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1 SPECI FI CATI ON CASEI N HYDROLYZATE, PROCESS FOR
PRODUCI NG THE SAME AND USE THERECF 5 FI ELD OF ART The
present invention relates to casein hydrolysate which

i s obtained by hydrolysis of animal mlk casein, is
expected to exhibit various functions including 10

angi otensi n converti ng SrA0EICATHONory activity and
hypot ensi ve effect, and is useful for various food and
medi cine, as well as to a nmethod for preparing such
casein hydrolysate, and use thereof. BACKGROUND ART

15 AnerRiRt YYORQEmATIES hRVEESSeFORPDRORPUCHNG THE SAME
various functions, such as hypotensive effect,
anti-bacterial activiawd cdEiTRERBDEDI || zi ng effect,
and i mmunonodul ating effect, and these peptides are

in use in food and nedicine. 20 For exanpl e,

hypot ensi ve pepti des have been proposed, nany of

wititait, haye ARgi otensin converting enzyne (abbreviated

aS ACE héreinbel ow) inhibitory activity. ACE converts

a prectHsohye 3880 @RSINt ilon t P BAYESt €BSICAsldin Mavdnglysate
vasoconstrictive activity in living organism to 25

t herehy Ffici 4 heedlvpth I £ssyEes Jhusn prpti deskhaysedn, is
ACE inhibitory activity are expected to exhibit
h)é@«gi@@@éaetoefe&%qtbihy &Pt Buki #EnACE dits sippladsing
production of 1 V

angiotensin converting enzyme inhibitory activity and

hypotensive effect, and is useful for various food and
medicine, as well as to a method for preparing such casein
hydfolysate, and use thereof.

BACKGROUND ART

Avariety of peptides have been reported having various
functions, such as hypotensive effect, anti-bacterial
activity, calecium solubilizing effect, and
immunomodulating effect, and these peptides are in use in
food and medicine.

For example, hypotensive peptides have been proposed,
many of which have angiotensin converting enzyme
(abbreviated as ACEhereinbelow) inhibitoryactivity. ACE
converts a precursor, angiotensin I, to angiotensin II
having vasoconstrictive activity in living organism, to
thereby raise the blood pressure. Thus peptides having
ACE inhibitory activity are expected to exhibit hypotensive

effect by inhibiting ACE to suppress production of
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angiotensin Il in living organism In the devel opnent
of hypotensive peptides, researches are usually
directed first to peptides having ACE inhibitory
activity, so that hypotensive effect of the proposed
peptides are mainly 5 indicated by ACE inhibitory
ebhegdtotasn s ef el Brice liivdeng ok gagriest . nuibethefdegehepment of
havi ng hypot ensi ve effect evaluated by the ACE
i hlyipaitextyiaet pebty das r ef eseacehendex,e haswalbgedirected
proposed to date, and are in use for prevention and
t Featsento pkphypkfd ensiiong AXE limpirlottuct yoncbivity, so that
functional peptides, such as peptides having
hypeiansi yevel teek caval flatled pyopbe cACKHdpihi Besorye mainly
effect, in particular, in production of functiona
pepididest e @b @izges tiinen Wit § opd: Pf ot eias widfhe eemyaesndex. A
conplicated steps are usually required after the
eRAEERt nanticgestti fensyadbnath porcensiaki @ffect evaluated
purification, and 1solation of the digested products,
f @ry itAY Vi NOi BXKPDHESHIaN aaft iviet yf ancredralerafd ecidex, have
As peptides that are absorbed through the alinentary
caraln ipHep bk eadtbodexpr,easd heig iffunctd ditsr iprévenhgon and
20 organism in vivo indigestible peptides are
expecdefeho BE & tageousnt hat have hi gh
absorbability and digestion resistance agai nst
vari ousn gir@RALd VEoRRZY Fes dtil dridl R@ptarded) such as peptides
However, it is not known in detail which peptides
Cond+i byt g Ot enhaneesent cef evheubr od ¥y dhgestEamRbbitory
resi stance. Thus devel opnent of enzymatic digestion
product 8, fiof pf oed con adi g it @ng: fehhadsufiotional peptides
produci ng such products are desired, which products
haseqahiyah tivé ¥ & od dip geskiionyi €5 esizanoes , aptpddrated steps
ef fectively express their

are usually required after the enzymatic digestion, such

as concentration, purification, and isolation of the
digested products, for improving expression of the
functional effects.

As peptides that are absorbed through the alimentary
canal into blood to express their functions in living
organism, in vivo indigestible peptides are expected to
be advantageous that have high absorbability and digestion
resistance against various digestive enzymes in living
organism. However, it isnot knownindetail whichpeptides
contribute to enhancement of the in vivo digestion
resistance. Thus development of enzymatic digestion
products for food or medicine and methods for producing

Suchproductsaredesired,whichproductshavehighinmdvo
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desired functions w thout undergoi ng conplicated

processes such as concentration, purification, or
isolation after the enzymatic digestion. 5 For

exanpl e, Patent Publication 1 discloses a nethod for
produci ng a | ow nol ecul ar wei ght peptide m xture )
meii gleys t icomposeds bhndiepepridemamsif feCpépelde S X HRA hgthelr
an average chain length of not |onger than 3, and

hdeisig eekfehbéntond wi espunaln ddsorbabidingl igagedprocesses
peptide mxture is prepared 10 from soybean protein by
skiht arrecushoEnseqtuenti alpvact foratdbnt worod spdation after
enzymes havi ng endoprot ease activity but

subst antd whd yinodéxeprtatease activity, with not higher

than 5% free am no acids bei ng generated. Patent

Publ i Gatd exand e schasestf Bnbtliardlidrodd ditddiesag a method
soybean protein 15 di gestion products and nethod for
produstoguthe sarnsw Hbé e alilges wedyhir pdpttislecohraimeagainly
active ingredients a dipeptide and tripeptides

censigsid oy oof dAlpephyides Aryd Tyridewt iAka, Aspvihg, aamiverage
Ser - Asp- Phe, prepared by digesting heat denatured

seybaan psogehnosi hbtenzyrgesre sticdn 28, asngr bbedges excellent
derived from Aspergillus oryzae. The ' digestion

priedisad i 14 ehaersaityabhihvet gn aTdreayep pedeinde: thag ns prepared
length of 2 to 4, and contain 20 to 30 Wt % free am no
agirdsn skoweeat p tdesen dng it ct di gessi on grodent sadfaction
soybean protein have conponents that are quite

didff enentof nesrthese yr2s dfaenzy natdopdiogesticormctivity but
products of animal mlk casein. Thus the above patent

Py cod h 0081 $yaae sk opatdtiaygs @bett vinet hedshfost higher than
preparing, fromanimal mlk casein as a staring 3

meterfirale GESe @i geSbé Dg predeehseand eassimt Publication
hydrol ysate that have a high concentration of active

i Poreik enbsedndunctional food utilizing soybean protein

digestion products and method for producing the same. The
digestion products contain as active ingredients a
dipeptide and tripeptides consisting of Ala-Tyr,
Gly-Tyr-Tyr, Ala-Asp-Phe, and Ser-Asp-Fhe, prepared by
digestingheatdenaturedsoybeanproteinwithenzymessuch
as proteases derived from Aspergillus oryzae. The
digestionproductspreferablyhaveanaveragepeptidechain
length of 2 to 4, and contain 20 to 30 wt% free amino acids.
However, these enzymatic digestion products of soybean
protein have components that are quite different fromthose
of enzymatic digestion products of animal milk casein.
Thus the above patent publications suggest nothing about

methods for preparing, from animal milk casein as a staring
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excel l ent absorbability in living organism and may be

used w thout necessarily undergoi ng conplicated

processes such 5 as concentration, purification, and

isolation. On the other hand, Patent Publications 3

and 4 propose nethods for preparing peptides having

vakriteusi F unceisens: dbygeditgest pngdamitrai ngidac b diifirolysate

with enzynmes such as proteases and peptidases, and

pahtitc hlaare fauhdigiomaindén peptidesodbagitded Bypgrrdients and

nmet hods. The enzymatic digestion products disclosed in

t bese 1 Jptbt iabatd dresh AT £t y Howdverind orgebtiaimi agd may be used

particul ar peptides as active ingredients. Thus there

| yinddieankiorg sd i I heselqupd i catdansl asatednydeokgsies such

of animal mlk casein is to have an average chain

| argtdorofemdtat dpger pivhainf Pcdtiospeainfd d grlocessnof

the hydrolysis, and effectiveness of the casein

hydr oliysathe obaeirngahkle pateindcubablaverdgnzi¥aend 4 propose

| ength. Patent Publication 1:JP-5-252979-A 20Pat ent

Pulltieats ofio 2: JPe3A@3n2 @k3f: AdPat eat i Rgblviagdtduen functions

3:JP-6-128287- A Patent Publication 4:JP-2001-136995-A

SUMVARY; e Thif bNVENTI @N 1% tssafinobjiedt efzyhes such as

present invention to provide 25 a casein hydrolysate

CQRtaidt 1@s | Andi pepvidigess ) bhrd pepttiidesl andftne¢ional

am no acids having mnimzed in vivo enzynatic

dipggstidd & | bytaand expectied hetroprsess functions, 4

such as hypotensive effect, in living organism It is

anot herh ©bjeeimat ithaipreaseindn i pwedtcos Hdsprloda? im these

nmet hod for preparing the casein hydrol ysate nenti oned
publications are, however, for obtaining particular

peptides as active ingredients. Thus there is no teaching

in these publications as to hydrolysis of animalmilk casein
to have an average chain length of not longer than 2.1,
specific process of the hydrolysis, and effectiveness of

the casein hydrolysate having the particular average chain

length.
Patent Publication 1: JP-5-252897%-A
Patent Publication 2: JP-2003-210138-A
Patent Publication 3: JP-6-128287-A
Patent Publication 4: JP-2001-136995-A

SUMMARY OF

THE INVENTION

It is an object of the present invention to provide

a casein hydrolysate containing in vivo indigestible

peptides and free amino acids having minimized in vivo

enzymatic digestibility, and expected to express functions,
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above, which allows easy and efficient production of

the 5 above casein hydrol ysate w thout necessarily
involving conplicated processes. It is yet another

object of the present invention to provide an agent

having ACE inhibitory activity or hypotensive effect

t bathcent aiyisoténvive iefdiegest | bhel 10 ipeptc mesn byl .

free amino acids, is expected to have excell ent

hypot ersi ¥y @reftfieet obd ddtvbigtor garisemt andeng iugetalprovide
for wvarious functional food or nedicine. The present

i BVeBteIsi have pldeai hhensihee deeseiat chedrolgsate mentioned
achi eving the above objects, to find out that, by 15
hygbeley z ivtd @nidml ows | kasaseha eofhavenan pavehageion of the
chain length of not |longer than 2.1 in terns of the

NeBbele @fas@ih NByaeiod yiesdduebt hautaseide dpadrnl ysateolving
containing free am no acids and | ow nol ecul ar wei ght
p@gﬁp*gbag@@hpggce@@b@aptides and di pepti des, nmay be
obt ai ned, wherein free 20 am no acids and in vivo

i ndi gest i1l §peptdsenepl gsikes olfavhegpaesesidimRotion to
at the carboxyl termnal are efficiently forned. The
ppeseitad w@n&géﬁth@\aer_iaigsmépundh@uﬁttdm,t ddeivity or
vivo indigestible peptides having a residue Pro at the

25 yeRyhaxyd v ee picaalt At exPest 8dnko iAve b ghndigestible
di gestion resi stance against in vivo peptidases, so

t Batotildd $ afidi £ e cROSISI DR iR, SHERPaEt gastd hhee excellent
peptides to fully exhibit 5 their functions in living

OhgY 1R s 2RE & hakcthencaseiimg Rydrol ysaf eahasi & sghul for
content of peptides having good in vivo

ahgorikabi | tiNctsveli1as chdept i deqianche.ri peptides, so

that the casei nhydrol ysate is capable of fully

exhi bit{Ngresent inventors have made intensive researches

for achieving the above objects, to find cut that, by
hydrolyzing animal milk casein to have an average chain
length of not longer than 2.1 in terms of the number of
amino acid residues, a casein hydrolysate containing free
amino acids and low molecular weight peptides, such as
tripeptides and dipeptides, may be obtained, wherein free
amino acids and in vivo indigestible peptide molecules
havingaresidue Proat thecarboxyl terminal areefficiently
formed,

The present inventors have also found out that the in
vivo indigestible peptides having a résidue Pro at the
carboxyl terminal are expected to have high digestion
resistance against in vivo peptidases, so that it is quite

possible for such indigestible peptides to fully exhibit
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5 various functions, such as hypotensive effect, in

living organism to thereby conpleting the present
invention. Further, the present inventors have nade
researches for enzymes that efficiently produce the

casein hydrol ysate of the present invention from ,
vahiedus fomovini enzyieslioimindrdOnosm, t Aad ghat the casein
particul ar class of enzynes is particularly capabl e of _
ehfyidaicdntd st @rivouicd g ghhe cdsein dfy dragdtysde e havinpgegood in
present invention. According to the present invention,

t hdve o gdvaldeditg, casein dyy drighyshi éesorpd simigeptides,
free am no acids and 15 peptides obtai ned by

hydriol ¥z khe @ené erbh hiyid do loas®t a itsac dpwkl ar fafet agexhibiting
chain length of not longer than 2.1 in terms of the
nughdrowf Amdaeiecsd seshdaeshypbrtenspec fafcfddtly, imheiving
present invention provides the casein hydrolysate
MeRigiaerietn Abby et wherdivn ddep pepihdesheonrd sast i invengion.
20 i ndigestible peptides consisting of dipeptides

havi ngna tisefuence ¥aaskna dnd-dntpept hdese maviengesearches
sequence Xaa-Pro-Pro, and wherein a content of the
dirpeps h demcRavh 19 e £ iSEiMENTe pfaahRrothe cwteiowgrdrolysate
than 5 wt% of a total anmount of the peptides and the

f bgetr A1 a6H 8Si et BeohYElr oh Wwead ¥ou 2 X reovth @ncomient o £ind
of the tripeptides having a sequence Xaa-Pro-Pro is

netut QWelt thapattwWhiclr ac19%al c@meuntynafs itheparticularly
peptides and the free am no acids in the hydrol ysate.

