*159159* METHOD TO | NCREASE THE FOAM NG CAPACI TY OF
SPRAY- DRI ED POANDERS FI ELD OF THE | NVENTI ON [ 0001]
The present invention relates to a nmethod to |
the foam ng capacity of powder conpositions, ‘mmmml”“mm
particular, a nethod to increase the foam ng <cap ac) 1y,
of a spray-dried powder by processing the powder at 'a
tenperature below the glass transition tenperature of
t he powder. BACKGROUND OF THE | NVENTI ON [ 0002] Sone
convent i METHODOT@ tNCREASE THE: EGAMING QAR ACHTY OB
foam For exanpl e, SPRAN:DRIED, P@WDERBakes, and sone
soups may have froth or foam Wile conventionally
EIELD EfaTeE NVENTIONS may be considered preferable by
some consuners, other consuners are increasingly
[00043nandi Thetpnesant inventiom celates to amelied tp innseassdthe foaming
‘instant food alternatives. In order to accommobdate
capacitysefrpowder ebopasitions, anduinpaticulass methoddersrepsel the foaming
i nstant food products which give consuners the food
capawitydefcd spraariednonier by gmocessimgvibaipowder ata d@mpérstere below the
product by devel oping Instant food itens which have
glast hreansition temperatiltesof thégowderri stics as conventional |y
prepared food itens. One challenge for nanufacturers
IS howto produce a food product having froth or foam
R LIt A : 9: [ 0003] One prior solution
used to manuf acture an Instant food product which has
[0002] ot h oBofmescanventionallygirepared daed temp dvaudatiothsurfoagy. For
conposi tions which produce foam
example, cappuccino, milk shakes, and some soups may have froth or foam. While

conventionally prepared food items may be considered preferable by some consumers,
other consumers are increasingly demanding the convenience of consumer prepared
instant food alternatives. In order to accommodate consumer preferences,
manufactures have developed instant food products which give consumers the food
products they demand from a convenient instant food product by developing instant
food items which have the same or simllar characteristics as conventionally prepared
food items. One challenge for manufacturers is how to produce a food product having
froth or foam from an instant food item.

[0003] One prior solution used to manufacture an instant food product which has
froth or foam is through the use of powdered foaming compositions which produce foam
upon reconstitution in a liquid. Foaming powder compositions have been used to impart

froth or foamed texture to a wide variety of foods and beverages. For-example, foaming
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upon reconstitution in a liquid. Foam ng powder
conposi tions have been used to inpart froth. or
foamed texture to a wide variety of foods and
beverages. For exanple, foam ng 1 *@00002*
conpositions have been used to inpart froth or foaned
compasitiors havé heennsed &pimypart fioth arfdamed ¢extoreftbdestanieppuccino
i nstant refreshing beverage m xes, |nstant soup m xes,
and onthtertoffeainhike$,dhstani refreshing tesetagdanixes tinstappsmgs mixes, instant
i nstant sauces, hot or cold cereals, and the Iike,
milksteakecminesn mdtantdessert tppings| Instant satidea, hetiot cdMd @ereals, and the
liquid. 10004] One prior nethod for manufacturing a
likei, edrenncprobinpd with water, amitk, @ iothee sijtable)li§uidPat ent  No.
6, 713,113 whi ch di scl oses a nethod for manufacturing a
[00pdder edOne @risk heethodfr Aganutgstedng a fofAig 'dosmsbsitionds provided by
matri x containing carbohydrate, protein, and
U. S rRatenpRd. §,743 3113 wisich dRelages aunasthol Yot Rahifasturing a powdered
conposition above the glass transition tenperature.
sollrisiatfo amirigiagrediomuangitised P avRatritolitahfifg bamgaié!& protein, and
tenperature potentially | eads to nonoxidative browning

enttdpped prediurtacdaopodubsd b ﬁaat_irfyimar@%pbsﬁfoheasovbgﬁe glass

appearance, flavor and shelf life of packaged foo

traritioh einsperb U005 Hedling SEE0dMRPshetits abavaahe s Pdnsition

process for formng a foam ng conposition where a

tenpophteré pe Ay ldads td hoRvsdlRletolvPingdMdillha) iceRtidhs gwfat can

tenperature above the glass transition tenperature
adveheo |y anBesthbigppeatdieel AAErMMACHEIT bi MbkaBéfoﬁécPPbdgucts.

contains a plasticizer such as a. carbohydrate po

[00]95] suganvel 2ed401968b §i86losbPaRbtAEr BRIEBESfdr if&%lhga%tfoaming

ornms the basis of all working exanples disclos

NPt wheRNh ProteinCel Al QuBjestes 8| tibi$ %
e S%cﬁ)y wei ght . 9[ 0066] . S. Pat eﬁ'tJ Publ i cngt%ifﬁgﬁ IJl:’\'lg. ?ht%perature

abov8@Ré Glkatrdhsiticiclefirratard B theCohtositRhMTHe fobAMEESmposition
or powders of carbohydrate-based pharmaceutical s or

prefepalsly cohtdihe 4 pdsiigRer such as a carbohydrate polyol or sugar alcohol and the

foaming composition that forms the basis of all working examples disclosed therein

contains carbohydrate glycerol at a level of 5% by welght.

[0006] U.S. Patent Publication No. 2003/0026838 discloses a methad for forming

tablets or powders of carbohydrate-based pharmaceuticals or foods which includes

subjecting tablets or powders which comprise a beverage base such as soluble coffee,

foamed powder, sugar and creamer to pressure and temperature above the glass

transition temperature to produce a tablet or powder with increased solubility or

dispersablility on contact with water. In addition, a method is disclosed which promotes



subj ecting tablets or powders which conprise a
beverage base such as soluble coffee, foaned powder,
sugar and creaner to pressure and tenperature above
the glass transition tenperature to produce a tabl et
or powder with increased solubility or dispersability
the dissehitickCor dispdrsionto?a tablket anflhfitbrt-fcf«’.fdihan?l pBRi@PBy kEbjecting the tablet
di scl osed which pronmotes 2 the dissolution or

or pHWdRE 6 ipAekstirizad gablsetthat gd%%‘ sh@appditheeaid ¢ pmote dissolution or
subjecting the tablet or powder to pressurized gas so

disﬁehaiongﬁ&hé safe 6r6}imﬁértdhﬁfdﬁtd%t With m&e&vt 1 lsdh@tﬁelb%hapéu xamples
di spersion of the tablet or powder on contact ?1

proW@é@ thedeln bﬁchﬁ?ﬁn@ﬁ’liyecdrﬁﬁéurﬂieh s%liﬂﬂ@b&ﬁpo@iﬂ@?{é Ql@carbohydrate-
therein of chem cally conpounded sol ubl e conpositions

bas8HHowddrrvablat Somp éﬁﬁ&% éHh\t‘Qﬁlhg? rotefip! lﬁﬁpr?%@ﬁ%&&l‘uﬂaﬁ of tablets

cont ai ni ng proteln | mproved di qutlo

conffing éHtfaibﬁaatg"a@.n@aen&%traﬁd%wanaﬁ ak&d Ie@. therefh. "Blowever,

exanpl es thereln. However I Mprove O ution or

impFOVEREASERULidA ¥r Bifs ﬂ’@z fﬁo@fﬂ'@ré‘g &hi r@o&aridgﬁf%%n% containing

cont al ni ng entra I'sS not dennn tr

entr‘éEPEH s ﬁBP&&nBH&F b8 1n &@P@Zlk d@é%&@ tRbieRs, MEt nods

or produci ng oam n ever age

[00 G‘ﬁd' ti V?ﬁth]phgﬁrp‘?iol' hethdds eﬁst@&ﬁ&o? Eln f@hﬂ‘dg nd beverage

oduci ng conmpositions W acks

addm&,eeume?@ts é’fﬁ@ﬁé@d cFQ..rms bgﬁ uﬂgrat u!ﬁgd&r@b@lt?&{s without

target conposi |onstoh

the E%@é@é%f#ﬁ?%ﬁt ilefibdsC Bt e %H’lﬁ% gﬁ??ﬁeﬁ%s §Lgoié’éttthé target

rowning o e COﬁpOSItIOﬂ avors

coneliiiEde ] AP f?ﬁ”%*ﬁ%%‘@“ﬁ%%ﬁ@“ By EHEPREH Bhion may
res R Sy AR hTMpDSkioR, AP T ARvVERIAR brfucsy

the method of this invention, contai n a large nunber
s !Dﬂlﬁﬂwlmﬂ]:“mmﬂm ds which are closed to the

at nospher e ese voids are capable of holding |arge

0008 UNES TRE prédiént iffuMRYA relatds tb MRtHHRN0 MGdiRPh d
: OBgwclers cor?priéirl) ng am)rpﬁous parti EF‘EB W@%}%ﬁﬁg an
thereby improve the foaming capacity of spray-dried powders which, prior to application
of the method of this invention, contain a large number of sealed intemal voids which
are closed to the atmosphere. These volds are capable of holding large volumes of
gas. However, it is common for spray-dried powders comprising amorphous particles
having sealed internal voids that contain entrapped atmospheric pressure gas to also

have sealed internal voids that are essentially devoid of gas. Sealed internal voids that

are essentially devoid of gas, also referred to herein as vacuous voids, are thought to

be formed by evaporation of water from the particles during spray drying. Unfortunately,



havi ng seal ed Internal voids that contain entrapped
at nospheric pressure gas to also have sealed Interna
voi ds that are essentially devoid of gas, Sealed
internal voids that are essentially devoid of gas,
also referred to herein as vacuous voids, are thought

thetpresbrcd of varslioly veldaneddddsaRe MariigaphtRibe d
particles during spray drying. Unf grt Sna@;?y%ﬁ%y.tdﬁg powders

