulat B:Dmsyﬂiiﬁﬁﬁ)l | ey ohe Wikayé %s, g")‘(
as GX~so
th?@@dﬂ’%"ﬁl&“t f)% ‘B'Fe'}s%f?tgéflﬁir eog CZSF" r?"%‘é&?)ﬁpl ayi ng t he

characteristic. of self-assenbly at a

hydr ophobi c- hydrophilic interface resulting in a proteln
Hﬁ@iﬂﬂﬁo accordance with 30 the definition of the

Hg{[géfqrglqégqveﬁg tvﬁﬂé{egs e | @%§§$ n‘gétgmg‘g(%e%%ﬁge é§§f eﬂd\thcrob
b <f M9 q0a 4 OesteapLOGhH Artme mmwmto&s 525-545) capable of

=
C1/ EP2005/" 0069 ec t
selrepsgmebr at & BoreprobjpRISRTE, Hiafads " Boynd 4, ¢Ghttieed
efife: 2059-68). The formation of a filmcan be
esta |shed by i ncubating a Teflon sheet in the

pr 0t;%L@L)@_gJGLCL)Q,H_Q—OLXBQMMCEE-W@EM HBEE I\Dalﬁhe'b) With
wat er or buffer (Wsten et

where X represents any amino acid, and n and m mdependenﬂy represent an
integer. Typically, a hydrophobin has a length of up to 125 ammo acids. The

cysteine residues {C) in the conserved sequence are part of disulphide bridges. In

the context of the present invention, the term hydrophobin has a wider meaning o
include functionally equivalent proteins still displaying the characteristic of self-
assembly at a hydrophobic-hydrophilic interface resulting in a protein film, such
as proteins comprising the sequence:
Xn-C-X1-5g-C-Xo.5-C—X1.1oo—C—X1.1oo-C—x1_50-C-Xo.5—C-X1.5g—C»Xm (SEQ 1D No. 2):
or parts thereof still displaying the characteristic of self-assembly at a
hydrephobic-hydrophilic interface resulting in a protein film. In accordance with

the definition of the present invention, self-assembly can be detected by
adsorbing the protein to Teflon and using Circular Dichroism to establish the
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al ., 1994, Enbo. J. 13: 5848-54). The protein filmcan
be visualised by any suitable nethod, such as |abeling
i uorescent marker or by the use of fl scent
weizhabiy ?és as s well established in the art POWEREH0697
typi cally have val ues rangiﬁg fromO to 2000, but nore
usually mand n in total are [ess than 100 1o or 200.
prasrnagedl Ai seemdary widebrdb genaralhe-hwalen dke Weockhet al,, 1995,

: ent -, n i i ncl udes fusion proteins of a
B'@éf@?soghg%i %Sgé]g%Znot her pol ypeptide as well as
conj ugat es of hydrophobin and ot her nol ecul es such as
pol ysacchari des. drophobins identified to date are

THGeRaiing. & adbaceats be: SHaPlihass by IInedbalings5 18ilon ehegk i the

profélf SallfE 0% 5k 8521 s P, AL EEDRRP b et
ARG )73, S0 Torl s, By any

- suiighblieopedivthssucte agi lapeting ythva fluorgsoant marker osdw éhe dise of

nubfpo bl ABBRHBspas ishtel BSEBHSRYE iRTe Af B BhlypicHly have
vafleenan S0 td Y68/ AASRd:. ustidy en Badtrein Btal Rireleddhan 100

by contrast to fungal hydrophobins, formonly up to one

or e Phe adefinitiary ef shyssephehiayinhige context alothey pregané invention

il 7S MBS G G s by B BB e Gt as weil as
coRRYABSC 68hydBPRobiA aribther mdledifgs slichad p%lyrs%&haﬁses.
w t'hin the scope of the present invention. The

hydr ophobi ns can be obtai ned by extraction fromnative

HEPOREEEns MR 191 et AR B REUN et B8 Bl ed Ty pass 1.
Bothltyped REvé iDeaasiRbatifed iMflindi Bat seneteet protéias kbl ogiheBsémble
into the 30 growm h medi um or by extraction from fungal -

at niyyrspplohiie hinggiacssh itel amphipashicp fiings.c uPespinbiregeaiedlass |

B e AR BTG e R BEALCY pgrophobins
refdiRhEisYsIoE &% a(Rwigty of sslbester m) ,  basi di onycetes and

ascomycetes. Particularly preferred hosts are food grade
WO 20061010426 PCT/ EP2005/ 006997 5 organi sns, such as

HYELSRIE G st R Rl Bl e IdRIRMAR Mg il Batieria, such
asEatirormycevb @r@bst@é)é@g' ceS48LONERAY74864) tBiard buelkeyial proteins,

hydr ophobi ns can tai ned by the use of reconbinant
by contrast to fungal hydrophobins, form only up to one disulphide bridge since

they have only two cysteine residues. Such proteins are an example of functional
equivalents to hydrophobins having the consensus sequences shown in SEQ ID
Nos. 1 and 2, and are within the scope of the present invention.

The hydrophobins can be obtained by extraction from native sources, such as
fitamentous fungi, by any suitable process. For example, hydrophobins can be
obtained by culturing filamentous fungi that secrete the hydrophobin into the
growth medium or by extraction from fungal mycelia with 60% ethanol. |t is
particularly preferred to isolate hydrophobins from host organisms that naturally
secrete hydrophobins. Preferred hosts are hyphomycetes (e.g. Trichoderma),

basidiomycetes and ascomycetes. Particularly preferred hosts are food grade
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technol ogy. For exanple host cells, typically
m cro-organi sns, may be nodified to express

WB}&@](;(Q(HD%QI ns and the hydrophobi ns can then bepﬁ%@ﬁﬁﬁmmm

and use accordance withsthe present invention.
Techni ques for introducing nucleic acid constructs

OGRSHR gswé? 88, Geanesti Ariac i WoToP R ghabrraPhobin

telRYE cf?@%ﬂ %@)abfaf QR oY Aken§ U, ASPEEneSork.SRRcrbBlol 65:

exanp 1882 which gives the sequence of
54 545 ) obi ns identified in Agaricus bisporus; and
Whst en, 2001, Annu Rev. Mcrobiol. 55: 625- 646) ‘
Reconbl nant technol ogy can al so be used to nodify :
t(a@lp | S n \) h 0 inant
Alﬁe%ng g@gegl regl [ rr%érlf)vgéld g?%gﬁﬁ gg mﬁ/pllyf:%l l@f;Q’@cme a
tecimulogy. iFatr exaogile bebt calls, mpgmﬂymr@orgmsﬂax ey heymadified to

XA ebﬁ@%’%hob*ﬁﬁggﬁﬁﬁéhﬁiﬁﬁ@ ﬁfﬁgﬁgé tb%'g ?Sql%t%dtmd used in
aoeetq/d%etm? r@ﬁeﬁtﬁﬁ@éﬁtﬁﬁ\ | rlfb@hﬁqaéstf@btrﬁrcm@tr@sﬁuaalc acid

vect or enco necessary el enent s
cohs’érustsrermbdmg ytdi‘ophabmksamtodmﬁmelw are wei l@qwmwmemet arht More

% S, B2 BEP S TSRSt FRPE B BSR4 e

spRa ('CsBearfBF OERéﬁgﬁjt OGS MAIBANIALRT @PEsONthe sequence of

sequences) ods required to construct these
hy@xmr&ﬂ:ﬁimmﬂdmﬁﬂedr i aﬁt@nmlsl bisporus; tand tWostens ta001ed°\hmu Rev.
the art._ 25 A expr.ess st ens, nma
MicPhiairs B2 ol TIRSBIIRA AT HEDIOBY it Bls® et 5 mocty
I’ftﬂygn b t &i M &pghdGse Pagbesll a hydidghobins  havin
hy(i?ﬂﬂ mg% ﬁgééo |nﬂsectﬁ@?al SEsysterrs pI%ntﬂge ving
dasuﬂedbmrm;edptmemﬁs plants all transformed with the
appropriate expression vectors. Preferred hosts are
those that are considered 3o food grade -'generally
é’eﬁi d%ﬂyé;’;iasrtﬁgﬁﬁte RERARI oS8l ng‘%rﬁ i§ ungRforpRREb§sa nucleic acid

such as (but limted to) thoSe of the
cogstrecathsaenbm snré phofzias Theinsslestidesesyenra coding

foc ik palml 'caomWOOrquE@?é e RGN dhoogig the

né%:%séngft ?!Qﬁ{eﬂté ok ﬁ‘gné@r)ptlohf@‘ﬁftr@hsldﬁ@nwirﬁsuch a manner that

Asper Trichoderma, Micor, Neurospora, Fusarium
thapavill baexprdssed under approprlate conditions (e.g. in proper orientation and

correct reading frame and with appropriate targeting and expression sequences).

