WO 2006/ 010425 PCT/ EP2005/ 006996 AERATED FOCOD PRODUCTS CONTAI NI NG
‘HYDROPHOBI N Field of the invention The present invention, relates to
‘aerated food products that include hydrophobins. 5 Background to the

i nvention A wide variety of food products contain introduced gas, such as
air, nit rod‘éwmgﬂwgr carbon di oxi de. Such foods incl udgcT’tEBQOg?{Odﬁ??& chilled
food products, for exanple ice cream and nousses. Two key consi derations
arise in thexpiedisd ARpd@rsafdrahanaagrpebeaetat ed food products, namely the
ability to incorporate gas into the product during manufacture
(foamability) and the subsequent stability of the gas bubbles during
storage (foamstability). A nunber of additives are included in aerated

f ood produckield of thednvention t he creation and mai nt enance of foam These

i ncl ude proteins such as sodi um casei nate and whey, which are highly

f oamabl e, 1Fhapresenbinuentinn klates thaeratarsbiond geedumtssthal ingludguhydroghabins. bean
gum pectins, alginates, xanthan, gellan, gelatin and m xtures thereof,

whi ch are good stabilisers. However, although stabilisers used In the art

can often WBbat%g' ihd fdetheti®iattiohoam vol une, they are poor at inhibiting the .

coarsening of the foam mcrostructure, i.e. increase in gas bubble size by

processes spCRidaSvaHbtyiof F668 Prbd e ldoRthim MstrdtRtb 8 SER) GichF4s Gite hitrdgaRy of

the ingredients used to stabilise the P S fphase in aerated food products
i
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hydr ophobi ns have been, found %Ot}.ﬁ'r ovi de hoth excell ent foam volunmeStability

and i nhi bi t enPaAuUEloitringnmaguiactiire Hinamabifity) anckihne sHLIeAHEBL#BBIITY Plti r ed
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i ngr edi ent saemtatl foodfproducts do sssibt inithe creatioatard! mabndenaresueftfeami t Theseal | er

amounts of %%ngpr}gttélln%' such as sodium caseinate and whey, which are highly foamable,

15 and biopolymers, such as carrageenans, guar gum, locust bean Qum?ébectins,
alginates, xanthan, gellan, gelatin and mixtures thereof, whigh ar}e; good
stabilisers. However, although stabilisers used.in the art can often maintain the
total foam volume, they are poor at inhibiting the coarsening ‘of the foam
microstructure, i.e. increase in gas bubble size by process;';es such as

20  disproportionation and coalescence. Further, many of the ingrediQQn’ci:sfijLsed to

1 .
1‘16;"1”)’ high

stabilise the gas phase In aerated food products need to be addecjjf at i
levels which can have deleterious textural and/or calorific consequerffcesj;j i

Summary of the invention

25 We have found that a class .of proteins found in fungi, termed hydropﬁobins,
combine high foamability and good foam stabilisation properties. In péhicular,
hydrophobins have been found to provide both excellent foam volu‘méj#tability
and inhibition of coarsening. Further, the levels of hydrophobin ‘reiquljired to

~ achieve excellent product stability are relatively low. It will therefore ;bé ﬁossible
30 to replace some or all of the conventional ingredients used to form and stabilise
aerated food products with smaller amounts of hydr'ophobin.



WO 2006/ 010425 PCTI EP2005/ 006996 2 Accordingly, the present invention
provi des an aerated food product conprising a hydrophobin. In a related
aspect, the present invention provides an aerated food product in which
the air phase is at least partially stabilised with hydrophobin. In
anot her reM&t@/UeFact, the present invention provides BRVEBN&YYEfood
product s conprising hydrophobin in which the hydrophobin is associated
with the air hase. Preferably the hydrophobin is a.class Il hydrophobin.
iolna pré\p@ﬁ&,rwlséﬁ%are%@m in n*éomwﬁs%ﬁm @PW@HP@@&H‘P&M CQMPERBAR of at
least 0. ORJhHobIP!IR aPeRited aBpectBhe! #88dnt fvhtivh Providlefah Heited r@pPect .
the present“invention provides a co sition for ﬁrodUC|ng an aerated food
I

product of prasct invehichdhe aitphaseds apesist patialyostabilised withdiysisophsibin. 15

preferably _hydrop 1.0 0 sal o) foget her: wt ) n f the
i ni ng’ PISTELISAR BiiicheegbganahlRatoRarybs ) dofled SRR oRHs
conprises cehlprising hairepmobig inn@hieti et Aydrbphdisinfieodsguoiated twith nhe diel at ed
enbodi nent, the present invention provides a dry conposition for 20
produci ng 8A3%rated food product of the invention, which conposition
conprises hydrophobin, preferably hydrophobin in isolated form together
with at | east one of the remaining non-liquid ingredients of the food
product. PPe¢feratily thethelropghabiroisi a class U dwprapbebinal | t he remai ni ng non-1iquid
ingredients of the food product. 25 The present invention further provides
t he use of a hydrophobin in a nethod of inhibiting bubble coarsening in an

aer at edof oadl apsrafliedd: ehBodinictit athe chyaisdishebir! i3epreseMeiRtan Arpht 8NaPlcayi des a
met hod of inhibiting bubble 30 coarseni ng{ in an aerated food product which
e

net hod conPrQWdestadaeiegorefarably shiansh00d Wille f ood product prior to and/ or
during aeration of the product. WO 2006/ 010425 PCT/ EP2005/ 006996 3

In a related aspect, the present invention provides a composition for preducing an
aerated food product of the invention, which composition comprises hydrophobin,
15 preferably hydrophobin in isolated form, together with at least one of the
remaining ingredients of the food product. Preferably the composition comprises
all the remaining ingredients of the food product.
It
In a related embodiment, the present invention provides a dry composition for
20  producing an aerated food product of the invention, which composition comprises
hydrophobin, preferably hydrophobin in isolated form, together with at least one of
the remaining non-liquid ingredients of the food product. Preferably the
composition comprises all the remaining non-liquid ingredients of the food
product.
25
The present invention further provides the use of a hydrophobin in a method of
inhibiting bubble coarsening in an aerated food product.

In a related aspect the present invention provides a method of inhibiting bubble
30 coarsening in an aerated food product which method comprises adding
- hydrophobin to the food product prior to and/or during aeration of the product.



The present invention also provides the use of a hydrophobin in a nethod of
stabilising a foamin an aerated food product. In a rel ated aspect the
present invention also provides a nethod of stabilising a s foamin an
aerated fo whi ch net hod conprises addi ng hydr i t he food
pr oduct prggyﬁhﬁﬂgﬁ%/or during aeration of the product.ggﬂgpﬂE%%%%?

I nvention further provides the use of a hydrophobin in a nethod of

| mprovi ng ape retention and/or rigidity in _an aerated. food product., 10 In
a related igﬁég?sqméf‘b‘?"g@é‘n?lspW@ng%gh%?(légiQfe% hﬁ\’?@ﬁ’ﬂgﬁ‘ 8t 8 ﬁ'ﬁ\lai ofy shape
retention Qﬁ@ﬂi@fngrdﬂ)hﬁ'\ invarl BerdtedP@baipRstiicpod product which method conpri ses

addi ng hydrophobi'n to the food product prior to and/or during aeration of
the product. 15 Detailed description of the invention Unless defined

ot herw se, I chpi cal ' £ [ ' 1. sane
meani ng as AR AR 8 Diseht Myabldh EpaRalPes adfbfd StiiEbfo o7 1
chi | | eds cofdamein ameepdtbd fesehpdotewhich mestiiodreomprisési addingtsateghopinated 20

bi ot echnol ogyi). Definitions and descri pti.ons 3f varjous termnms and

t echni ques tesegd profuch priektea rpgsesions F%pw-act ure are found in
lce Cream 4t' Edition, Arbuckle (1986), Van Nostrand Rei nhol d Conpany,
New York, NY. Standard techniques used for nol ecul ar and bi ochem cal

met hods camhegrésantdnvantiosfudheroprogideatthe Mse ef @l hydrapbebingn aamettsd aft or y
Manual . 3 d ed. . (2001) Cold 2  na Har bor Labpr atory.Press, Cold Spri
Marbor N ok RNEnS ereblioR AndBF Ll WA beBRORH AldE TS B0l ogy |

(1999) 14th Ed, John Wley & Sons, Inc. - and the full version entitled

Current Protocols in Ml ecul ar Biol ogé). Hydr ophobi ns = 30 Hydr ophobins are
a wel | - def imadelategsaspact fhe Persest nnedtien providesza method of dnptpvingesRapec. 38:

sel - asserb g anah TG in MrC BN foo pritfiey Wiin SRER R cpfbes
conser ved adding hydrophobin to the food product prior to and/or during aeration of the
product.
15
Detailed description of the invention

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art (e.g. in
chiled confectionery/frozen confectionery ~manufacture, chemistry and

20 biotechnology). Definitions and descriptions of various terms and techniques used
in chilled/frozen confectionery manufacture are found in Ice Crearri. 4" Edition,
Arbuckle (1986), Van Nostrand Reinhold Company, New York, NY. Standard
techniques used for molecular and biochemical methods can be found in
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3™ ed. (2001) Cold

25 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 Molecuiar Biology). '

