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AERATED FOOD PRODUCTS CONTAI NI NG HYDROPHOBI N Fi el d of

the invention The present invention relates to frozen
wonromwatLet hat i ncl ude hydrophobi ns. Backgr oun8CT®PR6/006997

i nvention During storage, the ice crystals present in

frozen products tend to increase in size as a result
afdiaTHY HRBb CoHIHOERS $6RT SHeEl: aspE@eyst al | i sation. This

can lead to poor product characteristics such as poor

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

oduyct .da %e It has been suggested previously to
Eééglﬂﬂﬁﬂ@ﬁgg—ﬂerned "anti-freeze proteins" (also known
as "ice struqturln pr ot ei ns to i nhibit the prqcess
The present kyeptionrela pérpzeglﬂﬁ)%ﬁws6‘?&%@%@&9?‘?@}&\%
have found that a class of proteins found in fungi,
ternmed hydrophobins, are also able to inhibit ice

Backesound tiy thetinvemtidr ozen products. Accordingly, the
present invention provides a frozen conposition, such

~ D@sngsfor rthfa@ééicmstawptfeseml‘rpfrozemgrdwm:tsn’@lmdttonncrease in size

pref erab hydr op hoblnlnlsolatedfﬁn{éln rea
asagp’@@u_ilt of dﬁnqm@g,@r@pesﬁmqrbﬁs ﬁq\yqstg isation., J%é%can ead to poor

o RC SRR, B SR S Scbnaseupabs i

ad/or td produstudamageant lrad beearsuggeptmi pre)/npusl}adh use proteins
frozen food product, 233 whi ch hydr.o P in salt D inhibit
teradt Bl TERRTBDIOMIEH o480 FONE 35 ee SRS BEPEInS LD inhio
L [ ferred enbodi nent, hydrophobin
thiesp rgggwghe@ rgcwg%"%&ﬁtbﬁof at least 0.001 % nore
preferably at least 0.01 wt% |n one enbodi nent, the
frozen conposition is aerated. In another enbodi nent,
Stienary@f e fvaptishtion i s unaerated.ln a rel ated
aspect the present invention provides a conposition

\fﬁ ﬁé sl tHat & EIRSE O praemsoaaddh faigif teermedvieydrophobins, are
conposi tion conprises hydrophobin,
also able to inhibit ice crystal growth in frozen products.

Accordingly, the present invention provides a frozen composition, such as a
frozen food product, comprising hydrophobin, preferably hydrophobin in isolated
form. In a related aspect, the present invention provides a frozen composition,
such as a frozen food product, comprising hydrophobin in a form capable of
assembly at an air-liquid surface and a frozen composition, such as a frozen food
product, to which hydrophobin in said form has been added.

Preferably the hydrophobin is a class Il hydrophobin.

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

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

the frozen composition is unaerated.
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preferably hydrophobin in isolated form together wth

at |l east one of the remaining ingredients of the food
wonromat426t he conposition being in unfrozen foPAOT/EP2005/006997

Preferably the conposition cénprises all the remaining

ingredients of the food product. In a rel ated

IneTRagiedei¥pect, tRe Pres@ittinvantiont provides ey tdepositidnfor producing a
conmposition for Pro_duci ng a frozen food product of the )
frozencieodaprodipl ehtheoimyertian, ouhiel FoMRAsHion, ePHpHe®s Rydrophobin,

a B Ak L | at +ib oget hLh
Pl RlelroBRODRY R sDickdl BT 86l yith P IR hblor the
renfaining ihgretligmte dofc the Rved @radidot, the coommsitian being in unfrozen

- 'l th D e .
fofTRe PrBERLY e COMPFRDIN BABRTSTS Alib JRTATUBO GRS of the
foB&%r&ﬁﬁ:tOf hydr ophobin in a method of inhibiting ice

a

cryst growth in a frozen conposition. Preferably the

hydr ophobin is used to inhibit ice recrystallisation.

In a re|lated aspect, the present.invent.ion al,so o
Ined oBlelseh SrioiZBRG the, RIESENG BANIRH ST UKRG A gy composition for
erBQbiﬁg' ANGoz6R 1660 Frotudtadh thel Mvanfiord29Richoeampbdition comprises
The present invention further lorow des a method of
hyidnopthin nereferablyrhysirephafrin i isolated farmmdpgethpewith at least one of

recrystallisatijo i frpze ti i ch
thi o febR ol olfteoiehe R BRTERY, PRkFr oRefaraRly the
caPhp&Nitidr? corpiesdiali e freariamning Abndigaidc ongredldntorof tive food
a related aspect, the present 1 nvention provides a
pragudlod of nodifying ice crystal habit in a frozen
conposi tion which nethod conprises adding to the
conposi tion hydrophobin prior to and/or during

THe gresarg ilbvehtion Eissiyrbvides thepusé eofreygtdrephobinnienta nfethod of
t he. above-descri bed uses and net hogds te'ge [of0) [
S

. Lhe, . , it .
inhibitipgr ieg £EYstRbeP R da @ FOZEN BRMRPFRIANG d3IES Yothegaydrophobin
is U3Ba 18 Vit R2 recrystallisation.

In a related aspect, the present invention also provides the use of hydrophobin in

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

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

composition.

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

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

In a preferred embodiment of the above-described uses and methods, the

composition is a frozen food product.
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Unl ess defined otherwi se, all technical and scientific
terns used herein have the sane neaning as commonly

wanderee«wed by one of ordinary skill in the ar PCTEPZ05/006997

in chilled confectionery/frozen confectionery

manuf acture, chem stry and bi otechnol ogy). Definitions
and descriptions of various terns and techni ques used
in chilled/frozen confectﬁpnery manuf acture are found
in lce Cream 4th Edition,” Arbuckle (1986), Van

Nostrapd Rei nhol d Conpany, New York, NY. Standard
M&&W@@ﬁ-@ecul ar and bi ocheni cal met hods

can be found in SanbroqQk t alt . Je l.ar i na:
Unlestsiefinest gthrames, &l tgphpical an?i c%‘ g{asélsgd%rggrrba% the
sah@%%a%r‘i%ﬁs Eétﬁﬁ@nl GRldrsBsd by ohlabbordjnaky M(ﬂl antjneparg(ﬁ;m in

ort Prof ocol s.in Ml ecul ar )
chilledh ErbAERGRPEIVIIORS" & SEFREUONRY. rafirchfte e, gr'?:
b;q_éBHn%g)o .Bﬁiﬁﬁaﬁsr g’ﬁ@&é&ﬁbﬁon%ﬂ%hewtemms Indlte@y\)ques use
phoblns are a -d | am

in phithedfrozen( wﬁg@ogeryl@gvu fage afg fc‘im S 'Eﬁga.% % %dtion,
Ar%\érg(geo 1080, RRBFand ReSrRRY o bN@w YBfk, N25-Standard

enbly at a dr a bi ¢/ hydr .
te(thmweéamﬁed ém’dmﬂ;(?lﬂﬁj ar'\{ obigeh Basglﬁg'é‘l?é QAT BB VoS in
rgc'ix/t\a vl N ggc:ﬁ%r Cidiing- & L&o&t&y@cﬂ%ﬁnmﬁa@ n (LSEQ Cad

sunngeﬂmaehawawap%eiiéﬁﬁoim%?ﬁﬂe%rgo% A pubyBRel b,
s@?@f’o@@ i M Bég%@(mgg YR ER, 188N Wilep& Sons]dnc. Frand

resi u ( t he conservgd se uence are
th@ﬁmtveca‘iordemubplﬁlm@nb redesals iny Molerdlaciol of the

present invention, the term hydrophobin has a w der .
meaning to include functionally equival ent proteins
HwirodHobiisspl ayi ng the characteristic of seffasserrbl y at

DD D g, L hehLae Seesdh 14, WPicrob.
PHYE: g%;ﬁéﬁfw& é‘% 12(%}_3 Gy Reve-Microtsis)- 55)@25 m)aamme of

self-assembly at a hydrophobmlhyd‘op"zhcﬂc mte';\l?ace, and having a conserved
sequence:

