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Application 60/590,696, filed July 23, 2004, and
United States Provisional Application 60/674, 267,
filed May 9, 2005, both of which are hereby

i ncorporated b reference in thel r entireties. FIELD
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concentrat ed dai ry products. More specifi cal ly, this
invention relates to non-gelling, non-browning,
organol eptical ly pl eaRengTEmAPREOATIONSd dairy
products, such as concentrated m |k, an t hods. for

pr oducl g application:is relatedenans agimspenay ciked PEAIeS
dlallorst@ﬁéj%bg}hEatléﬁ‘Gblﬁ@@ ¢4d ‘ﬁlecg%)d}/ be, 95%4 Ed Yinited States

rocesse I'Ncrease thelr st nfortunately,
tlhmwmmal Appliatiiory 601674,267, dited mwa §20i05 bothoof witiahn ges

and/ Iat| ur i r oc in ext ended storage.
Fofre X rgorg %@g&%’%??f&?ﬁ 'In(li 533 EBHes: hi gh
tenperatures tends to interact with proteins and

results in an unsightly brown color. This undesired
condition is often refFiELDQF THE WENHOYWNI ng" or a

b
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t hree-di nensi onal protein matrix_ forned
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undesirable in mlk since they inpart objectionable

organol eptic propergies. Al though limted anmount of
browni ng can be ac Kﬁf q’{D?F%E@\‘VEPTQ that no

gel ati piyuRy dBiNP bRIdUCE SUBH 2isi Ailk, irfay bé ithérenallfifocessed to

concent lraatl oan m |Cwl s often de3|9rled becauzamlt

airopease theirsstabilityr Unfortunately, thermally treating milk often results in
color changes and/or gelation during processing or extended storage. For

example, lactose in milk heated to high temperatures tends to interact with

proteins and results in an unsightly brown color. This undesired condition is
often referred to as "browning" or a "browning reaction." Gelation, on the other
hand, is not completely understood, but the literature suggests that gels may
form, under certain conditions, as a three-dimensional protein matrix formed
by the whey proteins. See, e.g., Datta et al., "Age Gelation of UHT Milk — A
Review," Trans. IChemE, Vol. 79, Part C, 197-210 (2001). Both gelation and
browning are undesirable in milk since they impart objectionable organoleptic
properties. Although a limited amount of browning can be accepted, it is
preferred that no gelation or protein aggregation is visible. ‘

The concentration of milk is often desired because it allows for smaller
quantities to be stored and transported, thereby resulting in decreased
storage and shipping costs, and may allow for the packaging and use of milk
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quantities to be stored and transported, thereby
resulting in decreased storage and shipping costs, and

worgocaldsesv f or t he packagi ng and use of m | ki NP@DUS2005/026024

efficient ways. However, the production of a

organol eptical | ypl easing, highly concentrated m |k can
be difficult, because the concentration of mlk

gener ates, even nore pronounced pr obl errs with gel ation
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great e ency to undergo protein gelatlon an
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cheledep iR Rt ol E BTl ulS B ltatuet ddes
r gepstheimitingdhk aishble stiulf Iife oMHengroaiuctyi Clsndastrated milk, as a
concentrate m | k and many factors affectltsﬁ_bge ation

i FesHit) is gpnesalhelimitediiheondeatratioRa hglovsabputd Rercgst ttal
| 9Gi|ded rd‘t@wllagéﬂs(b%'itﬁk abbay gBFUe?u rﬁf’?‘éﬁlepf nféTBﬁr‘ésé%’an 6

sever| ermal treatne r'ot
pmmm:m on factors, m crobiol ogical qual ity of raw

i1k, st t t dt ddi
Cont enfuRis0Gs SRR Sedl fenariropelaliol 3 tidiuning of
enfilk -andd@retrateilk an&fnﬁw ﬁacﬁfrs Mﬁ%@flﬁd} geftitioh |ﬁrr‘ﬁ§|k have

Cal ci um Chel ati ng Agents on | ati on” 0f Renneted
Skeem Memlfledsfxasmeqeﬁwmnqrs lrccéme relciure(chglatjon and/or

qurﬁﬁl?ﬁgtrlg&ﬁi; ?ﬁé'&%@éﬂ??f @gé[nf %gfrﬁu Io%tgf) grsgsg g\i!k production
DﬁadtofrssﬁhchbIbI&gicélﬁxuéll@?of(réﬁgﬁﬂk sﬁra@erteﬁtpeaéture and time,

Pol yrmeri zation of Casein on Heating M.k Int. Dairy
Jad%‘){'S%% fgbeontegy pH, apeiae HR! yémergat'%n OfcASeins e, e.g.,

CLRBBIGKB1 81 TSR ANSa A Ol ORI Aot on e

( GdRticst efr Rémratdd Gkirodilk,'a84:d 56041675 (200d); anceRuizet al.,

Vp&helrggeszin ys%oc%en?lcal ﬁ%pel\%lelé o Reettor%JSterilized Dairy Beverages
During Storage," J. Dairy Sci. 81:2116-2123 (1998); EI-Din et al.,
"Polymerization of Casein on Heating Milk," Int. Dairy J. 3:581-588 (1993);
McMahon et al., "Effects of Phosphate and Citrate on the Gelation Properties
of Casein Micelles in Renneted Ultra-high Temperature (UHT) Sterilized
Concentrated Milk," Food Structure, Vol 10, 27-36 (1991); Harwalkar et al.,
"Effect of Added Phosphates and Storage on Changes in Ultra-High
Temperature Show Time Sterilized Concentrated Skim Milk. 1. Viscosity,
Gelation, Alcohol Stability, Chemical and Electrophoretic Analysis of
Proteins,” Neth. Milk Dairy J. 32: 94-111 (1978).

The production of concentrated milk, also known as evaporated milk, is

known in the art and may be produced from whole milk, partly skimmed milk,
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Al cohol Stability, Chem cal and El ectrophoretic
Anal ysis of Proteins,” Neth. Mlk Dairy J. 32: 94-1 11
(1978). The production of concentrat ed mlk, al so
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G blfatlstetidon ok AtHer Anmonate TRt Os s i desirkecencpgyaton. The
SFlcifiay besidiiogered @%ﬂa@?%“ﬁﬂ%%de rudkeg8d. i
ofdditiaguh @E&lbjhzaﬁsaitheayrbbladdledttorf@jp testuge the riskgif coagulation

o SERE iR 5t Bay PG R Lo8Peratlied Or findl iofbeg Fifer
U@eﬂire)brleme@'p‘a@ﬁa@hg higle grodaét iy eterilizedy S@@ﬂﬂ&hﬁbn ueGally
for relatively | ong periods of tlneq({a )éabout 90 to

Wg:ﬂveﬁzeﬁ@rﬂfgllatlggyuew temperteies fapr longgperiods of time
Lg‘%gd QB'tQ %b&)ﬁf'ﬁ%% %r?bc;fggéﬁeéb%ut %6/ MinB &) for relatively
high temperatures for relatively short periods of time (e.g., about 135°C or
higher for a few seconds).
The degree of sterilization or the sterilization value (F,) is based on the
time that the dairy product is subjected to specific temperatures and is a
culmination of all thermal treatments that the product encounters during
processing. Consequently, a desired sterilization value may be achieved
through a variety of processing conditions. Typically, concentrated milk is
sterilized to a F, of at least 5 and preferably to a much higher level (e.g., 15 or
higher). Unfortunately, as discussed above, high temperatures or long
exposures to elevated temperatures, as are generally necessary in
conventional sterilization methods to achieve the desired sterilization values,
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CoBlaTs thectbiah iy Brefod L thefFroBLeY ot Bristlele thepragessing
N"BatUeadired td 8cHiedd Al dlired ™ a@irtf thergraphical method, a heat
time-tenperature data during the food' s sl owest

heenetretigrocuive (iag.e acliapkicaldlot ofdemperatiire yersusdisne)matitee
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PBResEReatY REaRb ARURoRHE odtely e hEasil bl are then

t busdividediintedsrhall telei insrenterds and ¢ide Bfthisétigmieha temperature

e (i.e., .

fogacedime ingrement &ﬁ?é?t&g@?i@r\sﬂev %w&@ Igttiality (L) for

S J}F@ i ' f food is required. The

hégzé‘ﬁ%e p o?ﬁsﬁu;?{e&téﬁlgmggé?tl gbl into small tinme

increnents and the arithmetic nmean tenperature for

each tj rr_e14')(laq:zq)grrent is calculated and used to

deternrne'tethality (L) for each nmean tenperature

using the formula: L =1 0 (T-121)/z Were: T =

arithnetic nmean tenperature for a small tinme increnent

i MVhege: z = standardi zed value for the particul ar

m cr °°"r9@ahﬁ1%et?cf‘r%an temperature for a small time increment in °C;
z = standardized value for the particular microorganism; and
L = lethality of a particular micro-organism at temperature T.
Next, the lethality value calculated above for each small time increment is
multiplied by the time increment and then summed to obtain the sterilization

value (F,) using the formula:

Fo = (tr(Ly) + (t)(L)* (ts)(Ls) + - .
Where: _

tryy trp0 - . . = Time increment at temperature T1, T2, . . .,

L,, L,, . . . = Lethality value for time increment 1, time increment 2, . . .;
and

F, = Sterilization value at 121°C of a microorganism.
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L =lethality of a particular mcro-organi sm at
tenperature T. Next, the lethality val ue cal cul ated

w@bweei1dses each small time increnment is nulti pbdBUSIYS/026024

the tinme increment and then summed to obtain the
sterilization value (FO) using the formula: FO = ( n

)(L 1) + ML 2)+ ML 3) +. . . Were: tT1> tT2

= Tinme increment at tenperature T 1, T2, . .
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ﬁé* [eherthFof JaY.o ?%mpawurteeFregd Brefesvationaand
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PMicrebindagyofD. Rn&lemraala.oedab |cstt i16sNeiv Yok Mspén IRublishers.
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el dradanGYS FBbraAched Torbs PraCHORRrprsaB T isndk have been

Vabbtﬂﬁén%ﬂmﬁﬂ%él@rwm@x D & edte i, 860 %170 er&bro%te%
m | k have been docunented. For exanple, WIcox, U.

Peieshed to BEEIUGE A canosotratess milk wsingo rwaqcﬁmloc!up@staurlzmg, and

ARy o B A B ool A oot Whcnes

Cﬂm:@@rtdeﬁtnaﬁﬁn owmnxcm atpq:mhﬁfatéltz 6qsuTceNnt St @irkf
m |k to approxi matel /é)ercent sol ids using
f SrewarmngRtabos dde Cii% F24o0Aout sy minides pEOH%ut es

R et PRy R e AT e Ao p o Bl P

- atontendtatibdy and ste3hizalj@6at abor7AHp 1I3°CL(26d t8 270°F) for 1 to 3

m nutes. Bl ake, U S. Patent 4,282,262, is directed to
a™MBY®Sd to produce dairy based mixes for frozen

desser BakeBlLrE ePdient UTB5262, T8 difebleand d MREAIPH produce dairy
based mixes for frozen desserts. Blake discloses a milk-blend fraction
comprising a specially prepared concentrated blend of milk, sugar, stabilizer
salts, and casein-reactive gums. Blake teaches the concentration of a milk
having between about 1 to 9 percent fat and added stabilizer salts to about 25
to 36 percent total solids, after which the various other components are
blended therein. Initially, forewarming is continued until the milk has a
standard whey protein nitrogen test ranging from 4.5 to 5.5. The cohcentrated
milk blend is then sterilization by heating at 104 to 148°C (220 to 300°F) for 1
to 8 seconds.

Reaves et al., U.S. Patent Publication 20030054079 (March 20, 2003),
discloses a method of producing an ultra-high temperature milk concentrate
having 30 to 45 percent nonfat milk solids. Reaves et al. teach the preheating
of milk for 10 minutes at 65°C (150°F) to produce a preheated, milk starting
product, which is then pasteurized at 82°C (180°F) for 16 to 22 seconds and
evaporated under elevated pasteurizing temperatures (i.e., 10 minutes at
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bet ween about 1 to 9 percent fat and added stabilizer
salts to about 25 to 36 percent total solids, after
whi ch the various other conponents are bl ended
therein. Initially, forewarm ng is continued untll t he
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Consequently, there is a desire
methods.

