-1- 2139630 Food Process The present i nventi on relates
to a.process for 5 the production of a whey product which cont'ai ns -

whey. pnotelns in a formwhich is heat stable at .a.neutral pH A process is . « -

known f t he productlon of a whey protein product whi'ch is heat stable at
a pkio,% \Y 4.0 10 and has a weight ratio. of cal ciumprotein of
0.2-5:4 ash proteln of 2-20:100 and cal ci um ash of 2-35:100. This knofn
pr.educy spoul d have -a protein content of greater than 50% based. on dry
matter and is produced fromwhey by firsthky, adjusting the ratiz qé
calcium 15 protein to a value of 3-9:100 and subsequently 1r Q&B&ut
nolecul ar separation at a pH value of 6.5 or 3.0. This known product is

i nt ended for suppl ementing Faod Pr°£ car bonat ed or uncarbonat ed
fruit-flavoured acidi c beverages: beverages whi ch have been. 20
suppl enented in this manner may be sterilised by heating w thout any
protein precipitating. However, there are other instances where whey
proteins are requiregdet 9rE§eH€31n§Eﬁ}EESnbE‘EI\A/‘?:%"setbh‘i g%\éss@emoned known
processes do not always attain the desired resu This I's notably
t he casesfor sofRe production of a whey product which contains whey

proteins in a form which is heat stable at a neutral
pH.

A process is known for the production of a whe?

protein product which is heat stable at a pH of £ 4.0

10 and has a weight ratio.. of calcium:protein of 0.2-5:100,
ash:protein of 2-20:100 and calcium:ash of 2-35:100.
This knoﬁn product should have a protein content of
greater than 50% based on dry matter and is produced_
from whey by firstly,adjusting the ratio of calcium:

15 proteih to a value of 3-9:100 and'stbsequently carrying
out molecula; separation at a pH value of 6.5 or 3.0.

This known product is intended for supplementing

]_Qr’

carbonated or uncarbonated fruit{lavéured acidic {
beverages. The acidic beverages which‘have been
20 suppleménted in this manner may be sterilised by
heating without any protein precipitating.
However, there are other instances where whey
proteins are required to be heat stable but where the
above-mentioned known processes do not always aftain

25 the desired result. This is notably the case for some



.

- 2- beverages whi ch have a neutral pH and which are to a | arge extent
conposed of 'whey proteins and even nore so for sone types of milk which
htve been nodified for the 5 .. needs of infants. Thus an object of the
present inventfon is'to provide a process for the production of a whey.
product “whi ch contains whey proteins in a formwhich is heat stable at
neut~dl pH val ue. 10 To this end, the process according to the
present invention is characterised in t hat _an aqueous solution is pre af&@
whi ch contains whey proteins in a form whi 8F has not been rendered

I nsol uble and the Ca, My, citrate and/or phosphate concentrations in the
sol.ution (expressed in 15 mV) are adjusted; as is its pH val ue,

conformto the f@ldvaa & | 4F shi: p ( [t atﬂ S
<O when 5. 5<pH <6é 2 gadsn h&%ﬁeg&?r@a?eféa&iﬂp %'énd. errl\gﬁa %dzgand [ Ca

+ My]-[citrate + W'ﬁi&hts‘éémpb’eea é£2yrey] proteind 9afa &Qen more sdl’
was established that the-calciumprotein ratio, as used in the

above- nenti oned @dwrsome types| dfnmilkewheéthelavupobeén podyeidd tier head ed
whey proteins fromgpre itating at a neutral pH In this context, the
terms Ca, SWy, ci tNeAcs &ﬁgixgants-phosphate are to be understood as
designating the free

Thus an object of the present invention is to
provide a process for the production of a whey product
& ’, . which contains whey proteins in a form Whlch lS heat
~ stable at a neutral pH value.
10. To this end, the process according to the present
- invention is characterised in that an aqueous solution
_is prepared which contains whey proteins in a form thch
has not been rehdered insoluble and the Ca, Mg, citrate
' and/er-phosphate-concentratiéns in the'solurion (expressed in
15 mM) are adjusted, as is its PH value; tp conform to the follair.
ing numerical relationships:
[ca + Mg)-[citrate]is{ 0 when 5.5 pH 6.2
[Ca + Mg]e[citrate]is<:4 when 6.2 pH 7.2 and
[Ca + Mg]-[citrate + phosphate]is<{4 .when 7. 2KpH <9 0.
20 It waS'esteblished that the calcium:protein ratio,
as used in the above-mentioned prior art, could not be
relied upon ‘to prevent'the heated whey proteins from
precipitating at a neutral pH.
In this context, the terms Ca, Mg, citrate and

25 -phosphate are to be understood as designating the free

)

~ry



-3- formand the bound formof the ions concerned. Thus, by way of

exanpl e, the synbol Ca is to be understood as ‘designating not only the

I eni zed form Ca but also the 5 chelated formof calciumand it is
t he tot&k cal ci um concentration which is to be included in the"aboye-

menti g el ati onshi ps. Moreover, in this context, the proteins are -
regarp ) determ ned as being total nitrogen nultiplied by 6.38. 10

The t§g eutral pH' is to be understoggk in this context, as designating
a pH &f about pH 7, which does not fall Delow pH 5.5 or exceed 9.0 and is
‘preferab’y within the narrower limts of, for exanple, pH 6.5 and pH 7.5.
This latter range includes typical pH values of 15 different types of

m | k which havedigeanidnkl 8duhar tbbf 8€edheOiondf ddiSernddkeWimaus the term
"proteins which are heat stable” is to be understood, in this contex

desi gnati ng pr dyeiway of wixiamplenr ehthagmBO% Canbs nts dbelbimdenfd teyod 220

heat treatnment corresponding to sterilization.

t, as

The terpp precipitate and

preci pitation atesitgnatdngnaetscody sbenbaningdchHhoygul@ri on ut rakaierihey

i nsol ubl e.

In contrast, the meaning of denaturation is restricted,

in this

contextd to an delated fermnofheadeiudt aR8 &F wmelhestotahr@rligiidr by any

treatnent with heat, acid or

10

15

20

25 -

base.
concentration which is to be included in the above-

mentioned relationships.

