| MPROVED BI QACTI VE WHEY PROTEI N HYDROLYSATE TECHNI CAL FIELD 5 This
invention relates to a process for producing inproved hydrol ysed whey
protein products which are substantially free of bitter flavours and

whi ch contain bioactive peptides. The products of the process have high
digestibility and good organol eptic properties. The products have a bl and
taste and are free of soapy or brothy flavours. The inproved hydrol ysed
whey protein products are useful sources of bioactive peptides for 10

i ncorporation into functional foods. BACKGROUND ART A nunber of food

i ngredi ents and foodstuffs have been produced fromthe hydrol8¥3rg1209%5 of a
protein source such as the mlk proteins, casein and whey proteins.

Hydr ol ysed pr ot ei n IMRRIVEPBIOALTHEK SYEHEWaPR QFEIN I EPRIYIVEE ol ysed
protein foodstuffs in a nunber of areas of health care. For exanple, it

i s known t hat %Zﬁ@‘tf hydrol ysed proteins are |ess allergenic. They
are al so rmreT}r?'apl y gﬁdﬂl‘ﬂgested and absorbed t han whol e proteins.

Foodst uf fs contai ning hydrol ysed proteins are also useful in the

al i ment at ison THis hvemidoadelapattd e precess fob pehidgeiag improded e elgsddovheyeprateinl e.
Hydrol ysi s of ,.uhey I ; JaA I: I

pepti des thatprcan Y %%@ﬁb%%%Z%ég;bﬂobﬁﬁ#h%\g?%‘%%g?ﬁﬁ‘nmﬁgh%kl\%ﬁboi S
et al, 1991; RERUdeR4SERSEFO uﬂtsr?églbee?r%?ss Gam g‘é‘gfi}gﬁﬁgj%(‘%sae? i#8ed SrgARRIER%Sact i ve
pepti des, f orprepeatigsl &he pOBuGtNiEvD R blang tastepand are Sree ofdoapy drdvashufiaviymcltteensi ve
properties hauprdieeByd:ElyRasaey bt Blddads £8 ayeFllsbrees dfRfabB ! peptides for
(3-1act ogfoobul L1 antclzl vm%yaqngcrm%tagljn%ﬁoncent rates (Mullally et al, 1997). ACE
i nhi bitory pé-B‘ff%Oé'g s 5°F0dAd i n sour nilk and in hydr ol ysates of a,
and (i casein (JP 30 4282400; Nakanura et al 1994, Yanmanoto 1997). 35 EP

4745506 di sCIBA&EKGROUNDIARTYsi s of the milk protein lactoferrin in whey
to release lactoferricin which acts as an antim crobial agent useful for

treating diaryhoea, athlete's foo e.J nfections, titis.etc in
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are conmonl y ensyathtically hydrolysed proteins are less allergenic. They are also more rapidly
20  digested and absorbed than whole proteins. Foodstuffs containing hydrolysed proteins
are also useful in the alimentation of hospital patients with digestive diseases for

example.

Hydrolysis of whey proteins and caseins is known to release bioactive peptides that can
25  exhibit a number of physiological effects (Maubois et al, 1991; EP 4745506). A number

of publications describe such bioactive peptides, for example, ACE inhibiting peptides

which have antihypertensive properties have been released through an enzymatic

treatment of B-lactoglobulin and whey protein concentrates (Mullally et al, 1997). ACE

inhibitory peptides are also found in sour milk and in hydrolysates of o, and B casein (JP
30 4282400; Nakamura et al 1994, Yamamoto 1997).

EP 4745506 discloses the hydrolysis of the milk protein lactoferrin in whey to release
lactoferricin which acts as an antimicrobial agent useful for treating diarrhoea, athlete's
foot, eye infections, mastitis etc in humans and animals.

35 \ ‘
However, the hydrolysis of most food proteins, especially the hydrolysis of whey and
casein containing products, is known to generate bitterness. This causes palatability




5 controlling or renoving bitterness in protein hydrolysates to increase
pal atability of the products. The extensive hydrolysis of the protein
substrate is known to reduce bitterness in mlk protein hydrolysates (EP
065663; EP 0117047; U5 3970520). Less bitter products are 10 produced
relatively easily and cheaply in this way. However, extensive hydrolysis
reduces the chain |l engths of all peptides, including the bioactive

pepti des of interest. Extensive hydrolysis of the protein substrate

destroys the functional and biological activity of the peptigfqa&é_zm
interest. In addition soapy and brothy off-flavours often develop, Wth
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presence of bpaxdgets. hydrophobic "bitter' peptides. Debittering enzymnes
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hydr ol ysates,. A worker skille n the art can - j_ci ous,
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t he hydrolys fyd I y 1992
and 1997 Be raTane %Qﬂfi? y EAEP paile n__gmffhegﬁé? ﬁ°ﬁ“ﬁg§“ﬁégﬁes
result i ad%ﬂ“fﬂaé?ija‘l" Ftganad blagd @sfingpretem b < graldsadyaies ST of
the final prmtm:hydlraslymhilthe sitternéss if ondp banhiaibyremoved [ Ray 1992 and$99R)er bal anced
inits supply of free am' no acids. 35 It would be npst advantageous if a

process for hydr oul d bhe vel oped whic

bi oactive peP ?té%dttgﬁﬁﬂ ¥°3r?fgﬁ%ﬁif’te IPWéOt?‘BW[YSﬁe%‘F?%Hter
pepti des anddqbnt@namqemd@mm&@wswmvﬁmg@mvﬂw gpzd. bl and taste
of the mgk protein substrates to be retained. Sone bioactive peptides -

in particul a@i&é}ﬁes@néén%egﬁ }neﬁ?&!ei\ﬁ%y&%%isqsetﬁo&ghﬂoebercﬁlle% Ehg ﬁgence of large
hydrophobic 'bitter’ peptides. Debittering enzymes selectively hydrolyse bitter peptides
present in the protein hydrolysates. A worker skilled in the art can - by the judicious
selection of debittering enzymes and the conditions of treatment - effectively debitter
25 milk protein hydrolysates leaving intact the particular bioactive peptides of interest.
However, use of debittering enzymes makes the process more expensive, and
preservation of some of the bioactive peptide is not easily or successfully achieved. A
further disadvantage is that debittering enzymes treatments have a tendency to release
free amino acids into the final product and, as a consequence, the hydrolysates devclop
30 unpleasant brothy or soapy flavours (Roy 1992 and 1997).

t he
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The various methods of debittering the protein hydrolysates result in additional process
steps and add costs to the manufacture of the final product. In addition the final product
also becomes overbalanced in its supply of free amino acids.

It would be most advantageous if a process for hydrolysing protein could be developed
which releases bioactive peptides of interest and which limits the formation of bitter
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5 stable during protein hydrolysis and are rel eased very early during the
hydrolysis of the mlk protein substrate as shown in Figure 1. The bitter
flavours of m Ik protein hydrol ysates can be inproved by addi ng sugars or
by hydrolysing natural sugars, such as |actose, already present in the
mlk protein substrate 10 (Bernal and Jel en, 1989). For exanple sour wheys
and cheese wheys are nmade nore pal atabl e when they have been sweetened by
3-gal act osi dease and | actase hydrolysis of |actose (FR 23091

4358464; JP 8056568). In order to achieve a high flavour acceptability for

a hydrol yse elmdefs Qh8 ﬂ%re%s;ﬁ& afak Clheredy aléWitn ?'tﬁ@ oBERAC blaN® taaRIf tHe $nilkPT €Ci se
control of goq t'{é 3 % ﬁew red to preven bitterness. occurring. A
conmon net h8 4P PEA ydrolysis is by deactivation of the
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maki ng the milkqrofsioenbstrate @s shoyol ighligrahd | ess acceptable for the use as a
food ingredient. 25 Such a problemwas overcone in WO 99/65326 which

di scl oses a es of m h rotein
concent r at e THHPEF A8" gt ik PSSl BRE ot o RV P 0,
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present invention arning s eto
that used i lrctopp(ER288HI4; HS14iedtht: H’§$/5rﬁoﬁ§)r hydr ol ysi ng pr ocess i s used.

Surprisingly, the use of this different substrate results in a hydrol ysate

whi ch shows NBRL oned
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A common method of termination of hydrolysis is by deactivation of the enzymes,
usually by thermal deactivation at high temperatures, typically > 90-100°C for an

20 extended period of time. However, this method cannot be used to stop the hydrolysis of
whey proteins as any intact unhydrolysed whey proteins remaining in the mixture would
denature and precipitate making the final product less soluble and less acceptable for the
use as a food ingredient.

25 Such a problem was overcome in WO 99/65326 which discloses a process of mild
hydrolysis of sweet whey or sweet whey protein concentrate (WPC) to produce
hydrolysates containing bioactive peptides having one or more of the following
properties:

30 - antihypertensive ACE-I activity
. bifidus growth promoting activity

. non-gluey, non-bitter flavour
. pleasant to slightly sweet taste
. good organoleptic properties.

35
The present invention uses a different whey protein-containing substrate to that used in
WO 99/65326 although a similar hydrolysing process is used. Surprisingly, the use of
this different substrate results in a hydrolysate which shows dramatic improvements in

3



5 and the novel hydrol ysate produced by this process that the present
invention is directed. SUMMARY OF THE | NVENTI ON Accordingly the invention
may be said broadly to consist in a process for preparing an 10 inproved
whey protein hydrol ysate containing bioactive peptides conprising

hydrol ysing a whey protein isolate (WPI) with one or nore enzynes
characterised in that: 15 20 25 i) the enzyne is a heat |abile protease;
ii) the hydrolysis is conducted at a tenperature of between %QEUt ﬁgc and
65C at a pH of about 3.5 to about 9.0 when said enzyne is a

' f . 9 .ab 6.0 wh I i S. id
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hydrol ysis of no greater than about 10% has been reached; iv) the
hydrol ysi s i sptiesrBadipiotte foc&ls B AN sitkth &ftRnOMEey ProtdR cBnt @AY ¥BiSsiraNd V)
t he condi t%ons I{gr sai[d ) egt i v%il‘laereD %%ffI!OCI eg{?g%em | d to n%l\éo'isd ectad
substantial AT APt PEIRGHE BEISHTY &Y Uap PIoEs? BreEPE Y SR isdifegped.
hydrol ysate; wherein the product produced by the process is highly

sol ubl e. By VSUMMARY2OF THRMINYENTION n i sol ate produced by any net hod
known in the art Preferably the WPI is produced by a nethod of ion

exchange froma whey protein congcentrate, such as a cheese, acid, or
| actic whey prOCEREL SiedRYRDAGR BaY g"sszr}é)g‘l%d%@ CoRsSt 1B QiPERSH 1BYPrEPFEESEN
skill ed i b0t hepaoted 3BeByprheat Hydiviysatei sontaiming bivattive hpemides n@mpsising
suscepti bl e tyygkdiyaes whd) ﬁrofé%ﬁfé&lhﬁégwmﬁwﬁﬁ oné 8} AbleVlkym&daradeised in
tenperatures gas. would be "appreciated by a person skilled in the art

Preferably thtgat'en_zyms is selected fromthe group consisting of Protease

P6, Protease A, 35 Pribt enwed 2 maplepdrapietea®eut rase, Val i dase, AFP 2000,
and any ot her heati) | alth¢ Bydpslpdierendutied aearepperdmyd 0O batsea atoep3di€iantie
carried oy under condisbEQpg ptbCdbodd £5 bR FBEn satd'EndpRelid § Wb@fal€NZYTE
used as would be underp%tgé)sg, a %p?l (pfeatl‘)g&r}jségl alblogtqi.d thérre]%ai renz'ymAé i an'vggi&h 2005
protease; and at a pH of about 5.0 to about 10.0 where said enzyme is an
alkaline protease;
iii)  the hydrolysis is terminated when a degree of hydrolysis of no greater than
20 about 10% has been reached;
iv)  the hydrolysis is terminated by deactivating said one or more enzymes; and
v) the conditions for said step iv) are sufficiently mild to avoid substantial
denaturation of peptides or residual proteins in said hydrolysate;
wherein the product produced by the process is highly soluble.

