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LOW PH AERATED PRODUCTS Field of the invention The
present invention relates | ow pH aerated conpositions,
woueisasst ood products, that include hydropholPiCmgEP2006/008992

Background to the invention A wide variety of food
products contain introduced gas, such as air, nitrogen

and/ or carbon di @ Ty f ood
products tend to%ﬁﬁt@@i&al pH -
approximately pH 6.0 to 7.5. Exanples of such products
include ice cream whipped toppings and whi pped cream
Field of the-inveationood products conprise proteins and these
are essential for both the incorporation of air

Thieulpbésantainventienr rejatese dpwenpHs aetdtedt gompositives, suwhr gs food

roteins,in rticul tend to be pH sensitive. That
proqucts, htB?F 'W*&%g@,'&rpﬂﬁ @PINSt i ons, and their

conformation, can alter as a function of pH. This
adversely affects both the foam ng ability and the
t of the foans made using protein,
particularly for aerated products of pH 5.4 and Iovver.
A Wide vasiebe ofifoed bpmuuctsecelumairac'trdr@dndedi pasasuch res air, nitrogen

anBRichAghon Hiids Pl ot S G B la Be ot aperatively

neﬁ%Pprﬂa?p@)&rﬁaf’elﬁpHT@'Ostorﬁ§u|E)€arh|51e§<2if|%uﬁﬁ‘ifroéméts include ice
i ncorporation and resulting instability of aerated

Crear dw tp@edﬁnpplnigacﬁndnwbln@@drcree@bru bed extensively in
the literature and producing stable foans at low pH is
a known problem However, although there are routes

Mokt saarafeiifoot predudts cbhﬂinsieapndtmhstahd tiredeoaraaesoentid for both
aerated food fproducts at low pH, they tend to have
S

the iingarperaties. ofsat Hhuybhies @ﬂﬂoﬁh\@'rarilébwebﬁamw hEowever, dairy
pr&g d{ e?ﬁgsérg%g%gggﬁ? St}l); :P)re V\ﬁﬁ%ﬁ{vg etﬁéfkféﬁ gﬁ %é@%d interactions,
andrttieinlconfantition) canralter asi a functiovuoftpH.nd hassadveprselym:ffa;ts both
the Heaming ability and the resulting stability of the foams made using protein,
particularly for aerated products of pH 5.4 and lower. This is because both the
surface activity and the solubility of many proteins are reduced as pH is lowered.
For example, sodium caseinate precipitates at about pH 4.6 to 4.8. This resuits in

both poor air incorporation and resulting instability of aerated products.

This fact has been described extensively in the literature and producing stable
foams at low pH is a known problem. However, although there are routes
described in the art that facilitate the formation of aerated food products at low
pH, they tend to have limitations. Such limitations are overcome by the current
invention. For example, gelatine is often added as a stabiliser which both
thickens the product and also aids in air stability. Most “mousse” products take
advantage of the use of gelatine. However, gelatine is an animal based stabiliser
which is not seen as a suitable ingredient by many consumers. Furthermore, use
of gelatine usually means that the product will be “set’, i.e. will not flow. This
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advant age of the use of gelatine. However, gelatine is
an ani mal based stabiliser which is not seen as a
wo2007@ées | ngredi ent by many consuners. Furt heCmmPey06/008992
use of gelatine usually neang that the product will be
"set", i.e. will not flow Thisnmeans one is limted to

ot il 161 B, Ve, REPRELARGIA{CER 8 diedg using this

fo@hulatibre techmaogial enul sifier systens such as sucrose
esters and / or variants of nono-/di- glycerides of
saturated fatty acids. Although these non-dairy based

OtfmgF ’Hfét%plgntak?‘%‘&\%rﬂg Sbf"\bﬂthbrféhre% &l @Hﬂﬁéﬁ%p%g?tg%sf such as

I'ow en si gn |can quant| Ies
susroser ecters addf/oor Varignts &of menadil iglycetides of catgratdd fatty acids.

ARRZIGE. 8t BRTEIALY BaseR cloNgUIEtos; tehrolagies quilnfare @gratable
%u&?%‘?‘l&\ﬁ I-?”Erﬁde;ﬁaﬂg‘?ﬁf icafit Bﬂtggﬁﬁlé’g &f Eﬁhléﬁ&regﬁea@%trsﬁ Cfor long

e consu e aerating agent
teroe stﬂbllltyls{mexcesseof(:is nveteeks)m This cars hwaramgndesicabie influence on

e functio oW concentrati ons such.that no . .
boff stF A EXUfBa it T T B ATcABR AP BNER O RPice emulsifier
in %s%'r%t%céﬁ%léfbﬂféréﬁr%h%red foods where the foam

was stable in excess of 3 weeks at chill or anbient

tenperature. Summary of the invention In our

ol E B8 ARt Ay i el R s in 8 s gt s foaming
behavlﬁﬁr)hlwmhcﬁbﬁ@lcéﬂ Mo @bn@érﬂl@ltldn%l élﬂ:fﬁﬂfa&hﬁﬁuﬁ@@@irable impact
products. W have now surgrl si ngl {jepound t hat

O AL IS WRSIBRRETEHL AT SPUl bR Hsed 16 fatm agrated foods
wﬁ@ tio& derﬁ%s"‘ét%aBleﬁWéi&bFQ of 3 aﬂ%él%{ é‘t%éfﬁlné Qhﬂlé}‘ﬁ’ tQHperature

ch are readi foa e an orm oamns
chill and ambi ent tenperatures that are stable |n

excess f 3 weeks. Since hydrophobin does not |ead to
%@éﬂ-@&-&f—”@%‘ﬁbnti nuous phase or to undesi red

textures in the nmouth, this neans that stable f
In Qi 56-RAElIRG caprlicatiog Mlpi 0Beép@t42R we have |dent|f|ed fungal

proteins, termed hydrophobins, as being highly effective at stabilising aerated
food products. We have now surprisingly found that low concentrations of
hydrophobin protein (< 0.5 wt. %) can be mixed with acids to form solutions at low
pH which are readily foamable and will form foams at chill and ambient
temperatures that are stable in excess of 3 weeks. Since hydrophobin does not
lead to gelation of the continuous phase or to undesired textures in the mouth,
this means that stable foams can be prepared at low pH irrespective of
continuous phase rheology. Therefore, the type of aerated product opportunities
are wide, for example, aerated acidic smoothies and aerated tea beverages.

These opportunities are not limited to food products but can be applied to other

aerated compositions which have a low pH.

Accordingly, the present invention provides an aerated composition having a pH
of less than 5.5, which composition comprises hydrophobin.
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conti nuous phase rheol ogy. Therefore, the type of
aerated product opportunities are wde, for exanple,
woaes7aBe@saci di c snoot hies and aerated tea beveCagwpa006/008992
These opportunities are not kimted to food products
but can be applied to other aerated conpositions which
have a | ow pH Accordingly, the present invention
provi des an aerated conposition having a pH of |ess
In bheenibddiment,the hydpssHdbiv s IMCATBU bstaAtidlydisoited form. n
one enbodi nent, the hydrophobin is in a substantially
isolated form In a preferred enbodi nent, the

y I W S j t -

n YRR e e ARrBEaR R e AT St oot
0.00/1dwt¥s hoaoire prefesalsly a$ fedst Ol3dwtiehobi n. The present

i nvention further provides the use of a hydrophobin in

a met hod of inhibiting bubble coarsening in an aerated

gt i 5.5. In arelated

Pré@?e’@? ﬂ?%gvgr \ggﬁt% {%né/)g‘r?? Fé’n’ﬁgéﬁggg' a met hod of

i nhi biting bubble coarsening in an aerated conposition

havi n . pH of e than.5. 5 whi ch thod c rises :
The e e RROBRR SRR e PSS, LSS b8 PYSPTEB L fuR grethod of
inHIitihg Do @sBIat EQ4tsehinghth GMaePatbl OBompbSitiBheRaVihg a pH of less
I nvention al so provides the use of a hydrophobin in a
tharedi9od of stabilising a foamin an aerated conposition
having a pH of less than 5.5. In a rel ated aspect the
present invention also provides a method of
In &t Ripted dsp@ce tﬁ@g?@ekéhtﬁW@rﬂfoﬁ prbviduaThethod bRinhitdtieg bubble
pH of less than 5.5 which nmethod conprises add

CoRrseNIshipbaM aEEALEH SORRRRIGN NBYiNGra BH afdes® ian 5@uhish method

coffiShh Rl BHBRIE L RLcoRBR BN 36 a ey aeration
of thedcampesitiohi ¢ terns used herei n have t he

The present invention also provides the use of a hydrophobin in a method of

stabilising a foam in an aerated composition having a pH of less than 5.5.

In a related aspect the present invention also provides a method of stabilising a
foam in an aerated composition having a pH of less than 5.5 which method
comprises adding hydrophobin to the composition prior to and/or during aeration

of the composition.

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
chilled confectionery/frozen confectionery manufacture, chemistry and
biotechnology). Definitions and descriptions of various terms and techniques used
in chilled/frozen confectionery manufacture are found in Ice Cream, 4" Edition,
Arbuckle (1986), Van Nostrand Reinhold Company, New York, NY. Standard
techniques used for molecular and biochemical methods can be found in
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same nmeani ng as commonly understood by one of ordinary

skill in the art (e.g. in chilled confectionery/frozen
wocoeiegissoner y manufacture, chem stry and PCT/EP2006/008992

bi ot echnol ogy). Definitions gnd descriptions of

various terns and techniques used in chilled/frozen

Sapppg ot B ool Gl VAnL ABYRfork Mpifanaraey. (0bn) Cotd
Spﬂﬂp‘Pﬁthorl\L&dboYﬁfdfy mssstmlwesﬁuﬁgeﬂbmauwww Aekubel et al.,

ecul ar and bi ochem cal net hod can be found

ShioptRreteeas iMaleculanBialegy 61999)dh Eg Jatin M¥ileya& sxaps, Inc. - and

) - oratory
e B dn@e GPelt RO Y M R B piRy 21
Short Protocols in Mlecular Biology ( 1999) 4th Ed
John Wley & Sons, Inc. - and the full version
Hysrarhabits Current Protocols in Ml ecul ar Biol ogy).

