SPECIFICATION TITLE OF THE INVENTION "METHODS AND
SYSTEMS TO ENHANCE FOAM GENERATION AND QUALITY
THROUGH DISPENSER" BACKGROUND OF THE INVENTION [0001]
The present invention relates generally to beverages. More specifically,

the present invention relateg @ imethedsdox arqdyng an improved quality
foam in a beverage. [0002] Beverages having foam are well known

products. Foamed bevera @ drFH 13@% offee beverages
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protein-based foodp uct, for example, containing milk or the like. The

soluble whitener powgalaenine ReCEES Ak IRY T RIpduce foam upon
dissolution of the powder when mixed with water. Mixing this soluble

whiten@opowiks pritbcatcaifertipioeiglc gkiiéidugotcevammges‘onm&a specifically,
whitened coffee beverage that h sfo mon s upper surface. [0004]
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Basdegbaracteristics that accompany the beverages having a foamed

toppin lly for dispensed foamed/frothed bevera s, e.g
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[0004] Consumers drinking foamed beverages enjoy the additional aesthetic and
taste characteristics that accompany the beverages having a foamed topping. Usually
for dispensed foamed/frothed beverages, e.g. cappuccino type, a quality foam needs to
be generated in a very short period of time and should be stable during a reasonable
period of time so the consumer can enjoy the foam while drinking the beverage.
Nevertheless, the typical quality and stability of the foam arising from current soluble
whitener powders or liquid creamers is poor. Further, the bubble size distribution is
often very inhomogeneous, and the foam texture is poor, soapy and not stiff enough.
The foam typically dissipates too quickly and lasts too short of a period of time for
consumers to enjoy.

[0005] It is therefore desirable to improve the foam quality of food products

such as beverages having foam.



methods for producing same. In an embodiment, the method generally

relates to the use of protein/multivalent cations whereby a beverage

product is mixed, whipped, aerated or sheared, and foam is generated

having a heightened volume and improved texture. [0007] In an

embodiment, a system is provided comprising a powdered protein source

to which a multivalent iSUMMAR SUOK a$IEAINIMENSBION added at the

point of mixing/aeration. The mixture is designed to be reconstituted with
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reconstituting liquid (water) sourc In another embodiment, the
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another embodiment, the system can comprise a liquid protein.
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multivalent cation source (such as calcium or magnesium ions source '
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liquid beverage product. [0012] In an embodiment, the method comprises:

providiNg &t dasrereteamingmsotrées prbvidingoat Jessconecheatialricparated
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source; combining the foaming source, the multivalent ion source and the

liquid $80108é b enetheirrobediratig tee prodibectiedpnpirse dhguemydered protein
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foaming source and the multivalent ion source simultaneously into the .
liquid $808& Intaumrehrguranbsliveentiutlity BestaibrrafDOIPRGism a liquid protein
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agitating, whipping, stirring, shearing, gas sparging, gas production by

chem@&%bld)éném Rabrsigoh, thaseiiedseontrasesrienreminep it valegt cation
LRRPInAtaNs MREEAT- & magnesium ions source) and a protein source, adding them

during reconstitution and aerating with a diluent (e.g., water), for example, by whipping
to form the final foamed liquid beverage product.

[0012] In an embodiment, the method comprises: providing at least one foaming
source; providing at least one multivalent ion source; providing a liquid source separate
from the multivalent ion source; combining the foaming source, the multivalent ion
source and the liquid source at the point of aerating to produce the improved quality
foam.

[0013] In an embodiment, the method comprises dispensing the foaming source
and the multivalent ion source simultaneously into the liquid source into the liquid
source during aeration.

[0014] In an embodiment, the aerating is selected from the group consisting of
agitating, whipping, stirring, shearing, gas sparging, gas production by
chemical/biochemical reaction, gas release ultrasonic treatment, etc. and combinations

thereof.



[0015] In an embodiment, the mixing takes place simultaneously with the
combining of the foaming source, the multivalent ion source and the liquid
source. [0016] In an embodiment, the mixing requires less than 1 minute
to produce the improved quality foam. [0017] In an embodiment, the

mMixing0eqy|ras l@ssctpedlASRCAREISHRIP &b stha deeptavadaealityy with the
foam. [0018] In an embodiment, the foam is stable for more than 1 hour
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source is selected from the group consisting of one or more one
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selected from the group consisting of dairy and non-dairy proteins (e.g.
thg dnuproNsdsHalis] feRdthineralized whey protein isolate product, a low

minerglivad Mhen peaibbdigRlaterRobdat andetaenbinations thereohour after the
[0022] In an embodiment, the multivalent ion source is selected from the
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calcium ion is selected from the group consisting of calcium chloride,
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glycerophosphate and combinations thereof. [0024] In an embodiment, ,
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combinations thereof.

[0022] In an embodiment, the multivalent ion source is selected from the group
consisting of calcium, magnesium, iron, zinc, nickel, cobalt, manganese and
combinations thereof.

[0023] In an embodiment, the calcium ion is selected from the group consisting
of calcium chloride, calcium bromide, calcium lactate, calcium nitrate, calcium
bicarbonate, calcium acetate, calcium ascorbate, calcium gluconate, calcium
glycerophosphate and combinations thereof.

[0024] In an embodiment, the multivalent ion source has a concentration ranging
from about 1 mM to 20 mM.

[0025] In an embodiment, the multivalent ion source has a concentration ranging
from about 2.7 mM to 10 mM.

[0026] In an embodiment, the foaming source, the multivalent ion source and
the liquid source are stored separately prior to combining.

[0027] In an embodiment, the foaming source and the multivalent ion source are
stored as a dry mix together prior to combining with the liquid source.

