NON- PROTEI N FOAM NG COMPQCSI TI ONS AND METHODS OF MAKI NG THE SAME FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to a soluble foam ng
conposi t iwo,20eend336n particul ar, a foam ng protein-free eorES3005i029261
BACKGROUND OF THE | NVENTI ON [ 0002] Sone conventionally prepared food itens
i nclude froth or foam For exanple, cappuccino, mlk shakes, and sone soups
may have froth or foam Wile conventionally prepared food itens may be
consi dered preferable by sone consuners, other consuners are increasingly
dermandi ng the conveni ence of consuner prepared instant food alternatives.
In order to acconnDdate consuner 3 Spg factur have devel oped

I nstant food products ;% '@6& %tQ"g S@E&fﬁips t hey demalr[:d
froma convenient instant f Bafek “M'KH% [ nstant food itens

whi ch have the sane or simlar char acteristics as conventionally prepared
food it SrHELIDQSF Tt INMRNTKN nanufacturers is how to produce a food
product having froth or foamfroman instant food item [0003] One prior
sol uti orf008d] t o nAhefraesentdnventionselates tooa gopblariraming compesttion: 3pH iy
foamis through the use of powdered foam ng conpositions which produce foam
upon r eqearsicutar; adoarimgeprotejuifiee ¢apapasitiprpowder conposi ti ons have been used
to inpart froth or foamed texture to a wide variety of foods and beverages.

For exanpl e, foam ng conpositions have been used to inpart froth or foaned
t ext ur e BACKGROUND QlpT¢tE NVENTION

[0002] Some conventionally prepared food items include froth or foam. For
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 similar 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
compositions have been used to impart froth or foamed texture to instant cappuccino

and other coffee mixes, instant refreshing beverage mixes, instant soup mixes, instant



and other coffee mxes, instant refreshing beverage m xes, instant soup

m xes, instantm | kshake m xes, instant dessert toppings, instant sauces,
hot or coWo 2e@vmades, and the |ike, when conbi ned w th wacergs2ensiokg26pr ot her
suitable liquid. [0004] Sonme exanples of gas-injected foam ng creaners

whi ch can be used to inpart foamor froth are disclosed in US Patent No.
4,438,147 ang in 458 310. More recently, US Patent No. 6,129, 943

di scl oses Q"ﬂiﬂﬁ‘ﬁd"l?feéa'ﬁﬁa%ﬂSH%@féEPRP}"Q,s@iﬂﬁtﬁﬂtﬁuﬁeﬁd@tﬂré‘@%mmwaﬁd{m&
W th proteln and lipid. Using this technology, it was possible to elimnate
gas i nj ect i@ Wi f‘ef'r%’"l‘b'ﬁ%qf&" rwatesrmilo s edheri ssitaplei liguid.o spray dryi ng.
[0005] EP Q 813 815 Bl discloses a foam ng creamer conposition which is

ei ther a gé8004] ect edSomerexagpesahgas-njeced feaniag weanarnivhichcdanbs ased to
carbonation ingredients which contains in excess of 20% protein by weight.
The powder irdpatrfohatioffasthasrealissiodddin 1S PaashtaNd. 54,488 AUFidhd ihiEP o 4585610,
filler material, the filler especially being a water-soluble carbohydrate.

The hi gh cmmmecehtur)rws FiglehtNO B d2d o4e d?é&lé’éé% @fd&ﬂx.ﬁg%?eéﬁm%ﬁs}ddd&%d }:' ght

f oam havi ng spoonability. [0006] One prior foam ng conposition is provrd

by U S P I
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car bohyr ab2oany 1S gl oa? Eﬁ%@é@&%ﬁgﬁé B coRBlrER BB BRBTIREE Feh | ons

that can a w er affect the appearance, flavor, and shelf life of
packaged f0 %roducts These conpl ex chem cal reactions occur between

roteins a r boh € Cli reduyci n ars, to form polyneric
Bi gnents t atocﬁ y%rpato §13 §§ng1 3‘ scl\ésesa oamﬂwg créamer composition whl)é:h is

either a gas-injected foaming creamer or a creamer containing chemical carbonation
ingredients which contains in excess of 20% protein by weight. The powder described
has as essential ingredients, protein, lipid and filler material, the filler especially being a
water-soluble carbohydrate. The high content of protein is needed to obtain a whipped
cream-like, tight foam having spoonability.

[0006] One prior foaming composition is provided by U.S. Patent No. 6,713,113
which discloses a powdered soluble foaming ingredient comprised of a matrix
containing carbohydrate, protein, and entrapped pressurized gas. However, powdered
ingredients containing both carbohydrate and protein are susceptible to nonoxidative
browning reactions that can adversely affect the appearance, flavor, and sheff life of
packaged food products. These complex chemical reactions occur between proteins
and carbohydrates, especially reducing sugars, to form polymeric pigments that can
severely discolor and diminish the flavor quality of food products. It has been

discovered that highly effective foaming compositions containing entrapped pressurized



severely discolor and dimnish the flavor quality of food products. It has
been di scovered that highly effective foam ng conpositions containing

ent r appedwpnressnsiscaedgas can be nmanufactured wi t hout thecmasdooso2a2se bot h
carbohydrate and protein ingredients. Browning can occur very rapidly at

hi gh tenperatures commonly used in food processing and susceptibility to

br owni ng ¢ L m ange ,of.. heating conditions used t roduce foam ng
conposi t i cgﬁésg %%ﬁntb%e%?%{écﬁﬁgglmg‘@d' f"}? r?q?g t&f‘(ﬁ%%‘ﬁ‘ﬁ%ﬁ%ﬁ“ﬁ?&o@”%?fqte'[‘ 0007]
A possible solption could be the use of a substantially protein-only )
conposi ti dAI" e'ﬂl@scﬁ’f’%ﬁf’g RameraIr v 1apidly &l high-ksmpperatures somweorly upedirei n
itself also poses sonme problenms. Mre inportantly, none of the disclosed
exanpl es ifﬁogﬁoﬁﬁﬁff'ﬂ% Rad sysceplibily 5o buwniog candimitthe ringe of hebtihg domditions
[0008] U.S. Patent No. 6,168,819 describes a particul ate creamer conprising
protein, |usgddo priegiucafeaming compbsititnsnafitbe ttype diseidsed inehe bforefehiiened prior
protein is partially denatured whey protein, the partially denatured whey
protein be@rhg from40 to 90% denatured. The total protein content of the
creanmer is between 3 and 30% by wei ght, preferably between 10 and 15% by

wei ght . TIi@OOTEamer Apogaitlé solufibh toaldideahktdedsr 4 9aHEtaatIAN in-on!
conpositions. The foam ng creaner conposition, when added to a rewa'd hot

cof f ee bevehfissitidn HUEESC e L _ o]
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mar bl ed appear ance upo econst Fon 1n

Tade oy SBABIANLA Banltd BRRSACIL deblFE G bk g Coffee extract to
[0008] U.S. Patent No. 6,168,819 describes a particulate creamer comprising
protein, lipid, and carrier, in which more than 50% by weight of the protein is partially
denatured whey protein, the partially denatured whey protein being from 40 to 90%
denatured. The total protein content of the creamer is between 3 and 30% by weight,
preferably between 10 and 15% by weight. The creamer is particularly suitable for
foaming creamer compositions. The fdaming creamer composition, when added to a
brewed hot coffee beverage, produces a large amount of creamy semi-solid foam.
[0009] U.S. Patent No. 6,174,557 describes an instant particulate dry mix
composition that produces a cappuccino beverage having surface foam with a marbled
appearance upon reconstitution in water. The dry mix composition is made by
deaerating and subsequently freeze drying a coffee extract to produce granules having

an outer surface layer which is rapidly soluble and a larger inner core layer which is

slowly soluble. The product has a density of at least 0.3 g/cc.



an outer surface layer which is rapidly soluble and a | arger inner core

| ayer which is slowy sol uble. The product has a density of at |east 0.3

g/ cc. [ 001WD 20b6B2396at ent Publ i cati on No. 2003/ 0026836 di eciraseasaz9ret hod f or
form ng tablets or powders of carbohydrate-based pharnmaceuticals or foods
whi ch includes subjecting tablets or powders which conprise a beverage base

Cerper at 0RYBL o7 oaliRe RrRRLPORIRIOR gy 2PeR1oRRERE HER R e BB Fyfiho

di spersabi lity on contac  t er. Ip addition, a nmethod js disclosed
Whi o by GABIeE of REVAP Gl caTbBRyd Rleabaped aidimase lin S or 8pods ARSI
powder by subjecting the tablet or powder to pressurized gas so that gas is
ent r appe&ubirgtisigitablety ppRewEets Whish rannfisera Beverage bggse such s soluplecolige,
powder on contact with water. It is notable that all exanples provided

t her ei n fdamiecnpawitiey sugapanch deednsasl tolpressiveandi teinpesatdreto produce a tablet or
car bohydr at e- based powder or tablet conpositions containing protein.

| mpr oved pdiveder with intredseideddlebiltycordispersalgililyrar eqriact wisls waterd dnaasiition ad i n
wor ki ng exanpl es therein. However, inproved dissolution or dispersability

of powdensethbddsidiscis¥ed@hichqabindtes therdissdlitich endisperesh gbs tatletSitnon-
denonstrated in any working exanple therein. [001 1] A di sadvant age of

these refathirfPpbivdef bpssbjedting'Hd tabfet®r ﬁgs?ighé_r ﬁ% Bﬁsgﬁ{ilﬁéé' gh§ soithaf gtisbot h
. Y,

protei ns and carbohydrates are present. even art directed

to forni gﬂfrgpgégqﬂgie% {cyp,Q{nq(stgid?ngﬂkhtYorFﬁémggéfg?dgpgffthe?Hg%haﬁ?m& %24/ 0

19699, fal I scl ose a wor ki ng exanp car ydr at e.
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wor ki ng es di'sclosed t n -con rate glycero
o .
level of 2% %n\ﬁ%'dg&ﬁuble compositions are carbohydrate-based powder or tablet

comp
compoaositions containing protein. Improved dissolution of tablets containing entrapped
gas is demonstrated in working examples therein. However, improved dissolution or
dispersability of powders, foaming or non-foaming, containing entrapped gas is ‘not
demonstrated in any working example therein.

[0011] A disadvantage of these recent combinations, as well as of many prior
products, is that both proteins and carbohydrates are present. More importantly, even
art directed to forming substantially protein-only compositions , such as
WO-A-2004/019699, fail to disclose a working example devoid of carbohydrate. The
foaming composition of WO-A-2004/019699 that forms the basis of all wtorking'
examples disclosed therein contains carbohydrate glycerol at a level of 5% by weight.
In fact, none of the relevant prior art discloses a working example or any reduction to

practice of a foaming carbohydrate composition devoid of protein. Proteins can react

with carbohydrates, especially when heated. Most of the time these (Maillard) reactions



In fact, none of the relevant prior art discloses a working exanple or any
reduction to practice of a foam ng carbohydrate conposition devoid of

prot ei n. Woab@/nsseaan react wi th carbohydrates, especi alPcy/ush@sobeat ed.
Most of the tinme these (Maillard) reactionslead to undesired col oring
and/or formation of off-flavor. This type of reaction generally occurs
during pr,ocessi ng, or nuf act urj n when the product is kept at higher

t enper at J?@gs‘?&'ﬁ% CRIRingANcYer larmafion of pif-Tiayek. Hhis Ay ef reastipe peneraby
for prol on(?ed tjnmes. In nmpst of the preparation processes for the products
descri bedPFH S KBITNIRIREPRSINGIPE MassiEartnangiwhendibedroduet ip&ept atuhighey in t he
preparation processes described in U S. Patent No. 6,168,819, a prol onged
time at dEgRAraturesipesameatiowr arnd offed iftibisdest ayhigher feonplenaturedifsropropngédi ns
typically are nmuch nore costly and typically have much | ower solubility and
much hi gitémesi di esostyf e prparatidreprocesbesfipd thas produstsddéserivaaun digs ur e
powder ed foam ng conpositions. Accordingly, use of proteins can cause

processi rpqmoshisndiscuzded heréinsebdvies af@ PartRluldrARItRE prOpRasibh pPhtessELT

exanpl e, protein solutions, even carbohydrate solutions containing protein,

mi ght hawdedefibed iANeBaPatriNdrecisd 848! a PRSI fihkoR didl el fEmbril L.

excessive viscosity and permt spray dry Ition, many

eat dur R el the pouRers. RS, Paeistyba ot nlbh fudf ksl BPetRc e
Composi ¢ e TBeh ol ekl I B ER TG n sl BuBBiarty B8 Eefiduorda ey
ogy o okPHndRckTt poRRel P Y oo HSE8RaY. b Boro s
reconst | E:%bgg pirgcémsfstlr?gr pr%rble%g %ﬁwdli}mglyeiaoslé the cost of foaming compositions. For
example, protein solutions, even carbohydrate solutions containing protein, might have
to be prepared at much lower concentration in water to avoid excessive viscosity.and
permit spray drying. In addition, many proteins are also susceptible to loss of
functionality or solubility when exposed to heat during processing or when contacted
with acidic food ingredients such as coffee powders. Finally, the presence of proteins in
powdéred foaming compositions can reduce the solubility or dispersability of these
foaming compositions, as well as the solubility or dispersability of other ingredients in
mixtures containing these foaming compositiqns, when reconstituted in water or other
liquid.
[0012] Although foaming coffee additives are available, there is still a need for a
powdered protein-free soluble foaming composition which, upon reconstitution, exhibits

a foam characteristic desired by true cappuccino beverage connoisseurs. For example,

prior resulting cappuccino beverages lack sufficient foam, the foam dissipates too



[ 0012] Al though foam ng coffee additives are available, there is still a
need for a powdered protein-free soluble foam ng conposition which, upon
reconst i twiDi2006/02836ki bi ts a foam characteristic desired IpgTiuSa@®30292LCCI NO
beverage connoi sseurs. For exanple, prior resulting cappucci no beverages
| ack sufficient foam the foam dissipates tooquickly or there is a

conbi nation,of bpth. .Further, sin riar foam.ng coffee additives. jncl uded
both & cBR aF Histe in A campaa e Ao herDSr qug 6oy foRELEY Pfee audifees

wi shing t o, ayoi ne of the two conponents woul d not he able to cqnsune any
o °t he picoee BRfThg CaaEalanc & B LSRRI, beopIF SRERGCHYA REB
additive conprising a powdered protein-free soluble foam ng conposition is
desi r abl Wishingro @veid ers of bentwehearaperents wasdd spt be @bl teneonsweng gnyeidee
cappucci no beverage. SUMVARY OF THE | NVENTI ON [ 0013] The present invention
rel at es pooafoaming wuiffseradditiees. Acamrdinglyl, adeamingrcoifee adgibtive compriging @h
provi des excel l ent resistance to browning and can provi de additi onal

advant agpswdeoed prateir-free gohibde fodniing conpusitipreisrdesirableowhichamovidsefoaaduced
allergenicity and m crobiol ogi cal sensitivity. These inproved foam ng

conposi t chafactemistits afseebrventionh wak cappubtinbBevarghecol d sol ubl e bever age
m xes and ot her instant food products to provide froth or foanmed texture.

