WO 2006/023564 PCTIUS2005/029261 NON-PROTEIN FOAMING COMPOSITIONS AND
METHODS OF MAKING THE SAME FIELD OF THE INVENTION [00011 The present Invention
relates to a soluble foaming composition, and in particular, a foaming protein-free composition.
BACKGROUND OF THE INVENTION [0002] Some conventionally prepared food items include froth
or foam. For &phgsie23eeippuccino, milk shakes, and some soups may bayg fsaitesf9am. 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 instanth[&%i' A0S |£ mY ame or S| gar haracteristics as

conventionally prepared food itéms. ML to produce a food
product having froth or foam from an instant food item. O ne prior solution used to manufacture
an instant fobtEhDdueWRISH\EENTT®Ith 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 BPfHmed teldreresenivianeDiisrty droeds wikbscireraiies:drepcsitmmped fitaming
compositionﬁ zﬂ% Slzla)e%nf Lésrgg to }g} art rfroth or foamed texture to instant cappuccino and other coffee
mixes, Instaht re resﬁingcbeve?apge mlxeée?,e iﬁg%qséb% mixes, instant WO 20001023564
PCTIXJS2005/029261 milkshake mixes, instant dessert toppings, instant sauces, hot or cold cereals,
and the BACKGROUND OF THE INVENTION

[0002] Some conventionally prepared food items include froth n;>r 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 fo accommodate consumer preferences, 4
manufactures have developed instant food products which give consumers the food
products they demand from a convenient instant food product by developing inétant
fo‘od 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 fo manufacture an instant food product which has
froth or foam is through the use of powdered foaming compositions which produce foam
upon reconstituion in a liguid. 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




like, when combined with water, milk, or other suitable liquid. [0004] Some examples of gas-injected
foaming creamers which can be used to impart foam or froth are disclosed in US Patent No.
4,438,147 and in EP 0 458 310, More recently, US Patent No. 5,129,943 discloses a foaming creamer
produced by combining a gasified carbohydrate with protein and lipid. Using this technology, it was
possible to efHIAKEIGESinjection of the liquid creamer composition priertespesy9kring. [00051 EP 0
813 815 B1 discloses a foaming creamer composition which is either a gas-injected foaming creamer
or a creamer containing chemical carbonation ingredients which contains In excess of 20% protein by

weight. The podirieRsscrliees instans essentiabingoedientsitRerialn, ipid ansfilsmateriak.the filler
especially beir%a Water-sol ble carbohydrate. The high content of protein is needed to obtain a
whipped cream-fik&/ fYhERERRTRAWAD Wpisorailnig: stisos)taregidoidfoaming composition is provided
by U.S. Patent fNgg £y 713,1 ich discloses a powdered soluble foaming ingredient comprised of a
matrix containllyg c%rbohydlé?ﬁgp%?é?ﬁ ,EE A SRRFLRE pasang saepgess bk ven pewststén

reacton that can adveraaly et oREarioE, TavGl SRAChl 1L Br BB products

reactions that can adversely affect the appearance, flavor, and sh e

These compleMstierficantyatii Rsteat o b e ma PrreinsRSAREIIAES pASRRS '% reducing
sugars, to form polymeric pigments that can severely discolor and diminish the flavor quality of food

products. It haS§BBERINAsE §FErRA FRILRIYNIVerbpectomming lipii piasions eotraining, anfapped

pressurized 2 j 64 PCT/U52005/029261 gas can be manufactured without the need to
use both carb(}%%ﬁ% %J-n% ﬁ\?gélengas injection o?the hqutc? creamer composition prior to spray

drying.

[0005] EP 0813 815 B1 discloses a foaming creamer composition which is
either a gés-injected foaming creamer or a creamer containing chemical carbonaﬁon
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 {o 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 powderéd 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 highfy effective foaming compositions containing entrapped pressurized




ingredients. Browning can occur very rapidly at high temperatures commonly used in food processing
and susceptibility to browning can limit the range of heating conditions used to produce foaming
compositions of the type disclosed in the aforementioned prior art. 100071 A possible solution could
be the use of a substantially protein-only composition, as described in WO-A-2004/119699. However,
the use of prot&tPH¥E38iso poses some problems. More importantly, nenewstdhaslisglosed examples
in the published patent application are devoid of carbohydrate. [0008] U.S. Patent No. 6,166,819
describes a particulate creamer comprising protein, lipid, and carrier, in which more than 50% by
weight of the pFRERIFAR Pafiany adwaiirstavhthe pesidin, ube patrtiedybdppatisashwheydprotein being
from 40 to 90%?118 éy&gd. The total grotein content of the creamer is between 3 and 30% by weight,
preferably between 10 and %@(%%W [YRTCHRE Breapifly 36 ahiammeyatuiestsienforofoaméntrereamer

tqQ a brewed hot coffee beverage,

compositions. Theifpaming; r tion, when added, ) v
b tﬁé%@%u%ﬁ?g@%‘j‘? olgr%‘fmfa%&@]“ﬁﬁg? SRS bepting smdibisarbes an

produces a large amount of creamy se

instant particulatedity pricd eanipasition thaidainshicas i GapR MR heye having surface foam
with a marbled appearance upon reconstitution in Waterq.QP he dry mlé}(?é#%gc%%ﬁg'ﬁ%?ﬂ%%pﬁw

deaerating and’%tubsequently freeze drying a coffee extract to produce granules having an outer
and a larger inner core layer which is slowly soluble. The

surface layer which.is rapidly soluple :
product has am of at [eBSP 6%%?8&*W%é@m§@3&e(mepbﬁ@nwgemmmwion No.
s e A B i ot ot
base such as sblalpesesfi@ene problems. More importantly, none of the disclosed exam ples in the
published patent application are devoid of carbohydrate,
[o008] U.S. Patent No. 6,168,819 describes a particulate creamer comptising
protein, lipid, and carrier, in which more than 50% by welght of the protein is partially
der‘xaturedehey protein, the partially denatured whey protein being from 40 to 90%
deljatured. The totaiv 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,
‘[10009} U.S. Patent No. 6,174,557 describes an instant particulate dry mix
composition tha}t 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.
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foamed powder, sugar and creamer to pressure and temperature to produce a tablet or powder with
increased solubility or dispersability on contact with water, In addition, a method is disclosed which
promotes the dissolution or dispersion of a tablet or non- foaming powder by subjecting the tablet or
powder to pressurized gas so that gas is entrapped therein to promote dissolution or dispersion of the
tablet or powdE? 8iedaitact with water. It is notable that all examples previdgshibesein of chemically
.compounded soluble compositions are carbohydrate-based powder or tablet compositions containing
protein, Improved dissolution of tablets containing entrapped gas is demonstrated in working
examples thé@?ﬁg.%owevéi‘;E‘f’ﬂﬁﬁm&!aﬁﬁsaﬂbtmcao2@@6@%@56@@11@%%@%&@3%%&%@
non-foamingtggpttainin? %ndtra€§)ed as is not demonstrated in any working example therein. [0011] A
disadvantage of thess Fecart tohtBRahvisiabver REamammninpr jrsdaarsids itedssth proteins

ese ceﬁ

d carboh | tant t directed to formi bstantiall
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protein-only compositions , such'as W ,

carbohydrateiohesdqamisg compasitioneahUQeARA0AOIS0 R BaL IS e fnais il working
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examples disclosed therein contains carbohydrate glycerol at a level of 5% by weight. act, none of
the relevant prvtcat Wittiosies sedorkihtjte xawiptecabily redustiaotwithragtise pf ayfaRMIng
carbohydrate cotmcggsitigm Fevoid of protein. Proteins can react with carbohydrates, especially when
heated. Most8f {He & THRsR WilAhPa ok disspintion o6 MispeminR OAUS 65920261 lead to

Drocessing or B P B Seh B b8 1P dRRRme and often

if it is kept atdnghppéenmpesmiusasdardidRReRMon or dispersion of the tablet or powder on
contact with water. It is notable that all examples provided therein of chemically
compounded soluble compositions are carbohydrate-based powder or tablet
compositions 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 botﬁ proteins and carbohydrates are present. More importantly, even
art directed to forming substantially protein-only compositions , such as
WO-A-2004/019698, fall to disclose a working example devoid of carbohydrate. The
foaming composition of WO-A-2004/019699 that forms the basis of all w‘orking'
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




times, In most of the preparation processes for the products described in the documents discussed
herein-above, and particularly in the preparation processes described in U.S. Patent No. 6,168,819, a
prolonged time at elevated temperatures is used to gasify the powders, Also, proteins typically are
much more costly and typically have much lower solubility and much higher viscosity in water than
carbohydrates used to manufacture powdered foaming compositions, Accordingly, use of proteins can
cause processingProBieis and increase the cost of foaming compositioRSIESERER BIe, protein
solutions, even carbohydrate solutions containing protein, might have to be prepared at much lower

concentration in %Qgigodg\épl% excessive viscosity and permit spray drying. In addition, many proteins
are also susceptible 10 1658 61 fHetion A/ rieBnaing rih asgsodeds tyrrat iwanien mosesiing or

when contactegdwith 6’19;91'5-pfr%‘é}gs'él%[;eéjri%ntﬁu%gcﬁ, ﬁgﬁ%ﬁ@ o%\gl“?e §F§?§§%ﬁ c%‘pﬁ?‘f ggrgfs?;;ri i(rjlfg proteins

in powdered foaming compositions can reduce the s

compositions, eswelzasrtheiGaluilityes Qifﬁp@%ﬁwEWSQI&%%W@E‘?%%‘;S%%%? i&f{r 5. Eontaining
idl.

these foaming compositions, when reconstituted in water or other liqu ﬁougﬂgﬁ)aming

coffee additivetirage. alaagsitottierprispstiiimmeeasbéases powaeseshpreieibsiansqiulle foaming
composition which, upon reconstitution, exhibits a foam characteristic desired by true cappuccino

beverage conrfISHBITRISFEF iSRS pIereHBbrusuRThPaaispirbinio heveragestiackrsaffisiant foam, the
foam dissipates.toQ: 023564 PCT 05/029261 quickly or there is a curnbination of
S g COIE Aol R L\ RATIBOPBH 8 o gt emaprkpporein

both. Further, since prior foaming coffee additive

component 2%§£§Wi%M8§sWJQQB?%&@KQ@;S?&WQF%%V\S% FRIPR RS SNRL RS e able
have much lower solubility and much higher viscosity in water than carbohydrates used
to manufacture powdered foaming compasitions. Accordingly, use of proteins can
cause processing probiems an& increase 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 viscosityvand
pemit 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 sotubility or dispersability of these
foaming compositions, as well as the solubility or dispersability of other ingredients in
mixtures containing these foaming compcsiﬁqns, when reconstituted in water or other
liquid.
[0012] Although foaming qoffeé additives are available, there is still 2 need for a
powdered protein-free soluble foaming composition which, upon reconstitution, exhibits
a foam characteristic desired by true cappuccino beverage connoisseurs. For example
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prior resulting cappuccino beverages lack sufficient foam, the foam dissipates too -




prior foaming coffee additives. Accordingly, a foaming coffee additive comprising a powdered
protein-free soluble foaming composition is desirable which provides foam characteristics of a
conventionally made cappuccino beverage. SUMMARY OF THE INVENTION [0013] The present
invention relates to a non-protein, is., protein-free foaming composition which provides excellent
resistance to brw&g‘%ﬁgd can provide additional advantages, For example, protein-free foaming
compositions can have reduced allergenicity and microbiological sensitiviBf:TT¥e8esffsoved foaming
compositions can be used in a wide variety of hot and cold soluble beverage mixes and other instant

food products ;Quphrﬁyide& roth .or foamed texture. [0014] The present invention, in one form therebf,

concerns a foaming composition WHILH GaiRpASRLE: joiilereainre @il TreanbrisricoritiRon which

comprises carbeRyciateRatticlesiav lity of voids containing entrapped. pressurized gas. In
various further embodiments, thei&gr\gﬁ%%gr&%%g}t%ﬁl?e %%‘ggg%?h@%%@gb%h Bftgﬁg%ﬁ%‘?eferably at

least about a cevighmpes gratn ohidhs: eRMBETIAR MRS HiaaINeddD éi&%i%%@m%%ﬁﬁ&ﬂ ons.
notner

