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OF THE I NVENTION This invention relates to a cheese- | and a

novel method for preparing such a product. More specil”' mﬂmm m’ﬂm's
antrally

i nvention relates to a cream5 cheese product that is sulgs5 )
casein-free prepared using an edible fat and a non-casei n' E)‘?otei n source
conprising a polynerized whey protein froma whey protein concentrate. The

cream cheese proghiegA E'E%t ' t hibits an
unexpect ed i ncrease i? |gr mess aitn%(ﬁrg}g%@&ﬁﬁéigm@@ erties. lo
BACKGROUND OF THE | NVENTI ON Cheese conpositions are generally prepared from
dairy liquids by processes th?:tl I nclude treating the liquid with a

coagul ating or clotting agent %@_QBJMWVE@' @bht may be a curding
Ul ure. The: conpisrvemtitrehts & aithetibikebrodliatdhdy Hilel Meticd B Casei

that has begreparingahich sproduet! Mpré bpecifically) thigimestion reRités td 8Cresinnd
natural butter fat, and flavorings. arising during the processing
(especidil | ChRESS leféﬁdﬁg{j thap lscsubistantially caselr-fige prepayed ising angdibjedal . The

curd is us oResEs . gui d _wh

general ly t:%{rﬂ gi ns soﬁ@?&ét%ﬁ;gtiq}%wﬁﬁbngﬁig@Wéﬁ%%wbsgéﬁ&gm ﬁ'ﬁm 20
such pr ot eiwhayerotgin concandjateoThencreappchéest 'ﬂm‘duct prepred akodidieg ause
they are s‘ql 3BI I iéed i n Hz?g | i ui{'d whey. Neverthel ess, whey proteins have
hi gh nut ri tPVHEe PIEERNHE rﬁaﬁ#@b S 3 Pﬁél‘l?eqt ingrease in fiamoessrard hasn i n
whey proteié)@;e“énpé*}fé?eg;g W,ﬂggl conmposition profile for human nutrition.
Whey proteins are al so understood 25 to have superior emul sifying

capabilities in conparison with casein. Wthout w shing to be bound by

broced@ ng) and, in the cRACKEFOINH DR TRERINITER or ovi de 2 Sroot her

S i chy | s npogions 46 oS i RN Ryl o €11
product s, \RSaFessasHat include teating thediguidwithva caagulating or elotingiagent.
o ke ST SR R0 A ARG i S o B Bl
culture, or an agent including a culture. The coagulum or curd that results
- 15 generally incorporates casein that has been suitably alteréd by the curding
process, fats including natural butter fat, and flavorings arising during the
proCéséing (especially when uéing a'bacte'ri'a! culture as the coa'gUIating
agent). The curd is usually separated from the whey. The. resuiting'liquid
whey generally contains soluble proteins not affected by the coagulation;
20  such proteins are, of course, not incdrporated into the coagulum because
they are solubilized in the liquid whey. : o
Nevertheless, whey proteins have high nutritive value for human.s. In
fact, the aminq 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 defects 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 incorporaited into cheese
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‘States and ways to i nprove 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 whey protein in
cheese products have generally been unsuccessful. For exanple, whey

protei ns have been concentrated or dried fromwhey. and then reconbi ned
with cheese (see, e.g., Kosikowski, Cheese and Fernented Foods, 2nd ed:,
Edwar ds Br products, would significanthoincrédse the/overalb effitiehoy=hd effbetiveness

pr ot ei ns rg)?g%/eerﬁd fromsuch procedures, however, do not have the
appropriate” ?F?%@%%P S%nd cheni cal properties required for good,

hi gh qual ity nat@fedim eResseproduchs Q@%%ﬁlgr@aéééle?ﬁ f%E URRER' Ous

attenpts have tried various forns of tive whey protein,
nodi fi ed) &tptassandwaysjo jmpraverthequroduct and tepraducelit inlamaoseur ces. For

i nst QL ] ' he functional ties,

pr ot of 1 comCaRTGA8ape A lale st N 0Bl BBHI0ST ey

i nal e-ceol | (e . ; . ; ¢

:: 2& g- ggl | B: gt%??dv@f?%?gﬁiwggﬁrﬂﬁﬂ\?ﬁgy so' P@Steg?rﬁ%g%ﬁ%d’éﬁ%‘ie@r otein
and whey sdn cheese prodiicts have geoerallytheemnsunsutceissful. For @2ampieiwheyer cent  of
th I ngl e- | WAy Ibed in. UK P t 1.575,052. A
slurry of - FREEnEhfs beh BoRESitR or dis Mhay Wheupnd 5eR ecornbings” sor cent
of the singiith clebesep(stlepely.| KosiRaWeRi, CheksbUMREF diniérfted Fotds! 2ndRC, the pH
I s adj uste 0 thin the range of 6.6 to' 8.0 by adding a compound

sel ect®d f%&‘ﬂ@#é Brokhgss. logn Ann AﬁgOfoMlzﬂjgﬁﬁ.mmrIﬁ]ﬁ&ﬁmm&wmmni um

hvdr oxi d ¥ e ; ; . _carbonat e, | ci
Uit ate. - pETET RO s bt Hoel M Pl e 0 T
pot assi um (appropriate orrdesired iphysivall andichentical propeiiesTeqlired for %W.”t ai ni ng

t he heated,. I—Lad"ﬁsr{id fl urrgl under such conditions for 1 to 120 m nutes,
and then dfighgug yral cheeses,@r BIOCEES ¢H8ESeSr e descri bed as bei ng

capabl e of repl ag : ol ' | ; I IClk dnglude bakery
goods. -2 _Acc?glﬁga?g&%{%%%gé@@éﬁépg3%#@%@%,5 Q@Q‘iifg‘?lgm),

i nt er & ec miadive whay proteinbmedifiesy, expensive witeynpreiteih dsdlats, opeven dediulagat ed,
with a maxi . ch bonds bei.ng.faornmed at pH 7. 0. The

