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i This application is a continuation-in-part of U S. Serial No. 08/ 315, 904
filed 5 Septenber 30, 1994 and a continuation-in-part of U S.
Serial No. 081W696%336 fil ed Decenber 30, 1993, wWRQINCAN6H0293
continuations-in- part of U S Seri al No 07/ 989 186 filed
Decenber 11, 1932 ?.m&f l‘*m% ﬁlﬁ@o

07/ 929, 347 file lz\Rgust 13, 19 2. The contents of said related applications
are G(BY@ENTRM'Erporated by reference in their entirety.
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I nplies the presence of_ a disulfide bond (cystine), and t
concentrate had an enhanced- mmumloglcal effect was presented It was furthermore

explained that in the conventional high temperature pasteurization of milk the

20 thermosensitive proteins serum albumin and lactoferrin were partially heat denatured
and hence precipitated in the curd. - Said related applications describe experiments
where W.P.C. was prepared using the lowest level of heat treatment of milk
compatible with safety standards, so as to obtain a whey protein distribution having a
relatively high content of the thermolabile serum albumin.

25 It was found that the presence in the serum albumin (B.S.A.) of 6
ghitamylcyst(e)ine (Glu-Cys) group/molecule (substrate for glutathione (G.S.H)
synthesis) and the specific intramolecular disulfide bond related to the undenatured
conformation of the molecule, were a key factor in the G.S.H. promoting activity of

* W.P.C. The term cyst(e)ine implies the presence of a disulfide bond (cystine), and the

30 possible reduction to cysteine. Enhancement of G.S.H. levels in tissues are believed to

represent the common denominator underlying the beneficial effect.
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30 possible reduction to cysteine. Enhancenment of G S.H levels in tissues

are believed to ‘represent the common denom nat or underlying the
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PCT/ CA96/ 00293 Dietary WP.C. produced with | ow | evel
‘pasteuri zati onWOA6RSIes systenic huroral i nmune response, PCHEAYH2S t he
resi stance of target cells against the carci nogeni c effect of chemni cal

carci nogens such as ghigiyhwlFd pRguced, with IBWaMeS pasteuriz@fnSinRsves ydtemic
pneunococcal infection, and provides a noderate but sustained increase 5

of tissue gl ut ZEMPEhEnmune response, incraases the resistancs of farest erlls @RSt Yicoduced

during whey 00%@1&5%@.1& c?GP&Kehﬁéhlb&mogm@ﬁfcﬁ%'dﬁn&ﬁﬁﬁﬁﬁ%e%nﬁr@?es' oss of
solubility at pH 4 Clearly the two nost inportant factors of protein

denat urati on amlssa@nq)@rmeumcm ipfertiche ARERTOYig6c3 moderaty bk sustained dncrRase v
enhance the cge%%ég tfhibRet of high tenperature. This is why throughout
our 10 entire proceddr we have nai ntained a rather high pH (6) thanks to
a reduction of pH Hmmofglemm mdmdmgﬂuhmommugmduction is

Curert) 3 A el 5o o Rt o R 5

denat ured ser ufacprod mtehdmmﬂthndsmmﬂxpemﬂromdmmreaslmvgﬂwahiee as that

it ol di g of_t REPa: gt e dpani Gk s PSR ePpEalay. AR waY BOUHON, ot o s

about 6 is titeesirepeocedurepive haveahitaiid latrﬁthétﬂﬁ gt PHQEPthanls th AaedicAsiCopH

The object of this |nvent,| on is tQp,lFrOVI e an_| nproved process_f.or
preparing a lowgring bacterial cﬁmé@H@E fpsrofilseation wath, 14 gomss, c MNithi &
reduction wi t hQedanipstidnGkm er Sed°e, aim%m sérﬁm'a%tﬁnﬂﬂﬁﬁehﬁ%%é Rh&et to
provide a process that w achi eve a protein concentrate having a

serum al buni n &#silydenagzed SW/BTQ'HE‘ mqﬁépmm ingt as reverpiblgas thagof Thi s
appr oxi mat el y G, Gitknif (4)S vl attbiBpeFhrire iR Sov k' BF°C "eallébs uifottii®oF the

15 B.S.A. molecule over a period of time. A pH of at least about 6 is therefore
preferably maintained throughout the process.

The object of this invention is to provide an improved process for preparing a
whey protein concentrate that has adequate bacterial reduction without protein
denamration. It is a particular object to provide a process that will achieve a whey

20 protein concentrate having a serum albumin of at least 9.5% and adequate bacterial
reduction. This approximatély 9.5% level of serum albumin was found in our stdies
to be important for the achievement of sustained increase of tissue glutathione for the
properties such as improved systemic humoral immune response described above
(References 2 and 3).

25 We propose to utilize techniques of microfiltration to achieve the objectives of
this invention. Microfiltration using ceramic membranes is a membrane based
procedure which allows the separation of particles ranging in size between 0.1 and 10
microns.

Microfiltration with membranes having a 1.4 micron porus size has been

30 recently utilized to remove bacteria and other particles from milk in order to obtain a
commercially "sterile” milk (5). With this method a 2 to 3 Log reduction of bacterial
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to be:.inportant for the achi evenent of sustained increase of tissue

gl utat hione for the properties such as inproved system c hunoral inmmune
response descri bed above (References 2 and 3). 25 W\ propose to
utilize techniques of mcrofiltration to achieve the objectives of this

I nvention. Mcrofiltration using ceram c nenbranes is a nenbrane based
procedur e whi clwobé/3838 t he separation of particles rangi ng i n RCTICAH028en
0.1 and 10 m crons. Mcrofiltration with nmenbranes having a

1.4 micron por Ugngi %% mifkSwiloRRickd; hees A tabtetitilikli cPREL drearér iR Phdi 35 bbthinga B0
other particles frommlk in order to obtain a comrercially "sterile"
mlk (5). Wth tmdisonalmpiliipastenrizagion (12018 "CEkhseei: A8 obacsaial edpgtion) (6). The
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PCTI CA9G/ 00203 TustHlatiediis of separation of the caseins gre based on the desabilzation of these
gr eat er .t han whatotéiss cithen by daivarimg the pH 1ofi ehilki tonked isedléckrigpoint(pHi 46X at20°C or
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suitabl e for thgerdafififticl of hé pfoddihsy€ Whey proteins because past euri zati on
at | ow pH of the whey-concentrate would entail a substanti al
denat urati on of LIAWIE | of Description of Drawi ng 10

Figures 1A’ang 1B ar epggug&m%m mgﬁﬁﬁﬁg&t&%séﬂ{mbﬂw mﬁmisnﬁfmfshi S

i nvention for producin rotein concentrate wth i anci ng

properties. invention for produeing 2 Whey pratein cercentnyie Withtimmminognbaneing properties.

Fradermy k| mmnocal . FAbeae 2 ibstes B3Rk plohollh SEHHT ot BT wABY pliy; °

assay, the acti corcygntedte soawhich wechave applied dhvepteadentarki Infmanocaln i awl in vitro assay as
described below. In this assay, the activity of said product is compared with a control

15 milk protein (casein i.e. Ca caseinate) and another commercial whey protein
concentrate with low serum albumin content (Allicin 855, mentioned in Table 5).

. Detailed description of the invention
Material and Methods
Individual whey proteins were measured by polyacrylamide gel

20 electrophoresis. Sampies of concentrated whey were applied on 16% polyacrylamide
at pH 8 (Laemmli-buffer system) after the samples were reduced with 10% 2-
mercaptoethanol. Samples were applied so that each slot received 10-20
microgrammes of protein. Electrophoresis was performed at 200 volts for 70 minutes.
The results were also confirmed by chromatography. '

25 Extent of protein denaturation by the process was determined in triplicate by
the nitrogen solubility index (NSI) at pH 4.6 and 3000 g. (AOAC 1985 ref. 6). The
method utilized in these experiments differs from that described in Reference 2 and
represents a more accurate reflection of the undenatured state of protein.