6 AP sl derer fi cXaatmmy e anyiagl theackde iAcordii aysate
to the present invention, there is also provided a

metthath & of r P5 eRAr G el @@sei n hydrol ysate nentioned
above conprising the step of (A) hydrolyzing 5 ani ma

m |k easedfdingheyerad pvwesage iohaémt i engtbhetends provided

a casein hydrolysate comprising free amino acids and
pepfides obtained by hydrolyzing animal milk casein to have
an average chain length of not longer than 2.1 in terms
of the number of amino acid residues. More specifically,
the present invention provides the casein hydrolysate
mentioned above wherein the peptides comprises in vivo
indigestible peptides consisting of dipeptides having a
sequence Xaa-Pro and tripeptides having a seguence
Xaa-Pro-Pro, and wherein a content of the dipeptides having
a sequence Xaa-Pro is not lower than 5 wt% of a total amcunt
of the peptides and the free amino acids in the hydrolysate,
and a content of the tripeptides having a sequence
Xaa-Pro-Pro is not lower than 1 wt% of a total amount of

the peptides and the free amino acids in the hydrolysate.
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| onger than 2.1 with a group of enzynes capabl e of
digesting animal mlk casein into a casein

hydrol ysate having an average chain | ength of not

longer than 2.1 in ternms of the nunber of ami no acid

resi dues. 10 According to the present invention, there

i Bsahsed proveiled Armaagent bavang AGEnonkldiid ory

activity or hypotensive effect conprising the above

casei adwydrdiysate tas araesdnveinwgnedicent .thecerdenglso
to the present invention, there is further 15

ppavidertdise aéthbe deove caser inbhydhel ysedeinnhylleolysate
manuf acture of functional food or nedicine having ACE

i flbinhiitcated agbbvit ycaphypiat@nshee sekfrectt The tadebdyzing
hydrol ysate of the present invention contains free
aEnAemAAC inds] larth 4 O nod acak@rameight apepthaes 120gshchf not
as in vivo indigestible peptides, obtained by

hydmnelerz tRgnapni Mati 4h kg £a8pidT kazlaess anpavaraage digesting
chain length of not longer than 2.1 in terns of the
numera 10fmi Rl pesadind iresh dyesasEhus Myl qresebé having an
casein hydrolysate is expected to exhibit, by ora
adRidtild athoin exaghlrenit 2ot NLyhyerabsarbahil iy watms of
various functions in living organism and to be

ugefeuln diise vapFodsminencidomate E9ades .medi ci ne, and

food additives. For exanple, the present 7 casein

hydr olatsadedi sgexpeeted pdree bentseflvien tdpragettie havisgalso
ACE inhibitory activity or hypotensive effect

centaiiiay ahhagpnesentvihygratygsaneias torpcitvevity or

i ngredi ent. The present nethod includes the step (A

ofh viiydi el ¥ 786 £ fe @hicdidp i 4 kn ¢ a3l Abbochawee in hydrolysate
average chain length of not Ilonger than 2. 1 with a
geeURfaepzyvEes ngarablen©f di gesting

According to the present invention, there is further
provided use of the above casein hydrolysate in the
manufacture of functional food or medicine having ACE
inhibitory activity or hypotensive effect.

The casein hydrolysate of the present invention
contains free amino acids and lowmolecular weight peptides
such as in vivo indigestible peptides, obtained by
hydrolyzing animal milk casein to have an average chain
length of not longer than 2.1 in terms of the number of
amino acid residues. Thus the present casein hydrolysate
is expected to exhibit, by oral administration, excellent
in vivo absorbability and various functions in 1living
organism, and to be useful for various functional food,

medicine, and food additives. For example, the present
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animal mlk casein into a casein hydrol ysate having an
average chain length of not longer than 2.1 in terns

of the nunber of am no acid residues. Thus, the

met hod all ows 10 easy and efficient production of the
casein hydrol ysate of the present invention.
Aceardimplr ctlhe presentxpethed té eadsadt byesusgent having
i ndustrial production of the casein hydrolysate of

t he Epi edemti i owerddohvi BRI €F DESCREATLON ©F fRE containing
DRAWNGS 15 Fig. 1 is a graph showing the results of
evaleuatredenof hiydrvilwe atles oxdbabnl sty iared idigesdient .

resi stance of Xaa-Pro and Xaa-Pro-Pro perfornmed in

Exanplmé elp reisgn t2me s ha dgt aphuskewi ng step fésubf iygirolyzing
experinment for determ ning dose-dependent hypotensive
etifhaata 0fmitihe ¢ 240 tased mayeral ysat va pewdea $npt epgtédof not
in Exanple 1. Fig. 3 is a graph show ng the

r elcaigeonshiap bet weierh thgroepuif enzpatderapab llzoafiddigesting
protein with a linear gradient of 0 to 0. 6 M NaC

anch inhel prol Robykied racini v ty tasAdal ysicroExaapkehdving an
25 Fig. 4 is a graph showi ng the relationship between

t here i gesth@int leBgath caseist widhgehetproul® .df in terms of
enzynmes and the ACE inhibitory activity of the

r esd hungetaseianiysueliysatei8ues .Exatple, 3hefngthbd gllows
a graph showing the relationship between the average
chaigy | angtbrandithe ACodutibbhosy anti vatyiof hideolysate
casei n hydrol ysate obtained by hydrolysis of casein 5
Widkfht b 86 195 S8Rt Gin ey 186 . | NabxaT in @l y PREERREBent me thod
EMBCODI MENTS OF THE | NVENTI ON The present invention.

wiild ovaReagyphai ned ind@etaibl production of the casein

hydrolysate of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the results of evaluation
of invivoabsorbabilityanddigestionresistanceof Xaa-Pro
and Xaa-Pro-Pro performed in Example 1.

Fig. 2 is a graph showing the results of experiment
for determining dose-dependent hypotensive effect of the
casein hydrolysate powders prepared in Example 1.

Fig. 3 is a graph showing the felationship]oetween.the
elution pattern of bound protein with a linear gradient
of 0 to 0.6 M NaCl and the proteolytic activity in Analysis
Example 1.

Fig. 4 is a graph showing the relationship between the
digestion time of casein with the group of enzymes and the

ACE inhibitoryactivity of the resultingcaseinhydrolysate
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The casein hydrol ysate of the present invention

contains free am no acids and pepti des obtai ned by 10
hydrol yzing animal mlk casein to have a particul ar

range of average chain length in terns of the nunber

of amno acid residues. The anount of the free am no
adndE>ampidel3.peptides is preferably not | ess than 80

wt % nore preferably 80 to 90 wt % of the total anpount

of theicpsai nshydymdylsatteowilhg Ithe sqdarticubhipybetween the
preferred that the hydrolysate has a particular
camnteatigofchaini Venigndi gest ithe peptidbsbascirhe activity of
pepti des, conposed of di peptides having the sequence
Xaa<Prco: St th ypepllivdes habtngi ide seqhedeelysis of casein
Xaa-Pro-Pro. The peptides may be peptide salts. 20 As
usedmherted ngrblip averageymdai hnl Erglrip Irery3 be expressed

as a ratio of the total nunber of noles of the
pertrrdasrr@ngdnEhe 1iMmer amnoTAE| ds vgeITare ed by

hydrolysis of animal mIKk casein with respect to the
nunberrHd piFRl s ©fi raldn then v Nacdcbdsekplbtiaecasaidetail .
acid hydrol ysate of the same weight. 25 Here, the

casei rrraci @; by drohysats J$a 0dt aEnedeby rdi gast | igvention
casein protein into single amno acids. The average

chaint d engt by raybeide! efdi dedantiopeptargd €, o8t hyned by

eval uating the nolar concentrations of the am no

g 1¥PihBeaRydeel HsakesabyihheoQPAvaes otk tistnlJaanrange
OPA (o-phthal al dehyde) reagent, which col ors by

I @ACtd 0 My & NehaAnNQ eFcAUPSin agdr@xpoEsseed asimber of amino
Average chain length = (nunber of noles of am no

0I2QURS rddi fasei N apkdahydnel ysaie) frdaumiero ekinnd asd the
of amno groups in casein enzynme hydrol ysate). As

ugRe thed et 1.s pherkrapivonbidigesthbines peptd desreganeferably

80 to 90 wt% of the total amount of the casein hydrolysate.
It is particularly preferred that the hydrolysate has a
particular content of in vive indigestible peptides as the
peptides, composed of dipeptides having the sequence
Xaa-Pro and tripeptides having the sequence Xaa-Pro-Pro.
The peptides may be peptide salts.

Asusedherein, theaverage chainlengthmaybe expressed
as a ratio of the total number of moles of the peptides
and the free amino acids generated by hydrolysis of animal
milk casein with respect to the number of moles of all the
amino acids in the casein acidhydrolysate of the same weight.
Here, the casein acid hydrolysate is obtained by digesting
casein protein into single amino acids.

The average chainlengthmaybe determined, for example,
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di peptides Xaa-Pro and tri peptides Xaa-Pro-Pro having

Pro 10 at the carboxyl term nal, which have high

di gestion resistance against in vivo peptidases when
absorbed intestinally in living organism According

to the present invention, the average chain |ength of

t bg bydnabysaie tokt abhed bynbydralajziargs afi thke adbno groups
mlk casein is not longer than 2 . 1, preferably 1 . |

t @n2 thel, hyor el pesafersalily thd 0PA2mbthad twes hegolnt @A
nunber of amno acid residues. Wth the average chain

| ergtdhtHal #ngERydhanedgkntt, hehdent enlls raf byheeaction with
desired dipeptides and tripeptides as well as the

f @8 rAT PPo @6k §IS aake dx@ve é0dd2@sthus the content of
the desired 1 n vivo absorbable and in vivo

| pgicgesid btea papt bdesh s | @umdee conmedksofoft kmino groups
di peptides having the sequence Xaa-Pro in the casein

hyer dlasate 9&ithayareseatayent (fambes wiualdlenobf amino
lower than 5 % preferably 5 to 25 wt% 25 of the

t ohrjupount caketihe pepinsesyandltketaiee am no acids
i%tthe hydrol ysate. At less than 5 W% desired in

vivo abserbalklltiv,i $hlovaredvanicdhge expoesspoptaiies mean
the functions 10 is insufficient. The content of the

t iRt ¢ des s hayh norbhen sequienest i Xaa-Pa9-Pro-ipr d heving Pro
casein hydrol ysate of the present inventionis

ug4aldwe NOL rbewen tailnav % waiehemably Hifht aigewtt%on
of the total anbunt of the peptides and the free

AP0 €k fsei Rgbhe JydI ! ysabepeplc ilksse d halled Wb¥orbed
desired in vivo absorbability is |owered and the

explesst PRa0fi vt he ifiupcid opsghsiisasuf ficient. In the
casei n hydol ysate of the present invention, Xaa

According to the present invention, the average chain
length of the hydrolysate obtained by hydrolyzing animal
milk casein is not longer than 2.1, preferably 1.1 to 2.1,
more preferably 1.3 to 2.1, in terms of the number of amino
acid residues. With the average chain length of longer
than 2.1, the contents of the desired dipeptides and
tripeptides as well as the free amino acids are low, and
thus the content of the desired in vivo absorbable and in
vivo indigestible peptides is low.

The content of the dipeptides having the sequence
¥aa-Pro in the casein hydrolysate of the present invention
is usually not lower than 5 wt%, preferably 5 to 25 wt%
of the to’t:.al amount of the peptides and the free amino acids

in the hydrolysate. A%t less than 5 wt%, desired in vivo

absorbabilityis lowered and the expressionof the functions

10
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10 in the di peptides having the sequence Xaa-Pro and
in the tripeptides having the sequence Xaa-Pro-Pro,
may be any amino acid. The casein hydrol ysate of the
present invention may preferably contain Ile-Pro,
GQu-Pro, Arg-Pro, G@n-Pro, 15 Met-Pro, and Tyr-Pro as
t he dinsepifdesehdvi ng the sequence Xaa-Pro, and
Ser-Pro-Pro, Ile-Pro-Pro, and Val-Pro-Pro as the
t ri pepthiedesoma®nhgotfhd hseduerieer Xhdepr &aptig1g THee sequence
casei n hydrol ysate of the present invention, when
cBakailto skich dhpéptel dessene hyfdpeprisdds «f feleei peegent
20 exhibits in particular ACE inhibitory activity and
hypoteerisi ve 2§ festialllye redseiowdydibhpsat @tsf, teferably 1
present invention contains free amno acids in
addi 6i on 3t o ft hbepéptriadesumolinet abrittentpadtigesfapd the free
amno acids is usually 35 to 50 wt% 25 preferably 40
t amdm ok % dfs 1heheohgbradywatt of the lpept tHes 1 and  thesired
free amno acids in the hydrolysate. The casein
hyidr oli ysatbsof- e Jprteg arg liomeardd eamdraneléxppeisenald pf the
contain, in addition to the peptides and the free
arfun taich s, 1 fodnexdfl e, et pi d, ash, carbohydrate,
dietary fibers, and water, which are usually contai ned
in camehe akkyiavayballyeare ol thelkreaseininianadaon, Xaa
amount 5 of about 10 to 20 wt% Sone or all of these
i Agr etieentipemaydbe hemived tae desjust-e Thwachsei and in the
hydrol ysate of the present invention may be prepared,
f arr igxapl @e sbyathie grethwd efutheeprese®ro-ifmenthapn be any
including the step of (A) hydrolyzing animal mlk 10
caseino te@achave an average chain | ength of not |onger
t han

The casein hydrolysate of the present invention may

preferably contain Ile-Pro, Glu-Pro, Arg-Pro, Gln-Pro,
Met-Pro, and Tyr-Pro as the dipeptides having the sequence
Xaa-Pro, and Ser-Pro-Pro, Ile-Pro-Pro, and Val-Pro-Pro as
the tripeptides having the sequence Xaa-Pro-Pro.