Hydrophobins

. 30 Hydrophobins are a well-defined class of proteins (Wessels, 1997, Adv. Microb.
Physio. 38: 1-45; Wosten, 2001, Annu Rev. Microbiol. 55: 625-646) capable of



sequence: Xn-C X5-9-C-C X, ,as-C Xs.2a-C XSrC-C-Xs, rCXm (SEQ I D No. 1)
where X represents any amno acid, and n and mindependently represent an

s integer. Typically, a hydrophobin has a length of up to 125 am no aci ds.
The ¢cysteine residues (C) in the conserved sequence are part of disul phide
bridges. I'n the context of the present invention, the term hydrophobin has
a wider neaning to include functionally €quivalent proteins still

di spl aying the characteristic of self- assenbly at a . »

hydr ophobi c- hsalf-agsianibily. atra dwidsephahin/bydrophyiic interface: @nd Raving & woRsenedas
protei ns conpr iqii ng the sequence: X4-C

Xi . SO C Xo. S-XBWEAEY- C X1 . 100- X1- 50 C Xo0. S- C- Xi 40- C- Xm (SEQ I D No. 2) or

‘parts thereof still display] th haragt eLi st c elf= nbly at a
hydr ophobi c- hydr oa'fmrqgﬂérsr it wﬁ?@w@?ﬁg rér)%fﬂp%?@i gﬁ&ﬁﬁﬁ"?-n
accordance with the definition of the present invention, self-assenbly can
be detected Byhere Adepiesents any amioe ac.iandrar oM Mipdepandgnily represent an

el 1) (oo RERE TP = BugRBRERhad o (BN RAYEM 485 Hrfing' foleThE,
of a film can:y!sfeir@te@mue%g(e; iMihe ssnisbaiddgbquehet!are patasididulplidie brigges. In
protein, solution followed by at |east three washes with water or buffer
(Wosten et  dhe contewtiof theipsesent inentiopstbedam hydeoghobinchas a wideoaaaniag to

rarker or by it sittypRRlY oBENARE eS| BEPILANy 1hd IndrblatBESG Y. |
the art. m araésémbwpétcalﬂyﬂrdiﬁmié-hymbumé IhfRAGeB drebolany On t2opr2@8IA, il tsueRT €

usually mand n in'total "are less than 100 25 or 200. The definition of
hydr opholdfn ia$ pratginscearapeising thereequancent i nvention includes fusion
proteei ns of a hydrophobin and anot her pol ypeptide as well as conjugates of
hydr ophebi n and{eCH&rsoGrXe.eB-X5.1@t0-X1 3@ DuyCrXagHaX 1 de E- X 3E Gpltb bion &)
identified to date are generally classed as either class | or class Il. 30
Bolt][1 typeﬁb Pmrepbnﬁn}jﬁaﬂeﬁﬁ ibétiluediis'phﬁ giheascmamﬁsﬁc pﬁfothsa'lfr}msltehmly at a
sel f-asse at -hydrophobi lic interfaces into anphipathic filns. .
Assenbl ages Dudiapagticrhiaeoptise fnjetace reesingy i sPsbE00m. dn accordance with
the definiion of the present invention, self-assembly can be detected by
115 adsorbing the protein to Teflon and using Circular Dichroism to establish the
‘ presence of a secondary structure (in general, g-helix) (De Vocht et al., 1998,

Biophys. J, 74: 2059-68).

. The formation of a film can be established by incubating a Teflon sheet in the
1\20 protein solution followed -by at least three washes with water or buffer (Wosten ei
\ al, 1894, Emba. J. 13: 5848-54). The protein film can be visualised- by any
i 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 O to 2000, but more usually m and n in total are less than 100
25 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 aof hydrophobin and ather maolecules such as polysaccharides.

Hydraphobins identified to date are generally classed as either class | or ¢class |l
30 Both types have been identified in fungi as secreted proteins that self-assemble
~ at hydrophobilic interfaces into amphipathic films. Assemblages of class |



hydr ophobi ns are rel atively insol uble whereas those of class |
hydr ophobins readily dissolve in a variety of solvents. Hydrophobin-Iike
protei ns have al so been identified in filanentous bacteria, such 5 as

Act i nonycekeq %ﬂ%‘&lﬁ% ptonyces sp. (WDX01/74864). These ba%éf@h&ﬁ?{?ﬂcﬁgt ei ns,

by contrast hydr ophobi ns, forg1 only up to one bri dge
since they have only two cysteine residues. Such proteins are an exanple

of functional i,val ents to hydraophobi ns havin e con uences
shown in SBGQF‘PP% > afe efﬁlﬁﬁ'ie YdH%‘)'ﬁgé ‘O(B?rﬁ?ﬁ the es‘goﬁés%ﬁf iy "O;P?S"Qg@ﬁt

I nventi on. rqegdﬂ'ygisgmdéquqgh&y ot abIveRtsobt ai ned by extraction fromnative
sources, such ds filanmentous’fungi, by any suitable process. For exanple,

hydrophoblns can be obtained by culturlng filanmentous fungi that secrete
t he hydro r I

rycel a v (i uBsb kil pro@r8Heolid BEbe ieRingd i peAfby< Bt 3en
hydr ophopi ngs ﬂctnmrhmate candmepmybbeepnamooalﬂ%fimaeirheseebbwtdnalndsmtmm
Preferred hosts ar yphonycet g Tri choder ma Qf% ﬂ% cetes and
asconycet esP ypﬁ?tfﬁsgfi E'I‘Qjﬁlﬁygfqu'@ Wshf%'inso Y &1Pr 90 %F’!%l&’ §'a &FECesuch
as Cryphon [ r arin
(NcCabe. ariPULRvEPREWO GRINE FIdEE: SR K e o uRm S ST EASlenSs)
Al t er nat i vedaquaiqraisdpi’ﬂydroﬁlobum l‘[wlngbmalomdetoeust sequenees fshowo dmiSiEQUHD

t echnol ogy. , For st cells ani sms, - maybe

nmodi fi ed toNO%x1p$'ic§gp%ﬁ%l?§p\ﬁ'HBPH§e %‘?’f’cﬁ’\é qﬁ%?@ﬁ&ﬁﬁ'&%?ﬁﬁ‘can then be isol at ed
and usegyin 25 accordance with the present invention. Techni ques for

i ntroduci ng_nucleic acid constructs encodi ng hydrophgbins Into host cells
are wel | knbih hydrophahing gan ke obtaingd By RrtigeRer froguinatve spursear suHbBEns

whi oh gt ves R g o BRGE B3 am e tdBRE oo B £BF B Rle, Hy B B Lo
and Wost en, oltaingd' by roultiReng fimnevltomsotﬂﬂrtgl thet seé2te Hs hydRephobin irdotthe
ooy oRMAR SO, Y R i DT ERIEAR, FRE B gl e e
15 particularly preferred to isolate hydrophobins from host organisms that naturally
secrete hydrophobins. Preferred hosts are hyphomycetes (e.g. Triehoderma),
basidiomycetes and ascomycetes. Particularly preferred hosts are food grade
organisms, such as Cryphonectria parasitica which secretes a h&drophobin
termed cryparin (MacCabe and Van Alfen, 1999, App. Environ, Mié:robiol 65
20 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 aljd used in

25 accordance with the present invention. Techniques for introducing pecleic acid
constructs encoding hydrophobins into host cells are well known ih§ the art. More
than 34 genes coding for hydrophobins have been cloned, from-evef 16 fungal
species (see for example WO96/41882 which gives the sequence of
hydrophobins identified in Agaricus bisporus; and Wosten, 2001 Annu Rev.

30  Microbiol. 55: 625-646). Recombinant technology can also be used to modify
hydrophobin  sequences or synthesise novel hydrophobms having
desired/improved properties.



WO 2006/ 010425 PCT/ EP2005/ 006996 6 Typically, an appropriate host cell or
organismis transforned by a nucleic acid construct that encodes the
desi red hydrophobin. The nucl eoti de sequence coding for the pol ypeptide

can be insﬁéﬁ’sﬂ#@éﬁ a suitable expression vector emo%@@mﬂhﬁsmd@ essary

el ements f ption and transl atigon and in such a manner that 5,
they will be expressed under appropriate conditions (e.g. in proper

i entati ing. f Wt ' t ti d
cxprosei on Lale 8b) ErobBAC R hETBE fhidh if RRPREL 1TRE BPE. ST,
vectors ar ecav@tduckthm%ntadestmgsi@s%d hy@dphotr;]inh%ianmlem_wdeﬂsesqufnee codling
exXpr essi on stens may, pe used,to express t 0 epti de codl nhg, sequence.
Thgse i nclu yﬁh%ﬁ?lyg‘f’fé'cﬁo‘fm berinseted ﬁ'gto Sa%’t't@&ieg‘?x 5%?89” Y&Gier %‘Eﬁc’%ﬁ‘gy@gst),

i nsect cel | nsyskeRPeleRlehld fétatanseHblid Snd YiahSEBoR MdRhaglich & harnep@rdtor med

with the appropri'ate expression vectors. Preferred hosts are those that
are cons$ dethey will be @xpresged undenappipprate egaditiens ésg.dapeoperarasiation and

Sui table fu ' ' Vi ts. su Jom t hose
of the gener e IEEHAS SrplLend Rin FRRTp R Ehodihd il o Ritesthl b Tokdith oo
Schi zo sacThamestheds requirddnid torstruchthéséidxpression sectpecaeswalikhoan tobut
not limted to) those of the genera Aspergillus, Trichoderma, Micor,

Neur ospor a, theg8 #Kkledinaihg areo the 1ike. The sequences encoding the

hydr ophobi ns are preferably at | east 80% i dentical at the amno acid |evel
to a hydrophobin identified in nature, nore preferably at |east 95% or
100% i deot i Aalumbén\af expressonssysterskimaydu used foecxpressnthg poieeptide coding

conservative substitutions, or ether amni.no i d an th do n r.educe
The- bl of ogrediense: [toes) Motey Bt 5t BB ReA torastBRE bt Bl Thats
i nvention tneeét calysisrimhe)plam isareR $18tdms andipldnts el elaneformed Witht et 0 a
hydr ophobi n that naturally occurs are alsq enbraced within the term

"hydr ophobi ABProprgerpirestieon vastoran Riefefad i iasks are Hipseulhatiaee friosidersd

cel lular ex : Yo 1 , e describod i n 01/ 57076
Shi ch | nvol 1R08 Yrdad b?én%rr?'h’é"é@gme‘a ad Qe RS

15
Suitable fungal species, include yeasts such as (but not limited to) those of the
genera Saccharomyces, Kluyveromyces, Pichia, Hansenula, Candida, Schizo
saccharomyces and the like, and filamentous species such as (but not limited to)
those of the genera Aspergillus, Trichoderma, Mucor, Neurospora, Fusarium and
20 thelike.