X,rC-Xs.g—C-C-X11_39—C~X8.23-C-XS9-C-C-X5.13-C-Xm (SEQ ID No. 1)

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 o
include functionally equivalent proteins still displaying the characteristic of self-
assembly at a hydrophobic-hydrophilic interface resulting in a protein film, such
as proteins comprising the sequence:
X -C-X1.50-C-Xo-6-C-X1-100-C-X1.100-C-X1.50-C-Xo-6-C-X4.50-C-Xm (SEQID No. 2)

or parts thereof still displaying the characteristic of self-assembly at a
hydrophobic-hydrophilic interface resulting in a protein film. In accordance with

the definition of the present invention, self-assembly can be detected by
adsorbing the protein fo Teflon and using Circular Dichroism to establish the
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or parts thereof still displaying the characteristic
of self-assenbly at a hydrophobi c-hydrophilic
wonverofiece resulting in a protein film |n acceCcUuarem®s/006997
with the definition of the pstesent invention,
sel f-assenbly can be detected by adsorbing the protein

pr%%er:l—@é bP gél&%ﬁéﬁdrg%tr@c @héﬁfl OLSdhx} PDESV SNt &thal., 1998,

epresenc econ ary s ructure (in" general,
BiophYys.x)) 74D205968). et al ., 1998, Biophys. J. 74:
2059-68). The formation of a fil mcan be established
by incubating a Teflon sheet in the protein solution

THO ko RYR-nbYF atﬂulneeéﬁ Hehéetabmﬁaes Vhéubatmbes mﬂohuéﬁm in the
(Wosten et al., 1994, Enbo. J. 13 5848-54) .

prptenm sohutibhl fallewed by atll%%ﬁlth@dwijh%ﬁwwltb lwatabpébhﬁ%%%ten et

alas Lo R ok ol Dan bl e P AL EFR L3¢ yeliRE by any

suwéblé"'%éihbd auamsnldb)enng akithy ahﬂu@rewémemarmrgon@yf thmuse of
o 2000, but nore usua ¥ nintotal are

ﬂuqnaaacemmrmbogm, ashis welf ieg héhe@ﬂn e s HB AN nntyth@"y have

e I f
5L Bl 53800 NGRS 2 LH ) 38t han 100
oMRD0. Thecasiinition asf Wdrbpldobxphmbthe aodtext loé rtheoprsseht snvention
such as polysaccharldes dr ophob dentlfle

inglaidles HhisiogeRmtaing yofc JuskePrhpbia g anef h&‘ésoq'mpﬁ 288 well as
cdr{éuqﬁgg %f hyﬁl%gh% I%thérfl%laéblfl %ubﬁ‘ ak Nﬁ%}sa@éhandes

at sel sse e at r ophobi
i nt erfaces i nto anphi pathic fil ns. Asserrbl ages of

| h [
HysioRBOBINSARREIAY ORI IR R NesToH B £8hEr HARR TR class 1.
Bé!l]"f‘lr ’EXSEX h%\fvejgé tifisd G4 %ﬂtﬁ@snsédrlé%d%l‘éﬁéﬂhﬁ&hé‘tayélf-assemble

een i led in filanmentous bacteria, such

ammd'mm@f’dme'mﬁdaﬁepmfowmmmq Yilos./ 7$§§amblmﬁ§s@f class |
o BniBe: Se° raiafns isoiaRet Bkt tBRORT eless, /1y fydrophobins

re‘éUﬂYﬁlstsBR/)é iRAVearfity f bUReftsst ei ne reS| dues Such
proteins are an exanple of functional equivalents to

hydr ophobi ns havi ng the consensus sequences shown in

Hi&@g@ﬁpk\?ﬂ(\%é{oﬁ%‘iﬂe%iav%%s@'bgem&e\iutﬁieﬁhﬁ fisNBRtRls Bdteria, such

as Actinomycete and Steptomyces sp. (WO01/74864). These bacterial proteins,
by contrast to fungal hydrophobins, form only up to one disulphide bridge since
they have only two cysteine residues. Such proteins are an example of functional
equivalents to hydrophobins having the consensus sequences shown in SEQ ID

Nos. 1 and 2, and are within the scope of the present invention.

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

basidiomycetes and ascomycetes. Particularly preferred hosts are food grade
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The hydrophobi ns can be obtained by extraction from

native sources, such as filanentous fungi, by any
weabdcandee pr ocess. For exanpl e, hydrophobi ns caaT/e2005/006997

obtained by culturing filamentous fungi that secrete

t he hydrophobin into the growt h nmedi um or by

Lact i onf irasid ; 3 IHvdi :
orGINEAS,| Oy, TR gt K Shgena g sicphobi
ternuad coyppaini $MecCabe ard Maxl Affepe di98Pe Anpdr bpYitti. nicrobiol 65:

Pr rred hosts are hyphonycetes (e.g. Trichoderm),
54@3?‘&5&7}/0& es and asconycetes. Particularly preferred

hosts are food gradeorgani sms, such as Cryphonectria
parasitica which secretes a hydrophobin terned

Alieryatively; hydgiiobing dcamrbe ekiginedoday  hsp. usenvefy gacombinant

RTHETE e A
expfesseipdBpRobipst aie the hytipphobirsy can ¢then CUegElmleﬁed,anaﬁysed in

e nodified to express hydrophobins an? th? . . .
achglensRoMih he AfesaninyRNtiose| AeelNignes dletifoducing nudleic acid
o AR PERSRRTR A B S AR, v
théwy | Bedingt for hysitophmibirs have bekh dlomed) fromt dver 16 fungal

SPBES dSBRedor | EEATBo MEDHAGa i BheseehBosedtience of
hyﬁi‘@ﬂﬂ%s\é@&tﬂ" O a‘}}&ug'b(/?oﬁ)%? aHROYe88en 02001, Annu Rev.
yarop

obins 1dentified 1n Agaricus bisporus; and
MiddsHieln 552 @25-646)n ReRembindnt rtebhblogp Sancalsodas used to modify

eC i,nant technol ogy can al so be us t di,fy. .
hyEM bi ﬁeg'é%ﬁf&?cesgror %’Vﬂ?q?éi“ﬁ senﬂg el m&g‘?%}?ﬁwﬁ nshaving
dé&%ﬁﬂ&ﬁ&f&d;ﬁé@bﬁ%@ved properties. Typically, an

late ho

approp . t cell or organismis transforned by a
nucl ei ¢ acid construct that encodes the desired

hydr.ophobi n. The nucl eot. de ' fo h . :
Ty;ﬁ%?"lukf efbli P rBBHatﬁeh?Sfjfsceqﬁ h %rdonisg%ﬂgs?ﬁ ‘i{ &'i%t?]gt)q?g]eg x%¥ té"‘s @TJ%Iﬁ'C acid
con@&hier thah epebdss tHeeddmeRisRIrypledENEM S nliokeotide sequence coding

transcription and translation and in such a manne

for thet peliesptide cambe dngsrtacsiaty asyiaPIgPIFBESiIaR ¥ector rencoding the
neeRaghh) Q8Fhdrfs Jor rAnS&Pdh &Hd GBhakti6R &fin 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.

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 transformed with the
appropriate expression vectors. Preferred hosts are those that are considered

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

Suitable fungal species, include yeasts such as (but not limited to) those of the
genera Saccharomyces, Kluyveromyces, Pichia, Hansenula, Candida, Schizo



10

15

20

25

30

correct reading frame and wth appropriate targeting

and expression sequences). The nethods required to
woanstonues t hese expression vectors are well KROWMEPR®S/006997

those skilled in the art. A @unber of expression

systens may be used to express the pol ypepti de codi ng
oo qIRE e I, G, Mabn, shllcics SUHEEp (But not fmited to)
thesyesbéthe gemalatAs,tmfglllas,l Tmimcmymae NﬁlC@ndewzmpgralfFusarium and
h Ensforned with the appropriate expression vectors.

