‘CREAM CHEESE MADE FROM WHEY PROTEI N POLYMERS FIELD OF THE | NVENTI ON Thi s
dnvention relates to a ' roduct and a novel nethod for
jpreparing such a produca‘“@m\m‘lmmw“\f ically, this invention relates to a
cream 5 cheese product that 1Is substantially casein-free prepared using an

edible fat and a non-casei n Pr'étein source comprising a pol ymerized whey
protein from a whey protein concentrate. The cream cheese product prepared

according to the QREAMCHEESEMADE PhWWHW#R%@Mmﬁ&”THE

firmess and has excellent syneresis properties.
| NVENTI ON Cheese conpositions are generally prepared fromdairy |iquids by

processes that include treating | Ol ' coagul ating or clotting

agent. The coagul ating agent ngmkijgh&dm%gﬁﬁgﬂe an acid, a suitable

bacterial cul tur hioinventies palhtes el #éh@&éﬁﬁé‘?h&!&ﬁ aFt]ga ﬁﬁ@gﬁj{ngﬂ‘m‘%{;&“r d
at has been

that results 15 generally incorporates casein
al tered by tREERAIMG fdch piidedust, Meresspecificaliynthisimventibn belates tdf alcrearnd

bact ori b curpEb S plathadle suBLBRTER Eooinfas prinared fisingsaaesible datu at cd
from the whegnd EhRonscasuint proteih is@uidd cHRBYisHENE Eﬁfym’eorfz%ﬂhgﬁgf 8?&%P1Pﬁ§m ce

proteins not affectied by the coagul ation; 207su
not i ncor por LY RiQjeireoncealatainT be caeam cheese modustoprepiatéd adcondiridie

liquid whey. teins have high nutritive value for
humans. In *d;@t\éeﬁ{ engiﬁgg&gglxla{%@g@z‘o@%pﬁﬁ?cﬂ"%ﬁ% Eness and hase to
an ideal coepcsldrteynpresis pmpeptiediuman nutrition. Wiey proteins are al so

understood 25 to have superior emnul sifying capabilities in conmparison with
casein. Wthout w shing to be bound by theory, this should reduce defects

cheese. "9an al so provi do a BB ROURERORIE INVENTON 25 T on, euch
whey proteins prodhkess dcompasitisnsiaier gemeratiy prepdreatror fdaiyarfied BY!| ¥
| ncor por at ed, 1 NL.Q. &0G8S include treating the liquid with a coagulating or clotting agent
F | _ gent.
The coagulating agent may be a curding enzyme, an acid, a suitable bacterial
culture, or an agent including a culture. The coagulum or curd that résﬁlts
- 15 generally incorporates casein that has been suitably altered by the curding
process, fats including natural butter fat, and flavorings arising during the
proCésSing (especially when uéing a'bacte'riél culture as the coagulating
agent). The curd is usually separated from the whey. The resulting liquid
whey generally contains soluble proteins not affected by the coagulation;
20 such pr_oteins are, of course, not incorporated into the coagulum because
they are solubilized in the liquid whey. | |
Nevertheless, whey proteins have high nutritive value for human.s. In
fact, the amino acid composition in whey proteins is close to an ideal
composition profile for human nutrition. Whey proteins are also understood'
25 to have superior emulsifying capabilities in comparison with casein. Without
wishing to be bound by theory, this should reduce defécts such as .phase
separation during processing, and, in the case of cream cheese, can also
provide a smoother creamier produ-ct. In addition, such whey prdteins provide

a low cost dairy product which, if successfully incorporated into cheese
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products, would significantly increase the overall efficiency and
effectiveness of the cheese-naking process. Cream cheese products are
produced on large scale in the United States and ways to inprove the
product and to produce it in a nore 5 econom cal manner have been | ong
-sought in the dairy and food industry. Unfortunately, nethods or attenpts

to incorporate or, use e%/ protein in cheese products have generally been
unsuccessf ulproﬁHFtse%%Pr\’\Sé &g tly in¢reasa dhe pyeralbefiicionsy @andreffestiveness i ed

from whey ang thR e | cheese (see, e.g., Kosikowski, Cheese
and Ferrrententg Foo Sefe%%ﬂﬁ'ﬁlg@@fbr?@é%mrds Brothers, Inc., Ann Arbor, M,

1977, pp. 451-458Lredameheesy prpdottsiare predaved o 1argescalé in tHeouafedes,
however , dog hav% t he . appropriate or desired physical and chem cal
properties r %&??é’&‘ MRYSIGIHIProKe e Rieduetangio preduea dde@smere pr ocess
cheeses.g St AR g,te@m ) ' i nmodi fi ed
15 nati v5e méé%/oﬁ'ﬁfd?i' n, W%S:H%Ivg , ex%@ﬁ?@h\%\j}deg%pér‘% e?ﬁ&iﬂg‘g{i Et%é’%hé!r even
cel lular sour cesUnfaitunatelyanuthods pr atteswmpts 4o inampponite or use Whechictsial

properties of r ot ei,n-cantainin erial selected fromthe group

consi sting of @‘fq%eeprggppts V@t%‘?’l‘grﬁg? |unsiicerest.ober axample. ivéey and
m xtures of §id8ine-Have! bddrPEShdbnM I fg%rn 1A | s bot h
pl ant protei ‘?1 anld whey sol i ds, iﬁ#é\kﬁ?gﬁ d?ﬁ%j qmﬁb(ﬁ”agég@@%rh %lfdr?qqmgé 99

wei ght per cewith@heere (seeg.g-, daidikpwekieChebse dewicF érpeehted IF dod, 2Rdteri)}

1, 575, 052. ' us sl f..th i fi I .n- i al
i g 101 o BERAIFE BTt i Ana kRl 1561 S 4Bs fafk cthe whey. o
tenperat ure pfotéimstrecd@iied fidif shichi frod8lufdse However (Y Rof Keve faoe of 6.6

to 8.0 by adding a conpound selected fromthe group consisting of 25
anhydr ous an®BRioRratgRbeaesiiehphysizabend cheoiicahprppediesdequised fomgood,

hyd I'de, ' ' | ci fat t ' bonat e,
Al cf um car baR ol faRRReectS it MHBLBN LRbEsedcr oxi do. magnos: urm

hydroxi de and mi xStill @therirurnefousna@tternptahave thied tasd@fforpid cidheained sl urry
under such congiti ns for.1to é_lzo m nutes, and then drying the material.

The 30 produBfdvepaeypieteindpodiiede pxpersivamheyoproteipliselptey of@veatceaditiarmi | k

in sources. For instance, a process for improving the functional properties of a
protein-containing material selected from the group consisting of single-cell
protein material, plant protein material, and mixtures of single-cell protein with
plant material, whey solids or both plant protéin and whey solids, in which the

20  mixtures contain 1 to 99 weight percent of the single-cell protein is described
in U.K. Patent 1,575,052. An aqueous slurry of the specified protein-
containing material having 1 to 99 percent of the single cell protein is heated
to a temperature of 75 to 100°C, the pH is adjusted to within the range of 6.6
to 8.0 by adding a compound selected from the group consisting of

25 anhyd_rous ammonia, ammonium hydroxide, calcium hydroxide, sodium
hydroxide, sodiurh bicarbonate, calcium sulfate, potassium carbonate,
calcium carbonate, sodium carbonate, potassium hydroxide, magnesium
hydroxide and mixtures thereof, maintaining the heated, pH-adjusted slurry
under such conditions for 1 to 120 minutes, and then drying the material. The

30 products'are_ described as being capable of replacing nonfat dry milk in
formulations which include bakery goods.



formul ati ons which include bakery goods. -2 According to Watanabe et al.,
J. Dairy Res., 43:411 (1976), internolecular disulfide bonds are forned
when f3-lactoglobulin is heated, with a maxi nrum anmount of such bonds bei ng
formed at pH 7.0. The G 3- lactoglobulin is the major protein conmponent in
whey and the covalent 5 disulfide bonds |ink together individual proteins

f ded ' i zed agal f d at 75C and
sral Ler o1 zed- agd Soag 1q WeARbe HaR L/ RBa Kix. 48aT1 (ABTBN 2. 063, 273A
(June 3, 198Aferfrsiecilaedisulidy bends afe RSrARY wsn?l'a%goH %ﬁﬂg%ﬁ%qg&’g@ﬁ\t_on

p ueou ut i

protein conpositions that involves 10 raising th
of native wRNFHFE ameunt gfisush bands being fortned ahpHi716n FremBi ng t he

solution at r r for a.tine greafer . than that at which the
native whey lgﬁ%'ﬁgﬁﬁgﬂ&%§gﬁw %WPBBﬁB inwhey ?"déﬁe coxplemtdr essi ng.
U S. Patent disdifidelndglind togetiieriadRidul préteffy toPesma e hies nym&é
producing a transparent, purified mlk whey protein having a ga t )
concent r at i drATEET FE’%’ ag@eIstesHane fomiedsat 15°6randusimatjet bizedpaggrégateésnhey

protein in uéhl Ki t abat ake et al. produced a whey protein product by
adjusting the pH of The solution, readjusting the pHto either below 4 or

above 6, and agai U KiRatamegplieation 21068127 IAi(Juia bienbBdPAELLASS 4 hetidf ©f
whey protein from 20 whi Clg the salts and saccharides normally contarned in
whey are subf§tPARPRANGBON ﬁtSI;‘é@FU'pGrWBQﬁﬁfﬂtélepa$mghs thatinealwesgr aphy,
or mcrefil tgatd ' - to fhe whey solution during
process?élg f%fst"?#)g‘/eopﬂgfa? %ﬁghopg)éggﬁigﬂaﬁﬁgaﬁggﬂﬂé)w e't'*@ %Hﬂ %PM? '
treat ment debanithandtheof iewting the sadution Bea tenperddve 448 fora thmd WPeater
reportedly fctﬂnc ngd, f rma‘thi on of very large 13-1actoglobulin aggregates
at pH s 6.4. ?zﬂzé?gﬁﬁ Wﬁfcr‘p SRativesehey pretely isdanatyad and srentinngdeyoguat!.
whey i sol atgg gé@ddg@ggin@ed i n Vardhanabhuti et al., J. Agric. Food Chem,