The sequences encoding the hydrophobins are preferably at least 80% idenﬁcal: |
at the amino acid level to a hydrophobin identified in nature, more prefe}ably at
- least 95% or 100% Iidentical. However, persons skilled in the art may make '
25 conservative substitutions or other amino acid changes that do not rediuce the
biological activity of the hydrophobin. For the purpose of the inventio%l these
hydrophobins possessing this high level of identity to a hydrophobin that daturally
occurs are also embraced within the term “hydrophobins”.

30 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



hydr ophobi n present in a hydrophobi n-containing solution to surface and
then contacting the surface with a surfactant, such as Tween 20, to elute
t he WD 2006/ 010425 PCT/ EP2005/ 006996 7 hydrophobin fromthe surface. See
al so Collen et al 2002, BIOChIﬁ]BIOphyS Acta. 1569: 139 50; Ionje at

al ., 2002, WO/ M2fy crobi ol . 48: 1030-4: Askolin et afCUEBS{00698% )
M crobi ol Biotechnol. 57: 124-30; and I3e Vries et al., 1999 Eur J

Bl ochem 2 377-85, 5 Aerated Food Produc t ucts of the
i nvention ?’VB"OEBPP ﬁ%ﬂ"lthpn?qf%(?ﬁe gfaefaestﬂ %Q %‘Pjﬁ“g 4. %@P EQIOP RYS 11 ed
or frozen. AbRe 16566M 39-809CaloRR étdéi‘s 2bgY CAREL Mrbrebud‘rorsi 1OBOQﬂl)!(‘stk§lm gcl ude
beverages such as cappucci no cof Anbi ent aerated f gro ucts

i ncl ude whiagpp2@0t lmb@rhﬁmtedwpl da 184+38Y, ?ngr%ﬁf@% et@I 91998, & J

Chill ed aer cts I nclude whi pped cream nousses and beverages
such as begjléc‘?%{'{'%%ghgﬁoggand snoot hi es. Frozen aerated food products

I ncl udes frozen confections such as ice cream mlk ice, frozen yoghurt,

sherbet, slushes,_ frozen custard, water ice, sorbet, granitas and frozen
pur ees. fﬁ@ﬁ@@&iﬁfﬁg@—tﬁer ated food product is an aerated confectionery
product . ?rét@& %ocﬂﬁfo%ltu%fé of”ﬁériﬁvérméh tﬂﬂéall%‘ﬁll s %nbrﬁf%&ﬂ @Bahé ¥ hot

i ncorporated into t roduct, such frechani cal neans as can be
any food- geathienjashilled @méﬂ@zee ailhe tﬁrmrfﬁ@pﬁﬁ' ivcludes bloeyvednged. deHotTiwdext ent

or csent | noiel MolBloboiieed” Bubt abFeBPueyy ShESK /AvhPish %08 Bl of e
final aer atpestustiduitie whippedreream, toiershmxllovs snd bane@fprb@ectmag bréad00 25
The anount of overrun resent. in Fugmeroduct wil | va@% pend| ng on the

desired plaules: aqratedatocd produets | iRRedeCreae Meiases ANdolRVErages n i ce
creamis tyghgeakiser, frﬁrﬂ@%ﬁé?@%tan@srh&tﬂrfeg%ﬁ@% h&rat ot proBGstY intiide as

nousses tRe Overrun 'ca
frozen confectrons such as ice cream, milk ice, frozen yoghurt, sherbet, slushes,

frozen custard, water ice, sorbet, granitas and frozen purees.
15
Preferably the aerated food product is an aerated confectionery product.

The term “aerated” means that gas has been intentionally incorporated into the
product, such as by mechanical means. The gas can be any food-grade gas

20  such as air, nitrogen or carbon dioxide. The extent of aeration is typically defined
in terms of “overrun”, In the context of the present invention, %overrun is defined
in volume terms as:

((volume of the final aerated product — volume of the mix) / volume of the mix)
X100

25 The amount of overrun present in the product will vary depending on the desired
product characteristics. For example, the level of overrun in ice cream is typically
from about 70 to 100%, and in confectionery such as mousses the overrun can
be as high as 200 to 250 wt%, whereas the overrun in water ices is from 25 to
30%. The level of overrun in some chilled products, ambient products and hot

30 products can be lower, but generally over 10%, e.g. the level of overrun in
milkshakes is typically from 10 to 40 wt%. | -



be as high as 200 to 250 wt % whereas the overrun in water ices is from25
to 30% The level of overrun in sone chilled products, anbient products
and hot 30 products can be |ower, but generally over 10% e.g. the |evel of

overrun in g} Ié@lta%ges is typically from10 to 40 Wt % %@9&@%}%@%25

PCTI EP2005 The amount of hydrgphobi n present product generally
vary dependi ng on the product formul ation and volune of the air phase.

Typi cal |y, ' ' e ) 9 .0 nore
ot of or abi y T PGB G fkrobposif Hidbdhe B i BiRbuh Oigatietany ety sy (o ¢

| ess tlhan llqur%pf‘rysduﬁﬁb@ﬁlhlationmﬁa% Bolbmdfph‘eﬁbil;!phm Bypitaltyntize picdgbewiiour ce
or a plurality of sources - i he rqphobin ca m xture o or
more di f f er@HtaRyal %&tﬂ-ﬁgbgﬂ’%emqrﬂé@b' =PFPF%r%fBFe§g]P'Heathy%ﬁsédL%mf is a
class Il h [ i i s\gT! | GRS

conpositi oﬁgt‘)?g@‘?ﬁrngopdﬁnxghgr??gﬁﬁ%b%%@dbﬁg%ﬁ?v@ t'he 1 nventi cT)R? whi ch
conposi ti onhyshephabiranay thed froph @bbinglesgeurce cammp oplitalitih of | sesirease eld. dthed

prem xes, f rem ' r i .0f

confecti one%rm?@,Pam&gng&oté&&ﬁ%@ﬁﬁy@gg%grp s??)rp(éﬁ g&%i ch an
aqueous liquid, such as mlk or water, is added prior to or during is
aeration. Such comositions jnclude |iqui rem xes, for exanple prem xes
used in thePreg‘?réauéh*PBMd@PﬁPﬂ'f"ﬁiﬁﬁ "i%ﬁ?f'gm’cﬂeﬁlq -products, and dry m xes,
for exanple powders, to which an aqueous liquid, such as mlk or water, is

added prior to or during 20 aeration. The conpositions for producing a
frozen iwodThe ptasent tiventien alsoeancompasses compositionstor groducinghgn edirateds, i n

addition to.the rophobi whi ch. ar or nal. | cl uded i e foo0
roduct. . godBrgptfck 8F 1 nlannith, i CorhRSon dormyuEiscA kiePootiEo S8 ¢ i ons
may i ncl udec@hposifiorishandledari juid prregiest, efors ex@apler gsteinixedalRetihth theod
product such that the conposition is ready to be processed, i.e. aerated,

to form anPregrgtianofifergn soptretieneny Rrﬂ‘éuqtﬁv?é"l‘i'tqrbmixﬁvjob%*ﬁm@l?tﬂo&‘f@r%or
produci ng oy RAIAL&AH ahOSSLLHQHYCEUEH ak il BY GRtdrofs Whddd PridP to or during

15 aeration.

Such compositions include liquid premixes, for example pfemixes 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
20  aeration.

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 etc. The

25 compositions may include all of the remaining ingredients required to make the
food product such that the composition is ready to be processed, i.e. aerated, to
form an aerated food product of the invention.