Moreover, in this context, the proteins are regarded 5 /

and determined as being total nitroéen'multiplied by 6.38.

The term "neutral pH" is to be understood, in this
context, as designating a pH of about pH 7, which does
not fall below pH 5.5 or exceed 9.0 and is preferably

within the narrower limits of, for example, pH 6.5 and

pH 7.5. This latter range includes typical pH values of

different types of milk which have been modified for

the needs of infants.

Likewise, the term "proteins which are heat stable"

is to be understood, in this context, as designating
proteins of which more than 80% .remain soluble after a

heat treatment corréspondiﬁg to sterilization. The

terms precipitate and precipitation are to be understood

as meaning coagulatién or rendering insoluble. 1In

contrast, the meaning of denaturation is restricted, in

this context, to an alteration in the structure of whey

protéins by any treatment with heat, acid or base.



-4- During the course of a harsh treatnment and particularly during
sterilization, this denaturation may cause an aggregati on reaction and
precipitation. 5 . \Wey proteins have been found to precipitate at
a neutral pH under the effect of a heat treatnent corres- ponding tg—, ¢
stertliZation even if the ratio of calcium protein has an apparen
val the. A detail ed study of the nechanisns involved in this precip
brought 10 to light various facts which,genabled the present pyocessS to
be perfected in a straight-forward, reliable and exact manner. The heat
stability of the proteins in the products which were obtained by the
present process -was determ ned 15 by a suitable test which is clearly
di sti ngui shabl e fDuatbnigheheweokreeno fea hhasshht £da @iien € W@ Pd it ivAd A1y thi s
field. The first of these known nethods consists of determ ning the
denaturation of \weylngr steriadiBationdi thiyi denateratist arege damse @l of 4. 6,
centrifuging it and 20 determ ning the nitrogen in the supernatant. It
has now been f ouRgIeFAtAAN| geactéan AvdtPreebpiestiomi ch causes similar
denaturations may in_fact have ver¥ Varjed effects on the solubility of the

product, depending oM PAOSPIBECRare BeeR, TPRRA pkP RregiRitateat &t @at nent

25 takes placg 3, B GRASE"LA' LRPOL SECS SAAE LMY corres-

ponding to sterilization even if the ratio of calcium:

L . protein has an apparently low value. A detailed study
(o _ of the mechanisms involved in this precipitation brought
10 to light various facts which enabled the present process .

to be pe:fected in a straight-forward, reliable and
exact manner.
‘ The heat stability of the proteins in the products
which were obtained by the present process was determined
15 by a suitable test which is clearly distinguishable from

the two known methods which are currently used in this -
field. The first 6f these known methods consists of

Qs

s determining the denaturation of whey proteins by acidi-
L :

fying the substance tb a pH of 4.6, cenirifuging it and
20 de;érmin;ng the nitrogen in the supernatant. It has now
been found that an identical heat treatment which causes
similar denaturations may in fact have very varied
éffects on the solubility of the product, depending on
‘which product is used, the pH at which heat treatment

25 takes place. and the concentration of free calcium during



-5- this treatnment. The second of these known nethods is based on jreas-
uring the volunme of the precipitate. The hydration of 5 t he ‘.
precipitate has been found to vary depending on the conditions under which °*

pr eci pr ion occurs. For this reason, it was decided to ‘deterrine the

st abifI' of the whey proteins under heatlng by separating the preC|p|tated
protki the pH at which the heat 10 treat nent takes pl ace,

detetm g the nitrogen in the supernatant and calculating the stability
by cqmpagfison with the initial quantrﬁy_of ni trogen before it was subjected
to heating. An appropriate straight-forward test was devised on 15 this

principle and consists of introducing 10 m of solution into a beaker,

rapi dly (about 1Y t@dlatimddet he temperature to 95[err] C by stean1|nject|on
and mai ntaining the Solution &t this tenperature for 5 mns by bubbling in

steam The beaker i gpeharcRhdngedthBte ﬁn@ﬁﬁhméﬁhg@s is BASEH Néh W&l
the/contents of the beaker are poured into a m graduated flask, the

flask is filledutfine thee voQuiie &Er khei pbedipithted VEkEhyd e S6d W on is
.centrifuged at 2,500 g for 10 mns, the nitrogen content of the supernatant
I s deterrs ned, tdhes precipitdeée bpast heen found to vary depending on
| the conditions under which precipitation occurs. For
this reason, it was decided to determine the stability _
of the whey prOtein; undér_heating by separating the L/
precipitated prqteins at the pH at which the heat
10 treatment takes place, determining the nitrogen in the
supernatant and calculating the stability by comparison
with the initial quantity of nitrogen before it was
subjected to heéting. |
An appropfiate straight-forward test was devised on
15 this principle and consists of introducing 10 ml of
sélution into a beaker, rapidly (about 20 s) raiéing the
temperature to 95°C by steam injection and maintaining
the solution at this temperature fof 5 mins by bubbliﬁg Q_j
in steam. The beaker is then plunged into a bath of
20 running water, fhe]contenté of the beaker are poured
into a 50 mi gradﬁated flask, the flask is filled up to
the 50 ml mark with distilled water, the solution is
centrifﬁged at 2,500 g for 10 mins, the nitrbgen content

of the supernatant is determined, this is divided by the

25 nitrogen content of the original solution and multiplied



25 nitrogen content of the original solution and multiplied -6- . by
one hundred. In other words, the ratio of n|trogen In solution after
sterilization at the pH under consider- ation":"nitrogen in solutj
sterilization" sis 5 ° determ ned and expressed as a percenta
test has.peen confirned as producing a result which is generally
and A-deci sive increase in the effect is not produced by extend :
bubbling time with steamor increasing the tenperature. It has 10 been
“found to be satisfactory froma practi cale<point of wiew to keep the
solubility of the proteins above 80% under these test conditions. Thus, the
above-nentioned detail ed study of the nechani sns involved in precipitation

was carried out 15 on the basis of this test by varying the mat eri al ,
the pH val ue and PReOR®MRNGERA umInTiRERS Rrte gomdspr sbes FakhPcRL] nihzogemduct