The casein hydrolysate of the present invention, when
contains such dipeptides and tripeptides, effectively
exhibits in particular ACE inhibitory activity and
hypotensive effect.

The casein hydrolysate of the present invention
contains free amino acids in addition to the peptides. The
content of the free amino acids is usuélly 35 to 50 wt%,
preferably 40 to 45 wt% of the total amount of the peptides
and the free amino acids in the hydroclysate.

The casein hydrolysate of the present invention may
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2.1 wth a group of enzynmes capabl e of digesting
animal mlk casein into a hydrol ysate having an
average chain length of not longer than 2. 1 in terns
of the nunber of am no acid residues. 15 The ani mal
mlk casein is a protein having a high Pro content
ang tcianfa Y hpdcesatetiyl,f dm ustdibidoodoandet pedtiikdss and the
and may be, for exanple, casein fromcow s mlk,
hdrse! samimd kgcgoat ' Bom ékamphd,sheed'ds mishk, csitdbphydrate,
cows mlk casein being particularly preferred. 20
Thie ettaaey If idoscentdaad ivant ¢ n, hytdi ohyzt eigusauné iy eovhkained in
casein is not particularly limted, and nay preferably
be ordnd - 181 Wy Yafrad lefiflieci antmpt oditki easefithein an amcount
hydrol ysate of the present invention. The group of
enzy s ws e i e the wiet hodsofnet he pldseift th2%sse ingredients
i nventi on maybe any group of enzynes wherein enzynes
capablee pémdigastisngiedin@li. m | k casein into a
hydrol ysate having an average chain | ength of not
| ongerrHdata 2e ini Ayterts sl ©f o £ hehaupheseoft amwvmntion may
acid residues are suitably selected and conbi ned. For
exaN e p&r gAQUE ol conamies, (Ky tbentdthsy pepthdageesent
capabl e of cleaving the peptide bond Pro-Xaa in the
carbmayt i derimdiald bhg Xase Prepxaf (@) hyXaal1Rrza-rRy anXasl milk
may preferably be used. The group of enzynmes (X) may
prefsariablio contaidh $erd fege o4 BhnesegthavEngoserénger than
at the active center, or netalloproteinases having a
met.a waithhe gebupe otertreryme dheaprbakl ofr digjamsiasy animal
may be neutral protease I, neutral 10 protease Il, or
| elicli ine a8 Bt Ao wePhitiases 1 YEhbeadia v 0e$hn Oner ofe thesier 1ength
me tall oproteinases, the objective hydrolysate

of not longer than 2.1 in terms of the number of amino acid

residues.

The animal milk casein is a protein having a high Pro
content and confirmed safety for use in food and the like,
and may be, for example, casein from cow's milk, horse's
milk, goat'smilk, and sheep's milk, with cow'smilk casein
being particularly preferred.

The casein concentration in hydrolyzing animal milk
casein is not particularly limited, and may preferably be
3 to 19 wt% for efficient production of the hydrolysate
of the present invention.

The group of enzymes used in the method of the present
inventionmaybe anygroupof enzymes whereinenzymes capable
of digesting animal milk casein into a hydrolysate having

an average chain length of not longer than 2.1 in terms

12
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may be obtained efficiently in a short time, and even

in a one-step reaction, thus being preferred.

Thepepti dases capabl e of cleaving the peptide bond

Pro- Xaa may preferably 15 be enzynes havi ng

i soelectric points in the acid region. The group of
enfyhbe mumbhe gf cuplod anizymes (39e sreyre Isall faply selected
exanpl e, a group of extracellular enzynes derived

f eom kojmibiméd. suEhrasyasperyi | fugrobpzaf Suerngs (X)
group of extracellular enzymes may be those obtai ned

by ocutlatiur i mg p2E el 4 s bedyapab he applepriiate tiedpept ide bond
and water-extracting the enzynes produced

ertracild ulmartije Aagibaupylofteeminadelolfulsra-ehzygndsa or
derived from Aspergillus oryzae having isoelectric
piart-P o+ P he-dabd megi graferapbagt beulwrdd. preferred

25 The group of extracellular enzynes derived from

Asper giHd gz caipy pdeemaymbe &Xtomaenoieafepablyctonsath serine
as SUM ZYME FP, LP, or MP (all registered trademarks,

13 rroeceLifrecs ¢1s e aby nSH s N IHONE CHEMECAIC 1G0e |, cefiDer) or
UVAM ZYME (registered tradenmark, manufactured by

AMANQ IENAYMEL e i NEse)s haStreg ne ymet B11624 tamd active center.
PROHI DROXY AVPL (both trade nanmes, manufactured by

HirG&dChlle t1aNG. Jp 1; 0 ORL ENFASEMENS- € rregi St 21 qoir St eradefmrkgutral
manuf act ured by HANKYU BI O NDUSTRY CO.), and DENAZYME
ABr(omegiss ered brademarilae rmamidacpepeddayeNAGASEh at least
SEI KAGAKU), with SUM ZYME FP (registered trademark,

man actilede by tSH N O CHEMsCALh €@L ) 4T0i yebiaidigolysate
particularly preferred. 10 Such comercially avail abl e
enzymes usied 1 yehayerispecitfliyc ioptd mihmcondiné pnsndThegen in
condi tions, such as the anmount of enzynmes used and

t heonheastie@nr bR iompyt Subtehlyg preferred. The peptidases

capable of cleaving the peptide bond Pro-Xaamay preferably
be enzymes having isoelectric points in the acid region.

The group of enzymes or the group of enzymes (X) may
be, for example, a group of extracellular enzymes derived
from koji mold such as Aspergillus oryzae. Such a group
of extracellular enzymes may be those obtained by culturing
cell body in an appropriate medium, and water-extracting
the enzymes produced extracellularly. A group of
extracellular enzymes derived from Aspergillus oryzae
having iscelectric points in the acid region are
particularly preferred.

The group of extracellular enzymes derived from
Aspergillus oryzae may be a commercial product, such as

SUMIZYME FP, LP, or MP (all registered trademarks,

13
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be adj usted dependi ng on the group of enzynes used so

that the casein hydrol ysate of the present invention

may be 15 obtai ned. For the hydrolysis, the group of
enzynmes may be, for exanple, added to an aqueous

solution of animal m |k casein at a group o

emaynes i nadl ny |36 DRSEHON SHEBIEARGI0 | ovléFrD t hdMAMI ZYME
1/ 1000, preferably 1/10 to 1/1000, nore preferably 20
1ﬂr@gxﬁﬂ¢ﬂ@@tnﬁﬁﬂm@1bf@ﬁﬂﬂ§GQtn©ﬁibﬂBM®NQ@NZYME INC.),
wei ght. The reaction conditions may suitably be
seltextretymelepthdbdg aon EHROTDREX Bf AMRLy b s ddr ade names,
that the objective casein hydrolysate is obtained.

The et t one dalyy USTAUCEI BECeNf,e ORGENRA DD QIS 6r«@Cistered
preferably 45 to 55 'C, at pH 25 3 to 10, preferably 5

t @ r@dempa ek prebecdblor v do By TRRKYBNBY S NDEERRRONCO. ), and
time is usually 2 to 48 hours, preferably 7 to 15
howrss z IME Ere (erzyire: & padttiondemyr be nennfaated dgyby NAGASE
i nactivating the enzynmes. Usually, the enzynes are

i SagiaGhRd) at waGh tSUMIOYME £8 tlerglstter¢dhetrademark,
reaction. After the term nation of the enzyne

r eacid fagtthed byr €HIR i MUHPK eCHEMIARE. Y. prBTBrabbging

be renoved by centrifugation or through various

f plarerissunsrdesipredetyd her, the obtai ned hydrol ysate
maybe subjected to renoval of peptides having bitter

t ast e rcwdosmmekicdl Iitay abei thbéet et aymiar) astaldyedave
carbon, a hydrophobic resin, 10 or the |like. For

exad £f1i¢ dmpt ABumtdood i atbheat edheackaon i tvidrs r espgctas the
to the anbunt of casein used may be added to the

hydrcalrys atfe enanvthg L acteet aher thet pe d0thouwr site, reagveuitably
such bitter and odorous conponents. The activated
cardbanljusted depending on the group of enzymes used so that

the casein hydrolysate of the present invention may be
ocbtained.

For the hydrolysis, the group of enzymes may be, for
example, added to an aqueous solution of animal milk casein
at a group of enzymes/animal milk casein ratio of not lower
than 1/1000, preferably 1/10 to 1/1000, more preferably
1/10 to 1/100, most preferably 1/10 to 1/40, by weight.

The reaction conditions may suitably bé selected
depending on the group of enzymes used so that the objective
casein hydrolysate is obtained. The reaction may usually
be effected at 25 to 60 °C, preferably 45 to 55 °C, at pH
3 to 10, preferably 5 to 9, more preferably 5 to 8. The
enzyme reaction time is usually 2 to 48 hours, preferably

7 to 15 hours.
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used may be renoved by a conventional nethod, such as

15 centrifugation or nenbrane filtration. The reaction
liquid containing the casein hydrol ysate obtained by

step (A) may be added as it is to |iquid products

such as beverages. For inproving the versatility of

the cdseiemAwtk ddeesat eonfmd hepriesentnaheeéty dmachevating
reaction 20 liquid may preferably be concentrated and

ditihed eirmtyane powdes g a 13yGh thewder-symmy dree uiseaichsvated at 60
various functional food, additives therefor,

medi cine, °@ngh afe 2 hwe d Ngfediteattibher eof . The
powders may optionally be m xed with various 25

auxi | izafrtye dehéei vesnfiarat igat ov £ nghehemte t reaakion, the
bal ance or flavor. Exanples of such auxiliary

agdistu Mesn gray reci@liudet & ana pup redehemdr dvesremnbpieds by
vitam ns, mnerals, 15 sweeteners, flavoring agents,

plc@ﬁ‘ﬁfﬁﬁfu@éldlbﬁxblﬂEth:tcb‘ﬁpdjnveaﬁiaoﬁ@ fioweker s, as desired.
contai ning the casein hydrolysate of the present

I NVentmon: @y, beh sisask Hynaddh fgrboyshare axgnpkesublected to
beverages, yogurt, liquid food, jelly, candies, retort

f e@ghotablset IBSs H:—ﬁﬁ&i $i tSPONge CEKes; odlegdwhich may
bi scuits, chocol ate, and t e like, or by formulating

| HeO cOERstt €8, usiAhl et sivandd herddes. Shicirdpieobic resin,
casei n hydrol ysate of the present invention 10 may be

ugadthe theeaboves Mentdngites, narrepo fbe Presedivated carbon
hydrol ysate may effectively be used in the manufacture

ofri fiundddwdat feathsughoast Vari OaseiaoteBbcmeli bksadded to
general beverages, general foods, dietary

supRl eptS1yBHEE t herak e afded |ﬁhﬁ|1 fioodL0 hayh A to remove
heal t h beneflt |ncorporated
such bitter and odorous components. The activated carbon
used may be removed by a conventional method, such as
centrifugation or membrane filtration.

The reaction liquid containing the casein hydrolysate
obtained by step (A) may be added as it is to liquid products
such as beverages. For improving the versatility of the
casein hydrolysate of the present invention, the reaction
liquid may preferably be concentrated and dried into
powders,

Such powders may be used as various functional food,
additives therefor, medicine, and an active ingredient
thereof. The powders may optionally be mixed with various
auxiliary additives for improving the nutritional balance
or flavor. Examples of such auxiliary additives may

include various carbohydrates, lipids, vitamins, minerals,
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15 therein, or in the manufacture of nedicine. The

casei n hydrol ysate of the present invention has been
confirmed to have ACE inhibitory activity and

hypot ensi ve effect in the Exanples to be discussed

|ater, so that the present hydrolysate nay be used,

f smestamptes, 20]layoad rayerde i bh . t hé g Factameé bpxture
functional food having such activity and effect, or
agmaprcagent - f or the manufacture of nedicine. Wen the
casei n hydrol ysate of the present invention is used

as an Tdgemovdat ngec ACEa inhinlgi torey castdivi thy dinell y28te of the
hypot ensi ve effect, a preferred dose of the agent for

opale ssdnt nirsteation mevhbransies! byualddirgudio asfen example,
allow ingestion of O . 1 to 100 ng/kg, preferably 1

t ©e2@ mad &g, ofo dthet péprudest d6dand: X he, frealigd noetort food,
acids in the casein hydrol ysate per adm nistration.

Thab ltete camdig sof cbbéicaseispdiygle ot ykate bafeache biscuits,
present invention or the agent having ACE inhibitory
actioddlyaamd drypotlendives efdredty, fwhem st gyl aiddiogpsules,
in 5 various beverages, food, or nedicine, my
striafidld tys beandelceet dd ken. vi ew of the above dose.

According to the nethod of the present invention, by

hydr ol3/ziawg tare malsenind b yohsel nsabheac b stpepe sEattimnention
with a group of enzynes containing the group of

enzymase (XS ed01nemhicongthadovent Xaa-elr greRrmoe conthengdesent
in the animal mlk casein, in particular Ile-Pro-Pro
ahd/daro Mas a Pe aady o3 £ DE ctikiedly Barueus fonché omsnufacture of
i ncl udi ng hypotensive effect and anti-stress effect

hawe dxeiesn g dnf b 6 deshichay sbeaohbaisneéd otatn iac himgheks, general
yield closer to the theoretical recovery, such 15 as

Nte teavwed e § hae %41 poetier,abl gt aoy dugwerendéahs70Mtritional

functional food, having health benefit incorporated
therein, or in the manufacture of medicine.

