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DPP-1V inhibitors The present invention relates to a
novel class of dipeptidyl peptidase inhibitors,
wonadewdoa2g phar maceuti cal ly acceptabl e sal ts aRAT/EP2005/006996
prodr ugs thereof, which are useful as therapeutic
ounds, parti cul ar n the treatnment of Type 2
AFtﬂAg {FOSD (R WqCFESCONEf*f%WGr%‘F%ﬁOP%B% Y as non-insulin
dependent di abetes nellitus (NIDDM, and of conditions
that are often associated with this disease, such as

S%HH/e A0Anfid P! d d| sorders Diabetes refers to a
rived fromnultiple causative
actors .and r e .
BB erol %%}%%hﬁgﬁ%q Fost BloBficls L ol gBhobins.
adm ni stration of glucose during an oral glucose
tol erance test Persistent or uncontrolled
I ociated with increased and

premature norbidity and nortality Often abnor nmal
Agwmaszenatynebm@ctumod@ctamalat istrogueed gJasesiich amair, nitrogen

anfifor ceghon) ghbdde. SuEhbeBf fndhad Bozeh Bt ol GRS Blducts, for

e&ﬁﬁ‘@%’ I@:@'Hréaﬁh' SRPAPOUEEES e TaokaeddsidSratibhd aﬂ?s’@% the production
di abetes nellitus are at an increased risk of

andcﬂtomeceﬂ aerated fond: pradustss | nemelyrtpei ahility dadncorporate gas into

e Brle? 803 BRP: (D EARG ) Pk BRCoBaLBRE S Bbitty of the

gas buBBRIsILrird $tofRjd (TOaAtstabilllyRr AfMurBbet dfeiduidrs gre included in
control of glucose honeostasis, |ipid netabolism and

apyated feed Pevrugte te @ssist i ihg ¢ragtion and mlﬂmtwrtga ®fifeam. These
OBl 3084 PRl Bl RO bt ey goomav

ahd, biopolynfens, suctepencErdgesthanbeyaar e, fboast( b&)h/bgum pectlns
atients produce little or no i nsmtl}l%‘ﬁ V\/HI ch.is

alipaERe Yaadant i96danl RSN uand | Fu thergphe whlchoﬁre good
li n I

SJRAEEL. HSRA SRR ARALER, L4 1t U5, M cn e e

tetahdoanm e_bhzma& emeqomnar pabrt at nnhﬂmtﬂ‘@ptthe m&rpenmg of the foam

it i g 16 BaSBR ofucoRs DR 578 St BEesRes nsuch as

f r(}éﬂg‘\“a'nﬂ E64185ddneR. t FRRHBS. maagr&ifythtehmg%tﬁéht% used to
ver an | pose tissues Further, the plasma insulin

stabiligesthengds phaseimnethted feod psodyats ineed tode>added s fairly high
9T, BhRIretE fav A8ty SRR AT B o R S e RBR .

receptors but to a post-insulin receptor binding

defect that is not yet understood This resistance to

Summannof thefaventigmess results in insufficient insulin

activation of glucose uptake, oxidation and storage in

Wedwdve, foumdl thed de apletse of rpsqztleins fcemdeﬁslfmgl,otermqnblhydrm)hobins
tlssu and, of cose .Ctl on a

di
comttas R At 98d Bact B PReRRies oin particular,

hWRr?PH bmsaﬁé\'?@?oee‘ﬁhfdﬁﬂdh@Vﬁrdﬂlﬂie 66&%@%%%% valume stability
ny years, have recognized limtations Wile
a;mﬂymmiatloremrmaareemmg rd'xgm&‘ta

achieve excellent product stability are relatively low. It will therefore be possible

rothe ilgvels of hydrophobln required to

to replace some or all of the conventional ingredients used to form and stabilise

aerated food products with smaller amounts of hydrophobin.
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dietary intake of calories will dramatically inprove
the diabetic condition, conpliance with this treatnent
wOo00smnys2poor because of well-entrenched sedenPargEP2005/006996
lifestyles and excess food c8nsunption, especially of
foods contai ning high amounts of saturated fat
Adcirdingh), fite presept issmeatibe\peodvidés anseratedifpod product comprising a
adm ni stration of sul fonyl ureas t ol byt am de an

d
hygjr@@hqbiae)ln @rrelﬁg@qi iBSPRFiy&e mﬁs@@{ g}v!%ﬁﬁpgpéoylﬂ@s an aerated food
prBafer iﬁ%ﬁiﬁh?ﬁé%‘iﬂ | phds® BeR1ES ﬂ&’ﬁﬂ}/r&%hib@d vﬂgfli‘lﬁrﬁ%gbin. In

Injection or InNns n when su fony eas or ne

- arutbentelatedf§ dspect,vihe prasenténvention progides ran aerated food product

corRng. Risspaofi s SEEE th JEEPPRG g BERIGAg,ih the ar
pﬂaga\é?' s of plasma glucose can result from
a

mnistration of insulin or insulin secretagogues
(sul fonylureas or neglitinide), and an increased | evel

f i [ i,St h en hi gh I
PRIREP DN VET A oa e hVdPuSHRes nor ehse
insulin sensitivity resulting in sone correction of

hypergl ycem a However, the two bi guani des, phenformn
Inzen preferredrembodiowent; teubydmoabebio iadirasentsinaa amount of at least

0 BN SrfteaaRtet B B DAk T or the treatment
of Type 2 diabetes The glitazones (/ e , 5-benzylth

iazolidine-2,4-d iones) are a recently described class
Ingt relaieg aspest. ihe presant inveatiop provides Agiomperitiomfay producing an

oG b Ba AT R o5 R0En 2R3 blcproon,
prefirablye hiydssphebim is elselaibd aformgl togeth@rswith &ypdeagt one of the

di abetes, resulti n'g in cﬁ)arti al aor conplete correction .
resraining ingegiants ofthe deod preduct Jrrefeiabhs e rempgeition comprises
. R ] list azones that are

al@@%ﬁ%ﬁ@ﬁﬁgﬁ%%ped a?gﬁ?gfgﬁgg)? %&{S‘t' t he peroxi sone
proliferator activated receptor (PPAR), primarily the

R AL B ST A e ot for
prﬁgagﬁpbﬁgéér%%d f6dd bodRBesf tednvéitibr, thich bbn?‘\%)%ﬁﬁi%n comprises

agoni sts that are being tested fo
hydrephaoking preferailychyzirdpldlein 3 isalated donm, dogetbier with at least one of

al pha, . ganma_or. del ta sybtype r a.caonbi nation gf
then deDaintiy Moiag alBden o dhe Jqod) Bipducty o Prafeiply the
cdrfiodilibh a&fSEsdd Ml thé NRYnAhiRgN AbnillURE Ghididisls ose3he food
Serious side effects (e g, liver toxicity) have
produagkred with some of the glitazones, such as
troglitazone Additional nethods of treating the
di sease are still under investigation New bi ochem cal
T prosh eavéritioh fuftver Pesvidesasnuby ofrd hodiop@dbhy iraenethod of
_still underdevel opnment include treatment with
inhibiting lkhie spasaintini &1 aeredeq foagl prodegk bose) and
protein tyrosi ne phosphatase-1B (PTP-1B) inhibitors.
Compounds that are inhibitors of the dipeptidyl
Inp£ pelatkas aspatt(thEMresenteinggntioraprovideaundiirod of inhibiting bubble

; ; . ful h
cc{qr}ggﬁnh'gﬁ?ﬁ 'ogr? dggfggétig?oo&ﬂ%mgﬁ& bﬁhigﬁenyethbcri] tcore}lprises adding

- hydrophaobin to the food product prior to and/or during aeration of the product.
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particularly Type 2 di abetes. See for exanple

WO A- 97/ 40832, WO A-98/ 19998, WO A-03/180, WO A-03/181
wanweiinas 2004/ 007468. The usef ul ness of DPP- | YCT/EP2005/006996

inhibitors in the treatnent &f Type 2 diabetes is

based on the fact that DPP-1V in vivo readily
THé”@Féééfﬂ‘ﬁﬁ%lﬁldf‘ﬁé&@npﬂdeféspﬂi@ use o¥ e( Brabhoditdl in a method of

gastric inhibitory pepti e(GIPz P-1 and G P are
stabilising iafoarmin an seted frastprgeat.f ood i s consumed. The

incretins stimlate production of insulin. Inhibition

of DPP-1V | eads to decreased inactivation of the

Ini d edlatedngspeti dhé présdnt ihwsritionesisd tpsovides rcmettsrtlof stabilising a
effectlveness of the incretins in stinulatin

fopmoan rerated feod praduchwhicte methed eeelprleﬁ@aﬂ&ng hydrophobin to
I | of
thidost bl pHGF & ot Saiid RetoRbrg pRARRE LIRS O
produced by the body only when food is consuned,

DPP-1V inhibition is no ctedt eaethe
Thepeasest Ipvestienrfugher ﬁ&pﬁ&&% featige 9 r?egyé@ﬂ RPiggin a method of

ESRG 3SR Pontth SR ch AeRSpion iohae ot oc

therefore expected to increase insulin wthout
i ncreasi ri sk of .h

Ingh RIEIE 4RI ane Y eRantSUTAIR Bigviiesr# Preihgd &f Jmproving shape
re{é}ﬁféh' g 8/%“#%&@?991‘ ddr: ﬁeHVfddH“bPédLthSwﬁf%M ﬁ‘ie‘fﬁbd“%%%pnses

er t erape |t|es as discussed el sewhere in
adding hapdphedin da. th@Pﬂeodenaducbnpnor 4o landéom duribg eaeration of the
studi ed extensively to date, especially for utilities
P'BPHEY ¢ han di abetes. New conpounds are needed so t hat
i mproved DPP-1V inhibitors can be found for the
treat ment of di abetes and potentially other diseases
alia pdcniptionsof tigliavention obj ect of the present
[ nvent| on is to provide a new class of DPP-1V
Unlebs hiefined ofinereviseresill fecheichband \selenitlflc therns uaedrélereinfhave the

SR 55 S AR P T .

0 (1 dorffectio r”ﬁ%ﬁm‘é&@‘é y hemistry and
Crglgggept ab %&';?Qfef’;’ffﬁgﬂof Ovvh(er edléri:?z i s sel ected ?r%m &

bioteshgology). defiriitiorisandestriptiphs qﬁagnwg/term&ﬁmwmchmques used

m%ﬂ@o@@%&@'cééfg&uh@?@[‘%@pg%@%' dé‘| |§al|c'gn(¥team 4™ Edition,

ARicklRNpldas) sviaat Nbsirast Rdikhsla eCompaRy e Nad Ydner Rivh @tandard
IS i ndependent ly selected fromthe group consi St | ng

tenhnigyes, used for, malerulasx éngd=biochamical meshedsFans b@( found in

safBRenEt gt obisedfiat Chiifio, fOLaBtidy el 47671801 Cold

Splifiy IHarbod Lﬁbé}at&ﬁPI@ds., Gmh@r@ri'ng?ﬁlarbomm Yorzmid y\usubel et al.,
I nterrupted oxygen and Ry Is o
Shofb BrotoapBdn HleRcide Bisloas 9940 Eq, JorrRblsdh Sahs, Inc. - and

e SLF G55 EAMdd e ureRIBrASENS Ma@e&ﬁafs.om@%.d ,

Hydrophobins

Hydrophobins are a well-defined class of proteins (Wessels, 1997, Adv. Microb.
Physio. 38: 1-45; Wosten, 2001, Annu Rev. Microbiol. 55: 625-646) capable of
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R6 is selected fromthe group consisting of phenyl,
heterocycle, and C3-7 cycl oal kyl, wherein R6 is
wopbisgned2sy substituted with one or nore R7, WRETAEP2OORB06996

i s independently sel ected from the group consisting of

hal ogen, CN, OH, NH2, oxo ( O) where the ring is at

| east partially saturated C.6 alk O G .6 alkyl,
sa’nfelasssmbly&makbydroamob@/!ss&r@@htbd lﬂi/ewfaoemar@r baplng a conserved
consisting of HF, OH and R8, R2 is selected fromthe

“Bonsi sti ng of H F, and RO, R8 is independently

sel ected fromthe gr copns|,stin
O G -%-&r¥se-C-Kkaay- Lo rKse-C %%11833 %Gnk%ﬁbd? o. 1)
vﬁ/cl oal kyl, 0-C 3-7 cycloal kyl, N(R8 -C3-7 cycl oal kyl
X epsesents\any aming agidkyand andyp| ladewmderulycrepresent an

Birebar pioams 2 EraRhib oA TR il W% dnfp cids. The

c@sf@héfrégugé§(CMRﬂé)cdh%éwelbyéﬁ@nc‘é-éT@tp%IrDOﬁ’@ilsaLph(ae Bndges In
kyl - heterocycle, OC -6 al kyl-heterocycle,