'n pract: “dyTﬁ“rS{»' Bl oR LG Bl artin a2 péé@' BRigE, Fgragter-
in practice e pro

strai ght-forward S | SO r hat .t he, pt oduct
has the desired hggt gtab?%é%éggﬁt#ﬂuéﬁggé%§§w§%: @réhlfﬁelaﬂey *Protein
rensi ns sokubl e WagHe DS £5H ek grdiRala LA ’E%’Pceﬁ% gesponding to

steriliz-

/tive

This test has been confirmed as producing a result
which is generally definitive and a decisive increase in
the effect is net produced by extending the bubbling
time with steam or increasing the temperature. It has

10 been found to be satisfactory from a praéticél point'bf
view to keep the solubiiity of the proteins above 80%
under these test conditions. |

Thus, the above-mentioned detailed study of the
mechanisms involved in precipitation was carried out

15 on the basis of this test by varying the material, the
pH value and the ionic medium. The preseht process which

is the product of this study surprisingly overcomes the

-

L significant problems which are met in practice. The
process does not only have the advantage of being
20 straight-forward and easy ta master but also guarantees
that the product has the desired heat stability, :that is,
more than 80% of the whey protein remains_soluble when u
subjected to a heat treatment corresponding to steriliz-
ation. The reliability of the process is even more

25 -surprising when one considers the harshness of the heat



ation. The reliability of the process is even mor e 25
s ders the harshness of the heat treatnment which is used. Any

rennet

exanpl
mat er i
exanpl

wel | be 15

ing material containing whey proteins in a,formwhich has not
red insoluble may be 5 used in the present process. This

mat efi al may be cheese whey and in particul ar so-called sweet -

as the whey which is produced by coagul ating the casein with

surprising when

, or so-called acid whey such as the whey which is produced by acid
coagul ation of casein. 10 Whey whtéh has been demineralized by, for
e, ion exchange or electrodialysis may al so be used as the starting

al ,

as may a whey protein concentrate which has been produced by,

e, ultrafiltration ot dialysi The starting substance may equal ly
tr%%fﬁ%h%owﬁEcg g% gaéd

N rm o tUedus solution, a contentrate or a

powder, but it nuspnfulbel stggtggg%&&mwaéoﬂeﬁﬂ@%’c@ gag._yo N9l bee

rendered insoluble particul ar

I ng concentrati on est wh

is preferably used WairAhwR28hoRhsOASE! Nedf renadfsd HEBRANA 380 pd N
particular by ion exchange, or ultrafiltrated and/or diafiltratéd and/or

concent 15at ed bysedapar #heopresehtVpEs€e 9§ 0STlis Wieyrtig hfatesad 1agaguch
it has optionally '

after

10

15

20

25

be cheese whey and in particular so-called sweet whey,
such as the whey which is éroduced by coagulating the
casein with rennet, or so-called acid whey such as the 
whey which is produced by acid coagulation of casein.
Whey which has been demineralized by, for example, ion
exchange or electrodialysis may also be used as the
starting material, as may a whey proteiﬁ concentrate
which has been produced by, for example, ultrafilfration
or dialysié. The starting substance may equally well be
in the form of an agqueous solution, a concéntrate or

a powder, but it must fulfill the condition that its
proteins have not been rendered_inéoluble particularly
.during concentration or drying.

Sweet whey is preferably used which has-optionally
"been demineralised, in barﬁicular by ion exchange, or
ultrafiltrated and/or diafiltrated and/or concentrated
by evaporation or reverse osmosis.

Whey may be used as such after it has optionally
been demineralised, ultréfﬂxxatedand/or diafiltrated

‘or a concentrate may be diluted or a powder dissolved to

for

n
ey

i,



been demineralised, ultrafiltratedand/or diafiltrated 25 or a
concentrat€ may be diluted or a powder dissolved to  produce the aqu

sol ution.. Extrenely variable ionic conpositions are obtained for the

di f f erent -whey: products depending on the starting material, the methqd

whi ch is. 5 used and the operating conditions. Various neans nmay
usedvt o adjust the concentrations to conformto the above-nentioned

rel ati onshi ps- dependi ng on the type of product to be nade stable. In
particular, the solution may be diluted with demi neralised water; 10 or
citrate and/or phosphate in the formof an appropriate chem cal conpound
whi ch may be chosen fromsuitable salts of sodi um or potassium for

exanpl e, may be gidedcd ReeeRYuEBAL BY1LBELS 2! Cﬁ%%%ﬁ&i@ &%ngge pH .

val ue may be increased, thereby encouraging the cium

or magnesi um conyompRsiwithst Beepobyyaheat £opi RS aE £drate WHAS PHoauits
undesi rabl e ions may be exchanged for desirable ions on ion exchangers or.

by el ectrodi al ysidGepehiding oduthemsyaztsngbrateriyspediivs mdthad ivHircH ad
and/or diafiltrated at an acid pHthat is 20 at a pH bel ow the range
del i nmi t ed Jabove fugeds andutthel opeiratdngr cbrdiibignat a pH of about 4.5. The
pH may be adjusted by any appropriate nmethod used in the food industry
which is conpatibl e WMatiougemeans may be used to adjust the concentrations
to conform to the above-mentioned relationships depending
S ; on the type of ﬁroduct to be made stable. In particular,
_the solution may be diluted with demineralised water;
10 or citrate and/or phosphate in the form of én appropriaté
chemical compound which may be chosen from suitable
salts of sodium or potassium, for example, may be added,
thereby masking the calcium and magnesium; or the pH
value may be inéreased, thereby encouraging the formation
15 of calcium or magnesium complexes with the polyvalent
anions which are present; or undesirable ions may be

exchanged for desirable ions on ion exchangers or by

electrodialysis. The product may also be dialysed or

C

ultrafiltrated and/or diafiltrated at an acid pH that is
20 at a pH'below_the range delimited above for a neutral pH
~and preferably at a.pH of about 4.5.
The pH may be adjusted by any appropriate method
used in the.fobd industry which is compatible with the
present procéss. The simplest method sf doing this is