Dry compositions for producing an aerated food product of the invention will also
30 comprise other ingredients, in addition to the hydrophobin, which are normally
included in the food product, e.g. sugar, fat, emulsifiers, flavourings etc, The
compositions may include all of the remaining non-liquid ingredients required to
make the food product such that all that the user need only add an aqueous



30 conprise other ingredients, in addition to the hydrophobin, which are
normally included in the food product, e.g. sugar, fat, emulsifiers,
flavourings etc. The conpositions may include all of the remaining
non-1iquid in%hedients required to meke the food product such that al

that the u¥?2M¥LYIBnIy add an aqueous YO 2006/ 010425 PEFTEPPEYY HS60096 o

| iquid, such as water or mlk, and the conposition is ready to be processed
to forman, aerated food, produ of ,the invent.ion. Thes ry _conpositions,
excanpl s - Ol L ARG Folily S GPERARLLT 16 im0y BE IRRGRRR8I Dot
i ndustrial fpfl an£dratdd B6€ pradikt BEMefihventibRMThess dRLcdmbdsifns, beagslesshel f
life. 5 The hydrophobin is added in a formand in an anmpunt suc hat it is

' Op ) . h that
avai | abl e t@f WhiFRin¢lide poweees ang gEawlesppan e designechipidwth inguistrisd @ndhat
t he hydmphr%?ﬁ&(irhée? agEl?Je'nBﬁFﬁérﬁ'Trcﬁﬁdddéhr&fﬂH&ﬁé’|dnp[ePsﬁé}ﬁifé.00d product for the
pur pose of taking advantage of 1ts foam stabiFl'i sing properties.
Consequently, where food ingredients are 1o present or added that contain

f |, ' t whi tain, . hyd hohi | tid t hi
does ot - cores PRAIRE AR GOHER I ARG ARG A ATERla SUGh RSt Br \AlEblsriBs ont
i nvention. dJiupilis&ihe airt fifasey dBpmkirth *ideddade fedhhat es! hparphebin B a
formsuch it is 15 capable of self-assenbl }/q;at an air-liquid surface.

Typi cal |y, defiberstalydphotiiced istoathedaod sradust jasdbe pumnsetofdakipgmstyantegens of
yb! ¢ EHTOH ' Ll vad s thed.
Chch o ar {0 CafioBRbA B, XEaghn, i ol bl <

such as at Teast ure, d oh wel
i sol at edo f opresentwaornmaided h#hiat2@obtain hudgalp loohtaminantspt whidhednans qantainof a

natural | y-occpurr, organi sm such as a, nushr,oom, wWhic at ur al,| )

oxpr eases. rouophith RORPRRETEs IS HaBS AdteistEF AotindlhyeboR il Rthih tee.
have been exidtamidtthd pFent iNPéntion. | y-occurring source or  obtained by
reconbi nant expression in a host organism 25 In one enbodi nent, the

hydr ophobin is added to the food product in nononeric, dinmeric and/or

preforanl y SPFEIREGRaHhsBin R -EBRLIRIOR, HBN ol Rlotc AR R el ke o

these 15 capable of self-assembly at an air-liquid surface.

Typically, the hydrophobin is added to the food product or 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

20 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.

25 In one embodiment, the hydrophobin is added to the food product in monomeric,
dimeric and/or oligomeric (i.e. consisting of 10 monomeric units or fewer) form.
Preferably at least 50 wi% of the added hydrophobin is in at least one of these
forms, more preferably at least 75, 80, 85 or 90 wit%. Once added, the
hydrophobin will typically undergo assembly at the air/liquid interface and

30 therefore the amount of monomer, dimer and oligomer would be expected to

decrease,



forms, nore preferably at |east 75, 80, 85 or 90 W% Once added, the

hydr ophobin will typically undergo assenbly at the air/liquid interface and
30 therefore the anmobunt of nonomer, diner and ol igonmer would be expected to
decrease., WD 20061010425 PCT/ EP20051006996 10 In one enbodi ment, the

hydr ophobip is ded to the aerated food product or co LIgC f the

I nvention V%)gmaﬂg ated form typically at |east partigBﬂgbm%ﬁQ$$ged. 5
The added hydrophobin can be used to stabilise the air phase in an aerated

food prodyct r by, i nhibi i .bu oar seni I .. hydr ophobi ns
have been thqocm’?ggﬁ.'gtoakh%/t' %ﬂbe @%’g’bh?@g '?o%ﬁegoﬁ%uﬁg %%'{a?%, g%ocfnéo%pggp of the
bubbl es wi tddmpdshtiensf olthe tiveHtion pineae risolatede farimpntypichlly rwebst gagafly bed
further with reference to the followi ng exanples ich are illustrative
only and ndWfiedi ting. Description of the figures 15 Figure 1 is a graph
showi ng overrun as a function of protein concentration of hydrophobin,

sodi um casei nate and skimred m |k powder in water Figure 2 is a graph

showi ng 5t heltreoaddest kysirophgbintan be usedoteiptabiisedbe mirgphaseds @ aessted\feod un.

Foam st abi | j S r, hobi n_ i L . 20 % 2

cuor ose. soltivfs el b iubEho BBEE St B i bR pdle bl g

Fi gure 3a ifsurd gotgrily ¢ stabiliss Jodrh &ofupsnbsttiso tha sizebf thelbwilesvitiiaphebi n in
wat er with aqueous solutions of 2 w % sodi um casei nate, 2.86 w % ski nmred

m | k podePa'E‘equi valent to about 1 w/o protein) and 6.67 wt % whey protein
25 (equivalent to about 2 wt% protein). The foans produced using

hydr ophobi n are considerably nore stable than those from conventi onal

prot ei nB. HAitgupresant ingerdiogrvalh howdrepdesicribed futhes avithaefarenda tp tbe falowing %

Hydr ophobi n_and, 2 % 3 sei,n L0 u2Qpe % sucrose sol ution. The

f oam produceégr'l?é‘?%‘aﬂfcg@%% %?ﬁﬁ%ﬂ‘?ﬂy?ég%ﬁg‘ﬁﬁtgﬁbl y nore stabl e than that
from 2% sodi um caseinate. Figure 3c is a graph conparing the foamstability

of 0.1 wm% drophobji n and
0[I)_ieyscrir:» ion of the fl%ures

15 Figure 1 is a graph showing overrun as a function of protein concentration of
hydrophobin, sodium caseinate and skimmed milk powder in water

Figure 2 is a graph showing the foam stability of 0.1 wt% Hydrophobin expressed
as overrun. Foam stability is shown for hydrophobin in (1} water (2) a 20 wi%
20  sucrose solution and (3) a solution of 20 wt% sucrose and 1 wt% guar gum.

Figure 3a is a graph comparing the foam stability of 0.1 wt% Hydrophobin in
water with aqueous solutions of 2 wi% sodium caseinate, 2.86 wt% skimmed milk
powder (equivalent to about 1 wi% protein} and 6.67 wt% whey protein

25 (equivalent to about 2 wt% protein). The foams produced using hydrophobin are
considerably more stable than those from conventional proteins.

Figure 3b is a graph comparing the foam stability of 0.1 wt% Hydrophobin and
2 wt% sodium caseinate in 20 wt % sucrose solution. The foam produced using
30 hydrophobin is considerably more stable than that from 2% sodium caseinate.

Figure 3c is a graph comparing the foam stability of 0.1 wt% Hydrophobin and
2 wit% sodium caseinate in a solution of 20 wt % sucrose and 1 wt% guar gum.



2 W % sodi um caseinate in a solution of 20 wt % sucrose and | w % guar gum
WO 2006/ 010425 PCT/ EP2005/ 006996 11 The foam produced using hydrophobin is
considerably nore stable than that from 2% sodium caseinate. Figure 4 is a
scanni ng el ectron m crograph of an aerated food produc |nvent|on
af ter (A) MOHAYY4HI (B) 2 weeks at chiljj tenperature. Elcg@?ieoﬁguq@ a

showi ng the interfacial rheol ogical properies (G and G') of the ai rlwater

vl s mof Bl BRERERE o MAOSRRAR oo hisb AL hrd Sle Bbgt B 90°0r (e

1o i nstrune®sodiurg¢aeeifatess a graph showing the interfacial elasticity (G)
at the air/water interface of 0.00035 wt % hydrophobin in conparison with
0. 0007 wt % sodi um casei nate and whey protein. Al though the hydrophobin

readi ng gog@uﬂé 4 @Cé's%apﬁgg él@é&th{ nﬁé 5@@1‘\/ &Mah dehstebinoBtf metdalt & @aticity

of hydroph n is. signi an those fornmed by convention
protei ns. Rvgotian afters(/-\&kﬂay n(mBQﬁowe’@ at bilitempgtatere. f or t he aerat ed
frozen products. 20 Figure 8 is a scanning electron m crograph of product

m crostructures - fresh and after abuse (Magnification x100) Figure 9 is a

scanni.ng eFrufd Msm gF r@fidwm%xm aileddcial rheobylcat bropesies (G’ enll @Ndof af ter
abuse (Magnification x300)_ 25 le I - Foampbility Eﬂ%?ﬂ?t I um Casei nat e,

Ski med M Fh@ mfl‘b’?@rﬂﬂtéffa?ﬁ/mWGI‘RSBWFCPrPf\Né{g@Ph‘PPE' ito‘%i}%' egithatthenoder ma
reesei hydyapbohiGebse (6FRich! hn V8Ret ORBA 8 b ﬁdhﬂ{e eé?éﬂiﬁ%%fdﬁley used,

foamabl e, darry proteln sodi um casel nate mat | ona

Net her liland@straBieat% protein, 1.5%fat and 6% m)l st ure) and skimed mlk
(United M1k, UK 33-36% protei n, 0.8%fat, 3.7%noisture). HFBII was

obt ai ned from VIT Bi ot echnol ogy, Finland (purified from Tri choderma reesei

WO 2006/ 016igebe BGd bEfTEPR SheRmG e interfacial elasticity (G') at the air/water interface
of 0.00035 wt% hydrophobin in comparison with 0.0007 wt% sodium caseinate
and whey prbtein. Although the hydrophobin reading goes off scale, the result

15 show that the interfacial elasticity of hydrophobin is significantly higher than those
formed by convention proteins.

Figure 7 is a diagram showing shear regimes for the aerated frozen products.