Further, the composition may include a surfactant. fool5] The present invention in a orm
thereof conceri¥'@TEafiing efapesitsnashistcoatimlisesipsairip-fersaliitrdoamptgingticles
comprising a cartagéydr te and having a plurality of internal voids containing entrapped pressurized 6

WO 2006/023584 BSRIBTFsovdiaoantecrsammeg temissistibabie fuhine drbyideidienting the

particles to an gxtemalgas Legsure excee Ing atmospheric, pressure prior to or while heating the
particles to a temperaturecof a?t}%e%sqvt &g a%&%?gr%ﬁs THPEREEES) and then cooling the

SUMMARY OF THE INVENTION

[0013] The present invention relates to a non-protein, L.e., protein-free foaming
composition which provides excellent resistance to browning and can providé additional
advantages. For example, protein-free foaming compositions can have reduced
allergenicity and microbiological sensifivity. 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, concems a foaming
composition which comprises a powdered protein-free soluble composition which
comprises carbohydrate particles having a plurality of voids containing entrappad
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 foahing
composition which comprises protein-free soluble foaming particles comprising a

carbohydrate and having a plurality of internal voids containing entrapped pressurized




particles to a temperature below the T. prior to or while releasing the external gas pressure in a
manner effective to trap the pressurized gas within the internal voids. [0016] The present invention in
another form thereof concerns a soluble consumable food product comprising a protein-free soluble
foaming composition which comprises carbohydrate particles having a plurality of internal voids

containing er@pisedzpsessurized gas. In various further forms, the solgplgdopekpsegdyct may include
a beverage mix such as coffee, cocoa, or tee, such as instant coffee, cocoa or tea, or the soluble
consumable product may, include an instant food product such as an instant dessert produr t, instant

cheese prodyets imstanteered) &%H%AH%%H&JBy@&géj&lhrgethg%i Istant to %I%% Fﬁ)%)%uct. [0017]

The present invention in yet another form thereof concerns a or manurac aﬁ)aming
composition T e@vielethecareting drimoltiesic heatingepsisit ieahael Wl g aRipdRadigles which
includes a carbohydrate which has internal voids, An external pressure exceeding atmospheric
pressure is apPEA R PR isRsEe dorsantiionimmpertitles (THempt teincseingaheble foaming
particles are dthe external gas pressure.is released thereby resulting in pressurized gas
remaining inéhgg ’?’r%%ar%a? VoIt s?rﬁ{uf&rﬁzc?vgﬂéerﬁat@ ‘RS BleRinnsinsrdusarerealmplied prior to
heating the paisesOh B xRNSR SV E i lle heating the particles. [0018] Advantages
of the foaming composition according to the in%enti%r%%gé%%??ﬁspg‘%@grﬁrt%dmﬁﬁ'i‘?&"gﬁf‘able liquid, an

amount of o li§ormed Whiptepsavisles To¥MP hbBSI03RR MR ConddPe/9237 . desirable color,

mouthfeel, density, texture, and stability when used to formulate instant cappuccino mixes or other

products. SiffE8SHEMMTeTFReksFomisiog gidtisiadtss ashduiafeshivithcpropeisisosWEicAS

off-flavor, M@wﬁ{grirsee%cgg%bﬁggx!&g r&%g’gg g\ﬁ;[}vg\;eaeglurality of internal voids containing
entrapped pressurized gas. In various further forms, the soluble food product may
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 desser product, instant cheese product, instant cereal product, instant SOUD
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 é carbohydrate which has internal voids. An
external pressure exceeding atmospheric pressure is applied o 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 fo
h‘eating the particles or the external pressure is applied while heating the particles.
[oo18] 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




proteins and other substituents, do not occur or at least are reduced. [0015] A further feature of the
present, non-protein foaming composition is provided by the surprising stability of the foam, especially
since, in the prior art, foam stability of the foaming powders was generally associated with the
presence of protein. [0020] Another advantage is that the present invention provides a foaming
composition tH4 18&023High density and high gas content. The bulk densityiis@enesally 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 glee, more preferably lass than 0.7 glee, and most

preferably lesdethizah(:85igtemcStiabanawaars PRCOBIRIBIERRG GHA% MRS ARG aL.of powder.
The high density has the advantage that only a small volume of foaming composition is required to

obtain a desiré¥PRHIGIH BB othes msidtiviely Sitgle Yasrdaintent protiicesdadeiativRlydarge amount of

foam per unit wei%% ch vo%me of foaming composition added. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMERRS It £ fhgre afkAmyendialisr ecagientsistion iechrosbetveerfoaming

composionyisule cbanic B AN PRSPPI ee sibgances Carboycras are

preferred an lude, but are not limited to sugars; polyhy a

oligosaccharifiesi glolysaceivariges istarehonyd phisisnp rﬁ&%ﬁt@%ﬁ@ L&l&ﬁé@s‘?{igh [podified

starches, and modified celluloses. Suitable sugars include glucose, fructose, Sucrose, lactose,
mannose, anB'RYAHeREY SuitawipristigrayalrittBonti: 2606/ @RB564IR hAd5AAAB/PRG2AH r@lsphols include

glycerol, propylenge glycol, polyglycerois, and polyethylene glycols. Suitable sugar alcohols include
sorbitol, rnan#%’,ﬁr}gﬁﬁ%f Féﬁ%‘fag BRIAFDIVEhaskGiEY aseheipledsudlic thiyrtesigais pfpcitets.include

maltodextringoghgose SYMIBEPUUTYTHR is that the present invention provides a foaming

composition that has a high density and high gas content. The bulk density is generally
higher than about 0.25 g/cc, preferably at least about 0,30 g/cc, and more preferably at
least about 0.35 g/ce. Prefgrably, the bulk density is less than 0.8 g/ce, more preferably
less than 0.7 glce, and most preferably less than 0.65 g/ce. Such powders may contain
5-20 ccor 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 amoumkof 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

3

alcohols, sugar_alcohols, cligosaccharides, polysaccharides, starch hydrolysis products

gums, soluble fibers, modified starches, and modified celluloses. Suitable sugars

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




high-maltose syrups, and high-fructose syrups. Suitable gums include xanthan, alginates,
carrageenans, guar, gellan, locust bean, and hydrolyzed gums. Suitable soluble fibers include inulin,
hydrolyzed guar gun, and polydextrose. Suitable modified starches include physically or chemically
modified starches that are soluble or dispersible in water. Suitable modified celluloses Include

methylcellulosEO ¥afa3§frhethyl cellulose, and hydroxypropylmethyl celhdoge,dig.saspohydrate or the
mixture of carbohydrates 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 hydrogétitel duel inaresten et phasphelipitedeity, asidsslesvod fog yegetable, dairy
or animal soug&?é%nd fractions or mixture thereof. The lipid may also be selected%%m waxes,

S, ter

sterols, stano 2 S hAIBRLS sRRiinle TV, [0BREL, Hettphwrdidisalublgipsotein-free
foaming compegition ISl lon_can be.produced by any method effective to provide a
particulate structure ﬁgﬁn@a%ﬁoﬁﬁ%p&%ﬁfgﬁH‘E?%S}l%?85?)%1@’8?'&#&’%& YRS, OBhSitenal
gas-injected dpigy-netiitiinge ol AN HQIHRNSdS @Mg@fg{[{?&@%&'ﬁlﬁg fo. %%errl%acture these

powdered soluble foaming compositions, but gas-injected extrusi POW: ’éﬁ?f& also a suitable

method. Spraf) @yatepdthvag ears mjautiorulaisal 0S0BMRE S RATHARS) R Nl feladyply gmall internal
void volumes b;%ﬂhi less ?érceferred method can also be used to manufacture protein-free foaming
compositionséﬁJ 5 interRuinditdveized S LaNIDN2006)0aRE6IRET./ \S5R454 025862 Nitrogen

e 3 Sl S e e o e

having a presﬁup@rsible' in water. Suitable modified celluloses include methylceliulose, B
carboxymethyl cellulose, and hydroxypropylmethyl cellulose. The carbohydrate or the
mixture of carbohydrates is selecied 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, stanols,
terpenés, 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 struc&uré having a
piurality of internal voids capable of entrapping gas. Conventional gas-injected spray
drying of aqueocus soluﬁons’ 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 particies having

relatively small internal void volumes, but this less preferred method can also be used to

manufacture protein-free foaming compositions having suitable intermnal void volumes




greater than atmospheric pressure is present in the foaming composition structure and is not able to
leave this structure, without opening the powder structure. Preferably, the majority of the pressurized
gas present in the foaming composition structure is contained physically within internal voids of the
powder structure. Gases that can suitably be used according to the present invention can be selected
from nitrogen, carbon dioxide, nitrous oxide, air, or mixture thereof. Nitrogen is preferred, butany
other food--gragle gaswasde used to entrap pressurized gas in the powdéer §iFaetute26{00243 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 hold#itpadargesvohumieraid enttapyedngasthatisielgaseshas:hialles ypomdisaplution of
the structure in liquid to produce roam. [0025] The term "powdered soluble foaming composition”,

"powdered foalifif BB RABIEIRIT A Hsamirmy e Siont Hiediwenfy powder that is soluble in, or
| ueous liquid, and that upon contact with such liquid

disintegrates i jquid, and.especially in an (
lﬁ}fg%g o %{bar@?&g%( OPEREIR AL RS 18'UhddyEFtERtional and

forms a foam oth. [0026] The term nHEE B &

defiberate avoigants:ehswasiaasrsconalaing evaignianl amau! alpiaisinolle, aregtest

practical extent, in the formulation of foaming compositions. Accordi e proteindree t%%?ming

compositions 66 this ike tibaarthidguatiyufe ovansle\iehaaieseibwdr\Wh.2006/02:3084biy, the
PCT/U52005/029261 and contain substantially less than 1%, and typically less than about 0.5%,
protein, PrefeffédPpivteiifreecenifipositdons et nsirieritomiagcdevoisiitipsoteimrAll of the

rotein-free foaming compositigns djsclpsed in the examples herein are devoid of
P con?a%ed%%ymca%y w%hsin ?nternai voids of the!? powder structure, Gases that can

suitably be used according to the present invention can be selected from nitrogen,
carbon dioxide, nitrous oxide, air, or mixiure thereof. Nitrogen is preferred, butany
other food-grade gas can be used io entrap pressurized gas in the powder structure,

- [0024] The term "structure”, "particulate siructure”, “particle structure”, or ‘powder
structure” means the structure contains a large number of sealed intermnal voids which
are closed {o the atmosphere. These voids are capable of hciﬁiné @ large volume of
entrapped gas that is released as bubbles upon dissolution of the structure in liquid 1o
produce foam.

