WD 2007/ 039065 PCT/ EP2006/ 008992 1 LOW PH AERATED PRODUCTS Field of the

I nvention The present invention relates |ow pH aerated conpositions, such as
food 5 products, that include hydrophobins. Background to the invention A
wi de vari evg2mf/e3%0esd products contain introduced gas, BIKEP20%/088992 nitrogen
and/ or carbon dioxide. Typically, aeratjed food products tend to be of a
relatively io neutral pH - approximately pH 6.0 to 7.5. Exanples of such

products include ice cream ogWipPRAERATED pg@mr@-rghl pped cream Mbst

aerated food products conpriSe proterns andg tnese are essential for both
the incorporation of air bubbles and their subsequent stability. However,

dairy 15 E{ﬁig ng_mgﬁgt lcular tend to be pH sensitive. That is, their
charge, in their conformation, can alter as a function of pH.
Thi s adver y. affects am Lt resulting stability
of the T oathe RAEHCINE oS wdles ' BRPPE aBtated ' JarPhlufali Sl ahcReBor pr

5.4 ands | owwucfghtrfat i;ﬂ;]da@qwm@pﬁmﬁs t he surface activity and the solubility
of many proteins are reduced as pHis lowered. 20 For exanple, sodium

caseinate precipitates at about pH 4.6 to 4.8. This results in both poor
air incor pghdtdraddtheGsidntibAg i nstability of aerated products. This fact
has been %‘r@m‘y‘ I n the literature and produci ng stable foans
at | ow pH K LR Bqt t

descri bed ‘ﬁﬁ‘”tﬂﬁ m}r@?y I%gtmﬁ;am Itate arﬁ‘ |?‘:or matfjo é%l%éfg'{ %g ﬁro ér oduct s

at | ow pH, andiescarbna mmxndmw'yplcaﬂ){, aerated foc@pﬂodhcﬂmtead tobe oiraeretatweltyorre by
the current .invention. FEor Ine.ls d.a stablllser
whi ch bt eyt ‘?PPFPé‘"B?‘ﬁg’u% Gtp BB, Fxaiues afauch nBRlfe 89udy B

"nmousse” péedht; wh ?dgg@hagmpﬁed&rgamse of gel at| ne. However, gel ati ne
I's an ani nal base stabl i ser 30 which is not seen as a suitable |ngred|ent
by many consuners. Furthernore, use of gelatine usually nmeans that the

d | /,
ng'(I)'/ légtzo‘é‘ﬂesﬁllll&s)gg%rgﬁ food pRodudts' toplisd priteind indl thESE U /338MRR for both

the incorporation of air bubbles and their subsequent stability. However, dairy

15 proteins in particular tend to be pH sensitive. That is, their charge, interactions,
and their conformation, can alter as a function of pH. This adversely affects both
the foaming 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.

20 For example, sodium caseinate precipitates at about pH 4.6 to 4.8. This results 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
25 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
30  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



2 means one is limted to the type of products that can be nmade using this
formul ati on technol ogy. O her nethods take advantage of other chem cal

enul sifier systens such as s sucrose esters and / or variants of nono-/di-
gl yceri deVQr00¥8¥05at ed fatty acids. Al though these rRSTVERRM6PI89EE ed

formul ation technologies will formaeratable products at |ow pH, often
significant quantities of enulsifier are required for long termstability

(i n excessmeans omelis )imittai o e thse of yprodicte sthatldad bef udecesing thigot h
taste and }ext ure. Furt her nore, significant quantities of chem cal

emul si fi er formylatign £ log¥e not acceptable to the consuner. Ideally, a

sui tabl e aerating agent would be pH insensitive (in ternms of its foam ng
behavi our), be functional at | ow concentrations such that no undesirable

i mpact onOthestethods take wadyantageaph athentchemichl caulgifise systems sudhoam aer at ed
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st abl e i n bathdasteandstexiis Fusﬁhntreowyam;mam auaniities b chemicgl epwisifigrat i on of
t he CO%I nHQPEd@Q%t%:c&&aHB%%&é Egn%tﬁﬁé ur es in the nmouth, 25 this neans

that stable Toans can be prepare ow pH irrespective of conti nuous
phase rheol ogy. Therefore, the type of aerated product opportunities are

wi de, for ated.acidic, s t.hi and ted tea er a
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15 where the foam was stable in excess of 3 weeks at chill or ambient temperature.

Summary of the invention

In our co-pending application, WO 06 / 010425, we have identified fungal
proteins, termed hydrophobins, as being highly effective at stabilising aerated

20 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,

25 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
30 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.



3 I n one enbodi nent, the hydrophobin is in a substantially isolated form In
a preferred enbodi nent, the hydrophobin is present in an anount of at | east
s 0.001 wt% nore preferably at least 0.01 wt% Preferably the hydrophobin
is a cl asVQrORY¥RPSphobi n. The present invention furt RGT/EMREOREE t he use of
a hydrophobin in a nmethod of o0 inhibsting bubble coarsening in an aerated
conposition having a pH of less than 5. 5. In a related aspect the present

i nvention provides a nethod of inhibiting bubble coarsening in an aerated
conposition having a pH of |ess than 5,5 which nethod 1s conprises adding
hydr ophobi i ane emeedigiept dhe hydrophobin is i asehstantially isalatedfeM-on  of the
conposition. The present invention also provides the use of a hydrophobin in
a method of stabilising a foamin an aerated conposition having a pH of

| ess t han B.& preferred embasiment the pydrophokin is esesent imasramountzofsd leasbvi des a

Than . 5 WfiORR Wi e BrorpfiBRL Bl FRL A, conobin 1ot he conpost 11 on pri o1

to and/or during aeration of the conmposition. 25 Detail ed description of

the invention Up] ess defiped atherw |1 technical and scientific terns
used herei rqg%'@ﬁ"ﬂﬁ%“ﬁ%?ﬁ"ﬂ@dﬁ?r%“&i% BIN.under st ood by one of ordinary
skill in the art (e.g. in chilled confectionery/frozen confectionery

manuf acture, chem stry and 30 biotechnol ogy). Definitions and descriptions
of vari ousThe praseahinveatiomfujthes piavdes the e$s pf adidrephabin ihadpethed of y

manuf agt ur f [ : I &d i e, ( ) an
Nost ra?]% ef@ﬁ@?de rr%a%%rgﬁé% %ﬁn Aﬂl\#’tggtc?n arsc'it 'd%{ zlc%ﬁﬁbqﬁeéﬁﬁ@eﬁs%/or
nmol ecul ar thad 8th.ocheni cal net hods can be found in WO 2007/ 039065
PCT/ E92006/ 008992 4

In a related aspect the present invention provides a method of inhibiting bubble

coarsening in an aerated composition having a pH of less than 5.5 which method

15 comprises adding hydrophobin to the composition prior to and/or during aeration
of the composition.

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.

20
in a related aspect the present invention aiso 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.

25

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
30  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



Sanbrook et al., Ml ecular Coning: A Laboratory Manual, 3rd ed. (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et at,
Short Protocols in Mlecular Biology (1999) 4th Ed, John Wley & Sons, Inc.
- and t have Rof/e3eSsi on entitled Current Protocol s in BOYERRUIAISIE ol ogy), $

Hydr ophobi ns Hydrophobins are a well-defined class of proteins (Wssels,
1997, Adv. Mcrob. Physio. 38: 1-45; Wsten, 2001, Annu Rev. Mcrobial. 55:

625- 646) caamblddkoét af Eibledtie tbiing! ASLabETaRRN MRint/al Y3l eahi2ac)icdigr f ace,
and having_a conserved i 0 sequence:

