: 1- AERATED FOOD PRODUCTS AND METHODS FOR PRODUCI NG THEM Techni cal Field of
the I nvention The present invention relates to aerated food products and
nmet hods for 5 producing them In particular it relates to aerated food
Pproducts containing hydrophobin. Bacﬁground to the invention Aerated food
products, such as ice cream sorbet, asse and whi pped 10 cream contain
many gas bubbles, typically 50pmin dianeter. Other food products, such as
| owfat spreads, dressings, sauces, etc., nmay also be aerated for various
pur poses, for exanple to inmprove texture and / or visual appearance (e.qg.
by whi t eni fAEBE ; S METHEDS FOR PR BING THEM pr oduct s
that contai n hydrophobins. 15 The effectiveness of the gas bubbles is
related to their size: generally, the snmaller the bubbles, the snoother and
cream er the texture, and the whiter or nore opaque the product. However,
it is diffleghnicabFigldsf theventionsrve gas bubbles with sizes of |ess than
about 50 pﬂ%?This I s, because a dispersion of 20 gas bubbles is vulnerable to
g

coar senin REeSRNt yenton retatesde antrtedfopd opdducts andomethedsifer ng in
fewer, gl ar he, S g I ( o] . total gas
vol e, (REOpEHE Ef, IR EamElter 3 oS0 aphON B30 rBuGs e Bpi R T
force for mdeomesbing. 25 Brief Description of the Invention W have now
found that when both hydrophobin and a surfactant are present, the efficacy
of the hydrophobin is reduced. As a result it is only possible to prepare
aerated food products conprising both hydrophobin and a surfactant which

contain ag I%Wnida{o meoi[ﬁgghﬁgp. of very small gas bubbles, if certain 30

process condi tfons are use ccordingly, in a first aspect, the present -2-

i nventi on Qg $Sodhra8hds e SubR s RES LHEAMS WTbES | MBuSYE! RN WhHigh&hd 2
10 cream, contain many gas bubbles, typically 50pm in diameter. Other food

products, such as low-fat spreads, dressings, sauces, etc., may also be
aerated for various purposes, for example to improve texture and / or visual
appearance (e.g. by whitening or opacifying). EP 1 623 631, discloses
aerated food products that contain hydrophobins.
15
The effectiveness of the gas bubbles is related to their size: generally, the
smaller the bubbles, the smoother and creamier the texture, and the whiter or
more opaque the product. However, it is difficult to create and preserve gas
bubbles with sizes of less than about 50 uym. This is because a dispersion of
20 gas bubbles is vulnerable to coarsening by creaming, coalescence and
disproportionation, resulting in fewer, larger bubbles. The smaller the gas
bubbles (for a given total gas volume), the larger the surface area, and thus

the greater the driving force for coarsening.

25 Brief Description of the Invention

We have now found that when both hydrophobin and a surfactant are present,
the efficacy of the hydrophobin is reduced. As a result it is only possible to
prepare aerated food products comprising both hydrophobin and a surfactant
which contain a substantial proportion of very small gas bubbles, if certain
30 process conditions are used. Accordingly, in a first aspect, the present



surfactant, the aerated food product containing a popul ati on of gas bubbl es,
wherein at | east 65% of the gas bubbl es have a dianeter of |ess than 20pm
with the proviso that the food product does not contain an ice structuring
5 protein. Preferably the food product conprises at |east 0.001 wt%

hydr ophobin. Preferably the hydrophobﬁﬁ isin isolated form 10 Preferably
t he hydrophobin is a class Il hydrophobin. Preferably the food product
conprises at |east 0.05%surfactant. 15 Preferably the surfactant is a

prot ei n i nNBNHER TEVIgES AN [Besaled0food, pipdust gamprising hydianbebin angbat

preferably f ' n ' r r e ct has an
bver run o SPEiEE 1 sk ToBshoROt Sxilail Fbpioliel SRS HRRE L o;
chill ed aewhbtesin cxbidati596 of lthe gasdubbleshaesh dibmabsresfats ithare 2081
provides a process for producing an aerated food product according to the
first aspewithdher provise, Hiati g, faodePradsict SoescapipFoRtaIY an2ieastryetutingi ng a

m xtur g of i edi ents conprising hydrophobin and a surfactant; b) aerating
t he m'xtur% so that a popul ation of gas bubbles is forned, wherein at |east
65% of the gas bubbl es have a diameter of less than 20pm 30 with the

provi so thst trha%Im xture dogs not contain an ice structuri protein.

Pr ef er abl yPraferabiythe food predestcomprisesptieast/0.¢0 1 %?@FV@PE‘S&B)‘: -3- In a

third aspect the present invention provides a process for producing an
aerated food product according to the first aspect of the invention, the
process cPraferatiinthie lydropleohidiis h isolated furm.of i ngredi ents conpri sing

hydr ophobi n; 5 b) aerating the m xture so that a popul ati on of gas bubbl es
is forfed, wherein at |east 65% of the gas bubbl es have a dianeter of |ess

than Preferably the hydrophobin is a class Il hydrophobin.
Preferably the food product comprises at least 0.05% surfactant.

15  Preferably the surfactant is a protein in an amount of at least 0.5% by weight
of the product. Most preferably the surfactant is miltk protein

Preferably the food product has an overrun of from 25 to 400%.

20  Preferably the food product is a frozen or chilled aerated confection.

In a second aspect the present invention provides a process for producing an
aerated food product according to the first aspect of the invention, the process
comprising:
25 a) providing a mixture of ingredients comprising hydrophobin and a
surfactant;

b) aerating the mixture so that a population of gas bubbles is formed,
wherein at least 65% of the gas bubbles have a diameter of less than
20um;

30  with the proviso that the mixture does not contain an ice structuring protein.

Preferably the mixture is frozen during and / or after step b).



20pm and c) adding a surfactant to the aerated m xture. 10 Preferably the
aerated mxture is subjected to a mxing step during and / or after step
c), nore preferably no further gas is incorporated in the m xing step.
Preferably the m xture is frozen during and / or after step b). 15 1In a

rel ated aspect the present invention provides frozen confections obtainable
by the processes of the invention and obtai ned by the processes of

i nvention. Detail ed Description of the Invention 20 Unl ess defi ned

ot her wi se, ImaBIthird @npeshitheupresantdnvention peavidesusaerohesefor prodecinghansane

17 ozen’ conf SR ety IOREF At e PlstisprEfainS dhentih bifeRisessy; Fous”

terns and geeprsiges used in frozen confectionery manufacture are found in
"“Ice Creant, 6th Edition, Robert T. Marshall, H Douglas CGoff and 25 Richard
W Hartel (2@)3providiggermpxtaeatingredientscomprisisgdydroghebioard t echni ques

d f | . i 1 cal t hod be f d,| S t at.,
ol ecuar O S gt AS BGPERER, SR ek 2 BBuRln T u8s puebles REERMRG. rar bor
Labor at ory Preswheféih Gt fdst 54T 186 gal DibbAes! havs dbghnfitePbf lesStARA
Protocols in Mol ecular Biology (1999) 4th Ed, John Wley & Sons, Inc.

and the full ve?@umhaedtitled Current Protocols in Ml ecular Biology. All

per cent ages, N t | t refer.to the percentage by weight,
with the ex@ip%&%ﬁg%‘%\,&gﬁt@g@%%&%g "?'ﬁtW%1 ation to the overrun (which
are -4- defined by the equation below) and percentages cited in relation to

the bubble_ size distribution (which refer to the normalised cunulative
f r equeltcy) Prafemabiyuthe gemied aniktie isfsubiacied do & mixingstep duringtandré oof

e venet ™o e 7. 5L Bl BB bl s A oo re B g o
vol ume of product / mx. Overrun is neasured

Preferably the mixture is frozen during and / or after step b).

15 In a related aspect the present invention provides frozen confections
obtainable by the processes of the invention and obtained by the processes of

invention.

Detailed Description of the Invention

20 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 frozen confectionery manufacture). Definitions and descriptions of
various terms and techniques used in frozen confectionery manufacture are
found in “Ice Cream”, 6™ Edition, Robert T. Marshall, H. Douglas Goff and
25 Richard W. Hartel (2003), Kluwer Academic/Plenum Publishers. Standard
techniques used for molecular and biochemical methods can be found in
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3™ ed. (2001) Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel ef al.,
Short Protocols in Molecular Biology (1999) 4™ Ed, John Wiley & Sons, Inc. -
30 and the full version entitled Current Protocols in Molecular Biology. All
percentages, unless otherwise stated, refer to the percentage by weight, with
the exception of percentages cited in relation to the overrun (which are



10 at atnospheric pressure. Hydrophobins Hydrophobins are a well-defined
class of proteins (Wessels, 1997, Adv. Mcrob. Physio. 38: 1-45; Wsten,
2001, Annu Rev. Mcrobiol. 55: 625-646) 15 capable of self-assenbly at a
hydr ophobi c/ hydrophilic interface, and having a conserved sequence:
Xn-C—XS—g-C—C—X11_39-C—X5-23-C—X5-9-C?6?X6-18-C-Xn1(SEQ ID No. 1) 20 where X
represents any amno acid, and n and mindependently represent an integer.

Typically, a hydrophobin has a | ength of up to 125 ami no acids. The
cyst ei ne r @&iinfskRy e equatianbelons endaereentagas sited 1 frlationto theshubite de

bridges. Ig | ' the r drophobi n has a
w der man?‘ﬁ%gﬁgﬁﬁﬂiﬁ@ﬁ%m?\%ﬁ g%ﬁ%@ﬁ%é@%@ﬁ@'%‘ﬁ‘%ﬁé%ﬁ@%’% | displ ayi ng
the 25 characteristic of self-assenbly at a hydrophobi c- hydrophilic
interface resulting in a protein film such as proteins conprising the
sequence; SWEMUR]- 50- C- Xo- 5- C- X1- 100- C- X1- 100- G- X1- 50- G- Xo- 5- G- X1- 50- C- Xm
(SEQ I 3 No -1 S .t t } LNg ke ristic of
sel f - a?sen%?%é’ééﬂggfr%e%ﬁ)%ﬁo ‘?écﬁ%%rﬁ]oﬂghf? gt%r%ﬁ ébf’g\g@aﬁggﬁﬁb ?%‘gi n a protein
film In accordance wth the definition of the present invention,

sel f-assenbly can be detected bé -5- adsorbing the protein to Teflon and
using Crcular D chpg ﬁn:t‘Be'SH bixHwelght o aerated O@F-'Chxfagondary structure
(in general, a-hell x?’ln?De Vocht wadiglstiof act&ed prodigiphys. J. 74:. 2059-68). 5
The formation of a filmcan be established by incubating a Teflon sheet in
the protein solution followed by at |east three washes wth water or buffer

Wost t oal.. 1994 E J.. 13: 5848-54). T tein fil
(Vo5 scohfle s Wedne SRR o A et voliRoribrub i, BV Eh Pt
mar kerqr ByathdtsphefAc presdurelor escent antibodies, as is well established in

the art. mand n typically have 10 values ranging fromO to 2000, but nore
usually mand n in total are less than 100 or 200. The definition of

hydrophobiﬁ |!|r| tth context of the present invention includes fusion

pr ot ei ns hobi n and anot her pol ypepti de
Hydrophobins are a well-defined class of proteins (Wessels, 1997, Adv.