47: 3649- . '
U.S. Patent 5,416,196 to Kitabatake et al. describes a method of

15 producing a transparent, purified milk whey protein having a salt
concentration of less than 50 millimoles/iiter. Using this puh‘ﬂed whey protein
in solution, Kitabatake et al. produced a whey protein product by adesting the
pH of the solution, readjusting the pH to either below 4 or above 6,'and again

- heating the solution. This patent describes the use of whey protein from

20  which the salts and saccharides normally contained in whey are substantially
removed, for example by dialysis, chromatography, or microfiltration. While
salt maybe re-added to the whey solution during processing for ﬂavoﬁng, this
is done after adjusting the pH. | o

| A heat treatment described in Hoffman, J. Dairy Res., 63:423-440

25  (1996) reportedly concerned formation of veryllarge B-lactoglobulin

aggregates at pH < 6.4. _
- Rheological properties and characterization of polymerized whey
isolates are described in Vardhanabhuti et al., J. Agric. Food Chem., 47:3649-
3655 (1999). The whey isolate was heat denatured and polymerized to
30. produce soluble polymers. Whey isolate solutions in deionized water were

prepared at concentrations of 8, 10, and 11 percent and heated in a water
bath for 1, 3, and 9 hours at unspecified pH. '
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3655 (1999). The whey isolate was heat denatured and polynerized to 30
produce sol uble polyners. Wey isolate solutions in deionized water were
.prepared at concentrations of 8, 10, and 11 percent and heated in a water
bath for 1, 3, and 9 hours at unspecified pH -3 Gelation properties of
pol ynmeri zed whey protein isolates are described in Vardhanabhuti et al.,
Abstract 6-9, |IFT Annual Meeting (1999). Wiey polyners are described as

be: ng_.prod]yced bﬁﬂhﬁo?‘NPPerlﬂiblsaﬁp\t/)\Pmdnl) 'z(am-h/lﬁe?)pr%thin tslﬁlaigstarérdﬁseﬁbed |

sol ution of . whe rotein.is te sel ected. salt concentrations
of 10mM cad™® aﬁ%ﬁa@@w ?\fa%t-. .tf%'.ct 5&3%? Annua) Meetinat1998)r Whey2000)
provi des a kesri | t k rQt ei n
i sper ai onsP ol e Fes et BEng 8ddeas By heetholt PEHEN I8 BH Do ot o
havi ng a pH1dfpencent asoteih solution 3bWhey paofeim &oldtesVWRY attselected@attng it
adjusting the pH :to -lesg.t out 80 10 °(e.g., 7.0), and heating the
sol uti om | ncﬂnE@EHﬁgoﬂﬁgfﬁﬂ@r@wa?ng%@rﬁ& g‘ﬁgﬂe of 75 to 97C to produce
a pol ynmeri zed whqy 9r | F hSr | tel .

mult1  step. proceey Fnad CrCOMIOT (OcKBbEr 31, 2000 LBV o cBRes Tpuits

rel atively &eating stepiprocessnfior prddhycimg ethelyrpriossih atispergionehinvolvingchidtigy i n

t he process U. S. . Pat ent 5 6,139,900, is.a highly purified and

expensi ve pragé!j’@{‘?eféoﬁﬂ}‘éﬂlm Bﬁ‘ﬁr'?yPr%@'sofﬁtﬁt"@vmggﬁcﬂﬁpgat leash80 19 drying
and renovi ngseNnkd Aitiheatindsted WMina LR HIHLE ' , & he
fini shed product ncont ai ng r_rgreé‘%';\é?r?hgg I%gg]cueégﬁa tﬁf" t%ﬁ!%?ﬁ?@%%&tgf%at er

t han 90'%er e, 7 Dicandbeating the selutiondn agseqomdckentingstepatra tethpettatgla y

purified wh r Ot @rdp | caontain spal |l amunts 20 of fat and

| act ose. Re?r’\fo\ﬂ% ntg) %%er E(;fg{%fu%eg%ﬁg@mﬂgr@sw 3%,?5%351:35%\}@8 &E‘fsn'& @ physi cal
separ ati on trekftivetyuesmplex) masti-ptepcpRicess itha réquires dxpeRsiver stditillgysi s The
acidity of the fjnal isolate product can be adjusted. . \Wey protein.
concent r at e ARG andds eelativaly epeegy inefficientn whey protein isolate (W)

PHEC G20 D 50 ol ORI SIRCTUFR B ASKu56Th ol 0. e

15 6,139,900, is a highly purified and expensive product. Conventionally, whey
protein isolate is made by drying and removing non-protein cohst_ituents from
pa_steurized whey so that the ﬁnished product contains more than 81 percent
protein, typically greater than 90 percent, such as on the order of 98 percent
protein. The highly purified whey protein isol-ate may contain small _arhbunts

20  of fat and lactose. Removihg non-protein constituents can be achieved using -
physical separation techniques such as precipitation, filtration, or diaiysis; |
The acidity of the final isolate product can be adju'sted.

' Whey protein concentrate (WPC) is more cost-effective than whey

protein isolate (WPI) and can be eaSily'produoed on a much larger scale. It

25  has a higher lactose but a lower protein content than whey prbtein isolate. It
would be a significant advance in the art if WPC could be recovered from unit
operations in an easy, reliably, economically, and energy efficient manner for
use in the manufacture of dairy products, such as cream cheese type
products.



woul d be a significant advance in the art if WPC could be recovered from
unit operations in an easy, reliably, economcally, and energy efficient
.manner for wuse in the manufacture of dairy products, such as cream cheese
type products. -4 SUMVARY OF THE | NVENTI ON The present invention provides
.an econom cal nethod for producing creamcheese products (e.g., cream
cheese spreads and the like), _in which a polynerized whey protein froma
singl e-heat treatment of a suPYMMARMEF THE DNENTEONcent rate source, can

I i i), hod i ds .t b d
Cxbensi votr ear mnEPtesgRinGeaRGT brlRc 8 2680PRisl Teeieddpg arrckitna o
used as a prcream cheese pmdum@t.%gdﬁédﬁf chééhé)ﬁ?reﬁﬂg%q{d”ﬁ@tﬁke;hﬁwﬁ'ﬁ&lg%d

provi des-f or a]t | east, reduci ng, 10_content of caseln-contdining dairy
liquids in tRRIYRIESEedVhey Prafeindsorera single-heat tieatinent of 4 beitalslewheyg cr eam
cheese pgodu Thy ' IS ttajnabl e by incorporating a thermally
modi fi edé andﬁéol}%@%r%ﬁﬂé%%ﬁ%%eaaﬁﬁ%s rqazggﬂ'}lwpg?'"pr otein to displace
the functionalityTbe presertanetiod SadidSake chRIErShME A1 Edhersivé\not her
enbodi ment of tihe gtrﬁeiﬁent met hod i nvol ves. the heat treating an aqueous
suspensi on, ERaIReRS thatarggeguirsd whenengle caborganismsarelused aslaeotein
(preferably gdy@BaHta BBdLRHBSC) for about 0.5 to about 180 m nutes
(preferably about 15 to about 45 m nutes), wherein the agueous suspension,
enul sion, or sol utri one Iembaﬂimiehdltheahéﬁid&prd@ldesaf@mal(iéﬁlst‘i@tﬁﬁ(ﬁﬁgtﬁé‘ edi bl e
fat 20 (gurc rio gbfai n.an aglm' xture; heating and honogeni zi ng T he
admi xt ure; %% 'EBLPT SR3RINERDIHBIRG R, iquids in theipkocess dbr makingecredm xt ur e;
fermenting ¢heesdmdnadel : | j tapbl e for.a cheese, such
. H@ré§lﬂflﬁ$ Méé’haclféeggrsetﬁr‘adﬁ& tﬁ Is feguct

as a cream cheese; adnixing thereto at one-s 'YW salt and
cooki ng; hon@tgainrblenlay nserpareting adthermally enodifidd aekd featiicgalk Hyredidct . The

25 || ect : l.ed,.and, i i red k .
collec edp@l&ﬂ%?ﬁ'éd%)pgro?&% {6 dlgglabelt;we ?l?r?clztlro%a’litypgfc the basein that has

been eliminated. _

15 .. Another embodiment of the present method involves the heat treafing
an aqueous suspension, emulsion, or solution of WPC at about 70 to about
105°C (preferably at about 80 to 85°C) for about 0.5 to about 180 minutes |
-(preferably about 15 to about 45 minutes), wherein the aqueous suspension

- emulsion, or solution has a mildly alkaline pH; admixing thereto an edible fat

20 source to obtain an admixture; heating and homogenizing the admixture;
pasteurizin_g the homogenized admixture; cooling the adm'ixture;' fermenting
the cooled admixture_with a culture suitable for a cheese, such as a cream
cheese; admixing thereto at least one stabilizer and salt a'nd'cookirig;:
homogenizing the cooked admixture; and collecting the product. The

25 collected product can be cooled and, if desired. packaged.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates one embodiment of the method of the present
invention.