£ e' a

X" - C- X5. 9- SpingxHarkay_labesatoncPressy Gold SpsinggHarbgr, NaE@ndbAwsubeleliier e X
represents PASth ' it \gydencnd Y3 rEsHRn Nan4 Nt €ger.
Typi cal | y,sa ydr og‘ﬂ%ﬁ‘hﬂ’ﬂ%s l a q]gﬁg?m%%@‘&pﬁ J%g@ waaﬂn%‘ﬁ% acl ('jgn.é'iTﬁga
cyst ei ne rteifdliversipo)entitied Carrent Beatocals ineMolecular Biddlogydr t  of di sul phi de
bridges, In is the context of the present invention, the term hydrophobin
has a va der neaning to include functionally equivalent proteins still
di spl ayi ngHydrepkdtinsict eri stic of self- assenbly at a hydrophobic-hydrophilic
interface resulting in a protein film such as proteins conprising the
fquKIgnC% H&Z?%@phﬁbhiii@ afe Eﬁﬁelﬁd?‘ﬁnﬂ@lﬂﬁé’sd B p{d!@inéiﬂ(Weﬁ\aeI@: XeS7, AV, Mierdb. ]2<m (SEQ

: .or_parts thereof_ sti [ ing the characteristic q
sel f - assenbh¥pigy38; 1‘ﬂ_§dv\fﬂﬁﬂibi%90ﬂy&"6ﬂfﬁg‘(-%icmq¥9'f éé'eggé%dm FARARIS o4 protein

i | . it $ .
s:al ;n-asge eé%gn e\géeﬂ‘é’?@hggfd@ﬁmﬁg“% e b?ﬁﬁﬁv'?gvﬁﬁ f’g‘ﬂ"%‘%d usi ng

Crcul & Dreswedte€m to establish the presence of a secondary structure (in
general, a-helix) (De Vocht et al., 1998, 25 Biophys. J. 74: 2059-68). The
formati on of a XiCiseelrGoX:entCaKbisbooy-C-KeutGXn SEBQTB Naf)sheet in the
protein solution followed by at |east three washes with water or buffer

(Wost en etwheie. X répesentsnbny amind 3cid; and- b and mhiedppmda'ngliyfrepmseaham
ke e bl A BeRBN e, A RRE L PR P8 M Bephitiene
the art. ngystelne résiduesa(C)in theveonserved sequence are part of disulphide bridges. In
15 the context of the present invention, the term hydrophobin has a wider meaning to
include functionally equivalent proteins still displaying the characteristic of self-
assembly at a hydrophobic-hydrophilic interface resulting in a protein film, such
as proteins comprising the sequence:

Xn~C-X1.50-C-Xo-5-C-X1-100-C-X1-100-C-X1.50-C-Xo.5-C-X1.50-C-Xmm (SEQ ID No. 2)

20 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, seif-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,

25 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
30 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



WO 2007/ 039065 PCT/ EP2006/ 008992 5 values ranging fromO to 2000, but nore
usually mand n in total are less than 100 or 200. The definition of

hydr ophobin in the context of the present invention includes fusion

prot ei ns YO FOHYVPGSphobi n and anot her pol ypepti de as VRIT/ER2806/08898] ugat es of
hydr ophobi n and ot her nol ecul es such as pol ysacchari des. 5 Hydrophobi ns
identified to date are generally classed as either class I or class 11.

Bot h t ypes,digasraRging froie 0itofd08d, bit rhereisudfly AEEREh TN tRaI4rBIIess thaak00
sel f-assenbl e at hydrophobilic interfaces Into anmphipathic filns.

Assenbl aged 800 cTBeﬁqf mtwd%bmphgblarla thel eantexd of ithes presend inyantieds t hose
f cl | t
or class rhclpéf% ?t?&?@t? éﬂételrLs of Sg&dréf%ﬁejdeﬁnﬁ %3eﬁ?ﬁ§lr e d\éﬁﬁb?ﬁdeo‘cassﬂelyg S.

Hydr ophobi n- I NS have anent ous bacteri a,
such as ﬁaﬂn;uga‘hge:eftlwchm&repndnﬂmmd@ule(s/mmﬂﬂsaﬂﬂ@accﬁbﬂdes bacteri al
proteins, by contrast to fungal hydrophobins, formonly up to one

di sul prﬁ de bridge since 15 they have only two cysteine residues. Such

protei ns aHgirephebingilentiféd tadatel a8 enemkbcra’aseatas ditheh hise e lwias thavi ng
t he consensus sequences shown jn SE , and are within the

scope of tBrihgyrashave heenddentifiedin fungl assesmtad %%‘ﬁ'@éhébﬁﬂf'ﬁﬁiﬁw
extracti oryf REUFopREBINE uﬁ@k\%ﬁ@é i ﬁ!u‘ilh‘rm atie fi lea”eNﬁéaﬁ%lé%E%'Of Qs

sui tabl e process. For exanple ydr o I'ns can be obtal by cu turlng
f i | ament olhydreptyibinshare gelatively ingRjublgdwbereali thosetaf class |yhydraphabidsum or by

extractio O%ethanol. It is particularly

pr ef eriedr}teéal so%y‘ﬂggLydr %@%’ﬁu"? 'gm host organisns that naturally

secret e hydrophobi ns Preferred hosts are hyphorrycet es (e.g. Trichoderm),

25 basi di t te t f d h t f ood
arade or JHATSREObiE ke PRESERiA1B leq Brep fendlied iEhBmN A s BeReRa Sugn 7

hydr ophobi 4y Ab@iomtets ¥RA'StBploaeesRp. eovﬂaaéhj emheéé?BSeteﬁalppro@% ron.

M cr obi ol 65 1- 5435) 30 Al't ernat | veI Y, hobi ns can be obt ai ned by

the use of we@ﬁrﬁﬁt angal dwdrphebins, fasm el s é mﬂw&nh@e bfiggn sarey
m cro- of 9afLe HEve BAY th6 YREidd Rflidus. Such proteins are an example of functional

equivalents to hydrophobins having the consensus sequences shown in SEQ ID
Nos. 1 and 2, and are within the scope of the present invention. '

The hydrophobins can be obtained by extraction from native sources, such as

20 filamentous fungi, by any suitable process. For example, hydrophobins can be
obtained by culturing filamentous fungi that secrete the hydrophobin into the
growth medium or by extraction from fungal mycelia with 60% ethanol. It is
particularly preferred to isolate hydrophobins from host organisms that naturally
secrete hydrophobins. Preferred hosts are hyphomycetes (e.g. Trichodermay},

25 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).

30 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. Technigues for introducing nucleic acid



express hydrophobi ns and the hydrophobins can then be isolated and used in
accordance with the present invention. Techniques for introducing nucleic
acid WO 2007/ 039065 PCT/ EP2006/ 008992 6 constructs encodi ng hydrophobi ns

i nt o host WIS wel | known in the art. Mre than PSIEP¢640888dI ng f or
hydr ophobi ns have been cloned, fromover 16 fungal species (see for exanple
W96/ 41882 whi ch gives the sequence of hydrophobins identified in Agaricus

:Ji sEorlus @dnitMetlstmd&@QiydrdﬁmbuaeMto ﬁo@ﬂo@ngaregweuiﬁowﬁaﬁﬂ%abt mfﬁnb' nant
ecnno Ogy can al so se opnl N segquences n esl| se
novel hydr 6ARCH BSea cPHIng TabBYdroanolins Sy DRRE RS iom uet. 1B1 sl

appropri atﬁ)é’&b%t @ek! 16F EXdIApleS WDD6/41383 1 WHW ﬁweél e | 8bGuetced of10
construct that encodes the desired hydrophobin. e nucl eoti de sequence

codi ng f ofydreghaking, idgntifigd lBaHQB@W&wQ@PPG& iafdo Wosten.t 80 Arpy ReN.on
vector encogdl ot 23 e?ggﬁ%s #e@drﬁﬁﬁ&@étecﬂﬁolbé@e’égﬁrél 5 153080 td Ihgo[azrba“on

and in such a manner e expre er appropr

condi t i onshydrophokim psequencesi eor at symhemsb conovedct hydmphobingr atmaviagd wit h
appropri at tar eting and expressi on sequences). 15 The nmethods required to
construct ??é?g Vggsﬂr%e@gﬁi ors are well known to those skilled in the
art. A nunber of expression systens may be used to express the pol ypeptide
codi ng sequence. These i ncl ude but are not limted taq, bacterl a, fungi

(i ncl udi ngTYRigally) an appropriate hogk pell 9y graamism i KAnstoaTed dy) 3 Muelels 3¢idis  and
plant s ¢! | cdristle! PEf'ERcolles/tn BRsARPhARbPASIN TR Al e/ Rlchidhee cBlfRge! I ed

hosts are those that are considered grade -'generall regar

saf e' ( GRAfey thespnlypantidercandeg inspaed mtq a|%ﬂh|§@*jb£%8§!® vantor encodingtthe ot
limted to S, r chi a,
ansenul a, Nead lomelte for B BE HaRARNGE ana th SOER LRMERR uidkC |
speci es suthiey aslt bd!)BXpneSSed undercappropriate osditiors (el iy prapen erplaltlgln hds,

Tri choder ma cor ur os a.,, Fusari.u 30 The se uences
o ner el fcind S 4R Sitn BPRRiadalR GPdetiolindeSrestion fagyen
15 The methods required to construct these expression vectors are well known to
those skilled in the art.