[ 3l act og| OE%W&HBQ{?&%raM‘Bﬁ%%é ERERQ %qugwﬁlrkfopﬁg'%‘?fa@ ent 5
di sul fi de lprotdin-contairiing aidterial suleviedUPdbmRhalgrbis cbﬁsi&ﬁﬁ@b?%{rn?‘i@'—%@ll
pol ymers. Larger sized aggregates are fornmed at 75C an ma r sized

aggr egat es Pretein materal, plankprateinametesjall andmistures obsingleseel| proteindyith 981)

fhac | nvol DT RaE, WHEPAIIRbAMH HE TR FANPSY Bl T MR ot el
to a @@ of mistuzes tantain 3 ta:i99 weight pertemf the sheflelcel pratbin? i 88S&TBEd!r € and
for a tine, ter. th %t?i@ at. which the native whey protein is denatured
and nenti of{gﬁf&gﬁﬁ"tz 2.4 Al 3Quees slurmy of the specified peoteins- t o
Ki t abat ake c8htaihi i iAg "Eildge! v [l £
ur 1 ed el ang AAeHaPaYiAg Mo 99 pBleant JT R SRt odh BIGERAGRRed o
ni | |'i mol esto Ritemperaiurg of K640 100°C| thie pHds adjusted to withirpthe range dfi6.8bat ake
et al. pro d, a. rotein _prodquct adj usting the pH of the solution)
readj ust i ng&?@bgﬁ%mgﬁwwﬁoﬁﬁqﬂd&ﬂ%gﬁ@,fowﬁ-eoaﬂa ingd REat i ng t he
sol utizgn. aAnhhydousehmddisd ; Vi ; whi ch t he
salts and: sacgh'ari des. nor Uérﬁﬁ%gl%amgﬂgﬁy\%gﬂﬁg&gﬁi%§%| al'ly renoved,
for exanpl Bygioxidespdium bicarbanatey cajtiym suifate,patassiumacarbonaté)i | e sal t
maybe re-a e lution durin r.ocessing. for flavoring, this
i s done af 9%?%%&%53@1 %%cﬁgm éar%ona%'e, poqagsmm hydroglde, 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_ describe_d as being capable of replacing nonfat dry milk in
formulations which include bakery goods.



‘A heat treatnment described in Hoffrman, J. Dairy Res., 63:423-440 25 (1996)

reportedly concerned fornmation of very |arge ~3-1actogl obulin aggregates at

pH s 6.4. Rheol ogi cal properties and characterization of polymnerized whey

i sol ates are described in Vardhanabhuti et al.) J. Agric. Food Chem,

47: 36493655 (1999). The whey isol ate was heat denatured and pol ynerized to
Whey isolate solutions in deionized vSi ater

30 . produce sol ybl e pol S. ]
were . prepared éf’c‘ér H!ﬁb%%%tﬁme 8t ak, J. DpirysRaes.1 43 cEl976nd heated in a

bropert es BEieciaPdieyfdebbisre ORRES WHATCB HbogBbuinis Reafed, wih
Var dhanabhua mastimaim amiwsit ofistich bdhds BEin%Mbd"é_t?ﬂ'i 70.(TREP-. Wey

pol yners are described as being produced by heating a pH adjusted (pH 7.0)
11 percent 'ﬁﬂ?gi‘? '%PJS?@PPIBF 8!’/%6@ grapenantiin wheyandthe covalert ect ed sal t

5 conceatr gji - I&%EE : : - Patent, 6,139, 900
(Cct obefr,] 3%‘5%8856%'1}%\%\4 des aehcegrrp %@’Baﬂﬁﬂo'f?%é%ﬁrﬁbeg@éﬁ]e&%@mq,m
produci ng Vimrgepsizediaggiegatessirerformed at Y51 ahdaimalteraiZedaggrgate®! ut i on
of whey profei gflcﬁsﬂhgte having a pH of at least 8.0 to 75C In a first

|

heati ng stdfmMm it) adjusting the pH to-less than about 8.0 10 (e.g.,

7500, e et R Patefit flbbhiaridh 2083578 ORAL 419 o 13 ecrBed BTRGHEA" © ©

75 to 97C to produce a po rze ey protern pro
rel af rvel y afqrppasing soiuble desatured edwey protdin compositionathab fivelvest art i ng

e Fealt redaming e pflotAn Sadedietonlive o fafiee wheyproliun to o pi ok ragrey
puri i ed_artfiaR'esanc\Aeh Mg thEaBKAR & eipertiftt MM il rBbfer whey

made by drying and renpving non-protein constituents from paste
so that thdhanthatriwhichdbe native wheysprotein is Henattitegp andementioned:ivojurt

typically : percent, such as on the order of 98 percent
pr ot ei n. Tghyeﬁglﬁﬁf’ytd?%%r'ﬁ ied whey protein isolate may contain small anmpunts

20 of fat and | dd:HRateMebE16/MOB T Kialsitake et AN YascHBES & ﬁ%ﬂ?cftfoﬁchi eved
usi ng f)hysi cal s.egar tion techni gues such as precipitation, tration) or
di al ysI%: Rieducing;a ranspargat. musiied; ik whey protein having asalidj ust ed. Whey
protein co ] sl fr ty t otein i.sol ate
(VI1PI) ang%?gﬁﬁﬁﬁﬁ%é?r@ss&fg ugrgﬂ@ﬁbge%#ﬁgﬁ P& éﬁ@%‘%@d %egé"ﬂ?é"a

hi gher | actibselution, Kitabatakeetal sproduced enwhey protelrepraduet by mdjssting the | t

o0t e oA AR B I pbteriog ¥ haboreBognioen o
manner for heating the Belutiohu IR paterftdedRiib¥s B 486 ot WHHFBrasinGréig™ cheese
type Ioz_or od _uh?ct:hsihé ga'lts and saccharides normally contained in whey are SUbstantiaIIy
removed, for example by dialysis, chromatogréphy, or microfiltration. While
salt maybe re-added _to the whey solution during processing for f_lavorin.g', this
is done after adjusting the pH. o
| A heat treatment described- in Hof_fman,' J. Dairy Res., 63:423-440
25  (1996) reportedly concerned formation of very large B-lactoglobulin
aggregates at pH < 6.4. _ o
Rheological properties and characterization of po'lyme‘rized_whey
isolates are described in Vardhanabhuti et al., J. Agn'c; Food Chem., 47:3649-
3655 (1999). The whey isolate was heat denatured and polymerized té
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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'SUMVARY OF THE | NVENTI ON The present invention provides an econom cal

nmet hod for produci ng cream cheese products (e.g., cream cheese spreads and
the like), in which a polynerized whey protein froma single-heat treatnent
of a suitable whey 5 protein concentrate source, can replace casein
protein. The present nethod avoi ds the cunbersone. and expensive
treatnents, that are required when single cell organisns are used as a

protein source i@ektibngisperties of polyiserEONheR Protein18oRked 8k REsibas - f or

at |east reduci ng the content of casein-containing dairy lrquirds 1n the
8

process f orn Vaxdhgnabkuthet-ale Ahstragh8-9, iFT nnusd Mesting (1968)n Wismse pr oduct .