upen FESMSEtLYbN VR Aaes o Ve SiqhRd UGHichtivh 5ﬂﬁ8"rﬁ’§9cn8@mgf@§ thvention

of spray-dried powders upon reconstitution

opéiis and fills hi I@Etchf pdRRIA SrAhe&y uohg%o@tm?ﬂosﬁaﬂ%ﬁc pressure gas

invention opens and fills at least of portion'o

to BeRTRIaNGHREEse HeVolltht Bf Séﬂﬁéﬁgﬁ gr#& ag\élgﬁr:tﬁé?lﬁ%@?“%glg for

beneficrally increase the

proRRIEPfodnh Gth FecdBLituBh.C1d Ghe fPMOY! iré(}ﬁg é%‘gé&g%pcomprising

reconstitution. In one form a spray-

amBRIRusPdMcle R RBVIRG SEdleB 3kt 9§idg?§ég@%§t§§|t8 frdoilifLas Igas ata

voi ds I's subjected to pressurize

teripRARGFS bty he e o IR B Al S L 808 cause o

t hen depressurized to cause east a p
oa$ S or 9 L B SO B e
ancSICRF o SEAT kT, ABhol L o et v
e T 1oP PSS et 505 o o s
nrfBAd e KN]SR § il 0o motod.
190g8p et oyt dBh LA ERTATLHffor SR $14 et o
e SIEBSA oS e Rpr Ao bUEBHRR amoptes
par8E1 6 1611 AORU MAFG U SRepte ek, R oon
ol eSS RN Sl s
pert G VSt R SR €3 etttk St ol e
soluBfe dpraly&ffied! doh SHSMRRPRE tefnddr SitFa béloTARe glass transition
temperature. The composition Is depressurized to thereby result in at least a portion of .
the vacuous internal voids of the composition to be filled with atmospheric pressure gas.
[o010] In various further forms, the spray-dried composition is a protein-free
composition, a carbohydrate-free composition, a protein composition, or a carbohydrate

composition. The spray-dried composition may optionally include a dispersed fat a

surfactant, e.g. an emulsifier, or a buffering agent, e.g. a salt. In further altemate forms,



[0010) In various further forns, the spray-dried

conposition is a protein-free conposition, a

car bohydrate-free conposition, a protein conposition,

or a carbohydrate conposition. The spray-dried

con‘posi't.i on may optionally include a dispersed fat, a
theseomipasition cortains atmosphdriy preesureqasdn BHfFRELMIURRRIHL to release at

e.g. asalt. In further. alternate fornms, 4 the
leasbalpmiti2 cogas pet grans obtheFeAMNG Corfi AT, Bnd PrefefhisN at least about

anount sufficient to release at |east about 2 Go gas
5 cpgas perram, whenfdisusived if @R At é?ﬁbieﬁ[‘ébrﬁf"it?cfrﬁf AfHe)spthy-dried

| east about 5 cc gas per gram when dissolved in a
corhpegition atayayd pritfuce® by iany @pray diymgTREMSE Knb@fh in the art vgﬁlch

conposition may be produced by any spray drying netho
inclydesyrbltris nbelimiéd Y8)igab-injebedRiSnorlgs-1 I

to, gas-injected anéﬁnonj-gas-i nj ecfgd s'f'gerdgf;& aélg/a?]r%rﬁgg
techisiqbes ques. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS [ 0011] The present invention is directed

to powdered foam ng conpositions having internal

DEYAILED DESERIPTION erm@msmmemsgmems‘g a
nmet hod I n mhich a spray-dried composition co rising
[00#4ior phoUEhepprekial inseritRv! s diresrbad pdeSFéa%anﬁﬁ% UﬁMgtositions
n e

voids is subjected to external gas pressure a

haviig intdraapesias filel With thodgteriel R&Ssuré ?E§ ubing™ method In which a
tenperature, The present nmethod results inTat m)sp%erl C

sprayadriée composibn| dohspriethgadifiofboUs Partidk NI
powder. [0012] Ing?:gdi ents ﬁphat crpgn be usg?tsgéle&tl}ﬁemal

vachiousiubldids puisjoclet th eRR AV frebdlith WA heaBPR HPEIsESre below
i pids, and other protein-free substances.

the Gasb efyrbitineempeatires T Fiid BrbseAGhelitd red6its gg%m%%ﬁhgﬁé gas being

limted to sugars, polyhydric alcohols, su

Infiitedteq kil H@Ofids bthe R%vdePO! Ysacchari des, starch
hydrol ysi s products, guns, soluble fibers, nodified

[001]ar chesngradidntOMiaf 61bé Bbbd kO fdtthulaty })F&’:an@fréé‘ ﬁ%ﬁ%’s"’e'“d”de

i ncl ude gl ucose, fructose, sucrose, lactose,

carbgrngg lgglﬁ,’qus, Snd e rpraRin.hed subsahesd) ObardhybHiSs are preferred
and include, but are not limited to sugars, polyhydric alcohols, sugar alcohols,
oligosaccharides, polysaccharides, starch hydrolysis products, gums, soiuble fibers,
modified starches, and modified celluloses. Suitable sugars include glucose, fructose,
sucrose, lactose, mannose, and maltose. Suitable polyhydric alcohols include glycerol,
| propylene glycol, polyglycerols, and polyethylene glycols. Suitable sugar alcohols
include sorbitol, mannitol, maltitol, lactitol, erythritol, and xylitol. Suitable starch

hydrolysis products include maltodextrins, glucose syrups, corn syrups, high-maltose

syrups, and high-fructose syrups. Suitable gums include xanthan, alginates,



propyl ene gl ycol, polyglycerols, and pol yethyl ene
gl ycols. Suitable sugar al cohols include sorbitol,
mannitol, maltitol, lactitol, erythritol, and xylitol.
Sui tabl e starch hydrolysis products include
mal t odextrins, glucose syrups,. corn syrups, ,
carfagRE RS guan gslian,decust haan, ad hydielyzed gums, fuitable soluble fibers
) Suitabt’g uns i nclude xant han, alginates, 5
include gy olyzashguargum.and pejidaroseaSultable modified starches
. hydrol yzed guns. Suitable soluble fibers include
incluse physicaly of chemicaly modifiad starches dhgtrsa spbdée or dispersible in
Sui table nodified starches include physically or
watafe  Wiable megiiediceliuloses tnekide mathylgeliulose, asirboxymethyl cellulose,
di spersible in water. Suitable nodified cellul oses
and hydiexyprapylnetbyl gallulpse;, car boxymet hyl cel lul ose, and
__hydroxypropyl met hyl cel | ul ose. [0013] Ingredients that
[006511 be ubhgedients dhahnaathe dsadisHpmmualate sarbehydratiefree powders
include proteins, lipids, and other carbohydrate-free
includisarateins lipdsoaed ethes cargnhytimtedte smbdtances.u deotetnstare preferred
are not limted to, mlk proteins, soy proteins, egg
ancpinsiusien Hut gesl rotilimiteddo) mily proteinspaty protdins, reyg proteins, gelatin,
hydrol yzed proteins. Suitable hydrolyzed proteins
coliagehuebeatyroteins; and lyelrelyzed proyeinsl $oitable biyleajgzed proteins include
hydrol yzed casei n, hydrol yzed whey protein,
hydnglyeed getadinnhydrofyzed epbtiagery dwdiojyzed casginp hpdriyzed whey protein,
hydrol yzed egg protein, hydrolyzed wheat protein, and
hydselyred avlkdyotein dydrolgrestis mnprotdihatydaoigzdibéedg protein, hydrolyzed
protein-free and carbohydrate-free can be used to
whéatmratein.cans amino agigee Bdodhingeddiemtedizat axa thotragrotein-free and
i nclude, but are not limted to, organic and
carbolydyate-free cah be, usedté farmuiate, eithentypiefof ewsel powder and may
phytochem cals, nutritional additives, flow agents,
inclade; butcirelnos imited te rarganic endrinarganiesalts calrfactarits, eraolifiers,
sonme flavors. Lipids include, but are not limted to,
phytethemicalss nutritignil egiditves oflow agentspartificial swedteadrso ptaservatives,
phosphol i pi ds, waxes,. sterols, stanols, terpenes,
coloradts, antyscaws flavaier Lipets ihclodeymgearaipoelimied to, fats) oils,
ani mal sources. [0014] Alternatively, the present
hydnegdraded aits, intetesderified gilsyphosphattipicls, warés)dterols, stanols, terpenes,

and fatty acids derived from vegetable, dairy, or animal sources.

[0014] Alternatively, the present method can be used on powders which include
both carbohydrate and protein using the carbohydrate and proteins listed above. In
addition, the powder may be a dried soluble coffee exiract. The powdered soluble
foaming compositions of this invention can be produced by any method effective to

provide a particulate structure having a plurality of internal voids capable of holding gas.