@W ferred hosts are those that are considered food

grade - 'generally regarded as safe’ (GRAS). Suitable

fungal species, include yeasts such as (but not

THe sequehdes)endosting tfe hydropbebking Badqurterablyideast 80% identical

o SRS 51 By BRRER a8 PR, e prfeaby

leSREGERS of UDD IR SdéMtital.nHolvbvert gfbrédns tRilee iaf thfehart may make
genera Aspergillus, Tri choderma, Micor, Neuros

consenvativen substitutionsi ckreothvsn@r@@qLﬁsm}@\aaa@%dhﬁbdw@t reduce the

d
oSHESPRRUAR o' FelhBEARN, Bor EchuBBEe) G4 filerbn these
hyﬁi@éwcﬁamﬁpbgséﬁsﬁfg’:‘mhlgh&bvél&ﬁﬁdeﬁﬁ%@ta Hy@iéphobin that naturally
i dentical. Howeve persons skilled in the art may

OQ‘ﬁHRfeaE,Q)ﬁ@@rQﬂél?'ﬁO@dy\ﬁw thetermnbYderheRES -ani no aci d

changes that do not reduce the biological activity of

t he hydrophobi n. For the purpose of the invention
HydrepRobingr cqnh diw Imntleetsfe@mi agiturbi mediaylor| ealkilaroextracts by, for

'e%dniﬁteé% erdeacuia siseribne oV oNBab ARt REvees dsorbing the

?;Pﬁcfglaﬁb%r)%é?gli& Qgg%gﬁb&ﬁ Jdn@éTh Fﬁ' S&Uﬂoﬁﬁ@' surfice and then

rexanp procedur e
ccrmaa:img)ehlel wrfMOeOWn&?@?Gswxhctamt,l r$uoh vaes Ewgen bRfg tehelute the

drophohi n _presen ro ont

SRR ey Sittaden o S alsnreibi h oty fdtizn Bigghim Biophys
%vat N569:51149-801 @an!]esépél FOOPVERIM. aOMlér@bﬁil ue 163@-4 Askolin et

dr ophobi n fromthe surface. See also Collen et al

alzom1 Bup@l:MIWDBin@rlfy@lea571$%©-30139d@ﬁ VagsaHja-, d@v9, Eur J
Blochemzagz 34ARs J. Mcrobiol. 48: 1030-4; Askolin et

Frozen Compositions

Frozen compositions/frozen products include frozen food products and frozen
biological materials. Frozen food products include frozen plant-derived materials,
such as fruit and vegetables, frozen animal-derived materials, such as frozen
meat and fish, as well as frozen processed food products, such as ready-made
meals, sauces and frozen confections such as ice cream, milk ice, frozen yoghurt,
sherbet, slushes, frozen custard, water ice, sorbet, granitas and frozen purees.

Frozen compositions of the invention can be aerated or unaerated. The term
“aerated” means that gas has been intentionally incorporated into the product,
such as by mechanical means. The gas is preferably any food-grade gas such as
air, nitrogen or carbon dioxide. The extent of aeration, especially in the context of
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al., 2001 , Appl Mcrobiol Biotechnol. 57: 124-30; and
De Vries et al., 1999, Eur J Biochem 262: 377-85.
woenrem@04L2onposi ti ons Frozen conposi ti ons/ fr 0zeRCT/EP2005/006997
products include frozen food7 products and frozen
bi ol ogi cal materials. Frozen food products include
r S ”
acraEaf SR8y 5 AFlelm] Benriecn BHAR A Polgrthi, Aitne contert of
thé peesent imaihtiond%ovetrunas defimdd msvdlumedarmps asessed f ood
products, such as ready-nmade neals, sauces and frozen
QOGS bOMS frat Berfied pPodictaolurnk lof itise miky/ofime of the mix)
yoghurt, sherbet, slushes, frozen custard, water ice,
sorbet, granitas and frozeX pPees. Frozen
conp03|t|ons of the invention can be aerated or
Thmamoantedf ovrereun preaenam thecprodustindl varytdepending opdes desired

pr89u N0 5@9 gg thﬁe or at ga@gtlgv%hogfogfreg@“ﬁ é%?lgfe@n?f‘s typically
frd‘rﬁ %%Gf 208 966%S Usher@Bisahé ovBirlih AU MALETICERIIOM 25 to 30%.

di oxi de. The extent of aeration, especially in the
context ofaerated food products, is typicall y defi ned

o] B Lo e RSG5 i S, BRGEEBY s an

ov@h’ﬂw éﬂés@fthémﬁo% rabreapreféraBlydiead Uhin -1096) lﬁm?unéertalt‘aj frozen
x) [ volume of the m x) X 100 The apount of overrun

fogd @Eeghict ||$1n@‘lﬁéltb¢‘6§d 9 'qu%fatQaﬁVPééb'@Hcﬁ%‘gh'@ﬁ'ﬁgw@ increase the
%:é%rﬁtggF prl\fb%%?ﬁelgg@rlf‘%ﬁrb'esé atlt_'é’d tﬁé{;f]a?@ﬂ rfgr the’ z)r%paratlon of

overrun I cée crea

‘un%(érét@dlﬂﬁ%en\/\fwdeqsodlhtm,ov@wr lavelsn (yf/agas isuek ias firprmay be

25 to 30% An unaerated conposition, such as a frozen
ingparaied duthe PiodEEer abl y has an overrun of |ess then

20% nore preferably I ess than 10% An unaerated

frozen food product is not subjected to deliberate
Frezem sosiectionsrywgrogpétsg t o i ncrease the gas content.

Nonet hel ess, it will be appreciated that during the
Frozep aoafactionsfintlode raanésttione zkat fypieallprindudesmilk awmilk solids,

I I
%%\éa?miqeoéreg?ns ml?ku |cr<]a ?rsozglnryogﬁa}‘/t, ks’ﬁe ot and raée?nd ch&ar(;1 as well

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

sorbet, granitas and frozen purees.

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

in relation to the complete product.

Aerated frozen confections preferably have an overrun of from 25% to 300%,
such as from 25% to 150%, more preferably from 50 to 150%.
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Frozen confectionery products Frozen confections
i nclude confections that typically include mlk or
woizbde/sei26 ds, such as ice cream mlk ice, froPEWEP2005/006997
yoghurt, sherbet and frozensustard, as well as frozen
confections that do not contain mlk or mlk solids,
such as water ice, sorbet, granitas and frozen purees.
The frozen confections nay be in the formof a
Thecarposnt ef hydrdphobinhereseat in thesfrozere coomosiionsrofr legi iprention

w:lﬁ&e}wgﬁq{&]%rlf/gtgﬁ%n Rgﬁp ZQ%SPBSQS rtf l’qrﬁﬁ@atwgh%ﬁdbzﬁ the case of
aeﬁeﬁ%@ gﬁ% St @dkeNidiema dtIRE aftf piase. CTRAGAIW) tied pfc&ﬂkﬁ WI|| contain

n coated in a |layer of ice cream
at d)easak/a@ 801 witdt hydropbebing Jneks nmf%%pr%ﬂﬁﬁst 0100@. 1>ll 0&1 wt%.