Thi s reduct] ' ' I l.ncor por at a_t.hermgl|y. nodifi nd
funot] onal PR, & Aedtbed ¥ heiRGRLbAlRd 7 héaling P ghissted (o 7.5}

f uncti onal itlypercenh proteiresalutidrabf Whey PRaBircisbzte AVR) atSelberidear enbodi ment
of the present nethod involves, the heat treating an aqueous suspension,

ermul si dh, &Pnesntratiens af 10mM SaCGlpand 200 M NaGlit 1 OSC (preferably at

Foothon 55 oot SIS RO ot B Lol iifels i
sol uti on haeatingistep procdss! fonpraeid ?im\ &) ' source
to obtain. ag]m' lt)ﬁ)re; heat P%g gh ho%%&ﬁﬁgb?ﬂ%ﬁﬂégﬁiﬁéaﬁﬁg

past eurizi fg= P§ sYeianelvherprateindsolate haviggienpHaaf dt least8.0 ter ment i ng

theesss aaroeonld it Hebling sfe cbMlt SaBknd Be BrIBIET matelB A, ™
e 1 me o shont ) g

coO - ) ’ ’ :

DESCRI PTI o%f%g% I#gn taUpeduee &p ymeﬂze@wheymrgieiﬁ@red@@dimms af the

met hod of trERtiveRDHpleRVHnii- ' ' SF THE
| NVENTI ON The pr esent?ﬁgi@ggj gﬁeﬁéﬁ”p%g%ﬁéé%%% e type product
t hat cont aimatesalgnand isarelativelycenergy inefficient.of casein and preferably that

t ai 1t ivak LY . in. F f this i ti .
ot gni 11 cant Ly $Pel eReT Eolate. whlcn e sbaiinet MueiRracest of HhSokatent
intendsd t 6,189,900hista highlycp @MBdCARE 8Rpéidife Produtdt c%ﬂWe?&iBﬁaié)?%ﬁwéjs‘a”

about 2 percent casein, and preferably less than abou'g_; 1 percerit casein.
For pur posElEIN isgfate;is,nade by drying aed remoevingnony-peoteirdonstitusnits framnt ai ns

"essenti al ey &5 tH - | nt ai ns,less than
about 0.5 parRarkRaky b il Affned STEaNH Atk Bt Mebat BRiA
contain abpmteh.ttmpiabldwgrehﬂerﬁbanegﬂ_p@@&ﬁi,rsucﬁtdseo@mé @fdg‘rldf,gglbﬁcgh tein
source in })h resent . t hod_constitutes polyrnerized whey protein froma
thermal |y ﬁ@ﬁ&ad ﬁ%WY PEHF?‘EH’?\?V peeteir isalateraayicentain smalhamouotst r at e.
The t fper malbf fatdHmERcR¥eY RS ﬁ'.%;q{b |- m?a | i

singl e polynerjzation st relgém?g hi sd Bchgen ﬁﬁ%@%?ﬁﬁﬁ%éﬁggé‘%}%ﬁgses

f or “maki ngPhysicabseparatien teqhniglies suclpas precipitation, fitrdtion; or diwydiy. enhanced,

pol ymeri ze % 1L d _herein he term,stable as applied to the
resul ting gﬁeesed'ggdﬁg{hqﬁfsg%g Rrﬁﬁﬁaﬁbé’ﬁﬁ‘@ﬁt - such as the product
having m ni mal Yyhey protsin conoentrsRs (VL VisiriBrevsstestectiVe tha ey (- whi ch
can be neasur.ed'. aF é/l(w ci . -

protein isolat Pl) and can be easily produced on a much larger scale, It

26 has a higher lactose but a lower protein content than whey protein 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. -



‘20 strength), and m nimal disruption of the enulsion during processing. As
used herein, the term"functio.nally enhanced and sim | ar expressions
relate to an alteration in the structure and properties of the polynerized
whey proteins. Wey proteins have high nutritive value for humans, and can
provi de a favorable sensory quality, conferring a creany and spreadabl e
quality to diary 25 products in which they -are incorporated. Wey proteins
al so can enhance cheesecake 3dMMARYeDFOTHENINYENTION added to a cream

cheese product) ﬁ.ﬁgeci 'aql}{ity in cheeseg&l;ﬁe fornulations with | ow protein
content. In addit 'SRTESHY;IPVERION provides an espnemical methed farrrodpeingei ns
present in ¢hdakn cha&s ' { ha j s rateins.into
cheese pr oductas. c:jl'he é'prﬁfefgellrfﬁgjé@kﬁ)@%ﬁ\%&goﬁéﬁﬁigﬂﬂﬂ# ﬁlé%' f @'Ch a

previ ousl y Relymerizedevheyprodeinyfrgm adsinglecheat tredtiviint of heasitabld whisycor por at e
whey prpt ei gt?%&c?gﬁﬁ,sgée such as 'créam cheese products, have led to
excessi Ve s@%ﬁ#'t g0 G neAR EeRiacq rasein protein. conconi tant decr eases
in vyield andl or, Tﬁe\ﬁéye,ﬂqﬁéthgulr)my i nogﬁ %‘E'%egdﬁ'y‘%ﬁﬁgg%?’%@gﬁé A cream

cheese product can be prepare Ing a nd pasteurized

m xture of theatments thatmaretrequired whem singlewcell organishes aiegséd'as RObrolEIHI Zed

whey pr ot ei%@%gﬁmbt#ned fromWPC, water, and an edible fat with

a.suitable Ta P and fermenting it under conditions to aid in acid

production; adm i Gige bRk Asicthbt [ ¢Te up

consisting of salt and stabi I?tz)gﬁeﬁ?g“@%?ﬁ#ﬁ%ﬁ%Igéé:%gg@g%bg gum tars

gum ﬁﬂfbr dinteeket eareimaantainioy dairy liquids i:ndhefmoc@stfor meékipgmarPR;

st arches; e ; e adm xture: and. honogeni zi ng the

pr oduct be?ég%eés%égbggﬁ%%e. F%Wﬁ%gm gﬁe?%pé‘?dq‘ga& 1% PR ISnd

stabi |1 zer attainble byddedrparatiiea thamall MoRlfiet £ RshctiBhafiy'ehfiahligy 00k ng

tenperature rovided there is sufficient mxing of 1ngred ents. e

horpgeni ze@%&‘?ﬁﬂ?ﬁ&&@@@@%&ﬂ@@'ﬁﬁﬁ thecfupstianality of the casdik théf pasnt or