Hydr ophobi as Hydrophobins are a wel | -defined class of
Hydrephabirs are sswell-defiged, clagk, of prateins. (Wagssls, 1987, Adv. Microb.

e GREE apHaf e ERNEL 7057 SRR b o

self RseeiNe at 3 thylty| Iﬁt@bl@/h?ﬂ ilikethtedaoenand having a conserved
Xn- C- Xs- g- C- C- Xn- ag- C Xb*a- C- Xs- gC—C—Xelb C Xm ( SEQ
Sequenes: 1) V\,here X represents any am no aC| d, and n and

m i ndependent represent an int e Typi cal | Y,
hyd@‘@r&@btng 1839-C gt da- G)‘P(smﬁ't(b 1525(36 n@%@N@SNO'I'h)e

cysteine residues (C) in the conserved sequence are
whame tX mép[éiseulqolahweamrriodgeid ahld nrmwd:cmﬁrMGpenfdentiye represent an

t t h d i d .
intBaSh: Txpicalls i PodioRORiA Fanad NG Bt WPl 128 MBI, acids. The
cy§tbiriyé ré%'icﬁﬁalsa(ﬂ A the %oﬁ&@ﬂléats%hbéhbé afé panldrapafplde tildges. In

ophobi c- hydrophl ic interface resulting in a
thepc@mteixhofr themresertinyentinrottbe terne bygiopdiobin basa wider meaning to

mc?\f(g%?@c%onggy @%@\'/%é%%ﬁ@%S%@ﬁ@&k@?ﬂ%iﬁ chg;acé?ristic of self-
asBéinbly b aerophobub-rﬂ/@@dﬂﬁmt itetfa€e TbsulERG &h i 6 pratedf film, such

sel f-assenbl y
as proteins comprlsmg the sequence:

Xn-C-X1-5o-C-Xo-5-C-X1-1oo-C-X1-1oo-C-X1-50-C-Xo-5-C-X1-5o-C-Xm (SEQ ID No. 2)

or parts thereof still displaying the characteristic of self-assembly at a
hydrophobic-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
presence of a secondary structure (in general, a-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
protein solution followed by at least three washes with water or buffer (Wosten et
al., 1994, Embo. J. 13: 5848-54). The protein film can be visualised by any
suitable method, such as labeling with a fluorescent marker or by the use of
fluorescent antibodies, as is well established in the art. m and n typically have
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hydr ophobi c- hydrophilic interface resulting in a

protein film In accordance with the definition of the
wOoRoesex065i nventi on, sel f-assenbly can be det e ®CaEHR2906/008992

adsorbing the protein to Tefkon and using Crcul ar

Dichroismto establish the presence of a secondary

t \ o ; ) |
valligsdShing B C526G0. o niSrec S ABETH ot e foss than 100
or f200M T dedingtidralpf i Infarepiabin niauihet cbatext Toff then ﬁﬁé‘wﬁ invention
~in the protein solution followed by at |east three

incledase fusipn retaies of ra hiydrephqbie ansh agpthar. polypeptide as well as

cofi8iss oL iisoPrdtinZq o BE ritiees slch Bl echarides.

with a fluorescent marker or by the use of fluorescent

nti bodies, as i.s 1 establi [ h t. d
HyERRRInS eriBedtadits avgiangeralrniastes 286anealsadar tiass Il
SR NG Hhe] LBl In A 2S5 DA Ao st
at prnyelrephobiliv einteérfaceisn intadamphipstbic filns.ei Assembdages of class |

dr ophobi n_and .anot her | ypeptide,as well as .
ny QARG o TSR oAs e R Bt RS, iAot 4855, Jb hydiophobins
redAYEHSSAVE N Heriet)y of Shlemisns identified to date are

generally classed 'as either class | or class Il. Both

types have been identified in fungi as secreted

RS HhoB s bRFS 2R Befh qRRBIE HipinBatous bacteria, such
asAtinyduté aprhSipiemaces 5p! ANO0EIY486%0! Tiese Bhetesiabproteins,
those of class Il hydrophobins readily dissolve. in a

by\eant@sy tefurgahiawirabhelins ofsiabPRly| Uk &0 Bine: disHiphige, bridge since
 dentifi . 1 ¢ ) . _

) SAL B0 VAR UES SRR AASAE B BeaRlig ffunciona
eqbpvalants ab hydesphiodns bavingntheasdnseosbs sgglences shown in SEQ ID

hydr o bins, formonly up tq .one disulphide bridge
Na & Segrhate R s ops i resst dgsttog,

proteins are an exanple of functional equivalents to

hydr ophobi ns havi ng the consensus sequences shown in
TheHtydropNobinsicamde2obtainedby extradtiont iiemsoalive sburdes, such as
filaorﬁgr?t%ﬂg f'uﬂé’frf)ty' ‘a’rﬁ‘y 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. It 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
organisms, such as Cryphonectria parasitica which secretes a hydrophobin
termed cryparin (MacCabe and Van Alfen, 1999, App. Environ. Microbiol 65:

5431-5435).

Alternatively, hydrophobins can be obtained by the use of recombinant
technology. For example host cells, typically micro-organisms, may be modified to
express hydrophobins and the hydrophobins can then be isolated and used in

accordance with the present invention. Techniques for introducing nucleic acid



10

15

20

25

30

The hydrophobi ns can be obtained by extraction from

native sources, such as filanentous fungi, by any
wo00v@hies process. For exanpl e, hydrophobi ns ®an/EPe006/008992

obt ai ned by culturing fil anmegtous fungi that secrete

the hydrophobin into the growh nedium or

R4S e BB ELAGR AT LRA b v

thdrw S gérwcwingtf@athyaaéphcaimy h%@értﬁieh bwdnedph@m Rver 16 fungal
Preferred hosts are cetes (e.g. Trichoderm),

Spﬁﬁ'@ﬁdl(§ﬂ?cé@'ése&%@P%cg\‘an%'{“é§82PaW|ﬁlpbuISHYEP%/ theor sequence  of

hyHPo?pth%b"ﬂ'fs |é%ﬁ| rsecr H aﬁ@gnﬁmg‘n@s\l\faﬁyeqpoﬂwrhﬂnu Rev.

asitica rophobi n terned

Mucrquixar 55: E5c648)e Retokinadntl echnddgy, capalsdbei used to modify
M crobi ol 65: 5431-5435). Alternati velé h%/)g{foagom ns )
hydeaphebim bt SEHRNISF  HY LsBREFIER onHioNEht ARBPRIGS. having

Ils, typically mcro-organi snms, my

degfe?émﬁﬁvggi &gﬁég%ﬁess hydr ophobi ns and t he

hydr ophobi ns can then be isolated and used in

accqrdance with the ent inventi.o chnl
TyPiabaat anpoeiate od eiEah oidhiih S rianhivighed BY°a nicieic acid
coHWué’(ﬁHQPéﬁ‘éodé%t ﬁe%|rm9&o§h&|%The kRbtIdR éé%ﬁ‘.uence coding

More than 34 genes coding for hydrophobins have

forkiberpaiypﬂmuie ¢arnhe dvsartexbinte agulitablscexpressiopeveicter encoding the

SRR G AR ABE LD U 0 marnr v

ilee exXpiébsed M@Iér prropMaté ebh@ition$ $e.gb #bpfople) orientation and
econbi nant technol og}y can al so be used to nodify

corrﬁet tpading frageyaed vt appopriatr:targeting aad W%ﬁ@%%ﬁﬁ%%@
Th'éa?He%djsefédtﬁl‘yd fH’Eﬁf(&qu&rtﬂggété@ess-{%m'\feﬁkd% a r‘\ﬁ/ell known to
appropria ost or organils () ranst or ne y a

thosecskilled mcthe artinst ruct t hat encodes t he desired
hydr ophobi n. The nucl eoti de sequence coding for the
pol ypepti de can be inserted into a suitable expression

A NEMbRF of BRPSEb S\RstERSGRaFbE ¢ ERpre8s the pol tide codi
transcﬂ?pt? andgvasr ansl at ?on and In )g%ch a ?ngr?r}lgrepl € coding
setjhence. These |nclude 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
saccharomyces and the like, and filamentous species such as (but not limited to)
those of the genera Aspergillus, Trichoderma, Mucor, Neurospora, Fusarium and
the like.