20 Figure 8 is a scanning eleciron microgfaph of product microstructures - fresh and
after abuse (Magnification x100)

Figure 9 is a scanning electron micrograph of product microstructures - fresh and
afier abuse (Magnification x300)
25

Example 1 - Foamability

(a) Sodium Caseinate, Skimmed Milk Protein or Hydrophobin in water

The foamability of Trichoderma reesei hydrophobin Il (HFB II) was compared to
30 that of the widely used, foamable, dairy protein sodium caseinate (DMV
International, the Netherlands. 88-90% protein, 1.5% fat and 6% moisture) and
skimmed milk (United Milk, UK. 33-36% protein, 0.8% fat, 3.7% moisture). HFBII
was obtained from VTT Blotechnology, Finland (purified from Trichoderma reesei



12 essentially as described in WO0O0/58342 and Linder et at., 2001,

Bi omacr onol ecul es 2: 511-517). The tabl e bel ow shows the concentrations of
the protein solutions that were s prepared. Table 1 - Sol utions prepared
Protein so ntration wt % Shear tinme (seconds) " Reesei
0.05 600 H@?‘ﬁ”‘%ﬂg . Reese) 0.08 600 HFB Il ex T. Ree?gﬁEB%f?’%g() Sodi um
caseinate 0.1 600 Sodium casel nate 0.57300 SOdI um caseinate 1 120 Sodium

casei nate 2 60 qﬁl\/P 0. 29 60 @‘83 []:]65 SMP 5.71 60 to
The dairy Fe8eiaYYsAut F’Sﬁ%’ “'br &ﬁ? 8994 n@“ 8t Gtstalsr £004nd the
protein \A@O,ﬁgémﬁ{g@g”%m(sﬁhm ater at room terrperature. The sol ution was

then heated to 60C I nutes and then cooled to 5C. The HFB 1|1
sol utions were prepared by using a Sonicor ultrasonic bath nodel SC-42

( Soni cor r E S d either n.aliquot or
dry powder ﬁ)ﬁ Eﬁﬁ%&?"’% SE%?W? @? %‘%@Hrﬁﬁﬁﬁegﬂ% P ét%ﬂ'hégﬁl%ﬁit 0LWEE at
room tergperp@épm-eduntll all of the HFB was dispersed and a clear liquid
obtained. This solution was also cooled to 5C before aeration. Foans were
produced by shearing each solution for up to a nmaxi numof 20 10 m nutes in
a cool ed ( L i cally nmounted, jacketed stainless steel
vessel vmtaca‘l)oﬁ:grﬁg t'Bf'% (r)erqé?%(?]s of 105 mm he| ght and dianeter 72 mm The
lid of the vessel fills 54% of the internal volune |eaving 46% (180 nl) for
t he

Protein source Concentration wt% Shear time (seconds)
HFB Il ex T. Reesei 0.05 600
| HFB Il ex T. Reesel 0.08 600
HFB Il ex T. Reesei 0.1 600
Sodium caseinate 0.1 600
Sodium caseinate 0.5 300
Sodium cassinate 1 120
Sodium caseinate 2 60
SMP 0.29 ‘ 600
SMP , 1.43 345
SMP 2.86 165
SMP 5.71 60

10 The dairy protein solutions were prepared using a magnetic stirrer and the protein
was sprinkled into the water at room temperature. The solution was then heated
to 60°C, held for 5 minutes and then cooled to 5°C. The HFB || solutions were
prepared by using a Sonicor ultrasonic bath model SC-42 (Sonicor Instrument
Corp). The HFB Il was added either as an aliquot or dry powder which was

15 sonicated for between 30 seconds to 1 minute at room temperature until all of the
HFB was dispersed and a clear liquid obtained. This solution was also cooled to
5°C hefore aeration.

Foams were produced by shearing each solution for up to a maximum of
20 10 minutes in a cooled (2°C) cylindrical, 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



A WD 2006/ 010425 PCT/ EP2005/ 006996 13 sanple, The rotor used to shear the
sanpl e consists of a rectangular inpeller of the correct proportions to
scrape the surface edge of the container as it rotates (dinmensions 72 mm x
41.5mm). Also attached to the rotor are two sem -circul ar 60 mm di anet er)
hi gh- shear WO124¢640433si t i oned at a 45 angl e to the rect aiguraPIy/04e996
attachnent. 80 m of solution was poured into the vessel, enough to cover
half the rotor, a the lid. secured. The, sol uti,on_was then sheared at 1250
rpm for th&aMQy 3%@69{‘]’6Héﬁgﬁ%rsh%%fetg?éﬁl@'ﬁ?‘?“ﬂﬂéOglé‘rréf’@&gg'@m'ﬂp@l‘?r s then
i mredi at el ythé QoRBRf BdpbRiohs o BRASH tHOsuHHCERe of thdScalitiinBPad itTRARES € Of
overrun by volume. " Foamability refers to the volune of foamis stated in
terms of pdfieensigns 72 svary 4hSmnahdsmatiached toribe defor dreitwa seymimiculek| e

bid). Ov %:= : I f 5 o [
151 “tvor unel dftciameihhy ol sy BiaRls adffbaed Bl 7% ol LRS! EeRblbh 7o)
t he sodisumatshmeat.e, SMP and HFB I1. These results show t hat hydrophobin

is at | east as foamabl e as sodium caseinate 20 and SMP, with a | ower
concentration needed to generate a simlar overrun. (b) Sodi um caseinate

and HFB i n gg'@yf Bf SIBGEwab pouhsd iﬂt@fﬂ{@%s%ﬁi, enolgh Yreevsendifte digt, Ehd ||

were also aerated in the presence of 20% sucrose (Tate and Lyle) and 20%
sucrose + Oheviguaecuyath (We | solBineckas thenmshgared2mt 7826Qumm 1406 g st ur e,

Soabum ons AT EBpkE Srridel BebBEn fir Fho iRl Eftioh W theny ManHBiefel© ©
sl owl y addesbured ilie arpicasurig cylitet eins igting @ mbasureast dveinmg byrvalathepn a
magnetic stirrer. The sol utloné/\g?s t hen heated to 60C, held for 5 mnutes

and then cddtaeehily seferpnion g sy AaPapt dsctiatednld RS whPeferdagRd to -
t he sol uti oRy kot oMé : m tenperature. This
sol ution \/\/agwtgﬁrr]%l?]' ﬁ&?g%@%ﬁ é'gécd%mnﬁ" heisﬁﬁfﬂ% (Lt%ﬂﬁut es before being cool ed

to 60C. At this point the sodium casei nhate was added with the rest of the
sucrose. Overrun % = 100 x (volume of foam — volume of unaerated solution)

15 / (volume unaerated solution)
Figure 1 shows the overruns obtained for the sodium caseinate, SMP and HFB IL.

These results show that hydrophobin is at least as foamable as sodium caseinate
20 and SMP, with a lower concentration needed to generate a similar overrun,

(b) Sodium caseinate and HFB in the presence of other ingredients

Sodium caseinate and HFB 1l were also aerated in the presence of 20% sucrose
(Tate and Lyle) and 20% sucrose + 0.5% guar gum (Willy Benecke, Germany.
25 78% gum, 14% moisture, 7% protein, 4% acid insoluble residue, 1% fat and 1%
ash). In the case of sodium caseinate with sucrose the dry powders were
combined and then slowly added to the water at room temperature that was being
mixed on a magnetic stirrer. The solution was then heated to 60°C, held for 5
minutes and then cooled to 5°C. When guar gum was present the guar was
30 added to the solution first with half of the sucrose at room temperature. This
solution was then heated to 80°C and held for 5 minutes before being cooled to
60°C. At this point the sodium caseinate was added with the rest of the sucrose.
Stirring was continued at the temperature for 30 minutes before cooling to 5°C. In



Stirring was continued at the tenperature for 30 m nutes before cooling to
5C. I n WD 2006/ 010425 PCT/ EP2005/ 006996 14 the case of HFB IIl, it was

added separately to a cool ed sucrose or sucrose guar solution either as an
aliquot or _a drém@omder Initial mxing was carried out _on a nmagnetic

stirrer foYQHEHWY30 seconds in the utrasonic bath. PEBHFEE2WEKRSs the

sol utions prepared 5 These solutions were aerated for 10 m nutes as
descrlbed secti nd the  overr bt ai n vol une in a measuring
eyl i nder . 15,085 OEREL N s Alided SePBEE FR A GaIELaNHO%R, AF SHCTORS OFb o 2
Sanpl e Pr Ots%lmloﬁvéﬁ@g%s &PQ ol pfb‘m{erruﬁutlaﬁ ?ﬁMﬁ@’)wéé’ Qar%ecﬁ)d‘d‘t\oﬁaé +

sucrose 0.1 78.75 O. s+ sucr 0se+0. 5% guar

0. 19%NACas +smagrw@+silwr@uécrllgmmyﬁ%wcooﬂ%rﬂhmwh@mmbahl Tmle 2 showsitise +
sucr ose+0. 1 83 0. 1%FB+sucrose+l%guargum 0.1 96 These
results Sh%ﬁlﬁ%ﬂ%p %%lrgghobi n has simlar foamability to sodi um casei nate
I n a norse conpl ex systemincluding sugar, and optionally guar. 15 Exanple

2 - Foam s ility The stabilit of nHFBII oam was conpared to so
cormonty. uSdRAaIyfons g apsatel 16 SR RS 5 HSSETOL FOURY (BHaNgHhe
casei nate. cfh@h dUté’iFIH&th%lumé ‘H@ﬁﬁné‘é‘éﬁmg%ﬁnﬁ@er' ThBle® %ﬁéﬁé‘&hé‘ﬁv&?&ﬁ nder
to assess their stability in terns of m“vol unme asafunctlono time.
The vol une Qbﬁalne@fnn®cbtaanmﬂe| n terns of 20 percentage "overrun", and

based on the definition by Arbuckle (ibid). Overrun %= 100 x (vol une of
foam - vol unme of unaerated sol ution)

10 Table 2
Sample ' Protein Average
concentration| overrun
(% wiw) %
0.1% NA Cas + sucrose 0.1 78.75
0.1% NA Cas+ sucrose+0.5% guar gum 0.1 70
0.1% NA Cas+ sucrose+1% guar gum 01" ' 55
0.1% HFB+sucrose 0.1 75
0.1% HFB + sucrose+0.5% guar gum 0.1 83
0.1% HFB + sucrose+1% guar gum 0.1 96

These results show that hydrophobin has similar foamability to sodium caseinate
in a more complex system including sugar, and optionally guar.