SUMMARY OF THE INVENTION

The invention is directed to a stable concentrated dairy liquid, such as
concentrated milk, and a method of production thereof. The stable
concentrated dairy liquid comprises a dairy liquid containing at least about 8.5
percent protein, wherein the protein comprises serum protein and casein
protein, wherein the dairy liquid is forewarmed prior to concentration, wherein
ultrafiltration, with or without difiltration, is used to concentrate the dairy liquid,
wherein certain components (i.e., stabilizers and mouthfeel enhancers) are
added back to the concentrated dairy liquid after concentration, and wherein

the resulting product is subjected to a heat treatment (e.g., retorting) to
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about 6 nonths storage at anbient conditions. There is
al so a desire for inproved nethods to produce such
concentrated mlks using a thermal treatnent

sufficient to sterilize and at the sane tinme prevent
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e standardi zed prior to
atdustaboat Mrpmruemﬁmotalmmd:mrmmh@hasmh aélﬂastaﬁb@w 9 percent
Ievel over the same and/or different production rungs.
FRFR8EY nore, the resulting concentrated dairy |iquid

has a %%rméth%@ttbgﬁo&@éél%&Qs@bl@éodmt@ Qairgfiquidhitilizes
at | east about nor e referabldgil at Ieast _about
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( R1gS prodlbkys atddigarjuidhaving @ sterilizatioarat Fyveiue of at least 5

pr(gIe%r%l?)llyyaﬁeast about 6.5 and more preferably at least about 7.5) that is
also resistant to gelling and browning during high temperature treatment of
sterilization and during storage under ambient conditions for greater than 6
months (preferably at least about 9 months and more preferably at least about
12 months). The method balances such thermal treatments to achieve the
desired sterilization and, at the same time, to achieve sufficient crosslinking of
serum protein in the concentrated milk to resist gelation and minimize
browning reactions; the addition of certain components (i.e., stabilizers and
mouthfeel enhancers) after ultrafiltration step improves stability and significant
enhances mouthfeel and other organoleptic properties. Indeed, mouthfeel

and other organoleptic properties are very close to the starting dairy liquid.
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concentrates having at |east about 8.5 percent
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t%r%vdarr‘r\ﬁﬁ{q is%rned‘ob?%ﬁﬁo-@fﬂ?jé%ro@éssg%hﬁ |'|§in raoﬁr%t 8tage at

is ared lon in soluble protein of grea
alabout 86 tcpeboehioo 9 far@baut ¢ talebaut @mn@tegsfoumv@@ Ry a second

;’in L %IoatB %@?%b °C Yo dbdtRIUb aHBLRBOEREbNEL! Rlthough

not W|sh|ng to be limited by theory, it is believed that the serum proteins are
predominately crosslinked to the outer surfaces of the casein protein micelles
and/or otherwise form aggregates, thereby reducing the soluble protein.
Moreover, such processing allows the production shelf stable concentrated
milk having 8.5 or more percent protein; indeed, shelf stable concentrated
milk products have up to about 13 or 14 percent protein have been produced
using the methods of this invention.

The present invention includes a method of making a stable
concentrated dairy liquid, said method comprising: (1) providing a dairy liquid
containing serum proteins and casein proteins; (2) forewarming the dairy
liquid at a temperature of at least about 60°C for a time sufficient (generally
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step; this reduction is determ ned taking the protein
level at a pH of 4.6 before forewarm ng step as 100

w@eooeemso@nd nmeasuring the protein | evel afterpe¢h®es2005/026024

forewarm ng step. It is generally referred to as "pH
4.6 soluble protein." Forewarm ng can be carried out
at tenperatures as | ow as about 600C al t hough | onger

SR A S B0 LS e S Seblrad i s Rioae

7%@5& |ék$e%fbpnera§tdas@utti@ é&@ﬁwﬁrmm% ES(U'bRéjprotelR (3)

requi red. For exanpl e, effectlve forewar m ng of
seencantratidgithe fd»rewarmed gairy diquigr toi form @firshintermediate dairy

RS 0N b Bt OB Etron

abarried A Gsingy ulgbftittien WathadrQuithdut efidfitistion; (4 é’dtﬂh@ ar
enbodi ment, the forewarming is carried out

t aigbdizagand agpeuthiesl @@haacergtoéheufnr%ttm@mgé'akg daiyy liguigdo
d
bfrS SbediP a8 inid B, S ) Sttt fe (s BLb I
gbmnnl ddiste ctdlxyutqu&Da'sa%ﬁmperaélAiletdmgin agb?e}sﬁﬁldimﬂ td @btain the
e . | | eve a e ] .
oPi et aeR! it yheris e siable Sancentald gy liquid
Eé %CFesofOJt 148 5Cateidin @ﬁ@%@%éhd‘?n@éirﬂ at@@du&r Iiéquid is resistant

ot herw se form aggregat es ereb ucli n
st gmjrahorp dotieg Bterhmam and \amm:rpﬂ‘@cﬁabler@mbhtratedt dairy

DR 8 8BEE os P4 fr SPRGRERDOLE Pt Bt s8Fads Bnder
c affbRstiticanafiofs! Prefepablg tise Bavdhd intérneitistetdald IRjuidlis

percent protein have been produced_using the nethods
ofesisiant forgalatioroand Prawnipg sefngisterdization and dhe gtadle

n@[)@é)&ltﬁﬁeﬁglrﬁpgﬁd% ﬂ?g %Tﬁfﬁg é]oé{ua'? ﬁgd g?%\g%(ipgifﬁféﬂﬁgst

]tc:abbaﬂ $ik ng)mtbi uﬁsamyage?pde@mmeas eomdipiorg. eFosab?tﬂ)BX milk,
r r m ai.ry.ligui t t r r

BESe bbb i fBoranTnd in SR it Rissca st Stk 2 3575 60cto

SQbéﬁpm R aBBLED té QbBWMnu@%QWVV&ﬂbg%' g@cohuq;%gb at

having a reduced | evel of at |east about 25 percent 'of
pﬂbaum%tmab@tdﬁ@f@lfﬁr abayt ttnalkoutralt segpndsemore preferably,

t}\}a n%%e i§ ai gbi)utoéﬁ F(l) 56)th(§deafoF aBSut é ch SBgS‘tdAi ﬁ{lr?utes and
the second stage is at about 105 to about 115°C for about 15 to about 45
seconds. For about 5X milk, preferably the forewarming in step (2) is at about
70 to about 100°C for about 1.5 to about 6 minutes. These ranges may, of
course, be varied so long as the desired reduction of pH 4.6 soluble protein
(generally at least about 25 percent reduction, preferably about 50 to about 95
percent reduction, and more preferably about 70 to about 90 percent
reduction) and the desired stability of the final product is achieved. In one
embodiment, the sterilization is carried out by (a) heating the second
intermediate dairy liquid to a temperature of about 118 to about 145°C within
about 1 second to about 30 minutes and (b) maintaining the heated second
intermediate dairy liquid at a temperature at about 118 to about 145°C for
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liquid having at | east 8.5 percent total protein,
wherein the concentration is carried out using

wabkdos@iashé ration with or without diafiltrati onPC1/4%2005/026024

addi ng a stabilizer and a nout hfeel enhancer to the

first internediate dairy liquid to forma second

internmediate dairy liquid; and (5) sterilizing the
liquid at a tenperature

FaOU T 3BCQRS Iant g M aR. il cRBiTad dbponcenirated dairy

_ ) o ot |
CRUAEESA Bedibrhdudizqd BHbElo PRREGI. IPBoits i sgoond
vihtargiediatb elaiydignil cant ke staidardizedipripr td thei sterilization step.

SRR FanrlaraBElR SRt %5s eraBinc hngR over the

rtﬂﬁ'bﬁﬂr@ﬂbng\ﬂitﬁ R Aithe0t difiltradion) SR siREOlandhidiFRN S tAE

storage under anbient conditions. Preferably the
ssasond intermediaie geiry diguidycauld;gpaestsor wariatiomstin the

et RuARin f e st tienfedod Bl EPaf RpgliFaitration
gstep! iUnIngakirafitteationngitt or witholitedisfiltrationito prepan® at3taobX
storage under anbi ent conditions. For about 3X m

| Kk,
prascentits wilkgenesplburaskit i ajtatad salids eonteRkof rkayt 42 to about
fi . :
A BEr BT R R s on Rty eon Method R SionflcaRPatibut bftne
llattase atwbunineralsaLefremoxbd wurihgttibe abocentfdlionestepdIhe
B PRI B8 S o 1 b8l aLRgHE R0 €5 porcent
Seofdlf. stage is at about 105 to about 1150C for about

15 to about 45 seconds. For about 5X m |k, preferably
t he fof kavaresanyinvenspa glgprovislesta sligble cormendatgshdairy liquid

w1y G SBRELD 1§ aBol 1S 8Htenf el Hicfiin, AHARY 4§ 868ut 17
r perdent fan, aboutlo. s tdabolitubperdendmeferalgigratioat D)6 @tabout 1.5
| east about 25 percent reductjon, Rrefglr"ably abaou

t BergsBlltagese.ch 0-02 koA Pence h%tr"‘ ' 5%19@%%9({!‘1%905 to
2t 178ekggf‘ﬁﬁﬂ§t/hfggl Ma@fc%?; WisEhh th@@ta@l@%aﬁj&@ntratedl dairy

desired sta the tinal product 1's achieve
olipuic ivas éi Iipoft 5 ta Akowlt ¥ and winerein the stable cencenitateéy dairy

PRI BT b

ambient conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a flowchart illustrating the general method of the
present invention.

Figure 2 provides a flowchart illustrating a preferred embodiment of the
present invention.

Figure 3 provides a plot illustrating stability and mouthfeel of the
concentrated dairy liquids as provided by the present invention as a function
of the concentrations of stabilizer (i.e., trisodium citrate) and mouthfeel
enhancer (i.e., sodium chloride). The methods used to prepared these

-10-
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about 1 second to about 30 mi nutes and (b) naintaining
the heated second internediate dairy liquid at a

WO eovpeIBbar e at about 118 to about 145C f or abopdT/LIS1H05/026024

seconds to about 15 minutes. If desired, the
concentrated dairy |iquid can be honogeni zed prior to
packaging. |If desired, the second internediate dairy
liquid can be standardi zed prior to the sterilization

se@frendgian daisy atids are as esrertially andaseribpd dnExample 1 except
SRR S PN Sl bt OB st e
the second internmediate dairy liquid could correct for

variations in the concentration | evel of the first
i ntermedi ate dairy IihﬁTé"LFP SORETPN r afi I tration

st ep. ' ; j i i ' . ) .
G af 1 [T R B a8 el B drid i dnglepticalypleasing
geonmealtiajed dainy tiquid havingtgreatssithars about &5t pertentdotal pidein

t bout 4 ercent. Wih h ¢ ntrati.o t ho

- ol ERNFERRE nan b PercEBLER ArBlaiRk Wk S Be stable
I eoRiERtratiet Haly liqeid HRRCedlEa eVl 6f Sublétotein prior to
concentrated dairy liquids of this invention contajn
aﬁom@%ﬂatlaﬁd>l§tn§BU%’aﬁ@fﬁ@@ﬁﬂN'WrWt\@'ﬁhQUtﬂ'ﬁ“%am nyherein a

i 'l | i | I i . .,
| PSBRge P and afoRl g1 SihaBo! A8 IR MLRERACfRIG Hairy liquid
ppdretorsterdization OwRBetein tHzointerinédiste daity ligaid isakeistard &

e B 3 sBEhEEE aliocth G’ Sigurerspie b6 *°
ﬁ%ﬁﬁéduza%de ﬂﬁwli@g;ewé résiftant © qtn lén@%li-&ﬁnihtg for at Jeast

f eel anc wherein the stable concentrated
daboyt gix mandhsabsterage undey arobighbboenditiorsdTheeoptentrated

SRR R BB L e B G4 A e
upeiederdrdie®ahirg n?@thtﬁav_ a BRErifiza iU EH O abfeabtiabout 5
DRAW NGS Flﬁ;ure provides a flowchart illustratin

{ frsetganbly at Terst ABRULS. 3 Nl (i0e Braierab At leait abpufir &) 2The
gh@b\(ggﬂ?ﬁv@n{i¢ﬁt\gﬁg‘3ihélubbg Wdthahd RPoBtall S6&H ESfkentrated dairy

nment o
liquids.