 The methods required to construct these expression vectors are well known to

those skilled in the art.

A humber of expression systems may be used to express the polypeptide coding

sequence. These include, but are not limited to, bacteria, fungi (including yeast),
insect cell systems, plant cell culture systems and plants all transformed with the
appropriate expression vectors. Preferred hosts are those that are considered

food grade — ‘generally regarded as safe’ (GRAS).

Suitable fungal species, include yeasts such as (but not limited to) those of the
genera Saccharomyces, Kluyveromyces, Pichia, Hansenula, Candida, Schizo
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5 The sequences encodi ng the hydrophobins are preferably
at | east .80%iden.ti pal .at the amno acid level to a

W WJG%%; in |dent|_f|ed in nature, nore preferq@k _
(Peast 4g/o or 100% i denti cal . 6However, per sons ST%IIPIg ORI
the art may nmake conservative substitutions or other
ami no acid changes that do not reduce the biolo

cal .
Saa@!@ar@meéfan%@%w GpHdbamentoys SNRCIGRUPYYS @Sd\bug Ret limited to)
v sg h
thd B Bt oo TP PRy M MRl Blkrium and
theofilgalr s are al so errbraced wWthin the term' hydrophob| ns".
Hydr ophobi ns can be purified fromculture nedia or
cellular extracts by, for exanple, the procedure

TR T R Voo R B R RReBn AL eRR 50 ¥ identica

at $h'>é @inind 4o $evdl aser Bydrobhebincieehtfiéd iy nhbges widracsrefériably at
a surfactant, such as Tween 20, to elute the

leas BaSehebil ROV ddentivel.s lowerer, swssens killsH| intha asl may make

coﬁ?&%a&%%%%e%%ogg% %tpAg g‘nn& A%E?d ﬁ]g%gg%g tﬂgﬁ g?)nhg Féduce the

bickbgicalk86ivity P Ith/ ieyded I 0 G
CUbgea A0 P IR, St Moo 06 St ese

hydmpmhlr@on@wwrmmmgbdﬁve}afp@@ntﬁyéma/hydmholpmdbat:n@turaﬂy .

oo AR T A TR

pl ant derlved materials, - 25 such as fruit and
veget abl es, frozen ani rml -derived materials, such as

Hydrephabing garbe pubhed domesuituse medis wrpeelisar eatrasisaby, for

BRI RN L TP, O3 s RIS B B85 e

hyg@hsptietin preseitein, afmyeiephsbifiodhtainingt e6lutien . toSlitfeée and then

granitas and frozen purees. 30 Frozen conpositions of
covirslingyEir ivnfacen Wil gesutfedtani, gHglr a8 efiwepne 2ertm elute the

hydfEBLES £l 0 <uliticed oSk 46 SR, L #h,, R thipehin Biophys

ActERaBH9: WB@-&QSJ&I&n]@"ﬁfa‘H 200g, aay. Uowﬁcrﬁbﬁﬂﬁ&&mwﬂhAéﬁohn et
air, nitrogen or carbon di oxide. The extent of aeratio

al. e 3pR%i APPhMigiobik Bispelinal. of: 1ig3-30081d 1= ¥sies et al., 1999, Eur J
B"g&g 23%)5\{790@@97 7 aerated food products, is typically
I ne

I'n"‘terns of "overrun". In the context of the
present invention, %overrun is defined in vol ume terns

as: vol une of the final aerated product - vol une of
m&wﬂﬂ%&m of the nix)
Frozen compositions/frozen products include frozen food products and frozen
biological materials. Frozen food products include frozen plant-derived materials,
such as fruit and vegetables, frozen animal-derived materials, such as frozen
meat and fish, as well as frozen processed food products, such as ready-made
meals, sauces and frozen confections such as ice cream, milk ice, frozen yoghurt,

sherbet, slushes, frozen custard, water ice, sorbet, granitas and frozen purees.

Frozen compositions of the invention can be aerated or unaerated. The term
‘aerated” means that gas has been intentionally incorporated into the product,
such as by mechanical means. The gas is preferably any food-grade gas such as

air, nitrogen or carbon dioxide. The extent of aeration, especially in the context of
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X 100 s The anmount of overrun present in the product

wi Il vary depending on the desired product
whhbaRb ki stics. For exanple, the [evel of oveurhrhd3006997

ice creamis typically fromabout 70 to 100% ereas

the overrun in water ices is from25 to 30% An

unaer ated conposition, such as _a frozen food product,

aq@a@ﬂefpaswomgsﬁ\ﬁ typisatly defingd iy tor@SOf RERTIR0, INiheeontext of
th® Pg%%ﬁ%&’enh%ﬁs"t v%ﬂu#q%/"deﬁ% gfedt ehihgzgn food

i s no e steps such as

DoRRD0 i e B Wl %Fﬁ:f%gp%ﬁ?ﬁw‘-ﬁﬂ%%fw b g

. unaer at ed frozen f ood pro@gqog, | ow | evel s of gas, such
as air, may be incorporat ed in the product. 15 Frozen

THEEArEERt SRSV PSR AT O PRRoUE Ao dendlidiity By, he desired
pr@d@dﬁt cﬂt&raa@ten@n‘cﬁanﬁomidmpleethefIeoelemf oveghu in, ice kteeatmﬂs meally
frozen custard s well as frozen confectiops t g(go
fram@DeBh (At 1A Y4 WhOTRasdNG GVPHYN 18 WARPIE5 8 Bom 6-
sorbet, granitas and frozen purees. The frozen
conf ecti ons may be in the formof a conposite product

Anifizerstbd! @Rfpositie, BOEH iadnadrozergifeod @irodin, prefdraily has an
such as a core or layer,.does not contain [Kl_('jrophobl n.

ovairuaxeinpBe then 2As "Wé(ﬂ prejerablyplesa fhan c@itai Hgaaraied drozen

foﬁgg)pgfcﬁbcg ?sr ﬁétegmé%t]bﬁ d%ﬁg%rgtﬂéé rgfe%{gehr%rhs ﬁ/ﬂﬁ:ﬁ)ﬁfg gﬂqmﬁrease the

geROBbEtEAL. hINURtielBs 8. it il We bpp@cmwd dhalatiadng ke preparadion of
case of a conposite product, wt % anmount | of

-urmeaafggha@zﬂnam nrediatsc Jpw &y i gasn suchy s Gif (Hay be

the confection that contain
méé}gﬁgat%gbl n { inrelation to the conplete
product. 30 Aerat ed frozen confections preferably have
an overrun of from25%to 300% such as from25%to
FropengomtectopeIpddets from 50 to 150% WO 2006/ 010426
PCT/ EP2005/ 006997 s The anount of hydrophobin present
Fromen lwenfaatives Induﬂesiotnf@ﬁi@nﬁfthﬁhB/HICFﬂ"éirﬂﬂpbhde wﬂfgmr milk solids,

n@eﬁr}g}l lér \éﬁ{j%/mﬂ?% to2 nQy%g%ﬁﬁ, %hg%gar{oofrgyér?tchgﬁr&ngs well

as frozen confections that do not contain milk or milk solids, such as water ice,

sorbet, granitas and frozen purees.

The frozen confections may be in the form of a composite product where at least
one porttion or region of the product, such as a core or layer, does not contain
hydrophobin. An ekample of this would be a product containing a core of ice
cream which lacks hydrophobin, coated in a layer of ice cream, milk ice or water
ice that does contain hydrophobin. It will be appreciated that in the case of a
composite product, the wt% amount of hydrophobin added is calculated solely in
relation o those components of the confection that contain hydrophobin and not

in relation to the complete product.