~5 packagi 'Medrelirhfiaiteg ners for direct sale to consuners, or collected

under conditions effective to collect the product in a brick form The

present5 met hod iAnother embiodimentsf theqstesbRBmatied HTResafle Maa) t q‘ﬁhgi n from
odol'o

at | east ongs %%’C in a single heat treatnment. An exenplary net y

i ncl udes p%&b HERHS R "glﬁfb erilsions oF sobtioniof WREG atalout70ecabopt | onal | y
adj usti ng t105° fetrals ] { ! ine pH heating
t he aqueous %*gp_)(ggééieon quggtegtrsr%g;t@a?g?@ %ﬁ@é@@k?hﬁoiﬁé E?'@H{)esto form

pol yrer i zedPigielakly abeutt5 to abautd5 minutes) wherin thehgueawpsigeridien t hus
bt ai ned m ] : i te (MWPC) . ignifi tly diff t
From a. wheTasfn, S S4uBbrsh GURGEANaReH admixbeiheipta amedibla tati | gt
cr eamaol orsedrge todobtaiman hdhiﬂu@@%éﬁtin@éﬁd‘ﬂofﬂﬁé?ﬁzinﬁltﬁ@QHﬂ-ﬁxﬁ}P -protein
atl o

constituents~can, be {he%m)ved) the protein concen i's general’l y about

10 to aboutP3SPYEHNGNE hemageniged admixture; eooling the admixturet féimertingent . WPC

al sohas a hgksbledMHyh e | act gse t han whey protein

i solate. The hi gher ?,Qﬂlhgirg:v(")@gagé’ﬁ&@é}?ﬁ@éblgﬁghﬁéﬁ?eﬁﬁé% g%@‘?f@?@hsed

shi el di ng fcbeesejeadining thergtocdtdeast oris stbilizée apdugH 5mc°b§‘ﬂ§?t rially)
concentrat i S can be achi.eved br%/ ultrafiltration, re | ow

nol ecul ar w&h} \ 'ﬁ%&@%ﬁ%aém’%r@;@ id;collectingithe ipsoduety The a per meat e)
with tdse peolletted preting GRS Bbé ' from whi ch the WC
can b_e obt ai ned. Fﬁe per neat e ca%ag%g‘dqgfegglﬁﬁédggﬂwgbgg'ed, t o manufacture
certai n pharmaceutical products) and in producing | actose. 5 The WPC can,
for instance, be select consisting of dry whey protei.n
concentrate, |iquid Meﬁﬁﬁmﬁ%ﬁmg%Tﬁ@Fﬁymi nation thereof .
General |y, WPCs Figurengillastpatesre b . F]-R-Q,U ut 85
percent are used in the present met hogﬁégmg?@fe y Bft%g 6r%ngP _

-avai | abl elNXeOIARyi ng- about 34, 50) or 70 percent protein are especially
preferred. Powdered concentrated whey, known in the trade as "WC' (whey
protein concentrate)) which is available in grades having protein
concentrations (dry basis) of about 34, 50, 70, and up to |l ess than about
80 percent can also be sued. Qther comercially available WC (e.g., "FDA
50" (a WPC cont ai ni ng about 50 percent protein), WPC 8000 (a WPC cont ai ni ng
~5 80 percent protein)) can also be used. These WPC concentrations are with
respect to WPC in powder form It wouldsbe advantageous to use a WPC t hat
is commercially avail able and processible on currently used equi pnment. A
general nethod of preparing cream cheese according to the present invention
is illustrated in Figure 1. In the present nethod, the aqueous




‘20 suspension (solution) dispersion etc.) of whey protein concentrate is
provided in which the protein concentration is selected to enable facile
and reliable processing. The protein concentration in the agueous 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 agueous

media.is too | ow (gendPEBTALERDESORIPTIONIOR THE APVENTION PO! yneri zation
may proceed too .Ebngéé/ wherga(s’,if t he concentration 1s too high (generally
ou'® # pal

greater than ab SR Rethod inyeives, pradusing a creamtchease typegroddctray be
undesi r abl { i | f i lity). ., Cenerally, .protein
concentr at ?Qﬁtsclggtsaéﬂs?ﬁgﬂmgﬁgﬁf Lg%rd clggélg\’?g%%ﬁsvﬁ%w BFere}gﬁa@Yﬁﬁtgd si nce

hi gher | evesantaias esseptially mo chseihorfartpurposés Gﬂﬂﬁb‘-id\ﬁehﬂoﬁaiﬁgﬁiﬁééntl f

broken up (MSi %\Perls 8{%.@ a_shear device), such cur dl i ke mat erials may
be useaé,‘I |frg§<g'§fq?é . N PLeqyINalent pbmsssareintended toapean thalj thet ed,

i f desiredcremsmwée@ i -l i I eneral ly. gregter than
about 7 up toaabgut- 9) B?ﬂ%ﬁdﬂ%@@ﬁﬁeﬁ%%ﬁ%@@%gé caﬁélgﬂan OH, and
the 1ike). Roetsrablyess than abouts! peioest edsein. Furpurfoses sPS ifventidf 0T €

preferably 7.5. This aqueous solution is heated in

{..2 10 5 ahout, [ ]
a single hectéga?'rb%er’?gn p?gtﬁdlfgﬁil’jypﬁtc@ﬂ@'ﬁﬁaeﬁ%nt@lhcﬁOtQaﬁ?eini'sismehded to
i nduce t hentowte@withatar cortbing") AHabbo B gd-El m t he WPC. Generally,
sufficient thermal pol yrre?ingg?f%ﬁﬁo a%@ %ﬁ%@t‘%s%m'sﬁﬂﬁﬁ&egr ee of
pol yreld zatGosventanalgheese type products ebritain abeat 5 & uboot 107maksRt t han about
2500 PascalSalfh t ' ' chegse product,, The actual tine and
t enper at ur eC% rsrgg/h 'vQﬁ'}é Ega érﬁ&ﬁgﬁkcﬂ{o%‘n FEH"'@q’Uitbﬁﬂﬁ?smeﬁiﬂd eonstitatesH of