bot h carbohydrate and protein using the carbohydrate
and proteins |listed above. In addition, the powder
may be a dried soluble coffee extract. The powdered
sol ubl e foam ng conpositions of this invention can be

colehibhar aptinfyblederes Unhh REbahsra i @ghﬁdﬁweﬂvsfmd method to
mafHeShB A Sl abl bk, R %ﬁﬁé@ﬁéﬁﬁéﬁ 42 vy ying o
aq@b%%ﬁﬁroiﬁfoag‘ﬁﬂ o b R TE SN é%%%ﬁ%ﬁ%ﬁfﬂd Fhypy drying without
gasn 4 ﬁﬁﬁ 0| {;{' 20a %&gﬁrﬂylﬁgﬁavlmgﬁsﬁ\(ew an'g%ll lrmaga? vgid volumes,
out B 655 PRI e <05 gtq‘%éé't$3;@?hf‘c&¢¥§r'fré@|n?&eaod
cariaRrSE A Ser B HaMNgHiah r’;mgomlwg Niroger

nternal void vol une Nltro preferred
gasaﬁpr%*nﬁﬁr PR AE a94eaedA J56 oad Ba tesr Tgease mection, including
+ect|on i ncl udln air, @dg i oxi de, nitrous
air, 8'51‘ Ben '8?“dﬁ1 Q'F’G’l”éq" y QEMIXYISERSIEN .t i s optional to
rrulat m._n ompositions of this inyentio
[°° dﬁ'é 'OHB‘r fe&q'a@aﬁfgamwg.mw@qﬂa@gm!s '"Ve"twn using
f or rratl on_and creation t ernal voids. 9
oneQrrApre sYfariantsde '%Pfoye(ﬁugb eé‘ognﬂ%@%t:@aa?n of internal volds
_ approgrlate | evel s can be used to influence the
duripg|spray €ndngcUsq @Fabl%ﬁﬁﬁ%ﬁfﬁﬁ@t@PPTW‘@F%'&N9‘§§PB5|°9 used to
Because npst food proteins are natural
influancedhe relatiys é‘zenﬁ'ﬂ?b% |anWP@“a%PB'GFﬁFB?'d@9f rBecause most food
conposi tion cont ai ni ng protei n can be manufactured
PFOW'}%P%@Q}H'@?'! SUABES- ﬁﬁ?"’% Fapysiitakiescarpehysratere 0%883"10“5
for, surfactants. Howeve it has been discovered t
confaigingeiateiiean be mawwemwith pdequate itersat v@ﬁyowﬂﬁwﬂhout the
reatly Inproved by. use of surfactants. Surfactants
neeflfor suacta. Kimenssdt am basn gisrevargdinat thamanacture of
sorbat es, sucrose esters, stearoyl |actyl ates
pr Otﬁﬁh\éﬁélfi’glp?éépﬂﬁ &3n b @reetlsylmnr aved by yse of éPHa‘b‘Fn"s ‘Surfactants

nono/ dj - gl yceddes, and phospholipids. Sone
inclydg fasklyappipyed srrwl%mr\gaaaﬂrﬁ%w%agﬁalvgawaﬁs guergse gsters,

stearoyl lactylates, mono/di-glycerides, diacetyl tartaric esters of mono/di-glycerides,
and phospholipids. Some carbohydrates are surface-active and can be used in
combination with other carbohydrates to formulate protein-free compositions. Suitable
surface-active carbohydrates include gum arabi¢, propylene glycol alginates, and

lipophilic modifled food starches such as octenylsuccinate substituted starches.



conmbi nation with other carbohydrates to fornul ate
protein-free conpositions. Suitable ,surface-active
car bohydrates I nclude gum arabic, propylene glycol
al ginates, and |Ilipophilic. nodified food st arches
such as octenyl succi nate substituted starches.
[0018]016] Egmwjaéw efproteipriased fraraisa gompanitings of thls invention using
conposi tions of this invention using one or nore
onelauimeeihuiferige rgentsaandes ussstitorfeciiitats sprevdeyisgang reconstitution in
drying and reconstitution in [liquid. Use of suitable
 liquidufUser ofsyitablerhuffesing agentsoatiappeopriate: levelsapardze usedita provide
provi de adequate particle internal void volunmes while
adequateqarticle frdenhat vold velinoes whilaimproviog powdef disishiution and product
attributes. Preferred buffering agents used in this
froth attébites.n Peeferred bufferifg agentsiusediin thiminvgatiircarecsalts. of lorganic or
addition to providing the benefits al ready nenti oned,
inargasis @chst flemddijiondg erovidiag the bemefity elreaxyi meatioreed, dhese buffering
protein aggregation or denaturation in certain product
agenismisc anhprove resistanes tapraiéin aggreyatige or déhatunation in certain product
preferred buffering agents are sodium and potassi um
apphcdtions @liclh g atidic bevatagesuThabiast prdféresd byfferirenagents are sodium
I ncl ude, but are not Ilimted to, sodium potassium
and pRitfdsium saltsl ohegaaki asilsabtitalné baffenngcagerds include, but are not
umari c, and phosphoric acid. [0017] Powders which
IumutéﬂQo,lmmpp@teesiﬁﬁﬁbaro&lrﬁ,f‘mJ waghagiurecsagite of titrde) snalic, fumaric,
this invention have a bulk density and a tap density
and iphospRoficagd. of 0.1-0.7 g/co, typically 0.2-0.8 glee]
a. skeletal density in the range of 0..3-1.6 g/cc,
[0017Pi cal Ppwdefs Whichgire eised t6 mmufabﬂrmthqfaﬁmimgkompﬁ)sitions in this
g/cc, and an internal void volune in the range of
invehtiSA Havé ybulia deysityldhd’a tdmdemeitydn ¢hesraimgeadf OOt 7og/ce, typically
external gas pressure. Powders with relatively |arge

0.2-0/8 §feb 24 skelethl Yehsitysa the eargensfrBB11Y6 gicef typically Dekdubsg/ce, a true
of their greater capacity to hold gas. Internal void

'denéﬁﬁ} OME2L 16 grid, ahl undhteredioldsiuine 10 the ringbaf SBG%atypically
| east about 30% and nore preferably at |east about

10-78%0 befBrs amfdarrg b asternabyRSprostaes i Rdwafers Withirelativalydarge
bet ween 30 o* typically 40-1260C,. and nore

intefnaPbvsidl Volurh8s aRDGéherdigpreferred because of their greater capacity to hold
gas. Internal vold volume is suitably at least about 10%, preferably at least about 30%,
and more preferably at least about 50%. The powders have a glass transition

| temperature betwaen 30-150°C, typically 40-125°C._and more typically 50-100°C. The
‘powders have a molsture content between 0-15%, typically 1-10%, more typically 2-5%

and water actlvity between 0-0.5, typically 0.05-0.4, and more typically 0.1-0.3.



powders have a noi sture content between 0-15%
typically 1-10% nore typically 2-5% and water
activity between 0-0.5, typically 0.05-0.4, and mor e
typically 0.1-0.3. 8 [0018] The term' entrapped gas"
means that gas is present in the internal voids of

[00twder Jhﬁmr@tréﬁeeﬁ gaponeany that gag ispiesent i e internal voids
structure, w thout opening the powder structure.

of atpawderisliugtuse and jfeaotabiate e@\é&,thi%stﬂa%gfanw Fﬂutt%"mng the powder
internal voids of a powder structure and is able t

strugiwer Thademedeld o3 reeanschat @as aPresamily Fh%ln@*aelwqﬁos ofa
ot her openi in response to changer, in externa

powsien nstmctugmm% iscahie teenter gad |93d6rﬁ’@%§tm$t§|’ﬁ. aprtlaropghia grack or
the majority of the gas present in the powder, after

othermyiepingy in easgones echangeain extestalambignd gagmeesawre or gas
according to enbodiments of this invention, is held

complogitionalPreferably.the majprity of the gas presepbindbe powder, after applying
connected to the atnosphere. Gases that can suitably

andireleasing arcexiediahgas. pressuremasonting tnhemborbrerdsiaf this invention, is
selected fromnitrogen, carbon dioxide, nitrous

heldopthydgcallyiin [ntennahvoidsiotthelpender thatiare ogemectgd to the atmosphere.
prefer-red, but any other food-grade gas can be used

Gases thatodan muabiyrbaa uwlsaqmwegl tethepresert ipvmm@n qapdenselected
The term "structure", "particulate structure"

from! pitnogien] earbon dicixides hitroms dxfrlenatsy or mixturet theesof. niitrogen is
structure which contains a | arge nunber of seal ed

prefernedy batl anycitter fontligradegas carmbedised to Bpplytextsspalgas pressure to
| ar ge nunber of internal voids which are open to the

the ppwdepher e, or conbi nation thereof. These voids are
capabl e of holding a |large volune of gas that is

[0018]] easeThaderlm situsture’ dparticigatal stiicturet fpattislesstrugturaf, @r "powder
Inaliquid to produce foam The term "anorphous”

structepeismeans astruckire whialr eoniding B largepruscieati of sealed internal voids
non-crystalline. [0020] The term "powdered sol ubl e

whidhoar closerbioptheidtmosphers pa wige edrribeanf infernabvgids whichrare open to
or "foam ng conposition” neans any powder that is

the atphosphere, ror cambination thereof. These voids are capable of holding a large

volume of gas that is released as bubbles upon dissolution of the structure in a liquid to
produce foam. The term “amorphous” means a glassy structure which is predominantly
non-crystalline.

[0020] The term “powdered soluble foaming composition”, “powdered foaming
composition”, or “foaming compasition” means any powder that is soluble in, or
disintegrates In a liquid, and especially in an aqueous liquid, and that upon contact with

such liquid forms a foam or froth,



disintegrates In a liquid, and especially in an
aqueous liquid, and that upon contact with such
liquid forms a foamor froth, 9 [0021] Percentages are
based on the wei ght of the foam ng conposition, unless

erw i ndi cated., [ 0022] ,The terns, "carbohydrate”
[°°§m " pr t%%ﬁa%%ﬁf%h%ﬁeéé?%ﬁwiah*eofdheMiegﬁ?émposltion. unless
resgegt'vel , that Is conpatible with the end use of
othemse, t8&f the invention. This will in practice
an that it must be acceptable for consunption. .
[00?51)23] teaps carpahydrates @ndypeteinameas any gaepeltydrate or protein,
co ond that has oil or gas enulsifying properties o
resn\?ﬁr@ﬁ ¥, shatdspempatitlewihihe adaise aidke Bew W@fﬁgamenacn. This will
. the,  Invention and which Is not a protein. [0024] Bulk
in prRgticeimean thal jt mustha agoeptable fry capsmpliony t he vol une
cc) that a given weight (g) of powder occupies when
[0023Lir ed tTHiedegn "amtﬁfm'?mﬂﬂa agy gueacernetive eompowtet that has oil or
- Tap density (g/cc) is determ ned by pouring the powder
gasiaemulsiyipg soorartes whidhiis dempatiblerwith the endeaiseydfitnel powder of the
until the Povvder settles to its | owest vol une,
inverdigsrandighichiengica praseinwei ghi ng t he powder, and
di vi di ng wei ght by vol une. Skel etal density (g/cc) is
(002 er mi %edk density{glec) isgdatermined birenedsudngdievaltmenfoanthat a
of powder using a helium pycnometer (Mcroneritics
givencweaigit ()38 Ppwalrd oatupies whenwpoyted thyougha fumee! I8kea graduated
density is a nmeasure of density that Includes the
cylindsiru fapodensity (g/ochlis deteroyned by pouting ther pavedezsntolregragivated
seal ed to the atnosphere and excludes the interstiti al
cylindgruvibrasimgtbe gyladeriuntibthepravden settles donits tfwest yoluona) secording
present In the particles that are open to the
the volnDs veighing the povders and didding avelgiit dy, volunier Skeletal
herein as internal wvoids, is derived fromal so
densibagies)iy detesminas by mieadering the wiumb of povaighedamernt of powder
grinding with nortar and pestle to renove or open all
usingra beliith pyonavetes (MicromeritiepAscuPycTIE30) and dividing weight by