A number of expression systems may be used to express the polypeptide coding
sequence. These include, but are not limited to, bacteria, fungi (including yeast),

20 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

25 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, Fusanum and
the like.

30 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



at the amno acid level to a hydrophobin identified in nature, nore
preferably at |east 95% or 100% i dentical. However, persons skilled in the
art may make conservative substitutions or other amino acid changes that do
not reducév® HE7TENEE007/ 039065 PCTI EP2006/ 008992 7 bi GIHHPAI6/088993 vity of

t he hydrophobin. For the purpose of the invention these hydrophobins
possessing this high level of identity to a hydrophobin that naturally
occurs_ar ebl@lbgiéaﬁﬁbﬁ\ﬁﬁedf e hyardphebhernasr thdcbmpbgéwdn&he iRvémidhomesdi ns can

be purified fromculture nedia or cellular extract for exanple, the

procedur e fw@g@nqbw IPQFS@\EMQ 4y highgielrpfiidansity tosa augwpbpwg thaenatiily ophobi n
present i t F] rface and then contacting
t he surfa(r:be&va%l a sur rét\éagrqt@'ms?ﬁc %ghTﬁ pé‘gmﬁ%ho elute the hydrophobin

fromthe surface. See also Collen et al., 2002 Bi ochi m Bi ophys 1o Act a.

L% 3% RrofAUIRL e o) myrrBA ol o P el BB el )

1999, Eur ekanple,cthemprodéidlire Heschied HENDMAET0TE which dnvokees adstibing thy t he

term™" osition" QSIt n. where the pH of the
oo pHNEESHEBE SESeams it BYGPhaBHsoOIISNG STticHoto, Sutitie AN tkef | o,
Pref erabl yednideting' the 'sﬁﬁﬁcé ha#h 2 4sur\"éct%ni)r stet- asTWééf'h' '2!) tbNeluthe equal

to or nore than 1.0, preferably 3 nore, such a .0 or nore.

Typi cal | y hyldmplmbm fromthel sudage. £e|eoajsgr¢qﬂe6dahel V\%Qﬂaj %lsaenlm Biophy$i of from
3.0t t 1y
i ncor BOI’ at e Egrda C%gﬂ'ﬁ%%g W%Ha& 'q a%$§§4ge%d.ﬂl %{dhﬁ)%@ can be

any gas, halt, 21091 Apﬂfl‘dlcecbﬂlqi Blpmchnoluﬁazrigkl -8, aridaDedsfn&met alf, 11999dEp|rd)ducts, a
f ood- gr ad nitrogen or carbon dioxide. The extent of
aeration E’gaﬁfﬁg& éﬁeﬁ ned in terms 25 of "overrun". In the context of
the present invention, %overrun is defined in volune terns as: ((volune of

t he fi nal Egr;%del pr'_?ggr(r:‘t oéltlgt?l ume of the mx) / volume of the m x)

15 By the term “low pH composition”, we mean any composition where the pH of the
aqueous phase is less than 5.5 for some or all of the product life-time.
Preferably the pH is less than 5.4, 5.2 or 5.0. Typically, the pH is equal to or
more than 1.0, preferably 3.0 or more, such as 4.0 or more. Typically, for an
aerated food, a low pH product would exhibit a pH of from 3.0 to 5.4.

20
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

25 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)
X 100

The amount of overrun present in the product will vary depending on the desired
30 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 wi%. The level of overrun in some chilled



X 100 The anount of overrun present in the product wll vary depending on
the desired 30 product characteristics. For exanple, the level of overrun
in frozen yoghurt is typically fromabout 70 to 100% and in confectionery
such as nUEHEOIE overrun can be as high as 200 t o PZFEPMRIGHSTIe | evel of
overrun in sonme chilled WO 2007/ 0390658 PCT/ EP2006/ 008992 8 products,

anbi ent products and hot products can be |ower, but generally over 10%

€. g. the |sughctsf afbink tmoadbténdnhsmk;%duas tc\éﬁ' Sé"lé\&(erf R ﬂeﬁa‘ﬂsﬁ&e\f\ﬂ % The
| evel of overrun i n other products is &; era rom 100 to 800%

not necessH%. ¢.8rtheHevel gdpversumia mikahg @dzplmﬁ;rfr emtifofilomies .
Nonet hel ess, in one enbodi nent, the foamis substantially honbgeneous.

Aer at ed corrposi tions of the invention include aerated food products. O her
1o conposi Theoleseliof dvartan imhother ploduetsds posferably fremuiOOdd 8008hi n a conti nuous
phase of |ow pH which can maintain its stability throughout the required
time of” product use. Preferably an aerated conposition of the invention

will retaip igt nbtcastesddly Obr ithe fdain O 6ennbmagéném%sewwm+ URB, produeEt.
pr ef erably 75% for a period of at |east 3 wee pically neasured after

storage atNengtheless ipepeemhodirpent, thedpam '#ﬁﬁbﬁﬁﬁ??'wmomeﬁﬁﬁ have to be
di spersed honpbgeneously throughout the product. Preferably, the average

bubbl e diameter in the conposition will not change 20 appreciably over a
peri od of Aeratesksorpogitiens of thedeventian dnclude sesatedefoad praducts. t c@ther at ur es

0 r oftht e TTLAP oSk et & tourhf Byt Bl Wi ¥ BRI R BRke st s
than a fadowarpR vﬂuaveananamtam)dts()étaﬁhtqetam;ghaoﬁthwr@upredftenatmlf3prd>dm$ than a

factor of 2. The relative bubble dianeter (dr) at tinme =t is as determ ned
in the 2%4%kxanples through the equation: d=A 0

Preferably an aerated composition of the invention will retain at least 50% of its

15 original air phase volume, more preferably 75%, for a period of at least 3 weeks
(typically measured after storage at chill temperatures (ca. §°C)). The overrun
does not have to be dispersed homogeneously throughout the product.

Preferably, the average bubble diameter in the composition wili not change
20 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
25 examples through the equation:

Y
n
&R

Where do is the average diameter immediately after preparation, i.e. t = 0, and d;
30 is the average bubble diameter at time =t.



Where do is the average dianeter inmmedi ately after preparation, i.e. t =0,
and dt 30 is the average bubble dianeter at tine =t. WO 2007/ 039065

PCT/ EP2006/ 008992 9 A suitable nmethod for measuring changes in bubble size
and foam WP 2&WE0I%865%y using a |ight scattering techniYcREP26@0899% bi scan
TLab nmeasurenent system (Fornulaction9® France) can conveniently be used,
whi ch anal yses both the backscattered and transmtted [ight fromthe

aer at ed sappuitable memaefat measihhi Eﬁ@rﬁgésQnttﬁlb@Ib’:lhﬁéf’ad\dl fdafovdiamads byi thin a
cylindrical sanple cell ter of 25 filled with 20

foam . A |V§Re &light-scalie 'ﬁaasp%mg% >if g ELegéePwr@nﬁm gysten
i nci dent | il aT%ant‘P?aﬁHét) CORVEMESL %eh¥8dt%|cﬂ Iaamységemm fhked

t hrough the sanp fromthe incident light) and back i o scattered |ight
(45 from thecksnaﬂ@reﬂtanmtg&nsynmed)hghtrfr@nsﬂnmeéateﬂrsaamm inderaslde, the optical
sensors,scan the height of the tube acquiring both transmtted and
backsca%tered data as a function of sanple height and tinme. Therefore,

m grati on Thé écammio be(anatysedds cortairiedgyitinag ofindges sampleacell (8.¢. witea (such

