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SPECI FI CATI ON  CASEI N HYDROLYZATE, PROCESS FOR

PRODUCI NG THE SAME AND USE THERECF 5 FIELD 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 ot ensi n converting enBERCIRBCATLONY activity and

hypot ensi ve effect, and is useful for various food and

medi cine, as well as to a nethod for preparing casein

hydrol ysate, and use thereof. BACKGROUND ART 15 A

vari et QASE INe HViDREL YZAEE be BROCHSSE tBQR hBRPBYCRHS JiRE SAME
functions, such as hypotensive effect, anti-bacteri al
activity, calcium sol ubi IENTD fgckef TBEREOENd

i mmunonodul ati ng effect, and these peptides are in use

in food and nedicine. 20 For exanple, hypotensive

pepti des have been proposed, rmany of which have
angiKnEuR i @FcARTerti ng enzyne (abbreviated as ACE

herei nbe low) inhibitory activity. ACE converts a

pr ecur scfhe apmesevnsiimvignttiommyt babasi ol casein fgydrolysate
vasoconstrictive activity in living organism to 25

t hemghiycln ai s @bt e ddoy fredsot gsishaf pepnpdenih¥viagein, is
ACE inhibitory activity are expected to exhibit

hypatepst ved ebf ecthillyi i mhabi blisg IAOE timneppresuding
production of 1 angiotensin Il in living organism In

t he adeybopnenn efonverting enzyme inhibitory activity and

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

BACKGROUND ART

Avariety of peptides have been reported having various
functions, such as hypotensive effect, anti-bacterial
activity, calcium 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
(abbreviatedas ACEhereinbelow) inhibitoryactivity. ACE
converts a precursor, angiotensin I, to angiotensin IT
having vasoceonstrictive activity in living organism, to
thereby raise the blood pressure. Thus peptides having
ACE inhibitoryactivity are expected to exhibit hypotensive

effect by inhibiting ACE to suppress production of
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hypot ensi ve pepti des, 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 effect as
reference index. A great nunber of agents having
hy paterisiteenef fiekI igvalivdtred odgartiem ACELnntheideyglopment of
activity as reference index, have been proposed to
dat &ypatteas Eve npepe ifdes preveesroheancrea resuathy directed
hypertension. 10 In production of functional peptides,
suclf ias et pees: i dwy ey hypdt@hdintel lef fecy avalivatyd so that
by the ACE inhibitory effect, in particular, in
pr othyetd tem of v & ua Efieartalo foeph e desopbpedi geapt biesf Avedmainly
protein wth enzynmes, conplicated steps are usually
r equinceick=atf ¢ @ rboyt BB izymigd i toody geféeon, asumgfafenge index. A
concentration, purification, and isolation of the
di gestestt puadhet of dgent spraving rexpresssdmectffaet evaluated
functional effects. As peptides that are absorbed
t hr aygltHheA @R | iphtibiyorgamal t int by bhsodeferenmesindex, have
their functions in living 20 organism in vivo
i ndikgest igteppeptli tesdate , erpeched tinn heeaadantprrioegtion and
that have high absorbability and di gestion resistance
agaitnsdatweenousfdhyestritenebeynmes in living organi sm
However, it is not known in detail which peptides
cont r i butre predendtanee e € uak thilnd I peipkd 4k gestiddnagspept ides
resi stance. Thus devel opnent of enzymatic digestion
pr odtictind drygooensi vieedt teneé evdloetikgdbyf bhe ACE inhibitory
produci ng such products are desired, which products
have gt | Anvpaot i 2udiagesi n pradsitsianod, fandtdéenal peptides
effectively express their

bydigestionof foodproteinwithenzymes, complicatedsteps

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, itisnotknownindetailwhichpeptides
contribute to enhancement of the in vivo digestion
resistance. Thus development of enzymatic digestion
products for focod or medicine and methods for producing

such products are desired, which products have high in vivo
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desired f unct ions w thout undergoing conplicated
processes such as concentration, purification, or
isolation after the enzymatic digestion. 5 For
exanpl e, Patent Publication 1 discloses a nmethod for
produci ng a | ow nol ecul ar wei ght peptide m xture
mai aliye sedrposess bét dhpept iatels canrd dff pepiirddy, ekpriesys their
an average chain length of not |onger than 3, and
haviag iexeef irot 1iocnetvwest hoak whkardabhyictompTheated processes
peptide mxture is prepared 10 from soybean protein by
si mglitanasus Alcaegrenioal, puridhicaofiémp or mecdation after
enzymes havi ng endoprot ease activity but
subshantimyna thbc eddpeettdase activity, with not higher
than 5% free am no acids bei ng generated. Patent
Publ i catioan exanti €] asesefiinetbbhabtiieod utiilsclioges a method
soybean protein 15 di gestion products and method for
pr oduei prgofitie ingne 1 okheoldicgdsty waighadpepsidemixbuas mainly
active ingredients a dipeptide and tripeptides
COongbgipiote db fAHApEYL 1ddd wnly triyrepthl de Asth@Phéngaml average
Ser - Asp- Phe, prepared by digesting heat denatured
soybaimpriEmeith Wt hnenz i segesudthaé) hs pndt baseng excellent
derived from Aspergillus oryzae. The digestion
pr odutles tarres Badlloy Hasel fimy aveThgegqept deeicttaire is prepared
length of 2 to 4, and contain 20 to 30 Wt % free am no
aci gzonHevweRan phete ianpymetmuldigestuompsedpest Dl action
soybean protein have conponents that are quite
di f ber ento foromdesenzzheafl hanzynpterndobgesease activity but
products of animal mlk casein. Thus the above patent
pubkiugatt=0nsi SLYgeRt erophbngaalwatt irdttlygdsi fthmot higher than
preparing, fromanimal mlk casein as a staring 3
mat eri @recCas@ind Gicgess ibenimpy abind satad . caPaitent Publication
hydr ol ysat e

2 discloses functional food utilizing soybean protein

digestion products and methed 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-Phe, prepared by
digesting heat denatured soybean protein with enzymes such
as proteases derived from Aspergillus oryzae. The
digestionproducts preferably have anaverage peptidechain
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 from those
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



1¢

15

20

25

that have a high concentration of active ingredients
and excellent absorbability in living organism and
may be used w thout necessarily undergoing
conpl i cated processes such 5 as concentration,
purification, and isolation. On the other hand, Patent
Pubmiatat ions, & ased rdpgepdsieon peokdods § sndprapat nfyydrolysate
pepti des having various functions by digesting aninal
m | kheas éiavenid hisrtz yamescsnthass onpedt esddyearidigredients and
pepti dases, and particular functional 10 peptides
obt @bved Tynt kdaetbads] i Tiel reAiyiotg orgagésm oand may be used
products disclosed in these publications are,
howeMarho o heatst sas ank iy parde cad ang peppl ilostesl proiggses such
i ngredients. Thus there is no teaching in these
publaisc atdromen asat d omydipal iyist scat iani, mandriisge tasépn - 15
to have an average chain |l ength of not |onger than
2.1, spuecithiecopherehand, PheemrdPobyjdicsitiapms 3 and 4 propose
effectiveness of the casein hydrol ysate having the
par ietilads afer ageephaiimg |permft hde PahewmtinBublsirtiatumnfunctions
1: JP-5-252979-A 20 Patent Publication 2:
JP- 00324 88ns aPdtmexlt nPlbki casedm it}P-€n2P8e87sAch as
Patent Publication 4: JP-2001-136995-A SUMVARY OF THE
| N\VEND @ dési andn pelyteictanés t hendr gserttidulant functgonal
provide 25 a casein hydrolysate containing in vivo
i ndigastidée opeptindes ndcfie emesinods .aci ds havi ng
mnimzed in vivo enzymatic digestibility, and
expect edri® enpyaas ifkurddijesstsiod suoHuasshyistainsed in these
effect, in living organi sm

publications are, however, for obtaining particular

peptides as active ingredients. Thus there isno teaching
in these publications as tohydrolysis of animal milk 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-5-252979-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,



It is another object of the present invention to
provide a nethod for preparing the casein hydrol ysate
nmenti oned above, which allows easy and efficient
production of the 5 above casei n hydrol ysate w t hout
necessarily involving conplicated processes. It is
yet sanh hes bippetterafitdeepfesent imvanting epganism.
provi de an agent having ACE inhibitory activity or .
hypot ensl vé sedfietherhsitj eontcdl hbeipresent iindiepsioplte provide
10 peptides and free amno acids, is expected to have
excel lnenthodyporepsiepardffedthe ncaseinghydgaiivigtangent ioned
is useful for wvarious functional food or nedicine.
The as@sentwhhwbnédiowisaeasyndad etfdiist vent qseadvhtgon of the
for achieving the above objects, to find out that, by )
515 hylsbsod yzhaseianihwlrad ¥ &ataswimhouthawecassavéiygdnvolving
chain length of not Ionger than 2.1 in terns of the
nunssmpel i canedo paciaks@ss dues, a casein hydrol ysate
containing free am no acids and | ow nol ecul ar wei ght
pepti desit slehyas atotpept pide cne Mitgeptptesenaynpention to
obt ai ned, wherein free 20 am no acids and in vivo
i ndigestidkeapepidete: nudetngedCEndvinigottoryi dasifidcy or
at the carboxyl termnal are efficiently formed. The
pr esenpot auedver e fiftaet at satf comd aduts t frat vitre imdigestible
vivo indigestible peptides having a residue Pro at the
1025 opepoxiik staidiifrale antnexqeided itsoekpeetiidgho have excellent
di gestion resistance against in vivo peptidases, so
t hathypotengtiviee e fifessi bilre fiorimsgichrgadigwst abkdeis useful for
peptides to fully exhibit 5 their functions in living
or garasimuand utivati dieel chseidnor medicine.