The sequences encoding the hydrophobins are preferably at least 80% identical
at the amino acid level to a hydrophobin identified in nature, more preferably at
least 95% or 100% identical. However, persons skilled in the art may make
conservative substitutions or other amino acid changes that do not reduce the
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they will be expressed under appropriate conditions

(e.g. in proper orientation and correct reading frane
wOoz2ner/080a68 appropriate targeti ng and expr essi o®CT/EP2006/008992

sequences). The nethods requjred to construct these

expression vectors are well known to those skilled in

blolggwésgctfvﬁg EJ?% ) rGP ébgrgf E‘érr] t@éséﬁ@sg%f Q'ge li'l?\?e%tto?l these

hydrdpheBms ;kwseagmgrtﬁts rhlgm|é@é1 df dderitity t& @i ydrbpebin that naturally
(i ncluding yeast), insect cell systens, plant cell

ocmrBtane@Is;ygmﬁ@cedwtbqnatheéean|“hy roRBEBINgEd with t he
appropri ate expression vectors. Pr eferred hosts are
those that are considered food grade - 'generally

Hytrsphobats a&ans BeepufifiediHlom Seulturd ! metisn gl c@lmﬁan extracts by, for
i ncl ude yeasts such as (but not limted,to)

exmel%éh@rm%&ﬁéﬂw@eg mmvmémmwcrpmw;s Fadsorbing the
d
nydRRRBBH, Bredefldh 8 hydidbichifi ARt CERBRo) HifaceGnd then

comtlacﬂﬁg ofthet fserfgeethAapsug‘ablaus, sﬂichcbsdﬁw&an ROcdo, elute the
Neur ospo Fusari um ang t |

Py GIBDRPIY MOME the SUBARBD| ECamIso e 4bia)- S002. EipchigyBiophys

ActéjeI'BfS'QCélb 0; td’ﬁloﬁj@ 1% 2%i0d2! @‘é‘ﬁ' Jt m.&omﬂirthU’am Askolin et

|dent|f|e I i nat nmore preferably at |east 95% or
al. 12004, |@ppitMmd:blol—BMdeolpé?s&AﬂQkahddhie Mriestat alr, t1999, Eur J

. . vative substitutions or other am no
B'%&‘%é&?ﬁat do not reduce thebiological activity
of the hydrophobin. For the purpose of the invention

these hydrophoblns possessing this high |evel of
hobin that naturally occurs are

oA RO B LSRRy o r v

aqaebls!| ghiagxtis ariss than 55 &)raﬁﬁhﬁ drhellpbbcthdupﬁoduct life-time.
described in WO01/ 57076 which invol ves sorb| n

Prwlaabjwbgmﬁ ﬁ%tham Sef Héfar‘afpﬁ&o. A YRR mena'gl is equal to or
m%?rmgttﬁéhof‘ ot %réfé'i’é@?%sggﬂr gwg)? vveen Ul Bdof F?c%réurﬁ'gﬁEally, for an

a suf to e e th
aerated food, a low pH product would exhibit a pH of from 3.0 to 5.4.

The term “aerated” means that gas has been intentionally incorporated into the
product, such as by mechanical means. The gas can be any gas, but is
preferably, particularly in the context of food products, a food-grade gas 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

The amount of overrun present in the product will vary depending on the desired
product characteristics. For example, the level of overrun in frozen yoghurt is
typically from about 70 to 100%, and in confectionery such as mousses the
overrun can be as high as 200 to 250 wt%. The level of overrun in some chilled
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hydr ophobin fromthe surface. See also Collen et al.,
2002, Bi ochi m Bi ophys Acta. 1569: 139-50; Calonje et

wOoa007/032@682, Can. J. Mcrobiol. 48: 1030-4; AslpciTiEP2€i6/008992
al., 2001 , Appl Mcrobiol Bgotechnol. 57: 124-30; and
De Vries et al., 1999, Eur J Biochem 262: 377-85.

Aer ated | 0sl L1.01S, e Ly
ordicfe chrei BIoBBEB RN 1Pt Sy RinbeToAT Wi Y, Ril genspally over
10046 gamedeseldfaseriud ihenitkshakes fs fplcally S 10rtoadd with.
the product life-tine. Preferably the pHis |less than
5.4, 5.2 or 5.0. Typically, the pHis equal to or nore
f: : . 0 .
Th T8t ye i icthertprdnllofis BRe@ratiy fbofT00 8 0960
exhibit a pHof from3.0 to 5.4. The term "aerated"
means that gas has been intentionally incorporated
It iisheRptt n@cw%gﬁmcfw $ Hfogen bl ﬁ\‘écMﬂ@"%&ﬁ&'tMéhﬁaQ’OdUCt-
g ¢ _ Lol :
N o e B e B Sy BRI al HEidberieah®
air, nitrogen or carbon dioxide. The extent of
aerati is. typi |y.defined in t f .
AT el ROBBRBERIS AT theLiryealER: npligererted JpBd rauts.  Other
coRfdsitRMsiiclMat Widsd &hBFe aFoarm(i¥ dbgiPedivithitea tbAfthuous phase of
aerated product - volune of the mx) / volune of the

lowript whiglo@anhmaintaimits stakiityr threughaws dhe requirad time of product
roduct will vary dependi ng on the desired product
usgharacteristics. For exanple, the level of overrun in
frozen yoghurt is typically fromabout 70 to 100% and
i n confectionery such as npusses the overrun can

b

Prefiegably arpaerated zompasitionrak theinvention yvill retain jah l%‘?féaos% of its
ohi || ' 0

orfi) A O BmE TR b BBYE T e BRorRIEh it £pSed weoks

(typicatly uneasuret| dftdragtesages at chillcEmperbtures (6at 6°@Y). wihie overrun

The | I i h i f |
dogs g‘ﬁ’lt E\ége ttcggg%s%érggd Ih%n%ge%reolaglgldtH %usgr{osﬁt ?ﬁg p%o%%t.y

Preferably, the average bubble diameter in the composition will not change
appreciably over a period of 3 weeks (typically measured after storage at chill
temperatures (ca. 5°C)) from the average size when it was initially prepared at
time t = 0. Preferably, the relative average bubble diameter (d;) will change less
than a factor 2.5 over a period of 3 weeks, and more preferably less than a factor
of 2. The relative bubble diameter (d;) at time = t is as determined in the

examples through the equation:

Where dp is the average diameter immediately after preparation, i.e. t = 0, and d;

is the average bubble diameter at time = t.
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It is not necessary for the foamto be honobgeneous

Wi thin the product. Nonethel ess, in one enbodi nent,
woOt2e7/§30@ | s substantial |l y honogeneous. Aer at @dT/EP2006/008992

conposi tions of the inventiog include aerated food

products. O her conpositions include those where a

A sEBIe aciFd Rf Epetuiod chelidRs, ) RIS 3R3Ca10 foft Wilime is by
usfn@qd' ligtd ddateriag techfidtie. UThe PufisdabdTyabnmeasaietdent system
onposition of the invention will retain at |east 50%

(melagtlcm, frange) afan peervenigntiynbe ysed. pyhick apalysessogoth the

vl ffefteRl B Pl R Fo PR kB g RS

overrun does not have to be dispersed hoaneneoust
throughout t he product. fe abl y ge aver age

Thgi feagt e@maH@E@dmt@'ne wihin anéyin As@lgzam & calPfe.§. witn a
dlﬁﬂgfe?%fgﬁgaﬁrﬂv?ﬁl g B 289 ‘i’ffoﬁm Ve exs; g@ﬁ %%'u?@e ()Y wavelength A =

measure ot ST orage “at ch ature

88bAM )s tisedntd lwpplyetmmdﬂem Ilghenamdl twasoptmal Iseh*sqrs receive the
repared at tine = Pr ef er abl %/rethere '

gl GaAsE Wb hEoUSh M arRle) (40| TeRbige. Indent Nghtiaand back
scRA508 3482 Tor 88 S ISR t48 e, scanning moce,
théo wipkital slém‘sesca@dt’@e helghltrui thettube atsqu'imn@rbuthndmnsmltted and

bagRalisieu it re A LIRKRR g SAPPIR Peionb ABRdIR. Jherstots, rigration
pheaneﬂ%dgﬁkh' 8s td?@ar%ﬁﬂ;’)a&?d %Bﬁbés qh%l&l@ §itzet§i]€h-a§ bubble

. suitabl e method for measuri ng anges In
snzeo anabel mMonitared | aves tie.byRelevant taebngandsemmwesmj the use of

i S RSB 0 R AL WS ot anc

Sunfaeb¥ S&S 1899 h 15De 1hacks: aRbEihs cetaaid Fb@@ﬂ-ﬁydrbedlldldghBOOS 19,
fromthe aerated sanpl e of interest. The foamto be

467 rfel18; Sde0.i applisatian rﬁ@@ﬁl\ﬁf‘ﬁﬂﬁeglldgyﬁormatlpe sanhepbtained from the
mz{rﬁjfg tu\%&‘{\u@ glltéWt Pr; filled with 20 m
03”%- | QR ol wave

sourceé ength | =

Experimentally, average bubble size changes are best observed by variations in
the backscattered light through an area of the sample where other changes (such
as foam collapse or bubble creaming) are not occurring. Here, we used central
areas of the foam. The backscattering level (BS) is linked to the photon transport
mean free path, A*, through the foam by the relation:

1

BS = 1
(4*)?
A* is dependent upon the gas volume fraction, ¢, and the bubble mean diameter d
through:
2d
3¢(1-2)Q

Q and g are both optical parameters from Mie theory, where Q is the scattering

* =

efficiency factor and g is an asymmetry factor. For a foam of known volume
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880nmis used to supply the incident |ight, and two
optical sensors receive the light transmtted through
wotZeer/saosl e (180° fromthe incident |ight) anaCyarzo06/008992
scattered light (45° fromthegyincident light) fromthe
sanpl e. In scanning node, the optical sensors scan the

rag ol el aft sl Enoddl R aYerdle it RIiglet 3R G fhapitgred over

tinid. "Ehis TH earLRted atitdrhatically th BT Urbisehnadftware.
cream ng) and changes in particle size (such as bubble

size) can be nonitored over tine. Rel evant t heory and
I

e MRS R b o el HRE TN ER SR ERTRL Exapotes
Surfaces A, 1999, 152, 112-123; Rouim et al., Food

Hydr ocol | 200 19, 467-478; Al's appl i catl on
Fosi é&abm?x@em of A8 g’rﬁ‘%‘aﬂ of dimg: andhextent ofcreaming can

alégﬂé‘fd%?ér‘rﬁlﬁ%?% %%&?m%ﬂ%tdg&sﬁ?@lﬂ Gh8%e pheno[)nena in foams
peri nenta aver age Sl ze c anges ‘are
sapipded \ietd measalnngt cylimslers Cmmmgk(ﬁmi tertbd buaydancy of the air

oubBle . Prsise aFrishdgads T el cinesr Sap AR dohe container
re#ﬂﬁh’%ﬁhrbg larger Sroﬁ’bﬁ‘tléﬁ%? Bl%ﬁlééﬂclé’éee@@ tAE dpyserd 8@Hace and the

e backscaftering level (BS) is |linked to the photon
depledios i ubbiesatithedgitonm, | * | t hrough the foam by the
relation: 1 BS = {l*y |* is dependent upon the gas
vol une fraction, y, and the bubble nean dianeter d

Aetrafe@ilgfbdﬁrdductg)Q Q and g are both optical paranmeters
scattering efficiency

“fromMe theory,
Aerrat@si(fpoarmoguc@ %frthagpmﬂiltqrytypar@!lbrfa" rde oner @famuotgroups — hot,
ngﬂlgﬁ\‘{‘ g"eo' Ps%'té’r@goén&‘/& sérl?gd Cé}a%%'t%n{ﬂé‘?aﬁ‘x\fgr\ﬁﬂﬁout the

nret €r  Can be noni tored over
requirement for refrigeration/freezing), chilled or frozen. The term “food” includes

O»—

beverages. Chilled aerated food products include smoothies and tea. Frozen
aerated food products include frozen confections such as frozen yoghurt.