Fqg)@;e)(gpf @%p[@ﬂenhmvgngegcﬂ@ egnd;pydr@ohobm has a wider meaning to

@%lgyike %ﬁéﬁaﬁXF%& ivaRAE PrGte il (H‘?%P é’ﬂg‘élt}ﬁe dchz%riagzlterlstlc of self-

one or ‘nore penden
Fgenttilpctfa ﬁwwmograah}ndmhdncsmterfacef resultigdinCa, prefsn film, such
is selected fromthe gro consisting of H and G -6
ag Rﬁﬂte'nﬁgoﬂborlsl‘ﬂﬂe ’{})3 Csel ected fromthe gr oup

.consistin -6 al k C3-7 cycloal kyl, and
aXiy3-Xg3e- -Kyeﬁo&h kop’rC HerBr K1-5EC %- so@tX@oe@Wn (SEQ ID No. 2)

substituted with one or nore R9a, wherein R9a is
omdmrendiberéof still e dispdaying mtheére charasteristiasioft isa@ -assembly at a

eradio A Bhne TBEb 5 bR '8 B, B phlance v
the dBﬁnitlBﬁeB?nl%éngzé!seﬁﬂ' We&mohroeelf-a@secm@l pcan be detected by
consi stin and R2/R3; forma cycl oal k

admbmmhﬁw prafetinta Jietiony asdHesing L@le@ulw Dﬁcfamcsr@rtomf@bhsh the

dibathi oHLF SER TR PR BRGNS FR80) Bk VR i 100,
Bibphygs.quiT4c205098)ng of AO; and Al; A0 is selected

fromthe group consisting of C3-7 cycloal kyl; and a
saturated heterocycle with at | east one nitrogen as

The %o AN Bhar Aid cAR be oAt heat@ﬁmubat.ﬁ % TefiBR Shest in the

erern I's 1 ndependently selected fromt
oteip sohrtinsfoil edfbyl\R]JGR&DthreeMHHhB Oylﬂmter or buffer (Wosten et

&g 8?%8 El[’ﬁ?& ‘hfﬁ)?) sglg%%o T&e%ﬁﬁ% é&ﬂm % bghv1syagsed by any

V%{é%l@trﬁé%eﬁ fstlehSa%t Wdieng Withes Wé@cerﬂﬂﬁaﬁ(éﬁ & B%’xthe use of

is optionally substituted with one or nore
fluoskscantramtibodigss dsnisepeH dratabishes iacthedarty omanden typically have

BEFE g TRl 5 goB. St el iRl e tatplgre 1gps than 100

@Pboonathey defilisibh toft A mphbbnﬂem Qhe ngurteXt; oOpheé Qirabént invention
R is independent|y selected from group consisting of
ifcludes fastpropeoteing) of a hydrophobin and another polypeptide as well as

conjugates of hydrophobin and other molecules such as polysaccharides.

Hydrophobins identified to date are generally classed as either class | or class [l.
Both types have been identified in fungi as secreted proteins that self-assemble
at hydrophobilic interfaces into amphipathic films. Assemblages of class |
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Al is selected fromthe group consisting of X; Y are

i ndependently selected fromthe group consisting O
WOCHBH010425NR1Cb- ; -O; and -S-; Wis sel ect edPETERR08806996

group consisting of -CH; and -N;R10, RLOb are

i ndependently selected fromthe group consisting of
hg%?-sﬁlﬁg%)?ﬁgag@ reIElwél? ﬁgbﬁﬁlee‘ivﬁéréﬁé ttthQrcﬂUﬁass I hydrophoblns
I‘Qﬂd{IyIGJSOIVG m1a van&tyloflspwenta) C(O) C(O) Cl 6

alkyl-; -C(O-C 1-6 al kyl - O; O(O)-C1-6 al kyl - S-;

-C(O) - CL6aIkyI N(RL 1)-; -C(OO; -C(OOC -6
I-@Hl‘dghobm-ﬁk@ Q)t@lns e éﬂ}éb’o@en ldé‘(\ﬂ]& @ fllameﬁkdﬁ’d b&:terla such
6 al kyl - N(R11) - Qg) 9 Cg
ag)Acmnomycgtekynd tepjoo)m@Rsp 1/ éSgﬂkyTheﬁe actenal protelns

bg%ﬁ%%i%a@hyd&pa ;;les ?orge %p Ey(tg(éﬁ gﬁulp(inde bridge since

theg(l@v%- &l Wo%y%témé}e&dt&s@%éh prcﬁembl@)réaﬁ example of functional
(?20 -6 al ky NRllg S(O) -Cl-6
eguivglents tospw:qphgbg\satpmg 8 CO@QQS.L@ seqyegpﬁwshgwn in SEQ ID

I a5 C1- 6
h@?kgllaﬁ@ a:ﬂl ona #Iﬁ%%h%&%&%fthe%]ﬁ%@%ﬂg@or Tor e
hal ogen sel ect ed fromthe group consisting of F;, and

d; Rlla are i ent | seletedfromthe
prohogﬁlreemmﬁ.qe@ be B@anyapx ?cthas rent Pative seyrces, such as

%ﬁ%nt%%p C hsysaﬁ'}n%u' ‘F%—IB?(%&%)&g I_Irgcr%ia@gﬁ I s@g?ect e ¢an be

obtamiad toy gulbunng ditesnentong fafigipthatysecrateplthdHydreptibin into the

GRS OF R RrariRg Ao habl Shreiel YIE il ydhel. 1 i

p%%(%géR%pt;%‘f ‘i(?"‘@dlélb' lﬁ’@r@?h&ﬁh@g;ﬁﬂg Rﬁlagt o%%fg?at naturally

sereje thﬂrqpl"(c(b@)s\.l( mmngd hos(s@mu@&pbmwpetess(@ N{Rchoderma),

b3sdonysstss e oam e oAbty BBl Bl hid g orade

ov4driisABE stleh ea§ ab%ﬁﬂnééirﬁc pafadiicimwitieh 0§6dtBtes a hyd rophobin

consi sting of F; : T4 is selected fromthe up
terores mnagmofM@:eCab@yaﬂdoMannyenn68991 Anpetbrryifony |1 Jicrobiol 65:
5Q§?§ het erocycl e; and heterobi cycle; wherein T4

pti 'naI |y substituted with one or nore RI5,

wherein R15 is independentl y seI ected fromthe group

consi sting of hal ogen; CN; G -6al kyl -
Aleanat web/xohydar@phomr @anh@er .Qr&aar@datbx et USgr tqfa|r¢§pmbmant

SRR SR TP Gscpl s o bpie may bg mpdied o

e&bﬂeﬁb hydréRolsin O)artidthe S{(@b@ﬁﬂﬁmsﬁﬁe@) Bi@ be isolated and used in
N S(O ;andNRlBSO) e|n ch G-6, . .
aaé ra%pé \'zﬂﬁ'lml‘tﬁ]arﬁf%‘?né '9 t E%%Ahm rdntrﬁav%mg nucleic acid
AR S S N S A . o
tham Bégehesocading tfoohydrophbbink haveabeémgleriasinfefim aover 16 fungal
het.erogycl e _.or het erobi . 4. are.
SPRtBBeren: 1§ Sersthiea WESHA (%, Bhirtonps thy spayence of
hidrophdbligl 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.
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C3-7 cycloal kyl; and -G -6 al kyl-C3-7 cycl oal kyl ;

wherein each G -6 alkyl is optionally substituted with
woneoermeses hal ogen sel ected fromthe group consPETIERZN06H06996

F;, and . Wthin the neaning of the present invention

the terns are used as follows: In case a variable or

Typiestly,t are@ppeepridie Host eell et dryanistn @y trapsfotmed fiyebeficieic acid
variants and such vari able or substituent occurs nore

coRsiuG ARat enrodesdhe desired werophobin dhespugieetidemsequance coding

t
ekt e BRSPS B PRl i Hihang
netessarg etemehtsyfauriedrescription laat tehrstaticlpend'ih sueht @aintanner that

iR e Sed uBdeeR Pt Roncians (B16.dherahal asieniation and
cHﬁb@tCr@aﬁlﬁbeerhﬁ'e arﬁi Pith: ap‘p%‘ﬁ‘%’e %alg_l% qﬁg é’b&ﬁ'@% PO, sequences).

_Isopropyl,” -
Theanetfmdsatelqyiredﬁau q:ortsbmch@&e- expreasroonventmssareewgll known to

at t nol ecul e nethyl, ethyl, -CH=CH 2,
W‘ql?ng&ﬁﬁla% i sopropyl, -CHECH CH 3. -CH 2- CHECH

2, n- butyl, isobutyl, _CH=CH- CH 2- CH 3, -CH=CH CH=CH

2, sec- butyl tert- butyl or amd, e.g. -CH2- , -CH

Acnugpber of expressgipn systeisChn ay)be usezq (tmexpress toel pbl)(i}eptlde coding

sBafEhR, Tese OGR! T kLt et Bl Wiging veast,

ifSect céll K tem$e bivt ceft tcltlre sﬁt‘éﬁb' ahd pl@ﬁté aIFtrBthéYﬂned with the
I sopro , -CH=CHCH 3, - 2, tyl
ape@@uﬁ eXp@élSm CeFtorseH Pseferr@d:hpst@wel{h@sesibat Bra gbnsidered

- hut vd d, -CH 2-
1o grabl YgonBret Hehite BB BRRS) T 0o
2-CH 2-CH 2- , -CH(C 2H5)-, -CH(CH 3)2- . Each
hy drogfen of a G -6 alkyl car bon may be reEI aced

Syliakleifungak species. nelide omarta sueh 2oLy ney mﬁdktyb those of the
I

ggltx%\%s S‘ég:égérofi:‘nﬁé% '!@lugYé%hvy‘&PgLﬁ J %f' % gmell?erf Cﬁ:’,‘%}?&ﬂa, Schizo

sagatiavtveyges ang dhe like caryd fllan)eﬂtom ppgbles Each asyud getlimited to)

tr&f;.ggqfﬁ%% l&%%'e‘? @%%Fq%ﬂq gﬁ f{:{gg&emﬁ %gq%@pmrgy fusarium and

tHd (. neans a cyclic al kyl chain having 3 - 4 carbon
atons, e.g. cyclopropyl, cyclobutyl. "Hal ogen" neans
fluoro, chloro, brono or |odo It is generally

f d that hal
i A N e
aPtheCRirf88idaBer 08 Hyﬁ?épﬁﬁb‘{n fauHitRed iHMdtrel, ffore preferably at
maxi mum nunber of doubl e 'bonds (aromatic or

leash 98w @it 100%i Kgntigalc h Howenar,| perspastskillddy irotthe art may make
- a s | bon u

oI TR ofler' AHMe RBRLFBINGH, Bl Tt B Fodtice the

bibfogjied] hectiyitg Ut N diydiophebidl. For the purpose of the 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 extracts by, for
example, the procedure described in W0O01/57076 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



10

15

2

<

2

(9}

30

L !l
f

sul fur (including -S(O-, -S(O2-), oxygen and

nitrogen (including =N(O)-) and wherein the ring is
woOioleado£28 t he rest of the nolecule via a car bBaT®P2005/006996

ni trogen atom Exanples for & heterocycl e are furan,

t hi ophene, pyrrole, pyrroline, imdazole, imdazoline,

hyropachia, fromir theosiifece. 0>SePbiko Cuha®ldt ., zmam@bmm Biophys
i soxazoline, thiazole, thiazoline, isothiaz

A¢igol Ab% 519-58; Calaniriphabl 2003, IGaiia Misoiol £8:°1030-4; Askolin et

alF,eédéﬁ A%PT\M&%BuoItB% %Hﬁglr %9“‘12&’%’,‘%8&5«5 \Rtelsdt:, 1999, Eur J
i'mdazo razoliarng. - 6Xazol I'ne,

BiostszBIZdiBTfBBSt h| azol i di ne, isothiazolidine,
t hi adi azol i di ne, sul fol ane, pyran, dihydropyran,
tetrahydropyran, imdazolidine, pyridine, pyridazine,