‘BRI EF DESCRI PTION OF THE FIGURES Figure 1 illustrates one enbodi nent of the
method of the present invention. -5 DETAILED DESCRI PTI ON OF THE | NVENTI ON
.The present nethod invol ves produci ng a cream cheese type product that
contains significantly reduced | evels of casein and preferably that
-contains essentially no casein. For pur poses of this invention,
"significantly. .5 reduced |l evels of casein" or equival ent phrases are
intended to nean that tRETAlBRRPESERIPTIQNOF PHEANVENTRIRS | €ss than

about 2 percent c | refera | ess than about 1 percent casein.
For purposes of t?\rﬁg .nvéé'ﬂﬁ%ﬁ‘ d 'nvet‘)@é deisg &Vﬁ@ﬂ”pt?beasetwteptodlmtt ai ns

"essenti al | ythad)coamnmmghﬁ'daﬂtt?'ﬁé'@@ced m%%gbdcont S than
0

about 0.5 percent casein. Typically, 10 conventl products

contai n aboutorains %ﬁﬁﬁmﬁlaﬂnnp@a@em Forpeiposeltufehigrigiéntioh, y-s| ‘hliﬁ?:a?.?l tein
gt el n

source ifn t enstit ut | ymeri zed whey pr om a
t her mal I€ i nduce pg?ygrr?rflggg? bff" GAY ?‘F'géglras%éTW?th@memﬂmnheate
The thermal ¢nedutehepss Wwprbdhbpﬂorht%u’%jté%rtﬁgﬁgﬂ %(i%l,rl ed.out in

single polynerlza lon step. 15 This present |nven ses

Lo a0 AU e st o pudss b, 2
applied to t Hégﬁégﬁfgﬁ%tﬁesé%wgtﬂ'c?onliﬁ\é\saﬁﬁe'ﬂt@'m gasein’ Etnnd:sn%uth as

t he product tbameag thatit cahtaingmiessthan abdyt BN gue in
firmess, (whi neasured' as yie élJ 20 BFt%h?gh¥e|h”pEyw Yrral

di srupt ?%n OWQW@%Q%F@%WWQOQH@@MQQ ablut dstecabdiet £ Perdelit L erm
e A R i woiont
O T Bt s e L™
cheesecake heduangagesdsly 6aRER oIR8 ﬁﬂg%dpél%?en afien’ S?ehpe.ese product, -
15 ~ This present invention provides prbcesses for making a stable cheese
product supplemented with functlonally enhanced, polymerized whey protein.
As used herein, the term “stable” as applied to the resultlng cheese product
relates to characteristics such as the product having mlnlmal synereS|s an
unexpectedly improvement in firmness (which can be measured as yield
20 strength), and minimal disruption of the emulsion during processing. As used
" herein, the term “functionally enhanced and snmllar expressions relate to an
alteration in the structure and properties of the polymerized whey proteins.
Whey proteins have high nutritive value for humans, and can provide a
favorable sensory quality, conferring a creamy and spreadable qualrty to diary
26 products in which they are incorporated. Whey proteins also can enhance
cheesecake baking performance, when added to 3 cream cheese product,
especially in cheesecake formulations with low protein content. In addition,
their cost is low, compared to the other proteins present in milk, making it
desirable to lncorporate whey proteins into cheese products The present
30  method overcomes the difficulties prevnousty encountered in dairy production
in which attempts to incorporate whey proteins into cheese, such as cream

cheese products, have led to excessive separation losses (syneresis) and
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‘especially in cheesecake fornulations with | ow protein content. In
addition, their cost is low, conpared to the other proteins present in
mlk, making it desirable to incorporate whey proteins into cheese
products. The present 30 nethod overcones the difficulties previously
encountered in dairy production in which attenpts to incorporate whey
proteins into cheese, such as cream cheese products, have led to excessive
separ ation I%%%%“U@?h@?@?%?s Eh!leldmdlonwnetyamommrmeéf the fiHished and/ or
to ver y poo% gmess of the finished product. A cream cheese product can
be prepared by |noculat|ng a hoanenlzed and pasteurized m xture of at

| east a portion ofA ¢rieemfr'bhée|$e§3 ry@greetggb?@gwﬁgédléﬁrq% Sey protein

pol ymers- obtai ned from WPC, vva uitable
| actic cul t uPeMRLENZathand Pﬁgteillnzaddmxturemfcbttlean‘tsa portidindofi thedfixture

Consi st g of 2l g A ppSfiZRFwREY piotéinpivEress atseibRadsomaBiF vater,

tara gum guand@mrmdlbwfag\&m@@uutﬁlélléakeculﬁﬂ@ zi?ﬁi'fej?lgié
mal t odextri n; 'Fé rches and the |ike); cooking the a mxhg]rne&'q%?{d

holrr?geni éi n?;% _ ?%Eﬂlé‘td heacid @T?@tﬂi@@l, aglelngpat![leasthrie gdbmvétselé%ﬁ!%&t on;ah
sa and s ure is being raised to the
cooki ng tenpe'lrﬂaﬂt ur ro?%r oV dﬁgﬁt(ﬂf %it §{?§'an§ &Q-redi |?gg'éﬂn suelrasii ent s.
The hormgenl mbmmxtwafgmn,rgm ) @gh@@ééﬁéh RAGikas hd )Q:Sntn%éﬂ?rb' prent

or g cka&agﬁgl n,_con ers for direct  sale to consuners ["ect ed
under ndi rg es cﬁ%ﬁheelﬂie)tﬁ@ipngthBdnmxmm;rawdk form The

t th ol t
P omrat |aromoBelhd d HERLKERe RN Ak, I SRR RRC T B ashbnset ooy

i ncl udes pr epRd Btﬂj)llmeramnemmaddedmnbeaémeraturéwﬁélr@r\%ns?éh ?@P{E &&tk'i@m Iy
adj usting thtpenﬂﬁérgftur E \&@% S susg a_smn toamldly alkalinep
heating the eous suBPENSFOMES 1S StligRNMtdnixing ahimgredieats.i fike suffi ci ent

to form pol yhmn edizeldeydrai@irei cool t he
t hus obt a| ned Crﬂbg ur e. G bé cBolidbefofe p%eﬁagﬂb 18P Ul shlpmeni of

packaging in-containers for direct sale to consumers or collected under
conditions effective to collect the product in a brick form.

The present method initially _lnvolves_ producing a polymerized whey
protein from at least one WPC in a single heat treatment. An exemplary
methodology includes preparihg-an aqueous suspension of at least one

20 WPC; optionally adjusting the pH of the aqueous suspensnon to a mildly
' ._alkallne pH; heating the aqueous suspension to a temperature and for a time
sufficient to form polymerized whey proteins in a mixture; and optionally
cooling the thus obtained mixture. :
Whey prote_in'concentrate (WPC) is significantly different from a whey
25 protein isolate (WPI). WPC is generally a white to light cream colored
product with a bland but clean flavor. Although non-protein constitue.nts'can
be removed, the protein concentration is generally about 10 to about 80
percent, and more usually about 25 to about 75 percent. WPC alsohas a
higher'concentration of fat and lactose than whey protein isolate. The higher
30 lactose concentration means there is increased shielding for the whey .
_proteins against denaturatlon Industrially, concentratmg the whey can be

achleved by ultrafiltration, where low molecular weight compounds are filtered
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‘Whey protein concentrate (WPC) is significantly different froma whey 25
protein isolate (WPI). WPC is generally a white to Iight cream col ored

.product with a bland but clean flavor. Al though non-protein constituents
can be renoved, the protein concentration is generally about 10 to about
.80 percent, and nore usually about 25 to about 75 percent. WPC al sohas a

hi gher conc i f t and lLactase than whey protein isolate. The

hi gher 30 At Sm%‘?aﬁ%&ﬁ@hﬁf’eP@geﬁnéeﬁl eageentsdediinithg for the
uhey . protietentatgromiwhienahe VePCotan bebitainka! the GORRENR A B0 LD hey
can be achieved by ultrafiltration, where | ow nol ecul ar weig compaounds
are filteredn-catiedped He maayfacture gastaie gharmacetticahergdwdtej avsd rei ng

concentrat ed, | ntate, from which the WPC can be obtai ned. The
per meat e cagp'lg@ut&g&jlarcﬁ&(iattle feed, to manufacture certain pharnaceutical -

product s _and in THoWRCRar %6t insence, Feled fom KU gldlR B0 Gsilof |
d C > liquid

sel ected fromthe group consisting of ry whey proteinTconcentra

whey prot ei ndRYoMBEY Preteln eercanttate cliguid wdtayoprotéinmeotentiateeand layy WPCs

havi ng a protein. i a 25 to about 85 percent, are used in
t he present @Eb@%é?ﬁ%réé?&gi g??@érallé\%%%ﬁ@y\ﬂﬂ@ RERieiRgeenssntration ofo, or 70
percent protabout2®teapeci 8 berdeht RirefLReHs thEprey, e Y,
known in the tr, s_"WpC' E)m;l'ey [grot ein (t:%ﬁ?ent r@%@%{%ﬁ%ﬁ&avé | abl e
in grades ha%v-a@%%-@%ﬁha\@waéﬁm% 0o & pereent pyotein ameasp&aialiys0, 70,

vai | abl S waeejered. ®alerl coRBERRRled ARl M IEHE trage g8 VEBE RbeR )
WPC 8000 (a miRfEincrmentrate)]&hith i&%\laﬂabldﬁrpgtﬁﬁég%agfﬁq gior&nemlbte \lf\;ﬁ?d ggese