Aerated frozen confections preferably have an overrun of from 25% to 300%,
such as from 25% to 150%, more preferably from 50 {0 150%.
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aerated products, the volunme of the air phase.
Typically, the product will contain s at |east 0:001

wotbos/yadsophobin, nore preferably at |east O. .
wt %) Typically the product g |l contain | essgﬁé@@%\i\@gﬁnm

hydr ophobi n. The hydrophobin may be froma single
source or a plurality of sources e.g. the hydrophobin
can a mxture of two or nore different hydrophobin

Th%%&?{&%ﬂt bORydropRobeh@caR! # HaerBYeh lc&tﬂi%é?tldr% & 8RSirkvkntion

ophobi n. The present i1 nvention al so enconpasses
wilk gapesdllyi vary flepemdindumi e prodoete fornfdaiibrpraodyudn the cawe of

aciglnPiadifts. e IRBR e NS coe! VAL e BEsfustayil contain
at |odd G0OY b RasopRBbin, 3hoie %n%f@#é{ﬂlf 'aﬁqeawgméﬁsoﬁ‘to.m Wt%.
/0P s. Thus,

['east 10% or 20 ure, based on wel ght of soll

Typikelly thedpropluchivill centait leastheah dsvifainydofphebin. The hydrophobin
AR T L S
mi%tVJFH SPRRPS Mo trdrdmy k?ﬁir%déﬂdr‘ri ?gfygr%,%\fﬁegee” extracted

roma naturally-occurrin obt ai ned by
reconbi nant expression in a host organism 20 Such

0 sptions include [iquyjd prem xes, for exanple

Pr Pgﬁﬁ&ﬁgaEﬁi@pFﬂEWﬂéCkﬁgghﬁﬂﬁpeﬁaﬁm-frozen conf ecti onery
products, and dry m xes, for exanple powders, to which
an aqueous liquid, such as mlk or water, is added prior

The opreseniuimvegtioh raea iengonf&sthe conpositionohsr poyducing a frozen
rodugi rozen food product of the invent.ion, K wll .
focRo REPAUE” ST i1E 1 s e an Pioh ForapsilgR BemPHEes. hydrophobin.

i ' r | deghil ;
CoREER R hSEn = BE"ITbliod T ). B 8 parly
pusified, stuchyassal leask10%yorn 2% urlre abaserd ohheeigbief solidg. Thus, the

[ i ent ired t ke t 0 food. duct h
nydpRhSbheR S %] & et R cupellielosrirBeagans R ofis a5 a
mushR7n %Wnﬁf&gwtgx%{es%@nlja/g%%ﬁdlﬂﬁs. V!Qs?é%@l?/tﬁéﬁé%lgophobin |

PCT/ EP2005/ 006997 y coO sitions for producl
willf typicallyf eiephastacheeri exdractadvéom on natialitessurriingmsousee or

o BB AR BORL, % "
fat, enmulsifiers, flavourings etc.. The

Such compositions include liquid premixes, for example premixes used in the

production of frozen confectionery products, and dry mixes, for example powders,

to which an aqueous liquid, such as milk or water, is added prior to or during

freezing.

The compositions for producing a frozen food product of the invention, will
comprise other ingredients, in addition to the hydrophobin, which are normally
included in the food product, e.g. sugar, fat, emulsifiers, flavourings eté. The
compositions may include all of the remaining ingredients required to make the
food product such that the composition is ready to be processed to form a frozen

food product of the invention.
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conpositions -may include all of the remai ning non-1liquid

ingredients required to s nmake the food product such
wombe/@lbkaet hat the user need only add an aqueoysr/giiddsos7

such as water or mlk, and the conposition is ready to

be processed to forma frozén food product, of the

i nvention, These dry .conpositiaq exanmpl es of , whj.ch

) ns . . i
Dy, SOmROSHORNGEE PARdLGRE fUfegen dapd puodied; gfnikie inyeniien wyil also

r . i . r C
b PS4 diftpr, ARfealbftsih dtpfiord LR MRKAPHALAT WARYCEES nomally
inctudede rmptess ifdod rproduet, feon.neagt, ifat, semaelsifiens, Sawdurirst etc. The

it is available to inhibit ice_ ,grystal, growh, such as .

cpRgopitipns shay Mcliya alh of éh@/rgma'mﬁéiw-licgﬁ dngisdignts, sefyired to

t rm. N 0 j [
il §8, IBLhroRACE Such Wial B Ing Bhe WEr RECHOBRDAAY 1o aqueous
ligaud pogeh @%l Wwalerng millamtdidiee tongfositioh Bbrdadyytct beiprboésded to
ice crysta

row h and/ or nodify_ice crystal habit.
f%h%é’aé@mf@fgﬂ? PIGSLIEkOt hgrIBYeREiaNs H?%Sepfgréyscampwh%@aamples of

.. . S at r . _
AR SRRy, GERRE e OAMGRTRY BOR i
reAgditlusg, dndipemstitiion réduvied bulle andioreger shielftlifie. pr esent

i nvention. 20 Typically, the hydrophobin is added to the
product in a formthat is capable of  self-assenbly at

- e Y [
TR SR, RURLBRin, 4 inl 8 RPERRARoL uoh trt
itiis alvailablef r mhibiy juec ahyisyal agrolvtiassuginmsi skl recpystallisattbn, and/or

such _.as at | east 10% pure, Qag d,_, 25 on wejght of o
megfy dee cegptalhphils By the dpim aadded miwe earetiat tha hydmphobin is

| d%ﬁ%&?ﬁ%ﬂf%ﬁdhée@ %toatﬂge(%rﬁ@c;%ﬁ fcﬂ'f thd purpose of takinghalde/ﬁntage

y-O0Cccurring organism sSsuch as a room

ohatsurabifity X nlsibit eehyaysiphgpowth dmtdbeanodifheice crystal habit.
hydrophobin will typically either _have been extracted '
Copepquentlys uvierey indredients greopresenér o idgese dhahy contain fungal

ch SRR e’ F85, B8y S RhobA" PoliBeptten, B HERs not

- coistitute addirngshydreophbbin veilidmiie conteixhbi thietprebenipineerticn. of

ice recrystallisation, and/or to nodify ice crystal
habit (i.e. ice crystal shape). Inhibition and/or

TR, AR (R EARUALS alled R AR o DRk 15 CApable of
salf+asswmbly at apeair-liqiid suriace. of ice

Typically, the hydrophobin is added to the compositions of the invention in an
isolated form, typically at feast 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 exiracted from a naturally—occurring source or obtained by

recombinant expression in a host organism.

The added hydrophobin can be used to reduce or inhibit the growth of ice
crystals, for example to inhibit the process of ice recrystallisation, and/or o modify

ice crystal habit (i.e. ice crystal shape). Inhibition and/or modification can take
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crystal growth and/or ice crystal habit during freezing
can be used to alter the texture of the product:
wao bivchiidion of ice recrystallisation inproves pcagtichos/o06997
stability in response to thgpnmal abuse. 5 Hydrophobins
can al so be used to inhibit ice crystal growh, such as
ice  recr stallls tion Fd/qr i ce H{stal habi t
I

Plaes dwrige R Orater TaPena§hes ANy Staiages 'flr}r‘}f"f’c’“ of ice
c %Pg'ré\ﬂthdﬁﬁa/%? it® SRithshasit %L#iﬁ@uﬂrée:ﬂﬁ tda Béa.?s?éd"% alter the
rocésses used preserve bi ol ogi cal naterla s. Such
tehﬁune of it proriutcér |hai1nbst|ono:bfud@ recriysialisation improvesceidduchstability
. %g\nl sm@) %nd cleII | i nes; ganetes e.g. sperm and ova;
'néﬂ PR RNGHEA Y458hs derived from nulticellul ar
organi sms, both plants and animals. Accordingly the
pr esent invention al so provides a frozen cellul ar

ijzrilropbgbiana:t camagleni bk usaqbriosiimi@illlihyi@eopn&baln growihs osuttechs ice

' 0..00 % . .
oA %Jb?ﬁsﬁm‘i%na/%ﬂ 33008 in (SRR BialowganEtetals. This wil
asyPiGhf b&é&lhg el %e?@cﬁ@gllg 'é%o%h?siﬁ%f tr{%vﬁ@{atlﬂg eﬁrHEé&%s used to

provi des t rophobin to inhibi crystal
prgsemieh ,bldug:balamateaalsechj‘smfal biokgidab npnataribler includief guliores of
| i cal

habjt i f 20 [l ul bi ol o
i Bharersnisnsind sall JO8Rr 86l ¢ GaaPaEN AL NG ) trsue and
or?fah§"clenflé§%w‘ﬁn@ﬁcéllnﬁar@r éﬂgh@abofm@%tsaénd Hhifpacesent

nventi on w now be des ri bed fu er wth reference
to the followng exanples which are illustrative only