Aébgtg%lgpsdmgau&gdl ne, piperazine, piperidine,
ole, triazole, triazolidine,

Acrted fmid madelptsa@‘émmmventldmmpmaﬂyrfaltm’te one of four groups — hot,

cle" ans al zetidine.,
ambiRE o SUEd “or, Berens e JEL, hoaf Jaolicks: BeAlpgess Hot food
pr@@Db&eﬂcmGQVSever &€ rs@eh%bsppm céﬁ@@t eAmmefAt @erated food
whi ch 1's condensed with phenyl or an additional
pﬂ@dueisanglude whipped erear, mpcshneallowsyasy bakery products, e.g. bread.
! dense for,m a hi lig.ri means _t hat two
Chiral SetE Y iopd mEthB BefileoifioPelHrERRT imdiies #i peverages
sOAS be&X N S5k ard BRIODENIES.C FRdLRrPaSrateW g ﬁ)roducts include
i ndol i ne, benzofuran, benzothi ophene, benzoxazo
frozaty cenfeatiansesude A3 dee ceeam emill dees ifeameni yoghlugt, sherbet, slushes,

oAb eter RS v I e bR PRl f ne

i soqui noli ne, tetrahydroisoquinoline,
di hydroi soqui nol i ne, benzazepine, purine or pteridine.
Praferiebly the assaieslirad pcspdwaﬁran aerated Hopfectionencpigsyihds
in which one or nore of the residues contained therein
have the neani ngs given below, with all conbinations
Tieé temef'asratati”smbahs tthaingasl ébs rhdencimteritionadly dncorppeatéd into the
of the present inventio Wth respect to al

PodHE SUE %%Pyd“ﬁé}ga%'f?a meansy h%e@%sl gan e ppydend-grade gas
sudhEO bir ORitrBG S '&%Pb&?élgﬁlde s Qﬁ%ﬁt 6f ét?r%tlon is fypically defined
st er eol sone c ornrs and m xtures thereof 1 n all
inrtatme of “avedrunfieiln theheontextof thegiregerddoegntidn, Soeadrtun is defined
referred enbodi nents of the present invention, the
'”‘19&!@{' {8452, RL 3 and A of the formula (1)
i ndependent | have t he fal | owm ng neanj ng. }—ﬁ , one .
§evohipe opthe: final aeratedieduet -zvolime of tha dnix) yoluimavel the mix)
the preferred or nore prefegrgg meani ngs given
bel ow. Preferably, Z is selected fromthe group

6 Gt BB g TP Peqny Mt BRI FanPREp SRIbE B the desired
p@dﬁ&ﬁémécteﬁéﬁéﬁ r Hbr‘ éxarﬂﬂle'n gu% I%'vgbd;mefrfmgirng@g rcg%?l‘s Rs typically

frm,at}@tgroetq m%%e@@énw éprﬁecpt@aeed stely @st meugsesufhe overrun can
bé& %Esiiigitn 'at%gzdﬁlf tcf'%55 w@ﬁdwﬁereaggﬂEWJerrLﬁpH R i¥es is from 25 to
SGBStYL Ut ed W

one ‘Or nor
30%. The level of overrun in some chilled products, ambient products and hot

products can be lower, but generally over 10%, e.g. the 7Ievel of overrun in
milkshakes is typically from 10 to 40 wt%.
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Preferably, R3is H Preferably, Ais A0. Preferably,

A0 is a saturated heterocycle with at | east one
waibtemgensas ring atom preferably piperidi ne. POVDER2005/006996

preferred, A0 is selected frdmthe group consisting of

Preferably, Ris selected fromthe group consisting of

Thle amolunt@if@)yaf@pﬁetﬁn Pregent ihrthe prodddterill prepeedllyevary depending
od| R10Q is selected fromthe group consisting

OB e PIORRICh Fermpdatian, apd vainie O GeCRt Base: o RybIgRIb) the product wil
T e

O@’Ie\m%aﬁlypécsaﬁyéhe gd%cﬂtgrm\gﬂ lcentgio lq;sctbgaﬂsWt%@wfrophobin. The
N . 4 . Rl R14

I EPHPbir DyoPBC IO Py SIHO, SOUF. BT b RIGINAG, ourpes e.g. the
hydvépRbbia GHrky hlxﬁ?@ﬁgfs\/?@b?é;ng]:% g?f&ﬁﬁt’ @}b‘r@ﬁhéﬁlﬁ?owfégﬁdes.

group consisting of ter
wherein T4 is optionally substituted wth one or nore

: ' bl I h
PRI e fufoRurBdns df B hYBrahBh: wherei n the
C .6 alkyl is optionally substituted with one or nore

haI ogen selected fromthe group consisting of F, and
ke poesedLINVRNtioN alke ensompasses compositions fop peodiscing-bn aerated

st S T .
corpasitions NirgiideoNiquicef prghtides MO é¥RMSe Ob rél’ﬁB(esT Igsed in the

conmpounds accordi ng to present invention areAERA
pradactiemebiiezen gm\fmtmmm predretsHaml NrnFmites, &r example powders,

o GO, R R SO0 o FRbF e B B curng

adriadionnventi on A wi de varl ety of food products contain
i ntroduced gas, such as air, nitrogen and/or carbon
di oxi de. Such foods include frozen and chilled food

Sﬁéﬁ%gﬁé&sﬁ&{s ﬁ‘?gﬂggeﬁgw‘dfw‘érn‘ﬁ%% al'&?l on SprePﬁQeé“ﬁPé}ed in the

consi at1ons roduc torage o
praeuatiem of rodemp comfectlsnenyqrreductshmchdry mi>§est for example powders,

in rporat as lnt roduct during na cture
to PBEHREN HpPOR lgiches W 86 0t or Watsr 5 3hdsd i Ga.or during
adydBhes during storage (foam stability). A nunber of

additives are included in aerated food products to
assist in the creati on and nuai nt enance of foam These

ot ei.ns su as Sqadlum e angﬁle% ﬁégenhon will

Th iSSP rRadikias & Hoarn faul he

ccﬁﬁbl*" %W&nﬁlgr&i@ﬁtsghﬂnadhﬂ@ﬁsfo Bﬁaﬁyﬂmoﬁﬁﬁtwméh are normally
gi nates, xanthan, gellan, gelatin and m xtures

lnt:hldedorn thenfand gredumioe.ot sugari el §muﬂblﬂer&;rﬂa\mmﬂhgag¢tc The
c%ﬁgélllbﬁse Wa)}’ﬁl%ﬂjde all %? tRE trer%%ihll% IingregﬁénPs requ1rede to make the

food product such that the composition is ready to be processed, i.e. aerated, to

form an aerated food product of the invention.

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

make the food product such that all that the user need only add an aqueous
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total foam volune, they are poor at inhibiting the
coarsening of the foam m crostructure, i.e. increase
wono@agofsbbl e si ze by processes such as PCT/EP2005/006996
di sproportionation and coal estence. Further, many of
the ingredients used to stabilise the gas phase in
Ilqwdatsadh famodaperookuntilk, aadcthtamdmp@edntaﬂ isareddyi td pehproBessed to

Q] 0 BT aled pgb priac e the RVariPTLT E%Sieu{im stiqns, examples
ofdfcH RieNshd Eﬁ@vd@r&céﬁ@? nﬁﬁul@é,%ﬂﬁ? d for 8818 industrial and
i ne oanabi

termed hydro bi ns 1ty and goo
rétaihrset and bebpefit foom pedpead bulks anldriopgen shal life.,

hydr ophobi ns have been found to provide both excell ent
foam vol ume stability and inhibition of coarsening.

Tﬁérﬁﬁ%phdlﬂﬁ i$ aMALS iRk fBMArRRNALAM ahRAiMt 'sBEh ttl"?ataiﬂﬂ &V&ilable to
excellent product stability are relatively |o

stabiliset ther air phasbe Bydhe e "addeds) awe nmarethat tbae Ihydfophobln is

cb{ia ERY SRR Rl ToPd slelictiot fne RcER ot fatingaavantage

oPfitsh¥estira ptabilisingc propdirtiug. y . Cbh@ecmeﬁemynwvherﬁéef@bdomgreduents are
provi des an aerated food product conprising a

PrRs@NépRbbRddesd thateicantan aﬁm@! comanminarient whihe i@y n contain
h%{%ﬁ)@g gﬁlyﬁgé@(ﬁeesg glﬁlg%qﬁeg;r%g;é% s |1ﬂtéN§58fﬁ9 rgbﬁobln within the

coidxpohblei presént inventier. rel ated aspect, the present
i nvention provides an aerated food product conprising

hydrophobln in which the hydrophobin is associ ated

YRR e RGN, FRELE L fodh SRRV Ry, sucn i i
chpableicelfrassemblyatan alrrllqmdsmfam of at least 0.001

w% nore preferably at least 0.01 wt% In a rel ated
aspect the present invention provides a conposition

Tﬁlﬁfca Om%ch%'io@ﬂoﬁiﬁrigté'ﬁhécdoﬁgtr@ %Hbcgg&iucrt kg or%posmons of the

|on conposition conpris ydropho
inveatiendblan ispthteq horon,typically at taasd pactiaty pngadhewcm ashat least

1Bl DBPaE) Wit of SOk PR it RelatSA Lo, Wi fhean that

tHeeﬂ?dr@bﬁBbinrig A ia8akd aafpdrhsf 4 ﬁ@ﬂjraﬂyﬂgééﬁmnb rbr@anlsm such as a
related enbodi nent, the present invention provid

mr@@np@ml@h oaturelly gxpessea dsirophobinsd Iﬂaf@adpitlw lhwrophobm

ol araabbERnet Paver Baey SRBRRL IR £ eRUahERgguring,pource o

obR0séd By ré!cdrﬁbmbn’t 8Qsression ivh Hode ofirmsmi ng non-1iquid
i ngredi ents of the food product. Preferably the

conposition conprises all the remaining non-liquid

IA Bﬁé%%t?@&iﬁ'\e?\i, thg%fd?@ﬁho%rir? %‘gaded to the food product in monomeric,

dimeric and/or oligomeric (i.e. consisting of 10 monomeric units or fewer) form.
Preferably at least 50 wt% of the added hydrophobin is in at 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 air/liquid interface and
therefore the amount of monomer, dimer and oligomer would be expected to

decrease.
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The present invention further provides the use of a
hydr ophobin in a nmethod of inhibiting bubble
woaeredai2fg i n an aerated food product. In a reCamEee05/006996
aspect the present invention !frovides a nmethod of
i nhi biting bubble coarsening in an aerated food
Irpondwnbmﬂméntnéhm dydraphobirs és adddd rig thwdae;dtedblfood ®roduct or

t he f uct. prior to an i ng aeration
coEopBtaCe i IR 1\ Ao RIRIRTa oSG phBee e fRast partill
plfed #f a hydrophobin in a nethod of stabilising a foam

in an aerated food product. In a related aspect the

present invention also provides a nethod of

e 2esp R haiSR Zah eSSBS Ue Biriihidsgh in Berated food
pr@id%tlcgzer@raw by AnRBAING! bbbl RSarRindid, a'b. q{ycﬁ'&@hoblns have been
r oduc fesent invention further provi d t he

fqul@é ngit omlm;msf@bﬂﬁbufﬂamrvodumetmmlaﬁthuermzeaof thy bmm@s within the
f ention and/or rigidity in an aerated food product.

O? ‘a rel ated aspect the present invention provides a

nmet hod of inproving shape retention and/or rigidity in

an aerated food product which nethod conprises adding

Thy regas hventionswi nowolee geseriad further with rafeienee mmenfgllowmg
cription of the
|nvgk%3@H8ﬁJygg%gﬁgﬁ%%éﬁwgﬁﬁéyafggﬁﬁ]'I techni cal and
scientific terns used herein have the same neani ng as
componl y understood by one of ordinary skill in the
Deggeriptionof the fighres ed conf ecti onery/ frozen
confectlonery manuf acture, chem stry and
bi ot echnol ogy). Definitions and descriptions of
FIQHI'&% duis aegnaphaslmbv;nag hoveques asfzecﬂumctlomhbf pestEhr oamfengration of
nf ecti onery manufacture e foundg in Ice Cream 4t
pphehin, %@ﬁﬁk?%se("l%@}“ %ﬂﬁ"?%’s‘i"ﬁ'éﬁewﬁéf HhWater
Conmpany, New York, NY. Standard techni ques used for
mol ecul ar and bi ocheni cal nethods can be found in
FigarndRdela graphlshowing theufoam Slabilitygf 0A we%dﬂ)adropbobin expressed

o B B ST B B 20w
suRhesd sB’fu‘ﬁbﬁ %mds(S') ) dMMtl%ﬁl%f?ﬂO ﬁt%'s@t@bbsfel&%?)l weh gﬁﬂr gum.

John W & Sons, - and the full version
enti tI ed Current Pr ot ocol s in I\/bI ecul ar Bi ol ogy).

Fig'ﬁgx{ g,?anhgsbi Cérg?ﬁdé&ﬁﬁgw?m%&garﬁ %@bhﬁf%&;ﬂ;? h 335ar8bhobin in
wéteﬁvntﬁ@@!éﬁhs gdl0tlons AMwiRBsodilthaekirite, 556 vit2e skifffhed milk
capabl e of sel f-assenbl y at a hydr ophobl 0/528/7drwphl lic

powder flaauivalend teaabeyt al cwhsePieigingegneén o whey protein
eféglvﬁogﬁlt? “dbait® wive Pofein}s The e SfotudEa 'usig KYRrbpRShin are

considerably more stable than those from conventional proteins.