[ 0014] The present invention, in one formthereof, concerns a foam ng

conposi t SUMKARY GPTRIE NGERTIONJer ed protein-free sol uble conposition
whi ch conpri ses carbohydrate particles having a plurality of voids

oL L PP AR SSEH At B W 1 RSBt

about 5 £GmpRRRidHEhh PRoGkel RecSRIM PsdikiaBe to browning and can provide additional
advantages. For example, protein-free foaming compositions can have reduced
allergenicity and microbiological sensitivity. These improved foaming compositions can
be used in a wide variety of hot and cold soluble beverage mixes and other instant food
products to provide froth or foamed texture.
[0014] - The present invention, in one form thereof, concemns a foaming
composition which comprises a powdered protein-free soluble composition which
comprises carbohydrate particles having a plurality of voids containing entrapped
pressurized gas. In various further embodiments, the soluble composition releases at
least about 2 cc, and preferably at least about 5 cc, gas per gram of the composition
when dissolved in liquid at ambient conditions. Further, the composition may include a
surfactant.
[0015] The present invention in another form thereof concerns a foaming

composition which comprises protein-free soluble foaming particles comprising a

carbohydrate and having a plurality of internal voids containing entrapped pressurized



when dissolved in liquid at anmbient conditions. Further, the conposition
may include a surfactant. [0015] The present invention in another form

t her eof cwocesaa3m4f oam ng conposition which conprises pcotuseovsioeeel sol ubl e
foam ng particles conprising a carbohydrate and having a plurality of

I nternal voi ds containing entrapped pressurizedgas. The foam ng conposition
Is formed by subjecting the particles to an external gas pressure exceedi ng
at nosphegias. pfe fearsing dopnpasdionris igined by subjegtinghthepparticliesde ancexernal gas
tenperature of at |least the glass transition tenperature (T ) and then

cool i ng phessaret exdeedingoatendsphpric ptessardptiontotdraviile peatimg the partioles toea

rel easing the external gas pressure in a manner effective to trap the
pressur i ggehpeaatune ohanlebBethe s Bansigord tampéaiuré (T endthenaitolingtignt i on in
anot her form thereof concerns a soluble consumabl e food product conprising

a protei paHi@8s 18'a4BhiperARrE BAoGRBIS! fridtio W While FEIERSINg G Re ExtBY gL ©
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particles having a plurality of int ernal voi ds cont ai ninﬁg ent r appe
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i ncl udes a carbohydrate which has internal voids. An external pressure

exceedi n@nHaRPSEHEEsHIriFedpagr dnivariaps fyrtherfermas dhp selullle faadderosivctmpy
include a beverage mix such as coffee, cocoa, or tea, such as instant coffee, cocoa or
tea, or the soluble consumable product may include an instant food product such as an
instant dessenrt product, instant cheese product, instant cereal product, instant soup
product, and an instant topping product.
[0017] The present invention in yet another form thereof concerns a method for
manufacturing a foaming composition in which the method includes heating protein-free
soluble foaming particles which includes a carbohydrate which has internal voids. An
external pressure exceeding atmospheric pressure is applied to the protein-free soluble
foaming particles. The protein-free soluble foaming particles are cooled and the -
external gas pressure is released thereby resulting in pressurized gas remaining in the
internal voids. In further alternate forms, the external pressure is applied prior to
heating the patrticles or the external pressure is applied while heating the particles.

[0018] Advantages of the foaming composition according to the invention are

that, upon contact with a suitable liquid, an amount of foam is formed which provides



foam ng particles. The protein-free soluble foam ng particles are cool ed
and the external gas pressure is released thereby resulting in pressurized
gas remaiwprgos/m3iche i nternal voids. In further alternareTiuseons/jo2492ke
external pressure is applied prior to heating the particles or the external
pressure is applied while heating the particles. [001 8] Advantages of the
f oam ng conposi tion accordinPdto the invention are that, upon contact with

a sui t abl 4esiraple eoleinmamiifeel, densigatexture; apdstability svhen vsedissipsmulaibingtant
color, nouthfeel, density, texture, and stability when used to fornulate
i nst ant ceRipRMesim® Mikeseer otheo phaetugts. oBince it. cobitaing niotprotein,cadversmside effects,
adverse side effects associated with proteins, such as off-flavor, Miillard

react i on, assubtiatedrwitt pralemspenckeas offifaiver, Maitkird rebbton, rddd rewetidrss betwesnt
occur or at |east are reduced. [001 9] A further feature of the present,

non- pr ot eprotéinrambotherBabstituéts] 8o PEPYELSLR Gr BY 12 afd/Fétfceldng stability of
the foam especially since, in t he prior art, foamstability of the foam ng

powder s vgp1@gner al lnuaRePfdAlRbMhE rééé%t,mcﬁﬁgfm&n%amrsﬁas@@g%&@ga%1

Anot her advanfage is that the present 1 nvention provides
conposi ti i | gh gja& . . ity
I's generall Q’E‘ﬁ?&gﬁgﬁ ﬁ%ﬁrgﬁl‘ggﬁ%@?'%ﬁﬁ %éé,urﬁ)'r% er z'iag&yrg 'ﬁ%'l'%ﬁ{paﬁ%ﬁ'qﬁo
g/ cc, an . .y at least about Q.35 g/lcec., Preferably, the bul .k
densi ¢y 1 2P fiefoBMite BhwaeRthad GRHbiauis Ipatee WHE G Preshinet o aiitifos
pr ef er abl s than 0, 65 cc, Suc wder s contain 5-20 cc or nore
gas per J&Qh}sif pomBBPt.hefﬁg/"ﬂmj’ﬁed%Hg@/e Hé%sqq‘ﬁévﬂwaﬂtpéﬁ\ﬂd?ﬁétfoﬁ'ﬁ'ﬂg a
smal | vol une of. foanm ng conposition is required to obtain a desjred anount
of foam CAMBPPENgR;t %ﬁ%ﬁl hdensity andrhigh gaaceptend. (Thediyll depsitynisgenaralivnt
of foam per unit weight or volume of foam ng conposition added.
higher than about 0.25 g/cc, preferably at least about 0.30 g/cc, and more preferably at
least about 0.35 g/cc. Preferably, the bulk density is less than 0.8 g/cc, more preferably
less than 0.7 g/ce, and most preferably less than 0.65 g/cc. Such powders may contain
5-20 cc or more gas per gram of powder. The high density has the advantage that only
a small volume of foaming composition is required to obtain a desired amount of foam.
The relatively high gas content produces a relatively large amount of foam per unit

weight or volume of foaming composition added.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] Ingredients that can be used to formulate protein-free foaming
compositions include carbohydrates, lipids, and other protein-free substances.
Carbohydrates are preferred and include, but are not limited to sugars, polyhydric
alcohols, sugar alcohols, oligosaccharides, polysaccharides, starch hydrolysis products,
gums, soluble fibers, modified starches, and modified celluloses. Suitable sugars

include glucose, fructose, sucrose, lactose, mannose, and maltose. Suitable polyhydric



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0021] I ngredients that
can be used to fornulate protein-free foam ng conpositions include

car bohydrwbesge/d2sids, and ot her protein-free substanceeCT@sed@shydsnt es are
preferred and include, but are not limted to sugars, polyhydric al cohols,
sugar al cohol s, oligosaccharides pol ysaccharides, starch hydrolysis

pr oduct s, nodi f i e hes d cel |l yl oses.
Sui tabl o 2ligRRL '“ﬁLqufoéyﬁ'B piny e Y 5. PoGaE PRt o pgied Y%ﬁﬁrgi%fé"‘l and
mal t ose. SQuj.taple hydri cal cohol s i ncl ude gl ycero ropyl ene gl

pol ygl ycepHit §gga$|ﬁé) ‘}fé'tq‘ﬁymé hidegoplitalsmagnitel g '@hé%t'?%h eiytitel. AR P‘WH@'
sorbitol, mannitol, naltltol lactitol, erythritol, and xylitol. Suitable
starch hy@Htable stapshobdrolysisrrspducss inaludeimaltoaxtring! glueese sympesCcorosyHIPS,
syrups, high-maltose syrups, and high-fructose syrups. Suitable guns

i ncl ude ﬂaighhmﬁjtangs‘yﬂmSeand bhigh-finetesasyrupguByitajpé gams ihdode xabtham, and
hydr ol yzed guns. Suitable soluble fibers include inulin, hydrolyzed guar

gum and alginates} carssgeddiansadliar, goltti, leclist baas hand hpdlolydedpdums.c8ultabler
chemcally nodified starches that are soluble or dlspersible in water.

Sui t abl e gBIdbfd fisereahtluli@FRfini RFdrN2eaRIUAY aR], llWdaselydsdioiex \STRbBKE modified

cel l ul ose, and hydroxypropylnet yl “cel I'ul ose. The carbohydrate or the

m xture @taﬁéﬁ&ommo@&@sio%ng%lreﬁérﬁ%aﬂy%a.ﬂﬁa stdiené Bfk saﬂg@%ﬁ i on

structure 1s sufficiently st ong to retain the gas enclosed un pressure.

The 1i pi %gae&r@&%mt&% .facmg e ééﬁﬁ%ospﬁapdg!rﬁe;ih%ﬁ{]‘lowd ude

hydr ogenat ed ol I nteresteri I pi y dci ds deflved
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fracti On?’n&ture 01‘I élar%ohygra?es is selected such that the foaming composition structure is
sufficiently strong to retain the gas enclosed under pressure. The lipid is preferably
selected from fats and/or oils which include hydrogenated oils, interesterified oils,
phospholipids, fatty acids derived from vegetable, dairy or animal sources, and fractions
or mixture thereof. The lipid may also be selected from waxes, sterols, stanals,
terpenes, and fractions or mixture thereof.
[0022] The powdered soluble protein-free foaming compositions of this invention
ban be produced by any method effective to provide a particulate structuré having a
plurality of internal voids capable of entrapping gas. Conventional gas-injected spray
drying of aqueous solutionsv is the preferred method to manufacture these powdered
soluble foaming compositions, but gas-injected extrusion of powder melts is also a
suitable method. Spray drying without gas injection typically produces particles having
relatively small internal void volumes, but this less preferred method can also be used to

manufacture protein-free foaming compositions having suitable internal void volumes.



[ 0022] The powdered sol uble protein-free foam ng conpositions of this

I nvention can be produced by any nethod effective to provide a particul ate
st ruct ur ewbaviamg3smw4pl urality of internal voids capabl e eCTarsteodppizag gas.
Conventi onal gas-injected spray drying of aqueous solutions is the
preferred nethod to manufacture these powdered sol ubl e foam ng

conposi t i, but_gas-injected extrusign of powder nelts is also a suitable
met hod. éﬁ*ﬁ‘%&emﬁﬁa W@h&dt gg%@ny e foqsharadsiaas ¢an be vead e gas injectiers,

havi ng rel a]t i yel%. Sma}lylyl internal void volumes, but this |less preferred

met hod caNCYANG Bk GEken diexide witseusexiderartraixture therebbani ng conposi ti ons
havi ng suitable internal void volunes.Ntrogen gas is preferred, but any

ot her fod894fhde gabeteimbienitappet presmuizedigast meansithst Gak ngviﬁ'?ra, pregghen

di oxide, nitrous oxide, or mxture thereof. [0023] The term "entrapped

pressur i BEgalgashamatmesphesic mrassivevis presen? tmtfbarrmﬁ%?abﬁfpokmaﬁ s?ﬁdaﬁﬁagﬁ& ic
pressure is present in the foam ng conposition structure and Is not able to

| eave t hisnet ablettorleavenhidstivtictoRs Withb it BBeRRYIRE pd r l { he
majority of the pressurized gas present ?n tﬁg fga%%gggg%éé;i FF%%thhe

Structur o Cages har eane s St hdn, R Bg ol B iy
i1 or oy PR S A RhAIBREor (8 pBRel stk  Biase S haiin aue
Tne ¢ or reoiatnf bl ieel S BRIRb T8 itk bherd Mvghlion cap BRI Seleeuiicme hliaoen. or
i or nal SvLRAbRde SRS bt it B HHi@uER Tistonto AtrofeR fepindeined de stpab! e

of hol di vol ume of entrapped gas that is rel eased as bubbl es upon
di ssol ut&gﬁ%&{ﬁﬁad&qq&ﬁn bei %qditglﬁrﬁr Jeressurized gas in the powder structure.

- [0024] The term "structure", "particulate structure”, “particle structure”, or “powder
structure™ means the structure contains a large number of sealed internal voids which
are closed to the atmosphere. These voids are capable of holding a large volume of
entrapped gas that is released as bubbles upon dissolution of the structure in liquid to
produce foam.

[0025] The term “powdered soluble foaming composition”, “powdered foaming
composition”, or “foaming composition” 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. |
[0026] The term "protein-free" or “non-protein” means to convey intentional and
deliberate avoidance of substances containing any significant amount of protein, to the
greatest practical extent, in the formulation of foaming compositions. Accordingly, the

protein-free foaming compositions of this invention are virtually free or devoid of protein
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produce foam [0025] The term "powdered sol ubl e foam ng conposition”,
"powdered foam ng conposition", or "foam ng conposition” neans any powder
that i s swbubéen283s4 or disintegrates in a liquid, and e@peaisadosy29261 an
aqueous liquid, and that upon contact with such liquid forns a foam or
froth. [0026] The term"protein-free" or "non-protein” neans to convey

I ntentional and del i berate avoi dance of substances contai ning any

si gni f i casnid sontaih sabstpntiaky less than h%, gne dymicaliydess tharabbextt0s%, proleinhe
formul ati on of foam ng conpositions. Accordingly, the protein-free foam ng

conposi t i PRseAtdtdrotin-freerddnisbsitichsvafthig amventiohese deverl of stordin P Afitopineand
contain substantially less than 1% and typically |ess than about 0.5%

in _ ss than d ! Ly ess . -
prot el n.  FotiALr&d feHihg! b sRidHRIRAAbIPrthBlexbries RLAI BRNdEISAEPY O

of protein. of the proteln-tree am ng conpositions di In the
exanpl eaﬁ%&%hn are devoid of protein. [0027] Wi ght percentages are based
on the I ght of the powdered foani ng conposition, unless otherw se

i ndi cate 28] The..tgrm "carbohydrate”,ne anv .carbohydrate that is
compat 1 bITRO&h 1 he Mt BRrofepRE it Bhtra BRI0R WA IRE RONGRIE: fo3find ;
practice nean that it rrusi be, ac.ca)t &lyce for consunption. [0029] The term
"emul si fiIPPARHAL, UplESS pielwisedpdice®d. orpound that has oil or gas
enul si fyi ng gropert les which is cor‘quti ble with the end use of the powder
of the id98R8]on andheferem "¢aybalydra St Hhany GWPY¢F%ett'@tﬁ$ cpmpaiele vath
emul sifier" or "polyneric surface-active substance"
the end use of the powder of the invention. This will in practice mean that it must be
acceptable for consumption.
[0029] The term "emulsifier" means any surface-active compound that has oil or
gas emulsifying properties which is compatible with the end use of the powder of the
invention and which is not a protein.
[0030] The term “polymeric emulsifier” or “polymeric surface-active substance”
generally means any surface-active type of molecule consisting of a number, generally
at least five, of monomer units chemically bonded together. These units may for
example be amino acids, as in surface-active proteins, or sugar moieties (glucose,
" mannose, galactose, and the like) or derivatives thereof, such as in surface-active
carbohydrates. Generally, the molecular weight of polymeric emulsifiers will exceed
1000 Da.
[0031] The term “low molecular weight” in connection with emulsifiers or surface-

active materials refers to molecules with a molecular weight below 1000 Da. Generally,

adsorption of a monolayer of these molecules at a gas-water or oil-water interface will
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general |y nmeans any surface-active type of nolecule consisting of a nunber,
generally at least five, of nononer units chem cally bonded together. These
uni ts maywbanoesasepl e be ami no acids, as in surface-actPce/se@seRersl or
sugar noieties (glucose, nmannose, gal actose, and the like) or derivatives

t hereof, such as in surface-active carbohydrates. Generally, the nol ecul ar

i gh | | Sl | h "
ot cu 4= 8=BRT6% PuEbeo e il mmrChERSR S Sraletetee bl <
f I I ' I I | ght 000. Da. ,
aasor pt 191 GCHERu s eriants cud atblicbs o (b adbiadiun it o 1 v e
interface w |l decrease the interfacial tension by nore than 20 M m Only
u

pr ot ei n-IPPSL]pol ymé e derdn “assaniallyetQf%arcapeeiysiratel upag inrpferenss tafhg sifiers
are used in this invention. [0032] The term "essentially 100% car bohydr at e"
used i n N-Eregiecabohydatoieapting sompasititshyeans thef cempogjtion cpowrisésHn nmeans
the conposition conprises carbohydrate with only trace anounts of

non- car lEThohyteate withtarily fates amoumts ahmomcattehydtdtacohdtitaoants idran dmeurst