Microb. Physio. 38: 1-45; Wosten, 2001, Annu Rev. Microbiol. 55: 625-646)
15 capable of self-assembly at a hydrophobic/hydrophilic interface, and having a

conserved sequence:

X-C-Xs5.9-C-C-X11-39-C-Xg 23-C-X59-C-C-X5.15-C-Xry (SEQ ID No. 1)

20  where X represents any amino acid, and n and m independently represent an
integer. Typically, a hydrophobin has a length of up to 125 amino acids. The
cysteine residues (C) in the conserved sequence are part of disulphide
bridges. In the context of the present invention, the term hydrophobin has a
wider meaning to include functionally equivalent proteins still displaying the

256  characteristic of self-assembly at a hydrophobic-hydrophilic interface resulting

in a protein film, such as proteins comprising the sequence:
Xi-C-X1-50-C-Xo-5-C-X1.100-C-X1.100-C-X1.50-C-X0.5-C-X1.50-C-Xmm (SEQ ID No. 2)
30 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



as well as conjugates of hydrophobin and ot her nol ecul es such as

pol ysacchari des. 15 Hydrophobins identified to date are generally cl assed as
either class | or class |Il. Both types have been identified in fungi as
secreted proteins that self- assenble at hydrophobic interfaces into

anphi pathic filnms. Assenbl ages of cla®s | hydrophobins are relatively

I nsol ubl e whereas those of class Il 20 hydrophobins readily dissolve in a

vari ety of solvents. Hydrophobin-Ilike proteins (e._&ﬁ"_cha lins") have al so
been i dent dsashingntherprotgiate Jeflopaancpsing GikeHar Diokyeisnviy establishdhe

Theoe bact Breanos ! preseafddRsmidyeln péfey. bl B beiret 4. R 7 )

only up toBiopays.dl.S4: 206ded)ri dge since they may have only two cysteine
resi dues. Such proteins are an exanple of functional equivalents to
hydr ophobi ns having the consensus sequences shown in SEQ ID Nos. 1 and 2,

and ar & w 4l g biorSHAPRDLLINS BSRHe BY FEbSfins 0rdile Miapige! N car

be obt al ned by extrac romnati ve sources, fungi,

by any suipitdin sptutioaseliowed bgmnﬁdse thriewdvasHesbiits water orsufferi(waten by
culturing filanentous furigic;t at secrete the_hydrophobin into -6- the growth
¥

medi um or $halext984e Enake-rk Ik P8ABD4) njbe preteln tim candbe: vawalised by any

particul ar 1 i : t ' hat
naturally %%%@éfﬁ&@?o%&&?éﬂsﬁe& @!tfr?g%ﬁ‘g%sé ‘s’é@‘?@aﬂﬁh%%)g eégl% g&g.

Tri choder nflorebestitdintibpdieseas ddel establichéd in tHeaaiti sudmad hitypicallehaesl hosts 5
are food grade organi sns, such _as Cryphonect_is parasitica which secretes a

hydr optbbi YRIH@S FRIGIRE Yt Prio 20RBcareman usualyam and niodefal agplessdhan on.
b o8 Pl 128089 cofhiBS o yokaoBiC i RECtSRERr B ioohdled o the
m cr o- or gainvention imyudes fusion proteins of a hydrophobin and another polypeptide

as well as conjugates of hydrophobin and other molecules such as

polysaccharides.

15

Hydrophobins identified to date are generally classed as either class | or class

Il. Both types have been identified in fungi as secreted proteins that self-

assemble at hydrophobic interfaces into amphipathic films. Assemblages of

class | hydrophobins are relatively insoluble whereas those of class Il

20  hydrophobins readily dissolve in a variety of solvents.

Hydrophobin-like proteins (e.g.’chaplins”™) have also been identified in
flamentous bacteria, such as Actinomycete and Strepfomyces sp.
(WO01/74864; Talbot, 2003, Curr. Biol, 13: R696-R698). These bacterial
25 proteins by contrast to fungal hydrophobins, may form only up to one
disulphide bridge since they may have only two cysteine residues. Such
proteins are an example of functional equivaients to hydrophobins having the
consensus sequences shown in SEQ ID Nos. 1 and 2, and are within the
scope of the present invention.
30
The hydrophobins can be obtained by extraction from native sources, such as
filamentous fungi, by any suitable process. For example, hydrophobins can
be obtained by culturing filamentous fungi that secrete the hydrophobin into



nodi fied to express hydrophobi ns and the hydrophobins can then be isol ated
and used in accordance with the present invention. Techni ques for

i nt roduci ng nucl ei c acid constructs encodi ng hydrophobins into host cells
are well known in the art. Mre than 34 genes coding for hydrophobi ns have
15 been cl oned, from over 16 fungal sp@cies (see for exanple W96/ 41882

whi ch gives the sequence of hydrophobins identified in Agaricus bisporus, -
and Wosten, 2001, Annu Rev. M crobiol., 55; 625-646%. Reconbi nant t echnol ogy
can al so bdeurewth medidmnigr by axisastism iomcynaateycetia with: 6% etbangbyié|

hydr ophobi s, hayi desli [ l.es. ' n

appropri at 'g %%@f\éh%gyl Soréﬁ%éﬁ{ss%vaﬁg 'ﬁﬁﬁ@#‘%‘?‘ﬁ%& %r?; ﬁggtc%?é%%smgcwé t

construct m4tatallgnsectete tHyeroigsibinsl hpdesferredbhostsThre Mypheaiyicdtes feguence
codi ng for_the pol ypeptide can be inserted into a suitable expression

vect or encbiflRgleria) neasidiemypetascaiich pscerpycelean fartipnlady pagferred hoddms| ati on
and in gs ucﬁ{egf_og_ﬁwﬁée trog%iniér%ysﬁrfl\%ﬂa%s tl?ryﬁﬁ%‘i%cgﬁg g:vca?‘ggﬁéa wWhRHH S8LrbfdsSa

condi tions P er orle I'on”an reading frang and with

appr opr i atleydreplaéthinterraed oeygures tVMiacCabe umacvan Alfdre 1989 o, Bty ed to
construct these expression vectors are well known to those skilled in the
art. 30 A Migiekiel 69 343-843%)en systens may be used to express the

pol ypeptide coding sequence. These include, but are not limted to,
bacteria, fungi (including yeast), insect cell systens, plant cell culture

syst ens anditg@inatively allydrophdbirnsfaor ied obtdibed hisy athper apei ef eecombirgmit on
vectors. Preferred hosts are, those that are considered food grade

- genéifal | tgchaglagned ais egawle (ghspells, stinicallye Migiyarganiaes.cdnay nbe ude
veast s suchogfiehiloitted hilBAobIAL AP Radiphding SO ReRaerRBAR Ce

Kl uyver omyces, ch I'’z0 Saccharonyces and the
| i ke, and &nd anseat dns asperdanseswith dhe ( présendt invehtivn.ed Teghiduese fot t he
genera Aspergillus, Trichoderng, Neur 0s

introducing nucleic acid constructs gabodmg hyd?&gﬁdbins into host cells are
well known in the art. More than 34 genes coding for hydrophobins have

15 been cloned, from over 16 fungal species (see for example WQ96/41882
which gives the sequence of hydrophobins identified in Agaricus bisporus;
and Wosten, 2001, Annu Rev. Microbiol. 55: 625-646). Recombinant
technology can also be used to modify hydrophobin sequences or synthesise
novel hydrophobins having desired/improved properties.

20
Typically, an appropriate host cell or organism is transformed by a nucleic
acid construct that encodes the desired hydrophobin. The nucleotide
sequence coding for the polypeptide can be inserted into a suitable
expression vector encoding the necessary elements for transcription and

25 translation and in such a manner that they will be expressed under
appropriate conditions (e.g. in proper orientation and correct reading frame
and with appropriate targeting and expression sequences). The methods
required to construct these expression vectors are well known to those skilled
in the art.

30
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), insect cell systems, plant cell culture systems and plants all



Fusarium and the like. 10 The sequences encodi ng the hydrophobins are
preferably at |east 80% identical at the amno acid |level to a hydrophobin
identified in nature, nore preferably at |east 95% or 100% i denti cal .
However, persons skilled in the art nay make conservative substitutions or
ot her ami no acid changes that do not r'‘educe the biological activity of the
hydrophobi n. For the purpose of the 15 invention these hydr ophobi ns
possessi ng, t hi

ev identity to a hydro t hat, natural |
Poaer s o S rBeirwiB Re: ShRRPTRLS EYPIRSSIR, AEEoRaD: Besterred diehih dens. can
be purifie d’@%g uk @uﬁé’( l e, the
prO(F:)edure g'red;s%ﬁﬁ‘gféﬁrlelt%&% 01 ?%%gﬁel nvo%Ii es adsorgrsr?gfe (ﬁ drrgphobi n

present in a hydrophobi n-containing solution to surface and then contacting
the surfaceg with fact ant ch as Twee Iut dr ophobi n
from tne ssuiabie fadsl SPeciBneRiecrans S50 touitati mited Iy HOSRh.  1560:
139-50; 5 CajfhiganBta BacchaPblRycésNKiudveldifhiydy ob éli lin et
al ., 2001, q% M crob, ol Bi ot echnéllilve57 ‘91 24- Srghfa8 g H§&¢?’e§b&%&§l

1999, Eur $cBrzodwnham2ycas7m<Bﬁ’le likes anddiiameofousyspenigrosuch ps ¢semoti n the

food produ W, || I var | e | atj.on and vol ume of
the gas. phiiet 19,35 theiashele, ASRE b aRhogkrmas MicerrVaUSBRE:, 0. 001
w % hydr oppyehdiim dﬁartﬁenﬂ(gferabl y at least 0.005 or 0.01 wt% Typically the

food product will contain Iess than 1 w % hydrophobin. The hydrophobin can
be froma single source or a plurality of sources e.g. the hydrophobr n can

yclr opHobi AP SAHRIESn RO ki TVHroRCRL oS Bratoia at: Fast & abl e 5
to stabiligRntibs SPthePBFHo abrdelevbhﬁ) %@@BBHB&H idenfifed lﬂ‘?rn@?LﬁH’ mdter oduced

into the tood product for the purpose t aki ng advantage o foam
st abi | i si npreferabheat Ieest O &raretifhtidentioshe Howeavegr.cpireons shllled rnm tweart or

pol ypept | BV TAKE capbevatit SUBAEITE: Br.Beh e o obhandes Ml SRe.
context of nhheadRicBSthB! bibdgfe) iafivity of the hydrophobin. For the purpose of the
15 invention these hydrophobins possessing this high level of identity to a
hydrophobin that naturally occurs are also embraced within the term
“hydrophobins”.

