“NONEFAT NATURAL CHEESE Cross Reference to Rel ated Application This
appli.cation is a continuation-in-part of Application Serial No. 567,281
filed August 14, 1990. The present invention relates to the manuf act ure of
‘natural cheese froma non-fat mlk source. Mire particularly, the present

Tinvention relates to a process for the maneflhcture of non-fat natura
cheese froma non-fat m |k solids source, such as skimmlk, wherein a
portion of the skimmlk is blended with a gum and treated under conditions
conducive to forning a uniformMNOMJFATONATURAL QHEESE ghout the casein
of the skimmlk. The treated portion of skimmlk is conbined with
addi tional untreated non-fat mlk solids source, such as skimmlk, to
provide a non-fat mlk solids substrate SU|tabIe for the manuf act ure of
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-2 and treated under conditions conducive to forming a
uniform dispersion of the gum throughout the casein of
the skim milk. The treated portion of skim milk is
combined with additional untreated non-fat milk solids

15 source, such as skim milk, to provide a non-fat milk
solids substrate suitable for the manufacture of natural

cheese.

Background of the Invention

Natural cheese is the term used in the cheese

20 making art to describe varietles of cheese which are made
from various milk sources, such as whole milk and milk
adjusted to various fat levels with cream, wherein the
milk source is set, either by microorganisms alone or by
a combination of microorganisms and a milk.coagulating

25 enzyme, such as rennet, and which involves a whey
drainage step. Well known examples of natural cheese are
Swiss cheese, American-type cheeses, such as Cheddar
cheese, Colby cheese, stirred curd cheese, washed curd
cheese and the Pasta filata cheeses, such as Mozzarella,

30 Provolone and Scamorze. _

In accordance with the present invention, a
treated non-fat milk solids substrate is provided which
can be used in any of the well known natural cheese make
procedures to provide a non-fat natural cheese with
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MbZzarel | a cheese, which are described hereinbel ow. " In t
Sw §s cheese, three species of bacteria hayej,conventional en used as
' a rod

starters during a fernentation peri-od: these®being a coccus cul ture,
culture and a propionic acid form ng nicroorganisn1 Usual 'y, Streptococcus

thermophi | I us i stass@grés t4té Ofrd Sordhial FOREH 1455 P OB+ CHiS OF
S |s used as the rp culture and Pro |on|b%$ter|um

Lact obaci |l |l us hel vetic
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sher mani i
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fermentation pr
F. Curd is cht Motzaxeldda bb!eea#mu&vhi@:hﬁw d@sb&'ib@dhhwreﬂibelamd i s then
heat ed over a period of a& %hSO nln to a c% 5 E nBera&Hre of
between 120 F. and 128[err eTW@“B PgesPFr ¥dS5: CPRESEoOKIRGE

t enper at ur e forspbcuésSBfnbautesihohavehounveﬁh&onulMyIBeéﬂeﬁsed asgder the

cur ng to produecietees SRelBE K PRrpoirition BePiSaE Phafl helosd

curing to produc

required for feFﬁéﬂ?ﬁt?Bhtumsrk#n@oénqubbwk¢n@nﬂsaLBtepiqni@s%ciman 3

hours. In tifee NPokhBRY Uk EcPbokden s, cmﬂ , L&er ﬁééc%hfé”d met hod,
164 err or a holding tine

mlk is pasteurjzed at enpgr at ur
of 16 to 18 secgﬁ%’éﬁaih@iﬁkfﬁs ‘?ffr?ﬁl ‘?’?ﬁ dat and a lactic

texture, taste and organol eptic properties simlar to- natural
cheese made with mlk containing fat. Typical exanples
processes are those for Swi ss cheese, stirred curd Chedd W\‘
of
e

starter, such dactobarillus ibuleibus dma..awuobaﬁﬁnrmm dieloetdrtig i dxeni ng
t akes place at r g r f
RO AR artd el AR

about 60 m nutes. net
m nutes. The cur&d ‘lss?dcu'l’ts itheo prandoniss agid- forpdngomicrogyganism. A
15 milk clotting enzyme, such as rennet, is also used and

added in an amount such that curd firm enough to cut is
formed in about 30 minutes. The fermentation proceeds at
a temperature of from about 88° F. to about 94° F. Curd
is cut and worked for about 30 minutes to an hour. The
curd is then heated over a period of about 30 minutes to
a cooking temperature of between 120°* F. and 128°* F. The

curd is stirred at the cooking temperature for about 30
The curd is pressed under the whey,

20

minutes to an hour.
and the whey is then removed. The curd is pressed into

25 blocks for curing to produce Swiss cheese with typical
eye formation. The time required for fermentation,

working and cooking is usually less than 3 hours.
In the manufacture of Cheddar cheese by the

stirred curd methed, milk is pasteurized at a temperature
30 of 162~164° F. for a holding time of 16 to 18 seconds.
The milk is introduced into a cheese vat and a lactic
starter, such as S. lactis, is added to the vat.
Fermentation and ripening takes place at a temperature of
87° to 88° F. for a period of about 60 minutes. Rennet
35 is added and coagulation occurs in a further 30 minutes.
The curd is cut into particles over a period of about 15
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-3- mnutes and is then cooked at a tenperature of 101 tu 103 er—F.
for 30 mnutes. The curd is stirred out in the whey for

75 mnutes. The curd and whey are then transferred to
t he, whey drai ns over a period of about 30 mnutes. The! cum'mmm M
tablke is sprayed with water at a terrperaturg of 105[ern]+

2 to 4 minutes. Salt is added and the curd s allowed to rest on the draln

table for a period of about 10 mnutes. The curd is then transferred to a

cont ai ner, usu 40 O t al edpu r
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curd is held in, ;é;edéli{ploaﬁaq@{.i@dt drAs q,t ,{m{@gr] The Qird Qifkmépd

is then cured an period of 21- 45 ays a tenperature of

40[err] F. to @ecthers tyansterreditke ahalzaln takle .ayhﬂfzezatm IwheXave
traditional by RRAINBH LY aa M%M&w JoO e iGiited.S AHd ¥ o
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hi gh producti offf¥€e \Midf{l é’ig:ﬁ‘-é’@g:ﬁrcﬁgeéeg,e“\%ﬁ@&é‘ﬁe o¥
utilize an inclhiosedrt, vmﬂa::augt:feﬁ@rdewﬂ @r tior anminutieay asdlst det alkdided t he

cur d_under ROt gt g, 0.00040R 111G RS Cack o kHR! G3h1R' 0AETS el o

manuf act ure of & k “Oor “partial Iy
tenperature of pebéod 8F[ ebontF10i minukesti eﬂheocargHisf then- Srénslﬂsmﬂeﬂy by

the addi tigy 0; 02§eEbAtat r,TBEang aSGRBeﬁoﬁﬁa EQnEEQHéE'e @nepagdihem by
the addition of rennet an calciumchlorid coagulLumisS_cu rovi de

curd and whey 8WBdthg EEPESEQnuﬁéeEo‘éﬁ‘é‘d"‘Pn ‘PﬁeaV\HE? ad af t%ﬁﬂéiﬁi"&? *of up
to 110[err] F.rHéessor PouridUBletkyostChiéddar nchbhd® idephénrtrapefépdedl 15
to 45 m nutes.,_ The cur

d ' d h
curd i s then n*?l%ac%?'n fr%ﬁ ?grgeﬁég%fiitéﬁ%fﬁ;]‘geéjge?wgge}?&g%%\?eyo-rr- ©
cooker,. wher e The icurd abs prelddimrthewedalerimkra eemperatursmiof AhtdFat a

tenperatugg Offcﬁsq@rd’elyéz'aﬂ@ :ﬂsﬁq{ﬁéﬂ ]cd:red an additional 'period of 21~
45 days at a temperature of 40° F. to 45° F.

Pasta filata cheeses, such as Mozzarella, have
traditionally been made by a process wherein the curd is
pulled or stretched under hot water or hot whey by use of

20 a paddle or by hand. Modern high production techniques
for manufacture of such cheeses, however, utilize an
inclined twin auger screw for transporting and stretching
the curd under hot water to produce the cheese. 1In a
typical process for manufacture of Mozzarella cheese,

25 milk or partially skimmed milk at a temperature of about
88° F. is acidified to a pH of 5.2-5.5, usually by the
addition of acetic acid. The milk is then set to provide
a coagulum by the addition of rennet and calcium
chloride. The coagulum is cut to provide curd and whey

30 and the curd can be cooked in the whey at a temperature
of up to 110° F. The curd is usually stirred in the whey
for a period of 15 to 45 minutes. The curd is allowed to
settle and the whey is drained. The curd is then milled
and transferred to an inclined, twin auger conveyor-

35 cooker, where it is transported and worked under hot
water maintained at a temperature of 130° F. to 160° F.
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over a period of from 30 seconds to 2 mnutes. The wor'k
i nt o desired shapes, which are then placed in brine for
hours to provide the Myzzarella cheese. The Mzzarel la

packaged for distribution. The term "natural cheese" is t 0"
fromthe term"processed cheese". Processed gheese generally r
cl ass of cheese products which are produced by comm nuting, m xing

heating | ots of natural cheese into a honbgeneous plastic mass. The
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Identity apply to cIassegfﬁggggg%eﬂ%%ggﬁﬁgeéﬁggﬁ% af% %éia.lished by the
Food and Drug Atlistimguished {Fem)thecdemn nprocessed theese" can contain
various additi SH, ' | ' tdedd8 | &f Sheese whey
and skimm |k \élﬁ:zoecse. é#uga‘n%él%[ﬁ%ﬁ%%gﬁléﬁﬁ%#é%ér (i;tcoe?%led cheese, under _t he