. Protein content (N X 6.38) and total lipids of samples_ were determined in

30 duplicate respectively by the standard method of Kjeldahl and the method of

Mojonnier.
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15 m kk protein (casein i.e. Ca casei nat e) and anot her commerci al whey

protein concentrate with | ow serum al bum n content (Allicin 855,
ngntioned in Table 5). Det ai | ed description of the invention Mat eri al
and Met hods I ndi vi dual whey proteins were neasured by

pol yacryl am de gel 20 el ectrophoresis. Sanples of concentrated whey were
appl i ed on 1690WR6E5¥B6Y| ani de at pH 8 (Laenmmi-buffer syst BRFF/CAPGHO2I3 he
sanpl es were reduced with 10% 2- mer capt oet hanol . Sanpl es were applied

so that each slot recHoistie ¢inet was detetrhine! wrduplicatf byothe tADAC method (7).

El ect rophoresi s was prfor d at 200 voJts fo 0 mn he results
were also confirned b QP%WSJE Jf"ﬁo"“"b@%’ﬁ?m&fatﬁ}oéé‘?rnlss

denat uration byn&di@nplirﬂﬁﬁﬁ %rééﬁﬁxsﬁ@ttﬁe" Aot Bametnﬁmeéﬂ fethéed. bTotal bscbﬁxarebﬁﬂtogen
solubility index (NSI) at 4.6 and_300 .. (AOAC 1985 ref.

met hod uti | i zed(aerobicifaesaph %w%%m@ffﬂléﬁrv@ng inghatiom et 32SCcfor 6 é!mrﬁ in
Ref erence 2 aBdPCA&l&ﬂIﬁS%%EhSm&nH&r&e% el %ﬁ&&gﬁﬁ&g ?P&eﬁﬁﬁfﬁﬁi ur ed

state of protein. Prot el n ten t ot | pI ds
of sanpl es wer eAmaeanﬁubdeenltlBeAsmpnomate respectively by the standard

met hod of Kj el dahl m’@éqgggggm&&{by the ¥Rk Sethod.
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by the ACAC net hod ( Total c rnms _count was det.erni.ned
fol | owi ng i ncubat i on fgpﬂcfl}fm}“e@tw fitastiy by ShaVFrafi ey i BREBHAE, g
t he mﬁslt p ; Ollebﬁlghdspm rdltmb]'f:lh&dbeniﬁiel | ahdlgmtdtﬁbnea-eamséz Briefl, amrrot)hﬁnan48 x
nmesopni i es Wwas eterm (0] t1on at rr r OUI’S in
5 Poa meat i - BT Gels e DAL A5, 2 o R s g &7 pacy ST
Federation and ysing SifRRGAGLGISOIN tRsddelthrR ﬁmqﬁeseﬁdecafvarymgcomemaumwfct ose

was neasured by t he enzynmati ¢ net hod.
C (0.01 to 1 mg/mil). The cells were then lysed with ice-cold water and 6%

sulfosalicylic acid, centrifuged at 600g for 10 min, and supernatants collected and

15 processed. Spectrophotometric analysis was performed for 2 min at 412 nanometres
(nm) and results were expressed in nmole of GSH/10’ cells.

Dr. S. Baruchel is Associate Professor of Pediatric and Oncology at McGill
University in Montreal, Canada. He has developed in his laboratory at Montreal
Children Hospital Research Institute this in vitro assay (8,9) which is utilized in

20 collaboration with us in evaluating the GSH promoting (potency) activity of each WPC
production batch. g
The Invention

In accordance with an aspect of this invention, a process is provided for

producing an undexianmd whey protein concentrate having a serum albumin content of
25 about 9.5% or more as a byproduct of a process for making cheese comprising:

As illustrated in Figure 1A in step 1, cold standardization of the fat content in
milk is effected at a temperature not greater than about 4°C. By this approach we
reduce the outgrowth of bacteria. Furthermore this method reduces the breakdown of
fat globules which would lead to further reactions involving enzymes and bacterial

30 metabolism.
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G ut athi one determ nation I ntracel [ ul ar gl ut at hi one was
measured by enzymatic assay using niaci nam de- 10 di phosphat e,

di.thi o-ni trobenzene and gl utathione reductase. Briefly, MI-4 human
lynmphocyte T cells were harvested after 72 hours of incubation at 37[err]C
~under 5% CJ err] usi ng standard nmethods of tissue culture in the
presence of vaWQ58¥ncentrati on of WPC (0.01 to 1 ng/ m PCIGA6/8203 S
were then Iysed with ice-cold water and 6% sul fosalicylic acid,

centrifuged at 6009 fPhis bvolfed skiifingSe ifkoo W desiréPlat 61, TRElusfal practice

processed. Spectrophotonetric analysis was performed for 2 mn at 412
nanomet es (‘has)beem tp pISA femperARrS:indhe, Fange 0F 507C 1S °C a5 thisdsjhe ppast efficient

cells. : '“E'nmﬁgr ' i : ' LL and
Oncol ogy at MdTE Br SK'Jnl v rtbs’ig? f/\‘je} %ﬁowgﬁ??ggf\t e%g‘ﬁgf g'.séip—lgre%slfg%\k}gag%egd in
his | aberat ory with Rhisinvention to mabptrindhectemperawire all 2 lwee lavelnot greeter thap abbits i n

vitro assay (&, ' | lLdzed J | ' L)

eval uating t hg %%%kﬁﬁ{éb%%%fee%@? ﬂée&af%%ﬁé&gg# %%M%H}) uction
batch. * The | oxidationaf lipids which would then aendao dentimewivehtime duringestoragd andhi s

i nvention, a process isS.@roxlded f LQduci.n . undenat ur ed whey
protein concent? emlﬁi&' é‘bg@g%géfa%ﬂ&ﬂﬁc%f%%ﬁgp e 6@}835? ﬁ’g 5% or nore
as a byproduct einfarmatios estholitaffectiigi nogitivhsledficieeyoritlss Bbile proteins. As '
illustrated in Figure, 1A i

n step,1,.cold_ standardi zati on, of the fat content
S Tl K s el T oot chh the CHRRIFASSEY it ok SEBEROR SpUATIZaHon o T WS, 1 i <
approach we 10 épHsGutiwith 2 ¢bK sepdrator0fAIRATGEY, Imfxr*ﬁm{@w&ugea witkBinhod
reduces the breakdown of fab&%obu es which would lead to further

reactions i nvol Suteraaticrstandardizen baval,j AtfaspModel: HEd| iAdlstandardization steps were
L carried out at W6t @igne 14). -

PCT/ CA96/ 00293

In next step shown in Figure 1, the skim raw milk obtained after step 1, is

‘microfiltered to provide a first permeate having a bacterial count at least as good as the
15 standard applicable to pasteurized milk.

The microfiltration of the skim milk obtained in step 1 was carried out on a
microfiltration system with controlled transmembrane pressure as set up by Alfa-Laval
filtration system Denmark (MFS-7 system with 1.4 sq m membrane surface). Ceramic
membranes were obtained from Membralox (pore size 1.4 micron).

20 Table 1 below shows the operating conditions during microfiltration of skim
raw bovine milk using a ceramic membrane, as previously described having a pore-size

of 1.4 microns.