[00253 The term “powdered solubie 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 liguid 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, 1o the
greatest practical extent, in the formulation of foaming compositions. Accordingly, the

protein-free foaming compositions of this inveniion are virtually free or devoid of protein
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protein. [0027] Weight percentages are based on the weight of the powdered foaming composition,
unless otherwise indicated. [0028] The term "carbohydrate" means any carbohydrate that is
compatible with the end use of the powder of the invention. This will in practice mean that it must be
acceptable for consumption. [0020] The term "emulsifier" means any surface-active compound that

has oil or gasvemalsifyisg properties which is compatible with the end Lflﬁ:el%fs & er of the
invention and which is not a protein. [0030] The term "polymeric emulsifier" or%pso/?é/)gréégric
surface-active substance" generally means any surface-active type of molecule consisting of a

number, generally. i f monomer unijts chemically bonded together. "these units may for
example be afénﬁ!r%g ﬁﬁf%‘sg igr% gﬁﬁ‘@gg-sgcﬁ\?@ Béﬁtéf?%?y&‘qﬁﬁéa\??ﬁyf@%é@mg%,P’f?ﬁ@[ﬁnose,
galactose, angibdike)phidpival g S r -gctive, carbohydrates, Generally, the
molecular weight of polemeric e@ﬁlﬁ%@%{%ﬁﬁ%ﬁ\{%@& éﬁ%@gﬁ%@ rfég?ﬁﬁ"'&}/\??m?ecular

weight" in cormrettiorfritticemintsitiensposisoraeeciastiyenmaietiale peieistaimalegulss with a molecular
weight below 1000 Da. Generally, adsorption of a monolayer of these molecules at a gas-water or

oil-water interfA2EWill 11 WO 2006/023564 PCT/US2005/029261 decrease the interfacial tension by

more than 20 . Only . nly protein-free polymeric or low molecular weight surfactants and.
emulsifiers aﬁeﬂﬁé@ in thiﬁ%@ﬁﬂ?&ﬁ?‘f@%ﬁf?ﬁ%%ﬁ#'%%mww%wwdnmﬁmmed in

reference to @&ngggmg}gmég@rgg{y%%qg&@g@g&g composition means the composition comprises

[0028] The term "carbohydrate" means any carbohydrate that is compatible with
the end use of the powder of the invention. This will in practice mean that it rﬁust be
acceptable for consumption.

j0029] 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
irxvention-and which is not a protein. |

[0030] The term “polymeric emulsifier” or “polymeric surface-active substance”
generally means any surface-active type of molecuie consisting of a number, generally
at iea§t 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, ;he 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 inoiecu%es 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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carbohydrate with only trace amounts of non-carbohydrate constituents in an amount less than 1% on
a dry basis. [00331 The foaming composition may 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, [0034] It Is preferable to formulate the foaming ingredient compositions of this invention using

one or more Burfactantssto improve bubble formation and creation of intefpabyRigs Ayring 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 manufagrfecasiepiwéireffegat omgiositipnsonathbe greatyHimpiayeddpiiaeobayragtapts. Two
types of surfactants can be distinguished: low molecular weight surfactants and polymeric

surfactants. PYWHERIRN ¥Eigblgrriagiatand smulsiers ateamed retiieuisifiding  agents such as

polysorbate, ose esfers, stearo Il{aq lates, mono/di-glycerides, diacetyl tartaric esters of
LA

mono/di-glyceridés, and p eos?ﬁﬁ‘ol? 0! FicusGrdr efenveedgehts include

SUrface'aCtWMQFB%@%%y&@?é%%%B%oHﬁ%@ii%ﬁ%gm%gcw%ho%tﬂg‘,f‘ %grbh drates to
formulate protein-free compositions. Suitable surface-active carbohy rates inclUBEGm arabic,

propylene gipcobbigirmtasti 2ty B:2006/028664 REGTLLISANRRA2 220 ARG inARKiic madified food

starches such as octen Isuccinate substituted starches also known as emulsifying starches. [0035]
More advaﬁ?&ﬁé@ﬁ?lﬂ, te ﬁ)ﬂfﬂih@s@omposition may include an emulsifier selected from the group

consisting 56 Isifying.stagches, T'ween 20 (polyoxyethylene sorbitanmonolaureate), SSL (sodium
stearoyI-Z-?a gﬁe) or Sglrﬁ%gggnémﬁom%qaﬁt |>r,1’13y 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.
[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
agénts such as polysorbates, sucrose esters, stearoyl lactylates, mono/di-glycerides,
diacetyl tartaric esters of mono/di-glycerides, a‘nd 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,
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a combination of polymeric surface-active substance, such as an emulsifying starch or propylene
glycol alginate (PGA), in combination with a surface-active substance with a low molecular weight,
such as Tween or SSL, is used. This emulsifying starch is preferably of the
octenylsuccinate-substituted type (e.g. Hi-Cap 100, sodium octenyisuccinate substituted starch;
manufactured by National Starch). The use of emulsifying starch alone or in combination with SSL in

foaming compegiiong@hifis invention was used to provide foam having,apreferred 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 belisyeslithaldng-aboys &HA@@&M;@&&&%&H&M&W&E@& %‘?ﬁﬁgﬁéﬁ Gidne

following reasons. Protein- stabilized foams and emulsions are known for their excellent ong-term
stability, whickrnbas:reesrattsitying ditodhes polymeric character of proteins. Supposedly, an adsorbed
interfacial layer of %roteins creates a very strong interface leading to stable as bubbles in foams and
stable oil dropRESH emuls¥as Tharsagenushe bidemninorowingsélyniory istifdesactivesiiisbstance
seems ideal to r{e?pl%%e Prot(ﬁéns as a foam stabilizer. As polymeric surface-active species generally

adsorb only SISy 1 & PreteF PP GRS S8 DR FIE78 2505 109261 iRy

molecular wejght-aauisifies 0 | icl llizator, of the gas bupbles during foam
formation. [0037] If desirg%%ﬁé%‘tggr%% gé%%%ﬁ%%@?g%% t%%fc%{hgélrc E)E?% e%%ﬁ%e% c?('J) r%%ﬁﬁents such
as artificial flavexspaioens, dipbigiabaweetapersctvelianssiion adeatss £0H0gAgeN SRR he like.

Suitable artificial sweeteners include saccharin, cyclamates, acesulfame, sucralose, and mixtures of

these. SuitabRf priffereigeri@iginate (PGA), in combination with a surface-active substance with &
low molecular weight, such as Tween or SS}., is used. This emulsifying starch is
preferably of the octenylsuccinate-substituted type (e.g. Hi-Cap 100; sodium
octenylsuccinate substituted starch; manufactured by National Starch). The use of
emulsifying starch alone or in combination with SSL in foaming compaositions of this
invention was used fo provide foam having a preferred combination of attributes, as
collectively defermined by appearance, bubble size, color, texture and stability. Alsg,
the use of PGA in combination with Tween gave a preferred foar.
[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. Supposediy, an adsorbed
interfacial layer of proteins creates a very strong interface leading to stable gas bubbles
in foams and stable oil droplets in emuisions. 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 siowly, in a preferred
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dipotassium phosphate and trisodium citrate. [00383 Powders which are used for entrapping
pressurized gas to manufacture the foaming compositions of this invention have a bulk density and a
tap density in the range of 0.1-0.7 g/ce, typically 0.2-0.6 g/cc, a skeletal density in the range of 0.3-1.6
g/cc, typically DA-1.5 glcc, a true density of 1.2-1.6 glcc, 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 vBitiR&&atE¥generally preferred because of their greater Capabidte8Hrap gas. internal
void volume is suitably at least about 10/a, preferably at least about 30%, and more preferably at least

about 50/0. The powders have a Ta between 30-_150"Ce,a£)épically 40-125"C, and more typically

50-1000G. THe Bowas S A d R RmiGLre BB TaM B LR USF8d5 25 R "ol SkRiiemsically

2-9% and waitgf @agti Q@@wgggﬁrpg%%g}gﬁugt%@-o.& 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%, prefepably 0.2-20ffesimad BaramishaisripanicAMatHitamio- 39296, rseferably
80-99,8%. The emulsifier should be used in an amount sufficient to stabilize gas bubbles present
when the powelnipdfsssIvechias kaiidialtfehosldbemstedtifiat it theemermbaoffemmfisifiepétoo high, it
might lead to off 14 W(c) 2006/023564 PCT/U52005/029261 flavor or other Undesjrable properties in
the resulting 68 HRYE & nPiBflihIyS Hiakimasiiaib Asterasiferde RRRRSAT0040] Bulk density

(gee) is deterinen u megsuiag ine yolutte (66 st clvsnaeiatt o) of plerialgeguiies wher

poured through a funnelinto a graduated ¢ ensity (glé e ermlnedrby pouring the

powder into agpaekiiach sxtiasienvikatirgdheceytiager until the powder settles to its lowest volume,
recording
[0038] Powders which are used for entrapping pressurized gas to manufaciure

the foaming compositions of this invention have a bulk density and a tap density in the
range of 0.1-0.7 g/ce, typically 0.2-0.6 g/cc, a skeletal density in the range of
0.3-1.6 g/ce, typically 0.4-1.5 glee, 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 subjecfing to extéma! 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 T between 30-150°C, typically 40-125°C, and more typically 50-100°C.
The powders have a moisture conient between 0-15%, typicaily 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.
[0038] In one specific embodiment, the non-protein foaming compaosition contains
an emulsifier in an amount of from 0.1-30%, preferably 0.2-20%, and carbohydrate in an
amount of from 70-89.9%, 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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the volume, weighing the powder, and dividing weight by volume. Skeletal density (glee) is determined
by measuring the volume of a weighed amount of powder using a helium pycnometer (Micromeritics
AccuPyc 1330) and dividing weight by volume. Skeletal density is a measure of density that includes
the volume of any voids present in the particles that are sealed to the atmosphere and excludes the
interstitial vol{fHEB&EMEEN particles and the volume of any voids presentinthenpasigles 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 intef{al %f%f@%%féﬁéffﬁﬁgrmw@mﬁsi@meeeﬁ‘@hgléiaﬁdsmﬁiwrég&rraafgmb@[@n as true
density (glee) ésmtge ctua# d’gﬂi‘iﬁ% of only the solid matter comprising the powder, Internal void
volume (%), the VoltR l8np°er% L 5188#REmal voids contained in the particles comprising the

powder', is d ined by ing, the yeciprocal true density (cc/g) from the reciprocal skeletal
density (cclg%ﬁg?hen m%ﬁ%@éméé?ﬁﬁ% rb%te%rbn)‘/'%%?:f) Sta'e e%us‘?ﬂg Fé&?lﬁﬂl? i%%?t[QOM] The

glass transitiaghiempetgiLas 6 rarks & saveodghplERe.chRGH, ShaiActsiaerpyasiormaion of
n

the powder composition from a rigid glassy state to a softened rubbery state. neral, gas

solubilities arfYtifigsionaratessite loighss incl& WAL BONG OB BGTHIISIOGARARGA materials at
or above, the T Jhe T, is‘deﬁ}endent on chemical composition and moisture level and, in general,

lower averaggyrf?r?{ﬁo gEf4F %@ﬂg E’aﬁﬁmibﬂgﬁ’?ﬁcﬂgﬂﬁ@ %ﬁﬂ’ﬁﬁ/@@ﬁﬁ%@‘?ﬁ@ vohumintentiotiatly be raised
oy sutable oo Ko B s T S 4 Y Rseare g ostablsned
Differential Sizamsitn(y/Ge)arideatiriieinsgrmabMarhanicalidmalysis mﬂﬁwm of powder

using a helium pycnometer (Micromeritics AccuPyc 1330) and dividing weight by

volume. Skeletal density is a measure of density that includes the volume of any voids

present in the particles that are sealed to the atmosphere and excludes the interstitial

volume between particies 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 pestie 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 densily 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) frém the reciprocal skeletal density (cdé)

and then muifiplying 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 solubllities and diffusion rates are higher in
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[0042] Novel foaming compositions of this invention that contain entrapped pressurized gas can be
manufactured by heating the protein-free powder having appropriate particle structure under pressure
in any suitable pressure vessel and cooling the powder either by rapid release of pressure or by
cooling the vessel prior to depressurization. The preferred method is to seal the powder in the
pressure vesselwanzgog/rd%%%rize 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 HYEFYH4A°3fternal coil or
external jacket to increase the temperature of the powder to above the Tr for a period of time effective

to fill internal vgids.in.the, partic ith-pressurized gas, then cool the still pressurized vessel
containing the powder to éatboutgra‘geo%“”tef)‘ﬁp@?gtﬁelg %gﬁﬁ%'? ORGSR IRtRrsEBP - #BtIation of cold

fluic, then releaseshe prarsuie:anch aRsa e keasel g BRGNS aming compositan, The foaming

composition can be produced in batches or continuously using any suitable mea ‘,‘“?%aming
compositions 8fithievisventioththas cantaterditnespbeiapessRdas 5aRINR PRILSE i the same
manner with the exception that heating is conducted below the T. of the powder, 9a WO 2006/023564
PCT/US2005/0%858% Ng, LGFRFgenbmmsinite eoaterhohthel mivedtenpepinesiiitherangeof

preferably 40-173°1" .and mare preferably 60-150C for 1-300 minutes, preferably 1-200 minutes, and
more preferably 1@3@0%% @god’ﬁ%%r sUPEineith'thB Brasiird usessetirbiishad RifiersaR0-3000

psi, preferabIymggmﬁf;mwwqﬂ%g[whgg%é}g%5 Ssigs .t%%gn(‘)f nitrogen gas is preferred, but
el,

any other food-grade gas can be used to pressurize the ves inc ud%ugesé'ir, carbon dioxide, nitrous

oxide, or mixtifd<Eiereof. PowedbasingaotasisaiichfoaMHRARRPAGHNER RGN, oS Aseith

processing pressurized gas can be manufaciured by heating the protein-free powder having
appropriate particle structure under pressure in any suitable pressure vessel and
cooling the powder either by rapid release of pressure or by cooling the vessel prior {o
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 hai‘ﬂuid through aﬁ
inthemai coil or external jacket to increase the temperature of the powder to above the T,
for a period of time effective to fill internal voids in the particles with pressurized gas,
then cool the stili pressurized vesse] containing the powder to about room temperature
either by placing in & bath or by circulation of cold fluid, then release the pressure énd
open the vessel to recover the foaming composition, The foaming compasition can be
produced in balches 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 T, of the

powder,




pressure. Heating can cause; the initial pressure delivered to the pressum vessel to increase
considerably. The maximum pressure reached inside the pressure vessel during heating can be
approximated by multiplying the initial pressure by the ratio of heating temperature to initial
temperature using Kelvin units of temperature. For example, pressurizing the vessel to 1000 psi at