Standards of | demdugtesshicihgre mraduced thiacorminut g Bhelngand;
content nayor ang iy 125% t¢F Indeurkie diddstdmtidora HomafsRbugeestic
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stabilized with the protein and water by the addition of
15 emulsifying salts, such as citrate or phosphate salts,
usually at about a 3% level. The salts cause the protein
to become more soluble. Under these circumstances, a
stable emulsion of protein, fat and water occurs to
provide a smooth, homogeneous mass. The hot mass is
20 packaged directly or formed into slices and packaged.
the United States, Standards of Identity apply to classes
of processed cheese and are established by the Food and
Drug Administration (FbA). Certain of these classes can
contain various additives, such as cream, milk, skim
25 milk, buttermilk, cheese whey and skim milk cheese. The
moisture content of processed cheese under the Standards

of Identity may range from less than 40% to 60%, and the
fat content may range from 20% to 35%. The pH range for
processed cheese products typically is between 5.0 and

30 6.5,

In

while methods are known for making process
cheese from skim milk, there has been substantial
technical effort directed to methods for producing a
natural cheese from a non-fat milk solids source, such as
35 skim milk. It has been proposed to produce non-fat
cheese from skim milk by subjecting the skim milk to
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cheese.fromskimmlk by subjecting the skimmlk to . - 5 - nmenbrane
processes to increase the solids level of the skimmlk, followed by
evaporati on processes to produce a substrate having the required | evel of
solids to produce a natural cheese. The prgdwcti on of a natural cheese from
skimmlk, however, is conplicated by the fact that the fat is no |onger
present in the protein matri x. Cheese has a protein matrix which is broken
up by fat parthehlesansViprotesséattpaincreéaseatbensol pdestevelthé theese

t t b h i
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hi gh shearlng
substrate Eadefn‘cm)rakime dlﬂ.lelnd hﬂwewem iatcmpki%t¢‘lisb1§oféh% ahkdthakt han

gum after thr StRr ﬁﬂ% FIGURE 3 is
a phot om crog%{aéﬁ%esi% hi'n se rfg‘t% na%%tﬁlfg] eddegii;h (rﬁlae%eal;iex' r epar ed
from ni-l k contGhesisey has la fmot%irmma which Ads Rrekant WRyRHHERF a thin
section of a fgﬁatr%@lé‘éﬂee%ém%é Q48 § t’ﬂﬂ'és?\tafé Iﬂw@ﬁe&erwpsmate of

the invention.” Accordin , a_princi obj ect r

i nvention to [Sh&FSEe PX tré‘l’%lu(p% %?e%?@%lfam 43&% et’é?f{ﬁe and
or gan]?| epio CI Eﬁﬂp@‘efelle%fswuﬁ &heiezle i sSictmpdretiel yt [dHIf fefremdt firaim ditedse
made fromm contgining fat. l& j:3.8 of the present

I nvention to SPGWB@ ﬁ%ﬁ’cﬁﬁteﬁt v}lé‘%?o?'%%%l}bgh%%ttsg°M| ch can be used to
‘prepare natural cheese by knddgscmiptibn of the Drawings

FIGURE 1 is a microphotograph of the- substrate
made from the blend of non-fat milk solids sources and
15 xanthan gum prior to high shearing high energy mixing:
FIGURE 2 is a microphotograph of the substrate
made from the blend of a non-fat milk solids sources and
xanthan gum after three passes through a high shear, high
energy mixer;
20 FIGURE 3 is a photomicrograph of a thin section
of a natural Cheddar cheese prepared from milk containing

milk fat; and
FIGURE 4 is a photomicrograph of a thin section

of a natural cheese made from the non-fat milk solids

25 substrate of the invention.
Accordingly, it is a principal object of the

present invention to provide a non-fat natural cheese
which has taste, texture and organoleptic properties
substantially similar to that of natural cheese made from

30 milk containing fat.
It is another object of the present invention

to provide a non-fat milk solids substrate which can be

used to prepare natural cheese by known methods.
It is a further object of the present invention

35 to provide a method for manufacture of cheese from the
non-fat milk solids substrate of the invention which
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It is a further object of the present invention to provide a nethod for
manuf acture of cheese fromthe non-fat mlk solids substrate of the

i nventi on which provi des a natural cheese with desirable flavor and
texture properties. These and other objects will beconme nore apparent from
" the:follow ng description and the appended=cgasns. Summary of the Invention
The present invention is directed to a non-fat natural cheese which is nade
froma first non-fat mlk solids substrate which is nade into cheese by
various known rdsied i tieturdh whdewe neldiinglddiarahies tfilavar anmdn- f at

mlk solids source{,t such as s%i mlk, is acidified to a pH bel ow the
| soel ectric p0|ﬁF 5 SPRS ‘acidified non-fat mlk solids source and

gumis then prepared. The THexw aml Tdt@erstdldjetdtajmidlhib@thmeem
Porgen 25011 aaRLHS AT 9000 Mgl o RS e

non-fat nilk sofP&
wat er and then slbimsted to high pressure hoanenlzatlon prior to blending

the gumwith the acidified skim g No kNt fie©¥RGEhH gﬁ onIy mld, |ow
shear mxing is required to pro min the casein
of the non- fat milk soI|ﬂbespueeentTﬁeV€§§éPﬁ/éﬁnﬁé?@ﬁﬁ?glBﬁ pshpRsfat
Corb:jned \t/)M:h ]f_inéeg-irﬁaﬂ eﬂa?gatwmbk fﬁlinsaeswbge?tﬂeeevndﬁ-naaontﬂ&ttm ||k
solids substrate e substraje ca o_prepare non-fat natura
cheese by vari oBel kﬁ%mﬂ“hﬁ?ﬁﬁgg whﬂcgnf§nﬂﬁ? ﬁ?tgnﬁgﬁ?gﬁn?de F%@“ﬁresent

i nvention, 1@ nNoknéwedn&theds cheEs etine ke tiiod efior enaking ethe ocsphebuate ha

nat ur al cheese fps o) ]ge | Q0. g dlnent t he
substrate is m'gé:'ﬁrgépﬁ“f théél\;nigs é l;eesee cu %res olH;her tlfllén b r opi oni c
en

aci d produci ng agidifted TktaipH bﬁlﬂﬂxﬁhﬁ isoelectric point.

of the acidified non-fat milk solids source and gum is
then prepared. The blend is then subjected to high
pressure homogenization to provide a dispersion of the
gum in the casein of the non-fat milk solids source.
Alternatively, the gum may be dispersed in water and then
subjected to high pressure homogenization prior to
blending the gum with the acidified skim milk. In this
embodiment, only mild, low shear mixing is required to
provide a dispersion of the gum in the casein of the non-
fat milk solids source. The casein/gum dispersion is
then combined with a second non-fat milk solids source to
provide a non-fat milk solids substrate. The substrate
can then be used to prepare non-fat natural cheese by

15

20

25
various known methods.
In an important embodiment of the present

invention, a modified Swiss cheese make procedure is used

to prepare the natural cheese from the substrate of the
30 invention. In this embodiment, the substrate is
inoculated with Swiss cheese cultures other than the
propionic acid producing culture. That is, a coccus
culture and a rod culture are used in the proportions
normally used in the manufacture of sSwiss cheese. The
Swiss cheese make procedure is further modified in that
the use of lower stir-out temperatures can be used. This

This Sheet Has Been Rep
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culture and a rod culture are used in the proportions normally used in the
manuf acture of Swi ss cheese. The Swi ss cheese make procedure is further
| ower stir-out tenperatures can be used. This

nodified in that the use of
procedure produces a cheese having a textyhf ~flavor and organoleptic
ype cheese, but has a reduced

T properties simlar to that of an Anerican
cheeses produced fromthe substrate of

bi tterness when conpared to natura
Be aCRficeReMRAVIAG! | ta% r%ce‘%lra% r g | ed

t he i nvention §bggdﬁqgr
PIOH present inventron is iredted to a nethod

Description of the I nven
for making a ngngaaolﬁpL&cspropsrtmbstsémélsu|tabtbatopfnanu

non-fat natural RegRgese! bbb AaEOR"EEHL0BT BELEEhBESCURBRCCE @gﬁ%?ﬁﬁ of

the present in ion are’characierrze
st anblqaommtuml|slleapesspméucgdrénWethelsulasteatat ofr sheni | k | n

practi cal
ordi nary cgmrey e“ﬁ% Ba L S éﬁﬂg% tenths of a
percent of %but t’g{‘fﬁhﬁ?'gﬁ‘lg%%@l 'E % ‘Eﬁe ster se"lpl)ar a?'il%'g ream from
the nmilk in tHeegpdurgsq ci ent separators When the skimmlk is further
concentrated, such as bypéeaDyYedgpebeyiptiondot hEhe hesgentbba procedures of
the'invention the butterfat cont IS _I.ncrease ropqrtion tg the
degree of concentrati one“’Fné’ Rtteinedi q'ati"r’(ﬁ’ﬂ":}:ﬂ 3&? %sié'eﬁﬁ:c?dﬁ%os %fm%ﬁbog
i nventi on may feanmaikd ngp at mcnh-cﬂatt 1i1% fsal ideéheubsdrate s ittabhe rfor f at _
natural e Bapladiitredtl 60 -1C AL IRANBNIBEY. 2! 18ERAG T OduCt S Wl ch
% but t i n accordance with the

may contaln u

i nvention, a ﬁ@ﬁ"ﬁ&ﬂ1ﬁﬂhkwbéﬂﬁd§h§oGh€65PsP§@ﬂ§P Be@ft $hg presendy t he

i soel ectric thO&neﬂuﬁaaebncnzbaceeeiiaa 8kl besfly flofc¥atepganubessel ect ed
krmmlk

fromskimmlk, Sklmlﬂ| y,gvapotation
rentato rebbit priTRACAFRLGE CnapRirE’ 4F (iR dehpee e
all butterfat from milk in ordinary commercial cream

15 separation processes., Usually, a few tenths of a percent

of butterfat remains in the skim milk after separating
cream from the milk in the most efficient separators.
When the skim milk is further concentrated, such as by
removing whey during the cheese make procedures of the
invention, the butterfat content is increased in
proportion to the degree of concentration. The non-fat

natural cheese products of the invention may contain up
Therefore, the term "non-fat natural