The present inventors have made intensive researches
for achieving the above objects, to find out that, by
15 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
20 amino acids and in vivo indigestible peptide molecules
havingaresidue Proat the carboxyl terminal areefficiently
formed.
The present inventors have alsc found out that the in
vivo indigestible peptides having a residue Pro at the
25 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




hydrol ysate has a high content of peptides having good
in vivo absorbability, such as dipeptides and
tripeptides, so that the casein hydrolysate is
capable of fully exhibiting 5 various functions, such
as hypotensive effect, in living organism to thereby
conpred i ngf thet ppaserim ilnveimd onrgafasthemnd Hhat the casein
present inventors have made researches for enzynes ,
t hathyeffd Ty satkyhagoduceghheontsaknofiydept ydasehagfing good in
the present invention fromvarious known enzynes to
find-idd abgotrbabid ipast isutlras| dspeptides/mgsd iripeptides,
particul arly capable of efficiently producing the
casaigthydrtie/sate indiyd helpeesernis capettliconf fully exhibiting
According to the present invention, there is provided
5a Casef hobydf ahysabe s;orpurdts sy hypeds: eams hoe agf @scindin living
15 pepti des obtai ned by hydrolyzing animal m |k casein
Wi t horga dam, ot cenhanmsby ochapé edi ray erlagyeprhaient invention.
l ength of not Ilonger than 2. 1 in ternms of the nunber
of am noractHetesittiee presdrer ei nveatdrgr iy eofmate ynegearches
conpri ses pepti dases capable of cleaving a peptide
bond & enkgmeandhbheust fiec Aehnd yAfrpdpt eddsesasand hydrolysate
further conprises at | east one of neutral protease |
and ¢ theaprpsentasavent iald foebmwhachoaseknown enzymes to find
extracel lul ar enzynes derived from Aspergillus oryzae,
10whereit thetpeptdadesi cwbpri sdaiss divenzghgestisbparticularly
pepti des consisting of dipeptides having a sequence
Xaa-Fipalbdd 3% tefiffentdmeby havodgcansedqiencmsein hydrolysate
Xaa- Pro-Pro, and wherein a content of the dipeptides
havidiy ehaeguerehtXagaPentisnnot |ower than 5 wt 9& of
a total amount of the peptides and the 6 free am no
aci ds i natberdyeipkysahe, paadeatcbnvent iom t dhere is provided

a casein hydrolysate comprising free amino acids and
15 peptides obtained by hydrolyzing animal milk casein with
a group of enzymes to have an average chain length of not
longer than 2.1 in terms of the number of aminoacidresidues,
wherein said group of enzymes comprises peptidases capable
of cleaving a peptide bond Pro-Xaa and leucine amino
20 peptidases, and further comprises at least one of neutral
protease I and neutral protease II, all of which are
extracellular enzymes derived from Aspergillus oryzae,
wherein the peptides comprise invivoindigestible peptides
consisting of dipeptides having a sequence Xaa-Pro and
25 tripeptides having a sequence Xaa-Pro-Prc, and wherein a
content of the dipeptides having a sequence Xaa-Pro is not

lower than 5 wt% of a total amount of the peptides and the
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tripeptides having a sequence Xaa-Pro-Pro is not | ower

than 1 wt% of a total anobunt of the peptides and the

free amino acids in the hydrolysate. As used herein,

Xaa may be any 5 amino acid. According to the present
invention, there is also provided a nethod for

pr efard d Ginel e st 1d Sy ol lys Hyed rodppeicsi, ngnfr secantgat of the
aci ds and pepti des obtai ned by hydrolysing ani nal

m | k ciaseh i e steerel ng cavegagaoshian - PIro-giug hsgiohdower than
| onger than 2.1 in terns of the nunber of am no and

r esidues;, ofhar ebbagaadonetthod theppepesdefseandepheofree amino
(A) hydrolyzing animal mlk casein to have an average
chaiavi@angih wfe motdtohgeatehan Az bowid hexegrpuiasf may be any
enzymes capable of digesting animal mlk casein into

a caseimo ldchydrol ysate having an average chain | ength

of not longer than 2.1 in terns of the nunber of

am no acickoedidgeso tierpreseaidigveug iofnenthere is also
conpri ses pepti dases capable of cleaving a peptide
bonpF5wiXad anaetduad nBornprepapdpty dasssseadndhydrolysate
further conprises at | east one of neutral 20 protease

| angbuyeti s ahgpfateeasamine atlidef anhi gepriedes obtained by
extracel lul ar enzynes derived from Aspergillus oryzae.
Accaiedngl e ihhe apriesentmi hvenatenn thehavies sl stverage chain
provi ded an agent having ACE inhibitory activity or

hypatenst Necoef heet leonper silngnt helabovéesaseiof the number of
hydrol ysate 25 as an active ingredient. According to

t he guipserdnd meanidwrs , terreeis dauid methgt oompeti sse the step
of the above casein hydrolysate in the 7 manufacture

of afredh catpdiolot itlee aprieecintmiokk craseent tenhave an average

chain length of not longer than 2.1 with a group of enzymes
capable of digesting animal milk casein into a casein
hydrolysate having an average chain length of not longer
than 2.1 in terms of the number of amino acid residues,
wherein said group of enzymes comprises peptidases capable
of cleaving a peptide bond Pro-Xaa and leucine amino
peptidases, and further comprises at least one of neutral
protease I and neutral protease II, all of which are
extracellular enzymes derived from Aspergillus oryzae.

According to the present invention, there is also
provided an agent having ACE inhibitory activity or
hypotensive effect comprising the above casein hydrolysate
as an active ingredient.

According to the present invention, there is further

provided use of the above casein hydrolysate in the
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of hypertension. The casein hydrolysate of the present
invention contains free amno acids and | ow nol ecul ar
wei ght peptides 5 such as in vivo indigestible
pepti des, obtained by hydrolyzing animal m |k casein
to have an average chain |ength of not |onger than
2. Imanufectsire of e mediiivemerit far nbeguievertidnexr treatment
Thus the present casein hydrolysate is expected to
exhobi hypeyteredia@mim ni strati on, excellent 10 in vivo
absorbability and various functions in |iving .
or gani smThanccdsebe hydiroll vismrteaof otibef preSisaital invention
food, nmedicine, and food additives. For exanple, the
pr esent aicastirachymind pswHtds andekpeaaketwl bt Wskght peptides
an agent having ACE inhibitory activity or
hypstiehsiaee igf fetvochntiageistgblis péptphesentcbtained by
hydrol ysate as an active ingredient. The present '
met hpdrioiglzides dmimalepilk) cofeeiydrd yeavg agnpigrage chain
m |k casein to have an average chain | ength of not :
| onfengtthar 2. ndt viiohgargcbap & lerizynesrvapabl £hef number of
digesting animal mlk casein into a casein
hydaniysaseibdaveajdaes20 Seraghehaiesdrdngaisegn hydrolysate
| onger than 2.1 in ternms of the nunber of am no acid
r esiduespethes, tohexhebhtod byl onsl admyniggreftiias egxcellent
production of the casein hydrolysate of the present
i nveént ivdivo Adesoxbaphiyityhemnpt esaniowet fisgctiions in living
advant ageous in industrial production of the casein
25 bydaoliysat eammd tdebereserduli Moentvamniowsgfunctdonal food,
graph showing the results of evaluation 8 of in vivo
absmebdhkiilrid )y andl fiogésaidn tiesist anter ofxakpadeplr ¢hengresent
Xaa-Pro-Pro performed in Exanple 1.

casein hydrolysate is expected to be used in an agent having

ACE inhibitory activity or hypotensive effect containing
the present hydrolysate as an active ingredient.

The present method includes the step (A) of hydrolyzing
animal milk casein to have an average chain length of not
longer than 2.1 with a group of enzymes capable of digesting
animal milk casein into a casein hydrolysate having an
average chain length of not longer than 2.1 in terms of
the number of amino acid residues. Thus, the method allows
easy and efficient production of the casein hydrolysate
of the present invention. Accordingly, the present method
is advantagecus in industrial production of the casein

hydroclysate of the present invention.

Fig. 1 is a graph showing the results of evaluation
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Fig. 2 is a graph showing the results of experinent

for determ ni ng dose-dependent hypotensive effect of

the 5 casein hydrolysate powders prepared in Exanple

1. Fig. 3 is a graph show ng the relationship between

the elution pattern of bound protein with a |inear

gr adifenin oivd absdrkaldM Nty and thgemtoiewl yeststance of
activity in Analysis Exanple 1. 10 Fig. 4 is a graph
showaig pihe apbaKoanshioq- ket weenfvheediigesixampliend .

of casein with the group of enzynes and the ACE

i nhi bit @ygaceivsty ghaphe steswlngngheaseismlts of experiment
hydrol ysate in Exanple 3. Fig. 5 is a graph show ng

t he it aldtonsinl pihgt deer -tepertiemvdrgyet ehaivel efidelet of the
and the ACE inhibitory activity of the casein

hy drcal gesiat ehp8railiyed iy dhywddelgspseparmabeim Exiunplehd .

group of enzymes in Exanple 3. The present invention

wi || nowie. explsaangdaph sledwihg tHherebseionship between the
hydrol ysate of the present invention 20 contains free

am rdwcicls padtpent icfedmbidipedtbyn Widiolay Ziimgar gradient
animal m Ik casein to have a particular range of

aversye thad né I Ngidl andt ehespodtébdytirbactofridyi Ao Analysis
acid residues. The anmpbunt of the free am no acids and

t he Expemplees.is preferably not | ess than 80 wt% nore
preferably 25 80 to 90 wt % of the total anmount of the

casei n hgigolydat a.grdpe dydwohygsthe habatipashigubaitween the
content of in vivo indigestible peptides as the

peptd itpss t tonposed of gk peptidesagnmp k€ esgyerese and the
Xaa-Pro and tripeptides having the sequence

Xaa-ARrmiRhd bibwrpaptiides yray e resulting casein hydrolysate

in Example 3.