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

Figure 3c is a graph comparing the foam stability of 0.1 wt% Hydrophobin and
2 wt% sodium caseinate in a solution of 20 wt % sucrose and 1 wt% guar gum.
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where X represents any am no acid, and n and m

i ndependently represent an integer. Typically, a
waypdieopiabi n has a | engt h of ug to 125 am no aeCd&P200806996

cysteine residues (C) in the donserved sequence are

part of disul phide bridges. In the context.of the

Tgmee‘sam pricdiuead iusing hydropkelsin hy dongitekzibly hitse atabdld@ian that from
Z? to i.ncl ude functionally equival ent proteins

FPT"U cPFei0#%g the characteristic of selfassenbly at

a hydrophobi c-hydrophilic interface resulting in a

protein film such as proteins conprising the

F’gg;qeeﬁd@ ‘a Xparhing -alect@rXonicrograph -of am aXrated doed-pfoduct of the

rigRiioh areh (Al YA B2 e parit Ehpbelitenssentl y

at a hydrophobi c-hydrophilic interface resulting in a
protein film In accordance with the definition of the
Figuse énis argrephishowing the intedatinl raniogiealdptopetied (B and G”) of

d i, 0. rotein to Teflqgn and sin i rcul ar
R Sl B et o o tBenatin ol sBobftd oted that the
valuelCihgreasel fo @ﬁﬁﬁféﬁ extertelhaX)thélegd/Melybn8t thd! capability of
1998, Bi ophys. J. 74: 2059- 68) eP/ o8 hd) capability of the
instriumadn be est abl i shed by |ncubat| ng a Tefl on sheet

in the protein solution followed by at |east three

washes with water or buffer (Wsten et al., 1994,

Figupe 6 id.a gRipHbsH@ring)the Titerfasiat @la@tlélty LG 9@‘? tibé? alr/water interface
visual i sed by any suitabl e nmethod, suc | abel i ng

of0¢4P0R 5 Whér'@édf@ﬁhomarln gGonparispnt Vgéh &@0@? Wiba spdisiore saseinate
SR st R, o RO Bl o AR roun

shiow dhatythe iatedfacial elestitiy ofihyﬁdrbphebhharslglmﬁbam%lﬁ@qer'ﬁhén those
definition of, hydrophobin in the context of t

fasmeddi CORMRERIPN RNOtEiNS- udes f usi on proteins of a
hydr ophobi n and anot her pol ypeptide as well as
conj ugat es of hydrophobi n and ot her nol ecul es such as

Figure §ds ardiagiies shetuhgoghesiregimeddor tHe aerated frazen prazlucts.
generally classed as either class | or class Il. Both

types have been identified in fungi as secreted

FRfuPS 8ii8% éé?sfﬁnnﬁlefec&éﬁ Qﬂ"ék@rﬁéh by Sf&ﬁﬁ‘? *Pr’n&rds%%ﬁfr% €¥resh and

into anphi path nbl ages of
aﬁm@bl@ﬁ@&iﬁmfimt@nr)ém@t)l veI y i nsol ubl e V\,her eas t hose

of class Il hydrophobins readily dissolve in a variety

of solvents. Hydrophobin-like proteins have al so been

Figie i i iaestanmild ERCRBH Mhigrd2papie bf ?rocﬁ}& Ii*mé.‘lfi)structures fresh and
Act i norrycete and Ste 3|Z)§Dorryces sp. 64). These

afiercakiisediMagniication x30P) cont rast to fungal
hydr ophobi ns, formonly up to one disul phide bridge
since they have only two cysteine residues. Such

Erawiple s- Boamabilityanpl e of functional equivalents to
hydr ophobi ns havi ng the consensus sequences shown in

SEQ ID
(a) S(zdium Caseinate, Skimmed Milk Protein or Hydrophobin in water
The foamability of Trichoderma reesei hydrophobin Il (HFB i) was compared to
that of the widely used, foamable, dairy protein sodium caseinate (DMV
International, the Netheriands. 88-90% protein, 1.5% fat and 6% moisture) and
skimmed milk (United Milk, UK. 33-36% protein, 0.8% fat, 3.7% moisture). HFBI!
was obtained from VTT Biotechnology, Finland (purified from Trichoderma reesei
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Nos. 1 and 2, and are within the scope of the present

i nvention. The hydrophobi ns can be obtai ned by
wexbtoeaaed2on from nati ve sources, such as fil amear@®s005/006996

fungi, by any suitable proces$s. For exanple,

hydr ophobi ns can be obtai ned by culturing fil anentous
eés'ég%l h%% sges&ived N hydoop/BEEY4R | BhE UINAMEF OWth o1 2001,

or by extraction fromfungal nycelia wth 60 0%’

Biettemnamolectleis2: gl tedtl). ar |y preferred to isolate

hydr ophobi ns from host organi sns that naturally

secrete hydrophobi ns. Preferred hosts are hyphonycetes
THe t8ble ThIBROIRHWE) theDashehrraibAs esf tHed pASIERTMEERAIBAS that were

Particularly preferred hosts are food grade organi sns,
prepafedas Cryphonectria parasitica which secretes a

hydr ophobin terned cryparin (MacCabe and Van Al fen,

1999, App. Environ. M crobiol 655 5431-5435).
Ta(méqr.rs@mﬂ@hs/prdpaﬂe@phobl ns can be obtained by the use

of reconbi nant technol ogy. For exanple host cells,

typi cal | y m cr o- organl SIE, may be nodified to expr ess

and B TS e 0r dand CANETHRAR Wa ol oo HUARAeRRes | -

TeqhtABjUesT.fReesdint r odualsng nucl ei ¢ achad constructs

enc oDl nc I0 host cell S re wel T kKnown
in it oé’]lge){w 9%43 than Qd} genes codin h\lHr nnhnhl ns

oTrrco— o oot

haveHIfBeleexT;IRmeej frdmbver 16 fungal60§peC| es (see flor
exarggdmmvg@g{,é};SSZ vvh(ph gives the seggsence of

hy rnn Ay o
I\JIJI IID I UUIILI I I Cu I II r\gal | bUD | DIJUI UD allu

V‘bst@ﬁ“umz@e‘i'“ateAnnu RS M crobiol. %9 625-646).

Recogﬂaime.ﬁaghnol ogyy can al so be usem to nodi fy
hydiro UUUIH %queneea or synthesTse ¢VEI nyuruanU|nS
\/

D o}

havii BH% i npr oved properties. T 1 cal | an

appjr SN i ate host cel || amo or ganismis 600ansfor med by |a
nucr g, aci d construqgt at _encodes desired

hyd Wb ai guence codi-ng—for—the

pol yépti de can be ingedt ed i nto a sul8abl e expressijon
vectg\%pencodl ng the regpgssary el errentgofor
tralloul | 'JLI on (:!.II(.I‘I LI IID]I cui on culu III Dubll A ITartrict

that 5. they will be expressed under appropriate

TS 8eiry bestein($olGtiond wBrepripaséd asihgtd MaghBElc earreeahd the proteln
reading frane and with appropriate targeting and

wag speskled nntoetl.?@ematss)at o) t@mn%atyre ehjie setutiop was then heated

of 5L L BFirKHRE S35, 885 I 5.3, Bk R s or

prEYaFRITBY Bind & S‘éﬁﬂ:dr%lﬁéﬁrﬁ@ﬂ)aﬁﬂﬂ%@délwemz @8oniedi histrument
sequence. These include, but are not limted to

Comyt dheaHFBuFgwa; addageither, agsan AlaHeker dy powder which was
scﬁ' cgétggg rrnlge tepoﬂ %e&dﬂc}s%el RHETR r895) Bh¥rStu@e Lintil all of the

HFB was dispersed and a clear liquid obtained. This solution was also cooled to

5°C before aeration.

Foams were produced by shearing each solution for up to a maximum of
10 minutes in a cooled (2°C) cylindrical, vertically mounted, jacketed stainless
steel vessel with internal proportions of 105 mm height and diameter 72 mm. The
lid of the vessel fills 54% of the internal volume leaving 46% (180 ml) for the
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appropriate expression vectors. Pr eferred hosts are

those that are considered food grade - 'generally
woegwridedsas safe' (GRAS). 5 Suitable fungal speTiE€3005/006996

i ncl ude yeasts such as (but nBt linited to) those of

t he genera Saccharonyces, Kl uyveromyces, Pichi a,

sapnpden The, rottandiedatp sbetair ilme samplmcmeistes:femrédtdimdlakmpeller of
ndfllementouss eci es ch a limted to)

tij6, GRS PIAPOTRISe oaSoEpe e i & g,qqe ﬁr%ontﬁme@ras it rotates
(HERFRR 22 nhiiSalH W) dAQoté't?adH bera ey at e ggg)r -circular

encodi ng t he hydrophoblns are pre

(GQiermidiametar) high-sieardladésipositiehed at a 457danghadbitine rectangular

ahtgglﬁ}tne ed in nature, nore preferably at |east 95% or
B&ntical . However, persons skilled in the art

may make 5 conservative substitutions or other am no

aci d changes that do not reduce the biol ogical

88anl of sglutien was pqwedpn’r@rihe vessel, teneugh rtcp@gareohah‘ lilee rotor, and

VR T SRR, 5 SSR4 AR, e ) o tor o

afurententioned qim&r(rtaba;erq Wlhfehe@rété@ écﬂutﬁbn was then |mmed|ately
"hydr ophobi ns". 0 Hydrophobins can be purified from

petitad inio pemeasuring ey linder; taa giingsapeaswe ekavpun by volume.
Fbg lﬁ)ﬁ%ﬁ{g ﬁ) Sl‘rf% :Oﬂﬁ rln'renlg}r/\é@é@?? s(?%:c\é’ia' i e o Percentage

d\wﬂmﬂhami basedrbmtm definitibnbyArbueklsyibidice and then
contacting the surface with a surfactant, such as

Tween 20, to elute thehydrophobin fromthe surface.

T560 O VEIEES, © 105  (Foume GPtoamt 5 0fIn B BRAZET bugon)
48: 1030-4; Askoli rﬂ(\ecbluaie unarated suhption)y! cr obi ol

Bi ot echnol. 57: 124-30; and De Vries et al., 1999, Eur
J Bi ochem 262: 377-85. Aerated Food Products Aerated

ngQr‘i’éi 1RSHRANKCTHhS &ferMﬁ?’dﬁgﬁEBH 'f&r”thteyé?iaﬁﬁblc‘ése 'a'te,igl\tﬂp_lﬁg)eHFB 1.

four groups - rent, chill rozen.
term "f ood" i ncl udes beverages Hot food products

b@?éf%@lt?%@%‘%ﬁngﬁ hﬁi)f eé%dﬁ‘?(‘: 410 oghggfﬁ as sodrum caseinate
aR@ SIPBWItI® @SoRBEH chketiatiphGrbeeled to %}eﬁereﬂé PSmilah ol é®dn.

aerat ed food products include whi pped cream nousses
and beverages , such as beer, m |k shakes and

(SR BBl EE BB R Bp RO B Bkl

YRR Ebe oo S5 HE PSSP Eme R0 e Sraftih sucrose
(Taeﬂé %r@ LyIep@nar 2094Csudrés@n 88 dtfAr GUth §WiilP BRInécke, Germany.
7 % gum 14% moisture, 7% protein, 4% acid insoluble residue, 1% fat and 1%
ash). In the case of sodium caseinate with sucrose the dry powders were
combined and then slowly added to the water at room temperature that was being
mixed on a magnetic stirrer. The solution was then heated to 60°C, held for 5
minutes and then cooled to 5°C. When guar gum was present the guar was
added to the solution first with half of the sucrose at room temperature. This
solution was then heated to 80°C and held for 5 minutes before being cooled to
60°C. At this point the sodium caseinate was added with the rest of the sucrose.