Suitable acids for use in low pH food products of the invention include, but are not
limited to, ascorbic acid, citric acid, lactic acid, tartaric acid, carbonic acid,

succinic acid, malic acid, gluconic acid, and mixtures thereof.

Food products may optionally contain other ingredients such as one or more of
the following: other proteins such as dairy proteins, either as pure ingredients or
as liquid ingredients, e.g. milk or cream; oil or fat, notably in the form of an
emulsified phase; sugars; salts; colours and flavours; chemical emulsifiers, such
as monoglycerides, tea or coffee; fruit or vegetable purees / extracts / juice;
stabilisers or thickeners, such as polysaccharides; preservatives; inclusions, such
as nuts, fruit, toffees. Preferably, food products of the invention do not contain

gelatine.
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time. This is calculated automatically through the

Tur bi scan software. Exact neasurenent paraneters that
wocaer/(3e06dsed are stated in the Exanpl es. FoampSTaiP20061098992

(volune of foamas a functiop of tine) and extent of

cream ng can al so be determ ned by a visual nethod by

b j in f
S BaHidHer SR RpERcSr EFbbaiish EaE RO PRsEM iliehiop e set out
beldwe air bubbles) is a process which | eads to verti cal
phase separation in the container resulting in a |arge
proport:on of bubbles close to the upper surface and
t .
o 1 SRS, She R i e R T sE P hsnare,

sntqqumeabhnbd‘natéd drihko, oeer, of tédwhege wmm mmquumnrbatelow pH and
praoduct s stored and/or served at

wm@me@'ataun% strbbL thravghput the epraduct dretime. In this case, the
ovéﬁgé éﬂ?ﬁé“é?%&é& p‘?@&u&%ag 6B &étﬁ?eﬁ% 449360%, g mB&{preferably

inc beverage aerated foo
bepmmiudﬂandwzom The gasi doesanot heed td-bezlispersedtheminogeneously
g & duct i.nclude frozen confections such as
thrppg e “\ES@‘HQ Cl. Suitable acids for use in | ow pH food
products of the invention incl ude, but are not limted
to, ascorbic acid, citric acid, lactic acid, tartaric
In acserondaembaditment] the preduatiis aacaeratechbetcfand slych as a mousse,

cndessker idff Snicken Bhlnd FhgieRt el dpr a8 THAliTsd B 1ow pr
anﬂ%ﬁucﬁfmbrrftamglétgmlﬂgthr@a@%utmh@t;aloa&ctsméhumé d this case, the
rotel ns, ei ther as pure | n&re ients or as |i qUI d

Pf¢fﬁgﬁé<ﬂV@ﬁ&l@ isbegveen SR and ¢0@%m oi | or fat, notably
in the formof an emulsified phase; sugars; salts;
colours and fl avours; chemcal enulsifiers, such as

In auhmglemmdldmnt theqaroductoéfaeeaerhted froeen degsédisueh as a sorbet,
pur ees extracts bilisers or thlgen

o Gisaras Op lapsckpaythewhefs & By B eauTed End which
maiti @%téﬁig wfré Rout! (el PRSuCE IfE &7 yThéoﬁr@ferred overrun is

products o vention do not contain
between 50 and 300%.

Preferably the aerated food product is an aerated confectionery product.

The amount of hydrophobin present in the product will generally vary depending
on the product formulation and volume of the air phase. Typically, the product will
contain at least 0.001 wt%, hydrophobin, more preferably at least 0.005 or
0.01 wt%. Typically the product will contain less than 1 wt% hydrophobin. The
hydrophobin can be from a single source or a plurality of sources e.g. the
hydrophobin can a mixture of two or more different hydrophobin polypeptides.

Preferably the hydrophobin is a class Il hydrophobin.

The present invention also encompasses compositions for producing an aerated
food product of the invention, which composition comprises a hydrophobin. Such
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gel ati ne. Sone particul ar exanpl es of enbodi nents of

the present invention are set out below. In one
woentdbossnt , t he product is an aerated bever ageT@arencassys2

a m | kshake, snoothie, carbopated drink, beer, or tea

where a foamis required at |ow pH and whi ch rrai ntai ns

stability.thrqughout, the rodu life-tinme t h
cofipgattionsy iRds alage e Saie RS Wed in the

pr&flictPRAbfFroveh cotideticitdy 'ﬂSPédud!é edrfd 8 i, \f@:eéxéﬁplerrsbwders

200% The gas does not heed to be di spersed
to wdhiely e aquequs higuidyesieh asénilic oewater,|is addad: grgr to or during
ae Jfﬁ)gﬂi ment, the product is an aerated set food such as
1sse, cheesecake, jam whi pped topping or cream
where a foamis required at | ow pH and which mai ntai ns
stability throughout .the product life-tinme. In th
Th@a@@nppﬁ@omefpérnr@éugogramraeirgtesem@eﬁrwo&rﬂf t!n@o%vennon will

co trgbrgth%?q eirltts, rrﬂgfjﬂftl‘aﬂ%t tHeS R?Hro?)%}pﬁfr?%ﬁircﬂzgr% normally

SSer suc as a so
inchadadiin , thehfeod pro‘dm:m es. rsugarréat &mulsifieps;] flancbunimigshetc. The

mai ntains stability ou hout . t he product |ife-t
COWP@SBP@iSe'F‘%d"B'\VQPr%JL P e (ramd estpogatived 16 make the

foci&!) EF&JIR‘!P'SYICFI HRafi gaé p%ﬁﬂgn Ré ‘Péié’cﬁ} d Esﬁjﬁogﬁ%ﬁoﬁqe. aerated, to

ectionery pro e anount o
forpn as @etrated fobd mo«bmicnf tee invegdiobr al |y vary dependi ng
on the product fornulation and volunme of the air
phase. Typically, the product will contain at |east

Dr{ c@%d@it%nshﬁ(ﬁ' f#?@&'@élhg anBé@itdd RS pRIduchf kit ffveRtiBAWill also

or 01 wt% Typically the product will contain |ess
commnselot\hev/olngr@dmg,blm additienntpdthep hydiopholin, behichoafieanormally

i T 4 RSP L oL AOMAATSIRR o ete. The
cohpdsitiphebmayintiudepill dtthe Rsrahimira hpntligeidyrregients required to
malikse theleggdc’ r;rl)dngtdéucphh tr?at all that the user need only add an aqueous
liquid, such as water or milk, and the composition is ready to be processed to
form an aerated food product of the invention. These dry compositions, examples
of which include powders and granules, can be designed for both industrial and

retail use, and benefit from reduced bulk and longer shelf life.

Compositions for producing an aerated food product of the invention will typically
have a pH of less than 5.5, or in the case of dry compositions, form a composition
having a pH of less than 5.5 when water or milk is added to reconstitute the

product to its usual final form.

The hydrophobin is added in a form and in an amount such that it is available to
stabilise the air phase. By the term “added”, we mean that the hydrophobin is
deliberately introduced into the product for the purpose of taking advantage of its
foam stabilising properties. Consequently, where ingredients are present or
added that contain fungal contaminants, which may contain hydrophobin
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The present invention al so enconpasses conpositions
for producing an aerated food product of the

WO 2002030065N, Whi ch conposition conprises a hydpepiEPR006/008992
Suchconpositions include liqyd prem xes, for exanple
prenixes used in the production of frozen

oo AL TS B B Sl e SRR, coment o

thé\@pégentqrﬁ,emdﬁd prior to or during aeration. The
conposi tions for producing an aerated food product of

the invention, will conprise other ingredients, in

TR oS SRR B o AU ot s copaie

of esiflassémblysat ah airdiguidhgarfete. The conpositions nay
include all of the remaining ingredients required to

make the food product such that the conposition is

Tyger aY egﬁ? b@léi%?ﬁgﬁiﬁe% IdtdEd fF 1R e;S’r'od{.uE!Br QF "epositions of the

€ I nvention
|n\£ewﬂnpnsntammléted fprmdb;pm:ujlyaat Ieasapamaﬂlpcnurmeddsuch @&s at least
0 co ients,

10813, drpses SRl IR B Addp LSBT We maan that
thé R {i%ﬁ@bimlstrﬂﬂ ddifed &4 BQH‘Hf’a ﬁatﬂrallgu&%urnﬁ d'brganism, such as a

fiers, tlavourings etc. nposi tions may
mulsmbulzme vdlnt:h ofatunad!yrexmesseg; hydrophiobinsd imsjead, thet bydrophobin

i ST e, Doah BAERE- s B Reb P B source o

obt#h&d b?ﬁe&br'nbma@iﬁ@xbh%smoéhbsmghﬁlsrnﬁﬁady to be
procesSed to forman aerated food product of the

i nvention. These dry conpositions, exanples of which

i S C
i’ S AR SRS 15 b 1150 B iy bHomert,
dirhetik amaddor olig;ﬂneﬂdﬂell é. d:mrfsﬂstlr@)ﬁbdel mbnomefncrumtsodumwgr) form.
an aer at ed fo the i pvention w |

Pre{aamlol 3t ieRgly 0 AVghichine GeidonrdaPROBIS S i AtHigastsaqe of these
fors, gmqgéoi{gé@%yna I44M78, GRIPBS! b o0 NN DA hed, the

en water or I's added t
hydeapdvobin twille tygieallyr athderrgo oassesmblyuat ihenailr/ﬁqwdn interface and
therefore the amount of monomer, dimer and oligomer would be expected to

decrease.