WPC concentrationsg are wiith respect to WPC 1n.p
advant ageousc‘?rﬁf:eﬁ‘z'@%é’_ ery basis) Bga%%.&(bmq/ andain tplessahan @bout 86i bl e
according ot e an o Db subdp e cofnE Rt B ERRLVE cde PR R
present met h@dWRé@O@&ﬂiemsﬁmJtﬂ)spemmNcﬁemwwm 80D05REWP O Roftinihgof
whey pr ok ei ngg B@F&a{}hrp%fzéiﬁﬁ h% Isc()j %g used. These WPC concentrations are with
respect to WPC in powder form. It would be advantageoué to use a WPC
that is commer;ially available and processible on currently used equipment.
A general method of preparing cream cheese according td the bresent
inventiqn is illustrated in Figure 1. In the present method, the aqueous
20 suspension (solution, dispersion etc.) of whey protein concentrate is pfovided
in which the protein concentration is selected to enable facile and reliable
processing. The protein concentration in the aqueous WPC suspension is
generally on the order of about 4 to about 20 percent protein, although protein
concentrations of about 5 to about. 8 percent protein may be preferred. ifthe
25 protein concentration in the aqueous media is too low (generally less than
about 1 percent) the pdlymerization may proceed too slowly, whereas if the
concentration is too high (generally greater than about 20 percent), the
“polymerized” material obtained may be undesirable (i.e., lack the desired
functionality). Generally, protein concentrations less than about 8 percent
30 protein are preferred since higher levels can result in the formaticl)n'of curd-

lik_e materials. If broken up (using, for exampie, a shear device), such curd-
like .mate_rials may be used, if desired.
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‘in which the protein concentration is selected to enable facile and
reliable processing. The protein concentration in the aqueous WPC
.suspension is generally on the order of about 4 to about 20 percent
protein, although protein concentrations of about 5 to about 8 percent
protein may be preferred. If the 25 protein concentration in the aqueous

media is too |l ow (generally | ess than about 1 percent) the polynerization
may proceed too sl(-lg\ﬁé}'qmg‘?@SEePﬂsﬁh‘épemmaYrbeiadius'tediibdebir@hor as

| : he " e oo as
(e arnot yaghEcuea, fchaSulhp o Rl Rberah o BEiATCRRS 7 4P pbout
General |y, pBpbyiadditiorcehiam editﬂet)abe%é.g.,HQQOH?(K@H,SaHGTtﬁérl'ik?ffoPFHJB@Q are
- I Ke

preferred sipce E‘i' her l.evels can_result in the formation of” cur

materials. |1 9P w%&%st?éi? RGout 3 to abswh Beand moreprefarablelo, abaut V.2 tod-

| i ke mat eri ahpogRy.g0e used, if desired. -8 The pH of the aqueous suspension
may be adjusted, if desired or as needed, to a mldly alkaline |evel
(general l'y great elhiaquedisisolttiop is heateelih a ShgleyhestiréapRemitoan edi bl e

base (e.g., OH _and the |ike). Preferably the pHis adjusted to
about 7 to ag‘%&;‘é?%u%@ rSUshdiree s desiredapdnduge thermalpalyroetizaticn offhi s

aqueous sol utHeowhies | T el r to a, t erature and
fgr such tinme_ as dgsﬁiF ?%3@?8”.‘1% .u@’eﬁ?hg?én*%a’g%|S$’§@¢]$§§W36W%PO§%%W
protei n fronPfthe whey pceteir ?sltpyt dlegrfe‘eicﬁmlymbhzﬁﬁ@th tIﬂlﬁ:WiWrb@igEié)VﬁelcPr dt hg
whe rqpei ngy ree, 0 ol yneri lon that w rovide a yie 1
st rgsg 3gl ueSf(SésggP@Ra’teg?%rﬁa}?ré%gﬁﬁﬁgﬁgééaé&?&%hi i} thﬁé_'nfal?ﬁmamm&ﬁéeheese
roduct. Thepruductl Thiens:t ' r AL f jon.Qf the

: ; e e Sl Ve ad g HREROR Br e can

equi pnent used and on the pH of the starting n ge
be heated t o®3UPEIRIEUsEdrand angdhe gH obiheatteding VRE. abgenetdSHd WRE ! ¥

bout 80 f QL 5 to_about 180 ni ferably f
15 about 1500 g Rkt q48pRtdls Paning st Bhout Poite 2best 1HB-CiEistembl 1

A S GRS L
treatmenfs t . In principle, the heating step can, if desired,
be conducted at elevated pressures, such as in a heated extruder, in which
case the temperature can be suitably adjusted. Multiple heat treatments to
- induce thermal polymerization are inefﬁcient.and waste energy, both of which
undesirably increase the costs to make the product. Thus, the present
20 invention only requires, and specially does not include, multiple (i.e., two or
more) heat treatment steps for thermal polymerization. The-' polymerized
whey protein can, if desired, be cooled to about ambient temperature.
The whey protein polyme'rs result from unfolded proteins cross linking
by -S-S- bonding. In general, the consequent increase in molecular weight |
25 indicates increased crosslinking with a whey protein. In principle, about 30 to
about 85 percent disulfide crosslinking may be attainable in the presént
method, although cfosslinking in a range of about 50 to about 80 percent is
generally preferred. The degree of crosslinking can be estimated, for
example, using polyacrylamide gel electrophoresis with disulfide reducing
30 reagents such as dithiothreitol (see, e.g., U.S. Patent 4,885,183 and Laemmi
Nature, 227:680-685 (1970), both of which are incorporated by reference).



‘i nduce thermal polynerization are inefficient and waste energy, both of

whi ch undesirably increase the costs to nmake the product. Thus, the
.present 20 invention only requires, and specially does not include,
multiple (i.e., two or nore) heat treatnent steps for therna

.pol ynmeri zation. The polynerized whey protein can, if desired, be cooled to
about anbient tenperature. The whey protein polyners result from unfol ded
proteins cross |i hREN§e of pplymerzed wingiyrnyotdin fpenarsihgletduntfieg e nt

i ncrease in LS1EH | il,ndi cates increased crosslinking with a
whey prot ei rtlm‘)% n prt?ﬁgﬁ+%fgoa%%ﬁed?o' @‘ﬁ’ﬁ%wﬁ%%ﬁ&?ﬁrgm guceaeverall
crossl i nki nproegssiagdime,i arabalows féme deERSRR! | Lond h '
crosslinking i.n_a,range. of about 50 to about 'g({gﬁerceﬂ%‘ﬂréoﬂégneral |y

preferred. PRUSIRGIPRENGIStUreleyelsHRrithg creambehesese pradedt without saGfely  usi ng
ol yacr y am esis,W.th disul fide reducing 30 reagents such
gs éi t hiyjlot h C(;ls?gﬁ ?‘gée'g,%@agp%f@'%?%ﬁt%kP&%@% Canuemt%@ﬁhcrear%at ure,
227: 680- 685 ch&@g8)mabofdehae Whe Bogirtd d St Piedd nd. The
) 16 propaLed diah Bt RISIREkan thlia o

use of polynerized, wh rotein froma single contr
an aqueous P&o‘i’%f‘ﬁ'ﬂ%ﬁ% uged. saves energy, reduces overall processing

tinme, d all o\ i b0, f { ent I d t.i sfact
o1 ot ure | evels. in i KRS Blod ity BmRiod e pBlrerized whey meotsir oduct
qual i ty and(efentimeshayactgrizedyspr oGssénsibn CAMGRRYH @gﬁigt SIES%@[%@&gge

uct “can thus be

manuf acture. - - Thfs.cost to produce cream cheese "pro
i onsqiu

consi defPabl FERHEEYT ChsRiutiony Q?P't_gﬁ@sp’ﬁ@d-tﬁﬁd thsgagblrhﬁtrwﬁmﬁtzed
t t t
ey prot ei Bpetifitheoh) B %W%?QF%&.’%% gpﬁﬁi@rﬁ{%hﬁég&‘ 4 %é)&gm o ey

al so be deened 10 an enul sion or

i Int er cha?geﬁgit&le ifat, sneh @Sem:ihﬂaft érpnengrgbdyafah?yt)rbhsgmlk fkﬂ),l\é{f]@ ?QE&%}%V at gl
al ong wi : un ible fat, such as mlkfat (preferably
anhydr ous mﬂTi&# g‘??&ﬂaﬁg‘) %ﬁegﬁag}z OMAGELPAUS Tbtuieser YuayntA selegted

honpgeneous sourdeudediblesfat ificludés aﬂir?%Fj(i'\atér%‘F%@SggJIrB%@ @ffégha{%'ﬁ' udes

diary fat, grstﬂlral and partially hydrogenate e like
as wel I%as @ Psang dhebike agovellina nyixtures thereof. Aon-diary fats, such as

vegetable, animal fats or oils, which can be hydrogenated or partially

hydrogenated, may also be used. By present preference, a diary fat is the fat -
source used. lllustrative dairy fat sources include, but are not limited to,
anhydrqus milk fat (AMF), concentrated milk fat (CMF), cream, and the like. It
20 is possible to include other fat-containing dairy materials, such as dry cream,
along with or as the fat source. The specific fat source used will éléo play a
role in determining the characteristics flavors and aromas in the resulting
cream cheese product. Preferably, the cheese products of this invention -
include only proteins derived from polymerized whey protein and milkfat. As
25  those skilled in art know, the milk or diary product composition may be varied,
for example, by using fat from one or more milk sources, including no-fat or
skim milk, low-fat milk, full-fat or whole milk, whole milk with added fat, and
the like. The milk or diary product composition may also be varied, for-
.example, by inclusion of additional dairy components such as milk solids,
30 cream, and the like.
In this fat-containing mixture, the concentration of the polymerized
whey protein from the WPC can be in a range of about 3 to about 8 percent,
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‘'vegetabl e, animal fats or oils, which can be hydrogenated or partially
‘hydrogenated, may al so be used.. By present preference, a diary fat is the
fat source used. Illustrative dairy fat sources include, but are not
limted to, anhydrous mlk fat (AMF), concentrated mlk fat (CWMF), cream
and the like. It 20 is possible to include other fat-containing dairy