25C (298 K) agg,thenhegting to 120C (30-3 K) should increase the pregsyrecinhearessure vessel to
approximately 1300 psi. [0044] At temperatures at or above the Ta, particle gas content and foaming
capacity increase with processing time until a maximum is reached. The rate of gasification generally

increases withyppessure andhtemperaligcand selalbely; high:ressures NGO high lempayatures can

be used to shorten processing time. However increasing temperature to greatly beyond what is
required for effectivipyo¢essifti-cand makethdepoiwgen suscepiible 10collapse, Pastieleisize
distribution of the EEowders is typically not meaningfully altered when gasification is conducted under

more preferred EORMHIBHSSHIWEURTE BigrfreRbtPatfeletrsmersRinsstcaiia e drecoesaumhen
gasification is condycted under less pr. d conditions.s cessively high 17 WO
2006/02.3564 ‘ﬁ?ésﬁj "3‘32'(5‘0%{75535%1 ”@r‘r}? éeedr‘gaguﬁ’?é' 36%‘%?%‘%3%&%?@&% ?i‘?ﬁe%‘ﬁr R EIR9RY that gas
dissolved in theosaftened:gassaeinigabiesplidimatter diring heati iffuses into internal voids until
pressure equilibrium is er‘ggnached or until'the povs/%}grﬁs rﬁg@g‘ %ﬁ%ﬁfﬁ%@. Ll%egré%c%{e;?ﬁlt%% to be
expected that tiseccootedqrarticieiseshmslel, etainibgthiptessurizeskigameritappakin interal voids and

gas dissolved in the solid matter. [0045] When powders are pressurized at a temperature at or above
the T9, itis cONSATEH TOPLGIRIETEE FrofakRNES A8 el sarawith sensueliy inokéngesoting dusssing brief

pressure. Heating can cause the initial pressure delivered to the pressure vessel 1o
increase considerably. The maximum pressure reached inside the pressure vessel |
during heating can be approximated by multiplying the initial pressure by the ratio of
heating temperature to initial temperature using Kslvin units of femperature. For
example, pressurizing the vessel 1o 1000 psi at 25°C (298 K) and then héaﬁng o
120°C (383 K) should increase the pressure in the pressure vessel o approximately
1300 psi.

[0044] Al temperatures at or above the Ty, particle gas content and foaming
capac:ity increase with processing time unfil a maximum is reached. The rate of
gasification generally increases with pressure and temperature and relatively high
pressures andjor high temperatures can be used to shorten processing fime. However,
increasing temperature to greatly beyond what is required for effective processing can
make the powder susceptibie 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




time after depressurization due to bursting of localized regions of the particle structure that are too
weak to retain the pressurized gas. in contrast, when powders are pressurized below the T. and
depressurized, it is less common for particles 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 b8 H&To, but skeletal density and internal void voluRid/Eseotsisiezdly significantly
altered, [0046] The foaming compositions retain pressurized gas with good stability when stored
below the T9 with adequate protection against moisture intrusion. Foaming compositions stored in a
closed contail&@raerebiF ratigrergepesamimefdiin Wwbfvasihstimentisstived Rdwders pressurized
below the Tq Sdoﬂré%ter&t%igy égrﬁgal#éze%{gﬁs for a Io_nL% Beri,od of time. However, it has been surprisingly
discovered that spray-dried  powdare that Grs PraddthiDeaBe 8iliHRs Fapram ydaupl significantly
more froth thajetae W ueRBHAS RAVAEIS,PURA HSSHEPIESaIZeR daniodost, It s believed that
this beneficial increase in foaming capacity is caused by In iftratlon 0 atmosp%erl(?'pressure Zia WO

2006/023560REEibia 20051 B2 42p6cigasriierRrevtmsh NRESOHINERAIY Qi pfREmed &y
evaporation of water iron | the particles during drying. It has been found that this navel method to

increase the, SfaRTIHG RREHBI I oS Njddrierd fasndingpoerh jositcoéicaatize. conducted at room

temperature fﬁt& cellenrt%/p%sults. 0047] Foaming compositions manufactured according to the
embodiments 9f “this invention HRVE S BARFEREH 37 2 L5 aeRSiy mate rirvye BT glee,

typically 0.2-0Rriesh R SKGIRIAIAROBIAIALD ST RYYSRN It B U RIS AN sl leg sand

time after depressurization due to bursting of localized regions of the paricle structure
that are too weak fo retain the pressurized gas. in contrast, when powders are
pressurized below the T, and depressurized, it is less common for particles to explode
and any explosions occur with less sound and force. However, it is common for these
pariicies 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 T, but skeletal density and internal void volume are typicaliy
significantly altered.
{0@46}' The foaming compositions retain pressurized gas with good stability when
stored below the T, with adequate protection against moisture intrusion. Foaming
compositions stored in a closed container at room temperature generaliy perform well
many months later. Powders pressurized below the Ty do not retain pressurizéd gas for
a long period of time. However, it has been surprisingly discovered that spray-dried
powders that are pressurized below the Ty typfca!iy produce significantly more froth than
the unpressurized powders even after the pressurized gas is lost. It is beiiev-ed that this

beneficial increase in foaming capacity is caused by infiltration of atmospheric pressure
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more typically 0.7-1.4 g/cc, a true density in the range of 1.2-1.6 glee, an internal void volume in the
range of 2-80%, typically 10-70%, and more typically 20-60%, and contain pressurized gas in the
range of 20-3000 psi, typically 1 D9-2000 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 increagv%s §€6§Ag§5ag4density and decreases internal void volume. I§3qu der(‘}lslit%(9 és typically not
significantly altered by ‘pressure treatment below the T9, but is typically ihcreaddy By ;5’?essure

treatment above the T'n. Changes in bulk density, skeletal density, and internal void volume are

collectively detesmines!drypowder-composiianAniRrecessing conditions,inelyding, freatment time,
temperature, and pressure. The resulting powdered foaming compositions containing entrapped
pressurized gagsgapierafiyringvénpagtidicisizee bretoweertiatichit Ho/500RtMTEreNschepicadly: between about
5 to 2000 micrgns, and more, typically between about 10 to 1000 microns. [004$1 The preferred use
for these nove?‘?@mﬁgc%ﬁ‘?ﬁ%ﬁﬁii'ﬁ?@ﬁﬁﬁ?@cﬁﬂﬂﬂ@%@i@?&@@@ﬁ&é@ﬂ Partieutiudjen stantoffee and

cappuccino mixes, Howe @ n_be used in any instant food product that is rehydrated with
liquid. Although these 19%3\[6& §%%g/%eﬁéﬁsf JMS2003i029261 foaming compositions typically

dissolve well inswidiquids o pigeyesisiGdissalipa-And oaming, capgel'e At genealy improved

by reconstitution in hot liquids. Applications include instant beverages, serts, cheese powders,

cereals, soupshifojipiagtipovidess; aokl otinelpenduscisy [2949) Exampinds Areommersial praigiy-free 1
ODE maltodextrin powder, produced by gas-injected spray drying of an aqueous solution, was

obtained. The Ueg<tRtRif: FotisieialBensErdidsonees Hl Swhifeabutoyricalikierisitg/of, 8rk2 gloo, a

more typically 0.7-1.4 g/ce, a true density in the range of 1.2-1.6 g/ce, an internal void
volume in the range of 2-80%, typically 10-70%, and more typically 20-60%, and corﬁain
pressurized 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 atsea
level. Pressure treatment at any temperature typically increases skeletal densily and
decreases internal void volume. Bulk density is typically not significantly aliered by
pressure freatment below the Tg, butis typically increased by pressure traatmént above
the Tg. Changes in bulk density, skeletal density, and internal void volume are
colieciively defermined by powder composition and processing co ndi%ions including
tfreatment time, temperature, and pressure. The resulting powdered foaming
compositions containing entrapped pressurized gas generally have particie size
between about 1 to 5000 microns, typically between about & to 2000 microns, and more
typically between about 10 to 1 000 microns.

[6048] 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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tap density of 0.15 g/co, a skeletal density of 1.40 glee, an internal void volume of 10%, a true density
of 1.56 g/ce, and a T. of 65C. 5 g of the maltodextrin 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 110C oven for4 hours, and then cooled

by rapid dep&susizexion. The powder pressurized with carbon dioxide,gagdyash yuaitg color, a bulk
density of 0.37 g/cc, a tap density of O.A7 glee, a skeletal density of 1443 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, hezatedrig 6&5@@&@&ﬁ@b%@m%&wgﬂ%&@@!ﬁ%@@g%f&oﬁﬁ?rﬂ%géﬁﬁﬁ.{g before
g

depressurizing resulting in a treated powder with a white color, a bulk density of 0.15 g/cc, a tap
density of (g erirskernegityensipprrdlpOrglesyearisy aecimetnsibuaithe il 4%. Each treated

and untrea:)}gd ﬁwa todextri{%ggyvder was used to formulate an instant cappuccino mix, using a weight
ratio of abdot’8 %aégﬂsn‘u%ﬁ YHiA bR IsDisiepaits slignscceriders, orteptatssugar and three

parts foami I of each cappuccino mix was 20 WO 2006/023564
TR A A9

2'C4TUS20 reconstitute a 250 ml beaker having 65 mm internal diameter using 130 rrrl

of 88C walen40950] Knaydeges of iesraronsiiiierbbevesammi JraliLdensity,and incremental froth

volume contributed by the treated and untreated powders was used to estimate the ‘'amount (corrected
to room terpiseteoa® Rindasriedstine) afrgadryelgasathbyjueach aowder waepiaeingdherpntreated powder

with an equal Wegéght of treated powder in the cappuccino mix revealed that the pressure treatment

using carbSATRBKRIY 1OGesa0dnE BisRrY BRpasiN iR eRIgop/Bdk B e 8018, dhcreasing the

amount of 5, gensity of 0.5 glce, a skeletal density of 1.40 g/, an internal void volume of 10%,
a true density of 1.56 g/ce, and a Tg of 65°C, 5 g of the maltodextrin powder was
pressurized with carbon dioxide gas at 500 psi in a stainless stesl 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 gaé had white color, a
bulk density of 0.37 g/cc, a tap density of 0.47 glce, a skeletal density of 1.43 glcc, 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 ’creaied nowder
with a white color, a bulk density of 0.15 glee, a tap density of 0.18 glcc, a skeletal
density of 1.50 gfcc, and an internal void volume of 4%. Each treated and untreated
maltodextrin powder was used to formulate an instant cappucciho mix, using a weight
ratio of about one part maltodextrin powder to one part soluble cofiee to two parts sugar

and three parts foaming creamer, and about 13 g of each cappuccino mix was
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gas released from about 2 cc gas per gram of powder to about 4.5 cc gas per gram 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 Ryig..4dksaRpuUccino beverages had excellent flavor. [OOSlﬁ@wgﬁ)gﬁé 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 coldf:C8 Uil &EHEi B HGER" BRAPIENEIR) B GripelpcKaigal Wenbit8810.59 g/cc,
an internal vqifga}(%gyme of 61%, a true density of 1.51 g/cc, a T9 of 74C, 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 twobejpart salyblmicelloer fJ4LBRIR BUTBE. RLAL RRC AR amaupy gLfroth that
completely covered the surface of the beverage to a 21 WO 20061023564 P 00S/029261

height of about®remesutririraibout drhegeohthieunaixiyase ecarsatititie diraaRR00m Bsakess Daving 65 mm
internal diameter using 130 ml of 68C water. [0062] 6g of the protein-free powder was pressurized at
25C with nitroGEHTGES dperoterpsiger scinmhineeom tepreisties vskalenstten geprassssizoy.