volume. Skeletal density is a measure of density that Includes the volume of any voids
preéent in the particles that are sealed to the atmosphere and excludes the interstitial
volume between particles and the volume of any volds present In the particles that are
open to the atmosphere, The volume of sealed volds, referred to herein as internal
voids, is derived from also measuring the skeletal density of the powder after grinding
with mortar and pestle to remove or open all internal voids to the atmosphere. This type

of skeletal density, referred to herein as true density (g/cc), is the actual density of only

“the solid matter comprising the powder. Internal vold volume (%), the volume percent of

10



of skeletal density, referred to herein as true
density (g/cc), is the actual density of only the
solid matter conprising the powder. Internal void
volunme (%, the volune percent of 10 seal ed internal
voi ds contained in the particles conprising the
seapxlihernal woide tentainesdn lye paribles @ompriginglthe peeider,ds determined by
true density (cc/g) fromthe reciprocal skeletal
subtiecting yhe moiprpealand dérsity (ed/g)i frory tgrédirocilfskeletgiernbity (cc/g)
skeletal density (g/cc) and 100% [0025] The gl ass.
and thenamultiplyirgethpedifférance bpeksletal d@titydaicr) ahd360%ange
characterized by transfornmation of the powder
[0025hposi tTHeglhse traasition teingdratiey nidrad & sbeordary phhsdeRange
rubbery state. In general, gas solubilities and

chatidtétize Dby trahsoraatomotthepowder aahgbéiﬁbrs frébn &TigRigHSsy state to a
the glass transition tenperature. The glass transition

softeAEReUBbeH) Gtates mlgsﬁaéﬁ Rfas GRIUBIEES GAl dFRIERASIéLBreRGher in
noi sture [evel and, in general, |ower average

mat8FarRcat Girabovk M8 gRIREA@RsibA RthpdfatFsUTRe \Yiads traY¥Mon temperatura
glass transition tenperature. " The glass transition

is déEEMASRIGH chetdball diingisitmdardd/mbRtUrd iR aRd, ihf@%bfeﬂ,e BWer

sinply decreasing or Increasing, respectively,
ave FEYeSindlsufet Weght é}fdlérr}ﬂ?m\méléh}f'é ngo%ygla%g'stéﬂmti%n temperature.

met hod known to one skilled. In the art.

Theldla&® irbhstflof esmBEmatHe @af dMtehfo FLY i
eesgt ablri-she?j Di ffséér enti al Sgannqdr'}‘geglg‘%rgidnet'%rgg by simply

decrdRirfRbr ifeRMNg; ?éspeﬁﬂ?él%’,sthé eSO 8HtEnt df9RE PowtiBY Bbing any

foamng conpositions o his invention that contaln

suitSslk fnethoBIGRIAR toond! KARUNIR 1RSI C BladitrdRRidraePcstuly can be
heating any spray-dried powder, |Including but 'not

medsuféd ading®stabilisAbg D3RS RANARE Clori hani
P e SYAIRD eforimetry of Thetme) Mechanical

AnaRRWiRichAiqudsconbi nation thereof, having appropriate
particle structure containing seal ed internal vacuous

[0026) dS. Nval folIIRG eBMESsiESH\Q&Y thl%qn&&rﬁﬁﬁgréf Ehthih M

t énperature under” pressure in any suitable pressure
sl 8 S BBl s B B e,
including but not limited to a protein-based powder, a carbohydrate-based powdeér, a
soluble coffee-based powder or a combination thereof, having appropriate particle
structure containing sealed intemal vacuous voids, to a temperature below the glass
transition temperature under pressure in any suitable pressure vessel and cooling the
powder either by rapid release of pressure or by cooling the vessel prior to

depressurization. One method is to seal the powder in the pressure vessel and

pressurize with compressed gas, then heat the pressure vessel either by placing in a

11



depressurization. One nethod is to seal the powder in
the pressure vessel and pressurize with conpressed
gas, then heat the pressure vessel either by placing
in a 11 preheated oven or bath or by circulation of
electric current or hot fluid through an internal

RS i R
i e BRI A N
w0l K6 S g e
o S B, S8 A R 05 e
i L s sl
) B Eleise e oD B! BPen eesefl ig TarowRdne fegmingc
o T P B e o

oo SRRt oS BT LA e o

AN St o s O

confBpghegi r%a%%@%@é%%aﬁéféfgéfy 5002000 psi . and

100FPL7 o7 r ol SeprlaRgVR R are hBatscktatiempesatuisRabe Faraaiot 5-70°C,
prefqtaRlyca-Shic rand ot Sererab ABAeicoor AridScHecopdRcRuperably 5-500
Sec&ﬁaﬁcon ent and fa&l capaC| ty generally increase

Bt Preferghi &508 serpnds. hhe Bressutesiasidn dhe pressure

tlal ressure delivered to the pressure vessel

vespALb A 4o a5 Qfewgb?%po %epfﬁisiﬁh'urﬁp 08r2000 e arr@aan@jpreferabw

] ure vessel _durjng heating can

500"8%‘5‘8?%&“5 °€'§7’?f REeR £8% {7 Rrgfarrad, bt anuethsy &Oéfcsfédeygas can be
e.ratio, of, 6 heati tepperature to initia

”seﬂgﬂﬁ’éﬁﬁﬂﬂzx@ the .veasetelﬂelvﬁlr@rﬁ"f. sapon daydeAilipus oxige, or mixture

thereof. Powder gas content and foaming capacity generally increase with processing

pressure. Heating can cause the initial pressure delivered to the pressure vessel to
increase considerably. The maximum pressure reached inside the pressure vessel
during heating can be approximated by multiplying the initial pressure by the ratio of
heating temperature to initial temperature using Kelvin units of temperature. For
example, pressurizing the vessel to 1000 psi at 25°C (298 K) and then heating to

70°C (343 K) should increase the pressure in the pressure vessel to approximately

12



exanpl e, pressurizing the vessel to 1000 psi at 25*C
(298 K) and then heating to 70*C (343 K) shoul d
i ncrease the pressure in the pressure vessel to
approximately 12 1150 psi. The resulting powdered
f oam ng conpositions containing entrapped pressurized
115@aes! gdherrasuiting powderedt foamingstoreperiionsqsontdioing entrapped
5000 microns, typically between about 6 to 2000
press wizedggasganenaliychavemartitle sizediatween abouit 1 tt05@Q0 miyons, typically
m crons. [0028] The extent to which seal ed internal
between saabont § he2Pddurdicrons carapmoedtypipalhe belween| about 48de 1000
with applied external gas pressure and tine and
micraaisati vel y high pressures can be used to increase
ef fectiveness and shorten processing tinme. Particle
[0028F e di SThe dodémntcto wifich bealpdidemal vasids$ inpthegddwdenare opened
nmeani ngful Iy altered when gasification I's conducted
genearallyrinpreabes with applied extensal gas pressued any tichd &ed rdlatively high
appl i ed external gas pressure forns stress cracks In
preddigegicande useditp hasreas@effécivesesoand sisdrten proeepsingléime. Particle
whi ch open at | east a portion of the seal ed Internal
sizevditiibLition af the\pawdére as typirailp hbt eeafihgfulpaltepsdmtben gasification is
voids to be filled with atnospheric pressure gas upon
contiactedsndel ptdferred xbrditiohs.0R$s Pélrvad tieat thd 8ppliedBaearnal gas
powders are pressurized bel ow the glass transition
predstife ¢omisisteescrackiciprins ldssy athorpholsSp M A0EB Rohprisiniehe powder
particles to produce a faint popping sound during a
whidt opéniat feastia ipextictesfiitae Sealeddhtenial vBiRwde hllowRe = agortion of
and bul k density are typically not significantly
the ghé s edvdigs fiy 166 Slled with atraesshericlResd rs gab LpBAIrbleaBe of the
- tenperature, but skeletal density, internal void
extérﬁhug'a prRgureel d gas content are typically
significantly altered. [0030] Powders retain their

OO || W bt potetanl o gl o
dep8iskesizéd anei donfioh ASAtRESE PARICS!tH produce a faint popping sound during
a brief time after depressurization. Powder appearance and bulk density are typically
not significantly altered by pressurizing below the glass transition temperature, but
skeletal density, internal vold volume, and held gas content are typically signiﬂcan_tly
altered.