Fangi ng 1 abott 100t oo TObe o aayPRdCel BoReG AR E A kaB (o

t
about. 0.5 P&ea%B%Y PiginfaNgestrae Fherthermalinduced palymerizdtidroisabout 45
i nutes). |gdvRhtddaonks: i Q. .if.desired, be cenducted at
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In this fat-containing mxture, the concentration of the polynerized whey
protein fromthe WPC can be in a range of about 3 to about 8 percent, -10
preferably about 4 to about 6 percent) based on~the wei ght of the m xture.
This fat-containing mxture is heated to a tenperature in the range of
about 55 to about 75C, preferably about 60 to about 65C. The heated
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'so food products. It will be appreciated that in |arge batch or

sem -conti nuous production that the present process paraneters, such as
tenperature and -12 pH, can be nonitored as needed consistent with good
manuf acturing practice. The fernented product is, optionally, salted with a
suitable salt such as NaCl) KCI) and the |like. Preferably, NaC__ | is used.
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'2s honogeni zati on can be conducted using a single or nufti-stage

honogeni zer. The resul ti ng honogeni zed product is cheese-type product,
preferably a cream cheese product, having significantly reduced |evels of
casein or, nore . preferably, essentially no casein. It can, if desired, be
stored or packaged using conventional techniques. Conventional additives,
such as vitam ns,_ ao flavorlngs colorants, preservatives and the |ike, can

be included. The l’j'§e°"é1° thﬁea@mqumsuspmsmmnayrbuad usteld;, frdadfiedwieagect edl y
and si gnlflﬁégaéd oSk 8 ases I nost doubl i ng % the fimness of
the -14  créam choesd Wﬁj élﬁ]necgﬂﬁla eﬁj ygreatesihamaboy Brumtmbm:t the

same prot ei 8) bpadditionsof 4 u
prepared un )erp5| m | ar cong?i?ﬁ%é?é @ﬂé%’ﬁm \;"é crd\e/ig%lgﬁegee%@é cts of
the present MRS Adivsiethta aboyt hiwalout 8] =1d mese praferiblgteabsit 729 about

2500 5 ﬁandg%&-plseferabl y about 2600 to about 3800 Pascal s); conventi onal
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of Whev Pr illustrates th reparation of

pol yner i Ze?%gﬁ%ﬁ%ﬁﬁl&&gﬁ"ne;argd(glﬁé%}twgdppxda&ﬁ Pﬂgﬁiiﬁ?@ﬁﬂ’& ep. A

sodi um ci t regpmentiused and orpthesH of 1!@9& whe
pr O![ gl n 1:0 enéé VY%C 34 Wsconstlst\hagWg. Wﬁ?;pﬁg’t | %ﬁ%lpﬂ{é W¢ Y
hydrated in on %gelf’ nipe ng§689'ﬂﬂlf£9mrah0éltiﬁ tQ(ﬂhﬂUtdI@5(’8(IpFﬁe V\%

the total - salchtBOrt b t i ch
t he I’EITB.I nd@&r of t%\)ea m.%%%&%éié”? fh%gcr)\&v\ja@ ﬁﬁwkgst(er${ Yl?%{ sol ution
(t ot al 1ol @ROKH 1848 th gbaninptesje e iprincipte, lthemtmgrsqeplbgﬁaﬁ%sr}@al ng

di fferent dicated in 't he Tabl e bel ow.- The sol utlons
were pour e?e}dﬁ}ﬁﬁ&%’ ?ilegﬁt OEZPHESs sueh 3sia @ heated exdmdenniniwiich 25 and

heated at %osefhe tempe:atardmbe%%ltab?%déﬂ%ﬁathﬁgltlhle ﬁé‘ﬁt t}%%}h&eéﬂgégwo; " ach

order to effect rization. Tine was ta
beaker rea&'?w "%gﬁBOME@XBﬂHOIamlnﬁfclenbanémaste\aherw Gt oPWhiGH ght  at

rsg?rg} ;gﬁ?&ﬁﬂé&%bl{%@ﬁ?&k%@ t#ké' 4KS thE V%M5Thgsgt>§% prles.eserzﬂ B
5628 g&goggm gnmrequ"es o SPSS'(%'V fg eglno"’st "i%lu%%orfé'g'pie OO 06 510 +
deri her al i g?u&e%ﬁggptrggtmen E%eps f10r thermal polymerization. The: polymerized -
whey protein can, if desired, be cooled to about ambient temperature.
The whey protein polymefs result from unfolded proteins cross linking
by -S-8- 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 present
method, aithough crosslinking 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 lncorporated by reference)



‘Exanpl e 2: Preparation of Cream Cheese Products. Cream cheese 15 products
were formulated to a target 4 percent protein |level using the. polynerized
whey proteins of Exanple 1 with the follow ng general fornulation:

I ngredi ent~ Anount (% 20 , Polynerized Whey Protein (dry basis)' Anhydrous
M | kfat 21. 5NaCl . ~d, 7Locust Bean GuruO.25Water (total)g5,g 25 The whey

pol yners of Exan¥l e 1, anhydrous m | kfat) and water were m xed toget her and

then transferredlbe usesf qoliymerizec:wheytprofeiriifrom & sirkfé %H*r@ﬂé&‘ﬂegﬂ bath at
a tenperat - Jhe materi,al. was, . m xed at the | owest speed until the
t enper at ur gFefaéQ{Iﬂéyg@@({lgqu@[mgdmn\gﬁmng whe $@Ves enengi; retiuces overadl t hen
honogeni zeprotesS$iAg tinge, drid HRVeS : ,hg in,the Stephan
m xer to aq)'[Q eratgure. of 8? C, f %éc @‘%gégﬁgﬂ&iﬁtbgr%q@y 20 m nut es.
Once the niSAligractpeIpRistureledslsiio tlmsrqmum&eiseb@omatvﬁih&ﬂ%ﬁgﬁﬁ&ﬁb bow
and coqg ed I 1 | path. After the product was cooeled, 1t was
i nocul gﬂted &ﬂé?ﬁég@u%@apéwg.?mp@y(wIQYIFZdeHPta‘PchQIBI@nﬁonamreane from
Christian idheees.mahifeetiree THY dostToBroH prepared by a 1:1
dilution of the frozen cul turﬁeé’%%St;ﬂta?{mé%é(;%g%%tci‘e%aﬁgpau‘fﬁé%Mt of
cul ture wabeggnsiderably relusedcent of the total weight and then doubl ed due
to the dilution.s Af: lLhgeul ati o t he, material was stored overnight in a
30C i ncubaté:r e ﬁf‘%’ﬁf‘%bﬁ@]"'dé’%db’&ﬂE?Waﬁs'"ﬂ@emgﬂze@yvhewmainrred. in a
Hobart ni x éoftertimes eHafadterized &% @ - | 0 sured. The
pH was typically about 4.7 to aboﬁl'%g.@gg'@ggmér’n hﬁ?‘??@%’%’&%@& bean