[0028] In an embodiment, the method comprises: providing a dry mix including

at least one foaming source and at least one multivalent ion source; providing a liquid
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[0028] In an embodiment, the method comprises: providing a dry mix
including at least one foaming source and at least one multivalent ion
source; providing a liquid 3 source separate from the dry mix; dispensing
the dry mix at the same time with the liquid source as mixing/aerating, for
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an embodiment, the method comprises: providing a foaming source;
sty e asriBsrrelreattisd Mt Rls bynvdynrkas @ispdising dpproduce the
Jasmwirgsource and the concentrated liquid multivalent ion source; and
simultaneously mixér]fﬁ)/ae,rating during the dispensing to produce the

improve U oRAP B hsrRsHINSS MR e RoQkREsbdramige source;
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concentrated liquid protein source and combinations thereof. [0031] In an
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embodiment, the method comprises: providing a milk-based product;
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the calcium ion source with the liquid source; and mixing/aerating, for
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or mixture thereof.

[0034] In an embodiment, the liquid source is a coffee-based product.

[0035] An advantage of the present invention is an increase in beverage foam
quality such as volume, stability and texture, of foam-containing products (e.g.
cappuccino type liquid beverages) from a dispenser.

[0036] Another advantage of the present invention is to provide a beverage foam
that improves the organoleptic qualities of the liquid portion of the beverage for
consumers.

[0037] Still another advantage of the present invention is to provide additional
nutritional values to a beverage.

[0038] Yet another advantage of the present invention is to allow a consumer or
operator to customize or control the foam amount, texture and bubble size distribution
of a beverage.

[0039] Another advantage of the present invention is to provide a beverage with

foam properties according to a consumers preferences.



operator to customize or control the foam amount, texture and bubble size
distribution of a beverage. [0039] Another advantage of the present
invention is to provide a beverage with foam properties according to a
consumers preferences. 4 [0040] Still another advantage of the present

inventiQid esalie Ry idam e BICHIPRIQYIdRIGR S at¥nable a beverage
beverages for sale to consumers. [0041] Yet another advantage of the
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of the IEoresent invention is to create a liquid beverage  with high quality
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advantgges) o HoehBr ege BhiNMEe B aR: iR dasaiiRed ol i ARrcylkde liquid beverage
apparent from, the following Detailed Description and the figures. BRIEF

‘B BN IR & YOI SROEDHOA A BYC1A is a graph illustrating

the effpIi4 calkiHBRORGRNIERNAN ASalatdpedagtaie brrdpamvtatioiVige described
ratio (FLR). [0045] Fi%B is a egoraph,illustrati,ng the effect of calcium
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whey protein isolate depending on if the calcium was added with the

powder or with the water. [0046] Fig. 2 is a graph illustrating the effect of
calcium ion concentration (CaC12) on FLR of foams from de-mineralized
whey protein isolateéBRABH PSRRIV dded = tHEC dukfer. [0047] Fig.

3isa i;raph illustrating the effect of calcium ion concentration (CaC12) on

stiffne$4MBHoBits Hdnisa odihBrdlbdatisethfizeHSrhey pref@imssrieentration

(hensaledum wasaddad-1the rawder §P048] Fig. 4 is a graph
iIIustratin%%]e effect of calcium ion concentration gCaC12) on stiffness of

whippéd0tnkigerdBI &kimh SARpIrAHEge thg e iiferagltmyerneentration
@akdashioltheRoveiert[BA4Q] biofHadna aaRrhdiusiRiingte gffert pldleg isolate

addition of a mixture of CaC12/de-mineralized WPI on stiffness of
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the poyudes) (B0} Figabaisghoramiiritisirabio ¢-fhe e e dapdiGalCiBm édRcentration
(%%%ci?)n})?%%rﬁ of foams from de-mineralized whey protein isolate when calcium was
added to the powder.

[0047] Fig. 3 is a graph illustrating the effect of calcium ion concentration
(CaCl,) on stiffness of foams from a commercial demineralized whey protein isolate
when calcium was added to the powder.

[0048] Fig. 4 is a graph illustrating the effect of calcium ion concentration
(CaCl,) on stiffness of whipped, commercial skim milk powder beverages when calcium
was added to the powder.

[0049] Fig. 5 is a graph illustrating the effect of the addition of a mixture of
CaCl,y/de-mineralized WPI on stiffness of whipped, commercial skim milk beverages
when calcium was added to the powder.

[0050] Fig. 6 is a graph illustrating the effect of calcium ion concentration
(CaCl,) on viscosity of cappuccino beverages prepared from a capsule when calcium

was added to the powder.



(CaC12) on viscosity of cappuccino beverages prepared from a capsule

when calcium was added to the powder. 5 [0051] Fig. 7 is a graph

illustrating the effect of calcium ion concentration (calcium lactate) on

FLR of whipped de-mineralized WPI beverages when calcium was added

to the pRAREF0052) Fidedin aaIaRNiHlSHatTR Y LAkt OfCAH BB iration
concentration (calcium lactate) on FLR of whipped whey protein
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dd@b PR taparamh illustrating the effect of calcium ion concentration
(calcium lactate) on FLR. [0054\}3!;:%%. 9B is a graph illustrating the effect of .
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(CORIM FRSAR)AE PERESAGRSPIEEN EaCHINteMAs RAFRE DIReREWRSen calcium
DETAILED DESCRIPTION OF THE INVENTION [0055] The present

Wverist iR ReRMStotein-cation based methods and systems that

produgecs 303y 0b AniEMpLayeE HHRlE HRCBaSFEMObMalanehi My @¢ddentration
texture upon agitation, mixing, aerating or shearing. In an embodiment,

(GrlcHEt gL AR EMF comprises preparing a dry mixture or solution of a
multivad@sucationa®ukce @aphpinisitGaurae: eanssitwingwithcn dibiRBhtration
or solution (e.g., water, flavared. beverage) at the point (moment) of .
Ak ke B'Piﬁﬂ%ﬂ?ﬁﬁp‘?ﬁ@VBPQﬁ@éﬂﬂg‘Q‘)‘%‘PB?iﬂatﬁmBeﬁﬁ%%% calcium was

Jaduet dhayegdn. improved quality foam such as stability and mouthfeel.
It is important that calcium ion source be chemically separated from both
protein and reconstituting liquid (water) sources. The multivalent cation
source can be calcium ions, magnesium ions source or any suitable

multivalent catiqys I EiSGBSER PBIENUIRRTEAN R 2RYTigd in which

foam is desired, or other food products (e.g. powdered coffee) can be

added tw o5 vtk thedReENFHIkIthSMKIeN 1 RiMALAi@ASHRSEd methods and
beverage. The final foamed product can be a commonly consumed