Fig. 5 is a graph showing the relationship between the
average chain length and the ACE inhibitory activity of
the casein hydrolysate obtained by hydrolysis of casein
with the group of enzymes in Example 3.

The present invention will now be explained in detail.

The casein hydrolysate of the present invention
contains free amino acids and peptides obtained by
hydrolyzing animal milk casein to have a particular range
of average chain length in terms of the number of amino
acid residues. The amount of the free amino acids and the
peptides is preferablynot less than 80 wt%, more preferably
80 to 90 wt% of the total amount of the casein hydrolysate.
The hydrolysate has a particular content of in vivo

indigestible peptides as the peptides, composed of
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pepti de salts. Asusedherein, the average chain

| engt hmaybe expressed 5 as a ratio of the total

nunber of noles of the peptides and the free am no

aci ds generated by hydrolysis of animal mlk casein

with respect to the nunber of noles of all the amno

aci dspepttilde scdser ingctiehpemiarses cXad -Phie @ tripeptides
wei ght. Here, the casein acid hydrolysate is obtained

by Hagesti tie Keqaseca prat-¢inpiRro. si Bikepaticies may be
acids. The average chain |length may be determ ned, for
exapppeidebyaeMas uati ng the nol ar concentrations of

the amino groups in the hydrolysates by the OPA

met hod Asiuapdhe®RAn,(chehiveadagelehpde)leraghmay Mpespressed
colors by reaction with 15 am no groups, and expressed

as: adver age ichaim tleagtbtal( nunber off mwkesopfafibgopreptides
groups in casein acid hydrolysate) / (nunber of noles

of aniinohe gf Ve IMeEEds genama hgdriy yyaeglyass of animal
used herein, the in vivo indigestible peptides nean

20 diipeptaded nXadtBr veapectr tpephedesmkeaa- PEoneies of all the
having Pro at the carboxyl term nal, which have high

di gastihoacidsiist the e sgmi mak iidchydlvolpspitiedat éd1enpame weight .
absorbed intestinally in living organism According

t 0 Hbeeprehentasaverdacbd hidweohyeatgelsimditaingdngiijgesting
of the hydrol ysate obtained by hydrol yzi ng ani nmal

m | kacadei prcteadt Lokgersitdwre 2amMinprafédsbly 1.1 to

2.1, nore preferably 1.3 to 2.1, in terns of the

nunber Thesvanagélhecin leegitduesy b dateiminest.afjer example,
chain length of longer than 2.1, the contents of the
desbwyeglval paptingeshandolar concentrations of the amino groups

in the hydrolysates by the OPA method using an OPA
(o-phthalaldehyde) reagent, which colors by reaction with
amino groups, and expressged as:

Average chain length = (number of moles of aminoc groups
in casein acid hydrolysate) / (number of moles of amino
groups in casein enzyme hydrolysate).

Asg used herein, the in vivo indigestible peptides mean
dipeptides Xaa-Pro and tripeptides Xaa-Pro-Pro having Pro
at the carboxyl terminal, which have high digestion
resistance against in vivo peptidases when absorbed
intestinally in living organism.

According to the present invention, the average chain
length of the hydrolysate obtained by hydrclyzing 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

10
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tripeptides as well as the free am no acids are | ow,
and thus the content of the desired in vivo
absorbable and in 5 vivo indigestible peptides is |ow
The content of the dipeptides having the sequence
Xaa-Pro in the casein hydrolysate of the present
i nvemticdonres sdwes . | oWdthx dve :ur©sgepebpdrnaBleps-h of longer
25 wt% of the total anmount of the peptides and the
freehar . hei thei conitentd dfdebeydgsdrest digepthdrs and
5 w% desired in vivo absorbabilityis | owered and the
exprtesiziept Dieshasfwadli assthies frgsufiiigiemcidheare low, and
content of the tripeptides having the sequence )
XaatPros Rie icorttent astithdydirol yedt tnofi vhcalppeskeable and in
15 invention is not lower than 1 w%, preferably 1 to
5 wvibwad ihdigetcaibdmpeptoideheipepowdes and the free
amno acids in the hydrolysate. At |less than 1 w %,
desi r ed The vienteabsofhalid i dipeptidasr ddvimy t ke sequence
expression of the functions is insufficient. 20 In .
t he Xsash 1o Hydthesaseedh hidrpilysertte pdveneipresgah invention
in the di peptides having the sequence Xaa-Pro and in
t he ig niogepoivedest hani higrttthe psedisoraiel XdatPr 35 io¥ afafhe total
be any am no acid. The casein hydrol ysate of the
presemuninvefit the pepti2teprandr Sbey fome aminteapids in the
@ u-Pro, Arg-Pro, @n-Pro, Met-Pro, and Tyr-Pro as
t he Ijidaspl v desehavig ltdws selgaenbewtRaa-dadire@ddin vivo
Ser-Pro-Pro, Ile-Pro-Pro, and Val-Pro-Pro as 11 the .
tri papodesbhavyy ¢ hewserrband tXesePpoepsd ormpe the functions
casei n hydrol ysate of the present invention, which

is insufficient.

The content of the tripeptides having the segquence
Xaa-Pro-Prc in the casein hydrolysate of the present
invention is not lower than 1 wt%, preferably 1 to 5 wt%
of the total amount of the peptides and the free amino acids
in the hydrolysate. At less than 1 wt%, desired in vivo
absorbability is lowered and the expressionof the functions
is insufficient.

In the casein hydolysate of the present invention, Xaa
in the dipeptides having the sequence Xaa-Pro and in the
tripeptides having the sequence Xaa-Pro-Pro, may be any
amino acid.

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

11
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contai ns such di peptides and tripeptides, effectively
exhibits in particular ACE inhibitory activity and 5
hypot ensi ve effect. The casein hydrol ysate of the
present invention contains free amno acids in
addition to the peptides. The content of the free
am nhead tspépstideal hadmnmg otbhe seYuemreefmabPyc4brio
45 wt % of the total anobunt of the peptides 10 and the
free animoee aeisdsin hydre lhyahioe yefatbe gheseaseimvention, which
hydrol ysate of the present invention may optionally
conteaintaims addchi digepttide pephddesigmpttidesfreéfectively
am no acids, for exanple, lipid, ash, carbohydrate,
di eteadhitbitber $n padtiatierar WaCEhiahe hidicaty yacbintvakyeend
in 15 commercially available animal m |k casein, in an
amoiytpotdnabodt ef@elar 20 W% . Sone or all of these
ingredients nmay be renoved as desired. The casein
hydr ol ysitie ofséhe pyekerliysatventfonhengpredamt ainvention
casei n hydrol ysate conprising free am no acids and 20
peptdatesa Dive dread ayl niay ae OB gz meg dahii tniedn ol khe gepinides. The
have an average chain length of not |longer than 2.1 in
t er tontdnt hef nthbefret aniime ard desislussuabyybgs to 50 wtk,
prepared by the: nmethod of the present invention
i nClpith Mgrabeyst @ oo 5(WE % & driod yzitregl amicnadt wifl khe peptides
casein to have an average chain 25 | ength of not
| ongatd ttiad Pred winlime g ddp dh eheyipsimcapabhte . of
digesting animal mlk casein into a hydrol ysate having
an aver agee chaseihehgidrdfyswte | ofigehet pae szt iimvention may
ternms 12 of the nunber of ami no acid residues,
whereg il sira U1 gr opptadfn enizy nedd toipni ses theptpatasiedes and the
capabl e of cleaving a

free amino acids, for example, lipid, ash, carbohydrate,

dietary fibers, and water, which are usually contained in
commercially available animal milk casein, in an amount
of about 10 to 20 wt%. Some or all of these ingredients
may be removed as desired.

The casein hydrolysate of the present~invention and
alsc a casein hydrolysate comprising free amino acids and
peptides obtained by hydrolyzing animal milk cagein to have
an average chain length of not longer than 2.1 in terms
of the number of aminoc and residues may be prepared by the
method of the present invention including the step of (3)
hydrolyzing animal milk casein to have an average chain
length of not longer than 2.1 with a group of enzymes 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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pepti de bond Pro-Xaa and | euci ne am no pepti dases, and
further conprises at |east one of neutral protease |

and 5 neutral protease Il, all of which are

extracel lul ar enzynes derived from Aspergillus

oryzae. The animal mlk casein is a protein having a

hi gif Rihe roosbentoiraminaf achrddreaficues.owhgrein $3sd group
and the like, and may be, for exanple, casein from

cowfs enzmehorseps ik aripépt jdaces waggbkmdoEheegaying a
mlk, with cows mlk casein being particularly

pr gferriete Bhadc@sei-Xaoreedt Laucdne mrhek dp§pFagases, and
animal mlIk casein may preferably be 3 to 19 wt % for

ef fiwaitemer pronpctiEes asf lele thydreolofs atedltofal Herotease I and
present invention. 15 The group of enzynmes used in the
metrfeadt 04 1 e tprase I, ahlkent wbighsage@eimaoe léHApFeanZymes
wherei n enzynmes capable of digesting aninmal mlk
caskimived of aohy dvsglepsat £l havpryZasgn average chain

l ength of not longer than 2.1 in terms of the nunber

of ani Mhacninatinits areedni tabkypretednehaydngng high Pro
conmbi ned. For exanple, a group of enzynes contai ni ng .
peptomtases aapabiref ofmellcsaf agyt fier pepe iide figadiand the like,
Pro-Xaa 1in the carboxyl term nal of Xaa-Pro- Xaaor

XaaRl ondby deXaaf or neyappéker ghlsw e firswe.cowbs ghiblls, ohorse's
enzymes may preferably contain serine 25 proteinases _
hawiilk serdate’ aimitie, ackl vkeeprseni 1Fhevitloevofs milk casein
enzymes contain netal |oproteinases having a netal at

t héosthgy vparenerlarThe pe¢fekopdot ei nases are 13 at

| east one of neutral protease | and neutral protease .
|1, andrheucapeianicomqeptiaasen Wit hydyesleyzing animal milk

caseinmaypreferablybe3tx>19wt%forefficientproduction
of the hydrolysate of the present invention.