25 to lower or increase the pH with, for example,



present, process. The sinplest nethod of doing this is 25 to |l ower. or
I ncrease the pH with, for exanple, -9- hydrochloric acid, citric acid or
acid or sodium or potassium hydroxide or sodi um carbonate ¢

ﬁ&ely Regardi ng the rel ati onshi ps between the Ca; My, 5 Citrate
hosphate concentrations and the pH the limt of the mol ar ~ .3
lon not to be exceeded for the sumof Ca and My after deduct i O
te and/ or phosphate, on the one hand, varies as a function of the
pH val ue and the phosphate, on the otheﬂtﬁwm has a 10 virtual ly

i nperceptible effect below pH 7. 2. Therefore, t he concentrations of Ca, My
and citrate, expressed in nmM should be such the nunerical relationship [Ca
+ Mg] - [citrate] has a value less than 0 at a % 5.to less than

2b2 wher eashyflrﬁﬁ91??k% %%l%bo%&tﬁlcatac&dpﬁrofphpf:'sp\ﬁoé'l? 86108 than 7. 2.
ove 7.2, the_ nunerical relatian-,ship r + phosphat e
shoul d be | eSQIEHANCH. PPHATTEYR quqzmag;de[ %%I ssoﬁlmé']suéﬂ b(ag'lbioﬁg‘%t%ot hgr cgl ci u]m
or nmagnesi u such as with phytate, serine- 20 phosphat e,
pyrophospha?tggﬁghg§?ép%bsphates or with EDTA could be used. Their

effectiveness waspibysqexgMtR€dréiationships between the Ca, Mg,

5 citrate and/or phosphate concentrations and the pH,
the limit of the molar concentration not to be exceeded
for the sum of Ca and Mg after deduction of citrate ahd/or f /
phosphate, on the one hand, varies as a function of the
pH value and the phoephate, on the other hand, has a

. 10 virtually imperceptible effect below pH 7.2. " Therefore,
the concentratlons of Ca, Mg and citrate, expressed in mM,
should be such the numerical relat10nsh1p [Ca + Mg] -
[citrate] has a value less than 0 at a pH value of 5.5 to
less than 6.2, whereas it may rise to about 4 at a pH of

15 6.2 to less than 7.2. Above 7.2, the numerical relation-
ship [Ca'+ Mg] - [citrafe + phosphate] Shouid be less than
4. : - | u

In view'of this, it is possible tﬁat other calcium
or magnesium complexes, such as with phytate, serine-

20 phoéphate, pyfophosphate and polyphoephates or with EDTA
could be used. Their effectiveness was thus examined at
appropriate pH values, but it is preferable in the
present process only to adjust the concéntratiqn with
élements which are naturally present in large quantities

25 in whey.

Thus, the whey product which is produced by the

-(.“",



appropriate pH values, but it.is preferable in the present process only to
adj ust .t he ‘ceoncentration with el enents which are naturally present i
quantlfles 25 i n whey. Thus, the whey product which is produced b
-10- present process’contains whey proteins in a formwhich is heat
that isynore than 80% stable under the effect of heat so that its use
t he \wanuf act ure of beverages 5 whi ch have a neutral pH value, and in
partjcular in the manufacture of different types of m |k which have been
nodi fied for the needs of infants, is conpatpble with heat treatnents
corresponding to the sterilization which is used in the manufacture or use

of beverages of 10 this type. The follomﬁng Exanples illustrate the
process accor di g esent e} Percentages_are_.given in
percent by MBigﬂQFéLHﬁ (ﬁ?ﬁﬁwﬁ%§3 sﬂ@cV egdprP%efﬂ 81 fo ﬁﬁ ERARR 8,

the ions are detgigtnedulfe cndl id'5dl AN 3oAPLRatT . nnBlEoBlal eobycLhe

formati on of phosp I'ng sulfuric acl I on or
ashing. ) - of heatCéd @&k Q)i:so)(féed'l?zet%@dm%ﬁﬁEh%tﬁEédof b@@é%&@gand

'cagne3|un1by atom c absorption after dry
5 which have a neutral pH value, and in particular in the
manufacture of different types of milk which have been
modified for the needs of infants, is compatible with
K a , -Heat treatmenﬁs corresponding to the sterilizafion
| which is used in the manufacture or use of beverages of
10 this type.

The following Examples illustrate the process
according'to.the_present invention. Percentages are
given in percent by weight, unless-otherwise specified.

Ip the following Examples, the ions are-determined

15 by the following methods:
- phosphate by the formation of phosphomolybdate follow-
ing sulfuric acid digestion or dry ashing.
- citrate by pyridine and acetic acid.

- calcium and cagnesium by atomic absorption after dry

.20 ashing.
The sum of _the . concentrations of Ca and Mg
after deduction'of the : concentration of citrate
and, if necessar{, the concentration of phosphate

is expressed as in the above-mentioned relationships.

25 All concehtratlons and molar concentrations (expressed

as mM).

All the sterilization operations were carried out

2



20 ashing. The sum of the

relatifpr ps.

above-nenti oned test.

25 - Al concentrations and nol ar concentrations

as mM. Al the sterilization operations were carried out
material to 95C for 5 mns,, in accordance with the
The heat stability of the whey proteins is given as 5
the ratio of "nitrogen in solution after sfiewilization at the pH val ue

concentrations of Ca and My after
deduction of the concentration of citrate and, if necessary, the
-alion of phosphate is expressed as in.the avae nment i oned

o

under consideration":"nitrogen in the solution before sterilization" which

is expressed as a percentage and determ ned in accordance with the above-

nentioned test.

t he conp05|t|oﬂ@Ychﬁéﬁkﬂﬂnﬁhstﬁ?Qﬁﬁ§ﬂlaGPb§é Sofipanb. m@nﬁparanlve Exanpl es
e arti al di.al ysed al |nst de ioni sed water.  The
u%?C?Eé?QF%n¥%€§ '#29 fdt t8Fteontent of 5.3% after

15 a) Sweet wh
resulting prod

10 Finally, the difference from100% dry matter in

evaporatlon W th tr%ig(hééguggébfyn%xﬂif %%e whey protelns is given as

5

10

20

25

the ratio of "nitrogen in solution after sterilization
at the pH value under-conéideration“:“nitrogen in the
solution before sterilization” which is expressed as a
percentage and determined in accordance with the above-
mentioned test.