material s, such as, dr ream. along with or as the fat source. The
specific fatP'€ ?6@?%&84\/\ﬁolﬁb%t§opfbﬂ0§w@asedlwthe\deighltmfﬂi\elmimﬁe._

h teristy ; ; ' | ti . h duct .
Sretoraply. Whs et eramIR BALRTRheatel TS AiBRindsallite 4K HisiEnan of Bbbub: no
derived frorhftel gbeuti 7€, pneferaislp tabiout 80do Hbokk 85°CATHPhE

gnggieraiki'l led in
art know, the rtn'.l k or .)&i ar) d’FRr!;’?dUCt' conposi tion may be varied,  for
exanpl e, by QEHGNGPY egemzed. Mamogenization maydbeidt agreesties or

skimm I, |lwd aboul 14s - g m.lk oleg mlk with added fat,
and the | i 168 Creott 14990 sl geerdlh {65 %e?)%c}sw%a yt 4 ¥0bsivari ed,
for exanpl e Preferabiy thei omogeriddiidn predsud@id XbsdP808Mb %b%‘b‘fhoaéoq’h%
solids, 30 cream an‘%t Ibke. In this fat-containing mxture, e’
concent r at i O RE SF%};‘%P 2643, 0%ekp 311,600 psin The hoRD@nizaton n a
range of abeuh ke tdh aDNPR! neter f er,abl. bqut 4 to_about 6
percent, based on tmbht’wgf.%ﬁ%u%egg%f@pﬁe? ?'%atﬁ-eg?ﬁﬂtg]gﬁi-ﬁbeﬁ“‘sﬁt ure
i s heated t ®f heatingstusingrwormogerizatiom gehelbful i Waininihg tREHIK ftGn a
pref er am y %Bﬁbm ggtﬁg 0 a&loﬁt#t 65C. The heated fat- containing mxture is
honogeni zed "EShEGEMEh [ehéNPpeasipghe eficieney ef the hamagenizatiensaeppsi |
general |y frlomaedtadsed, 69 4 SinglOyhssl ' ! oLy Los when,
honogeni zati on pr.essur'é llQQ abog_t. ls, 56165?@1 Qﬁ%n n@@?&%rpg%lpecnam !
e e po oo oLy e s he Shefos syt 1
prefera ! _ 1ng. -Ine u
during hom)szzr% @;}pl gﬁ | seagp%j?r i ﬂeﬁﬁﬁqyéﬁ‘%?ﬁﬁr@@eﬁ icle siae isfess thanl i qui d
treatment, wbeutBys img;nedsireferably 106§ 'tlﬁ‘ér?QBbSqu].St 6, PRI e b QERiSE P!
I n nost casg’}bt onlg a single pass through the on%genl Zer, ~es - F? en
used with h&HHGRY PP EMRIGYRd & thistpibesaiare walhknaedu iethe fieldsvsndigsy
particle  science and food chemistry. ' | o
A two-stage homogenizer is _preferred. All homogenization pressures
specified hereafter refer to the first stage homogenization uhless otherwise
indicated. For cream cheese products, the pressure is preferably less than
20  about 10,000 psi. A higher homogenization pressure (generally up to about
14,500 psi) can be used to achieve a thicker product. Softer and creamer
products can be obtained using lower or more moderate homogenization
pressures (generally about 3,000 to about 3500 psi). As will be appreciated,
typically, flow rate and valve settings are adjusted to achieve the desired
25  results herein; the homogenization pressure varied as needed to achieve the
desired consistency of the final prodUct. |
The homogenized mixture can, if desired, be pasteurized. The current |
invention includes a fermentation step. The homogenized mixture should be
cooled to a tempgrature suitable for inoculation and fermentation (e.g.,
30  ambient temperatures) using suitable cooling techniques and equipment
known to those skilled in the art. The cooled homogenized mixture is

inoculated with a_ suitable culture and allowed to ferment under conditions
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'size in the mxture (oiltwater); generally the average particle size is

less than about 2.5 pm and preferably |less than about 1.5 pm Suitable

.honmogeni zers 15 that can be enployed for this purpose are well-known in the

fields of diary science and food chem stry. A two-stage honobgeni zer is

preferred. Al honogeni zation pressures specified hereafter refer to the

first stage hono eng%at%on unl ess otherwi se indicated. For cream cheese
@?? r

products, tREPKR er faming curdsyRd theswhepamn panaipdaitaryOlaetio apid-. A

hi gher hono | ' : _ to. _about 14,500 psi) can be

used to ach?’ﬁ%@%%ﬁ?%ﬁ%%%ﬁ@%l éﬁ%esgar cap b ised 'Eat%lebe

obt ai ned usipnocessaef ther curneret invsttion, Gsﬁiwme%&tkaédi@ibro&ﬁ&ﬁ&lfa%??rfagener al l'y
ca

about 3,000.'\[/3 bout 3500 ésgeg As will be appreciated, typi , flow
rate and valURUdes 1o sfémple. alippioceacyponkaueanrostoe suek ascSirestocestus s

. herein; & he | ' e rie eded, t 9. achi eve the

desired 5consl§tg{§é%?§5pg?&€%£/sﬁrﬁai St ggf%gk&q}fﬁés%%?&Imé’édfﬁyﬁ?ﬁ’ﬁ%%an, i f
desi red, be opampeis; Betatocths cremosstand theslile, OThé S, 1HE8S agidt SiodBagt | on
step. The h%rm eni zed, m xture should be cooled to a tenperature suitable
for inocul at@SFTEhEAR QPHﬁﬁé@'F’Bﬁ qrdn gombimatiomihereof eNpttaabe fimdtedusy ng
sui t abl e coghé | o[V : to.those skilled in the
art. The cog'hée%}ghgﬁoq%gh??@g"%?ﬁr }egel%%dﬁggw&m\ﬂﬂoﬁeﬁ‘,arwﬁegﬂpe cul ture
and al | owed cheesemamsfachding todfednehbletosklprRRORN fhet @aihyliqlia’aHde cur ds
and the v\/neyc.a I tic acid- producing bacteria used in

ST vt
convent 12 Hﬁgégéh%ﬁﬁgﬁﬁhegg%aaﬁé% clottedrzasein inte senalfertpeptides and:

onal

i nvention. $dd amlio halekids A6 | - or_exanpl e,
Strept ococcus or Leuconost og?%ﬂgﬁéf;@'é%%&éyg%@&c%@@ ﬁgéhqgaséﬁ ?Q@t ococcus
crenoris, SPepidases.cldedaetizagidiprodisinglmiivon asdybe adderiini smolstsacoccus

ol one. o | n e Bre ESRve iRl fo A presER uespiEa. Bypicaleaboit £E0P frnoun
e A PR e T i T2,
’ , . , al acidifying agent,
such as a lactic acid solution, may be added to bring the pH within the final
target range. For cream cheeée_ production, preferably cultures include lactic
-cultures, such as Lactococcus cremoris (commercially available from CHR
Hansen, Milwaukee, WI) and the like. Fermentation is conducted using

20 conventional techniques and procedures as well known in the art. For
example, fermentation can be carried out at about 10 to about 40°C for about
1 to about 36 hours, preferably at about 20 to about 25°C for about 15 to .
about 24 hours. Fermentation can, if desired, be tenninated by a brief
exposure to an elevated temperature that inactivates the culture.

25 - After fermentation, the product is mixed, such as with a stirring
apparatus, and the pH can, if desired, be monitored to ensure the fermented
product has a mildly acid pH, such in a range of about 4.7 to about 5.0. If the
pH is too low, the pH can be adjust_ed by adding apprdpriate amounts of a
basic compound, such as NaOH, that is accéptable in the manufacture of

30 food products. It will be appreciated that in large batch or semi-continuous

production that the present process parameters, such as temperature and
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"10 cause further deconposition of the clotted casein into smaller peptides
and free amno acids as a result of the culture's production of proteases
.and peptidases. The lactic acid-producing culture nay be added in anmounts
whi ch are conventional for the present purpose (i.e., typically about

10, 000 to 100, 000 bacteri a/g of dairy liquid). The cultures can be added as
freeze 15 drj ed, frozen iquid cultures. 1f appropriate, an additional
aci di fyi ng Rigefan %Gt?rﬁ“taée‘haﬁzi@teid@da%‘?@@@nbwﬂbmoqtﬂﬂy\ahafammmgt o bring

t he pH wrth%&r({t f| nal target range. For cream cheese production, |
preferably urés include lactic cultures, such as Lactococcus crenoris

(conmrer ci al | y ava‘Heaﬁelnerehtedrp%cchth@ lbnaW'é!ﬁtéﬁﬂhWéur?élﬂe%Qﬁ édchar os

Fer ment ati op Eﬂ ed usrn 20 conventional techni ques and proce
as wel | knoWﬁ’C?n esigrably, Nagy lﬁelﬂﬁ%draermaﬂ)béheaaltnsd out at

about 1Q to %g&w fer at about
20 to about a?@%ﬂfagiholagg%ﬁf 0. S%Oaa&oiﬁqgéerﬁgufg Pattﬁ %tén i f
desired, beptdafileidesired. by a brief exposure to an el evat ed tenperature that

I nactivates the iu,ltur 25 After fermentation, the product is mxed, such
as with a stirrings %B%‘éreﬁt%a dd e premore sglected stabilizess (food gradet or ed t o

ensure the gﬁqu d?Pé? I N a r e of
about 4.7 tfﬁg outlggj.sosmr hun?ss %%Egbx‘agt\%ag{ﬁﬁspa ﬁghelg'geé% 9 by
addi ng appr opodifiers WMEenuﬂsrﬁerﬂ)aathedlkr@pre ferpentsd cttde i s
accept abI e ture of 30 f o roducts. It wll be appreciated

t.he manyfact
that id9 ar Sgatﬂ %’r’r”o# rSJBAYbGR vitheutthatsalt Gpnetallyt the ocess
par anet er s, appsiihtast stRRESAS(EtabMiRErs aaae&”iél %%th a%ﬂ&h&gaeﬁ'geﬁﬁ needed
ment uc

consi stent with good nmanufacturing pract IS,
opti onal | y, psefieralalywtherarmount Dﬁbtabllmrtorﬂmmhm adadad, is KBout D1 td bboht ke.