[ 0033] The foam ng conposition nmay have a noisture content between 0-15%

typi cal ligsd tH@¥n1%ona drybaeisl | y 2-5% and water activity between 0-0.5,
typically 0.05-0.4, and nore typically 0.1-0.3. [0034] It is preferable to

fornul atjeoBBY f oanThe fadiaing YofiBosiiPPEl HaR%S PbistifieScdridMbdtdaeH - 180NE
or nore surfactants to i nprove bubble formation and creation of internal

oo SRR R S ke ot g cBlos,
vol une gfndg more typically 0.1-0.3.
[0034] It is preferable to formulate the foaming ingredient compositions of this
invention using one or more surfactants to improve bubble formation and creation of
internal voids during spray drying or extrusion. Use of suitable surfactants at
appropriate levels can be used to influence the relative size, number, and volume of
internal voids available for entrapping gas. It has been discovered that the manufacture
of protein-free compositions can be greatly improved by use of surfactants. Two tybes
of surfactants can be distinguished: low molecular weight surfactants and polymeric
- surfactants. Low molecular weight surfactants include food-approved emulsifying
agents such as polysorbates, sucrose esters, stearoyl lactylates, mono/di-glycerides,
diacetyl tartaric esters of mono/di-glycerides, and phospholipids. Examples of
polymeric surface-active agents include surface-active carbohydrates. These can be

used in combination with other carbohydrates to formulate protein-free compositions.

Suitable surface-active carbohydrates include gum arabic, propylene glycol alginates,

12



I nternal voids available for entrapping gas. It has been discovered that
the manufacture of protein-free conpositions can be greatly inproved by use
of surfacvernn&/023we types of surfactants can be disti ngecshisdoosioenret

nol ecul ar wei ght surfactants and pol yneric surfactants. Low nol ecul ar

wei ght surfactants include food-approved emul sifying agents such as

pol ysor bat rose..esters, stearoyl . lactylates, .mno/di- rides,

G avety BHS ipap i SR fiot siisie Rien S iisitin subriPlel Ser B 2159 s
of polyneric surface;active agents include surface-active carbohydrates.
These ¢ %nl?s?e%f“f"ﬁ'f%'ﬂﬁﬁtw&gg% with other carbohydrates to formulate
protein-free conpositions. Suitable surface-active carbohydrates include
gum ar aH0935}r opy| Masefdyastagaoyslyathesfoaning corwpRBiticd mayindlusie amemulsifier
starches such as octenyl succi nate substituted starches al so known as

emul si f ydelgcteddfiromebe drogs spnsisting afiemoisifyiogstdrghes hEwéem 20r(golyoryebylenen
may include an emulsifier selected fromthe group consisting of emulsifying

st ar chesorbiteemat®lfurebie)x$SL [{ybdiom steatvyi-2dactplate)oreaicedse Esikr. ( Pralétaisly,
stearoyl -2-lactylate) or sucrose ester. Preferably, a conbination of

pol yner iz£ combiinatiornof pogmert Suraes-activé BuBstande, &suohsdd ah BEnSiRArtd s@Fch or
propyl ene glycol alginate (PGA), in conbination wth a surface-active

subst anfiﬁ‘owféheaglk@dll d@hsgéld;%/xmﬁ @Bbirkation vitth 4 \YefAcacive shﬁsttﬁﬁﬁée’gitﬁm S

enul sifying starch is preferably of the octenyl succi nate-substi type

(e.g. Hilémﬂgmliﬁgwmsﬁﬁﬁ%\%@ﬁ bP?%‘f_ RURR t iggn'ﬁ}léﬁ(fﬁﬁg stHQyjsact ured

by National Starc e use of enulsifyihg starch alone n conbi nation

g bR AL e b NS B AT g o o oo

appear a%%?enﬁé'ggclsiﬁat@i s%fﬁsti{:uqleg rs,tartc:ﬁ;xrtnléﬁﬁfa%PuO}eg Tb?%ét%otn%] S’to‘alrscﬂ). The use of
emulsifying starch alone or in combination with SSL in foaming compositions of this
invention was used to provide foam having a preferred combination of attributes, as
collectively determined by appearance, bubble size, color, texture and stability. Also,
the use of PGA in combination with Tween gave a preferred foam.
[0036] Not wishing to be bound by any theory, it is believed that the above
combinations are particularly successful because of the following reasons. Protein-
stabilized foams and emulsions are known for their excellent long-term stability, which
has been attributed to the polymeric character of proteins. Supposedly, an adsorbed
interfacial layer of proteins creates a very strong interface leading to stable gas bubbles
in foams and stable oil droplets in emulsions. Therewith, use of a non-protein polymeric
surface-active substance seems ideal to replace proteins as a foam stabilizer. As

polymeric surface-active species generally adsorb only slowly, in a preferred
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the use of PGA in conbination with Tween gave a preferred foam [0036] Not
w shing to be bound by any theory, it is believed that the above

conbi nat iwooave3arti cul arly successful because of thepCoiusesisng26easons.
Proteinstabilized foans and enul sions are known for their excellent

|l ong-term stability, which has been attributed to the polyneric character

of protei i ' | es
2 vory. oty aoSHRRRS R o @A RAaEEnLBIrERS 3R Fied R ESe Sbih RS e 0§
oi | dropl [ qgml ' . Therewith. use of a non-protein polyneric
surface- é’?ﬁﬁ%g‘)"éu S bié\éggﬁg'é%ﬁ?"? (5'5'?“?8’ repl ace proteins as a foam
stabiliz pol yperic face-active species generally adsorb _only

sl owl vy, ihogﬁ)r ef er @&é%@%ﬁgﬁnﬂms&ﬁmﬁﬂ%&n RRYRANGD othen RIpteingfigear e used
to also obtain rapid stabilization of the gas _bubbles during foam

f or mat i oiFOMTRRAENIS |SUCh &) aritciakflavors aremgs cartifieiel sweetengis. buffees, flovtagents,
protein-free conponents such as artificial flavors, aromas, artificial
sweet enecoloning agests, andihe ikt Syitahie artificipl sweeteneraintlude sacdbarinSui t abl e
artificial sweeteners include saccharin, cyclamates, acesulfane, sucral ose,

and m xt eyeknvateshasesulfame, socmidae, badanixtures &f thbgeot SEitsblerbpiiesihatde and
trisodiumcitrate. [0038] Powders which are used for entrapping pressurized

gas to ndipdtassiune phbspHaiemndgrisaiipasditratens of this invention have a bul k
density and a tap density in the range of 0.1-0.7 g/cc, typically 0.2-0.6

g/cc, a poesstal depsiilyrsiwhithard adaefdtferfrapping Predstized Y84 fAmanufhcfurd - 5

g/cc, a true density of 1.2-1 .6 g/cc, and an internal vord volune In the

7o KA g B RIS Al B0 B S e e,

preferreghnge of 0.1-0.7 glee, typically 0.2-0.6 g/cc, a skeletal density in the range of
0.3-1.6 g/cc, typically 0.4-1.5 g/cc, a true density of 1.2-1.6 g/ce, and an internal void
volume in the range of 5-80%, typically 10-75%, before subjecting to external gas
pressure. Powders with relatively large internal void volumes are generally preférred
because of their greater capacity to entrap gas. Internal void volume is suitably at least
about 10%, preferably at least about 30%, and more preferably at least about 50%. The
powders have a Ty between 30-150°C, typically 40-125°C, and more typically 50-100°C.
The powders have a moisture content between 0-15%, typically 1-10%, more typically
2-5% and water activity between 0-0.5, typically 0.05-0.4, and more typically 0.1-0.3.
[0039] In one specific embodiment, the non-protein foaming composition contains
an emulsifier in an amount of from 0.1-30%, preferably 0.2-20%, and carbohydrate in an
amount of from 70-99.9%, preferably 80-99.8%. The emulsifier should be used in an

amount sufficient to stabilize gas bubbles present when the powder is dissolved in

liquid. It should be noted that if the amount of emulsifier is too high, it might lead to off-
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because of their greater capacity to entrap gas. Internal void volune is
suitably at |east about 10% preferably at |east about 30% and nore

pr ef er ablwoabodmeasts about 50% The powders have a T bet Re@EUS3QsHZOC,
typically 40-125 0Cland nore typically 50-1000C. The powders have a

noi sture content between 0-15% typi caIIy 1-10% nore typically 2-5% and
wat er act|V|tyb tween 0-0.5, lca 0. 05;0. d nore ty

0150, 3. ewandy OEdrdesisabitirebeREad thenicsuiina o S PaVERRel el o
conposition contains an enulsifier in an amount of fromO0.1-30% preferably
0. 2- 20% cembipationkjamulsfierns iaHtilgasunt of from 70-99. 9% preferably
80-99.8% The emnulsifier should be used in an anount sufficient to

st abi | i z§0848] bubb| Bykslensin(g/abkis determined by meastiringshe yelumel(ee)dhata |
shoul d be noted that if the anmobunt of erulsifier is too high, it mght |ead
to of f f | gyiven weighttgy ofumdésrial abtepips eihentpased throbgh rasisinhel intp & gradusted
beverage. Preferably, a conbination of enulsifiers is utilized. [0040] Bul k

density (glifger.i Faplabnsity (iPec)hy deramiiéd by poaring therpowde intdatgradgatedn
wei ght (g) of material occupies when poured through a funnel into a

gr aduat e@gﬁﬂééﬁ%ratlﬁméj@;ﬂﬁubv ubdl tﬁébomme@%bﬁre@tae@ IBWeSOIBILMG, Fdtordiagder

into a graduateéd cyl vibrating the cylinder unt|I t he povvder settles

0, f;ng%ﬁgmﬁq%;w%grﬁﬁ@%wgrﬁnm@ e »% e, e o
e |Gy Y9GATE oS B NS 540 RRL Bt powcr

Skel et al densi neas

voi ds. pr 4R 2 ey RER oTer PRl 1"3.3‘1’5%3%4 %ﬂé‘ﬁ%’#@%ﬁf "

Séfggdgfgtggm Lk %ld%ﬁqq@ﬁl%énrﬁﬁg&rgpz%e%{& hCalt ?ﬁcl@é‘gs tthe vo umemit any voufz’s
present in the particles that are sealed to the atmosphere and excludes the interstitial
volume between particles and the volume of any voids present in the particles that are
open to the atmosphere. The volume of sealed voids, 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 void volume (%), the volume percent of
sealed internal voids contained in the particles comprising the powder, is determined by
subtracting the reciprocal true density (cc/g) frdm the reciprocal skeletal density (cc/Q)
and then multiplying the difference by skeletal density (g/cc) and 100%.
[0041] The glass transition temperature (Tg) marks a secondary phase change
characterized by transformation of the powder composition from a rigid glassy state to a

softened rubbery state. In general, gas solubilities and diffusion rates are higher in
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open to the atnosphere. The volune of sealed voids, referred to herein as
Internal voids, is derived fromal so neasuring the skeletal density of the
powder afwenogvizesbtng with nortar and pestle to renove @ecTapsemsakdzei nt ernal
voids to the atnosphere. This type of skeletal density, referred to herein
as true density (g/cc), is the actual density of only the solid matter

conpri si : ern vai d_volu %, .the vol une percent of
sealed in é%ﬂ%ﬁ%\gﬂgéo\é%m%i ﬁgjgh?ﬂ.lgﬁge %f?rzfqré@gs(:h@mfﬁ?li %%@0%9?@ ﬁ%‘i/\der, is
det ermi ned. subtracti.ng the reciprocal true density (cc/g) fromthe

reci pr oc'ﬁ’lo'sgééef &ng a'&‘iﬁ‘%l e(%!c'Pnyéﬁafat%ﬁomplarm&%’Wgan%r kipheemeisiuge py
skel et al &elnsi tyl_ ( cc1) and, 100% h0041] ~The g?l ass transition tenperature
(T ) marWdl lgwetdendiiey! ofais ibteniiongdy brdrised orilowersg\by simply deonsaisng oof t he
powder conposition froma rigid glassy state to a softened rubbery state.

| n generlBFeafuRa Jespestively, dhe muisture conteohofithe govales Usirghamy suitalilemiettodl at
or above the T . The T is dependent on chem cal conposition and npi sture

| evel arkthowm tgenersiilledlimthes ary dihedE, can be measured gsingasstaisiishbt Ihiférential

noi sture will lower T . The T can intentionally be raised or |owered by

sinply decaradng@aloimetrg oeThehsial MeshasicaMEhalysit fechgséd!r e content of the
powder using any suitable nmethod known to one skilled'in the art. The T can

be nmeasyoed2ysi ng Revalfbasiascobbstiont bhlni i | o} fher mal
vechan cak ahal ysi s techni c'l‘;ﬁgejg. 0042] mvéﬁsﬁﬁ’gﬁﬁh&ﬂﬁ%@?ﬁ%ﬁéﬁ% this

| nvent | etz doRALn B8HARRSCIUREE B kTR 1RASIAAR e FRRHLARRIRET DY

heating the protern-free powder having appropriate parti re under

Pr essur @plopfie rlial shuBlfS ces fe%}gﬁ? @g&%g@gb@gp}%%u?omr ej her by

rapid release of pressure or by coo0li % vessel an

S?E;gﬁfgb;"?ﬁﬁé gﬁg powdEr Bﬁﬁénﬁw hidR8S, bF prte%sﬁreeaclnr 6)? gogl?nméjt%re vie%steﬂ?rior to
depressurization. The preferred 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 preheated oven or bath or by circulation of electric current or hot‘ fluid through an
int‘ernal coil or external jacket to increase the temperature of the powder to above the Ty
for a period of time effective to fill internal voids in the particles with pressurized gas,
then cool the still pressurized vessel containing the powder to about room temperature
either by placing in a bath or by circulation of cold fluid, then release the pressure and
open the vessel to recover the foaming composition. The foaming composition can be
produced in batches or continuously using any suitable means. Novel foaming
compositions of this invention that contain atmospheric pressure gas can be produced

in the same manner with the exception that heating is conducted below the Tq of the

powder.
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and pressurize with conpressed gas, then heat the pressure vessel either by
placing in a preheated oven or bath or by circulation of electric current
or hot flwbDaoadmesegh an i nternal coil or external jacketcrascomsnease the
tenperature of the powder to above the T for a period of tine effective to
fill internal voids in the particles with pressurized gas, then cool the

still pr yzed v Wl t r,.1o ut. roomtenp e
ci ther byRaLi g i e srah sRdBl the hErtad 205 eh el 18 Tabig porLb %
t he pressyr epthe vessel tq recoyer tha foaning conpositjon. The
f oam ng 3’3%%%%5& %@ngnab%n%mﬁﬁ%%ef %ﬁ%éﬁb‘lﬁbsecfpr ?% ’HUB-&%-)W BEraRY any
sui t abl eréf“éﬁ s.. Novel foam ng'@gé)rrgosi tions of this invention that contain
at mospherd” ﬁf@@y & agddnete pretergplyq 480 minutes. skhfspresaHEs ingiderthe peessure
exception that heating is conducted below the T9 of the powder.[0043] In
gener al , §&REEisdNIhe rérgs eb2@B080 psinpsefgraliy 100-2009 psinard ofore Prefeemy
preferably 40-175 0C, and nore preferably 60-150 OC for 1-300 m nutes,

pr ef er abl30051300 psi.nUse of niregengas ippeéferred| hutldnyl Sthenifoad-gradeldes edreiss ur e
i nside the pressure vessel is in the range of 20-3000 psi, preferably