Typﬁa HGE st gt SRR Bar” e PR8I P Fvrophobin

APbEfdorh A élﬁ%l@técﬁﬁcé or ahglaraligpopeteicts eofl. theehydrophobin can a
conf ection that contain hydrophob| n and not in

mixtiraof tvo pomaie diffarpnichdrpplaefia (olyREPHERS: f r ozen

confections preferably have an overrun of from 25%to
300% such as from 25%to 150% nore preferably from

Preferaisly 158 Hydhphebinisiclads Ihigdophobim present in the
frozen conpositions of the invention will generally

vary dependi ng on the product fornmulation and, in the

Tr%aéfes%lﬁq r%ﬁﬁ)ﬂ Ql'égdéﬁéo?n?ﬁﬁgé%s"%d’l snﬂf)né W6 ded&ﬁlﬂf% frozen

€ produ cont a| | east 0.0
food % rdaﬁadf O@Ihdbe ninventien,pvefieh abd)MpQSItIDBaSDrT@IISeS bydrophobm

01 %
an%%\,\h}'/@f g%&@%%&%@m@g&g&%\gﬁl tl[%co g&'f:é‘lg%%iﬁeas*{ Partially
pl@l't"g &gé‘é SE1dst 0P BF 20% Mur‘éf based ‘bﬁswélgﬁt of 68lids. Thus, the

In can a mxture of two or nore different

hyhmbmqﬁlmhns mop@dgedpas pas. ofFa ataturallypocHeingy argamispi fuch as a

m‘é ghﬁgi’g i h c'%/ﬂi‘[ﬂr&@p ??%E%SS{ATE% remzcirgéﬁgtﬁlﬂg m #éoéz%i; r;‘ﬁ{? i g'g rophobin
r o
Wlﬁ tg?wét] ob (%IE‘M Geéh\g;\r/ gﬁbg ?é)t(t{]éé&h%@ g r%g ﬁ ﬁuﬁ 'Iyl dﬁggm:inngs sstree of

obtauoedwdetomnarywpwssgorun 3 bestorgaris| | y

Such compositions include liquid premixes, for example premixes used in the
production of frozen confectionery products, and dry mixes, for example powders,
to which an aqueous liquid, such as milk or water, is added prior to or during

freezing.

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

food product of the invention.
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purified, such as at |east 10% or 20% pure, based on

wei ght of solids. Thus, the hydrophobin is not added
wao@ane420f a natural |l y-occurring organi sm sSueOTaAR2@5/006997

mushroom which naturally expresses hydrophobi ns.

I nstead, the hydrophobin wll typically either have

9] tr. f t - ' . .
DRE EAmRERTRS e BRETh Bl lohh PIAFR3RY ffelon vt also
cOHphsS OmASingradiantsN i wdiditionatel thep hedropbebir, avhiek aarpl ormally
rem xes used in the production of fro

ingloiipecH ko Foch RseRiats & Gty fab esauIsHisrs, clayepriegs etc. The
c%iﬁ‘@sﬁﬁéms ?r?aa)é@gﬁgieagll %? W& Vérghlrrﬁt% ﬂppi@?!ﬁng@r%iéhtsofequired to

is a rior to or

m@ﬁéﬁhéi foodnprodact puchldleatngll dhatr theenséoodegrardycddofin aqueous
.the invention, wll _co i.se other. jngredients, in

it $4GS 36 oVatkE Gy il AHBh e CRRIPORTIRCIS 5RRH)tBybe Processed to

fo'érﬁﬁ% glg?é’n Fdbd ?rl%dfu?}‘,?gt REQRHtion® h’lgwes% fconig®sitions, examples of

Iers, avourings etc. The conpOsitions may
whichl mdkida! powtietshand egranuiesg cangbe diesigned tayuboetbdindustrial and

make the food product, su hat .the co Ltion is
re[t@tqd?e,tqp e f@é@&é%ﬂ%&%’ﬁ'ﬂ?‘adﬁ?f@?éﬁﬁgﬁ? ‘product of

the invention.Dry conpositions for producing a frozen

food product of the invention will also conprise other

The dydutiphobé isi addatiior & eampesities inyadiosphansd i ansmmingsgich that

Lhormally included.in the f ; L

IS 5 S o o R, S5 s BaestBlisaon. andr

SRy i€ CHeealhdbiof Bl Re temi“added o hiszni that the h%/drophobin is
ingredients required to make the food product suc

deliberatgly intreguced dnigste erserpsiiinry fardhedrpgse &fidaking advantage

.Qui_6l. h . r or ..l L ORN/ :
of W7 8" P TOHCLE, o, o e AGIR 0Byt ot
CbhRsedquettlyt i whereT iegredidngs careppsedentner, aeikiedpltiest cbntain fungal

whi ch include powders and granul es,. can be g si gned
comaMiRANIS] ik r MAY #ABAIR BYdropEebing AAhBERESst. {Aisnfloes not
. _ . o e
oSN F BT ORI cho o eamobii
that it is available to inhibit ice crystal growh,
T?&ggllya}s’thécﬁy rSSrﬁth?iFn %le{dsd%tdl t%nthea;r)]%/d%rct in a form that is capable of

self-assembly at an air-liquid surface.

Typically, the hydrophobin is added to the compositions of the invention in an
isolated form, typically at least partially purified, such as at least 10% pure, based
on weight of solids. By “added in isolated form”, we mean that the hydrophobin is
not added as part of a naturally-occurring organism, such as a mushroom, which
naturally expresses hydrophobins. Instead, the hydrophobin will typically either
have been extracted from a naturally-occurring source or obtained by

recombinant expression in a host organism.

The added hydrophobin can be used to reduce or inhibit the growth of ice
crystals, for example to inhibit the process of ice recrystallisation, and/or to modify
ice crystal habit (i.e. ice crystal shape). Inhibition and/or modification can take
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nodi fy ice crystal habit. By the term "added", we nean

that the hydrophobin is deliberately introduced into
woheostaomesi ti on for the purpose of taking advaorageoosoc97

its ability to inhibit ice cngstal growth and/ or

nodi fy ice crystal habit. Consequently, where

oL RSB ! Pt o

tar Rfreivtitl@ad/drhice dﬂﬁ@al habit Qmmmglﬂreézin@dﬂhnbe used to alter the
e cont ext of resent

X¥A/ro phobi n wi thin h
tepirerfitae Prq@lﬂﬁtcdnﬂ“?'t'oﬂrfé‘ 66 APy HIS isﬁt' 3 IHRERVESIRIOtYet stability
t is capable of self-assenbly at
mgrr?gg?'ﬁ&? #J]qtuhl% 3[5*%%2 Typi cal ly, the hydrophobin is
added to the conp03|t|ons of the invention in an

i sol ated form pica a artia (fied
Hidehabing: CrBualsd 6, Hard lo,dBRt oRewengial” afovidhy i SEh as ice
r%‘yﬁtglgﬁﬁtg?dnréldggﬁot@bgg&%{gf gébllg ‘gf c@ﬁlﬂ@r bhﬁégl&é]ematenals This will
assistuinatedycingcdamageg tocglisiasng rss;dhoh&eafrmhg @oogesses used to

whi ch natura sse hobi ns. tea
YR PR ImEtRBRe ar Syci: TIRBERAL Dot Bt difhdby Sytures of
uhiceliar BRjdMisths ¥inac@H lineBYganiatesCe @ spEiMiaRBCbVaY and tissue and

recombi nant expression in a host organism The added
orgamssieyediraramuicelisiar arganistmnse botiy plants and animals.

gromh of ice crystals, for exanple to inhibit the

process of ice recrystallisation, and/or to nodify ice

Aecorelirfly Akl prddent. investicr Yalsa! pr@bf@i@%) a frokehi téltar blologlcal
and/ or nodi fication can takepl ace duri ré% freezing an

materigl taamprisieg ihygraphgbiny iy |s,¢éatg@ Sprpeprafenabhy P‘P@ﬁ”%lﬂg at least
Tdbe em%sﬁ"? ro%[)g%@e\gﬂﬁ/ tﬂé ﬁ]l’ﬁétah Bahi B?ﬁltkﬁﬁ'egt% specifically

to aI ure 0
extladedt . |1 nhibition of ice recrystalllsation i mproves
product stability in response to thernmal abuse.

Hydr ophobi ns can al so be used to inhibit ice crystal

Tﬁé ‘b\{’é&fnﬁ ttr%ﬁ fhﬁﬁ ¥ &%W)%Ts%b'u%%tdf%/dré’&gfﬂi’ﬁ td ﬁﬁublt ice crystal

I'n ce |'ul'ar biological 'material s.
ngth assl sas ice reetystallisativanwgpd/aranodify measrystalelmbnt |mfa frozen

ol b0, Bieteial oaptaRonlfaliEEn fef e i, ppgior afer

fr@ézing of the biological material.