In general, the stable and organoleptically-pleasing dairy liquid is
formed through a muliti-step thermal process to achieve a desired sterilization
value and product stability characteristics. For instance, the method
comprises forewarming, concentrating using ultrafiltration with or without
diafiltration, and sterilizing steps that provides an overall thermal treatment
that produces the stable concentrated dairy liquid having a F, of at least about
5, preferably at least about 6.5, and more preferably at least about 7.5.
Importantly, a stabilizer and a mouthfeel enhancer are added to the
ultrafiltrated milk concentrate prior to sterilization.

Figure 1 illustrate the general method of the present invention. A dairy
liquid is homogenized and then forewarmed to a temperature and for a time

effective in reducing soluble protein by at least about 25 percent, preferably
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present invention. Figure 3 provides a plot
illustrating stability and nout hfeel of the

weonneemsn@t ed dairy |iquids as provided by thep@r/esmnt/ 026024

i nvention as a function of the concentrati ons of
stabilizer (i.e., trisodiumcitrate) and nout hfeel

enhancer (i.e., sodiumchloride). The nethods used to
prepared t heseconcentrated dairy ?w ds are
Ry aheutn tp akoySS-persent, |<’=WdE§a§fﬂ3Pf qrabwc@pabwialo o0

h
CPECENI (e B8RSRl LA 146 B RaH), "TRE forRARMER dairy liquid
dllsrthem edncmtﬁ?tlebed)}the;dehi'eﬁ fevdl, gtene{ally greater than ab%ut 3X
n - easlt.n concentra ul
LI e YRR Sy iTe S aBRadr sombines withsisflikton
(@@Hnﬁheéenﬁmrxfu%ﬁﬁﬁ & cémeme@tw.m d%fRPa’tfgﬁmhet &aﬁﬂtrat.o

protein), wherein the stabl e concentrated dairy |qU|
hsl’mm@@&maurlde@dehngbr sfteuvltrafifrationi Aftaritbe coocentration step,

P ERER Bl ShERl 1L Rb0a0-4 A
emoatifesl aifanzes ede ther! Agdddiocthee@dmdgerfized Moﬁdéﬂiﬂﬂa@ed dairy
prior to sterilization, wherein the internediate dairy

Iilctwqid/\fter thesiesaddhbaeks, doe gpn@ﬁﬂtéaiad satwinug, whichips dreater
SEh%'h'ét}o%R%‘é’Ben%W télrﬁf |%'te]? ﬁé ?Ekﬁaiéﬂ“&ﬁ&‘%fe?ﬁ&&'d foaF,

dairy 1iquid ' rs resis nd-b

agrdaeersthaalﬁototprevbderthetdwretﬂ s&tbbe agacemcbied aimry ehqtnd
condi tons. concentr ted dabé iSO t{a
usi ng 'Igé'f‘?rgl" "é%éﬂ’rﬁﬁ ergdRmpedim &pigsen '"Ve“t'O" to

Cgfb%%%%h@énﬁéeeaymlm qvw@ ;kherzfémqnm( %tr?dr’nbgéﬁké@ BnM @I'xé’r?

| east about (gre er ab | eaSt about
afuﬁewermeqbl(egerailabpuaBST zﬁmatmtt@tmmt@s) toiesfept etsleast about a

coneaid PhrElathpliearl & SonBeRRA? ehichlh M BaBBE hrptein g

rﬁé@ﬂir@ﬂtascrﬁﬂ l4y6 BOIRBRS Ptsia).r Thé fsreivdrmed fraitkiiedhen
rough a multi-step thermal process to_achi eve a

d@@n%ﬁﬂfa;*,@da psingAdrairatian . e@ﬂabw mgtueigfidratipn, orgchieve a
DAGRELAnDSLIGT nalt 4T 35k LR RBI, 388y 0. 1o

oabmﬂwlpetcent fat, less than about 1.1 percent lactose, and about 24 to
about 25 percent solids. The resulting concentrated composition is then
homogenized. Add-backs comprising at least one stabilizer (e.g., about|0.5 to
about 1 percent trisodium citrate), at least one mouthfeel enhancer (e.g.,
about 0.5 to about 1 percent sodium chloride), and optional additives (e.g.,
about 0.01 to about 0.3 percent flavor and about 4 to about 8 percent sugar)
are then mixed with the homogenized concentrated milk product. The
resulting product is then packaged and sterilized (e.g., retorted) to achieve a
F, of at least 5 and to provide the desired stable concentrated dairy liquid,
having a target composition of about 12 to about 13 percent protein, about 8
to about 8.5 percent fat, less than about 1 percent lactose, and about 28 to

about 30 percent solids.
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diafiltration, and sterilizing steps that provides an
overall thermal treatnent that produces the stable

weonneemsn@t ed dairy liquid having a FO of at |BPaEUS2005/026024

about 5, preferably at |east about 6.5, and nore
preferably at [east about 7.5. Inportantly, a

stabilizer and a nout hfeel enhancer are added to the
uItraf ltrated | k.cqnc rate prior to

Ster | FoupBRseshetss TS TRIhES Wions have tiedmapningp fasicated:
ofsdriify ;ﬂb?eﬁﬁ'”Fefér%VtS'lﬁé PPotei éithéth of (il Plalstha other than casein
honogeni zed and then forewarnmed to a tehperature and

f .., serumeprofeire cafersto wheypudeingontenip| tMitk plasima” iy thet

o8 bo BE T v ARG At Ferbl ke e Stienue, Gl
PEsRstally éASorBassdseshsein pt Se @. eSOééi@st@ih?bBWEler sbile salts

forewarnmed daliry liquid is then concentra to the
d@grecédswveqs cagrinatesl (Byg- grﬁaé@wm, SOF N, ammtassmmsqa:ﬁgmates

i B AR LED (SHI BGRB8 Bl GO

gh)efelmaué ngpbhed |tﬁsedtdrﬂhedotall ahmftm\:t pfedent af ca?em lmdlhd
e carrie ter ultrafiltration, After the
cerreinatedex Hd'QBZBe "i%@' %W@eﬁﬁ‘?‘é‘t‘tégef%ﬂ} CP?%f[]uQ?”ie@"Y

f
LA of AN I b hixures of any o
ciheoenAndmportdat clyarlactgmstic oftasain ihthat itdoum$ mikallestine

d.d id. whi h h .
-BoGea Eaaitiuk, Bl GsLhaea i aes s R eaiteo.
Sinefudiin dgwﬁnh@t mitéd &, enicaseih mwmg)agt@ase@leahb@ -casein), B-
desired stable concentrated dairy liquid. Figure %

i $3%iR.r\aERsein, [raseinr aad irloaenatitvasianthe present
t b
B RO RS BRSO G0

ewar ne
abwahs%zﬁut Orpemd:mutfaﬁmﬂk nifaSyed milk't cble'lslklratmilléeiwth mean less

- Bt B stereartdss Gk e WISk, mERDS royTass Bah Bgut 3.25
SBbHBhEFRMAEaRY -cahhfe Stahauri iE%ﬂoMﬁéfahéarB%ﬂ "Mllk butter"

concentrated using ultrafiltration, preferably wt
dimgfanisttharésidyalipodidetireraining aﬂgemllts@mmamum tmn mgde into

Bt 4 SuBhE Hor BB A BBl ot ROl Epns ik

| Bgs$ ﬁ@ﬁyet&iébrﬁth@ﬂha%ptd@essed. The milk or milk products used in the
processes of the present invention can be standardized or non-standardized.
The preferred milk is obtained from cows; other mammalian milk suitable for
human consumption can be used if desired.

"Shelf-life" means the period of time at which a dairy produce can be
stored at 70°F without developing an objectionable organoleptic characteristic,
such as an objectionable aroma, appearance, taste, consistency, or
mouthfeel. In addition, an organoleptically acceptable dairy product at a given
shelf life will have no off-odor, off-flavor, or brown coloring, will not have a
clumped, ropy, or slippery texture, and will remain ungelled. "Stable" or
"shelf-stable” means that the dairy product at a given time does not have an
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free m|l k"

percent trisodiumcitrate), at |east one nout hfeel
enhancer (e.g., about 0.5 to about 1 percent sodium
chlori de) and optional additives (e.g., about 0.01 to
about 0.3 percent f]avor and about 4 to about 8

peblsemnasmg grgarml%ottqg}arﬁ?t%ﬁh% ahdefipedhabo\waAng i
T I
fﬁ'&%ﬂggﬁgg& aéé)t&gg uct e resulting product is

sterilized (e.g., retorted) to
achi ev8 atalRfiilloSolids" loe disttal s odids!! mecﬁeqsrtouhel éotbhef thedat and solid-

CBAL (B Cplellsous s Fieradbine wlabudufel Bedraian. tactose,
aﬁﬁ’rﬁ’éra% b@ld%beh’i re® é?ﬁf\ﬁ%‘?ﬁm@t | ess than about 1

per cent |'act ose, and about 28 to about 30 percent
sol i dsEssentially mywlryélqgidﬁart be usedlummm.retsenhmeﬁmpb

o ERrBTARN. 3 ol R Hoin G B Mty hBelocyCarit

( WwhBse nsifkiy sBfubagiasdLerte io$ humanhiedprSycti livesitkeiinals
"Mk plasma” is the _portion of raw m |k remaining

afnchides byway OmeWW@'tmﬁteWﬂ@n‘fows dusfialen, ofesiauiingtes,

e er, )i

ST ST, AR MeBr O afbrahy, Fowder. ecin fjflis Brofbfbias the
ceiactimmmaskenb’luﬁiheamllpo‘sed;mayrbe:whelmmills,slowefatimllk or skim milk.

descr | bow haikicanGes fachore, (3 BECER. DINTRL: eo0grater 2s wel
aag lé.rﬁauar SARIUNtLbf §é|§§' éhz@/mbsc gase@ R ifrsing diAnaoli§R many

cation amount thereof) sein generally rel ales
t tacztm may aﬁ‘ect thefcomm:qmms@frr@w enw'srgilk, it ganekallyeantains

Bl 7 1058 b o BRot A kiR AR 2 BIHAS ge;H;ééﬁtcmnk fat,

Oébéut 3 9abblitd Pbﬂﬁmt p A EINN abOﬂMRﬁQb@uﬁ&pérd@ﬁemctose about
identified, includin but not linmt a-casein

(Orfetarhoy aReTEERREENatalEn anaéﬁoehééut%?b%t 8% petsent wgter.

 REL TSR ), DBt BRIy o be grovpes

" i thetwo gehkralreategodbsutaskipprateins andtsaeruinkprotetas. The
minerals, also {(nov%rlf iarsnmnijlkI ggltsbgrtz;]shn%%rr]\era?@ include, as the major
components, calcium, sodium, potassium, and magnesium, these cations can
combine with phosphates, chlorides, and citrates in milk. Milk fat is mostly
comprised of triglycerides, and smaller amounts of various other lipids.
Lactose or milk sugar (4-O-B-D-galactopyranosyl-D-glucose) is a reducible
disaccharide present in raw milk.