In one embodiment, the hydrophobin is added to the aerated compositions of the

invention in an isolated form, typically at least partially purified.

The added hydrophobin can be used to stabilise the air phase in an aerated
composition, generally by inhibiting bubble coarsening, i.e. hydrophobins have
been found not only to stabilise foam volume but also the size of the bubbles

within the foam.

The present invention will now be described further with reference to the following

examples which are illustrative only and non-limiting.
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The hydrophobin is added in a formand in an anount

such that it is available to stabilise the air phase.
WORgot(3e06ser m "added”, we mean that the hydr oprolrinP2006/008992

del i berately introduced into;fhe product for the

pur pose of taking advantage of its foam stabilising
D pra rti fbnsequently where ingredients are

L 2 Sthat contain fungal contam nants,

whi ch may contaln hydr ophobi npol ypepti des, this does

not constitute addi ng hydrophobin within the context
Figifreth &veragehubblevdiametsr, reWwedmthgt atitiae h 79 api@owngtion of
times added to the product in a formsuch that it is

apabl e of self-assenbly at an air-liquid surface.

Typi cal ly, the hydrophobin is added to the products or

conpositions of the invention in an_isolated fo

Pl aF pymercreeted upngil a¥a Sk end eeﬁ%mﬁmaagh 3.5 and 5.2
10 | d
(Ieh(nealgégl at@ﬁP n#}?eﬁ@eﬁza‘r’:ﬁ ﬁ%&gy rop % n ?se% weeks.

Afted dieid pegicdaoft tmé, aoriawoafdamomdumelmgamms;bie butrdle growth
as a rrucsjhroom whi ch naturally expresses hydrophobins.
hag OcCHHBd. t he hydrophobin will typically either have
been extracted froma naturally-occurring source or
obt ai ned by reconbi nant expression in a host organi sm
Figmreo&e Eodrodi created ahehh\ddid cq;umaihing' .3 dxanthan tare (Ieft) 0.1%

HRRPEE oo BRORG it TES 4 BT 2R PSSR b rddes Bnd (right
0. 5%?1’y%aﬂ’ﬁh)h @Wéeka%ttoé@ewtm Sorédat sdded hydr 0phob| nis

in at | east one of these forns, nore preferably at
| east 75, 80, 85 or 90 wt % Once added, the

FHE £ PRI b B ekt HPBECR PRSFS oAb .5% santhan

ando(eftE 0. 19i MFBIRRd 30WegRkBEstorand, d(right)e A 6%t BACTEM — 2 weeks
decrease. I n one enbodi nent the hydr ophobi n i s adde

starage diate theecerarmale Wo HIFSHI ShaWS:a AT afhara bbbies are not
visiti@ it & ak A fobMP Wil LXCFEM &RdIvsPREbIE buBbRY! thit $3ve grown

during storage.

Figure 5. Average bubble diameter relative to that at time t = 0 as a function of

time for green tea containing foam.

Figure 6: SEM images of the microstructure of sorbets created using 0.2% hygel
and 0.1% HFBII, both fresh and after temperature abuse.

Figure 7: Higher magnification SEM images of the microstructure of sorbets
created using 0.2% hygel and 0.1% HFBI|, after temperature abuse.

Figure 8: Photographs of sorbets created using 0.2% hygel and 0.1% HFBII after
2 weeks temperature abuse.
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The added hydrophobin can be used to stabilise the air
phase in an aerated conposition, generally by

WOi2001/03pa65ng bubbl e coarseni ng, i.e. hydrophobiPC3/EPass/008992
been found not only to stabiljfse foam vol une but al so
the size of the bubbles within the foam The present

FigReCRe Pholsrnl® Stafini 2o{ed B LoBHie RrbByEC LBhRMTRa 0.1%
HEBIH andno i1 ianthdpefreshigt inade left) lend after Ssweeks! rs@orége at 5°C

Aver age bubhble diameter relative to that at tine t =

(rla@t)ahpwm lithe creamingsor lybhle @rowthzoans creat ed usi ng
0.1 % HFBII and 0.5% xanthan at pH 3.5 and 5.2 (left
and right, respectively) and stored at 5°C for 3
Figerekt0: thbmgrabhs ob @ni asratéd Vinaigrett@ pIerotcrfon‘taxamg 0.1% HFBII

angy Bt Santiairestiyanade detiias Sheparuraks §aagseal 5°C (right
sh? ¢ﬁ‘t‘ﬂe%’r‘éar§1'ir?§69b9bt91e§’r5ﬁﬁl' - 3 weeks storage,

re) 1.5% CACTEM - weeks storage, and (right)
0. 5% hyfoama - 3 weeks storage. Al stored at 5°C.

Fi up,.picture of foanms created at pH 3.5
Exasmple 1 Af’%eﬁf%ﬁ"ﬁ odugts etS(left) 0.1% HFBII - 3

weeks storage (right) 1.5% LACTEM - 2 weeks storage.

Note that the exanple with HFBIl shows a foam where

Adrated rérs)dwc@ wele piepared comprising salutionsaeentaiing Aceeid, xanthan

auph a8 Rb oS e Paiii, Btns JACL PR el "D e

timet = O as a function of tine for green tea
cont ai nlrag foam Figure 6: SEMinmges of the
yipa@arDet ure of sorbets created using 0.2% hygel and

B: Q-a%tuc/‘hE'FoBééter BPHoNbhfRRriA8YGRhERId L&TRRT B12Y, ¢ ATHSR)

C: Hydrophobin (HFBII) from Trichoderma reesei (HFBIl was obtained from VTT
Biotechnology, Finland, purified from Trichoderma reesei essentially as described
in WO00/58342 and Linder et al., 2001, Biomacromolecules 2: 511-517).

Details of the materials used are summarised in Table 1 and the formulations
from which each of the foam samples was prepared are shown in Table 2 (Mixes
Ato C).

Xanthan was added to each mix in order to prevent creaming of the foam. This
allows full analysis of bubble size as a function of time without the complication of
other destabilising factors such as creaming. In other words, we are measuring
the stability of the foams to destabilising mechanisms such as disproportionation

and coalescence.

Mix preparation

For Mix A the protein and xanthan gum were blended and added slowly into
agitated water at room temperature. The solutions were subsequently heated to
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Figure 7: Higher magnification SEMinmages of the
m crostructure of sorbets created using 0.2% hygel and
woQo/%90d5B1 | , after tenperature abuse. Fi gureP8I/EP2006/008992
Phot ographs of sorbets creatgg using 0.2% hygel and
.1% HFBII after 2 weeks tenperature abuse.Figure 9:

oS oo ISR, S 3 85 g e

30(mhiiutes. aTiHe afikes waraeoliedsand s@eediat 5°C u(nltll wnih)er use.
showing little cream ng or bubble growth. Figure 10:

Phot ogr aphs of an aerated vinaigrette product

B8 R A AP R eIl ST ot room

terapewito. [THi$ dispersianiwes thienbhiddted tg reﬂmhto énsurplthatlthe Lactem
. Aerated | ow pH products Aerat edngé]%g ts were pﬁ; ar ed
is B&RﬁFIYSF’ﬁQe%%tW'Hh§ tatal mrng di G migatgeha hgdmxes were

COQM@F? %gfg%%{,mdmr@ggnts (A-C) listed bel ow.

Lactic acid ester of nonoglyceride
(Ginst ed Lactem P 22, LACTEM C: Hydrophobin (HFBII)

FopNIRe e Pagyan-hr e, sy 5 SoRbWAler i a@taion and stied
for §ERALL Qésfﬁmdté’é |td/ eﬂ§un%eﬁfart'tﬁécbdlﬁnWs%ﬂg%Yﬁfﬁed Then, the

Li nder et al , i omacr onolecul es 2:
requited c@naﬁnttai@nrmfﬂélFB dl wagssldedras snaliguot etihe ﬁofmnbnetvas then

ooyl WA 58 5D Moo RS LA R e 1. e

mifeWwas*@stl8& andasiordogh “Coustdirtiéxuse) order to prevent
creaming of the foam This allows full analysis of

bubbl e size as a function of tine without the

onpt i catiom of bllt‘l ldUI sty Ttors such as
iéfgé In othe are measBMPRY®l he

ﬂyﬁﬁrhébs of the égwrotté}ndest abi | i s| pgiegechani sms

ctich | chr nnn } nna+|

UUUUU OTTaATT UII

Grlnsted Lactem 100% fat Danisco

P22 (Lactic acid content 20-
(Lactic acid ester) 25%)

Hydrophobin HFB Il | Purified from T. reesei | VTT Biotechnology, Finland.