TABLE 1
Temperature < 50° |
25 | Transmembrane Pressure (TMP) 0,5 bar
Tangential velocity >6.6 m/s
) Concentration Factor (CF) 20
Flux 950 L/h/m?
-5- )
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This irnvolves skimmng the mlk to a desired fat content. The usual

practlce has been to use a tenperature in the range of 50[err]C
to'65[err]C as this is the nost efficient range for skinmng to
a level of 0.05%of fat. However, we prefer in accordance W th

this invention to maintain the terrperature at a lower |level not greater

t han about WO 96/35336[ err ] C. This | ow tenperature during t hePCRICAPEINRN,|
process is necessary to avoid oxidation of |ipids which would then tend to
continue over tine duRAvwghilk shtnild ®e ased that has been skitfiellifte teperatite ot in
(liberation of fatty aC| dé{ whi ch could in turn damage the

conformat i on wi ¢¥sifofap Cag nutritional efficiency of the labile
proteins. The tempera&u& ke dﬁeiagmﬁ@émﬁﬁﬁ&f SfRE raw milR sRovdd B irf @i ON
standardi zation of mlk carried out with a cold separator

(Al fa Laval , CvRpge vflahmmrc‘c&ﬂﬂ €d Auﬁ previgusly noted significagt denamration of serum

st andar di zer S'Aﬁlﬁﬁ’m Lnot/ﬂe Sh oy Sheitladont R, standardi zation steps were
carried out at 4C. (Flgure In next step shown in
Figure 1, the ski m r a¥abl¢ Mshtwttm migtobiak eonnts 1of themmilk following microfiltration. We

T o0 i 3184 3B T A A AL i B bt

The microfil tr aThisconfirnisithe sﬁmyrufltlie mbthod nAd expecteticthe lipids arecinrthe eslenmaté. on

a m crofi| rat| n, system wi controlled transpenbrane pressure
as set up by Al %7 mt of e r‘ﬁt0 G @Wﬁ%@ﬁﬁg ystem
with 1.4 sq nonnténtammmefeacﬁc)dnfﬁmrbaweenpenneate aﬁ@fﬁwmfbeamety@embt ai ned
froml\/Enbranxaé ore size 1.4 . mcr Table 1 bel ow

shows the oper JRTOWINSAS TRgapyred, by B’G?Wqﬁ’ OTEBis., W’Fec ?%fqletﬁﬁddfw%ﬂ?l“rﬂf proteins is | 5,y

bovi ne m | k usi fifledover adld ;icfen BlemBine2S pPrevi ously described having a pore
si ze of 1.4 mcrons.

TABLE 1 Tenper at ure [err] 50
25 Transnenbrane Pressure (TMP) 0,5 bar Tangent i al
velocity >6.6 ni's Concentration Factor
(CF) 20 FI ux 950
‘L/'h/inferr] - 5 -
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WD 96/.35336

PCT/ CA96/ 00293 Raw m | k shoul d be used that has been ski med
at.'a tenperature not in excess of about 4[err]C The
tenperature used during mcrofiltration of the raw m |k should be in the
range of about 40[err]C to 45[err]C. As previously noted significant

denat urati on of WOA6383365 al bumi n does not begin to occur until PEEAD6/00293
55[err] C Table 2 shows the m crobial counts of the mlk

foll owi ng m cr of j==t== e , 5 3 :
bacterial countgin accordance W|th t he Ilmmj.we (5) Th| s confirms
The protein’ content of the per moARopE oubFe BASSFIRT, "2 ot o
Cetentate in thd t Bt | pRSPARMs hs| meabiE et“"’&”e%” Bifior doitesucigh .
no sel ected retgnti aentof fproteins is not ed over 1.4 m cron |[mrewbrothe.
. 5| number Total Coli- T c T o bacterial
(T) forms counts'
(&)
H 1 4.40 - lem| - a3 - 2.03
|| 2 6.05 4,25 6.64 4.23 3.07 0.48 298
" 3 393 | 180 |466| 120 |176] o 2.17
. 4 5.72 308 | 633 | 318 |335]| 03 2.37
10 5 5.49 367 | 6.32 - 2.53 - 2.96
6 5.03 3.08 7.20 - 2.89 - 2.14
7 6.03 4.60 1.51 - 4.03 241 2.00
8 6.90 532 8.45 7.51 4.27 248 2.63
9 6.52 4.00 7.80 5.78 3.76 1.80 2.76
15 ° =

'Reduction in log from raw milk to permeate.
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PCT/ CA96/ 00293 TABLE 2
M.robial counts (per/g) expressed .in |og Experi - Raw M | k
Ret ent at e Per neat e Reducti on ment
~of total 5 nunber Tot al Col i - T C T C
“bacteri al WO 96/35336 (T forns PCT/CA96/00293

countsferr]

The microbial counts of the permeate compare favourably with standards
applicable to conventional pasteurization.

The next step, step 3 according to Figure 1A, is pasteurization of the

5 microfiltered milk. The temperature used in this invention should be below 75°C and
preferably about 70°-72°C for up to about 20 seconds.

The following step 4 involves cooling of the microfiltered milk. In
accordance with the examples of this invention the temperature is accordingly
immediately reduced, such as by flash cooling to a temperature of about 30°C prior to

10 cheese making.

' At this preliminary stage of cheese making, calcium chloride is usually added
1o milk to increase the firmness of the curd during the manufacture of cheese. The net
result is an increase in cheese yield due to better precipitation and less losses of cheese
curd particles in the whey.

15 Based on the report of Shimada & Matsushita (1981)(10) denaturation of BSA
is enhanced by calcium ions. Therefore we avoid the addition of calcium ions contrary
to normal practice in cheese manufacture.

Additives of this sort are avoided during production of cheese if the whey -
generated is being used for this invention. Yield can also be increased in conventional

20 practice by the addition of milk derivatives (casein, whey protein) to milk being
transformed into cheese..- This procedure is avoided because it influences the quality of
the protein content of the whey. The various fraction found in normal whey will be
modified resulting in a whey protein concentrate having less undenatured bovine serum
albumin per unit of total protein. The pH is to be maintained at not less than 6 at this

25 chilling stage and until concentration of the whey.

Repining follows in step 5 and this involves the addition of cultures to milk
about 24 hours before starting cheese making. In the examples the only additives are
the usual lactic cultures.

The next step in manufacturing cheese is curd making, illustrated in step 6,

30 Figure 1, which includes the following stages namely:

(@  Rennetting

-8-
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.03
b8
.17
.37 10
.96
.14
.00
.63
.76 15

1 4.40 - 6.78 - 2.37 -

2 6. 05 4. 25 6. 64 4.23 3.07  0.48
3 3.93 1. 80 4. 66 1.29 1.76 0

4 5.72 3.08 6. 33 3.18 3.35 0.3
5 5. 49 3. 67 6. 32 - 2.53 -

WP 9635336 5. 03 3.08 7.20 - 2. 8PCT/CA96/00293
7 6. 03 4. 60 7.51 - 4.03 2.31
8 6.CRgulum 8. 45 7.51 4.27 2.4
9 ® 6.5,23_u 4#%% 7. 80 5.78 3.76 1. 80

[err] Redud®) on StEriMGg fromraw milk to perneate.

10

15

20

25

30

(d)  Heating (cooking)

(e) Post stirring

Following post stirring the curd is prepressed and separated from the whey.

Conventional additives are used for rennetting. The making and subsequent
handling of the cheese are generally represented in Figure 1B at step 7. This step will
depend on the type of cheese. They therefore will not further be described.

What is important however for the purposes of this invention is to avoid any
additives or treatment that will deleteriously affect the whey. Thus the production of
Emmental cheese requires a temperature of more than 50°C. Raising the curd to this
temperature before separation of the whey and maintaining such temperatures would
affect the serum albumin content. It is highly desirable to avoid any cheese making -
steps that involve a temperature in excess of 40°C.

' No additional whey is collected for the purposes of this invention during
shaping and final pressing of the curd as the pH by then of any whey associated with
the curd would be below pH 6.

The whey obtained in step 6 should be chilled to about 4°C. as soon as it is
separated from the curd, and this is illustrated on Figure 1B as step 8. By this
procedure, the metabolism of the lactic acid bacteria is reduced and acidity does not
increase. No additives (such as H.O,) should be used as antibacterial agents. Instead
we use low temperature inhibition of bacterial metabolism. The pH of the whey
should never be below pH 6 before it is concentrated.