Hydrophobins can be purified from culture media or cellular exiracts by, for

20 example, the procedure described in WO01/57076 which involves adsorbing
the hydrophobin present in a hydrophobin-containing solution to surface and
then contacting the surface with a surfactant, such as Tween 20, to elute the
hydrophobin from the surface. See also Collen et al., 2002, Biochim Biophys
Acta. 1569: 139-50; Calonje et al., 2002, Can. J. Microbiol. 48: 1030-4;

25 Askolin et al., 2001, Appl Microbiol Biotechnol. 57: 124-30; and De Vries et
al., 1999, Eur J Biochem. 262: 377-85.

The amount of hydrophobin present in the food product will generally vary
depending on the formulation and volume of the gas phase. Typically, the
30 food product will contain at least 0.001 wt%, hydrophobin, more preferably at
least 0.005 or 0.01 wt%. Typically the food product will contain less than 1
wt% hydrophobin. The hydrophobin can be from a single source or a plurality



10 Typically, the hydrophobin is added to the food product in a form such
that it is capable of self-assenbly at a gas-liquid surface. Typically, the
hydr ophobin is added to the food product of the invention in an 15 isol ated
form typically at least partially purified, such as at |east 10% pure,
based on wei ght of solids. By "isolatédsTornT, we nean that the hydrophobin
I's not added as part of a naturally-occurring organism such as a nushroom
whi ch naturally expresses  h Qbi ns. I nstead, the hydrophobin wll

dr
typical |y Bf fREICERSS- 5@%5‘%&?9 R Fafy Ben  MixiuTe Af) o ek inerendiffeiritce or

20 obt ai nedyMbohes | fa%pression in a host organism |In one enbodi nent,
t he hydropﬁ%@i Rhi smﬁg d thg%'iéhe food product in nononeric, dinmeric and/or

oligoneric (i.e. consisting of 10 nononeric units or fewer) form

Pr ef er abl t least 50 wt % of {he _added hydrophobin n at 25 | egst one of
t hese forﬁﬁerﬂﬁé‘? %fsa%%‘ioﬁdal”?é%‘? aﬁg,'x@@,g@gubﬁf&@‘l 3'@)?6’@"3 éded, t he

hydr ophobi bt ' I g ‘ol NG | ol Lot grface and
therefore RhaebliskMl s phas, 160 the RySinhbft is deersel Pl bluc iR 37
decrease. B® faod praduct $orTthe perposésefr fakitgaadVaritage "ofuits &saam astabilisinggent ")

as used herein nea a substance which. |l owers the surfagce . tension of the

medium i n RIARSHIGS. Gansegheally. Jliers inoresients are, pTesent 9t ARASd INALEARABS ar t he
| i qui d/ vap ' sl ™y ' el bst ances
whitch | oanrfgal BofterAgfts, whichiifay; ESbi BydttBRoRGSdiseptictd, s Bosu b a0ve:
i ts surfacsot ¢onstitte coldirgxibydrophobie withis dime comtesthof the, prebent isvemticur f act ant "

does n I ncl ude hydrophobins. 5 The term "surfactant"” does not include
trace antities of surface active conponents that may be present in very

smal | amumyﬁacény,ftﬁ@hgerqpﬁn%miss;a“ofe@g% tﬁétf%%c? rddift fHh $6m shich usataing! e

stabilisers”such as pectins, |ocust bean and guar gum In such cases,
t he anount capaldeof self-assembly at angasdilid swrfadeess t han 0. 05% by wei ght of the
food product.
Typically, the hydrophobin is added to the food product of the invention in an
15 isolated form, typically at least partially purified, such as at least 10% pure,
based on weight of solids. By “isolated form”, we mean that the hydrophobin
is not added as part of a naturally-occurring organism, such as a mushroom,
which naturally expresses hydrophobins. Instead, the hydrophobin will
typically either have been extracted from a naturally-occurring source or
20 obtained by recombinant expression in a host organism.

In one embodiment, the hydrophobin is added to the food product in
monomeric, dimeric and/or oligomeric (i.e. consisting of 10 monomeric units
or fewer) form. Preferably at least 50 wit% of the added hydrophobin is in at

25 least one of these forms, more preferably at least 75, 80, 85 or 90 wi%. Once
added, the hydrophobin will typically undergo assembly at the gas/liquid
interface and therefore the amount of monomer, dimer and oligomer would be
expected to decrease.

30 Surfactants
The term “surfactant” (or “surface active agent”) as used herein means a
substance which lowers the surface tension of the medium in which it is
dissolved and, accordingly, positively adsorbs at the liquid/vapour interfaces.



10 The surfactant is typically an ingredient which is used in aerated food
products because of its beneficial effect on taste and / or texture. Such
surfactants include (but are not limted to): mlk proteins such as
caseins, whey (and their protein fractions), 15 sodium caseinate, calcium
casei nate, and hydrol ysed whey prote|n§ ot her proteins such as gel atine,
egg proteins, and soy protein; nono- and di-glycerides of saturated or

unsaturated fatty acids, e.g.. nono C al mtag ol | ene
derivati vegth%qqé‘xéﬂﬁWf??% SpRtRgN) §°'g'b§u %?@GPBN'@!C?' lowgey ér r@% ®gl ycol
esters, po I it t cetic
20l d bt br XGOS FHigGR 5 Sorea@ink) bAhERLESly STLERS Suitace T teTihted
monogl ycer ptithe presert invention, dné terax fethriastant’s doer.mhgtmybldbm){einephcﬂnmm tan

esters (such as polysorbate 80); non-ionic surfactants such as al kyl
pol y(et hyl ene oxide) fatty alcohols, 25 and sucrose esters; phospholipids

and m g ur §p erg{) At dodsC ndt 1héﬁdéh!r§ée L%Wﬁtlg?ixéﬂjégﬁ’a@é fiyet e

above. Pre the surfactant iIs present n anount o | east 0. 05%
by wei ght camponenﬂs.ethatouaytbe rmesernrmf ueafbsmadalt ameasts @ Enotirere(ramabl y t he

sur f act ant 0 nor, refer ei n nd,i esent in an
amount of aﬁ?m&'veé TagleaF el RRaBpi nebifsts Sicdies Pectit oG EbERADI ' ot

| east 1% Buef enadvardiin. Irh@uc%ﬂbé@éé 3né drﬁoxﬂﬁtQﬁ%ﬂrfdd?arﬂﬂu@uWﬁ%m@llyat nost
20% by wei ght of the food product, nore preferably at nost 10% no5t
preferably aﬂesanti;ran@/%%cw\s!etgmmthe@oprmoéucts 5 | ce structuring proteins

(1 SPs)ﬂfre proteins that can influence the shape and size of the crystals
ice'fornmed during freezing and also inhibit recrystallisation of ice

(C1 arke et Tgk. sur?élﬁant @W}bi%bﬂ)ﬁr&\ aﬁ?re%@eerhl}@f $§‘3uéed3tln éérated CRolr eam
6th Edition, ibid.). ese oteins were identif
products because of its benefmal effect on taste and / or texture Such

surfactants include (but are not limited to):

e milk proteins such as caseins, whey (and their protein fractions),
15 sodium caseinate, calcium caseinate, and hydrolysed whey proteins;
¢ other proteins such as gelatine, egg proteins, and soy protein;
o mono- and di-glycerides of saturated or unsaturated fatty acids, e.g.
monoglyceryl palmitate;
¢ polyoxyethylene derivatives of hexahydric alcohols (usually sorbitol),
20 glycols, glycol esters, polyglycerol esters, sorbitan esters, stearoyl
lactylate, acetic acid esters, lactic acid esters, citric acid esters,
acetylated monoglyceride, diacetyl tartaric acid esters, polyoxyethylene
sorbitan esters (such as polysorbate 80);
* non-ionic surfactants such as alkyl poly(ethylene oxide), fatty alcohols,
25 and sucrose esters;
s phospholipids and mixtures of phospholipids (e.g. lecithin);
and mixtures of any the above.

Preferably the surfactant is present in an amount of at least 0.05% by weight
30 of the product, more preferably at least 0.1%. Preferably the surfactant is a
protein, more preferably milk protein, and is present in an amount of at least
0.5% by weight of the food product, more preferably at least 1%. Preferably



originally in organisnms that live in sub-zero environnments and are thought
to 10 protect the organismfromthe deleterious effects of the formation of
ice crystals in the cells of the organism For this reason many ice
structuring proteins are also known aﬁ antifreeze proteins (AFPs). An ISP
Is defined as a protein that has ice %crystallisation i nhibitory (RI)
activity, as neasured by neans of the nDdified spl at assay described in

V[D0/53029 15 t d f ood duct f h Th
Lerm " aer altaSUBHAS! FrBeSgal TR AseRA Sl TTPahaD 1y oY MESBPRBAOPR o o
mXx, for exiRkembie PREGABY-A mBBEI %, m&tgﬁ’e‘i‘ef‘aﬁy BfmdRys5gas, but is

preferably In the context of food product f ood- grade gas such as air,
nitrogen, nitrous 20 oxide, or carbon dioxide. The aerated food products of

the inventjon contain at opul ation of gas bubbles, wherein at |east 65% of
the gas buk@&—ﬁ%@-ﬂ——@ﬁw rolgNSet er of |ess than 20pm Preferably at |east 75%
nore prgf e!@bﬂu&brnﬁ@%éten@f@?@%bﬁ’@ poGtSiraufpih %‘énhﬂﬂ@eﬁcéjtﬁﬁ@ﬁ?e @hd! ess

than 20pm Preferab | east nore preferably at |east 60% nost
pref er abl ysize |lafaghe 7B%stﬁlst lof ice5 fganeduldbtlneg Heaezing damdrealsp dhhibédss t han

or et or abl y e veipUsaton 86 o BN of 87 P02 Chvplihart 2Bk oAby Hhe 1 ooc

product hag| afce Gr8aALGOERioAOBId. fo%nwfetr@sef BroAdihy ﬁéremﬁnt%@@% most
preferably at 30 nost 120% W'thout wishing to be [imted by theory, it is

bel i eved t heginalyin Immmgmatihat livenin aubﬂefcaenumnmeetsbamd]aneéhmghmq an

aerate prod t he bot orb at_the rfage of,.the gas bubbl es
Thoy PiRbL s athin St J08cREols s & W TRetaton & fRact ant

'”t erface bﬁ;s%@liﬁrthéf@?tsaoﬂoﬂfeeoméﬁ'ﬁé?ﬁhopblntms te8SsdMERany ioe? stir@stirihg t he gas

bubbles are’l ess stable and nore susceptible to coarsening, so it I's harder

to create amiemsmremimbnwn\aermtémze pyateings (A Bs). Am IShisedefinadsasiaf i cul t
to produce r at roducts co i ng. hydr o in and a  surfactant that
have a | ar Beﬁﬁ\”oﬁﬁl A5 G r%&%’@@fq#ﬁw'wu@s:"‘C@‘ﬂghﬁemeasureaa%y
means of the modified splat assay described in WO00/53028.
15

Aerated food products and processes for preparing them

The term “aerated” means that gas has been intentionally incorporated into a mix,
for example by mechanical means. The gas can be any gas, but is preferably, in
the context of food products, a food-grade gas such as air, nitrogen, nitrous
20 oxide, or carbon dioxide. The aerated food products of the invention contain a
population of gas bubbles, wherein at least 65% of the gas bubbles have a
diameter of less than 20um. Preferably at least 75%, more preferably at least
80% of the gas bubbles have a diameter of less than 20pm. Preferably at
least 50%, more preferably at least 60%, most preferably at least 75% of the
25 gas bubbles have a diameter of less than 10um.

Preferably the food product has an overrun of at least 20%, more preferably at

least 50%, most preferably at least 80%. Preferably the food product has an

overrun of at most 400%, more preferably at most 200%, most preferably at
30 most 120%.