20

to about 1.7% fat.
cheese product" as used herein, means natural cheese

products which may contain up to about 1.7% butterfat.
Generally, in accordance with the invention, a

- non-fat milk solids source is acidified to a pH below the
isvelectric point of casein. The non-fat milk solid
source can be selected from skim milk, skim milk
concentrated by evaporation, a skim milk retentate,
reconstituted dried skim milk and mixtures thereof.
Preferably, the non-fat milk solids are present in the
non-fat milk solid source at a level of from about 5% to
about 30%. All percentages used herein are by weight and

all temperatures are degree Fahrenheit unless otherwise

30

indicated. :
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Preferably, the non-fat nilk solids are present in the non-fat mlk solid
source at a level of fromabout 5%to about 30% All percentages used
herein are by weight and all tenperatures are degree Fahrenheit unless

ot herw se i ndi cat ed. - 8 - The principag protein of non-fat mlk
: sol ds, of course, is casein. Casein is a heterogeneous, phosphoprotein

containing three el ectrophoretically distinct components designated, a, B
and [err] casein, in OrdﬁmeObrdﬁﬁﬁ@&il P otledd oFTHIN-fat milles scigs) se,

80, 15 and 5% of. whol e casei pec |velgla base 9% el ectro horetlc
anal ysis. The P&sEPR*E8up ﬁeﬁ?§ AEgifLAs, HRREREC
pol ydi sper sed phabphoproebharcaggaigdhgsthweasedecttnphomdﬂicaﬂhy|Jn|and

P aaner ol 1y« 1 EE1BGC] EBUBbRRRE s RARTENTEET a0 B AN 5/ Badede, ™
conpl ex. THe cexden nfcdeugasé;:gbeleohmmobédi&y.a msmmommrd:seacm.c
pol yel ectrol yt sgitd §eNb el QhB?Fy Eéigssﬁfégﬁﬁ?{‘l%i , b3k el bhn

apprOX| rrately err IS chem Ca oun e SIZ dISpeI’SIOI’] is
modul ated by a®heREFephgretieranalysiqui | Fhei gasfinnceRpORENEFUAYe

phosphat e, Clté@lPoﬂ@ﬂlnygﬂ§§tﬁﬂbu@Qé as nyalb eﬁgéa”kthﬂléoﬂﬁbélha&o the
mlk serumprote

ol ein, e ro ener al
casein is nar k%‘iﬁf/e‘??mg?ﬁ Ui e? ¥°$£§t+%e‘l'g r?ﬁ ﬁ“ﬂ![o aB‘% ﬁPﬁSﬁ?ES'VQ%Ge
det er m nedOby beésérlamqummd @femagmgﬂiumnandacitratq. Arhéotighal

el ectrophoreti [ [ S defi ned,
coagul ati on of&%é{ S us%éxﬁ)%fﬁrﬁ;tf%{)&ap%y %%l#]tﬁat%]%%gi%ma pH of 5.3-
and is conpl et@wnme.pwqie@ém phosphate qonplext 4. Bhe Feaseinct i cal

purposes, it i DIt RiPHd %&éﬂiéféﬁaé Q AsuSl N, 0&1&1’?&5&@&1&' c

precipitation of casel n. ‘Conseq uent‘y acidification of MK I H 4.6

yields a polyelectrolyte gel, c ntalning an excess of 66% w ter,

15 of which approximately % is chemically bound. Micelle
size dispersion is modulated by a generally reversible
equilibrium with the calcium, phosphate, citrate and
magnesium ions in the milk serum.

In contrast to the milk serum proteins, i.e.,

20 whey protein, and native proteins generally, casein is
markedly insoluble at its isoelectric point of pH 4.6, a
value determined by solubility and electrophoretic
activity. Although, electrophoretically, the iscelectric
point is rather sharply defined, coagulation of milk_is

25 usually initiated by acidification to a pH of 5.3 and is
complete as the pH passes through 4.7 to pH 4.6. For
practical purposes, it is more appropriate to refer to a
region of isoelectric precipitation of casein.
Consequently, acidification of milk to pH 4.6 yields a

30 coagulum of whole casein, inclusive of the various casein
components that comprise the micelle. In the isocelectric
state, the oppositely charged groups in casein are
balanced by equal dissociation and the net free charge is
eliminated. On the alkaline side of the isoelectric

35 point, the negatively charged groups of casein
predominate, evidenced by its mobility toward the anode

2 —
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coagul um of whol e casein, inclusive of the various casein conponents that
conprise the mcelle. In the isoelectric state, the oppositely charged
_groups in casein are bal anced by equal dissociation and the net free charge
is elimnated. On the al kaline side of the isoelectric point, the

: negatively charged groups of casein predouai gat.e, evidenced by its nmobility

toward the anode - 9 - under an applied electrical field. The converse
situation, i.e., predom nance of positively charged groups, prevails in
casei n sol uti ongduy G applidd®sersdtrivdhefient) ecfhie comterse | n

accordance with the .inventjon, the npon-fat mlk solj.d rge i cidified
to a pH bel ow tHFYatAc ] pcﬁ‘?ﬁé]%?r}'m P tmit@v’é&: c;hap %dgl ow about
4.6. Wile a ¢aagpsympfreveils imedsedel edhitigid adislimmwith nespestlid
source may be I ptai ned iyn | ui ndition by constant agitation as the
pH i's |l owered t rgﬁﬁhlﬁq%%ﬁéigﬁé;iégﬁgku mlk solids source is preferably
acidified t® a pH in the Imrpeoafdancemwdtiuth®e dnverdion, 4 nastfat
preferably from.,gbout .4..1 to about, 4.3, e

f er mentati on wiml‘lﬁ?(asP&d'tdisc s&&r&epﬁédaéiﬁéﬁﬁﬁ% g"tr}c h%g?@sih%ct is or by
addi ti on of a dsbedecérddi podnkciof, caselings thadt ils,atpda pHcbed caciabout

gl ucono delta lLagton dgo h Gma§l ndtPkfsPRebbtedtirdc i, 0%
enbodi nent of #hg insg%?¥o%,Egkgggﬁthbgg%-ggthﬁiIk sgl?&s SSUP%iPR%S been
acidified, a shehabat Bikki sodidnaenrce: RaynReppiptpalnedoin; 4t sol i ds
source undey cesAditoenR bYy bogbtahtaagiPatienabkythehpHgisn lewadddd t hr ough
a powder funne npecied,to a O¥i  t nt&hfisgakgrotor. The
gumis neteredt?%g%gﬁhéﬁa%fgffigﬁgﬁgﬁﬁfgégﬁgfﬁksgfﬁﬁﬁgo%égé ask?he source

i s punped t hr cppdferrbly saehdifhed gten a2 PHgimdthe Fange LI sE¥PRcpbARL: o
provide a ratig 9ft JUBSPt | 456} Omost preferably from about 4.1 to about
4.3. The pH may be lowered by fermentation with a lactic
15 acid producing culture, such as S. lactis or by addition
of a suitable edible acid, such as acetic acid, lactic
acid, glucono delta lactone, hydrochloric acid and

phosphoric acid.
In one embodiment of the invention, after the

non-fat milk solids source has been acidified, a suitablé
gum is blended with the acidified non-fat milk solids
source under conditions of high shear. Preferably, the
gum is added through a powder funnel connected to a pump
provided with a centrifugal rotor. The gum is metered

25 into the acidified non-fat milk solid source as the
source is pumped through the system. The gum is added at
a level sufficient to provide a ratio of gum solids to
protein in the range of from about 0.1:1 to about 0.5:1,

preferably at a ratio of about 0.3:1.
The gum may be any of the edible hydrocolloid

gums normally associated with the manufacture of food
products. Suitable gums include xanthan gum, guar gum,
the seaweed gums, such as agar and the various
carrageenans, locust bean gum, tragacanth, pectin, gum
35 karaya and carboxymethyl cellulose. The preferred gum,

for reasons of cost and availability is xanthan gum.
_xanthan gum.
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proteinin the range of fromabout 0.1:1 to about 0.5:1, preferably at a
rati o of about 0.3:1. The gum nay be any of the edi ble hydrocolloid guns
normal |y associated with the manufacture of food products. Suitable guns
_imcl.ude xanthan gum guar gum the seaweed guns, such as agar and the

“vari ous carrageenans, |ocust bean gum tr@gg@@nth, pectin, gum karaya and
or

car boxynet hyl cellul ose. The preferred gum reasons of cost and
avai lability is xanthan gum 10 - various aspects of the invention

may, therefore, v*é‘%x@%%c @wétlst ] 2R DrvRINIBRO WA thieg alforiest Rd gum of
sacchari de

the inventi on. nt an Hi s nmeant the heterd Olé

produced by ferﬁﬁﬁ%§ bgd HF dd&1ng. xapthan gHmops: kBegBrRasexxfbh gL A

di scussi on of thﬁepmMsbﬁ@ﬁoﬁod chem cal properties of xanthan gum may be
Y. (1973),

found in Industrial Acadey c N
p. 473. Xanthan gumin aq530u§ag%hﬂﬂlﬁﬂm § mean E%%rgéfﬁrBBBLYerlon

such as sodigum ga&cha gy peedhtyg! beéfﬁéﬁtQEEé#SGf'tﬁesmﬂsrsbagaﬁxéﬁe
pyruvate deriyatjve.

conposed of charged gl ucuronic acid,” mannose $£h Y
nfapthemonag+ h A fisansygn it Lhgdhusieal chen,

The structure oL XEHM B8NYS
et al. Ina SUl&ﬂﬂLtﬁmmﬁéaﬁp P¥op éﬁ{@éf&ﬂﬁnﬁml dutf idyobe tmuqunixmon fat

mlk solids bl %E’é‘ﬁ%%]b\ﬁo‘ﬂ‘bg't%z’& b&]&ﬁs corg)c#1 w i h a econd g

mlk solids so
to produce a no-973) ,nat ur4é)|3.cheese It has been det erm ned t hat |f t he gum

is added tggthe entire anp mpqg f sk 583t 5nsquﬁe Lequired to
e gum i t's,subsequent & ottlng of .