The dairy liquid is initially forewarmed or preheated. Forewarming can
be accomplished using any method or equipment known in the art (e.g.
jacketed reactors, heat exchangers, and the like). Not wishing to be limited by
theory, it is believed that forewarming initially crosslinks the serum or whey
proteins to the casein micelles present in the milk; most crosslinking is likely

to occur to the outer surfaces of the micelles. Such crosslinking will reduce
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than 0.2 percent fat mlk. "Whole mlk" neans not |ess
t han about 3.25 percent fat mlk, and can be

wet@aadarsodé zed or unstandardi zed. "M | k butt er"PaERESE05/026024

t he residual product remaining after mlk or cream has
been made into butter and contains not |ess than 3.25
percent fat. "Raw m | k" nmeans m |k that has not yet

en therﬂ%J rocessed, The m |k or product s
beamaup ﬁ%@%@g@@'%f‘\ewe peledishing tﬁ\F@qltmtSW’ e¥heRty,
Sfo"f‘é\ﬂét’rﬁlhéjﬁaféls’&oélrow ﬁ@%éﬂ) ﬁr%@eln%r 'fk?lrﬁél‘?{cg Eé@é’eﬁv Ynd/or

is obtalin om COWs; lan m Sult
fbydrbphalnlcald;nwumbhe oicalles and espedially vdtsiheasliter surfaces of the

Sh If lif t.h d of, t t i ¢h ai
SPURIEE: AsRmAcd s uns 4 BoUOied b bREnad/Suiherpdved that
Ofpie8 6 tinteRadlions UcaBRPISES &t 18ASH AR) EFdS] Firs Widiméradtion
obj ecti onabl e aroma, appearance, taste, . consi st ency,

oferexashmasy of (e whey praainsdron rsghw@nethlss effecymay be

SRR LY oy S KED R ol s

neiichay thasecéxpapiediced @psterilizativhi [egondlygydsithe .casi micelles
will remain un%el led. "Stable" or "shelf-stable" neans

t PREOA&OAIAC YIth SEBITR OF Mhey RIPIRNIS, CARRINGERSSIMberRaIRNS
2BIE el BAEEe agammhm%é tﬁl%aéfﬁﬁt Shbafd! (E8uES the tendency

above and i s or ano y acce
" gotharmally-induckd dsitk gels tcb fared. solids" refers to the
tot al

- fa SNF
‘o Re ol Bbe BB AP ian g Hebrsrsps i amount of

| 61LiBRSprofBiR e MhkSamaEntdst sof Il PRiteinddkh e Hefarﬁﬁned by acid
Essentially any dairy liquid can be used in

ppmtatlﬁ@tfﬁwedvbwlquldmhyom@mrawy wwnlq@ Mdth UV detector (LC-
! BB RS o4 B BB ARG e Bho ¥ Somples
I an@smbndteaamnetawécsSamplesde qutayitlfyaaolmﬁlermmdm frattiorgs. The

STk iSa i pEhk 6130MbTe BEateieshapld gt st sbBul 20 Peraents
gféﬁef mﬁﬁbgﬂm@%f&fo étc%ﬁ ’E{t‘\‘d%b;?e%(f) éﬁb}p ét‘fod’c%ﬂto%ut 90
c patcgnhsMaosie details rfegardm;g timsemethod obdetesminamgl solabler protein
aa%reV\'f?rlolvided below in the Examples section.

The time and temperature of the forewarming step should be sufficient
to obtain the desired reduction of pH 4.6 soluble protein while maintaining the
desired stability of the liquid milk product during sterilization and subsequent
storage. Of course, other parameters, in addition to the forewarming
conditions, will effect stability during sterilization and subsequent storage and
balancing of these conditions can be determined by routine experimentation
using the guidance provided herein. The forewarming or preheating of the
dairy liquid is generally carried at least about 70°C for at least about 30
seconds to form a preheated dairy liquid having reduced level of pH 4.6
soluble protein. Preferably, forewarming is conducted at about 70 to about
100°C for about 0.5 to about 20 minutes. More preferably, forewarming is
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as smal |l er anobunts of acids, enzynmes, gases, and
vitam ns. Although many factors nmay affect the

W@ o0up0sisté on of raw cow s milk, it generally ceat/asmnes/026024

about 11 to about 15 percent total solids, about 2 to
about 6 percent mlk fat, about 3 to about 4 percent

protein, about 4 to about 5 percent |actose, about 0.5
to about 1 percent mnerals, and about 85 to about 89

peonsisistedvat about A5 tacahgivit 967 & at ehout Ado shayt 6 ypeutest Other
R Faing s BEYPER AL o TR R 06 BHBED LBl g défeo o

perokslinking, Geaerdlfeisineasadesicbyka ovductionrifldt Isasttaboat 20
ash, gener al I% i nclude, as the Mag conponent s,
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t stapilifycefrthd dinal amdiwtnsl otainedo Oft cowrse vatheofosewaiming
Lact
ndtins 1 B8 BBy sty S A% asiced stablity s ehiainegh &For

dé)‘éa%ﬁﬁlaaé'tﬂs RaGS smcelsg cb?thSrl%Hd<a fifdiestatd éb’aﬂ)dni?tle(ﬂto' §oout
initial forewar med or preheated. Forewarm ng can

aﬂ:@‘lﬁﬁaforab@dt 240 agouh§ misutesdoliowed by gnsenondraiage ahabout 100

ety aB-Sisot AR Tl 25V erolR o AR~ TS
bel i evafilet foréwhmhingatha dwryl Irqdid ) ¢c)hdeh0‘a€éd kihetdesired solids
serum or whey proteins to the casein _mcell stgr esent

i tevehecﬂm%trav@atmey fegﬁommeﬁ@g bysultrafilinaliop witcernwithut
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anount o rotern. Agaln
winshidegother imenbirane @danntratmsyneﬂmdsmxcm anmicrafiltratien and

R I e

t b@raﬂmtaﬁibnsaﬁa Gié?ﬁirélforitb&:dﬁc@ﬁirbfésa dABRliguidnat fhsding.s.

to be limted eor is further believed that

t Retant Fubéieatian é@@@fxfé@@l (APRES, 2004)ewbichtigincarperated herein

bl dierte, SRR CREATPIEN Bl el By gy by

bregtiabolte7 bidyapd qzireﬁer@blytbg atma_)st rabaat B Yeldabndingre

S DENPIAPhLY Bhleasteniteh 4 o HEN cEaeiel faly liuid having
greater than about 8.5 percent protein (and preferably greater than about 9
percent). The solid content of the concentrated dairy liquid will depend, at
least in part, the degree of concentration obtained in the first intermediate
dairy liquid. Using ultrafiltration, a significant amount (generally at least about
40 percent and more preferably at least about 95 percent) of the lactose and
minerals are removed during the concentration step. The concentrated dairy
liquids of this invention contain at least about 8.5 percent protein. After
concentration, the dairy liquid may optionally be chilled to about ambient
temperatures or preferably refrigerated temperatures.

After concentration and optional chilling, effective amounts of a

stabilizer and a flavor/mouthfeel enhancer are added to the dairy liquid. The
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becone coated with serum or whey proteins,
casei n-casein interactions should be reduced and/ or

waoreovsiized; this effect should reduce the tende@mysmhs/ 026024

thermal | y-induced mlk gels to form As noted,

crosslinking during forewarm ng decreases the anount

of soluble protein. The anpbunt of soluble protein can
reC|P|tat| on fol |l owed by liquid

b d by d
B EsLmA R Ehask eRib0eE & HIEUB P e, or other
CRaBRizESRA |dh5ef|‘&ﬂ9%I2%H@se@?]lf:iﬁh?%ﬂé'@ggpgelgﬁ?ﬁ or separation of

processe sanpl es non- heat treate
qtmamdﬂcyentratamdmrwllcmlcé during atnrages Wﬁ‘rmncntenﬁahngdn Henlimited

ok ey Spil s BBl Ssbiest By 00 ls 2D ner o
P2G04y, Al beﬁ’élﬁéldtthaptﬁeocé&mﬁf-bﬂ@lr@%téﬁﬂﬁer -peuen@ehition or

regardl ng this method of determ ning soluble protein

avepasation ebthendainnliquid dHEngRamsterags eeior intheTsibsequent

SRPrERR o e o e RBLEI BB SeEfBi it B patcium

swlaylecugecht Exampleis! of dﬁ&iuﬂthétbmﬁlhg Hdﬁf@r@l@alblﬁszrs and
of the liquid m |k product dur

tabilit
eI eEenisInELIE BUE6 end RhasPhgle iferbduichias disadium
SPPERS b Begtih photie Eod B PUBEI B LAGH ikEdEDTA
saihd &g ke asumlla;ena«umrebahmeof n&xampidsasfe:hamtrdpta agents

;ﬁn%gﬁcﬁoc{ﬁngﬁ%cﬁ Itra?% é@ﬁé gﬁjré%%rr;e& %qg\:edu calcngm Bmdmg

PhefERdH stabiffer B slebteybdffctUseH &s &%Gi@h leitratar Supgbrt
| east about 70 C for at |east about 30 seconds to form

arnsau&rféat erhangery inclugls spdiumi dderided potassium shlasidepppdium
|
S une, 4 R Bredt SBARld mol fENH Mot igciude sodium

_abldutldé@nm potdssumMhieridy a$ mﬂ@symxtmesﬂ%rﬁbf} @odlum chloride

sconducted at about 85 to about 50C at ut
otB? ngostiRtgtesed moHtYeel shARCR!- nblaversan 8&@’@&9“%(?%6”0“

bgs %ﬁg?r SWeletitErs nétgﬁalWV&%I%&Z%?E;{%’F??& infthefics,

gener as msas by a reducti east about

2mqﬂedemnm tibenstHstareheaso gubise apd @nzymettpeatbdr alitured, natural,

' edé' & 'lf%lal(?lavgpsogrt ﬂaS\/%rteg)(trgc Q%an be added so long as they do not
significantly and adversely effect either the stability or mouthfeel
characteristics. Lactose can also be added if desired; increased lactose may,
however, increase the potential of the concentrated milk product to brown
either during sterilization or storage and thus should typically be used only
where such browning does not present a significant problem (e.g., for use in
dark colored beverages and the like). If additional lactose is not added, the
lactose levels of the stable concentrated milk product are generally less than
about 1 percent. Lactose can, if desired, be added up to about 5 percent (but
preferably up to only about 1.5 percent); browning, as noted, may increase
with increasing lactose levels. Preferably, such flavors, especially sugars

and/or sweeteners, are added to the concentrated milk products of this
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and the desired stability of the final product is
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be used so long as the desired stability is obtained.
For exanple, a two-stage process conprising a first
stage at about 80 to about 1000C for about 2 to about

6. mnytes_followed b nd sta e at about 100 to
2Bt heegiechRatnount of and, Meuthigal grhancer

uggfend¥ b5%h Cg ShEURE Gélﬂgh?&@%ssgﬁzarggh{a es\'f;%’r:tlﬁg In¥aterial, the

concent rated to the desi
Coommrttmrbncdesrrag ared thengaleitgdbinging capscity of e spedific h

.t hout [ trat of thi

tpblliRpsed PoevpFi Bnsrar attifi B i afPutcf picentef
Otrts%andmr&hraa@eamn@emd aborneparehP8sdieHCEhIsride, about 1 to 10
mcrofiltration and nanofiltration. Exanples of

s petegbt sugen Bod aboutBi101itad. direregntiotheriflayars are effective in the

Bl st meRnts it 1% bRl spfdlldy Fon ®

2004006#R96 3(phovides @n |M|fblwe\#mt(df stabilitp eedEsEMbetaspects as
herei n by reference. is preferred to concentrate

ﬁéunetmﬂsafrthed:oasemtpatrqramf@twh%ﬁr (|- eadiisogiignicitrate) apd g
( tIWe%I Sﬁﬁéﬂdér IYe. a§odl|§ éhl { 13-54 Shdbe \ﬁﬁ‘ﬂn'fﬁé Bval

eferably by [‘east out to for
c oaspreaemtethe dbedtacmmblnaqon af Isbahllng agdwneoryt pmpeetlmuthese

o A=\ CiTe BiarPesInG anodsT At o Bave 9obd to

d@kéémeln't sduinfelel. | BaSREOH ,thlatchbﬁaﬁiefeﬁe@%ﬁgest foe begofrRedium
of concentration obtained in the first internedi ate

d&itrafe landwodiunushiegidalare abput Oét tocboud 1spejaent within the limits

SEE“B% g%fgsdéz{e?%tlgﬁsﬁ fad[? ﬁé 9a%bper géﬁ?fﬂﬁ%@%ﬁ % aﬁze, the
aptangoud ék’&nﬂrlﬁtortagmppér dght hand bideadthe chanr if further data was

step. The concentr at dairy liquids of this i vent' on .
c@ﬁparaﬁe%tans&m DB doW VTP G UGB PRCOAP (g Saly To b

?ﬁﬁ%gf erélriﬁenﬁﬁc'ié’d i SBHIGmEHoRR Q8R! dﬂgrgﬁter than

ut a nt tenperatures or preferably
r aboug aanetbeabome fepercents Assdne skitledh oeliierart wonldhalgo realize,
Qbne"%;lt cgmbllr%e{nn% ssgcf:ee %}aiyvr%oggglrj%rsy &fpe%ding on the specific
combination of stabilizer(s) and/or mouthfeel enhancer(s) used, as well as
depending on other variables associated with the process (e.g., forewarming
conditions, ultrafiltration conditions, sterilization conditions, and the like). For
a particular set of components and processing conditions, one of ordinary skill
could produce a similar graph to guide control and optimization of the process
and product. |
After concentration and optional chilling, the dairy liquid is then mixed
with the stabilizer and flavor/mouthfeel enhancer (and optional flavors or other
additives if desired) and sterilized to form the stable, sterile, concentrated
dairy liquid. Preferably, sterilization is carried out using retorting conditions.