Without wishing to be limited by theory, it is believed that when hydrophobin
and a surfactant are both present in an aerated product, they may both



now found that it is possible to prepare such aerated food products,
provided that certain process conditions are used. In particular we have
identified two process routes. The first route, termed "pre-aeration”,

provi des a process for 10 producing aerated food products containing a | arge
proportion of small gas bubbles starghpg from an unaerated m x containing
hydr ophobi n and surfactant. The second route, ternmed "post-addition”

provi des a process whereby the surfactant is added after aeration. 15 In

the pre-aergtjon,rut ' l.e n.ague sol ution,and f or,suspension
cont ai ni ngaﬁ%/@ﬁo%ﬁﬁéisﬁﬁagﬁﬂﬁé%ﬁ baﬁ‘a'eggk?ﬁﬁé)f Wn‘&eﬁ r "ﬁ R ?QEY%qj"?,%pi S )
subj ect ed aanirBd agdedpHUbISY €0rfadthnt MEEPAdeOR wéaierTHah abgurefhylrepthdnigi ent |y
high "intensity" so that a |arge nunber of very small gas bubbl es (I|ess

than 20 pninterface. Hfed sesulthe gasbubblesTare iesy siavle gndmemesussentibledopr ocess

of "ener gy CRSEnBk SEit e’ & el fndy B prothdve, 2By, Snal e by 1 T °
exper i ehceHehye fithe diffisult fprodnee gesated Prbéacts koiiishey Bydrephebigandad t he
viscosity and tenperature of the mx, In addition, the aeration step should

be | ong enduid@ctent thatinave a hrrgedeoppeipniefvery smallgas bubbies. We baverun). 25

The rat o ofORBHhE it | EGe01E 8 I EPaRERNh B8ieted ROt pHRGIS. BEGAHGAL "0, ™
devi ce. GCetreit @eltnirs pesess Conditlding areaisedofin paetidiadivehawe! identifieh dvbence a

hi gh rotational speed)_is required to produce small gas bubbles (see for 30
exanpl e " CREagesaIroues: dberfirayraute. tenaedo pre-RRERIANY yprovidesea presass tohd

nerat) B PRtTo. RARAE rodd Hiogets ontBR"s farge FreHolfal of TGP gl co°

Aer ati on i publslesulstartiag hfrewredahy unaetdted | yixi coatahsingt ihydroptobin vahy | ar ge
gas bubbl es which are subsequently broken up into snaller ones.
El ongat i ond¥rfagtant. ofhe xgesesdofewtef (teined ‘peshadddone propides; aubwceys

effective gheRlfAtheWirtiidid8d48F aREPRRRioncOMPar ed to sinple

15  In the pre-aeration route, a mix (i.e. an aqueous solution and / or suspension)
containing hydrophobin, surfactant and optionally other ingredients, is
subjected to an aeration step. The aeration step must be of a sufficiently high
“intensity” so that a large number of very small gas bubbles (less than 20 ym
in diameter) are created. The intensity of the aeration process depends on a

20 number of factors, the most important of which are the rate of energy
dissipation in the aeration step, the nature of the flow experienced by the mix
and the gas bubbles in the aeration step, and the viscosity and temperature of
the mix. In addition, the aeration step should be long enough to achieve the
desired degree of aeration (i.e. overrun).

25
Mechanical aerating devices are often based on a rotor which shears the mix.
The rate of energy dissipation is a function of the speed of rotation of the
device. Generally speaking, a high rate of energy dissipation (and hence a
high rotational speed) is required to produce small gas bubbles (see for

30 example “Chemical Engineering for the Food Industry”, Fryer, Pyle and Rielly,
Blackie, London, 1997).



shear flow (see e.g. Rallinson, J.M Ann. Rev. Fluid Mech. 16, pp45-66,
1984). Suitable high shear aeration processes and devices that can provide
at |least a conponent of elongational flow include: continuous whipping in a
rotor-stator device such as an Qakes nji_éer (E.T. Cakes Corp), a Megatron 10
m xer (Kinematica AG, a Mndo nixer {Haas-Mndonix BV) or a Silverson

m xer (Silverson Machines Inc.); gas injection followed by m xing and

di spersion_.in a,conti s flow device uch as .a scra surface heat
exchanger : SSAANYY% R & #ﬁ?ﬂﬁsﬁ Heﬁle\/??f@ Qﬁﬁ%geﬁﬁ@q%gﬂgﬁﬁt"a&m dhe s ng
e.g. a_Hobgsl w'%@e% Hoebagd, Woratidfen td), 15
Utra-Turrax m xer V@gﬁke W@' |dﬂ9 wﬂg"ﬁgﬁ; eﬁﬁéﬁ?%gﬁpﬁﬁ%n eld

m xer, for lmmqm&nga r@abwélyllergeu ga&bubhbsdavltubbmrersub‘slequahw brélen up

effectlvene s of IItlhe aera on Zii’ nds on, the viscosity nd / or
Che "t enper Soranalet; RASH: EISTyAtioRgt dek a5 ExEnsiBebdoR, s iiawib i 68
| ower i ng tbgrtfcﬁfﬂ?l?r@ﬁé&tﬁeoét Eufas%kmgX upllBRyS has BLRMIES, r&rﬁﬁé@at t&éunﬁms

aeration device On the gas bbl'és is incfeased. Fourthly,
ef f ect i veneheanflowhtsegeedy. i Balhgselp, dioAdepdRels blvid dech. oﬂ&upaﬂﬁfﬁﬁ of the

Tl act abe 1B shlable i3 Seb HEhah Sho et R i BB el |
conpet i ti Opaat 4 kemipdhn8hi %‘i%loﬁ@é‘h&iﬁi‘qﬁnﬁ h:%lﬁﬂ@‘abéﬁtlr‘idlﬁls wrﬁgmﬁ gtk aof the

process required to produce the desired small gas bub one” exanpl es of
sui tabl e amtat-stamrcdmdce isunB as andDakes rmxerh(E Ix@akleesCom) BeMegatront hough

he pr Bhos DR GRpearlce, A% BVaRa3: RBehTHaReMA A, 81T O @ FeRphi n Cne
conpass of g %swér@@lmmbhme%r I gdaseraion Talawes 0By i Riiing PEREESS

conditions in any particular situation, by considering the factors - 13-
descri bed dlspewon rinpar condinugus flow @e\ap@rsuqhn asf avewpedasmﬁm hesbbl es can

be |ncreas b re t 1SS ted a creasing the
el ongati on rﬁl 8?@3%%%? ‘”gﬂﬁgpsdﬁy%lgmgn% {}gWén%nts %] U9t he mi x
and / or by d. ABbbaA WHisk hﬁﬁ@emw@um KBRwbBbd (ﬁﬂé‘f rhixef (K&!nWBéﬂQﬁé)l,ng the
15  Ultra-Turrax mixer (IKA Werke GmbH & Co. KG) or an electrical hand-held
mixer, for example a Breville kitchen hand blender.

Thirdly, the effectiveness of the aeration step also depends on the viscosity
and / or the temperature of the mix. By increasing the viscosity and / or

20 lowering the temperature of the mix, the size reducing effect of the aeration
device on the gas bubbles is increased.

Fourthly, the effectiveness of the aeration step also depends on the
formulation of the mix. In particular it is believed that the greater the amount

25 of the surfactant in relation to the amount of hydrophobin, the greater the
competition at the interface, and hence the greater the “intensity” of the
process required to produce the desired small gas bubbles.

Some examples of suitable aeration conditions are given in the examples
30 below. Although the effectiveness of the aeration step depends on the specific
details of the process and apparatus used and the mix being aerated, it is
within the compass of one skilled in the art to determine the appropriate

process conditions in any particular situation, by considering the factors



5 anount of hydrophobin in relation to the anount of surfactant. The
post-addition route provides a way in which the anount of hydrophobin can
be increased in relation to the anount of surfactant at the point at which

t he bubbles are forned whilst it remains unchanged in the final product, by
10 adding the surfactant after aerations;has taken place. Thus a m X

contai ning hydrophobin but not surfactant is aerated; subsequently a second
m x containing the surfactant is conbined with the aerated m x. The second

mxis fo t ' L.Xes _gi L final product
For mut at i odeoatad PRV BipdiuE e e BHeRc ool 1B SaSgufithies b he'is
conbi ned nbeeacrelbed fﬁwinﬂgaﬁ@ﬁtﬁésepé yed@biputathaht 9cooby imdreagihgttheel y | ow
shear and for short times so that little or no further gas_is_incorporated

(i.e. the elonepfianaldiaw cespanent ansle/ By bironereasing tewyisgesity of e Mixi ng

" sy I e ' : . : . . iRl :
i wor s suchad 2By TREHAS ShE TampRra R of 3 thE e T o it B MR ces.
such as5a ahigunedf B@drophskin.in Irglatiohas tHe ameaastef sdfsstarcond

(surfactant-containing) mx would typically be injected near the end of the

processing period. The mxing step could also take place in a continuous

process, f?ﬁee[ﬁ?smldﬁitfo %@é’ﬁaﬂ@@&'ﬁg%%g?ﬁ vy'}ﬁgﬁ tﬁ%%ﬂﬂro@ﬁ@%ﬁ%iﬁ)‘”“der

by injecting the secon rre € scrape ace heat

exchanger oan $eriacreasedudaelatibnde the dneuntF susfastardtatvhe Qoirithst wisienuct
exits. The aerated m xture nmay optionally be subjected to freezing during
and / or Hia Bebhles Aredrrmed whilsh dipremains iynchapged i thafnal ipsodurtpbbYa frozen

e o o it RS SRR By Ao THGESL A BHAITHE P 2o

si mul t aheous I on, € i'n"a scraped su

exchanger . higdmiphbbime ug nbtr serfaotandnid aerdtedorsubssqaentiyt e dewonmt ingir of
smal | gas bubbl es because of _the increase in the m x viscosity as .ice

f orns. V%eﬁo'Ft!aé'B‘iQ e suftactapy ié(?é’”?at?i’c’%‘i_’ Wi@éhﬁtﬁ%ﬁ'ﬁedi pix. Jhersgcepdnix iarri ed
Cht 2ot o S 85, 1 e el irel g PP IGRred ERRy .
may take pfaroildtefnor/e naining/ step rday ibegusde toiinipngves thep homogeneity of the
15 combined mixes. The mixing step is preferably carried out at relatively low
shear and for short times so that little or no further gas is incorporated (i.e. the
overrun does not increase by more than 10% during the mixing step). Suitable
mixing devices include: static mixers, in-line dynamic mixers such as an
auger, blender or fruit-feeder, and batch mixing devices, such as a stirred
20 vessel. In a batch process, the second (surfactant-containing) mix would
typically be injected near the end of the processing period. The mixing step
could also take place in a continuous process, for example in a scraped
surface heat exchanger or screw extruder by injecting the second mix into the
barrel of the scraped surface heat exchanger or screw extruder close to the

25 point at which the product exits.