0
produce the non-fat cheese,
t he non-fat n1PWP§8PFé§t§oGP@@tF€ oy FYE aaéoﬁﬁéﬁHHV|ﬁstHé98H§ese nmake
It inegatively charged because its side chains are composed
of charged glucuronic acid, mannose and its pyruvate
The structure of xanthan gum is set forth in

procedure.

derivative.
15 U.s. patent 4,559,233 to Chen, et al.
In a subsequent step of the method of the

invention, the gum/non-fat milk solids blend, after

homogenization, is combined with a second non-fat milk
solids source to provide the substrate of the invention
which is used to produce a non-~fat natural cheese. It

20
has been determined that if the gum is added to the
entire amount of a non-fat milk solids source regquired to
produce the non-fat cheese, that the gum inhibits
subsequent clotting of the non-fat milk solids source to
25 proéide a coagulum in the cheese make procedure. It is

also not possible to use hydrated gum, i.e., a gum simply
combined with water, prior to addition to the entire
amount of non-fat milk solids source. Such hydrated gum
passes out of the cheese make procedure with the whey

30 drainage step.
While not wishing to be bound by any theory, it

is believed that the highly negatively charged gum is

caused to react with the ‘casein having a predominance of

positively charged groups at the pH of the first non-fat

milk solids source during the subsequent homogenization
In this connection, a particular type of

step.
T
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al so not possible to use hydrated gum i.e., a gumsinply conbined with
water, prior to addition to the entire amount of non-fat mlk solids
source. Such hydrated gum passes out of the cheese nake procedure with the

whey drai nage step. Wile not wishing to bg.:gound by any theory, it is
+ bel keved that the highly negatively charge umis caused to react with the
casein having a predom nance of positively charged groups at the pH of the

first non-fat m i r t Il Zaton; gtep.
In this connec?qlA(S'{rilag%gJ p%%l%ﬁ ‘fg%dqu? &%%%%gégﬁﬁ%%s useai€o %ause
such interact i delieveds that dhe itMra:dtaomtaams dhec aoanpsl edhegumnpl ex

gum structure §§H$ i twark si ame
manner t hat fa#ﬁg%%??lnees are dis erssgt}q‘scéatsﬁerpneg%u (‘:;'té&rng 0 cllelggieﬁb
conventi onal pPYEBdkhes S@mengxamew mtauﬁmtngaamtipéﬁsataremuapetmmlmd of

xanthan gurg anengofahairabitiireselr Shetlle & lmvbﬁ%aoha&ﬁg .:uehgx £nd is
subj ected to high ener X % Rear m Xxi N his ste e effected
g#aguWég PRotBABART hyktestatis preferably heated to a

at anbi ent tenf
tenperature of between ahfter96her blehd b Rbﬁuhaﬁ5§ﬁﬁréhanonPEQEehahky

f bout 125 F. t bout 145 F, AL, tenper res r than the
|L3rlgt33 rang%agi é%s%??ﬁﬁ? ﬁgﬁf ilg S%%%msgh g88u$Y ﬁ ?nggﬁg§9q58nt
honmogeni zat i onhiglepeneérgy enbbght shear| miginghan t‘I\lais rnlteptndypbef erred

arge, hah Sperated o o o Wkt hb-aes b RS, HoLTHL 18

obtain. After emln
source i s pasSRPEN heated a%?eahﬁ:%jhp%ﬁé re (p§bekieely abukg982yice.

A sui tabl e horpgears zewn 1BV Ge, | SprefardbEy hesewe bt TEsiRCtEsed b%
oporated at hAIRSGERIAR dir p E*QSQé’égeD% ”t?%ﬁm%%&%"g??' feated” >

range, crosslinking of protein can occur during the

15 subsequent homogenization step. At temperatures lower
than the indicated préferred range, the dispersion of
xanthan gum in the casein is more difficult to obtain.

After heating, the blend of xanthan gum and

non-fat milk solids source is passed through a suitable

20 high shear, high energy mixing device. A suitable
homogenization device is a Rannie homogenizer,
manufactured by the Rannie Manufacturing Company of
Denmark. The Rannie homogenizer may be operated at
homggenization pressures of from about 2,500 psig to

25 about 15,000 psig. Preferably, homogenization pressures
of from about 9,000 psig to about 13,500 psig are used.
While the high shear mixing step is described in terms of
a homogenization step, any suitable high shear mixer
capable of providing high shear, high energy properties

30 may be used. For example, a commercial blender type
mixer can be used, but long mixing times of 30 minutes to
an hour are required to obtain the desired dispersion of
the gum.

During passage through the high shear, high

35 energy homogenizer at the preferred homogenization

pressures, the temperature of the hlend increases by an

P\
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ahout 15,000 psig. Preferably, honogenization pressures of from about 9, 000
psig to about 13,500 psig are used. Wiile the high shear m xing step is
described in terms of a honogeni zation step, any suitable high shear nixer’
capabl e of providing high shear, high energy properties may be used. For

» exanpl e, a commercial blender type m xer cagge. used, but long m xing tines
of 30 mnutes to an hour are required to obtain the desired dispersion of

the gum During passage through the high shear, high energy honogenizer at
the preferred heameu®t oF ifvonpraisait S0 ° tFhe teegbanett WS &F. t g W=end

[ b f . f 0

: gcégﬁz(ra:l I§ 3e§ef‘§ﬁlaéiﬁ' d%%eg??ﬂ?ené:qrﬁ a%%etth?émhxil %[e%lio'i{u{kﬁxgstste ce.
and preferably ftohenst twifceuand prefetiablyf drom m lﬂoerf@ua‘f ttdimeasei t i ng
from the i o *HRBEFLXE0 HChIAPHBEA LAY ok el Wignl hazange

that it entered shear m X1 ng rature of
from anbi ent5 t omdxdog ssepFisAprMmgbawzgppdﬂdpfcgsydﬁ:bénbéhmramm thadoo

psig, more repekttaﬂearaaetHSSp&gh'sPaag higihgTRAgILRA! 1oB. ot gp gAY be

repeated as nan mes-as ar e necedsary to’obfai'h desired

di spersi on of themgenatuneanﬁtﬁeomeumbﬂEHQntooabPh Lh0&nFi onAtt he gum may

be bl ended “ﬂtrhxﬁ%g nfﬁggfghlgEEEQthshb&foé“iﬁbuth?gboenﬁéﬂ% more
escri e gumwi th

hom)genl zatl on relr nabove, prior

‘the acidified rospebitiong avedesivable ang ¢ iw%'ﬁlmi* heteRnmpR¥
added to the WHelrdpestéd Vs :ﬂin}r@mébcwé £>r8°/f6mxuubm1tbé. Mdcedbaey bei ng

s mdded to tne kAT Mt . FLEPR LT G 9T | 61 ow shear i xing.
such as with a propel | er ¥n another m#m‘gmﬁt@%e@vf@%ﬁ%r@w gyl he
casei n network p3s, He2'H1¥ded with water and subjected to high shear,
high energy homogenization, as described hereinabove,
15 prior to blending the gum with the acidified non-fat milk
solids source. In this embodiment, the gum is added to
the water at a level of from about 0.8% to about 1.5%.
After being subjected to high shear, high energy
homogenization, the aqueous gum blend is added to the
20 acidified non-fat milk source with mild low shear mixing,
such as with a propeller mixer, to cause the gum to
become dispersed in the casein network as previously
described. The homogenized, agueous gum blend is added
to the acidified non-fat milk source at a level
25 sufficient to provide a ratio of gum solids to protein in
the range of from about 0.1:1 to about 0.5:1, preferably
at a ratio of about 0.3:1. .
As shown in FIGURE 1, the non-fat milk solids
source, after addition of the xanthan gum, but prior to
30 high shear, high energy mixing is a loose network of
large casein micelles interspersed throughout the milk

puring the high shear mixing step, a casein/gum

serum.
As shown in

dispersion is formed which is highly stable.
FIGURE 2, after three passes through a Rannie homogenizer
at 13,500 psig, the casein micelles are somewhat reduced
in size and are uniformly dispersed throughout the milk
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descri bed. The honpgeni zed, aqueous gum blend is added to the acidified
non-fat mlk source at a level sufficient to provide a ratio of gum solids
to protein in the range of fromabout 0.1:1 to about 0.5:1, preferably at a
rati o of about 0.3:1. As shown in FIGURE 1, the non-fat m |k solids source,

after addition of the xanthan gum but prd @r3 t.o hi gh shear, high energy
mxing is a | oose network of |arge casein mcelles interspersed throughout
the mlk serum During the high shear m xing step, a casein/gum di spersion

is formed whi clydn) QM ISt 89| made\h gy sttablSURE the gitesende eaf pblsges
t hrough a Ranni e honggeni zer 13 %psi the casein mgc Ilees %éema
somewhat reduc&¥men &S Shap An Eif fay %ﬁéf'&ﬁﬂfﬁ'}ﬁeofgﬁoqn 872 Mad%
-%3 - _serllélmwggr?m itz:M%ﬂémm Sj;tcsibiﬁfblmtﬁd"lésalfeewdﬁnaﬁ mdde glrom As
shown in t he ;.appear ance of cheese ,ma t he di sper,si o

much the sane Zdlksgo %% 8. SHoWL &%Mﬁ‘%ﬁ?shé‘ﬂﬁ %%@#3
The nethod ®f ithe presemnt iinwention ffor providing a caseim/gum di spersion
is to be distinquisheqd frqm the, nmetho descri hed in S. P No.
4,855,156 to sagaeF}'séP"aa.s d‘ﬁendaésiﬁ{gﬁ#@&?i g’ﬁ%sgé‘ﬁo%%%gﬁoth the

met hod of the Sesgeibpdt ¢nt Uasd Pazentf Nbhed4PE55app6i tat Bdngere eitr @dt.ed to

providing mcr a I i | e o e+BhnN tent, and
nicrofragnentegagrgﬁg?hﬁgﬁkpgﬁgéﬁiggnﬁggézg}gﬁa'thgoggsgﬁgfﬂgﬁgggC$%
appl i cation. Thhec8ingargnatenspandi thabpefii hhe BFT-APPRACALLANSAES:  hi gh
entergy m;j&img §1§@ceé?<tael pRyeRaLAG inﬁcfbﬁﬁa@ﬁéﬁtﬁede\bfbt_eiﬁecﬂ)ln_dghe
untreated non-fat_mi 0 source,t o, pr - solids -
substrate mhicﬂaiﬁﬁ°%et€§e%g?3eﬁrBﬁ%?%tho%¥¢gfiﬁﬁggf%%ﬂé g%ée. The

casei n/ gum di speokein/gemhfibey complexesd tmrthe case of therPEBration

t enper at ures o;p&q@gﬂmﬁ to 50 F. for a
The casein/gum dispersion obtained after the