25
By WPI is meant a whey protein isolate produced by any method known in the art.
Preferably the WPI is produced by a method of ion exchange from a whey protein
concentrate, such as a cheese, acid, or lactic whey protein concentrate, as would be
appreciated by a person skilled in the art.

30

By heat labile is meant that the enzyme is susceptible to irreversible deactivation at
relatively moderate temperatures as would be appreciated by a person skilled in the art.

Preferably the enzyme is selected from the group consisting of Protease P6, Protease A,
35 Protease M, Peptidase, Neutrase, Validase, AFP 2000, and any other heat labile protease.

The enzyme hydrolysis step may be carried out under conditions which are suitable for
the particular enzyme used as would be understood by a person skilled in the art.

4



The whey protein isolate (WPI) may be hydrol ysed at a concentration in
the range of from about 5-35% solids and the enzyne or enzynme m xtures
may be added to give an enzyne to substrate ratio between about 0.01%
and about 3% wfw total solids, 5 preferably between about 0.01 % and
about 1.0% w w total solids. WPl treated with acid proteases may be
hydr ol ysed at a pH of between about 2.5 and about 6.0, preferably

bet ween a pH of about 3.0 and about 5.0. 10 WPl treated with neutral
prot eases may be hydrol ysed at a pH of between about 3.5 and sahanboed. O,
preferably between a pH of about 6.0 and about 8.0. WPI treated with

al kal i ne proteases nay be hydrol ysed at pH range of between about

and about 10. OThepvhsyeiretpinyisdiae (WERH mayrs Imirqiﬁsﬁtat & COCARMERLAP At the gagge 0{5
The protei n hyfismlayait S-358y/solids aalrthe exkymetor edzyme tnfirqaess ajaybe ad@dgengf:anr om
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i mobi | i seﬁﬁrﬁﬁqﬁﬁ'ﬁqufﬁﬂgwgﬁ Oj t 08 1&%&2?’3?%@@5& ep ii) wherein
said inert support is Roebm Eupergit, carrageenan particles, chitosan
particles or awpr Qédaarwﬁm&@p&o@easésnﬁi}toewwst:daﬁa io@lbetwEbi SboRNZ S nRd
system may the Qt%(?’?ag(}er% %et%Je!:ﬂ%g otfgg&ngroagl? QﬁJ ed reactor or on a

menbr ane or hoal Lactor carry out rolysis reaction. 25
The enzyne(s) used for hydrolysis may be cross Ilnked to the said inert
support prioor WBI tréared Wishoireotral praeasesarndyi wrhydrblysedgtarpd] gfbetvecen ibdubd.Spnésent

| nvention is rbe(d®drdals batwed L o1 dRNSRLYSRL SoiRLEDY | Lhe degree of
hydrol ysis, i.e. the percentage of peptide bonds cleaved by enzym c

action 30 is Iess t han about 10% Thus, although the hydrol ysate may
still contai n WEFigrsatadeyith adiealing profassestommytbe fggrolysedsitiapht fape rb&WF’ééPOuf he

final hydrolysal é&xdubeetuolo, prefdatghbsrwael aipi ef abblues.dagd eoudB.ohydr ol ysi s of
the WPl sulgstrate is preferably fromabout 3%to about 10% nost

r ef er abl fr about_ 3. % to about 5% before the h droI IS
Ito erm nat e)d/ 0@8 By g???gy%?aﬁﬁ%ﬁaﬁwlﬁ%y g @FM?@?E step

iv). Pr eferabI39~65éﬁ@}¢iﬁ§mbUémmM§@-ﬁ0(§bnprl ses heat deactivation. 5 A 8
March 2005 The heat deactivation nay conprise heating said hydrol ysate

for up to ab Oyl oﬁeeéﬂnb%ﬂﬁx?eﬂgtﬁe odorndt Eﬁ}%n%t dﬁgc?toos ICH&CI}’%Y@].%%& thl'% may
20 be immobilised on an inert support during said hydrolysis step ii) wherein said inert

support is Roehm Eupergit, carrageenan particles, chitosan particles or any other suitable

inert support material. This enzyme system may then be used in a stirred tank or fixed

bed reactor or on a membrane or hollow fiber reactor to carry out the hydrolysis reaction.

25  The enzyme(s) used for hydrolysis may be cross linked to the said inert support prior to
the hydrolysis reaction.

The hydrolysate of the present invention is referred to as a "mild" hydrolysate whereby

the degree of hydrolysis, i.e. the percentage of peptide bonds cleaved by enzymic action
30  is less than about 10%. Thus, although the hydrolysate may still contain large peptide

chains that may be slightly denatured, the final hydrolysate product is highly soluble.

The degree of hydrolysis of the WPI substrate is preferably from about 3% to about 10%,
most preferably from about 3% to about 5% before the hydrolysis is terminated.

Hydrolysis is determined by the enzyme deactivating step iv). Preferably, enzyme
deactivation comprises heat deactivation.



% Wien the hydrolysis is conducted at a tenperature of bel ow 65C, the heat
deactivating 5 step is conducted at about 65C to about 70C for from about
10 seconds to about 15 m nutes. Wen the hydrolysis is conducted at a
tenperature of bel ow 60C, the heat deactivating step is conducted at about
60 to about 65C for from about 10 seconds up to about 30 10 m nutes.

Al ternatively, the enzyne deactivating step iv) conprises altering the pH
of said whey protein-containing substrate to a pH at which said protease
is not active. 15 According to one opti on, dependi ng on tiﬁ@-@d@%&m(s) used,
the enzyne o m.xture so..be d ctlvat va ion
and dryi ng pﬁ_gggﬁ%geas‘mvaﬁ@t?g}aéflcﬂﬁf%e k?fﬁ%‘f%séf ﬂf‘?b@ﬁm %tﬂfy?ﬁﬁ Q(é% e
mxture may & semperagsaect by dQUMANC. or without a prior pH change. 20
Alternatively, the enzynmes may be deactivated by sinply renoving themfrom

the reacti O'@‘{]ﬂ% ﬁuﬂﬁrolﬁ(ﬁg is eg’at mg—%e{aﬂﬁ §P§el<9v[' 6% ‘?he%%é’d@%éudéﬁﬁ

sel ectively port uch as
by cross-Pi nR‘?Pl@f qapdudedat qbﬁ@r@ Ql}ﬁﬁB‘P”ﬁt 78r¢ &or ff%n@P@ltHQdF%ﬂ“?% Fosabi"é%l i on,
they may be milgequently separated out of 25 the hydrolysis reaction by
menbrane filtration in order to achieve deacti vati on. Alternatively, the

enzyme(s) may_be separated out, of .the hydrol ture th the use of
an ultrafil t&ﬁ’(efl @Wsﬁé‘:%dﬂlﬁtegah%ﬁnﬁaqa P Qﬁﬂ“é O\fvéﬁtf\;ﬁeakc{?ﬁﬁf"@@m t he
range of absep iskoa&iitedddaboysce? ar abohyc A0 dut frdM-aBoE WRaconds op thatudll/si s is
conpl et e19 30kt Preferred enbodi nent, term nation of the hydrolysis is
achi eved by deactivating the one or nore whey protein hydrolysis enzynes
by firstly changing the pH of the reaction mxture to a pHin which the
enzyne(s) i sAlpmhgvely, tizcenzyme deactiveting:stapi ivecomapritoaitemiagtiawfl of swd wheitt i on
m xture to apoesmasmhinie!sibsiatetola/ DRIt SiidlgiofaseishRahctR¥changer to 35
denat ure the enzyne but not the intact whey proteins in the substrate. A
suitable tenperature range which would denature the enzynes is in the
order of labofdfcomdingde cne opiet sepmdingonthe @2rne) gseghthentizyns oArCRBme
hydrol ysi s amikmaptnhayrstdo idelradtivaaddibynhoevaperatvabnddryigzyroeedures.ne hydrol ysate
may optionally be subjected to reverse osnosis under conditions whereby
salt and water are renpved fr(t)hmthe hydr ol ysate Theagugl fied desalted
hydr ol ysat e égﬁ%cup%;ol@&o e enzyme Or enzyme mixture may also be deactivated with

or without a prior pH change.

20
Alternatively, the enzymes may be deactivated by simply removing them from the
reaction mixture. For example, when the one or more enzymes used to selectively
hydrolyse the WPI are immobilised on an inert support, such as by cross-linking to said
inert support prior to the hydrolysis reaction, they may be subsequently separated out of
25  the hydrolysis reaction by membrane filtration in order to achieve deactivation.

Alternatively, the enzyme(s) may be separated out of the hydrolysis mixture with the use
of an ultrafiltration membrane with a nominal molecular weight cutoff in the range of
about 10-500 kDa, preferably about 10-200 kDa, once hydrolysis is complete.
30 .
In a preferred embodiment, termination of the hydrolysis is achieved by deactivating the
one or more whey protein hydrolysis enzymes by firstly changing the pH of the reaction
mixture to a pH in which the enzyme(s) is either inactive or less active, and/or heating
the reaction mixture to a comparatively mild temperature using a heat exchanger to
35  denature the enzyme but not the intact whey proteins in the substrate. A suitable
temperature range which would denature the enzymes is in the order of about 55-70°C,
preferably about 65°C. : |




proteins, polypeptides and bi oactive peptides is then recovered. 5
Optionally the hydrolysed WPI containing the bioactive peptide fraction can
be purified with a OF nenbrane of about 5-200 kDa cut off, preferably
about 10-50 kDa cut off. The bioactive peptides, and other peptides are
recovered in the perneate. 10 According to another option ion exchange or
hydr ophobi ¢ adsorption or hydrophobic interaction chromatography or

conbi nati ons of these processes may be used to recover the hydrol ysed

bi oactive fraction fromthe hydrolysates in an enriche§ﬂ£$£2&§rn anot her
enbodi nent the I nvention consists in a whey protein hy rorysate containing
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amount 35 of gfﬂ&ﬁ:‘é &ﬁw&mga%éﬁleen%&@&ﬁsgmm gﬂkﬁ u{i\g’{e Qﬁf_ﬁ«@g ng to

2)

the process I N _nee ing to a

anent I on (fl n&gﬂa

still furthePleEFEEE! 10?‘1’1'@3@?%‘%"%%?" 9l ﬂ%‘ﬁg’ﬁpﬁ%‘?‘ﬁg@% T nore
bi oactive pep)iMES (@E@HD@dObQ) tAIPNH (SEQsIDINQ:h®), LAVEQt(SER IhNChet),

manuf act ure «vfsmEmsE 0t 55, ACYWLABEQND NO: ¢ ERPTPEGOLENNSEQEDNON in a

patient in nﬁ%nd%[(@% SILP%%?%DWOM Ser ably said bioactive peptide is

MKG (SEQ | D

20 Preferably the whey protein hydrolysate comprises at least one bioactive peptide selected
from the group consisting of LIVTQ - (SEQ ID NO: 4), MKG (SEQ ID NO: 2) and -
ALPMH (SEQ ID NO: 3), in combination with at least one bioactive peptide selected
from the group comprising SAP (SEQ ID NO: 1), VSLPEW (SEQ ID NO: 5), INYWL
(SEQ ID NO: 6), LKPTPEGDLEIL .‘(SEQ ID NO: 7) and LKGYGGVSLPEW (SEQ ID

25 NO:3).

According to a further aspect the present invention provides a pharmaceutical
composition comprising one or more of the bioactive peptides produced in the process
of the invention together with a pharmaceutically acceptable carrier. Preferably said

30 pharmaceutical composition comprising at least the bioactive peptide MKG (SEQ ID
NO: 2) together with a pharmaceutical acceptable carrier.

According to a still further aspect, the present invention provides a method of treating
or preventing hypertension in a mammal comprising administering an effective amount

35 of a bioactive peptide produced by hydrolysing WPI according to the process of the
invention to a mammal in need thereof.