The group of enzymes used in the method of the present
invention is a group of enzymes wherein enzymes capable
of digesting animal milk casein into a hydrolysate having
an average chain length of not longer than 2.1 in terms
of the number of amino acid residues are suitably selected
and combined. For example, a group of enzymes containing
peptidases capable of cleaving the peptide bond Pro-Xaa
inthecarboxylterminalofXaa—Pro-XaaorXaa—Pro—Pro—Xaa,
may preferably be used.

The group of enzymes may preferably contain gserine
proteinases having serine at the active center.

The group of enzymes containmetalloproteinases having

a metal at the active center. The metalloproteinases are

13
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net al | opr ot ei nases, the objective hydrol ysate may be
obtai ned efficiently in a short tine, and even in a
one-step 5 reaction, thus being preferred. The
pepti dases capable of cleaving the peptide bond
Pro- Xaa may preferably be enzynes having isoelectric
poi rits ligndtheonei dfr aguatrallThergreapeol enzdymesitarel gorotease
group of extracellular enzynes derived fromkoji nold
suchrms éispelgiuktline amizee. pSpthdate .a gricilp ofiese
extracel lul ar enzynes may be those obtai ned by
cul medal sprbthatnsas antlappobpecatierenddidinplpadte may be
wat er -extracting the enzymes produced extracel lul arly.
A @ggpiodéd efdficbéhtul arireazymest demecdnfdr ewen in a one-step
Aspergillus oryzae having isoelectric points in the
aci dg=pt Donar ehusbbpdrlg ptefdeyrpdef elhed pefhei dpaep capable
of extracellular enzynmes derived from Aspergillus
or yzie dByavéng Chengreptalderbdndt PrevctamsnaBUMEYREably be
FP, LP, or MP (all registered trademarks,
W&mﬁﬁﬁymﬁedhhyiﬁglMdﬂéiﬁtf}Ewlﬁéﬁnﬁa,iﬂJEhQ,acid region.
UVAM ZYME 20 (registered trademark, manufactured by
AVANO ENYABr ohiNG § enzSimeyanay ea dpdd0R 4 faedt PROEILDROEYE enzymes
AVPL (both trade nanes, manufactured by H GUCH
| NC.der REENTASKE KDIPi(meldstartdast Asperarkllus oryzae. Such
manuf act ured by HANKYU BI O NDUSTRY CO.), and DENAZYME
AP (o ediciie el extatersl kul senehaghesetahybbACASEe28btained by
SEI KAGAKU), with SUM ZYME FP (registered trademark,
manuhAachurriedy ke 1ISHY Y HON acHEdp@Aprd@te Bdijunheiamg
particularly preferred. 14 Such comercially avail abl e
enzyreSe tisgnk by cldvey thpemidyme opiicdum ed edittrizgresl 1Tharly. A
condi tions, such as the

group of extracellular enzymes derived from Aspergillus

oryzae having isoelectric 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,
manufactured by SHIN NIHON CHEMICAL CO., LTD.), UMAMIZYME
(registered trademark, manufactured by AMANO ENZYME, INC.),
Sternzyme B11024 and PROHIDROXY AMPL (both trade names,
manufactured by HIGUCHI INC.), ORIENTASE ONS (registered
trademark, manufactured by HANKYU BIOINDUSTRY CO.), and
DENAZYME AP (registered trademark, manufactured by NAGASE
SETKAGAKU), with SUMIZYME FP (registered trademark,
manufactured by SHIN NIHON CHEMICAL CO., LTD.) being

particularly preferred.
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anount of enzynes used and the reaction tine, may

suitably be adjusted depending on the group of

enzymes used so that 5 the casein hydrol ysate of the

present invention may be obtained. For the

hydrol ysis, the group of enzynes may be, for exanple,

added t ®wth agpenasciallily availabil eakenmyte < asenal 1t have

a group of enzymes/animal mlk casein ratio of not

| owepekl # hargll e, cqudf eiabby 1/The tonditleds meneh as the
preferably 1/10 to 1/100, nost preferably 1/10 to

1/ 4@mdnnhtweifgbhzynEe usestc andnthendé & conennmaymeui mapl guitably
be sel ected dependi ng on the group of enzynes used so

t hatoet hel-jalytent idepe mdbedg romydro bysate cdfseobyaierctsed so that
The reaction may usually 15 be effected at 25 to 60

C, mief eradod ynd4bhytirdAy @ tatopHtBet pre@ent eiryabbjop may be
to 9, nore preferably 5 to 8. The enzyne reaction
timbtairseidlly 2 to 48 hours, preferably 7 to 15

hours. The enzynme reaction may be term nated by

i nacti vatench@hydeodpeyimes thesgaddup athenzyyessmnayebe, for
inactivated at 60 to 110 Cto termnate the reaction

Af t erxangl ¢ pradded itananfaqibecesmeiut eanteHanimes milk casein
resulting precipitate may preferably be renoved by

centat Gugabiipro Drertdymeghanamadusilklcassinasategiafesot lower
25 Further, the obtained hydrol ysate may be subj ected

to uremve/)1000peptiedesdtaly ny/ b0t ter 1Y Ad0 omatkrpreferably
which may be effected using activated carbon, a

hydrigfiwbi e 1gsD0, mbstopirdietrakdy EdlOexandl/eio .l by weight.
20 wt % of activated carbon wth respect to the anount

of caseiThelsedapryohe caldkitions may suitably bhe 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.

The enzyme reaction may be terminated by inactivating
the enzymes. Usually, the enzymes are inactivated at 60
to 110 °C to terminate the reaction.

After the termination of the enzyme reaction, the
resulting precipitate may preferably be removed by
centrifugation or through various filters, as desired.

Further, the obtained hydrolysate may be subjected to
removal of peptides having bitter taste or odor, which may

be effected using activated carbon, a hydrophobic resin,
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t he hydrol ysate, and reacted for 1 to 10 hours to

renmove such bitter and odorous conponents. The

activated carbon 5 used may be renoved by a

conventional nethod, such as centrifugation or

menbrane filtration. The reaction |liquid containing

t heogages N inelr ol ysatexanblai, nkdt b2 Gwgs OA) arkyvisded carbon
added as it is to liquid products such as beverages.

Forwi fRr s¥kpectheovehsatinbunt off theselit cessl may be added to
hydrol ysate of the present invention, the reaction

| i gphe RRMrplSi=itad) ah® roaceatr &bedlahd @0i bounst g0 remove
powders. Such powders nay be used as vari ous

f ungtbangl ¢ £ eedand asihtbuescotporénts .mnedihs act iaed e carbon
active ingredient 15 thereof. The powders may

opt y88al aybedr xeflowetihbyarsi auseentioany additadessuch as
for inmproving the nutritional balance or flavor.

Exagphes idudicionugt| mempradd tivesratyoni.ncl ude

various carbohydrates, l|ipids, vitamns, mnerals,

sweet enghe, réhavacm{igudnt sontiagnents thandas@itrtuhy2@lysate
i nprovers. The powders contai ning the casein

hydppkysaiedl B dthep (pesaptbé aveted es iy sbeouseri by preducts

adding to, for exanple, beverages, yogurt, liquid

f ooguchebky betaidigess . I eFort imppdyingabhet veasditgslity of the
cooki es, sponge cakes, bread, biscuits, 25 chocol ate, _
andctie ili kgdarer yyaterofiltatd pyeisent dapsultelbon, the reaction
tablets, and the like. Since the casein hydrolysate of

t he1prRSeNtmdPVepEEerably My dencertratertharabodeied into
nmenti oned manner, the present hydrol ysate may

ef f gelidestsy. be used in the manufacture of

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,
sweeteners, flavoring agents, pigments, and texture
improvers.

The powders containing the casein hydrolysate of the
present invention may be used by adding to, for example,
beverages,yogurt,liquidfood,jelly,candies,retortfood,
tablet candies, cookies, sponge cakes, bread, biscuits,
chocolate, and the like, or by formulating into capsules,

tablets, and the like.