15 high shear, high energy mixing step of the invention is
then combined with a second untreated non-fat milk solid

source to provide a non-fat milk solids substrate which
The

can be used to prepare non-fat natural cheese.

casein/qum dispersion is highly stable and can be held at
20 refrigeration temperatures of 35° F. to 50° F. for a
period of up to about two weeks prior to being combined
with the second non-fat milk solids source. The second
non-fat milk solid source can be skim milk, skim milk
concentrated by evaporation, a skim milk retentate,
reconstituted non-fat milk solids and mixtures thereof.
The substrate preferably has from about 5% to about 30%
total solids. Preferably, skim milk is used as the non-
fat milk solids source for both the first acidified
portion and for the second non-fat milk solids source
30 which is combined with the casein/gum dispersion

resulting from treatment of the first non-fat milk solids

Skim milk has a total non-fat milk solids
A typical

25

source.
content in the range of about 8.25 to 9.3.

composition for skim milk is 90.5% water, 0.1% fat, 3.6%
35 protein, 5.1% lactose and 0.7% ash.
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peri‘od of up to about two weeks prior to being conbined with the second

non-fat mlk solids source. The second non-fat ml|k solid sourece-—can_be
skimmlk, skimmlk concentrated by evaporation, a Sklﬂhﬂmk& a

reconstltuted non-fat mlk solids and m xtures thereof.
“preferably has from about 5% to about 30%total solids.

mlk is used as the non- fat mlk solids §o#£ce for boL
acidified portion and for the second non-fal 'm |k solids source mhlch |s

conbined with the casein/gum di spersion resulting fromtreatnent of the
first non-fat mlk solidsgpggu o} knsol ids
content in the range of ogtﬁggggs¥fngf§hgigéyp c% éﬁ%nggg?%?%%aﬁgrnskln1
mlk is 90.5% weabrmi bklwléds sowrees ovkethes. abtatneddey and 0. 7% ash.

-14 - The bl d f
whet her gbt afggiﬁy&%ﬁf%gﬁ%g?ﬁoﬁw @%ei’gﬁng‘lzﬁpv\rglt‘ efr?'E ofFrB% nlg‘fsmeig%?%c?lr gg
|%°h1ﬂﬂec5mli'¢¢1e I caided ko dheFerand at nilk

nonfat mlk solhes-&vlrebl
sol i ds sourge %,H?éaee@i ufid4 ﬁ 1K G, 4 BodrdinAd Yt di5% t 0 about
strate, based on the | evel of

0.15% of gumin t non- f at
non-fat mlk s(ﬁllfcfslqlr?ﬂ%é-'-%lnfs%"riﬁee frme qm‘% A 08Y Eosaboyt 38% &% o

the invention e tlh.eruﬁexi&e&atwnﬁu&dwmw@wsﬁra&etUbabeahe@:swéy any
g@g &h as.those used in the

of the connDnI us d eese
manuf act ur e of gheﬁ@bf% n@ﬁﬁ?a%°ﬁ§§ eh*85%cheddar cheese,
stirred curd cheese washbe oondfebemdidk eoﬂﬂﬁscbabstrahd &6ntbeey Jack,

and by prof(?duri?ﬁeHEQan BEnt i!ﬁeﬂr ea{.eaaoeoogreaa&aé ﬁ@ﬁﬁfﬁﬁeﬁéeﬁraiucr‘ -as

Mozzarella. In an 1 npo di ment I nvent 1 on, *
make procedurechgeﬁgeBYtB“MrBSaFEeacﬂBH°“}§t“ﬁﬁ?u?%?e%ﬁegg%gﬁﬁ P92|ng the
non-fat m |k sprbdedures, such as those used in the manufacture of
Swiss cheese, American-type cheese, such as Cheddar
cheese, stirred curd cheese, washed curd cheese, Colby
cheese and Monterey Jack, and by.procedures used for the
preparation of Pasta filata cheeses, such as Mozzarella.

In an important embodiment of the invention, a

modified Swiss make procedure is used to prepare a non-

fat natural cheese utilizing the non~fat milk solids
In this procedure, the non-

15

20 substrate of the invention.
fat milk solids substrate is inoculated with the usual

rod and coccus cultures used in the manufacture of Swiss

A proplionic acid producing culture, however, is

cheese.
the rod -and coccus cultures

not used. In this method,
are added to the substrate at the normal levels wherein

the coccus culture is added at a level of about 1000

times that of the rod culture. A suitable coccus culture

is 8. thermophillus. Suitable rod cultures are L.
bulgaricus, L. ;ac;is and L. helveticus. In accordance

with the modified Swiss make procedure of the invention,
the non-fat milk solids substrate is inoculated with the
rod culture and the coccus culture and fermented for a
period of about 30 minutes to an hour at a temperature of
about 84° F. to about 90* F. A milk coagulating enzyme,

such as rennet and calcium chloride are then added and a
The coagulum is cut

30

35
coagulum forms in about 30 minutes.



substrat'e of the invention. In this procedure, the non- fat mlk solids
substrate is inoculated with the usual rod and coccus cultures used in the
manuf acture of Swi ss cheese. A propionic acid producing culture, however,
is not used. In this nmethod, the rod and _cqgcus cultures are added to the
*substrate at the normal |evels wherein the*@occus culture is added at a

| evel of about 1000 tinmes that of the rod culture. A suitable coccus

culture is S. b Syli t e es 'éﬂf%
lactis and L. %gF\E/’g?PEE? li?'nha?gori gncig’%\jﬁ\n %#){ehg 1? Fege%/\n sl*? make réd
procedure of ths theewheynwhide ﬁb#-ﬂb?YhﬁBkhgéﬁﬁdstQUBsﬁﬁEPGﬁﬁiuﬁﬁxﬂﬁaIed

with the rod CE&BHerBBG bhe ?OCEBSaBBhEUEQGGn% f%b@?“he elr2bd2 oAb tof
about 30 m nutes t our a tengeratire of about 84 t o about
S

err] F.
90 F. A n1|k3eoBSUP§Fan EHEyﬁBrd snskirred,eut,af th cF&%VéﬁFﬁklde are

t hen addedsﬂmhemﬁeﬁsuhﬁa1ferna parabauaf3Q5ntaunBSmiﬁheeeoagwhumuurdnn
nch, cube ubes are sti i n the whey

-15- to 1/8th

whilel?hg wheyaPé “&%Xeﬁr?o ePeﬁﬁEPﬁ?ﬁF gf%PanpﬁﬁgﬁFsgg[ﬁ PESE. to about

gﬁG[e[r] f-doxﬂakﬁnwfappdratuebpucuﬁownieutﬁ?.eigencﬂaflysasperfedg@uadat
ne el evate rature eriod Q 0 nu eurd an

whey are then figgé q?%ﬁ*?% gi%ﬂ?%% S itégﬁegesﬁﬁgé g%p% %nffkmal

whi ch i s esserTheldcyrd jperpressed undencwhépsker dlp@b&@d of t&bautt 35/ id

wal | cont gpnerg, 1§€é#%wéklﬁiﬁﬁ sed ?¥29¥sf€ﬂeﬁ- wﬁdfﬁ moPREt 15 to

rawn e curd is

about 45 m nutes en mthe cur and t

retained in trﬁ—?m‘ﬁﬁ%rtfbﬁ pard i siresainedpbut the U Lonn IRepiedsafe is
applied to thaysudsl.abdite Y6INsouxt®akhile ifesswr® Vil ansh iedinséd eened to a

the col d roomTBa gais AP IS S dthels Femgled i e fHEF 48 B8, o
then be further caldedanm mmmd atl qoammtum) afiixBbI R stee
15 45° F. and is held in the cold room for a period of up to
about 30 days. The fesulting cheese can then be further
cured or can be cut and packaged into suitable size

shapes at this point.
The resulting cheese has a mild, American-type

20 cheese flavor and is a highly desirable cheese product
having texture, flavor and organoleptic properties
similar to that of natural cheese produced from fat-
containing milk.

The following examples further illustrate

25 various features of the present invention, but are
intended to in no way limit the scope of the invention
which is defined in the appended claims.