[0030] Powders retain their modified structure, internal void volume, and held gas
content with good stability when stored below the glass transition temperature with

adequate protection against moisture intrusion. Powders stored in a closed container at

room temperature generally perform well many months later. Powders pressurized

13



adequate protection agai nst noisture intruslon.
Powders stored in a closed container at room
tenperature generally performwell many nonths |ater.
Powders pressurized 13 below the glass transition.
tenperature do not retain pressurized gas for a |ong

beld@ th@dl=et transition téiopersure dd notastakupresseiizayl gas for a long period of

"~ discovered that spray-dried powders that are

timé)' FlowWever, sdvle sonrisinglyddiecevetadithalt pray-drisapsowders ¢hat are
typically produce significantly nore froth than the

presSU-2dBEIbw dite PrRIGE elapsitive terdpératurt typipalsuducesigamsantly more

islost. It is believed that this beneficial increase

froth rﬂhé&ﬂ{a irShreSeLirel powdeffevaitiattar the prédouazb@®gadis lost. Itis
at nospheric pressure gas into previously vacuous

benbvé& ke thid QeBafibial N akY iPIARNAG thpacityds cuaéed by miffration of
the particles during drying. It has been found that

atmoBpRefiQ ¥ fdssURS §adlintprevithisRaiRublig Ifteal Vaids Astedi by ebaporation

spray-dried foam ng conpositions can be conducted at

of Wﬁ@ﬁr&ﬁl"@srﬁﬁ‘ﬁl@s Wiy @y, |IERds besitdund thAORiIndVeE method to

preferred use for these 'novel foam ng conpositions Is

Incﬁgg?§ ‘Hj\é‘ma‘?nlné%\éﬁé@ﬂﬁof@p)‘@ﬁdn&ﬁfddnﬂﬁé eahusobmahaehn be conducted at

ee and capplccino m xes. However, they can
roohﬁ%ﬁrﬂé?aﬁwi?é/mtﬂ%ﬁ@ﬂerﬁ?@ﬁlﬁrOdUCt that Is rehydrat ed

I qui d. Although these foam ng conpositions

[00?’!]0' cal |phedhrafstettusilor tHe%eCrﬂiv@I #daﬁﬂhgiéoﬁ@oameﬁyrsem soluble

ot h, dissolution and foam ng capacity are generally

beka%@%sb artfcﬁ!"a?l?f’rﬁétéh'ttédﬂée'dﬁd@pphb&iHb‘i'ﬁlxes However, they can

I catiohs include instant beverages, desserts,

be &ékﬁoe "nF fo rSébét thatay' P&yd rhted Muﬂglid%m\dﬁftﬁoug%ﬂﬂﬁese
er product

32] The tol I'om ng exanpl es are

foar'nﬂ'gi %U;]rﬁsoé»lﬁorﬁ)s" f}/glc‘iﬂ BlsﬁstvEWIl iH %ﬁf Iﬁ{@d@id&o@ﬁce frB& dlssolutlon

I nvent I'n no way t he 'scope of

o1 g O S e

Ap;ﬁL géﬁéﬁs %@d%‘iﬁlrﬁgg}ﬂe ﬁé{i‘é‘rﬁ?éel?si, é’t-g% 'cf;g%é;é'; p?j\?llaél‘“sh cbfidsBups,
t°P@Q§?’,‘6§f"£‘°"p&“ﬂt&hgf 5,roggcﬁpmder conpri sed of anor phous

[0032] The following examples are included to provide a further understanding of
the present invention but in no way limit the scope of the present invention.

[0033] Example 1: A 50% agueous soiution of 33 DE'qucose syrup solids (92%
dry basis) and octenylsuccinate substituted starch (8% dry basis) was nitrogen injected
and spray dried to produce a protein-free powder comprised of amorphous particles
having a plurality of internal voids. The essentially 100% carbohydrate powder had

white color, a bulk density of 0.25 g/cc, a tap density of 0.31 g/cc, a skeletal density of
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having a plurality of internal voids. The essentially
100% car bohydrate powder had white color, a bulk
density of 0.25 g/cc, a tap density of 0.31 g/cc, a
skeletal density of 14 0. 59 g/cc, an internal void
volune of 61 % a true density of 1.51 g/cc, a Tg of

0-593%5?“?%%?%@% %é%na%s%‘%bm%ﬁ%ﬁ- 31 74°C, and
moiiuré gpategt pf el q@@/’mbs ﬁﬁ%aﬁgﬁ“f@%@ﬁe&e&%&%ﬁﬂee mix,

of froth that_ co etely covered the surf of

usingea v o ohabl s e A poHISy o e ieh 4 JuBistcofleegodmo parts
the m x was reconstjtuted in a beaker hawF{gf;_l

sugah PieRYeabAM aMaynhefelh thﬁ.Cﬁ@Pietsu We@ﬂ BB 6etage of the beverage
&\e 34] 6 g of the proteln fre ngjer was pressuri

toa i@s@c&amoyh AR MERAARDAS 11 gott m%wsmor@t'mt%trbg 350 m
in a pressure vessel (76 cc capam st ai nl ess st eel

bealgershaviearfbimg ioternal diametaarsing IS0 melef B Qumatery
Corporation; used in all exanples herein) and then

[0034pr ess6rg obtihe fRefeirefreagowter was peesisguzesbatc?H*Cwvittin nirogen gas
equal weight of treated powder In the sweetened

at 1000 peEforiSminttesinadprebsuretvesse!(Eh e icapacitystainkess steel gas-
foam ng capacity of the powder by about 140%

samignaglceiigterpmahbfactired by WhitdyeCorpbeatihagsedinalfexainiples herein)
density and increnmental froth volune contributed by

and then depaisedrized] Replaciegtiesiuppsated powaer witk dntegual weight of
estimate the anount (corrected to roomtenperature’

treatitpiwdesinithe sakemed colfeastd rdjeateaithapiveataent ircre@sed the
estimated that the untreated powder rel eased about 2

foanfifgaapaity ofthepavder dyddoutvid0%. Knowlsdis efdhe cxatmistituted
rel eased about 5 cc gas per gram of powder. The

bevérageenixifratt diensitpahdinatenertal frgthsolune tontrisuted yrthe treated and
time after depressurization, presumably due to

untréatedtpovdars wasl dsed. towﬂmatmuermomtf(émmu teeplo téneperature
open voids that were too weak to contain the

and Préssiiné) glaghsiteasd by eadh pdwder.oft wdscestireaée that ovelantreated
was not altered, but skeletal density increased to .

powlePfbléaged ﬁﬁkﬂ:tlzﬁcﬁgaﬂber\malﬁ of Powier dbilé tasteated pbldder released
i ndicating the force of

about 5 cc gas per gram of powder. The powder produced a falnt popping sound for a

short time after depressurization, presumably due to bursting of walls surrounding

diffusion-restricted open voids that were too weak to contain the pressurized gas. Bulk

density of the treated powder was not altered, but skeletal density increased to

0.89 g/cc and intemal void volume decreased to 41%, indicating the force of

pressurization and/or depressurization opened a portion of previously vacuous internal

volds, formed during particle dehydration, to the atmosphere to increase foaming
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pressuri zation and/or depressurization opened a
portion of previously vacuous internal voids, forned
during particle dehydration, to the atnosphere to
i ncrease foam ng 15 capacity. This hypothesis Is
supported by the fact that even after one week, the
capacibat This ypothesisris sappartied by tresfaetthabevemafterapacwvesk, the treated
[ 0035] Example 2: A 50% aqueous Sol ution of 33 DE
powglen colminesi/inureased fatening @@paeéiydr y basi s), pol ysorbate
20 (11%dry basis), and propyl ene glycol alginate
[00%5). 5% Exanipis Ps)A 86% ayjuaoagen/ution of B8 dMEces 8yrup solids
dried to produce a protein-free powder conprised of
(98 30 dphbasis) polysoibate ROV %o blalsis).airidtgropflehélbwrcbﬁélﬁlnate (0.5%
voi ds. The approxi mately 99% car bohydrate powder had
dry bhasispwasirirogen ibjdctediamb spray dried 18 pratiuee a grotdifflree powder
density of 0.30 g/cc, a skeletal density of 0.64 g/cc,
coniptisetd it andrpheisiparticieethaing®d plurality bf HErigiNGids/ Phe
,47 g/cc, a Tg of 680C, and noisture content of about
appfékimbltsly 06% EftboRERY pdwddradsWRIRS @316€ adRik 8endityof 0.24 glcc, a
according to the nmethod of Exanple 1 produced. an

tap a8Rs!Ifyt ofcd. 30 ghdd) atshaletai IEPSRY 6f 0.68 QY&, &f ikfefhaA Yoldvdumk of 56%,
t he beverage to a height of about 11 nm when about |

a trdPdShsity & Nl X gtRSa TS P BBEE | sicEholdiurd cpfkritlof Bg@g%c Use of the

having '65 mm “Internal dianmeter using 130 ni

powiRt i thel S{khtenéd Soffle ﬁn'ﬂﬁa&d?& iﬁg 20;] t%ﬁ@"‘%&%@? 1 ) %rroduced, an

pressurized at 250C wth nitro

arﬁc%l i of HbfiSthiaf c@mee{t‘éZ gtbgec[‘éestﬁé suAach gﬂﬁ@ b%%@fﬂ%%\ité{égﬁ?lﬂht of about

eplacing the untr powder w th an equa

11 rffn Wﬁ?@%ﬁ?#gﬂ"g%? tHenm'im?§ Y@éﬂn@ﬂ@?ﬁcﬁ@fé $50 Mirbeaker having 65 mm

revea reat nent ncr ease oam ng capacil

intefHal B%@?\Sﬁ@hgq}éoﬁloé*teaaég%?teﬁ(now edge of the

reconst beverage m roth density and
roodgly" ot PibeiheiialiPeeSRoniEyas Bressirndd aP 2Rl Bl firooen ges
at 1005 b3 Siyindiser ABERLre veSrEENoLBD AP ERFLIZRd. Replacing the
untrég{%g?éﬁger%np gznr e&&alal%\%sigﬁt t?fqpeléttec? bgwggr lﬁ?hse g\?vre:e én%@ gﬁee mix
revealed that treatment Increased the foaming capacity of the powder by a.bout 65%.
Knowledge of the reconstituted beverage mix froth density and incremental froth volume
contributed by the treated and untreated powders was used to estimate the amount
'_ (corrected to room temperature and pressure) of gas released by each powder. It was
estimated that the untreated powder released about 3.5 ¢¢ gas per gram of powder