Replacing the_untreated powder with an equal weight of treated powder in the sweetened coffee mix
{7 e e tﬁ)ea%%%af:eéig%w BB PORALRINEEG G Yasks PRWEMIedge of

each po \
revealed that frea n}?er\# INcredase

the reconstituladhevarpaedmixioLensibx AR INGIEMERIAaLKPLURG Sopliitpigd Py the reated

and untreated powders was used to estimate the amoun
increased the foaming capacity of the powder by over 2-fold, increasing the amount of

gas released from about 2 cc gas per gram of powder to about 4.5 co gas per gram 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 gaé 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 cappuccine mix. All cappuccing

beverages had excallent flavor. |

§0ﬁ§1} Example 2: A 50% aquebus solution of 33 DE glucose syrup solids (92%

dry basis) and sodium octenyisuccinate substituted starch (8% dry basis) was nitrogen
' injected and spray dried to produce a protein-free powder comprised of particles having

a plurality of inernal voids. The essentially 100% carbohydrate powder had white color,
a bulk density of 0.25 g/cc, a tap density of 0.31 g/ce, a skelstal density of 0.59 g/cc, an
internal void volume of 61%, a true density of 1.51 gice, 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 o a
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(corrected to room temperature and pressure) of gas released by each powder. It was 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 wesotenosomsin the pressurized gas. Bulk density of the treajed, poyyler,ywas not altered, but
skeletal density increased to 0.69 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 duringigariigleirhydratiameip Jh6uMP SP RGP e ¢ asen RAMIAG-C2PES I HER) {hypo,thGSiS

is supported by the fact that even after one week, the treated powder retained increased foaming

capacity. [0088in4ritfilrerGriesaahpisnafihaqmgtest e savdeaksas pressurized with nitrogen gas at
1000 psi, heated in a 120C oven for 30 minutes, and then cooled to about room temperature before

depressurizii§5Zhe treafaaithcappbarpiesqnivde yas pretwiimdde 2800 witnyipadictes exploded
with a loud cracking sound for a short time .22 O 2006/023564 PCT/US2005/029261 after

depressurizA8R PRI fra AW ss Wk PresaUimitesesichna thas sensss uried: Rupecmadheletal density
o L5 o5, 0 ISR VAL LA Replri e reaiss ot ol
e SaSEa S UG G JhEAE RO L o8S SRR AP o b
powder wakprededdeetf Withenitrstieted as\ard§O Onpsirdie aliesity art2aofanerafaneOvalimges, and
then COOIedcgontributed 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 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, foﬁned 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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about room temperature before depressurizing. The treatment trapped pressurized gas 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%%%gm%\é\éder in the sweetened coffee mix revealed that treatment increased the
ffoarriing capacity of the powder by about 6-fold, increasing the amount of‘gHE¥EE&3¥d from about 2
cc gas per gram of powder to about 12 cc gas per gram of powder. [00561 Another o g sample of the
protein-free powder was pressurized with nitrogen gas at 1000 psi, heated in a 12000 oven for 80

minutes, and ther cOGRIG 6 AHEG robf HHBE R BIS Y itspralssuri gt ahe wefdtrsfenttrapped

pressurized gas; | r omparably even larger proportion of particles exploded with
even louder cr%%ﬁ%%i%ﬁ ?o?@;ﬂﬁa@?tcﬁmg a '@r’” erﬁ‘laéggﬁi (ﬁﬁg% i?@(féa@ﬂ"ﬁ@%g?@had white
color, a tap densifyeatdiboaias: mipkaiatal densing s L04H %'ov@@gr %tﬂg%(gg%%%@es\ég%gn Sid F32%.

Replacing the untreated powder with an equal weight of treated 23 WO 2

PC17U52005/02928¢dpbwideraimiin swestenctcpfieanxiesglediaidieaimentincigased the
foaming capacity of the powder by over 10-fold, increasing the amount of gas released from about 2

cc gas per grafiGFpBedrtrEIsoiH 21966 (Rieased firmedppbivde ud6056) Iiirsweetetad-cafiee
beverages hadgeagcgggnt flavor. Hggv%/der, release of greater volumes of gas from the pressure-treated
powders on contac SASE

KCETES

With water increAssa particle buoyancy and decreased particle wetability, which
impaired_dispeseaaiity and aliseqlianahipe Bress\isilealed paplsrs telative o the untreated
owder. The sweetened coffee mix containing the untreated powder dispersed an

powder. Th tened coff taining the untreated powder dispersed and
nitrogen gas at 1000 psi, heated in a 120°C oven for 60 minutes, and then cooled o
about room temperature before depressurizing. The treatment trapped pressurized gas
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 glee, a skeletal density of 1.00 g/ce, 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 cc gas per gram of powder.
[90551 Another 6 g sample of the protein-free powder was pressurized with
nitrogen gas at 1000 psi, heated in & 120°C oven for 80 minutes, and then cooled 1o
about room temperature before depressurizing. The treatment trapped pressurized gas
in the powder and a comparably even larger proportion of particles exploded with ever
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/ce, and an internal

void volume of 32%. Replacing the untreated powder with an equal weight of freated

™
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dissolved instantaneously upon addition of water, without the need for stirring, and the resulting
beverage, froth, and beaker wall were completely 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 coveMiy2MffE34afeéas of the beaker wall and by the presence oplarge yndisselved 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 th@aetepirshacedensinghifivretinitalydmtipearecklagebasnchangadiayen after fifteen
minutes. However, this iméJairment in powder diispersabili%@a)nd dissolution was suitably remedied by

stirring recorfEIRARY MR PRERRLRNG Felidalddnriersins &g amesichopersispleasediosolution. The
type and extg%&férgg?s%g[%gg\?/n rOQiégv%sé?%Ii%g# icgs?sgga%(t)ig%i %clgtliie B%\@release of entrapped

pressurized gas, demo IS example are ty fifdns prepared

according toibisa]ventionPdiR RAPEMR233R4 E&%ﬁé%@é@%ﬂ%&?%@%&éﬁ%&aﬁidﬁ °0%
% dr

aqueous solution of 33 DE glucose syrup solids (98,5% dry basis), polysorbate 20 y basis), and

propylene glgeettgivedtent@. 504 adiydra sie) pressnitrogeteihjectedrand spraystiirel vaeroduce a
protein-free powder comprised of particles having a plurality of internal voids. The approximately 99%

carbohydrat m&#&ﬂ(&)ﬁiwwaﬁ%ﬁﬁn{e&m@ orOida riebAtavlishdmpal @30 gicc, a skeletal
e oo S AR R b e
method of Examge.2 piedwees Rt Ihdt containing the untreated powder dispersed and
dissolved instantaneously upon addition of water, without the need for stirring, and the
resulting beverage, froth, and beaker wall were completely 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 Llndissolved 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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froth that completely covered the surface of the beverage to a height of about 11 mm when about 11 g
of the mix was reconstituted in a 250 mi beaker having 65 mm internal diameter using 130 ml of 88C
water. [00581 6 g of the protein-free powder was pressurized at 25cC with nitrogen gas at 1000 psi for
5 minutes in %g()so%%resvessel and then depressurized. Replacing the untreated powder with an equal
weight of treate pow33e|§1n the sweetened coffee mix revealed that treB@fEmamsomased the foaming
capacity of the powder by about 65%. Knowledge of the reconstituted beverage mix froth density and
incrementaié volume. ponligbuted by the treated and untreated powders was used to estimate the

amount (corrected to room temperatdre At BrEsSHHYY: fa5rBfe S44Pery B4R Tdder, It was
estimated that §¢ URtiRAIed M%@%J@%ﬁq%%\lj?\?%és%%%cggfgg?re reaéﬁs}ééé%pagwgﬁn% g’gu}f the treated

powder released about 6 cc gas per gram of powder. The po pro opping sound for

a short timelaftessdsprassitriagsio i@l drasily-9fdHue teaeelpe wersiASRRLAIRERd, but skeletal

density increased to 1.04 g/cc and ‘internal void volume decreased to 29%, indicating the force of
pressurizatfSHangRsH Yool bey e alvGHly 520562 906E. déptessmwidaimalppsshed a portion of

previously vacugus internal yoids, formed during particle dehydration, to the atmosphere to increase
Ca%f’y.yﬁﬁ%%%ﬁ%%@ Yé@ﬁﬁﬁ’éﬂeﬂ%‘i}'ﬁﬁ@‘?ﬁ‘& ﬁﬁﬁt%‘f/@f?%fﬁb?a@r@m kf the treated

foaming capa

pouder gt s G OSSAANORLS B SEpIG ol gl e

powder was pressurized with nitro psli, heated in'a tes, and

then cooledita. #bgLicieOm) depoe! anderpiane deRaRVIHHNG: 4AC BSSERRN JARREH Rrgssurized gas

in the powder and many patrticles exploded with a loud cracking sound for a short time
sweetened coffee mix according to the method of Example 2 produced an amount of

froth that completely covered the surface of the beverage to a height of about 11 mm
when about 11 g of the mix was reconstituted in a 250 ml beaker having 65 mm internal
diameter using 130 mi of 88°C water.

[oo58] 6 g of the protein-free powder was pressurized at 25°C with nitrogen gas
at 1000 psi for & minutes in a pressure vessel and then depressurized. Replacing the
untreated powder with an equal weight of treated powder in the sweetened cofiee mix
revealed that treatment increased the foaming capacity of the powder by about 65%.
Knowledge of the reconstituted beverage mix froth density and incremental froth volume
contributed by the treated and untreated powders was used to estimate the amount
(corrected to room temperature and pressure) of gas released by each powder, It was
estimated that the untreated powder released about 3.5 cc gas per gram of poner
‘while the treated powder released about 6 cc gas per gram of powdef. 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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after depressurization. The treated powder had white color, a tap density of 0.32 g/cc, a skeletal
density of 1.31 g/cc, 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

co gas per gramsaf ppwrstto about 10.5 cc gas per gram of powder. [00601 Another 6 g sample of
the protein-free powder was pressurized with nitrogen gas, at 1000 psi, hESIEEH’Y P36 E oven for 30
minutes, and then cooled to about room temperature before depressurizing, The treatment trapped

pressurized gas . nd a comparably even larger proportion of particles exploded with
even louder crggj w%%&%ng (f%érg %%%thatfbnéjég %%%&%ﬁ‘l%é%ﬁﬁ?ﬁpﬁ%% TR SRR JoteRet $ratnawhite

color, & tap densitaOi6kyaleton el ASnsibyelcnld s aM andntermgl Yaiduolume of 19%

Replacing the untreated powder with an equal weight of treated powder In the sweet Coffee mix

revealed that treagnmaniriadrented e feamisg aﬁ@p@ﬁgﬁ@%mQM&%@OWYU%J@@HBS%QSMQ the
amount of gas released from 26 WO 20061023564 PCT/U520051029261 about 5 cc gas per gram of

powder to abod’f“i“?%%?%oﬁgﬂ‘mé‘ﬁpg%f powder. All sweetened coffee beverages had excellent
flavor. [00611 le 4: The f ||OVéing table summarizes the results obtained when additional 6 g
f

samples of the'spray-dried protei free FoURR PGP B REIRILTER BRVdne R mretP Witk hiibgen gas for
e ARG & BLesHiE SR AR PIBERL STIEr RN AL U o S5 50>
about room temperature befare depressurizing. The treatment trapped pressurized gas
in the powder and many particies exploded with a loud cracking sound for a shcrf time
after depressurization. The treated powder had white color, 2 tap density of 0.32 g/éc, @
skeletal density of 1.31 g/ce, and an internal void volume of 11%. Replacing the
untreated powder with an equal weight of treated powder in the sweetened cofiee mix
revealed that treatmenf increased the foaming capacity of the poWder by ‘about ;?a—foid,
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 sampie 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 compa_rabiy even larger proportion of particles exploded with even
louder cracking sound for a short time afier depressurization. The treated powder had
white color, a tap density of 0.50 g/ce, 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

capacify of the powder by nearly 5-fold, increasing the amount of gas released from
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treated powder was substituted for the untreated powder in the sweetened coffee mix prepared

according to the method of Example 2. The Untreated Product is the 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 PYSdde¢@3x$4another sample of the untreated powder thatressysizrshat 500 psi.
Product D is the powder of Example 3 that was pressurized at 1000 psi and Is Included in the table for
comparison. Al' sweetened coffee beverages had excellent flavor. 27 WO 2406/423564 '20 T1U52005;