The aerated mixture may optionally be subjected to freezing during and / or
after aeration, for example if the final product is to be a frozen aerated product
such as an ice cream or a sorbet. Freezing may take place simultaneously
30  with aeration, for example in a scraped surface heat exchanger. Simultaneous
freezing and aeration can aid the formation of small gas bubbles because of
the increase in the mix viscosity as ice forms. When freezing takes place after

aeration, it is preferably carried out so that little or no further gas is



The surfactant streammay be chilled or partially frozen before mxing. 5
The ice content may be increased further by subsequent freezing operations,
such as |owtenperature extrusion, placing the aerated mxture in a nould
imersed in a bath of cold liquid such 2S brine or glycol, dropping portions
of the aerated mixture directly into 5 bath of cryogenic fluid such as
liquid nitrogen or pIaC|ng a contalner containing the aerated m xture into

a cold 10 environ ch as a free t freezer, or .cold store. The
subsequent " PF%Q@ B the @”9{38‘@5‘ |15 @‘gﬁi‘?‘f &5 uBerion (& thee PESshear so
t hat "tt'§d@if|oﬁ90utf99'frbﬁ2|htggﬂ§¥ ke ﬁ@@éw&beﬂmd}&aﬁ% tr@nﬁﬂng\éggfphob' n
and a surfactant, the aera ood products of nvent | nd the
m xt ures f T bensuHactant E@gaIarmawbe@lllmiyorcpﬂmaﬁlmfrozmbefqragmlmmge nts

conventionally found in food products, such as fats, sugars, salt, fruit
and / or vegetable material, stabilisers, colours, flavours and aci ds.

Pref er red TROGCAESREA! Fdy s i’rﬂﬁeaé‘&l ﬁrrﬁ@mbysam@queﬁpﬁééﬂngvaye?m ream

aer ated beverages such as m |k shakes and sSnoothies, |owftat spreads (e.g.
20 havi ng sudha@sclowrtempasatute cixtiusion, plaeibgithgsaemted mixkse iFrafwoult! v t he

f ood d | ] d fe h
sorbet or  ingtsedin'd, BAH ool aksCendtEhe biine SHEHveL Fppid pdTiohs Sed wi t n
reference f#p bb?ateaﬁnfﬁuﬂeomrégtlﬁmﬁpbeﬁawbFfbr?édérhé'ﬂ!ﬁé réichY 8sOfduid and

non-limting, and t figures "wherein: Figure 1 shows a schematic depiction
of a m crogitregeni mn nacm angontainegucordaining the @enatedt midorerintor @ idhows SEM

hs. of th Lragt f
exanpl 16 A SpfaribSe iU A oHe e e ST . £od oHote. ot sYBRRR nc. s o
of bubbl e frééﬁFETXQts@ép iDpretail) earibd! Sut’atdod GiOZBBISHear SomtiRSorns0 C

-15- Exanpl es les 1- rozen aerated products containing mlk protein
and further gas is mcorporated

In addition to hydrophobin and a surfactant, the aerated food products of the
15 invention (and the mixtures from which they are made) may contain other
ingredients conventionally found in food products, such as fats, sugars, salt,
fruit and / or vegetable material, stabilisers, colours, flavours and acids.
Preferred food products include ice cream, sorbet, mousse, whipped cream,
aerated beverages such as milk shakes and smoothies, low-fat spreads (e.g.
20 having a fat content of 0-60 wt%), dressings and sauces. Preferably the food
product is a frozen or chilled aerated confection such as ice cream, sorbet or

mousse,

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

wherein:

Figure 1 shows a schematic depiction of a micrograph illustrating the guard
frame concept.

30 Figure 2 shows SEM micrographs of the microstructure of (a) exampie 3 and
(b) comparative example A.
Figure 3 shows the normalized cumulative frequency as a function of bubble

diameter for examples 1 to 3 and comparative examples A to C.



hydr ophobin 5 M xes were prepared using the fornulations shown in Table 1
(amounts are given as wei ght percentages). Table 1 Exanples 1, 2, 3 and
Conpar ative Conparative Ingredient conparative exanple B exanple A exanple
C Skimmlk powder 55 0 Sucrose 22 é 22 Xanthan gum0.2 0.2 0.2

Hydr ophobin HFBII 0.1 0.1 0.1 Water To”100 To 100 To 100 10 Skinmed milk
powder (SMP) contained 33-36%protein, 0.8%fat, 3.7% noisture and was
obt ai ned f 8@ Lljﬂ ted M1k, UK Xanthan gum (Keltrol RD cold dispersible)
was obt ai neg4f} CP Kel co. The hydrophobin HFBII was obtained fromVTT
Bi ot echnol ogy, Finland. It had been purified from Trichodernma reesei
essentially as described in WO00/58342 and Linder et al., 15 2001,

Bi omacr onoEaampes 21-351Brdzbn. abratedr ppodatts toMainihy emilkopréteiirhfg 1. 2
and conpar Stive exanples A, B and C were prepared by blending the SMP
(where pre Xﬂf‘)i?h‘%'&'ﬁt han, and sucrose, and 20 then adding the blend into

wat er I B GERE 1k | 'i"ﬂﬁ - The_m e {0C with
conti nﬁé(,)us st |S$ ri ngbﬁﬁéggéﬂgﬁlﬁﬁﬁ%yl ng&r‘té0 | e?n%s&n ylyﬁzra%%aij %Qi&frﬁgr?rgool ed to
5C and st ogiwdn@seweigbhperc2tages). a 0.5 wt % sol uti on of hydrophobi n was
added to 80g of the cold mx shortly before aeration. 25 Exanple 3 was

prepared as two separate m xes. The first mx was prepared as for exanples
| and 2, e?egﬁ@tﬂhat the SMP was not included. 20.4 g of a -16- 0.49 wt%
0

sol ution ydr ophobi n_ was added to the cold m x shortly before aeration.
The seconfd mi x was prepar ¢dERgmples 1g228and SMEonparatiVe PConiparitivat | room
tenperatufe with stirring|{for at |least 2 hours| A viscous paste

Ingredient comparative example B | example A fexample C

Skim milk powder 5 5 0

Sucrose 22 25 22

Xanthan gum 0.2 0.2 0.2

Hydrophobin HFBI! 0.1 0.1 0.1

Water To 100 To 100 To 100

10  Skimmed milk powder (SMP) contained 33-36% protein, 0.8% fat, 3.7%
moisture and was obtained from United Milk, UK. Xanthan gum (Keitrol RD
cold dispersible) was obtained from CP Kelco. The hydrophobin HFBII was
obtained from VIT Biotechnology, Finland. It had been purified from
Trichoderma reesei essentially as described in WO00/58342 and Linder et al.,

15 2001, Biomacromolecules 2: 511-517.

Mix preparation

The mixes for examples 1, 2 and comparative examples A, B and C were

prepared by blending the SMP (where present), xanthan, and sucrose, and
20 then adding the blend into water at room temperature with stirring. The mix

was heated to 70°C with continuous stirring to disperse the ingredients. The

mix was then cooled to 5°C and stored overnight. 20 g of a 0.5 wt% solution

of hydrophobin was added to 80g of the cold mix shortly before aeration.

25 Example 3 was prepared as two separate mixes. The first mix was prepared
as for examples 1 and 2, except that the SMP was not included. 20.4 g of a



was obtained. 5 Aeration and freezing The m xes for exanples | and 2 were
aerated to approxi mately 100% overrun wusing a Breville kitchen hand bl ender
(Model HB4, Pul se Hone Products, O dham UK) using the "beater blade" (a
flat horizontal circular disc of 25mm Jlg di ameter which is rotated about a
verti cal axis through its centre). Thé 'Blender was set at maxi mum speed,
with the "turbo" setting switched on giving a rotational speed of

appr oxi mat 17,,000 m The, aerat.ed m x qf  ex le. 1 was t n. frozen
dynani cal | @qy%“é/"s??lp Y %&Ydfﬁ@"ﬁ%\}."&%‘s aﬁiﬂgdgp-aigg %cﬂ“xlih %;ﬂﬁf‘i’\r&rl cal
vertical |y aBpatire Fhe Qéﬂftﬂic?%lﬁtv@ééﬂ'p%;’ﬁareét%ehﬂ(“ﬁésﬂg Wf ISMPThed @@P

di mensi ons of height 105 mm and di aneter lid fills a lNarge
portion of water gemom temperaiyreawitbrstirting Vo ahleast 21iBursi A viseeus paste used to
shear the %agp%tﬁ @0@& sts of a rectangular inpeller of the correct

di mensi ons 'the I nside surface of the vessel as it rotates (72 20
mm x 4155 mm) in order to renpve the ice that forms there and incorporate it

into the mx. Also attached to the rotor are two sem -circular (60 mMm
di anet er) Aeraforsardirepeiiges positioned at a 45 angle to the rectangul ar

| t_th hyl
ool *Goon S8R ToLetnta PR it Al bR e e o0
turned on @BRgOhf BRilR RitcheH %anuruéheencmbaar Hsmnbaasélﬂsniehmodudt@rts the
flow A platinumresistance probe is nounted in lid to all ow

neasur enenOldhamhbKyiusing the:rhaatereblader (m@abhomahgfcwlsdaf:wf Ammed
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measur ed by

The aerated mix of example 1 was then frozen dynamically in a stirred pot
15 device. The stirred pot is a cylindrical, vertically mounted, jacketed stainless
steel vessel with internal dimensions of height 105 mm and diameter 72 mm.
The lid fills a large portion of the vessel leaving a working volume of 160 mi.
The rotor used to shear the sample consists of a rectangular impelier of the
correct dimensions to scrape the inside surface of the vessel as it rotates (72
20  mm x 41.5 mm) in order to remove the ice that forms there and incorporate it
into the mix. Also attached to the rotor are two semi-circular (60 mm diameter)
high-shear blades positioned at a 45° angle to the rectangular impeller. The
vessel is surrounded by a jacket through which an ethylene glycol coolant can
be flowed. The flow of coolant through the jacket is turned on and off by a
25 valve in the coolant supply line that diverts the flow. A platinum resistance
probe is mounted in the lid to allow measurement of the mix temperature
during processing. A shaft-mounted torque meter allows the increase of the

mix viscosity during freezing to be monitored.

30 160 mi of the aerated mix of example 1 was placed in the stirred pot and
frozen using an impeller speed of 1000 rpm while the coolant (at -18°C) was
circulated. The coolant flow was stopped when the temperature reached
approximately -5.5°C and the torque was about 1 Nm. The frozen aerated



wei ghing a known vol unme of product. Sanples (approximately 15 g) were

pl aced into small containers, cooled on dry ice for approximtely 20 m nutes
and stored in a freezer at -80C prior to mcroscopic analysis. 5 The aerated
m x of exanple 2 was poured into pl astj'_F contai ners which were closed with
lids. The pots were imrersed in liquid nitrogen for about 5 mnutes to
freeze the product quiescently. The pots were renoved fromthe |I|iquid

ni trogen, IEI ced on déﬁ_/. ice for &‘(é m nut es ;nd then transferred to a - 10
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M nut es, r%%‘ié@(ﬁefg' %%GEFEW{%BahMWFQ?QHP@SCOB'&W%'%M freezing. \Wen the
m x reached a tenperature of about -5C, the coolant flow was turned off,
and 1 Og of the second m x (containing SMP) was injected into the pot
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further mnute to ensure conplete mxing. The frozen aerated product was

renoved fliqud miteogers pidcechoni dry ioe dor 26 minsites andriben dyansdemed g aa- known
vol uneg, 25 Q the frozen aerated product were placed in

o d .. S l. f
cont ai ers,6 Cgég?%%tqrf?@%"'g%é%f)@rc Y ut es then stored in a freezer at

-80C prior to mcroscopy analysis. The m xes for conparative exanples A and
C were frozen and aerated in the 30 stirred pot as described above for the
first mx bheelworpmixes (of sxasmlendx weres frazent rand aaetatedi as efallowssSvP was

ei ther al rES‘SPéx%Etséﬁ/“ho%l %?ttherlr&urinﬁxegn)a's prl%%ed inside the stirred pot. The
coolant flow (-18°C) was switched on and the impeller speed was initially set

15 to 100 rpm. After 1 minute, the speed was increased to 1000 rpm to aerate
the mix, and after a further 2 minutes, reduced to 300 rpm to allow greater
cooling and freezing. When the mix reached a temperature of about -5°C, the
coolant flow was turned off, and 10g of the second mix (containing SMP) was
injected into the pot through an aperture in the lid using a syringe, while the

20 impelier speed was maintained at 300 rpm. It was ensured that the stirred pot
was completely full of mix, i.e. there was no free headspace, so that no further
aeration occurred during mixing. The impeller continued to rotate for a further
minute to ensure complete mixing. The frozen aerated product was removed

from the vessel and its overrun was measured by weighing a known volume

25 of product. Samples of the frozen aerated product were placed in containers,
cooled in dry ice for 20 minutes then stored in a freezer at —80°C prior to

microscopy analysis.