Belrdradeb RS hatEABColate, Beprasct guatibeineceated maluosatnsl dmproved

teifige SipdRra dtResOf hpvesageft RO shegrlif i dIROM CenPaY #RAPHSE method
for example, any suitable source of  drinking water such as deionized

SRREEA I HiSAMR At BFeRY M A J BN B KA At Uiqdyof @ multivalent cation source

and protein source, reconstituting with a diluent or solution (e.g., water, flavored
beverage) at the point (moment) of aerating (e.g. during whipping or shearing) to form
the final foamed product having an improved quality foam such as stability and
mouthfeel. It is important that calcium ion source be chemically separated from both
protein and reconstituting liquid (water) sources. The multivalent cation source can be
calcium ions, magnesium ions source or any suitable multivalent cations. The
reconstituting solution can be any liquid in which foam is desired, or other food
products (e.g. powdered coffee) can be added to or with the reconstituting solution to
produce a desired beverage. The final foamed product can be a commonly consumed
beverage such as hot chocolate, coffee, cappuccino, latte, macchiatto or other similar
types of beverages.

[0056] The liquid source may comprise, for example, any suitable source of
drinking water such as deionized water, distilled water, softened and hard water, and/or

combination of thereof.



combination of thereof. 6 [0057] It was surprisingly found that addition of a
cation source with milk protein powders or separately at the point of
aerating, significantly improved foam quality through a dispenser.
Specifically, in studies, reconstitution of the milk protein powders using

water pieagycoRiainighsSAmauaationCangrEalpn Riasticalbutid WRh milk
change foam quality as compared to a control foam without added cation.

EVSE) MAITANMALIIRAG the HelhsrRPint ] BERHBrovEEM RN Y tigpproved foam
GoUGeRd gthe BFYQIResOSpEATEINY! RIQViRUS]Y BtX@i{0tBe of the milk protein

reconstituting solution in advance before final whipping is achieved. In
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Rithabyeseinguantnadeiaparad mixtssnithothe WithSiotin.SeAmTes. or
by being stored separately from the protein source if the cation or protein

sourcd 9] s mraiiiguRd FBFReEag S dsreutLed)il[Bssgfign source and

tRECHRHIETh GRMReSIHONIS prEvivEiaTesRRIa SRUFEIRIMNIGR adtaltddnin advance
salt is added resulting in a powder mix that can be stored. Another

b Sorlia I RRLRES B ity Rt RarRilor SqrjeRe tShBmiSaly s parate
fotnd addptdeitheoigcerRsliiion segiubial pimuliasevshhwiiidheipraieiary protein
source in_powder and/or liquid forms at the point of aeratio le}gou ha .
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JoydEX g, a3k ali ng aamjtal Mgy aiSeS PN dérasee)c treatment, etc.),
the foam_volume and/qr quality is of improved quality over ordinary . ,
foama {ISAb P T SHRFEVE TORAY O RA PSS R AR S IR b calcium
sohey RIdethesupiateins ploneaeamilahaly copehinationa thehephsptdethes to use a
added }o mﬁilk base, or na,n-dair E;o&ders. It has been found that the use
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Jolgfibynadeiteolttals calciinthsaidscpadicitarlin piecddyenthg m@sd forms at the
effective are mt#}tival nt cations, especially calcium and . magnesium, from .
DU b LIS A D OA b OBFS RO BB AR DB ebZIAd Point of
dystiaxides, bpaitinial vecaompeigndd gy, mixipagiledahd®ao teitigent, etc.), the
1,Dreseni methods and compositions can be used in any suitable
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exam@de)ao Tdispeiising fappartiistgafobe paripd, acdispensingesykiaem whey or
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comparyepisy deacchridanbeewitbuhé e statembbdideeniisieralized or low mineral
whey protein isolate product plus highly water-soluble calcium salt is particularly
effective. ~ The most effective are multivalent cations, especially calcium and
magnesium, from a variety of sources such as various organic and inorganic salts,
oxides, hydroxides, coordinative compounds or mixtures thereof.

[0061] The present methods and compositions can be used in any suitable
dispensing system such as a mixing or dispensing apparatus. For example, the
dispensing apparatus can be part of a dispensing system using closed powder/liquid
from capsules or bulk products. Alternatively, consumers can personally mix the
multivalent cation and protein components in accordance with the present embodiments
to arrive at the improved foam beverage. The methods and composition can also be

advantageous for powder milk systems where added calcium or other cations will not be

detrimental during storage, unlike for liquids.



to arrive at the improved foam beverage. The methods and composition
can also be advantageous for powder milk systems where added calcium
or other cations will not be detrimental during storage, unlike for liquids. 7
[0062] Foam characteristics can be controlled by the amount of calcium

added[ W ¢aaaf HAHRIBKRRE IR BHRBARS IR ISP aRSIMBo R X@IRAIG: added
at pre-determined levels of cations, unique foam textures can be
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with Ium(Ps). [0063] One of the best sources of multivalent cation is
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WwoeRsppRIewEntatign)or enrichment of the mineral (e.g. calcium or
magnesium) is desired, and the method is also applicable for. low-shear

or whippERkSoepdiiindef fqurgesySamiixalepretiivads srr Waicitdfled calcium

i9thies caNantaediiofoeankRigHackREBWAUGRDthamplemieat Slipasn e ARchment of
mixed toT%ether simultaneously at the time the liquid is dispensed or
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150LEBERt dhevHipiR Ofeaeratinge. gIfdlgind dispensingapdferbemgthen calcium or
shearing or agitating, etc.) is efféctive. For example, the compaosijtion can
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sensumushse efestivens laglding depeinRedalizeshvebey protein to the

concentrate and then supplementing the water stream or some other
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tihe nethedwomisedwadding esepasata dpawmdar askien geliquid Gatine, etc.) is
urce, preferably calcium, to a protein squrce in powder and/or liquid. .