The use. of SREIoREn e AHedudBL2 8 farfoat A BaGRowee ( NEbaehathingunl ot

al., Collog ¢ 1 od
Hydr ocol | ol ggnrﬁgg&%@&{é%ﬁﬁl )sthz%@&a%‘t %t %Eglt%%t | gﬁﬂhﬁot{ﬁggﬁarﬁbgge(fe
f i@

i nf or mat i olight 2transenitied Ahraught thensamele maam mu ther lrg:ldaﬂbsllghé and back

VWA, tur IS P |1mm£ best
obser v&d b;é/éd\;tg??ﬂ@q @S Yo t he %Iég{sn(tzzigﬁlé g" %E?ﬁipﬁér oug gﬁgtgﬁegf t he
sanpl e whethe opticat sehmrg@:aﬁsmemelgm éfothen tubélaqqamngr bththuhérsnmtemlandg) are
not occurrjng. re use ntr ar eas, the fo e back catterlng
lovel (s, bickspalire dBlp 525 Tufiion: ol seminis Beiaht add fimer athesstore. METSHOR! ough
the foam byhédtmnérl aduchnas %ﬁad?ﬁng) and (cHahges Y palrﬁcléiwe&i&h apeibble gas
vol une fraction, and the bubbl e nmean di anet er

size) can be monitored over time. Relevant theory and examples of the use of

15 the Turbiscan measurement system can be found in: Mengual et al., Colloids and
Surfaces A, 1999, 152, 112-123; Rouimi et al., Food Hydrocolloids, 2005, 19,
467-478; Also, application notes and useful information can be obtained from the

manufacturer's website: www.turbiscan.com

20 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

1

(A%)?

25 BS =

A* is dependent upon the gas volume fraction, ¢, and the bubble mean diameter d
through:
2d
39(1-2)Q2
Q and g are both optical parameters from Mie theory, where Q is the scattering

* =

30 efficiency factor and g is an asymmetry factor. For a foam of known volume



A N

through: 2d 3(1- g)Q Qand g are both optical paraneters from M e theory,
where Qis the scattering 30 efficiency factor and g is an asynmetry
factor. For a foam of known vol ume WO 20071039065 PCT/ EP2006/ 008992 10
fraction Wof%gﬁossv&é?e change in the average bubble di a'i‘?:‘r%z&ﬁrﬂoa?ﬁ moni t or ed
over tine. Is 1s cal cul ated aut omat E)cal |y through the Turbiscan software.
Exact neasurenent pararreters that can De used are stated in the Exanples. 5
Foam st abi I | ty ( ol u foam as a funct and extent, of cream ng

f time

can al so frRstiae g8 'Ult@%QYerﬁE?ﬁ’belﬁ\FQ@E@?{’ Ada MOSHOsARYErena in
foams sarmh@d"rh.et@cﬂeaatad é\ﬁoﬁ%hbélﬁ%u%ugﬂtl%‘%ﬂﬁhdaﬂ%ﬁ%ré he buoyancy of
the air bubbles) is a process which s to vertical phase separation in
the container 1o resulting in a large proportion of bubbles close to the
upper surf | ed Food

P oducts. ARt BffepdRinedt PR EhERE, Bt i Biod ard SEICONMTERPRETT "one of
four grsoups - hot, is ambient (i.e. products stored and/or served at room

e o s bRl o S S T il AP o B Rbacil L,

i ncl ude srasy bi Qetariindd By aﬁngmmnetn@a @g%sémng hie8é Yhiehomeab Ul fodmezen
confections such as frozen yoghurt . ui table acids for use in |ow pH food

product s sampied iintpcmeaswring, sylinsers. beead'ﬂ'BQ {due tpj the: buoyancy 2fcHepRiE aci d,
t d,
citric a?gﬂ: g’e%ztlé S prokés c? w&%h&s%&'vémtcﬁﬁp@%ga Ele_;géio'gﬁon ir® e COhGindF!

mal i ¢ aci d, oni c acl and m xtures roducts may
opt i onHl | yreedtingiiim avidrge progemicn coft bubhlesh clese dnether umnreswfaoezand rih,e

fol |l owi ng C dairy proteins, either as pure ingredients
or as Ilﬂ?%g}ﬁhﬁggbgfﬁgiatﬁﬁeg(ﬁoﬁ?l k or cream oil or fat, notably in the
formof an enulsified phase; sugars; salts; colours and flavours; chem cal
emul sifi erﬁéra?elcjicpoog&oducts

Aerated food products of the invention typically fall into one of four groups - hot,

15 ambient (i.e. products stored and/or served at room temperature without the
requirement for refrigeration/freezing), chilled or frozen. The term “food” includes
beverages. Chilled aerated food products include smoothies and tea. Frozen
aerated food products include frozen confections such as frozen yoghurt.

20 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

25 the following: other proteins such as dairy proteins, either as pure ingredients or
as liquid ingredients, e.g. mitkk or cream; oil or fat, notably in the form of an
emulsified phase; sugars; saits; 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

30 as nuts, fruit, toffees. Preferably, food products of the invention do not contain
gelatine.



as nonogl ycerides, tea or coffee; fruit or vegetable purees / extracts /
juice; stabilisers or thickeners, such as polysaccharides; preservatives;

i nclusions, such 30 as nuts, fruit, toffees. Preferably, food products of

t he i nvenWOHOUBFMEt contain gel ati ne. WO 2007/ 03906 FCHBEP2WOENGN3/ 008992 11
Some particul ar exanpl es of enbodi nent st of the present invention are set out
bel ow. In one enbodi nent, the product is an aerated beverage such as a

nm | kshake, Sorfie paptidulareexaheploe df etsbodimeits diahe preseritdavemtioncare dedaist i S
required ab | ow pH and which maintains stability throughout the product

t

life-time.PaIW: his case, the overrun of the aerated product may be between
5 and 300% and nost preferably between 10 and 200% The gas does not need
to be dispersed honbgeneously throughout the product. 10 In a second
enbodi nentln eneeembediment; hespragchiscan sigrated everage uchaasa milshake,
cheesecak | | t i r Sa¢h) ' at | ow
o and whmpdtl, atbRRGted AR, Baerlor 14f ARbrel Vodim s LRt AH B T |
case, the whickefreaintains\stability thsoughiout dhe Godunct Kfedibe. 15Inl this daser dhe

enmbodi nent, the product .is a rated frozen_.de rt, such as a sorhet, ice
o oom or avelrhe o i AStated nRBHEC TRy BE Hebeéeils aRA S0k, HEnGR diaRasl ./
mai nt ai ns tsdtwlen 10Yarid200%hdie ddredddsonbtaieedi thebel digPerséd hopicgened@sly overrun
is between 50 and 300% 20 Preferably the aerated food product is an

aerat ed cohfaughPuliBePredubuct . The amount of hydrophobin present in the
producfo Wi I | generally vary depending on the product fornulation and vol une
of the air phase. Typically, the product will 25 contain at |east 0.001
wt % hydr dpreodeeendnembogiment rthepjoditct isas aegated Bebfo such@s/m moysseal | y t he

product W lyeecOMNA! farh SRifippod tophin &F BredhORINPE B fodMSs required at iow pH

and which maintains stability throughout the product life-time. In this case, the
preferred overrun is between 50 and 400%.

15
In a third embodiment, the product is an aerated frozen dessert such as a sorbet,
ice cream, or frozen yoghurt, where a foam is required at low pH and which
maintains stability throughout the product life-time. The preferred overrun is
between 50 and 300%.

20
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
25 contain at least 0.001 wt%, hydrophobin, more preferably at least 0.005 or
0.01 wit%. 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.