The whey that has been collected is first centrifuged to take out excess fat
(Alfa-Laval M\HMRPX-214TGV) that was present during cheese production, chilled to
4°C. and stored till ultrafiltration (U.F.) is carried out.

During next step 9, the temperature is then raised at 40°C for the
ultrafiltration using, for example, Romicon cartridge (2.3 sq.m.) with a cut off of
50,000 dalton. During U.F. the retentate is submitted to diafiltration by adding
distilled water so as to reduce the lactose level in the dry matter to less than 10% of
total solids. 1 volume of retentate to 1 volume of water is used and this procedure is

-9.
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-7 -« WD 96/ 35336

PCT/ CA96/ 00293 The m crobial counts of the perneate conpare
favourably w th standards applicable to conventi onal pasteurization.
The next step, step 3 according to Figure 1A, is pasteurization of the 5
mcrofiltered mlk. The tenperature used in this invention should be bel ow
" 75{err]C and WOPGMASEIr abl y about 70[err]-72[err]C for up to PCHCASEW293
seconds. The followi ng step 4 involves cooling of the

mcrofiltered mpdrdormbditwo or APROMAGN CPheYelehtate TG AT BPle@in 6N F. halvLibdion
the tenperature is accordingly dgmedi atel y. reduced, such as b¥ flash
gggoqqu e3

cooling to a tefbids of 1#-20% itious %NW‘%‘%G‘%%MWHQ ab

At this prelimnpary stage of cheese nmking, calciumchloride is usuaI-I
added to mfk
manuf acture of g
due to better gp
t he whey. 15
(1981) (10) den
we avoid the ad ("EMD)’] of calciumions contr g
cheese manuf act )
production of ¢ E@@EN%V%QFITY gener af
i nvention. Yiel
addi tion of ml

to nor nal practice I

mq'zwﬂg% his

can_also be increased in CI’R/MSI onal 20 practlce by t

concentrate having | eﬁh% M&H&Qﬂé Hﬁfﬂm&%& Q%%ef%”i%r degree cenngrade, giving a
similar increase in capacity of a manufacturing plant. This means that without special

reasons for operations at low temperature, it is an advantage in conventional practice to
15 operate at as high a temperature as possible.

The temperature utilized in most other commercial methods during this
procedure is 50°C. This level of temperature facilitates a higher flux through the
membranes hence more retentate production per unit of time and per unit of
membrane. In our method, the draw-back of less production per unit of membrane is

20 compensated by increasing the membrane surface.

“ The objective of not exceeding 40°C. is obtained throughout the system by
fine wning the points of input and output in the system so as to avoid a heat producing
unbalance between the two.

Next, the temperature is lowered to 4°C. in step 10 and kept at that

25 temperatre till freeze drying or spray drying is started. The microbial counts of the
retentate compare favourably with standards applicable to conventional pasteurization.

These standards differ in each jurisdiction. As an example, the Province of
Quebec, Canada, requires that total bacteria count (aerobic mesophiles (32°C) be
maintained below 50,000 (log 4.69), both in the factory and in the final product in the

30 case of powdered milk products. Coliforms are to be below 10. The Province of

-10-
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al bumin per unit of total protein. The pHis to be maintained at not |ess
than 6 at this 25 chilling stage and until concentration of the whey.
Repining follows in step 5 and this involves the addition of cultures to
m | k about 24 hours before starting cheese nmaking. In the exanples the
only additives are the usual lactic cultures. The next
~step in manuf aWMQA¥IPscheese is curd naking, illustrated in sPEHCA/M23
Figure 1, which includes the follow ng stages nanely: (a)

- Rennetting Quebec has a standard of a bacteria count of 25,000 (log 4.39) and 8 celiform count of
WO 96/ 35336

PCT/ CA96/ 00293 5 in the factory for milk products,that, hays, nop, been pgsteurized or fennente?.c)

Stirring Cdridintratible & produck GO ipiéhuct by Iyophilization (fre¥e t
stirring 5 Fplﬁ%wi ng p%st st %}?i nﬂlthey gg;r,d i so?)ge resse e;snd
separ at.ed frompenforméckin step 11 at temperaturegypdes °CoralS s l“?“&%s%h!sék’e%w for

rennetting. The L.Ng.. E@MF i he cheese are
general ly repgedse%(]aglslgﬁﬁlc%%&%%gkfs etB : H??rdsi%%% will depend on
the type of cheese. Trubie 4 iilusedies the opmposition of whep @rotéin coreentraté pawder

What is inportant .however for. the purpoges of this invention is to avoid
any 10 additivég’wdt?sé%t%mm?ﬂgﬁgwrﬁeac@?%feri ously affect the whey. Thus

%B[eef:j)(éuc%pn_ of . C&tﬂfﬁdﬁgﬁi‘g{@hﬁﬂh_' € comtEolled uring hmgn?pmﬁm‘ naff wheye t han
: I si ng e cur 0 I S . Le rature before separation of the
whey and mai nt awwm%wp%mpﬂrvwmwfﬁmﬁk °°!3E95E199_3P41§a me&q?’ﬂﬁ'm’n
content. It i hditkirs 48 lilkod lefontsepf thélcifelse MAGRS SrobEsk il be mairly eps t hat

invol ve a tenperature in excess of "40[err]C._ 15 . No additi onal whey
i s collected fcesponsiblefonthsatifferencenpbservad dmthe samppsitionyof the capeemratyy and

final pressing giuife GHbtheAS Sfifie Plihdied SoihisGhvedtidn ¥EF Ve 8550004 36 Brbdukd &
consistently high level of thermolabile proteins such as serum albumin and to avoid
substantial loss of the glutamylcysteine group containing protein, together with

15 bacterial counts substantially lower than that obtained with the method disclosed in the
PCT/CA93/00518 (Bounous et al.) and in the United States Application SN.08/175,637

. (Lange et al.), both assigned to Immunotec Research Corporation Ltd., which is the
assignee of the present application. ‘Clearly the combination of microfiltration as in the
first part of the method disclosed in PCT/CA93/00518 (Bounous et al.) and

20 pasteurization low temperamre lenient procedures as disclosed in United States
Application SN.08/175,637 (Lange et al.) greitly reduced the bacterial content of the
end product. With this method of production, it is possible to obtain desired bacterial
results with less stringent conditions than are disclosed in these prior applications.

This is important for large scale productions on industrial scale.

25 If further bacterial reduction is desired a second pasteurization or
microfiltration procedure can be applied to the whey between steps 8 and 9, and
namely prior to ultrafiltration. Further evidence of the leniency of this method of
production is the relatively high level of lactoferrin (Table 4) in comparison to

* commercial WPC. This important protein is similar to serum albumin in that it

30 contains 4 Glu-Cys peptides (Reference 11) and it is similarly thermolabile. The

analysis of lactoferrin as reported in Table 4 were performed by Drs. G. Regester and
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the curd woul d be bel ow pH 6. The whey obtained in step 6
should be chilled to about 4C. as soon as it is separated fromthe
curd, and this is illustrated on Figure 1B as step 8. By this 20 procedure,
the netabolismof the lactic acid bacteria is reduced and acidity does not
I ncrease. No additives (such as Herr](err]) should be used as

anti bacterial W@IHH36 | nst ead we use | ow tenperature inhi BFTACARGO0393
- bacterial nmetabolism The pH of the whey shoul d never be bel ow pH 6
‘before it is copcsmitiesd Sckhe CSIRO Dairy resediok Labstitoby il Vie®iaPAGsralis) dnaaiifd i s
first centrlfu?#kd to take oqut exc§ 3 f at 2 Al fa- Laval M HVRPX- 214TGV)

t hat was prese ‘E‘H’éé@%“ﬁﬁ' g ourRal iHo0eq to 4C. and stored
till ultrafilt rets=srts=Fr—tFcorrrooo— e e St
the tenperaturg|is then ra| 'sed at 40[errm_the uItraflltratlon