while the treated powder released about 8 ¢¢ gas per gram of powder. The powder

produced a faint popping sound for a short time after depressurization. Bulk density of
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while the treated powder rel eased about 6 cc gas per
gram of powder. The powder produced a faint popping
sound for a short time after depressurization. Bul k

density of 16 the treated powder was not altered, but
skel etal density increased to 1.04 g/cc and Internal

the ireatdd\HIwHE WiRChdtatetbd, Buldkbletandirny ingedde tho1.0#8 gide and

pressurization and/or depressurization opened a

lnted?x‘éT biavMimBdREIeH4EH Yo Y% iHificdting A& Rrcy of SdsslinzdiRA and/or
during particle dehydration, to the at mosphere to

depldislf2fforf GFdHdita Péﬁi@ﬁ'o‘f Yrevidlisty BeReLE @Rbmal V6ids, formed during
supported by the fact that even after one week, t he

partfffé‘&&ﬁyﬁiirﬁﬁw 16 tﬁ@h@h&@%eww Iﬁéﬁe%ge féé?ﬁﬁbr&psaﬁﬁcrﬁm h?/pothesis

le 3; Tab | ow summari zes the resul

is s ?& ﬂ‘% ct tﬁQﬁé@érP&Tﬁir o@ne%@é‘@ﬂﬁe&&d%ﬁder retained increased
ray-dri e

protei n-free powder of Exanple 1 were

kif d at 25C with nitrogen gas for the tines.
fo'E'n(Pihggt:%:FBessures listed below according to the nethod of

[ooﬁaafm' e U%g#ﬁ?%?aﬁ'aSWbelWéﬂ?ﬁmﬁﬁzésrtﬁétr@gulfé%'ﬁﬁirneﬂ% n

bstit he untreated wder in the sweetene
il o Ratmies o feldrafiahels ?‘E@PZ%%%@%EF"S riple TaRere

o Ao o SR B
el R BB ol B o I B g v
o R el g b S
o s L
WU R A ——
oS g RO el s
e S R A el oo s
anotlhg% rsglan‘c;’:)?e o} t%ee Jn?renlgogpg\ﬁ@erghgywas pressurized. at 500 psi; and Product E
is another sample of the untreated powder that was pressurized at 750 psl. Product F is
the powder of Example 1 that was pressurized at 1000 psi and is included in the table
for comparison. Product G is another sample of the untreated powder that was
pressurized at 1000 psi for a longer time than Product F. It can be seen that

pressurizing at 250 psi for 30 minutes only slightly increased the foaming capacity

relative to pressurizing at 250 psi for only 5 minutes. Pressurizing at 375 psi, 500 psi,
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relative to pressurizing at 250 psi for only 5
m nutes. Pressurizing at 375 psi, 500 psi, 17 750 psi,
or 1000 psi for 30 mnutes did not further increase
the foam ng capacity of the correspondi ng powders
that were pressurized for only 5 mnutes. [0038]
750rpsi, er 1000 Ipscfoe 38 aninuteSafid et isthenimcezhsedke foaming capacity of the
Product Pressure Tine M x Froth Hei ght Rel ease from
corfespanding pewlléns! that wee(prasbzed foBeray SrhiGatasosi t i on
(cc Gas /g Powder) Untreated----2 A250502 B25030303
[0088Y65303 D5005554 E75051005 Tebi®)®51005 GL000301005
(0037] Exanple 4: Table 2 bel ow summari zes the results
obt ai ned when

Product | Pressure| Time % Increase in Coffee Estimated Gas
(psi) (Minutes) Mix Froth Height Release from Foaming
(In 250 ml Beaker) Composition
(cc Gas /g Powder)

Untreated — - — 2
A 250 5 0 2
B 250 30 30 3
C 376 5 30 3
D 500 5 55 4
E 750 5 100 5
F 1000 5 100 5
G 1000 30 100 5

[0037] Exarnple 4: Table 2 below summarizes the results obtained when

additional 6 g samples .of the spray-dried protein-free powder of Example 2 were
pressurized at 25°C with nitrogen gas for 5 minutes at the pressures listed below
according to the method of Example 1 when an equal weight of treated powder was
substituted for the untreated powder In the sweetened coffee mix according to the
method of Example 1. The Untreated Product is the untreated powder of Example 2
and is included in the table for comparison. Product A is another sample of the
untreated powder that was pressurized at 260 psi; Product B is another sample of the
untreated powder that was pressurized at 375 psl; Product C Is another sample of the
untreated powder that was pressurized at 500 psi; and Product D is another sample of
the untreated powder that was pressurized at 750 psi. Product E is the powder of

Example 2 that was pressurized at 1000 psi and is included in the table for comparison.
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D 750 33 55 6
E 1000 29 55 6
F 1250 28 56 6

[0039] Example 5: A 50% aqueous solution of lactose and 33 DE glucose syrup

solids (62% dry basis), skim milk powder (47% dry basis), and disodium phosphate (1%

dry basis) was nitrogen injected and spray dried to produce a powder containing

carbohydrate and protein. The white powder had amorphous particle structure, a milky

odor, a bulk density of 0.34 g/cc, a tap density of 0.40 g/cc, a skeletal density of

0.71 g/ce, an interpal void volume of 52%, a true density of 1.49 g/ee, a Ty of 81°C, and

moisture content of about 3%. Use of the powder in the sweetened coffee mix
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Esti mated Gas Product Pressure Vol unme M x Froth Hei ght
Rel ease from Foam ng (psi) (% (in 250 m

Beaker). Conposition (cc Gas / Powder)

Untreat ed--56-3.5 A2504203. 5 B37539154.5 C50037255
D75033556 E100029556 F125028556 [0039] Exanple 5: A

accbffhg e treumetiddudf Exangile H arbdsedodri a@duiofgatl tisst completely
syrup solids (52%dry basis), skimm |k powder (47%

covérad thasd ifaceadtthel bevstagetdh vapihebbalhiddb10dnitn WasH aboltest g of the
nitrogen injected and spray dried to produce a powder

mix G AlcdnBbtutat AR SO Al Beakét RIVIHESS mnd ifeal dianieadvd@ding 130 mi

had anor phous particle structure, a mlky odor, a
of gaubkyslgpsity of 0,34 g/cc, a tap density of 0.40 g/cc,
a skeletal density of 0.71 g/cc, an internal void

[OO%Q gg‘é e n%.%?@(‘?e ﬁ’oxh&é&oﬂ%ﬁbb ?gﬂiohygﬁ%?e %{gg ‘ﬁg?té'ﬁrgaé’f)re%uﬁzed at

_nbisture content o out _
2o EpRER Bl R ROOIS GE ARG P SRR Ha0 A
dep?é)srrs%lrl%g.l )heplacing the untreated powder with an equal weight of treated powder
in the sweetened coffee mix revealed that treatment increased the foaming capacity of
the powder by about 160%. Knowledge of the reconstituted beverage mix froth density
and incremental froth volume contributed by the treated and untreated powders was
used _to estimate the amount (corrected to room temperature and pressure) of gas
released by each powder. It was estimated that the untreated powder released about
3.5 cc gas per gram of powder while the treated powder released about 8.5 cc gas per
gram of powder. The powder produced a faint popping sound for a short time after
depressurization. Bulk density of the treated powder was not altered, but skeletal
denslity increased to 0.75 g/cc and internal void volume decreased to 50%, indicating
the force of pressurization and/or depressurization opened a portion of previously
vacuous internal voids, formed during particle dehydration, to the atmosphere to
increase foaming capacity. This hypothesis is supported by the fact that even after one
‘week, the treated powder retained increased foaming capacity.
- [0041] Example 6: A commercial carbohydrate-free hydrolyzed gelatin powder,
produced by spray drying an aqueous solution without gas Injection, was obtained. The

99.2% dry-basis protein powder had amorphous particle structure, light yellow color, a
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covered the surface of the beverage to a height of
about 10 nm when about 11 g of the mx was
reconstituted in a 250 m beaker having 65 mm i nternal
di aneter using 130 mM of 88C water. [0040] 6 g of the
powder containing carbohydrate and protein was
bulbdessity bk @d5a/ce, 23ap wensityot 0.54 @fccgaskeletdl @RBsins of 1.45 glee, an
5 mnutes in a pressure vessel and then
intediealnad volumedof %) atruagenbity ohnt.4¢aleedaMwdB0°@) 4hd #bisture
equal weight of treated powder in the sweetened
contertf afeabroiut 6%e VElM powdidravas addédendn instineasagsudditd mix, using a
foam ng capacity of the powder by about 160%
weilfhbrdtiedgfeabolut bhe part ponder taibesl phe ¥olBREcITiee bitwbIparts sugar to
density and increnental froth volume contributed by
thrédhpaits &aineitlg arshrher rRedo@tHUtBA OF SBbews! 3 %Jﬁﬁﬂhet@ppuccino mix in a
estimate the anmount (corrected to roomtenperature and

2500E B8 EKEN) haRAngIES mni fHteMaediaMet@atsihg® PIE B of BB (MBfoduced an

estimated that the untreated powder rel eased about

amurt &¥Gr ﬁ%d@%n‘?lﬁ@l‘y%v@ﬁ&ﬂﬁé kS ot %pﬁoéﬁgérg_%dt?ﬁé;%faht of about

rel eased about 5 €c gas per gramo
14 fgywder produced a faint popping sound for a short tine
after depressurization. Bulk density of the treated