30  Preferably the hydrophobin is a class [ hydrophobin.

The present invention also encompasses compositions for producing an aerated
food product of the invention, which composition comprises a hydrophobin. Such



hydr ophobi n can be froma single source or a plurality of sources e.g. the
hydr ophobin can a m xture of two or nore different hydrophobi n pol ypepti des.
30 Preferably the hydrophobin is a class Il hydrophobin. The present

i nvent i onWA W/EMEpasses conpositions for produci ng PERER0EHBH2 f ood
product of the invention, which conposizion conprises a hydrophobin. Such WO
20071039065 PCT/ EP2006/ 008992 12 conpositions include liquid prem xes, for

exanpl e preposiions ethdiutdd NRuid? " embidsO o exdripien prembest usagr in AR@duct s,
and dry m xes, for zrxanﬁ e powders, to which an aqueous |iquid, such as
mlk or wetreduction of frgzen spntectionery prefucts, @nd ey mixes forexpmple saWESS: | ons f or

pr oduci ng e 0. | I &N | ; ' t her

i ngr edi enttg,rw?ﬁﬁ ?gdlg?l?éoar%gt'yt e c;‘désogﬂ’gb?wgg\&ﬁ %ha%eg&ed hg?ﬁawg%ﬁ%% uded in
the food Resafiaf., e.g. sugar, fat, enmulsifiers, flavourings etc. The
conpositions may include all of the remaining ingredients required to nmake
the iofood product such that the conposition is ready to be processed, i.e.

aer at ed, tThe tompositiore fort pabducing an @erated ddod Iprodunt eoft theninvétions evilhosi t i ons
for produci ng an rated food prodyct of the invention wil]l also onpri se
ot her ingr@aﬁgﬁﬁs&ﬁ%'%ﬁ‘i"ﬂ@n n agaﬁenﬁs?dhsﬁwemﬁtot%iwc raéerﬂ?r"r'ﬂﬁﬁ!_fy is

i ncl uded ijRclbded i e 7664 Ybdud. 8.g, SSUGAF,. fat AémuRifers)| ﬂé\ﬁfuﬁngé lgde/ TR NgS etc.
The conpositions may incl ude all of the remai ning non-liquid ingredients
requi red tc@mpesitionsimay duiuds ath o the; tripaipingt ingrediams requied toemake dte onl y add
an aqugou EHY sk COIRSE LI | ady to
be pro@eszfg%& P géﬂtlggrsﬁqélgghag?}l%‘?%@lb? %?)Kc)iﬁ})ér}o&gggg ggg}?‘rﬁe m@ZEi%‘l %tﬂ"a * hgcge dry
conposi t i dosnm anaemted foabprotduchofdhe invehtimre powders and granul es, can be
designed for both industrial and retail use, and benefit from reduced bul k
and | onger shelf life. Conpositions for producing an aerated food product of
t he i nventDgreompdsitioypifoapioducing\ah seratddobod peedudtaf tife mvention willtdiso case of

e e of empTee’ othie Mefetipaso s oBiliea 18HBe Mydroshdbin, which are mormally © "
15 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
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
20  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

25 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
30  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



product to its usual final form The hydrophobin is added in a formand in
an anount such that it is available to stabilise the air phase. By the term
"added", we nean that the hydrophobin is 3o deliberately introduced into

t he produWO P%¥0320682 pur pose of taking advant age of it SCTERINOSIEW2] | si ng
properties. Consequently, where ingredients are present or added that
contain fungal contam nants, which may contain hydrophobin WD 2007/ 039065

PCT/ EP2006{oRfy aaes ltﬁssp@éésoamt b&%‘iltuté hiciirfi RydrophotsiANGitHih Yhe céﬁlté'x{‘ of

hydr ophobi'n 'wi thin the context of he present i1nvention. Typically, the
hydr ophobithe peesgatiayentipn: he product inaformsuch that it is capable 5 of
self-assenbly at an air-liquid surface. Typically, the hydrophobin is added
to the products or conpositions of the invention in an isolated form

typi cal | y Topidadpdhe hydrophbbin ipad'ded taithesproductdn atforine agch thad tdpcamabldased on

wei ght _of | j.d " e ted form', we nean that 1o the
hydropﬁobﬂing‘aﬁﬁrﬁg'ac?ggﬂa@r'wq g@'ifg - nat ur al I y-occurring organi sm such as

a nushroom which naturally expresses hydrophobi ns. Instead, the

hydrophobln will typically eifher ve etractedfroma
nat ur al | y-'oPicay. the g‘éﬂé?"é’é‘og'r" '%@E’QP& REfRoreResitians; 8hthey a host

organi sm ||4v'§n|t|8n(?ﬁ‘%nei§9|‘éw&1 d‘&ll?%ﬂ%%ﬁihll&%tﬁﬂ@&dsﬁ&l heat Raaguct 1 n

nonomeric, dinmeric and/or oligoneric (i.e. conS|st|ng mononeric units
h\yﬁ

or fevver) 4035 pure, basee oabvsight of soligs. By aﬂdednn isplated) mﬁmmah isin
r 90 W %
e SR8 PRcbGES i PO e Y BoR o E el Sol g broghid Sy
air/liqui dnulsmemrhawuﬂndamfallyhermésses bhydrophaiims. drﬂsteadmoﬂlerhyddopfmbmnd
ol i goner wal l.d b decrease, Il n aone di ment. the hydrophobin
s aaded vl veicslyy AREET B deer SHERI o 4 RoBRRGRERRhg, SBhRLPE " or m
typi cal | y odtaihédby rémfnﬁblﬂéﬁt)emwsﬁdrﬁda st bRgantgidled hydrophobi n can be used
to stabilise the air phase in an aerated
15 In one embodiment, the hydrophobin is added to the product in monomeric,
dimeric and/or oligomeric (i.e. consisting of 10 monomeric units or fewer) form.
Preferably at least 50 wit% 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 airfliquid interface and
20 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.

25
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.

30
The present invention will now be described further with reference to the following
examples which are illustrative only and non-limiting.



conposition, generally by inhibiting bubble coarsening, i.e. hydrophobins
have been found not only to stabilise foam volune but also the size of the
bubbles wthin the foam 30 The present invention will now be descri bed
further WwMOROPHEPYM6Ence to the foll owing exanpl es whi ERTERPHOSNB3t r ati ve
only and non-limting. WO 2007/ 039065 RCT/ EP2006/ 008992 14 Descri ption of
the figures Figure 1. Average bubble dianmeter relative to that at tinet =0
as a functpexerigfion &f the fighrds gure 2: Foans created using 0.1% HFBI1 and 0.5%
xant han at p .5 an . (left and right, respectively) and stored at 5C
for 3 weeks. After this period of tinme, no | oss of foam volune or bubble

vi si bl e btﬁ?%l 19'A08kdbe Blibbl e&?rdr latide ko (Hak &t tine't s a'fGRdtRA ot PH 3.5
cont ai ni ng .rg%'xant aen andé)?ilégit 8. 1% ?—IFBII - 3 weeks storage, (centre)
1.5% LACTEmme. 2 weeks storage, and (right) 0.5% hyfoama - 3 weeks storage.
All stqred at 5C. is Figure 4. Close up picture of foans created at pH 3.5
containing 0.5% xanthan and (left) 0.1% HFBIl - 3 weeks storage, (right)

1. 5% LACTHigure2: \Eedas cesated@singNi % HRBH andd).8%axgntizanat pH 3E3Bahd SIDWs a

f oam wher ubbl es are not visible whereas the foamw th LACTEM shows
visible bfﬂ?g‘l e_?"ghaf'g'ﬂtavereapﬁme%ur? sﬁa%'B’regge?; 2?0@! gfPe g K@‘ﬁge bubbl e
di amet er rafeithid etiedidiaimening oB® of foan? vakinie btDGBHIE Visiille bubbR Jrewttor een tea
containing foam Figure 6: SEMinages of the m crostructure of sorbets

created udid§Pegursdhygel 25 and 0.1% HFBI |, both fresh and after
t enper gt ure abuse.

Figure 3: Foams created at pH 3.5 containing 0.5% xanthan and (left) 0.1%
HFBII - 3 weeks storage, (centre) 1.5% LACTEM — 2 weeks storage, and (right)
0.5% hyfoama — 3 weeks storage. All stored at 5°C.