ARG dhe Pieient VaRIET Fey FEUeS: & (5% r@fiﬁ@agr "Siofogical
mAfe?Ee o &ng g@@;ﬂgbﬁ th Is®lAcE T8I PEbrSH rssmg at least

m crogra ozen product’ "m cros ruc ures -
0.00¢sht’%anbydrbpbobiabusgith (tvagpicvisvathiain hueo) beingsi gue sp@cifically
cannl ng el ectron mcrograph of, aerated frozen

’19? m crostructures - fresh and after abuse
( Magni f| cation x300) WO 2006/ 010426 PCT/.EP200S/ 006997

11 Figure 4 shows scanning el ectron m crographs of
Then amé thventidn further provksiesdbe wseof (hydrepiRibin t¢ Suthibit ice crystal

gmv\rgl%1 ' SUC a?a's |c3) recrystallisation, and/or modify ice crystal habit in a frozen
cellular biological material. Inhibition/modification can be during and/or after
freezing of the biological material.

The present invention will now be described further with reference to the following
examples which are illustrative only and non-limiting.

Description of the figures

Figure 1 is a diagram showing shear regimes for the aerated frozen products.

Figure 2 is a scanning electron micrograph of aerated frozen product

microstructures - fresh and after abuse (Magnification x100)

Figure 3 is a scanning eléctron micrograph of aerated frozen product
microstructures - fresh and after abuse (Magnification x300)
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Figure 5 shows scanning el ectron m crographs of
unaer at ed product mcrostructures (with HFBII) (50x

woe@/dlogRt i on). 5 Exanple | -Aerated Frozen PrigdUued80s/006997
Aerated frozen products were]prepared using 3 types of

protein: A Sodium Caseinaté (Na Cas) B: Skimed M Ik
Powder (SMP) io C Hydrophobin (HFBII) from Trichoderma:
Figwieseft Nhavest FGINIPAI lae @hy TR0 SpePt | #5agFateghe product

mBF&SQH&EL?r&\ré‘ZF,g gﬁ%ﬁqggg,mgﬁiﬁ?@g?ore and after

tenpera use ‘r'egl mes- erials Details of the
.materpLal § used are.su ri.sed in T 1 dth
Figgem P o Pt cieaish BlobRtds BLaupremi product
mRFQAH i FreWad it HIFRIN Q@ 0R Ragiifvalion). Tabl e 2. Ingredi ent

Conposition Supplier Sodium casei nate 88-90% protein,
1.5%fat, 6% DW International, The noisture

Net her | ands. . Ski.mmed gi | 3-36% protein, 0.8%fat,
EWP@H% W{Aqgtqﬁkro&g&ﬂgﬁ:&%&f% noi sture Hydr ophobin type
Il Purified from Tri choder VIT Bi ot echnol ogy, (HFB

Agrpied sezen peduiely vare prepared HEREP tynes ipﬁ%fs%y-n
W00158342 and Linder et al, 2001, Bi omacronol ecul es
A:Bodjumn-CaaginateddNs Gag) Coconut O | Van den Bergh Foods,

Limted ose T nd Lyle, UK. 20 Table 1.
B:aliimmeqd Q"%E?é)d" @B@%)? 010426 PCT/ PP2005/ 006997
C: Hydrophobin (HFBII) from Trichoderma reesei

Microstructural and physical properties of the products were compared, both

before and after temperature abuse regimes.

Materials ‘

Details of the materials used are summarised in Table 1 and the formulations
from which each of the aerated frozen products was prepared are shown in
Table 2.

Ingredient Composition Supplier

Sodium caseinate 88-90% protein, 1.5% fat, 6% | DMV International, The
moisture - | Netherlands.

Skimmed milk 33-36% protein, 0.8% fat, | United Milk, UK.

powder 3.7% moisture

Hydrophobin type Il | Purified from Trichoderma VTT Biotechnology,

(HFB II) reesei essentially as Finland.

described in WO00/58342
and Linder et al, 2001,
Biomacromolecules 2: 511-

517).
Refined Coconut Ol Van den Bergh Foods,
, Limited
Sucrose - Tate and Lyle, UK.

Table 1. Materials used
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12 Mx AMx B Mx C Ingredient Concentration / wt%
Sodi um casei nate 2.0 - - - - Skimed mlk - - 11.42 - -
weEelo4B 11 -- -- 0.2 Coconut Ol 5.0 5.0 Bc@mp2005/006997
Sucrose 25.0 20.0 25.0 Water, 68.0 63.58 69.8 Table 2.
Formul ati ons used 5 Preparation of the Aerated Frozen
Products M x (Emul sion) preparation Al mxes were nmade
in 100 g batches. For M xes A and B (contai ni ng sodi um
r—caser nateand-skiged-mtk—po respect tte
rotein was contiM 10 wth“ﬁ’ﬁ %ucrose anﬁf’%bspersed
nt Fa EERVY

+5

tor. dlucinn FEFa 1 Y. T PN BNET 2

L) ) Lo
LRI~ 4 Ve T T ooty ™ Ilﬂ. 1U LA YZ DLI I 7 CT T IU DUI ULI UII

col
Ingegdietien heat ed t@orBBOttion /<t r | ng and held for 5
M,-NUt €5 Pel.or e geing-: ol'eéd fo 40C._ _Nbl ten] coconut T at
_%%‘E"? ?@?lgﬁaed and thg queous M x Timediately

. 4mma apered ti p)-for 3
tip welljimersed in

e

an 15 _~anl Ad v ani r~l| \L IL
A>3 -

[

S}‘q“ﬁnhé@hﬂnt (Brangon Sonifer with
et es at  70%|anpl i tude wit

+ha cn]ld‘lnn Tlr'a amnlcnnLL\nn

T JTd L AUYY LIl ~J UVl A\ ] T MPI _y

n
HEBIILOC wat er batth untid-the sol utior-tenperature Qﬁs 5C,
rystartirse|the f droplets. | m Xes{ Were st.or ed
CQ\ O@E%Etl | _furtiher u e0 For M x (E'(epont ai_ni ng HF%IOI L),
Stifigsgucr ose was f| rstgglgsperswd |nt21) gol d water \Qg@

+ Al £ f +he ad
StH-H1RG- Then; hatf—of—the—+¢ Ui ed—econcentratt+on—of

Wat® 11 was added to t®B€ as ‘EO an68l3&uot . | The $8.8ti on
was then genilTy sSonicated in a sonic bath for 30 seconds
to fully disperse the HFB I1. This solution was then

Tablel 2.rfedmatationsetgest i ¢ stirrer and heated to 40C. Before
the nolten fat was added the sol uti on was again
sonicated in a sonic bath for 30 seconds. The nolten fat
%@aﬁmaf id&es 304 Fidhn Ploduees enmul sified and cool ed as

escri ror M xes A and B, A further aliquot WO
2006/ 010426 PCT/ EP2005/ 006997 13 '

Mix (Emulsion) preparation

All mixes were made in 100 g batches. For Mixes A and B (containing sodium
caséinate and skimmed milk powder, respectively), the protein was combined
with the sucrose and dispersed into cold water using a magnetic stirrer. The
solution was then heated to 60°C with stirring and held for 5 minutes before being
cooled to 40°C. Molten coconut fat was then added and the aqueous mix
immediately sonicated (Branson Sonifer with 6.4mm tapered tip) for 3 minutes at
70% amplitude with the tip well immersed in the solution. The emulsion was then
cooled.rapidiy in a —10°C water bath until the solution temperature was 5°C, to

crystallise the fat droplets. The mixes were stored at 5°C until further use.