Finally, the difference from 100% dry matter in the

compositions corresponds to the lactose content.

Comparative Examples

a) Sweet whey is partially dialysed against de-ionised
water. The resulting product has a pH value of 8.2,
a dry matter content of 5.3% after evaporation with

the following composition:

proteins - 65.7 %
Ca o : a 1.1 %
Mg ' . o 0.17%
“ash R 4.6 %
citrate | 0.54%

phosphate _ 0.92%



20 . s , proteins 65.7 % Ca
1.1 %Ny - . 0.17% ash

4’6 %citrate . 0. 54% 25 phosphate___

0.92% -12- This glves a melght ratio of calciumprotein of 1.7:1 BFx‘

ash Qﬂo(eln of 7:100 and cal ciumash of 24:100. However, [Ca + Mj].- ]
and [Ca + My]- 5 [citrate + phosphate] = 11 9. Althou

product has a composition corresponding to the definition given by the
above-nentioned prior art, its proteins M4 a heat stability of I|ess than
40% for a pH ranging form4.5 to 8.0. 10 b) Sweet whey is ultrafiltrated
I n an industrial "apparatus. The resulting product has a pH of 6.8, a dry

acter content og. GH6UTR kbEake! HUMA S W YEodLY BESca 100,

8 2(7)22 ash of ash: prote:.n 6f 7:100 and cad ARGy ¥ 24; 100.
However, [Ca * Mg]-[citrate] = 17.0. and [Ca + Mg]-
5 [citrate + phosphate] = 11.9,
| Although this product hés a coméosition corresponding

to the definition given by the above-mentioned prior art,

_i ; its broteins have a heat stability of less than 40% for
\fj a pH ranging form 4.5 to 8.0.
10 |
b) Sweet whey is ultrafiltrated in an industrial_apparatus.
| The resulting'product has a pH of 6.8, a dry matter
conﬁent of 13.2% with the following composition:
proteins ‘ - 82.6 %
15 ca | 0.86%
| Mg 0.07%
o ash : 2.8 %
K/ : '
;:ﬂ _ citrate 0.10%

phosphate 0.95% _

20 _ [ca + Mg)l-[citrate] = 31.7 and [Ca L) Mg]-[citrate ¥
phosphate] = 18.4.

Although this product also has a compositioﬁ corr-
esponding to the.definition given by the above-mentioned
prior art, its proteins have a heat stébility of less than

25 60% at a pH vaiug of 8.0 and even less at a §H value of

- 7.5.

's.|/



phosphat e

0% at

Exanpl € 1 Sweet whey is produced fromskimed m | k by addi ng rennet and

heating to 40C. to formthe curds, but without pasteurising the mlk. The

¢t/ oned prior art,

0. 95% 20 [Ca + My]-[citratel =

a pH val ue of 8.0 and even less at a pH value of 7.5.

and [Ca + My]-[citrate + phosphate] = 18.4. Al though this product
#2)conposi tion corr- esponding to'the.definition given by-the
its proteins have a heat stability of less than

13-

mhey I s concentrated by evap- oratlonlander vacuum and is freeze-dried to
produce a powder. The powder is dissolved in dem neralised water to
reconstitute a-solution which has the sanme conposition 10 as the

original sweet
Is 6.0% which
122 % Ca
0. 10% ash

10

"~ 15

20

25

0.46% 15 My
Sweet whey is produced framﬁykzmmed ‘milk’'by addlng

ﬁgeﬁ' The pH of the solution is 6.0, the dry nmatter content
' | | owi ng conposition: proteins '

rennet and heating to 40°C.to form the curds, but without

pasteurising the milk; The whey is.concenttated by evap-
oration under'vacuum and is'freeze-dried-td produce a
powder.

The powder is dissolved in demineralised water to

reconstitute a solution which has the same composition

rN
L

C

as the original sweet whey. The pH of the solution is - .-

' 6.0, the dry' matter content is 6.0% which has the =

following composition:

proteins ~ _ 12 %

€a 0.46%

Mg ' ' 0.10%

ash : 7.6 %

citrate ) 2.23%

phosphate ' 1.71%
[ca + Mg =-[citrate] = 2.0

'The_value of[Ca + Mg]- [citrate]is adjusted -
to - 3,7 by addlng 5 mM of sodium citrate and the

product is then sterlllzed. The protelns have a heat

. stability of 86%.

If, by way of comparison, an attempt is made to

sterilize the solution as such, the heat stability of

Ry



citrate - 2. 23% phosphat e
1.71% [ Ca’ + My -[citrate] = 2.0 20 The val ue of [ Ca
-Ng] [citrate]is adjusted to - 3., by adding 5 nM of sodiumcitrate
product is theh sterilized. The proteins have a heat stability of 8

by way ef conparison, an attenpt is made to 25 sterilize the soluti as
such™ t he heat stability of . -14- the proteins is found to be | ess than
50%, Exanple 2 5 Sweet whey MhICP has been dem neralised by ion
exchange has a pH of 6.8 and a dry matter &ontent <of 6.0% which has the
foll ow ng conp05|t|on protelns 12.6 % Ca
0.02% 10 My ' 0.06%citrate

0.66% phosphate the proteins is found to be ess 2RaM 5

0.52% (Ca + My]-[citrate] =-0.1 15 Gtric aC|d and cal ci um

hydr oxi de are added i.n eqU| nmol ar quantltles to adjust the cal ci um content
Of . .