Example 1

_ A non-fat milk solids substrate was prepared in
30 accordance with the invention. Skim milk was pasteurized

and inoculated with an 8. thermophilus culture. The skim
milk was fermented to a pH of about 4.3. The acidified

skim milk was blended with xanthan gum using a powder

funnel feeding a centrifugal rotor pump. The xanthan gum
35 was added to the skim milk at a ratio of 0.3:1 of active

xanthan solids to protein in the skim milk. The blend of
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shapes at this point. The resulting cheese has a mld, Anerican-type cheese
flavor and is a highly desirable cheese product having texture, flavor and
organol eptic properties simlar to that of natural cheese produced from
f.at- containing mlk. The follow ng exanpl further illustrate various

- features of the present invention, but are Tntended to in no way limt the
scope of the invention which is defined in the appended clains. Exanple 1 A

ron Tt 1 S0h i e G capen A9 ond moBEa 85K bblebfure of |

invention. Skimmlk was pasteurize

culture. The sid4fmif« ke frlerdied xanthay Pm Arditskin mite wesdthead
skimm Ik was Payuiadl thidugiad NRdnsien RiShded AOMNOE rdé! "Phed & Lag a

centrifugal rotor The xant han gum was™ added to the skimm at a
ratio of 0.3: 1%%&?%&"&%&#%9\0%? (RPHNG #arh Pasy fhenblend was

bl end of 5- heateskiby pdssayguel ttarduygh m&nlhmdmhﬂk t rcin t@mﬁerat Ere of
140" F. The bl ¢ 1y a t hen asse t roug a
Ranni e honogeni %g\p%lr e & |°#eg|}@ %dpﬁ;%s%rp@nmer &R

pass, the bl endndawalseaiond edy hetsaage édmplﬁi;fd flt%flqrwgggl Ztﬂ:Fldﬂl‘:QfB a%he
t enperature of [ A ature .o {0 err, and was
£ﬁQ Sp?%? ‘%ﬁﬁ?ﬁﬁﬂggf %Bﬁ nﬁ@fF[pa age through

cool ed bet ween each
t he Rannie honggéﬁnnégumAdaapgnﬁﬁgwnmasspb¢aumndhafteht&hmeihmaeﬂpaéxes

three passgp tEﬁQHgBhtEﬁeR?EBhSehﬂ%ﬂggghigﬁféThe casei n/ gum di spersi on was

t hen conbined wth Skimm % of the casein/gum di spersion
and 88% of pasteurized s¥Pf FRERiNIPModigPersion- was fher sombdsmesubstrate
havi ng 9% t ot akighl sR$m miEknae- halleFelkogohp¥sogubhbr ah8eWayqused t O

dispersion and 88% of pasteurized skim milk to provide a
non-fat milk solids substrate having 9% total solids.

15 The non-fat milk solids substrate was used to
produce cheese in accordance with the following

procedures:

Example 2
The non-fat milk solids substrate of Example 1

20 was used to produce a cheese in accordance with the
modified Swiss make procedure of the invention. 500
pounds of the non-fat milk solids substrate was
inoculated with 7.5 1lbs of S. thermophilus and 10 ml of
L. bulgaricus. The substrate had been warmed to a

25 temperature of 88° F. The inoculated skim milk was
fermented for a period of 45 minutes and rennet was added
at a level of 50 ml of rennet. A coagulum formed in 30
minutes. The coagulum was cut into 1/8-1/2 inch cubes to
provide curd particles in whey. The curd cubes were

30 stirred in the whey as the temperature was increased to
110° F. over a period of 30 minutes. The curd particles
were then stirred out at the elevated temperature of 110°
F. for 30 minutes. The curd and whey were then
transferred to a UCM and the curd was pressed under the

35 whey for a period of 30 minutes. They.whey'was drawn and
the curd remained in the UCM for a period of 16 hours.
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produce cheese in accordance with the follow ng procedures: Exanple 2 The
non=fat mlk solids substrate of Exanple 1 was used to produce a cheese in
accordance with the nodified Swiss nake procedure of the invention. 500
pounds of the non-fat mlk solids substrate was inoculated with 7.5 | bs of
~S. thernophilus and 10 ml of L. bulgaricus. The substrate had been warned
to a tenperature of 88[err] F. The inocukatt@d=skimmlk was fernmented for
a period of 45 mnutes and rennet was added at a level of 50 m of rennet.
A coagulum formed in 30 mnutes. The coagul umwas cut into 1/8-1/2 inch
cubes to provi d¥heucyrgabiliogke ¥aisn remeyedraad. fransferredete at iqalsy Xaem he

whey as the tempgsAtiifenat! Bgteasqd i e, 118he" thrl r@HfinBaPN thelocid

mnutes. The curd particles were then stirréd out at the elevated
tenperature of T20RefPF @ Pepsiodoofi A0t d3ysTRRACWRS Bhenmﬁé?OMéﬁeaﬂﬁeﬁ“t

transferred to Enis@'\/béﬂéuﬁlaf E%Q M‘écﬂéeﬁﬁadwi‘agﬁédt ?Sr"‘@%ti-%ﬁ%\iﬂ%“ od

drawn and the curd ftemai ned

of 30 m nutes. They whe y
period of 1& hours. The resulting €h6€ﬁemﬂésr§ﬁ%¥eboéh€dt?Hﬁshéﬂréd to

a |C3| d roo][n naiff Bd npga%rgzgéﬁéélateé%ﬁn]aFnatJP:srlC%ﬁﬂllfr&rel ésﬂ?yn the
coO roomrtTor a erIO ays nd renove (o] I Nto
Sanding enedse ¥aa 55 bLE etnesarand cthe fekPifeese was

consumner S|zelﬁ
full bodi ed andfYewbmr and bfdavml eptsto Pproperid éd wemtmtmilétlltefﬁhoé?el by

cheese. The chey essseb a9 St & fr}ﬂﬁose é"%som X ff(fov\f\f LK ural

organol eptic properties were S|m
cheese pro@gceGﬂnﬁﬁﬁﬂﬁﬂ9<ﬁiﬁﬂaln|ng fat. Exanple 3 A Mozzarella cheese was

produced using the non- fat mlk solidsggamsiease of Exanple 1. In
accordance ..
A Mozzarella cheese was produced using the non-

fat milk solids substrate of Example 1. In accordance
with the method, the substrate pH was reduced to within
15 the range of 5.2 - 5.5 by the addition of acetic acid.
The substrate was set by the addition of rennet and
calcium chloride while the substrate was maintained at a
temperature of 88° F. 500 lbs of the acidified substrate
was used to which was added 10 ml of rennet and 40 mg of
20 caCl,. The coagulum was cut to provide curd and whey and
the whey was heated to a temperature of 96° F. The curd
was stirred out in the whey for a period of 30 minutes.
The curd was allowed to settle and the whey was drained
from the curd resulting in the formation of a curd block.
25 The curd block was cut into pieces and the pieces were
milled and transferred to a twin auger screw conveyor-
cooker inclined at an angle of 45°. Hot water was
maintained in the lower portion of the cocker at a
temperature of 130 to 160°* F. The retention time of the
30 curd as it was transferred and worked in the cooker-
conveyor was about 1 minute. The worked curd exiting
from the cooker-conveyor was run into a molding machine
and formed into 1 pound shapes of the desired size. The
Mozzarella shapes were placed in a brine tank for a

35 ;ae;i;::e:.f abput 3 hours and were then rm
LT



with the nethod, the substrate pH was reduced to within the range of 5.2 -
5.5 by the addition of acetic acid. The substrate was set by the addition
of rennet and cal ciumchloride while the substrate was maintained at a
tenperature of 88[err] F. 500 | bs of the acidified substrate was used to

“ whi ch was added 10 ml of rennet and 40 ng of CaCl[err]. The coagul um was
cut to provide curd and whey and t-he whey waggeated to a tenperature of
96[err] F. The curd was stirred out in the whey for a period of 30 m nutes.
The curd was allowed to settle and the whey was drained fromthe curd
resulting in the formation Tife aesultantoMozzErelda dcheassk neeenhied part

dth 1|
Conveyor - cooker Sl MRLICAY NoidEl g Uedd Th A dny Reliie MIEY

conveyor - cooker an angl e
in the | ower por organsileptda griopersties. .t enperature of 130 to 160[err] F.

The retention tine of the curd as it was g*&gﬁég ied and worked in the
cooker- conveyor was about 1 m nute. The "Wor curd exitin fronlthe
cooker-convey%r was- run i n¥@nkhan gumg vagc addedat@ 190 rrPd’ui"%Fo

shapes of the degl i?@ei' éﬁfﬂ'&qemzw ﬁ'rb%i%@aﬁe%o‘l’ﬁ'ﬂoﬂ' #894ngh 13 lafl ne
tank for a perio about ours and were en_re and

k
18 - The resultaﬂ?"ﬁbé?aﬂépla @H&e§é"FE§BnﬂP@dSB&PFqgﬂlHPﬁaFDgng%ggfgﬁﬁq a

cheese in flavortot RXGH 8haae Ohﬂanobﬁai-gy Bbﬁb@éhﬁﬁatiEﬁaﬂﬁ| dedc¥dbefain
gum was added to_100 ounds 0

| evel ,suffi provi de.a
sol ution havi ng B¥3BP ?aﬁtﬁﬁﬁrﬁgﬁg ?ﬁ gﬁ?ﬂﬁﬁaﬁﬂﬁF58?u¥4é &a ﬁeHszng
subj ected t aohi gthBbéeapasbBeghthpongy thevhembgehigeras descri bed in Exanple

Stariing et e vemberat u gl iBLer 1R, oBifold 1 LISE BPSRERCh UL
was then blended with skim milk which had been acldlfied
to a pH of 4.2 with vinegar. The homogenized agueous gum
solution was added at a level to obtain 0.3 parts of gum

15 to 1 part of protein the skim milk. The skim milk was
stirred with a Lightning™ propeller mixer as the aqueous
solution of gum was added.

The mixture of xanthan qum and acidified skim
milk was then added to pasteurized, non-acidified skim

20 milk to provide a non-fat milk solids substrate having
0.008% of xanthan gum in the substrate (0.084% based on
the weight of the non-fat milk solids in the skim milk.

The procedure of Example 2 was then used to
produce a natural cheese which had substantially similar

25 properties to the cheese produced in Example 2.