The present invention further provides a non-bitter, highly sol uble WP
hydr ol ysate product prepared by the process of the invention, wherein
t he degree of hydrolysis of WPl is about 3%to about 10% The nean
particle size of whey proteins in the product my be |ess than about 30
m crons, preferably |ess than about 3 mcrons. 10 In a further enbodi nent
the invention provides a food product containing a WPl hydrol ysate of
the invention. The invention further conprises a mnet hogus#éh oeduci ng
systolic blood pressure in a 15 subject, wherein said nethod conprises
admi ni st er i ngcevidiag tecitiVRartadratct, @e grésentinveitioN\Brovites b ade/sane opmofeo0d
product cont &b%ﬂg ipﬁ@io‘lg i*;l}/o%?édy@ﬂ&ag picedsH thd MR B R n tefle I%mﬁﬂﬂtt@rgtof adn
need t hereof . " The entron furt’her “conpri ses,_ one or noré peptl des
sel ect ed fr oRedifREngt Jop restmecHnpreYSting hupgstension in3 Retient Ju negdeel sib | D
NO 2), ALPMrearfér@ Pisfédably 33id blohdfiMepeid® id MIND(SEQ 1D YWEL:REW ( SEQ | D NO
5), INNYW (SEQ ID NO 6), LKPTPEGDLEIL (SEQ ID NO 7) and LKGYGGVSLPEW
(SEQ I D NGO . The invention further conprises. I t i gactive
bopt o Sel e WA IR Pt s inarapia by 1k POBaPAIsEe 4y,
MKG (SEQ | D piGiiuc2 prepardd Al EivproQEf the invhi@ion3yvheriem the dtdreraefi ydrolysisofat
(SEQ 1D N 1y T LSRR ia By e i meeh Ml@%“t*%%%@@%@%&@éé@a ]
(SEQ I D NO '2?5‘5’ EQSSMCB%NW?‘B .Ssgﬁ??n%ﬁu BFORSr ol ysed Wl
product & the invention has one or nore of the follow ng features: 7
ant | hlyper t enkil ¥ GuriNeFembaditdeni thy inﬁalhﬁm @idvides raolfdohhp?rbmrml codiginiagtd WHIY g
non- gl uey, ngp; ' . 35 pleasant to slightly sweet taste goo
or ganol eptic prég%sé{reﬁféﬁsé ’ﬂﬁ%&ﬁnéol ubility very good foam ng properties 8
8 March 2005 very good gelling properties I nproved heat stability The
appl i cati on Bie inwention | further chonipyisissa methhd of ogfincing dybtelis blosd patsarefin whey
protein 15 isuBledt RRertMRhid dNdioRESS ABMMistH R af HERMVRURBRRE tRfnovéle
final pr Odu%vpiﬁ' EBar L300 .. . . . .

ydrolysate or Tood product containing said hydrolysate of the invention to a subject

in need thereof.

Q

The invention further comprises one or more peptides selected from the group
20  comprising SAP (SEQ ID NO: 1), MKG (SEQ ID NO: 2), ALPMH (SEQ ID NO: 3),

LIVTQ (SEQ ID NO: 4), VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID NO: 6),

LKPTPEGDLEIL (SEQ ID NO: 7) and LKGYGGVSLPEW (SEQ ID NO: 8).

The invention further comprises at least one bioactive peptide selected from the group

25 consisting of LIVTQ (SEQ ID NO: 4), MKG (SEQ ID NO: 2) and ALPMH (SEQID .
NO: 3), in combination with at least one bioactive peptide selected from the group
comprising SAP (SEQ ID NO:1), VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID NO:
6), LKPTPEGDLEIL (SEQ ID NO: 7) and LKGYGGVSLPEW (SEQ ID NO: 8).

30 The hydrolysed WPI product of the invention has one or more of the following features:

. antihypertensive ACE-I activity
. probiotic growth promoting activity

. non-gluey, non-bitter flavour
35 pleasant to slightly sweet taste
. good organoleptic properties

. high solubility
. very good foaming properties



to sweet whey protein concentrate (WPC) as a whey-protein containing
substrate as disclosed in WO 99/65326 as follows: Solubility 10 Al though
the WPI still denatures slightly on the heat conditions to stop the

~—prot ease reaction, it does not produce any insoluble material. The
solubility remains around 96% which is greater than the correspondi ng WPC
hydr ol ysate. Heat stability 15 The hydrol ysed WPI was significantly nore
heat stable than the hydrolysed WPC. After 120C for 10 mn @5% TS the
solubility remains 95% Appearance Proper selection of 8MghbR003n conditi ons
can determ ne whafddepoddgelling\gloperties hydrol ysate will look white or clear in
solution. Exanple 1. _bel.ow _produces an opaque product, whilst Exanples 2
and 3 (bel ow) reslmpfo‘l'eﬁbt?latesﬁmg?'oduct in solution at neutral pH
Hydrol ysates of WPC were all substantially white in appearance. 25 Foam ng

ag! : ! Ey ang ﬁ@bﬂt)ﬂlidaﬁoﬂ' thbe tﬁwdﬁrtaLh@aiﬁﬂf ys\iPtecaﬂgllvsgy @d)ﬂ?tstﬂﬁbdﬁb of twieyf rateimg
apl || a, 0 | e n- A . .
This ket Raats CHRY reldPsome By Trph et b fle A LA Bl dnifhrith
dessert appl foceteeb mdiey Preteinyepnesniated(WPE) a3 8 vheytpsolenn domrining gubwzats Ay

ability and gtabdediih WOoDwsy3ed at lRwEPC hydrol ysate. 30 Cel strength The
m | dly hydrol ysed WPI shows a narkedly increased gel strength conpared to

non-hydrol ysed WPI. This makes the product very suitable as an i ngredient
for yoghurte and S¢é&zhslétyt appl i cations. The hydrol ysed WPl al so showed

iz(r)rgr5 O¥ﬁd”’ﬁeh I35 Astrfo@al tthe Wﬁﬂﬁd@%a_ﬁlras WRELRYSH mgytfeat Eondilichsotdr stSp Meg ch
e hydrol yse shows . si ani ess t erness red. to
mldly hydrol ysé’ao%ﬁé rﬁ?ctr){’(f&cftsc!og_slﬂg{ gt:%ta {li.ée?/ﬁ%ys gnsglﬁhfxsmﬁgn?ﬁe n‘glgér:g@u@gt}
i ncrease over t irerpaips atpygd 86%swiich isegreater tharethe spmresppnding WRC pydrobsateuch
easier in conparison to WPC hydrolysis. 5 ACE-l activity invitro
. Heat stability
15 The hydrolysed WPI was significantly more heat stable than the hydrolysed WPC.
After 120°C for 10 min @ 5% TS the solubility remains 95%.

*  Appearance
Proper selection of reaction conditions can determine whether the final
20 hydrolysate will look white or clear in solution. Example 1, below, produces an
opaque product, whilst Examples 2 and 3 (below) result in clear product in
solution at neutral pH. Hydrolysates of WPC were all substantially white in
appearance.

25 . Foaming ability and stability
The hydrolysed WPI shows about double the foaming ability and about four times
_ the foam stability of non-hydrotysed WPI. This makes the product very suitable
.as an ingredient for yoghurt and dessert applications. The hydrolysed WPI also
showed improved foaming ability and stability compared to a WPC hydrolysate.

30
. Gel strength
The mildly hydrolysed WPI shows a markedly increased gel strength compared
to non-hydrolysed WPL. This makes the product very suitable as an ingredient for
yoghurt and dessert applications. The hydrolysed WPI also showed improved gel
35 strength compared to a WPC hydrolysate.

. Flavour



The hydrol ysed WPI shows about double the ACE-1 activity in vitro of mldly
hydr ol ysed WPC, given conparabl e reaction conditions and enzyne addition. 10
Accel eration of probiotic fermentation The hydrol ysed WPI shows an
acceleration in the rate of probiotic yoghurt fernmentation time of about
40% at an addition rate of 1.5% The invention consists in the foregoing and
al so envi sages constructi ons of which the. 15 foI | owi ng sgarce 3008 Xanpl es.

BRI EF DESCRI PTI The n wll be.
described with ro;ngF Qﬁﬂré’bis %@8‘8@5‘?@‘?‘}8 E‘Sweﬁ§g§°‘?ﬁm‘ﬁﬁ;’¥8mm‘ﬁ?’gure 1
is a plot of bittkydielysedaWdCyprodusts. vThwbmnmeBﬂeshWtsmatmdeagsatmprmfeomgr ee
of hydrolysis onmhe%fﬁﬁﬁslygﬁ Amakihiethe QBRESILOFMhd Pro¥dss Hikh eierWEahpirkdna
product accor di ngrrg %bkh Eggresent invention containing bioactive peptides 25
and having acceptab (%Srl% before the hydrol ysis reaction produces
bitter peptides is between the lines x1 and x2. 30 Figure 2 shows the Acute
Short Term E f ect Aok RY itviBbood Pressure of dosing mature spont aneously

3 Shove the Acut ef%e(n@@s%m% s v gailh B BPE T Al Wl ey g

mat ure spont aneouwdyolblsqdeWPQnganwmpa;sbl@mpn\ﬁpmdm@ls@gdmymmmmrysat el kg
body weight. 35 Figure 4 shows the Acute Short Term Effect of Systolic Bl ood
Pressure&f dosin ture @ Qus tkﬁ{))ertensive rates (SHI PS) with 165ngy
peptide MKG * (SEQ'TSH ‘Kﬁmz‘j %B GFRETEHOY 10 8 March 2005 DETAI LED

DESCRI PTI ON OF THEhd hydeniys@NWR shows s aetelepasion, int the ratecafeprobiotiv sroghuem

provi des a procesfrh&itatidOfiiHe bhgboat Myrae by a@dtio ral®bf ps@duct cont ai ni ng
bi oacti ve peptides, whereby the hydrolysis is carried out under a high
degree of control to prevent undesirable flavours devel oping durin

hydrol ysis The inveptien egnsistsonye fmegoingandgiso anvisagguiecapstyedtions of whiaki thet ed

within the "Mewihd piveyexamplébow', i.e. before the emergence of substanti al
bitterness - as shown in Figure 1- to

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with reference to the accompanying
20 drawings in which:

Figure 1 is a plot of bitterness and bioactivity on the ordinant against the degree of
hydrolysis on the abscissa. The ‘opportunity window' of obtaining a
product according to the present invention containing bioactive peptides

25 and having acceptable flavours before the hydrolysis reaction produces
bitter peptides is between the lines x; and x,.

Figure 2 shows the Acute Short Term Effect of Systolic Blood Pressure of dosing
mature spontaneously hypertensive rates (SHRs) with 6.0g WPC
30 hydrolysate/kg body weight.

Figure 3 shows the Acute Short Term Effect of Systolic Blood Pressure of dosing
mature spontaneously hypertensive rates (SHRs) with 3.6g WPI
hydrolysate/kg body weight.

35

Figure 4 shows the Acute Short Term Effect of Systolic Blood Pressure of dosing
mature spontaneous hypertensive rates (SHRs) with 165mg peptide MKG -
(SEQ ID NO: 2)/kg body weight.