The casein hydrolysate of the present invention has
been confirmed to have ACE inhibitory activity and
hypotensive effect in the Examples to be discussed later,
so that the present hydrolysate may be used, for example,
as an agent for the manufacture of functional food having
such activity and effect, or as an agent for themanufacture
of medicine.

When the casein hydrolysate of the present invention
is used as an agent having ACE inhibitory activity and
hypotensive effect, a preferred dose of the agent for oral
administrationtohumanisusually suchastoallowingestion

of 0.1 to 100 mg/kg, preferably 1 to 20mg/kg of the peptides
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conpared to the conventional nethods. Thus this nethod

is not only a nethod for preparing a casein

hydrol ysate of the present invention, but also an
effective nethod for producing digested products

contai ning a considerable 20 anount of objective
Xaa-dPridreéPr bre er apumicf isadi ¢y otdoctbe tlaercdof hydomlysate per
animal mlk casein or food protein having a high

X aamBrro-Fr vatoohent ThEXAMVREESnoThe off ebentasavemydmolysate
wi Il now be explained in nore 25 detail wth

r effetraqer ¢ efxainprestidnad ysirs: Eyamyl kavandg ACE inhibitory
Conpar ative Exanples, which are illustrative only and
dactiati i yptend hopbitwintsitde ¢f Bsent wheantised 17 adding in
Exanple 1 and Conparative Exanples 1 to 8 1 g of
casgiivuerbyedrbhgemd, cowsdi m bk fpeadufiact urmredy byitably be
NI PPON NZMP) was added to 99 g of distilled water at
abeute 80 € andvtbor eghilye mixede AokN .sodi um hydroxi de

5 (manuf actured by WAKO PURE CHEM CAL | NDUSTRI ES,

LTD. ) acsobrding wastaddedthod be mivet pre demtadjimséntihen, by
pHto 7.0. The tenperature was adjusted to 20 C, to

PhEeRRIEL Y SHPdr BhLl ms0l Kidae il d i Beosebsteat eeaction with
sol ution thus obtai ned, each of the 10 vari ous

enz yesa s homne ha vl e dntvasn afddedhso ddwip the enzymes (X)
enzyme/ casein ratio was 1/ 25 by weight. The m xture

waen tiencé @hdve) Xad orrddrhoucsntantedien snbj ecimdl milk
to autoclaving at 110 C for 10 mnutes to inactivate

t ke senizyeisn pdo: 11 eby1 Dbt aird - rsolawid O3 ofal-Pro-Pro, of
enzymati c di gestion products 15 of casein. The

oktnaidredr 501 it & o Of t eBAY ML G udiigRF iyl t P Otluet SE MBSt and
spray-dried, to prepare powders.
anti-stress effect have been confirmed, may be obtained
at a higher yield closer to the theoretical recovery, such
as not lower than 60%, preferably not lower than 70%,
compared to the conventional methods. Thus this method
is not only a method for preparing a casein hydrolysate
of the present invention, but also an effective method for
producing digested products containing a considerable
amount of objective Xaa-Pro-Pro, or purified products
thereof, from animal milk casein or food protein having
a high Xaa-Pro-Pro content.
EXAMPLES
The present invention will now be explained in more
detail with reference to Examples, Analysis Example, and

Comparative Examples, which are illustrative only and do

not intend to limit the present invention.
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The powders thus obtained were subjected to analysis

of ingredients. Protein was determ ned by Kjel dahl

nmet hod, and am no acids with an am no acid anal yzer.

The amount 20 obtai ned by subtracting the anount of

amno acids fromthe anount of protein was taken as

t Be aanpount 1 ofngefbimges.at Fge t heempike dndunt8 of |i pids

was determ ned by the nethod wth acid hydrolysis,

ash byl di rettcagmiti dariamd viatamw coy' sheidkr @wemfactured
nmet hod. The anmpbunt of each ingredient was 25

Sbiyt NAR RN N DMP 100%s efidshd ctho ba® apcefwds sttakddeciswater at
the anount of carbohydrate. As a result, the powders
waheutdetern aed tocanighhy 3hi Bewt, % amino saciidsy hydroxide
45. 7wt Y%pepti des, 18 6.6 Wt Y%owater, 0.2 wt%lipid, 4.1
WH{aashf a @dr #d6 bwt %o KarboRy dC HER I CAVe A @RI EST LTD.)
Average Chain Length> The average chain |length of the

agicnm taichwlsvanchdded th pert ndet wonttal aeld ust tthe pH to 7.0.
obt ai ned powders was determ ned by neasuring the

namRet efp ciRlteS b B @u SPAdeRgent, wipthkpdeaatsubstrate
with ami no groups of the free am no acids and the
peptlidesoh n the powders, similarly measuring the

nunber of noles of a casein acid hydrol ysate, and

eval uatd rnhd huddc rateosofiutthese thus ot imsd| tsaaheof the
shown in Table 1. 40 ng of o-phthal al dehyde

(guariani eedneeagentsHoarn fhuoabieenceranadgsed, so that the
manuf actured by NACALAI TESQUE, |INC ) was dissol ved .
| Rk yHhe ofasethanak.icand s10Q 2\l bef weR-gter caprivetthanohre was
was added. The o-pht hal al dehyde 15 sol ution was

diddede § 022550 oW R 29 aMhdird, 188dnvhsedidibiected to
tetraborate solution previously mxed with 2.5 m of

3@?tf§ﬁ§@Y5g%%ﬂyﬁ‘@%éﬁﬂ@nd&%iéﬁtbﬁﬂédﬁ&ﬁ@tmtnﬁéﬁzymes,
I STI e .

totherebyobtainasolutionofenzymaticdigestionproducts

of casein. The obtained solution of enzymatic digestion
products was spray-dried, to prepare powders.

The powders thus obtained were subjected to analysis
of ingredients. Proteinwas determinedby Kjeldahl method,
and amino acids with an amino acid analyzer. The amount
obtained by subtracting the amount of amino acids from the
amount of protein was taken as the amount of peptides.
Further, the amount of lipids was determined by the method
with acid hydrolysis, ash by direct ignition, and water
by the air oven method. The amount of each ingredient was
subtracted from 100%, of which balance was taken as the
amount of carbohydrate. As a result,.the powders were

determined tocontain35.8wt%aminoacids, 45.7wt% peptides,
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water, to prepare an OPA reagent. Each powder sanple

of 1% casein enzyne hydrol ysate 20 obtai ned by

reaction with each enzyne (Tablel) was dissolved in

an appropriate solvent at an appropriate

concentration, and centrifuged at 15000 rpmfor 10

menwt est % S@apkrof Ot.he wishipeipatiantd Masvt @keshoubndlert wt%
I m of the OPA reagent prepared above was added,

t hermughfyyrstier.red, and left at 25 a room tenperature

for 5 mnutes. The absorbance at 340 nm was neasured

USIMg: slir @A s at phifometeradé r ade i nameridast - 35,

manuf act ured by JASCO CORPORATION). 19 A 1% casein

aci d hyok odysabgewah iirepadegith poopehky amdinaitadi dandnd the
subjected to the sane neasurenent to obtain a

caldpu ad ¢ orc et ¥ enelir OM vild bt den € el b Qe g bi Pa bedeeenmined
absor bance and nol ar concentrati on was determni ned. The

Sraveeage rdhat Bhkemngihbe wast aalley aked g 4n @rgordages:t, which
with the following fornmula: Average chain length =

( e st s optent sat hengebulp Yoccraseia ot daliysloohysakepnd the
/ (mol ar concentration of each sanple 1 % casein

epapel dydr ohysatepolichad) esnfX b gily @lasuring the number
enzymeCommer ci al Average chain enzynel ength Exanpl e

1AsperQidd us @ EayzaeSUMidYMy dRIL vs £oap. xd lPrgluating the
spl eenTrypsin 2)6.0 Conp. Ex. 2Bacillus subtilisSUM ZYME
CRadH#o lofovRekX IBAC) | I'USe results are shown in Table 1.

40 mg of o-phthalaldehyde (guaranteed reagent for
flucrescence analysis, manufactured by NACALAI TESQUE,
INC.) was dissolved in 1 ml of methanol, and 100 pl of
p-mercaptoethancol was added. The o-phthalaldehyde
solution was diluted to 25 ml with 25 ml of a 100 mM sodium
tetraborate sclution previously mixed with 2.5 ml of 20%
dodecyl sodium sulfate, and further to 50 ml with distilled
water, to prepare an OPA reagent.

Each powder sample of 1% casein enzyme hydrolysate
obtainedbyreactionwitheachenzyme (Tablel) wasdissolved
in an appropriate solvent at an appropriate concentration,
and centrifuged at 15000 rpm for 10 minutes. 50 pl of the
supernatant was taken ocut. Then 1 ml of the OPA reagent
prepared above was added, thoroughly stirred, and left at
a room temperature for 5 minutes. The absorbance at 340

nmwasmeasuredusinganabsorptiometer (tradename Ubest-35,

manufactured by JASCO CORPORATION) .
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4) 4.5 stearotherncphil usPROTEASE S Conp. Ex. 4Cari ca
papayaPurified 7.9 papain 5) Conp. Ex.5Bacill us

Ther noase 6) 4.6 thernoproteol ytacus Conp. Ex. 6Ri zopus

ni veusNEURASE F3G4. 9 Conp. Ex. 7Ri zopus del emar SUM ZYME

RP4. 0 Conp. Ex. 8Pi neappl e canner yBROVELAIN 9)5.5 1) ,

3), 8)34 ¥ casmnuf actigr égddyyo SHE AL &Il WON CHEMaEAd Cproperly
LTD.; 2) : manufactured by H GUCH , INC ; 4) :

meriufetct diy egnd byu AVANOENZYIVEh el NEme Fleasumpemeatt bpegbtain
by NAGASE & CO, 15 LTD. ; 6) : manufactured by

DAl WAKASEta i &n ¢uiye;, maouf attiuhed h eby eNIGOMNEL JPPARL ween
<Measurenent of Ami no Acids Constituting Peptides> The
pendesshpriepacad molExanprecdniveatidnssalsved igr@Dnad. The
sui tabl e amount of distilled water, and anal yzed usi ng

ara et D@ tdca e tdroet lanal gy zarl dutlreaded name cPP3@all;e with the
manuf act ured by SHI MADZU CORPORATION) to determnmi ne the
amdio @eidgr ésirtlu@s f rom the N-termnal in the

powders. 5 The results are shown in Table 2.

| noigengal dtyaihheenquhosatmel peptodecanalatziern doed fotasein
detect free am no acids. The total ampbunt of the

fiddid afyaecagkdtegsidugso vas d3Acpmlratanch tde ¢athl sample
amount of the sixth am no acid residues was 100 pnol .

Friom theseinesulztygne ityansleund)

Table 1
Origin of enzvme Commercial Average chain
£igin Zym enzyme length
Example 1 | Aspergillus oryzae |SUMIZYME FP Y 1.4
Comp. Ex. 1|Pig spleen Trypsin 6.0
Comp, Ex. 2 |Bacillus subtilis SUMIZYME CP 4.1
Bacillus 4
Comp. Ex. 3 stearothermophilus PROTEASE S 4.5
Purified
' . 7.9
Comp. Ex. 4| Carica papaya papain 5)
Bacillus 6)
Comp. Ex. 5 thermoproteolyticus Thermoase 4.6
Comp. Ex. 6| Rizopus niveus NEURASE F3G 4.9
Comp. Ex. 7| Rizopus delemar SUMIZYME RP 4.0
Comp. Ex. 8| Pineapple cannery BROMELAIN * 5.5

1), 3), 8), 9): manufactured by SHIN NIHON CHEMICAL CO.,
LTD.; 2): manufactured by HIGUCHI, INC.; 4): manufactured
by AMANO ENZYME, INC.; 5): manufactured by NAGASE & CO.,
LTD.; 6) : manufacturedby DAIWAKASEIK.K.; 7): manufactured
by NOVOZYME JAPAN

<Measurement of Bmino Acids Constituting Peptides>

The powders prepared in Example 1 were dissolved in
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10 that nost of the peptides contained in the powders

were di peptides and tripeptides. It was al so found

that the percentage of peptides having Pro at the

second residue was 49.5 % which was remarkably high,

and the percentage of peptides having Pro at the

t il rsahirtesh Deleamasn 2908 adjistil lwhi efatwas, adsd dnghyzed using
Thus it is expected that the powders contain a

censiadet abb eiampentt iafe Xama Pyoeand ttaaltdPrvaie oP PERI-AD,

are highly resistant against the enzymatic di gestion
Witani facvuyedpbgt EaEBeADB0 CHRPCRASSEOpEept o ddstaremine the
optimal for use 20 as functional peptides. 21 Table 2

Airion & sd c 20dr3sd ddtels Gordrenthé NNegseind nadi dirrestldelepowders.
resi due residue residue (W% (pnol) (pnol) (Prol) (pnol)
AFRiP 304415686 26 cAdhB9 278912h2@. ©. Incidentally, the
Asn55494691i ncl uded in Asp G n809710480i ncluded in Qu
automaticpeptide analyzer doesnotdetect freeamincacids.
The total amount of the fifth amino acid residues was
120 pmol, and the total amount of the sixth amino acid
residues was 100 pmecl. From these results, it was found
that most of the peptides contained in the powders were
dipeptides and tripeptides. It was also found that the
percentage of peptides having Pro at the second residue
was 49.5 %, which was remarkably high, and the percentage
of peptides having Pro at the third residue was 29.8 %,
which was also high.
Thus it is expected that the powders contain a
considerable amount of Xaa-Pro and Xaa-Pro-Pro, which are
highly resistant against the enzymatic digestion with in

vivo proteases, so that these peptides are optimal for use

as functional peptides.
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Ser 1053627165. 23 Thr311625184. 2 Hi s289458 2.6 n
161.9 33 Al a32310158302. 8 Tyr 72511452285. 4
Argl137683. 6 Met 1-8-24336102.5 Val 8 6-9-1-27196646. 1

d y25638|

Pro42137143118610.1 Trp944626 6 1.3 --

Phe~-O -0-886 2

4.6 08 Lys8133 57 19 7.5 --- 11eT5 -03 1
Table 2
Amino 1§t di BFd 4Fh Content incasein
acid residue | residue | residue | residue (Wt%)
(pmol) (pmol) (pmol) (pmol)

Asp 82 304 115 63 6.6

Glu 139 127 89 121 20.5

Asn 55 49 46 91 included in Asp
Gln 80 97 104 80 included in Glu
Ser 105 36 27 16 5.23

Thr 31 16 25 18 4.2

His 28 94 58 0 2.