hout 0.5+ 88 BEue Tk O b SlEndih o TaShd Gk rekarcinte ed. 11
i s preferreactoundith duterrinimgd te feﬁ)eﬂ?@f added %‘P&Blhié‘r‘ feveiLaditie 8 the
15 Federal Standards of Identity can be added |f desired, however. Examples of
suitable stabilizers include, but are not limited to, ionic or non-inoic gums such
‘as locust bean gum, guar gum, tara gum, konjac gum, xanthan gum, :
carrageenan, and the like; cellulose derivatives such as’
- carboxymethylcellulose; starches such as eorn starch, waxy maize starch,

- 20 rice starch, potato starch, tapioca starch, wheat starch: and modiﬂed starches
such as phosphorylated starch. Instant and pregelatinized starches can be
used, if desired. Other exemplary ionic gums include gellan, low methoxy
pectin, and alginate. In one preferred embodiment, xanthen.gum is used due
to its cold water solubility, consistent composition, availability, and low cost.

25  For a traditional cream cheese preduct, locust bean gum can be used. It will
be appreciated that one of more dextrins, such as one or more maltedextrins.
can be included in an amount of Lrp to about 4 percent. Maltodextrin(s) is
preferably added along with a gum to enhance stability and mouth feel for a
cream cheese type product. Suitable maltodextrins include those 'having a

30 dextrose equivalence (DE) of about 2 to about 10; C*deLight® commercial
maltodextrin (DE about 3) from Cerestar is illustrative. It is possible to

increase the initial and aged yield stress of a product by including at least one:
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‘hydrocol | oi ds such as guns, starches, maltodextrins, and the |ike or
texture nodifiers such as enulsifiers and the like) to the fernented
.product. The 10 stabilizer or stabilizers nmay be added with or without the
salt. Cenerally, the amount of stabilizer or stabilizers added is |ess
than about 4 percent; preferably, the anobunt of stabilizer or stabilizers
added is about 0.1 to about 0.5 percent. The current Federal Standards of

Identity carselectedirealtodentrin ascostabilizar He4AGHTbA tO'S H)Ja‘?oé@}&?& 8[11 added
stabilizer; Itet\éiﬁis 0, t@%ﬁe of the 15 Federal Standards o Idgn Ity can be
Shn=loagly

added if de 0 € gum aiabdizess are deserifed int Glitksraan sGune! ude, but
are not |lim } DN Wale] uch s l.ocust hean gum guar
gum tara gl}tneﬁiﬁ Pg’mgaycmgﬂﬁl%%mjﬁﬂgéﬁ?%&??&%%ﬁ’iﬁ?s)mﬂs t"n@a}”idQ@,n-

cel | ul ose deiandhackesf wate-satuble gubw e roYihs ¢1 69 Mraw-ﬁﬁwﬁsa SH&D as
corn sta%\/({:]h, waxy(?ﬁ%i %e starch,_207rice starch, potato starch, F'apl oca
starch, wheat startl' SXHGEAdiiers mayberrddedsioglyar iplcosmttinatibazed st ar ch.
| nst ant and jpelgge! fir i : Bfss C i f . desjred. . Ot her
exenpl ary i oni 6 ghﬁ)g ":%r}élﬁﬁ%zérggﬁ an,’ %wr%ﬁ%pﬂ?ﬁ@b ﬁ'@&‘ﬂ?ﬁmaﬁ@éﬁr@qm&. I'n
one pref er r dalangsodilBhemuisifitrsane guitabke; exarhple sodin Efeaﬁ@tl%%é

sol ubility, é:'z' sst en;g gP S{?tci on, availability, and | ow coSt. > For a
traditional C%fé Rl aﬁﬁa diagedy tartape asidjestersimrisktheslike. Othevi | | be
appr eci at ed ddmdibniemeiisi e | o S . nor e Jmal t odextrins,
can be included n an asrlrfé)etﬁ?:aglf ﬁ%és{'}%daggﬁ‘[;egv bngl‘%%ﬁé.m%?qlxﬁ%rﬁﬁﬁ ) is
preferal® y Sdelly aridagnd the likeg UBtilt othensaitablesérabiskfiery indlddapaiy abre! for a

cream chees t e Quitable nmaltodextrins include those having a 30
dextrose eq%s\il%r‘lgg)rfigge %) f%&aﬁﬁfﬁﬁ?’st%gE@@M@U@@W@'dﬁ%ﬂiﬂid@st@r@mfer ci al
mal t odext r i so(tiol sdredipoRkofiateger estar is illustrative. It is possible to
I ncrease the ini tALf%l ézy]d ag;aél yield stress of a product by including at

| east one -13 selMt&réfding thrigWm(shand saltés) athiel matsrial is eookéd apat 0 a

hydr ocol | oi ¢e@uBtatSieBifhk: S, I umstabilizers are described in
dicksman, GumB .?ecﬁ%ﬁjﬁgng%? fo ?#g%ﬁ%otﬁnelg%% gymM Qigetgenstanilizers, PHbss) and
i N Davit$son jnsufficiotolo influce significirilal Magleig réasticreSTRE cbbRBy dhaw H I |
Book, 1nC.) conducted in a suitable cooking-mixing apparatus until the desired

temperature is reached. Generally, the cooking is carried out at about 70 to

about 105°C (preferably about 80 to about 85°C) for about 0.5 to abbut 180

minutes (preferably for about 15 to about 45 minutes). Cooking température
20  conditions that induce significant Maillard reactions should be avoided..

The cooked product is then homogenized to obtain a creamy texture
and/or moqthfeel appropriate for the type of cheese desired (usually a cream
cheese). The homogenization is generally carried out at about 1500 to about
5000 psi and preferably at about 2500 to about 3000 psi. The ‘_

25  homogenization can be conducted using a single or multi-stage homogenizer.
The resulting homogenized product is cheese-type product, preferably a
cream cheese product, having significantly reduced levels of casein or, more
preferably, essentially no casein. It can, if desired, be stored or péckaged '
using conventional techniques. Conventional additives, such aé vitamins,

30  flavorings, colorants, preservatives and the like, can be includéd.

The use of the polymerized whey proteins from WPC unexpectedly
and significantly increase (in some cases almost doubling) the firmness of the
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‘5 G her texture nodifiers may be. added singly or in conbination and
include, for instance, emulsifiers. Generally, ionic, high hydrophillic
Jdipophilic balance (HLB) emulsifiers are suitable; exanples sodium
stearoyl lactylate, <calciumstearoyl lactylate, diacetyl tartaric acid
-esters, and the like. Oher non-ionic enulsifiers can, if desired, be
used, including nonoglycerol esters 10 of fatty acids and the like. Stil
ot her suit adt83aEnEheese dreductsomparedttoya arsiath cheess praduct at tos sanfet t y

id est . t i d_est f sorbitol, and

o ser bar o BtERABH MoK ade LEHS W ASImERLBIWPG (1271 Sonfolpreparasboked

at a tenperanderesimifariconaiionsp mhésmaﬂik@eaﬁﬂﬁ%&tﬁl Rfdt{&?%ftl’%]abi lizer,
ar eactl on.

but 15 insufficient to induce significant a Ml e cooki ng

can be conduRiESENt iNvendigngasesalobad yipldisiresy vahyes: greatenthanl abiout 2569 r ed
t t S 4 ' | | Ki ' j.ed t at about 70
to about 10end TR ESIsTEO o 260050 2R MobPaiaiei, sanveniona s

180 mi nut escigesaf noahhlly have gleddibtréSs ValRRoAS DoYet SRk |
tenperature 20 c?_p‘di ti %;ls thgt i nduce signif iocl'gﬁlt4 Mal Iﬁ%uc} reacﬂtalg%%as!s'

shoul d be avoi dedh¢HellewiaLrasmplesdescsberand iHustraterthequrocossds ahd a-

creany text Uk ool ' for.the type . of cheese desired
(usually a g‘?@gm cﬁfe){ehgergﬁ%aﬂ(g&hgﬁ%gé%ﬁé%ﬁaﬁ "Bﬁﬂg?éﬁ?yed&ﬁ? d out at
about 1500 tibusivative ob0pgesentimientioheand ot AiniiHPitierdSP dithettiihe 100
psi . Thq 25 ha g¢ | zat qn can be conducted using a single or multfl-stage
homogeni' 2er .SP'%\De B8§‘Elsi‘| &g 'H@Pﬁ)@Md&aﬁﬂbHDQ@ and thatowariaipes pn thiict |,
preferably SHERE r ' L f 1 | vy reduced | evel s of
casein or, ?r%]ra gér%rg)ef er ablg?/?' ﬁ?;gﬁ*gsﬁ&@%%alé%é@#ﬁ%%&rﬁx%&&é&ﬂ * be
stored or paksedetnless notedmtherwisenall peemmagesh tHeopiearht apatifiaaiibr i ves.

such as vitam I ricngs, colorants, preservatives and the like, can
be i ncl uded%p‘iahr%y ‘G':ségg%tf a%'ﬁgefﬁ%quﬁgg ‘%ﬁ&/gfﬁ beerperated bynreference in
unexpect edl ytheirmghtivetyni f.i cantly increase (in some cases al nost -doubl i ng)

the firmess of the -14 cream cheese &r,oduct conpared to a cream cheese
product &t the salXample 1: Preparation of Whey Protein Polymers. This examples

illustrates the preparation of polymerized whey protein using a singItheating
polymerization step. A sodium citrate solution was prepared and divided into
two portions. A whey protein concéntrate (WPC 34, Wisconsin Whey -
~ International, Juda, WI) was hydrated in one portion of the sodium citrate
20  solution (80 percent of the total solution). The pH was adjusted to 8 using 1N
NaOH after which the remainder of the sodium citrate solution was added to

obtain a solution (total solution was 400 grams). Several solutions were

prepared having different citrate levels as indicated in the Table bélow. The
solutions were poured into individual containers, covered with aluminum foil,
25  and heated at 90°C for various times as also indicated in the Table below in
order to effect polymerization. Time zero was taken when the céntér of each
beaker reached 80°C. The beakers and their contents were stored overnight

at room temperat_ure. The resulting slurries were used in Example 2.
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‘protein concentration made using unpol ynerized WPC (i .e.,

under simlar conditions).