4
gum wdPe’ t ABSMAHIFAN GF solution; thg.seTeﬂmawusedg\temim@bbbyinwﬁé prégantunti | a
t enper at ur ifie&fio : R er .ahout 24 pjnutes) followed by
honogeni zatg‘i)e(;én'ﬁat 3800 ’fp}guﬁg \Qﬁg’( %@%ﬂt@ﬁg ai?%wm‘m%te\ﬂa@nwﬂhot)ackagi ng

(Pa) 1362528638 T EURIE I3PIERRRRZAAR fab ‘ARkifd ShT PRGN FoSrogenated
15 edible oi[; and the like as well as mixtures thereof. Non-diary fats, such as
vegetable, animal fats or oils, which can be hydrogenatéd' 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,
anhydrous 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 aiéo 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 com.position 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
_exam.ple, 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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‘ ' i | [ f a convention cream cheese
For conpari son purposes, the yield stress o
p?epargg I n essgntially t he sanme manner except for'thffrignt?; trgsghfﬁaﬁS
in of Exanple 1 is expected to have a val ue sign a _
ggggeka. The ugg of this single-heat treatnent to effect polynerlzatLon g;d
proteins froma WPC |l eads to a protein polyner conposition that cgnzoe u
I n ‘'manuf acturing a. cream cheese product manifesting an unexpecte

rabout doferabad opcthet PERCH, e, cream
I nprovenentprﬁ'fﬁrﬁb &pement,{bglbﬁopm ygef?lglaq% ?on st e)&ﬁftéad a yield
g[treggg 5;Fﬁ§be@gﬁMMﬁpﬁE% ib%stg‘a? ajempeftyre BV@&WQMendl ng
on the conoss tooalsout 750, m@rerar%'a%utgs% EB{JHP§ i d‘rﬁg% d@fggngafﬁe

from respectiye correspondin ey profein

si ngl e- heat 'Bmww}ﬁaﬁlm@gwpzérhdrlpmmzatmsnu Ibéest %\E?é@dréal |y

- | i med
o "1 OB e oAt 4. 800 81, 88nBE 6 e mbeut 1 SO0k acabmAi4 508 P 1 cant |y
eouced Cperaron haw oSShiEate PRESERTRACHIE, 500 o BbbvPiS IO 0

agueous sus si on havi n pr ot el

percent fr E® PEgfarab mbgut @).DGOetomboghslg)m%ﬂf Tlmtollguzm?g&glztgﬁgggg of the

heating ¢ heabs, ah relISERAS edndddied cBnaliel Wit fheeatinge Theouse 10 |
ain a

t enper at ur of bufeahbgduuﬂg Homedenizatihrs- I'f fuﬁlﬁargéi)ﬁlttéfg&tdpg'lreg@w{(tfgt &ﬁs

pol y ﬁ rote I haV|n about 3 fi gg e
crossl {dn Su'dg%%é} 0W§F¢§b’ @&Eﬁﬁ&t@p theceffigiency of the lhenmgﬁnlmmrﬁt.l%?

oL L7 2 a4y i s g 5 shiEhithon vater
ikt 23238%&” Ca(t)tlng,ns required. (Hombgbﬁi&htlaﬂ rédGcey ﬁfﬁ%@er’gﬁ 3: by ature
(rﬁ . ?S‘r)gt f ?gm'é?'ﬂ ?ﬁ? {t@% (gtaupwg egg trgfbt%?;ge (pla\rt)lcle %rlrzoegls less than
about 2.5 um, and preferably less than about 1.5 KUm. Suitable homogenizers
15  that can be employed for this purpose are weII known in the fi elds of dlary
' science and food chemlstry
A two-stage homogenizer is preferred All homogemzatlon pressures
specified hereafter refer to the first stage homogenization unless otherwise
JIndicated. 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 e 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 temperature suitable for inoculation and fermentatlon (e.g.,
30 ambient temperatures) usung suitable cooling techniques and equipment
known to those skilled i in the art. The cooled homogenlzed mixture is
inoculated with a suitable culture and allowed to ferment under conditions
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‘ i to forma honogeni zed m xture; (v) optionally pasteurizing the
ﬁgngbgg?zgzl m'txt ure; (vi) cgol ing the honmpgeni zed or optionally pﬁst eyr![zeg
m xture to approxi mately anbient tenperature; (vii) inoculating t ebm xtur
with a lactic culture and fermenting the 25 inoculated mxture to o talﬂ a
fermented m xture; (viii) mxing a stabilizer and opti onal Iy a sal thIE

the fermented m xture and cooking at a tenperature of about 70 toda 0;1 ol
105C t o ob@RPfPRIiate seeforming cumls; arahthe(Whidy. himpasdiple Bay ldticcaaked materia

i ' ' ifi l'y reduced | evels
3319 ggtsg: 2 pr& %@'ﬁa%?E{&ﬁz&%%fw%of%@@a@v@%%%ﬁbi:grr'w%ueem in:ﬂ’_@m cheese
P odue! ¢ pprocese g thel curent wivetion, Buiklie BRIBSMAGAMATARARRAY M 2L |
wherein the protein concentration of the agueous sus _ ou f
about 6 peficdyde, for axampie, ireptdcecaus ati lreuconostoti such, as\BEepldtocbas PH ©

' | s about 7.2 to about 8-0. 5. The nmethod according
Lo cf atm 4 BGHe TR RALl BPHouk Siroplpporcia degtalaatis Lavicabostoss, 000 pei

 Osonal on hiols, Befacodiss ERiMGHS, SHAHEIRE, helerldit hol Brding 509 1
i Ut 65, 7badieBARAbel Usbd waengr rcorBinatian thireif] Nt ks beldd By 1S
moa 11 er's. TOrEs BT B e at Jictc e refuenaieicestiea ats wessting: ade

hydr ocol | ocheesg mamlfsctuﬁhﬂlt@ fatnertladtBd gﬁ%@ﬁt'iﬂ?,\e @ﬁ@};kﬁﬁﬁ% d~ers are