For Mix C (containing HFB I}, the sucrose was first dispersed into cold water with
stirring. Then, half of the required concentration of HFB Il was added fo this as
an aliguot. The solution was then gently sonicated in a sonic bath for 30 seconds
to fully disperse the HFB Il. This solution was then stirred on a magnetic'stirrer
and heated to 40°C. .Beforé the molten fat was added the solution was again
sonicated in a sonic bath for 30 seconds. The molten fat was then added and the
mix was emulsified and cooled as described for Mixes A and B. A further aliquot
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of HFB 11 was then added to this cold solution to bring
the HFB Il concentration up to 0.2% The first 0.1% of
HFB 11 was for emrul sifying and stabilising the fat. The

woesedoaddi tion of HFB Il woul d provi de adequaca/mPtoancey?
HFBI1 to provide good aeratjzon and foamstability. s
Particle size analysis on the chill ernul sions was

of B K maned oA A SOS cPlt SRt b5 UE B LPENEGI e Ph v

to G’%:ﬁ)e Wl 500 WMok HF@W'V\'/E\S‘C@' entlilSR}igd %nd&tétbiﬁéfﬁ%ﬂ)th@ffat The

droplet sizes neasured is shown in Tabl
seccbmplaedhttdn aitrR il mmda;)romdpradeqlme exsyspH Bligo(mowide good
0. 25 f(HFBIH 88 Table 3. Emulsion particle size as
actaligs ALoa8! AGDIRE Mal vern Mast ersi zer 2000 15 Shear
Freezi ng Process 80 mM of mx was sheared and frozen
sinul taneously in a cylindrical, vertically nounted,
Pai it edis! catahjsi ems te ebill ersisionsiwas iperiormed using a. Malvern
proporti ons of 105 mm height and di aneter 72 nm The.
Masterstzer €R80vessel fills 54% of the internal vol ume 20
| eavi ng 46% (180 m ) for the sanple. The rotor used to
shear the sanple consists of a rectangul ar inpeller of
Anbheisof Eeutsignoporti ons to scrape the surface edge of

FolpaipcaiiadReodoloimave e Sple Tk orapRaRc Mipeg T, ft
drﬂﬂé@féﬁﬁ%m&%&r& '?)ﬂe&fro;ﬂlaf"%és Rasddured %dshcﬁkn #tebe®l e to

attachnment. The vessel is surrounded by
a 25 jacket through which coolant flows. In essence an
aer at ed and.-frozen prototype—+s—preduced-as—Fqllows: The
m x inside|the erdkosed onﬂ:ahde(DDEB"sdmaf ith an

i mpel | er at fa—tngh shear rfate i 06/ 010426
PCT/ EP2005/ P06997 14 rb&(’)z)zpﬂm'

A (Na Cas) 0.4
B (SMP) 0.25
C (HFB 1) 1.88

Table 3. Emulsion particle size as measured using the Malvern Mastersizer 2000

-Shear Freezing Process

80 ml of mix was sheared and frozen simultaneously in a c_ylindrical, vertically
mounted, jacketed stainless steel vessel with internal proportions of 105 mm
height and diameter 72 mm. The lid of the vessel fills 54% of the internal volume
leaving 46% (180 ml) for the sample. The rotor used to shear the sample
consists of a rectangular impeller of the correct proportions to scrape the surface
edge of the container as it rotates (dimensions 72 mm x 41 .5mm). Also attached
to the rotor are two semi-circular (60 mm diameter) high-shear blades positioned
at a 45° angle o the rectangular attachment. The vessel is surrounded by a

jacket through which coolant flows.

In essence an aerated and frozen prototype is produced as follows: The mix

inside the enclosed container is mixed with an impelier at a high shear rate in
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order to incorporate air. Sinmultaneously, the cool ant
flows around the container jacket to cool and freeze

wa Beysh iz The i npel l er al so scrapes the inside pgllp,, 006997
removing the ice that forns ere and incorporating Wn S

into the rest of the m x. I gh shear is used to
initially aerated the mx, and then the shear rate is
ordardRdaceposater @ibr SimUEANeRIBt ther cadant ﬂ@N&rﬁﬂowmcwze ggntainer

PR SR, P YRG! RS Bl 468 580 564 e v,

refib@ingWwhthcdlinasiofmantie éﬁﬂﬂh@@r@bf&l tHigMtodRBaeBRbEthe mix.
and skinmred m |k powder, respectivel %‘ t he cool ant (set
£

High sha®ydy ugsd to 1r<utl§lét aglgited theumat @ndpenthesheaorate isisleyed in

orditdoigot b sRYSTid FebaRer A EnBaf FoiinR LesTRr Gpcn mx
ares @faphicdliyqrebéted (N iFRyureel.f ormat i on and i ncor por atl on)
prior to aeration using higher shear. A short tine at

hi gh speed incorporated the air and then the speed was

PP SAS < SR LR 0 ik s
ca§é|h!a1!eeéhd ekiataed niifk pewdénm @eﬁi‘éﬂ%@ly) A5l edorinel (ééi%t h—HQ*’C) was

shear for aerated started. The coolant (set %pe
sefiot ciratlatedten Timect Oominaties.ol hernelativelynslout etgnug eattt wstast for

M AR el et 0 Ehfthd B, RS MBKFE) BRBSERGbtBome Vigeosity
(wmwfoﬁeﬁﬁanoh%@m&arpﬂ?% J%r'tﬁ%s@éﬁéﬁh@m@sh@hér‘/éﬁ’éﬁr A short
(for A and B) was adopte he end t he process,

timevadrigh speed ne@ssroaaieé e eimgndtheraiher speethivels)steplsed) )iowh to

wer.e plac 0 Each product was cool ed
allqwrﬂg%g Esgforeﬁlcﬁ[% S?i_gr‘?sg'freezer set at -80C before

being stored at -20C. 25 Analysis of Aerated Frozen

Products Al aerated frozen products were stored under

For Mix te fpentaining HFRilhdke p(oé)waszomJIeSLtbs@zmﬁrﬁ°€haad;tbe§ample
hi
2o sM3Re HidthiogBr B ted 5@ Lha el (i “SErET B not

swhetigd sollietilaté Cbrsmmagerrmteé&@é & the GhcredsklShifie r@ﬁdnred to
t hen subsequently stored at -20C before anal ysis.

gengatz 4004k eoveapnEpLhes/ thesooglani svas swiiched on to mrculate (at 9
minutes), the same shear—coohng patiern as previous (for A and B) was adopted.

At the end of the process, overrun was measured and samples (approximately
15 g) were placed into small pots. Each product was cooled further for 10 minutes

in a freezer set at —80°C before being stored at —20°C.

Analysis of Aerated Frozen Products

All aerated frozen producis were stored under two temperature regimes:
(a) —20°C. Subseqguent analysis was made within ohe week of production
and we deem this as “fresh” product.
{b)  Temperature abused samples were subject to storage at —10°C for 1 or ;
2 weeks, and then subsequently stored at —20°C before analysis.
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Sanpl e Shear .tinme at Overrun End product 1200rpm
tenperature mn %c A (Na Cas) 1 103 -5.3 B (SwP) 1 98
woh00BoloPP) 1 94 -5.6 C (HFB 1) 10 75 -5 Tabl@y 205006997
Process details and product Qyerrun for products
prepared from Mxes A B, and C. 5 Final products were
nalysed as follows: Qverrun of freshly nade product
SEM asmhg@ s ofl frexeaptigné atper aDueerabysed H)‘fcb[dtmiuct
Vel ti ng behavi qur onﬁ@gﬁﬁnand tenperature ahgﬁﬁﬁrature

b+-oduet—to—Orerr+u—Hhe—overrun—for—eachjof—the oy ottucts

S surmarised ifn Tabl emdn Al | of| t hetoni Xgs were
AET At abl nd ijncorporajed signiffic anount s of,
C/g(g ((eﬁﬁ uralj Stabjl iﬁ Met holdol j’/ 15 ‘%rannisnn
= @KSMPM croscopy (SEM The mcr ogtgr uctjur e of each
Br-oddet-s—was—vHsual-sed—ustag—towTenpergture—Scaning-

| @KSMIP M crogcopy (LTEEM. The| sa®dl e vias cool &fto

rice and anpl e sject cut. This
>ec?L(HE% [g)oorom mat el va'é)s 5mrn<1()mmﬁ 20 size, wgq
rmunt ed on a sarrpl e hol der using a Tissue Tek - OCT T™

PVA Car,bowax 5% and 85% non-.re
Esorlotalang PRRUt PVg i doh i EHCRabrePared from
M elér}geg @ liquid nitrogen slush and transferred to a
ow terr‘perature preparati on chanber: Oxford |nstrunent

CT1500HF . The chanber is under vacuum approxi mately
10- bar, and the sanple. is warned up 25 to -90 C. lIce is

'Flgabmwuetwa@ Analysaras fdl ce details not caused by

the i ce WD 2006/ 010426 PCT/ EP2005/ 006997 16 itself, so
wat ePvegun effreshlydnade peodustper at ure under const ant

vac ugEM analySISto% f?eosh and temperature abused product
Melting behaviour on fresh and temperature abused product

Overrun

The overrun for each of the products is summarised in Table 4. All of the mixes

were aeratable and incorporated significant amounts of air.