100- 2000 uysed, togprdsauize theefessabincl&fg 2F0Caoh. dibidde Ohitrdub ORERN of Afixtlie
preferred, but any other food-grade gas can be used to pressurize the

vessel , itheleofli Povader ga@&bh@ht@n@ﬁbdﬁﬂngﬁ&é;fam@ Qf@yéﬂﬁlly Porédseiwiie BP&@EQR :

Powder gas content and foam ng capacity general i nCrease wWith processtng

pr essur e préalren M@MQCcﬁdﬁ@ads:éethé rirhiﬁé%re;@élﬁ%sd&lﬁefiéﬂ fovt?)(ej%ﬁé%rla%sgéelﬁ sure

vessel to increase considerably. The maxi num pressure re I NSl he

T ISEEs coHSRRES TSR AR SR A R 8 v

using KeyyliAg elakimg¥antdBEpRkIH&ted 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 héating to
120°C (393 K) should increase the pressure in the pressure vessel to approximately
1300 psi.
[0044] At temperatures at or above the Ty, particle gas content and foaming
capacity increase with processing time until a maximum is reached. The rate of
gasification generally increases with pressure and temperature and relatively high
pressures and/or high temperatures can be used to shorten processing time. However,
increasing temperature to greatly beyond what is required for effective processing can
make the powder susceptible to collapse. Particle size distribution of the powders is
typically not meaningfully altered when gasification is conducted under more preferred

conditions. However, significant particle agglomeration or caking can occur when

gasification is conducted under less preferred conditions such as excessively high
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exanpl e, pressurizing the vessel to 1000 psi at 25C (298 K) and then
heating to 120 C (393 K) should increase the pressure in the pressure
vessel toweppecnesivately 1300 psi. [0044] At tenperature®@catusesosabaee the T
, particle gas content and foam ng capacity increase with processing tine
until a maximumis reached. The rate of gasification generally increases

wWth pressure and tenperature and rel atively hi ressur.es .angd/ or high

t enper at F'EPEERH EN é[PW@ﬁSF%‘BS t'ﬂ%c’é&%gﬂl‘?"ggﬁ&t 9‘1%%%%9",’3 ft¥€asi ng
tenperature to greatly beyond what is required for effective processing can
make t heSpbraed aassrResmeableselid vetteagydng paaling difuses nterinternabveids antk t he
powders is typically not neaningfully altered when gasification is

conduct epressire amiildripmeiseeached onditil tba powdenis/erqgled taybelbincthetTgar ti cl e
aggl oneration or caking can occur when gasification is conducted under |ess

pr ef er r eTheoefdire; ib issto becéxprscted et they ebylelippinticlep ehauid retaimbldibrpresngized
processing tine. It is believed that gas dissolved in the softened

gas- per ngablentfepped inditeaial Yoidsehd §ad dReoNel fit tvssolitf mattet. er nal voi ds
until pressure equilibriumis reached or until the powder is cooled to

bel ow t hppd4s) Ther aiypes poW_deirfj aF@p%sﬁﬁf&?hﬁé’ ite%}rﬁ?érattlm% é%‘b?'a%@v@i‘ﬁ% TQgﬁ%

shoul d retain both pressurized gas entrappe nternal voids an S
ooy oA S0P B o oAl ol AP HISAE R SRIMATFR P
S0 o4 et G4 SE BB A AT Bellebld 0 o pryurs
oAUt ol 30 5 Mo e bl e B G pobeRog 221
cormon fSFes%%rritzie Ibee?ovst/ %eeﬂo Iagg%epressurized. it is less common for patrticles to explode
and any explosions occur with less sound and force. However, it is common for these
particles to 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 Ty, but skeletal density and internal void volume are typically
significantly altered.
[0046]“ The foaming compositions retain pressurized gas with good stability when
stored below the Ty with adequate protection against moisture intrusion. Foaming
compositions stored in a closed container at room temperature generally perform well
many months iater. Powders pressurized below the T4 do not retain pressurized gas for
a long period of time. However, it has been surprisingly discovered that spray-dried
powders that are pressurized below the T typically produce significantly more froth than

the unpressurized powders even after the pressurized gas is lost. It is believed that this

beneficial increase in foaming capacity is caused by infiltration of atmospheric pressure
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and any expl osions occur with | ess sound and force. However, it is conmon
for these particles to produce a faint popping sound during a brief tine
af ter depwesawd2zwmti on. Powder appearance and bul k densipCy/use@soypscal |y
not significantly altered by pressurizing below the T , but skeletal
density and internal void volune are typically significantly altered.

[0046] Thyad intorpnevioosipeatlio ¥ imtdrAbRIddPTRFEAZEsh SRS N bwarh %ot @i 1 ity
ure

when stored below the T9 with adequate protecti'on agal nst noil st

| ntrusi oparfieRe dEHRAIRRY, Lt RAS béfeﬁ”f&ifhd fﬁa?%kﬁés R«?\g%erﬁ%:ggikg ?ﬁcr%#égg m

tenperature generally performwell many non ers urized

e oo Moty Babat ) of R SREH bR AR b tiidhd SATpRIEHAERH A R (o
are pr esZél@l?feﬁgte@gwmé&%"gvéﬁgg&al |y produce significantly nmore froth than

t he unpr Yer the pressurized gas is lost. It is
bel i eved (M%h)t his beneficial increase in foam ng capacity is caused b
infiltral f at nbSPREG ompRsitonsmasuiastyred asereling jo thecembedimants ofal
voi ds formed by evaporation of water fromthe particles during drying. It
has beenth'éd%g@m ¥ 8 bylikdensitytarsle tap densityds he nangeoaih.ed.Z aytec; typicaily
spray-dried foam ng conpositions can be conducted at roomtenperature with
excel | enP 408 0fee, Jdwistal density iy tharangsi ofibdd .6rafod, Qqﬁmajlgcb.am@glﬁcn@ndo
the enbodi nents of this invention have a bulk density and a tap density in
the rangease tgpically P. 71 deg/ceypiraaldensity i thefraphe of 182-91@4kcahn GtBFial Yoiln
the range of 0.3-16 g/cc, typically 0.5-1.5 g/cc, and nore typically

0.7- 1. 4 glume in theimngercfi2-§0%ntypieally AIROR, akd 2ndrebtyBically 2815095 Sidntymi d

volune in the range of 2-80% typically 10-70% and nore typically 20-60%

and contpriessurized gas in the range of 20-3000 psi, typically 100-2000 psi, and more typically
300-1500 psi. As a point of reference, atmospheric pressure is about 15 psi at sea
level. Pressure treatment at any temperature typically increases skeletal density and
decreases internal void volume. Bulk density is typically not significantly altered by
pressure treatment below the Ty, but is typically increased by pressure treatment above
the T,. Changes in bulk density, skeletal density, and internal void volume are
collectively determined by powder composition and processing conditions including
treatment time, temperature, and pressure. The resulting powdered foaming
compositions containing entrapped pressurized gas generally have particle size
between about 1 to 5000 microns, typically between about 5 to 2000 microns, and more
typically between about 10 to 1000 microns.
[0048] The preferred use for these novel foaming compositions is in soluble

beverage mixes, particularly instant coffee and cappuccino mixes. However, they can

be used in any instant food product that is rehydrated with liquid. Although these
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pressurized gas in the range of 20-3000 psi, typically 100-2000 psi, and
nore typically 300-1 500 psi. As a point of reference, atnospheric pressure
I s about W6 2p@i023ic4sea | evel . Pressure treatnent at anyPCESeetats2el
typically increases skeletal density and decreases internal void vol une.
Bul k density is typically not significantly altered by pressure treatnent
below the T , but is typically increased by pressure treatnent above the T
Chang@@mindoe®mpgeitisns wm@alléw@sanlvew&& in gold diqyids ip ereducs, et 3&59'Hfé°m e
coll ectively determ ned by powder conposition and processing conditions
i ncl udi agd foaating wapacityearet ganesaliytimproved By peeenstitusion n ot bguidsi ng powder ed
f oam ng conpositions containing entrapped pressurized gas generally have
parti cl Applicatidmes weohudesinstant beverag80dessertsnsheesgpmeddrg, tereabsesoaprut 5 to
2000 mi crons, and nore typically between about 10 to 1000 m crons. [0048]

The pre{o?;pqﬁg powedéra! aridefirer peodiictd.oanm ng conpositions is in soluble
beverage m xes, particularly instant coffee and cappucci no m xes. However,

t hey camglﬁ;!used i&aaﬁmeiﬂSA%Pnnﬂ&%s’alwr&@Hﬁreéh@Dﬁ mart_saaﬁlﬁﬁtp@dvd@r,th

l'i quid. ough t hesefoam ng conpositions typically dissolve well in cold

| SR b e ot apli RSl e oR s omacTRe o |

anrove reco tron I cations 1 nclude instant
cer it ' : d
ot hor e oI | OB s 7 BNRRE M der SERHEAIS opRE £ Bl SRR BEYE GSa
| t odextri wder. duced .b -1 N d drvi.ng. of
ol uti P AR PEP Bt S e b b 00t BBt il Ay o
color, a bulk densit¥ of 0.12 g/cc, a_tap density of 0.15 g/cc, a skeletal
densi t ya dfuerdansigy et1.589/chandmlls 06P8°wobhel e maltgdextrin powder was

pressurized with carbon dioxide gas at 500 psi in a stainless steel pressure vessel (75

cc capacity gas-sampling cylinder; manufactured by Whitey Corporation; used in all
examples herein), heated in a 110°C oven for 4 hours, and then cooled by rapid
depressurization. The powder pressurized with carbon dioxide gas had white color, a
bulk density of 0.37 g/cc, a tap density of 0.47 g/cc, a skeletal density of 1.43 g/cc, and
an internal void volume of 8%. Another 5 g sample of the maltodextrin powder was
pressurized with nitrogen gas at 1000 psi, heated in a 95°C oven for 2.5 hours, and then
cooled to about room temperature before depressurizing resulting in a treated powder
with a white color, a bulk density of 0.15 g/cc, a tap density of 0.18 g/cc, a skeletal
density of 1.50 g/cc, and an internal void volume of 4%. Each treated and untreated
maltodextrin powder was used to formulate an instant cappuccino mix, using a weight
ratio of about one part maltodextrin powder to one part soluble coffee to two parts sugar

and three parts foaming creamer, and about 13 g of each cappuccino mix was
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a true density of 1.56 g/cc, and a T of 650C. 5 g of the maltodextrin
powder was pressurized with carbon dioxide gas at 500 psi in a stainless
steel preseun®/2exgel (75 cc capacity gas-sanpling cyli rderis2evanedact ur ed
by Whitey Corporation; used in all exanples herein), heated in a 1100C oven
for 4 hours, and then cool ed by rapid depressurization. The powder
pressurized with carbon di oxi de gas had white color, a bulk density of 0.37
g/ cc, a tapcastituted of a@50Mmbbeaker hasingl 68 mim thteraat dianfetér 48ing/ 130, mbstdsac

i nternal void volune of 8% Another 5 g sanple of the maltodextrin powder
was pressuwhfed with nitrogen gas at 1000 psi, heated in a 95C oven for 2.5
hours, and then cooled to about room tenperature before depressurizing

resul ting fopgpytr eat R?\OW% ?%Ef}e@oﬁgﬁrl}@d &alar: eamli%'flfr&{\dcg%%'ét}/éégﬂf 0.15

g/cc, a tap density of a skeletal density o and an
I nternal vl v AT I extrin powder
was used tcfeehliol ytine EatbUBBTAn AT A S0E R IR BRI e R
about one t t odext r.i owder, to one part soluhle coffee to t rts
Sugar and Tl LETER i (B 8tEE inePom IRaPatRiuTE a5 pets el SaisliashA gy
m X wasreconstituted b‘g 250 nml beaker havi n@, 65 mminternal dianeter
usi ng 130 §ASTHPOWESE Ing Bggt)iraaespewger With eRequal weightafteatekneardere
m x froth density and increnmental froth volunme contributed by the treated
and unt r edPdbesERBEEENQRIX fevepled thalitherpfessure traatiuant ygog cathargdiede oom
tenperature and pressure) of gas rel eased by each powder. Replacing the
unt r eat ed iperagsedihe foamingaeapacitiiof the powderday evierp-fioldr increading thepauoentraf
m X reveal ed that the pressure treatnment using carbon dioxide increased the
f oanm ng cgescialgasdd from goowd & chgaoper grant of powd erctoealsoutdt. 5 be gaspengrarh of
powder. The pressure treatment using nitrogen increased the foaming capacity of the
powder by over 3-fold, increasing the amount of gas released from about 2 cc gas per
gram of powder to about 7 cc gas per gram of powder. The pressure-treated powders
produced a cracking sound when reconstituted in the cappuccino mix. All cg;;puccino
beverages had excellent flavor.
[0051] Example 2: A 50% aqueous solution of 33 DE glucose syrup solids (92%
dry basis) and sodium octenylsuccinate substituted starch (8% dry basis) was nitrogen
| injected and spray dried to produce a protein-free powder comprised of 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 0.59 g/cc, an
internal void volume of 61%, a true density of 1.51 g/ce, a Ty of 74°C, and moisture
content of about 2%. Use of the powder in an instant sweetened coffee mix, using a

weight ratio of about three parts powder to one part soluble coffee to two parts sugar,

produced an amount of froth that completely covered the surface of the beverage to a
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gas rel eased fromabout 2 cc gas per gram of powder to about 4.5 cc gas per
gram of powder. The pressure treatnent using nitrogen increased the foam ng
capaci ty w0 200v02psswder by over 3-fold, increasing the arounsS2@s/0ges1

rel eased fromabout 2 cc gas per gram of powder to about 7 cc gas per gram
of powder. The pressure-treated powders produced a cracking sound when :