Stirring was continued at the temperature for 30 minutes before cooling to 5°C. In



10

15

20

The term "aerated" neans that gas has been
intentionally incorporated into the product, such as
woyomsmanani cal nmeans. The gas can be any food- gcaae2@as806996
such as air, nitrogen or carbbn dioxide. The extent of
aeration is typically defined in terns of "overrun".
thercdseeofcldABek it whastdueerspanitelyniceatcooled S@rese on susrose guar
deflned in volune terns as: ((volune of the final
solgion elher a8 @k aliqued or Aediot PRWEETlRifial Mping wasearrigd out on a
r
mEDAYC e, PIGuBHRY o e o BiERER bk Hble 2 shows the
scﬂthimmacpmplasdzd cs. For exanple, the |evel of overrun in
ice creamis typically fromabout 70 to 100% and in
confectionery such as nousses the overrun can be as
THs@EtISRY wehe ZRPatshi Mor W ehiffed BE JBKEIA N Sedt®hi(a) and the
ices 1s from25 to 30% evel overrun in so
ovshiurl ebtqineﬂjbytvoluramin ennepsmrmg:cy;hrwem hablept sbows ghe overrun
6} %33 wer, generally over 10% e.g. the |evel
ORJRINGALPF GAC ﬁamﬂekshakes is typically from10 to 40
wt % The armount of hydrophobin present in the product
vvi Il generally vary depending on the product
Takjeul ati on and vol unme of the air phase. Typically,
the product will contain at |east 0.001 wt% ,
hydnophobi n, nosgmpeeferably at| | easteid. dOSAmra& 0
W % Typically the product wi || |ceatdntiation |eS6vdri@n
wt % hydr ophobi n. The hydr ophobin flrom g single
sourr‘z or pn plural ity Xf QEIIFPQ@ Z%)rg"l&fh % i

can |@1%iNé Gaser svbrosswo or ror e di f f er Bt hyldr offlatbi n
ol YPRRNATER 61056 80 oVl fn NV OPRDI N 1S & fTaSH 1|

hydr y=1 r\r aca veptli-on Al SO noeonmnasca
llllll AT ATT O OUTT AT IO

corrﬁfbé%tNPd?ﬁwswowb@@@@rmgm an per aPdd f dod product of
t he é{%@%h%msg\hl ch conposition cogprisegs a 75

hy drr-ephebi-r—Saeh—eorposttions—jnctade—Hjeut—
pr enf- iéi"FBf“o?r“C'@ﬁ%l"ﬁrﬁ"/%g%F%?ﬁ‘xes used%'n the pr¥fductj on
of 6. 0% @FBCILRES 10 gkgupt oducts, apd dry m xgs, fpr
exanptepowders,—to which—amagueous Tqurd, —suciras
mlk or water, is added prior to or during aeration.

Tl&@re@ﬂ@@\bw thas hzﬂﬂiphdbml hag sitniprdoamability oy sedianmtaseinate
prem xes used int roduction of frozen

m@mppmpé%sxﬁt@@ue@lgdmsrwgaryarrﬁ Qeionally guakanpl e
powders, to which an aqueous |iquid, such as mlk or
water, is added prior to or during aeration. The

Examipdes 2t- Fommfstabilitpduci ng a frozen food product of
the invention, will conprise other ingredients, in

TS &tdbiRy dPah NeFBYIHFERN0RAS conpared besde@rhihonly used dairy

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

foams were poured into a measuring cylinder to assess their stability in terms of
foam volume as a function of time. The volume of foam is stated in terms of

percentage “overrun”, and based on the definition by Arbuckle (ibid).

Overrun % = 100 x (volume of foam — volume of unaerated solution)
/ (volume unaerated solution)
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included in the food product, e.g. sugar, fat,

emul sifiers, flavourings etc. The conpositions may
wonadeoder2al | of the remai ning i ngredi ents requPCEAPRM®S/006996

make the food product such that the conposition is

ready to be processed, i.e. aerated, to forman
Thersthbiltyl obtheseofdufis Whs theadured iy AidnitbYikg sa les contamed in
conmpositions for produci ng an aerated food uct of

2pRgni fﬁ@éﬁ'#r"%m cylinderapsd reenrgingseerymiave| aad &ﬁre fedghtiqver time
aP‘PB' ;Sé%a LE& h¥ﬂé Q@BRPW ghé“@é%rﬂs gqugg[‘%(/gg{nh}é, leading to two

|nc ded rodu

sepalate bndrdsstlrfdt Ws | anfrsare tof. tophand @m@sue isohgionehelow. This is
|nclud all of the remining non-|iqu i ngredi ents

bpeause @SUPrBR% S1aRs 8599%&3'%&ﬁlgmf@gnbpmw5tof or any,
VFSBSSIfl?%r rllfcﬁ% R X |§qﬂea§}a9|ﬂf§/98f1ﬁ*é gé'érﬁ opl?é’s‘éhtl%? lg‘qﬁgrpoint of

onposition”is rea be processe
interesbherean Femrthe exdldubatibrpofooherturpfthe Weldmaexﬁifoam is taken as the

op Sellinke SOTIRR o, 4 B °2@g¢¢>zﬁoh'sgéhans
|rfe’§i|ié%¥ﬂ/é af w%ﬂwér@ché* hayis %epaf%@e@ﬁnsfmb digtit 4 dggge value of

bul'k and | onger sh ['1fe. The hydropho |n |
overrun ftberafaredgivesam cmmtltatlve undlcatlam oft thesstabiity abltke foam to

Bk i Koo o BB A gt on
atrﬁé@pﬁé?é) HRQAisprogstabndtitn. t he purpose of taking

advantage. of its foam stabilising properties.
Consequently, where food ingredients are present or

PR O 4Rk BB papB HiBE R, g A BB 20% sucrose
aR@N30 %t @U@ro%éd»ng%ngira@g@ﬁrhl Mablé hd nsHdwes aRat safhpleb that were
the present invention cally, the hydrophobin is

praResed  oWYhey foowElesr Gurapd! BRO—1 30 WSk dprotan; 9. & ap%p|reoisture,
I f

%mrﬁiﬁ f% ﬁ‘%ﬁﬁlaz'ntd d‘évg%t'%&?%@ \ga§g>'bft (f:r;g}‘rgb‘fem\)lé’ Ireland.

conposi ti ons of the invention in an i soI ated form

tég;}?al ly at least partially purified, such as at

2 10% pure, based on wei ght of solids. By "added

inisolated fornd we nmean that the hydrophobin s not

ORretkimsoyee t of a natural |l y-occurring drgaim sm | sShehr time

s a nmushroom which naturally expresseecelnjrdﬁ@phabﬁsmnds)

I’ﬁﬁ@ﬁld the hydrophobin wll typically ebqher have ggo

ant ad f v Al | v A~y
lecn extratctea—Frermahatural | y—UoCT oH—— ||y SOUt-€€

PR héad0hypusrek®onbi nant expressi on in a h®dt orqani sPRO

—o -

oo

PHISER + @0R@UéerBR Und 19'ghiabyie ophobin i s added to the 600

I

flo roduct—nrnononmertc, dirmertc—and/or—otigoneric

(i é-)%" M-EATEPLP ng of 10 nononeric units or % ewer)|for &P

Fr%&m&&ﬁsﬁnﬁ&t@ﬂ%cr&@ wt % of the agided hydrophobin ies

[ ' S T re preferapry fat

I e nSoa<'i unyg\asegﬁep gtk/o sucr{}g aﬁij 5}; H&r rg‘gm) diledt ﬁzL 60
Skimmed mllk powder 2.86 165
Whey powder 6.67 45

The dairy protein solutions were prepared using a magnetic stirrer and the protein
was sprinkled into the water at room temperature. The solution was then heated
to 60°C, held for 5 minutes and then cooled to 5°C. The HFB Il solutions were

prepared by using a Sonicor ultrasonic bath model SC-42 (Sonicor Instrument
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hydrophobin wi Il typically undergo assenbly at the

air/liquid interface and therefore the anount of
wounnwrmee425di ner and ol i goner woul d be expect edPCT/EP2005/006996

decrease. I n one enbodi ment, t¥e hydr ophobi n i s -added

to the aerated food product or conpositions of the
anp)en'fhe)MFrEh IhmvaSsaddedcelﬁmr ras aylpalamjdtyoradryl pawder which was

r The  agd hob| can
sBicalel et pBHvesb S0isepRaS T it SR8 Rrairaliaait a of the
HFE @& dispetéed HMdPA i [IBURPOSIaNRAY. T8I Blutibn Svas also cooled to
hydr ophobi ns have been found not only to stabilise
of ohefarelaaretiout al so the size of the bubbles within
the foam The present invention will now be descri bed
further with reference to the foll ow ng exanpl es which

VWtigh ROYusiicrabeé \aﬁdm% SUtfostOR-0.5% Gudowereepriseht tNpRfparation
t he fll_glures Flrgure is a graph _show ng overrun as a

wegnelighdly giffep?is: dn ntheoreemaf atadimocassibatepMithi ucrose the dry
oBRARERS SoAR) ol AL I VAE ikt 40 i gorerature

ch% Wadrbmh@bmned)mf assadnetic stiger. UThe E@Qllﬁbﬁt\ﬁé)é, lthdry heated to
hown for hydrophobin in (1) wat 2) a 20 wt %

69 &’r*&l@ farch mln@ﬁsm then cgolest 1615 6n VBhelzguax gpRwappEesent the
g?%ng\{vnég }gg;(fléﬁ Brthgg%t@h%@e\ﬂgﬁ haff & tH5 %BEro%‘é@c%bﬂ‘?ﬁ%}?eratu re.

drophobi n I'n wat
Tlammhutmmwlastthernheat‘edﬁovm’/ﬁsamj heiddasélnmaums BefEfe béitlg cooled

f%?&“@e%t s B g %p&ﬁ'@ﬁ'@?gt 16, V0%, AdGgeHith e rest of the
ﬂ&g , wé%g{%s%@hﬁﬂue&fr h e?éﬁﬁjé'? 3G‘§ﬁlﬂgﬁ§ before cooling
rop er ose

y are consl e stabl e t han
tf 6 trolth@nasemfl HpBol eit msas Edgeni esephratslyatogaagivled sucrose or

S(508 04, Solfiarheide B indon O S pobiced” i miing wes

cadiett dtion EhmagRatic RBAEH fSBwWel bg 3y gé(%ﬁ’lﬂféblhnth'esultrasonlc bath.
consi derably nore stable than that from 2% sodi um

Feamsi wate: predupedeag glassribedyria fixaropipat i axcepticthabalifferent shear

R e doel] sQod s b FPORH o oyt tolaRoH T o

guar gum The foam produced usi ng hydrophobin is
consi derably nore stable than that from 2% sodi um
The seicrastricture g tae Aydeophobimfaar gvast veualisednby: ey Egmperature

S T56eh B MERESBEP SRR, 08 HANCRNER FH G ot s

and pﬂur!yabfmt@ hiquidhpitiogeni Mherdzanplel wasaeft egi-86*C on dry ice prior

G and G') of the air/water interface in
Sghﬁg Hé@%@twﬁ SBMBI fectian WAS QU cpesfulbt Bacaysg of its very

fré{ﬁfe structure. This section, approximately 6mmx6mmx10mm in size, was
mounted on a sample holder using a compound: OCT ™ on the point of freezing
(supplied by Agar Scientific). The sample including the holder is plunged into
liquid nitrogen slush and transferred to a low temperature preparation chamber:
Oxford Inst. CT1500HF. The chamber is under vacuum, approximately 10 - 10
mbar. The sample is kept at a temperature below -110°C on a cold stage. The

. sample is fractured inside the chamber using a scalpel blade and coated with

gold using argon plasma This process also takes place under vacuum with an

applied pressure of 10 millibars and current of 5 milliamps for 30 seconds. The
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val ues increase to such an extent that they go beyond

the capability of the instrunent. Figure 6 is a graph
wehasingi2she i nterfacial elasticity (G) at theCT/EP2005/006996

air/water interface of 0.0003% wt % hydrophobin in

conpari son with 0.0007 wt% sodi um casei nate and whey
smhptwlsrtheﬁ\ltl’falnefﬁjl'ed trea lepdventivezl Scannitigrglegmes Mitfoscope (JSM
é% theresut show that the interfacia elastlc:lty o
56600 tied b PR PsicE mtwreamsmpﬁsé@@a RatoniIkirs of -150°C.

Téﬁoﬁﬁ&ﬂgf@’ i$ %ﬁlﬁb@%ﬁ? OLRIAS of FhiEtes ?;abﬁlréd di;ag J4itifal image

shear reginmes for the aerated rozen produ
acqujsitien 8oftware.scanni ng el ectron m crograph of product
m crostructures - fresh and after abuse (Magnification
x100) Figure 9 is a scanning el ectron m crograph of

R(eéd@émFoarﬂncsrtgemfwfaéﬁﬁcreafe"de@iin@ﬂgidﬁfphabmabuse

Magni fication X30 Foamability (a)

PR ST LEFL ORI ) 5l SN PRREhon

thngelspgibnis testdd (e, H ucrase, elosquaroeel anhd gulan) — sketHigure 2.

wi dely used, foamable, dairy protein sodium caseinate

(DW International, the Netherlands. 88-90% protein, i

5% fat and 6% nui sture and skinmed mlk (United

Results - Ormpzeisgs @f &@n@talblhw A pyretgins I3 Walghoi st ure) .