[oomfggse togﬂ%' %ng@gatgﬁ%? ﬁﬁ#%a@ésv%%gggﬁzgégnaet 25°C with nitrogen
gasdﬁclro%%sr?scﬁ % éﬂ'?{?t%% @‘rjé él%ts's.nl% e:slggl {&c{)tﬁ\%g?gﬁé%ssgﬁzed. Replacing

pressuri zati on an epressuri zatl

the gmrlkﬁgéa ﬁqﬁ%{hﬁﬁ%@%{%ﬂ&ﬁ 6|ie?Le§ élcg\hlll}%%gh glféec%é)ﬁunc% ho mix

rov A TSRS oo S R e b ot 160%.
356 1 BRIERE Bl RS0 B8 R i LRRTR AR EARRERA el roh voume
confih K7 55 G54 oheMABin BACHTA Ake B oo Wi amoun
oA oot Winp SR REI) BB b 1 vas
estirg\%g%@eﬁ%? ijl'}et %rétﬁésalt%/ 6§¥v9§rp r%geaga)egga’%ogﬁa Sé,'ctg%s%ter%'rasr% oq/p%%}der while

the treated powder released about 5.5 cc gas per gram of powder. The powder

produced a faint popping sound for a short time after depressurization. Bulk density of
the treated powder was not altered, but skeletal density increased to 1.24 g/cc and
internal void volume decreased to 12%, indicating the force of pressurization and/or
depressurization opened a portion of previously vacuous internal voids, formed during

particle dehydration, to the atmosphere to Increase foaming capacity. This hypothesis
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internal void volune of 18% a true density of 1.41
g/cc, a Tg of 80'C, and noisture content of about 6%
The powder was added to an instant cappucci no m x,
using a weight ratio of about one part powder to one
. part soluble coffee to two parts sugar to three parts
is sURROREMR by thanfast thakevemattet eng waebitha bsatedimpvedesretained increased
cappuccino mx in a 250 m beaker having 65 mm
foamifiaefaRACHYi anet er using 130 nl of 8815C produced an
amount of froth that conpletely covered the surface of
[0043e bevdexagapled: A ﬁe?/ogaquaousap%uﬁon of 330 gluoogekyreipgolids (82%
of the carbohydrate-free powder was pressurized at
dry pasie) andisurace-agtive sefismanctdrgleceiniatd substituted stassh [8f6alry basis)
ressure vessel and then depressurized. Replacing the
containing & digpewedamulsionh of padiglin hyavegghatedfsoybean eitl (10% dry basis)
powder In the cappuccino m x revealed that treatnent
wasi itrpges énjectiad andasriraydaiegtecprogduce atphieteiveine powgenbarprised of
150% Know edge of the reconstituted beverage m x
amdrphous genisias/having apiurality of iterabidids.oToerapproximately 90%
contributed by the treated and untreated powders was
carholydrate pavtdardiad white cuion atbull( densitgcf 621t 'ce,omtap denslty of
tenperature and pressure) of gas rel eased by each
0.26hpiedea skeletalaensityg of OrBR gricd, laatintereal voldradume o 84k a true density
rel eased about 2 cc gas per gram of powder while the
of 1tddegiceda Tg ol 656°C crehmeidtizb@ontent bf aivoud @96 pEisedf tne pdwder in an
powder. The powder produced a faint popping sound for
instantsivezatenedrootiée mix dequrding do theamsthod dEXamisadigredaéed an
the treated powder was not altered, but skeletal
amatiient of frpth that camptetely chvaréd @e sudack of the denatagedd height of about
vol ume decreased to 12% indicating the force of
10 mmesben iabati thgafdhiomix wap recomstiiuted inen28(pav daker having 65 mm
portion of previously vacuous internal voids, forned
interchal dizgneteausing 118 0daiyf@8aCiwater.t 0 t he at nosphere to
Increase foam ng capacity. This hypothesis 21 is
[004u)PPOT t 8y ShthiliRofelffred PBIvdEVREs PFSAUNSSE aVBSC w]tft??itrogen gas

treated powder retained increased foanm ng capacity,
at 1000 psi for 6 minutes in a pressure vessel and then depressurized. Replacing the
untreated powder with an equal weight of treated powder in the sweetened coffee mix
revealed that treatment increased the foaming capacity of the powder by about 100%.
Knowledge of the reconstituted beverage mix froth density and incremental froth volume
contributed by the treated and untreated powders Was used to estimate the amount
(corrected to room temperature and pressure) of gas released by each powder. It was

estimated that the untreated powder released about 3.5 ¢¢ gas per gram of powder

while the treated powder released about 6.5 cc gas per gram of powder. The powder
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[0043] Exanple 7: A 50% aqueous sol ution of 33 DE

gl ucose syrup solids (82% dry basis) and
surface-active sodi um octenyl succi nate substituted
starch (8% dry basis) containing a dispersed enul sion

f par dro ted soybean oi | 1100/ dry basi s)
proaiaeé’i bl eippls S0l ﬁveeﬁpéee SSRHTsAILR aeinabycus
i sed anor phous parti cl

gq‘i %&a\f\/rﬁl‘fqﬁtg{%\f@r& %Igpﬂgﬁ?lgtgp(fg)enm@s thgt were too weak to
r oxi mat el 0% a hydr a owder had white
coné%ﬁahé 'paewn edgnt; FilicHenaty o fheoatad pawdarew'gsmt altered, but
? %_éﬁcc %‘?A%ﬁ@ denS|t of 0.52 g/cc,
skey eﬁ?b‘i’ tvJosraa Sﬂfg/ma)a tqrna'a%n@uw degreasesito 56%,

. .glc of 65*C, ,and noi sture content of about 3%
mdlegtm@# q fpgcq)ewgﬁswwaaﬁn and&yr dppresauezationpnesed soportian of
according to the met hod of Exanple | oduced an
previgyaivivasuops iternahweids dapned éwngzwélpgcdemdramnf tcteof
t he beverage to _a height of about 10 mm when about
atmopsphers torinereges fogisingcapasity.-t uted in a 250 m beaker
having 65 mm internal dianmeter using 130 nl of 889C
[0038) er . [fOGUIRie @: A sprayibiegrssiuile eﬁpr@@smm@e powder was
pressurized at 250C with nitro en % at 1000 psi for
mawfﬂphu@fégcwdmgﬁpéa% trachings sV &RatemtdVo. fedB2E S Gr Thedowder had
E»paCI ng the wuntreated povvder vvlth an equal wei ght
amerpnpus paEislesifderre, a huledenwiyiaf fetP giser @tamdensity of 0.22 gicc, a
reveal ed that treatnment increased the foam ng capacity
- skelgtaldensify w87 2g/camuinternalnoid yelumiecefds Yafa true density of 1.47 g/ee,
reconstituted beverage nmix froth density and
andi;ds oféA’ql Yseoefithe plowder incthadnstant eappipcing enix of Exathple 7
and untreated powders was used to estimate. the anount
proqmmﬁmunbogmthmm@ﬂmmwmp oftheyheverage to a
rel eased each powder. It was estimated that the
heighof @bpcw%mm athend! g st thextappucang nk WgaTepenstiutachvith 130 m
owder while the treated powder rel eased about 6.5 cc
ofSE%QWer@raaaﬁ@mlpm The powder 22 produced a faint
: poppi ng sound for a-short time after depressurization,
[0040)es urmiSi g/ otithe pawsiep wastpragswizedaat 25°€ withmitidgerygas at 1000 psi
' di ffusion- restricted open voids that were too weak to
_for 5 minutes in a pressure vessel and then depressurized. Replacing the untreated

coffee powder with an equal weight of treated coffee powder in the instant cappuccino
mix revealed that treatment increased the foaming capacity of the coffee powder by
about 65%. Knowledge of the reconstituted beverage mix froth density and incremental
froth volume co_ntributed_ by the treéted and untreated coffee powders was used to
estimate the amount (corrected to room temperature and pressure) of gas released by

each powder. It was estimated that the untreated coffee powder released about 4 cc
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contain the pressurized gas. Bulk density of the
treated powder was not altered, but skeletal density
Increased to 0.64 g/cc and internal void vol une
decreased to 56% indicating the force of

pressuri zation and/ or depressurization opened a

gasg%r,tdrgﬁ‘l & coﬁ@%%&l@%ﬁ ¥rehfid Qe %é?g%leé{é’étﬂﬁboﬁt%g%g gas per

uritng particle dehydration, to't noSpher e

ol SRS, SRR aRcola L Fpprtind 15 Snort tme after
confBRRRY Bk el Botiehrddis EREUL NS 8 BB Wb
dersly Rotifn B P45 G150l erih iy I fonsabBlo B0 hikaing e
forcswggrgéaud%gg&}éBé}fé@gszﬁsfgﬁﬁ%at@{nltc{p%geg%'Edé{jé(rr gf P%gﬁ:sly vacuous
intel B, FFRRUATPR AR e BYRT T 0 RPN s Pargropee

verage to a height of about 14 mm when 11 g of
foar%\l]l\g %3’6%& ‘cino m x was reconstituted with 130 m  of

*C wat ' : 040] .g. of .the powder .
tooff). e eltrelGn g PlaBin i Rlen dpiabed L eSinbaeh RN witn
for.5 m.n | ressure vessel d,then .
resqih 14 0PI ameReinGaEoE Wilke BRBSTenfthat hElRyantionssapale of
i th_an ual weight .of treated ffee po .n the
nunférols Frboithsfned Bhd Varifions, 8gbafentit hige BRES i art Suenout
i ncreasedq, t he, foanm ng capaci.t f the coffee powder by
depﬁ&ﬁ'@t r%%? s%’&ﬁpgléﬁgp%f’f)@ﬁényeégﬁﬂst i tuted beverage
m x froth density and increnmental froth volune
contributed by the treated and untreated coffee
powders was used to estimate the anmount (corrected to
room tenperature and pressure) of gas rel eased by
each powder. It was estimated that the untreated
cof fee powder released about 4 cc 23 gas per gram of
coffee while the treated coffee powder rel eased about