Optionally, if the concentrated dairy liquid needs to be diluted to meet a
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whi ch effectively binds calciumto prevent gelation or
separation of the concentrated dairy |liquid during
storage. Wiile not wishing to be limted by theory and
as is detailed in U S. Patent Publication 20040067296
(tapgeted gongentsation, the dilutian shawdd beaccomplished prior to

| ci. bi ngli i | hzer:nr '
Spites e Bt YA UG ERR e Rans BBy Bt then
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chaotropi c agent or stabilizer which binds cal ci um nmay

bis casked optungerdime anddempamteieernmitions taachieve a F, of at

a8 b E Rl ind SRHiZARI IR Sondliis ik EhbHortbating
diimet aswiding tilves @indtaecoalidowi timmec i Duririgethet carsediputime, a

itrate, EDIA he |ik || i xt
Fienarspture. ol ahoab |48 e Akt Ui C eIy efrie Phae 4 seeepd to
igﬁéw@(ﬁ i nuﬁb@. (l'ﬁgft%g?@%twee%-thén Ph&h@Iin&Sat about 118 to about

clum Ing b or stabilizer is a citrate

b4 5%for abouh1&sseqansledd @bvout 19 misutesuiftheblempasatune ésthen

h i ncl di hl or,id t ' '
L L S U L
n@aﬁwaeeielgeempaigqafe@ (eg. bststisgptheldorthiner) dlgingeterilization to
pot assi um chlforide as well as m xtures thereof; sodium
cRiMizR "skén"tfREMaWN. pref erred nout hf eel enhancer.

(nat ur SPE G RerRECt Satent HAE oAy BTG, pgyEeTh/2iBh and

or ar Cl lers,

. nbewitization) s ootuaidd toprofiute B statse zpobesstratgd dajrydiqdid having

enz -treated, cultured, natur and artificial

¢ PAET Broseiy oot arepfed ha 8ot S ARTcRINGd RIBITaRl greater
t E%)h éts’%m pércdht %hﬁ@ﬁw\xaiﬁg@ et 3ehst aolieStand 4 BREIS life of
the stability or nouthfeel Characteristics. Lactose
cahlealstabdigt sixidwnths udden ambiient aenditiers Geveslly, thestable

h ' 1.h il _of . ' :
SRS Ee R bR BEbRRLer i Ry B aBY P50 Apout 7
StPaBAGt 4000 FPesarsd prefdrabjipalsalt K000e akord 300! P atat aenbient
such browni ng does not present a significant ,e{JrobI em

( tergperatyiesy £is notedathe Qvsral ermggaﬁ%%"taﬁﬁﬁﬂ Ve a sterilization

LUk F ! O 2964t 1503Rl dchfdveHrbdudttharstdefistidstRat render the
concentrated dairy liquid resistant to gelation and browning during the high
temperature processing and also for greater than six months of ambient
storage.

As noted, the concentration step is carried out using ultrafiltration,
preferably with diafiltration, using a membrane pore size large enough to
permit a portion of the lactose and minerals to pass through the pores with
water as the permeate, while the retentate includes essentially all the protein
and fat content.

For example, milk can be subjected to a membrane separation
treatment to separate a protein-enriched "retentate” from a lactose-enriched
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| actose |l evels of the stable concentrated m |k product
are generally |less than about 1 percent. Lactose can,

w0 toodesisoed, be added up to about 5 percent (bRET/US2005/026024

preferably up to only about 1.5 percent); browning, as
noted, may increase wth increasing |actose |evels.
Pr eferabl y such flavors, especially sugars and/ or
sweet e -ar e agdelg to the concentrated mlKk

t
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capaci t he ,specific st abi used. However, in
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Cintludle nsdilarOvdighP(MNAg ¢t éffréffra g%x:ﬁgﬁélg%@vﬁéﬁ&a

about 1 to 10 percent sugar,
PROTOYA POhysilfoNe Ilarobeang; éb@tﬂh‘%&td gleoutrb5 pggmp@ehedtpressure

YO YD UL BT ot T BED B E byt 4310 o

s6@A)| ilhynersmbediateny, 1ases ahdaninerals Hiss he dherhbBfine in an
concentrations of stabiljzer trisodiumcitrate

a#aom Pereent sanwatien ratio, and Yo mtantate compiisps abeet 100
gbflt tIWterfaf Qrc?fj EVcﬁéln ISRy tt))? Pﬁmﬂﬁ'ﬁetd @%HJ‘EtFéI%H Ybout 50

ensory proper es€e sa
r nement of lactmsduamah gbpubﬁﬁapemegt aehfieapoinesd]® r@lgm/eamlthe feed

ent e Based on this chart,
oSty Siefifiafidd SereSuo Keeh M Bstons consentvaianan Simatetate
chélew Apertept.about 0.1 to about 1 percent within the
limts of the data generated. O course, as one
ski | | edis natadhabeye, the oorcanttted dairy fiquidwean Q@homogenlzed

1 AR R P B AT o
thfeerahediastredmﬁlrbmmpbsitm is Prépyared dndl wbrébaatay ing to help

04D SR ot SN WSyt S o
Sﬂfét'tér"éi"néu?e benddth, YR @xRRe’ ‘i’-ﬂirhé nizd¥n, ¥aded may be

conbi nat i on™ space’ may nove or vary epe |ﬁg on t
spestorimed inoors ammiubdiplestageabiFlor mstérsde, amdohe momdiniting el

VAPPaRRi A 3 RardReliBeliof RistERERCag Relghed 3t about 1,500

f psiemRIrark8ebnd stage at about 500 psi in an industry standard homogenizer.
The homogenate may be cooled if it will not be immediately conducted to a
packaging operation. For example, the homogenate may be cooled as it
flows through a regeneration and cooling section of a plate heat exchanger of
a standard homogenizer. Other homogenization schemes applicable to milk
products also may be used.

The packaging technique used is not particularly limited as long as it
preserves the integrity of the dairy product sufficient for the applicable shelf
life of the dairy product. For example, milk concentrates can be sterilized or
retorted in glass bottles or gable-top cartons, and so forth, which are filled,
sealed, and the contents are then thermally processed. The dairy products
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conditions, ultrafiltration conditions, sterilization
conditions, and the like). For a particular set of

w@opomsnd s and processi ng conditions, one of PCTUSENY026024

skill could produce a simlar graph to guide control
and optim zation of the process and product. After
concentration and optional chilling, the dairy liquid
is then mxed wth ﬁﬁe stabi | jzer and flavor/ npout hf eel
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of a cone-up. or heating tinme, a holding tinme, and
coingssialization. tominimige: ‘sldnc fnratignt T, daing @r@géﬁfaalge anay
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nankem. ned at about 118 to about 145 for about 1.5
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rotating the container) during sterilization

niemparatire {WHT) precadures alsoTnay beanplied to éarmlproducts of the

BEBEATBLeplor m BT LT bAtesg HPRRRAA! 4REpriiHdurtner sher

clifeemihtahatmeéntaUHT products dn'e\ulmgp@sté@mzéd andthimpackaged in
content greater than about 8.5 percent and preferably
gbterbzad coplaingsy uMosequar cene aduantadp cbiheipirsent meahon is
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SI X nont under” anbi en tions. nerally,
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! Sé/r%] of” f?mg?g.g"f‘, g\;lrje%?e(?'sfhéx a%uta g %%ty) ggfore continuing the process,

pasteurization of the ultrafiltered product may be undertaken. If desired,
intermediate products in the process may be pasteurized if desired so long as
the pasteurization does adversely effect stability or mouthfeel of the final
product.

The stable concentrated dairy liquid, in a preferred form, is an
organoleptically pleasing milk that may be sealed in cartridges or pods to be
used in any number of beverage preparation machines. Examples of
preferred uses and beverage preparation machines can be found in U.S.
Patent Application Serial Number 10/763,680, filed January 23, 2004, and
owned by the same assignee as the present specification. This just-identified
patent application is incorporated herein by reference. The concentration of
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at | east 5, and achi eves product characteristics that
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c@mgmﬂy piessulesrhalew abaubAdaénbodi nent, menbr ane
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concent 3t GAb'kakipied SreCiffbrifedte Akt Bk invention and not

to limit it. Unless otherwise indicated, all percentages are by weight. All
references, including provisional applications, patent publications, patents,
and other reference or publications, cited in the present specification are

hereby incorporated by reference.

EXAMPLES
Analytical Method for pH 4.6 Soluble Protein: The analysis of pH
4.6 soluble proteins is specific for the quantization of a-lactalbumin and B-
lactoglobulin serum proteins. A summary of the sample preparation and
analysis is described below. The method is based on methodologies
published in J. Agric. Food Chem. 1996, 44, 3955-3959 and Int. J. Food Sci.
Tech. 2000, 35, 193-200 with modifications to make it amendable to HPLC-

mass spectrometry.
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break up and disperse mlk fat content, if any,
t hroughout the dairy product to better ensure a
snoot h, uniformtexture. Honogeni zation, if used, nmay
be perforned in one or nmultiple stages. For instance,
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t bethet diRtedmbamplsonesssidced remitabrspinpfilteittabeacomposad of a
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h as in i
cBrpamireganetaief relluiese msmbipRe Apdgentifuged (1 migte at room
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were summed together as a group, respectively.

Analytical Method for Total Protein: The total protein after the
concentrating step was measured by using the AOAC Official Method 991.20
Nitrogen (Total) in Milk.

Example 1. This example illustrates the preparation of 4.5X milk using
the process of this invention. Three concentrated milks products were
prepared according to the formulas described in Table 1. Inventive Samples
1 and 2 represent examples of the present invention and are compared to a
comparison sample.

All inventive products and the comparison product were prepared using

same batch of concentrated 2% milk. The reduced fat milk was forewarmed
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fresprase sailk was Preduseswitiy 20@ tbs being soneentsaterl dad 5X in 5
RodSSTaLFUNAT BHUA At oRE Sihel Yy Bld Bl ALY

concenAftat eltrafitratipniwithudidfiltriation, theafonceattafedr wilk weran

_ diditation, # i
ChOPPOBGEE G paRLPE EreEhalesal $0 g RGN Grous arount o

b%ﬁgwsg%%@&o%a Uﬁﬁafaﬁd&ﬁége@éﬂm%ﬂefaf %ﬁspiﬁérs d
uses and verage prepar tion " machli nes can e oun I N
urgutifeckenhanmers ware sddstta biventiv Sanmipdéy 6 R3n@iSD as indicated

fil 23,, 2004 by th '

1o T3 3 6bte Pt and PRV U obefBaias rifassdss:
PrRipRaserpdld Bk cONncéritrdtd WMthBat 8d@st BRIbRIZEr BY mouthfeel
reference. The concentration ofthe mlk is benefici al

beebangeri Allgareples weare packeged ipl xR mloglass bottesiorigabigetop
dj f rat | i Wi :
DR A a0 G5 0RBRa A TTTARES ok i
qUiablei 1.y Ab threlecpantblesbadinsrieadhar abaut 40 perckgw pebtelrhe
concentrated ml k nmay be used to produce an authentic

1 ooking frothy m | k-based foam desired by consunmers in

aTgpjappcci no-styl e beverage. The cartridge of the
Lable concentrated mlK is

S
Comparative Inventive Inventive
Formula Sample Sample 1 Sample 2
4.5X UF/DF 2% milk concentrate 100 93.1 90.5
Flavor (%) 0 0.02 0.02
Trisodium Citrate (%) 0 0.3 0.7
Salt (%) 0 0.6 0.4
Sucrose (%) 0 6.0 8.5
Total (%) 100 100 100
Retort Conditions . o . o .
(time/templpackage®) 8 min/ 253°F/GB | 8 min/ 253°F/GB | 8 min/253F/GB
Product Quality**
(0 Time) ! 2 2
Product Quality** 1 2 2
(3 month at 70°F)

*"GB" - glass bottle was used as the packaging container; "GC" -gable-top carton was used.
** Mouthfeel measurements were at 60°C using samples diluted back to 1X milk.