Xanthan Gum | polysaccharide CP Kelco
(Keltrol RD)

Table 1. Materials used

Mix A | Mix B | Mix C
Ingredient Concentration / wt%
Hyfoama DS | 0.5 -- - -
Lactem -- 1.5 --
HFB i -- -- 0.1
Xanthan gum | 0.5 0.5 0.5
Water 99.0 |98.0 |99.4

Table 2. Base Formulations used before addition of acid.
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and coal escence. M x preparation For Mx A the protein

and xant han gum were bl ended and added slowy into
woagiv@bed wat er at room tenperature. The sol uPCOrEP20061088992

subsequent |y heated to400C t¢;ensure that proteins

were properly dissolved, with a total mxing tinme of

30 m nutes. The m xes were cooled and stored at 5°C

until further use. For Mx B the Lactem and xant han

Aeiatifig Proeesged into agitated water at room
tenperature Thi s di spersion was_ then heated to 600C

Beferecaryatien thrisample salttiens were asjsified tajthepdesied pkliaf gither 5.4

or% 5 ﬁ gban ! Ié”ﬁg? é%lﬁﬁ?rq jgﬂrlg}ae*dt hesg Ehfreur!;t}éﬁﬁ'g%éﬁﬂlg( Table 3.
the xant han was added slowy to cold water with
agitation-and-stirred for at least 30 mnutes to

ensure t HMixhRerdedfRrodued i |y hydrat@ﬂ. Then,| t he

required WWHEB H—was deo-EH: as —ar

al i quot. [The‘'solution was then gently goricated ijn a
soni ¢ bat ht\;_f tfrordMixexpnds to fully di ss@.8e the HFB
1. The mxwas cooled and stored at 5°C until further

use. Tabl eBh(ff%tM%%) s used Table 2 . Eflaée

For mul atlue? ' )Ull:‘ addrtTom of —agiggAeratig
Process Be oF aeratf’on the sanple sol yti'ons wer¢

aci di fied (r;p(ﬁdsm MisCy ed pH of either §.12or 3.5 jusing

a 10 wt%wlsolution of citric acid. These are su ri sed
in Tabl e |£2 tFE@MMix ChH of nixes after |ad@ition df
citric acrd—80mt—of the—acrdrfred—mxX—was—sheared

using a stirred pot apparatus for a tined duration

Tablea8: pbt sbmb@adsterizddiidraongitric 46i@% overrun. This
equi pnent consists of a cylindrical, vertically
mount ed, jacketed stainless steel vessel with interna

BO%F%rthé ifitd MQ%%Qhé‘é‘fedau@ng'aagﬁgd 8??53&&@5 for a timed
ro use to shear the sa nsi sts a

duratiinatingd Icarresppedéd to @btalhmg 100% overrun. This equipment consists
of a cylindrical, vertically mounted, jacketed stainless steel vessel with internal

proportions of 105mm height and diameter 72mm.

The rotor used to shear the sample consists of a rectangular impeller of the
correct proportions to scrape the inner surface of the vessel as it rotates
(dimensions 72mm x 41.5mm). Also attached to the rotor are two semi-circular
(60mm diameter) high-shear blades positioned at a 45° angle to the rectangular
attachment. The rate was 1200 rpm and the steel vessel containing the rotor was
cooled to 5°C during aeration. |

Post aeration, samples were stored at 5°C in Turbiscan vials or 100mL measuring
cylinders before further analysis.

Measurement of Foam and Bubble Stability
The stability of the foam and the bubbles therein was measured using the

Turbiscan TLab, the operating details of which are discussed above. This
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correct proportions to scrape the inner surface of the

vessel as it rotates (dinensions 72mmx 4 1.5mm. Al so
woabbasb@ed to the rotor are two sem -circul ar PEAMP2006/008992

di ameter) hi gh-shear bl ades pgsitioned at a 45° angle

to the rectangular attachnment. The rate was 1200 rpm

a the steel .vessel . containi.ng the rotor s.. cool ed
enales: (8 ApRAminARRy pLT IR, A BofyRcln, i uPGol B The foam
voRingé §te afneashrériieriubPioverill Air PhaserlosdOT(2)TERRe Idviedage bubble

_cylinders before further analysis. Measurenent of Foam
SiZend Bubbl e Stability The stability of the foam and the
bubbl es therein was neasured using the Turbi scan TLab,

the operating details of which are discussed above.

Théhpradoedd fsarh Meagldbsedrintata Parbidcanhglags shawl® tutes up to a height
function of tinme: (1) The foam vol une (i

. ! . €. .

of abaut#2mem: cefresRending taiapppadately L) mi offoam The equipment
| .

It SEARE a1 s diek ok et 2 B3 e L Eh between

thel Reight of @ ard [B&nthnmg Measyrpmentsraieet takdh olver afpdriahof several

Th i pnent t both th
wegksi deRe RORGco e STEhaHi ot e ToRght SIeRrdei ©reolipsteghover the
fulg;saﬁwgé;‘ﬁwééhmo%gﬁé‘,r W%éaﬂ"e\fﬁué@‘%ﬁnthlﬁvﬁécl@?dé?lrﬁgﬁe profiles

al “weeks, depending on the stability o

beamn deffined khnits (lowwveroahd otppeeroveight) hgivé ispecifionnfermation with
ight,, f this, th I .
regtinct 1 6oageS iy bR At e B itaeant e er RubBEis#e's (1 over

and upper height) give specific information with
respect to changes in the sanple in that area,

e. g.
Bubblshsige siFrem thethackssatieredrdaighnersusad m\ueeéﬁe@oar%haa mm, the

u et. i .

av R REBCHEE ag Salitiaeh Mbriitel Hlind tRRtiSadteRa oht.
Thei gaftactiVBeintiesawierey dakenliase shose ef tveaten aal tirosdhef air phase

water and air. The air é)hase volunme fr ctionlﬁgf t he .
volumarfriagtion ob thestaasm wag @9 (eguatng i ﬂ%"?o. ovgriyhudhthqugh the air
phasé volume fraction of the foam can change over time, particularly if it is not
stable and creaming takes place, we found that taking measurements between 20
and 30 mm height of the sample gave reliable size data unless the foam was very
unstable. If the foam was highly unstable, then the size data needs to be treated

with caution in a quantitative sense but can be compared with that of other foams.
Results and Discussion

Stability as a function of time

The average bubble size (relative to that measured at t = 0 min) measured for
each of the foamed mixes as a function of time is shown in Figure 1. At both pH
3.5 and 5.2, HFBII forms a foam where the bubbles remain stable far in excess of
those in the foams aerated using either Hyfoama or Lactem. The foam stabilised
by HFBII remained stable for in excess of 3 weeks.
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phase volunme fraction of the foam can change over

time, particularly if it is not stable and cream ng
wotakmsI@msace, we found that taking nmeasur enmentpsTiEPRUUEANS992

20 and 30 mm hei ght of the sayple gave reliable size

data unl ess the foam was very unstable. If the foam

As' TR of o ERACR el AFdivdodng B8 PedRECIaME Bfpama and
LaBfeng WtiMapssd Wiosh dimphasd velumes) e latBestiddes antheir short life-
Di scussi on Stabi i tK as a function of tinme The average

timeubin dhei case ek HIBIL N earitredaic phage aolyme yagilagt from the
or ured for each of the foamed m xes as a functi on of
"is shown in Figure 1. At both pH 3.5 and 5. 2,
HFBII fornms a foam where the bubbles renmain stable far
in excess of those in }he f oans aer at ed ei t her

Figyres #nand 3 shaw Enagesef faams sfeated using 'déﬁhp pptem, or Hyfoama

I
s P ORI £ 2 9065 ebnd sl atd usig
HABAT dmhlgi‘dmdtatﬂetaﬂboiblpl-di@s@(an(dl b4t Even@ftese3 weleksegtorage, no

in the later. sta f ife- tinme. In the
foardollgpsepEvisbIa bunb B eronih soRtbbe sbSeSRee was 1 o5t

fromthe product. Figures 2 and 3 show i mages of foans

created using HFBII, Lactem or Hyfoanma as the

Figureatd and dgagain denonsirate dhe stabilitycafdhe foameereated using HFBII.
g R 5IG L RL ST ootk b eaRo ol AEhlIPH terms o

ret‘émlh@ﬂﬁ@ a pNase RbRinfe!bBUteit G ewdah tﬁQUh@nH&aﬂb@abbﬁdgrth has
Figures 3 and 4 again ‘demonstrate the stabil ity of

oceeEad caw aaR desgaiyiremahe. clase up digiUFeF igsre ¢ SLW'@%V'S'NG air
buBb e%H fh fh% naws 6@9&%‘%’& © @h@%t}t Pﬁlb{)l'éi érec{:v'@a § ogpurred, but

re aining the air ase Vo

alst ginphasanblumbhhs b@envlbht.has occurred, as can be seen
fromthe close up picture in Figure 4 show ng visible
air bubbles. In the case of Hyfoama, significant

ThRrBHE i01sMEEr fiat nYBRSPHORSh cBHbe used to form highly stable foams in
the presence of acids. These foams retain their air phase volume over a period
of 3 weeks at chill, and the bubble size does not change significantly during that

time.
Example 2: Aerated product containing tea extract

Preparation of Aerated Product

A mix containing tea extract of the following formulation was made. 0.1% HFBI|,
0.5% xanthan, 0.16% green tea powder, and the remainder water. The mix was
prepared as follows: The xanthan and green tea powder were slowly add to cold
water with agitation and stirred for at least 30 minutes to ensure that the polymer
was fully hydrated. Then, the required concentration of HFB Il was added as an
aliquot. The solution was then gently sonicated in a sonic bath for 30 seconds to
fully dissolve the HFB Il. The mix was cooled and stored at 5°C until further use.
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al so air phase volunme has been |lost. Therefore, it is

cl ear that hydrophobin can be used to form highly
wostoatibgodsoans i n the presence of acids. These POTaErR006/008992

retain their air phase volung,over a period of 3 weeks

at chill, and the bubble size does not change

i gni fj |y _duri hat. ti me. Le 2 o
Befo prratinn i shitiighfuas Biitelito e iiRiBa Gt 65 felnap 10 wio
softhtisAUst cifridriacicdh Ot tve MhiROwhSahent dérated o t10D% Wlerimasing the

formul ation was made. 0.1 % HFBII, 0.5% xanthan, 0.16%
stigedeppttinahgosamee mander ae dasetbedder fke anixestie Examplas!. The