Microstructural Stability: Methodology

Scanning Electron Microscopy (SEM) | |
The microstructure of each products was visualised using Low Temperature
Scanning Electron Microscopy (LTSEM). The sample was cooled to -80 °C on dry
ice and a sample section cut. This section, approximately Smmx5mmx10mm in
size, was mounted on a sample holder using a Tissue Tek : OCT ™ compound
(PVA 11%, Carbowax 5% and 85% non-reactive components). The sample
including the holder was plunged into liquid nitrogen slush and fransferred to a
low temperature preparation chamber: Oxford Instrument CT1500HF . The
chamber is under vacuum, approximately 10 bar, and the sample is warmed up

to -90 °C. lce is slowly etched to reveal surface details not caused by the ice
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seconds. Once etched, the sanple is cooled to -110C
endi ng up the sublimation, and coated with gold-using

wéheRmiRlasma. This process al so takes place uriﬁﬁr/Eon(hm(mw
vacuumw th an applied pressyre of 10.1 millibars and

current of 6 mllianps for 5 95 seconds. The sanpl e IS
then transferred to a conventi onal Scanni ng El ectron

xtsﬁlfcmm@ens(ramvsd @0)his tempethture tnder @urstrg viassumuias §0so 90

seepaiter @aCE Abhet SS SRTPR B Dofed It TS MR gfipisbimation,
ad&&%eﬁcﬂ}ﬂh Ydid QRIPAIGMRN Slaskia. WW@E?O@S%,C&I%QakeS place under

Transm ssi on El ectron™ croscop A smal | ock,
Va@ppnbmlthmmlappﬁadnpxem >of F0m mdbb@r@t amd enirent o @nmribaraps for

15 St e Br3nR S afef el B8 SvRbtiagSsdatndie fiectron

r t t [
oot SISO ks S5 1 i, Rskdnts o oo t

ter"ﬁperaturei@if -068°C.nhieelisatrgly is &xpiminsd and areastofantsrest céptured
.dﬁvi.CF of the Cr SSI ngti on CFE-50 under |iquid nitrogen
via digital jmage @Pﬁ‘é‘&' HPeeze fracture chanber (-180C).

The sanple vvasfractured with one single blow fromthe
sSw nging mcrotonme knife, and then etched for 10
Frebpe Fesctate TeFBmMiSsion &letiech MicroacepweEEMDt ary shad ovved

A SERIRIOH.cap awtmﬁ?g'afécrﬁhbﬁ BiReaaG) M55 Gl Fhe el gn an
21T B, BB B J Bdor B EBAKHRY ol LEABS! ThelHhi® block

al”rep |ca oate e sanp
wamtmmnté'm eertleally cma large éispvbmt’e‘reeﬂeeﬁaeinrea hokder umng dissde—Tek

T, R 55 e bt B0 8 Bl il
plé&éd’%ettpaﬁgfé‘r @@Jl@é Bf th%x@ ﬁ{dﬁﬁﬂ OYEHMinder If mtrogen and

Xxam nati on was carri ed ou JEOL 1200

transfeéméa apdhefesereeftactare thakber! (HM)V\E'M sduhplm adas fractured
using a Bioscan canera and Digital M crograph  sof

wnthaaflarslm@i@) biovdrmdbﬁmngmmmmmf@ﬁ@w thany etched for 10

al al a
iAo p5 i MEAEbEs FBMate SRR ABEL p0) witn
pl@lfnurhh‘,%rlﬁér@%‘ a&ﬁﬂ:khéﬁ@ o 2hHl therPbsadiwit? earburPilatthickness of
Represent ati ve | nages can
10nm. The coated sample was removed from the chamber and transfer device
and the metal replica floated off the sample, onto water. The replica pieces were
cleaned in chromic acid and washed several times with water before being
collected on 400 mesh copper EM grids. The grids were aliowed to dry before

examination by TEM.

TEM examination was carried out using a JEOL 1200 EX Il microscope operated
at 100KV. Images were obtained using a Bioscan camera and Digital Micrbgraph

software (Gatan Inc).
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be seen in Figures 2 and 3 at different nmagnifications.

s The results fromthe fresh sanples showed that HFB I
wiPRaMIA0 product  (prepared fromMx © WerGcypponysisss
signifticantly and surprisingly different to thos

cont ai ni ng nore conventi onal %r oteins (i.e. Mx A or B).
The different properties observed were: smaller air
Mieftdstrucinmbl Analysés:dResulis s, nore angul ar ice crystals,

to and slightly nore a or rod ct.s
ShoaRgoe eREoR JrBRcrRy SSERhaves B8ef W BBndne B RREREHL e of
tﬁe’ fébh Wie@ﬁpérﬁttﬁé A8 GrdvandhriRtey. - RepfeddhPstiel imdges can
approxi mate the ice crystal size to be 40-60 pm
bdlsaeatnerFlglAbBéramcéﬁMﬂﬁfanelet rabgeidcatienssEM i mages cI early
show that the HFB Il containing 15 product (from M x C)
has retained its original mcrostructure, i.e. there is

The! Alduys! ﬁ'orrlr'tltlé | PotPREFPMS |FBwWEDY %ﬁé’t‘ I-FlﬂéB]I Iﬁ'dbn%ﬁlhbeproduct |

coar seni ng his I1s the case after 1 and

(meparsgk fasm - WRC.C Hoveee esignificently aarat )&DEQHSJB@UaﬂTﬁfen@'ItI\@ those
Cas.,and SMP (from M x A and B, I.es ect h.%é g (X ”
caRpiag é’&%’res‘é?ﬁ"ﬁ@t'ef'a't proteyRs (g Mpeg © gk properties

oggléeﬁﬁgp ﬁ)’ilétlree GRIRE Gidkel sl(%ﬁleﬂlfe? ?c:,e b%%‘tal@n?df@%gu?é} ice crystals,

I's clear .t at t 0Z€n ct made
andrdlightly myordFBtdreteldoiss orysthls. gFeapemduﬂtam Bnd\B,twe approximate

e S0k S oG TE D AMRIEP 40, BT 0L 48 Aot Por product
%%%W@?!ﬂq%qﬂéﬁ?%@%é%?6’?83‘%@4%%#@2?‘%’5‘3@5’2h§e2”Sf

frozen product were placed on a netal grl_d at room |
TR e bR Folitet U5, FRDY bfaiing
6
pﬁ%ﬂ%@%ﬁ%‘\fﬁ%&%géﬁ e R ot MRSt BT ff e Rlathely

littlecapgefrenticice opystall drideaie bubble(cs:tamﬁﬁamngoa'rhlsalsdhetcalsb@ﬁlec d)and 2

had sone ac on,the neltin havi or fro
Wheha Ao S5 aHoMeyRErhe ditaray e gontaining Na C2E%hd smP

(from Mix A and B, respectively) show very severe coarsening of th_e gas and ice

structure under temperature abused at —10°C after just one week.

Overall, it is clear that the frozen product made containing HFBIl shows much
greater stability to temperature abuse than the frozen product made using sodium
caseinate or skim milk powder. HFBII has an influence on both air bubble and ice

crystal size and stability.