Example 2

5 ' sweet whey which has been demineralised by ion
exchange has a pH of 6.8 and a dry matter content of

6.0% which has the following composition:

o _ ‘ proteins 12.6 %
\’{) Ca ' _ 0.02%
10 Mg . S 0.06%

citrate - _ 0.6%%

phosphate 0.3 %

ash . . - 0.52%
[ca + Mg]-[citrate] = =0.1 |
15 'Citric acia and calcium hydroxide are added in
| equirmqlar quaﬁtities to adjust the calcium content of --
; thg product to 0.35% of dry matter. _The pH is adjusted
. to 6.0 by‘addiﬁg NaCH. The product may bé subsequently
concentrated by evaporation and spray-dried or sterils =
20 ized. The proteins of the product have a heat stability
of 85%.
In contrast, if, By way of compérison, citrate and
calcium are used in a molar ratico of 2:3 to adjust:the

' calcium content of the product, the proteins have a

25 heat stability of less than 50%. In other words, more

s_"



the product to 0.35%of dry matter. The pHis adjusted to 6.0 by adding
~_The'product may be subsequently concentrated by evaporation and.

spray/Zdried or steril= 20 i zed. The proteins of the product have a

jty of 85% In contrast, if, by way of conparison, citrate and

Are used in a nolar ratio of 2:3 to adjust:the cal ci um content (ﬁk

t he , the proteins have a 25 heat stability of .| ess than 50%

| n~ot ke Wwords, nore -15- than hal £;ghe quantity of protein is rendered

i nsol ubl e during evaporation and drying or sterilization. A further two nmV

of citrate are required to re-establish an ionic 5 medi um whi ch

ensures that the proteins have a heat stability of greater than 80% _

Exanpl e 3 Sweetthdmeyhdlsf mwhedunastiktiycbfhpsobesn fignregderédedndd®lublet 0 85%

by i on exchange or dialysis and has a pH of 6.7 and a dry matter content of

6.0 whi ch has tdwring levsiperaddepoendi dmyipgoori aserilization. A further

12 % Ca : ) 0. 34% 15 _ My
0.03% ash =~  two mM of citrate are required poporegestablish an ionic
5 medium which ensures that the proteins have a heat
stability of greater than 80%.
Example 3 - . ' ? }

Sweet whey is produced which has been demineralised -\'/
10 to 85% by ioﬁ exchange or dialyéis and has a pH of 6.7
. and a dry matter content of 6.0 which has the following
_composition: '
proteins 12 %
ca - o  0.34%
15 Mg o . - 0.03%
ésh _ ) . : . 2.0 %
citrate . 0.4 % _
_) -phosphate ' : 0.5 % : :;:

fca + Mg)-[citrate] = 4.6 ana [Ca + Mg]-[citrate +
20 phosphate]= 1.4. . '
The-pH of the product is adjusfed to 7.5 by adding
KOH and it may be stefilized. The heat stability.of the
proteins is'greater than 80%. .
In éontrast, if, by way of comparison, the_product

25 is sterilized at a pH of from 6.5 to 7.0, too large a

R
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citrate

0.4 % phosphat e

0.5%[Ca + My]-[citrate] = 4.6 and [Ca + My]-[citrate + 20
phosphate]= 1.4.-,. The pH of the product is adjusted to 7.5 by addi ng KCH

and 1t may be.steritized. The heat stability of the proteins is gr
than. 80%.'In contrast, if, by way of conparison, the product 25 /-
stex)lized at a pH of from6.5 to 7.0, too large a - 16- quantlt%ﬁég;
proteins precipitates. The heat stability cﬁ_fgya proteins is |egs

5 Exanple 4 4 mM of sodium or potassiumitrate are added t

70%

dem neral i sed whey of the type described in Exanple 3. The product may be
sterilized at a-pH value of from6.5 to 7.0. The heat stability of the

proteins is greageantOty oftppdesie dreuipitdtdeni neke pedtwlexpehiitpe type -
descri'bed in Exanple 3 is concentrated to 24% of dry matter. * 18 nmM of

sodi um 15

ci bfatbei pratielibms aiel ldws cihrexeMosat ed whey may be steri -

lized. The heat stability of the proteins is greater - than 80%

/.,\
~ .

10

15

20

25

- Example 4
4 mM of sodium or potéssium citrate are added to
demineralised whey of the type described in Example 3.
The product may be sterilized at a pH value of from 6.5
to 7.0. The heat stability of the proteins is greater
than 80%.

Example S

Deminérali’sed- whey of the typeydescribed in Example 3
lislconcentrated to 24% of dry matter. 18 mM of sodium
citrate is added and the concehtrated whey may be steri-
lized. The heat stability of the proteins is greater -
than 80%. ' |

Ex;mgle.ﬁ

| Demineralised whey of Ehe type described in Example 3
is diluted in a proportion of 1 part by volume of whey
for every 2 parts by volume of de-ionised or softened
water ahd the diluted whey may then be sterilized. The

heat stability of the proteins is greater than 80%;



Exanpl e 6 20 ' Dem neral i sed whey of the type described in Exanple 3
s di |yt in a proportion of 1 part by volunme of whey for every 2 ﬁants.byg
de-ioni sed or softened water and the diluted whey may then be

sterfili .\The heat stability of the proteins is greater than 80% 25
=17 £ 7 A sweet whey concentrate is produced by ultrafilt- ratiog,

whi & pH value of 8.3 and a dry matter 5 content of 8.4%wth

t he gW ng conposition: proteins 78 % Ca

0.88% My ~17- 0.08% ash ,

3.0 % 10 citrate ' 0. 67% phosphat e

1. 0% The concentrate is diluted wth dem neralised water in a proportion of
1 part by volu of]%pqpentrate for every 4 parts.of water and nay then be
sterilized. TthEEEL-——heat stability of the proteins is 95% In contrast

[, by way of compaligfie Wity Whtlht2hte' 1s"BlolbbEoHy! b1 EpRERtcDE

sterilized. The he
ration which has a pH value of 8.3 and a dry matter

5 content of 8.4% with the following composition:
proteins 78 %
Ca 0.88% -
Mg 0.08% “
ash _ 3.0 %
10 citrate | 0.67%
| phosphate 1.0°%
The concentrate is diluted with demineralised water
in a proportidn éf 1 part by volume of céncentrate for
every 4 parts of water and may tﬁeﬂ be stefilized.' The
15 heat stability of the proteins is 95%.
In contrast if, by way of comparison, the concentrate
'is not diluted it cannot be sterilized. The heat stabi- ;";

lity of the proteins is only 37%. If the concentrate is \_}
only diluted in a proportion of 1 part by volume of con-
20 - centrate for 1 part of watér, the heat stability of the

proteins is still only 42%.