While the method of the present invention for
the manufacture of a non-fat natural cheese has been
described with respect to particular operating
parameters, it is apparent that the method is susceptible

30 to a wide variation and a variety of conditions to
provide the non-fat natural cheese product of the
invention. Such variations are considered within the

scope of the claims appended hereto.

at
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was then blended with skimmlk which had been acidified to a pH of 4.2

wi th vinegar. The honpbgeni zed aqueous gum sol uti on was added at a level to
obtain 0.3 parts of gumto 1 part of protein the skimmlk. The skimm |k
was stirred with a Lightning[err] propeller mxer as the aqueous sol ution
of gum was added. The nixture of xanthdh % and acidified skimnilk was
then added to pasteurized, non-acidified skimmlk to provide a non-fat

m |k solids . '£&9 95008% of xanthan gumin the substrate (0.084%
based on the =fat mlk solids in the skimmlk. The
procedure of Exanple 2 was then used to produce a natural cheese which had

substantially simlar pyopefti&shdd #A(}f lﬁ?gﬁﬁ Drrvhicest gt Bxagwl gag. Wil e

the net hod of the present invention nuf acture of a non-fat

nat ural cheesaibsdrate: suitahl e dpninanufagiate (of Natyal £FhefRfating

paraneters, h‘-‘oﬂpi‘i ent that the nmethod is susceptible to a wide
variation and a“vari et%/ of condjtiaons tostprovi de the non-fat nafural cheese

product of the inventidit) s@Hdihiing én st sikfdr LML 18R e scope
Taki g & non T e o L ot iy of nat ural
maki ng a non-fat m sol'ids substrate suyi e for nuf act.ure of natura
cheese conprising (a) d8)di BraYFHng as Liﬁd%bf%ct Etﬂil‘ﬂaascgiﬁt#ai A to a pH
bel ow t he i s¢akeainke spuirte @ndcasgum; (b) providing a blend of said
acidified non- fat m| ource . . hechi i Iq.p_%ohigh
shear, high energy m xik(ﬁa tg%‘épg\r%géigg%gl%glsﬁ?gtg‘ h&%ﬁd%&%rﬁn t eﬁ casein
of said non- eaergyl Rixdngdsos proyddeand digpersitiomiofy sadidd v dim/then -
di spersion Wohflein of said non-fat milk solids source; and
(d) combining said casein/gum dispersion with
a second, non-acidified non-fat milk solids source to
provide a non-fat milk solids substrate which can be used

to prepare non-fat natural cheese.

2. A method in accordance with Claim 1 wherein
said gum is selected from xanthan gum, guar gum, agar,
carrageenan, locust bean gum, tragacanth, pectin, gum
karaya and carboxymethyl cellulose.

3. A method in accordance with Claim 2 wherein

said gum is xanthan gum.

4. A method in accordance with Claim 1 wherein
said first non-fat milk solids source is selected from
skim milk, skim milk concentrated by evaporation, skim
milk retentate, reconstituted dried skim milk and
mixtures thereof.

5. A method in accordance with Claim 1 wherein
sald second non-fat milk solids source is selected from
skim milk, skim milk concentrated by evaporation, skim .
milk retentate, reconstituted dried skim milk and

mixtures thereof. -
_—
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a second, non-acidified non-fat mlk solids source to provide a non-fat

m |k solids substrate which can be used to prepare non-fat natural cheese.
2. A nethod in accordance with Claim1l wherein said gumis selected from
xant han gum guar gum agar, carrageenan, |ocust bean gum tragacanth,

= pectd n, gum karaya and car boxynet hyl cetl28cese. 3. A nethod in accordance
wth Caim2 wherein said gumis xanthan gum 4. A nethod in accordance
with daim1 wherein said first non-fat mlk solids source is selected from
skimmlk, skimmnlk cowed mﬁmd)yim\@wmam widhnGlaim rbt\elneaeép

reconstitute ﬁ@t ﬂ(_}ﬂs

accor dance vm%tﬂ'dﬂ%g{l %ﬁlrgvﬁgrgn sai S%!(:f(;f;]e non- faatt %jf][?trﬁ source is
sel ected fromfoltas dis in silenmange o kR et &y evaporation, skimmilk
retentate, reconstituted dried skimmlk and m xtures thereof. -20- 6. A
met hod in accordance with Caim21 wherein said pH of said f| rst acidjfied

non-fat milk sotids sodrced dethad,dn agpordances withy Glaim 1 whereinin
accor dance vith gHeioP ka\ifaera@ﬂaﬂﬂ%@'ﬂdﬁ-ﬁéu (ilnmd Holidd A 18 lin

sol i ds sourcg is in the ranag of = . A nethod in accordance with
daim 1 wher &P§ Zapger PLs |1|‘°fét mIk SO|IdS source is acidified by
fermentation with a lactic aC|d producing culture. 9. A nethod in

accordance with Claim} wh r id_first onfat I | i ource i s
acidified by addition éf aﬁ B?’g 35' 8°ce* gl“& Vlig}’ Ellﬁg g SF&Hbd in
accor dance WFFhdcfarﬁf-gnmnefetnméékdsodliBBesswrd:el dssekddifdet by t he group
consi sting OtefmBht&t26hlwitACh' adtie aBiHCpPBdURihg culture.

9. A method in accordance with Claim 1 wherein
said first non-fat milk solids source is acidified by
addition of an edible acid to said skim milk.

10. A wmethod in accordance with Claim 9
wherein said edible acid is selected from the group
consisting of acetic acid, lactic acid, glucono delta
lactone, hydrochloric acid and phosphoric acid.

11. A method in accordance with Claim 10 -
wherein said edible acid is acetic acid.rn 4rfe 42

12. A method in_acdordance with- c1aim— 1‘0“
wherein sa.td edible acid is lactmd. T

13. A method in accordance with Claim 1
wherein said blend of said acidified non-fat milk solids
source and said xanthan gum is heated to a predetermined
temperature prior to said mixing step.

14. A method in accordance with Claim 13
wherein said predetermined temperature is in the range of
from about 90° F. to about 150° F.

Iy T
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| act one; hydrochloric acid and phosphoric acid. 11. A nmethod in accordance
with Claim210 wherein said edible acid is acetic acid. 12. A nethod in
accordance with Caim10 wherein said edible acid is lactic acid. 13. A
ret hod in accordance with Claim1 wherein said blend of said acidified
*non-fat mlk solids source and said xanthagjgemis heated to a
predeterm ned tenperature prior to said mxing step. 14. A nethod in
accordance with Claim 13 wherein said predeterm ned tenperature is in the
range of from about 90[ el$5} FA methbdufinla8ferdhn€e with €laimi33 A net hod

the range of rehefethobdld pPUapELiniAba, RRaPEHELEFATEs' SHTERR Yafide® of'
accordance wi t fremaaheut Wwh2$ei F. shodahoyt 3484rF.hi gh energy nmixing is by

honogeni zati on of said blend at a pressure of from about 9,000 psig to

about 15,000 psig and the tegxerature of said blend increases by about
30[err] F. to about 45[ e}y A methed innaecerdanee Witk cChain & ai m 16

wher ei i d  zad § i ymes. 18. A
erein sai hm@,g@mZ@éi&gﬁﬁpiﬂééﬁ,emféﬁdeﬁgfﬁ;t%&fnéoié by mes

met hod i n accqrdance wth arm erein sal IsTcooled to a

tenperature i MIPRISHIRALIAN 2f Faptddeiendidfen (RERRSUNQIRL ofFer aheyt
homogeni zat i orp, ddh #%iﬁﬂtﬁBJdeh@Cm,rmCﬁsié% tahdtHdnte Htiiré ap e
casei n/gumdis e.rq?l (?'%%(Zmprl ses fraom ahout 5%t q ahout 20% of sai d non-fat
mlk solids SLF%S‘t Aiend dncreaser, by p rfnde K2 pRIk A3 herein the
ratio of said gumto the protein of said acidified non-fat mlk solids
source in said blend i's by ompaauh @ Ze S MMM Witk claim 16

wherein said homogenization step is repeated for from 2

to 4 times.

18. A method in accordance with Claim 16
wherein said blend is cooled to a temperature in the
range of said predetermined temperature after said
homogenization.

19. A method in accordance with Claim 1
wherein said casein/gqgum dispersion comprises from about
5% to about 20% of said non-fat milk solids substrate.

20. A method in accordance with Claim 1
wherein the ratio of said gum to the protein of said
acidified non-fat milk solids source in said blend is
from about 0.2:1 to about 0.4:1.

21. A method in accordance with Claim 1
wherein the non-fat milk solids in said first and said
second non-fat milk solids sources is from about 5% to
about 30% by weight.

22. A method in accordance with Claim 21
wherein said first and said second non-fat milk solids
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21. A nethod in accordance with Claim1 wherein the non-fat mlk solids in
said first and said second non-fat m |k solids sources is fromabout 5%to
about 30% by weight. 22. A nethod in accordance with Caim 21 wherein said
first and said second non-fat mlk solids -22- source has from about 9%
to about 12% by wei ght of non- fat ml k22 i<€ls. 23. A nethod in accordance
wirth Cdaim4 wherein said first non-fat mlk solids source is skimmlKk.
24. ‘A nethod in accordance with Caim5 wherein said second non-fat mlKk
sol i ds sour cesourckihasi fkom28bout net ool dboubek2igby weightitofi nensol i ds

substrate sui Predpiygsacture of natural cheese conprising (a)
providing a b#%gdﬁ # a gun1%nd water; (b) subjecting said blend to high

shear, high energy mxing;. (c) conblnlng said blend after said mxing with
a first acidified non- fd . mA %Mégqﬁ%é@r&&,é@ ay{ ¢¢ @Q_{ﬁp@r si on of
said gumin the casein of sald non-t at Wi sol | source, %é&%
conbi ni ng sai'f Faifn £A Esfe rronTak hi Lk RANERE 8 on-f at
mlk solids spunee to provide a non-fat mlk solids substrate which can be
used to prepare non-fat natural cheese. 26. A method in accordance with

Claim 25 wherein said gumis selected from xanthan gum guar gum agar
carrageenan, |ocust bea4.gun netdgaldn acqoralance gtk @ladm &hd

car boxyret hyl, é’ﬁl I Ba Heodhd bl AT Ao Wl dd e Bather el v
mi .

25. A method for making a non-fat milk solids
substrate suitable for manufacture of natural cheese
comprising

(a) providing a blend of a gum and water;

(b) subjecting said blend to high shear, high
energy mixing;.

(c) combining said blend after said mixing
with a first acidified non-fat milk solids source to
provide a dispersion of said gum in the casein of said
non-fat milk solids source; and

(d) combining said casein/gum dispersion with
a second non-acidified non-fat milk solids source to
provide a non-fat milk solids substrate which can be used
to prepare non-fat natural cheese.