10



provi de hydrol ysates havi ng good organol eptic properties and maxi num

bi oactive 10 peptides. In Figure 1 the degree of hydrolysis is represented
gqualitatively on the x axis. The wi ndow of opportunity is between the
points x, and x2 which will vary depending on the enzynme which is used. The
opti mum condi ti ons sought are a maxi num bioactivity with an acceptable

| evel of bitterness. 15 In particularly preferred enbodi@EﬁB£%Q% t he process
of the invention, the enzyme which hydrolyses the WPI is heat Tabile and is
selected fromth roup consisting of Protease P6, Protease A Protease M
Pept i dase, @B%ED\E;E$@B&TM QFPHIDNVENTION herein defined) and the
hydr ol ysi s of the WPI is terminated by heat treatnent for a short tine at a

high temper asg«?mfg%gcggm% el e AR rodiads s SOER0ER brodtl MRk e nave

20 surprisin ove enz
protein hydViHlpsedust @@ﬁ@lamsubr@cavgm F%mrﬁgrﬂmlwdmlrwlsmqumun%ﬁd (2)
caln be i ?aclt b eghede tof&:oﬁﬁ'?lrtb préveat uﬂiuegiiiam@ﬂ&%@é u&&rdpi@aﬁmrg hytrdabl@kisgauses
only partia uratio e I i.n Ygal e
sur pri si ngl y(fi Wrﬁ;%vegoatpﬁgng béé‘ﬁgr w XycPr glgg 1§I a%)%‘f'ﬁ%m\/\ﬁ 3 &ug
terms of prowintion], ke pefaeite Omﬂ&qiilcﬁ wam%ﬁtwmeﬁsmﬂ@“mm@wp 1 -ZQ i n
appear ance. imﬁld%r ) satasvsmm@ ob@o@ Gg; dfert®d M4 ARinheh | avddige

%SIlS 186

| t |
gémrgrs ‘;)JSI : hpjg'frfgﬁgﬁ\gﬁ tg@ro éit?‘f '@ﬁ(%)n &’&x Pch are
attached in @pmﬁwpfoggernMrwwgmhamman Ri Which srillvarspdepandieg on of
WPl il d hydb@'tﬁé;% Wisdh By Qéedll n'DhSQip@hﬁch@ﬂ&ﬁ@& Botghatdr®n makin@inghange

t echnol ogy ( ent > 90% w w was

reconstitute %}%t%b%‘%#cggkf‘b% 19%%?&?%&8?%00) Reconstituted ALACEN m 895
was transferred to a 150L tank at 50C. Water (50C) was added to the tank to
make fingd tDhiRiticdriydsefefred émbddigents ofithe @rocessoflid wﬁﬁioﬁ,ruﬂe edBmidewnhicias e
(E:S 0. 9% 3 i B R ST AL 0 O LlihabrBfiELy st e
was punped t o@gg qﬁ W@I—%FB ?a fL' %15 TE I nact [ varran ?Ngs %h evoe

di rect steant$rireteasech Ifféteh‘é’é\’fv ?‘P@daﬁ?y Bir3ssa @hQa@e MEBGOW@UW&CEﬁl?sat e
was held it &éﬁdeﬁ) énd ©OBeddlysiseriity WP T easmara by heatkhachiifol ¥ stetimes

1 ash caol ed, i D355t QHBI SOR-CH0P SRR AFRborRlS M0 5Fo s 0L 1
20 surprisingly found that the above enzymes (1) are able to produce a whey protein

hydrolysate containing a good level of bioactive peptides, and (2) can be inactivated by

a short time, high temperature treatment which causes only partial denaturation of the

whey proteins in the hydrolysate, and surprisingly improves the organoleptic properties

of the whey proteins, in terms of providing a product which is substantially white or clear
25 in appearance.

The present invention is now exemplified by the following examples using ALACEN™

895 or ALACEN™ 894 (whey protein isolates, commercially available from NZDB), the
product specifications for which are attached in Appendix I:

11



The hydrol ysate was subsequently evaporated and dried. 20 A hydrol ysate
made follow ng the process of Exanple |I had the foll ow ng features:
Solubility: 95% Heat stability: 120C for 10 min @5% TS solubility 95%
ACE-1 in vitro activity: 289 ng/L 1C50 25 Foam ng: Markedly increased
over non-hydrol ysed WPI  Fl avour: Markedly inproved over WPC based m | d
hydr ol ysates Appearance: opaque white, particle size --0.1 pm The
solubility, heat stability, foam ng, and appearance of &Maech\MRis

hydrol ysate were 30 neasured by standard nethods famliar to those
skilled in Ee . The solubility of 5%total solids (TS) solution was
determ ned by centrifugation at 3000 g for 10mns (at roomtenperature).
The heat stability of 5% TS solutions was determ ned by heating to 120C
for 10m ns, Pilptiplkntgneducden bhWPIlaeild hydrdedaten at 700 g for 10mins. The
TS contaj ned in the supernatant and the original solution was determ ned.
The 35 solubility was defined as the TS(supenat ant)/TS(orl nal

sol ution). WoshPilpIpRolatsgraduced By Fatiop ipneschangs fachpalogs ( (%Iﬁ

det er mi ned dyprordin Shntegt Wik av/Wokar fecoristituted MO20% tdtal S6l{ds ﬂotmeﬁ (50°C)

Cor por at ! oredoficlita i ACENTIR SRELCERL RS @e/arlﬂsgn o $HOE. PatEPERACS

t he sanpl e ‘as rson s
appear ance ‘643%1%? tosthedank i waks t ﬁR bsgﬂ%é‘?IPB?P Wigs) stimged and
particlm® sﬁmms(ﬁrﬂ&&%w/aysddeg a 5 Ml vern Mast er Si zer (Model MSEOOSM
Mal vern Instrunments Ltd). ACE-1 activity (in vitro) in the dried product
was determ ned usi ng FAPGG as a substrate Product 305-10 ex Sigma
Chemi cal CoFpoRaess gier epzyms additiqprhe fcstiydrobysate fvaspusrpedribravgh fas
Cushman & hplétChEnsygne( ikﬁzﬁ,x)auOAGEasl acﬂﬁﬁvledllisdeﬁ&T ateane kfjéctivacd leeat tiee
amount - of %{gﬂﬁet@@éé%@%%ma{e% B1d 28 AEdthlntnfl ok 7S scblifas!

n

enzynme |'avour, was “assesse jectively  wt ence to
the bi tk%r Blysade ias, ofesrand passs ﬁ#evglséheg@n d pipehent e St4 he
sensory pr o:’oolmaMﬁexasmpaeniré)y a formal sensory 15 panel. 5% W W

sanples were tasted at 24C using multi-dinmensional scaling. Sanples were

eval uat ed d scored on a 150mm anchored |i bsent (0) to intense
(150)). Ex hydzolysgte was subsequently evaporated and ¢ (eg. ‘ (0)

20 A hydrolysate made following the process of Example 1 had the following features:

Solubility: 95%
Heat stability: 120°C for 10 min @ 5% TS solubility 95%
ACE-] in vitro activity: 289 mg/L IC50

25 Foaming: Markedly increased over non-hydrolysed WPI
Flavour: Markedly improved over WPC based mild hydrolysates
Appearance: opaque white, particle size ~0.1 um

The solubility, heat stability, foaming, and appearance of the WPI hydrolysate were
30 measured by standard methods familiar to those skilled in the art. The solubility of
5% total solids (TS) solution was determined by centrifugation at 3000 g for 10mins
(at room temperature). The heat étabﬂity of 5% TS solutions was determined by
heating to 120°C for 10mins, quick cooling, then centrifugation at 700 g for 10mins.
The TS contained in the supernatant and the original solution was determined. The
35 solubility was defined as the TS(supernatant)/TS(original solution). Foaming of 10%

12



The hydrolysis reaction was repeated as outlined above for Exanple 1 (10%
total solids, E:'S 0.9% 150L). After inactivation the hydrol ysate was

i mredi ately evaporated and dried 25 A hydrolysate nade by this nethod had
the follow ng features which were neasured as disclosed above for Exanple
1: Solubility: 97% Heat stability: 120C for 10 min @5% TS solubility 96%
30 ACE-I in vitro activity: 503 ng/L | C50 Foami ng: Mar ked@Baichg¥based over
non-hydrol ysed WPl Gel |.ing: Markedly increased over non-hydrol ysed WPI

Fl avour: Mar R8gplptionpatpred.Ooyasrdetgppined dx qviisking Witk e dloperttmeizeridosh¥ar ance:

| | | owi T dr.ol y.si ] f  Examl
Cepeat od as 001 HREPCEmostio) for ¥ iy e el Sl WHEMRTD fotiBie |
af ter enzyne tiddinple3 wdild bk ifderktyed By ¥ férbén 36l$ iPwBRA The Bppeagihct BE5KHT

plant using the sane conditions as in Exanple 1. A hydrolysate nade by this
nmet hod had t A€ wasidetsmnimgd iy atisabebsarviation ynd the prrislgrsizg veas measugd y8ingded above

for ExanmplLe {; s bl Do VLt FQH A ¥ | C50. F ing:. Markedly
i ncreas edE ov é/gal\"ﬁé% %?%#%’%%@%W%%M’ %‘;ﬁv%é‘ﬁe Dfs r%‘g&)émas ed over
non- hydrol ysed WPl 15 Fl avour: Markedly inproved over WPC based mld

hydr ol ysat esA@%o)Eea_r ance: clear yellow sh Exanple 4 20 A 2% sol ution of
ALACENTM 894 AGH-kachivity (insriee) ipthg dejgdpraducs vag deternpypeduing EABEE ashder goi ng

ultrafiltratj j I i nal Lght cutoff
membr ane (CD%I% (o Iggl%&l&q %Ogafoeé‘c%‘%g%r ae'}";ngér%} eﬁ@&?’gﬁ) &@J%}Qg{ %P’Yﬁsg‘ge
retentate wasccordifg@ofile nfetiodofdD B Qubhihf0s 1S Zietut @l9750| ACE-Ikefivities
ultrafiltration at 10C with the sanme nenbrane used previous|y. The total

sol i ds ofi0t hareexpresedas theoammouy ofi Pateniak (el meedesl toardice thRAGYTHPEDS| ysed
with ES O. .QX‘C‘ELY%%%QES%%NOVO Nor di sk, Denmark) at 50C. After 4h the
| vat e

sanpl e was i hact C for 3 seconds and subsequently freeze-dri ed.
The ACE-I activity was determned to be 227 ng/L. 14

The flavour was assessed subjectively with reference to the bitterness and astdng'éncy

of the hydrolysates, in particular, the sensory profile was assessed by a formal sensory
15  panel. 5% w/w samples were tasted at 24°C using multi-dimensional scaling.

Samples were evaluated and scored on a 150mm anchored line (absent (0) to intense

(150)).

Example 2

20
The hydrolysis reaction was repeated as outlined above for Example 1 (10% total solids,
E:S 0.9%, 150L). After inactivation the hydrolysate was immediately evaporated and
dried

25  Ahydrolysate made by this method had the following features which were measured as
disclosed above for Example 1:

Solubility: 97%
Heat stability: 120°C for 10 min @ 5% TS solubility 96%
30  ACE-I in vitro activity: 503 mg/L IC50
Foaming: Markedly increased over non-hydrolysed WPI
Gelling: Markedly increased over non-hydrolysed WPI
Flavour: Markedly improved over WPC based mild hydrolysates

13



Exanmple 5 MIdly hydrol ysed WPI from Exanple 3 was shown to pronote the
gromh of a probiotic mcroorgani smwhen added to half fat mlk at an
addition rate of 1.5% The mlk was 5 heat treated @90C for 10 m nutes.
After cooling to 37C the mlk was inoculated with 0.1%S. thernophilus and
2% L. rhammosus HNOO1(DR20TM). The fernentation tinme of the control was 20h
to reach the required pH of 4.4. In contrast, the WPl hydrol ysate addition
reduced the fernentation tine to 13h. 10 Exanpl e 6 | dent$HedBon of
ACE-inhi bitor peptides in WPl hydrol ysates The objective of this exanple was
to isol ate aftBPsagdce; ¢igarsetlowishi bi t or peptides present 15 in the WPl
hydr ol ysat es Met hodol ogy The starting nmaterial for ACE-1 peptide isolati on
was a OF per p]cf@o kDa) 20 obtained fromthe original hydrol ysate of
Exanpl e 1; ept es present in the hydrol ysate were separated using

rever se- phase HPLC; Purified peptides were assayed individually for

ACE- i nhi b§ t oThedleytdrolysiy réection oS Erartysiel 1 iwas Esprafwideas butlinet ebawd (4 tatal dolsdsguence

f h t t
o) SO M e e St Bt
pepti des wastEdebths F&f&gi’?ﬁn?% WS35 EHE E?énpﬁnth t he known

sequences of the m | k prot eins. The peptides, their origins, activities and

k I
L2 Ay R B A bt

Pept i deABE- i efio‘*%%% Gin Activity (1Cso) 1SAP (SEQ ID NO.
1) R- LG( 36- 38) 22 2ZMKG (SEQ ID NO 2)3-LG 7-9)23 3ZALPMH (SEQ I D NO

gg gst\?(Z%Angs‘gﬁg\%ﬁ v%ﬁéﬂl;@y( %&R Gy 4) p-LG(1-5) 19 S5VSLPEW (SEQ I D NO
oaming: Markedly increased over non-hydrolysed WPI
Gelling: Markedly increased over non-hydrolysed WPI
15  Flavour: Markedly improved over WPC based mild hydrolysates
Appearance: clear yellowish