02426f *~, Fa@gu@midalgvmﬂmgrﬁ%fﬁma%aw dpdepifeecinlirpaieh@ast, Biassurg Pressure Mix
Froth Height: Release from (psi) (psi) (in 250 ml Beaker} Foaming Composition (cc Gas !gPowder) A
250 350 50 P4CBere] SiFe bevmroes-had oseliant 19¢9.1300 5f10 650 - 15 C E 300 F - 100521

Example 5: ‘%\éﬁ?ﬁ' additj Xrgaal samples of treated and untreated protein-free powders of Examples 2
and 3 were Used In an instant Rappultfnisipming ahis surensizes o iestbschtasarehpowder to one

Doverages et e, comban ortrel B Lat IS SRR P o AR A A onstiuted in a
250 mi beghwrdsavingrBbitnmisier g HaMe eI HAAI A 30 MEqf 88T atRr, I dhis product
pressures listed below according to the methad of Example 3 when an equal weight of
treated powder was substituted for the untreated powder in the sweetened coffee mix
prepared according to the method of Example 2. The Untreated Product is the
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 éampte 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,
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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 1200C 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 120C produced froth
heights of about 18 mm and about 35 mm, respectively. The froth produced by the treated and
untreated powdersdaickeseamy texture and small bubble size typical 0" ipstamtseappugeino 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. 25 WO 2006/023564

PcrfuS2005/028f 0T
powder of Example 3 weé

b
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itriguef s

reconstituted with 240 ml of(esild skim rgi#k in a

produce a cald cappucc

sample of th frnamd o!

ToNRkAshE:SABIROT T
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no beverage at a height of about 65 mm that wad ¢ fiptelekosdeer

ate height oflabout 10 mm. The untreated powder was replaced with an equal weight of ano
wder of I:lyamplp 3 that was pressurized for 3
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er to
d by froth
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Reconstitutir duced-a-beverage-at-a-height of about 60 mm that was
completely ,uv%tfgétgy rctlfggéa. eighggé abouH-35-mm- “gﬁe froth-preduced-by-t nd
untreated pa Wﬂiﬁi@'ﬁd—&ﬁ%&#bﬁbb}e—?&f ty'pical of-a cappuccn,jc drir‘.k, but only
the mix contamingsthe treategd powder gagiuced-a crackirng gound when lct,unbuuglgcu continuous
covering of ffoth Was nol pragiifced i Bgpgold cappuctinggg 17

[0062] Example §: Several additional samples of treated and untreated

protein-free powders of Examples 2 and 3 were used in an instant cappuccine mix,

using a weight ratio of about twe parts powder to one part soluble coffee o two parts

sugar to two parts non-foaming non-dairy creamer, to produce beveragas that were

completely covered by froth when about 14 g of the mix was reconstituted in a 250 m|

beaker having 65 mm internal diameter using 130 mi of 88°C water. In this product

application, each unireated. powder produced a froth height of about 8 mm andz

beverage height of about 40 mm. The treated powders of Example 2 that were

pressurized far 30 minutes and 80 minutes at 120°C produced froth heights of about

20 mm and about 40 mm, respectively. The treated powders of Example 3 thatwers

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 beverages without addition of treated or untreated powder. All

cappuccino beverages had excelient flavor,




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 90C in a 250
ml beaker having 65 mm internal diameter to produce a hot cocoa beverage at a height of about 60
mm that was BéhapeteRisdovered by froth at a height of about 8 mm. Thewniseaiedppowder was
replaced with an equal weight of another sample of the treated powder of Example 3 that was
pressurized for 30 minutes at 120C. Reconstituting the mix in the same manner produced a beverage
at a height ofi8883 60 mnrtRERIGS ey dciesadpy i oftthe wieijht of abioeitet5 mm., The froth

produced by eated powders had creamy texture 29 WO 29061023564
PCT1t1S200 /0292%?%?1%%% 1 3ib 8‘%2‘8‘{%&? Sn‘?y?H%%ﬁfﬁ@rﬁe%ﬁ?&%%ﬁmder
produced a aragking enCCUARAEEINRILAEH b CARURORINEE 26§ RN aLAEIght.of only about

5 mm was produced in the hot cocoa beverage without addition of treated or untrea agpowder, All hot

cocoa beveragiegiabhsoslakaecn MS&EmﬁleﬁﬁmmeéW@?éﬁé@ﬂﬂ?gﬁé\ﬁ?d

Protein-free powder of Example 3 was mixed with 13 g of Upton& Cup-a-Soup. The mix was
reconstituted WM ERtHFSFO0E WelteFavarersty dptheaiiehtiabirg 85ouirmtntemnaldianetse o

produce a ho ight of 60 mm that was completely covered by froth at a height of about 12
mrn. The unt g\igtlgg rél&% egé%v%%dfr\é’b L 20 S Rl QA PRATSTBMRIG B kiestEpatRd pavHerteated

powder of Exarepipia takesssrasirized fo. P iDies, #d20CaRecansliuting the %‘?gt‘r?gfg‘me

manner produced a hot soup at a height of about 55 mrr. that was completely

height of abcsar2s mamriEhgoduced a beverage at a height of about 80 mm that was completely
covered by froth at a height of about 35 mm. The froth produce& by the treated and
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 ;:old cappuccino

beverage without addition of treated or untreated powder. All cappuccino beverages
had excelient 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 m| of 80°C in a 250 ml beaker having 65 mm intemal 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 another 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 80 mm that was completely covered by froth at a height of about

18 mm. The fioth produced by the treated and untreated powders had creamy texture
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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 addition of treated or untreated
powder. All hot. soups had excellent flavor. [00661 Example 9: Another 10 g sample of the untreated
protein-free powderméksample 3 was n-iixed with 17 a of sugar-sweetenetkahesrydanered Kool-Aid&
brand soft drink mix and reconstituted with 240 ml cold water in a 400 ml beaker having 72 mm
internal diameter to produce a cold red beverage at a height of 65 mm that was completely covered
by white frothzatcasheigjlituofiabsiredmimnifhesuntreatedipowtier twalsdaplaced wititasdequal weight of
another sample of the treated powder of Example 3 that was pressurized for 30 minutes at 1920G.

Reconstituting B RHEfHHE EronvEIiIvBoA 4TINS 3D 6285 EE arhe it ahrY BRSHlced a

beverage at a_height of about 60, m tI'F\t was cqmpletel ve -edé) white froth at a height,of about
30 1t e ol HCALEALRy ha HEAL oaer i Edtea M e e R P e

bubble size, utpaly thembt ceBEAING Jhedeatedjpauwdespseduced a cracking sound when
reconstituted. No froth was produced in the beverage without addition of treated or untreated powder.

All flavored bguegages had:exceilest ffavahefD06 2k bramplbal OntknotierrbG:o-Seamptevodtbeé untreated
protein-free powder of Example 3 was mixed with the cheese powder provided in a package of Kraft@

brand Easy NxeDmisataranimaiechieds dinheiptyuSénasSidnd bhnapasesireecpeiiiiand cooked
in a microwave according to package instructions. Addition of the cheese powder mix containing the

untreated powdtt 1§48 PASA Hriydirtda a Tl asalif SaNRG f, TEtHTER eiRie thtreated powder

was replacedgggguacg % %levc\’lgiggg ag I\eight of 60 mm that was completely covered by froth at a

height of about 12 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 the mix in the same manner produced a hot soup at a height
of about 55 mm that was comnpietely 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 édditicn of treated or untreated powder. All hot soups had excellent fiavor,
[0088] Example & 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 mi cold water in @ 400 mil beaker having

72 mm internal diameter to predgce a cold red beverage at a height of 65 mm that was
completely covered by white froth at a height of about @ 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
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another sample of the treated powder of Example 3 that was pressurized for 30 minutes at 120GC.
Addition of this mix to the cooked pasta in the same manner produced a cheese sauce having very
frothy texture. Only 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 treatgd,o5dRtrgated powder. All cheese sauces had excellent fIavor.gO0068 Example 11 :

A 50% aqueous solution of 33 DE glucose syrup solids (82% dry basis) and SUHAEE A&t Ve sodium

octenylsuccinate substituted starch (8% dry basis) containing a dispersed emulsion of partially
dried to produce a

hyd t ' 9 basi i injected. and
yooseraedambran sl e e pT OB O I e

protein-free powder comprised of particles

carbohydrate 3l 2006/R23rAH RGTAH2BPR42026 Tnpowsierhadphiie.coloy.Achnlk density of

0.21 g/cc, a tap density of 0.26 g/cc, a skeletal density of 0.52 g/cc, an internal void volume of 64%, a
true density ofilgdatiesied PO wfictS Gadnmanyisturereamkd strafidhbbicddizsUse ohlhenpawder in an
instant sweetened _coffee mix according to the method of Example 2 produced an amount of froth that

completely c&%@&f‘fﬁg NfEREIBF (R é@@%@?@ & ﬁ@@}ﬁﬂ@fsgya_@jmawmwwom oty of the
i was recopsiied . 20D ACRUer g S5 aun merne dameter ysing 130 ml of BEC waer

[0069] 6 g of the protein-free powder wWas pressurize

minutes in a pERssHIENMASEhand dhendapressyrzed. Replacing the untreated powder with an equal
weight of treated powder in the sweetened coffee mix revealed that treatment increased the foaming

capacity of thi#@@igder by abaupko02. AKotberiédgesefiihie ifcbpsiiitatbereragarmipieibdgnsity

and incremental froth volume ,
Example 3 was mixed with the cheese powder provided in a package of Kraft® brang
Easy Mac® macaroni and cheese dinner. Water was added to the pasta in a bowi and
cooked 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 sampie of the treated powder of Example 3 that was préssurized 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. bn?y 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 octenylsuccinaie substituted starch (8% dry basis)
containing & dispersed emuision 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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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
depressurizatiétoprésiiatably due to bursting of walls surrounding diffesipossesirisiad 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 preRRUASAHGH AhlifoPdeprckelinensin dpbhta/acperevriehsivevioudlyo/esasksiarernal voids,
formed duri rti hydration, to the atmaqsphere tooincrease foaming capacity. 32 WO
200610235‘2%”5%%9%3%%?052%?""&36? \IQ%‘HH%%% Beiribie BPB%EYp‘PgﬂaﬁﬁfQ(é‘é» Bdwakr was
pressurizedsi, AiHORBRGRSAHEAP ORI ASAIEC DA A, BYRR Y 30 miauies; and fen cooled to

about room temperature before depressurizing. The treatm rappe pressurlzeaegjeas in the powder

and many paiffietesigxsiociethyitrel alithemekigkapind R6dusBaE Mo @S rdRpIgRRUrization. The

treated powder had white color, a tap density of 0.32 glee, a skeletal density of 0.79 g/ee, and an
internal voii/BRIBN Fa%YEdRkp RurfacethEthertryate depovedeeiglitviabegusd weighhef atested powder
in the sweeﬁqnﬁ%?%%ﬁee mix revealed that treatment increased the foaming capacity of the powder by

nearly 3-fol R WesdrronRtYIasHE rerelmlihrahe L ing & cerg el dianes®howder to

about 9.5 ggd rgﬁ%%t % r, All sweetened coffee beverages have excellent flavor. [0471]
Example 12: %?%Soﬁgér 50 samd% e o?’[he treated protein-free powder of