26. A method in accordance with Claim 25
wherein said gum is selected from xanthan gum, guar gum,
agar, carrageenan, locust bean gum, tragacanth, pectin,
gum karaya and carboxymethyl cellulose.

27. A method in accordance with Claim 26
wherein said gum is xanthan gum.

28. A method in accordance with Claim 25
wherein said first non-fat milk solids source is selected

Has Been kwui
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28. A nmethod in accordance with Caim25 wherein said first non-fat mlk
solids source is selected -23 - fromskimmlk, skimmlk concentrated
by evaporation, skimmlk retentate, reconstituted dried skimm |k and

m xtures thereof. 29. A nmethod in accordance with Caim 25 wherein said

- secend non-fat mlk solids source is seleged fromskimmlk, skimmlk
concentrated by evaporation, skimmlk retentate, reconstituted dried skim
mlk and m xtures thereof. 30. A nethod in accordance with Cl aim 25 wherein

.S?'g gH of sagybrf id)¥etm G}&ihﬂgflgehﬂil%ﬂdxatcdnéénﬁﬂt@b Bpwvzﬁposatmnhe ran?e
0 to 4.6. met hod jin accordance, Wt § PH o
said acidifi (—ﬁi‘%ﬁ‘ﬁdﬁ rptentate g recapstd q“ﬁt?‘%%#eeraaéw o 4. 3.
32. A net hod iktaney diwmeeofi h C aim 25 wherein said first non- fat m |-k
solids source is acidified by fernentation with a lactic acid producing

culture. 33. A nethod in accordance with Claim 23 wherein said first
non-fat mlk solids so@%e iZ% matihhd il agcqmamm)mmh Makn Re acid to

d ski 6 t d
ol bi o ac l‘;EI ect eacriﬁ rom%@eq{oq%r G abfidy Botbdl A § o)

edible acid i's's consisting of acetic acid, lactic
aci d, gl uconsedeicted facenskin amiddnl @ﬂﬁi@ 2k sengendsatad d¥cid. 35 A

method i N acepidRat 14, il Bidk Hetierivatsl ¢abdtd tutidd igraget i ¢ aci d.

- 24 -
skim milk and mixtures thereof.

30. A method in accordance with Claim 25
wherein said pH of said first acidified non-fat milk
solids source is in the range of 3.8 to 4.6.

31. A method in accordance with Claim 25
wherein the pH of said acidified non-fat milk solids
source is in the range of 4.1 to 4.3.

32. A method in accordance with Claim 25
wherein said first non-fat milk solids source is
acidified by fermentation with a lactic acid producing

culture.

33. A method in accordance with Claim 23
wherein said first non-fat milk solids source is
acidified by addition of an edible acid to said skim

milk.

34. A method in accordance with Claim 31
wherein said edible acid is selected from the group
consisting of acetic acid, lactic acid, glucono delta
lactone, hydrochloric acid and phosphoric acid.

35. A method in accordance with Claim 34 X
wherein said edible acid is acetic acid.” Ltalls Free
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36. A method in accordance with Caim 34 wherein said edible acid is lactic
acird. 37. A nethod in accordance with C aim25 wherein said blend of said
acidified non-fat mlk solids source and said xanthan gumis heated to a
psedeterm ned tenperature prior to said mxing step. 38. A nethod in

> accerdance with Caim 25 wherein said aqggous gumblend is heated to a
predeterm ned tenperature prior to said mxing step. 39. A nethod in
accordance with Caim 36 wherein sai.d predetermned tenperature is in the
range of from about 9036. t@& a@:%Ho&QQ{ eiddordante WA tietdledn rBaccor dance
with Caim36,wher.ei n_saj d predet er,d ned .te ature is in the range of
from about 12@?55‘1]“ lg.a"?o eéﬂ@ite fﬁéﬁegﬁ lﬁc%ﬁliﬁiét ryd-"i n accordance with
Claim 25 wherein said high shear, high energy m xing i“s by honpbgeni zati on
of said blend at a pregsure,of _f bout_ 9 S| 0 t , 000 psig
and the tenperature ofaééidAbﬁgﬁ%%?%gPe§§§§uﬁegﬁ%bbﬁt§Of@?&% ﬁ%?to about
45[err] F. 4whegrednt sadd blendoofasaddwacidified abnwifatemilkaisplids
honogeni zat i Pl a . I ges i n
accordance MEPH§%§a?h§4%gaﬁe%§gﬁhgéiéhgrégdhggéggoggdatéggdéggggpggﬁ%e in

t he range of temperptutet pripretiot sapdr mindpgabtep.sai d honogeni zati on. -
25 - 44, A nethod in accordance with C aim25 wherein said casein/gum

di spersion conprises from about 5%to about 20% of said non-fat mlk solids
substrate. 45. A nethod8in Ackethadcénvperordangeo¥ithcCiadmiRE ratio of

said gumto wher@intafdoaqgtabdsagusli b1edan9s- haatad! ¥osal i ds source in

sai d blend 'gréég egngédotgﬁée£gtggguér bg:éb said mixing step.

39. A method in accordance with Claim 36
wherein said predetermined temperature is in the range of
from about 90°* F. to about 150° F.

40. A method in accordance with Claim 36
wherein said predetermined temperature is in the range of
from about 125° F. to about 145° F.

41. A method in accordance with Claim 25
wherein said high shear, high energy mixing is by
homogenization of said blend at a pressure of from about
9,000 psig to about 15,000 psig and the temperature of
said blend increases by about 30° F. to about 45° F.

42, A method in accordance with Claim 41
wherein said homogenization step is repeated for from 2
to 4 times.

43. A method in accordance with Claim 41
wherein said blend is cooled to a temperature in the
range of said predetermined temperature after said
homogenization.
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46. A rethod in accordance with Claim?25 wherein the non-fat mlk solids in
sai'd first and said second non-fat m |k solids sources is fromabout 5%to
about 30% by weight. 47. A nethod in accordance with C aim 46 wherein said
first and said second non-fat mlk solids source has fromabout 9% to about
12%-by wei ght of non- fat m |k solids. 4% A met hod in accordance with
Claim 28 wherein said first non-fat mlKk SO|IdS source is skimmlk. 49. A
nmet hod in accordance with C aim 29 wherein said second non-fat mlk solids

source is skimmlk. 50, A nethod &P ﬂfﬁ*ﬁéfééﬁéﬁculﬁhrﬁ!k{ﬁuzgat“ra

cheese conprising (a) prOV| Ing a non- I ds, source; (b
i nocul ati ng shereion-gaid mase/gur dispersien (CoPRYASeS LLSR

consi sting ofsg PEBBE BIHSr BHh P ricil-rat ik dodideorsubgerateagul um
fromsaid inoculated non-fat mlk solids source and cutting said coagul um

to provide .curd and whey; - 26 - (d) stirring said curd in said whey;
(e) recovering said Curafrqnﬁdmd/\mv atubrddricw wititd Qlarie t25 provi de a

nat ural chees 51L. A neth ccardance wth C ai sald

stirring stephereddhdhs && fé?&éf&“&"r o °fr§r?§'8"t \Mg[séiﬁ

about 126[ er mcidifizd Ancme-tﬂw niin ka eodriden epurdeh il sahds ®lenst dlsn sal d

curd is pressed un | o to,.ecovering said curd. 53. A nethod
Yeom potus 25 e Bkl o 423

i n accordanc S &R sald ¢oCcus culture is S. thernophil us.

46. A method in accordance with Claim 25
wherein the non-fat milk solids in said first and said
second non-fat milk solids sources is from about 5%.to
about 30% by weight.

47. A method in accordance with Claim 46
wherein said first and said second non-fat milk solids
source has from about 9% to about 12% by weight of non-
fat milk solids.

48. A method in accordance with Claim 28
wherein said first non-fat milk solids source is skim

milk.

49. A method in accordance with Claim 29
wherein said second non-fat milk solids source is skim

milk.

50. A method for manufacture of a non-fat

natural cheese comprising
(a) providing a non-fat milk solids source;

(b) inoculating said non-fat milk solids
source with a culture system consisting of a coccus
.culture and a rod culture;

(c) forming a coagulum from said inoculated
non~-fat milk solids source and cutting said coagulum to

provide curd and whey; _
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54. A method in accordance with O aim50 wherein said culture is selected
fromthe group consisting of L. lactis, L. bulgaricus and L. helveticus.
55. A nethod in accordance with G aim50 wherein a-mlk coagul ating enzyme
is added to said inoculated non-fat mlk solids source prior to formng

s said coagul um 56. A nethod in accordance with C aim55 wherein said mlk
coagul ating enzyne is rennet. 57. A neTh®® Tn accordance with O ai m 50

wherein said non-fat mlk solids source is a non-fat mlk solids substrate
n a8c0$dance with Caimb50
n¥

produced by the nethog¥$L SEEFHE%ESU?Eéd|§u53 gﬂl$3} €¥200 i ds substrat e

wherei n said non-fat
produced by the nethod(ef (recav@bing said curd from said whey and

curing said curd to provide a natural cheese.

51. A method in accordance with Claim 50
wherein said stirring step is condicted at a temperature

of from about 92° F. to about 126° F.

52. A method in accordance with Claim 50
wherein said curd is pressed under said whey prior to

recovering said curd.

53. A method in accordance with Claim 50
wherein said coccus culture is S. thermophilus.

54. A method in accordance with Claim 50
wherein said culture is selected from the group
consisting of L. lactis, L. bulgaricus and L. helveticus.

55. A method in accordance with Claim 50

wherein a milk coagulating enzyme is added to said
inoculated non-fat milk solids source prior to forming

said coagulum.

56. A method in accordance with claim 55
wherein said milk coagulating enzyme is rennet.

57. ' A method in accordance with Claim 50
wherein said non-fat milk solids source is a non-fat milk
solids substrate produced by the method of Claim 1.

58. A method in accordance with Claim 50
wherein said non-fat milk solids source is a non-fat milk
solids substrate produced by the method of Claim 25.
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