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

examples which are illustrative only and non-limiting.

Description of the figures

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

Figure 2 is a scanning electron micrograph of aerated frozen product
microstructures - fresh and after abuse (Magnification x100)

Figure 3 is a scanning electron micrograph of aerated frozen product

microstructures - fresh and after abuse (Magnification x300)
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uni cel lul ar organisns and cell |ines; ganetes e.g.

sperm and ova; and tissue and organs derived from
waoubdeioaed2b ul ar or gani sns, both plants and ani nRCS/EP2005/006997

Accordingly the present inveption also provides a

frozen cellul ar biological material conprising

dr oph | at df I | Si
FigeL RO Bt SRR AT RGO HERGY o TR brocuc
msbwmcﬁﬁéggﬁo HIFBIS P50 fiemifloatiens! uded. The present
i nvention rther provides the use of hydrophobin to

Flétﬂ@' b t % hofsCT YSEMing" @1édirons Ukbra§rdp®® of unaerated product
ecrystallisation, and/or nodify 1Ce crystal habit in
mxardstrmlz:mres @vith I—ErBlb i(60% giagnification).i al .

I nhi bition/nodification can be during and/or after

freezing of the biological material. The present

E)Hﬁ{ﬁﬁ,gl Qﬂe%iéd Pro¥cRePsthifgtsbed further with reference

I ow ng exanpl es which are illustrative onl y
t Fi gure
AR B SO e e 01

f 0 e 2 is a scanning electron
rgocﬁ@@r(g%%qﬁébgl\faa@gé frozen product mcrostructures -
B:fSigmnanMilRFowdeal{8MP)( Magni fi cation x100) Figure 3 is
a scanni ng el ectron m.crograph of aerated frozen
C:diystraphobind HES! drom  égho QFFT@;WeéﬁU after abuse
(Magni fication x300)Figure 4 shows scanning el ectron
m crographs of unaerated product mcrostructures (no
M|U|I%Etﬂu)ctdréDandaghyélcaiap;cxpe)hesFlog lil;e prosinctss werancompared, both
el ectron_ m crogra unaer at ed product
betorerand @@%rtt@pgger:e&rg ﬁgpﬁ%f‘?g'%()( magni fi cation).
Exanple 1 - Aerated Frozen Products Aerated frozen
products were prepared using 3 types of protein: A
M&edinlsn Casei nate (Na Cas) B: Skimred M| k Powder (SWP)

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

Ingredient Composition Supplier

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

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

powder 3.7% moisture

Hydrophobin type Il | Purified from Trichoderma VTT Biotechnology,
(HFB 1) reesei essentially as Finland.

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

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

Table 1. Materials used
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C. Hydrophobin (HFBII) from Trichodernma reesei

M crostructural and physical properties of the
wonrowweeLe wer e conpar ed, both before and aft er PCT/EP2005/006997

tenperature abuse reginmes. Mgterials Details of the

materials used are summari sed in Table 1 and the

formul ati ons from which each of the aerated frozen

products was prepared are shown in Table 2. Table 1.

Materials usedTaongg\. For mul at“k/?rg used Prpe @,ti on
( ks

of the Aerated Frozen Pr oduct 5 Emul si o

reparation Al I'n 100 g batches. For
ri)ﬁ g and B (cp PQFW ﬁeg'o ?i % caseinate_and ski med
sr@dlidfn@;ggglﬁéte respecti v:gsby) the protein was| conbi ned

—wi-th—the—steroserand—dispersed—nto cotdwater using—=a
Skigredirilisti rrer| The solputi on was ¥Hth heat ed to'680C
pawderstirring and held for 5 rfi nutes before| bei ng
I-ﬁ'-ﬁhed to 400C Ften_coconut| fat was theni addedyand

aqueous mx Imrediately sanicated (Branson Sonifer
o@jdobuﬁgﬂmn t aper ed ti pj.of or 3 |mi nut és0at 70% arrpl bude
Wt tne 11T wet rmrersed T tihe s tiom. [ The

S on was thep cooledL rapidly iné)gl(5 10 _0C wat @20

Walkh until the splutigg. en‘peratur%y\g@ 5C |to 698

llise-the at rlrnp et-s The St-OF

O
IIIC III /\CO VVCI - SU U

5Cuntil further use. For Mx C (containing HFB |1
Téﬂ?@ZSFSFrHE@HWUEé?St di spersed into cold water W|th
rrin en, half of the required concentration of

HFB Il was added to this as an aliquot. The solution

was then nt | agnicated in soni ¢ bath for 30
ﬂgg@_@i@g&fﬁﬁ&@g@@&rﬁ roducters’ || Thi's sol uti on

was then stirred on a magnetic stirrer and heated to

_4000. B@fore the nolten fat was added the sol ution was
MagtEmulsion)qereparatiom sonic bath for 30 seconds. The

nmol ten fat was then added and t he
All mixes were made in 100 g batches. For Mixes A and B (containing sodium

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

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

For Mix C (containing HFB Il), the sucrose was first dispersed into cold water with
stirring. Then, half of the required concentration of HFB |l was added to this as
an aliquot. The solution was then gently sonicated in a sonic bath for 30 seconds
to fully disperse the HFB Il. This solution was then stirred on a magnetic stirrer
and heated to 40°C. Before the molten fat was added the solution was again
sonicated in a sonic bath for 30 seconds. The molten fat was then added and the
mix was emulsified and cooled as described for Mixes A and B. A further aliquot
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m x was enul sified and cool ed as described for Mxes A

and B. A further aliquotof HFB Il was then added to
woOho®/aei2d sol ution to bring the HFB Il concenPCatEPZ®S/006997

up to 0.2% The first 0.1%q%8 HFB Il was for

emul sifying and stabilising the fat. The second

o BEEL) 38 800 o4 Y AR O o

to 6228 Fnalfirst .190of AEBCIhiWas fenuhmlswiymg/\asd pmbilamm@the fat. The
usi ng a Malvern Mastersizer, 2000.

seqaigl @dfbh@n b HFSW veeuld ipsovide iﬁﬂ?&#é@) %@%?é”é&%’\"ge good
h smal|l fat droplets. A sunmary of
ae%?iﬁﬁc?rop etnosn z}ézY1t ‘neasured is shown in Table 3. Table
3. Enul sion particle size as nmeasured using the

Mal vern Mast ersi zep, 200Q Shear. Freezin Proc ss .80
PaBiclay SER,EBEbRS 08 dthen 81 Hr SPL U A RRHRLTGY  JoiBg 4 Malvern
vertically nmounted, jacketed st ai nl ess
Ma?’%rg]%@tgggg] with internal proportions of 105 nm
hei ght and dianmeter 72 mm The |id of the vessel fills

54% of . 1t he, internal volume |eaving 46% (180 m ) for
A-@—Wé—%‘%in%@@'—s@ﬂ% rotor used to shear the sanple
Foﬁé\ﬁﬁlgsﬂﬁs GhefhotBRIgYNIE aleremablel & nedke @nlﬂglbhecwtwth small fat

proportions to scrape the surface edge of the
drapbetsaiAmeumaary of ot dreplet gigesraesisyred BahawninaTable Pr) .

Al so attached to the rotor are two senmi-circular (60

mm di anet er) hi gh-shear bl ades positioned at a 45

angle to ther ectap ul ar mlg&p% tdFQﬁlle‘l’éss bl IS

surrounded hy a jacket through wich cool ant—filows. In
essence an per at ed and frczen priaBd)ypemi s pr ¢duced as
fol | ows: Th ||| XTI € enct os containen is

m xed with ¢%$ a high s %r rate jiforder to

i ncor porate al I taneousl y, t ool ant f|l ows
around the B('Sﬁglju' acket—t6 CCCPQE:.U freez¢ the
m x. The inpel CaHF& Hp scr apes t heli&%side wal lf,
renmoving theice that forns there and |ncorporat| ng
this into the rest of the mx. Hgh shear is used to

Tabld 8 Binulsiere pattiet sive asimeasiad using thedVislverr Mastersizer 2000
sl owed in

Shear Freezing Process

80 ml of mix was sheared and frozen simultaneously in a cylindrical, vertically
mounted, jacketed stainless steel vessel with internal proportions of 105 mm
height and diameter 72 mm. The lid of the vessel fills 54% of the internal volume
leaving 46% (180 ml) for the sample. The rotor used to shear the sample
consists of a rectangular impeller of the correct proportions to scrape the surface
edge of the container as it rotates (dimensions 72 mm x 41.5mm). Also attached
to the rotor are two semi-circular (60 mm diameter) high-shear blades positioned
at a 45° angle to the rectangular attachment. The vessel is surrounded by a

jacket through which coolant flows.