~ [0089] 6 g of the protein-free powder was pressurized at 25°C with nitrogen gas
at 1000 psi for § minutes in a pressure vessel and then depressurized. Replacing the
unfreated 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 increhwenta! 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 intemal 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

atrmosphere to increase foaming capacity.
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Example 3 that was pressurized for 30 minutes at 120C was mixed with -15 g skim milk powder and
10 g sugar. The mix was reconstituted with 20 ml of 5C water in a 150 ml beaker 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 Wﬂﬁ%ﬂ"éf’.ﬁ%l weight of another sample of the untreated powdefoed dzagmple 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 prodtieédlan unappeEIRi§ LipryRIsHYiig witheotieer atodi textaseratssuneighinf about 20 mm.
In summary, the untreated gwder imparted about 25% volume overrun to the topping preparation

and improvel {RETER AR LRI GRIRS (R (HRAIEPEROS 0015285661 HiFrCaeS2005/02926 1
der i 9 to the toppi f d greatiy | d th
Fexture. All e e R O il e 1o PR Ko rpec s baRaeated
protein-freeinaweeicafuBxammiad hatiues Aissserah D30 BN &Jr?ao%l;}‘é"ggoﬂ‘}xed with 28 g
m

Quaker instant oatmeal. The mix was reconstituted with 120 ml 90C Water inaa '‘Baker having

72 mm interwidedizepete seivaisinr ethwitieztezpoonder dissatvietbaidrowesy B gy sarealgias produced
at a height of about 35 mm that was completely covered by thick creamy froth at a height of about 25
“mm, The frételREI LRI G2 Sl thanskre diiermalvaie whioe ofddfhy, Bepiteiddedure. The treated

Reconstitui e O ) B B e SO Pt e e FHBRIADH SBBR M mm that
was complethesrierast BydiieCiraeasdroibab npiptilab oking md@%yﬁ’égryy@?fold,
increasing the amount of gas released from about 3.5 cc gas per gram of powder to
about 8.5 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 mi of 5°C water in a2 150 mi
beaker having 54 mm internal diameter and stirred with a spoon to dissolve. A cold
fat-free dessert topping having a thick, creamy, whipped-like, acrated 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 powdér 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 ata
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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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 s%;gt'&g{g Mg{%ﬁtose and 33 DE glucose syrup solids (52% dry basis), skim milk powder
(47% dry basis), an disedium phosphate (1% dry basis) was nitrogen injéCtEHEPI/&13raY dried to
produce a powder containing carbohydrate and protein. The powder had light yellow color, clean milky
odor and flavor, a.bulk density of 0,3.4)[9[cc, a tap density of 0.40 gicc, a skeletal density of 0.71 9/cc,
an internal v&gwgﬁﬁ%pﬁ%gﬁ,mg%?dé d/éﬂgwﬁivﬁ@ﬁ‘[é%, %GB BeRAT e 506 6/628% 64

PCT/US2095Q23201 ancBiptrRIcRRISRLOh 8P oMLt HSG.ef the powder in an instant sweetened
coffee mix according to the method of Example 2 produced a moderate amount of froth that
completely cqoarey] the sulaamplthe: bevefagea §q adaigbbetiabeuhitd PrRaIRE:aRMk1dk g of the
mix was reconstituted in a 250 ml beaker having 65 mm internal diameter using 130 ml of 88CC
water. The svretenisd chffdevempsmstainingeh8poimdirshad a0tleansmitkydlavor? §Q0T4kkg of the
powder containing carbohydrate and protein was pressurized at 25C with nitrogen. gas at 1000 psi for
5 minutes in &PRAEstRETNRAsel Ahitheis depresiuiesbuitRéplanihgOiewnisciated Pomterakith an equal
weight of tre%tgedé L{‘J%\o/\g/éier in répe sweetened coffee mix revealed that treatment increased the foaming

capacity of t Y ABsnA ‘ SURCIeR 8RfetiE Pt 4 SEOREHR it BodhsgRo MR Tt elensity
and incremeniapifuqaie SR HER B AR S AN WSS BRASCIS WAS) 1y thick

creamy froth at a height of about 25 mm. The froth was easily sfirred into the cereal to

create a rich, creamy, aerated texture. The freated powder was replaced with an equal
weight of another sampie of the untreated powder of Example 3. Reconstituting this mix
in the sarme 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 freated
powder produced a cracking sound when reconstituted. All hot instant cereals had
excellent ﬂavbrv
[0073] Comparison Example: A 50% agqueous solution of lactose and 33 DE
glucose syrup solids (52% dry 5asis}, 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 coior,.clean milky
“odor and flavor, a bulk density of 0.34 gice, a tap density of 0.40 g/ce, a skeletal densﬁyv

of 0.71 g/ce, an internal void volume of 52%, a true density of 1.49 glcc, a T, of 61°C,
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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 tr‘é&é‘ﬁ%@%@er was not altered, but skeletal density increased/ts @& gmec 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 foamfingaapeeitpritns digntitesis \WE: 2006/023k%4 iR 6T (M82005/022264 ispipported by
the fact that even after one week, the treated powder retained increased foaming capacity. [0075]

Another 6 g sEMPRESTHED I HR e hesioffeamiery preducaddeprotisirate/aspras se fizeckwith nitrogen

gas at 1000 psi.i re yessel, heated jn a 120C oven for 15 minutes, and then cooled to about
room tempera%ﬁ%%?téo%iég\é%r%%sséﬁu?i% © @T?e%‘??f?éﬁ?‘?r@pﬁ@@‘%’Féggﬁﬁ?%’g@ﬁﬂhmﬁémﬂ%r and

many particles e@m@@mgm%q@gﬂmﬁgy%@pg t time after depressurization. The treated
powder had light yellow color, a cooked, astringen‘%, ﬂ%%%%%}} av r(;éga%%] %ﬁ@ﬁ/@?@%@rgle& a

skeletal densitying0198 grios!, gave amiaternal voisbvaldme-8E34%h, &%@Wﬁ%%o%&éﬁta%dap owder
vedle

with an equal weight of treated powder in the sweetened coffee mix re at treatment increased

the foaming célfasityibitiiaveowder by nearly B-fold, increasing the amount of gas released from
r gram of powder to about 20 cc gas per gram of powder. The sweetened coffee

r?t?g l::toi'tii(r:\(i:n%géwggﬁreated CbRIdEF RWLH crriailinp e trabieiaiaanngerieiprose ssesklisuar =
25°C with nitrogen gas at 1000 psi for § 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 160%. Knowledge of the reconstituted beverage mix froth density
and incremental froth volume contributed by the treated and unireated powders was
used to estimate the amount (corrected to room tem perature 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 skeietal density increased to 0.75 glce and‘imem‘ai
void volume decreased to 50%, indicating the force of pressurization and/or
depressurization opened a portion of previéusiy vacuous internal voids, formed during

particle dehydration, to the atmosphere to increase foaming capacity. This hypothesis
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[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 120C oven for 30 minutes, and then cooled
to about room temperature before depressurizing. The treatment trapped pressurized gas in the
powder and a comparably larger proportion of particles exploded with a cracking sound for a short time
after depres&f?i%fﬂ@?ﬁ e treated powder had darker yellow color, cataiiediedzear, a harsh,
astringent, processed flavor, a tap density of 0.44 glee, a skeletal density of 0.94 g/cc, and an internal
void vqumEeSof BY%FKengI%in% t{l%%mtreated powder with an equal weight of treated powder in the
sweetened CorEe Mix revealed that et SE WS Podtose RvFR) 53phsiobY o8 fhereased
the t"oarniryg&%@cg& 5&9? powder by ",-told, increasing the amoun of gas 11 released from about
3.5 cc gas per gram of powder to about 17.5 oc gas per grarn of powder. The sweetened coffee mix

containing fe@8tated powditehed sarpidesiiableiirstmsiingan:uererseeshilayarid0077] Another

6 g sample of the powder containing carbohydrate and protein was pressurized with nitrogen gas at
1000 psi inv@asresztrarizedseithmititgd jrgas 20000 pyin fquréesmiawtaseintditen iaaoiedto about room
temperature before depressurizing. The treatment trapped pressurized gas in the powder and a

com parablf‘é%lfpfai'&e'?“ﬁl’f?ﬁoMlﬁ?‘ﬁb%ﬁ@l%@&@p?@@éﬂfamﬁ teemReikihteseting ideraeshvitiime after

d iZzat] der had I lized odor, a harsh, astringent, burnt
fovor, .25 SNG40 S PCARAI Gt HBh k) B SoRy B TR A AR ST APAtinG of 3496,

e A e e O S
g capacity of the powder by nearly 4-told; increasing the
amount of yakomledlosda cooked, astringent, processed flavor, a tap density of 0.45 glee, a '
skeletal density of 0.88 g/ce, and an internal void volume of 34%. Replacing the
ukn‘treated ‘powder with an equal weight of treated powder in the sweetened coffee mix
revealed th;t treatment increased the foaming capacity of the powder by nearly 8-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 sweetene;gi coffee mix containing the ireated
| powder had an undesirable cooked, astringent, processed flavor.
[0076] Another 6 g sample of the powder containing carbohydrate and protein
was préssurized with nitrogen gas at 1000 psi in a pressure vessel, heated in a 120°C
- ovgn for 30 minutes, and then cooled to about room femperature before depressurizing.
The treatment trapped pressurized gas in the powder and a comparably larger
proportion of particles exploded with a cracking sound for a short time after
depressu rizatfon. The treated powder had darker yellow color, caramelized odor, a
harsh, astringent, processed flavor, a tap density of 0.44 gice, a skeletal density of

0.94 glcc, 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




from about 3,5 cc gas per gram of powder to about 13.5 cc gas per gram of powder. The sweetened
coffee mix containing the treated powder had an undesirable harsh, astringent, burnt flavor. 10078)
Although the invention has been described in considerable detail with respect to preferred
embodiments, it will be apparent that the invention is capable of numerous modifications and
variations, appasenisozthase skilled in the art, without departing from thecspirtancssope of the
invention. 37 What is claimed is: 1. A foaming composition comprising: a powdered protein-free
soluble composition comprising carbohydrate particles 5 having a plurality of internal voids containing
entrapped pre8&sifizess §as, ‘saidnecmpositiohice mpriging gfetiter thane8% tarbolwydiafaand less
than 2% protein, both on a dry-wei%ht basis. 2. The foaming composition of claim 1, wherein the

powdered prot8IREFEE MUTsBRMIe coRTFESItRSH YEMpHOVGRE Lt P SGVFCHAE A1y AR ¥n a
-weigh IS, i iti f clai herej in-f lubl
dry-weig tbaﬂéwdgeghl%@é\&é;@n%é?%ﬂ%%@@%xoig%%%]g iﬁ’e%@é@e 3‘?09\%‘@9%% é\?&%’% e SOUD'E

" a .
composition comprises less protein. oaming composition ot claim i, wherein the

soluble compegite) daleasas rteaskaCla(@m) 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

20 releases af#@d3{5 cc (chodigdsgperrgpanvidhsaidveimpositivimwban aissolvedrid digieid at ambient
conditions. 6. The foaming composition of claim 1, wherein the soluble composition is
was pressurized with nitrogen gas at 1000 psi in a pressure vessel, heated in a 120°C
oven for 60 minutes,and then cooled to about room temperature before depressurizing.
The treatment trapped pressurized gas in the powder and a comparably even larger
‘propartion particles exploded with a cracking sound for a short time afier
depressurization. The treated powder had brown color, caramelized odor, & harsh,
astringent, burnt flavor, a tap density of 0.49 g/ce, a skeletal density of 0.98 glce, 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
| focaming capacity of the powder by nearly 4-fold, increasing the amount of gas reieased
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 ireated powder had an undesirable harsh,
astringent, burnt flavor.
[0078} Although the invention has been described in considerable detail with
respect to preferred embodiments, it will be apparent that the invention is capébie 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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selected from the group consisting of a sugar, polyhydric alcohol, sugar alcohol, 25 oligosaccharide,
polysaccharide, starch hydrolysis product, gum, soluble fiber, modified starch, modified cellulose, and
mixture thereof. 7. The foaming composition of claim 6, wherein said starch hydrolysis product is
selected from the group consisting of a maltodextrin, glucose syrup, corn 30 Sywﬁ,iﬁwn—maltose

of clai

syrup, high-fructose syrup, and mixture thereof. 38 8. The foaming composition m ’i wherein

said soluble composition further comprises a non-protein surfactant. 9. The foaming composition of
claim 8, wheygiataiddi@rdgintein surfactant is 5 an emulsifier. 10. The foaming composition of claim
9, wherein the carbohydrate is present in an amount of from 98 to 99.9% by weight and the emulsifier
is present in an amount from 0.1 % to 2% by weight. 10 11. The foaming composition of claim 9,
wherein the carbolydratefisapiegeinposificinzotiirisifeom 98 to 99.8% and the emulsifier is present in
an amount of from 0.2 to 2%. 15 12. The foaming composition of claim 9, wherein said emulsifier is

selected from theBgPOUHEEARLIAY dres SBlVRlsFareretiivasomarisngearagnskaimpartifsao/di-
glyceride, diheeityd tariaraigsté intérrizonoids-gtyaernitey phosphalipidspuapytegasolael alginate,
lipophilic modif - mixt .Q,13, The foaming compositiap, of claim wherein
said IipophiIigmnt?ggif%ﬁ%?%%ﬁ@%@%ﬁ%ﬁﬁéﬁc%%ﬁ% r';gt?&é) 3% si@rec s&%ﬂ.n%h/‘é %%erar'{i]hg% %Bm position
of claim 9, wieReVME BRI AHRer is a mixture of

2. The foaming composition of claim 1, wherein the powdered protein-free

10 soluble composition comprises greater than 90% carbohydrate on a dry-weight basis.