Organoleptic product quality score: 1 = watery, thin mouthfeel, bland taste; 2 = milky, 2% milk-
like consistency and color, and pleasant dairy flavor.
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di spensed froma cartridge containing the stable
concentrated mlk, also described in U S. Patent

Appl i CEihé dr6)XSBIFIRF 2% miitk cakfpaiforbBizludiyg Ra 5% etabsolids,

S4B EeTep. ETR O rldethin 2o st Miohhersan
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aratio bet ween ‘a
f6>%| suarose, enang02% ﬁa\eanomneemeaitetfor Invientive Saenpled; 0.66%

SRR RS O 2hs Sl el B RIS AR 02% avor
f@érﬂfeﬁﬂ@@@forlIﬁ@éﬂt%@arﬁb%@)ﬁh@r@ﬂéddﬁ@bm&%'r@fb‘i’em@ﬂh@é\*the
publ i cati ons, %atents and ot her reference or

peanditens piesentedind able fihe present specification are
h b i
ot hodC IR R s OEhENE oS ST bR SRE el BRifprmed
4?@ fmlehlymalezlgagecﬂ eterteds psmntctsf ?mbé?er stbeagwam@"fafb'r ehe
act al bumi n, an ogl obul i n, serum pr.ot ei ns.
Z"@??FH@F rgg maonthsa e@t%‘? é&ﬂ?pc{% i WeRe ﬁp\gable with
t t .
Dt RESvREbioneTMenER diff elrfo RS G SRSt t@g\?@'.' Biregeling
mmedlaiely aftsobelngcprepﬂadpr afeaGtorage foOGp 2o eighit nonths. The
di fi i ble to, HP .
CBicons Gt 98l 8ot homPBRERRR SamBles | &Mz iluted to 1X

Vo reintiaition tand(eviuatld ftes 3Qﬁoﬁﬂh§f§t¢r@ e) Rad amé}y good dairy
beaker. A stir bar was placed in the beaker and

stavarandplgasantanguthige! similanie dhatof 2ptraills I8 candisist they
r 88fgaatiVeEE Empld ad HatES-like mouthfeel and bland taste with little
dairy flavor.

Similar results were obtained using other types of milk (i.e., skim milk,
reduced fat milk, and whole milk, as well as combinations thereof). Similar
concentrated milk samples prepared by the method described herein have
been found to be stable (i.e., no gelation) for up to about 8 months (i.e., as of
the filing date of this specification) at ambient temperatures; stability testing is
ongoing as of the filing date of this specification.

Example 2. Experiments similar to Example 1 were carried out using
different levels of the stabilizers and mouthfeel enhancers. All inventive
products and the comparison product were prepared using the same batch of
concentrated 2% milk and the same techniques as described in Example 1
(i.e., reduced fat milk was forewarmed by heating to 88°C for about 5 minutes
and then concentrated to provide a 4.5X concentrate product using
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Lmbuﬂﬂeeirerémnban All Aaimples wemﬁpackﬁgednmslsmnbim battes and
m 64:36.t0 47.

st nde P te BioBEatir 3t BMe spdligr 45 desaribed inEagnple

M NAlI’amples héb%r@&hﬁn%‘éu??@ pBkdeht Profeln) an
i-njecti on vol unme of . The WV absorption at 280 nm

was r e@cgajweptme\maattqmsazﬁtbﬁ vanpus dainf pragdeicts ware performed

B RO BB TRl R DBKS dhe AR RlnbBlela T dpr ek

aEgsladtions w&reeccbmdmjtefd bpahgl d)fCSialveNEthl@@U foud tEehablogists.
Protein: The total protein after the concentratjn

sMeythige! ratings f%'d"t?g/ﬂh%? GACORECRRY (ip § UBRGFERIBPImedium

9 (T t
S aogtn 18Her (8 Btelehil o riRiGivas cofipratle to 2
t remkprgoafek B Bxamples 1 améﬁt wdmrea'srmedlumaodrlmgfaamjcomparable
1 | ks pr.odu e cordin oth for a
clou Farids B2 7 i Pata ROlcAfast65 e Ml hia i smodthieet
r SIRTIRP &5th a2 6R2P4 AIkOfin CBRtrAsteRANFatingYRdIEARR tRBOMAK Bad
conpared to a conparison sanpl e.
watery-like mouthfeel. Inventive Samples 2 to 7 remained fluid without
browning or gelling immediately after being prepared or after storage for at

least 1 month.
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were at 600C using sanpl es di I ut ed back to 1X mlKk.

ot nf Examigebl, Ao G B ipfits Simitar o Epfiple 2'Werk also
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ultrafiltration/diafiltration). The pH 4.6 soluble protein was reduced by about

OUU)'OO'_

3

70 percent during the forewarming step.

Stabilizers and mouthfeel enhancers were added to Inventive Samples
2 to 7 in Table 3 before packaging and retorting. The comparison milk
product 1 represented a milk concentrate without added stabilizer or
mouthfeel enhancer. All samples were packaged in 350 mL glass bottles and
retorted under the temperature and time conditions as described in Example
1. All samples had more than about 10 percent protein.

Organoleptic evaluations of the various dairy products were performed
on freshly packaged, retorted products and after storage at 70°F for 1 week.
Evaluations were conducted by the same panel using the same ranking
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products were perforned on freshly packaged, retorted
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three nonths. Inventive Sanples 1 and 2 were white,
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e
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hdaedls wer et@@ded| t 00 nyeri0dve SHPpl ¢s 100 100 100
Product
Quality* Low High High High High High Medium
{1 week)

* Mouthfeel measurements were at 60°C using samples diluted back to 1X milk. Organoleptic
product quality score: Low = watery, thin mouthfeel, bland taste; Medium = increased
mouthfeel and dairy notes but less mouthfeel than 2% milk; High = milky, 2% milk-like
consistency, color, and mouthfeel with pleasant dairy flavor.

The stabilizers (i.e., trisodium citrate, tripotassium citrate, disodium
phosphate, and sodium hexametaphosphate) produced superior milk
concentrates when used in combination with NaCi and/or KCI as the
mouthfeel enhancer. Sodium sulfate, when used as the mouthfeel enhancer,
produced an acceptable, but not superior, concentrated milk product.

Example 4. This example compares the use of ultrafiltration with and
without diafiltration. The reduced fat (2%) milk was forewarmed by heating to
88C for about 5 minutes and then concentrated to provide a 4.5X concentrate
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4 mmmples Inventive Samples
Formula 1 2 3 4 5 P
4.5X UF, no DF 100 0 0 93.1 0 0
45X UF, 1XDF 0 100 0 0 93.1 0
4.5X UF, 2X DF 0 0 100 0 0 93.1
Flavor (%) 0 0 0.02 0.02 0.02
Trisodium citrate (%) 0 0 0.3 0.3 0.3
NaCl (%) 0 0 0.6 0.6 0.6
Sucrose (%) 0 0 6 6 6
Total (%) 100 100 100 100 100 100
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* Mouthfeel measurements were at 60°C using samples diluted back to 1X milk. Organoleptic

product quality score: Low = watery, thin mouthfeel, bland taste; Medium =

increased
mouthfeel and dairy notes but less mouthfeel than 2% milk; High = milky, 2% milk-like
consistency, color, and mouthfeel with pleasant dairy flavor.
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al t hou I
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aRRel oPmBLLHIESS ARdtftion of only the stabilizer at high levels (> about 0.2
percent) or the mouthfeel enhancer at (> about 0.275 percent) resulted in

th

gelation during retorting. When both the stabilizer and mouthfeel enhancer
were used, excellent milk stability and good to excellent mouthfeel were
obtained.

Example 6. This example demonstrates that monovalent cations, such
as potassium and sodium, contribute to milk stability and mouthfeel whereas
divalent cations provide unacceptable results (i.e., milk gelation). The
procedures used were as described in Example 1. The following formulations
were prepared and evaluated.
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then concentrated to 4.5X using ultrafiltration and
diafiltration). The pH 4.6 soluble protein was reduced

wypooédiyses cent after the forewarm ng step. TabbEr/6S2005/026024

10

15

20

25

lists sanple fornul ati on and sensory eval uation. Al
sanpl es were packaged in 350 nL gl ass bottles and
retorted under the tenperature and tine conditions as
described in Exanple 1. Al sanples had nore than

ababie 610 percent protein. Qrganol eptic eval uations

T o COr i o o orr 11 Coll 8’ ItLUILETJI .
odu@,smapd af St nragg 7 | pventive
tlhhe sane proced awple
B MR SR
nt hF¥asKe) 5. f 2802 nejas®Pne e %@“832060-02
ulsTrisgdisanirhieg%)l| | ubed padR3t o 1%3%i I|k.0.8F gandl-¥ptic 0.33
E"odqq\tacq(lggl ity|score:|Low = watery,| thin routchfe¢l, 055
amn e VERT U = [ Mt TLeasSkEd, Rput|nt egl gnd pai |
nu'\t M‘?Ctﬁr"z(n@q mllféhf e 6gg_an 2 /?ggn Hik—High— (ﬁn | g;, 0
2|fVo m ICkCl, (%e cohsi $t enpy, Ocol jor, 0and n®b2 hflecd-35i fh O
pH‘st&g,togge)o)ry Taor. | Cekl ed sagpl gs wgr e [notg 6
e dat-ed—or—rput-hf-eet—or—otper—otrganol-epti—c
pk operfotades) Separ at%® addifPon| of%nily {9 dtalfl% i zer 190
( B uUGhodast dualigrodijum ci t ak llevel s, (|< ut] 0.
ppr cent )wesk) t he hf e:(lgg%%ha#gggrlg (s\lﬁsghedas_, ﬁg%%) at High

| oMol itRéET FeakGremBRSIvel@ .a2605C REIhE Saiples/ilaed ke taTIX milk. Organoleptic‘

shbidt hiianitylsudre A olvessatériatin clesthfieel phland| tastes Mediim = increased
molstihfeelednd daiddiotds bt lefs ruukthjeel then 2% atilki Highe® miity, 3 gtifk-like

| earsisten¢ys celtyoand raputhferbwittemeasa daipHiaverp GeldsamPies Was Aat
aevdluategifoubouthférT &r qfiear organdeptierrabarias- i n gel ati on during
retorting. When both the stabilizer

enhanc
to exc

and nout hf eel

She SR e R B e

eXaiarlify. JORRNRENATEiVE B mprRN@BAiatTihg trsddiura citsatefandssodium
pot assi'um and sodium contribute to mlk stability and

mebidarided pravidedas acceptable product.
While the invention has been particularly described with specific

reference to particular process and product embodiments, it will be

appreciated that various alterations, modifications and adaptions may be
based on the present disclosure, and are intended to be within the spirit and

scope of the present invention as defined by the following claims. For
instance, while the present invention has been exemplified with respect to

bovine milk and milk products, it will be appreciated that the invention is

generally applicable to any mammalian milk or milk product derived from

mammalian milk.
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di val ent cations provide unacceptable results (i.e.,
m |l k gelation). The procedures used were as descri bed
wo moxexspd e 1. The foll owi ng fornul ati ons wer ep@r/esmpEe6024
and eval uated. Table 6. * Muthfeel neasurenments were
at 60C using sanples diluted back to 1X m | k.
Organol eptic product quality score: Low = watery, thin
nout hf eel , bl and taste; NEM}@| ncr eased nout hf eel
and dairy notes but |ess than 2% m | k; Hi gh
= mlky, 2% mlk-1ike consistency, color, and
mout hfeel with pleasant dairy flavor. Celled sanples
lat ted for nouthfeel or other organoleptic
properties. The attenpted use of divalent cation salts
resulted in gellation after retorting. Only the
| nventq.va rhathddeof(ragkihgianétaplet dargesltratddcddifypkiduidnshid method
sodi um chl ori de) provided an acceptabl e product. Wile
t BRIVPFYIBGE | on has been particularly described with
speci fig t
cmbod feH VT S el i ot Ang e EREGroRH B Ukbin
aprodgins; ons, nodifications and adapti ons may be based
on the present dis and, are intended t °c
o't hi e eing Betaydjibat & himpPEEincr atesstapput 60°C

aﬁ)r ‘éetfrhé adffRierith6 fdrit h uiedrficd dbiry Iffid hawh r33‘3|‘o%3duced level
whil e the present invention has been exenpl i th

r@tsqideasttabmeﬁmrmmtlofmhﬂﬁﬁso&utpjecmg@ms it vvl || be

oy e fiebBair e B 9 S0 RS feraBB PRy ©
niptareddidterddity. Iigul Mevig at lgast Blﬁpmént malbrot%mrﬁﬁﬂiérém the
of making a stable concentrated dairy

rhqgg\tr RPI$ samigd qut uspggyirafilrgtign dﬁﬁhr(g)' Wlmﬁgtdilaf iitration;
Forsoa ORI USRS AN YIS yRREFIS e 6,
| intermertiatetdai@diquid to form a second intermediate dairy liquid; and