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

inside the enclosed container is mixed with an impeller at a high shear rate in
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order to allow better cooling and freezing. The shear

regi nes used for each mx are graphically presented in
woioneroeo46 For the freezing and aeration step RCTEP2005/006997

M xes A and B (contai ning soghi um casei nate and ski nmed

m | k powder, respectively) the coolant (set at -18 0C)

S, set I cul at. ' = ' .
ordBP gt Phalrsie . iR ABAPRLS A pTifa the contaner
jadkedltb s érmtr freegbithg mfxf_t ﬁ'exeni_mp@lleddagsmesrceapemthé inside wall,

sonme viscosity (via ice formation and jncorporatiq .
removg the iserthel {mn@smﬁge ANGHRFOTBREAIING WIS Hﬁ‘g gh? i":%%n%ftthe mix.
righ 3eBRRT S BIRRANG LS i, 2 thpfi g Soaate s Gewed in
ord&Co Allow bbiteCcdaimy andfnegziHgB The shéar iegimeasisedifor each mix

to about 5C and, t he r_sgalﬁpl e added and the hi gh shear
are grapfucalivresenteddn FIgWe tool ant (set at - 180C) was
not switched to circulate on until 9 mnutes due to

the increased tinme required to generate 100% overrun. .
Fobnihe fieezingokadt aexatiowstephwithoMixes & rapdl Bt écqrieining sodium

RS Sh e R et A BBA Y BodRePlR 8070 v

sePYS ElreMakefoRERPE Q) ﬁfﬁ%téé‘ﬂmhésre(a’tlmgﬂs%weétﬁﬁwg 1Pt start for
were placed into small pots. Each product was cool ed

Mixes t@ndf B rallogvedi fontcesling o4 the saixeand; gengratioggofogome, viscosity

before bein .= 20, '
RS et M danafnn g A oM oo HEhet Sear. A short
tingé af AfHERId insbriceateer thb wicane therethe §pded ®AsGpped down to
Subsequent anal ysis was nade w thin one week of
allowoibecaarapies el rerchuldaastisCas "fresh” product. (b)
Tenper at ure abused sanples were subject to storage at
-10C for 1 or 2 weeks, and then subsequently stored at
For20ix0C (eehtiningriaFBsli)stheahdtewds chilledetwsabtmiteh’Cs anddhe sample

roduct overrun for product repared fromM xes A,
o e S st o her s ol A oo e cFwas not
switched to circulate on until 9 minutes due to the increased time required to
generate 100% overrun. Once the coolant was switched on to circulate (at 9

minutes), the same shear—éooling pattern as previous (for A and B) was adopted.
At the end of the process, overrun was measured and samples (approximately
15 g) were placed into small pots. Each product was cooled further for 10 minutes

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

Analysis of Aerated Frozen Products

All aerated frozen products were stored under two temperature regimes:
(@) —20°C. Subsequent analysis was made within one week of production
and we deem this as “fresh” product.
(b)  Temperature abused samples were subject to storage at —10°C for 1 or
2 weeks, and then subsequently stored at —20°C before analysis.
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Overrun of freshly made product SEM anal ysis on fresh

and tenperature abused product Ml ting behaviour on
wobnrewliand t enperat ure abused product Overrun PO®EP2005/006997

overrun for each of the prodycts is sunmarised in

Table 4. Al of the m xes were aeratable and

Heoerporated—sirgnt-eant—anmunts—of —ar =
M cr Samplet ur all St 8hear tigne afet hgdBVeHYNst annFRY product

El ectron M crogcopy {288xpnThe ni|cr ost r uc{ ur etesnperathre
products was vijsual i sed. usi ng Low Tenper ature chfmi ng
Electron M croscopy (| Y M _ The anf_ﬂ e Was_cooled to |
-8\ Ma oasfiry iice and & sanpl e gectiG$ cyt. Thisd.3

Sect OﬁP approxtmatety 5SmSR IO LT S ZEe, Was

|
mo B {&MPdn a sanmpl e holdder using a $Pssug¢ Tek : OCT
(ty &Ggppound (PVA 11%4 Carbowaxy 5%and 85% 5.6

nnn-‘pnr‘ Lve coamonents) . The-sample—inelludina—the

T~ 7 P ooy e
holgigiFBAy pl unged intd0liquid nitrd@gen $lush aneb
transferred—to a row tenperature preparati on chanber .
Oxford Instrunent CT1500HF . The chanber is under
Tabks WM Progssexidetdiis! wnd Oprodoat ,ovenuint lier paoquats i prepared from

warnmed up to -90 0C. Ice is slowy etched to reveal
Mixgs#adb a6k @i | s not caused by the iceitself, so water

is renoved at this tenperature under constant vacuum

for 60 to 90 seconds. Once etched, the sanple is
Finalgpredutis werdlditayseddsipllapst he subl i mati on, and

coated with gold using argon plasma. This process al so

t akeagvérrae ef frasisly nvaprodeict h an appl i ed pressure of

10 1 mllibars and current of 6 mllianps for 45
secopidd arglgsis gpyitesh and tegparatie @QPF%gppf‘?fs%t

con 1 ' I 600) ,

{1t gt BHEharRl Bhosh S (b HRIB R It
tenperature of -1600C. The sanple is exam ned and
areas of interest captured via digital inmage

O¥elUNsi ti on software. Freeze Fracture Transni ssion

El ectron M craosco TE .
The overrun for each of ﬁ%{a ;groduMéts is summarised in Table 4. All of the mixes

were aeratable and incorporated significant amounts of air.

Microstructural Stability: Methodology

Scanning Electron Microscopy (SEM)

The microstructure of each products was visualised using Low Temperature
Scanning Electron Microscopy (LTSEM). The sample was cooled to -80 °C on dry
ice and a sample section cut. This section, approximately 5Smmx5mmx10mm in
size, was mounted on a sample holder using a Tissue Tek : OCT ™ compound
(PVA 11%, Carbowax 5% and 85% non-reactive components). The sample
including the holder was plunged into liquid nitrogen slush and transferred to a
low temperature preparation chamber: Oxford Instrument CT1500HF . The
chamber is under vacuum, approximately 10™* bar, and the sample is warmed up
to -90 °C. Ice is slowly etched to reveal surface details not caused by the ice
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A smal | bl ock, approximately 5mm x 3nm x 3mm was cut

fromthe sanple on an al um nium plate placed on a bed
wofowrogod26e usi ng a cold scal pel. The sanpl e bPOTEPN®S/006997

nmounted vertically in a largg ' 'top hat' freeze

fracture hol der using Tissue-Tek O C. T Conpound

TS8R B O B RSty v for 6010 0

sdebf8s] OfLE @fcHEHRO samBRy isl doatdditon1ti0egesmdintfup the sublimation,
transferred to the freeze fracture chanber (-1800C)

antheoatedpiviéh eld Usig: aiged RiRsM3erldis PFRﬁeé?Slcﬁ'%Qvt@“fQﬁTPlaﬁ@ under

LI SBT3 I 4Rt 300 s o
45 Bagsns] Theb3amplehis then itransfersedotana toonaentiorek Seasniiy Electron