RS Sk EaFRBUR, R0 TR BHEBIEb R PHE TIBALGh dPaRlsT Canister via a

dhiangihg aigpenseron hecdispanser edsoberRalippingdyipge dispanseiihal whey

itates or whips the cation source and protein source as they are bei
i Rl
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wligpessiog cantherfeldoved by mixing or agitation of the liquid

compasition in any suitable mixi aratus or consumer for.
et D BEtS IR TR e 1N B R Separate
puatdigniiatian, £0rjm dnoprioviesveicts foefeaatdysakyiaiams anerdcisaussece in powder
a%%ll an accardance Wiflh Fi%s. ]1-9. Fig,.1 s&ows trle effect OE calcium
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through a dispenser. The dispenser can be a whipping type dispenser that agitates or
whips the cation source and protein source as they are being dispensed, for example,
with the reconstitution liquid. Alternatively, the dispensing can be followed by mixing
or agitation of the liquid composition in any suitable mixing apparatus or by a consumer
for sufficient time to produce a quality foam.

[0066] By way of example and not limitation, foam improvements for various
systems are discussed below in accordance with Figs. 1-9. Fig. 1 shows the effect of
calcium concentration (calcium lactate) on (A) foam-to-liquid ratio (“FLR”) and (B)
stiffness of foams from de-mineralized whey protein isolate (“WPI”) depending on if
the calcium was added with the powder or with the water. In Fig. 2, calcium was added
in the form of calcium chloride (CaCl,) powder to a commercial, de-mineralized whey
protein isolate powder (<0.05% Ca®") at different concentrations and dispensed through

a whipper dispensing system at 85° C. The final in-cup calcium concentrations were



stiffness of foams from de-mineralized whey protein isolate ("WPI")
depending on if the calcium was added with the powder or with the water.
In Fig. 2, calcium was added in the form of calcium chloride (CaC12)
powder to a commercial, de-mineralized whey protein isolate powder

RGP0 Bamm)alidiRremt SONCERY atioRsBnddisRRASEH Hirauahfeer dispensing

whipper dispensing system at 85 C. The final jn-cup calcium

WeHrdBRtPattth s BT B TRsorted HBERRS: Ifqid ratios (FLR) measured at

1 and {gysrnptes aftepslisparsie@ewease dagreasad HudheRresanesdiercial, de-
calcium ions, Cat [0067] Fig. 3 reports the effect of dry CaC12 addition to
IBIEBW}HE‘FCY%\[PFH@I%%F% & R StERSSDIatd D Ao Life s¥asrpsasured

Boame stiftnassyias BpRRRURGShBY ihe Rikfrss MyioniSphe@MetRal@kR in Fig. 3,

minutes after dis ensin(t;ﬁ. As shown in Fig. 3, stiffness was greatly

sty exbialipTsddohe falumiddditgantBiEcith &9 sawlsy with 6.2

andvbofrieRciruiens: IBasNikeh slRhaishirdgditaine pRifaiat @ dappdadm layer even
layer even after sjtting overnight. Sensory evaluation was made by a

PR o8 GEEPIEAS HHESRRIcUREHRB atib ity b BaEC se! didPfipgle: As the
qaumber @hserathhubllesaneistiinass wbaiasibesessaidneviamns Aldighiffness

alcium concentration levels, the foam contained fine bubbles an

BRBISHCS ShAlnt AR ar i e R &S s BER PR ABYAEY Hé%g?am contained
fatdhgKlaGhd powdsltDa komiBereimh sKigppoikpaavder resulted in only
a slight | se in jnitial foam volume, but the foam texture was. . ,
impr%fgg%fjﬁéﬁé? - oPRe AflfeSAhbAYIdRE SPRYEIR fiRIgnik powder
rEhedha delyninsighzad WREGa2Zisalcesystesuaayldhethisaddm feaiture was
.generatjon through a dijspenser. [0069] When a 10% mixture (1 WlPl +
5 of Eie B RSP AT S RN ey 1. the de-
pteteinisolatPpawtdesvese agdes todiid aammedcial skim millepolvdehrough a
cg\sﬂ@gé a significant increase in stiffness was also found as shown in Fig.

%rrage mouthfeel was also improved in correlation with an increase
in liquigh0astesiynas soemiurig (6 .cORRILM-~aNIoighe podtels WES@EISD, powder

tested ysing a beverage capsule, and improvements were similar to those, . .
ISR UL 5b YOr X B RIEHT S Hhis dioreesdf shig s kagppercial skim
miksy eatkit (VISKIate skasfiasitad @t mariausiffoacenatibnsfta@l as shown in Fig.
1{_0 mercial de-rrLiPeliaIized K\)s/hel)[/ngrotei isolate powder. As shown in

o TS ST iAo ABCoNVBIIEL et IR (YALb “Boleloa i liaui
dadokity ehtbrde. istHpess @dsialseldohidagedyddthicalalsondaetisiag thiseverage
capsule, and improvements were similar to those described above.

[0070] To display the effectiveness of other calcium salts, calcium lactate was
added at various concentrations to a commercial, de-mineralized whey protein isolate
powder. As shown in Fig. 7, improvements were observed that were similar those
observed for calcium chloride. Stiffness was also enhanced with calcium lactate as the
nylon sphere failed to penetrate the calcium lactate samples.

[0071] Calcium lactate was also added to other commercial powdered protein
systems. As an example, results for whey protein concentrate (with ~0.3% Ca*) and
sodium caseinate (with ~0.3% Ca2+) are shown in Figs. 8 and 9. In both cases, added
calcium resulted in significant increases in FLR. Stiffness for whey protein concentrate
and sodium casseinate (Fig. 9) was significantly increased with increasing

concentrations of calcium lactate. Sensory evaluation by a panel of 5 people of foamed



nylon sphere failed to penetrate the calcium lactate samples. [0071]
Calcium lactate was also added to other commercial powdered protein
systems. As an example, results for whey protein concentrate (with -0.3%
Cat) and sodium casemate (with -0.3% Cat) are shown in Figs. 8 and 9.

vevepibesasessiasidad sicalgivmr aapHad iealg Mifita igesaasas dich lRaracteristics
Stiffness for whey protein concentrate and sodium casseinate (Fig. 9)

ayaelumyRircahiti{yitersstss i) fHESsing concentrations of calcium

lactateo§ensarae vatvatipnely, thpanahel 2 aaphlepioamead o9 lbeuesAgeSaming
also showed significant improvements in foam quality in such