50, 000 dal ton.. |Duri n?@@#ﬂ?ﬁéﬁw@@%ﬂmﬁ#?ﬂ%ﬁmn |

- »

50, 000 dal t on. iy
addi ng 30 di stifffegdwater—sSo as (0 reduce [Ne I acloje T evetl T the
matter to | esd Jt han 10% of t ot al solldsmﬁnm&%nw 1
volume of water| is used and this procedurefis 1 3
-9 - WD 96/ 35336 _
PCT ch961 00295 | o Gkfed 10 o7 e I T
EIJ'!A}BrLEf i3| t.r gt i. _cl)_r @%gﬁ%@ﬁgf o&h bel ow in Tabj e 32'00 a%?p?%x 40 22.20
TRANSVENBRANE R&Iac:og'%obulin (%) 1,0 bal 5980 ™P) s6.30 54.45
Serum Albumin (%) 11.7 11.06 10.85 H
10 I..ac.toferrin (%) 0.67 0.70 0.69
Immunoglobulin (%) 8.39 9.20 11.10
FAT (%) 3. 4. 35
LACTOSE (%) 9.40 9.20 9.4
MOISTURE (%) maximum 4. 4. 4.
15 || Ash 3 3 3
MICROBIOLOGY ||
Salmonella (/100g) . No growth | No growth | No growth
Coli (/100g) - <5 <5 <5
Staphylococcus (/g) <5 <5 <5 “
20 || Total count (/g) <1000 <1000 <500
NITROGEN SOLUBILITY 99% 98.7% 99%
INDEX |
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TANGENTI AL VELOCI TY TANGENTI AL VELOCI TY

> 7m's CONCENTRATI ON FACTOR ( CF) 29 10 FLUX

24.5 1/nferr]/h The nmenbrane flux increases 2 to 2.5% per
degree centigrade, giving a simlar increase in capacity of a

. manuf acturing a This means that w thout speci al reasons for

' operations at F%!5‘3\,”“[’-'€1'ﬁif§erature it is an advantage in conventi dKACAISBP} ce
to 15 operate at as high a tenperature as possible. The
"tenperature utilized in nost other comrercial nethods during this

procedure is 50[err]C_This level of te fur acilitates a higher flux
t hrough t he nenbra'ﬁhfsmﬁ@ﬁb@mmﬂé‘@é?%‘%a@yﬂgm Brpd B‘aﬁnaﬂw@%éﬂm ne
and per unit ofaﬁercamhﬁmbﬂﬂmmmtﬁedyoﬁmaa@dﬂmaeq};u%mws

production per unit of menbrane is 20 conpensated by increasing the

menbr ane sur f aceequirementsTprevigegle mﬁpddprqms espentiabifon gheadgvelppment of s obt ai ned

t hroughout thg ﬁ%{ﬁllﬁ@%tﬁ%c GS?P drutn | n
the systemso as to avol dmgda%]ti\gt? produ gl ng P‘%%H{%% gnce%b‘mgg%c?
Next, the terrpezraundr!bmsonmmmay@fdmmmlona'auempd Tabletdnae 25

terrperaturetlll 0, e The m crobi al
counts of the m{egﬁg??a?éﬂ&gﬂo fhe avour OQQW%hﬁé'fﬂq d‘gc §§p| icable to
convegti onal pashnensrcialy a‘lmilableWPC sandth'e%hmexskdﬂﬂmydﬁdsildefeﬁnd ined) by Deh
jurisdiction. an exa Provi nce na ui res

L hat Lot al _bact W1 SRR F. G PR 78 SO Rekable S CyTa'S S drayedceomh BESARDS o
50, 000 (1 og 406&)al. (2 {zth inthe factory and in the final product in the 30
case of powdered mlk products. Colifornms are to be bel ow 10. The Provi nce
of - 10 - WO

96/ 35336

PCT/ CA96/ 00293
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Quebec has a standard of a bacteria count of 25,000 (log 4.39) and a

col i form count of 5in the factory for mlk products that have not been
pasteuri zed or fernented. Concentration to produce a dry
product by |yophilization (freeze drying) is performed in step 11 at
.tenperatures under O[err]C for 15 to 18 hours. This does not 5 denature a

signi ficant prY@A6EsIA of the thernol abil e proteins. PCT/ICA/0293 4
illustrates the conposition of whey protein concentrate powder obt ai ned
using the principles described above. Certain factors cannot be

controll ed during normal production of whe concentrate powders.
Seasonal vari atn| on of ml E conposi tion a,ﬁﬁi?%en al et a50| Tsm 10 that
occurs in mlkfat each step of the chees g process will be mainly
responsi bl e forftThHe G TTEIENCES QRSEI Ve T N[TNE _CoNposLtion or_rne
concentrate. HW‘ERRQTW&%&%?E’I&& he primﬁglm&mﬁmuﬁm’enti éqn
“may be expected to produce a consi stent | / hi gl BeyeTo Whileprpdibi | e
proteins such gs serumal bumn and to avoid substantial | 0ss of the
gl utanyl cysteirje gro i1l ng protein, togethgr,wth 15 bacteri al
counts subst anti al | yﬁgﬁ@mn t hat obtained w t‘ﬁ{% he nmet hod di scl osedfin
t he PCT/ CA93/ 0051&Aladsn@35Bus et al.) and in thetthited States Applicafion
SN. 08/ 175, 637 (Lar}ge eé ), both assigned to4 g#ngunot ec Research
Corporation Ltd., whi e assi gnee of the" sent application.
Cearly the corpbi natigaproof microfiltration as in44®1  first part of tme
nmet hod di scl osgd i n PCI/ CA93/ 00518 (Bounous et al and 20 pasteurizati gn
| ow t enper at ur § | eni SW¥TBMF=dures as discl osed i4FUnited States
Application SNJ08/ 17Rj&3odate Lange et al.) greatly ggeduced the bacteri al
content of the end product. Wth this nethod of production, it is
possible to Ybflai n dd¥PREI bact eri al resul ts 4dEh | ess stringent
conditions thank=s ghi ©5-0Ck=i=ia S Bli=gfi=i=ai =URISE
i nportant for |
further bacteri
mcrofiltratiof
and namel y e tmmtuot gttt e G243 6 S Dl BB 044
of this nethodjof WHEY PROJTEIN i CONCENTRATE:! fiti vel y hINSh ATepi# l4.6f

| actoferrin (Tdhle 4) in congparison to commercial MPC . This jnportaft

protein is si n‘iWI ar t NereLOFVRoM n in that it 3@3gpntains 4 d u-Cys
pepti des (Reference 11) and it is simlarly thernol abile. The anal ygi s

of lactoferrififfas repukadURDEINEC 4 were perforygeg by Drs. G Regest el
- 11 -

and
Acid UF-DE-WPC 2%
De-fatted UF WPC " g
Spherosil "OMA’ WPC (TM) 9%
Sphrosil 'S’ WPC (TM) 35%
20 Vistec WPC (TM) - 35%
Demin, delact. WPC 7%

From De Wit J.N. et al. Neth. Milk Dairy J. 37 (1983) pp. 37-49
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WD 96/ 35336 PCT/ CA96/ 00293
G Smthers at the CSIRO Dairy research Laboratory in Victoria, Australia,

and will | i kely be published soon in the Journal of Nutrition.
TABLE 4 COVPOSI TI ON OF WHEY PROTEI N CONCENTRATE POWDER 5
EXAMPLE EXAMPLE EXAMPLE
1 2 WO96/35336 3 PROTEI N (% PCT/CA96/0p2304
77.00 77.08 [err]-Lactal bumn (% 22.00
22. 80 22.20  TableeTrfeprebets ﬂﬁl}@i&%ﬂuﬂs 0P8n undenatured whey pro'igm %anentrate
56. 30 54. 45 Serum Al bum n
11. 06 1 (prepgred generplly. m(‘@?qd?lﬁte( the present invention made by the J@ag7
0. 70 O Cyernmental FEO&flyRRWeirfe. (%) 8. 39
. 9.20 11 10 FAT ( 3.
4. . ng:\@p@e igvernment Food analysis centre also commmcompanson 9.20

Z 4 15 ASNE %Tléfeﬁle(s@uniwﬂ%ntem of the undenatured wlf}} protein concengate ‘generally

v made in accordance with this invention with three best commercial whey protein

3

concentrates available on the market. The serum albumin content for the product of
this invention was found to be 11.7 as compared with 7.7, 7.7 and 5.5 respectively for
the conventional products.