Gly 256 38 33 16 1.9

Ala 323 101 58 30 2.8

Tyr 725 114 52 28 5.4

Arg 13 7 6 8 3.6

Met 182 43 36 10 2.5

Val 869 127 196 64 6.1

Pro 42 1371 431 186 10.1

Trp 94 46 26 6 1.3

Phe 800 88 60 28 4.6

Lys 81 33 57 19 7.5

Ile 350 37 17 10 5.1

Leu 400 39 50 10 9.4

Total 4317 2767 1447 387 100.0

<Evaluation of Absorbability and Digestion Resistance of
Xaa-Pro and Xaa-Pro-Pro in Living Organism>

In order to evaluate the absorbability and digestion
resistance in living organism of the peptides having the
sequence Xaa-Pro or Xaa-Pro-Pro contained in the powders
of the casein enzyme hydrolysate prepared in Example 1 and
shown in Table 1, the absorption of the peptides into blood
after oral administration was tested in rats as follows.

To two six-week-old SD (Sprague Dawley) rats, 500
mg/animal each of Val-Pro-Pro as an example of Xaa-Pro-Pro
and Gly-Gly as a dipeptide having no Pro were administered

orally. Blood samples were taken from the portal veln at
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1 5.1 770 Leu4003950109.4 Total 431727671447387100. 0

<Eval uation of Absorbability and Di gesti on Resi stance

of Xaa-Pro and Xaa-Pro-Pro in Living organisnk 5 In

order to evaluate the absorbability and di gestion
resistance in |living organi smof the peptides having

t he t esecuibenc eaXdat Pe oabk oXgd-iPmo-ofr @ sguntdpietdé ninhe blood
powders of the casein enzyne hydrol ysate prepared in
Exanplde tle antineshowTHen ffabh et &, atrlke sdlvsor pitnofigf the
peptides into blood 10 after oral adm nistration was

t est edrriom @t . ds, fid haws corifiol trwd st lxa weeky obllySas easily
(Sprague Dawl ey) rats, 500 ng/animal each of

Vali-g 0= 0 nasi e, exaitph €Gofy wiaadPrederl, ahdleweld yro~Pro
as a di peptide having no Pro were adm ni stered

oiald yab £bepddsamploe o Mes@ takenifiedm tdealpbyt al Fyeim these
at 22 intervals, and the absorption of each peptide

| Hels Dl 000 iwas s deles ¢t BaGthafthe hieesupt ptaie sshndrt i peptides
Fig. 1. FromFig. 1, it was confirnmed that Gy-dy was
easivting dhgest gdehi e X8a - 5@ ot hradl XEay- Mas-Hebpateethectively,
while Val-Pro-Pro 5 was absorbed into bl ood

r elxatiet ynsgablays ab i hese masuldisiedfios expestetce in
that the dipeptides and tripeptides having the

saguenegsoXgankisa.and Xaa- Pro- Pro, respectively,
exhi bit high absorbability and digestion resistance in

| i @4 9aBhs®r 1oy rdvanh slat & OR fale Jdppot ensi ve Ef fect >
Each of the casein hydrol ysate powders prepared in
Each of the casein hydrolysate powders prepared in
Example and Comparative Examples shown in Table 1 were
administered orally to five 27-week-old spontaneously
hypertensive rats (SHR) (male) at a dose of 32 mg/kg body
weight. Blood pressure was measured before the
administration and 5 hours after the administration by
tail-cuff method with Tail-cuff PB-98 (manufacture by
SOFTRON) to evaluate the change in blood pressure. As a
control, casein was administered instead of the powders,
and the same evaluation was made. Before the measurement
of blood pressure, rats were warmed in a preheat box
(manufactured by CSI JAPAN) at 45 °C for 8 minutes. The
results are shown in Table 3.
FromTable 3, it is found that no change inbloodpressure
was observedwith casein as acontrol, while the hypotensive

effect was ocbserved with the administration of the powders

of Example 1. Ontheotherhand, nochange inbloodpressure
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Exanpl e and Conparati ve Exanples shown in Table 1 were

adm nistered orally to five 27-week-ol d spont aneously
hypertensive rats (SHR) (male) at a dose of 32 ng/ kg

body 15 weight. Bl ood pressure was neasured before

the adm nistration and 5 hours after the

agrinicHgsat voa By tht ainly auf fthvethoddeirsh oTaithec fidmparative
PB-98 (manufacture by SOFTRON) to eval uate the change

i mxeingolde pr essur es Ahves danvnskracaseitthalasthe casein
adm ni stered i nstead of the powders, 20 and the sane
evaldiad i poa vasofedeanpaforie ddetabasngereptar wfcbl @pdamount
pressure, rats were warned in a preheat box

( wewd actubeth dy aeSk rnbARAN) aatl by G § an Bramn age edaifhéength
results are shown in Table 3. From Table 3, it is

f auma dthatormge chelnge £ nibheddepreddeme h3pateensive effect.
observedwi th casein as a control, while the

hypot ensi wige r ef fiecta was- Obsee vedtiv tthe hebove method, a
adm ni stration of the powders of Exanple 1. On the

otcheye ha@denaenehange t ¢n bl vedefgiressurea23tased using the
observed with any of the powders of the Conparative

Exan £5. n{irod yidhuse desmnsksapedidnid the Easepie 1. The

hydrol ysate of Exanple 1 containing a particul ar

amuni 1 t of aXaashBrowrandth Xpak Peo4Paadcarel qavk ng an
average chain length 5 of not |onger than 2.1 had

exasld enbt hypotansioe effh bt + orkumdieryity>accor dance
with the above nethod, a dose-dependent hypotensive

ef f ectamasidrest @ fusinmBotrhee Tasg maydratysate by WAKO PURE
powders prepared in Exanple 1. The results are shown

| @bt end anduBirg1rEd, 1@<Bvaladatiier cifveXCEn a 0.1M borate
I nhibitory Activity> ACE derived from bovi ne | ung

(rantH ast weegduby  WAKQ BUREmdGHEMAGALD ) NUSTRb ESh thTR. hn ACE

was dissolved in a 0.1M borate
solution. 80 pl of a diluted enzyme hydrolysate sclution
prepared by diluting powders of each enzyme hydrolysate
shown in Table 1 by 50-fold with distilled water, 200 pl
of a 5mMhippuryl-histidyl-leucine solution (manufactured
by SIGMA), and 20 pl of the ACE solution prepared above
were introduced into a tube, and reacted at 37 °C for 30
minutes. Subsequently, the reaction was terminated by
adding 250 pl of 1N hydrochloric acid. 1.7 ml of ethyl
acetate was then added, and stirred. 1.4 ml of the ethyl
acetate layer was taken, placed in another tube, and
evaporated at 120 °C for about 60 minutes to obtain a dried
product. The dried product was dissclved in 1 ml of

distilled water, and the absorbance at 228 nm of hippuric

acid extracted with ethyl acetate was measured. As
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15

buffer at pH 8.3 in an anobunt of 0.1 U, to obtain an

ACE solution. 80 | of a diluted enzynme hydrol ysate
solution 15 prepared by diluting powders of each

enzyme hydrol ysate shown in Table 1 by 50-fold with
distilled water, 200 pl of a 5 nM . '
hicppurnd : hi sébapkbhays na s oter $one (nadubasodidd opywithout
SIGW), and 20 | of the ACE sol ution prepared above .
wehe iditYwdedednizyne ddbel yaater sadtvdd en gzdcaf gelution
30 20 m nutes. Subsequently, the reaction was

t erimimatedcivy dadditegq 25C imofhidrhydsackl erolnbicen. and the
1.7 m of ethyl acetate was then added, and stirred.
la¢misafuthenet hylroraddiatebtayer dnad scakerncel aéed

i n anot her tube, and evaporated at 120 C for about 60
mimMigsi torphdat hvatgrived @5l pnddued ifhecdeirddnce with the
product was dissolved in 1 m of distilled water, and

t He ldhseorbanterati 1228 Mhofrbsppusi @reaciloext iacTadhle 3.
with ethyl acetate was neasured. As 24 controls,

abso mmfbmarﬁe@%trie\ehw as sokutli (@n-By tAput 10be

di l uted enzyne hydrol ysate solution and a sol ution
wiat:hotb § bebdhket ed enzyunel by dwdlthzatte &iol wt € dneargme

the ACE solution. Fromthe obtai ned absorbance, ACE 5

i mhichid Dy yaaetsvlityivasboal wuthtedEisohecbodance( A s hrbance
the following forrmula. The results are shown in Table

3.of ACH whhbhi otyicadt idd iyt € &) erz (1A BybdAlo Iy d0e Asolution
(Absor bance of solution wthout diluted enzyne

hydidl ysEt eosaltdtdnon but with ACE sol ution) -

(Absorbance 10 of solution w thout diluted enzyne

hytr Qhysatrd &0t ¢lidfosoland oACEi shl &t L anpdRen ¢ phedrpdnckysate
of solution with diluted enzynme hydrol ysate solution

angh ACGE sl atd A E -s dAbsDohanee( mif s sobahiceno®i $hlution with

diluted enzyme hydrolysate solution but without ACE

solution)
Table 3
e, o | ettty | Bload pressuze geop
Hg)
Example 1 4.1 -25.0 + 4.3 7"
Comp. Ex. 1 0.8 -4.3 + 5.3
Comp. Ex. 2 1.2 -
Comp. Ex. 3 1.4 -3.7 + 6.4
Comp. Ex. 4 1.0 2.8 £ 5.2
Comp. Ex. 5 1.1 -
Comp. Ex. © 0.9 2.9+ 5.4
Comp. Ex. 7 0.7 -5.1 1 7.0
Comp. Ex. 8 1.1 -4.6 £ 6.9
Control - -2.5 % 7.5
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di l uted enzyne hydrol ysate solution but w thout ACE 15
sol ution) Table 3 Enzynme ACE inHI bitory Bl ood pressure
drop hydrol ysateactivity (average SD) (% / ~Lq)
Exanpl e 14.1-25.0 4.3 Conp. Ex.10.8-4.35.3 Conp.
Ex. 21.2 Conp. Ex.31.4-3.76.4 Conp. Ex.41.02.85.2 Conp.
Ex.51.1 Conp. Ex.60.92.95. 4kﬂnh@ 4Ex 70 7- 5 17 0 Conp.

Ex.81.1-4.6 —Q_Control A5—TFable se of
Change in Stdn g%ﬁ&esgmd%gglgﬂgg% ssg% %?V@atlon
(mg/ kg) (mMH )| Jens3kd) 3 sviation

96 -31 4.3

32 -25 1.9

9.6 -14.4 3.2

0 0 6.9

<Determination of Peptides in Enzyme Hydrolysate>

The powders of the enzyme hydrolysate of Example 1 shown
in Table 1 were dissolved in distilled water at a
concentration of 10 mg/ml. On the other hand, 25 pg/ml,
50 pg/ml and 100 pg/ml solutions of each chemically
synthesized standard peptide having the sequence shown in
Table 5 were prepared. These solutions were analyzed by
LC/MS under the conditions below. Among the peaks
indicated in the analysis of the powder solution, peaks
corresponding to the molecular weights and the retention
times identical with those of standard peptides were
identified as representing the same sequences as the
standard peptides. The peaks of the powder‘solution were
compared to those of the standard peptides, to determine
the content of each peptide shown in Table 4 in the powder
solution. The results are shown in Table 5.