HEFSCRENEIAE 45 l5ahhione QUAHAIHhiRTHREFSrRi i 2 HBYis) 1RFF separate

fesnbepbmenti Varmethosbearppdsebpiavidig fohigmst angdoamineultivalent ion
source; providing at least one multivalent ion source; providing a liquid

QY etad Shar Uit iR HuthieRHYOh ATar EbRIBHHAG the FoRMIY! quality
PR CEHb acmulily alenbdaibns0 Bse @ amnshIbENamiGt iseU rearatthevaapping, shearing,
aerating to produce the improved quality foam. The aerating can be done,

o N TS PR RBHY TSGR HG A TR BRI StifiAg giadng method. In
HPUGHW MEFASONIC HiBah aakey phySUitakieaaesatizgimiKinBemeimdthily of the
an embodiment, the mixing takes place simultaneously with the combining .
ISPILSIoaNTTy JBtrEu thaISH IRt vSA é&ﬂ?&@%&@wﬁ fgUftes o reggpdiately

tieraatiately thereafter. [0073] In an embodiment, the system comprises
at least %9%?#/ protein source; at least one dry multivalent ion source
i

combihg rﬂbeﬁ‘?B? Bhribs &y HSR YR St ?%ﬁ‘i(&’%er‘éréo‘?{é’ﬁ‘?ﬁliﬁ%}me;
digeid: wieteinmukinglaaratingthecdryrhiendl anihthiee feoanstibiiog ligtidn a dry

enerates the impraved quality foam. [0074].In an embodiment, th
D LR 00 Kty el CORE iR ey plend and the
Blisalanidon sdusescsiareths apprately fratitifedpiotein source; and a
reconstituting, liquid, wherein mixing/aerating the protein source, the .
VAR LB GHREOGH e 5 SHHOARG RECH B [ e oY Agpigingouree:
qaesradas the improvie: qoakbufoariofed i5)dmeinyaifobodipritdinesource; and a
system comprise atc&e]fast one congcentrated liquid F{)rotein sougce; at least .
RN HBh QLTSRS I LRI M 1V 1 plEe I afent ion
ssouteejrmincha recomstituting liguid , avhiesepoimbofg@atalingdnadigsiche improved
ﬂ@%ﬁ source, the multivalent ion source and the reconstituting liquid at

Nt or aerating

[0075] In an embodiment, the system comprises at least one concentrated liquid
protein source; at least one multivalent ion source stored separately from the liquid
protein source; and a reconstituting liquid, wherein mixing/aerating the liquid protein
source, the multivalent ion source and the reconstituting liquid at the point of aerating
generates the improved quality foam. The multivalent ion source can be a dry or
concentrated liquid cation source.

[0076] In an embodiment, the foaming source and the multivalent ion source is
dispensed simultaneously into or with the liquid source. The dispensing can be done by
any suitable dispenser. The dispenser can refer to a dispensing machine such as, for
example, a coffee or cappuccino maker or can refer to a consumer stirring or combining
the foaming source and multivalent ion source with a reconstituting liquid at the point of

aerating by any suitable manner.
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generates the improved quality foam. The multivalent ion source can be a
dry or concentrated liquid cation source. [0076] In an embodiment, the
foaming source and the multivalent ion source is dispensed
simultaneously into or with the liquid source. The dispensing can be done

by anyosgiqipe Mispensamdie disppnpeseanseiritam dspensiidsource can be
machine such as, for example, a coffee or cappuccino maker or can refer

Yoratongaher Sirhdlbt IRMGENRIPHE 1O5H g SOMLHUFY mdRivaledfternative

AR SOUIER WHE &yerenshtidinelitiddrtdnecaaiit ffureratingeégiitely stored in
suitable manner. 10 [0077] In an embodiment, the dry protein source and _.
WY ERHFHSRIHANER AR KRS S PR hBF A8 KERYSHILY piib ARG BEf fgnbodiment,

Jaeanatigubesdn o alipeative tembgdineahdhfEivdpraian saweaande can be
the dry cation source can be separately stored in two separate container

SPHAG ST ETbEINBHRE SHSHRTAH Atk anbth MBI bRRRSTE gAgbe: for

R GORGROPA predie divhalsconeemiated liquid cation source can
be se arateligtored rigr to being recanstituted. The protein concentrate .

can bd VRS Bl AbIEMBoriRLs B pRSHRY 38N 5E'S (PeHRREP fodhis faming of

R @nRodimentspbssnethadiead SaivbthisnRiavedine:fRaméngehod can serve to
Jbeverages in a dispensing. machine. In another embodiment, the meth

d
BRIV B4 R O B b LR 68 FREMHoRY A58 HEGE BY 4dding a dry

feanshmeubye acdingls anyihoaringaasitesancthadbndpitivaleniciBno water (also

source ol a blend of the sources to water. (also water could be added to
%%Rﬁfd%?bgﬁa Bﬁ&@%ﬁf{n‘ﬁ SMUERRL 30 PR BB %?ﬁ%‘&qﬁqﬁﬁgd%&éﬁﬁg@amed

Infedusiv@ erptathrpptigatians)afpldA]ohe multivalent ion source should
le so that the multivalent io issociated wh Eehmixe

it 100 P ALk SolGUENS PRRTLIag, 1Ak UM on ha the
1solifegldatCRipiure ioRsoMiaie vaalbbigxeduidth ahealtism @ ésdoisisiangsolution.
R e e SRR et o
dectursastagyedoalbpinpditidrifiealcalaiuacionso]A080¢. Theharultvglenhdouch as
source can be in the form of a highly cqncentrated solution, meaning a
BB G 5 5 e bl ATy s they do
1aft the vidd tivedeatdmisonsed at the time of reconstitution. [0081] It should

be ap[%%%ig]t equtehrafltu. ti\??llhé)r}cttll’]oenesr(])ﬁ)rgg igglgntgg %nﬁlgl'ij(t)?r?lleof a highly concentrated
solution, meaning a solution saturated in the multivalent ion source. Preferably, a dry
source of the multivalent ion is used at the time of reconstitution.