reconstituted in the_cappuccino mx. ALl cappucci no _beyer gges d excel | ent
f1 avor. D@M]OfMV@@:WWQSB%%ﬁe@Qgt'é%F{'ofFYVBﬁ FS?O’Q'Y@SW‘ @é@em&ﬁ%r
solids (92% dry basi's) and sodi um oct enyl succi nate substituted starch (8%
dry basi bavingsShmmdatennal diareted using ‘Bﬁﬁlwoﬁﬁﬁ‘&lwﬁtﬁﬁproduce a protein-free
powder conprised of particles having a plurality of internal voids. The

essent i aj305400% casd)ghmdrpabl%irpﬂédffovdm Wil pressulized ate257@ Wwith eitedden gas at
0.25 g/cc, a tap density of 0.31 g/cc, a skeletal density of 0.59 g/cc, an

| nternal 19anGhel LS iflieS 1% prebdute veRSl dn Mlen'debrediifiizedd Hethcifghe and

noi sture cont'ent e powder in an instant sweetlened

coffee m ' ' rat| 3

col ubl ¢ OrPHId BoRsBr Wil Sishiofft af testp E6wDEt ininBR0Rehel EReeAb

conpletely cqvered the surface of, the beverage t |

When abolAVeRISg At et iieasRa bR SR e Y D4 HPMeRLpRABH 4055

mm i nternal diameter using 130 of 88C . water. [0052],6q of t

pr ot ei n- W@ﬁ%&ﬂ@?hﬁa@ecﬁg&tg j DRYFrage E?ig?r\f?ﬁ? ﬂeh?"?yr %ﬁ%w%é%ea{%?ffs%"%‘éﬁ‘e

for 5 mnutes in a pressure vessel and then depressurized. Rep]acin he

unt r eat egopisikuted Ryihe fgaiegand yaireaied owdess was ‘ﬂﬁﬁﬂd‘@reth?tﬁéh%@EPﬂQ ed

coffee m x reveal ed that treatnent increased the foam ng capacity of the

powder b{caatraied 1a09emKienetiye and prssue)nfaas: igleases dyepagePewder: ribwas

density and increnmental froth volune ]
estimated that the untreated powder released about 2 cc gas per gram of powder while
the treated powder released about 5 cc gas per gram of powder. The powder produced
a faint 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 internal void volume decreased to 41%,
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.
[0053] Another 6 g sample of the protein-free powder was pressurized with
nitrogen gas at 1000 psi, heated in a 120°C oven for 30 minutes, and then cooled to

about room temperature before depressurizing. The treatment trapped pressurized gas

in the powder and many particles exploded with a loud cracking sound for a short time
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contributed by the treated and untreated powders was used to estimate the
anount (corrected to roomtenperature and pressure) of gas rel eased by each
powder. |woOwass/®33chmat ed that the untreated powder rel ezsEdSalwsor9281 cc gas
per gram of powder while the treated powder rel eased about 5 cc gas per
gram of powder. The powder produced a faint popping sound for a short tine
after depressurization, presumably due to bursting of walls surroundi ng

di f f usi oafteedepieasttzalinm The eatadapowrerdadowhije sRlor A tmdansityafd.33 g/cc, a
pressuri zed gas. Bulk density of the treated powder was not altered, but
skel et al skeletaltdensity of4skig/co, and3an diitemahndidi vidlemealf 2266.d Replaging thecr eased
to 41% indicating the force of pressurization and/or depressurization

opened aupfrebteapoivder with anségual aeightof trebtsdpdwden idsthe sovertehetdiicofizg mix
particle dehydration, to the atnosphere to increase foam ng capacity. This

hypot hesieydated HpardRMeRY incheadedcthefbamirivedp sty oF tifs powdekby bler 4-fa@t ed
powder retained increased foam ng capacity. [0053] Another 6 g sanple of

the prot ﬁic@é%i@g &HQ‘&%’J P oS eSiRHEed ﬁégﬁ%&%rﬁ &é ge¢ ggagﬁarafof hERAePRI about

heated in a oven m nut es, en ¢ o about room

terrperatgr&ﬁ%ﬁggﬁ%ﬁéwjggi ng. The treatnent trapped pressurized gas in

the powder partrcl'es "expl oded with a |oud cracking sound for a
densi ty BOA1Ss o wOtRg 8Raniile oLl biriahipelisiirBg Rl Rt i °\ oG
Ot fikaen o3¢ PhiDeu Beslin St Bt St s
i ncreased the foam ng capacity of the powder by over 4-fold, increasing the
amount chbeutsroos temperaturerhefbmderessurizirg. pEhe draatment aperd pressHER9as cc
gas per gram of powder.
in the powder and a comparably larger proportion of particles exploded with louder
cracking sound for a short time after depressurization. The treated powder had white
color, a tap density of 0.41 g/cc, a skeletal density of 1.00 g/cc, and an internal void
volume of 34%. 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 6-fold, increasing the amount of gas released from
about 2 cc gas per gram of powder to about 12 ¢c gas per gram of powder.
[0055] Another 6 g sample of the protein-free powder was pressurized with
nitrogen gas at 1000 psi, heated in a 120°C oven for 80 minutes, and then cooled to
about room temperature before depressurizing. The treatment trapped pressurized gas
in the powder and a comparably even larger proportion of particles exploded with even
louder cracking sound for a short time after depressurization. The treated powder had

white color, a tap density of 0.41 g/cc, a skeletal density of 1.02 g/cc, and an internal

void volume of 32%. Replacing the untreated powder with an equal weight of treated
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[ 0054] Another 6 g sanple of the protein-free powder was pressurized with
nitrogen gas at 1000 psi, heated in a 1200C oven for 60 m nutes, and then
cool ed t owahoeasto2ssseam t enper at ure before depressuri zi ng. PCmaAISLoosarezent
trapped pressurized gas in the powder and a conparably |arger proportion of
particles exploded with | ouder cracking sound for a short tine after

depressurizatiqn., The tyeated powder ha ite cQlor,.a ta LLyv. of 0.41
gl be. o pesdaran the AdpelTen cors Thkevest Tt reAimRRLIny s R TR sao
Repl aci ng the_untreated powder wth an equal] weight of treated o(i\lﬁgr in
the sweetcapagity of thepewser by, eugstP-{ald: incieagingdhe W’Bé’g&@st’ﬂsagﬁ My
capacity of the powder by about 6-fold, increasing the anpunt of gas

r el eased ghoun2atmgas pecgragnof pewdgr tnaksiut 2d\agegas pergrem ofipowdergas per gram
of powder. [0055] Another 6 g sanple of the protein-free powder was

pressuri 7605@] t h ni Alt sgeateped afffebtEvermges Heshexaelient Bavuaodoveanen, rigase®f

m nut es,” and then cool ed to about room tenperature before depressurizing.

The tr ealgreatertvohies oP§&s fram grdpreasurertrédied powdiers ancontacdwithrvedtery even
| arger proportion of particles exploded with even | ouder cracking sound for

a short tihé‘r’%agag‘%{lalrﬁtg?ggé%ﬁé%éﬁd BB8crehbed baARS deRMIgr whiRd imbalredcol or, a

tap density o a skeletal density of 1.02 g/cc, and an internal

void vol gi\:\f%aé}jsag iﬁ}a@ﬁfs@?@ﬁ%a%@gﬁ'éfeers‘éﬁfe@ﬁeé’@ﬂ%wdér& heROveE t8'te Uritcdifdd Of

treat edpowder n t'he swee mx reveal'ed that treatment increased

Rl A e L T E S

P OBl S Sherp S88S boR AR L1 S g A LoFE e

pressur e_rteggl%%g%ep\)/%\pgg%r, ?roa'?, é:no lt)gaﬁ(ter%atllr]w\e’\%tc:ec)rmpletely devoid of undissolved
powder. In contrast, the sweetened coffee mixes containing treated powders did not
disperse and dissolve instantaneously upon addition of water, as evidenced by the
presence of adhering sheets of undissolved unwetted powder covering large areas of
the beaker wall and by the presence of large undissolved unwetted powder clumps
suspended in the froth. In the absence of stirring, it typically took several minutes for
the adhering sheets to completely dissolve and, because of the relative scarcity of
water, the powder clumps in the froth persisted seemingly indefinitely and appeared
largely unchanged even after fifteen minutes. However, this impairment in powder
dispersability and dissolution was suitably remedied by stirring reconstituted mixes
containing treated powders to expedite dispersion and dissolution. The type and extent
of impaired powder dispersability and dissolution, caused by release of entrapped

pressurized gas, demonstrated in this example are typical of foaming compositions

prepared according to this invention.
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I ncreased particle buoyancy and decreased particle wetability, which

| npai red dispersability and dissolution of the pressure-treated powders
rel ati ve wo 20év0283stir eat ed powder. The sweet ened cof f ee mCI/USe®USARIZENG t he
untreat ed powder dispersed and di ssol ved i nstantaneously upon addition of
water, w thout the need for stirring, and the resulting beverage, froth,

e SR Lo AR KA e A S i
0 o0 e B AR E L8R B 58 SR b i SRS B %, oo

areas of the beaker wall _andF%?]y the presence of |arge updi sol ved, unwet t ed
powder dypERISkWSBENERGE iRleckRdl aRe RIaY| drIachio RIBYUGR 8 REPIet-fFRi RGNCET
typically took several mnutes for the adhering sheets to conpletely
di ssol veorapdset of pagicles havieg aglhaalityeofdoteraaiivpids. ke éPPrQXH'Qgg‘M\%@ cl unps
in the froth persisted seemngly indefinitely and appeared | argely
unchangesrbewgdratétpewder hadavhiia colog s bullowensity of Bi2¢ d/eqa tapedensity ohowder

di spersability and dissolution was suitably renmedied by stirring

r econst Q) Bt @dcNh sRelet dieakity 6L0 BUagite hrpinteraabvdid velumeel of 56, sptevesdansitynd
di ssolution. The type and extent of inpaired powder dispersability and

di ssol ytg ?.szpgf/ée,sﬁ*g BY 654t eremBlsterR EeRtbiiRES Ui .ZB8e Githe POWaGSH tis ed
in this exanpl e are”typical of foam ng conpositions prepared according to

13y L BB o B GP  ge=
O Sl T B 58 R B LB P

: \ : . .
plural IvtvIXegfablort]}t%qréaéf t%glmd&'wagh%c%?\g{it%)t(é mt & %O%?I/boeaker having 65 mm internal

diameter using 130 mi of 88°C water.

[0058] 6 g of the protein-free powder was pressurized at 25°C with nitrogen gas
at 1000 psi for 5 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 656%.
Knowleage 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 6 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 1.04 g/cc and

internal void volume decreased to 29%, indicating the force of pressurization and/or
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car bohydrate powder had white color, a bulk density of 0.24 g/cc, a tap
density of 0.30 g/cc, a skeletal density of 0.64 g/cc, an internal void
vol une ofwb@dhe/a3ienue density of 1.47 g/cc, a T of 68C, pamaSewsaHL2FE
content of about 4% Use of the powder in the sweetened coffee m x
according to the nmethod of Exanple 2 produced an anmount of froth that
conpletely covered.the surface of the beverage to a heia?ht of about. 1. 1 mm

when abddEPPRFUFFatNLOREIEdA POIIARTEYIRLEl VAsugUS iemal yeidRelommgd dyENgs
internal diameter using 130 ml of 880C water. [0058] 6 g of the _

pr ot ei n-Padicledabrdratias, tortbe alimozpheratto Imuease foaming sgpacifns This hypotbesisi

for 5 mnutes in a pressure vessel and then depressurized. Repl acing the
unt r eat ei$ gupphrted\by theafactthahleveriafjat oné weekathedtreated powder fillly retamsdited
coffee m x revealed that treatnent increased the foam ng capacity of the

powder bincedased fdzingvapheitige of the reconstituted beverage mix froth
density and increnental froth volunme contributed by the treated and

unt r eat egaBBlder s VRShEBlg lsanfié bMieprohin eRUwdéraldLpieddufifed QRN
tenperature and pressure) of gas rel eased by each powder. It was estinated

whi et rateaen e abiEbel, foABaHH 2DRRNE ten 167 183AnARls, BhaThal cAONETS,
Gepr css o ogn e oy BRBRIGE FerRes riing B Ualrp S EPRri miesnizsd ean
o 20% AP PRV THLTEGY peTiAlenPudated P g RIPEIRG SPUBY N AT RS
opened a portion of previqQusly vacuous internal voids, formed during
particl é reepization. (Ihe é@«'ﬁ*ﬁém@md@rtf@diwm%ﬁ@enfao@mdﬂgﬂ%ﬁé@i&zyg/cwﬁ s
hypot hesis is supported by the fact that even after one week, the treated
powder fskglgtal geasitieel 1.84 g/ce, and an internal void volume of 11%. 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 3-fold,
increasing the amount of gas released from about 3.5 cc gas per gram of powder to
about 10.5 cc gas per gram of powder.
[0060] Another 6 g sample of the protein-free powder was pressurized with
nitrogen gas at 1000 psi, heated in a 120°C oven for 30 minutes, and then cooled to
about room temperature before depressurizing. The treatment trapped pressurized gas
in the powder and a comparably even larger proportion of particles exploded with even
louder cracking sound for a short time after depressurization. The treated powder had
white color, a tap density of 0.50 g/cc, a skeletal density of 1.19 g/ce, and an internal
void volume of 19%. 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 nearly 5-fold, increasing the amount of gas released from
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i ncreased foam ng capacity. [0059] Another 6 g sanple of the protein-free
powder was pressurized with nitrogen gas at 1000 psi, heated in a 1200C
oven for W6 2amBssg, and t hen cool ed to about room t enpecatuse@soed2er e
depressurizing. The treatnent trapped pressurized gas in the powler and
many particles exploded with a | oud cracking sound for a short tinme after
depressurization. The treated powder had white color, a tap density of 0.32
g/ cc, aabewtStBrcchasRargram of powdsr ke abaul1 ARC PAE PR Gf POWSELB of 11%
Repl aci ng the untreated powder with an equal weight of treated powder in

t he sweewsaatanedidoifee biexeragee dladeexcelient flavdrnent i ncreased the foaning
capacity of the powder by about 3-fold, increasing the anpbunt of gas

rel easefid@6¢In abouEx@nplect: Ghs fellowing tablefsuponaizest theabsuits diftathedovtgers per
gram of powder. [0060] Another 6 g sanple of the protein-free powder was
pressur pdeittiond! s gishrplisyofans sprayl@fiéd peateiniieed pdwder of EXARPIe0Y veré or 30
m nutes, and then cool ed to about room tenperature before depressurizing.