. ¢ _
acfRBE RS vl @I of 5G40 A 18 2 BLEER 1124 A8 o8 volume
wasl inadedad arfupttidreas timOusing UhesT urbiseas With tHeasameeexperimental

Eol ymer was fully hydrated. Then, the required
setup@sfaseriped IHLEXAPWIE 1. was added as an al i quot. The

solution was then gently sonicated in a sonic bath for

30 seconds to fully dissolve the HFB I1. The m x was
Resudtscand Disetussioth at 5°C until further use.Before

aeration the solution was acjdified to e desired. pH .
Thg: SEABIY P Te8Mins SaTS: b RVErads bbbl dimelgioishegown in
FIgRe & e WA 2 Bty B LHE T Mt chianbbaA Bible size
indigating ¢hat. thehbubleleat ae siablevds dignificantockange. F°utthemohore, the

anal ysi s of bubble size and,foamvol.une was, nade as a
ovECHIBRET VB T SIRHGOPREN VET LS HIE R the. same

experinmental set up as described in Exanple 1. Results

and Di scussion The stability of the foamin terns of

aver age bubbl e dianeter is shown in Figure 5. Cearly,

Ex%e%leasmémed@‘nd FrozemBrhsit serbefi el change in
bubbl e size indicating that the bubbles are stable to

Twyg gartiate averecpradyeed rising dhednarediands distachin Teblend. Product J
wavsob%cre‘anﬁ.éiﬂﬁdth‘éofb%ﬁrﬂétio%v?c;r W%,tde'g%riBSHiiRdTable 5. The air
stabilising agent in this product was a commercially available aerating agent
called Hygel, a hydrolysed milk protein. Product K was produced using the
formulation shown for Mix K. The air stabilising protein in this product was

hydrophobin, HFBII.

Ingredient Details and Supplier

Sucrose Tate and Lyle

LF9 63DE corn syrup, C*Trusweet 017Y4, Cerestar,
UK

Xanthan gum (Keltrol RD) | CPKelco

Citric acid Jungbunzlauer AG

Strawberry puree SVZ International BV

Hydrophobin HFB I Purified from Trichoderma reesei, purchased
from VTT Biotechnology, Finland

Hygel 8293 A hydrolysed milk protein, minimum 80%
protein, obtained from Kerry Bioscience, UK.
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Exanpl e 3: Aerated and Frozen Fruit sorbet Two sorbets
wer e produced using the ingredients listed in Table 4.
WORO@H32265] was produced using the fornul ati on PCAGrEPRAGG/008992
J, described in Table 5. Thespir stabilising agent in

this product was a commercially avail abl e aerati ng
twﬁﬁé g¥86| a hydrolysed m |k protein. Product
s pro uce using the formulation shown for Mx K

The air stabilising protein in this product was
hydrophobin,  HFEBIl Table 4. __Miterials used Table 5

Inggadianbt i ons M x pr epar at iMiX¥or Mx J all thMixK
| Tyt BUI ENtS Were CUUUU tTo o1l U Ubl My
a magnetic stirrer and heat estE OW%EEEWH nuous

HFB X ng. The sol utijon was coQl ed rapidlly to 5°Cqugi ng a

rrmllnn hath set at -18°C For Mx K ¢omrising

H)i&ﬁ&lrophobl n, the jane procébdre was foll bvved e;(ert

al el PN Y £
tﬁl ﬁ" I_II_D | | WS duucu L TIT LaUUI (4 U DUI Ull dS dil
Rl 2

The m xes were stored at 5°C|before f r%her

C|ﬁ9rc(§‘(ﬁ§SI ng. The pH of the wmerated m{x was negsared
to be pH 4 Aeratilon and freezing step 80 m . of cold

SUWQSeNas transferred into tﬂ165st| rred pot (desci@ed in

allpl T J.} I Ul ATl all Ul dail ICCL1 ﬂg l_l CCTZI Ilg
l‘Fg\hl eved by circullating coxrgm t hrough the |j aézgt

StewWbetHpguree the stirred popg.ofhe mx was aeratgg pand
frozpn to producela sorbhet product usiing the foll ow ng

Walesar and tenperature reglﬁisﬁ 100 rpm|for 1 midli7e,

it~ o M| 1.0Q4d M\ hao LOY Y Yy nirn
|93 Ul (J.IIL bllbul (J.LIUII \al = L0 \1}, LIICII IMIJII
ﬁgsfﬂﬁnﬁ%ggn Sthen 300 rpmuntil the torque reached 1
Nm (this occurred at a product tenperature of -5°C).
The sorbets were collected into suitable containers
whi ch had been cooled to below -20 0C. The overrun of
le() (;gbjgllam}nwas neasured to be 113% and the

For Mix J all the ingredients were added to cold water, dispersed using a
magnetic stirrer and heated to 80°C with continuous mixing. The solution was
cooled rapidly to 5°C using a cooling bath set at -18°C. For Mix K, comprising
hydrophobin, the same procedure was followed except that the HFB |l was added
to the cooled solution as an aliquot. The mixes were stored at 5°C before further
processing. The pH of the unaerated mix was measured to be pH 4.

Aeration and freezing step

80 mL of cold mix was transferred into the stirred pot (described in Example 1) for
aeration and freezing. Freezing was achieved by circulating coolant through the
jacket surrounding the stirred pot. The mix was aerated and frozen to produce a
sorbet product using the following shear and temperature regime: 100 rpm for 1
minute, switch on coolant circulation (at -18°C), then 1000rpm for 2 minutes, then
300 rpm until the torque reached 1 Nm (this occurred at a product temperature of
-5°C). The sorbets were collected into suitable containers which had been cooled
to below -20°C. The overrun of Product J was measured to be 113% and the

overrun of Product K was 101%.
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overrun of Product K was 101 % Storage and Tenperature
Abuse Regi mes The sorbet products were subsequently

wooredosdnder two tenperature regines: (a) " FPETIEP2006/008992

sanpl es were stored at -80 OGy,for until they were
anal ysed (about 1 week). At -800C no structural
changes occur, so that the mcrostructure is
essentially the sane as for a fresh sanple. (b)

Stofayaaémtrbmeabtm@oﬂbmrmé@m&ere stored at -10 OC for
1 week. Some sanples were also stored for a further

Theesgrbgt profugts wafe subseaqiiendly stened yndeddwedempesature regimes:
| E |
387y Efes, SHABRET Rl i ot ol & 8 e i bmaies

qual i t(abot&canweeg) EAec8000 i cstasctoral diemges occur, so that the
m crostructure of the ﬁroldu ts was visualised using

| ow t SRiGEASIRUGWede £RRPIIAIY 108 SR R TR BESY seamlf. To
RbEPan FeribeiaiRg anleed ﬂéz%gﬁe%%re $tBFoc SN 696y 1 week. Some

cooled to - and a section was

Thi s mmple&weapyaism(stnm(bfqr ofurther rervkatd6iCi n si ze,
was nounted on a sanple hol der using a Tissue Tek: OCT
" conmpound (PVA 11% Carbowax 5% and 85% nonreactive

AFERBDRREGE StheP Prédieetd OlvBle @‘naWs%@Z bZQch n§ERlckon Microscopy

I ncl uding the hol der was pl uriged I'i qui'd nitrogen
(SEM)sas well asrlzynwsgalrlespeciloal ofdhe oyemall produet gualfnr at i on

chanmber (Oxford Instrunment CT1 500HF) hel d under

vacuum approxi mately 10 4 nbar. The sanple was

SdarnamiglEm;tmﬁswéeogdwychanber usi ng a scal pel bl ade.
he sanple was then warned up to -90 0OC for

T?@pm@msfﬂtcéw &6 the qerogéétsndrga%ovlwﬂtseﬂcélsmgwlpw temperature
SR RsherAKEaLe (S99 O Pdpore Speliigh LR ARGAE by, e
saoyé edlag\icoblegbtal -8819@) oar dgnice! andea s@btusn waxceat Hhisosection,
aPREATRSY BIHE EATERE ITE 1 SReatERS MM Siarmple holder
usitifa SBERELTERSOCT ™ compound (PVA 11%, Carbowax 5% and 85% non-
reactive components) on the point of freezing. The sample including the holder
was plunged into liquid nitrogen slush and transferred to a low temperature
preparation chamber (Oxford Instrument CT1500HF) held under vacuum,
approximately 10 mbar. The sample was fractured inside the chamber using a
scalpel blade. The sample was then warmed up to -90 °C for approximately 60 to
90 seconds so that ice slowly sublimed to reveal surface details. It was then
cooled to -110°C to end the sublimation. The sample was next coated with gold
using argon plasma. This process also took place under vacuum with an applied
pressure of 10" mbar and current of 6 milliamps for 45 seconds. The sample was
then transferred to a conventional Scanning Electron Microscope (JSM 5600),
fitted with an Oxford Instruments cold stage at a temperature of -150°C. The
sample was imaged and areas of interest were captured via digital image

acquisition software.