10 The process of this invention therefore provides a practical procedure for
making undenatured whey protein concentrate. Furthermore, it has the advantage of
using a by product of cheese production which is a high pollutant. It is a promising
prophylactic and therapeutic approach which utilizes what was until now a continuing
financial problem for the dairy industry which is responsible for the disposal of this

15 major water pollutant. _

In conclusion, it is the objective of this invention to preserve intact the
. conformation of the labile whey proteins.in the W.P.C. This objective of leniency is
obtained through several inter-dependent steps involving microfiltration, temperature,
ions content, ultrafiltration flux and drying technique.
20
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M CROBI OLOGY
No growth

<5
20 Total

Sal monel I a (
Coli (/100g)

St aphyl ococcus (/9)
count (/9)

NI TROGEN SCLUBI LI TY

| NDEX

WO 96/35336

- PCT/ CA96/ 00293

final product

| yophi | i zatlo

and mnimal d
for conpariso
comercially a
det erm ned bg

/ 100g)

No growt h No growt h
<5 <5
<5 <5 <5
< 1000 < 1000 <500
99% 98. 7% 99%
- 12 - PCTICAPS PP 5336

The protel n corrp05|t|on and sol ubi Ilty of the

bn and
dentified
'[Ial y and
. um o cancontralllon gt oungd—O-n-06-0) nor e
of denatura X bsent ed
€ concentrati

Roese-Gottlicb Method
Ignition at 550°

100-(water -+ protein + lipid
+ moisture)

protein x 4.22 + lipid + 9.16
+ carbohydrate x 3.87

Silver Diethyldithiocarbamate.
Spectrophotometric Method

Atomic Absorption
Spectrophotometric Method

Atomic Absorption
Spectrophotometric Method

Cold Vapor Atomic Absorbtion
Spectrophotometric Method

Polarography Method

Atomic Absorbtion
Spectrophotometric Method

Standard Agar Plating Method

BGLB Broth Inoculating

Method

Surface Spread Plating Method
Enrichment Culture Method
Enrichment Culture Method

ipid az%
Moisture 2.2%
Carbohydrate 4.1%
Energy 423kacl/100g
As Absent (<0.1ppm)
10 | Pb Absent (<0.05ppm)
Cd Absent (<0.01ppm)
Total Hg Absent (<0.01ppm)
Sn Absent (< 1ppm)
Cu 1.52ppm
15 || Total Aerobic 8.7x10%/g
Bacteria
Coliforms Absent/2.22¢g
S. Aureus Absent/0.01g
Salm_onella Absent/25g
20 || Pseudomonas Absent/0.1g
-16 -
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Wt i.n some WP.C. products, as shown in Table 6. Table 5 is derived from
Bounous 10 et al. (2)
--13 -

WO 96/35336 PCTICA96/00293
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TABLE 5 VHEY PROTEI N CONCENTRATE BOVI I{lummmﬂll
* c L M S *

in % of Total Whey Protein Promod (TM
4 1 5 Al acen 855 4 1
Lacpr odan- 80 4.8 2 Sapr o
- 4- 0.1 WO 96/38336" Opr o- 75 4 1 PCTI/CA96/00293
. Bioisolate 5 110 Prom x
4.3 1
- TH&?IMB DIMENTS OF THE INVEXBIGNGN WHICH XKEY PROTEI N
CONCENTRATE Nor mal UF WPC
83% 15 ENGH[TSIWEPROPEM‘G’ OR PRIVILEGE IS CLAIMED/ARE DEFINED A8|
UF-DF-WC  poLLOws: 42%
1. A process for producing whey protein concentrate having a serum albumin of

about 9.5% or more as a by-product of a process for making cheese, comprising the
steps: _

(a)  cold standardization of the fat content in milk, for producing skim
milk, at a temperature not greater than about 4°C;

(b)  spore and bacteria reduction by microfiltration of the skim milk
through a 1.2 to 1.7 micron pore membrane; '

© optional pasteurization prior to cheese making at a high temperature
for a time short enough to avoid denaturing of the protein in the skim milk;

(d) chilling the skim milk preliminary to cheese production while
maintaining the pH at 6 to 6.5 and without the addition of calcium ions;

()  making curd and whey at a temperature in the range of about 30 to
45°C,

@ separating the curd from.the whey;

(g2) removal of excess fat from the whey;

(h)  microfiltration with 2 membrane having a pore size in the range 1 to
1.3 microns, or pasteurization, if needed, at a high temperature for a short time
enough to avoid denaturing of the protein in the milk, to remove further bacteria from B
the milk and produce a commercially sterile permeate;

($)) removal of further water and small water-soluble molecules by
uitrafiltration of the resulting whey at a temperature in the range of 35 to 42°C to
provide a retentate;

' ()  concentrating and drying said retentate under conditions of temperature
and time that will not denature at least 95% of the protein.

2. A process as in claim 1 in which pasteurization is at a temperature in the

range of 70 to 75°C for a predetermined time.

: -18 -
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e L vee, sonerogt s veo (i " DML
Demi act . L s w

Vistec WPC (TM 35% n.

L 72% FromDe Wt J.N. et al. Neth. MIk Dairy J. 37 (1983) pp.
37-49 - 14 - WO

96/ 35336 WO 96/35336 PCT/CA96/00293
PCT/ CA96/ 00293 Table 7 represents analysis results of an
undenat ured whey pr ot gigRode@ 48 iclaikh @ whereif? kA8 Pretitetiftined Ghrle)is bitwasCID slnce
with the present invention made by the Japan Gover nnent al Food anal ysi s
centre. 20 secondshe Japanese Gover nnent Food anal ysis centre al so
conducted a conparison 5 of the serum al bum n content of the undenatured
whey protein concentrate generally made in accordance with this

i nventi en with 4hree Mgsocesoasnipclim|l, ihwhich the ssemof chillipg thecskin milks

This | mventon SEGRPB SpSe3 4Bk Sl 0h bty J BERRAEGT

respecttvel y f ogpproximately 30°C.

5. A process as iti claim 1, in which uitrafiltration is accompanied by
diafiltration to reduce the lactose level in the final dry product to less than 10% of total
solids.

6. A process as in claim 1, in which the retentate in step (j) is concentrated by
lyophilization (freeze-drying).

7. A process as in claim 1, in which the whey for further processing is separated

in a prepressing operation, prior to shaping and .ﬁnal pressing of the curd.

8. A process as in claim 1, in which the retentate in step (j) is concentrated by
spray drying.
9. A process as in claim 1, wherein the conditions for drying step include

freeze-drying at a temperature below 0°C.

10. A process as in claim 9, wherein the time of freeze-drying is about 15 to 18
hours.
il. A process as in claim 9, wherein the resulting product has a moisture content

of about 3% to 5%.

12. A process as in claim 9, wherein the resulting product has a moisture content
) of about 4%.
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t he canventional products. 10 The process of this inve
therefore provides a practical procedure for maki ng undenglmmllmggulmmll
pretein concentrate. Furthernore, it has the advantage CHK) s+
.product of cheese production which is a high pollutant. It is a prom sing
prophyl acti c and therapeutic approach which utilizes what was until now a
conti nui ng WO0AER¥al problemfor the dairy industry whi ch RGI/CA96/00293
responsi bl e for the disposal of this 15 major water pollutant.