It was found that the amount of the peptides and the
free amino acids in the solution prepared by dissolving
the powders with distilled water was 8.15 mg/ml, the amount
of peptides was 4.57 mg/ml, and the amount of Xaa-Pro in

the peptides was 514.5 pg, so that the percentage of Xaa-Pro

26



10

15

20

25

32-251.9 9.6-14.43.2 006.9 <Determ nation of Peptides

in Enzynme Hydrol ysate> The powders of the enzyne

hydrol ysate of Exanple 1 showmn 5 in Table 1 were

di ssolved in distilled water at a concentration of 10
ng/mM. On the other hand, 25 g/m, 50 g/m and 100
ghiltisdadpens bd thehtohedi ealdunt syhtthesipapitides and the
standard peptide having the sequence shown in Table 5

weEnre prefarcdcitiese sbeupbwdsrwerwesahab yzied. byFd@ther, the
LC/ MS under the conditions bel ow. Anong the peaks

i peiccated i Rabhe ranalysiin ehetheppodderwasl Lt é0h,ug, so that
peaks corresponding to the nol ecul ar wei ghts and the

r erentdonceht Age odentadcat rod Phot hose afesgteandard the total
peptides were identified as representing the sane
seguances fash¢ pepts iaadarch pepeiedasind he ipkaks tdfe powders
t he powder solution were conpared to those of the
staylar da pepki.des, to determne the content of each
pepti de shown in Table 4 in the powder solution. The
reqpsraressbewas n Table 5. It was found that the

anmount of the peptides and the 20 free amino acids in

t e §O gy R epar etghyddiissohd i Bg r e noyelesse i thmeter:
distilled water was 8.15 ng/m, the anmount of

pepingesovas 4y3fJ)/ddntanll the suHTODivXaaaRtomatic
the peptides was 514 .5 g, so that the percentage of
Xagrfxor b Wt h-1eapest; s itdient el i aapynbuRh:t he-10Advp x
peptides and the freé amno acids in the powders was

6.23 Wb ukr bhen: tdwe-pomupt ohoXaatiRide Piorap deeector:

pepti des was 116.5 g, so that the percentage of

Xage 10t PROPW Ol iriespegdgsoskhe Datrl14A (all trade names,
manufactured by SHIMADZU CORPORATICN)}; Column: Develosil
C30-UG-3 (2.0 mmI.D. x 150 mmlL) (manufactured by NOMURA
CHEMICAL CO., LTD.)
<Conditions for Measurement>
Mobile phase A: aqueous solution of 0.1 wt% formic acid;
Mobile phase B: 100 % acetonitrile solution; Time program:
0% B (0 minute) — 7.5% B (30 minutes) - 80% B (30.01 minutes)
-100%B (35minutes) ~0%B (35.1minutes) - STOP {45minutes};
Amount of sample for injection: 5 pl; Column temperature:
50 °C; Detection wavelength: 200 to 300 nm; Jonizationmode:
ESI(+); Atomized gas flowrate: 4.5 L/min; Applied voltage:
+4.5 kV; CDL temperature: 250 °C; Block heater temperature:
200 °C; CDL voltage: 0.0 V; Q-array voltage: SCAN; Analysis
mode: SIM measurement; Analyzed range: EP{(m/z=245.2),

IP (m/2=229.3), MP(m/z=247.3), QP{(m/z=244.2),
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5 anount of the peptides and the free amno acids in
the powders was 1.4 wt% <Apparatus Used> Hi gh
performance |iquid chromatograph-nass spectroneter:
LCVS- 2010; System control |l er: SCL-10Advp; Automatic 10
i njector: SIL-10Advp; Solvent delivery punp: LC-10Advp
X RE2(m Cot UWA . 8V en:S FET@ 1 GAYDD - Phot ddRbde zm3ay - 1)
detector: SPD-MLOAVP, Online degasser: DGAJ 14A (all

t Tade(ménes? 6 . Annufladtakedt bype SHOMADZE CORPORATI ON) ;
Col um: Develosil C30-UG3 (2.0 mm .D. x 150 nml)
(manufactured by NOMURA 15 CHEM CAL CO., LTD.)
<Condi tions for Measurenent> Mbile phase A aqueous
solution of 0.1 W% form c ‘B te 5MWobile phase B: 100

% acetoni tril e——selutten—Tre—pregeam
mnute) - 7.5% %ef(’@éi%%’?ﬁ{?@g?e %@5@?&% emsnut es)
20 -10098 (35m nutes) -0%B (35.1m nutips)ymiFTOP
(45m nutes) ;| Anounmleefrsanpleifor injediion: 5 |;
Col um tenperfature: c180pf£s Deteg¢tion wavel engt h; 200
to 300 nm |onizati apghpge.  ESI(F)7 Afem zed gas flow
rate: 4.5 L/ mm "\p‘lllhefﬁ‘r ot [dg T4 3@ KV CDL
tenperature: R56€—H! %u neat erjtenpet u e—2
CDL vol t age: 0\ ay—vettrage: ARa
nmode: SIM neaaurpnnﬁ§i iﬁ%lv7pd rnnnn Dp n-z—
| P(nl 2=229. 3) | MOREF=BaF-PHO_ Qp(m z=288-3) 2
RP(m z=272. 3)| SPBemrEe@Rx3), VPP(m 22392. 1),
| PP(m z=326. 1) ; | vedkertibmee 0.5 sec/ Ch2.5Tabl e §
Concentration|in Reptpde-meguencelO ngz®il powder(s
Phe-Pro-Pro 27,2
Other Xaa-Pro-Pro 28.8

51200 C;
Hysi s
245. 2),
Z

Analysis Example 1

<Identification of Enzymes>

Among the extracellular enzymes derived from
Aspergillus oryzae used in Example 1, enzymes necessary
for obtaining the casein hydrolysate of the present
invention were analyzed in the following method.
Incidentally, all the following operations were performed
at 4 °Cunless otherwise specified. The reagents used were
allgudranteedreagentsnmnufacturmibyWAKOPURECHEMICAL
INDUSTRIES, LTD. unless otherwise specified.
<Impact of Various Inhibitory Agents on Enzymes>

2000 mg of SUMIZYME FP (registered trademark,
manufacturedby SHINNIHON CHEMICAL CO., LTD.) wasdissolved

in 10 ml of a 50 mM phosphate buffer at pH 7.2, and the
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(~tg/ird) Ile-Prol6.0 Qu-Pro7.1 Arg-Prol0.3

A n-Pro34.5 Met-Prol8.4 Tyr-Prol28.9 O her

Xaa- Pro299.4 Ser-Pro-Pro2.9 Val-Pro-Pro29.5

Il e-Pro-Pro28.1 Phe-Pro-Pro27.2 O her Xaa-Pro-Pro28.8

5 Analysis Exanple 1 <ldentification of Enzynmes>

Adorp el extaacelloieat tenopmes adee ] VelloBeonretate membrane

Aspergillus oryzae used in Exanple 1, enzynes

NECEE8T ¥- 2 40sf, 0 ooty al gt &be ocaseiym hykioh ysaterefd by

the present invention were analyzed in the foll ow ng

matthixN TEC nei dentaltain ad | cthdef ehlzowiengs @bet abhoens

were perfornmed at 4 'C unless otherw se specified.

The r ergentsrusetmeyree @blugiananteedeacagentvéth 1% casein

manuf act ured by WAKO PURE CHEM CAL 15 | NDUSTRI ES,

LED tnd essnothey wi sel speecahipéd. 1<l npaen of médrdlougprotease

I nhi bitory Agents on Enzynmes> 2000 ng of SUM ZYME FP

(riegist et ed, t padamdrkhy Inaned ashined ehyr a4 NN $1GN-1d) , or a

CHEM CAL CO. , LTD. ) was dissolved in 10 ml of a 50

mdphose hat €t bakEef nat bpd ok ,2 PYBH (28l methane sulfonyl
fluoride) was added to the reaction system, the average
chainlengthwas longer, and the objective hydrolysatecould
not be obtained. This suggests that the metalloprotease
or serine protease plays an important role in the production
of the casein hydrolysate of the present invention.
{Isolation with Ion Exchange Resin)

20 ml1 of an anion exchange resin, DEAE sephacel
(manufactured by AMERSHAM BIOSCIENCES K.K.) was activated,
equilibrated with a 50 mM phosphate buffer at pH 7.2, and
packed in a giass column of 1.5 cm diameter x 12 cm. While
all the effluent was collected as non-adsorbed sample, the
crude enzyme solution was subjected to adsorption at a flow
rate of 1.0 ml/min. Then the column was thoroughly washed
with a 50 mM phosphate buffer at pH 7.2 in an amount 10
times the volume of the gel, and eluted with 200 ml of a
50 mM phosphate bufferat pH 7.2 containingalinear gradient
of NaCl (0 to 600 mM). The eluate was fracticnated into
100 fractions of 5 ml each. The absorbénce at 280 nm, the

proteinase activity, and the ACE inhibitory activity were

measured for each fraction.
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i nsol ubl e was renoved through a cellul ose acetate
menbrane (DI SM C-25cs, pore dianeter 0.45 m
manuf actured by ADVANTEC), to obtain a crude enzyne
solution. This crude enzyne solution was reacted with
1% casein 5 in the sane way as in Exanple 1. Wen a
metaldopreteaseofi whiddidiorgsE&DFAtivity)
(et hyl enedi am netetraacetic acid), or a serine
pr ot e@<e rinhd bi Bof,l uRVERE (arhenya teetikdne SUldongscein
fluoride) was added to the reaction system the
averagel ochanatke¢rtadvalesd | oagein did Tthecabginveti ve
hydrol ysate could 10 not be obtained. This suggests
t hatnhec et atil bpr SUEae wis séfspnelped éasé pllaysfaa 50 mM
inmportant role in the production of the casein
hytrcaipisat € af f tde apr pHENL2 itvpptpare a(disotatabs swlhtion.
| on Exchange Resin) 20 ml of an ani on exchange resin,
DEAE, s ephacain ¥5 admind actdume s by w AVERSHAN BlirCShE ENGIESE rate
K.K') was activated, equilibrated wwth a 50 nmM
phesphat & puffercattRld +25 andorpagkethite @. gl 888 reaction
colum of 1.5 cmdianeter x 12 cm Wile all the
effduertrigsa €6l B¢t eddasgnanvagsonsed sanplrd.ciilheroacetate
crude enzyne solution was subjected to adsorption at a
f ls@¥ X0 618t @nef tAe @ gdu i tng Hearctt hen ddlounl was centrifuged
t horoughly washed wth a 50 mm phosphate buffer at pH
7aZz 15@EN ApRUNt 6101t igeS Hdes b bR tahtt he gedakamd mixed
eluted with 200 mM of a 50 mM phosphate buffer at pH
7 x4 tC0RTAl BFf A 25 Mitnearh g adckabriafe NaGH § 051 an6iubjected
mV) The eluate was fractionated into 25 100 fractions
oft b mda eacdmebenabsgr hahreoabm28@ mmF-tI 0, manufactured
proteinase activity, and the ACE inhibitory activity
wWerve HImeasHiT pdLfor ) eachdétaehior. tA@ eMedsurteimemtwafelength
Pr ot ei nase Activity)

at 485 nm, and the fluorescence wavelength at 525 nm.

From the results of the measurement of absorbance at
280 nm of each DEBRE sephacel eluate fraction, it was
confirmed that about 73 % of the protein was adsorbed on
the anion ion exchange resin. Fig. 3 shows the elution
pattern of the bound protein with a linear gradient of 0
to 0.6 M NaCl and the proteolytic activity.

Fractions 21 to 60 containedaparticularly large amount
of proteins eluted therein. Further, the eluted enzyme

solution of each fraction was evaluated for the activity

to generate ACE inhibitory components inhydrolyzing casein.

As a result, fractions 20 to 60 were mainly confirmed to
have the activity to generate ACE inhibitory components.

On the other hand, the proteinase activity measured
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25 ng of a fluorescent material, (fluorescein

i sot hi ocyanate) -1 abel ed casein (FI TC casei n,

manuf actured by SIGVA) was dissolved in 5 nl of a 50

nV 5 phosphate buffer at pH 7.2 to prepare a substrate
solution. 10 ~LI of each fraction was m xed with 20

~tili tdf thieeF3TBstoaate n sol tthicosubertd ateactatl cdisS5vEE mainly
for 10 minutes. The reaction was terninated by addi ng

120 frdcofoassbs toiXhlletdacktat@0 .8l ¥aiCdn, whdchhHendicates
resulting reaction liquid was centrifuged 10 at 1500

r phoa t6@het proft etihe supermnat any wes drakemomixetd fwithion in
3mM of a 0. 5 Mtrishydrochloride at pH 8. 5, and
subpneaciieidn t of NnRATUN eEN] tust ngcamplne@ndreet erFrom these
(F-1300, manufactured by H TACH , LTD.) to determ ne

t he seMdid atiitorwawmvieh endgttha bt td85pntedand stchectivity plays
fluorescence wavel ength at 525 nm 15 Fromthe results

otint bepeeasurtenerite dfh abeoehayom tatc a280 nim pff eaghirifying
DEAE sephacel eluate fraction, it was confirnmed that

abbawt AC3 %mhibbeopfoleinpovsnadsotrbed carseithe ani on

i on exchange resin. Fig. 3 shows the elution pattern

of( Tlee) hiofiela pi oheioF Wrtdt &ihasear cohadiienid)of 0 20 to

0.6 M NaC and the proteolytic activity. Fractions 21

t o 60 rawit aihredEarpaebhaal ley sy & raraindns pffractions 21
proteins eluted therein. Further, the eluted enzyne
sebutibonaefirepath d racdt ©nues evalivatedwiare tdtdllected, and
activity to generate ACE inhibitory conponents in
hydaalwzd s gaseEn. 525 A s resuh ts fimaphbephal@® ttubber at
were mainly confirmed to have the activity to

gemerrate, AGpRAtRLOKY JINPPRE NS nu @R thive dther AMERSHAM
hand, the proteinase activity neasured 30 with the
FEICasarE ax tHe sukstnabensrs] ohservedMmiadyhats buffer

fractions 19 to 27 (at 0. 1 Mo 0.2MNadl) , which

| adi AR containing 200 mM NaCl, fully degassed, and packed
inaglass column of 18 cmin diameter x 100 cm. This column
was fully equilibrated with a 50 mM phosphate buffer at
pH 7.2 containing 200 mM NaCl at a-constant flow rate of
2ml/min. The dialyzed.sample was applied to this column,
and 100 fractions of 10 ml each were recovered. The
absorbance at 280 nm and the proteinase activity using
FITC-casein as a substrate were measured for each fraction.
{Polyacrylamide Gel Electrophoresis)