Melting Behaviour: Methodology

Samples of frozen product were placed on a metal grid at room temperature
(20°C). Differences in the way the products melted, notably shape retention and

foam stability, were observed as a function of time.
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fromMx C (containing HFBIl) retained its shape better
on nelting, conpared to 5 the product made with sodi um

wé aqRlonake or skinmmed milk powder (i.e. M xes
respectively). As the ice mited and formed V\QFT%%O&’(O%W]

fl owed through the nelting ggid However, for the

product with HFBIIl, nuch of the foam al so remai ned on
Maltinggrehnvigur; Resrts 10 stabl e drops of foam observed

beneat h (data not shown) - neither of these
Thebamaictaatrstimeas d%emme(smdevﬁ)am ahd stabledoe) badlsome impact

onhRgef na&e?wﬁirn q%ﬁgg'é?q%tpgrrgﬁ A0 He rerfled r &l made
frog?M}g ces HF‘BIQ: ét?nt%%ﬁ%peélﬁeﬁ%’ﬁg‘égégtmg, compared to

ucts
the:hpfdich;cnbrmaﬁe wnth sadiure chsdinetenott bikimrhedenilappiveler ¢oel Bixes A
| so be obs rved after one week storage at -10C (i.e.
a“éﬁrﬂ@?%@@f‘@)ﬁbused sanpl es). On handling the product
made usi ng sodi um casei nate (A) and skimed m | k powder
(B), these were noticed to have a very soft and very

Asfthekiye tresitedr and Vv water,dlit fibwedlthralfyh theoinelinigygrid: rrblmfever
fromthe silicaon ﬁaper used to line the sanple pot.

forghg queductiwithe Hr &1k gnughepl thedpamegise ﬁgn}ﬁlrpfg} OR ;;lp@ gnq,érglth some

Y, er [
Steﬁée dsréh'p ﬂg}rﬁvery c‘]g%ar‘ﬁ%@awgdaﬁb#\%&ro S, thiﬁeélmeEJ f’Ehese
charaaristids usae pbdeBrdd ammmmemm@ﬁmmrprsﬁea’m stdlumocaselnate
t enper at ure abuse on both a mcroscopi c and, macroscopi c
anéo%hlr@meﬁiamllbrwger)prmaﬂlwtr@&%aﬂ%@ﬁ%m%lrbﬁs%?qaaﬂe%tablhty
beﬁf(leeﬁ lmeeo thugéarrpl e 2: Non-aerated frozen
I'ONS Wer e prepared, one containing
hydrophob| n HFBII from Trichoderma reesei, the other
not. The conpositions of the solutions were as so shown

Texturah Biffenenopp heswern Ryadbctaody Brands$ 006997 19 Sanpl e

1 Sanple 2 I'ngredient Concentration / w%HFBIl 0 0.1
Cle@amdiffarerees in. xtusadatweenshe theee samples could also be observed

after one week storage at —10°C (i.e. temperature abused samples). On handling |
the product made using sodium caseinate (A) and skimmed milk powder (B),
these were noticed to have a very soft and very flaky texiure, which was difficult
to cleanly remove from the silicon paper used to line the sample pot. The product
made using HFBII (C), on the other hand, was very firm and released from the
silicon paper lining the sample pot very cleanly. in other 'words, the product
prepared using HFBII shows much greater stability o temperature abuse on both
a microscopic and macroscopic scale than product prepared using sodium

caseinate or skim milk powder.

Example 2: Non-aerated frozen products

Two solutions were prepared, one containing hydrophobin HFBIl from
Trichoderma reesei, the other not. The compositions of the solutions were as
shown in Table 5.
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Water 74.5 74.4 Table 5 - Fornul ations for non-aerated
products . .The HFBIl was supplied by VIT Bi ot echnol ogy, as
weEshElRed above, and the 5 sucrose by Tate & deh@raoldifisoer
xantﬁan Was a col d-water di sqgrsi bl e grade (Keltro]i) %%)’

supplied by CP Kelco (Atlanta; USA). Preparation and
analysis_of the non-aerated frozen products Both

solfutions were pt&aangd i n 100 SakmpleBes. The
sugrosef xanthan—sglution 1o was prepared by adding the
r edUngredisitount o AECEHPEY/ Whtoer at room |tenperature |
toiqyegy m xture|gf sucrose andgxant han. Thi|s was t hen
n X i ghetic—stirref—until—the-sql utes were
con{aatiledry di ssoll@e@l. In the cll® of Sanpld 2, HFBII
wag—t1en added as atriquot_ of 53 mg/ m|sol ution,
af t|tUCTRRE ch t he gglrhjti on_was n?égd again _on the
magdngLigs Sstirrer |farga further{ #04 15 m nutgs. Freezing
of the-non-aerated-selutieons—was—earred—out! qui escently
(i.e. without simultaneous application of shear). Each
TS0 Y | POIRSARLR Bl ddrticl gilbtpet ri - di sh of 8

vol une. " These were then placed within a donestic freezer
cabinet at 20 -18C for 24 hours, during which period

freezing of the_s | es_occurred. Follow ng.freezing,
The Tl vas suppliad: bys VaAcRiclashdlogasas sigshder 1spostiand the
r r : :
U350 L iSR! THE B, TR 8 Lofndles dRERIS crace (koo
RB¢puppliut laf CreK S (Atrages USA)ach sanpl e at 50x
magni fi cation can be seen in Figures 4 and 5. It can be
di scerned that the mcrostructure of the solution WO

PAQ00410428 - POTL EPAARS HANEA9T: o PRoAGNL AR HFBI |

tSanpte 2) TS frner and contarns rce crystal with

B@tlh‘nlsd)lat‘ior:js: Igwrgqpnepbﬂd in diOii‘egsbainlses.Fblnel:'isuTt@goﬁeanthm solution
el ongat e endrjtic structyres in sa .1 (Figure 4 '
Wap cPRpaEd i Adsingtrthe nHLIRG.arRuR Pl eioRibe! Spter gat doom
T i ¢ L . .
teflqé)c?rat-mé %? ?edﬂj%&ﬁ}rsst%fa#"u%aérég w%ﬁ& &%ﬁﬂ'@‘n. R %Q%élﬁ nfi%ed using

ucing ce Crys process - resulting

airagmatki stiseountintid soliés averdheomplstelysdibsalved e$n dinel case of
enbodi nents of the present invention, ref éred to in,
Sample, 2d (HBIL &vas Bien aeded easpany?“cagotafﬁp@o’vﬁ imggaml gejution, after

whichetheS §6148ASwa8UhRedS again on the magnetic stirrer for a further 10

minuies.

Freezing of the non-aerated solutions was carried out quiescently (i.e. without

simultaneous application of shear). Each solution was used to fill a small petri
dish of 8 ml volume. These were then placed within a domestic freezer cabinet at

—18°C for 24 hours, during which period freezing of the samples occurred.

Following freezing, the microstructure of each sample was analysed by SEM

using the same preparation method as described in Example 1.

Microstructural analysis — results

Representative SEM images' of each sample at 50x magnification can be seen in

‘Figures 4 and 5. tt can be discerned that the microstructure of the solution
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mut andi s. Consequently features specified in one section
may be conbined with 10 features specified in other

w6 86Uslo9diss as appropriate. Al publications rreq;giTg‘g@gosimﬂ@w
t he above specification are rein incorporate y
reference. Various nodifications and variations of the
descri bed net hods. and _products  of the invention wl|l

coligingntiFEd Eaiselesid) |L°ed° neh em@ eqrtaips: Aeritcrystal with sn?a!ler
chg%?élﬁétf&gd&ﬁé’ﬁ%ﬁﬁg Pﬂﬁsﬁb %h?hé NYERGARA: dAhB{?ﬁéJgerJcﬂﬁes in

Inventi on een ESCT I'n connection

saﬁmﬁ@nf(F@méeﬂ@rré@ﬁdeﬂ‘andum@rsham thadeosibeh hesampiie? SFigptk 5).
that the invention as clained should not be unduly
This iustatasothsuiuespe @fthiysdrephriin mehredudingdba, lcem@ab growth

o AR e PR 0% Loce Sii 11 ed”i n the

reI evant fields 20 are intended to be within the scope
-of the following clains. 21 THE CLAI M5 DEFI NI NG THE
Thenvaionscieatines/andamioydiments Af ﬁh@ﬁﬁseﬁbwvgnaaucfeferred to in

iR, Behfler® SRR oot Pt El B S p bRy mutati

mital@k. Woasdidnapiefures Spedfidd ivene seetoR g b combined with

according to claim1l or claim2 wherein the ‘hydrophobin
featyres spesified in oihar sptlisiisaas appropriater ozen food product
according to any one of. clains 1 to 3 which is