15 emulsifiers._ 9. The nmethod according t alm enperature

in stdf (vFavse fthasslacompastiose th_ecl:lot‘reledaca?ezeigQ'ltit(gafraeaggI(I)aal'it ﬁ?t{d&s?oriﬂﬁ]mnai os.
wherein thgeg %‘Prlﬁhﬂ%dic'ﬂs 85 SPreblilt o dnd cS:uIﬁ?rgdsuSroducIion of proteases and
peptidasés’. .The lactic acid-producing culture may be added in amounts
which are conventional for the present purpose (i.e., 'typicall_y about 10,000 to
100,000 baéte’ria/g' of dairy liquid). The cultures can be added as freeze- |
15  dried, frozen, or liquid cultures. If appropriate, an additional acidifying agent,
such as a lactic acid solution, may be added to bring the pH within the final
target range. For cream cheeSe_ production, preferably cultures include lactic
cultures, such as Lactococcus cremoris (commer(;ially available from CHR
- Hansen, Milwaukee, WI) and the like. Fermentation is conducted u_sing
20 conyentibnal techniques and procedures as well known in the art. For
example, fermentation can be carried aut 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 terminated 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 adjusted by adding apprdpriate amounts of a
basic compound, such as NaOH, th‘at is accéptable in the manufacture of
30 food products. Itwill be appreciated that in large batch or semi-continuous
prbduction that the present process parameters, such as temperature and
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20 11. The nmethod according to claim 10, wherein the cooking in step (viii)
I s conducted for about 10 to about 30 m nutes. -20 12. The met hod
according to claiml1l, wherein a salt is added in step (viii). 13. The

met hod according to claim 12, wherein the salt is selected fromthe group
consi sting of sodiumchloride and potassiumchloride. 5 14.. The nethod
according to claiml, wherein the honogenizing in step (ix) is conducted at

a pr essur epbt, cancbe migritoeed asaleedbd&dl&lbtentwrtllﬁood?h@n@tabtmﬁtqaccordi ng to
claim 14, wherein the honogenizing in step (ix) is about 2500 to about 3000

psi. .16. TRE? (mﬁenod according to claim2, wherein the stabilizer is

sel ected 10 fromHd'RraNed

texture nodifiers. 17. Tthe}j ﬁeﬂﬁﬁjcgﬁ h?ﬂg%ﬁ%ﬁ%@n%é% ﬁu? @sf ood
grade hydr bt KiGlsand theylikes, Pe&feraﬁlp,sNaGl isneseido dBahetally, thnghalt pxt-ur e
nodi fiers ar | se~er ream cheese product having significantly

r educeg 99?98?# 4 legefof %@Q.;l—lt% 5 1Q é‘lb@u&ﬁ dspepdibguan thﬁalgéﬁge obt ai ned
by a net hogr@mgmésﬁbag (i) preparing an aqueous suspension having a
protein concentration of about 5 to about 20 percent fromwater and a whey

protein concent dblSepreﬁ&iTeﬁstoanklbhe qrhlnofe sélectedustablizens (666 bfade i f
out 9; and 2Q heat.i ng t he agueous

f
cuspons: onhyiirdbalpid sithcas gvr@aﬁ%ﬁregtr@awanmmme of texdaret 70 1o
about 95C hydifierds éﬁbhsa’é él’rﬁlléflﬁérstef’qd) *’toltﬁ’é §§ %ﬁl‘r@ @ggl n having

about 30 to about 85 percent dis sslln |ng, y cooling
t he ad@eoustabilizesefistabiizers may be admbdwltlymemmedt fHe saikky Generally) thend - 21

oty o SAoA s ler R 65 DR et o oo
' preferably, the amount of stabllrzer or stablhzers added is about 0.1 to about
0.5 percent The current Federal Standards of Identity can be taken into
account in deten'nlnlng the level of added stablllzer levels outside of the
15 = Federal Standards of Identity can be added if desired, however. Examples of
suitable stablllzers 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 .
' carboxymethyicellulose; starches such as corn starch, waxy maize starch,

.20  rice starch, potato starch, tapioca starch, wheat starch; and modlﬁed starches
such as phosphorylated starch. Instant and pregelatinlzed starches can be
used, if desired. Other exemplary ionic gums include gellan, low methoxy =
pectin, and alginate. In one preferred embodiment, xanth'an‘gum is used due
to its cold water solubility, consistent composition, availability, and low cost.

25  For a traditional cream cheese product, locust bean gum can be used. It will
be appreciated that one of more dextrins, such as one or more maltodextrins,
can be included in an amount of u'p 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 'havmg a

30 dextrose equrvalence (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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(tii1) heating the m xture to a tenperature of about 55 to about 75C to
liquify the mlkfat; 5 (iv) honbgenizing the mxture from (iii) at about
‘1,500 psi to about 5,000 psi to form a honogeni zed m xture; (v) optionally
pasteuri zing the honogeni zed m xture; (vi) cooling the honogeni zed or
optionally pasteurized m xture to approxi mately anbi ent tenperature; (vii)

I nocul ating the mxture with a lactic culture and fernenting the inocul ated
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# 15 insufficient to induce signifi cant a Maillard reaction. The cooking can be

conducted in a suitable cookmg-mnxmg apparatus until the desnred

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 about 180

minutes (preferably for about 15 to about 45 minutes). Cooking temperature

20  conditions that induce significant Maillard reactions should be avoided. .