Since the casein hydrolysate of the present inventicn
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functional food such as various isotonic drinks,
general Dbeverages, general foods, dietary
suppl enents, nutritional 5 functional food, having
heal th benefit incorporated therein, or in the
manuf acture of medi ci ne. The casein hydrol ysate of the
preseyt bevesttdodnhahe beeoveonéntiethed mmwvee ACEthe present
inhibitory activity and hypotensive effect in the
ExampidsolpsheednsgusEEdckatverly be seechan the parséacture of
hydrol ysate may be used, for exanple, as an agent for
t he fmnuf hohaiefobdf Bnchi esavafrdodishadwatpnsuctrinks, general
activity and effect, or as an agent for the
manWeaod tisi ge s ofgarseif 2l feooddhedieha ryaseppl bpdnsisysageritional
of the present invention 15 is used as an agent

5 havifunhd€CEohahi ficicat,y mctingt headdh fpgroe£ihsi ¥acorporated
effect, a preferred dose of the agent for ora
admahsie ahi, obrt drhuten manufaalthuy esuch resdioinkl ow
ingestion of 0.1 to 100 ng/ kg, preferably 1 to 20
ng/ kg of Thdecasptindéydraidysdeef oEethr porexands invehtion has
casei n hydrol ysate per 20 adm nistration. Thus the
anwdewf cbhe icasel tdyldkiobyhaEe indfilditeopyesehtivity and
i nvention or the agent having ACE inhibitory activity
and hypotensive effect: inheheuBrdmpyeadtiongei discussed later,
vari ous beverages, food, or nedicine, may suitably be

10 sel exd exhd th bhiewmdséhe mpdvelgesce REyAbeondedg for example,
the nmethod of the present invention, by hydrolyzing
ani rees an ldgenas dlor ithe nene: 4 epureact | banet thnaflh§ood having
group of enzymes nentioned above, Xaa- Pro- Pro
contandirdc tlir 1 by el afiferlt ,norlasassagent fgathecupapfacture
ile -Pro- Pro and/or Val-Pro-Pro, of which various
funchf onedipdhedi ng

When the casein hydrolysate of the present invention
15 is used as an agent having ACE inhibitory activity and
hypotensive effect, a preferred dose of the agent for oral
administrationtohumanisusuallysuchastoallowingestion
of 0.1 to100mg/kg, preferably 1 to 20 mg/kg of the peptides
and the free amino acids in the casein hydrolysate per
20 administration. Thus the amount of the casein hydrolysate
of the present invention or the agent having ACE inhibitory
activity and hypotensive effect, when used by adding in
various beverages, food, or medicine, may suitably be
selected in view of the above dose.
25 According to the method of the present invention, by
hydrolyzing animal milk casein in a one-step reaction with

the group of enzymes mentioned above, Xaa-Pro-Pro contained
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hypot ensi ve effect and anti-stress effect have been
confirmed, may be obtained at a higher yield closer to

the 5 theoretical recovery, such as not |ower than

60% , preferably not |ower than 70% conpared to the
conventional nethods. Thus this nmethod is not only a

met; hogh £ in fNi£Pariilgcasedsei in gaxdr béydare! 1%TBF@F§EW"“‘1/OI
the casein hydrol ysate of the present invention, but

i s val1soan. pEbeChifv evtnirithoda f bous0 Ipmeduicity HRgLurddd
products containing a considerable anpunt of
0bj}8&Id t/én Xede Pe@ticr, antd pant ii et nesstrhsecthBAEE been
from-animal mlk casein or food protein having a high

Xaas 01 RhedC anie e okt dhme drass enhiigheehtiled dicliosfowto the
be explained in nore detail with reference to

Exarl &8s t ABal sd sorxapplseclaad nadohpueatthan E0gngpegferably
Exanpl e 1 and Conparative Exanples 1 to 8 20 1 g of

casgid 106ké ¥ ach 4 om0 £ 0w anpa t&d (ramiasareent pynal methods.
NI PPON NZMP) was added to 99 g of distilled water at ,
abopit ;84 H3 S A@ tHYd Qsghby oriked mathindsbelr RHIBRF BREFecasein
(manufactured by WAKO PURE CHEM CAL | NDUSTRIES, LTD.)
solwagalﬁgt@idqﬂréﬂefhblm xher ease tnlj DEarefyspe Pf the
7. 0. 25 The tenperature was adjusted to 20 C, to

Pr epag BedtSyhsidrd fonsobuti dm. allsa ten sebEEF&LY S method for
sol'ution thus obtained, each of the 18 various ,
enzypBaushew diydebbe proaucidderbrtainandt Re considerable
enzynme/ casein ratio was 1/25 by weight. The m xture
wasambaact e ashpc€itrer Xbdh R -Prandorhpirddpjat tRErducts
to autoclaving at 110 C for 10 mnutes to inactivate )
ther gRZ¥IES, from animal milk casein or food protein having

a high Xaa-Pro-Pro content.

The present invention will now be explained in more

detail with reference to Examples, Analysis Example, and

Comparative Examples.

Example 1 and Comparative Examples 1 to 8

1 g of casein derived from cow's milk (manufactured
by NIPPON NZIMP) was added to 99 g of distilled water at
about 80 °C and thoroughly mixed. A 1IN sodium hydroxide
{manufactured by WAKC PURE CHEMICAL INDUSTRIES, LTD.)
solution was added to the mixture to adjust the pH to 7.0.
Thetemperaturewasadjustedt020°c,toprepareajnmmtrate

solution.

To the substrate solution thus obtained, each of the
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5 to thereby obtain a solution of enzymatic di gestion
products of casein. The obtai ned sol ution of
enzymatic digestion products was spray-dried, to
prepare powders. The powders thus obtained were
subjected to analysis of ingredients. Protein was
det eamiiret ynijmesdahlowretinodlable anwasnmiavwdedige that the
with an ami no acid anal yzer. The anmount obtai ned by
subknagiriayrd deianpant ookaani f@ 5abydwefiglrn t helhammture was
of protein was taken as the anmobunt of peptides.
Fur et ddiea@mpontc of oki padhonass dedpdnthed lspudjected to
nmethod w th acid hydrolysis, ash by direct ignition,
and a\Waicry1 ahbi iy atchel @P ¢ fevero nehhet s The nanuintatoé the enzymes,
each ingredient was subtracted from 100, of which
bal arcehersbtakers as atdrel uahonmt enzyasbdleydigest inn products
result, the powders were determ nedto contain35. 8 .
W YaE peaeiids, 4Bhdwhpephedespludi®onvodh eaizamatpi@ digestion
w%lipid, 4.1 wt% ash, and 7.6 wt% 20 carbohydrate.
<Megxicaned whsAgerage dGhied, Leagplrepihre gvevages .
chain length of the am no acids and the peptides
cont ai nathd pdwide bt husdopoadecs wesedemdjsaized thy analysis
measuring the nunber of noles using an OPA reagent,
whi @ 2hgkeddienitid 1 h Brdneigrwamsedfetiiendd by Bpehadahl methed,
acids and the peptides in the powders, simlarly
measiid regnide auiderwioh anl asiob acdédsenalawak. The amount
hydrol ysate, and evaluating the 19 ratio of these
t W0 oblthei ied Wy $uirteradioing i thd smaurit of@migohcids from the
o- pht hal al dehyde (guarant eed reagent for fluorescence
analaysiunt napupacteried viys NAOARAl aSESQEE, amd ;) ofiapeptides.
dissolved in 1 m of nethanol, and 100 | of

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, 45.7 wt¥ peptides,
6.6 wt¥ water, 0.2 wt¥% lipid, 4.1 wt% ash, and 7.6 wt%
carbohydrate.
<Measurement of Average Chain Length>

The average chain length of the amino acids and the
peptides contained in the obtained powders was determined
by measuring the number of moles using an OPA reagent, which
reacts with amino groups of the free amino acids and the
peptides in the powders, similarly measuring the number

of moles of a casein acid hydrolysate, and evaluating the
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5 0- mer capt oet hanol was added. The o- pht hal al dehyde
solution was diluted to 25 M with 25 m of a 100 nmM
sodium tetraborate solution previously mxed with 2.5
m of 20% dodecyl sodium sulfate, and further to 50
mM with distilled water, to prepare an OPA reagent.
10 kachi powflethearpltevanf 1Theasesnlasz\ane tgkiewnysnt dable 1.
obtai ned by reaction with each enzyne (Tablel) was
di ssol verb hme af appididakdsbydent( gataranttepd opepgeat for
concentration, and centrifuged at 15000 rpmfor 10
m ngksor&Scenok tnalstiiper nacanit agdsinek doy ol CATAIN TESQUE,
1 m of the OPA reagent 15 prepared above was added,
t hormugh) ywaki Biedolars | £t 1atnl @ fr oexnlanper akode 100 pl of
for 5 mnutes. The absorbance at 340 nm was neasured

5 USi I rdr eRp 06 pthenetlerdds adédadne Ubestodththalaldehyde
manuf act ured by JASCO CORPORATION). A 1% casein acid i
hydras ysat envess piepated, t prafperll wit2028i hibtef a &P mM sodium
subjected to the sane neasurenent to obtain a
cal ittt abarateyep liutdmmipody i tes Lyl aikedswiiplbet kedd of 20%
absorbance and nol ar concentration was determ ned. The
averdxgde e ai sod tugtdu West € aland FuetHar £ocoP dunwa th dhstilled
the following formula: 25 Average chain length =
(nmolveitepncent patedparofadl OPRageagerdci d hydrol ysate)
/ (mol ar concentration of each sanple 1 % casein

1cenzyne hgdehl peaide)r Xampbéecof Conwerssin ¢weymgehydrolysate
chain Oigin of enzyne enzynme length Exanple 1
Aspesigt & i ne ddryraecSikiAYMER ERch elzyme (Table 1) wasdissolved

in an appropriate sclvent at an appropriate concentration,
and centrifuged at 15000 rpm for 10 minutes. 50 pl of the
supernatant was taken out. Then 1 ml of the OPA reagent

15 prepared above was added, thoroughly stirred, and left at
a room temperature for 5 minutes. The absorbance at 340
nmwas measured using anabsorptiometer (trade name Ubest-35,
manufactured by JASCQO CORPORATION) .