.pr esent

contr ol

The i nventive cream cheese products of the

conventi onal

pr epar ed

invention generally had yield stress val ues greater than about 2500
5 (and nore preferably about 2600 to about 3800 Pascal s);

-cream cheese normally have yield stress val ues about 1400 to about 2000

Pascal s. The—fi-o-owinrg—exprples—descrihe and illustrate the processes and
products of | the Sawgpht ion.| Therroteai@Ip! €9 ar Eitafy GMEd t%egﬁnﬁ?fnﬁléénin)r '

il lustrati vg Of UThe present TnventTom —afd—ot—mt+ag-hereet——r—ether
scope or 1P spirit. Thoselskill® in thd art wPisl readill y unde®stand {hat
variations |n the materialp, congigions, |and prpgess steps des§§| bed

t hese exanples—eafn—be svsed—-UUrl-ess - noted-—ot her i se, all percentages iLh the
present spegificatidon are|by weisght. Alll refer@mses citled hergsn are

i ncorporatefl by reference [n their entiretry. 15 Exanptg—t—Preparatioh of
Wiey Protei b Polymers  Thik exanpties illlusirat8$ the prleparat8én of

pol ymeri zed| whey prsotein upi ng ass ngl e-hHeat i ngl‘opol yner|i zat | OBOSt ep. |
sodiumcitr T preparetd—andtei-vi-ded—-rt-o—two portions Al whey
protein congentrat® (WPC 34, Ws®éhsin Wiey |nké®rnatioral, Judg, W) Was
hydrated in|one portion of]the sgdium cifjrate 27 SOl ariqmnm (80 percemt—pf
the total splution)—Fhe—pH-was adjustedito 8 iong IN [NaOH aPfer whi ¢h
the remai ndgr of ti8e sodiumcitratse sol utli on wagsadded tjo obtajyn a

sol uti o& (tptar solution was 200 grams)—[Severat—sottuti-qrs—were—pr-epad ed
having diffprent citrate lkvels & indicdted i nOhe Tablle bel 0% The

sol utions were poufgd into|indivigdual cortai ners, covergd Wlth3 [um num
foil, 25 anfrteated—at—96G+For—rar+ous—tHres—as—alsoindicated rn the Yable
below in otder tolbkffect pol ynei®ation.| Tine 2&ro was |t aken when the

center of eacfamiheakeswpeached 80C. The beakers and Therr contems Wer
The resulting slurries were-used in
151

stored over
Exanpl e 2.
0.5 60

15

20

25

30

ni ght at

room t enperat ure.
-15 Sanple Protein (yO Citrate (mV) Heating rine (mn)

Example 2: Preparation of Cream Cheese Products. Cream cheese

products were formulated to a target 4 percent protein level us'ihg the

polymerized whey proteins of Example 1 with the following general
formulation: |

Amount (%)

Ingredient
Polymerized Whey
.Protein (dry basis) ?
Anhydrous Milkfat 215
NaCl - 0.7
Locust Bean Gum 0.25
Water (total) 65.9

The whey polymers of Example 1, anhydrous milkfat, and water were
mixed together and then transferred to a Stephen mixer attached to é
recirculating oil bath at a temperature of 110°C. The material was mixéd at
the lowest speed until the temperature reached 60°C (about 6 to about 8

minutes). The mixture was then hom_ogenized at 3000 psi followed by a

-16 -

second heating in the Stephan mixer to a temperature of 81°C, which took



'26.00.530 35.50.7545545.10.530 55.11.060 66.02.045 7
8.3* 1.030 85.10.5101095.10.520 105.1 030 11 6.0 0.5 10
.dem neral i zed WPC Exanpl e 2: Preparation of Cream Cheese Products. Cream
cheese 15 products were fornulated to a target 4 percent protein |evel
-using the polynerized whey proteins of Exanple 1 with the foll ow ng
general formulation: Ingredient Amount (% Pol ynerized Wey ? 20 Protein
(dry basis) anmpxidately2Duninutes.. Oncedte roixturelreactssd 8420, Bwash@Tedat er

water vere Mo aCEREn LI Aad copklRT2 e kedtalpndien her ot ached
to a recir oloduictovad toded Mt WasAnbEHBRIALNG &étahép%%%%g@ﬁggg{brgﬂgo

m xed at the | owest speed until the tenperalure reac
about 8 ni nacke cultpriremkChristiamslansen, Miwaykelez W) aThaoadtupe wds! | owed by

fook 18 agbPo a3 o0 MRy BEre fiEten Rufnblin orasts Bhomehasbiier was
pour ed The amount of culture was based on 0.05 percent of the total weight and then
doubled due to the dilution. After indculation, the material was stored
overnight in a 30°C incubator to aid in acid production. The product was then
-stirred in a Hobart mixer at speed 1 for 1 minute. and theh the pH was
10  measured. The pH was typically about 4.7 to aboﬁt 5.0.l :
| Sodium chloride and locust bean gurﬁ were then added with mixing.
The resulting compositi_on was then until a temperature of 85°C was reached
(after about 24 minutes) followed by homogenization at 300b psi. Thé
resulting cream cheese was then packaging into 8 ounce cups and stored at
15 = refrigeration temperature. The yield stress (firmness) was meésured after
one week of storage at about 6°C; the results are reported in the Table below.
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‘into a stainless steel

_product was cool ed,
-brand

|actic culture from Christi an Hansen,

M | waukee,

bow and cooled to 22C in an ice bath. After the
It was inoculated using a starter culture (CH N 120

W). The culture

was 5 prepared by a 1:1 dilution of the frozen culture in sterile phosphate

-buffer.
wei ght and then dou
mat eri al was stored

production. The prod
1 mnute and then thg
about 5.0. Sodium ch
The resulting conpos
.(after about 24 mn
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orage at. about 6(, the rﬁ%gl Ts ard
eYield Stress{(Pa) 25 2 3
h3. '8 3%33 10 9 4715 10263857 11
F[ ress of a conventTonm cream—chees
manner_except forl the us®03f the
8 3733
9 . 3715
10 3557
11 3786

The anopunt of culture was based on 0.05 percent of the total
I nocul ati on,

t he

din acid

m xer at speed 1 for
pically about 4.7 to
n added with m xi ng.
of 85C was reached
3000 psi. The

ed cups and stored at

s) was neasured
reported in the

073 3 2607 5 4 3495

3786 For conparison
prepared in

ey

For comparison purposes the yield stress of a convention cream cheese |
prepared in essentially the same manner except for the use of the whey

15
Pa.

protein of Example 1 is expected to have a value significantly less than 2500

The use of this single—heat treatment to effect polymerization of
proteins from a WPC leads to a protein polymer composition that can. be used

in manufacturing a cream cheese product manifesting an unexpected

P

improvement in firmness comparéd to control products. At bench scale,

cream cheese products made using the whey protein polymerization step .had
a yield stress values between about 2300 pascals and about 3700 pascals

depending on the conditions of polymerization. Control cream cheese

products made from respective corresponding whey protein that had not

25
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undergone the single-heating polymerization step had yield stress values
dramatically less (generally about 40 to 50 percent less). |



"15 protein of Exanple 1 is expected to have a val ue significantl¥ %g@ﬁ han
2500 Pa. The use of this single-heat treatnent to effect polyné P of
.proteins froma WPC | eads to a protein polynmer conposition that can be used
i n manufacturing a cream cheese product manifesting an unexpected 20

4 nmprovenent in firmess conpared to control products. At bench scale,

cream cheese products nmade using the mgﬁz%ﬁégtein pol yneri zati on step had

a yield stress val ues between about 23 al s and about 3700 pascal s
depending on the conditions of polynerization. Control cream cheese
products nmade from respective correspondi ng whey protein that had not 25
under gone t h&hatriglaaimestishg pol yneri zation step had yield stress val ues
dramatically less (generally about 40 to 50 percent less). -18 LLOYD W SE
CLAIMS What is clainmed is: 1. A nethod for producing a cream cheese product

havi ng si gni ficantqly, | | lL.&d.Ngs, 5
(i) preparing an aqu%%@%ﬁ%h?@%éiﬁ%ag ‘g‘r%% ﬁr cor?gg%t"wghmgaﬂﬂy
about 5 to ateducezDleyelscafrtaskiryrsaihrezthad compyistygpr ot ei n concentr at e;

adj usting the pH ?h t he agueous suspension, if necessary, to a pH of about
7 to abodt 9; and'WEERHY ﬁ%38&8885§t§8§5§m*wmg aapdﬂgl@ﬂﬁ?@@ﬁfaﬁlp@&frrent

step o a_18nbafBeb Sbeie20foelbshiiind Wit I o WLy Hlotdinlddiehifld.ci ent 1o

obtain a polynerized whey protein having a percent
di sul fide crossl iadisiigg thadhbpf thenaguigoumslispandibe, HAaeeessasi sPans on

portion of t ABoHE GABEbEES AR on cont ai ni ng the  pol ymer i 2ed vihey pr ot ei n
from (i), water, avedtinglthéaiqubBus2LapBnaid iXld'siRgle heat treatment step to a
10 temperature of about 70 to about 95°C for a time sufficient td obtaina -
polymerized whey protein having about 30 to about 85 percent disulfide
crosslinking; and _ |
optionally cooling the aqueous suspension containing the polymerized
whey protein; and | |
15 (i) mixing at least a portion of the aqueous suspension containing the
ponrnen'zed whey protein from (i), water, and milkfat to obtain a mixture;
(iii) heating the mixture to-al tem'perature of about 55 to about 75°C to
liquify the milkfat;
(iv) hdmogenizing the mixttjré from (iii) at about 1,500 psi to about
20 5,000 psi to form a homogenized mixture; |
(V) optionally pasteun'zing the homogenized mixture;
(vi) cooling the homogenized mixture of step (iv) or optionally pasteurized
mixture of step (v) to approximately ambient temperature;
(i) inoculating the mixture with a lactic culture and fermenting the
25 inoculated mixture to obtain a fermented mixture:

(viii) mixing a stabilizer and o‘btionally a salt with the ferfnentéd mixture
and cooking at a temperature of about 70 to about 105°C to obtain a cooked
material; and

(ix) homogenizing the cooked material to obtain the cream cheese

30 product having significantly reduced levels of casein.
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“(iii) heating the mxture to a tenperature of about 55 to about 75C to
liquify the mlkfat; (iv) honpbgenizing the mxture from(iii) a‘_ @iqyw\se
.1,500 psi to about 20 5,000 psi to forma honobgeni zed m xture; l‘v
optionally pasteurizing the honogenized m xture; (vi) cooling the

-honogeni zed m xture of step (iv) or optionally pasteurized mxture of step
(v) to approxi mtely anbient te rature; (vii) inoculating the mxture
with a lactic cu tuﬁée H?ﬁ}ﬁ%rar?ﬁﬂnp Ing te glaimt, wherain steammheesegroducht ai n a
fermented nhx$ esSenfidlly ho cas&i)9 @ stabilizer and optionally a salt with
the fermented m xture ™ and cooking at a tenperature of about 70 to about

105C to obtain a cooked material; and (ix) honopgeni zi ng the cooked

material to obtaiyn e cream cheese 30, product having significantly

reduced | evel s of" JQE%F%‘?“?'?%%B@BGW@)'"&?- whereia the aretesveancanteation ai m

1, wherein 6f BRGHEESE sQEHENSHN i@ésoﬁﬁé%‘fabeb{éﬁb‘?g&ﬁée' n. 3. The method
ration

according to claim2, wherein the protern concent of the aqueous
suspension is about 5 to about 6 percent. 5 4. The nethod according to

claim 3, wherein,t H t,he aqueouys ,suspension is about 7.2 to. about
8.0. 5.°The net hgdhgqgm%}‘ﬂa %C&ogﬁasﬁps,'a'wn@rwﬁﬁrqwmp@ phtheragueaus) | s
honpgeni zedsasp&isioh i$SaBBbt P td &bair®!h S, 000 psi. 6. The nethod according
to claimb5, wherein the aqueous suspension 10 in step (i) is heated for

about 10 m nutes to about 60 mnutes. 7. The nmethod according to claim 2,

wherein the stabidi i | ect from.th oup consi sting of food grade
hydr ocol | oi ds and't ex% m%hégoqc%og&gg toé;.'a'Fﬁ'ug' ‘%? B mixiEedn sten Gvidisai m 7,
wher ei n thehbrrmgegﬁm:laahaﬁo@p@,bboiﬁ&it@%ﬁoﬁﬂﬁﬁ)otﬁﬁﬁfChes, or mal todextrins,
and texture nodifiers are

6. The method according to claim 5, wherein the aqueous suspension

10 in step (i) is heated for about 10 minutes to about 60 minutes.

7. The method accdrding to claim 2, wherein the stabilizer is selected
from the group consisting of food grade hydrocolloids and texture modifiers.

8. The method according to claim 7, wherein the food grade

hydrocolloids are gums, starches, or maltodextrins, and texture modifiers are
15  emulisifiers. '

9. The method according to claim 1, wherein the temperature in step
(viii) is about 80 to 95°C.

10. The method according to claim 1, wherein the cooking in step (viii)
is conducted for about 5 to 60 minutes. | |

20 11. The method according to claim 10, wherein the cooking in step
(viii) is conducted for about 10 to about 30 minutes. |
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"15 ermul sifiers. 9. The nmethod according to claim1l, wherein the tenperature
in step (viii) is about 80 to 95C. 10. The nethod according to CIGDWISE
.wherein the cooking in step (viii) is conducted for about 5 to 60 m nutes.
20 11. The method according to cl.aim 10, wherein the cooking in step
-(viii) is conducted for about 10 to about 30 m nutes. -20 LLOYD WSE 12.
The met hod according to claiml1, wherein a salt is added in step (viii).
-13. The met hod acd@:dThg meihodacnmtﬁng‘tdnetaanm twisereir & shit is aldedan stdp om

t he group COZY% sting of sodiumchloride and potassiumchloride. 5 14. The
met hod accor g to claim1, wherein the honogenizing in. step (ix) is
conducted at a pressure of about 1,500 to about 5,000 psi. 15.. The nethod
according to claim 14, wherein the honpgenizing in step (ix) is about 2500

to about 3000 pS| 1316Th€methedmmoahngrtdclagrmm oWlereirthendet il delédied
stabilizer 10 fr

t f food d
hydr ocol | oi d h‘? QE(?[{R 80%8{)'?9 g8 § u ou }?H gmagé'@ﬂﬁgh'ﬁgagoecl ai m 16,

wherein the food grade hydrocoll oids are guns, starches, or maltodextrins,
and texture nodifiers are enulsifiers. 18. A cream cheese product havi ng
significantly redddedThewetbodfaccorlingdeictaimsti wlheneaathe:hem@genm@m bei ng

naving a pr ocltiien el APa presssd S ol b EoaeHca 308 Febm wat

and a whey protein concentrate; adjusting the pH of the aqueous
suspension, if necessary, to a pH of about 7 to about 9; and 20 heati ng
t he aqueous suspend-ohh 13H‘%lhﬁ’ﬂrﬁﬂc@fm@ﬁttolcl’c‘emh@.rwhsneaptha)hemogenmangﬂmre of

about 70 to Qg PRGHAL 00 Bt Hogosl, Lo obtain a

16. The method according to claim 2, whereln the stabilizer is selected
10  from the group conS|st|ng of food grade hydrocollouds and texture modifiers.

17. The method according to claim 16, wherein the food grade

hydrocolloids are gums, starches, or maltodextrins, and texture modifiers are
- .emulsifiers. -

18. A cream cheese product having significantly reduced levels of
15 casein, said cream cheese product being obtained by a method comprising:
() preparing an aqueous suspension having a protein concentration of
about 5 to about 20 percent from water and a whey protein concentrate;
adjusting the pH of the aqueous suspension, if necessary, to a pH of
about 7 to about 9; and
20 heating the aqueous suspension in a single heat treatment step to a
temperature of about 70 to about 95°C for a time sufficient to obtain a
polymerized whey protein having about 30 to about 85 percent disulfide
crosslinking; and

optionally cooling the aqueous suspensuon containing the polymenzed
25  whey protein; and
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‘pol yneri zed whey protein having about 30 to about 85 percent disulfide
crosslinking; and optionally cooling the aqueous suspensi on contaip@gg%wgﬁ
.polynerized 25 whey protein; and -21 LLOYD WSE (ii) mxing at

portion of the aqueous suspension containing the polynerized whey protein
from (i), water, and mlkfat to obtain a mxture; (iii) heating the m xture
to a tenperature of about 55 to about 75C to liquify the mlkfat; 5 (iv)
honogeni zing the m xture from (iii) at about 1,500 psi to about 5,000 psi

to forma honogenf{idduixngatleast &\portiph ichiied byueess §U§béh§i&ntéﬂﬁ1tﬁﬁf¥@%? zed
m xture; (Vib%&ﬂfélfiz}%tne hOI‘{D eﬂi ze& m xture of step (iv) or opticnally
past euri zed Xt oEY BFP (38') P B prater rancmjiktatito ebtaincanpextrer e; 10
vii) inocul ating (i i ' ' e.an rmenting.ghe
i(nocajl at ed m'_xt_u?éI I?gégiéqgaﬁég%g&ngon% 3%“&%?@(%%5\99{-'??%%@ t%% to
stabilizer aWauipptheomilkiay; a salt with the fernented nixture and cooking at

a terrper%ture of R HE 70 to.abgut 105C to obtain a cooked material; and
15 (ix) honpgeni zi 8 PIEIERIRG thnfrxiuse fiasn G} at abeute S5084psi thabsat

product havi BOOD gelitbifsARt NormBUNARL MiglR:; Of casein. -22
(v) optionally pasteurizing the homogenized mixture:
- (v1) cooling the homogenized mixture of step (1v) or optionally pasteurized
mixture of step (v) to approximately ambient temperature;

10 (vii) inoculating the mixture with a lactic cutture and fermenting the

inoculated mixture to obtain a fermented mixture;

(viii) mixing a stabilizer and optionally a salt with the fermented mixture

and cooking at a temperature of about 70 to about 105°C to obtain a cooked
material; and '

15 (ix) homogenizing the cooked material to obtain the cream cheese
product having significantly reduced levels of casein.