15 Figure 4: Close up picture of foams created at pH 3.5 containing 0.5% xanthan
and (left) 0.1% HFBIl — 3 weeks storage, (right) 1.5% LACTEM - 2 weeks
storage. Note that the example with HFBII shows a foam where bubbles are not
visible whereas the foam with LACTEM shows visible bubbles that have grown
during storage.

20
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
25 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% HFBII, after temperature abuse.

30 Figure 8: Photographs of sorbets created using 0.2% hygel and 0.1% HFBII after
2 weeks temperature abuse.



Figure 7: Hi gher magnification SEMinmages of the mcrostructure of sorbets
created using 0.2% hygel and 0.1 % HFBII, after tenperature abuse. 30 Figure
8: Phot ographs of sorbets created using 0.2% hygel and 0.1% HFBI| after 2
weeks t ergeRe3INssabuse. WO 2007/ 039065 PCT/ EP2006/ O0OBOBEP2086308%9gur e 9:

Phot ogr aphs of an aerated fruit snoothise product containing 0.1% HFBII and
0.41% xant han freshly nade (left) and after 3 weeks storage at 5C (right)

showi ng | iFiguré &' RHBtographs BFAN Qetdtedtifuit Smbbiie prddlict Rvmtaigingrhsuef an
aer at ed vi nai ﬁr ette product containing 0.1% HFBI1 and 0.25% xant han freshly

made (| ef HFBihand O:4h% xapthansfreshly made flefand atier $ wagks#tamoe attd°C cr eani ng
or bubbl eéﬁ%@%@(ﬁmlﬁe#mwg?ﬂé}wnproduct s 10 Aerated products

were prep sing s ns ¢ g an acid, xanthan gum and one
of three aerating agents (A-C) listed below. A Hyfoama DS 15 B: Lactic acid

7 om T8 chMY g reliBarabhp &7 bR etdieh SMeferdto phidFbnigndd B ARRERYN (0

Fi nl and, pudid.28% fantivan' freskilp deade (lefteand aftes 8rweeks! stormyedaisS1C ight) i n

W00/ 58342, and Ljnder et al., biJ?Ol’ | omacr onol ecul es 2: 511-517). 20

Detai | s ofheyidgfitie-creaming aebubhle g rised in Table 1 and the fornul ations
fromwhich each of the foam sanples was prepared are shown in Table 2 (M xes
A to C. Xanthan was added to each m x in order to prevent creanm ng of the

f oam Thi Exapple; Aerrated lowphl proiducts bubbl e size as a function of time

W t ho the conplication of other destabilising factors such as cream ng.
In other words, we are neasuring the stability of the foans to

dest abi | i ferajedpoidutiswercsprepasesd chrsprisingpsalutiorsst ¢ontainmgchrcacid centhene. 30 M x

preparati %ﬂm, and one of three aerating agents (A-C) listed below.

A: Hyfoama DS

15 B: Lactic acid ester of monoglyceride {(Grinsted Lactem P 22, L ACTEM)
C: Hydrophobin (HFBII) from Trichoderma reesei (HFBIl was obtained from VTT
Biotechnology, Finland, purified from Trichoderma reesei essentially as described
in WO00/68342 and Linder et al., 2001, Biomacromolecules 2: 511-517),

20 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
AtoC).

Xanthan was added to each mix in order to prevent creaming of the foam. This

25 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.

30 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



For Mx A the protein and xant han gum were bl ended and added slowy into
agitated water at roomtenperature. The sol utions were subsequently heated
to WD 2007/ 039065 PCT/ EP2006/ 008992 16 40C to ensure that proteins were
proper|y YPIBOFWEE with a total mxing time of 30 nPEUERS06/0PHAR2 nj xes wer e
cool ed and stored at 5C until further Wdse. For M x B the Lactem and xant han
were dispersed into agitated water at room s tenperature. This dispersion
was then KT adl ensuROiBat prateing weerk prbpériyedissaVedwiths a potap aiting diviepel sed,
wth a to%al mxingtime of 30 m'natea. Thﬁag'hgés I\Ij\@rﬁ cool ed and stored at
5C unti | piputes, Jhe mixes yege eoelpd apd $tefg <L 4aHdHTRe MRS (o0 col d water
with agitation and stirred to for at least 30 mnutes to ensure that the

polymer was fully hydrated. Then, the required concentration of HFB Il was
added as &er Mix & the Lavtemsand papthananererdispergeshinty agitgtechwateriat rgo®oni ¢ bat h
for 30.se [ RVl t Ll ] d stored
at 5C Gnt ?‘%’“ﬁ'%f?[ %‘r%é?‘ﬁ%ﬁ&é%&ﬁﬁg@%‘ggi t?i@eéﬁp@prfgf‘ﬁﬁ“’l%ogﬂ%t S 65%

pr ot ei n Qiseptopefly idisiersied, awithe an tbG) Miking tidneicd 3O mitARed. L ddiel mixesi wereont ent 20

(Lactic acid]$ ster) 239 dr in HFB Il Purified fromT. reesei VIT
Bi ot echnolFBg¥* aﬁﬁrﬁ}gﬁaﬁ S%Wﬁgﬁﬂgﬁ%’%l ysacchari de CP Kel co (Keltrol RD)
15 Table 1. Materials used Mx AIMx B Mx C Ingredient Concentration w%

Hyf oama DS 0.5 - - - Lactem- - 1.5 - - HFB|] - 0.1 L .
For Mix C the xanthan was added slowly to cold water with agitation and stirred

10 for at least 30 minutes to ensure that the polymer was fully hydrated. Then, the
required concentration of HFB |l was added as an aliquot. The solution was then
gently sonicated in a sonic bath for 30 seconds to fully dissolve the HFB |l. The
mix was cooled and stored at 5°C until further use.

Ingredient Composition Supplier
Hyfoama DS 65% protein Quest
Grinsted 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)

15
Table 1. Materials used

Mix A | Mix B | Mix C
Ingredient Concentration / wt%
Hyfoama DS | 0.5 -- --

Lactem -- 1.5 --
HFB li -- -- 0.1
Xanthan gum | 0.5 0.5 0.5
Water 99.0 |98.0 {994

Table 2. Base Formulations used before addition of acid.



Xanthan gum 0.5 0.5 0.5 Water 99.0 98.0 99.4 Table 2. Base Fornul ations
used before addition of acid. WO 2007/039065 PCT/ EP2006/ 008992 17 Aerating
Process Before aeration the sanple solutions were acidified to the desired
pH of ei tW@RO030IP06Sr 3.5 using a 10 wm % sol uti on of CcPEWERZIDIEI2 These are
summarised in Table 3. 5 Mx / Aerated7Product pH A (fromMx A 5.4 A2
(fromMx A 3.5 Bl (fromMx B) 5.4 B2 (fromMx B) 3.5 Cl (fromMx QO
5.2 C (fromMx C 3.5 Table 3: pH of mxes after addition of citric
acid. 80 nL of the acidified mx was sheared using a stirred pot apparatus
for a timBgraYng BIReAS®on that corresponded to obtai ning 100% overrun. This
equi pnent ' ; i cal T ' st ai nl ess
B@fUl‘an !a?f]ailon%e %afl}b\é Slitidi welﬁedcidlﬁéﬂ ioythﬁ e%gi gh?&' grl;ll cﬂ‘?ﬁﬁéﬁsu

steel vesse I nt er na proportions of 105mm d dianeter 72mm
The r ot or oudSdising 8 10wt% selutiomel citricaeid. sTheserara suawnansgd infablepdl | er of the
15 cor pect proportions to scrape the inner surface of the vessel as it
rotates (dinensions 72mm x 41.5mm). Al so attached to the rotor are two

sem -circular (60nnMik AAetated Prodbetshear bl adeg ppbsitionpd at a 45 angle to
the rectangul ar at — -Sg—and—t-he steel vessel
containing the roto flomMixAd to 5C duri ng ae¢ ion. 2D Post aeration,

sanmpl es were stored & f°8mINFix AJ7 01 scan vial's or | BT nea uring cylinders
before further anallsi ég

B1 (from Mix B) 5.4

B2 (from Mix B) 3.5

C1 (from Mix C) 5.2

C2 (from Mix C) 3.5

Table 3: pH of mixes after addition of citric acid.