HFBI I was obtained from VIT Bi ot echnol ogy, Finland
Foamsiproduced inmmﬁdoﬁmdms&mat@mewde“nﬂk abwdeasand whey protein

descri bed in 0/ 58342 e}Pa i_nder Ow

afs e YPRMONSERRTG sCOmParef 0 pam pFR ”‘E% |‘395"E>% "QpfcRin (see

Figufe smcqrﬁrnﬂérl Pishe cdrtenBbided Bf SRirdineansilk RSwdET hd whey
prepared. Table 1 - Solutions prepared The dair

y
pmt@nesduﬂemsjtaranéewm o eptairAudnitigl eveagneef 100% than the

sprinkled into the water
Céééépg%ﬁwoﬁggﬁgggtfﬁi@%ﬁ]‘?ﬁg&@gl ution was then heated to
600C, held for 5 minutes and then cooled to 5C. The
HFB Il sol utions were prepared by using a Soni cor

R@Btl'itsas&ﬁrﬁp@'a‘-t% fb fram sitabibty (@omrdrephotyg iansheadiuay pseinate in
th% ﬁc\l%b @ggr ither as an aliquot or dry

oni ated for between 30 seconds to 1

Fé"?@%éﬁeﬁkcsﬂgﬁ%ﬁir%@é%ﬁ p debiP o BT, Fggnsicerable

p¥fAGd of imecEolvedksowhérdrf foamsagiodliced usimpsadiver casemate were
produced by sheari nt_:{ each solution for up to_a maximnmu
stgple for under 20 mins in'the presence of sucrose (Figure 3b) and under about

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

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

proteins.

In summary, the data show that the foam that is created with 0.1% HFB Il is more
stable that those produced by the other proteins tested. All the foams drain over
time (which can be reduced by the addition of thickeners), but the bubbles for the
hydrophobin foams still remain stable, i.e. the foam system still retains the air
(overrun). In addition, we have found that the bubbles present in foams made
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10 mnutes in a cooled (2C) cylindrical, vertically
mount ed, jacketed stainless steel vessel with internal
wonropmed2ons of 105 mm hei ght and di anmeter 72 ROT/EPR®35/006996
lid of the vessel fills 54% df the internal vol ume
| eaving 46% (180 m ) for thesanple. The rotor used to
with dyidropheobinmeinaire stabies tas bubble caarsemigglad chilnfeshpaatats for at

IS 208RPT fne® BRS¢ Bhish o s BN Moot o B pnsirating that
b&b@l_@TTki_-zeAlsS%u%ﬂggﬁﬁ%ﬂddr@hbﬁﬁe& Oéhﬁbfr Qrﬁ/ebl@).lHence, hydrophobin

_sem -circular ( I ameter) high-shear ‘bl ades
inpRyoves dne tahility of foamslie terong ekbetbdbamyuelume and bubble size. It

SR RBleg b The TPl RS BB Sl ob W pubiles are
belfsiedad. beliteraslsWiithd SEM prégaratibs pfesbdare 1250 rpm for

the aforenentioned period (table 1). The aerated
solution was then i medi ately poured into a measuring

' . | Vi f .QV Yol uoe.
EXIERY + MeUsTr gttt or o as Yty Bhfh $fastghy uiFy, surface
rHeometrgf percentage "overrun”, and based on the

definition by Arbuckle (ibid). Overrun %= 100 x

(vol unme of foam - vol une of unaerated solution) /

( 0 . . o .
A A G AB0 AR Rl theaMbie; feaditet 1iiReh &g Royston,
HerRg UK), Wassised ds mhéasurbdhe tshefach wibcopitpbihd dlastitity. Such data
| east, as ann?gl e as, sodi,um casei g?ste and SMP, with a
9IVeRErIngiGAEeMOF BPV IKe!haie ddaorsddBniecieawil| siabHiseyp foam.
overrun. (b) Sodium caseinate and HFB in the presence

of other ingredients Sodium caseinate and HFB I| were
Thé dnsteementedas nugdek irp thes ecmalbided G8scnancesmoi@ausingnd 13 mm

Lyl ng, 20%.sucrqse + 0.5%_quar, gum (W Benecke,
T NS, R0 5 P e S it S et sample
disRsol vk eriﬁgsbgéiﬂat_eéo/‘bﬁatthémgar#ﬁ‘r@%acbf‘ A éaﬁghglfesolution
sodi um caselnate with sucrose the dry powders wer
digplagement aerisartie tsed éamonitod sttaincampliudeaower tite ramgm +/- 1°.

tenperature that was being m xed on a magnetic
stirrer. The solution was then heated to 600C, held

E&EH run Was dhafedodt ddhed tHooime dxpehifeni@dnditidhsg Wﬁe}”ﬂﬁlﬁs were

_present the guar was added to the solution first w
tirg isvegps with dhe stasina freauene)t and kizaand starling anplitude eh10,000

R e B0 S ool 6 B8 ion wes

setaateB6000 vecormiddeutheud dita peists gbtiered diflRs hat time. The
Stirrin vvgs é%gt_l nued at the tenperature for 3

0
phivsical oarapeter d¥eras arg Gdstaragadnedidus)oandiEs’ (lpss modulus)
t . I: r. .« .
o455 OREH, BEURSE! Al 18 AP R0 ARl of e
adsorbédhbuniace lagemas carried out on a magnetic stirrer
foll owed by 30 seconds in the ultrasonic bath. Table 2
shows t he

Protein samples were diluted with water to the required concentration. The
surface rheology measurements are made relative to pure water, which was

measured prior to measurement of the protein solutions.

The surface rheology data is shown in Figures 5 and 6. For the hydrophobin
protein, G’ and G” increase gradually over time, before a rapid increase in both is
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sol utions prepared. These solutions were aerated for

10 m nutes as described in section (a) and the overrun
wohowinedsby vol une in a neasuring cylinder. TaOTEP205/006996

shows the overrun obtained fd¥® each sanple. Table 2

These results show that hydrophobin has siml ar

obseweli | irf thd exampicsmisass, thet valuds ancrease Q@@icﬁxan extent that
system i ncl udi ng sugar, and optl onal Iy guar.

theyrga heyondi theteasiding eapabiitipsoet the @mrqmemab nﬁu@ Even at
r "
VERTRAL SO PRSI 901, JBLMnE AR Ry 8B o roach
valuedumunnexcfesarrsf it proteinsedseditas sompasisonsigwhey protein and
| inder to assess their stability in ternms of foam
SQ%'IUUTTE’"%"QGF unction of time. The volunme of foamis
stated in terns of percentage "overrun", and based on
the definition by Arbuckle (ibid). Overrun %= 100 x
It(cawl bereontlutied from twesendatafthahiagdrapbabinditalbilises foams effectively

ol ted sol The stabilit
oy JREN G oSO SR RS RS (st QUL G Adbbles.  These
IR0 tdMgdBRASHAMIINY il AghieaR ASbrhCagsdbNgingChidthbAisHs such as

and foam hel ght™ over ti room t enperafure
coalqacemen antalisprapertidnation.oWwe belieye thehwhey proteincand sodium

and distpnct | [S, f am on. t and
o3 SRIRg s el ot s, e et mydREhBHn, fFBms g the surface
|33/278 ¥odREE eXiPibit ACNARY G'a vaIuasi 44 a8 Wb pIRdbin Oét comparable
any, viscosifiers. However, it is the stability of
soluannmagentratmna s the poi nt of interest here. For the
cal cul ation of overrun, the volune of foamis taken as
the entire vol une of the system i.e. both air (foam

Aebesingipchydraphsbingaan ber mmqhhibﬁ mibbih edaeeningti an aerated
have separated into two_ distinct ers. The val ue of

fQﬂﬂernrmlwthé@re%ﬁ@P!ﬁ \BYs 'Qi“l@ftlﬁgltq’& 5@ uging risrrappdiengtion and/or
clr)rgl‘é SoAR | 'éﬂnlgﬂg;}s’ Hids Toah ?h %’%c?% %Qmse foams in an

CRan! afis Qe cence ensel ves  an
atluted fomd preiue). Rarthel, gbremthat h;bdl@phobmslmlmb&lblmbblma:mrsenlng,

di spersed_in water al Bne and in thefﬂagr nce o{eéf)
itxle Rassiiie in tnpigys stiape detentionagd <§ aroducts.
shows the sanples that were prepared. Wey powder
(Avonol 600 - 30 t% protein, 3.5 w% noi sture, 2.5

E&%gq'é %t4 -Ke%té%iaﬁjazﬂacbr?ﬁ&%sﬁ | act ose) was obt ai ned

anvi a relan € 3 The dairy protein
Aféﬁ%tub'rfons n\r’;lﬁggugtse éarreepq'egg’r'er&%SIngnEQ{/]Sés'. St proieflﬁ.e r and

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

Microstructural and physical properties of the products were compared, both

before and after temperature abuse regimes.
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was sprinkled into the water at roomtenperature. The

sol ution was then heated to 600C, held for 5 m nutes
wanadsihenscool ed to 5C. The HFB Il sol uti ons WeCE®EP2005/006996

prepared by using a Sonicor Wtrasonic bath nodel

SC-42 (Sonicor InstrunentCorp). The HFB Il was added
M%itélﬂmis as an aliquot or dry powder which was sonicated

“for_be évveen 30 seconds to 1 minute at roomtencPerature .
Dgtails obfhe mat?H@lSHr@dNage gHawearsed Bhdahlecfead theydergnulations

f .

gt SRS oo e ategoondtl afRts P et Proby e AEE shown in
Tableeh.pr esent the preparation was slightly different.

In the case of sodiumcaseinate with sucrose the dry

powders were conbi ned and then sprinkled into the

wat er,. a roomter@erature Wni cCh was Delr%m £d on a

Ingre fent <iirrer| OSHHOl i on was t hen i o

$6§iGm badaindter 9 86- QO%eﬁroi’élﬁ 1 1596 41086 DMV HdertdtRmal, The
guar gum was pr es,ﬁatstdrge guar was added 'i\}étﬁé]fands
—Setut-on—fi+rst—w-t

hal f nF +hn SsHerose -oom

III TTUAT 1 LA 2 SUUT OUOC

Skimpeedmiltke. Thi|s3336% | pno)telas 0188h fiataf Etnited Miotkand
palderf or 5 ni nut|e7Uemoistureei ng cooled 1o 6Q0C. At

s nr, th mc Sef (e WS add
@ﬁg@pﬁpbmpgﬁhﬁ% oM ggf o Ean: | hyAd BtedtiEology,
Fdpl) at ure for [JGCAPIRASERT %‘-‘re cool i ngiAN&C. | n
the case of HFB |Idescribeddis\W ¥ EB34Barafely to a

cool ed sucrose orarmblndeeefgalaZOth ution|either as an
aliquot or a dry| Riomderomolecties|2: @14 ng(was carri ed

out on a rragneti cS‘B?t)j rrer foll owed by 30 seconds in

uttrasong ath—Foams—were producedas gescribed
h schfrpranyt éj!~ixcept that different sheaNdalnedff‘rPsBﬁ&‘},’eFOOds’

used so as to generate in each case aboylimibes,

n. The mdgrostructure of the hydro b
§ml\{a&rs O:’S# sualised by Low |enpe[ ature Sgyanni ﬁ% :?Qg‘iyggUK

M croscopy (LTSEM. The foam sanple was first cut at

+50C and plunged into liquid nitrogen. The sanpl e was
Thblet4.dvlategiaixaiged dry i ce prior SEM sanpl e preparation.
A sanpl e section was cut carefully because of its very
fragile structure. This section, approximtely
6mx6mMmx10mm in di was rmuntﬁﬂ a sanpl qwnphder
using a corrpound (tn) on the point of flreézing

SUppled by Agar| SCl ITIC) Jhe sanpie inctuding
lhéé)q%l er is olun@&c &f OfY 7% nitrogen slush and
36@[1[:‘,{@55@,@13@0 a | ow t enper atufe prepar atl on chanber:

aYa¥ N Thae—-rhabhdar o s Aory hyony
M}l\l UI u I IIOL . UIJ. \VAVA NN e 'TTC blla IUCI I O UIIUCI VO.\/UUII]

Skipresd mitkel y 10 |4 - 105 nbar| Thel$d@ple i|s kept-at

powderper at ure bellow - 1 100C oh a cold stageg. The

%FEBLG 'S Tracturjed i nside the|chanber using a chife'
and coatedwith gold usihg argon plasnm Thi

Qo Vipl so takdgs pl agegyunder| vacuugigM t h gn
Sucrose 25.0 20.0 25.0
Water 68.0 63.58 69.8