The mixes for comparative examples A and C were frozen and aerated in the
30 stirred pot as described above for the first mix of example 3 (a second mix
was not then added since the SMP was either already present or not

required).



The m x for conparative exanple B was aerated to approximately 100% overrun
using an Aerol atte hand-held battery-powered whisk (Aerolatte Ltd, Radlett
Hertfordshire, UK). The whisk rotor is a wire coil shaped in a horizontal
circle with an outer dianmeter of 22 mmotated about a vertical axis 5
through its centre at a rotational speé “of approximately 12,000 rpm The
aer at ed product of conparative exanple B was poured into a plastlc cont ai ner

and qui esc frozen in ljquid n en as descyribed abqve. t hen
pl aced on g_n ‘?'brcoﬂ?ar‘??#‘u H’rpﬁe?g atiey é"}er’@f? @ppé%"ﬁt%')!z@d&grl or to
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not causedﬁmeeﬁh@nl P icd £ 30 nliRBtes2amd @ra‘f@férréd‘ﬁf‘ac%kédfré@zérl&m nd
coated with gold using argon plasma with an applied pressure of

mllibars asidrosoppierd@nalfsis nmillianps for 45 seconds. The sanple was finally
t ransf (19(5\; ed to a conventional scanning electron 25 m croscope (JSM 5600),
fitted'with an Oxford Instrunents cold stage held at a tenperature of

-160C. The szapBlRy Mesirés MibRRgoppd representative areas were captured via
digital image acquisition software Quantification of gas bubble size

di stributi di Gmsrﬁiktéqu@ plilgiach prioduct wiaanvsealisedi wsing duaw dreraperaturé her ei n
|5 defi ned aaphi £iRkhsn MSIdecBRy. LRPEbRNI WL QB E ‘et bRl e
and a section, approximately Smm x 5mm x 10mm in size, was cut out and
15 mounted on a sample holder using a Tissue Tek;: OCT™ compound (PVA
11%, Carbowax 5% and 85% non-reactive components). The sample
including the holder was plunged into liquid nitrogen slush and transferred to a
low temperature preparation chamber (Oxford Instruments CT1500HF). The
chamber was held under vacuum, approximately 10 bar. The sample was
20 warmed up to -90°C for 60 to 90 seconds, thereby slowly etching the ice in
order to reveal surface detail not caused by the ice itself. The sample was
then cooled to -110°C and coated with gold using argon plasma with an
applied pressure of 10" millibars and current of 6 milliamps for 45 seconds.
The sample was finally transferred to a conventional scanning electron
25 microscope (JSM 5600), fitted with an Oxford Instruments cold stage held at a
temperature of -160°C. The sample was examined and representative areas

were captured via digital image acquisition software

Quantification of gas bubble size distributions

30 The gas bubble size (diameter) distribution as used herein is defined as the
size distribution obtained from the two dimensional representation of the three
dimensional microstructure, as visualized in the SEM micrograph, detetmined

using the following methodology.



di mensional mcrostructure, as visualized in the SEM m crograph, determ ned
using the foll ow ng net hodol ogy. -19- Sanples are inmaged at 3 different
magni fi cati ons (for reasons expl ained below), and the bubble size
distribution of a sanple is obtained frgmthis set of mcrographs in three
steps: 1. ldentification and sizing of1§he i ndi vi dual gas bubbles in the

m crographs 5 2. Extraction of the size information from each m crograph 3.
Conbi nation, of .the data frpmthe, ncrographs ipto a, single size distribution
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exanpl e by using 10 software such as MATLAB R2006a ( Mat hWorks, 1 nc)
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Firstly, a trained operator (i.e. one familiar with the microstructures of aerated
systems) traces the outlines of the gas bubbles in the digital SEM images
15 using a graphical user interface. The trained operator is able to distinguish
gas bubbles from ice crystals (which are present in frozen aerated products
and are the same order of magnitude in size) because the gas bubbles are
approximately spherical objects of varying brightness / darkness whereas ice
crystals are irregular-shaped objects of a uniform grey appearance.
20
Secondly, the size is calculated from the selected outline by measuring the
maximum area as seen in the two dimensional cross-sectional view of the
micrograph (A) as defined by the operator and multiplying this by a scaling
factor defined by the microscope magnification. The bubble diameter is

25 defined as the equivalent circular diameter d:

d=2VAlx

This is an exact definition of the diameter of the two-dimensional cross-
section through a perfect sphere. Since most of the gas bubbles are
approximately spherical, this is a good measure of the size.

30



30 -20- Extraction of the size information from each m crograph Gas bubbl es
whi ch touch the border of a mcrograph are only partially visible. Since it
is not therefore possible to determne their area, they nust be excluded.
However, in doing so, systematic errorg.are introduced: (i) the 5 nunber of
gas bubbl es per unit area is underestifrafed; and (ii) large gas bubbles are
rejected relatively nore often since they are nore likely to touch the
border, th skew n the size di st I‘]J butlon To avohd these errors, a guard
frame is -A"‘ RIbE efo LU QLR RO 24 The | nmage Processing
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15 micrograph would be observed.)

Bubbles are classified into 5 classes depending on their size and position in
the micrograph. Bubbles that fall fully within the inner zone (labelled class 1)
are included. Bubbles that touch the border of the virtual micrograph (class 2)
20 are also included (since it is only a virtual border, there is fact full knowledge
of these bubbles). Bubbles that touch the actual micrograph border (class 3)
and / or fall within the outer zone (class 4) are excluded. The exclusion of the
class 3 bubbles introduces a bias, but this is compensated for by including the
bubbles in class 2, resulting in an unbiased estimate of ithe size distribution.
25 Very large bubbles, i.e. those larger than the width of the outer zone (class 5),
can straddle both the virtual (inner) border and the actual outer border and
must therefore be excluded, again introducing bias. However, this bias only
exists for bubbles that are wider than the outer zone, so it can be avoided by
excluding all bubbles of at least this size (regardless of whether or not they
30 cross the actual border). This effectively sets an upper limit to the gas bubble
size that can be reliably measured in a particular micrograph. The width of the
inner zone is chosen to be 10% of the vertical height of the micrograph as a
trade-off between the largest bubble that can be sized (at the resolution of the



30 cross the actual border). This effectively sets an upper Iimt to the gas
bubbl e size that can be reliably neasured in a particular mcrograph. The
width of the inner zone is chosen to be 10% of the vertical height of the
m crograph as a trade-off between the_|largest bubble that can be sized (at
the resolution of the -21- parti cul ar‘ﬁ'ﬂérograph) and the image area that is
effectively thrown away (the outer zone). There is also mninumsize |limt
(at the resolution of the mcrograph) below 5 which the operator cannot
reliably tP&B@W%{JﬁW%@PBhBBMg‘?' Age ared thatdy eHeetvaly rorneaway(her t han a
di anet er Ofou?é)rz@né?l s are also ignored. Conmbination of the data fromthe

m crographs 1nto a’single size distribution As expl ai ned above, it is
necessary to introduce maxi mum and m ni mum cut- 10 off bubbles sizes. In

order that _these m ni num and pexjnmm sizes are, sufficiently snmall, and | arge
respect i vel-'i';'eé% '%glﬁﬁ’o'fm’i'ﬁ‘“@?(éfzt?d@“ng @fé}?ﬁ fésoipon g ﬁ'ifem’ﬁﬁog\é@mgﬁé%@wsarrpl es
are i maged @ f il hON S nd O 0 Jrsreh

Tagni {1 dat i\ng'hcrgitg*edg)ﬁéfézi%r B0l | SRaby Eracd tind 4fiS b?'g’ﬁlgeéso Zﬁefen “n Tabl e
2. 15 Tabl dubblsghaf arcesmalierNhan eudiaimebdr of 20 pirelMareralso ignobdd si ze  100x 20

pm 83 pm 300x 6.6 pm 28 pm 1000x 2.0 pm 8.3 pm Thus bubbles as small as 2pm
and as | arge as 83pm are counted. Visual inspection of the m crographs at
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number of bubbles, samples are imaged at 3 different magnifications: 100x,
300x and 1000x. Each magnification yields size information in a different
range, given in Table 2.

15
Table 2
Magnification Minimum bubble size Maximum bubble size
100x 20 ym 83 um
300x 6.6 pm 28 pm
1000x 2.0 pm 8.3 pym

Thus bubbles as small as 2um and as large as 83um are counted. Visual
inspection of the micrographs at high and low magnifications respectively

20 confirmed that essentially all of the bubbles fell within this size range. The
maghnifications are chosen so that there is overlap between the size ranges of
the different magnifications (e.g. gas bubbles with a size of 20-28 pm are
covered by both the 100x and 300x micrographs) to ensure that there are no
gaps between the size ranges. In order to obtain robust data, at least 500

25 bubbles are sized; this can typically be achieved by analysing one micrograph
at 100x, one or two at x300 and two to four at x1000 for each sample.

The size information from the micrographs at different magnifications is finally
combined into a single size distribution histogram. Bubbles with a diameter



25 bubbl es are sized; this can typically be achieved by anal ysing one

m crograph at 100x, one or two at x300 and two to four at x1000 for each
sanple. The size information fromthe m crographs at different

magni fications is finally conmbined into a single size distribution

hi stogram Bubbles with a di aneter -2242pet ween 20 pm and 28 pm are obtai ned
fromboth the 100x and 300x m crographs, whereas the bubbles with a

di aneter greater than 28 pmare extracted only fromthe 100x m crographs.
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m crogr aph W|th|nthe|r size range (R). 15 S(d) = EA, it
de, % The f?orygwnq\@ép%n&trl ‘bution is obtained by constructing a histogram

consisting of bins of width Wpm BQ is the nunmber of bubbles per unit
area in the j"' ran | x Wto 0+1) x W. BO is
obt ai ned by Jﬁ’dﬁlt Pﬂ}fﬁ‘g%‘?q"fQ%qqﬁﬁgtﬂ'ﬁéfﬂt%m’%f%w%s of the gas bubbl es
with a di amaae.ttﬂéyﬂhagu,qéaggggéuwgﬂk@@ X Wto Qt1) x W with the
appropr| ate Wei . . B(1 /S(dk)

A= the area of thei |nner zone inthe i mlcrograph

R; = the range of diameters covered by the i® micrograph (e.g.[20m,83 um))

B(j) = the j™ bin covering the diameter range : [j W, (j + ) W)

The total area, S(d), used to count gas bubbles with diameter d is given by
adding the areas of the inner zones (A;) in the micrographs for which d is

within their size range (R;).