80 mL of the acidified mix was sheared using a stirred pot apparatus for a timed

10 duration that corresponded to obtaining 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
15 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. |
20
Post aeration, samples were stored at 5°C in Turbiscan vials or 100mL measuring
cylinders before further analysis.

Measurement of Foam and Bubble Stability
25 The stability of the foam and the bubbles therein was measured using the
Turbiscan TLab, the operating details of which are discussed above. This



Measur enent of Foam and Bubble Stability 25 The stability of the foam and
t he bubbl es therein was neasured using the Turbiscan TLab, the operating
details of which are di scussed above. This WD 2007/ 039065 PCT/ EP2006/ 008992
18 enabl &0 206E034¢G5er mi nati on of the followi ng as a f UMIVEP3W6(98922 ne: (1) The
foam volune (i.e. neasurenent of ovensml| air phase loss). (2) The average
bubble size. 5 The produced foam was dosed into a Turbiscan gl ass sanpl e

tube up ténhabidietHEhletefthindion lof4ke TONowWIRY RS ANMLLRG SOLIMBL(PXTREYGAn 20 mL of
foam The equi pnent then scans and neaSures both the backscattered and

t ransni t t\@iumedhe. meass@ementf gverajhair phase degs) 552l heravermgabubbiewer e

t aken OV edjr@ period of several weeks, depending on the stability of the
foam Sincé data is collected over the to full sanple height, fromthis, the
mean val ues of the backscattering profiles between defined limts (I ower

aampl 2§ e Rbdlbedtosin 3H8ddsef vl TUPRISCAR albes Sarbii Bt ph o RN G 1 or cd
dat a neasefrabdubel were céfespohdiy twnappréwimatdly 20 enilaoffdambThe Squipnveas
cal cul at\%g automatically fromthe backscattered The, refractive

light.,
i ndi ces OB scangAnddne ESGP ackgeatiared Hélra%‘slmlg%gght %ﬂ”ﬁﬁﬁ fraction
of the f%g‘ﬁ@.@g?t%ffz ﬁ:ﬁﬂ%tmﬁ\g fMeaditerien Y@Wé#@ﬁakeﬁ'&v@?%%bﬁd&e?@dv?rd?hase
Il oh of the f larly 11 1

vol urme fract ] oam can__change over tinme, particu t is not
st abl e anweeksesependinglorsthgl stabilityvef the feamt nSince datis eellestedeaveritbebet ween

20 20.an 0 ' .S I | i : t he foam
was iy T SR Sheigh. Btorh ifis, TR FefFNRUES bR ok foafBrif 1088 1. 2
needs to tetweeraiefided Vintits (lewer @andi upper chedghit) e specifio) Sfolmationawithe
conpared with that of ather foaps. esul ts_an I scussion 25 Stability as a
function fSFP??‘ﬁ%Cﬁﬂ%G%ﬁ)B?ﬁﬁéawaﬁ'Péh iaiﬁa'(‘?'g'ﬁﬂ‘lchq%s?%that nmeasured at t = 0
m n) measured for each of the foaned m xes as a function of tine is shown

in Figure_ 1. At both pH
Bubble size: From the backscattered data measured between 20 and 30 mm, the

15 average bubble size was calculated automatically from the backscattered light.
The refractive indices were taken as those of water and air. The air phase
volume fraction of the foam was 0.5 (equating to 100% overrun). Although the air
phase 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

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
25
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
30 those in the foams aerated using either Hyfoama or Lactem. The foam stabilised
by HFBIl remained stable for in excess of 3 weeks.



3.5 and 5.2, HFBIIl forns a foam where the bubbles remain stable far in
excess of 30 those in the foans aerated using either Hyf oana or Lactem The
foam stabilised by HFBII renained stable for in excess of 3 weeks. WO
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col | apse or visible bubble growth cou serve Figures 3 and 4

agai n denpfesiuctite the stability of the foamcreated using HFBII. The foam
made uii ng Lactem at pH 3.4 shows reasonable stability in terns of

retaining the air phase volune, but it is clear that significant bubble

gL owt h haEigucszscmanda, sm:gv inailigelseofsfeanzfcremed beingHf']fml,Lmetém,tmrrI?yfoarnEi gulr3 EI 4

show ng visible alr 15 bu es..lnt case, o significant bu e

o ot h nadS 1a.GerRlibo 3BeRt. TpUE 2 plapn delicnsiaies Hadhg doar cotated 8B  or e, i ¢
is clear HFal ibyﬁﬁmq)_ﬁt&ﬁlé\a@%tibﬁHU&_eﬂbﬂdJE.ﬁQrE\_lé'ﬂ aftel 3SWédsestbRRyEs nbn  t he

presence of aci ds. ese foans retain their air phase vol unme over a period
20 of 3 wi@Rsceltapsfor visible Bubble grewih could be obsprvedot change significantly
duringsthat tinme. Exanple 2: Aerated product containing tea extract 25

Preparation of Aerated Product A mix containing tea extract of the follow ng
f or nul at i biguress3 anded again demarsirate the. stabilityof thaen foamn tesated wsingtliBlbowder |

and the | B OLETmARS Shing TEAG oY 3. §RBRK adbhabil bty Hferkgan and

green tea po
retaining the air phase volume, but it is clear that significant bubble growth has

occurred, as can be seen from the close up picture in Figure 4 showing visible air
15 bubbles. In the case of Hyfoama, significant bubble growth has occurred, but
also air phase volume has been lost.

Therefore, it is clear that hydrophobin can be used to form highly stable foams in
the presence of acids. These foams retain their air phase volume over a period

20 of 3 weeks at chill, and the bubble size does not change significantly during that
time.

Example 2: Aerated product containing tea extract

25 Preparation of Aerated Product
A mix containing tea extract of the following formulation was made. 0.1% HFBII,
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

30 was fully hydrated. Then, the required concentration of HFB Il was added as an
aliqguot. 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.



water with agitation and stirred for at |least 30 mnutes to ensure that the
polymer 30 was fully hydrated. Then, the required concentration of HFB |1
was added as an aliquot. The solution was then gently sonicated in a sonic
bath for BO280¥0efs to fully dissolve the HFB | 1. TheCTiEReE®sDOl ed and
stored at 5C until further use. WD 20Qq/ 039065 PCT/ EP2006/ 008992 20 Before
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produced using the ingredients listed in Table 4. Product J was produced

using the %Qﬁl@kﬁgiﬁigcﬁgéiom x J, described in Table 5. The air stabilising
agent in lf-{ 'S product was a commercially avail abl e aerating agent called
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overall foam volume remained constant over this time period.

15 Example 3: Aerated and Frozen Fruit sorbet
Two sorbets were produced using the ingredients listed in Table 4. Product J
was produced using the formulation for Mix J, described in Tabie 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
20 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 comn syrup, C*Trusweet 017Y4, Cerestar,
UK

Xanthan gum (Keltrol RD) | CPKelco

Citric acid Jungbunzlauer AG

Strawberry puree SVZ International BV

Hydrophebin HFB I Purified from Trichodemna reesei, purchased
from VTT Biotechnology, Finland

Hygel 8293 A hydrolysed milk protein, minimum 80%
protein, obtained from Kerry Bioscience, UK.