10 pl of each fraction was taken, mixed with 10 pl of

a sample buffer composed of a 0.125 M Tris buffer at pH
6.8, 3% SDS, 5% f-mercaptoethanol, 10% glycerol, and 0.01 %
bromophenol blue, heated at 95 °C for 5 minutes, and cooled

at a room temperature. The resulting sample was subjected
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that the proteinase activity has an inportant function
in generation of ACE inhibitory conponents. From
these 5 results, it was found that the proteinase
activity plays an inportant role in the enzymatic
activity for purifying the ACE inhibitory conponents
f tom raserbpho(dedaind bt coatdiany v treol.eenaddsnethod (Nature,
Cont ai ned) From t he DEAE sephacel eluted fractions,
feaagti 689 219710 jt,0 udS rhpw ng ntihes Jprlot (@arastaacttredt py ATTO
were collected, and dialyzed against 5 liters of a 5
nvbpirosrEt ev pubhdr aatpolpthdrglabedeagell &8 390d&Rignated
(manuf actured by AMERSHAM BI OSClI ENCES K. K. ) was
SuspeRdatr 4 vi anbthdédd phespbatie thuifeo £ 30 mpHb&r2el. After
contai ning 200 MM NaCl, fully degassed, and packed 15
I Ah@ gbapd <ol diimp Oft hk8 eamdtr slhlevet e sx 408 gal Wwhsssoaked
colum was fully equilibrated with a 50 mM phosphat e
buff ar cabmadd ite F:£001 2hAtng13Q0shliNaGlolait icog anstpnted of
flowrate of 2 m /mn. The dialyzed sanple was
applkised teohhiss itoIBs, 11 and 500 frazt00n500f mdkihnol, and
each were recovered. The 20 absorbance at 280 nm and
t he sprot et dpse aetiivifior Ush Nginbt e, casel NasfAltrated in a
substrate were neasured for each fraction.
( Belovad wa i elengek Bl 8et 5 ophrEisa 831 18n¥17 06 vachetic acid
fraction was taken, mxed with 10 V1 of a sanple
buhfran composgd kel cairld 525s Mdnpsekefiferdeto pbredd 6The
8, 3% SDS, 5% P- ner capt oet hanol, 10% gl ycerol, and O.
Ohodocromdphesabnkl ues heiededeat b95 cQC Jurathi shndkes, the
and cooled at a roomtenperature. The resulting
sapie Was SHbkaeheg 3k d in eb 6L OpRANRSirso Becal dirngeight
to the Laenm i nethod (Nature, 227, 680 (1970) ),
Usiatk & 4 Nhafhab crad asy useerBy AT BQ 02ERDGRATI ENK . ) .
and a pol yacryl ani de gel at a designated

The fractions adsorbed on the anion exchange resin

having the activity to generate ACE inhibitory components,
were subjected to gel filtration through Sephacryl 5-300
resin, and the activity was observed in fractions

corresponding to the molecular weight of about 45 kDa.
These fractions were analyzed by SDS-polyacrylamide gel
electrophoresis in a 12.5 % gel to observe a substantially
single band at 44 kDa and 40 kbDa. These bands were cut
out, and subjected to analysis of the N-terminal sequences.
It was revealed that the band at 44 kDa had a sequence that
was highly homeclogous to a known neutral protease I of koji
mold (Aspergillus), and the band at 40 kDa had a sequence
that was highly homologous to a known neutral protease II

of koijli mold {(Aspergillus).
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concentration under the conditions of 30 mA per gel

After 5 the conpletion of the el ectrophoresis, the ge

was soaked in a Coomassie Brilliant Blue stain

sol uti on conposed of 0.25 % Coonassie Brilliant Blue

R- 250, 50 % nethanol, and 7.5 % acetic acid for 10

m nut e oranthépéi kersatled | nia wdecdedramtioohpoket the

5 % nethanol and 7.5 % acetic acid 10 until the
baakgroumgs was aderplbat®| yn debeol anedn Ehechamyecukbarin that
wei ght was figured by calculation fromthe nobility
Ofgcenotn P& Qtzei M ibamnich 1 tist p-smb enehas fwer gldse iy keostained
(manuf act ured by AVMERSHAM BI OSCI ENCES K. K. ). The

f Imactieonst adsorpest @Nnhbe sannem wxchanger¢@sénl d5d neutral
having the activity to generate ACE inhibitory
comanend s, 1twere subjected to gel filtration through
Sephacryl S-300 resin, and the activity was observed

in fracti opsrEREFEHRANEING: 1199 t BEe MObRGWNAM i ghie phted by
about 45 kDa. These fractions were anal yzed by

SBS b yast ¥l af dgsgeh w2@nhepeetedphaiesi pdptadd@eb, %hich
gel” to observe a substantially single band at 44 kDa

ang: 40 KOsepThase ,bards waigl gpéd out thand Subjweiti@dnethod.
to analysis of the N-term nal sequences. It was

reveal gd oirbatr thel bandi al vife kba ek dosesitenaeinapeptides

was hi ghly honol ogous to a known neutral protease | of

ke{dv2Z9g '] §héAspehdkhitus) £ xand e hankal-#okPao, which
had a sequence that was highly honol ogous to a known

netd alh Prot £aser bl i s@hi Kaiela tiddl (AP gdddsnt BZvention,

Fromthese results, it was deternm ned that the

prﬁﬁi@%egra@%%@p 4t hgeanicen exchamgs-pesi welreat
generated ACE i nhi bitory conponents for casein,

canf i edi zak, | £A8t HNOr PrelRINAISS) 1 Peuliad vAnoteasero was

| and neutral
evaluated,
(Purification of Enzymes for Processing Amino Terminals)

From the DEAE sephacel eluted fractions, fractions 21

to 37 having the activity to generate ACE inhibitory
components were collected, and dialyzed against 5 liters
of a 5 mM phosphate buffer at pH 7.2. Hydroxyapatite
(manufactured by WAKO PURE CHEMICAL INDUSTRILES, LTD.) was
suspendedina 5mMphosphate bufferatpH 7.2, fullydegassed,
and packed in a plastic column of 1.5 cm in diameter x 12
cm. This column was washed with a 5 mM phosphate buffer
at pH 7.2 in an amount not less than 10 times the amount
of the hydroxyapatite. The dialyzed fractions having the

activity togenerate ACE inhibitory components were applied

to this hydroxyapatite column, and all the fractions passed
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5 protease Il. For further hydrolyzing the conponents
generated by hydrolysis of casein with proteinases,
pepti dases, which act on peptides, were analyzed in
the following nmethod. In order to identify the enzynes
for producing peptides 10 having higher contents of
Xa&-rnoylandh XaaoPuowPrwes ravné chleated.he characteristic
feature of the present invention, various precursor
pepiddesr e n YabfProriRrap syet edayat Rediizeid; yand t heir
processability into Val-Pro-Pro was evaluated. 15
(Puri farciad do8p0f dEB2ZY HES 1At Pracersasg rAd hg the following
Term nals) Fromthe DEAE sephacel eluted fractions,

f rRaiHoans 2dyntae31 Ravigyp t hee avkilvitayl ta gpepevabeo was
ACE inhibitory conponents were collected, and

digalyzedyeégaiasta 5d inrershoophats mwMadwsphat edbuf.eat a
at pH 7.2. Hydroxyapatite 20 (manufactured by WAKO

Pke'%%&ﬁ'ﬁ%%&ohN@kJ%Td?h%SmlLE@-?ie $e SUARSNPLEtENs @1 Btion.
mvphosphat e buffer at pH 7.2, fullydegassed, and

packed idr ar Pt asthe s Hf1de DoMiiaR @idfed 6Fi ¥nl8 pl of
cm This colum was washed with a 5 nM phosphat e

byffelon AfmPH Fadt L BnaNapibuBh cRRlg iesant harukhddmese 55 °C
t he anmpbunt 25 of the ﬁydroxyapatlte. The di al yzed

f rract i NSt BY .t heheagtd adt Yot Owgeneeaid mAd=d by heating
i nhibitory conponents were applied to this

hydr oxyapatibe gohupmteand ald éﬁﬁrﬁ%ﬁﬁfait@san&ﬁiﬁﬁdo&%this
t hrough the colum were coll ect ed. Measur enent of
ARaPepd h dasquAet hidd Wa 1A hopeat Edase cakid id yanm@bysis in
nmeasured by the followi ng nethod. Synthesized peptide

Val nYah-yat £ Braahice vagul disseheeddriaphalasdspectrometer

phosphate buffer at pH 7.2 at a
(manufactured by SHIMADZU CORPORATION} to evaluate the
amount of Val-Pro-Pro generated.

The fractions adsorbed on the anion exchange resin
having the activity to generate ACE inhibitory components
were subjected to SDS-polyacrylamide gel electrophoresis
in a 10% gel, and the band at 32 kDa was cut out. The major
protein was extracted, and purified into a substantially
single protein of 32 kDa. The sequence in the N-terminal
of the protein was analyzed to reveal that the sequence
up to the tenth residue from the N-terminal was homologous
to the sequence of known leucine aminopeptidase of koJji
mold (Aspergillus). It was concluded that the fractions
having the confirmed activity to generate ACE inhibitory

components contained leucine aminopeptidase.

From these results, it is understcod that the fractions
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concentration of 50 ~tg/m to prepare a substrate

solution. 45 ~tl of this substrate solution was m xed

with 5 VI of the enzyne fraction, and reacted in an

i ncubator at 55 'C for 30 mnutes. The reaction was

term nated by heating 10 at 98 'C for 5 mnutes. An
approprihad eomnouat anf onhescheeae ires in dquadimastrakantivity
and subjected to analysis in a high performnce _
| itepuige: rehr attmt AQE ajahh R $ § ogye compretasrt s (oamud doedr et least
by SH MADZU CORPORATION) to eval uate the anount of
ValeaRri;m#r smgepnerattedia 46 Haeihgaerionspausbdbed activity,
t he ani on exchange resin having the activity to

gensret @ 1AGRd i binpernt conparlentisy tver ecsibiect ed gonerate
SDS- pol yacryl ami de gel el ectrophoresis in a 10% gel,

apd B hentbandtat y32 daPeomest gsut out. The major protein

was extracted, and purified into a substantially 20
siM s pronenn off 32 KiexyTheesaquenceiscéheability of
N-term nal of the protein was anal yzed to reveal that

t m Safeience up to the tenth residue fromthe

N-term nal was honol ogous to the sequence of known

| euci neyhaepepdi pasei at ko] + provbdotASRernghl Wds)disbsolved
was concl uded that the fractions 25 having the

canf ig red ractgve 4 yh & 0egpneratre AACHH rhididtoray concentration
conmponent s cont ai ned | euci ne am nopepti dase. From

t Res @ 5r 8§ Wl St o igr diSa HEdEkSRAT dhats JIRe f6@Ct | BOSUBAE this
adsor bed on the anion exchange resin having the

achind £ ¥at L0sgeneriaie HEE hnhihi Warh opnppngat 8ach enzyme
contai ned at | east |eucine am nopeptidase havi ng

ardgmapepbhdash aehitielyin ai fBuBhayed @B 5 MPPsE U minutes.
role in the activity to generate 5 ACE inhibitory

Canoneni- i ddMhas Weaneit s 0L 1 GaF ReX Y nkes foRalC for 5minutes.
Processability of
An appropriate amount of this reaction liquid was taken,
and subjected to analysis in a high performance liquid
chromatograph-mass spectrometer (manufacturedby SHIMADZU
CORPORATION) to evaluate the concentration of Val-Pro-Pro
generated.

The carboxyl terminal processability of each DEAE
sephacel eluted fraction was evaluated to find that
fractions 30 to 50 had enzymatic activity to convert
Val-Pro-Pro—Phe-Leu to Val-Pro-Pro.

Example 2
(Confirmation of ACE Inhibitory Activity of Casein
Hydrolysate by Purified Enzyme Combination)

From Analysis Example 1, it was confirmed that the

activity to generate ACE inhibitory components of the
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Enzynes) Synt hesi zed peptide Val - Pro- Pro-Phe-Leu was

di ssolved in a 50 nM phosphate buffer at pH 7.2 at a
concentration 10 of 45 ~ig/m to prepare a substrate
solution. 50 ~tl of this substrate solution was ni xed
with 5 V1 of each enzyne solution, and reacted in an

i feukatiornat a8650rBefdororB0tme naheen cRudharepet reainasf the
term nated by heating at 98 'C for 5 mnutes. An
apprapid«&l Budapush zafnd hiesr1eadt feon iAppargdslitakenryzae
15 and subjected to analysis in a high performance

| i(guirt 2 olnr on|t 0gf @PHt ERes §pacieimey emymefud aoraededy SHIN
by SH MADZU CORPORATION) to eval uate the

caneent ratkencat, Val .- Priordr oy gesemnateed. fdle earboaylic
term nal processability of each DEAE 20 sephace

elhuttad,f¢ 864 On .was evad ustetlel Aabienddthatitfeactinenisiding
30 to 50 had enzymatic activity to convert

Vahrd¥o-&F 0aPhezhet iz MataPrprBreasEsnmplen@ 11, the
(Confirmation of ACE Inhibitory Activity of Casein 25

Hyetriql €1 BY¥ sBukiddied Epzyne] Garbignaiton) o Fr 08ucine
Anal ysi's anple 1, it was confirmed that the

aghdiHdpep0igg8er abe AGRd i biv oty eonmporentis wie td@rboxyl
35 fractions adsorbed on the ani on exchange resin of

t he rréxid BCet!| Hhale aNzyaEy det tved pircammsper gi | | us
oryzae (SUM ZYME FP (regli stered tradenark

manuf aet 4t egh OYa SEb No el HNCHEM LAl LOFi ¢ TDB)) Fraction I

included four enzynmatic 5 activities, i.e., the
Pt Na$e ACtHrdtld B8a b8 aiel Aot vt PPsecefioals Legst3s in Fig.

neutral  proteases | and Il, the am nopepti dase

achyi Vit dtnd dditngat-hat wigheusifeity to cleave the carboxyl
terminal at immediately after proline (fractions 36 to 55
in Fig. 3), Fraction III thereafter (fractions 56 to 100
in Fig. 3), and non-adsorbed fractions having proteinase
activity were provided.