The cooked product is then homogenized to obtain a creamy texture
and/or mouthfeel 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 homogenlzer
The resulting homogenized product is cheese-type product preferably a
cream cheese product, having signifi icantly reduced levels of casein or, more
preferably, essentlally no casein. It can, if desired, be stored or packaged
using conventional techniques. Conventional additives, such as vitamins,

30  flavorings, colorants, preservatives and the like, can be lncluded

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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| #10%u& ()cream cheese product compared to a cream cheese product at the same

protein concentration made using unpolymerized WPC (i.e., control prepared
under similar conditions). The inventive cream.cheese products of the
'present invention generally had yield stress values greater than about 2500
5 (and more preferably about 2600 to about 3800 Pascals); conventional cream
cheese normally have yield stress values about 1400 to about 2000 Pascals.
- The following examples describe and illustrate the 'processes and
products'of the invention. These examples are intended to be merely
illustrative of the present'invention. and not limiting thereof in either scope or
3 10 spirit. Those skilled in the art will readily understand that variations in the
- materials, conditions, and process steps described in these examples can be
used. Unless noted otherwise, all percentages in the present specification
are by weight. All references cited herein are incorporated by reference in
their entirety. _
15 - Example 1: Preparation of Whey Protern Polymers. Thrs examples:

illustrates the preparatlon of polymerized whey protein using a smgle—heatlng
polymerization step. A sodium citrate solution was prepared and divided into
two portions. A whey protein concentrate (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 below. The
solutions were poured into individqal 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 center of each
beaker reached 80°C. The beakers and their contents were stored overnight |
at room temperature. The resulting'slurries were used in Example 2.
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100@& ()-16 031098 & ()- 108100 ()" k+! 100€Z& () -Fl " 109 ()-! 10%& ()-)
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10Z 10Z31w—ItzfoH. 1071 0% R () -LY! 109%& ()-1iS#H10%R2& () Y
F109%2& () -B! N f S30H ()- | #H086in N : Z 10Z
10Z; 1097 & = : = o : by
2 6.0 0.5 30
3 55 0.75 : 45
5 4 51 0.5 | 30.
5 5.1 1.0 60
6 6.0 2.0 45
7 8.3* - 1.0 30
| 8. 5.1 05 10
10 9 51 0.5 20
10 5.1 0 30
11 60 05 10

* demineralized WPC

Example 2: Preparation of Cream Cheese Products. Cream cheese

15 products were formulated to a target 4 percent protein leve! using the.
polymerized whey protelns of Example 1 with the foIIowung general

formulation:
ingredient’ - Amount (%)
: Polymerized Whey | 2
20 Protein (dry basis)

Anhydrous Milkfat 215

NaCl . 0.7

. Locust Bean Gurn 0.25

Water (total) 65.9
25 The whey polymers of Example 1, anhydrous milkfat, and water were

mixed together and then transferred to a Stephen mixer attached to a
recirculating oil bath at a temperature of 110°C. The material was mixed at
the lowest speed until the temperature reached 60°C (about 6 to about 8
minutes). The mixture was then homogemzed at 3000 psi followed by a

30  second heating in the Stephan mixer to a temperature of 81°C, which took
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product was cooled it was inoculated using a starter culture (CH-N 120 brand
Iactlc culture from Christian Hansen, Milwaukee, WI). The culture was
5 prepared by a 1:1 dilution of the frozen culture in sterile phosphate buffer.
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 productlon The product was then
stirred.in a Hobart mixer at speed 1 for 1 minute and then the pH was
10 measured. The pH was typically about 4.7 to about 5.0. -
Sodium chloride and locust bean gum were then added with mixing.

" The resulting composiﬁon was then until a témperature of 85°C was reached
(after about 24 minutes) followed by homogénization at 3006 bsi. The
resulting cream cheese was then packaging into 8 ounce Ccups and stored at

15 - refrlgeratlon temperature. The yield stress (firmness) was measured after
one week of storage at about 6°C; the results are reported in the Table below.
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10

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 protein of Example 1 is expected to have a value significantly less than 2500
Pa. o . - . , |
"~ Theuse of this single-heat treatment to effect polymerization of
proteins from a WPC leads to a-protein polymer composition that can be used
in manufactunng a cream cheese product manifesting an unexpected
20 improvement in firmness compared to control products ‘At bench scale, |
cream cheese products made usmg the whey protein polymerrzatron step had
a yreld 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  undergone the single-heating polymerization step had yield stress values
dramatically less (generally about 40 to 50 percent less).
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106 106G ( ) . A method for(p)rozlucmg a cream cheese product having significantly

reduced levels of casein, said method comprising: - |
(i) preparing an aqueous suspension having a protein concentration of

[4,]

about 5 to about 20 percent from water and a whey protein concentrate;
adjustlng the pH of the aqueous suspension, if necessary, to a pH of
about 7 to about 9; and o
heating the aqueous suspension in a single heat treatment steptoa
10 temperature of about 70 to about 95°C for a time sufficient te obtain' a -
polymerlzed whey protein having about 30 to about 85 percent dlsulfde
crosslinking; and
optionally cooling the aqueous suspension containing the polymenzed
whey protein; and
15 (i) mixing at least a portion of the aqueous suspensiqn. containing the
polymerized whey protein from (i), water, ‘and milkfat to obtain a mixture;
| (iii) heating the mixture to-a‘ tem'perat'ure' of about 55 to about 75°C to
liquify the milkfat; . _
(iv) homogenizing the mixture from (jii) at about 1,500 psi to about
20 5,000 psi to form a homogenized mixture; |
(v) optlonally pasteun'zing the homogenized mixture;
(vi) cooling the homogenized or.optionally pasteurized mixture to
approximately ambient temperature;
(vii) inoculating the mixture with a lactic culture and fermentmg the
25 inoculated mixture to obtain a fermented mixture; _

- (viii) mixing a stabilizer and optionally a salt with the fermented mixture
and cooking ata 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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#10%y& () - 5. The method according to claim 4, wherein mixture in step (iv) is
homogenized at about 3,000 psi to about 5,000 psi.

6. The method according to claim 5, wherein the aqueous suspensmn
10  in step (i) is heated for about 10 minutes to about 60 minutes.

7. '_The method according 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, whereln the food grade

hydrocollonds are gums, starches, or maltodextnns and texture modifiers are
15 emulsifiers.

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

10. The method according to clalm 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
(vm) is conducted for about 10 to about 30 minutes. '
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5 14. The method according to clalm 1, wherein the homogenlzmg in

step (ix) is conducted at a pressure of about 1,500 to about 5,000 psi.

15 The method according to claim 14 wherein the homogemzmg in
step (|x) is about 2500 to about 3000 psi.

16. The method according to claim 2, whereln the stabilizer is selected
10 from the group con3|st|ng of food grade hydrocollo:ds and texture modifiers.

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

hydrocolloids are gums, starches, or maltodextnns and texture modifiers are
: emulsnf iers. '

18. A cream cheese product having significantly reduced levels of
15 casein, said cream cheese product -being obtained by a method comprising:
(i) 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 suspenswn containing the polymenzed
25  whey protein; and '
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(vii) inoculating the mixture with a lactic culture 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 (i) homogenizing the cooked material to obtain the cream cheese
product having significantly reduced levels of casein.
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