[0081] It should be appreciated that in all of the embodiments any suitable
aerating techniques such as mixing, shearing, gas sparging, Ventury, ultrasound or
agitating can be used. For example, the mixing or shearing may require less than 1
minute to produce the improved quality foam. Preferably, the mixing or shearing
requires less than 0.2 minutes to produce the improved quality foam.

[0082] The foam stability of the present embodiments may last a long time after
the mixing is finished. The foam stability refers to the ability of the foam to maintain a
certain percentage of its original volume and texture over time. For example, a stable
foam may retain its 80% of its original volume and texture over time. Preferably, the
improved foam is stable for more than 20 minutes after the mixing/aerating is complete.
More preferably, the improved foam is stable for more than 24 hours after the

mixing/aerating is complete.
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aerating techniques such as mixing, shearing, gas sparging, Ventury,
ultrasound or agitating can be used. For example, the mixing or shearing
may require less than 1 minute to produce the improved quality foam.
Preferably, the mixing or shearing requires less than 0.2 minutes to

produgec8e) impaavehswaiiame [@O8RInEhsoinae stabiibhfithe one or more

present embodiments may last a long time after_the mixing is finished.

PRREIRSethPERUBP HEfETs HOHHEPABIR) SPUFRS YoRH oS HRAM S ambdtesians thereof.
IReiEIMBO8I Afcits @higidahyalk fRRBAISXRERPVES UME- FHOhQXamBleBteins (e.g.

stable foam may retain its. 80% of its original volume and texture over

HTDrATEIR); (R BRI TS IREORHbIsolBIeREREYHaNDY MingTRdzed whey

pbeitheomisipglagsatingisanmplets (WMese. preterabiyodiadmpmyadif@dmnt ion
is stable for more than 24 hours after the mixing/aerating is complete. 11

JOHE M ARCEREST S AL ARG IARRITY Lot SRR  CBRFIS S Bn & 3 il nickel,
dePWEenath RIASINEIESS AN TEtRIN SIVEGESnIPIHiBEARNMe calcium ion may
combjnations thereof, In an embodiment, the foaming source may . .
ARG S S USIPor HEH S airg prOTR S TEdy: et léﬁgaéﬁaaﬁaéf}um nitrate, calcium
iesrboanadizecawhey pPeRiaiidsolaieipredustarioite Misgialized yiehate, calcium
protein jsolate products or combinations thereof. In an embodiment, the
ShGRRORI © Q5 GPBRAYASHISHEY any suitable ions such as calcium,
mhaganemm moghozﬂgpb@i@mlﬁcméltahuaamaﬂg@aﬁgﬁ@aﬁ@m’airoaliti@@multivalent ion
thereof. In an embodiment, the calcium ion may comprise calcium
S&H‘F&ﬁd’&?%ﬁ%iﬂ?ﬁdbo%r‘rli‘ﬁjB,I%S&fbti&m%88{5t%‘}téalgﬁ?ﬁ?rgm&él?%£@?ﬂm“m amount of
igarbateattalcikirhagetaleiuasladiasdagearidater ealeiet8gLppmated) mM) in the
calciu lycerophosphate or combinations thereof. [0084] It should be
b R D TR aBUIGE B B AU (<SR A0 pprn.
Genusal jritheprasanine ovdedimania. Rrafghablis thednaximumpamouné giroduct.

uItivaI;ant cation, su q as calcium, addidﬁglhoulq not exceed 800 ppm

a

SR A SR RS P 2l (RS ot g Ghe final
produ@Grppoctasé0 Priferatlgnekathyylii thie aloiwoueanbaniradiddeigration ranging

igher, it produces lumps ip the product. . Nevertheless, any suitable
AP E IONlon U SAUF R the Bl DU iy B has a
daeseenirredaratblyinh éonu litvaleDi7iamsoondgerhiss a concentration ranging
from about 1 mM to 20 mM. More preferably, the multivalent ion source

has a concentration ranging from about 2.7 mM to 10 mM. [0085]
EXAMPLES [0085] EXAMPLES

[0086] By way of example and not limitation, the following examples are
illustrative of various embodiments of the present invention and further illustrate
experimental testing conducted in accordance with embodiments of the present

invention.

[0087] EXAMPLE 1
[0088] A cappuccino type beverage was prepared using a conventional dispenser
(Bravilor Bonomat -20) by dissolving 7 g of de-mineralized whey protein isolate
powder in 150 g of de-ionized water. The beverage was dispensed at normal operation
conditions using 85 °C.
[0089] The beverage obtained had a homogeneous liquid phase and high foam-
to-liquid ratio (FLR = ~1.6 measured at 1 min after dispensing). Further, the foam was

stable and stiff, and with desirable appearance comprising uniformly distributed small
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[0086] By way of example and not limitation, the following examples are
illustrative of various embodiments of the present invention and further
illustrate experimental testing conducted in accordance with
embodiments of the present invention. [0087] EXAMPLE 1 [0088] A

IRANMACCIRGA PR BYE R4 BraasdRieRaEBAMSING A aeaventanal sHSRENG.F using a
Bravilor Bonomat -20) by dissolving 7 g of de-mineralized whey protein

st nplondetliat e of gedi vt TREQeVEiegei vl digpdrgatiof the
wiveRigaalaperEen conditions using 85 C. [0089] The beverage obtained
had a homoﬂgeneous qu]uid phase and high foam- to-liquid ratio (FLR =

-1.6 mEESIMelea™ Hith lias apehiSHgy Eatscdnysatitiiakghfe> people.