The treg}aﬂuriﬁ@ms%um ng?h’esiféﬁéglﬁi@@g%ﬁkwédt“ﬁzd’@"ﬂe{ geég.guﬁe GETRAREMEY even

| arger proportion of parti S ex even uder cracking sound for
a short ti ft SSur] ion. T i l,or,, a
ap. denBle§FupsRlef BAREROIAR I the Msfugd GPEFamBRS Ghelth dital Sdchedt
void volu f 19% Repl aci. e . untreated powger. wth an,equal i ght of
! F eat edrBRER PoRa MESDE LR RE ¢ ubtiRalEd BUHFL thh Bweia i aarts A
i ncreased the foam ng capacity of the powder _by nearl -fqgld, increasing
t he anoBFﬁP%deg%&cqr@%Sé% WMBGEXQ%B'%g- a-g§ %Fe%jga%fegugdm to about
17 cc gas per é:]ram of Powder. Al sweetened coffee beverages had_excel | ent
f 1 avor . untreated powder of Example 3 and is included in the table for comparison. Product A
is another sample of the untreated powder that was pressurized at 250 psi; Product B is
another sample of the untreated powder that pressurized at 375 psi; and Product C is
another sample of the untreated powder that pressurized at 500 psi. Product Dis the

powder of Example 3 that was pressurized at 1000 psi and is included in the table for

comparison. All sweetened coffee beverages had excellent flavor.

27



[0061] Exanple 4: The followi ng table sumrmari zes the results obtai ned when
additional 6 g sanples of the spray-dried protein-free powder of Exanple 3
wer e preswornmad3asit h nitrogen gas for 30 m nutes at 12@QTUSROE/ORN2EBSUr €
vessel at the pressures listed below according to the nethod of Exanple 3
when an equal weight of treated powder was substituted for the untreated
powder in the sweetened coffee m x prepared according to the nethod of
Exanple 2. The Untreated Product is the untreated po of Exanple 3 and
i s incl udecbductt he Indial e (f Maxiowpali SerncreaseincCoffeés |anotEstimateditag of |t he
unt reat pd powder | Fressurag Presswei zed Mix Fidthgdeightr odquct Relemsardmimher
sanpl e pf the untiregqistd powdgrsi} hat pr(esz80 imt Beaker)373 PesamingnCompositiart | C
i s anot her sanpl ¢ of thejuntreated|powder that pressurl V4 d@és@pomer)
Product| D is the|{powder of Exanple|3 that was pressurijzed at 1000 psi and
Is inclpded in the tabl e |for corrpari son. AII sweet ened coffee beverages had

| | £1 IaYaVYaZa| [nm oy P PN HE 1 + {]
excel | ept—HavorH0662+——Txanpte—5—1Several—addr-tt+omat—sanptes—of—treated
et

and unt feat-ed-—prot-ern ge—powdersof—bBxanples—2—and—3—were—used—+Ar—an
i nst ant _Eéhﬁﬁf'éa O3, USi nagawgmpab%m—pap&ﬁpgmgr—l 0
one par Q(')Alh| elcafPBe g Opartls sugar 28 two partls non f o ng
non-dai by _cBeamef. 865pr dduc80Bevelages that0Gwere conpletely cddered by
froth when &bout|145@00f [t heBADx was recons?¥Quted inla 250 nm 1Deaker
havi ng 65 B i nt r Mdl0Qdi aret B30Qsi fg 130 m3G3 88C watler. In th7s produgt
appl i cat [opg2]each Bxangié Sd-Sevenslerdditicrdilisecples ofdtdatbe iapdturifeatddut 8 nm
and a beverage hei ght of about 40 mm The treated powders of Exanple 2 that
Ver e preggsinzese ?@Wdaes 61 Bxirdpled ' Wafd 3nvéret &edah ahlA8@EnD eappedsind mik, h

hei ght s of about nm and about 40 mm respectively. The treated povvders

of Exampiging 4 Walghteaffo of about two parts powder to one part soluble coffee to two parts

sugar to two parts non-foaming non-dairy creamer, to produce beverages that were
completely covered by froth when about 14 g of the mix was reconstituted in a 250 ml
beaker having 65 mm internal diameter using 130 ml of 88°C water. In this product
application, each untreated. powder produced a froth height of about 8 mm and a
beverage height of about 40 mm. The treated powders of Example 2 that were
pressurized for 30 minutes and 60 minutes at 120°C produced froth heights of about
20 mm and about 40 mm, respectively. The treated powders of Example 3 thatwere
pressurized for 15 minutes and 30 minutes at 120°C produced froth heights of about
18 mm and about 35 mm, respectively. The froth produced by the treated and
untreated powders had creamy texture and small bubble size typical of instant
cappuccino froth, but only the mixes containing the treated powders produced a
cracking sound when reconstituted. A continuous covering of froth was not produced in
the instant cappuccino beverage without addition of treated or untreated powder. All

cappuccino beverages had excellent flavor.
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pressurized for 15 mnutes and 30 m nutes at 1200C produced froth heights
of about 18 mm and about 35 mm respectively. The froth produced by the
treated awo 2000emted powders had creany texture and sneClr/usadsioesi ze
typi cal of instant cappuccino froth, but only the m xes containing the
treated powders produced a cracking sound when reconstituted. A continuous

e L e S 1Y AR FARRSET

wi t hout tfon of tre cappucci no bever ages

had excel | | e, 64 1] I f

unt roat e BPBPEPRERImET Hae PR lig s et 482 0 of s B RonE. o
2 g of sqLuble coffee po r. JJh ' s reconstituted with 240 nm., of cold
sk i 1 KT g iepoBetikd wh 248 .ot SRETRuk ik dhotel bedkes rBunde o
col d cappucci ng beverage at a hei ght of about 65 nmthat was conpletely
covered bi2 fimtintespal digraetaito prodikea cald GapPueRBo hfveEgeat %BWBF ofhout
replaced with an equal wei ght of another sanple of the treated powder of
Exanpl e 34 mm thatwas eepletelycavereddy frottuats haight pbelbputribmmt Mheauniigatese
m x in the sane manner produced a beverage at a height of about 60 nmt hat

was conplpavetigr was eepacdy witharhegnal avdightgiftanothertsaunpld ®f the tréatedf pawder of
produced by the treated and untreated powders had creany texture and snal |

bubbl e sizgampR 8 alat Wasdprapinifsd 759 30mhinkitedat 120%0, RBeonstiu @irfik g thdne
treated powder produced a cracking sound when reconstituted. cont i nuous

cover i Ng Qfmé ahe@Poddteds B@vg%g,givﬂ d mgﬁfb%wmmab%@mggwm

addition of treated or untreate cappucci no bevera

excel | entecLaupty AAPEAL HRIGHTRIr Sbbut S5AACTTIR fbthdTBlGcdY by B HOLEANE

pr ot ei n-fcree po
untreated powders had creamy texture and small bubble size typical of a cappuccino

drink, but only the mix containing the treated powder produced a cracking sound when
reconstituted. A continuous covering of froth was not produced in the cold cappuccino
beverage without addition of treated or untreated powder. All cappuccino beverages
had excellent flavor.

[0064] Example 7: Another 5 g sample of the untreated protein-free powder of
Example 3 was mixed with 28 g of Swiss Miss® Hot Cocoa Mix. The mix was
reconstituted with 180 ml of 90°C in a 250 mi beaker having 65 mm internal diameter to
produce a hot cocoa beverage at a height of about 60 mm that was completely covered
by froth at a height of about 8 mm. The untreated powder was replaced with an equal
weight of ancther sample of the treated powder of Example 3 that was pressurized for
30 minutes at 120°C. Reconstituting the mix in the same manner produced a beverage
at a height of about 60 mm that was completely covered By froth at a height of about

165 mm._ The froth produced by the treated and untreated powders had creamy texture
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Exanple 3 was mxed with 28 g of Swiss Mss(r) Hot Cocoa Mx. The m x was
reconstituted with 180 m of 900C in a 250 m beaker having 65 nmi nternal
di anet er WO 2po6odssse a hot cocoa beverage at a hei ght of pabaistoos029261 t hat
was conpletely covered by froth at a height of about 8 nm The untreated
powder was replaced with an equal weight of another sanple of the treated

powder t | far '

Reconst %“dt@fﬁ%ﬂ’ﬁé’gﬁ é)?%nbﬁ%g%%%e%ﬁa%oﬁg?'hﬁ%ﬁgé%@ gév\ygrégégé@?e%ahei ght

of about 60.nm t hat s conmpl et gl avered by _fro l.ght .of 0 15
m *Thecracing spuaH g ERe s A GGl i o ar R ikt Bt
textureand smal | bubbl e size, but only the mx contal ni the treate

bowder - BIBRNEE RICAHSER InGedint fhornoRveEBE BT AEITOR AdratEdoLEnTEed o
froth at a height of only about 5 mm was produced in the hot cocoa beverage
Wi t hout pawgier g‘d' et aaceatbeyerrgashadexeallepbll@ear. Al hot cocoa beverages
had excellent flavor. [0065] Exanple 8. Another 5 g sanple of the untreated
pr ot ei NfA0&E] powddrxamhpledanphether Ggssampledofthe wntreatgdaproteiptfeag powder of
Cup- a- Soup(r). The m x was reconstituted with 180 m of 900C water in a 250

m  beakgkahié Bowab niiRed witar 13y of Lipieh@rCupaiBaupe.c Themix wasi recahstituteel ght
of 60 mmthat was conpletely covered by froth at a height of about 12 mm

The untyQgt o Al i 651 ‘ le of
€ untyAatALh gggf@@gﬁg.peégsgﬁmﬁéaképhsa@ 65?’\ﬁh9fi‘1?er?nal aRpidier teSanpl e o

the treated po\ _ l'e 3 that was presSurized for 30 mnutes at
12006 SRRR!% WL bty B gy o TR AR R s o,
b0t 22l o Bt T4 R, S Riod BoukoF B Fo BB S BB
treat edaggmv\%? rsa%ﬁg u?%de tarlegtre Cpkcimr/] ersoc%tglx%mple 3 that was pressurized for 30 minutes
at 120°C. Reconstituting the mix in the same manner produced a hot soup at a height
of about 55 mm that was completely covered by froth at a height of about 25 mm. The
froth produced by the treated and untreated powders had creamy texture and small
bubble size, but only the mix containing the treated powder produced a cracking sound
when reconstituted. No significant amount of froth was produced in the hot soup
without éddition of treated or untreated powder. All hot soups had excellent flavor.
[0066] Example 9: Another 10 g sample of the untreated protein-free powder of
Example 3 was mixed with 17 g of sugar-sweetened cherry-flavored Kool-Aid® brand
soft drink mix and reconstituted with 240 ml cold water in a 400 mi beaker having
72 mm internal diameter to produce a cold red beverage at a height of 65 mm that was
completely covered by white froth at a height of about 9 mm. The untreated powder

was replaced with an equal weight of another sample of the treated powder of

Example 3 that was pressurized for 30 minutes at 120°C. Reconstituting this mix in the

30



when reconstituted. No significant amount of froth was produced in the hot
soup Wi thout addition of treated or untreated powder. Al hot soups had
excel | entwDl2a060n23564 0066] Exanpl e 9: Anot her 10 g sanpl eprofi/usb@swoed2seat ed
protei n-free powder of Exanple 3 was mxed with 17 g of sugar-sweetened
cherry-flavored Kool -Aid(r) brand soft drink m x and reconstituted with 240

m cold water in a 400 nl, beaker haying. I nternal . di,aneter to produce
2 col d SHaeEBRBELRraRCR o oeR 2k M AERLRR L B i S EmeRel by
white froth at a hei ?ht of about 9 mMm The untrezrt ed Powder was repl aced
with arcexpiad tenwghe Toth ahathelant shaped I Mhe The ot RToRYIREEDYNetiealRsd e 3
that was pressurized for 30 mnutes at 1200C. Reconstituting this mx in

t hesaneamaéunieated govwderahad owanyetextura andisjhall babkle size, bot anlytthamixas
conpletely covered by white froth at a height of about 30 nm The froth

pr oduc esbitgirtihg the érebttl powdenpirndacedia poaeking stunt wheangcorstituted. Modrathal |
bubbl e size, but only the m x containing the treated powder produced a

cr acki ngas prvduedé in thedsavaragavithoutNaddition bf trested 'op dntredtsdpddeheMier age
wi thout addition of treated or untreated powder. Al flavored beverages had

excel | effydrb@\Beverb@E¥rad EBxadehefiddbr. Anot her 10 g sanple of the untreated
protein-tree powder of Exanple 3 was m xed with the cheese powder provided

0,2, PIERTE O, KERbiria 1B 200uRacto Naskiole BRER GlectBd prGRERod baNGEr of

Wat er S added to t pasta in a d co I'n a mcrowave accor
o, Poclag R gk e A A e BRI MISIcls R
texture. The untreated powder was replaced with an equal wei ght of another
sanpl e Easy Maa® sacaiopAnehessedinngf &Vataryyas %&e%ﬁ’e@@m‘ﬁgm 2 dpwhand
mnut escooked in a microwave according to package instructions. Addition of the cheese
powder mix containing the untreated powder to the pasta produced a cheese sauce
having frothy texture. The untreated powder was replaced with an equal weight of
another sample of the treated pO\}vder of Example 3 that was pressurized for 30 minutes
at 120°C. Addition of this mix to the cooked pasta in the same manner produced a
cheese sauce having very frothy texture. bnly the cheese powder mix containing the
treated powder produced a cracking sound when reconstituted. No significant extent of
frothy texture was produced in the cheese sauce without addition of treated or untreated
powder. All cheese sauces had excellent flavor.
[0068] Example 11: A 50% aqueous solution of 33 DE glucose syrup solids (82%
dry basis) and surface-active sodium octenylsuccinate substituted starch (8% dry basis)
containing a dispersed emulsion of partially hydrogenated soybean oil (10% dry basis)

was nitrogen injected and spray dried to produce a protein-free powder comprised of

particles having a plurality of internal voids. The approximately 80% carbohydrate
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at 1200C. Addition of this mx to the cooked pasta in the same nmanner
produced a cheese sauce having very frothy texture. Only the cheese powder
m X cont awvoi2ng/2B3s4t r eat ed powder produced a cracki ng sSeomaSAIS029261
reconstituted. No significant extent of frothy texture was produced in the
cheese sauce wthout addition of treated or untreated powder. All cheese
sauces h flavo 0 I 1 oA; ' f
33be oot R Bihe spiich pubiiRy S18EY Gigkce th PIUBLITRYE G, HskoR
oct enyl succi,na bstituted starch (8% dr Si cont ai nj a_di r sed
emul si o#%?'tﬁf&ﬁ'éﬁgéch?l}ﬂ@ﬁ@'ﬂif’gﬂ Wgﬁ%épf ??[ %o (?P?ﬁl%gt?gf %g‘g%ﬁ\egt ogen
injected and spray, dried to produce g protein-free powder, conprised of
parti cl & ha@RgMAIsHiTecontent ofebpit 3onclyse, ot the p TP ANJIRF iR syvgetsnet

car bohydr at epowder had white color, a bulk density of 0.21 g/cc, a tap
densi t y asffeg mix geerding toitbe siethodiehExampls 2 grepudgdean aawungpfaffﬁm thatoi d

vol ume of 64% a true density of 1.44 g/cc, a T of 65C, and noisture

cont ent coimpletaly c8veredsbe surfabe op thadbeverage to artetighitof abeut 0 eomodieneabaut x
according to the nethod of Exanple 2 produced an anmount of froth that
conpl et eflyg b vee etix Wae revohstitetedfin iS008V beaker Waving B8inghtinternaldiameted mm
when about 11 g of the mx was reconstituted in a 250 ml beaker having 65

mm i nt enjaplg 430TREA'8E4E Watet30 M of 88C water. [0069] 6 g of the
protei n-freée powder was pressurized at 25C with nitrogen gas at 1000 psi