Results
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then transferred to a conventional Scanning El ectron

M croscope (JSM 5600), fitted with an Oxford
wolzneramesnt s col d stage at a tenperature of - PEOEB2006/068992

sanpl e was i naged and areas of interest were captured

via digital image acquisition software. Resul tsFigure

P8 G 00 s T HRARELGESoE o) Bidduct 1. e

coftipadatile produeratid@ight) produchiKeateceringl tethénipeentioradise upper
show the fresh products and the | ower ones show the

images «shaw) rthe a%ﬁ%*é Preduetscand thee lawers Ongeoshew stheaj@mperature
abégg%lp rostructures with small, spherical air
u e 'vvever, after tenperature abuse the
conparative product J shows |large air channels and

Th‘éf@qéﬁ&i{c&%%ﬁég%@ce' o rt&qg}@%a\}vwgg{pgatskﬁgxggleair bubbles.
r,dhﬁ% ?m?@?athﬂé’ %‘Bhb Nthe c@m GPathe! EP é:t J shows large air
ydropho

hows much ess coarescenc
chahmieeldnidng/emy fewe discreteasar acalls; eingicating Ithatjesevere bubble

| _di bubbl Fi 7.shows .the .
coRleERRtes uRRe aksN PIAS cRERURt R aRSILUR0 S KhpiREs iyefion (ie.
cohtaﬁﬂlﬁ‘g hyaespHdLiRf sKws AidPelesK coBRWEehbE apHHRINGRIIRG of the air

smal | "ai'r bubbles (I ess than 100 mmin dianmeter) where
phase sadiyetaigs adargensuamber giisreall diseerie bubbies.ogr aph of

the conparative sorbet product (J) and the sorbet

product conprising hydrophobin (K) after tenperature

FigUte Seshews %Mﬁﬁ&@str&@ﬁub@bf the térﬁ#@ér’éﬁlre@lﬁl%eﬂ@d@@le& at a higher

due to the increase in bubble size in the s
maggifigations r Sorbes Koehows the piesenceselsmall\air GH’éb|§§é|etS§ than 100

u} RE et h el e BRI A08E0 Cor bt cont ai i ng

hydr ophobi n (K) has a substantially nore stable air

_phase than a conparative sorbet (J).
Figure 8 shows a photograph of the comparative sorbet product (J) and the

sorbet product comprising hydrophobin (K) after temperature abuse for 2 weeks.
Sorbet J is darker than sorbet K due to the increase in bubble size in the sample.
Furthermore, Sorbet J has decreased in volume due to loss of air, where as
Sorbet K has not.

From these images it is evident that a low pH sorbet containing hydrophobin (K)
has a substantially more stable air phase than a comparative sorbet (J)

containing a standard air stabilising milk protein.

Example 4: Aerated fruit smoothie

An aerated fruit smoothie was prepared using a Vie Shots™ drink, produced by
Unilever UK as a fruit puree base. The Vie Shot™ contained: banana puree
(28%), orange juice concentrate (26%), carrot juice concentrate (23%), pumpkin
juice concentrate (14%), orange pulp (4%), lemon juice concentrate, acerola
cherry concentrate (1.5%), and apple pectin. The pH was measured (at room
temperature) to be pH 4.17. Xanthan gum was slowly added to the fruit puree
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containing a standard air stabilising mlk protein.
Exanple 4: Aerated fruit snoothie An aerated fruit

wonwdBhied was prepared using a Vie Shots" dri RKT/EP2006/008992
produced by Unilever UK as apfruit puree base. The Vie
Shot" cont ai ned: banana puree (28%, orange j uice

wﬂﬁtﬁ%@%T tg éggeﬁ;r%t é (?551(\}?{4(%? cl'i\ e tﬁ%ﬁ n(m%gg@for 20 minutes

to Iafmsw thell zamthancgnm a6 ehydraty dlly. cAeknywnonomm adsfe 05 wt. %
59 and appl e pectin. The pH was neasured é room
hyd@mb@ it s@ldtion ava@eaepmteﬂ 13740%1@%@@9%%@0 Wiejd aerolatte ™

deglgge?hg%%g‘ﬁdﬁé&%tl%‘fﬂﬁﬁ ébrﬁcf gl(/é'aﬁ‘\g fafedfruit smoothis product

L6RcentratT on Fen m xe
withi apgresimatelyl 100%tdwerswar) tanaovegalinhy drdphaibirt eohcentyatioh of 0.1 wt

known vol u of 0.5 wt. % .drohbi spl uti
% 26080 PSR SO PPOGPTIANR G ABRE A VA eRoiThe aerated frui
%YﬁlézzéogﬂéﬁNé‘@ﬁw&gﬁﬁqea Qt ghG driditd sRMIRE Méhifird8 o%r 2 perlod
aer at ruit snoot hie product w th approxi mately 10
of dhreer weekanthmeﬂ Ishbym thett cifter 3 ovealst the iaenatetl uit smoothle

% a an ov t han ¢ ent rati.on.of .about
proftuet BlHngd - Stal el PhatH enaniiar e Seican Blbiergrowth or
credrRingbcRurredC and its stability nonitored over a
peri 0d of three weeks. Figure 9 shows that after 3

weeks the aerated fruit snoothie product retained a
Exangileds: Minafgrette dressimgt no significant bubbl e growh

Angerals Bier oGS REenaE SRR B Sy AN FirigRe' ™ a base
Thel d¥e };{bﬁ@lr%@t\k&te?ssﬁlrlbalﬁfégaTh%@é!GQné@hﬂéé'ﬁtﬂdto starch, garlic,
wat er, spirit vinegar, Ig fied potato starch,

saljared pepger, 1pre$@ruab\eq;pmrs rbiagkvmpn@, thysne |and colpypkThe pH

bR, IS S S S8 i

adagded th@vtﬁa@gmueaum Stltrh‘ng\Mtéh ainoehtraﬂontoﬁ%wt % It was then
concentration of 0.3 . % It was then m xe

mixeeh f@re20 mynutesdia aliow i%t‘ﬁ%‘agugﬁm do mvei.r%t@erfj 1Yy Nnown volume
of H9W. 8! & ophobin solution was aerated to 400% overrun using a hand

held aerolatte™ device. This was added to the vinaigrette dressing to give an
aerated vinaigrette dressing product with approximately 100% overrun, an overall
hydrophobin concentration of 0.1 wt % and an overall xanthan concentration of
about 0.25 wt %. The product was then stored at 5°C and the stability monitored
over a period of three weeks. Figure 10 shows that after 3 weeks there was no
significant foam collapse or bubble growth. There was also no significant amount
of creaming. Therefore, hydrophobin is able to adequately stabilise a foam in a

pourable low pH dressing for at least 3 weeks.

The various features and embodiments of the present invention, referred to in
individual sections above apply, as appropriate, to other sections, mutatis
mutandis. Consequently features specified in one section may be combined with

features specified in other sections, as appropriate.
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of 0.5 wt. % hydrophobin solution was aerated to 400%
overrun using a hand held aerol atte" device. This was
wOoanoRe96 t he vinaigrette dressing to gi ve an padavErem/008992

vi nai grette dressing product ,yM th approxi mately 100%
overrun, an overall hydrophobin concentration of 0.1
wt % and an overall xanthan concentration of about
% The

0. 25,
AGpdBlqatgS BRIt el SBoyR SPEANBRIAT Al ReGiRncdrPorated by

referéiée  NarfdiRhddiflatihs Sind vaR&ticng BEtife \WeSchiBed methods and
significant foam coll apse or bubble growth. There was

pradgets nef theyimventiont wilhnbenapparentetanthage skiledfior the art without

oA T b oL BRI, AR, ¥ kB hes voen

desefibedisinf @ahHeEForRWitle n§sstific brefétfed Ne@mBbE@ipRdTits, it should be
invention, referred to in individual sections above

undsfstood dhat e prention, as claimed: shewdinsisbe mnduly mited to such

q r

<o o USSR R TRABLI §E1ie 88 mga modes for
caplylrgy ostethei |W@1tloﬁnswm@hra?rpramiaeeml to thobe iskilied imshe relevant fields

mentioned in the above Flflcatlon are herein
are iptgpded & ke wihin theperpaof e olowingsMS at i ons and

vari ations of the described nethods and products of

the invention will be apparent to those skilled in the

art without departing fromthe scope of the invention.

Al t hough the invention has been described in

connection with specific preferred enbodi nents, it

shoul d be understood that the invention as cl ai ned

shoul d not be unduly limted to such specific

enbodi nents. Indeed, various nodifications of the

descri bed nodes for carrying out the invention which

are apparent to those skilled in the relevant fields

are intended to be within the scope of the follow ng

clainms. CLAIM5 1. An aerated conposition having a pH of

| ess than 5.5, which conposition conprises

hydr ophobin. 2. An aerated conposition according to

claiml conprising at |east 0.001
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wt % hydr ophobin. 3 . An aerated conposition according

to claiml or claim2 wherein the hydrophobin is in
woizolabed form 4. An aerated composition acc®CaiEPgoism0s992

any one of claims 1 to 3 whepgin the hydrophobin is a

class Il hydrophobin. 5. An aerated conposition

according to any one of t%edi ng clains which is
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3. An aerated composition according to claim 1 or claim 2 wherein the
hydrophobin is in isolated form.

4, An aerated composition according to any one of claims 1 to 3 wherein the
hydrophobin is a class Il hydrophobin.

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

6. An aerated food product according to claim 5 which is a chilled food
product.
7. An aerated composition according to any one of the preceding claims

having a pH of from 3.0 to 5.4.

8. An aerated composition according to any one of the preceding claims
having a pH of from 3.0 to 5.0.

9. Use of a hydrophobin in a method of inhibiting bubble coarsening in an

aerated composition having a pH of less than 5.5.

10. Use of a hydrophobin in a method of stabilising a foam in an aerated

composition having a pH of less than 5.5.