Bdrshifh Al it desitakla/ennerraaserem RSB eepiasmely distributed
small 12 bubbles. Foam stiffness expressed in seconds (measured by the

"sphere" test using a 5/16-in nylon ball at 2 min after dispensing) was
-700 s. Viscosity of liquid part gfghe] bRvevaeiepvas 1.3 cP. [0090] Foam
and liquid mouthfeel were judged by a taste pane| of 5 people. The foam

and liidP Aot RIS MR4E 38Untith BERMEEptRS. ifons provided by

IEXAMPLE BPQRZ]A «appuGGHRO Lrvaragecivas Mepaegdntdgrdrate.  Calcium
conditions provideﬁ{éﬁl Example 1 but using water with added calcium
GaReaRratioRehie B BeYERRT WBhEBNHBHDN in the final beverage was

150 ppond9096¢ Heedeveragd withombdesnegenanusdighidohass, figh-to-liquid
foam-to-ligujd ratiq, and with a uniform distributjon of small bupbles was )
e eV i AN A e g A
viamipiedlio[ 00 94hRaminaans tiguitbargaaalgriic. properties or mouthfeel

were judge a taste panel of 5 people. The foam and ligui .

o T i TR R e e romoiCiichpeege judzed by a
tHIQOHd e KA e bpB: [0096] b e ppd ¢kinkl bevatdes vatipy eparasitd@ebe similar

conditions videil by Example 1 but using de-mineralized whey protein
RE188E é]&r/é)a% ea]dded calcium lactate, pentahydrate. Calcium
concentration in the final beverage was 150 ppm.

[0095] EXAMPLE 3

[0096] A cappuccino beverage was prepared under conditions provided by
Example 1 but using de-mineralized whey protein isolate powder with added calcium
lactate, pentahydrate. Calcium concentration in the final beverage was 150 ppm.

[0097] The beverage obtained had a homogeneous liquid phase and very high
foam-to-liquid ratio. Further, the foam was stable and stiff, and with desirable
appearance comprising uniformly distributed small bubbles.

[0098] Foam and liquid mouthfeel were judged by a taste panel of 5 people.
The foam and liquid mouthfeel/texture was found to be improved as compared to those
from Example 1.

[0099] The improvements in foam and liquid mouthfeel as compared to the
examples above were also confirmed by analytical characterization. Thus, foam-to-
liquid ratio increased from ~1.6 to ~2.0, and foam stiffness from ~ 700 s to ~2°500 s as
compared to Example 1 and Example 2. In addition, mouthfeel of the liquid part of the
beverage was improved as compared to that from Example 1. This was found to be in a

good correlation with viscosity data, 2.5 vs. 1.3 cP.
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[0097] The beverage obtained had a homogeneous liquid phase and very
high foam-to-liquid ratio. Further, the foam was stable and stiff, and with
desirable appearance comprising uniformly distributed small bubbles.
[0098] Foam and liquid mouthfeel were judged by a taste panel of 5

people. The foam and liquid npoythieekaxwwe rvas found to be improved
as co%red to those from Example 1. [0099] The improvements in foam

and UhfERIPAS B BATEERES tHES eREahSRss Wikl crRAtigisoProvided by
ERdfipred byt aRalytidahshheracisdzation pidtem foametpolididd vadivadded calcium

increased from -1.6 to -2.0, and foam stiffness from - 700 s to -2'500 s as

%ﬂﬁ‘é‘&re@%%&’a?ﬂﬁ?@‘%fr%@lé%?ﬁﬁ@aé bryeidgriv@s hllpRiBel of the
liquid peot 0 fiEndBYRFAGE WisiiRIEE RentsEBRASEAII{IBYRERRand very high

Exam le 1. This was found to be in a good correlation with viscasity data,

oy hasich rtiproo TeBNEx AMPiaem (08101 Aecapputiifo Bl erile desirable
AYpSRIeRALBhpRGAL coNitiARs Rsawded RhHXampples Ly pidgerties were very

de-mineralized whe)&?rotem isolate powder with added calcium chloride.
CARIHRONEX AR the final beverage was 150 ppm. [00102] The

bevera[gal@bqam@daﬁcbaahmmg@ﬂqwmliwatd@b@@%ﬁrwmae/ﬁdga of 5 people.
-to- I|qU|d ratio. Further, the foam was stable and stiff, and with
1&%5? FRBEap %%Wééuﬁ%ﬂﬁfr KeduRirsrAssF R Buted small bubbles.

Foam properties were very close to that of Example 3. [00103] Sensory
evaluation of foam was made nel people. The foam
mouthfeel/texture was found é%@%ﬁﬁﬁm %05104] EXAMPLE 5
[00105[D61oappuwppnbamra@eem@& prapapesparadencndidanripravistedided by

Example 1 but u alized whey pro ein isolate powder.
R e DT ERIEH SUTe UG T 01 PR B gE i alcium
@06HppMCHELE6¢dlteevriagetdtinlenegeneass0o] p;drphase and
very h o- liquid ratio, nd stiff foam were rved., i.e. F
o, o AL ot s SEREet A 1 DAY e g foum-to-
ligeifomimoneie sighibaantheimpoveddsi eOMpRrechaEmm plEfAe{O01 e than
DR S AR RS e R AP ORI S S roved as
compared to Example 4.

[00107] Sensory evaluation was made by a panel of 5 people. Foam mouthfeel

was undesirable (lumpy).

[00108] EXAMPLE 6
[00109] A cappuccino type beverage was prepared using a conventional single-
serve dispenser (Allora). Capsule contained a mixture of de-mineralized whey protein
isolate powder and calcium chloride. The beverage was dispensed at normal operation
conditions using 85 °C. Calcium concentration in the final beverage was 150 ppm.
[00110] Foam quality was similar to that prepared by using a mechanical

whipper (Bravilor-Bonomat).
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was undesirable (lumpy). [00108] EXAMPLE 6 [00109] A cappuccino type
beverage was prepared using a conventional single- serve dispenser
(Allora). Capsule contained a mixture of de-mineralized whey protein
isolate powder and calcium chloride. The beverage was dispensed at
normal operation conditions ysing BSk Aleiyryconcentration in the final
bevera%S was 150 ppm. [00110] Foam quality was similar to that prepared

by usifg’d Fabéh&HHCGHRT BEY (B eVt BIIRBREt) Midgos erditiennRipyiged by
ExIR32] ButARRUCRHIR@UBE VEIRERMEAS AreRaT i NAOECAItIOASY protein isolate

@rovided by Example 1 but using mixture of commercial skim milk (90%)
Fétein isolate (10%) powders. [00113] The beverage with a

homogepepsistikiiBeRbase, Wigh f0RsmiQrieids Nadieidapehvetmashifdeno-liquid
distribution of small bubbles was obtained. Foam stiffness was_- 120s.

o0 241 BRI BRECFTEBITS AL ipiReho BBl srage WA i gae thideyss was

<opgli§ions provided by Example 7 but using mixture of commercial skim
milk powder (-90%), whey protein isolate (-10%) but with added calcium
chloride. Calcium concentratiéfh!tHet &Fe?‘age was 150 ppm.