A 1% casein acid hydrolysate was prepared, properly

20 diluted, and subjected to the same measurement to obtain
a calibration curve, from which the relationship between
absorbance and molar concentration was determined. The
average chain length was calculated in accordance with the
following formula:

25 Average chain length = (molar concentration of 1 % casein
acid hydrolysate) / (molar concentration of each sample

1 % casein enzyme hydrolysate)
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2) 6.0 Conmp. Ex. 1 Pig spleen Trypsin Co
Baci 1 us subtilis SUM ZYNE P 3) 2P e ™S Bai 1 fus
sROTEASE S 4) 4.5 Conp. stearotherncphilus Purified
.9 Conp. Ex. 4 Carica papaya papain 5) Conp. Ex. 5
Bacillus Thernpase 6) 4.6 P theretoroteolyticus Conp
Ex. 6 Rizopus niveus NEURASE F3G 7) 4.9 Conp. Ex. 7 .
R zopus del emar SUM ZYME RP 8) 4.0 Conp. Ex. 8
Pi neappl e cannery BRCNELAIN'DabEeSll) 3), 8) 9):
manuf act ured by SHI N-NHFHON-CHEM-GA LTD ’Aéé.' o
rage chain

nuf actured b vn%mlbr&-ﬁﬁé
Bribh RO erlbige: 4)| naﬁnlfe}cactured ength

manuf actu CO. | rred ENZYME, | NG B¥2¥ % pnut act 1
7 0 oo acy ur cu Uy

PAN nans[ﬂmzmme g 4
byd%%ﬂ%ﬁﬁ é ﬁggEéQFkﬁ%;kh.igg Measur wgP £ Auitb
Ac gi @§;|1$@?ggsﬁf§gﬂdes> 10 ThErﬁgmﬂef% pr ¢par edé .0

In d' QQnI ved i n Al o + + P
<t T anouiTt Ol

di 5 1f N i EEYME i
egnaberg, and adsusi p 4.1
pea%lhé analy efcg?rgge_na:; gDC ?gM uanf?ﬁﬁthfed 0}

SH U b PROBEASH aci
S MU DR r&f#@a%f'?tzmé@ﬁﬁ% LR S"&g;'_?

T

re;glo&ftg AL arq?e}ﬂcg abhpn 2. Inc E&'ﬁ N:,y,b t he o 7.9

aufonati ¢ pept' anal yzer daes noPHEHAct fred—amno

B il

IR aTEp. ¥ fizay teosaes L00mmicewsmthese ¢
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
5 by AMANO ENZYME, INC. 5): manufactured by NAGASE & CO.

LTD.; 6) : manufacturedbyDAIWAKASEIK K.; 7): manufactured

by NOVOZYME JAPAN

<Measurement of Amino Acids Constituting Peptides>
10 The powders prepared in Example 1 were dissolved in
a suitable amount of distilled water, and analyzed using
an automatic peptide analyzer (trade name PPSQ-10,
manufactured by SHIMADZU CORPORATION) to determine the
amino acid residues from the N-terminal in the powders.
15 The results are shown in Table 2. Incidentally, the
automaticpeptideanalyzerdoesnotdetectfreeaminoacids.
The total amount of the fifth amino acid residues was
120 pmol, and the total amount of the sixth amino acid

residues was 100 pmol. From these regults, it was found
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21 that nost of the peptides contained in the powders

were dipeptides 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 5 of peptides having Pro at the

t hi tthatesichie sstRE. BeYtides cdovesinedoihi ghe Twders were
it is expected that the powders contain a

congiigesah de ananat t ofi péga-iftes andI XawaPr ellco foMridichat the
are highly resistant against the enzymatic di gestion

W t peirt el aga oo pr pepadeles smthay Phesetpepe descand residue
optimal for use as functional peptides. 22 Table 2

1st wanrd 43r.¢ 4t hwAdicho waes rema nkes dpdr rgisi dured ridsg quercentage
Content in casein acid (prmol) (pnol) (pnrol) (prol) (

~) A%p p¥bt3Dded 16a6ing. Frodat 1130 12FiBE 12FiZMeE wagn29.8 %,
55 49 46 91 included in Asp dn 80 97 104 80 i ncl uded

in @hiclSetad08186 higlh 5.23 Thr 31 16 25 18 4.2

His 28 94 58 0 2.6 dy 256 38 33 16 1.9 Ala 323 101

58 30 2. 18udyit 7256 dkpert 2B thdt pLhg PRPWAHS @estain 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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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

400 39 50 10 9.4 Total

Ile 350 37 17 10 5.1 Leu

4317 2767 1447 387 100.0

<Eval uation of Absorbability and D gestion Resistance

of Xaa-Pro and Xaa-Pro-Pro iTakl®i ag Organisn> 5 In
or ger—t o e\ bHHy—and—di-gestion
reqgi elli ' or i sm of?tthe pe {45 Nayhteht incasein
t he %?&Jeencées@lﬁ Or%;d}?n Kga | FFEIHE ‘d‘?ﬁsé‘idH@d in t{ﬂﬁﬁw%)
poiders of tipmothsei dPARYne HPHPHl ysatB™®klepared in
Exdnplaepl and 88howh i B0Fabl ¢ 1.1%5he absofptioh of t he.6
pepti das i nt o Iodod{10 &% er {or aBoadn ni sitxati pn was 20.5
tedtedann fatssas TolTows. To twe six-week-ol difPluded in Asp
(Spragyg Dawegp rays, 990 1o/ afygmal | eachpof | included in Glu
Val =PrgzProas;gar e dllpbg of dezgr 0-Pro 1g\n0 GYV-G ¥ o3
o7 o425, cod2upi 32 wafe +{ken2eromheiBort hi—ver it
at 23St ar \/al2§, nhr‘l tﬁé_aﬂl[y orpfron of—each peptide 2 6
i ntlo 1&0d | wadS&et ér ni A8d. The aéﬁlll s at® shown in L-2
Fi AlaFrgm B23 1] itl@ks confPBred thaB'A yidy wa%-8
eadi | yryrdi destezb i n |vi vil4 so |t haB2d y|was28et e¢ted. 5.4
whi(l'e a¥gl - Pro-Reo % was7 absorbeds i nt ¢ bl @od 3.6
rellatiyeel y [stabgy. Fromykhese resglts] it10s ekpected2.5
t haqtU g di|pepgé§ies [and 371 pepti iRs 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 a7 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 twe six-week-o0ld 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 vein at
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havi ng t he sequences Xaa-Pro and Xaa- Pro-Pro,

respectively, exhibit high absorbability and

di gestion resistance in |iving organism 10

<Eval uation of Hypotensive Effect> Each of the casein
hydr ol ysate powders prepared in Exanple and
Conpartatiw#l £x aapiieshehabpoirp tiahl efl essrte peptide into blood
adm nistered orally to five 27-week-ol d spont aneously

hy perdsente vernahed( SHRhd e el ardoshain 3nngikg 1.

body 15 weight. Bl ood pressure was neasured before

t he adnmimist riaig o anik vdwurcs fafteedttieat Gly-Gly was easily
adm nistration by tail-cuff nethod with Tail-cuff

PB- 9 Jeeatneidl det wit eo by o t3GHT BOMwd @ devalaratd, whe leismpgePro-Pro
in blood pressure. As a control, casein was

admwi sstab €drbadt dadt cofbldwed poaedlets veldd athlbhg. safgom these
eval uati on was made. Before the neasurenent of bl ood
pressielt ¢ atic werexperted thmia teefitpepbdxes and tripeptides
(manufactured by CSI JAPAN) at 45 C for 8 mnutes. The

r es sl g e sheowguiencEabXaa 3 Prieramd Rald P30 Pro, irespectively,
found that no change in blood pressure 25 was

obsesxteib it t highs el aabtbhtyohndwdiilgedthon resistance in
hypot ensi ve effect was observed with the

admniwitiat beganfistthe powders of Exanple 1. On the

ot her hand, no change in blood pressure 24 was

obs esBretll Wi t hoany fofH gt gosvlees Edff eidte- Conpar ati ve

Exanples. It is thus denonstrated that the casein

hydr ol ysed €h of £ Exteplce sle Tonhpdnbdgsa tparpowde s prepared in
anmount of Xaa- Pro and Xaa- Pro- Pro and having an
avermgenshai andemgipdrof i not Ekangdres mmown lihaffable 1 were
excel I ent hypotensive effect. Further, in accordance

W t adien fbogeedeted, 1@ 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 administra?ion by
tail-cuff methed 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.

From Table 3, it is found that nochange inklood pressure
was observed with caseinas acontrol, while the hypotensive
effect was observed with the administration of the powders

of Example 1. Ontheother hand, nochange inbloodpressure
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dose- dependent hypotensive effect was tested using the

casei n hydrol ysate powders prepared in Exanple 1. The

results are shown in Table 4 and Fig. 2. 10

<Eval uation of ACE Inhibitory Activity> ACE derived

from bovine |ung (manufactured by WAKO PURE CHEM CAL X

| NQLSTRbESe rivER wies sthpsofvetei powderiaV dbrilie Comparative
buffer at pH 8.3 in an anobunt of 0.1 U, to obtain an

ACEx sfplikisan. B0 is ot hasdidencets wrzye® hhatotysate@seln
solution 15 prepared by diluting powders of each
enzyyRrby$ieeltsai© Eshophei b Teblteining 50-par BigHLRT amount
distilled water, 200 | of a5nM ,

hi pgedatv s baylxd®UBToePsoland bavimeal aveFege chgin length
SIGW), and 20 | of the ACE sol ution prepared above

ver gfi Abtoduegedyd rtmrm 2.ubdadrekeebtert BYPIregsfioie effect.
30 20 m nutes. Subsequently, the reaction was

t er m nated ther Adihngc2b@darafe M tiydebehpbove deglhod., a

1.7 mM of ethyl acetate was then added, and stirred.