ARG, rientono e Srn R eatBroaise herkih tndorboratad by
refeRERes| Va‘ﬁBu&%onﬂ%@HShé‘%nﬁ vér%@&sfapﬂ@eeg&%ed methods and

accordlng toclaiml claim5, whic conposi tion
prmh:qﬁslcs‘ethehmempbnbwmi be aparantdofiboset sigieddn thiet Brt without

depBiing oI Mg S, ff G TesEons0 ATBoMBho e iiyetion has been
deSORRAPIihi @8nhOkidN %H?'él]ﬁcﬁc %?éi%ﬂ'eﬁo%%ﬂﬁfi&ﬁs lt should be

according to claim1l whi ch conposit'io
underqumd; ¢isathindr vieation asn clagmed tskwbulcd mot teg entlaly lir\mtedh to such
d.i n red nt s of

sptﬁ{:llgg cﬂ %tsnovnciee%u Ivanou ifications oi‘I {Plee gié)soc?fibed modes for
carrying out the invention which are apparent to those skilled in the relevant fields

are intended to be within the scope of the following claims.
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8. Use of hydrophobin in isolated formin inhibiting ice

crystal growth in a frozen conposition. 9. Use
according to claim8 wherein the frozen conposition is a
food product. 30 10. Use of hydrophobin in isol ated
formin nodifying ice crystal habit in a frozen
conposition. 22 11. Use accofding to claim 10 wherein
the frozen conposition is a food product. 12. Use of a

hytHB phalis DEF INISIE BHENVERNTIONARERNDFODIONTS
tenperature 5 tolerance of a frozen conposition. 13.
Use according to claim 12 wherein the frozen conposition

i s1.a f aoebzeRFQsYsbduck @oraarisnégbﬁmmpmbgﬂagéd Rl 0gi cal

mat eri al conprising hydrophobin i'n iso form wth
the proviso that human beings are specifically excluded.

1% A fr I i ' d e nding o
ClLai m 4 i o SRt SRl D S B R esT R o s
i Biyd®phabifr ozen food product according to claimi1, a
conposition according to claim6 or 7, use according to
any one of clainms 8, 10 or 12, or a frozen cellular

bi%l ogic fibzemtferd giroduct credomingt to diainmi 14;- cavps Lawhérelnl Yhe

a ' e ' ith .reference to any one of the '

QX%’FE%&”%@%%%&BWH% PCT/ EP2005/ 006997 23

F3383WD. ST25t xt SEQUENCE LI STI NG <110> Uni |l ever et al.

;g?ngggﬁogrggg&&tﬁct zfc%:g’l%TngF osgr::’y %})gogfﬂ claims 1 to 3 which is
unaerated. '

5. A frozen food product according to claim 1 which is a frozen confectionery
product. '

6. A composition for producing a frozen food product according to claim 1 or
claim §, which composition comprises hydrophobin in isolated form together with
the remaining ingredients of the food product, the composition being in unfrozen
form. '

7. A dry composition for producing a frozen food product according to claim 1
or ‘ciaim 5, which composition comprises hydrophobin in isolated form together

with the remaining non-tiquid ingredients of the food product.

8. Use of hydrophobin in isolated form in inhibiting ice crystél'g‘rowth in a
frozen composition.

9.  Use according to claim 8 wherein the frozen composition is a food prodact.

10.  Use of hydrophobin in isolated form in modifying ice crystal habit in a

frozen composition.



<141> 2005-06-27 <150> EP04254483.3 <151> 2004-07-27
<150> EP05251282.9 <151> 2005-03-27 <160> 2 <170>

Patentln version 3.3 <210> 1 <211> 15 <c¢212> PRT <213>
Hypot hetical <220> <221> REPEAT <222> (1)-.(1) <223>
n repeats <220> <221> REPEAT '<222> (3)..(3) <223> 11

to 39 r aLs 220> <221> REPEAT <22>%§3).. 6).. <223>

50 s PR RSeordB00 SBHA 1 ettty Teopasen Bpimppiion 16 & food
<2Z3eadibtt 0 23 repeats <220> <221> REPEAT <222> CI O

..(10) <223> 5 to 9 repeats

12. Use of a hydrophobin in isolated form in improving the temperature
5 tolerance of a frozen composition.

13.  Use according to claim 12 wherein the frozen composition is a food

. product.

1o 14. A frozen cellular biological material comprising hydrophobi'n in isolated
form, with the proviso that human beings are specifically excluded.

15. A frozen cellular biclogical material according to ’cl_ainﬁ 14 which contains at
least 0.001 wt% hydrophobin,

15 , o ,
- 168. A frozen food product according to claim 1, a composition according to -

claim 6 or 7, use according to any one of claims 8, 10 or 12, or a frozen cellular
biological material according fo claim 14, substantially as herein described with
reference to any one of the Examples.

20
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<223
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<220
<221
<222
<223>

<220
<221
<222
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220>
221>
<222
«223>

<220
<223>
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<400

<220> <221> REPEAT <222> (13)..(13) <223> 6 to 18
repeats .<220> <221> REPEAT <222> (15)..(15) <223> m
WEPRR$0128400> 1 xaa Cys xaa cys cys Xaa Cys Xﬂag 05/006997
Xaaa Cys Cys Xaa Cys Xaa 5,Page 1 RECTIFIED S

(RULE 91) | SA/ EP WO 2006/ 010426 PCT/ EP2005/ 006997 24
F3383WD. 5T25.t xt <210> 2 <211> 17 <212> PRT <213>

Hypot heti cal <220> <227> REPEAT <222> (1)..(1) <223>

n REPEATS <220> <22Lz:fBPEAL. 222> (3)..(3) <223> 1

to 50 REPEATS sgddfwce siddims REPEAT <222> (5)..(5)

ynilever et al,
Erozen Products

F3383

pCT/EP2005,/006997
2005-06-27

EP(4254483.3
2004-07-27

££05251282.9
2005-03-27

2
patentIn version 3.3

1
15

PRT .
Hypothetical

REPEAT
(1)..€1)
n repeats

REPEAT
(..
11 to 39 repeats

REPEAT
(6)..(6)
5 to 8§ repeats

- REPEAT

(8)..(8)
8 to 23 repeats

. (10D
5 to § repeats

REPEAT
(1.

REPEAT
(13)..(13)
& o 1B repeats

REPEAT
(153..0A%
m repeats

1

Xaa Cys Xaa Cys Cys xaa Cys Xaa Cys Xaa Cys Cys Xaa Cys Xaa
1 5 10 15
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<210>
<211>
<21
<213>

<220
<221>
<222>
«223>

«220>
221>
<222
<223

<220
<221
222>
<223~

<220>
<221l
222>
<223>

<220>
<221>
222>

<223

<220
<221
222>
<223

<220

. «221>

<222>
<223>

<220
«221>
w222
<Z223>

<220
<221
<222
<223>

<400

<223> 0 to 5 REPEATS <220> e221> REPEAT <222> (7)..(7)

<223> 1 to 100 REPEATS <220> <221> REPEAT <222>

\Négamﬂﬁ@&6<223> 1 to 100 REPEATS <220> <221> $%§§?§MEMUGN7

2
17

22> (11)..11) <223> 1 to, 50 REPEATS <220>
REPEAT <222> (13)..(13) <223> 0 to 5 REPEATS <220>
<221> REPEAT <222> (15)..(15) <223> 1 to 50 REPEATS
<220> <221> REPEAT Z23> in REPEATS) <400> 2 Xaa Cys

Xaa Cys xaa Cys Xapzig¥wo %ads @¥s Xaa Cys Xaa Cys Xad CYS
10 1 5 xaa Page 2 RECTIFIED SHEET (RULE 91) | SNEP

PRT .
Hypothetical

REPEAT

(1)..(1D
n REPEATS

REPEAT
(3..(3
1 to 50 REPEATS

REPEAT
(57

.+ €5)
0 to 5 REPEATS

REPEAT
(7..(7)
1 to 100 REPEATS

REPEAT
(2).

-(9)
1 To 100 REPEATS

(11) (11)
1 to 50 REPEATS

REPEAT

(23)..(13)
0 to 5 REPEATS

REPEAT

(15) 15)
1to '50 REPEATS

REPEAT
(17}..C172
m REPEATS

2

Xan Cys Xaa Cys Xaa Cys Xaa Cys Xaa ggs Xaaz Cys Xaa Cys :ﬁa Cys
1 5

Xaa
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