15 Example 2 - Foam stability

The stability of an HFB |l foam was compared to some commonly used dairy

proteins: whey, skimmed milk powder and sodium caseinate. After production,

foams were poured into a measuring cylinder to assess their stability in terms of

foam volume as a function of time. The volume of foam is stated in terms of
20 percentage “overrun”, and based on the definition by Arbuckle (ibid).

Overrun % = 100 x {volume of foam — volume of unaerated solution)
/ (volume unaerated solution)



' (vol ume unaerated solution) WO 20061010425 PCT/ EP2005/ 006996 15 The
stability of these foans was neasured by nonitoring sanples contained in
250 m neasuring cylinders and recording serum | evel and foam hei ght over

time at r rature. The liquid in the foans drai | eadi ng
to two seg"g)nia? @@‘ﬁa di stinct layers: afoamon top, an Qélﬁzé%%dg@ol ution
below. This is s because the aqueous phase does not contain a si gnlflcant
anmount of, co ers t he st abi he foam
phase t hat The B, {HeE onib Sras PeRdEY thhmapifite RbRPles Glndhed e r un.

the vol une 26y hpa@akarii@b@inders aferecOfiing Servgl level aihd fdaen BBRhEBVer tirfe bot h
air (foam phase and |iquid phase  irrespective of whether they have

separ at ed |ﬁﬁt"9°t'ﬂ/v§9'm®'ﬁt%€-t he pwid indee Jaame Grin Vel Bneyleading 5 Bve gi ves
a duant | 1 atdapardidHnaisthitt tve Hﬂ% e&eﬁsﬁ b o el ddioli8 3BNutBn bR, CThishs cak

down nechani such as co escence l'ves an the ~at nospher e)
and di s opfmecauss dité aguebuspbass does modlcsptairsed&gmfmammmaumef @mdanyn t he

f .bot 20% % 19%
ELS&S“?ﬁe"séﬁp‘ésE@rﬁh HOWRRE it i T Sty R 15, S5n, praRe a1 3B, 5,
protein, 3.iRtebStoHERe, stFttsrethe calc'élaﬁbﬂrodf alerrdn th&ovafilina Bl fdam Wt thkémes Qﬁe) was

obt ai ned fromdanvia, Irel and le 3 Protein source Protein Shear tine
concent r at | @Wir¢ sedéng s pf thFBSMS'FGTU, 136@@”'1 i (foam) pbgse @b digug, phes® HFB

[T + 20% s I | um
casei nat or ORSAEe oL MHE e R dormhctod R M SHRREL PAGR. TP VAR "oum
2 60 Ski mmeerminl thepeforte gives 86 qléntitatitee indmatide rof6thé 7stability of the foam to
typical break down mechanisms such as coalescence (with themselves and the
atmosphere) and disproportionation. |

Proteins were dispersed in water alone and in the presence of both 20% sucrose
15 and 20% sucrose * 1% guar gum. Table 3 shows the samples that were

prepared. Whey powder (Avonol 600 — 30 wt% protein, 3.5 wt% moisture,

2.5 wt% fat, 7 wt% ash and 53 wt% lactose) was obtained from Gla‘pvia-,' Ireland.

Table 3
Protein source Protein ~ Shear time
concentration (seconds)
HFB Il " 0.1 600
HFB 1l + 20% sucrose 0.1 . 600
HFB Il + 20% sucrose and 1% guar gum 0.1 600
Sodium caseinate 2 . 60
Sodium caseinate+ 20% sucrose 2 80
Sodium caseinate+ 20% sucrose and 1% guar gum 2 - 80
Skimmed milk powder 2.86 - 165
Whey powder , 6.67 45

20
The dairy protein solutions were prepared using a magnetic stirrer and. the protein
was sprinkled into the water at room temperature. The solution was then heated
to 60°C, held for 5 minutes and then cooled to 5°C. The HFB [t solutions were
prepared by using a Sonicor ultrasonic bath model SC-42 (Sonicor- Instrument



20 The dairy protein solutions were prepared using a nagnetic stirrer and
the protein was sprinkled into the water at roomtenperature. The solution
was then heated to 60C, held for 5 mnutes and then cooled to 5C. The HFB
1 solutions were repared by using a Sonicor ultrasonic¢c bath | SC-42
( Soni cor IWQtZPWPé?f‘@?V\D 2006/ 010425 16 PgT/ EP2005/ 0069967 T&‘?ZB‘}S"’N%% HFB | |
was added either as an allquot or dry powder which was sonicated for

bet ween 30 t mite HFB
was di sper gnﬂ"eaﬁ_@:%éwg % oﬁlﬁ?ﬁ %%%T%'@%ﬁr%a‘g ‘@#sr ‘Q&”gh &bl ed to
5C bef Oreh%hﬁiatewfor betiferim wg/e?dmieqi@ﬂ rﬁiﬂ?;eZ@P/ﬁotamtemt r?’cuﬁe Eﬁﬁlgiglajfﬂéwe
present the preparation' s slight iffe . In_the case of sodium
casei nat e vh“dfpﬁ“@édi'&%s@%@v%r%/deﬁb“ﬁiﬁ W%Fﬁo?q{!éfdp'hw&%a}%cﬂ?(ﬂ x| ed
into the wadopr q?érerég?ﬁ?lér?”per ature which was being m xed on a nagnetic

stirrer. The solution was then heated to 10 60C, held for 5 m nutes and
then coagled to 5C. When guar gum was present the guar was added to the

solution fi h half o SuUcros o/ t ) r Thi s,.saol ution
vesthen nolfien2bly s §h a0 o8 G B 0T SRITE R e puttRrtdy Goc

At this poiyds slightyodiffierertaseitnatcaseass ssdies vasdiniteewltssucpdsd tiee dppicr ose,
stirring was continued at the tenperature for 30 m nutes before cooling 15

to 5C. In tRewdesswers cpnr@lnqd ang thensskringdad ok theawatsy atgoamcishraiatyiier ose
or sucr 05%%%:3%36 MixEd Whes n?éqr%ﬂc %tnh@l“ofqé)ﬁ?lﬁtﬂﬁ M%a%otg%ﬁrhea‘téﬂ td al
ou on a nmagnet owed by

m xing was carrie C stirrer seconds in the
ul trasomi c 608ChheldForbreninetes apdd)hhmmblattod@’ﬂ: Wherlguar dgtxamzsepraserd thee pt

that diff t sheay, t t h bout
100% over r (iEar WS ert B AE8 ep bR T sfthchad oty SERGER i rofm REEe G LRl i sed
by Low Te”pﬁ{'@'sélﬁﬁon ﬁﬁé'ﬂﬁérﬂﬁeﬁéé‘fé BOTC Mh& heriGers nﬁlhﬂ'@EMeforE%lﬁgP@jﬁlédmm €
was first cut at +5 and plunged into liquid nitrogen. The sanple was |eft

at -80C on tar§0° Cce“\tp'?hl%rpo"ﬁl':ilbles‘é@ﬁﬂ"@ prsginatatwanh adlieéa\mﬂﬂ éh%d‘éﬁ @f‘l théas cut
careful Iy heeaise sBfinkWas’'85Minued at the temperature for 30 minutes before cooling

15 to 5°C. In the case of HFB I, it was added separately to a cooled sucrose or
sucrose guar solution either as an aliquot or a dry powder. Initial mixing was
carried out on a magnetic stirrer followed by 30 seconds in the ultrasonic bath.
Foams were produced as described in Example 1, except that different shear
terms were used so as to generate in each case about 100% overrun.