1. 4gpks e0fadpen@éhy | hyporteat=i tayef foas walkerkegiekedsing the
i n anot her tube, and evaporated at 120 C for about 60

M nubes itp Wwpdablysad ebwtteps odueparede idy igpmple 1. The
product was dissolved in 1 m of distilled water, and

t he raksoriangge akndad rim dablepér aod &g ekt ract ed

with ethyl acetate was neasured. As 25 controls,

abs QEaGes Mesn Meds wosl Iihibsobuyi & bdiviHair  t he

di l uted enzyne hydrol ysate solution and a sol ution

Wit hout Ade adidiuteatl £ enmynev hypdr Dhyg dmarsof ae t vreddey WAKO PURE
the ACE solution. Fromthe obtained absorbance, ACE 5

i nhichigrf yaBCEINVUEYRIES , calloul)ates dnsscdorathAideandt hM borate
the following fornmula. The results are shown in Table

3. puffer at pH 8.3 in an amount of 0.1 U, to obtain an ACE

solution. 80 pl of a diluted enzyme hydrolysate solution
prepared by diluting powders of each enzyme hydrolysate
shown in Table 1 by 50-fold with distilled water, 200 pl
ofaaSerhippuryl—histidyl—leucinesolution(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 dissolved 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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ACE inhibitory activity (E) = [(A-B)/A] x 100 A

(Absor bance of solution w thout diluted enzyne

hydrol ysate sol ution but with ACE sol ution) -

(Absorbance 10 of solution wi thout diluted enzyne

hydrol ysate solution and ACE sol ution) B: (Absorbance,

of saltkéDa, Wabbotbautead verg ymeabyted pafe Saslghpnwa thout
and ACE solution) - (Absorbance of solution with )

di lufeedy ENayan eyraley Sap@redysaten smiutdenoandagespgution
solution) Table 3 Enzyne ACE inhibitory Bl ood pressure
drq,pitm@ltotnsaae1amawiamxmaehug§01$@)at%@9£%lqn and the
4.1 -25.0t 4.3 Conp. Ex. 1 0.8 -4.3 5.3 Conp. Ex

2 h@E Sopptibn. 3 Frol-8h& obtaingshpbsgrbangey 2GF

5.2 Conp. Ex. 5i.1 - Conp. Ex. 6 0.9 2.9 5.4 Conp.,
EX.idfh ObTtobylac?i®itQomps Ealcglpted 4npacgogdance with the
Control - -2.5 7.5 26 Table 4 Dose of Change in

St apsipt dwipewdersmil @od Phessese lbeyiane ophopm k1) Table 3.
(mHg) 96 -31 4.3

ACE inhibitory activity (%) = [(A-B)/A] x 100

A: (Absorbance of solution without diluted enzyme
hydrolysate solution but with ACE solution) - (Absorbance
of solution without diluted enzyme hydrolysate solution
and ACE solution)

B: (Absorbance of solution with diluted enzyme hydrolysate

solution and ACE solution) - (Absorbance of solution with

diluted enzyme hydrolysate solution but without ACE

solution}
Table 3
ACE inhibito

hydEE:)Z yseate ac(g}ﬁég:y i Blo(ogrgz.?;gsf u:i:resirOp
Example 1 4.1 -25.0 + 4.3
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. 6 0.9 2.9+ 5.4
Comp. Ex. 7 0.7 5.1+ 7.0
Comp. Ex. 8 1.1 -4.6 6.9
Control - -2,56 £7.5
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32 -25' 1.9 9.6 -14.4 3.2 00 6.9 <Determ nation of
Peptides in Enzynme Hydrol ysate> The powders of the
enzyme hydrol ysate of Exanple 1 showmn 5 in Table 1
were dissolved in distilled water at a concentration
of 10 nmg/mmM. On the other hand, 25 g/m, 50 g/m and
100 g/m solutions of each chelhieakly synthesized

standard pepti egHerce—showa—H—Fabl e 5
wer e prepar ed. i%osge f%o% I{lﬁhm%gwéi&@aW§%lo

LG/ MS under the Gafthd)i ons betinug) Among PER&2pEdks
indicated in the apal ysijs of tdisa powdel so#udion,
peaks corresppnding to {the nolacul ar wei ghts and t he
retention tings Tggntigalr WIfy @hose pf skapdarc
peptides were MdergTfigdas rgpresentj ng ghg sare
sequences as the—t5—stardard—peptides—The peaks of

t he powder solution were conpared to those of the

standard peptides, to determne the content of each
pepihelee shawna tiirrTabf ePdpt ndele igoitieryme oHydired Y sRfe >
results are shown in Table 5. It was found that the

anount Dhe ttevdreps iodeshard 2yee hgGidalasalpt of Bua@plenl shown
the solution prepared by dissolving the powders with

di sinl Tedleatlewearnses BidSohyged int Wil siwblhed water at a
peptides was 4.57 ng/m, and the anpbunt of Xaa-Pro in

t hecpepthdes tiam .19 g /Awl t hadont ke pethemt hgadof 25 pg/ml,
Xaa-Pro 27 with respect to the total anount of the

peps ¢ dgg/and alne 130 geg Anllnecacitdons ¢heepodehsmniesally

6.3 W% Further, the anmount of Xaa-Pro-Pro in the )
pepsyreRewdz el 8Langash pefpdtide 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
gsolution. 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 dissoclving
thepowderswithdistillaiwatarwas8.15mg/ml,theamount
of peptides was 4.57 mg/ml, and the amount of Xaa-Pro in

the peptides was 514.5 ug, so that the percentage of Xaa-Pro
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t he percentage of Xaa-Pro-Pro wth respect to the
total 5 anpbunt of the peptides and the free am no
acids in the powders was 1.4 wt% <Apparatus Used>
Hi gh performance |iquid chromatograph-mass
spectroneter: LCMS-2010; System controller
SChHit®AdgEptit ot tlie 100t ajleamoun tSlolf- tG&d\pEptSodeenand the
delivery punp: LC 10Advp x 2; Columm oven: CTO-10Avp;
Phatredi add nar hay dietiact e podPBr MIWAYR; . Inltitne Further, the
degasser: DGJ 14A (all trade nanmes, manufactured by
SHEMAEE EERRERAPKFrAN)EYr £CahubRe peyelaesl wa€304)E fig, so that
(2.0 mi .D. x 150 nmL) (manufactured by NOMURA 15
CHEMeCAle ¥nt 43D. pE<RanpdiRrioiBrd owibbasespesit o the total
Mobi | e phase A: aqueous solution of 0.1 wt% formc
aciagiourMbbltheppape iBe SO0 HiecEroaiamine@asdldst inthe powders
Time program 0%B (0 minute) - 7.5% B (30 ninutes)
- 3% B (80wO%.ni nutes) 20 -100WB (35mi nutes) -0%B
(35.Imnutes) -STOP (45m nutes) ; Amount of sanple
f ocApyecitas: Ubeld> Col um tenperature: 50 C,
Det ecti on wavel ength: 200 to 300nm | onizati onnode:
ESigh patrdd zedngasl {dquidrateondt Sglrapinmaspplspeabtrometer:
vol tage: +4.5 kV; CDL tenperature: 250C; Bl ock heater
t et 20 B0 ; 25y2@enC,cdCirydbl eage SOL- IDAGVE) ahnpmatic
vol tage: SCAN; Analysis node: SIM neasurenent;
Analnfzask ¢ AN 0S1 L, EPO MEZ 324 S 0)vient R(EN #2vw@29. Bmp: LC-10Advp x
MP(mz=247.3), QP(m z=244.2), 28 RP(m z=272. 3),
SPR(;mM @B0fn 3dve PP =Bd2vp) , PhbREGI X8 26r tay detector:
Intake tinme: 0.5 sec/Ch. Table 5

SPD-M10AVP, Online degasser: DGU-14A (all trade names,

manufactured by SHIMADZU CORPORATION) ; Column: Develosil
C30-UG-3 (2.0 mmI.D. x 150 mmL) {(manufactured by NOMURA
CHEMICAL CO., LTD.)

<Conditions for Measurements>

Mobile phase A: agueous 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 injecticn: 5 ul; Column temperature:
50 °C; Detection wavelength: 200 to 300 nm; Icnization mode:
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/z=229.3), MP(m/z=247.3), QP(m/2z=244.2),
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Pepti de sequence Concentration in 10 ng/m powders (
m) Ile-Pro 16.0 Qu-Pro 7.1 Arg-Pro 10.3 dn-Pro
34.5 Met-Pro 18.4 Tyr-Pro 128.9 OQther Xaa-Pro 299.4
Ser-Pro-Pro 2.9 Val-Pro-Pro 29.5 Ile-Pro-Pro 28.1
Phe-Pro-Pro 27.2 O her Xaa-Pro-Pro 28.8 5 Analysis
Exd&Blre/ 3=22Rd81t,i f9RAmtM OA=3D00ER)yMeZLP fnpag3tbel),
extracel lul ar enzynes derived from Aspergillus oryzae
uselPR fmEradpke 11,; cinyaies hémessar.s ddc foh. obt ai ni ng
the casein hydrolysate of the present invention were
analyzed in the follow ng nethod. Incidentally, al
the followi ng operations were performed at4C unless
ot herwi se specified. The redighis Bsed were all

guar anteed rea rafufactured b "M CAL
15 | NDUSTRI ES, Lﬁiﬁ’t ESTUGERBr W19Ems AR Idwlre
<l nmpact of Varjous Inhibitory Agents gFfmxynes>| 2000
ng of SUM ZYNVH FP (r &geskered trademarkl6.0
Glu-Pro 7.1
Arg-Pro 10.3
Gln-Pro 34.5
Met-Pro 18.4
Tyr-Pro 128.9
Other Xaa-Pro 299 .4
Ser-Pro-Pro 2.9
Val-Pro-Pro 29.5
Ile-Pro-Pro 28.1
Phe-Pro-Pro 27.2
Other Xaa-Pro-Pro 28.8

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

all guaranteed reagents manufactured by WAKO PURE CHEMICAL

INDUSTRIES, LTD. unless otherwise specified.
<Impact of Various Inhibitory Agents on Enzymess>

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 was
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manuf act ured by SHI NNI HON CHEM CAL CO., LTD. )was

di ssolved in 10 mMl of a 50 mM phosphate buffer at pH

7.2, and was 29 piltered through a cellul ose acetate
menbrane (DI SM C- 25cs, pore dianmeter 0. 45 m

manuf act ured by ADVANTEC), to obtain a crude enzyne

sol gtillaerddithrenidgieaergyrl Sokuicota pasmdndarcdee (WIIMIC-25cs,
1% casein 5 in the sane way as in Exanple 1. Wen a

et golrepaohpetser o NRENIE OfarfdFHrtured by ADVANTEC) , to obtain
(et hyl enedi am netetraacetic acid), or a serine

pr otkeasardenhéhzime, sBVGR ilgrhenyl net hane sul fonyl

fluoride) was added to the reaction system the

aver age Theihaidrudngineywas dongei onands theaobederithels casein
hydrol ysate could 10 not be obtained. This suggests

t hatint hbhematadld orptansin Exameléene. prwhease peayd Iaprotease
i mportant role in the production of the casein
hyddaehisaitonf EbEAPKeshpldrnvdkidmnbnetetlkraccaition adid) , or a
| on Exchange Resin) 20 m of an ani on exchange resin,