6.5 cc gas per gramof coffee. The powder produced a
faint popping sound for a short tinme after
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depressuri zation. Bulk density of the treated powder

was not altered, but skeletal density increased to

1.35 g/cc and internal void volume decreased to 8%

Indicating the force of pressurization and/or

depressuri zati on opened a portion of previously
WheeisUaitned Rt ernal voids, forned during particle

dehydration, to the atnosphere to increase foam ng

capacity. [0041] Although the invention has been

destri bedl meathod fovirdamutbétaridg g dwdsiréd solubRfeamingcomposition

preferred enbodi nents, it will be apparent that the

compmising Gmbmhowmﬁbbsthbvmgunm%mdﬂléd withi atiospRéric pressure
vari ations, apparent to those skilled In the art,

gaswshmnbthoﬁsmnpmsmgfromthe spirit and scope of t he
i nvention. 24 What is clained is: 1 . A nethod for

nMedgphahy anfextérnprysiepredsisel 1l sovderet %glu%m”fi}ﬂ’éyidrféa composition

conpri si ng anor phous particles having internal void

comprdifg amdrbhmmﬂaeé 'h'éwﬁb%&Ué@s infisthal wdgd et hod
conprising: applying an external gas pressure to a

powiaiting the lsbivbR: ﬁﬁéﬁ)ﬂnéa icBfthpeRRAS ki t@fhpe?eﬂm%r b@nb\w&he glass
anor phous particles having vacuous internal void

tranlgﬁmtampdmmglgﬁal e spray-dried conposition at a
tenperature below the glass transition tenperature;

anepeesRFeig the RBmptRiteA e Mdreby Fedult if € |«ABY a rp%?t'lﬂﬁ of vacuous

in at least a portion of vacuous” Internal void

intefri v@,mao@ﬁhé icBmplositieA té bblfmed Wlﬂ\rbtﬁ‘ioﬂﬁﬁ@ﬂi@ ﬂessefeewr e
gas. 2. The net r?tgd of claim1, wherein the external
gas pressure is at | east about 200 psi. 3. The nethod

of 21 ai MiHe, methdeif tiaimi 1) wheréinthe eREPnAIlRRIPIESsUre ifht least about
| east about 500 psi.

200 psi.

3. The method of claim 1, wherein said external gas pressure is at least
about 500 psi.

4, The method of ¢laim 1, wherein said external gas pressure is at least

about 1000 psi.

5. ‘The method of claim 1, wherein sald external gas pressure is applied for

at least about 1 second.

6. The method of claim 1, whereln sald external gas pressure is applied for

at least about 1 minute.
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4. The method of claim1l, wherein said external gas
pressure is at |east about 1000 psi. 5. The nethod of
claim1, wherein said external gas pressure is applied
for at |east about | second. 6. The nethod of claiml,
wherein said external gas pressure is applied for. at
| eaBt abbe methodhat clainpt, Wherginegaseudenttocetfect saichekternal gas
wherein gas used to effect said external gas pressure
pressure lg @sgasesalected ffomthetdroup congistimgnst ait, initeogeh, sarbon dioxide,
ni trogen, carbon dioxide, nitrous oxide, and m xture
nitrous owidie, a8d nikdererthteneaf. of cl ai m 1, wherein said
spray-dried conposition is protein-free. 9. The
nmet hod of claim8, wherein said spray-dried
conposi tThenmethast ofsalaimal, wharpinr saidi s pray-dribd. coffigositiznHed
of claim8, wherein said spray-dried Conposition
protedmie®ses a carbohydrate. 11. The method of clai m 10,
wherei n said spray-dried conposition further
cogrqori ses a surfactant. 12. The nethod of claim 11,
whét-ei n S methadrefclaim 8, mhasaingmid sprayeiried tdmpHséion comprises a
. nmethod of claim 12, wherein said enulsifier is
dispaspedfatd fromthe group consisting of a pol ysorbate,
sucrose ester, stearoyl lactylate, nono/di-glyceride,
diacetyl_ tartaric ester of nono/di-glycerides,
phobhol TiMs: et F‘dﬂxﬂfaé’ﬁéi' yheeein saidyspray-dried icpoyivsitioo comprises a
dified starch, or m xture thereof. 14. The nethod of
carkgydrate. wherein said spray-dried conmposition is

11, The method of claim 10, wherein sald spray-dried composition further
comprises a surfactant.

12.  The method of claim 11, wher_ein sald surfactant Is an emulsifier,

13.  The method of claim 12, wherein said emulsifier is selected from the group
consisting of a polysorbate, sucrose ester, stearoyl lactylate, mona/di-glyceride, diacetyl
tartaric ester of mono/di-glycerides, phospholipid, propylene glycol alginate, lipophilic

modified starch, or mixture thereof.

14.  The method of claim 1 wherein said spray-dried composition is

carbohydrate-free.

18.  The method of claim 14, wherein sald spray-dried composition comprises

a protein.
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carbohydrate-free. 15. The nethod of claim 14, wherein

said spray-dried Conposition conprises a protein. 26

16. The method of claim 14, wherein said spray-dried

conposition conprises a dispersed fat. 17. The net hod

of claim14, wherein said spray-dried further

cortfhi seBheametiind efclaim MeMiereinesald Rprayiresdoanpesitiomeomprises

17 wherein said buffering agent is a salt of an
ad@P@@ﬁdﬁébr i norgani ¢ acid. 19. The nethod of claim 18

wherein said salt is selected fromthe group

consj sting of a sodlun1salt pot assi um sal t, nagnesi um

sal't’: orTheamethad afglaim &4, \&hqrﬁln@al%pr@yﬁrmafwrtbeawmpnses a

mal i ¢ acid, phosphoric acid, or m xture thereof. 20.
buffeHBIAGERbd of claim 1, wherein said spray-dri ed

conposition conprises a dispersed fat. 21. The net hod

ositi,on has an interna

vo ? hﬁ]@wﬂ%diﬂlep q'sa' ?7 Wereing Bufesing ageijtde pisay of an

to the external gas pressure. 22. The nethod of claim
organic i dRYBANISAGA-par ti cl es have an internal void
volune of at |east about 30% before subjecti ng to said

e TR P EF e 4 o o
Iat Ieast abou& SQ% befor qéect ng to sa
congiiBy e g FRERAtassigm s BRI St O Zalgium satt of iric
t h
acid, R8P 2B a1, SGAR TR RO hePEs e at
Ieast about 2 cc gas per gramof said foam ng

osi tfrqrgr}n%%'& H' PR A ShdrBin' dal't o arRE Al osttion comprises a

con rtio
dispersed fat.

21.  The method of claim 1, wherein said composition has an internal void

volume of at least about 10% before subjecting to the external gas pressure.

22.  The method of claim 1, wherein said particles have an internal void

volume of at least about 30% before subjecting to sald external gas pressure.

23. The method of ciaim 1, wherein said particles have an internal void

volume of at least about 50% before subjecting to said external gas pressure.

24.  The method of claim 1, wherein said composition contains atmospheric
pressure gas in an amount sufficient 1Q release at least about 2 cc gas per gram of said

foaming composition when dissolved in liquid at ambient conditions.
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27 25. The nethod of claim1, wherein said conposition
contains atnospheric pressure gas in an anount
sufficient to release at |east about 5 cc gas per gram
of said foam ng conposition when dissolved in |iquid
at anbient conditions. 26. The nethod of claim1l,
f ur2fher Thenmetisichof Gaiol | ngherkin said gbinpositicngoatainsiatmospheric -
conmposition froma heated tenperature bel ow the gl ass
pressunesids ioran ampeniguificentld release atlebsakriut &l et gasomer gram of said
wherein .said cooling is conducted prior to
foanhimy esspositiongvitemedissatyedsintliquid at@nbightcondifions. of
~claim 26, wherein said cooling is conducted while
depressurizing the conposition. 29. The net hod of )
cl &fn 26Thaumethachotelain ¢dorthegcaropising seolingshesgiutie spray-dried
conposition fromheated to below the glass transition
compertiomiramea heateiddempeoiime balowdheplass tragsitiomiemperatos.
of claim1, wherein said applying external pressure is
conducted whil e applyjn heat to the conposition. 31.
The2fret hote arethadeiglaim gﬁré’ﬂéﬁfﬁi%ﬁl‘#j capiing/issgneected jpsior to
conducted prior to. applying external pressure to the
depresgiuizing the. caappositien. net hod of claim 1, wherein said
spray-dried conmposition is fornmed via gas-injected
spra dnying of an aqueous solution. 33. The nethod of
cl 1, Theumethad efipin $8iyrefakn said eesliny '§|§P89‘=’?}P§.i"\‘ﬂ§'e
of an, aqueous solution to formthe conposition with
depassyrtangtiBRAMRPSHRer nal voi ds. 28 34. The nethod of
claim 33, wherein gas used in said gas-injected

SprZBQI._ dr %&q&ﬁ@%ﬁ%ﬁ?@%@%ﬁe%@ai E‘.gglpngcgonngpi)r?steisn&o%g the

ai rsenit
composition from heated to below the glass transition temperature to about room

temperature.

30. The method of claim 1, wherein said applying external pressure is

conducted while applying heat to the composition.

31.  The method of claim 1, wherein said applying heat is conducted prior to

applying external pressure to the composition.

32. The method of claim 1, wherein said spray-dried composition is formed via

gas-injected spray drying of an aqueous solution.

33.  The method of claim 1, further comprising gas-injected spray-drying of an

aqueous solution to form the composition with particles having internal voids.
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nitrous oxide, and m xture thereof. . 35. The nethod
of claiml1, further conprising non-gas-injected
spray-drying of an aqueous solution to formthe
conposition with particles having internal voids. 29

34.  The method of claim 33, wherein gas used in said gas-injected
spray-drying Is selected from the group consisting of air, nitrogen, carbon dioxide,

nitrous oxide, and mixture thereof,

35.  The method of claim 1, further comprising non-gas-injected spray-drying

of an aqueous solution to form the compbsition with particles having internal voids,
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