In conclusion, 18, is Ahsrocdas &< in ol€imof, whetein ihe\tembva of exvesys fasfron ahd WhedCin the
conformation of the |.abi | e grm eins in the WP.C. This objective of

| eni ency is ‘ﬁ@?f“?‘i’mf’ﬂﬁé’n 3P0 nt er dependent steps invol vi ng

m crof i Itration terrperature ions content, ultrafiltration flux and

drying techni que. 20 : . _
- 15 - 14, A process as in claim 1, wherein the removal of excess fat from whey in step

(2) comprises cooling the whey at less than but close to 4°C, maintaining the pH of
about 6 and centrifugation of whey, while no additives are supplied during this step.

15. A process as claimed in claim 1, wherein said membrane is a ceramic
membrane.

16. A process for producing a substantially undenatured whey protein concentrate
having a biologically effective amount of proteins containing giutamylcyst(e)ine
peptides comprising cold standardization of milk, microfiltration, pasteurization, the
formation of curd and whey, separation of the whey and filtering and drying the whey
under conditions of time and temperature that will avoid substantial loss of said
glutamylcysteine peptide containing protein..

17. A process as in claim 1 or 16 in which the whey protein concentrate
comprises serum albumin, alfa-lactalbumin and lactoferrin proteins which are cystine
rich, in an amount effective to replenish depleted cellular glutathione (GSH), enhance
the immune response and exert anti-cancer effects.

18. A process as in claim 17, in which the serum albumin is bovine serum

albumin.
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A G N SR T v
45[err] C (f) separati*ng®thk c'hrcffromtaﬂgﬁﬁ (fg) ..... paged .-
removal of excess fat fromthe whey; (h) B &b % aﬁéﬁ%ﬁ.}ﬁ’! h a%

nmenbrane having a pore size in the range 180 1.3 i crons,
pasteurization, eded, at a high terrperature fgr _a short tine epo m-
avoi d dehat uri nglo hé protein in the mlk, to reio%%ﬁﬁ&ﬂwgﬁ-gg@! ------

fromthe mlk abd pr od\lpeoczsscﬁmpmdmarglwheytmmeimcqmem havmgasemm glbumin of
renoval of further r and smal] water- I ubl e ecyl es_b
ultrafiltrati ong’ﬁﬂ“ gahéﬁr%ts’ﬂp’fe%g‘% ED Wégﬁn F%ersﬁ@nwgg@

to 42[err]Cto Vi de a retentate; ST (j) concentrating and drying
said retentate under conditions of tenperature and tinme that will not

denature at |east 95%&)f t keoldmstandatdizartion of the fat cdhtq:monaﬁﬂ: ffoxrpqodmdngsﬁm

whey protein c ntrate havi ng al fa-l.act al.bum_p about '22% or nore
and |l actoferri nmgg' g% %Mﬁc@s of a process . for
maki ng cheese, Corrpr'a»ng %%&B&mmmdmonb}(ﬁﬁmﬁtﬁ%hdnﬁ%%ﬁ*tﬁﬂ' on

of the.fat centent in mlk, for-producing skimmlk, at-a tenperature not
greater than abrbmugh[aehz]ngl‘imxcmnporqwm APor e ‘and bacteria reduction by
mcrofiltration_ of th sk|m

19  through a 1.2 to Mwmyﬁmma%ﬁum%ﬁw -

pasteurization fof aQfmé ehd‘rhe@ﬁgnrtalavaa daharfirifit 6f'tHePFORIAINULhe skif{ nlli! | B
short enough to avoid denat uring of. the, Erotel nin the skimm/lk;

(d) chilling the skdh nebiltingthe ski prefiminay Jo chease peadugtionwhile -
' maintajning the pH at 6 to 6.5 and without the addition of-calcium ions;

()  making curd and whey at a tefperatute in the range of about 30 to
45°c; ' ' R

() - separating the curd from thc whey:

(g) removal of excess fat from the whey;

(h)  miicrofiltration with & mcmbtane having a pore size in the range 1 to

1.3 microns, or pasteurization, if needed, at a .high'tem;ie:ramre for a short time
enough to avoid denamring of the protein in the milk, to remove further bacteria from
the milk and produce a commercislly sterile permeate;

@) removal of further water and small water-soluble miolecutes by
ultraﬁlu-atxon of the rcsultmg whey at a tcmpetature in the range of 35 10 42°C o _
provide a retentate; |

()] concentrating and drying said retentate under conditions-of temperature
and time that will not denature at least 95% of the protein.

2. A process for producing ﬁhey protein concentrate having alfa-iactalbumin of
about 22% or more and lactoferrin of about 1% or more as by-products of a process for
making cheese, comprising the steps:

(a)  cold standardization of the fat content in milk, for producing skim

milk, ar a-temperawure not greater than abour 4°C;
) spore and bacteria reduction by microfiltration of the skim milk



maintaining the pH at 6 to 6.5 without the addltlon o]

(eFy maki ng curd and whey at a tenperature in the ra“mmmnu“”'mu“l
45[err] G () separating the curd fromthe

renoval of excess fat fromthe whey; h) mcroflltratlon W|th a
menbrane having a pore size in the range 1 8 1.3 m crons, or
pasteurization, if needed, at a high tenperature for a short ti me enough to
avoi d denaturlng of the protein in the mlk, to renove further bacteria

fromthe nilk anthroughinde 1§ lchmierer pare Membiens;| e per neat e: (i)

removal of further wa(8 ﬁﬁgﬁ Yi‘ﬁiﬁ{ I LK

ultrafiltration of th resuﬁ? A\Eﬁey aongﬁéﬁ%eeég?ure #%ﬁ}lﬁéh argmgef<§5
to 42[err]Cto paminieclmostenemmavetd denaturing ()fmeprmrmmﬂterskimmgﬂand drying
said retentate under ndit'. ns gl{ ﬁ?ﬁoe ture and ti e .t hat WI 1 .not

denature at |east 95 of oé%s%h“?‘i‘?r ‘Eﬂﬂﬁ’ﬁhqﬁhey

protein concent rﬁtamtéiﬁmgm;ﬁmaﬁswmsa&imbuatﬂeaaeﬁbndesmaﬂﬁ ibAgr nol abi | e whey
protein with glutanylc stel ne, gr oups and cystine as by- roducts of a
process for making ch rq“&i) Whey 3t & frmperamre’in the,jange of pbout 30 to
standar di zati on gfect.he fat content in mlk, for producing skimmlk, at a
temperature not greater than about 4[err]C (b) spore and bacteri a
reduction by microfil fDati wpamungﬁv@ktlﬁnommkwhﬂy,ough al.2to 1.7 micron

pore nenbrane; c) t [ prior to cheese naking
[ (é)or e s%ce{g%ﬁ(%ﬂﬁ%h@n

at a high tenperature enough to dvoit d denaturing of the
protein in the skim n)k; nucroﬁltraﬁd)wuhahlehibramgha\tmstmrmsizehkh@f&ge BBy

to cheese producti.on whil e naj nta t he 0 and wi t hout the

addi ti on of cal cPfP%o ngasmmzau‘m( aﬁbglyﬁp]geréme W’ié}fﬂ tipe enough to -

tenperature in tfwid adBtirki (ﬂlﬂ‘i&l}ﬁroﬁﬂl ﬁlQhéﬁﬁk to remove further bacteria from the m11k
and produce a commercially sterile permeate;

@ removal of further water and small water-soluble molecules by
ultrafiltration of the resulting whey at a temperature in the range of 35 to 42°C to
provide a retentate;

@ concentrating and drying said retentate under conditions of temperature
and time that will not denature at least 95% of the protein.