(5) sterilizing the second intermediate dairy liquid at a temperature and
for a time sufficient to obtain the stable concentrated dairy liquid, wherein the
stable concentrated dairy liquid has a F, of at least 5,

wherein the second intermediate dairy liquid is resistant to gelation
during sterilization, and wherein the stable concentrated dairy liquid is
resistant to gelation for at least about six months of storage under ambient

conditions.

2. The method of claim 1, wherein the forewarming comprises a first
stage at about 80 to about 100°C for about 2 to about 6 minutes followed by a
second stage at about 100 to about 130°C for about 1 to about 60 seconds,
wherein the reduced level of pH 4.6 soluble protein in the forewarmed dairy
liquid is about 50 to about 95 percent, and wherein the total protein of the first
intermediate dairy liquid is at least 9 percent.
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for atinme sufficient to forma forewarned dairy

liquid having a reduced | evel of at |east about 25
we@eooeemsoof pH 4.6 sol ubl e protein; (3) concent@EUSINGS/026024

the forewarned dairy liquid to forma first

intermediate dairy liquid having at |east 8.5 percent

total protein, wherein the concentration is carried

out usin uItrafiItrat_ion W th or wthout ) )

di af i | 8r difeonethag) ofeleim, wWhereibthe fospwarming qepRrisesdieating

e r7 f4i AW IY .

FRYBBERT 6 Pkt 100°C (DPRBOMTES 30 Boget iR, bfein the

stezhiceddeve df ipéd éﬁcmitablerpmterrem taedotmvarynéd dm'rwllqiﬁd & about
| ent to

t d f t
< B085 2Bobl & Rerarbcpribibyin s lsltoran o7 S ibprnediote
CGQWﬁématl@Qt Rt ¥ deréBHtd has a FO of at least 5,

whereln the second internediate dairy liquid is
resistant to gelatlon durlng sterilization, and

wher ei e st ncepntrated dairy,li ujd '

resi st nlﬁ} g'loéf(?fcﬂ F}eqeé% e %8 Eis@dﬁj{sﬁqtﬂéb&l“tcn
stoabast vﬁdwenarmidemb sﬁ@mnizérn@ B8lected fFOM tﬁ@tgﬁ@@p @6n3|st|ng of
claim1, wherein the forewarm ng conprises a first

sd&@éw\ phpsphatgodipetagssim pb@@nhateodlsgsbum cifrate, taa@dmm

t
o PR AR YA iRl acdea a
]E hbout0ld dgwgoevelpenéermérm tﬁegnbuuﬂhf%el ranhhgcer iis rsetdmed from the
or ewar e Ir ul about 50 to about 95
pE%@O"%H‘W{y 'Lﬂ“ﬂ%@%apta&ﬁmcﬁ'%ﬂetﬁ ipm gylfate, and
|m,ﬁu@dff,\%}§ofdal ry liquid is at |east 9 percent.3. The

nmet hod o im1, wherein the forewarnng conprises
heating to about 70 to about 1000C for about 1.5 to

about nute [,ein th reduced. | 4.

Sorubl 5 o Riad OFciEnd 2, Blafei R sianfioBt isotagtididt dbout 0.1
a&Débo@lCh @ro%h@ WndthePRakiRrdr. is salécvdefremnthelotpicahsisting of
protein o the first internmediate dairy liquid is at

| disodium pepgphate, dipotassiympihograates disogium cmé%trlﬁodlnm
e 8] bR AARErr, RO Whefbit A0 ritRRMEolRRAERYs added at

I'zer 1's selec
cabeut0.i1ng akfout 1 percent and the mouthfeel enhancer is selected from the

group consisting of sodium chloride, potassium chloride, sodium sulfate, and

mixtures thereof.

6. The method of claim 3, wherein the stabilizer is added at about 0.1
to about 1 percent, and the stabilizer is selected from the group consisting of
disodium phosphate, dipotassium phosphate, disodium citrate, trisodium
citrate, and mixtures thereof; and wherein the mouthfeel enhancer is added at
about 0.1 to about 1 percent and the mouthfeel enhancer is selected from the
group consisting of sodium chloride, potassium chloride, sodium sulfate, and
mixtures thereof.
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di sodi um phosphat e, di potassi um phosphate, di sodi um

citrate, trisodiumcitrate, and m xtures thereof; and
wobse1250¢ he nout hf eel enhancer is added at abpart/US2025/026024

to about 1 percent and the nout hfeel enhancer is

selected fromthe group consisting of sodium chloride,

pot assi um chl ori de, sodiumsulfate, and m xtures

thereof. 5. The nmethod of claim2, wherein the

st abi | Tzdhe; rgethogleef céalﬂhﬁdﬁherelmtheostaaﬂsa@r s qmwntphosmate
aBldtrfsB?m?ﬁ @R#Até éﬁﬁ nﬁﬁL Qnﬁé r@? &Dﬂ%’hlonde
consisting of dis |um phosp ate assi um

phosphat e, disodi um citrate, trisodiumcitrat e and

m xt ur here re n th hf eel ncer
s addéd @lﬂd 5t °Ta'f*b %ﬁe"hﬁ‘\& eéwt’—e'é'ﬁ ? um phosphate
NBLfrsbaRIm %nm %ﬁa thé nﬁltﬁféteeenﬁérw@rw§o<smﬁu@h|onde

consi sting of sodium chloride, potassiumchloride,
sodi um sul fate, and mxtures thereof. 6. The mat hod of

f loaia[Jnoét f#wer em&e{ast a? hé'%é{b r]e %gs‘??g? : & ltélaiophlosphate

f bpmsbhﬁjrﬂbﬂtd@e @Pb2he mdlghfelel dhisatiarnis Ib@l&ﬁhalﬁlerlde
di pot assi um phosphate, disodiumcitrate, trisodium

citrate, and m xtures thereof; and wherein the

nmout hf egl ;

rout 961 {HRERG A BRF Rl ol ShBhBledaary

t iguidi® ppckages inta sgaled CSOﬂ!IﬂlETI stiitable fibe usp i atsvenage making
chloride, sodiumsulfate, and m xtures thereof.7. The
nB13¢BN&f claim 4, wherein the stabilizer is disodium
phosphate or trisodiumcitrate and the nout hf eel

enhancer is sodiumchloride. 8. The nethod of claim5,

wher ei 11t Hhesmathad qfe¢lains4dwbewimthqoﬁabmmmce@trated dairy

clidRiES k0ol E0Rsh Gtk FBbICREPSETh o o vePaoé Maving

shdyhinger i s di sodi um phosphate or trisodiumcitrate
and the nout hfeel enhancer is sodiumchloride. 10. The
met hod of claim 1, wherein the stable concentrated

dairy Libqupgh h!%tlﬂ’c?c%taﬁgﬁln Snwﬂeﬁe‘?ﬁltlféjst%%fg 8bi&ntrated dairy
suitabl' € for use 1n a bevelage naki ng
liquid is packaged in a sealed container suitable for use in a beverage making

machine.

13. The method of claim 6, wherein the stable concentrated dairy
liquid is packaged in a sealed container suitable for use in a beverage making

machine.
14. The method of claim 1, wherein the second intermediate dairy

liquid is standardized prior to sterilization such that the stable concentrated
dairy liquid has a predetermined concentration level of about 3X to about 5X.
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machi ne. 11. The nmethod of claim4, wherein the stable
concentrated dairy liquid is packaged in a seal ed
w@onbaizses suitable for use in a beverage nakiPQI/US2005/026024

machi ne. 12. The method of claim5, wherein the stable
concentrated dairy liquid is packaged in a seal ed
container suitable for use in a beverage nmaking

mac hi nf %_3. The net dm(c])‘{ claim6, wherein the stabhle
concend ¥-af 88 raathed qfiﬂgﬁl i Whergindhgecond ntesmed ate dairy

- Rlidid standetc 22 pric stéfizaflof <eH Hiatde SRS Goncentrated
i daiey liqudd dine apiedptérminediconcestmtioanevel ed aboub8Xto about 5X.

sterilization such that the stable concentrated dairy
liquid has a predeterm ned concentration |evel of

about 8 trpeaheodVf-cldim 9 Reherein®é s¥copdaht®rhediate dairy

wherein the second internediate dairy liquidis
sliqiid i standardizecbprierdostterilization sueh thatdhe istahle chacentrated

HRRfo FPREY bALERe ey soblifaudRlaf BraRBLERR GRout 5.

met hod of claimb5, wherein the second i nternedi ate
dairy liquid is standardized prior to sterilization

such” t héat ThRaMehae &f daR@rvheredtthesq5pnd; iglarmediate dairy

p ] 0 . .
DSBS FAT GRS AN S Yl By Blton

i daiey liquid dtas alpiedetérnmined coscestteatidarldvaled ghoub8Xtto about 5X.
sterilization such that the stable concentrated dairy
liquid has a predeterm ned concentration |evel of

about 3% trpedetHodoef cldifh 3,\WRerdt tHedstableCdctdntrated dairy

wherein the stable concentrated dairy liquid contains
aliguid containg abpwilR. 110 gbout i ipessent of desndivmditratg: about 0.1 to

abput t ' e ' '
2804 Pibeify B8l e iR oD pUfBhL Hap 2 onbut o 01
f t@ & percéft flavoes.met hod of claim 4, wherein the stable
concentrated dairy
19. The method of claim 4, wherein the stable concentrated dairy
liquid contains about 0.1 to about 1 percent of trisodium citrate, about 0.1 to

about 1 percent sodium chloride, about 1 to 10 percent sugar, and about 0.01

to 0.3 percent flavors.