Examples-8 - 13

A sweet whey concentrate is prepared by ultrafiltr-

25 ation which has a pH value of 6.8 and a dry matter -

P



I|ty of the proteins is only 37% If the concentrate is only diluted in a
proportion - of 1 part by volume of con- 20 centrate for 1 part of water,
fhe heat stability of the proteins ts still only 42% Exanples.8 - 13 A

sweet whey concentrate is prepared by ultrafiltr- 25 ation which has
pH val ue of 6.8 and a dry natter -18- content of 13%w th the foll ow
conpesi tion: proteins 82.6 % Ca

0.8Q% 5 _ 0. 07% ash
2.08%citrate _ -18-0.1 - % phosphate

0.95%[Ca + My]-[citrate] = 31.0 and [Ca + My]-[citrate + 10
phosphat e]

such after the pH_has e ust.ed to val.ue ran from4.5 to 9.0,
the heat stablllfgng?nEh £ fﬁﬂEﬂ*\ SYWEBIn FOM °ﬁgtﬁ8§s than 40% 15
A whey product, of 8 ei@g protelns have a heat Stabl|lt¥ E; greater than

= 18.-0 If, by way of conparison, the product is sterilized as.

80% is prepared fro e sane whey concentrate for  eac anples 8 to
13 according-to vari@gs : 0.86%
5 Mg | | | 0.07%
ash . 2.08%
citrate 0.1 %
\ - phosphéte . 0.95%
\_\/‘. ')

L
),

10

15

20

[ca + Mgl-[citrate] 31.0 and [Ca + Mgl-[citrate *
phosphate] = 18.0 |
If, by‘ﬁay of compariéon, the product is sterilized
as such affer tﬁe PH has bheen adjusted to anf value |
ranging from 4.5 to 9.0, the heat stability of the
proteins isjalwaﬁgffdund to be less than 40%.

A whey product, of which the proteins have a heat stability
of greater_thén 80%, is prepared from the same whey concent_:rate
for each of Examples 8 to 13 according to various
embodiments of the present process. The various embodi-
ments aré described in the following with reference to
the number'of eaéh Examplé. The numerical relationship

of*the composition based on dry matter: [Ca + Mg]l-
[qitrate] Qhen.tha pH value -is £ 7.2 and [Ca + Mg] -
[citfate”¥ phdSphateT wheﬁ the pH value is;;7.2, and the
heat -stability of the prdtéiﬁS‘of each of the products .

25 obtained are shown in the following table.

"\.|I



enbodi ments of the present process. The various enbodi- nents are
described in the followng with reference to 20 t he nunber of each
Exanpl €, The nunerical relationship of the conposition based on dry natter:
‘ [citrate] when the pHvalu4 is < 7.2 and (Ca + My] - [citrate +
when the pH value is> 7.2, and the heat stability of the e
each of the products 25 obtained are shown in the foll ow ng
-19- 8. 15 nM of nono- or disodigun phosphate are added to the
product—and the pHis adjusted to a value in the range from7.2 to 9.0. 5
-9. 15 mMof sodiumcitrate are added to the product and the pH is adjusted
to a value ranging from7.2 to 9.0. 10. The product is acidified to a pH of
5.0, dialysed a@ai nd6 mM- pénnerd-wart edisediumeohrsphs e tane tasidedl o
value ranging from7.2 to 9.0. 11. The product is acidified to a pH of 4.5,
di al ysed agai nst dethenpsedught apdabbietPR bH djusted tQ & YAdUR imangi ng
from6.4 to 6.8. 12. The product is softened on a strong cationic ion 15
exchanger (sul f oet hihecERRERoEEP™WAF €ntRad Been regenerated with Nad and
t he pH i% adjus%ed H% a0 '

€

of sodium citrate are added to the product :

and the pH is adjusted to a value ranging from

7'2 to 9.0.

~.

" 10. The product is acidified to a pH Qf 5.0, dialysed :
against de~ionised water and the pH adjusted to a
10 value ranging from 7.2 to 9.0.
11. The product is acidified to a pH of 4.5, dialysed
against de-ionised water and_the pPH adjusted to a
value ranging from 6.4 to 6.8.
12. The product is softened on a strong cationic ion
15 exchanger (sulfoethyl cellulose) which has been
| Nregenerated with NaCl and the pH is édjusted'to a
value:=ranging from 6.0 to 7.0.
D 13.EThe product is demineralised on a strong cationic o
ion exchanger which has been regenerated by HCl and
20 then on a strong anionic ion exchanger (diethylamino-
ethyl cellulose) which has been regenerated by NaOH
and’” the pH is adjusted to a value ranging from

6.0 to 7.0‘

25



value ranging from6.0 to 7.0. 13. The product is demineralised on a
st rong; catfonic ion exchanger which has been regenerated by HC1 and 20
then on a strong anionic ion exchanger - (di et hyl am no- ethyl cellul ose)
whi ch has been regenerated by NaOH. and the pHis adjusted to a val ue
ranging from6.0 to 7.0. 25 ° -20- Original. Product according
‘Exahgl € No concentrate 8 ) 10 11 12 13

Conposition protein 82.6 81.7 80. 2 85.0 87.3
87.2 Ca . 0.86 0.857290.84 ©.32 0.13 0.04\ 0.
M 0. 07 0.07 0.07 0.03 0.01 0.01 0.0 ash
2.8 3.82 3.5 1.7 0.7 2.4 0.4 citrate 0.1
0.1 2.2 0.04 ~0.14] 0.04 0.0p phosphate .~ 0.95 1. 65
0:92 0.73 |0.67 0.50]OmGginalca +| Rypdursi regesfiigg. o Example No
3.8 1.6 0.2 (Ca + MyJeongentsade :
8 9 10 11 12 13
Composition
% . .
protein 82.6 81.7 | 80.2 | 85.0 [87.3 |85.5 | 87.2 |
A Ca 0.86 0.85| 0.84] 0.32} 0.13| 0.04] 0.0
) Mg 0.07 0.07| 0.077] 0,03 | 0.01} 0.01} 0.00
) " |ash 2.8 3.82} 3.5 1.7 0.7 2.4 0.4
citrate 0.1 0.1 2.2 0.04 | 0.14| o0.04| o0.02!
phosphate | 0.95 | 1.65] 0.92| 0.73 | 0.67 | 0.50{ 0.13
(ca + Mg]- ;
[citrate]
31.0 ) . ; 3.8 106 002
y (ca + Mg]-
[citrate ¢+
phosphate]
- o 18.0 - 3.0 | 3.0 | 1.5 |
\"__ .
= Stability
under the
effects
of heat
s 140 87 82" 82 96 98 98.