15

S(d) = M'

The final size distribution is obtained by constructing a histogram consisting of
bins of width W pm. B(j) is the number of bubbles per unit area in the | bin
(i.e. in the diameter range j x W to (j+1) x W). B(j) is obtained by adding up all
the individual contributions of the gas bubbles with a diameter in the diameter
20 rangejx W to (j+1) x W, with the appropriate weight, i.e. 1/5(d).
B(j) = ;Jl/ S(dy)

where
D, ={k\d, e[jW.(j+DW)}

25 The bubble size distributions are conveniently described in terms of the

normalised cumulative frequency, i.e. the total number of bubbles with



kD where D~, ={kid, e[jW(]j+1)W} 25 The bubble size distributions are
conveniently described in terns of the normalised cunulative frequency,
i.e. the total nunmber of bubbles with -23- dianeter up to a given size,
expressed as a percentage of the total nunber of bubbles neasured. Results
5 Figure 2 shows m crographs (x300 maggpification) of the mcrostructure of
(a) exanple 3 and (b) conparative exaffpffe A. The uniformy grey, irregular-
shaped objects of the order of 50 pmin size are ice crystals The
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10 appar enphBias\WRéasu@eéda nunber of |arge gas bubbles (of the order of 50 pm
in size). In Figure 2(b), the large gas bubbles are simlarly apparent, but
there are many fewer small ones. The extraction of the size data and

conbi nat i og,gi ni,0 a single distribution was 15 perfornmed automatically,

usi ng MATL 06a (Mat hWorks, Inc) software. The size distribution data

for each oFidire @%a&@%.efdwﬂﬁss ?@0@ HagHffichfion) bOWeemitrdgtricdtuld8f {5 M of

normal i sed cunul ati ve frequency (expresSed as a fraction) as a function of
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Conpar ati ve exa Conpar ati ve exanpl e
Figure 2(a) many small gas bubbles (approximately 20 pm or less in size) are
10 apparent, as well as a number of large gas bubbles (of the order of 50 ym in
size). In Figure 2(b), the large gas bubbles are similarly apparent, but there

are many fewer small ones.

The extraction of the size data and combination into a single distribution was

15  performed automatically, using MATLAB R2006a (MathWorks, Inc) software.
The size distribution data for each of the aerated products are shown in
Figure 3(a) in the form of normalised cumulative frequency (expressed as a
fraction) as a function of bubble diameter from 0 to 80 um. Figure 3 (b) shows
the same data across a smaller diameter range (0 — 20 pm). The normalised

20 cumulative frequency values (expressed as percentages) at bubble diameters
of 20 and 10 ym are summarised in Table 3.

Table 3
20pm 10um
Comparative example A 55 34
Comparative example B 33 15
Comparative example C 98 92
Example 1 92 90
Example 2 82 44
Example 3 95 85

25 Comparative examples A and B, and examples 1 and 2 were all produced by
aerating and then freezing a mix containing hydrophobin and skim milk



Exanple 1 92 90 Exanple 2 82 44 Exanple 3 95 85 25 Conparative exanples A
and B, and exanples 1 and 2 were all produced by aerating and then freezing
a m x containing hydrophobin and skimm |k -24- powder. Conparative exanpl es
A and B contained a relatively snall Eroportion of bubbl es having a

di aneter of |ess than 20 pm whereas - ﬁanples 1 and 2 contained a nuch

| arger proportion (>80% . 5 The difference between conparative exanple B and

exanples | and 2 was the intensity of the aeration step. In conparative
exanpl e B, PAWESE.i &Pfﬂﬁ%ra“é{@hieé@'é’cﬂ"qw A ped aBi wenjaineds shéelativelyi 551 ocess
(the Aerol ery h t or air, it
i s not vergpwﬁ( 6f bu etgaﬁ'égn %ugﬁﬁ%gib?e{% 18&3“? %ﬁgg%ng'% \B@éx%tag
however, thgamptaﬁandﬁmtélﬁeﬂ%d\ubhear@eeprd»ﬂm’umx%o%ﬁn ch produces more
i ntense shear, and in particular elongation of the gas bubbles. This
results not only in bulk aeration, but also the formation of very small

bubbl fo f which
bubbl e CoNBifklsKRe WAGRK GrAall e B ¥ndleBHAARAS dnPiase! 101 c
bubbl es wethe irtensits sf the \aepatishistad. (lﬁomombaraiWESéxaﬁapleOB espatidre waist hi s is

deduced fromthe presence of small bubbles in exanple 3 after the SMP had
been ni xedarhieved doy & delabivelyr taveshear madng RIS zﬁ"&l Agiplallg Mbeerki xi ng
step). In 0 ane
process, oﬁﬁ(ﬂ%ﬁ@?t(wve !hgfeor ?%'ﬁa% s%ﬁﬁmoub%f\é@%%@t?&gucecfmghe

di fferencecaus;hgimbbwsbrm uphén exaapiexd ahd Jyhakevengtideerationt step step in
conparative exzﬁ%ﬂ e AT I n ordgr to create snall bubbles in the presence of
SWP an#P HFBSCE it Geyllle mIXesVIIEN RIoAEEeS MATBJptansershpar: ad (MPartieuBlanpl es 1
and 2). "5 sl t n SMP was
added afte!%}@ggi g’t?logrﬁﬁggggf reeé&géﬁ.}f ?A?%Se@s @;ﬁ’g#‘fﬁ bﬁfl@%@%ﬁlogf bpﬂg&gas

bubbl es hathe ftirmatior of vegssmahbobspm Addl ng the surfact ant after aeration
means t hat

Comparative example C and the first mix of example 3 (both of which contain

15 HFB but not SMP) were aerated in the stirred pot and small gas bubbles were
successfully produced (for the first mix of example 3 this is deduced from the
presence of small bubbles in example 3 after the SMP had been mixed in,
because no further air was incorporated during the mixing step). In contrast,
when comparative example A was aerated by the same process, only a low

20 proportion of small bubbles was produced. The difference in this case was the
presence of SMP during the aeration step in comparative example A. In order
to create small bubbles in the presence of SMP and HFB, a higher intensity
aeration step is required (as in examples 1 and 2).

25 Example 3 was prepared by an alternative process in which SMP was added
after aeration and freezing. A very large proportion of the gas bubbles had
diameters less than 20 pm. Adding the surfactant after aeration means that
there is no competition between the hydrophobin and the surfactant, so that
the hydrophobin is able to stabilize very small bubbles as they are formed.

30 Subsequent addition of the surfactant does not displace the HFB from the
interface, provided that the interface is not disrupted (e.g. by high shear
mixing and / or incorporation of significant further amounts of gas).



there is no conpetition between the hydrophobin and the surfactant, so that
t he hydrophobin is able to stabilize very small bubbles as they are forned.
30 Subsequent addition of the surfactant does not displace the HFB fromthe
interface, provided that the interface is not disrupted (e.g. by high shear
m xing and / or incorporation of signT??cant further anmounts of gas). -25-
These exanpl es denonstrate that sinply aerating and freezing m xes

cont ai ni ng_hydr ophobin and a surfactant does not necessarily result in
aerated prdfgees SxdMPESH dRINaNsiEatg e hato sERRlY o AeEtinge raNds fEg6zing HHIEs.
However, s odu e priodu rovi a ' step is 5
sufficient I%?/H'Eaﬁrﬁ’g S@C?rgf)@pgglt g“’?h(% §§ngF%gub (?%g r?)dr} bﬁ%@‘s{aﬁg ?%lrsﬁlgc ant is

added aft eerdtbd pesduct®ncartaimingd-aniarge 4propoditen cfevetyedsmaib dbgtibiesnt ai ni ng
soy protein and h droBpr) in 10 Frozen aerated J)roducts cont ai ni ng soy

protein as HOYEVEG, $Uch ugts gan he-pradegedsprayideshihat the aeratiqp stapkiss

(I abel | gd r | td iqTabl e 4.
These wir e “CiERAN INeHSE A0 ERRIIRS srhal BEbABE prib U SR ad a2
aer at ed praftecthe daxiatibhatepxanmple 4). 15 Table 4 Mx 4a Mx 4b Exanple 4
Ingredient (Mass / g) (Mass / g) (WM % Soy Protein Isolate 0 3.4 2
Sucrose 42.5 0 25 Xanthan Gum0.34 0 0.2 HFB li 0.17 0 0.1 Water 99.63

23.9 72.7 aﬁ?fm epar gt M SR bl ending .xagt.han, and
sucr ose, ané(¥t e% gﬁdﬁfnﬂg&g{'hedég#febr%vaﬁlﬁﬁ mt‘g‘%"gr"'%o%@&?‘%{%@‘%th
stirring. Thydrophohis heated to 20 70C with continuous stirring to di sperse
t he in%:;redients. The, m x vxgs then . )
0 Frozen aerated products containing soy protein as the surfactant were
prepared as foliows. First, two mixes (labelled 42 and 4b) were prepared
using the formulations shown in Table 4. These were subsequently combined

as described below to produce a frozen aerated product (labelled example 4).

15 Table 4
Mix 4a Mix 4b Example 4

Ingredient (Mass / g) (Mass / g) (wt %)
Soy Protein Isolate 0 3.4 2
Sucrose 42.5 0 25
Xanthan Gum 0.34 0 0.2
HFB Il 0.17 0 0.1
Water 99.63 23.9 727
Mix preparation

Mix 4a was prepared by blending the xanthan, and sucrose, and then adding
the blend into water at room temperature with stirring. The mix was heated to

20 70°C with continuous stirring to disperse the ingredients. The mix was then
cooled to 5°C. Immediately prior to aeration, the hydrophobin was added as a
17 g aliquot of a 10 mg/mL aqueous solution.