2nm t h ted with carb hi ck
Mrnqgsmg]éié)@a%@p\é\ﬁ) mage°<§"éwﬁ€ép°f<3>@f‘mci HESEvR0: cahy stage at

teH tfu'?é deyb6 F"np“@'i Exéﬁ%éc?én&'é?@é@@f ‘?rfntferééf%aptured
Sht o wat

e rep Ica pieces were cleaned in
vnahllig)m tmage dcqméﬂmasdmﬁW&:several tinmes with water
bef ore being collected on 400 mesh copper EM gri ds.
The grids were allowed to dry before exam nation by

Fljtég}/{e FIEM P& 37 RGhisSBn B8 cfféh Ml%s%ﬁy UrEmY a JECL 1200

m cr oscope operated at | mges were
Acntal bledk, uspproximaelysiram x,amma( %mm wagiauifrom theogample on an

ISR ok Becreomd bt ot R Ut .o ebet, T SHiile block
%Q%dﬂrﬁé@%m&nwrﬁa%r gbl® fﬂeﬁsﬂre@mréamh@mr asmgumaue—Tek

rozen pro ucts Represen ative i es can be see
Of¢.gu c@emaomw (SakuradFinetgke rﬁur@@@nBV?c Jheoh@IderrMéas lmmedlately

plr@&%{f ﬁ]%%grﬁf%gg% % éF%ﬁé&%ﬁ@%ﬂW@Egﬁnd&%qhtd nitrogen and

trah$iBiTEH ABthkYfrédst FaERie Sdh@ﬁ’qbérd(l-mmnfrhbosérhp@ewas fractured
contai ning nore conventional proteins (i.

i orheinglerbleveitompioryingieg Disgeiona ks cand an sfehed for 10
oS chl 2ogE | Fine Snah Soahdh B IR ke g win
pI@hﬁﬁiM%aﬁb&w 0% BRickRsa RPN R¥rEcoated with carbon to a thickness of
10nm. The coated sample was removed from the chamber and transfer device
and the metal replica floated off the sample, onto water. The replica pieces were
cleaned in chromic acid and washed several times with water before being
collected on 400 mesh copper EM grids. The grids were allowed to dry before
examination by TEM.

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

software (Gatan Inc).
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the ice crystal size in the fresh sanples to be 50-100

m di anmeter. For product C, we approximte the ice
wonrystoad426i ze to be 40-60 mm di aneter. After PCT/EP2005/006997

tenperature abuse the SEM i mgges clearly show that the

HFB 1|l containing product (fromMx C) has retained

L ts merostyuctire, i.e. there is relatively
qurplsfrélcg Mﬁly?'gei{ﬁs&@ttsal and air bubbl e coarseni ng.
SJéHrﬁr;%ElédiRarﬁﬂﬁ@o@édW (SEMNad wweekis etamingethetmicidstructure of

wever, the prototypes containing Na Cas and SMP
theffresh anst twn@ﬁeatsrp abgwgfrpzem WOM% VReRreseRiative images can

d
of ST FLERRLS 2 58 P ROip agrficsiols? 0% e
Overall, it is clear that the frozen product made
t HFBI | _sh h t -
Tl e 8 eae e PSR b ikl g o
(p1°‘§1’;$lr+rléﬁ1 FBRF IR ﬁo\yver?é( ééﬁt Oﬁﬁﬁrsurﬁ: affféfent to those

uence on ICe C sl ze and
caitaining more Meht/emgamrmmemsr (r er\/Mmdﬁor @gy "Etmﬂlf@serdfpropertles

oé%%fﬁ%? ﬁ%&g%ﬁ@%@%ﬁ %llgf gm@ﬂ% r.ice; qy?’@ésq\rlg'ggre[ahgéu 3Mce crystals,
amd %g@?t?ysnﬁe ta%@ret@@ﬁ@é’ bé/S?él@qudreér%Ghb@nAm Boa@ approximate

st a ty wer e observe as a function of tine. N@ltln
thBelba\dryatal sikednithe fresb samples & berQ-108 Ivraidiameiaic &or product

(stablefo nd. st abl.e i.ce S n the
CrPrARROSBIS 157 Broral Tre e A AssanEm BRAEISE! .t &g
frozen sanple nade from M x C (containing HFBI I)
retained its shape better on nelting, conpared t

Afievtameperatite abiusk the §hlvhimages elaaslycyhayk thatdbe rHﬁB< I contalnmg

pﬁgupggrc;am &\ﬁrr (fl\?nti%ssvééerﬂgg its: orh‘?ﬁéﬁ@kﬁr ¢ LhreAﬁ ttH@fé &erelatrvely

litf& iappaléenes trystad antifr Dmlmlel @bamelnh'rg-lFBlhIB is thecCase aﬂtdzre1 and 2
foam al so renmni ned on the grrd vvr%h sone st abl

weeks giaraes strvidiCherewerer dae £rofe ypé?ﬁo%ﬂta'""}%ﬁ?hé? gnd SMP
AT A 3haH, er(e's eétﬁ%lﬁg%\?&g‘é%%% EBalsBRing of the gas and ice

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

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

crystal size and stability.

Melting Behaviour: Methodology

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

foam stability, were observed as a function of time.
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and skimred m |k powder). This illustrates the
differences in the foamstability between each of the

wonraiemioge used. Textural Differences between PPOTEER®S/006997
A, B, and C Cear differenceggin texture between the
three sanples could al so be observed after one week

wah A Mgt RO, ormer ure abused saml ec)
i oS Mo 560 bt SR8 S oA Mg Brimpac

orfiifd inetig béhAlicraad thel fRsRYEpIOHABL. t TiRe Hekated TraX@Pesample made
used to i ne the sanple pot. The product nmade using

fronrBvix € (pontaining &RBIhgietdined its \ehapedvstteriammetiing, compared to

| g A . _ .
tnG GRS Wit Solch 8o BER°Dr skBigd off PEREE (P8 Mikes A
arbBN@spEBlivelpiows nuch greater stability to

t enperature abuse on both a m croscopic and

macr oscopi ¢ scal e than product prepared using sodi um

S RSB T e T BRI B B Howors:
foﬁﬁﬂi pﬂoﬁhﬁgwhh HREBIhabuch bFBle fobnalsdrentaint on the gsdiwith some
stablossise oh fam| BosSVaR) ensaih RERRINGE PR gr Neither of these
C%?%‘{%@%ﬁ%ﬁe R 858K Ed Wﬁ) ng@'can@tﬁioﬂé‘P RrbRthP¥sodidm. caseinate

ogy, as descr above, and the sucrose by
ankhskindnéy Imilk powdeegnt Tihis illesirates dhel diffarences #pthesfasina stability

rade (Keltrol RD).suppljed by CP Kelco (Atl anta,
be%gg)ep Wgﬂﬁa?ip@emdg)%ﬁ’al ysis of the non-aerated
frozen products Both solutions were prepared in 100 g
bat ches. The sucrose/ xant han sol uti on was prepared by

Textdraliffecencas betwcemBroducts A&, amdsed wat er at room
tenperature to a dry m xture of sucrose and xant han.

ClEair sliffierentd=ein textedt beiwepnatheathnes isamylées couldualspl be kbserved
af%e?rl éjr}ee\ic’vee %?or%&'af‘%'t ?-t1 81’5 (i(.jei.s’tgr%lp\é?a 'ureI gbltjge(?d ggr%%le%f). On handling
the product made using sodium caseinate (A) and skimmed milk powder (B),
these were noticed to have a very soft and very flaky texture, which was difficult
to cleanly remove from the silicon paper used to line the sample pot. The product
made using HFBII (C), on the other hand, was very firm and released from the
silicon paper lining the sample pot very cleanly. In other words, the product
prepared using HFBII shows much greater stability to temperature abuse on both
a microscopic and macroscopic scale than product prepared using sodium

caseinate or skim milk powder.