Table 5. Formulations used
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applied pressure of 10 1 mllibars and current of 5
mllianps for 30 seconds. Thesanple is then
wonremsgfiersed to a conventional Scanni ng El ectr 8QT/EP2005/006996
M croscope (JSM 5600), fittedlwith an Oxford
Instrunments cold stage at a tenperature of -1500C. The
Psepayation of theoferated &noresr lRrasiuofs i nt erest captured via
digital .inmage acquisition software. Results - Foam
stability of foam created using hydrophobin Foam

X PEine®sioHF pRepdtatibAaphobi n remai ned stabl e over a |ong
time period in all three systens tested (water, +

ALIFEES gt B85 A\ s FEERARLON B0 & TR sodm
caseinatepand iskédmeado milkkopowdeg areepmtlvely)s khenpeotein Mkas combined

and whe rot ei very uynstabl e
wlB e sudtbse r rsised itosedly T s e, Maanstic stier. The
sc'rﬁn_hlﬁﬂﬁ Wa%%enﬁ%ét%%o ol G/hﬁrstlFl‘él’g:?: SHE"HHId %6155 %mﬁi‘és”ﬁ@ﬂre being

powder and whey protein utrons are required
cmledubm 40°Cni Maltenoceconut ialt vaddthehaadddde and the aqueous mix

t,r at ed f h
SRR 3G B R S SRRSY s oToobteid oo mimes
79%5ﬁhbﬁthae'vﬁtﬁ fh% %ﬁ'il%?né?éedi Wﬂ@ﬁfl@h&% WHE‘en’ﬁﬂ@i’@Sﬁ was then
produced usi ng hobi n remai ning very stable fo

c@@iﬁé.raendablreape deatertba’c’e yreil \ﬁhﬁalsebutmneteemrabmwas 5°C, to
Crg/épqﬁrsregtﬂe#a wg,pgeg So gnaisa)(g's Q\{a?tg?e 8£Be ﬁ%éaal e 'E{Bfr under

under about 2 hours in the presence of the sucrose and

guar qum (Fiqure 3031 Ther ef or e, drophobi n can be
Forbix & (cantadving bR Hh.rtheisparase Vé@%ét&‘é digpgnsed idacold water with
stﬂﬁﬂént'ﬁwe‘?'lf ﬁe\W tY*{% d‘égufr %bﬂcgﬁ‘t?é{tlo% nﬁgb%Br ﬁﬁ/@é éﬁg&? to this as

comonly use eins. " Insu

an Biiguéthalhd Selufioawdstthbnigently eahledted ihha SodicMdifrford 30 seconds
nore stabl e that those produced t he ot her
t%a'ﬂva'%rﬁééh%é'":&\lnl {his sohiien W?ﬁlthe@\ﬁéff efi of a(mpgeetic stirrer

%‘gbeg?ecf f&(:%‘ﬁfﬁébﬁ?ﬁﬁg tﬂgq'hBI't £ w‘é%‘ %&%@Z{r@ soIB Bntv&?s again

["es obin arrs S mal n s abI
sonieatetihie af smatic byttt fe1m39tsécbnds=.t ahenolben fat wve(saMenradd)ed and the

PR RS TieR e, G i ScHaRH TOCHRRCA Actibn fither aliquot
offlREBY P\W/bg Qhéﬂ aeaea lto irﬁéfﬁﬂﬁaédl{itﬁﬁl tbqanr@tthleqqee |2c&%lﬁ%rauon up

(see Figure 4 which shows SEM m crographs
tod@20m s Thetfirsig).d baof HEBOIl wasiferemsilsitying and istablilising the fat. The

unch n nce, hobi rove
seRECRd o of Flrs 1 aieiid oS regha e SRS BN rSide good
aéifioR whll feafl &abili). shoul d be noted that the fractures

observed on the surface of the bubbles are believed to

be artefacts of the SEM preparation procedure.

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

Analysis of Emulsions

Following this methodology, we were able to make emulsions with small fat

~ droplets. A summary of oil dropiet sizes measured are shown in Table 6.
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Exanpl e 3 - Measurenent of surface viscosity and

el asticity using surface rheonetry A Cantel O R-100
wonverofiesal rheoneter (Cantel |nstrunments Li nPCEP2005/006996

Royston, Herts, UK), was used?to neasure the surface

viscosity and el asti ci ty. Such data give an indication

f h [ dshibbed I ' Se
0 ow we an ads ed nmo ecp%ﬁdﬁtﬁhlétdgrﬁgqér a

foam The instrunment was used e nornual i sed

resonance ngde, using a 13[mmdi Nouy]| ri ng at
the surface |of the quuid ifn a 4?@?5(1 gheter sanpl e .

di sh. The rim 71 T thesanpie surface, and a
hi gh-resol ut|i r‘f\Zﬁ ﬁ-llaéé t sensordds used toj nonitor
strain an‘pl iude—ever—the frafige +f —Faeh—+un was
carried out |usiBh{SMRa same|experi rTEQu?éI condi t ] ons.
The runs werfe—time sweeps, lwith the starting frequency
at 3 Hz, and stGll(lt-lFBgI)arrpI iitude at 1.68000 /7 Rai ans,

and neasurenents taken at noomtenperature. The test
durati on was set at 36,000 seconds, with 240 data

THe B BreioB et o Pipasura kgrd et M Ddyasisesizer 2000
(I oss modulus) as a function of time, which give an

i ndi cation of the viscoelasticity of the adsorbed
Sbewfﬁmezmgé‘roce’s@t ein sanples were diluted wt h wat er

t uired co tration. The surfac r heol og
80, mheftés sHafhagn i SmlBRadil i Tar Vegfittescrbed in
EXERAPRERS W %@s@ﬁd:é)éntaérﬁlé@iséﬁcﬁf@ﬂén ‘b?otb%e%%r@dﬂced as follows:
sol ut| ons. The surface rheol ogy data is shown in

Tire quix dnside sl epclosed aaméainguisominsist withrast impelleG atanbiigh shear

off 1 5 TR Y02 S B B8 8 58y, aron e

cdritgingpjderat io\cosianrl freesd!tHe mik. eXhe Hnpbiiat albb%&‘:ré}:sés the inside
beyond t he neasuri ngj capabilities of the experinental

Walétreupvm/@w ige that {prmswihesm aadtineerperaiing is inte dhe rest of the
mlgc Ogﬂ& ﬂ/@zar fshﬁsé/@kéj?rﬁtlélgf a&tat@ hEmik e&ﬁ& tP{é‘rll Lf@% shBbr rate is

€ess rotern used as conp ‘ari SO
slpwet dn nrdmdo@ldmuhet@a&mdmag eand| freezing. bé‘ hecxhdandegmiersam,ed for

t hese data t dr oph stabilises foans
ey B S B ey PIASAR I FIgURb g vi Scool st i
surface | ayers around the bubbles. These |ead to good
stability against typical foam destabilising
Fmremmrﬁimk'ngsmu aeratioal stepemdth Mixkeslifs Emb@ t(comtatnimeg . sodium
We. believe, that wh tein an i,um ca nat e
oagiEe 2P SKTmec/i sBUEE BRaecvER) SR caPRN Bkt —18°C) was
se‘l't@%ﬁc&lﬁﬁa fiofl Rinfe Ea()’?ri“ﬁut@@ Ne REVRIY slgw ﬁnﬁpgat the start for
val ues as hi gh as hydrophobi n at conparable so
MixesdkmndalBiallewed for cooling of the mix and generation of some viscosity

(via ice formation and incorporation) prior to aeration using higher shear. A short

time at high speed incorporated the air and then the speed was stepped down to
allow the samples to reach at least —5°C.

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

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



Accordi ngly, hydrophobins can be used to inhibit
bubbl e coarsening in an aerated food product, for
wexersplieby i nhi biting or reduci ng di sproporti BAAEPN5/006996
and/ or coal escence. Simlarly3 hydrophobins can be
used to stabilise foans in an aerated food product.
géuertdhem 0094 \»eriunat Clmértbnhomlant waBi switchegbbhdo circulate (at 9

THGRER LB SAE HHEFHB)nE PaRErL AL LD ARECA BRRpIeS adopted.

- Aerated Frozen Products Aerated frozen products were
prepared using 3 types of protein: A Sodi um Casei nate
Al the @asl) ofBtheShiocess, tvekurPsasemeaSvRd and iatnples dapproximately

s 15 SR PREEHEI FEBT SPt e adbea R FedlBdhedtr 10 minutes
inP® freebef ssteatamd e8fictbret t%mﬁ sEdredl @t 2abose.
regi mes. Materials Details of the naterials used are

summari sed in Table 4 and the formul ati ons from which
: 0 products was prepared are
TOW— 11— TapTte or¢—#%.- Materials used Table 5.
Formul ati ons used2 Preparatl on of the Aerated Frozen
Products M x (Enul sion) preparation Al mxes were

10 Allpgsated frarengrpduelsaverersierer ynsier Ava fempeaiuia iEigimes

7 spl 05y S5t ALATER, s Sl RAb one pesk of producton

sucr osaartivle dicepetiisds ifrésh"qebdustat er using a magnetl c
stirrer. The solution was then heat to 600C w
sti r fnkeraperafigephusedssamplas were skbiest ts>e$tﬁgag,%at ei0Gfor 1 or
400C. GO
aqueousl\é) m >8<E? ‘mredi a%b s{u%%eﬁ@énty‘ﬁg é?gr aﬁbs(gdw%éﬂa?? anaIySls

15 W|th64nmtaperedt|p) for 3 mnutes at 70%

anr‘nllfllrln wi-th he fln well— i mrersed—in—-the-solution
B ea—+h—HRe—So-H-0h-

The eSaimgplen wals t IBheardithedtr ap| @verruna) - 1 ERCpradact
bath until the gol ut |1Q00tpmper atpre was 5C, ttemperature
[TystattTse they fat dropgtets. ThE T Xes wWere storegd at
5C until furthefr use. F&" Mx C (con %i ni hg HFB 1°

theay Ny@§§h s| first difspersed 3ogol dl wat er yggh

+|rr|nn hglf n'F fha raou coene nfrgfinr; of
e+ —eqgd H—-at++-0H—4

HFBBI(BM%)S added to thid as an a |qd3:& The sol ut-8on
entTy[sonicated in a s atntor 30

DN
<'ecgr{§§m:t>)g fully disperse the HFB | ICQAPThi sol ut |%ﬁ

vascthﬂgﬁjlrred on a mpgnetic stirrey -5

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

20  Final products were analysed as follows:

Overrun of freshly made product
SEM analysis on fresh and temperature abused product
Melting behaviour on fresh and temperature abused product
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and heated to 400C. Before the nolten fat was added
the solution was again sonicated in a sonic bath for
wGQos@maends. The nolten fat was then added andPCHAEP2I0R/006996
was enul sified and cool ed as?#lescribed for M xes A and
B. Afurther aliquot of HFB Il was then added to this
Ovetknsol ution to bring the HFB Il concentration up to
0.2% The first 0.1%of HFB Il was for enul sifying and
Tﬁé %%frhﬁ'fﬁg chb® oﬁ‘ e Pﬂ&lcﬁﬁffs%ﬂnﬁﬁ%éd @ Tabld 8B Al of the mixes
d provi de adequat e excess HFBI | rovi de good
wae& aerrabablammdﬂoampgtaibﬁ Isignjficapg amaginés QPalé anal ysis on
the chill emul sions was perforned using a Ml vern
Mast er si zer 2000. Anal ysis of Emul sions Follow ng this
MigroRaditaeY Stasililg Methbdeldgy meke enul sions with small
fat droplets. A summary of oil droplet sizes neasured
L& Ry 6. Emul sion particle size
Sgéﬁrr’{éggﬁcetg&u& ng §Ccﬁ) ((I\%Elt@ern Mast er si zer 2000 Shear
TiFe enaitrosfrustorse ©f mhnpraﬂucta wamkyistiadised dusingl Liave zEemperature

| t I th b
sfarog Hlear Kubseally (It 5% S 4 SF 8BRS o on ary
ic8SariPhl %pleTg&tFBnXCUtnﬂ’h%eséé’t%ne@H ﬁma@élvt@hm&&ﬂrﬁm Omm in
m xed wth an inpeller at a high shear rate in or

size, wasdnpantedeomarsanyplmhalderewsiagya Tisseeckl aRICT | ommpound

(TS0, oINS B8 R BBl Bl BN e sample
inERIAMYd fite hBRIdrafas PRingkdrin® Fdilﬂdenlﬁﬁgem mman@ttran@ferred to a
this into the rest of the m x. ear i s used

lomhitempierstuse rpreparation ghambgFid Q)ff@rrd t’ﬂ%tflém@ﬁtr GE?QO%F The

LB b R om0 B 308 SR armoa up
toPLGF eQl @k iis sfovayretched torevdw Surfaeei details thotematedrby the ice
step with Mxes A and B (contai ni ngqjsodi um casei nat

itsell sngaméts rrﬁnwveﬁo%tdens teppepribte Y %qu}?éar@dfacaHm for 60 to 90
séSilds? ]Eﬁgl)ie ﬁe%ﬁf‘ri;ﬁé’,scécfcﬂé’éi % &1 forener CL up ;} bllmatlon

m nu Fhe relative ow stirring at t
andl matefki auitth @)ldldsmgadrgmr plasoia. n'Ejns:fprM%malsoata&es place under
ener at vi scosi.t rmat i

A Vi, d..
VAGREH MaAn P RS St Ut | Bt dicReRe Br Biliamps for
4§ '%‘é‘bbn&é Mhélka tpﬂi‘lssﬂﬁﬁﬁdcrdd%&!’ tbechriveftiondl Seshrimg Electron

he speed was s down to allow the sanples to

tharasco;m (Uslmlst56051¢ flged witlx @(gwf@trdu hnstrgmmquldtﬁége at a
0C d
e i D% P22 O SARAE AR Bl A B capturea

VIétdlgltéﬁtﬁb vaeqlRitionddfegd, to circulate on until 9
m nut es due to the increased tine required togenerate

100% overrun. Once the coolant was switched on to

I(ii:lré:s }'t?ct:t%réla.l\nglysis: Results
Scanning Electron Microscopy (SEM) was used to examine the microstructure of
the fresh and temperature abused frozen products. Representative images can

be seen in Figures 8 and 9 at different magnifications.