3. The foaming composition of claim 1, wherein the powdered protein-free

soluble composition comprises less than 0.5% protein.

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

liquid at ambient conditions.

5. The foéming composition of claim 1, wherein the soluble composition
20  releases at least 5 cc (cm®) 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 alcohol,
25 oligosaccharide, polysaccharide, starch hydrolysis product, gum, soluble fiber, modified

starch, modified cellulose, and mixture thereof.

7. The foaming composition of claim 6, wherein said starch hydrolysis
product is selected from the group consisting of a maltodextrin, glucose syrup, corn

30  syrup, high-maltose syrup, high-fructose syrup, and mixture thereof.
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a polymeric emulsifier and a low molecular weight emulsifier. 25 15. The foaming composition of claim
14, wherein the polymeric emulsifier is a lipophilic modified starch and the low molecular weight is
sodium stearoyl lactylate. 16. The foaming composition of claim 14, wherein theipolymericcemulsifier is
30 propylene glycol alginate and the low molecular weight emulsifier is polyoxyethylene
sorbitanmonolaureate. 39 t.t.C)'Y1 WISE 17. The foaming composition of claim 1, wherein said
soluble composition further comprises a dispersed fat. 18. The foaming composition of claim 1
wherein, said particles fbmisdfring cerspigéistingf skitnphrtitles o saidextkivialayazppséssure exceeding

atmospheric RS Hien QL 19 nhisheating.eaid 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 Wilin SHC RN Y. S Lhm e omResien Aliaim AR g e sai
foaming particles releases at lea cc &:mg offgas per gram of said co posflon when dissolved in
liquid atamisiesedpiiRions. 15 20. The foaming composition of claim 19, wherein the foaming
particles releases at least 5 cc (cm3) of gas per gram of said composition when dissolved in liquid at
ambient conditions. 21. A soluble consumable food product comprising a protein-free soluble

10.  The foaming composition of claim 9, wherein the carbohydrate is present

in an amount of from 98 to 99.9% by weight and the emulsifier is present in an amount
from 0.1% to 2% by weight.

10

11. The foaming composition of claim 9, wherein the carbohydrate is present
in an amount of from 98 to 99.8% and the emulsifier is present in an amount of from
0.2 to 2%.

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

alginate, lipophilic modified starch, and mixture thereof.

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

starch is an octenylsuccinate substituted starch.

14.  The foaming composition of claim 9, wherein the emulsifier is a mixture of

a polymeric emulsifier and a low molecular weight emulsifier.
25

15.  The foaming composition of claim 14, wherein the polymeric emulsifier is a

lipophilic modified starch and the low molecular weight is sodium stearoyl lactylate.

16. The foaming composition of claim 14, wherein the polymeric emulsifier is
30  propylene glycol alginate and the low molecular weight emulsifier is polyoxyethylene

sorbitanmonolaureate.
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20 foaming composition comprising carbohydrate particles having a plurality of internal voids _
containing entrapped pressurized gas. 22. The soluble consumable food product of claim 21, Whgreln
said gas is present in an amount sufficient to produce at least 5 cc (cm3) of foamﬂdg%jw of said 25
composition when dissolved in liquid at ambient conditions. 23. The soluble consumable food pr_od_uct
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. 30 24. The soluble consumable
food product accofiding fthel&iam23y ndrepekiteaids shstant, eofteeimbsis anuinstasingappuacino mix. 40
25. The solulgiRen3ipable Pad prrdyg21, 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 5 product, and an instar:t toppibnghp(rjoduct. 26. TZe
foaming compositipn of ¢laim 1 wherein the particles comprise soluble carbohydrate rate an
surfactgnt anz hav?gg Iegéet%%ﬁﬁ'a/% GO Oé]d)%g?ffgl JRIES SRR DesRsrmed fois containing
pressurized §akieshng gris partiaesdas foemangal 04 amsshencissaliregtmiigplaet arabiens conditions.
27. The powgleseh IR RMRg Siam afclalab IR RAT Ela818/°6 8L RARLAfC (Cm) of gas

er gram of said particles. 15 28. The powdered foaming composition of claim 27, rein said
garti%:Ies rel %{EB%?%@&%"&E%&%‘}"Qgéﬁ'grpg?}rﬂﬁlﬁaft%a"i&eﬂé?ﬁ@é@ SPRIAVIRBITEESN liquid at ambient

conditions, transition temperature prior to or while releasing said external gas pressure in a

manner effective to trap said pressurized gas within said internal voids.

10
19.  The foaming composition of claim 18, wherein said foaming particles
releases at least 2 cc (cm®) of gas per gram of said composition when dissolved in
liquid at ambient conditions.
15 20.  The foaming composition of claim 19, wherein the foaming particies

releases at least 5 cc (cm®) of gas per gram of said composition when dissolved in
liquid at ambient conditions.

21. A soluble consumable food product comprising a protein-free soluble
20  foaming composition comprising carbohydrate particles having a plurality of internal

voids containing entrapped pressurized gas.

22.  The soluble consumable food product of claim 21, wherein said gas is
present in an amount sufficient to produce at least 5 cc (cm®) of foam per gram of said

25  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.

30

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

instant coffee mix is an instant cappuccino mix.

40




29. The powdered foaming composition of claim 26, wherein said 20 carbohydrate is selecte_d from the
group consisting of a sugar, polyhydric alcohol, sugar alcohol, oligosaccharide, pplysaccharlde, starch
hydrolysis product, gum, soluble fiber, modified starch, modified cellulose, and mmtyyr}gt\hergof. 30.
The powdered foaming composition of claim 29, wherein said starch 25 hydrolysis product'is selected
from the group consisting of a maltodextrin, glucose syrup, corn syrup, high-mg_ltose syrup,
high-fructose syrup, and a mixture thereof. 31. The powdered foaming composition of clalr_n 26,
wherein said surfactant is an emulsifier. 30 32. The powdered foaming composition of claim 31,
wherein said emulf' ier i seleg?tiqd from the group consisting of a polysorbate, sucrose ester, stearoyl

lactylate, 41 mon6/di-glye8 & U EARRLRi foedBrosiuR olﬂh@rl%’e?ﬂi%,sﬁlﬁ@%holipid, propylene
glycol alginatenkpoypthikicioeddifietlstamhpeases minnsiethzred S Eh e awdeges foesnisgiagmposition

of claim 32, wg&é@grg@geﬁi#fétaﬁﬂmgi&eéjﬁ'?@f&&,iﬁw@ﬂr&?ﬁ%%r%%Q&t?nssltlgrﬁtitmed starch. 34. The

powdered foaming composition of claim 26, wherein partic r comprise a é%p'férseq fat. Ih_ 10
35. The i)owaréﬁ%iﬂ‘ A ESHPLSRBADPYGHA 18, wherein the protein-free soluble foaming particles
comprise less than 0.5% protein. 36. The powdered foaming composition of claim 18, wherein the

protein-free soluble foaming particles comprise 100% carbohydrate on a dry-weight basis. 15
26.  The foaming composition of claim 1 wherein the particles comprise soluble

carbohydrate rate and surfactant and having less than 2% protein, said particles have a
plurality of internal voids containing pressurized gas, said pressurized gas forming
10 foam when dissolved in liquid at ambient conditions.

27.  The powdered foaming composition of claim 26, wherein particles release

at least 2 cc (cm®) of gas per gram of said particies.

15 28.  The powdered foaming composition of claim 27, wherein said particles
release at least 5 cc (cm®) gas per gram of said particles when dissolved in liquid at

ambient conditions.

29. The powdered foaming composition of claim 26, wherein said
20  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 thereof.

30. The powdered foaming composition of claim 29, wherein said starch
25  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.
30

32. The powdered foaming composition of claim 31, wherein said emulsifier is

selected from the group consisting of a polysorbate, sucrose ester, stearoyl lactylate,
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37. A method for manufacturing a foaming composition, said method comprising: heating prqtein-free
soluble foaming particles comprising greater than 98% carbohydrate and less than 2% protein, both _
on a dry-weight basis and having internal 20 voids; applying external pressure exgggggpigﬁ%gnosphenc
pressure to the protein-free soluble foaming particles; cooling the proteln-free_ soluble foaming -
particles; and releasing the external gas pressure thereby resulting in pressurized gas 2_5 remaining in
the internal voids. 38. The method of claim 37, wherein said applying external pressure is conducted

prior to heatingtioeipalticisde 30324yT hetaeibom 05 ORLAT-GVOEFRIE gﬂ&aﬁmmiagp@ﬁ@r&% pr%ssure
is conducte%%mea@ﬁ@aqb gli%%t%‘ét}%!%?ﬁé A a)réﬂ gﬂﬂg?qx ‘LI;EFeép}\eth d of claim 37, wherein sai

heating protein-free solugle ming particles is con € eiPerature _of at_least t_he glass
transition temperature of the particles. 5 41. The method of claim 40, wherein ;ald cooling is
conducted prior to,said {Eleasin the external pressure. 42. The method of claim 40, wherein said

cooling is conduct8d whitéFERALRIGS {PIRDLLAEPRIPYSE prelainrS248heeinmeaithierehdiaim 37:
wherein Saidnfiodifihagspricticke aronsEists tessathanbstituted starch.

34.  The powdered foaming composition of claim 26, wherein particles further
comprise a dispersed fat.

10 35.  The powdered foaming composition of claim 18, wherein the protein-free

soluble foaming particles comprise less than 0.5% protein.

36. The powdered foaming composition of claim 18, wherein the protein-free

soluble foaming particles comprise 100% carbohydrate on a dry-weight basis.

15
37. A method for manufacturing a foaming composition, said method
comprising:
heating protein-free soluble foaming particles comprising greater than 98%
carbohydrate and less than 2% protein, both on a dry-weight basis and having internal
20  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
25  remaining in the internal voids.

38.  The method of claim 37, wherein said applying external pressure is
conducted prior to heating the particles.

30 39.  The method of claim 37, wherein said applying external pressure is
conducted while heating the particles.
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0.5% protein on a dry-weight basis. 15 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 tﬂeﬁ AusuS solution.

")

20 46. The method of claim 43, wherein said spray drying is conducted without injecting gas into the
agueous solution. 43

40.  The method of claim 37, wherein said heating protein-free soluble foaming
particles is conducted at a temperature of 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

10 the external gas pressure.

43.  The method of claim 37, wherein said foaming particle comprises less than
0.5% protein on a dry-weight basis.

15 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.

20

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

injecting gas into the aqueous solution.
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