[00116hd hes peveragrivitibatonage reaustigtiedonage; venaitighs provided by

foam-to-_liquid ratio, and with_a uniform distribution of small bubbles was .
B, P S TDREA R P R e b s protein
ifrs1meExammple tuti.®ithOQNed ¢A0RHOCHILAlY acadancevithaidum the final

embodiments _of the present invention, more stable and stiffer foams with
ore o size distributions were generated in samples with

added[oalcigmiastate dvalyingthim thAoFMeas Calgiin jhas). N Chagg€oam-to-
R e BTl B g ren o o g levp,
stifitheso avficatigiisi dantne ipfeseadapeitpade nvhbtimenisiiasesibed i.e. 500 vs.
&%rtsa.in will be apparent to those skilled in

[00117] In accordance with various embodiments of the present invention, more
stable and stiffer foams with more uniform bubble size distributions were generated in
samples with added calcium lactate (varying up to 20 mM as calcium ions). No change
in foam taste (especially bitterness) was detected even for very high levels of calcium
lactate.

[00118] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without departing from the spirit
and scope of the present invention and without diminishing its intended advantages. It
is therefore intended that such changes and modifications be covered by the appended

claims.

15



the art. Such changes and modifications can be made without departing

from the spirit and scope of the present invention and without diminishing

its intended advantages. It is therefore intended that such changes and

modifications be covered by the appended claims. 15 CLAIMS The

invention is claimed as follows: 1. A method for generating an improved

quality foam for a beverage, the me@IoAlINISMprising: providing at least

one foaming source; providing a multivalent ion source; providing a liquid

Bounvecstpanatd frond tirefobloitivalent ion source; combining the foaming

source, the multivalent ion source and the liquid source and aerating to

produce the improved quality foam, characterized in that the multivalent

fon Somabad dotegmteoriewateisplobkel mudivalértiofoseubceesetectdd method

‘{59{[%%]1% roup consisting of calcium chloride, calcium bromide, calcium
aIC|um nitrate, calcium acetate, calcium ascorbate and

combinetiodmgharises! 2nT FesmiethsehafeClaim 1 comprising dispensing the

foaming SO aal%ﬁﬂh%léﬂvla}{%' éon source simultaneously into the

liquid Source during aeration. 3. The method of Claim 1, wherein the

aeratimgosideig tidid aeures geparicoinginting rroflagaﬂanhgmﬁwr@

whipping, SHIFINGYSIEAAG, 558 M BRRIRESMIFUBREY and the liquid source

chemical/biochemical reaction, gas release ultrasonic treatment and

anshabinGmB IS Plivéreofthe, iMsvestivvalsy Ghaim hamréesirethia Sestathegnultivalent
1@1‘?&9&@%@ %%E?Bﬁé’%i)’ei"’é%l&ﬁl% FRMRNING RfINEIOAINGRAYEE TE eroup

multivalent ion source and the liquid source. 5. The method of Claim 1,

aphereimetrd fealuilmg shipedds salgiemd romitse grsipmcdimsisanga@eium nitrate,
RRUIRTRL RO RAUEES IR IR ORI RAHERS Shillys, Cream and

combinations thereof. 6. The method of Claim 1, wherein the foaming
source is selected from the group consisting of dairy proteins, non-dairy

Proteips, AapinertTsthMh ey RIeEHE 3N AP @ﬁl&tﬁ)ah%%@%%{%zﬁf& the
whey protein isolate products and comblnatlons thereof. 16
multivalent ion source simultaneously into the liquid source during aeration.

3. The method of Claim 1, wherein the aerating is selected from the group consisting
of agitating, mixing, whipping, stirring, shearing, gas sparging, gas production by
chemical/biochemical reaction, gas release ultrasonic treatment and combinations

thereof.

4. The method of Claim 3, wherein the aerating takes place simultaneously with the

combining of the foaming source, the multivalent ion source and the liquid source.

5. The method of Claim 1, wherein the foaming source is selected from the group
consisting of powdered protein sources, liquid protein sources, milk, cream and

combinations thereof.
6. The method of Claim 1, wherein the foaming source is selected from the group

consisting of dairy proteins, non-dairy proteins, demineralized whey protein isolate

products, low mineralized whey protein isolate products and combinations thereof.
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7. The method of Claim 1, wherein the foaming source, the multivalent ion
source and the liquid source are stored separately prior to combining. 8.
The method of Claim 1, wherein the foaming source and the multivalent
ion source are stored as a dry mix together prior to combining with the

Fquirhs qHERS PoACIYSIEM (MASNKATOEAA GURS the waliyvigam o Source and
bev.eraiae, the system comprising: at least one dry protein source; at least

B H PRI R EHST BEH SS RGN BEW Y SRR YIFBRSIn source to form a dry

blend; and a reconstituting liquid, -wherein simultaneously aerating the dry
blend and the reconstituting liquid. generates_ a liquid beverag}% having the

§mpldveleiiainPfoStainbradersR NG doaming moticsuand i souttgalsy ion
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chloride, calcium bromide, calcium lactate, calcium nitrate, calcium
acetate, calcium ascorbate and combinations thereof. 17

9. A system for generating an improved quality foam for a beverage, the system
comprising:

at least one dry protein source;

at least one multivalent ion source combined with the protein source to form a
dry blend; and

a reconstituting liquid,

-wherein simultaneously aerating the dry blend and the reconstituting liquid
generates a liquid beverage having the improved quality foam,
characterized in that the multivalent ion source is a dry water soluble multivalent ion
source selected in the group of calcium chloride, calcium bromide, calcium lactate,

calcium nitrate, calcium acetate, calcium ascorbate and combinations thereof.

17