Example 4

20 A 2% solution of ALACEN™ 894 (micro-filtered WPI) was altered to pH 3.0 before
undergoing ultrafiltration at 10°C with a 3,000 Dalton nominal molecular weight cutoff
membrane (CDUF001LB, Millipore Corporation, Bedford). The pH of the retentate was
altered to 7.0 and diluted to 2% total solids before ultrafiltration at 10°C with the same
membrane used previously. The total solids of the retentate were adjusted to 5.0%

25  before being hydrolysed with E:S 0.9% w/w Neutrase (Novo Nordisk, Denmark) at 50°C.
After 4h the sample was inactivated at 88°C for 3 seconds and subsequently freeze-dried.
The ACE-I activity was determined to be 227 mg/L.
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6(SEQ ID NO 6) a-LA(101-105) t 3LKPTPEGDLEIL (i-LGE46-57) } (SEQ ID NGO 7)
7LKGYGGVSLPEW a- LA(15-26)7 (SEQ ID NO 8) tng/L Zalso detected in WPC
hydr ol ysat es of WD 99/65326. 10 two peptides were present in the sanple; one
or both may be active peptides(s) Three of the active peptides fromthe WPl
hydrol ysate were previously identified in the WPC hydrol ysate i.e.
(3-LGE7-9), (3-LGE 142-146) and 15 Exanple 7 Sensory Conparison of mldly
hydr ol ysed WPl conpared to mldly hydrolysed WPC and untwiranlzgased WPl 20
WPl was hydrol ysed as set out above in Exanple 1. 16 WPC was hydrol ysed as
set out in BEXsamplelS of WO 99/65326. (ALACEN1 392, 10% hydrol ysed and

i nactivated after 2 hours) 5 ALATALTm 819 is a commercial product of the

New Zeal and r [ oduct speci fi | on_.ef.. whi ch
6 att ached MY pERBIRe W ot FRRInte 2 ek WioB Siorihs PR3t adpotibic
astringency amcmegqgnmu&xes addesitod rfatamllﬁé)frmaddﬁ@ndﬂ@@flhﬁ”/e @'hbgélktWE(SO) to
i ntense (1550)h)eat1ﬁe<at @ér Tdyinetey.S AReMEDIIAE {EITITCRBSIMUR Wwag ifob&atdaahifh ed

Table 5 Nean CElbie éemgé%dwd(?ﬁa o ??SQ%%R?&W The Brafnabh B o 15
formal sensorof thesgeatrol WegZ@etOGCaChymmb}lmdSJH afrti4 AltEcantrasts the i(WEBI hyfirolysatendar d

WPl and hydr qH¥%ied riiR¥d ifefhéhtatinaibeto t3pst edSensory Eval uati onDegr ee
of ACE-1 BitterAstringentHydrolysisactivity (% (nom

l.

10 Example 6
Identification of ACE-inhibitor peptides in WPI hydrolysates

The objective of this example was to isolate and identify ACE-inhibitor peptides present
15 inthe WPI hydrolysates :

Methodology

. The starting material for ACE-I peptide isolation was a UF permeate (10 kDa)
20 obtained from the original hydrolysate of Example 1; |
. Peptides present in the hydrolysate were separated using reverse-phase HPLC;
. Purified peptides were assayed individually for ACE-inhibitor activity as
described in Example 1;

. The amino acid sequence of each active peptide was identified by a combination
25 of mass spectrometry and N-terminal sequence analysis;
. The origin of the active peptides was determined by comparing their sequences

-with the known sequences of the milk proteins.

The peptides, their origins, activities and known similarities are set out in Table 1 below:
30

15
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15

two peptides were present in the sample; one or both may be active peptides(s)

Three of the active peptides from the WPI hydrolysate were previously identified

in the WPC hydrolysate i.e. B-LG(7-9), B-LG(142-146) and 3-LG(1-5).

Example 7

Sensory Comparison of mildly hydrolysed WPI compared to mildly hydrolysed
WPC and unhydrolysed WPI

20

16

WPI was hydrolysed as set out above in Example 1.



The three sanpl es evaluated for short term bl ood pressure response were a
mldly hydrolysed whey protein concentrate (Figure 2), a mldly hydrolysed
whey protein isolate 30 (see Figure 3) and a synthesised peptide from Tabl e
1, nanely MKG (SEQ ID NO 2) (see Figure 4). The WPC was prepared accordi ng
to the nethodol ogy set out in exanple 1 of WD 99/65326. Acute or short term
effects of agents were determned by treating adult SHRs .t h 35 agent
and then studying their blood pressure responses over the ng hours.
The study detects if an agent |owers bl ood pressure that is already

i, 15 A A B 1 DT b

body wei ght of
wpetivaadaficed hogrsdontrol s rats 5 (p=0.0378). The

;
I

reduction in BY&@ds

reduction in blood pressure was simlar to that achieved in rats dosed wth

gpggg I;g ?gg%ew&immwﬁéﬁﬁécmhﬁﬁ&w PIOGHIoF (i) New mﬁgﬁg D%iry\%oams{g{eﬂ];ts ate
appr oxi mat el yS .mds%g?&dpﬁt&p%\%?cﬁmﬁﬁlg aiwg‘gﬁr equf@géﬁ@%qgi ve a Si m | ar

decrease in blood pressure (systolic) in mature SHRs. 10 Short term dosing
of SHRs with Aotsl/phgellsoatyd v ltiernpepind dstrivd@cy bE therprodictssvoveeicbn al Soooh

greater reducty éd‘l'u%! 70 & ed to control rats (p=0.0021 after
4 hours; §<OE%%£ arter 1(@?2?&% &erqb?ias conpared to the mld WpI
hydr ol ysat1 and mld WPC hydrol ysate. 15 Concl usions The process of mldly

hydr ol ysi ng V\Plegeeeod HyidrodysisowaddetqrimsentsingriveModiffed {D-phihd kiialdehydd (MORRI)
hydr ol ysat es i I. G AL el u gpyonal i nprovenent over the WPC 20
hydr ol ysat es W%%%&g% n %grreial;c{}?gié)o the present WPl hydrol ysates
conprise nore active peptides with significantly |less WPl hydrol ysate
requi red to ddabkdkse blMexh sqore$460xfor WPI and hgdtdlgsate nmmgleg reesiuatedcbyPC

hydrol ysayg. WPl can beg; hM1, dégrBPBE nyditdl AP A2 G ke
flavour characteristi CSOQM?W tpg?lil’t %qnidn wkile S%l}%l’creasel%%:J ACEE?irtya .
activity. Thus, overal [StARd3E aug nFLrqiye ﬂ&k‘é’éﬂf’t?ﬂventi on provides 25 a
bi oacti ve whey protein hydrolysate which is inproved in flavour, ACE-I

activity and pryHckaRal | 1V COBRZEGY EvAIARG Cbegioe 377 O5ACE T
Bitter Astringent Hydrolysis activity

—t
-

(%) (mg/L)
ALACEN™g895 (WP) 362 24 0 ~2000
Mildly hydrolysed WPC 78 67.1 4.5 440
Mildly hydrolysed WPI 55.1  41.6 4.3 230

ALATAL™ 819 93.1 53.3 10 -

20

Both mildly hydrolysed WPI and mildly hydrolysed WPC were more bitter and astringent

than the non-hydrolysed WPI product as expected. However, these products were

significantly less bitter and astringent than a more vigorously hydrolysed ALATAL™
25 819 (a product of the New Zealand Dairy Board, NZ).

Mildly hydrolysed WPI products gave more acceptable flavoured products and had
significantly higher ACE-I activity, compared to the mildly hydrolysed WPC (described
in WO 99/65326). The results also showed that the mildly hydrolysed WPI was
30 significantly less bitter and astringent than the equivalent WPC product, although the
degree of hydrolysis for both was similar. As well as having a more acceptable flavour

17



| NDUSTRI AL APPLI CATI ON 30 The process of the present invention is useful to
produce the novel whey protein hydrolysate which has surprising beneficial
properties and can be used as a food or nedicine as an anti-hypertensive.

It will be appreciated that it is not intended to limt the invention to the
af orenenti oned 35 exanples only, nmany variations, such as mght readily
occur to a person skilled in the art, being possible, w thout departing
fromthe scope of the appended clainms. 19 REFERENCES 8 March 2005 Bernal V &

Jelen P (1989). Effectiveness of |actose hydrolysis in CdMagyeoSheese whey

for the devel o ey.dri se t 44 2 2

2309154, 30 Iﬂéggﬁb%?‘é‘i(ﬁg iy %ﬁf‘? gﬁqd@eﬂﬁ@vﬁw g5 afmpes ﬁ{‘ g’f"gﬂgge us
3970520, 20 Juildly hpdelys€bMErGl El ectric Co, USA. 10 EP0117047 29 August
1984, General Foods Corporation, USA. Mubois J L, L60n|I , Trouve R &

Bouhal |l ab S 91 d t ] t8
Bounal 20 S (AR ERR5S R uf TR Bl &%ﬁ?ﬂmﬁyqae et
ant i hyper t5ensslgmﬁcanad¢0;rea3Q1n ﬂﬂ@ﬂm pidiilg pom;zsgdlmhemﬂmwdtydrolmgmlow pi s

Shokuhi N Kogysdttfed, daadmis i FroBRUBERSIcAARA bibdhs s MRALY €S
| ncor porat ed, USA. "20 JP 805 568 17 August 1994. Mdrinaga M|k Co Ltd

Japan. EP4745506, 11 March 1992, Mdrinaga Ml k Co Ltd, Japan. I\/UI lally MM
Meisel H & FiEmmﬂaBd R J (1997) 25 ldentification of a novel
angiotensin | -converting enzyne inhibitory peptide corresponding to a

tryptic rag f bovine -lactoglobulin. Federation of European
Bi ocheni ¢ @ %?mggurlgé{lpgng,emgg, 99-101. Nakanmura Y, Yamanoto N, Sakai K

& Takano T (1994) 30 Anti hypertensive effect of the peptides derived from
gasel nl be an B%écf %@rmd%ﬁﬁgggﬂﬁgﬁtmﬁéﬂh% gﬂﬁ& hth%‘e d&ﬁb\!ﬁtdpﬁéiﬁuﬁfwo
ournal o ci.enc 0 n ction
and i nhi bi tP% tﬁﬁ %%P@é?“é’ﬁé’é g’r%l a‘“’l’éﬁ‘@ﬁ @h}%@u E@SGS@?% Oﬁdg
Woodland Hxlls, CA 91367, USA]. Each time point was the average of 3-5 readmgs
15 taken within approximately 5-10 minutes.

The Animal Strain

Spontaneously hypertensive rats (SHRs) were sourced from the Animal Resource Centre, -
20 Western Australia.

Sample Dosage

The test substances were given to each rat on a per kg body weight basis unless
25  otherwise stated. The individual dose for each animal was incorporated into a flavoured
jelly, which was readily consumed by the animals.

The three samples evaluated for short term blood pressure response were a mildly
hydrolysed whey protein concentrate (Figure 2), a mildly hydrolysed whey protein isolate

30 (see Figure 3) and a synthesised peptide from Table 1, namely MKG (SEQ ID NO: 2)
(see Figure 4). The WPC was prepared according to the methodology set out in example
1 of WO 99/65326. '

Acute or short term effects of agents were determined by treating adult SHRs with the

35 agent and then studying their blood pressure responses over the following hours. The-
study detects if an agent lowers blood pressure that is already elevated.