¢ E . o . .
unt roat S008Fhaer v Biet I0e BRI pfPdst ER SRR TR 28G VARE kB gad ]
bouder B 1900 RS 1O RHERIE AUSTR eSS BN NED ASRIe B R P d Gt
density and increnental froth vol une . )
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 cc gas per gram of powder
while the treated powder released about 6.5 cc gas per gram of powder. The powder
produced a faint 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 0.64 g/cc and internal void volume decreased to 56%,
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.
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contributed by the treated and untreated powders was used to estimate the
anount (corrected to roomtenperature and pressure) of gas rel eased by each
powder. Iwowass/m®3icimat ed that the untreated powder rel ercEdSalmsorI2815 cc
gas per gram of powder while the treated powder rel eased about 6.5 cc gas
per gram of powder. The powder produced a faint popping sound for a short

time after_depressyrization, presunpbly due,to bursting of walls, .

sur r oun@®8g0Hi ffus#‘ﬁﬂé}eégtg ?%’BE% @ggﬁ olegufres REWISF gagdyeaglérye[dow@'bm ain
the pressurized gas. Bulk density of the treated powder was not altered,
but skehitragengas aty 000msidweated i 8.189°Goyen dorB0 Airktasy andthen epalpdkto
decreased to 56% indicating the force of pressurization and/or

depr essyboiatrbom tengrerdiuae pefdre aepodsgurieingo URHe/treatmend drappedrprabswized gas
formed during particle dehydration, to the atnosphere to increase foam ng

capaci t y Q9 Flwddtaindanahy paRitia xpibdédwithraobad erddidrg pouné forveshort time
pressurized with nitrogen gas at 1000 psi, heated in a 1200C oven for 30

m nut es . raRQ I HERsGRRHBH. ThetRitbd PRRkIE RERSIHeEdoh aftap RicHRRY ©F 8182 TEE%

The treatment 'trapped pressurized gas in the powder and many particles

S;Bl 822%%@%{?1 @ﬁ%ﬁ%ﬁ-?é?@% aé%%’?r“ﬁ?éaf’vvﬂ??éﬁ%% gPash! MReplgcingthe . o
, |t . ' ' .45%
Dol ach Hatered poviat with 2. advdirfiahter Rilef BoWHEFi'Ble SReHHR e Inid
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Capac  fovRaiedanablisemany aERrst yid Bagihg RePEdly oRpRRNR Y N L

rel eased fromabout 3.5 cc gas per gram %L g er to about 9.? ccC %_s per
or am of INSSRABING 1R araaak o s elased T @bgbbd oreRAB RETAm PF PPYSE; 10

about 9.5 cc gas per gram of powder. All sweetened coffee beverages have excellent
flavor.

[0071] Example 12: Another 5 g sample of the treated protein-free powder of
Example 3 that was pressurized for 30 minutes at 120°C was mixed with 15 g skim milk
powder and 10 g sugar. The mix was reconstituted with 20 ml of 5°C water in a 150 ml
beéker'having 54 mm internal diameter and stirred with a spoon to dissolve. A cold
fat-free dessert topping having a thick, creamy, whipped-like, aerated texture was
produced at a height of about 40 mm. The treated powder was replaced with an equal
weight of another sample of the untreated powder of Example 3. Reconstituting this mix
in the same manner produced a topping with only slightly aerated texture at a height of
about 25 mm. Reconstituting only the mixture of skim milk powder and sugar in the
same manner produced an unappealing runny topping without aerated texture at a
height of about 20 mm. In summary, the untreated powder imparted about 25% volume

overrun to the topping preparation and improved the texture somewhat while the treated
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[0071] Exanple 12: Another 5 g sanple of the treated protein-free powder of
Exanpl e 3 that was pressurized for 30 mnutes at 1200C was m xed with 15 g
ski m m | kwpawaberiwmad 10 g sugar. The mi x was reconstit utrea/useaos/n22ém of 5C
water in a 150 nl beaker having 54 mminternal dianeter and stirred with a
spoon to dissolve. A cold fat-free dessert topping having a thick, creany,

whi pped-1like,. aerated, te K s _produce t | ght 0 The
LT et ehqnAmbisaed ppak LB ETlimR odgHiR Yo e fetBle ket et 06 « ne
untreat ed powder of Exa L'e 3. Reconstituyuti this mx in the same nanner
produceﬂlpdo’tléﬁﬁhﬂée’@f-‘fehng tepringghad 9x‘é@téfi"‘ﬂgqurexture at a height of about
25 mm Reconstituting only the m xture of skimml|k powder and sugar in the
same mgAOZR] pr oduExample Jdafywthentp gsemple obtiebesied meoteindesrondes of ur e

at a height of about 20 mMm In summary, the untreated powder inparted about

25% v ol ExaEmpleithiat was tphessunippd igr 30 epimutesiabn267E waspnixeddvitih s geQualkes
sonewhat while the treatedpowder inparted about 100% vol unme overrun to the

toppi n ey | dechRBktateRCw ta0°€ water i aRID0EFLEKE
excel | gﬂgaﬁ?glagﬁkgroggg]n%g\?ﬁp%gb@t Anot %@?Q%gﬂg sarr\gl er(l)f the treat e‘é

et : .
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cereal to create a rich, creany, aerated texture. The treat egtv@ wder S

r epl acsgeaie a righ, sEamMY.aaraled textuseo hedreales PewWder wae reRiace Hoeaedl of

Exanpl e 3. Reconstituting this mx o o
weight of another sample of the untreated powder of Example 3. Reconstituting this mix

in the same manner produced a hot cereal at a height of about 40 mm that was
completely covered by thick creamy froth at a height of about 7 mm. The froth was
easily stirred into the cereal to create a slightly aerated texture. Reconstituting only the
instant oatmeal in the same manner produced a hot cereal at a height of about 40 mm
with no froth and without aerated texture. Only the oatmeal mix containing the treated
powder produced a cracking sound when reconstituted. All hot instant cereals had
excellent flavor. |

[0073] Comparison Example: A 50% aqueous solution of [actose and 33 DE
glucose syrup solids (52% 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 powder had light yellow color, clean milkky
odor and flavor, a bulk density of 0.34 g/cc, a tap density of 0.40 g/cc, a skeletal density

of 0.71 g/cc, an internal void volume of 52%, a true density of 1.49 g/cc, a Tg of 61°C,
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I n the sane manner produced a hot cereal at a height of about 40 nmmt hat
was conpletely covered by thick creany froth at a height of about 7 mm The
froth wasweasédog3mti rred into the cereal to create a sl ipghtusyooaseazsed
texture. Reconstituting only the instant oatneal in the same nanner
produced a hot cereal at a height of about 40 mMmmw th no froth and w thout
aerated texture. Only the oatneal m x containing the treated powder

pr oducednd ropistwiengerisuhof abmn e cbisstafthe pawder in avinstardtsiveeteredenficenad
excellent flavor. [0073] Conparison Exanple: A 50% aqueous sol ution of

| act oseminccadrdigdb doe seethyd op Examplis 2 (pbédacdidya basiesdte arkountroflflotipthater
(47% dry basis), and di sodi um phosphate (1% dry basis) was nitrogen

i nj ect edopipletelly ayveéredatie lsarface @f fife Bewsrage to adivightof aBotifn b ehwdiiadreatsost
protein. The powder had |ight yellow color, clean mlky odor and flavor, a

bul k deaalcj ¥f fHe Qn%vaglr@@@nﬁltﬁﬁﬁ iH a0 il aéaﬁeﬂ%mg:es n%ﬁhférﬁéladlalﬂéié?' ty

of 0.71 g/tc, an internal void volune of 52% a true density of 1.49 g/cc,

vt o SRR oy O R e RS el P S GOt R

a noderate a H %IOf froth that conpl etely covered the surface of the
bever age'eeR BIRL GNP of about 10 nm when about 11 g of the mix was
reconstituted in a 25 beaker having 65 mm.inter di_anet er using 130

m of sEfZ4later. ?%ewﬁeacwam RRAPoBYdEate ﬁna@r?w WeRdUeSTHEEed at
clean mlky fl av_or . [0074] 6 g of the powder containing carbohydrate and
pr ot ei n29%(s witrepiltpgencghscat THIO psidor Himinuigerin gapreasureo@ssphand therd ni nut es
in a pressure vessel and then depressurized. Replacing the untreated powder
w t h andepesisuvizedhRepflading dte dnipestedrpowder 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, 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 0.75 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
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in the sweetened coffee m x reveal ed that treatnent increased the foam ng
capacity of the powder by about 160% Know edge of the reconstituted

bever age woxodwmsis4density and i ncrenental froth vol unepconiseeosoted: by t he
treated and untreated powders was used to estimte the amobunt (corrected to
roomtenperature and pressure) of gas released by each powder. It was

poucior WhePesoed Byt LR RRH er R RS, 17O ke Poyide ARaiiEd P20

powder . The ovvder &r oduced a faint popping sound for a short tine after
depr ess @73 63Pa%Wesumabl y due to bursting of wall's surroundl ng
diffusion-restricted gpen voi ds that were too weak to contain

pressur 1988%as. 8e6 g 13Mple qithe ppWEEEOAINIRG CarRe Mﬁfatﬁlaﬂér%?}embut

skel etal density increased to 0.75 g/cc and internal void vol une decreased
t o 50% wanlpresisiuniged withfrifregernfapat $600 psiinicopresadreovesseh hesded invad 2600
opened a portion of previously vacuous internal voids, formed during

parti cl evealfganatmimates; ant hiseqcobiedeabolubroone t@ﬂp@ra‘tmrﬁéfare:@m@'smzin@hi S
hypot hesi si s supported by the fact that even after one week, the treated

powder rijeairefnémMarppeathréSaiRZed gANiAthé YowdeP aRH ity b@ﬁnciésgeﬁﬁaaéb&mm

the powder containing carbohydrate and protein was pressurized wt

ni trogeg &%%kﬁ\g é(ﬂﬁﬁ fggg ls'tggrt%m?é gﬁé%@pﬁé%@r‘?iatloﬁealfrf‘éjtr%@tfegrﬁe% r%\ﬁ'ghf or

15 mi nut'es out room tenperature

e = bl Bier ishiOL Aol RRALBEE T pShe Rahof gy o
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revealed that treatment increased the foaming capacity of the powder by nearly 6-fold,
increasing the amount of gas released from about 3.5 cc gas per gram of powder to
about 20 cc gas per gram of powder. The sweetened coffee mix containing the treated
powder had an undesirable cooked, astringent, processed flavor.
[0076] Another 6 g sample of the powder containing carbohydrate and protein
was pressurized with nitrogen gas at 1000 psi in a pressure vessel, heated in a 120°C
-oven for 30 minutes, and then cooled to about room temperature before depressurizing.
Thé treatment trapped pressurized gas in the powder and a comparably larger
proportion of particles exploded with a cracking sound for a short time after
depressurization. The treated powder had darker yellow color, caramelized odor, a
harsh, astringent, processed flavor, a tap density of 0.44 g/cc, a skeletal density of
0.94 g/cc, and an internal void volume of 37%. Replacing the untreated powder with an

equal weight of treated powder in the sweetened coffee mix revealed that treatment

36



untreated powder with an equal weight of treated powder in the sweetened
coffee m x reveal ed that treatnent increased the foam ng capacity of the
powder bywoeasdoz3®4f ol d, i ncreasing the anount of gas receaseasieaal about
3.5 cc gas per gram of powder to about 20 cc gas per gram of powder. The
sweet ened coffee m x containing the treated powder had an undesirabl e

ked, ' : [ I e
pouder canrSra na e oRARRE e AR By M 8%@?%%?*%@2@0&??&83@?\S&Dfﬁwﬁgﬁ'ﬁ%
t 1 Iy re vessel. heated in.a 1200 ven for

o nutes, TEIRTeR Ot 3 b gHE PRf piam e heeel 1 eBher 1 8 ey
The t t t d essurized gas in the powder and a conparably_ | arger
pr opor ¢ 1 GTPHIEaT 1% S1EB ISR GRIE Mk GPnielB AP At et REVHGF had ARomdebirmale
after depressurization. The treated powder had darker yellow col or,

car amel i gﬁsﬂdﬁtf'nseﬂhpﬂﬁesé%rﬂiaHQ'ént, processed flavor, a tap density of
0.44 g/cc, a skeletal density of 0.94 g/cc, and an internal void vol une of
37% Repll@87Ah t he Anethesnbatispoplecof the povaer equtdiningicghohyidrateesrtdeproteimder
in the sweetened coffee m x reveal ed that treatnentincreased the foanm ng

capaci t y wds presspoized withynifrofeh das iatd 000 pishit 4 Presvime PéssH], Bédted §h 83206C
fromabout 3.5 cc gas per gram of powder to about 17.5 cc gas per gram of

o - qoTenTOPBDaRieiie e dodied iobBbiitobPreriiiabRle RRIIE adiidsdfizing.

undesi rabl e harsh, astringent, processed flavor.

of the pawdeireSATERtitFipped e AN & iﬂrlﬂegwrol 'r%nwafc%ﬁﬁﬁ#g%%%ﬁgf or

nitrogen gas at 1000 psi in a pressure vesse eated 1Tn"a
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I arger depressurization. The treated powder had brown color, caramelized odor, a harsh,
astringent, burnt flavor, a tap density of 0.49 g/cc, a skeletal density of 0.98 g/cc, and an
internal void volume of 34%. 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 nearly 4-fold, increasing the amount of gas released
from about 3.5 cc gas per gram of powder to about 13.5 cc gas per gram of powder.
Thé sweetened coffee mix containing the treated powder had an undesirable harsh,
astringent, bumnt flavor.
[0078] Although the invention has been described in considerable detail with
respect to preferred embodiments, it will be apparent that the invention is capéble of

numerous modifications and variations, apparent to those skilled in the art, without

departing from the spirit and scope of the invention.
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proportion particles exploded with a cracking sound for a short tinme after
depressurization. The treated powder had brown col or, caranelized odor, a
har sh, aswoingensse4burnt flavor, a tap density of 0.49 gtraS2@ssokebet al
density of 0.98 g/cc, and an internal void volunme of 34% Replacing the
untreated powder with an equal weight of treated powder in the sweetened
cof fee mMyyHfYEALGHed At treatnent increased the foam ng capacity of the
powder by nearly 4 ? i ncreasi ng the anount of gas rel eased from about
3.5 cc gas per gramof powder to about 13.5 cc gas per gram of powder. The

sweet ened cof fge m fSQ'l?] gbrggong%%?j%ﬁ?‘ﬁpOMer had an undesirable

har sh, astrlngent ur nt avo ough the invention has been
descri bed in c | e .det ct to preferred enmbodi nen it
W T be: appar o PAEEIET REotF Ry Bes ralble.SRaRtRion oA TR BB T bRBA PR e
and vari tlons e ose skil]ed in the wi.t hout departing
from t he 3G Pjﬁgﬁbcﬁie e(;paI[] § FRRIAIINGHENRaRPE Pr@lsﬁPHﬁFO%?- 1. A foaming
conposition conprising' a powdered protein-free soluble conposition
conpri si ng carpohyd articles having a plurality of internal vaoids
cont ai ni ng ent appeJiSh ?@E’EWQl%&P%&O“ or C’ﬁ'ﬁb”Wﬁﬁ%tr&ﬁﬁwgﬁﬁd&fotﬁm'@ﬁﬁl m
1, wherein the powdered protein-free sol uble conposition conprises greater
t han 90%SENIBIAPIMRAsEITHCRMBFisSesdicgier thar 9% garbphydrate @inr doowpight basis of
claim1, wherein the powdered protein-free sol uble conposition conprises
essentially looqbcarbohydrate on a _dry-weight basis. 4. The foam ng
conposi tion of3-cl ai efoapriegcompasitionefiaiaim towhersin thenpowdered protein-free

soluble composition comprises essentially 100% carbohydrate on a dry-weight basis.