Strawberry puree SVZ International BV Hydrophobin HFB Il Purified from

Tri chodenna reesei, purchased from VIT Biotechnol ogy, Finland Hygel 8293 A
hydrol ysed m |k protein, mnimm80% protein, obtained fromKerry

Bi osci en¥® 2004039088 2007/ 039065 PCT1EP2006/ 008992 21 PCTAIRM6/MBINGL eri al s
used Ingredient Mx J Mx K Concentrationt wft%HFB Il 0 0.1 Hygel 0.2 0
Xanthan gumO0.2 0.2 GCitric acid 0.2 0.2 Sucrose 10.5 10.5 LF9 17.3 17.3
St r awber rypyiel 4 eRlatdtials g Water 51.6 51.7 Table 5. Fornulations 5 M x
preparation For Mx J all the ingredients were added to cold water,

di spersed using a nmagnetic stirrer and heated to 80C wth conti nuous

m Xi ng. ﬁWion was —cjooted lm&u"jy to—5GusTTy W—i—ng—bath set at
-18C. For X K, conprising io hydrophobin, tHe sane procedure wds foll owed
except tlhat the HFB Il was [added to tConcentrationdwt’d on as an al|i quot. The

m xes were—st-o+r-ed—at—5c-beHore furthﬁx——ppeeesy—nthg—ﬁH—d—t—he. unaer at ed
m X was n'éFanged to be pH 4 Aeration and fregzing step:15 80 niL jof cold m x
was trangigdied 1nto the StITTed POy 4 describgd Tn Exangle 1) forf aeration
and freegzing, Freezing was lachi eved by circulating coolant through the

Xanthan gum 0.2 0.2
Citric acid 0.2 0.2
Sucrose 10.5 10.5
LF9 17.3 17.3
Strawberry puree 20.0 20.0
Water 51.6 51.7

Table 5. Formulations

Mix preparation

For Mix J ali 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
10  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

15 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

20 300 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%.



j acket surrounding the stirred pot. The m x was aerated and frozen to
produce a sorbet product using the follow ng shear and tenperature regine:
100 rpmfor 1 mnute, switch on coolant circulation (at -18C), then 1000rpm
for 2 m M@aW70¥pEn 20 300 rpmuntil the torque reacHIEP2MFEHRP s occurred
at a product tenperature of -5C). Theasorbets were collected into suitable
contai ners which had been cooled to below -20C. The overrun of Product J
was neasured to be 113% and the overrun of Product K was 101% WO

2007/ 039065 PCT/ EP2006/ 008992 22 Storage and Tenperature Abuse Regi mes The
sor bet pr Sérege andlemparalusrAbuse Registasd under two tenperature regines: (a)
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were stored at -10C fqr | ek. S | es re also stored foy a further
woek ot 30c t deRevt weaKE oAk -4RE” poo Rk GR RaRadk et 58, Yastolhe! g

El ectron M crosofRyostfuthivk igasseitiblyptheldanye 8¢ fdr o fisghesdrple, of the overal |
product quality. _Scanning El ectron M croscopy The m crostructure of the

products wafPlvi sUeMrestuis; abisado RampIgswere stared: at -40:Gfohd waeke Beae
M croscopy (SEMga @e@ﬁ{éﬁ’é‘é%o?‘?&ﬁhmﬂfrﬁ%r%ﬁk% g. the sanple was
ry ice and a

cooled to -80 C on section was cut. This section,
approximately 6mm x 6nmm x 10mmin size, was nounted on a sanpl e hol der

usi ng Ti : " n % 00 % non-
react ilge é@ P%ﬁ%ﬁ %’) %Ipf%dgc%%%%é%* sé@z?’%gscaﬁfe@%'e%ﬁi ﬁ@&ﬂg‘?}r% t he
hol der 20(SEM) ps wet/ad byntisudlingpedtion of thg everdliygsbodustduatitgnsferred to a | ow
tenperature preparation chanber (Oxford Instrument CT1500HF) hel d under

vacuum approximately 10'4 nbar. The sanple was fractured inside the

chanber uSchning EiédtonMickdseggy The sanple was then warnmed up to -90 C for
approximately 60 to 90 second’s’ so that ice slowy sublinmed to reveal

surface dédhaj microstrucipre iofcthe products was visualised " using low temperature
15 Scanning Electron Microscopy (SEM). To prepare specimens for microscopy, the

sample was cooled to -80 °C on dry ice and a section was cut. This section,
approximately 6mm x 6mm x 10mm in size, was mounted on a sample holder
using a Tissue Tek: OCT ™ compound (PVA 11%, Carbowax 5% and 85% non-
reactive components) on the point of freezing. The sample including the holder

20 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

25 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 5§600),
fitted with an Oxford Instruments cold stage at a temperature of -150°C. The

30 sample was imaged and areas of interest were captured via digital image
acquisition software.

Results



25 cooled to -110C to end the sublimation. The sanple was next coated with
gold wusing argon plasma. This process al so took place under vacuumw th an
applied pressure of 10-1 nbar and current of 6 millianps for 45 seconds.
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M croscope (JSM 5600), fitted with am3s Oxford Instrunments cold stage at a
tenperature of -150C. The 30 sanple was inmaged and areas of interest were

captured g areilegsh@hslmenmﬁg“ewbsltﬁe Qﬁ:cﬁdsimmm: dReguft)t Protflc Q) 139065
PCT/ EP2006/ 008992 23 Figure 6 shows aes of the m.craostructures of:
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to the inj O8how Nfie UPESH prodRISandNHY idver’ 56 ShbAAtHe 5 lﬁé | ower

ones show t t enperat ure abused products. 5 The fresh pro ucts ave
simlar rralwseﬂtnrgdwcjses with small, spherical air bubbles. However, after
tenperature abuse the conparative product J shows | arge air channels and
very few discrete air cells, indicating that severe bubble coal escence has
t aken pl aTkee freslogoeducté haveosidiilag microstinsctunes evith small, ispehenbai aioibiles. ng

and 7ot ai HEweUsio Ae? {GRpBAyE  Shusa T Comaniatig upacct FGANE esBls [ho

meOStrU@ﬁéHn%ISOfaﬂd"Gletr?nw adiséretenbalp eskIBANRURALIRY thadl §h\Rire BEiBIEf i cation.
Sor bet K shows the resence of small air bubbles (Tess than 100 is pmin

di anet er ) cofescensge blaken plges. fsedugti Kuascerdingie thepravesdieapki-eof t he

corrpa ti ﬁ%‘ﬁ‘ﬁ{ hdwsahA te)

hydroIi ob‘i\k?]h %‘%ﬂgqiytdgé temgeratu i%ggcﬁg%ggé"%ﬁ?%%@%@poj is dar ker

t han sor bphaseé ahgdoretaing aéargamuammdambllltﬂslcmtebubbliea. the sanple. 20
Furthernore, Sorbet J has decreased in volunme due to |oss of air, where as
Sorbet K has not. Fromthese inmages it is evident that a | ow pH sorbet

cont ai ni nBighsed? shdwdthe Mkdrostructure of the temperature abused samples at a higher
magnification. Sorbet K shows the presence of small air bubbles (less than 100
15 pmin diameter) where as Sorbet J does not.

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.

20  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)
25 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
30 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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Hel | mgn' igrette as a base. The base contained: water, spirit
Vi negg)r -sl:gé@rn%mccghglaed potato starch, garlic, 15 salt, red pepper,

preservative, parsley, black pepper, thyrre and col our. The pH was neasured
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a hand 20 held aerolatteT"" device his was added to the vinaigrette
dr essing sad. g3d/pepper, preservative, parsley, black pepper, thyme and colour. The pH

was measured (at room temperature) to be pH 3.58. Xanthan gum was slowly
added to the vinaigrette with stirring, to a concentration of 0.3 wt. %. It was then
mixed for 20 minutes to allow the xanthan gum to hydrate fully. A known volume
of 0.5 wt. % hydrophobin solution was aerated to 400% overrun using a hand

20 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

25  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

30 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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| ess than 5.5, which conposition conprises at |east 0.001 wt % hydrophobi n.
5 2. An aerated conposition according to claiml conprising less than | w%
hydr ophobin. 3. An aerated conposition according to claim1 or claim?2
wherein the



i o hydrophobin is inisolated form 4. An aerated conposition according to
any one of clains 1 to 3 wherein the hydrophobin is a class Il hydrophobin.
15 5. An aerated conposition according to any one of the preceding clains

which is an aerated food product.
claim5 which is a chilled food praduct.
according to any one of the preceding clains

6. An aerated food product according to
20 7. An aerated conposition
having a pH of from3.0 to

5.4. 8. An aerated conposition acCAIMSy to any one of the preceding clains
25 having a pH of from3.0 to 5.0. 9. Use of a hydrophobin in a nmethod of
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| ess than
comprises at least 0.001 wt% hydrophobln

2. An aerated composition according to claim 1 comprising less than 1 wi%
hydrophobin.
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 1l 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 ciaims
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. '