Mix 4b was prepared by mixing the soy proiein isolate (Archer Daniels
25 Midland Company, ADM, 85% protein) in water whilst stirring. The mix was



cooled to 5C. Immediately prior to aeration, the hydrophobin was added as a
17 g aliquot of a 10 ng/nL aqueous solution. Mx 4b was prepared by m xi ng
the soy protein isolate (Archer Daniels 25 Mdland Conpany, ADM 85%
protein) in water whilst stirring. The mx was -26- heated to 80C with
continuous stirring in order to fuIIy'aﬁSperse the protein, and then cool ed
to 5C. Aeration and Freezing 5 Mx 4a (142.6g in total) was aerated using a
stirred pot device of working. volunme 346 nL. This device was essentially

the same adepad tai88ck Wikt conliiraist gitring dnsirdento fulivedispersedhprisotei a
| ar ger "‘DrléhBQhéﬁchHEd 1B Ejobd with a smaller depth (22mm), and a
g

correspondingly T'arger Tnpéeller (84mmin height) was used. Four

sem -circular (58mm di aneter) high shear blades 10 were attached to the
i mpel l er, positioned at approximately 45 to the shaft. The bl ades were
| ocat ed in%’%??gﬁ?%ﬁgentre poi nts of which were attached 21nm and

63 f t ' t, o | Lasi de .th
st imrnr e{jggqomgt‘ﬁag?g%%fsgr{ﬁ %F%@vw(dsgg%@?msusuﬁs)ésémﬁr{%zﬁ o‘ﬂé}’g‘%dbf ﬁ&e&?m eFI er
speed was sgolunt@ JUBOmMLpMTHA$ tdevick wiagugsseritintly theesamaess itatr deseitbedo 1000

rpmto aerage the mx, and after a further 7 mnutes, reduced to 300 rpmto
al | ow gr eaPPVe & Exmaledl ¢ vieh. tomroden lafgei weking velme, @did with 4b

(27.3 g) cantaj.mi r ' L L6 | i o; o) r..atine
of 5t 8o STl Uebltf (@2nl, S B YBTeA UGG tatdbrdiniiel Naafifi ind, LT
for a furt height) wasuueedt F3QP sepmrcirthtarf (58ran dianadied highodhesr biddes4. 1C and
100% overrun) was renoved fromthe stirred Fi nal | | es were

ot . Y, .Sa
pl acedPn ¥&he Attached t9) ig: Impelies,pesitionsd a? appjoxigately 455 WUNPF@S,Sh%{fﬁd st or ed
at -80C pri JeC a /S | ze: e di | [ was
determ nedkrg% Bfeégc@rsi g‘%ﬁ&3@%@%%’%%‘Fﬁep%@?'m“ﬁ?&?“?si’gh"%g|i‘i W\% rvgéc}ﬁency
val ues at httabhed @1ametadBS3mmItor ke bseof ther mtalNg slaaftt 81% r especti vel y.
Thus Exanple 4 denonstrates that frozen aerated products containing soy
protein (surfactant) can be produced with significant

Mix 4a was placed inside the stirred pot, the coolant flow (-15°C) was

15 switched on and the impeller speed was set to 100 rpm. After 1 minute, the
speed was increased to 1000 rpm to aerate the mix, and after a further 7
minutes, reduced to 300 rpm to allow greater cooling and freezing. After 3
minutes at 300 rpm, mix 4b (27.3 g) containing the soy protein was injected
into the pot over a time of 2 minutes, whilst continuing to shear at 300 rpm.

20 The mix was sheared for a further 1 minute at 300 rpm. The frozen aerated
product (at -4.1°C and 100% overrun) was removed from the stirred pot.
Finally, samples were placed in containers, blast frozen (at ca. -35°C) for 30
minutes, and stored at —80°C prior to microscopy analysis. The bubble size
distribution was determined as described above and the normalised

25 cumulative frequency values at bubble diameters of 20 and 10 um were 95%
and 81% respectively. Thus Example 4 demonstrates that frozen aerated
products containing soy protein (surfactant) can be produced with significant
numbers of very small bubbles.

30 Example 5: Milkshake product containing very small bubbles
A chocolate milkshake product was prepared using the formulation given in
Table 5.



nunbers of very small bubbles. 30 Exanple 5: M| kshake product containing
very smal |l bubbles A chocol ate m | kshake product was prepared using the
formulation given in Table 5. -27- Table 5 Ingredi ent Anbunt (wt %

Ski mred m | k powder 10.0 Chocol ate powder 8.0 Sucrose 1.0 Xanthan gum 0.4
Hydrophobin HFBI1 0.1 Water To 100 Th&’m | kshake was prepared by first

di spersing the xanthan and sucrose into water at roomtenperature and m xed
for 20 mnutes to allow the xanthan to 5 fully hydrate. The sol uti on was

t hen heat edTal'tb‘BEOC The SI\/P and chocol ate powder (Geen and Bl acks, UK) were
conbi ned X was heated to 80C for 30

cr L IT |ﬁuuorr|7 auuc
seconds f "Eﬁ%‘fglﬁl sation, cool ;adA "]}s(f“éq/ég pver ni ght at 2C. 10 Aeration
100m of gk,ﬁ,ﬁ%’d—ﬁﬁ[{l owleWt 1 on vas aqu}oed to g volune of 300nil. This was
achieved Ry first usma a hand held Breville mxer to aerate to 90% of the
requi red duGhoeaptatetposvderurt her afrati nd.Qsing ah Aerol atte device. This foam

was t hen adgded—to+he 300m—ef—cpoledntlkshake m x and bl ended carefully 15
t oget her t '{ﬁr%cea m | kshake profuct wit® 50% overrun. A sanple was bl ast
frozen at gyored at -80C priorg o SEMpnal ysis. The bubbl e size

and the nornuali sed
of 20 and 10 pm were 99%

on was eterm ned as descri bed above
Hydrapleoisip HEBile at bupbl e diateters

distri but|
cunul ati vdg

and

94% r espe

ilJ]Di\L Thus Izyr.\nan 5

denmpnstrates t

products

I¥eterni ng SMP can be p

roduceé® W0t h si

at aerated m | kshake 20

gni fi cant nunbers of very

The milkshake was prepared by first dispersing the xanthan and sucrose into
water at room temperature and mixed for 20 minutes to aliow the xanthan to

5 fully hydrate. The solution was then heated to 40°C. The SMP and chocolate
powder (Green and Blacks, UK) were combined and then gradually added.
Then the mix was heated to 80°C for 30 seconds for pasteurisation, cooled
and stored overnight at 2°C.

10  Aeration

100ml of a 0.25% HFBIl solution was aerated to a volume of 300ml. This was
achieved by first using a hand held Breville mixer to aerate to 90% of the
required overrun, then further aerating using an Aerolatte device. This foam
was then added to the 300ml of cooled milkshake mix and blended carefully
15 together to give a milkshake product with 50% overrun. A sample was blast
frozen at -30°C and stored at -80°C prior to SEM analysis. The bubble size
distribution was determined as described above and the normalised
cumulative frequency value at bubble diameters of 20 and 10 ym were 99%
and 94% respectively. Thus Example 5 demonstrates that aerated milkshake
20 products containing SMP can be produced with significant numbers of very

small bubbles.

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

with features specified in other sections, as appropriate.



smal | bubbl es. The various features and enbodi nents of the present
invention, referred to in individual sections above apply, as appropriate,
to other sections, nutatis 25 nutandis. Consequently features specified in
one section nmay be conmbined wth features specified in other sections, as
appropriate. -28- Al publications nen2Boned in the above specification are
herein incorporated by reference. Various nodifications and variations of

t he descri bed nmethods and products of the invention will be apparent to

t hose ski | Addpublicatiensamentianed dntthel @baveiapgcification lase hespip ivcotpasatedvent i on.

orerer o BigblhraB o VarRts bR AL e R b BB, ©
cl ai med shagldpreiucte obNAE! MvéntiBr ol tte appaferiPecitidse sKiledliiRetes art! ndeed,

various nodifications of the described nobdes for carrying out the invention
whi ch are #thepbdepanting iowe thescorel of the inwentien.edfthough thelivention hasnded t o

pr oduct colBEN g gD SRobRHCh WY SRR preréireq oty 3O Cauct
cont ai ni ngba paRiRoUOthab the) &f/ebtibh | aSclaithéd ehBuRl nobbé aariuhb ftitedl tbhe gas
bubbl es have a di aneter of |ess than 20pm wth the proviso that the food

product do&¥ch@pesiiatemhodimenis Jndeed.uvaneusomadificatiops ofithacdescsiberlood

Py dr ophobi fToc B bnsing it n Phaeah SRty e Bhrall o R Bt0e) ai m 2
wher ei n t heeleQastrfidiidintended totsd witkiel the@sabpd of fife followirficiaipegl pr oduct
according to any of clains | to 3 wherein the 15 hydrophobin is a class |

hydr ophobin. 5. An aerated food product according to any of clains 1 to 4
wherein the food product conprises at |east 0.05% surfactant.



20 6. An aerated food product according to any of clains 1 to 5 wherein the
surfactant is a protein in an anount of at |east 0.5% by weight of the
product. 7. An aerated food product according to claim6 wherein the protein
i's mlk 25 protein. 8 An aerated food product according to any preceding
clai mwherein the food product has anZ8verrun of from25 to 400% 30 9. An
aerat ed food product according to any preceding claimwhich is a frozen or
chilled aerated confection. -30- 10. A process for producing an aerated food
product according to any of clainms 1 to 9, the process conprising: a)

provi di ng &l@iMsure of ingredients conprising hydrophobin and a surfactant;
5 b) aerating the m xture so that a popul ation of gas bubbles is forned,
wherein at | east 65% of the gas bubbles have a dianeter of |ess than 20pm
wi th the provi t t a yr

pr ot ein. 10101{)\%O Rérhr%%%gggd;%?g%ﬁe% ﬁSil;@ h‘ﬁ@?fiﬁgﬂ’“r g?#\ sﬁ%l;'fa[tnm {eHélgs
frozen during aemieﬂ food prxbtect mrﬁ@inbb a Ipopulatipnookgas fl:mbbwsodmareg\ an

aerated _food ordin o any of 15 cl ai the cess
conpri sPng: a? #%&%Pﬁ eagﬁ"ﬁ EFEW@SJ%VP@#@H’%\%E 9%%6??%2%‘ bin; b)
aerating the wherein
at | east 65% @W%%@?i% grgﬂﬁgt'/ae@éé @aérgeqtg[ﬁ%lf%eé@&%rﬁﬁﬁfg%ﬂ] and 20
c) adding a surfactant to the aerated m xture. 13 A process according to

I 12 th d t bj e
claim \Mber %\nnaera?et? Efr 5 eproducggc alijcrc%rdmgstg J:Iaum 1 which comprises at least

0.001 wt% hydrophobin.

10
3. An aerated food product according to claim 1 or claim 2 wherein the
hydrophaobin is in isolated form.
4. An aerated food product according to any of claims 1 to 3 wherein the
15 hydrophobin is a class Il hydrophobin.

5. An aerated food product according to any of claims 1 to 4 wherein the
food product comprises at least 0.05% surfactant.

20 6. An aerated food product according to any of claims 1 to 5 wherein the
surfactant is a protein in an amount of at least 0.5% by weight of the
product.

7. An aerated food product according to ciaim 6 wherein the protein is milk
25 protein.

8. An aerated food product according to any preceding claim wherein the
food product has an overrun of from 25 to 400%.

30 9. An aerated food product according to any preceding claim which is a
frozen or chilled aerated confection.



to a mxing step during and / or after step c). 25 14. A process according
to claim12 or claim13 wherein the mxture is frozen during and / or after
step b).

-30-

10. A process for producing an aerated food product according to any of
claims 1 to 9, the process comprising:
a) providing a mixture of ingredients comprising hydrophobin and a
surfactant;
5 b) aerating the mixture so that a population of gas bubbles is formed,
wherein at least 65% of the gas bubbles have a diameter of less than

20um;
with the proviso that the mixture does not contain an ice structuring
protein.
10
11. A process according to claim 10 wherein the mixture is frozen during and /

or after step b).

12. A process for producing an aerated food product according to any of
15 claims 1 to 9, the process comprising:

a) providing a mixture of ingredients comprising hydrophobin;

b) aerating the mixture so that a population of gas bubbles is formed,
wherein at least 65% of the gas bubbles have a diameter of less than
20um; and

20 ¢) adding a surfactant to the aerated mixture.

13. A process according to claim 12 wherein the aerated mixture is subjected
to a mixing step during and / or after step c).

25 14. A process according to claim 12 or claim 13 wherein the mixture is frozen
during and / or after step b).