In Example 9, the product is heated by steam injection to
140°C over a period of 10 mins. and the heat stability of
the proteins remains above 95%.

'y v



phosphate] 18.0 : 3.0 3.0 1.5 Stability under the effects

of heat 40 87 82 82 96 98 . 98. “In
Exanpl e £ e product is heated by steam:injection to 140[err] C over a. ¥
peri_od/of mns. and the heat stability of the proteins’renmains above

95% - Inportant Nete'In this specification only an upper limt .
whi‘ch t - be exceeded for the nunerical relationship [Ca+tMy]- 5

[Ca+Ng]-[citrate+phosphatel_i23_Qonsidered. The above- nenti oned
rel ati gnships between the Ca, My, citrate and/ or phosphate concentrations
and the pH are formul ated accordingly. There is generally no question of a
recomended |lower |imt. Indeed, the lower limt 10 w Il always be

det erm ned frofmporthnitt Nobal point of view and in particular in ternms of
the maximumcitrate content of the product fer the production of which the
product obtained by the present process is used. Therefore, in the

above-nent i oned relationsh[gs [ Ca+ :
In this specification only an upper limit which must not

be exceeded for the numerical relationship [Ca+Mg]-
5 [citrate] or [CatMg]l-[citrate+phosphate] is considered.

The above-mentioned relationships between the Ca, Mg,

F i}

* citrate and/or phosphate concentrations and the pH are

C

formulated accordingly. There is generally no question
of a recommended lower limit. Indeed, the lower limit

10 will always be determined from a nutritional point of
view and inlbarticuiar in terms of the maximum citrate
coﬁtent of the prpduct fof the production of which the
product obtained by the present process is used.
Therefore, in the above-mentioned ré%ationships [Ca+

15 Mg]-[citrate] and [Ca+Mg]-[citrate.+ phosphate] should

generally never be below -20.

20
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&
15 - My-{citrate] and [CatMy]-[citrate + phosphate] should generally

never be bel ow -20. 20 -22- Carns 1. A process for the production of

@ whey product which cantains whey ' ' m whi ch is heat 5
stable at a“neutral "pH, which corrprﬂmﬂmammmm aqueous sol ution
cont ai ni ng whey proteins in a formwhich Has"nof bten rendered inso
andsadj usting the Ca, My, citrate and/ or phosphate concentrations ifn
'sol ution (expressed in MM and the pHto cepafarmto the 10 nuneric
relationships: (Ca + My]-[citrate] is <0 en 5.5 < pH< 6.2 (Ca +
My]-[citrate] is < 4 when 6.2 [err]4pH <7.2 and [Ca + My]-[citrate +
phosphate] is <-4 mMMwhen 7.2 [err]pH err]9.0 15 2; A process according
to Gaim1l whegeghfimghe aqueous solution is prepared with sweet or acid
whey. 3. A process according to Caim1 wherein the agueous solution is
prepared with sweet or acid whey which has 20 been demi neralised by ion-
exchange. 4. A process according to Claim1l, wherein the aqueous sol ution
is prepared wilh swheprogessifbmithe pirioducitdonbednadivheysprdoduct

ultrafiltrated and/or diafiltrated.
' which contains whey proteins in a form which is heat

5 stable a2t a neutral pH, which comprises preparing an

aqueous solution containing whey proteins in a form

:g-, which has not been rendered insoluble and adjﬁéting the
~ Ca, Mg, citrate ahd/or phosphate concentrations in the
solution (expreSsed'in mM) and the pH to conform to the
10 .humerical relatibnships:
[Ca + Mg]-[citrate] is { O when 5.5  pE <6.2
[Ca + Mgl-[citrate] is { 4 when 6.2 pH 7.2 and
[Ca + Mg]-[citrate +'.phosphate_] 'is (4 mM when 7.2 {pH\<9.0
15_ 2. A process according to Claim 1 wherein the aqueous
solution is prepared wifh sweet or acid whey.
<
L

3. A process according to Claim 1 wherein the aqueous
solution is prepared with sweet or acid whey which has

20 been'demineralised by ion exchange.

4, A process according to Claim 1, wherein the aqueous
solutioniis_prepared with sweet or acid whey which has

been dialysed or ultrafiltrated and/or diafiltrated.
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25 -23- 5. A process according-to any of CJains 1 to 4 wherein {he -

abave- pent| oned concentrations are adjusted by diluting the solution w.th .
deni'n ised water. 5 6. A prm mm:"ﬁ"'ﬂ,ﬂﬁmo any of Jaims 1 to 5 ”
wher ei/gl4 above-nenti oned coh® A adj usted by addimg cgitrate
and/ of sphate. 10 7. A process a@cofdiﬁg to Caim4 wherein the .
abqye\ renyi oned concentrations are adjusted by dialysing or !

ating and/or diafiltrating smedr whey at an acid pH val ue and
subsequent |y adjusting the pH value. 15

"5. A process according to any of Claims 1 to 4 wherein - = . ::
the above~mentioned concentrations are adjusted by

diluting the solution with demineralised water.

- 6. A process according to any of Claims 1 to 5 wherein -
the above-mentioned concentrations are adjusted by

adding citrate and/or phosphate.

e

10 7. A process according to Claim 4 whgrein the above-
mentioned concentrations are adjusted by dialysing or
ultrafiltrating and/or diafiltrating sweet whey at an

acid pH value and subsequently adjusting the pH value.’

15
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