4. The foaming composition of claim 1, wherein the soluble composition
releases at least 2 cc of gas per gram of said composition when dissolved in liquid at

ambient conditions.

5. The foaming composition of claim 1, wherein the soluble composition
releases at least 5 cc of gas per gram of said composition when dissolved in liquid at

ambient conditions.

6. The foaming composition of claim 1, wherein the soluble composition is
selected from the group consisting of a sugar, polyhydric alcohol, sugar alcohal,
oligosaccharide, polysaccharide, starch hydrolysis product, gum, soluble fiber, modified

starch, modified cellulose, and mixture thereof.
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rel eases at |least 2 cc of gas per gram of said conposition when dissolved
in liquid at anmbient conditions. 5. The foam ng conposition of claiml,
wher ei n twe 28@l2biée conposition rel eases at | east 5 cc eCTgmg0050292gt am of
sai d conposition when dissolved in liquid at anmbient conditions. 6. The
foam ng conposition of claim1l, wherein the soluble conposition is selected

fromthe gro congj St | f yhydr i .cohol ,

ol i gosacchar :J;?le, pz‘f‘ﬂda@c&'g‘ﬂgr‘i@%?%%aﬂ 8ﬁ8%§§£§bm7§{e§rl' %ggod%}EEC% rﬁo @E'gl ubl e
fiber, nodified starc nogdi fied cellul.ose, and nm xture thereof.7 . The

f oam ng PEBANTSF Fif oMot &roUpiransinia & a BT UTSRe S TP R i s
sel ected fro%tge group consjisting of a maltodextrin, glucose syrup, corn
syrup, BYEHRmighgaetese sup High-fruciesesury ang motHee thereek e t hereof. 8. The
foam ng conposition of claim1, wherein said soluble conposition further
conprises a non-protein surfactant. 9. The foam ng conposition of claimS§,
wher ei n sai d thon- pfg Bamisggoamasiion af glaim fuwberein paidigolublpcomnasitieg
conmposition of claim9, wherein the carbohydrate is present in an anount of
f r om 70 furtherocomppgesiaingntpretein shdastant.si fi er is present in an anount from
0.1%to 30% by weight. 11. The foam ng conposition of claim9, wherein the
carbohydrate is present in an anmount of from80 to 99.8% and the enmul sifier
is present i®.an amsueantingicoomosition of ck@im 8, wherein said non-protein surfactant is

an emulsifier.

10.  The foaming composition of claim 9, wherein the carbohydrate is present
in an amount of from 70 to 99.9% by weight and the emulsifier is present in an amount

from 0.1% to 30% by weight.

11.  The foaming composition of claim 9, wherein the carbohydrate is present
in an amount of from 80 to 99.8% and the emulsifier is present in an amount of from 0.2

to 20%.

12.  The foaming composition of claim 9, wherein said emulsifier is selected
from the group consisting of a polysorbate, sucrose ester, stearoyf lactylate,
mono/di-glyceride, diacetyl tartaric ester of mono/di-glyceride, phospholipid, propylene

glycol alginate, lipophilic modified starch, and mixture thereof.

13.  The foaming composition of claim 12, wherein said lipophilic modified

starch is an octenylsuccinate substituted starch.
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12. The foam ng conposition of claim9, wherein said enulsifier is selected
fromthe group consisting of a polysorbate, sucrose ester, stearoyl

| act yl at eworrosvm28864gl yceri de, diacetyl tartaric ester ofPCT/US2005/029261
rnono/ di - gl yceri de, phospholipid, propylene glycol alginate, |ipophilic
nodi fied starch, and m xture thereof. 13. The foam ng conposition of claim

12, wherein sajd |i L] £ =h 4 . ' .
substitut ed st ch T g S3pbyftn o Bleff & Wiihefthe R AUTR: B Rintyre of
emul sifier is a.mxtur.e of ol ric_emuksifi . a | ow nol ecul ar
wetght ehaebiaeas chiifief ind ok HRBELIRE BEGHS Bl BRE, 7 12" Wher el n < he
polynmeric emulsifier is a lipophilic nodified starch and the | ow nol ecul-ar
wei ght is sodi stearoyl .lactylate. 16., The foam ng.co sition LClaim
1 Yaher i n 1 Hb pol PdpRmIng e ppEen o8 cigpd, SRR B8 PeRPe e Prblire 1,8

| ow nol ecul ar._wei ght enul sifier is polyoxyethylene sorbitannonagl aureate.

17. The RRERIR starghand the lvhimelecarudiahitis sqduip strarow dacete. i on
further conprises a dispersed fat. 18. A foam ng conposition, conprising:
protein-free sol uble foam ng particles conprjising a carbohydrate a havi ng
a plurality ofl6 nt dnRdPamigiconBrsitiPRichglaim L4 yiisdeintas SoNmee @%Eﬁ@aﬂ%
particles formed fromsubjecting said particles to an _external gas pressure
exceedi rRroaylenspalyeslalpinats and ths loy maleasanweight e@aisifiey is pplyopyethyienes to
a tenperature of at |east the glass transition tenperature and then cooling
sai d pargarbitasmomolaureateer at ure bel ow sai d gl ass transition tenperature
prior to or while rel easi ng said external gas pressure in a manner

17.  The foaming composition of claim 1, wherein said soluble composition

further comprises a dispersed fat.

18. A foaming composition, comprising:

protein-free soluble foaming particles comprising a carbohydrate and having a
plurality of internal voids containing entrapped pressurized gas, said particles formed
from subjecting said particles to an external gas pressure e>;ceeding atmospheric
pressure prior to or while heating said particles to a temperature of at least the glass
transition temperature and then cooling said particles to a temperature below said glass
transition temperature prior to or while releasing said external gas pressure in a manner

effective to trap said pressurized gas within said internal voids.

19.  The foaming composition of claim 18, wherein said foaming particles
releases at least 2 cc of gas per gram of said composition when dissolved in liquid at

ambient conditions.

40



effective to trap said pressurized gas within said internal voids. 19. The
foam ng conposition of claim 18, wherein said foam ng particles rel eases at
| east 2 cwoabosgrsseper gram of said conposition when di seolrxmsdoosn2926gui d at
anbi ent conditions.20. The foam ng conposition of claim19, wherein the
foam ng particles releases at |east 5 cc of gas per gramof said

conposition n dissplved in ligyid anbjent, ¢ it . . A.sol ubl e
consunabl e f%g p%m@F"EBHﬁPPHH%B'% rc(ﬁ'm Lifwgeégggqh%bfﬁgﬁ?'ﬁﬁ%ﬁlﬁés
conposition conprising carbohydrate rticles having a plurality.of

| nt or nalrelpgees 2 sk oo SR helgiam Bread Gpmpegiignavherydissaiied if lighid at
consumabl e food product of claim2 1, wherein said gas is present in an
amount @ambiest epRditioNsr oduce at | east 5 cc of foam per gram of said

conposition when dissolved in liquid at anbient conditions. 23. The sol uble
consumabl e food product of claim?2 1, wherein said food product conprises a

. pr.
bever age ni x &kl edh selubleeensienaple dpod predust campesing @ prafeiariteeeplille ni x,
instant cocoa mx and an instant tea m x. 24. The sol ubl e consumabl e food
product faaminglcomptsitioh som@Bingearbohydrate partiglesahavinga fberality,ofiintemnal
i nstant cappuccino m x. 25. The sol ubl e consumabl e food product 2 1,
wher ei n voidsicatthinigentoappethpiesstinoed gamduct conpri ses an instant food
selected fromthe group consisting of a dessert product, instant cheese
product, instant cereal product, instant soup product, and an instant
t oppi ng prod®3.. The soluble consumable food product of claim 21, wherein said gas is

present in an amount sufficient to produce at least 5 cc of foam per gram of said

composition when dissolved in liquid at ambient conditions.

23. The soluble consumable food product of claim 21, wherein said food
product comprises a beverage mix selected from the group consisting of an instant

coffee mix, instant cocoa mix and an instant tea mix.

24. The soluble consumable food product according to claim 23, wherein said

instant coffee mix is an instant cappuccino mix.

25. The soluble consumable food product 21, wherein said soluble
consumable food product comprises an instant food selected from the group consisting
of a dessert product, instant cheese product, instant cereal product, instant soup

product, and an instant topping product.

26. Apowdered foaming composition, said composition comprising:
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26. A powdered foam ng conposition, said conposition conprising:particles
conprising soluble protein-free carbohydrate and surfactant, said particles
have a plwoabedoz3zsh i nt ernal voi ds contai ni ng pressuri zedTgs3005929261
pressuri zed gas form ng foam when dissolved in |iquid at anbient

conditions. 27. The powdered foam ng conposition of claim 26, wherein

F?&B'e(feﬁps?%@ R ouBlinERpluste Bot@in ey oBBLnRERM Sha SRRk i Bariall TN°
t 5 . f I, ticl wh di | ' | ] '

oo S R e LSt i SR A P B g

Doty dr MG B VATV ed b LG At GERIR R B pol yohochari de, st areh

hydrol ysi s product, gum soluble fiber, nodified starch, nodified

cel lul ose, and_m xture thereof. 30. The powdered foam ng conposj.tion. of
clai m 29, wheléin Jhepaydared fogming samrositiongbelaim 2 ef"%@f%ﬂ Rarries e up
consisting of a nmaltodextrin, glucose syrup, corn syrup, high-naltose
syrup, hatgleast dacoefgaspargraanef seidpattiglas. t her eof . 31. The powdered foami ng
conposition of claim26, wherein said surfactant is an enulsifier. 32. The
powder ed foam ng conposition of claim3 1, wherein said enulsifier is

sel ected fronRBhe Jhewmsvetared seamingotorapesitign of elaine 275 wheerie said particles
stearoyl lactylate, nono/di-glyceride, diacetyl tartaric ester of

nmono/ di - gllyase atikkasph csyas! peigiampofogajd paricigsywbén disgiohsddn liquisbathambient
nodi fi ed starch, and m xture thereof.33 . The powdered foam ng conposition

of cl ai p@ditishserein said |ipophilic
29. The powdered foaming composition of claim 26, wherein said
carbohydrate is selected from the group consisting of a sugar, polyhydric alcohol, sugar
alcohol, oligosaccharide, polysaccharide, starch hydrolysis product, gum, soluble fiber,

modified starch, modified cellulose, and mixture theredf;

30. The powdered foaming composition of claim 29, wherein said starch
hydrolysis product is selected from the group consisting of a maltodextrin, glucose

syrup, corn syrup, high-maltose syrup, high-fructose syrup, and a mixture thereof.

31.  The powdered foaming composition of claim 26, wherein said surfactant is

an emulsifier.

32. The powdered foaming composition of claim 31, wherein said emulsifier is
selected from the group consisting of a polysorbate, sucrose ester, stearoyl lactylate,
mono/di-glyceride, diacetyl tartaric ester of mono/di-glyceride, phospholipid, propylene

glycol alginate, lipophilic modified starch, and mixture thereof.
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nodi fied starch is an octenyl succi nate substituted starch. 34. The powdered
foam ng conposition of claim26, wherein particles further conprise a

di sper sedwbabo6/@3564 The powder ed foam ng conposition of elcaiusedB/292her ei n
the protein-free soluble foam ng particles conprise greater than 90%
carbohydrate on a dry-wei ght basis. 36. The powdered foam ng conposition of

claim 18, whergn tﬁﬁoﬁarch%'réB fdaPfin %bH#Hc%ltdh%’f‘dl‘éiﬂP@Z tWh‘ér@ﬁ'\ §élmlﬁFb§I¢ihc

essentially 10 Yo car drate on a ry wel ght basi s. A et hod

e i A BB e B ag o1 a1

oam ng €s conprising a carbohydrate and havi ng
I nternal voids; applying external pressure exceedi ng atnospheric pressure

Sol uble. foam mipar 7 Potcernd HARRQ RBHD foih of 38k 2O dmeich Beffcles uifer

resulting in ress ri zed qats remaining in the internal voids. 38. The
met hod ofCORMRYITE 8AISRESEE L sai d appl yi ng ext er nal pressure i s conduct ed

prior to heatl the partlcles 39.. The nethod of cl ai rein, sai
appl yi ng ext er(“fgl pi b8 pewsered fQAmIng COMRATIIR er% 'mlég']t‘ﬁ é'i@éﬂﬁl |pré)§eln-free

soluble foaming particles comprise greater than 90% carbohydrate on a dry-weight

basis.

36. The powdered foaming composition of claim 18, wherein the protein-free
soluble foaming particles comprise essentially 100% carbohydrate on a dry-weight

basis.

37 A method for manufacturing a foaming composition, said method
comprising:
heating protein-free soluble foaming particles comprising a carbohydrate and

having internal voids; -

applying external pressure exceeding atmospheric pressure to the protein-free

soluble foaming particles;
cooling the protein-free soluble foaming particles; and
releasing the external gas pressure thereby resulting in pressurized gas

remaining in the internal voids.

38. The method of claim 37, wherein said applying external pressure is

conducted prior to heating the particles.
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40. The nethod of claim 37, wherein said heating protein-free soluble
foamng particles is conducted at a tenperature of at |east the gl ass
transiti omotzeogesmiure of the particles. 4 1. The net hoacofusedodiona2dD,
wherein said cooling is conducted prior to said rel easing the external
pressure. 42 The nethod of claim 40, wherein said cooling is conducted

whil e rel easi gg. t herhexhethddl of kenPSESehErein <bid apbfingékednalfpredsirgis37,
wherein said foam ng particle conprises greater than 90% carbohydrate on a

dry-wei géénél?&éé-wlﬁl@-hegiﬁﬁrfﬁé iQds.cl @aim 37, further conprising spray

dryi ng an aqueous solutiofl contalning the carbohydrate to formthe

protein-free soluble foam ng particles. 45. The nmethod of claim43, wherein

sai d spray drypng %ggﬁémr%@ggga%%ﬁ@ém iB_Helé‘ﬁng‘ib\"@@ fréégﬁwﬂt"ﬂfggf'ﬁﬂg

The met hod of claim pray drying 15 conducte

I nj ecti ngaﬂ%?eé ﬂt@orﬁﬁgte%eé’@nﬁggam%%?'at least the glass transition temperature of the

particles.

41. The method of claim 40, wherein said cooling is conducted prior to said

releasing the external pressure.

42 The method of claim 40, wherein said cooling is conducted while releasing

the external gas pressure.

43. The method of claim 37, wherein said foaming particle comprises greater

than 90% carbohydrate on a dry-weight basis.

44. The method of claim 37, further comprising spray drying an aqueous

solution containing the carbohydrate to form the protein-free soluble foaming particles.

45,  The method of claim 43, wherein said spray drying comprises injecting

‘gas into the aqueous solution.

46. The method of claim 43, wherein said spray drying is conducted without

injecting gas into the aqueous solution.
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