Example 2: Non-aerated frozen products

Two solutions were prepared, one containing hydrophobin HFBIlI from
Trichoderma reesei, the other not. The compositions of the solutions were as

shown in Table 5.
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Sample 2, HFBII was then added as an aliquot of a 5.3
mg/ M sol ution, after which the solution was m xed
wageiernienct he nagnetic stirrer for a further 18CT/EP2005/006997
m nutes. Freezing of the nontaerated sol uti ons was
carried out quiescently (i .e. W thout sinmultaneous
appttecatton—of —shear ) ::cu,n sot_ut un was used to fill

a smal | petri di sRaEPlBTm  vol S#PI®%ese wefe t hen
pl pin a EAp@f cabinet at|-18 OC for
24 ﬁﬁ#lrc rl||r| nn \Aﬁﬁéé\htf\aatzonrn freezi ”g uf the San-p' es
oc*hiFrBeldi Fol | ow Qg free2| ng, [0k microstrupture of
eaf Npl € Was Seéd by S sing the shne
pre &Pﬁq Fr)]on net ho )s{ dPSC?‘/I hsgﬂ:’ln Fgannl e {l.
M ,sggtds@ctural az@bysi S - resas® Representative SEM
I mages—of—each ballk}l e—at—5Oxagni frcattomrtan be seen
in ﬁ‘v’@tafes 4 and| 5391t can be|d@terned that the
m crostructure of the solutioncontaining HFBII (sanple
2) is finer and contains |ce crystal with smaller
Tabippadrsmudationsdpriaeriasrated H5pdicist ance, the el ongat ed
dendritic structures in sanple 1 (Figure 4) are wi der
and | onger than those seen in sanple 2 (Figure 5).
ThEnHFBII Mt sm[ﬂ&dt be \V'hTIBietwhnoI‘oglyy@sodesﬂIihedoabove, and the

reducin st al resul ti n i

Sugrga by Jalt Snie Ehe Spathatries dobgetpe dispReabiz diade Teltrol
f n vention, referred to in

RSE%%E gcﬁélgﬁém%ﬁéeggé& y, as appropriate, to

other sections, nutatis mutandis. Consequently

feat res SeCIerd n one se t| Qn rray be conbi ned with
Prepg ! 2 praled MozR0 PradueiBnr opri at e.
Bo‘%h'sd?@t%ﬁscwe'r@ eﬂaréal ﬁ»\medo'gq bb%e%bq\h% seEoLEixeatHmNsolution

are herein incorporated by reference. Various
wam direparedi dys addungy e aeiqbired odmonet s dpionisedmatesat room

and rod ct S,,.0f ven r : .
tofpuU b e R SEEGSB Rl ansfipy PG % e mived using
a yeagretief sﬂrhaﬁ ufAtetie eoluted W@gibmﬂsietelw\tﬁsﬁdl\wd Hasthe case of

been described in connection wth SPeCI fic pref

Sampled2nEtird| was thesupddes as an aliquot of a 5.3 mg/m s ‘fuqlon after
which the solution was mixed again on the magnetic stirrer for a further 10

minutes.

Freezing of the non-aerated solutions was carried out quiescently (i.e. without
simultaneous application of shear). Each solution was used to fill a small petri
dish of 8 ml volume. These were then placed within a domestic freezer cabinet at

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

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

using the same preparation method as described in Example 1.

Microstructural analysis — results

Representative SEM images of each sample at 50x magnification can be seen in
Figures 4 and 5. It can be discerned that the microstructure of the solution
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understood that the invention as cl ai med shoul d not be
unduly limted to such specific enbodi nents. I|ndeed,

woanicmaes2ondi fi cati ons of the descri bed nbpdes POT/EP2005/006997
carrying out the invention wg ch are apparent to those
skilled in the relevant fields are i ntended to be

1. he, f 0
coff0ih HEREIREMRR AT il A Sodiliang ik /el wifh, smaller
chiapdicterigtic Airhengiens CGﬂquasttanoe mmmg@tedodemmtm $tructures in
conprising at least 0.001 w % hg/dro hobi n.

APPSO DAGVEERIAIONISA SRR IS SR FySRrBRRD TOuTe 5).
Tis ifbslefEE e ATRRACE A ARGRIHIRH Fotbing e e EhRidbgrowtn

proyelsop hediilting B1cn9&stfaisn<zf&malm1mzat| on accordl ng to any
one of claims 1 to 3 which is unaerated. 6. A frozen
conposition according to any one of the preceding

THd @gﬁ@ué"‘?‘éé’chréss aﬁdfélﬁgo&h@ﬁ'é?'bf tﬁe feséMZRNehiion referred to in

product according to claim6 which'is a frozen
mdlmduettsemheny pb@‘cmOapplys as eppiepsiate,ofp fetheprernlionag mutatis

miiandR CCApSSTdTIN BT SCEHGE b St 5B Rl fie Baffiied wit
fehRIr83 5P8&HEE® In Yihich sbBRorise BBlapbRepriater edi ents of the

food product, the conposition being in unfrozen form
9. A dry conposition for produci n'g a frozen food
Alp putliicztioas qoenlioned in theashove spedilicationzarenheistin incorporated by

t hobi I
refiggBeher A TREERRNS G Horong Lo'uT eGP e Begpods and
prbBficts08M i GRtition1 Qdll Beeapparewt o rhebe nskilfed ﬁhlthetaﬂﬂgmthout
ice crystal growh in a frozen conposition.1]l.

depactinglifrag ttbecsedpa 0b thédneentionhe Althereh tmww@ntl%mas been
descn%ef opd c%n%g(u,ﬁén with specific preferred embodiments, it should be

understood that the invention as claimed should not be unduly limited to such
specific embodiments. Indeed, various modifications of the described modes for
carrying out the invention which are apparent to those skilled in the relevant fields

are intended to be within the scope of the following claims.
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12. Use of hydrophobin in nodifying ice crystal habit
in a frozen conposition. 13. Use according to claim12
woheremiou2b he frozen conposition is a food prodeCT/EP1605/006997
Use of a hydrophobin in inprgving the tenperature
tol erance of a frozen conposition. 15. Use accordi ng
to claim 14 wherein the fr § onposition is a food
prpduct.F3383vﬂ.ST25.txt LI STI NG <110>
Uni | ever et al . <120> Frozen Products <130> F3383
<140> PCT/ EP2005/ 006997 <141> 2Q0S- 06-27 <15Q>
1. EP0A0fBazegBCaMpesitisn soomrisinghydreBaebipip SRIAed Jon.< 151 >
2005- 03-27 <160> 2 <170> patentin version 3.3 <210> 1
<211> 15 <212> PRT <213> Hypot heti cal <220> <221>
2. REPBAfFozen composition according to claim 1 comprising at least 0.001 wt%

hydrophobin.
3. A frozen composition comprising at least 0.001 wt% hydrophobin.

4, A frozen composition according to any one of claims 1 to 3 wherein the

hydrophobin is a class Il hydrophobin.

5. A frozen composition according to any one of claims 1 to 3 which is
unaerated.
6. A frozen composition according to any one of the preceding claims which

is a food product.

7. A frozen food product according to claim 6 which is a frozen confectionery
product.
8. A composition for producing a frozen food product according to claim 6 or

claim 7, which composition comprises hydrophobin in isolated form together with
the remaining ingredients of the food product, the composition being in unfrozen

form.
9. A dry composition for producing a frozen food product according to claim 6
or claim 7, which composition comprises hydrophobin in isolated form together

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

10.  Use of hydrophobin in inhibiting ice crystal growth in a frozen composition.
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<222> CD - -CD <223> p repeats <220> <221> REPEAT

<222> C3) .C3) <223> 11 to 39 repeats <220> <221>
WEBRIBATORR22> C6) . C6) <223> 5 to 8 repeats <2PCHER2ADIH06997

REPEAT <212> C8) ..(C8) <223>,8 to 23 repeats <220>

<221> REPEAT <222> d O ..0 0O <223> 5 to 9 repeats

122 e A5 8225 B 2T bbb is @ foor
product.

12. Use of hydrophobin in modifying ice crystal habit in a frozen composition.

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

14.  Use of a hydrophobin in improving the temperature tolerance of a frozen

composition.

15. Use according to claim 14 wherein the frozen composition is a food
product.
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