Each Fraction was added, alone or in combination as
shown in Table 6, to 1 ml of a 1% solution of casein derived
from cow's milk, reacted at 55 °C for 13 hours to prepare
a caseinhydrolysate. After the completionof the reaction,
each of the obtained casein hydrolysates was measured for
the ACE inhibitory activity and the average chain length
in accordance with the method described in Example 1. As
a control, the crude enzyme solution in 1/10000 the amount

subjected to the purification was subjected to the same

measurements. The results are shown in Table 6.
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15

am nopepti dase, and the activity to cleave the
carboxyl termnal at inmmediately after proline. 10
From t he adsorbed fractions (see Fig. 3), Fraction I
havi ng hi gh proteinase activity (fractions 1 to 35 in
Fig. 3) , Fraction I | having high activity to cl eave

t

he carboxyl term nal at. iTlarﬂeHEaﬁel y fafter prol i ne

fraect 26 +n EEC i o~

1 2
IIU.\JLIUIIQ [@Aw) O T J LA 1 . \.J} LI q\/l.lull A‘}— ra e C aln
heneafbgs dddpctions 56 t“_ng@ml%l‘%WnFugang% of adityested
on- adsor bed fractions havi ng pridt ei nase acbiwdtyts
i@ Rl eME ded. rAEa¢hoRs acti on waggadded,| al one ar gin

o \ | .

ralTahl o & + 1 A ~f a 104
=TT TaoT O, O[Tl O1 70

dlogrpdrovhed ddeichiansi ved frohPcow s |milk, reacted

1tFr%§E}gnf9r 13 hours to preparg620 :’il Icgsei n h)qu3oLys

ter the r\nnrplnflnr of the react n each——o

Hﬂ\n\fnﬁ(ﬂﬁ(‘\

T TaCTT U1

Weagbtianned casei n hydr gl ysat ed7was ngasured £of> the

| y activity and the averagd chain Tength
chlis‘lar(‘:(e‘?)'r ga{g\% \I\II t.h the nmethod rhg)er'ri bed in Exanple-1. |

M= A N N 3 —

@o%aééﬁﬁﬁl ToRELRPRde enzyne7&ol utign in 1/ 20Q00
e airpulit—29 bUUJ ect BU fo tilenggl I I I (, [I on wa q
UBPEELEASth T He same _neasure He results®are
Iﬁ‘@@‘raﬁ OTgH I@Ct36n¢abl e 6 ACE| nhi b| ti onAverage
"g' engith—et—digested-{(-0-6)products

Y.Ude 2eP Iy 1 raqti ong79]. 8 NonZ@dsor bed
Tati-adBsdbad Ahacadbnon 1462. 3 gﬁactlon 11272. 75

frip dfripehion 1HLT

Fractions I + III 40 -
Fractions II + TIII 12 -
Non-adsorbed fractions 68 _

+ Fractions ITI + III

Fractions I + II + III 43 -

From Table 6, it was found that components having strong
ACE inhibitory activity were contained in the non-adsorbed
fractions, the fractions having high proteinase activity,
and up to the fractions having the activity to cleave the
carboxyl terminal at immediately after proline. It was
also found that the group of enzymes eluted at about 300
mM NaCl generated the ACE inhibitory components, so that
Fraction III was unnecessary.

The average chain length of the casein hydrolysate
obtained by hydrolysis with each fraction exhibiting the
strong activity to generate ACE inhibitory components, was
measured and compared. It was found that the average chain

lengths for the non-adsorbed fractions, Fraction I, and
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Non- adsorbed fractions702.1 + Fraction Il Fractions |

+ 11561. 8 Non-adsorbed fractions771.7 + Fractions | +

I Non-adsorbed fractions781.6 + Fractions | + Il +

Il Non-adsorbed fractions52- + Fraction IIl Fractions

+ 11140- Fractions Il + 11112- Non-adsor bed

f Factd oinsB 81 we Feactd 0@s 1, | bet by chmadmniiogst heselfractions,
11143- From Table 6, it was found that conponents

havioags estm omgd r ACE siarthei Biaoriyg athevavyg ragee dontmai hedgth of
in the non-adsorbed 5 fractions, the fractions having

hinght pratgenasetaactd Vi twas ahtlaupetdo the fractions

having the activity to cleave the carboxyl term na
aExdampele agel y after proline. It was also found that

the group of enzynes eluted at about 300 mM NadCl

gener at®edy tdie ACinhdbdiioey conporent's rmed i hatandfactured
Fraction |1l was unnecessary. The average chain | ength

ofbyt hel zesri RZRYJr elass aldiedbt @i 88dgby fhyidrsaliyisiesd vivdher at
each fraction exhibiting the strong activity to

genehat eg ACK | ShEbEhemb GHIPPNENksd . Wag N Rasuirethaddoxide
conpared. It was found that the average chain 15

| endtlsi. $0rwd Headuead ads artbe chifstact ¢ s adhnect itdre IpH to 7.0.
and 37 Fraction Il were over 2. 1, but by conbining

t Rese tEhed ON$re was adjusted to 20 °C to prepare a substrate

solution.

To the substrate solution thus cobtained, SUMIZYME FP
(registered trademark, manufactured by SHIN NIHON CHEMICAL
CO., LTD.), which is extracellular enzymes derived from
Aspergillus oryzae, was added as the group of enzymes so
that the enzyme/casein ratio was 1/25 by weight. The
mixture was reacted at 50 °C for 20 hours, while the reaction
ligquid was sampled at intervals to evaluate the ACE
inhibitory activity and the average chain length against
time in the same way as in Example 1. The results are shown
inFigs. 4and 5. The enzyme-digested solution takenafter
12 hours of reaction, which exhibited the maximum ACE
inhibitory activity, was spray-dried to obtain powders of
peptide mixture.

From Figs. 4 and 5, it was confirmed that the ACE
inhibitoryactivity increasedwith the increase inreaction
time, and decreased after 12 hours of reaction. It was

also confirmed from the evaluation of the peptide amount
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a casein hydrol ysate having the average chain | ength
of not longer than 2.1 was obtained. Exanple 3 5 15 g
of casein derived fromcow s m |k (manufactured by

NI PPON NZMP) was added to 85 g of distilled water at
about 80.C and thoroughly m xed. 1N sodi um hydroxi de
sdlhitti arhends Faddéd ictdthe adikivi eyt bnadpased hé phetaverage
7.0. The tenperature was adjusted to 20 C to prepare
a csudbist rheegthO ofolaiown. 1 T the Zsubstrate sol ution

t hus obtai ned, SUM ZYME FP (registered trademark,
manuf actured by SHIN Nl HON CHEM CAL CO., LTD.), which
is extracellular enzynmes derived from Aspergillus
oryzae, was added as the group of enzynes so 15 that
the enzyne/casein ratio was 1/ 25 by wei ght. The

m xture was reacted at 50 C for 20 hours, while the
reaction liquid was sanpled at intervals to eval uate
the ACE inhibitory activity and the average chain

| ength against tine in the sane way as in Exanple 1.
The results are shown 20 in Figs. 4 and 5. The
enzyme-di gested solution taken after 12 hours of
reaction, which exhibited the maxi mum ACE inhibitory
activity, was spray-dried to obtain powders of

peptide m xture. FromFigs. 4 and 5, it was confirned
that the ACE 25 inhibitory activity increased with
the increase in reaction tinme, and decreased after 12
hours of reaction. It was also confirmed fromthe
eval uation of the peptide anount 38 that the ACE
inhibitory activity increased at the average chain

| ength of about 1.3 to 2.1.
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39 CLAIMS 1. A casein hydrol ysate conprising free
am no acids and peptides obtai ned by hydrol yzi ng
animal mlk casein to have an average chain | ength of
not longer than 2.1 in terms 5 of the nunber of am no
acid residues. 2. The casein hydrol ysate of
cFaidmSwvherei n said peptides conprises in vivo
i ndi gesti bl e peptides consisting of dipeptides having
alsequenee Xaa-1Prdr ahdsttiepepripdes Irayifwpd eraino acids and
sequence Xaa-Pro-Pro, and wherein a content of said
dippeptii dkes ofvend inge & byelguéncé yXaadPapims 1ot 1 kavwere ithd have
5 W %of atotal anpbunt of the free am no acids and
t he peEides chaihhéehydiolgBSatet hodgarcamtaentZ of in terms
said tripeptides having a sequence Xaa-Pro-Pro is not
| evferttdhamudb ek Yodf aaitrot adcild apsuriuesf. t he free
am no acids and the peptides in the hydrolysate. 3.
The casein hydrolysate of claiml1l for food additive or
medi ci ne. 20 4. The casein hydrol ysate of claim 2,
wher eiThsakdeidi ippgpt bUes atave Hg 1a iseyenee ofaasBio peptides
conprises Ile-Pro, Qu-Pro, Arg-Pro, dn-Pro,
Metondroi, s @6 d i Ay < RIco,i ranidy sat b 1 er ippgptides danshgtdng of
sequence Xaa-Pro-Pro conprises 25 Ser-Pro-Pro,
| e Ro- R ©s hand Mab-F¥@adtioe Xaa P rethddtfdOpeptides having
preparing a casein hydrolysate of claim40 1,
canpd pidrgc t heast-ep BIPLd) &ydr ehyziedig anidmhtahtkof said
casein to have an average chain |l ength of not |onger
t lam e i de § ha®ighodpsetjuemzysTes sapabl £s oiotli gestrnghan 5
animal mlk casein

wt% of a total amount of the free amino acids and the peptides

in the hydrolysate, and a content of said tripeptides having
a sequence Xaa-Pro-Pro is not lower than 1 wt% of a total
amount of the free amino acids and the peptides in the

hydrolysate.

3. The casein hydrolysate of claim 1 for food additive

or medicine.

4. The casein hydrolysate of claim 2, wherein said
dipeptides having a seguence Xaa-Pro comprises Ile-Pro,
Glu-Pro, Arg-Pro, Gln-Pro, Met-Pro, and Tyr-Pro, and said
tripeptides having a sequence Xaa-Pro-Pro comprises

Ser-Pro-Pro, Ile-Pro-Pro, and Val-Pro-Pro,

5. A method for preparing a casein hydrolysate of claim
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into a casein hydrolysate having an average chain

length 5 of not longer than 2.1 in terns of the nunber

of am no acid residues. 6. The nethod of claimb5,

wherein said group of enzynes are extracel |l ul ar

enzynmes derived fromAspergillus oryzae. 10 7. The .
mat-hedmptr igligint Be sel 6ifn (Baily duelk v y2omgjmal milk caseln
performed in a one-step reaction with said group of .
efzyheye 8n Jherpgehotasch teagnhse £ vikek diondgal dhgogp 1 with
of enzymes 15 is group of enzynmes (X) conprising .
pepuirdages fcapaphe sofapebdavphigdagpeptingeabon@l milk casein
Pro-Xaa. 9. The nmethod of claim8, wherein said group
ofirgnzyaresas€X) Hydthéysedsrphiashsiqitan gastrome ofain length
net al | oproteases and 20 serine proteases. 10. The

metthoo tofl oolgaimmtBambBiellein saids gr D ohvehrures afiipo acid
further conprises at | east one of neutral protease |
newtgiadlupsot ease 11, and | euci ne am no peptidases. 25

11. The method of claim@8, wherein said group of

enzynes (X) are extracellular enzynes derived from
Aspergillus 41 a oryzae. 12. The nethod of claim 8,

wher ei Thes anetpeft bdasésicapabiéde rofic| saivd ngraupepti gezymes
bond Pro-Xaa are a group of enzynmes 5 having

i soed ecttriac qiol it sriem ymeas ideé megt b r oiBAsPheguBtihgdoryzae.
of claimb5, wherein in said step (A), a casein
concentration in hydrolyzing said animal mlk casein

is 3to 19 wt% and a ratio of said group of enzynes

t®d. The method of claim 5, wherein said hydrolyzing is

performedina«nm—stepreactionwithsaidgroupofehzymes.

8. The method of claim 5, wherein said group of enzymes
is group of enzymes (X) comprising peptidases capable of

cleaving a peptide bond Pro-Xaa.

9. The method of claim 8, wherein said group of enzymes
(X) further comprises at least one of metalloproteases and

serine proteases.

10. The method of claim 8, wherein said group of enzymes
(X) further comprises at least one of neutral protease I,

neutral protease II, and leucine amino peptidases.

11. The method of claim 8, wherein said group of enzymes

(X) are extracellular enzymes derived from Aspergillus
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10 animal mlk casein is not |ower than 1/100 by nass.
14. An agent having angi otensin converting enzyne
inhibitory activity or hypotensive effect conprising a
casein hydrolysate of claim1 as an active ingredient.
15 42 | SEQUENCE LI STI NG <110> CALPIS CO, LTD <120>
Cazed N ¢lYDROLYSATE METHOD OF PREPARI NG THE SAME, AND
USE OF THE SA ME <130> 10237 <140> JP2003- 285007
<141> 2003-08-01 <160> 2 <170> Patent In version 3.1
<210> 1 <211> 5 <212> PRT <213> Bos taurus <400> 1
VdlZ Val ThameRrtooPed clasmdl@hezeixpsasdoperpidasPRTcapable
<213> Bos taurus <400> 2 Val Pro Pro Phe Lau
of cleaving a peptide bond Pro-Xaa are a group of enzymes

having iscelectric points in an acid region.

13. The method of claim 5, wherein in said step (A), a
casein concentrationinhydrolyzingsaidanimalmilk casein
is 3 to 19 wt%, and a ratio of said group of enzymes to

animal milk casein is not lower than 1/100 by mass.

14. An agent having angiotensin converting enzyme

inhibitory activity or hypotensive effect comprising a

casein hydrolysate of claim 1 as an active ingredient.
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SEQUENCE LISTING
<110> CALPIS CO., LTD
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1 : 5
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