3. A process for producing whey protein concentrate having substantially all
peptides and thermolabile whey protein with glutamylcysteine groups and cystine as by-
products of a process for making cheese, comprising the steps; |

(a) cold standardization of the fat content in milk, for producing skim milk,
at a temperature not greater than about 4°C; o .

) spore and bacteria reduction by mxcroﬁltratlon of the skim milk through
a 1.2 to 1.7 micron pore membrane;

©) optional pasteurization prior to cheese making ata high temperature for
a time short enough to avoid denaturing of the protein in the skim milk;

@ chilling the skim milk preliminary to cheese producuon while
maintaining the pH at 6 to 6.5 and without the addition of calcium ions;

(e) making curd and whey at a temperature in the range of about 30 to
45°C;
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rzgwovol of ex-f:](ca)ss fatseP?(r);t!tEg m:ycurd from t ?ﬁ)v\,hey;n crH"I“l “IH‘M’“IM”“I

menbrane having a pore size in the range 1 to

pasteurization, if needed, at ‘a high terrperature for a short t| rre enough to
avoi d denaturing of the protein in the mlk, to renove further bacteria
fromthe mlk and produce a comrercially sggrlle per neat e; (1)
removal Of further water and small water-sol ubl e nol ecul es by
ultrafiltration of the resulting whey at a tenperature in the range of 35
to 42[err]C to provi d® a rS@P%;mtl@E the curd from the '(419)’. concentrating and

drying said retentat nde ture and tinme that wll
not denature at | east 5%%p1%9 %Xg'rﬁlfo{fr ey. A process as in any one

of claims 1, 2 or 3 '(ﬁ)\Ahlxﬁi&rdtﬂﬁﬁﬁéﬂw&ﬁta'tﬁ&nb&n@hﬁnéarﬁa?é 34 i€ clerhPE 1 1o
range of 70 to 75[err]C for a predetermned tine A process_as |n
claim4 wher ei h-3BHTORS. crenasiemtizasion; ifmeeded, 5o a\bdghncemperanere for 8 shom dismic

A process as i |14 '
the skimmlk Eh&%r@%a???éaa&ﬁmgs%f Bg‘ﬁ@ V\@#}grfses Fgﬂﬁgcoo’g t?%“a
t enperature of(happﬂbxndqiwdqce&&{mmi:ﬁauy stérile perrifdafet 0Ocess as in any one of
clainms 1, 2 or 3 in vwhich ultrafiltration is accanpani ed Bé diafiltration

to reduce the |acros) evdFmpyalqffurtherywates W%bﬁ’?‘ef‘édp Jnelasiies by, of
total solids. unuﬁﬁxmtxoﬁmemm@ww ﬁ%ﬂ{ﬁ@mﬁim%mréc of 39%0 4288 hi ch

the retentate in step
provide a retentate;

G conccntraﬁng and drying said reteatate under conditions.of temperature
and (ime that wiil not denature at least 95% of the protein.

4. A process as in any one of claims 1, 2 or 3 in which pasteurization is at a
temperature in the range of 70 to 75°C for a predetermined time.

5. A process as in claim 4 wherein said predetermined time is between 10 and 20

seconds.

6. A process as in any one of claims 1, 2 or 3 in which the step of chilling the skim
milk preliminary to cheese production comprises flash cooling to a temperature of
approximately 30°C.

7. A process as in any ome of claims 1, 2 or 3 in which ultrafiltration is
accompanied by diafiltration to reduce the lacrose level in the final dry product to less .
than 10% of total solids.

8. A process as in any one of claims 1, 2 or 3 in which the retentate in step (j) is
concentrated by lyophilization (freeze-drying).

9. A process as in any one of claims 1, 2 or 3 in which the whey for further

processing is separated in a prepressing operation, prior to shaping and final pressing
f th d.
o e ar REPLACEMENT SHEET

- 06 NOV 1998

———




concentrated by lyophilization (freeze- drylng) u
any one of clains 1, 2 or 3 in which the whey for furthe““lmﬂuﬁm ﬂﬁl I“I
separated in a prepressing operation, prior to shaping and ffnalt ptes’siig

of the curd. 21 10. A
process as.in any one of clains 1, 2 or 3 i 2l which the retentate in step
(j) is concentrated by spray drying. 11. A process as in any one of

clains 1 2 or 3 wherein the conditions for drying step include
freeze-drying atlt teAjpeocessasdnlany one of alaimp €, 2 or 31n which the reteatate wsstépn(j)csai m
11, wherein the tine o f.reeze- ng is about 15 to 18 hours. 13. A
process as in clwnff Wesrpéif n&yﬁ"g resul ting product has a noisture
content of about 3 %to 5% 14. A process as in claim1ll, wherein the
resultin roduct, has a noi sture content of ahout 4%

gp 11. A process asu'm any one mp claims 1, Bor 3 wherein the conditions for drying

step include freeze-drying at a temperature below 0°C.

12. A process as in claim 11, wherein the time of freeze-drying is about 15 to 18

hours.

13. A process as in claim 11, wherein the resulting product has a moisture content
of about 3% to 5%.

14. A process as in claim 11, wherein the resulting product has a moisture content
of about 4%.

15. A process as in any one of claims 1, 2 or 3 wherein the removal of excess fat

from the whey in step (g) is carried out by centrifugation.

16. A process as in any one of claims 1, 2 or 3 wherein the removal of excess fat
from whey in step (g) comprises cooling the whey at less than but close to 4°C,
maintaining the pH of about 6 and centrifugation of whey, while no additives are
supplied during this step. |

17. A process as in any one of claims 1, 2 or 3 wherein said membrane is a

ceramic membrane.

18. A process for producing a substantially undenatured whey protein concentrate
having a biologically effective amount of proteins containing glutamylcyst(e)ine
peptides comprising cold standardization of milk, microfiltration, pasteurization, the
formation of curd and whey, separation of the whey and filtering and drying the whey
under conditions of time and temperature that will avoid substantial loss of said

REPLACEMENT SHEET
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15. . A process as in any one of clains 1,'2 or 3 wherei n““l““ mmgmn IIII
excess fat fromthe whey in step (g) is carrled out by ce
16. A process as in any one of claims 1, 2 or 3 wherein ther Val ®

excess fat fromwhey in step (g) conprises cooling the whey at |ess than
but close.to 4[err]C, maintaining the pH of about 6 and centrifugation of

whey, while no additives are supplied duri this step. 17. A process
as in any one of clains 1, 2 or 3 wherein'said nenbrane is a ceramc
menbr ane. 18. A process for producing a substantially undenatured whey

protein concentrate having a biologically effective anDunt of proteins

cont ai ni ng gluta cy epti des risin da atlon of
mlk, mcrofiltr r/f Péa‘zﬁsetﬁ o, 305, 1§, of; glaias % ot“ t’! %W"em

separation of t mntmﬁuteadadlphbdstsaﬁwgbaﬁm drfwaaglbtxhﬁx Wﬁcﬁﬂﬁ&i pﬁaads whieR's
of time and tenperature that will avoid substantial |oss of

aid
gl ut anyl cystein é‘rﬁgﬁf‘l"ﬁ@ &hmqueffﬁcgfeeqoﬁeplemsh depleted cellular glutathlone (GSH),
22 19. A PrfiRe tBSinkBud sl 2 éxbidialiB-cdncer effedtsdr 16 in which the
whey protein concentrate conprises serum al bumin, alfa-Ilactal bumn and
| actoferrin proteins which are cystine rich, in an anmount effective to
repl eni sh depl eted cel | ul ar gl ut at hi one (GSH)
20. A process as in claim 19, mwhlchfhesenmalkxnunzsbov:me

‘serum albumin.

REPLACEMENT SHEET
0 6 NOV 1998

—




enh;nce the inftune response and exert anti-cancer effects.
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