20. The method of claim 1, wherein the stable concentrated diary
liquid is resistant to browning for at least about six months of storage under

ambient conditions.
21. The method of claim 2, wherein the stable concentrated diary

liquid is resistant to browning for at least about six months of storage under

ambient conditions.
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l'iquid contains about 0.1 to about 1 percent of

trisodiumcitrate, about 0.1 to about 1 percent sodi um
w@ebkdoenixdes about 1 to 10 percent sugar, and abeart/U82008/026024

to 0.3 percent flavors. 20. The nethod of claim1,

wherein the stable concentrated diary liquid is

resistant to browning for at |east about si x nont hs of

storage under anbi ent conditions. 1. The nethod of

cl ai m 22. Whereethodipd claiays, éNQQJ’ﬁE‘eW@rSé@'é@ cangeytrateg diary

| o R0 BEANDIIGr GPeggt ahGAS s OF Hord cer
chmbier® contitivesn t he stabl e concentrated diary |iquid

is resistant to browning for at |east about six nonths
of storage under anbient conditions. 23. The nmethod of

claimdg W%rrﬁéﬁtghrtﬁ c‘félﬁm BIFErBfEiNe sthsd é?in%ﬁtrbte%“dhﬁrsy

is resistant to browning f'or at |east about six nont
ofiquid is eaywtanuerbravmur@qur ableaist abboigt. sihp months obistiosage under
concentr at dairy liquid conprising about 9 to about
%"@é"r“éecﬂt‘gﬁ'é’{‘& protein, about 0.3 to about 17

percent fat, about 0.5 to about 5 percent |act ose

about 0. 05 to about 1 percent stabilizer, and ab

0. 05 t é%abostable ¢anceatiatacddains liquid éﬁﬁ%‘élﬂg ampetpraboutw

E@rc%ﬁﬁ@tgl n@%\%ﬁ néﬁcﬂftm S%g%tlltl 1'7qHér‘éeH a’t eﬂ;&(}g.?go bBout 5

out erein e concen
I pqmedt |axtoszs iabbah0.06cogrkloat il erdent szbmbllimsandtlabout 8i0% to

th f st b iti .
CoBBie! Berrenh malalrehath e Suhereat e stRRRcomRlBd dairy
; {@){1 HelsQSE, bF5 @@a%up@ah@ vmé?é'ih the %tanfré %Hbent?eﬁed Hasry

‘able concentrated dairy [iquid of claim24, wherein
t h@uldtlam%steohmﬂlamreﬁnr@édegst abqut siximodhs af steags upder
pLoge nﬁ'@{‘% ng (1) providing a dairy liquid

Cam é? I m pr ot ei ns and casein

25. The stable concentrated dairy liquid of claim 24, wherein the
lactose is about 0.5 to about 1.5 percent.

26. The stable concentrated dairy liquid of claim 24, wherein the stable
concentrated dairy liquid is obtained by a process comprising

(1) providing a dairy liquid containing serum proteins and casein
proteins;

(2) forewarming the dairy liquid at a temperature of at least about 60°C
for a time sufficient to form a forewarmed dairy liquid having a reduced level
of at least about 25 percent of pH 4.6 soluble protein;

(3) concentrating the forewarmed dairy liquid to form a first
intermediate dairy liquid having at least 9 percent total protein, wherein the
concentration is carried out using ultrafiltration with or without diafiltration;

(4) adding the stabilizer and the mouthfeel enhancer to the first
intermediate dairy liquid to form a second intermediate dairy liquid; and
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proteins; (2) forewarmng the dairy liquid at a
tenperature of at |east about 600C for a tine

weafobiocisent to forma forewarnmed dairy |iqui d PemUSIHOF026024

reduced | evel of at |east about 25 percent of pH 4.6
sol ubl e protein; (3) concentrating the forewarned
dairy liquid to forma first internediate dairy liquid

having at least 9 percent total protein, wherein the
concent® éterdlﬁmgsthe&eppee "B@[mﬁg'? d%'ﬂ( liauigjat ademperature and

‘;"{oté% tﬁ'ﬁe %ﬁl&?é(jﬁ ﬁoﬁtélh &k %fé cé}r@erﬂ‘l%q%é‘ Q?ﬁ]'gﬁgwd with F, of at

. I'zer an € rmuth ancer
i leaet Gedi ate dairy |iqui d to forma second

seconawnRtals Hispegandiferiecilt daniadid i st A€ oslegon

f@ﬂri%%ﬂe’f‘ﬁza}}gﬁ' cient to obtain the stable
concentr at dairy liquid with FO of at |east 5,

wherein the second internediate dairy liquid is

resi st gl.ation [, steril Nas2ls Th

abi 2T stas RentteRndidid GfnRn 26  Meli e

t iRelvaFRg dOnSriseR@fitst %ﬁag@ ati dbut 80aeeabaiut 400t f&Qattdmt 2to
about 1000C for about 2 to about 6 m nutes foll owe

aabeudhmirytegoliawerhbya segond stagroat atlcathdéorf@ra%dﬁoﬁ for
t
RPGHY 1o, AR ST RECorR antl Gt WP R HATE ) Y pH B polubte

| pratbintih thé férewabmet dirypiquiteistabo8 50 ToabsubBb percent.
concentrated dairy liquid of claim26, wherein the
forevvarm' ng conprises heating to about 70 to about

1000C E\Pﬂe &rfc@nﬁ@@dtdeﬁryﬁndﬂm 8f clafif Z@IWh@rélntth@

reduce Ievel solubl € protein in
f forewarming rcranplysea h@atmg to ailm&tlﬂ 030 étb@UQBBQTC @J about 1.5 to

29. Th bl.
%b ﬁfé@lnmgraéﬁqsbﬁglf I'geglr%%ﬁgé{i?é\fe(?o W{S ot‘ﬂwlgip%tenm the
| RdrevaRehedidRinaiquid isiabiout 5etto about 99 peréentabout 1
percent, and the stabilizer is selected fromthe group

consi sting of disodi um phosphate, dipotassium

phosphajge. 1l st tBridehtratét ddify RRAY SFeid 2, Whete the
stabilizer is added to the first intermediate dairy liquid at about 0.1 to about 1
percent, and the stabilizer is selected from the group consisting of disodium
phosphate, dipotassium phosphate, disodium citrate, trisodium citrate, and
mixtures thereof; and wherein the mouthfeel enhancer is added to the first
intermediate dairy liquid at about 0.1 to about 1 percent and the mouthfeel
enhancer is selected from the group consisting of sodium chloride, potassium

chloride, sodium sulfate, and mixtures thereof.

30. The stable concentrated dairy liquid of claim 26, wherein the
stabilizer is added to the first intermediate dairy liquid at about 0.1 to about 1
percent, and the stabilizer is selected from the group consisting of disodium
phosphate, dipotassium phosphate, disodium citrate, trisodium citrate, and
mixtures thereof; and wherein the mouthfeel enhancer is added to the first
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m xtures thereof; and wherein the nouthfeel enhancer

is added to the first internediate dairy liquid at
w@bweni130cl t o about 1 percent and the nout hf eePCT/US2005/026024

enhancer is selected fromthe group consisting of

sodi um chl ori de, potassium chloride, sodium sulfate,

and m xtures thereof. 30. The stable concentrated

dairy liquid of claim26, wherein the stabilizer is

adtbenhediate ldairyiliqatd atrakout®d! ta aboldi t peiceqtiand the aswithfeel

0.1 to about rcent, and the.stabidi i e .

ARt ol Tiandte o in SRR sofflp chictde” b sium

HHIGh RS dodiirmReFatabad Hixanes umerebt.rate, trisodi um

citrate, and m xtures thereof; and wherein the

nmout hf eel enhancer is added to the firstinternedi ate

dairy i quj Ut ; :

oot b b i 8o RS oS 28, RErre

cstabilizér BGhddfedtodhe firsthhtermddiatedaimg Bquichat flabout @4, to about 1

sodi um sul fate, and m xtures fIherﬁgf. 3 1. The St@é" e,.

ceereent enddhe satilzariiy selectad fkomthe SEOURARAYISYNG pldisodium

. L zer o f e sk L - ) o

TDASRAAE! dpStaBUER phOspiifte diSSdTEREME: HidIdiAikate, and

sinbliutaszteeracf; smd adieeeinfthe mautefegl enpanasids sdded) tathe first

crisre G AR IR of sPairT A AoRICT BRIy AEbIAF milltyee
VWEsk&hdbrlid SerRiddfre@l thefians ebnsistimplebsbdiomt drtodde, Potassium

internmediate dairy liquid at apout 0.1 to about 1
pehiodde, sotiumrsulfataitanidemixtuigsdhe®ofi s sel ected from
the group consisting of sodium chloride, potassium

chl oride, sodiumsulfate, and m xtures thereof. 32.
The st 3pl aheostablet coricedtratid gaityi liguiidi ob€lairh Z9pwherein the

wherein the st abil | i s disodi hosphat
¢ Blabizenin derMPRRPAIE ChyTROSIUB ORI ANEdRe Towbtael

g?bﬁ%nhgﬁismédium@hﬁ@g[ e concentrated dairy liquid of

erein the stabilizer is disodi um phosphate
or trisodiumcitrate and the nout hfeel enhancer is

sodi um_chlgride,, 34. Th t e ¢ i LV
Li qui d30F ea%qu ﬁgnqmgrpgqqig%lﬁ/eﬁﬁﬂg S%fa%%,%erréﬁn the
stabilizer is disodium phosphate or trisodium citrate and the mouthfeel

enhancer is sodium chloride.

34. The stable concentrated dairy liquid of claim 31, wherein the

stabilizer is disodium phosphate or trisodium citrate and the mouthfeel

enhancer is sodium chloride.

35. The stable concentrated dairy liquid of claim 24, wherein the stable
concentrated dairy liquid is packaged in a sealed container suitable for use in

a beverage making machine.
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stabilizer is disodiumphosphate or trisodiumcitrate
and t he nout hfeel enhancer is sodiumchloride. 35. The

wet@bbeseoncentrated dairy liquid of claim 24, pahEs®0s026024

the stable concentrated dairy liquid is packaged in a
seal ed container suitable for use in a beverage nmaking
machi ne. 36. The stable concentrated dairy |iquid of

cl ai m 26, erein the stable concentrated dairy |iquid

5 pac B8y M oRCER SGH S UL Pt SBiTe 2PoMhGLein (B stable
a i . i ol T, . .
GSPREA FRlY NGyEE PofRagqdin o REHR R B LABbISH bse in
c arbmwetragd makihg machingui d i s packaged in a seal ed

contai ner suitable for use in a beverage making

machi ne. 38. The stable concentrated dairy |iquid of

clai m 30, Teestable ddmeehfraleldeddigNRRI bAEIAMM 281 WheldifAthél stable

i s packaged in a seal ed contajner suitable for use in _
acpesenteaied gaity figuidde Raakagezbin arpealed gontaivehswiableatasdise in

dai | quj f L:m.3 1, wherein the stable
c%ré:ée(/ﬁﬁggéj@%k%ﬁ '?‘;%é*'ﬁém d is packaged in a seal ed

contai ner suitable for use in a beverage naki ng

machi ne. 40. The stabl e concentrate iry liqguid of

Cl ol m 5B, “Miecstable GRCeSIraIREIBOHEAN PLABI @5 Iierein e stable
oo ETEREY 2R 1 BoERASE R EPalbaRoRRARE, WARHIEKT use in
dai beveragpimhkofg miaahime26, wherein the second

internediate dairy liquid is standardized prior to
sterilization such that the stable concentrated dairy

l'i qui d3basrre ftaBREdRICEhaCAABEMUIGbF BRI ®1eWwhekein the stable
about 3X to about 5X. 42. The stable concentrat ed

dsongentrajad daiy liguid impackagebine? gealed comtajpar suitable for use in
PR heb o Lo e ees Pri ey 0
liquid has a predeternm ned concentration |evel
40. The stable concentrated dairy liquid of claim 24, wherein the stable
concentrated dairy liquid is standardized to a predetermined concentration
level of about 3X to about 5X.

41. The stable concentrated dairy liquid of claim 26, wherein the
second intermediate dairy liquid is standardized prior to sterilization such that
the stable concentrated dairy liquid has a predetermined concentration level
of about 3X to about 5X.

42. The stable concentrated dairy liquid of claim 29, wherein the
" second intermediate dairy liquid is standardized prior to sterilization such that
the stable concentrated dairy liquid has a predetermined concentration level
of about 3X to about 5X.
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1 percent of trisodiumcitrate, about 0.1 to about 1

percent sodi um chl oride, about 1 to 10 percent sugar,
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ucittate, abbut0i1 tocaidiut i1qrercent sodium chloride, about 1 to 10 percent
sugar, and about 0.01 to 0.3 percent flavors and wherein the stable
concentrated diary liquid is resistant to browning for at least about six months

of storage under ambient conditions.

46. The stable concentrated dairy liquid of claim 26, wherein the stable
concentrated dairy liquid contains about 0.1 to about 1 percent of trisodium
citrate, about 0.1 to about 1 percent sodium chloride, about 1 to 10 percent
sugar, and about 0.01 to 0.3 percent flavors and wherein the stable
concentrated diary liquid is resistant to browning for at least about six months
of storage under ambient conditions.