18



8 March 2QQ Roy G (1997). Modifying bitterness: Mechanism ingredients and
applications. Technom c Publishers, Lancaster, UK. US 43 58464, 9 Septenber
1982, Superior Dairy Conpany, USA. 5 Yamanoto N (1997). Anti hypertensive
peptides derived fromfood proteins. Biopolyrraers 43: 129-134. 10 Frister
H Meisel H& Schlime E (1988). OPA nethod nodified by use of N.N

di met hyl - 2- ner capt oet hyl anmoui unthl ori de as thiol conponent. Freesenius

ZAnal Chem 330, 631-633 15 Cushman D W & Cheung H S ( 19haryh 2005
Spectrophotorretrl c assay and properties of the angiotension converting
enzyme in raBesults ung. Bi ochem Pharmaco120: 163 7-1648. WD 9965326, 23id
Decenber, 1991, New Zeal and Dairy Board, NZ. 21 SEQUENCE LI STING 5 <110> NEW

EESLIND DY B@Pﬁéﬁ&ﬁﬁ%ﬂi@%ﬁﬂ@%%#wg%@{f i

<170> Pat ent fasuligsr in 2 sigpificaph gedugtionczn 1bload pecsspre pomppared to>coprplsi Eats 25

<400> 1 Ser (pd0o@3F78R THe reduction in blood pressure was similar to that achieved in rats dosed
with 6.0g/kg body weight WPC hydrolysate (Figure 2). Thus, the WPI hydrolysate
appears to be more active than the comparative WPC hydrolysate so that approximately
50% less of the WPI hydrolysate is required to give a similar decrease in blood pressure'

(systolic) in mature SHRS.

10
Short term dosing of SHRs with 165mg/kg body weight peptide MK G (Figure 4) showed
a much greater reduction in blood pressure compared to control rats (p=0.0021 after 4
hours; p<0.0001 after 8 hours) as well as compared to the mild WPI hydrolysate and
mild WPC hydrolysate.

15
Conclusions

The process of mildly hydrolysing WPI according to the present invention provides
useful WPI hydrolysates which show significant functional improvement over the WPC

20 hydrolysates of WO 99/65326. In particular, the present WPI hydrolysates comprise
more active peptides with significantly less WPI hydrolysate required to decrease blood
pressure in vivo to the same degree as a WPC hydrolysate. WPI can be hydrolysed for
longer without losing acceptable flavour characteristics and whilst maintaining the
increased ACE-I activity. Thus, overall, the process of the present invention provides

25 abioactive whey protein hydrolysate which is improved in flavour, ACE-I activity and
functionality compared to that of WO 99/65326.

INDUSTRIAL APPLICATION
30 The process of the present invention is useful to produce the novel whey protein
hydrolysate which has surprising beneficial properties and can be used as a food or

medicine as an anti-hypertensive.

It will be appreciated that it is not intended to limit the invention to the aforementioned
35 examples only, many variations, such as might readily occur to a person skilled in the art,
being possible, without departing from the scope of the appended claims.
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<213> Peptide <400> 6 10 Ile Asn Tyr Trp Leu 1 5 <210> 7 15 <211> 12
<212> PRT <213> Peptide <400> 7 20 Leu Lys Pro Thr Pro Au Gy Asp Leu
Qu lle Leu 1 5 10 <210> 8 25 <211> 12 <212> PRT <213> Pepti de <400> 8
30 Lou Lys Ay Tyr dy Ay Val Sex Lau Pro Gu Try, 1 5 10 35 23 WHAT WE
CLAIMIS: $ March 2005 1. A process for preparing an inproved whey protein
hydr ol ysate contai ning bioactive peptides conprising hydrol ysing a whey
protein isolate (WPI) with one or 5 nore enzynmes chaMEf@Ssed in that:
i) the enzynme is a heat |l abile protease; ii) the hydrolysis is conducted
at a tenper atRoye Go{1999).weptvditbingt bidepesn Medihabisa iggrpdiemts aaldoatiplidathont0

about 9.0 m%c&?&nﬂa%ﬁﬁ%é,ia&a@ﬁyt | protease, at a pH of about 2.5 to

about 6.0 where said enzyne’is an dcid 10 protease; and at a pH of about
5.0 to about 10.0 where said enzyne is an alkaline protease; iii) the
hydr ol ysi s i ¥ €158k 64t ebeprdreberd 982 Guperiaf Dhpydt ahpeasy SUBA. no greater than
about 10%shas been reached; iv) the hydrolysis is term nated by

deacti vatin aid one _or re enzynes; and . . .
g’Ysama.moto %\4 ( 1@19)7). Antih%pertensg/e peptides derived from food proteins.

Biopolymers 43: 129-134.

10
Frister H, Meisel H & Schiimme E (1988). OPA method modified by use of N,N-
dimethyl-2-mercaptoethylammoniumchloride as thiol component. Freesenius Z Anal
Chem. 330, 631-633

15 Cushman D W & Cheung H S (1971). Spectrophotometric assay and properties of the
angiotension converting enzyme in rabbit lung. Biochem Pharmacol 20: 163 7-1648.

WO 9965326, 23™ December, 1991, New Zealand Dairy Board, NZ.



15 v) the conditions for said step iv) are sufficiently mld to avoid
substantial denaturation of peptides or residual proteins in said
hydr ol ysate; wherein the production of the process is highly soluble. 2. A
process according to claim1l1l, wherein the enzyne is selected fromthe group
20 consisting of Protease P6, Protease A Protease M Peptidase, Neutrase,
Val i dase, AF? 2000, and any other heat labile protea%%wﬂ&ugﬁ process as
claimed in claim1l or 2, wherein sai d:60z¥fg deqetivating step iv)

conpri ses heat deactivation. 25 4. A process as clained in claim3, wherein
sai d heat deactiva%ion conprises heating said hydrolysate for up to ten
seconds to a VehpEFhCitaNRPARY BBt 100C. 5. A process as clained in claim
3, wherein, wheo Sad@veydidlkySieSwiey Ho0duCiRE-Blate30 a tenperature of bel ow
about 65C, said heat deactivating step is conducted at about 65C to about
70C for from4dBSuf‘wd>$&Fnds to about 15 minutes. 6. A process as clai med
in claimB whes=ei n, when said hydrolysis is conducted at a tenperature
bel ow about 68€> said heat deactivating step is conducted at about 60 35 to
about 65C forfrom about 10 seconds up to about 30 minutes. 24 8 March 2005
7. A process Qs @bnéﬁlin claim1 or claim?2, wherein said enzyne
deactivatlisng step conprises altering the pH of said whey protein-containing
sub=ate to a PFP>af which said protease is not active. 5 8. A process as
claimed in clahdp farald¥@r @D $8i d enzynme deactivating step includes heat
deactivation as clainmed in any one of clains 3 to 6. 10 9. A process as
clainedi%9<ﬂ:igpg or claim2, wherein said enzyne deactivating step iv)
conprises subpest pgrg said hydrolysate to ulhafilttatioa with an _
ulutiltrati or2iaverdpradee having a rtom nal nol ecul ar weight cutoff in the
range ofngoggoépiSOO kDa. 10. A process as clainmed in claim9, wherein said
ul trafil tTatisQh saerERsane has a nom nal nol ecul ar weight cut off in the
range of about110-200 kDa. 15 It. A process as clained in any one of the
preceding clainms, wherein said enzyne is imopbilised on an inert support
during sapd Qygrojysis step ii). 12. A process as clainmed in claim 11,
wherein said<enert support is a nmethacryl ate-based functional polyner,
carrageenan pg¥®i@Tles, chitosan particles or any other suitable inert

suppor t <213> Pept}:.de_v

35  <400> 2
Met Lys Gly
1

40 <210> 3
<211> 5
<212> PRT
<213> Peptide

45  <400> 3
Ala Leu Pro Met His
1 . 5

50 <210> 4
<211> 5
<212> PRT
<213> Peptide

55 <400> ¢
Leu Ile Val Thr Gln
1 5

60 <210> 5
' <211> 6
<212> PRT
<213> Peptide

65 <400> 5
val Ser Leu Pro Glu Trp



20 material. 13. A process as clainmed in any one of the preceding clains,
wherein the degree of hydrolysis is fromabout 3%to about 10% 14. A
process as clainmed in claim13, wherein the degree of hydrolysis is from
about 25 3%to about 5% 30 15. A process as clained in any one of the
precedi ng clains, wherein the whey protein hydrolysate so produced
conpri ses one or nore bioactive peptides selected from the group
consi sting of SAP (SEQ WNO 1), VSLPEW (SEQ I C) NO 8MprchZTo¥W (SEQ | D NO
6), LKPTPEGDLEIL (SEQ ID NO 7) sand LKGYGGVSLPEW (SEQ ID NG 8). 16. A
process as clainmed in any one of the preceding clains, wherein the whey
protein hydrolysag 1os>oﬁprepared conprises at | east one bioactive peptide
sel ected from 35 thgsgf oup consisting of LVIQ (SEQ ID NO 4), MKG (SEQ I D
NO 2) aad. ALPVH <«¢SBQHATD NO 3), in conbination with at |east one
bi oacti ve pepti de<dEPekapidsf rom the group conprising SAP (SEQ ID NO 1).
VSLPEW (SEQ | D NCQgég, INYW. (SEQ ID NO 6), LKFTPEGDLEII. (SEQ ID NO 7)
and LKGYGGVSLREW ( ﬁgjﬁyg&hmﬁbeu 25 8 March 2005 17. A pharnaceuti cal
conposition conprising one or msre of the bioactive peptides produced in
the process of any one of clains Ito 16 together with a pharnmaceutically
acceptabl e carriegy;02 48. A pharmaceutical conposition as clainmed in claim
17, conprisingsthezaborctive peptide MKG (SEQ ID NO 2) together with a
pharmaceuti cal accdygead®Te carrier. 10 19. A use of one or nore bioactive
pepti des produced‘ﬁ?’ﬂﬁétﬁ¥bcess of any one of 15 clainms 1 to 16 in the
manuf acture of a ag@bcanent for treating or preventing hypertension in a
patient in nedd ofewslghrts at rrentGlu2ély Asuser e Claitaed in claim 19,
wherein said bioactli ve peptide Ps MKG (SEQ IDINO 2). 20 21. A non-bitter,
highly soluble WPl hydrol ysate product containing bioactive

<210> 8

25  <211> 12
<212> PRT
<213> Peptide
<400> 8
30 Leu Lys Gly Tyr Gly Gly Val Ser Leu Pro Glu Trp
1 5 10

35

23



pepti des, prepared by the process of any one of clains | to 16. 22 A
product as clainmed in claim?21, wherein the degree of hydrolysis of the
WPl 25 is about 3% to about 5% 23. A product as clained in claim22,
wherein the main particle size of whey proteins in the product is |ess
t han about 30 mcrons. 30 24. A product as clainmed in claim23, wherein
the main particle size is | ess than about 3 mcrons. 25. A product as

claimed in any one of clainms 21 to 24, which is subsﬁﬂéﬁ@b_gry clear or
y one o

white in sol roduct as clained in an clains 21 to
Wﬁ.&ﬁ*wﬁﬁ%p@

25, wherei n oneor ‘d bioactive peptides is selected fromthe
group consisting of SAP (SEQ ID NO 1), MKG (SEQ ID NO 2), ALPWMH (SEQ ID

NO 3), LIVIR (SEQ &eNDfoﬂ pre ‘dﬁh E&Nﬁg@e&ﬁh iestein EyRblybde: Nohtaling

N (g)EQI J,\égve ko deSTHRAR by deoibdind & Ry el 'lolate W@gg\/g ngEQ

conpri si ny amone@agrmesr@ar@tmsséenthaé pept i de sel ect ed fromthe group
consi st ng of LI Wro (ﬁEanﬁnNQaﬂaatldwﬂeprI D NO 2) and ALPVH (SEQ I D

nbi
the ot oup conpr i Sing. v s RBb Qe a s b BRERh EPEERERRES 36 hng O
(SEQ ID NO 6), LKPTPE‘Gﬂ.EI 2 pHsefahaut R, toraborn®0 whenyars /eanzyme is IEBUEl NO
8). 10 28. A food pr oghe eéaswahwbmcatﬂ\mobwﬁtelmwesﬁmdyﬁﬁe &SanGcad med
in any ope of clai ”ng%ilaf%éjl taﬁ%%Hzo%'aPAht%s(?tooabggt R 6’%8} ”f?sdad n

any one of cI ainms 21 fanutr actur 6
treating or preventi nglk#mrpaagq on in a patient in need thereof. 30. A

phar maceuti cal cifjpostht hodrodBiHis tepmit@tet vhep b dégted ofHydeolysioofnoqireditrahas 21
to 27 together with aab%ﬂ?'ié@‘ctﬁ's”b %ela%’h cceptable carrier. 25 31. Any one
or

or any comnbi nation of two s selected fromthe group
conpri sing SAP (8BQ Obfls By-dsactivagog saj§l ong aRappre eREmESHAND,
6), 15 v) the cond.mons for said step iv) are sufficiently mild to avoid substantial

denaturation of peptides or residual proteins in said hydrolysate;
wherein the production of the process is highly soluble.