20
The microstructure of the hydrophobin foam was visualised by Low Temperature
Scanning Electron Microscopy (LTSEM). The foam sample was first cut at +5°C
and plunged into liquid nitrogen. The sample was left at -80°C on dry ice prior
SEM sample preparation. A sample section was cut carefully because of its very

25 fragile structure. This section, approximately 6mmx8mmx10mm in size, was
mounted on a sample holder using a compound: OCT ™ on the point of freezing
(supplied by Agar Scientific). The sample including the holder is plunged into
liquid nitrogen slush and transferred to a low temperature preparation chamber:
Oxford Inst. CT1500HF. The chamber is under vacuum, approximately 10 - 10°°

30 mbar. The sample is kept at a temperature below -110°C on a cold stage. The

. sample is fractured inside the chamber using a scalpel blade and coated with
gold using argon plasma This process also takes place under vacuum with an
applied pressure of 10! millibars and current of 5 miliamps for 30 seconds. The



25 fragile structure. This section, approximtely 6mx6nmx10mmin size, was
nounted on a sanpl e hol der using a conpound: OCT TM on the point of
freezing (supplied by Agar Scientific). The sanple including the holder is

plunged into -liquid nitrogen slush and transferred to | ow_ t enper at ur e

pr epar atiorﬁ%ﬁ%{'ﬁ@ﬁ'ﬁ% Oxford Inst. CT15QPHF. The chanbe}CFg'lpﬁq?a’g?%9?facuum
approximately 10 4 - 10'5 30 nbar. The sanple is kept at a tenperature

bel ow -110C on a.cqld sta e sanple is.fractured. insi,de the er
isi g a scatapess thed EHEEed Be RvenGonts ity ERGRR Miktmorn LT ocess
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and current_of 5 mlljanps for 30 seconds. The WD 2006/ 010425
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El ectron M g&OsG@HEsd 5600), fitted with an Oxford Instrunents cold
stage at a teﬁ%erature of " -150C. The sanple is exam ned and areas of

I nterestscaptured via digital inmage acquisition software. 5 Results - Foam

stability of fgamcreated.usi hydr ophobi n ,Foam produced usi ng hydrophobin
remai ned stéﬁ?@%d e‘?a"ésf%ﬂﬁv ??ﬁ@"ﬁ@??@g HSWQJMG%OWFH% systens tested
(water, + sucrose,  + sucros nd guar) -,see Figure 2. to . Results .-
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sodi um casejniad Sysths ESEd (Wétlér,ﬂowse,%c\“&%yarﬂf@iaﬁz n se@rplﬂ_g;tﬁrblz. very

unst abl e conpared to foam produced usi ng hydrophobin (see I gure 3A).
Further, higher concentrations of skimmed m |k powder and whey protein
solutions are required to attain an initial overrun of 100%than the is
concent tat i Basultsedaempaniscamyeffopmatiability € prateiss in @atepar i son of foam

stability of hydrophobi n and sodi um caseinate in the presence of
sucr ose/ guaFogmsprdduzed flonvdodiach ¢astingtd) skintméad milk poerder ambwhey protéiabl e

for a considerahle 20 %ﬂ;i od of ti (f2 weeks er eas glocﬁ_m; r_odd,éced
Usi ng sodi ufkec EleYeni BiaPle comRres o BIOMISEH HEng nNYJTRPHTRIE ciSE. of
sucrose (Figigiifs 3R). #0ftheRnd8GheO@Heentrations of skimmed milk powder and whey
protein solutions are required to attain an initial overrun of 100% than the
15 concentration needed for hydrophobin, -

Results - Comparison of foam stability of hydrophobin and sodium caseinate in
the presence of sucrose/guar gum.

- Foams produced using hydrophobin remaining very stable for a considerable
20 period of time (2 weeks) whereas foams produced using sodium caseinate were
stable for under 20 mins in the presence of sucrose (Figure 3b) and under about

2 hours in the presence of the sucrose and guar gum (Figure 3c).

Therefore, hydrophobin can be used at a low concentration to create significant
25 amounits of foam which remain very stable relative to other commonly used
proteins.

In summary, the data show that the foam that is created with 0.1% HFB Il is more
stable that those produced by the other proteins tested. All the foams drain over
30 time (which can be reduced by the addition of thickeners), but the bubbles for the
hydrophobin foams still remain stable, i.e. the foam system still retains the air
(overrun). In addition, we have found that the bubbles present in foams made



2 hours in the presence of the sucrose and guar gum (Figure 3c). Therefore,
hydr ophobi n can be used at a | ow concentration to create significant 25
anounts of foam which remain very stable relative to other corrm)nly used
proteins. In summr%/, the data show that the foamthat IEZWSZ (\)Nlth 0.1
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surface viscosity and eI asticity using surface rheorretry 10 A Cantel C

R- 100 i nterf aci I r ter Cant el nstrunents Limted ston, Herts,
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give an i nGheg leg, of how wel | an adsorbed nolecule will stabilise a foam

Is The |nstrurrent was used in the normalised resonance node, using a 13 nm
di ametelo du Nouy ring at the surface of the liquid in a 46 nmm dianeter

sanpl e IS e S, on t.h a surface,,.and a

o T esol & CateLFlR B3Rt Fadfin6F (EBRR InRITMBSE LUAEA Rovaion: uae
over the rags, t/K) WwagdQsbaeh mea’su\f@ﬂ'lecﬁrfac@dn%ﬂylahﬂQalééliélt a®ach data
experi nment al condi'tions. The runs were tinme swee with the starting

f requency Sivezanjndicgfign of BeYiwR ahadsarbemelecyls Wﬂi@ta@'ﬁl@ﬁ?ﬁ“ and

measurenments taken at room tenperature. The test duration was

15 The instrument was used in the normalised resonance mode, using a 13 mm

" diameter du Nouy ring at the surface of the liquid in a 46 mm diameter sample

dish. The ring oscillates on the sample surface, and a high-resolution
displacement sensor is used to monitor strain amplitude over the range +/~ 1°.

20 Each run was carried out using the same experimental conditions. The runs were
time sweeps, with the starting frequency at 3 Hz, and starting amplitude at 10,000
uRadians, and measurements taken at room temperature. The test duration was
set at 36,000 seconds, with 240 data points gathered during that time. The
physical parameters of interest are G’ (storage modulus) and G” (loss modulus)

25 as a function of time, which give an indication of the viscoelasticity of the
adsorbed surface layer.

Protein samples were diluted with water to the required concentration. The
surface rheology measurements are made relative to pure water, which was
30 measured prior to measurement of the protein solutions.

The surface rheology data is shown in Figures 5 and 6. For the hydrophobin
protein, G’ and G” increase gradually over time, before a rapid increase in both is



set at 36,000 seconds, with 240 data points gathered during that tine. The
physi cal paraneters of Interest are G (storage nodulus) and G' (| oss
nodul us) 25 as a function of tine, which give an indication of the

vi scoel asti c(i)é@ of the adsorbed surface |ayer. Protein sangl es were
di luted wi Y 88815 the required concegtration. The SGIERUSPHES ogy
measurenents are nmade relative to pure water, which was 30 neasured prior

to neasurenent of the protein solutions. The surface rheology data i s shown
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used as zongstilmmaseinateey protein and 5 sodium caseinate. It can be
concluded fromthese data that hydrophobin stabilises foans effectively by
form ng very strong viscoelastic surface |ayers around the bubbles. These
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Simlarly, FRRAIGHAAGAIME aka bobtlassatphle thatdydrerfwbinfoams. singe theesutasa food
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w Il be poss O I nprove shape retention rigrdity of aer
products. 2éol@iempdrecestratidws. at ed Frozen Products

15 Accordingly, hydrophobins can be used to inhibit bubble coarsening in an aerated
food product, for example by inhibiting or reducing disproportionation and/or
coalescence. Similarly, hydrophobins can be used to stabilise foams in an
aerated food product. Further, given that hydrophobins inhibit bubble coarsening,
it will be possible to improve shape retention and rigidity of aerated products.

20

Example 4 - Aerated Frozen Products
Aerated frozen products were prepared using 3 types of protein:

A: Sodium Caseinate (Na Cas)
B: Skimmed Milk Powder (SMP)
25 C: Hydrophobin (HFBII) from Trichoderma Reesel

Microstructural and physical properties of the products were compared, both
before and after temperature abuse regimes.



Aerated frozen products were prepared using 3 types of protein: A Sodium
Caseinate (Na Cas) B: Skinmmed M|k Powder (SMP) 25 C. Hydrophobin (HFBII)
from Tri choderma Reesei M crostructural and physical properties of the
products were cong)ar ed, both before and after tenperature abu regi mes.

19 WQ 20007 BIW44EMBCTI EP2005/ 006996 20,,Material s Det AP LSRRI & hl o

used are sunmmarised in Table 4 and the fz?)rrml ations from which each of the

aerated frogzen products was prepared are shown in Table 5. 5 Ingredient

Conposi tion leral er Sodium caseinate 88-90% protein, 1.5%fat, 6% DW

| nt er nat i ongktail§sF theOnaieiaR Desdard 80MmariSsd THEThLIR ldkard 166 YomiRating, 0. 8%
fat, United Ml k, UK  powder 3.7% noisture Hydrophobin type Il Purified
from Tri chofiemwhighTeasihal dhacdesgted freagrapraduclse sasi PrepaEsst REg [shows in

Fi nl and. deﬁrﬁﬁl' ked In WO00/ 58342 and Linder et al, 2001,

Bi omacronol ecul’'es 2: 511- 517). Refined Coconut Ol Van den Bergh Foods,
Limted 5Sucrose Tate and Lyle, UK Table 4. Materials used MxA M xB M xC

Ingredient Composition Supplier

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

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

powder 3.7% moisture

Hydrophobin type Hl | 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 QOil Van den Bergh Foods,
Limited
Sucrose Tate and Lyle, UK.
Table 4. Materials used
Mix A Mix B Mix C
Ingredient Concentration / wi%
Sodium caseinate 2.0 -- --
Skimmed milk -- 11.42 --
powder .
HFB Il -- -- 0.2
Coconut Ol 5.0 5.0 5.0
Sucrose 25.0 20.0 25,0
Water 68.0 63.58 69.8

10  Table 5. Formulations used



I ngredi ent Concentration W% Sodi um caseinate 2.0 - - - - Skimed mlk - -
11.42 - - powder HFB Il -- -- 0.2 Coconut Gl 5.0 5.0 5.0 Sucrose 25.0
20.0 25.0 Water 68.0 63.58 69,8 10 Table 5. Formul ati ons used WO