After temperature abuse the SEM images clearly show that the HFB Il containing
product (from Mix C) has retained its original microstructure, i.e. there is little

apparent air bubble coarsening. This is the case after 1 and 2 weeks storage at
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m nutes), the sane shear-cooling pattern as previous
(for A and B) was adopted. At the end of the process,
woveageroaou2das nmeasur ed and sanpl es (appr oxi mat e PgT/EB2@F/006996
were placed into small pots. Zach product was cool ed
further for 10 mnutes in a freezer set at -800C
-1¥¥1Cor Eobeveg the prettygies-chtéifingANal G andiSMR(fbROMix A and B,
Froz Products Al aerated frozen products were
FaSISICEH N h S VY SRV R ARG ] TRELGY SIUCIoMS Wer temperature
e de W|th| n one week of
agﬁ%%(ﬁgglg?]czﬁgémbggﬁﬁﬁe%s as "fresh" product. (b)
Tenper at ure abused sanpl es were subj ect to storage at

Oyprall gt slear ana i Kpger Pt gnage srsbaning: HF Y Shiws much
gFHé%QM%bFPWfd %%é?éwé apysé thalf ERA G| p@lla};kf{ iRlesity sodium

C. Final products were anal ysed as OWS:
ca}@naiﬁnr(ﬁklmrmlim powdereHpBU dhast arsiBiiuanaé paiair lnubble sibility.
and tenperature abused product Ml ting behavi our on
fresh and tenperature abused productOverrun The

Mélﬁﬁglﬂéﬁamomambtn&dbmgyproducts is summarised in
Table 8. Al of the m xés were aeratable and

t f
SHIIES A 0t UL 90 PERATIS ol i fpom temporaur
(& é?()t r[hﬁeMrmeesmblw\A(asEh@ pThéumtscmelMd udtaile s@bpeaetentlon and

was visual i Tenper at ure Scanni ng

18 Sty ereeBasyed B ekt o, o was cool od 10
-80 0OC on dry ice and a sarrpl e section cut. This
section, approximtely 5nmx5mx10mmin size, was

Mﬂﬂl!mg&!%hamwlsﬁqsuﬁsml der using a Tissue Tek : OCT
(tm conpound (PVA 11% Carbowax 5% and 85%

These mam:sitnaetwahw{femrtce}s (stEibte f@amland siablediced hakdesome impact
an

op 3% ‘%J}Na%@%\" ?%B'Wn%t ﬂlﬁ%? 5%%#@ ':)r eg%ﬁsélﬁ Premample made
o R O g:gfgr il tg’?ﬁﬂ@ﬂﬁed I@Qhﬁ?ﬁﬁﬁér b rﬁ@lﬂﬁg compared to

vacuum 10 4 bar e sanple

theaprostiict madB with sxﬂlummsemaéemyqramﬂcbmﬂkcpma(h e. Mixes A
Ciﬁace s not caused by the ice itself, so water

ap thi s tenperature under constant vacuum

for 60 to 90 seconds. Once etched, the sanple is
cooled to - 1100C ending up the subl i mat i on, and

Ag dhe dee mieltad guiddforrspd gvaier drflawed throughite prajiing gridd stowever,
foﬁﬁ&%r@&&? %vnf‘mqﬁéll, much of the foam also remained on the grid with some
stable drops of foam observed beneath — neither of these characteristics was
observed with the conventional proteins (sodium caseinate and skimmed milk
powder). This illustrates the differences in the foam stability between each of the

proteins used.

Textural Differences between Products A, B, and C

Clear differences in texture between the three samples could also be observed
after one week storage at —10°C (i.e. temperature abused samples). On handling
the product made using sodium caseinate (A) and skimmed milk powder (B),
these were noticed to have a very soft and very flaky texture, which was difficult
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vacuum wi th an applied pressure of 10"1 mllibars and

current of 6 mllianps for 45 seconds. The sanple is
wohaews/oeaansferred to a conventi onal Scanni ng EPETEP2IN5/006996

M croscope (JSM 5600), fitteddwith an Oxford

Instrunments cold stage at a tenperature of -1600C. The

toseeaIP rémoes fionm ek sificorapaper uded mlmeema sammblerpet. Tha product
e acquisition software. ostructural

d |
maggiysine HRREL (Y oSl el e VAN YIS B0/ elazsppt from the
S BaREr VfinG 818 Aol oot Sy cledthsl an°hitch i) he product

prepaggsusing HHEBH;sbnwsnnﬁa:lggr@eBstabdity@tmtenmbéré&nerﬂbuse on both

g}glflcatlocf Afterte erat eabuethe SE I mges .

a NCEPFSPRIG ARY HBRCTOREORIER ‘Pqec aPH? pP@rH’@E (¥ sodium
dt o3 nﬁ?f‘i@(‘&ﬁgd s original mcrostructure, i.e.

é\%]eé}e i's ﬁ ttlle appaéf' ent air bubbl e coarsening. This

is the case after 1 and 2 weeks storage at-10C.

However, .the protaot s ,cont.ai ni Na Cas.and .SI\/P .
THE Mations fealtutr 20 HRBRaEorIS) ) P8 afkssar yREayEereterred to in
ing u%?néétﬁlo% BRBVEAapSIyT Wt WPRrapIiRs, teNBRIcRt S6dions, mutatis

abused at -10 OC after just one week. Overall, it is
molfazalis.t Eanseqteeﬁtryofpaturps specifieddin onemeciipninmay bErombined with
f ﬂg ﬁ reaﬁﬁr’_ I|tytote erature abuse than

g 3?15898' gﬂ%B Stjﬁsr?d)p%%” casei nate or skim

m | k powder. HFBII has an influence on air bubble
Aﬁ)oBhééﬂohs dﬁ{%hflbﬁ‘@d ﬁ?t}ﬂé’ 'aBH\?e sﬁ@&h@ﬁ'ﬁ&ﬁg’ﬂ}f’e ﬁ@l‘ﬁ?h §§cdtborated by

Zzen pro t were | aced on a net al room
refmpeeat\dareot(in&(c)mcahohfseanmuesamonst nétlvaaydesmﬂoed methods and

N Y T T TR
dééf?éfrhh@qnﬁﬁhmé' 8tBpe B?S{Hbtlﬁvé'ﬁlﬁﬁﬁ W\I{H U§s Wivdintion has been

ferences (stable foam and stable ice) had sone
desaribed dm ctcrmemaom. wih bepesiiiorprefercade Gme@lmem’i%ddcﬁhOUld be

,_ﬁ,b_é‘gﬁﬁ%r a@%g tﬁé 35?@%@'@% %I%&%?e%ﬁ@.ﬂﬁ r'\rqe (J?\B[]{fl'llﬂlté‘@ to such

spetifidiembodifhsits Teddesd t Varkogi madﬁiaaﬁmmbfemy déé@rilmﬂ dnodes for
m |k powder (i.e. Mxes A and B, respectjyvely).
caradngreut the iavantion whichreapparenttpdhese skilled ghtftfh'@levant fields
h HFBI I,
aBbleRR e 5 wiHENE Soopfbr HRTORORMUECAMS" Th some
stabl e drops of foam observed beneath - neither of
t hese characteristics was observed wth the
conventional proteins (sodium casei nate and ski mred
mlk powder). This illustrates the differences in the
foam stability between each of the
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proteins used. Textural D fferences between Products
A, B, and C Cear differences in texture between the
wohoedieaspl es coul d al so be observed after oneCwEER005/006996

storage at -1Q0C (i.e. tenperature abused sanples). On
handl i ng the product made using sodi um casei nate (A)

and skimred m | k powder (Bppaimigese were noticed to

have a very soft and very TTaky texture, which was
difficultto cleanly renmove fromthe silicon paper used

1Sy, M RelREIPRE Fod s colleiofier1FastTR Ay Wpia Belibfhooin.

fromthe silicon paper lining the sanple pot very

cleanly. In other words, the product prepared usi
2 HFBI An Sesaiedfoed pg@@éﬁt@ccemg fq elpin d' ¢ampsiag @t éeast 0.01 wt%
hﬁﬁgé @ both a m croscopi c and macroscopi ¢ scal e than

CU prepared using sodium casei nate or skimmlKk

powder. The various features and enbodi nents of the

present invention, referred to in individual sections
3.abovAn askied faad pRpHUGS cPREISINgsirAROLIR ¢4 jaghated form.

mutatis nmutandis. Consequently features specified in

one section may be conbined with features specified in
40t heAnseaetatedsfoars mpgucipricedrling)l fo wldim ¢htcamprising at least

Bﬁgtig d,in bge above specification are herein
0, o PYIROPhEPIN: ef er ence. Various modifications and

vari ations of the described nethods and products of

the invention will be apparent to those skilled in the
5art Antéderated épad tprodudt ranmrdieg dooary ohet ok thepeecading claims

nventlo en.d scrlbed in

whgist s B hb G Haes L ASREIRFER Erbod: ment s, | ¢

shoul d be understood that the invention as clai med

shoul d not be unduly limted to such specific ) )
6enbolinnagnatad forikguoduciracpesding dof arytanensef die teceding claims

arrying out the invention which
whfEd 'ﬁﬁ'tp)fg 2T ISR LY | T2 (he vl evanc ol e
are intended to be within the scope of the foll ow ng

claims. CLAIMS 1. An aerated food product corrpr|S| ng at. .
71 easAn@ayated fondngredyshaenaiding tognyaene ok glaimsdl to 5 which is a

ing to claim1l conprising at |east 0.01
CW%E@}&@%‘QG? 3. An aerated food product conprising
hydr ophobin in isolated form 4. An aerated food
product accordln to,claim3 conprising at_|east O.

Bt 9% AP FRYBERSHITRRT Prodict Recrdind igoanp Buet t '&%&6?6‘?‘10{8& claims

e

9. A composition for producing an aerated food product according to any one
of the preceding claims, which composition comprises hydrophobin in isolated

form together with the remaining ingredients of the food product.

10. A dry composition for producing an aerated food product according to any
one of claims 1 to 8, which composition comprises hydrophobin in isolated form

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



6. An aerated food product according to any one of the
preceding clainms which is a frozen food product. 7. An
waenwtoedi2f ood product according to any one of eCaiERB003/006996
to 5 which is a chilled food2product. 8. An aerated
food product according to any one of the preceding
1Tl ai Use Wi hydrophobire irhbesiethoal of iritdbiting bubbikicbars®niry in an
conmposition for produci ng an aerated food product
agiatast I9oAPreduelny one of the preceding clains, which
conposition conprises hydrophobin in isolated form
together with the remaining ingredients of the food
12ar odusé of athydtophgbin dmaosethodroff siabifisind e foggn @m an aerated food
aerated food product according to any one-of clains 1
prpgugt’. whi ch conposition conprises hydrophobin in
isolated formtogether with the remaining non-liquid
i ngredi ents of the food product.11. Use of a
1y dridghaifi an hydrephobim didl 2ometingd tof timpgoving shape retention and/or
.coarsening i.n,an aerated food product. 12. Use of a
ng 'gf B‘p?fbﬁgﬁt?ﬁil?%ocﬂg'f(}‘i%‘&gof stabilising a foamin an
aerated food product. 13. Use of a hydrophobin in a
met hod of inproving shape retention and/or rigidity in
an aerated food product.