2. A process according to claim 1, wherein the enzyme is selected from the group
20 consisting of Protease P6, Protease A, Protease M, Peptidase, Neutrase, Validase, AFP
2000, and any other heat labile protease.

3. A process as claimed in claim 1 or 2, wherein said enzyme deactivating step iv)
comprises heat deactivation.
25
4, A process as claimed in claim 3, wherein said heat deactivation comprises heating
- said hydrolysate for up to ten seconds to a temperature up to about 100°C.

s. A process as claimed in claim 3, wherein, when said hydrolysis is conducted at
30 atemperature of below about 65°C, said heat deactivating step is conducted at about
65°C to about 70°C for from about 10 seconds to about 15 minutes.

6. A process as claimed in claim 3, wherein, when said hydrolysis is conducted at

a temperature below about 60°C, said heat deactivating step is conducted at about 60°
35  to about 65°C for from about 10 seconds up to about 30 minutes.
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LKPTPEGDLEI L (SEQ I D NO. 7) and LKGYGOVSLPEW (SEQ ID NGO 8). 30 32. Anyone
bi oactive peptide selected fromthe group consisting of LIVIQ (SEQ ID NO
~4). MKG (SEQ ID NO 2) and ALPWVH (SEQ ID NGO 3), in conmbination with at

| east one bioactive peptide selected fromthe group conprising SAP (SEQ ID
NO 1), VSLPEW(SEQ ID NO 5), INYW (SEQ ID NGO 6), LKPTPEGDLEIL (SEQ ID
NO 7) and LKGYGGVSLPEW (SEQ ID NO 8). 27 APPENDI X | ALACENTm 895 Whey
Protei n Isolate P613. 04. 0999 ALACEN 895 is a sol ubI e8MagRas | k protei n

product with 4 ow %::cess @an ehlaber B Gyme Hdhchil atih® benefits

as well as prow en ncironal. an Qur. pro rt|

Functional |y, RE‘A%ERE cslﬁg ey PO ’8¥ E%B?%Q/%Cﬁ Fﬁg“ wzfé d/ heat
stability, sdPJGtPFQS‘ﬁSCéIQQHCPYC and aeration stability. PRODUCT CHARACTERI STI CS
TYPI CAL COVPOSI TI ON Energy 1616kJ/ 100g Protein (N x 6.38) as is 93.1%dry

basi s96. 6% Fa#, 0. 64 M&Jﬁwmnﬁ)oﬁ%ﬁ?ﬂ W& diR Gl PSByrh ddeaétivhifysRP TRIules1 %0
Excel I ent m'@&'d&u%ﬁ{%a% lam%d in any one of claims 3 to 6,

9. A process as claimed in claim 1 or claim 2, wherein said enzyme deactivating step
iv) comprises subjecting said hydrofysate to ultrafiltration with an uitrafiltration
10  membrane having a nominal molecular weight cutoff in the range of about 10-500 kDa.

10. A process as claimed in ciaim 9, wherein said uitrafiltration membrane has a
nominal molecular weight cut off in the range of about 10-200 kDa.

15 1l. A process as claimed in any one of the preceding claims, wherein said enzyme is
immobilised on an inert support during said hydrolysis step if). '
12. A process as claimed in claim 11, wherein said inert support is a methacrylate-based

-functional polymer, carrageenan particles, chitosan particles or any other suitable inert support

20 Mmaterial.
13. A process as claimed in any one of the preceding claims, wherein the degree of
hydrolysis is from about 3% to about 10%.

l4. A process as claimed in claim 13, wherein the degree of hydrolysis is from about
25 3% to about 5%.

15. A process as claimed in any one of the preceding claims, wherein the whey
protein hydrolysate so produced comprises one or more bioactive peptides selected from
the group consisting of SAP (SEQ ID NO: 1),

30 VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID NO:
6), LKPTPEGDLEIL (SEQ ID NO: 7) and LKGYGGVSLPEW (SEQ ID NO: 8).

16. A process as claimed in any one of the preceding claims, wherein the whey
protein hydrolysate so prepared comprises at least one bioactive peptide selected from
35 the group consisting of LIVTQ (SEQ ID NO: 4),MKG (SEQ ID NO: 2) and. ALPMH
(SEQ ID NO: 3), in combination with at least one bioactive peptide selected from the
group comprising SAP (SEQ ID NO: 1), VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID
NO: 6), LKPTPEGDLEIL (SEQ ID NO: 7) and LKGYGGVSLPEW (SEQ ID NO: 8).
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Clean flavour Low |lactose Low fat and | ow cholesterol content Acid/ heat
stability Soluble over a wide pHrange Excellent nutritional properties
SUGGESTED USES ALACEN 895 is particularly useful for applications which are
flavour sensitive and require a nutritional protein product. High protein
beverages Low fat and | ow | act ose foods Meri ngue and whi pped toppi ngs
Protein fortified nutritional foods TYPI CAL CHEM CAL ANALYSES pH (5% at

20C) PHYSI CAL PROPERTI ES Col our Fl avour Cream Cl ean Sedinent (50 g)Disc A
TYPI CAL M CROBI OLOG CAL Aerobic Plate Count (cfn/g)< 30,000

Col i forns(1g) Negative Yeasts andmoul ds(cfn/g) < 10 Co

Posi tiveSt aphyl ococci (1g)- Negative Sal m)nel | a( 7509) Negat i ve
17. A pharmaceutical composition comprising one or more of the bioactive peptides

produced in the process of any one of claims 1 to 16 together with a pharmaceutically
acceptable carrier.

18. A pharmaceutical composition as claimed in claim 17, comprising the bioactive
peptide MK G (SEQ ID NO: 2) together with a pharmaceutical acceptable carrier.

10

19. A use of one or more bioactive peptides produced by the process of any ‘one of
15 claims 1 to 16 in the manufacture of a medicament for treating or preventing
hypertension in a patient in need of such treatment.

20. A use as claimed in claim 19, wherein said bioactive peptide is MKG (SEQ ID
- NO:2).
20
21. A non-bitter, highly soluble WPI hydrolysate product containing bioactive
peptides, prepared by the process of any one of claims 1 to 16.

22. A product as claimed in claim 21, wherein the degree of hydrolysis of the WPI
25  is about 3% to about 5%.

23, Aproduct as claimed in claim 22, wherein the main particle size of whey proteins
" in the product is less than about 30 microns.

30 24. Aproduct as claimed in claim 23, wherein the main particle size is less than about
3 microns.

25, A product as claimed in any one of claims 21 to 24 which is substantla.lly clear .
or white in solution.
35
26. A product as claimed in any one of claims 21 to 25,wherein one or more of said
bioactive peptides is selected from the group consisting of SAP (SEQ ID NO: 1), MKG
(SEQ ID NO: 2), ALPMH (SEQ ID NO: 3), LIVTQ (SEQ ID NO: 4), VSLPEW (SEQ
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TYPI CAL M NERAL COVPCSI TI ON Sodi umi84nyg/ 100g Pot assi unB80. 1ng/ 100g

Chl ori de21ng/ 100g Cal ci umLO6ng/ 100g Phosphor ous52. 5ng/ 100g 28 PACKAG NG
The standard pack is a nulti-wall bag which incorporates a noisture
barrier and contains the products wthin an inner polythene liner. No
staples or netallic fasteners are wused. Net weight 25. Ckgl G oss weight
25. 5kg STORAGE AND HANDLI NG ALACEN 895 shoul d be kept in a cool, dry
ventilated place. Tenperatures below 25C, relative huniﬂ%&hg@ibel ow 65%
and an odour free envi ronnent wll extend storage life ackages should

not beinc 0 SKMD Utdk d rotation,
Igb %é/ery QJAL??’%Q (‘J{)J%%\llilﬁcg g ?llmtj:t quality

preferably &ﬁi
cont rol pro\ﬁ%{ﬁf@?%?&w) S‘P@é ring manufacture. The manufacturing

environment is also subject to regul ar nonitoring and control. Final
product is 2anpl Acpradiwait dseclhiendd id ey cdecofi claing 22 em 26,ropmpnisingiat leaddion

'S bioactive peptide selected from the group consisting of LIVTQ (SEQ ID NO: 4), MKG
(SEQ ID NO: 2) and ALPMH (SEQ ID NO: 3), in combination with at least one
bioactive peptide selected from the group comprising SAP (SEQ ID NO: 1), VSLPEW
(SEQ ID NO: 5), INYWL (SEQ ID NO: 6), LKPTPEGDLEIL (SEQ ID NO: 7) and
LKGYGGVSLPEW (SEQ ID NO: 8).

10
2B. A food product containing a WPI hydrolysate product as claimed in any one of
claims 21 to 27.

15

29. A use of a product as claimed in any one of claims 21 to 27 in the manufacture
20  of a medicament for treating or preventing hypertension in a patient in need thereof.

30. A pharmaceutical composition comprising the product of any one of claims 21
to 27 together with a pharmaceutically acceptable carrier.

25 31.  Any one or any combination of two or more peptides selected from the group
comprising SAP (SEQ ID NO: 1),
VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID NO: 6),
LKPTPEGDLEIL (SEQID NO: 7) and LKGYGGVSLPEW (SEQ ID NO: 8).

30 32, Any one bicactive peptide selected from the group consisting of LIVTQ (SEQ ID
'NO: 4), MKG (SEQ ID NO: 2) and ALPMH (SEQ ID NO: 3), in combination with at
least one bioactive peptide selected from the group comprising SAP (SEQ ID NO: 1),
VSLPEW (SEQ ID NO: 5), INYWL (SEQ ID NO: 6), LKPTPEGDLEIL (SEQ ID NO:
7) and LKGYGGVSLPEW (SEQ ID NO: 8).
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parameters using internationally recognised procedures. During storage and
shi pnment, precautions are taken to ensure that product quality is

mai nt ai ned. Each package is identified, enabling traceback 8 March 2005 29
8 March 2005 ALACEN 894 Whey Protein Isolate P422.01. 2000 ALACEN 894 is a
sol ubl e, >90%lb whey protein isolate (WPI) product, manufactured by
ultrafiltration (OF) and cross flow mcrofiltration (MgMmarchpdosrofiltration

natural ly isolates undenatured pratel, iging a M WPl product which is
low in fat and high in protein.ﬂﬁﬁigéﬁ{ggﬁﬁhﬂs excel lent nutritive -value
with True Protein Digestibility of 99.7% PD CAAS=1% and PER=3.0. These
qualities nmake ALACEN 894 particularly useful for protein fortified

nutrition equi n excellent nutritional profile and/or
sol ubi |'i tﬁ%ﬁﬁ%&gyw Excellent Nutritive Val ue Cl ean

Fl avour

Whey Protein Isolate

P613.04.0898

ALACEN 895 is a soluble, 93% milk TYPICAL COMPOSITION
protein product with low ~ fat,

lactose and cholesterol giving Energy 1616 kJ/100g
nutritional benefits as well as :
providing enhanced functional and ?roteln (N x 6.38) as
) is 93.1%
flavour properties.
dry basis 96.6%
Functionally, BALACEN 835 is a Y
specialised protein providing Fat 0.6%
acid/heat stability, solution Moist 3 6%
clarity and aeration stability. olsture .
Ash 1.6%
Lactose (by difference) 1.1%
PRODUCT CHARACTERISTICS .
¢ Excellent whipping capability TYPICAL CHEMICAL ANALYSES
¢ (Clean flavour pH (5% at 20°C) 6.8
¢ DLow lactose PHYSICAL PROPERTIES
¢ Low fat and low cholesterol Colour Cream
content Flavour Clean
e Acid/heat stability Sediment (50 g) Disc A
e Soluble over a wide pH range TYPICAL MICROBIOLOGICAL
e Excellent nutritional properties ggfgggc Plate Count (cfn/q)<
SUGGESTED USES Coliforms (1lg) Negative
ALACEN 885 is particularly wuseful Yeasts and moulds (cfn/q) < 10
for applications which are f£lavour s -
sensitive and require a nutritional Coagulase Positive Staphylococci
protein product. (1g) - Negative
Salmonella (750qg) Negative