2006/ 010425 PCTI EP2005/ 006996 21 Preparation of the Ae

Products MOXPEMI%Si on) preparation Ay nixes were rradgg’bﬁi%g%&éﬁgatches
For Mxes A and B (containing sodium s caseinate and skinmred m |k powder,
respectivel j E ggﬁgﬁg th t he sucrose and di spersed
into cold 2 tﬁSn { HEAAGPE(S ote” The solution was then heat to
60C with stirring and held for 5 mnutes before bei ng cooled to 40C.
Mol t en cocaoput, fat was then added and the aqueous mx imediately

soni cat ed (BRAFEWision) preparghion ¢ 4 mm tapered tip) for 3 minutes at io 70%

anplitude with the tip well Inmrersed in the solution. The enul sion was then
cool ed rapidll (ixes \Herel@édﬁdf'éroob&tbﬁmﬂﬁ?l IFOL"MXQ%IAU?F‘@@ {containiag godiupas 5C,

to crystal é(ds%ﬁr(atet%naaékrrﬂg‘%alzgﬁlli Bomm%r”r %ﬁé’ Steﬁ-t gé@ w}ﬁblheé urt her

use. For containin t he sucros rst I spersed 1 nto
col d wat er with lthe s8croiseranchglispehsed, mItmchldoWatereusreg]La lnmgnethncmrn‘er aThen  of

HFB 11 hi - oAl i .. Th | ' t t.|
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Thi s sol utigdlethso 4reQ. sMdltcddcosonut TRONRE thedt hdded andnthdhagtieshs mnéOC
Before the nolten fat was added the sol ution was again sonicated in

soni ¢ bath lmeda%ielyes@&me tﬁr@nﬁw Benifgryyith g4 mﬁle‘ﬁpﬁt'ﬁﬂie@)afﬁﬂ?’ jputes Eiitn X Was
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concentr at |cmmledoraprdly ina -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

15 stirring. Then, half of the required concentration of HFB 1l was added to this as
an aliquot. The solution was then gently sonicated in a sonic bath for 30 seconds
to fully disperse the HFB IIl. This solution was then stirred on a magnetic stirrer
and heated to 40°C. Before 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

20  mix was emulsified and cooled as described for Mixes A and B. A further aliquot
of HFB It was then added to this cold solution to bring the HFB Il concentration up
to 0.2%. The first 0.1% of HFB Il was for emulsifying and stabilising the;fat. The
second addition of HFB !l would provide adequate excess HFBI] to provide good
aeration and foam stability.

25
Perticle size analysis on the chill emulsions was performed using a Malvern
Mastersizer 2000.

Analysis of Emulsions

30 Following this methodology, we were able to make emulsions with small fat
" droplets. A summary of oil droplet sizes measured are shown in Table 6.
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|
freezi ng ard@blgef-dEmulgiost l@lptsriemwgawraﬂaseg(t%h?aévamrh\@a%réizefr?o%sei nat e
and skimed m | k powder, respectively) the coolant (set at -18C) was set
to circulate fromTine = 0 mnutes. The relatively slow stirring at the
start for Shear Freezing Process

5 80 ml of mix was sheared and frozen simultaneously in the vessel described in
Example 1. In essence an aerated and frozen prototype is produced as follows:
The mix inside the enclosed container is mixed with an impeller at a high shear
rate in order fo incorporate air. Simultaneously, the coolant flows around the
container jacket to cool and freeze the mix. The impeller also scrapes the inside
10 wall, removing the ice that forms there and incorporating this into the rest of the
mix. High shear is used to initially aerated the mix, and then the shear rate is
slowed in order to allow better cooling and freezing. The shear regimes used for
each mix are graphically presented in Figure 7. '

15 For the freezing and aeration step with Mixes A and B (containing sodium
caseinate and skimmed milk powder, respectively) the coolant (set at ~18°C) was
set to circulate from Time = 0 minutes. The relatively slow stirring at the start for
Mixes A and B allowed for cooling of the mix and generation of some viscosity
(via ice formation and incorporation) prior to aeration using higherr shear. A short
20  time at high speed incorporated the air and then the speed was stepped down to

allow the samples to reach at least -5°C.

For Mix C (containing HFB II) the pot was chilled to about 5°C and the sample
added and the high shear for aerated started. The coolant (set at —18°C) was not

25 switched to circulate on until 9 minutes due to the increased time required to



“al'l"'owed for cooling of 'the m x and generation of Some
viscosity (viaice formation and incorporation) prior to aeration using
hi gher shear. A short 20 tinme at high speed incorporated the air and then
t he speed was stepped down to allow the sanples to reach at |east -5C. For

Mx C (containing HFB I'1) the pot was chilled to about anpl e
added and W%zoﬂ?’g'ﬂ“éhear for aerated stgyted. The cool aﬁ&’?ggpé"@?”?lSC) was
not 25 switched to circulate on until 9 mnutes due to the increased tine
required to 0 0425 PCTLEP2 / 6 _2 r 100% overrun.
tnce the o0 L% SERHEG  Gee dhe (P nL e o ARG, Bh o caipliany BoC4
shear - cool i mpupss)} thesadfe shicaricodling patterAas previusidsr AdodtBdvas Adoptée end of
t he process, overrun was neasured and sanples (approxinmately s 15 g) were

pl aced into small pots. Each product was cooled further for 10 mnutes in
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Frozen Products to rated frozen products were store
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subsequently stored at -20C before analysis. 15 Sanple Shear tine at
Overrun End product 1200rpmtenperature mn %C A (Na Cas) 1 103 -5.3 B
(SwWP) 1 9g Analysis pEfenated Brpzen Rroduets HER | 1) 10 75 -5 Table 8. Process
details and product overrun for products prepared from Mxes A B, and C

10 All aerated frozen products were stored under two temperature regimes:
(a) —20°C. Subsequent analysis was made within one 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.
15

Sample Shear time at Overrun End product
1200rpm temperature
min % °C
A (Na Cas) 1 103 -5.3
B (SMP) 1 98 -8
B (SMP) 1 94 -5.6
C (HFB 1) 10 75 -5

Table 8. Process details and product overrun for products prepared from
Mixes A, B, and C.

20  Final products were analysed as follows:

Overrun of freshly made product
SEM analysis on fresh and temperature abused product
Melting behaviour on fresh and temperature abused product
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and coated with gold using argbnlpleisma. This process also takes place under
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20 45 seconds. The sample is then -tréaﬁéferred to a conventional Scanning Electron
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temperature of -160°C. The sample:i is examined and areas of interest captured
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25  Microstructural Analysis: Results
Scanning Electron Microscopy (SEM) was used to examine the microstructure of
the fresh and temperature abused frozen products. Representative images can
be seen in Figures 8 and 9 at different magnifications.

30 After temperature abus_e the SEM images clearly show that the HFB |l. containing
product (from Mix C) has retained its original microstructure, i.e. there is little
apparent air bubble coarsening. This is the case after 1 and 2 weeks storage at
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Melting Behaviour: Results

15 These microstructural differences (stable foam and stable ice) had some impact
on the melting behavior of the frozen product. The aerated frozen sample made
from Mix C (containing HFBII) retained its shape better on melting, compared to
the product made with sodium caseinate or skimmed milk powder (i.e. Mixes A
and B, respectively).

20

' As thé ice melted and formed water, it flowed through the melting grid. However,
for the product with HFBII, much of the foam also remained on the grid with some
stable drops of foam observed beneath — neither of these characteristics was
observed with the conventional proteins (sodium caseinate and skimmed milk

25 powder). This illustrates the differences in the foam stability between each of the
proteins used.

Textural Differences between Products A, B, and C

Clear differences in texture between the three samples could also be observed
30 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 texture, which was difficult
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20 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.



2. An"aer at'ed food product according to claim1 conprising at-teast 0.0 ———-
wt % hydrophobin. 3. An aerated food product according to claim1 or claim
2 conprising hydrophobin in isolated form 4. An aerated food product
according to any one of the preceding clainms wherein the hydrophobin is a
class Il hydrophobia. 5. An aerated food product according to any one of
the preceding clainms which is a frozen food product. 6. An aerated food
product according to any one of clainm27L to 4 which is a chilled food
product. 7. An aerated food product according to any one of the preceding
clainms which is an aerated confectioneri product. 8. Use of a hydrophobin
in a nmethod of inhibiting bubble co g in an aerated food product. 9.
Use of a hydrophobin in a nethod of stabilising a foamin an aerated food
product. 10. Use of a hydrophobin in a nethod of inproving shape retention
and/or rigidity Amasmedéiodipestucoamnpistgeteast 0.001 wt% and less than 1 wt %

hydrophobin.

2. An aerated food product according to claim 1 comprising at least 0.01 wt%
hydrophobin.

3. An aerated food product according to claim 1 or claim 2 comprising

hydrophobin in isolated form.

4, An aerated food product according to any one of the preceding claims wherein
the hydrophobin is a class II hydrophobin.

5. An aerated food product according to any one of the preceding claims which
is a frozen food product.

6. An aerated food product according to any one of claims 1 to 4 which is a
chilled food product.

7. An aerated food product according to any one of the preceding claims which
is an aerated confectionery product.

8. Use of a hydrophobin in a method of inhibiting bubble coarsening in an
aerated food product.

9. Use of a hydrophobin in a method of stabilising a foam in an aerated food
product.

10.  Use of a hydrophobin in a method of improving shape retention and/or rigidity
in an aerated food product.