¢ High protein beverages

TYPICAL MINERAL COMPOSITION
e Low fat and low lactose foods

Sodium 484 mg/100g

e Meringue and whipped toppings Potassium 80.1 mg/100g
e Protein fortified nutritional Chloride 21 mg/100g
foods Calcium 106 mg/100g
Phosphorous 52.5 mg/100g
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Sol ubl e Over A Wde pH Range Low Fat & Low Chol esterol Low Lactose
SUGGESTED USES Protein Fortified Nutritional Foods Meringue & Wi pped

= Toppi ngs Low Fat & Lactose Foods TYPI CAL COVPCSI TI ON ANALYSIS Protein (N
X 6.38)as is 89.9% Protein (N x 6.38)dry basis 94. 1% Mi sture4. 5% Fat 0. 2%
Ash3. 2% Lact ose0. 6% TYPI CAL CHEM CAL ANALYSI S pH6. 9 TYPI CALPHYSI CAL
PROPERTI ES Col our Cr eam Fl avour Cl ean Scor chedParti cl es(508MIes05 TYP| CAL
M CROBI OLCHEAEINANALYSI S Aerohic Plate Count(cfu/g) <10,000 Coliforns
(/ g) Not Det Bet etaddace| padi/ gpNat betweedad Yeast & Moul ds (cfu/g)<10 Coagul ase
Positive Devhelt ekheStragh %c@d&qlg‘fgé Sal nonel | a (/750g) Absent Listeria

(/ 509) Abse rhJ.n all%cl.mj gn

staples or metalllc fasteners are

used.
Net weight 25.0kg
Gross weight 25.5kg

STORAGE AND HANDLING

ALACEN 895 should be kept in a cool,
dry ventilated place. Temperatures

below 25°C, relative humidities below
65% and an odour free environment
will extend storage life. Packages
should not be in contact with walls
or floors. Stock should be used in
rotation, preferably within six
months of delivery.

QUALITY ASSURANCE

Strict quality control procedures
are enforced during manufacture.
The manufacturing environment is
also subject to regular monitoring
and control.

Final product is sampled and tested
for chemical, sensory and microbial
parameters using internationally
recognised procedures.

During storage and shipment,
precautions are taken to ensure that
product quality is maintained. Each
package is identified, -enabling
traceback

29



Sodi un280ny/ 100g Pot assi unB01ny/ 100g Chl ori dellnyg/ 1008 Cal ci un810ng/ 100g
Phosphorus199ng/ 100g PACKAG NG The standard pack is a nulti-wall paper bag
-whi ch contains the products within an inner polythene bag. No staples or
nmetallic fasteners are used. Net weight 20.0kg G oss weight 20.4kg STORAGE
AND HANDLI NG ALACEN 894 shoul d be kept in a cool, dry ventilated pl ace.
Tenperatures bel ow 25C, relative humdities bel ow 65% agdaah@gour 30 free

envi ronnent Wﬁ age |life. Packages should not be in contact

wi th wal l SA toé@l&ul d be used in rotation, preferably wthin
24 nont hs %}ﬁrrangf ageur e. gJ LI,TY ASSURANCE Strict quality control

pr ocedur es % BRPSE &R Sanufacture. The manufacturi ng environnment
is also subject to regular nmonitoring and control. Final product is

sanpl ed and¥428tef%%f or chemical, sensory and microbial paraneters using
internationally

ALACEN 894 is a soluble, >90%db TYPICAL CHEMICAL ANALYSIS

whey protein isolate (WPI)

product, manufactured by [;H 6.9

ultrafiltration (UF) and cross TYPICAL PHYSICAL PROPERTIES

flow microfiltration (MF).

Microfiltration naturally isolates Colour Cream

undenatured protein providing a 1 o1

MF WPI product which is low in fat Flavour ean

and high in protein. Scorched Particles (50g) Disc A

value with True Protein -

Digestibility of 99.7%, PD-CAAS=1%, Aerobic Plate Count (cfu/g) 6 000

and PER=3.0, These qualities make <10,0

ALACEN 894 particularly useful for Coliforms (/q) Not Detected

protein fortified nutritional foods :

that require an excellent E.coli (/g)} Not Detected

nutritional profile and/or

solubility. Yeast & Moulds (cfu/g) <10
Coagulase Positive

PRODUCT CHARACTERISTICS Staphylococci (/g) Not Detected

¢ Excellent Nutritive Value Salmonella (/750g) Absent
Listeria (/50q) Absent

e (Clean Flavour

TYPICAL MINERAL ANALYSIS

e Soluble Over A Wide pH Range Sodium 280 mg/100qg
e Low Fat & Low Cholesterol Potassium 303 mg/100g
Chloride 11 mg/100g
¢ Low Lactose Calcium 310 mg/100g
SUGGESTED USES Phosphorus 199 mg/100g
e Protein Fortified Nutritional
Foods
PACKAGING
¢ Meringue & Whipped Toppings The standard pack is a multi-wall
paper bag which contains the
¢ Low Fat & Lactose Foods products within an inner polythene
bag. No staples or metallic
TYPICAL COMPOSITION ANALYSIS fasteners are used.
Protein (N x 6.38) as is 89.9% Net weight 20.0kg
Protein (N x 6.38) drylbasii 18 Gross weight 20.4kg
Moisture 4.5% STORAGE AND HANDLING
Fat 0.2% ALACEN 894 should be kept in a
Ash 3.2% cool, dry ventilated place.
Temperatures below 25°C, relative
Lactose 0.6% humidities below 65% and an odour
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recogni sed procedures. During storage and shipnment, precautions are taken
to ensure that product quality is maintained. Each package is identified,
enabling traceback. 8 March 2005 31 ALATAL 819 Whey Protein Hydrol ysate
¥YWPH 926 is a high quality hydrol ysate produced by a controlled enzyne
treatment of whey protein which provides anmno acids, peptides, and

pol ypeotides. The whey protein base material is highly nutritious. Since
the enzyme treatment is a mld and carefully nonitored pE¥#EEW05 the
essenti al affeso @eVérerrettai NWildt acktendand the high nutritional quality of
the origi n¥°"B¥otéf¥r is retained. WPH 926 is designed to provide a
10"-fol d reg&éqgéé%n shblla@Rbd geNkCidoyrdMi l e still retaining clean flavor.
TYPI CAL COMR@B| whllONALr ANAES| Sobk ahenla (N x 5.38),dxy basis %84.5 as is
680. 9 Ash % 7usedi Sirurxetegiion, Eare®algyl act ose 93.2 Antibiotics (1D g)<0.01
TYPI CAL M NERAER ANARPERS . BRr8hfitini oo

QUALITY ASSURANCE

Strict quality control procedures

are enforced during manufacture.

The manufacturing environment is

also subject to regular monitoring
- and control.

Final product is sampled and tested
for chemical, sensory and microbial
parameters using internatiocnally
recognised procedures.

During storage and  shipment,
precautions are taken to ensure
that product quality is maintained.
Each package is identified,
enabling traceback.
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Cal cium %9. 6 Potassi um %1. 0 Phosphorus %. 3 Magnesi um %9. 02 Chloride 6 ,0.3
SUGGESTED USES Enteral products for nal absorption Lact ose-free
nutritional products PRODUCT CHARACTERI STI CS Excellent nutritional quality
Reduced al l ergenicity Verygoodsolubility Goodheatstability Lowfl avorprofile

TYPI CAL MOLECULAR ANALYSIS Amino nitrogen % 1.7 Total nitrogen % 13.4

AN TN % 23 Degree of hydrolysis 8 10 RECOVMMENDED LABELI NG Whey Protein
flydrol ysate TYPI CAL M CROBI OLOQ CAL ANALYSI S Standard plate count (cfu/q)
<1,000 Coliforms (cfu/g) <10 E. coli (1g) Negative Yeast 6 Mol d (cfu/g)
<50 Staph. Coag. Pos. (1g) Negative Salnonella (7508yyuNagabd ve TYPI CAL
PHYSI CAL PROPERTI ES Col or Cream Sensory Cean, slightly bitter Bulk

density MTREL) 8)159 pH (5% at 20C) 7,2 Solubility % 100

Whey Protein Hydrolysate

WPH 926 is a high quality hydrolysate TYPICAL MOLECULAR ANALYSIS

produced by a controlled snzyme treatment . ,

of whey protein which provides amino :mtni m_.Efoqen : l%Z
acids, peptides, and polypeptides. The Al?l/';N g“' rogen 23
whey protein base material is highly Degree of hydrolysis % 10

nutritious. Since the enzyme treatment is
a mild and carefully monitored process,

the essential amino Yacids remaié> intact. RECOMMENDED LABELING
and the high nutritional quality of the:
original protein is retained. WPH 926 is
designed to provide a 107‘-fold reduction
in antigenicity while still retaining
clean flavor.

Whey Protein Hydrolysate

TYPICAL MICROBIOLOGICAL ANALYSIS

TYPICAL COMPOSITIONAL ANALYSIS Standard plate count <°fu/g) <1,000
Coliforms (cfu/qg) <10
Protein (N x 6.38),dry basis % 84.5 E. coli (1g) Negative
as isg & 80.9 Yeast & Mold (cfu/gq) <50
Ash & 4.7 Staph. Coag. Pos. (1g) Negative
Moisture % 4.3 Salmonella (750g) Negative
Fat % 4.0
Lactose % . 3.2 '
Antibiotics (IU/g) - <0.01 TYPICAL PHYSICAL PROPERTIES
TYP{CAL MINERAL ANALYSIS Colorx Cream
Sensory Clean, slightly bitter
Sodium % 0.6 Bulk density (packed, g/mL) 0.50
Calcium % 0.6 pH (5% at 20°CQ) 7.2
Potassium % 1.0 Solubility % i 100
Phosphorus % 0.3
Magnesium % 0.02 PACKAGING
Chloride % 0.3
) Heat sealed, multiwall kraft paper bags.
SUGGESTED USES Polyethylene bag liner individually
closed. No staples or metallic fasteners.
e Enteral products for malabsorption Net wt 50.0 1b (22.7 kg)
—fe i 4 . e . . s. . g
e Lactose-free nutritional products Gross wt. 50.8 Lbs. (23.1 kq)
PRODUCT CHARACTERISTICS
¢ Excellent nutritional quality B MES
* Reduced allergenicity All protease enzymes used in WPH 926
¢ Very good solubility manufacture are food grade and
¢ Good heat stability acknowledged by the 0.S. Foed and Drug
. = i Administration to be Generally Recognized
Low flavor profile As Safe (GRAS).
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PACKAGQ NG Beat sealed, multiwall kraft paper bags.

Pol yet hyl enebagl i neri ndividually cl osed. No staples or netallic fasteners.

Net wt.50.0 Ibs.(22.7 kg) Goss w.50.8 I bs.(23.1 kg) ENZYMES Al |l protease
enzynmes used in WPH 926 nanufacture are food grade and acknow edged by the
D.S. food and Drug Admi nistration to be CGenerally Recognized As Safe
(GRAS). 32 8 March 2005 STORAGE Whey Protein Hydrolysates are best used
within one (1) year of receipt by customer when stored under proper
conditions. Since hydrol ysates are hygroscopic and can absorb odors, it is
recommended that product be stored at - tenperatures be% relative

hum dity bel ow 65% and in an odor-free environnent.

STORAGE

Whey Protein Hydrolysates are best used
within one (1) year of receipt by
customer when stored under proper
conditions. Since hydrolysates are
hygroscopic and can absorb odors, it is
recommended that product be stored at
temperatures below 25°C, relative
humidity below 65%, and in an odor-free
environment.
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