DEAE esdpiwm grto tlda 4 saiuth 261 uoed PySAVERREAM IBESHHNCER ] fonyl
K.K) was activated, equilibrated with a 50 mv

phogphaizel daif fwess abdadd’ £2 ta rgxeekedni By8t@mgsshe average
colum of 1.5 cmdianeter x 12 cm Wile all the

ef f charitn Vafgehlvoslefgas nondadsosbsdcsdnellgydtbeysate could
crude enzyne sol ution was subjected to adsorption at a

f| owoZObkabbtefinked 0 nMthisnsudhestishehat! uie watalloprotease
t horoughly washed wth a 50 mM phosphate buffer at pH

7. 2orne @i AB MY t dRs ety 1B ss bhel mpbrtanefré e iget heantbduction
eluted with 200 mMl of a 50 mM phosphate buffer at pH

7. 2o€ondai nddge dnl hpdao lgrsatiendt oheNplle eht 0iG@éntion.

mV) . The eluate was fractionated into 25 100

fraqUiseintofo® witRadbkn Ehbe-tehsge bRBggnat 280 nm the

20 ml 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 glass 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 phosphatebufferat pH 7.2 ¢containing a linear gradient
of NaCl (0 to 600 mM). The eluate was fractionated into
100 fractions of 5 ml each. The absorbance at 280 nm, the

proteinase activity, and the ACE inhibitory activity were

measured for each fraction.
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proteinase activity, and the ACE inhibitory activity
were neasured for each fraction. 30 (Measurenent of
Protei nase Activity) 25 ng of a fluorescent naterial,
(fluorescein isothiocyanate)-|abeled casein
(FITC casein, manufactured by SI GVW) was dissolved in
5 nl(MsfasuBOmeit5 ofhdypitae endaef Actdtvighy)7. 2 to
prepare a substrate solution. 10 .tl of each fraction
was m xetb wig ho20al fdfucies cemst materisd ut { Hhyoradcein
reacted at 55 C for 10 m nutes. The reaction was
t er Miswtletobyandtieng 12 ledf casbigt r(iRINGOroaseint e
solution, and the resulting reaction |liquid was
centmarfuffpedt dfedt bI5ET MM wBs | dbEsbAwvesuper atmhtof a 50 mM
was taken, mxed with 3 mM of a 0. 5 M
tri gharpeat ehuwiEf et giHpd. 7 52 tanprepljreestsubstvate solution.
nmeasur enent using a fluoronmeter (F-1300, manufactured
by HICTACHhf daldh )f rtaw tdiedremdsneitdesl execiht 20ipdnof the substrate
wavel ength at 485 nm and the fluorescence wavel ength
at =Rlumiodb dridpretle edeatl 35 °Off drhe 0 meiaswt @eaent Thke reaction
absorbance at 280 nm of each DEAE sephacel eluate
fr actdsorerdinasedcbnf atdrcigt hato alowtf d35% afritdidloroacetate
protein was adsorbed on the anion ion exchange resin.
Fi g.sBlwsthiows, el ehatiesul pangergacktiond igpuintiwpeoteihri fuged
with a linear gradient of 0 20 to 0.6 M NaC and the
protaaolnd o Bphi vi Y. pir adt itdns dpédnblaaenta@anechleen, mixed
particularly | arge anobunt of proteins eluted therein.
Fur twhigrh 3 iec £t efiMenzisteydsothiben def aeatlB {5 aetnidosubjected
was evaluated for the activity to generate ACE
i nhitw measwospentmising ayfllobyzmedecaddi-i3 @b Ammufactured
result, fractions 20 to 60 were mainly confirmed to

by HITACHI, LTD.) to determine the excitation wavelength

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

From the results of the measurement of absorbance at
280 nm of each DEAE sephacel eluate fraction, it was
confirmed that about 73 % of the protein was adsorbed on
the anion icn 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
togenerate ACE inhibitory components inhydrelyzing 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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have the activity to generate ACE inhibitory

conponents. On the other hand, the proteinase

activity nmeasured 31 with the FITC casein as the

substrate was observed nmainly infractions 19 to 27

(at 0.1 Mto 0.2 MNad) , which indicates that the

pr otigimade FATCHdysdhn a9 thparilst rdbactasmbserved mainly
generation of ACE inhibitory conponents. Fromthese 5

resul fsacitti onasl § aenzl7 t{kat 0t het po ot.& Mk lgct whikch indicates
plays an inportant role in the enzymatic activity for
purtitfati ndhe phre tAGmasdiddt Drycgohpenentsmpootrapasbiunction in
(Identification of Proteinases Contained) Fromthe
DEgersepitateh elfulraE fimcibbdhsryf catidarent2d. 1Brbm 3Ihese
havi ng the proteinase activity were coll ected, and

di dlemeltagal bswad fotadsthhtathenprphesipleede dufieity plays
at pH 7.2. Sephacryl 5-300 HR (manufactured by
AVERSHIAA o B 068CI FNES 1K tHE e ayasa tsiis partdedi tp fobCGud fying
phosphate buffer at pH 7. 2 containing 200 nM Nad ,

f uldhe det@msiaHibdnemacksthdbennsa falcas cacmeimm of 18

cmin dianmeter x 100 cm This colum was fully

equilddnitat Bdlcattibna A0 Mibpabapbake Gauftfaeinad) pH 7. 2

contai ning 200 mM NaCl at a constant flowrate of 2

m / m n.Fride tdialDEAR ssqiyd ee Wasl wippd i fBxch¢oidhss fractions 21
colum, and 100 fractions of 10 ml each were

r eaay e thaviieg 2thabsosbabnasat a28Q vimanketdecollected, and
proteinase activity using FITC casein as a substrate

werdd aiegsed edghahseach Firteet s onf a( Pomylaphylsphaes Gehffer at
El ectrophoresis) 10 | of each fraction was taken,

mxad Wi2h 1fephaktrvd sypde HRf fleanudgmosededf bg AMERSHAM
0.125 M Tris buffer at pH 25 6. 8, 3l SDS, 5%

(3 PEICPENECERINE , ) Mié glupperaled dmda B®OHM phosphate buffer

at pH 7.2 containing 200 mM NaCl, fully degassed, and packed
inaglass column of 18 cm in diameter x 100 cm. This column
was fully equilibrated with a 50 mM phosphate buffer at
pPH 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% glycercl, 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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br omophenol bl ue, heated at 95 C for 5 m nutes, and
cooled at a roomtenperature. The resulting sanple
was subjected 32 to electrophoresis according to the
Laenm i method (Nature, 227, 680 (1970)), using a
m ni -slab (manufactured by ATTO CORPORATION) and a
poltycae it gkamiophayed s bs ag apesi gpatedthe dacamlaneshod (Nature,
under the conditions of 30 mA per gel. After 5 the
corfl et i6@0 dfl 2HE) kel etz inplomigiis;siak geinwisciyaiestby ATTO
in a Coomassie Brilliant Blue stain solution conposed
of CUREXBRAF DONImsside BrpdlyanryBame dR 250l &0 a designated
nmet hanol, and 7.5 1 acetic acid for 10 m nutes, and
i nfddricen edatnoa unée vl rasonsutposes odf 3 6 A pertaebl After
and 7.5 1 acetic acid 10 until the background was
corpiietcaimp decbboretd. t e 1 ewt repharewdisght hgagel was soaked
figured by calculation fromthe nobility of each
pr ctreian Ceeornth s 95€ Ngr ibléeultaB lws gitaimmddyion composed of
(manuf actured by AVMERSHAM BI OSCI ENCES K. K. ). The
f r dctd oris Cadswrdpete BriheiantoBlegcRaRg§e .r £§i b mashanol, and
having the activity to generate ACE inhibitory
corfpdneht acetiver acsiubj fout etiOt vigalteds, tard i bnfihtoagied in a
Sephacryl S-300 resin, and the activity was observed
i n daewiovantcoompogeddiofgst  méehankdcandr 7wsi §hacetic acid
about 45 kDa. These fractions were anal yzed by
SDS$pol Y athyg| baickgmeind 20ael eompdgiemlasidetalared.5 The
gel to observe a substantially single band at 44 kDa
andnafCe kbba r TWedghiandss wei geured boutcaleulaobpectagm the
to analysis of the N-term nal sequences. It was
r evezd Bl t pavft ediaprate i kBadhadsineoqueheeuihat weight
was hi ghly honol ogous to a known neutral protease | of
kojmari2ér sol dapadeertgitedishy AMERSHAM BEOIEIBRYCESa K. K. ) .
had a sequence

The fractions adsorbed on the anion exchange resin

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

correspending 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 kDa. 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 homologous 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 koji mold (Aspergillus).
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that was highly honol ogous to a known neutral protease

Il of koji nold (Aspergillus). 33 Fromthese results,

it was determ ned that the proteinases adsorbed on

t he ani on exchange resin that generated ACE

i nhi bitory conponents for casein, contained at |east

two protfricnastElsesaevesall girotEaseas dedermitirtexd tBat the
protease Il. For further hydrolyzing the conponents
gengrattediriys e iy ddsbydies] ain celsei anionh gxaisaigpasesgin that
pepti dases, which act on peptides, were analyzed in

t he geold et evd) AR hodhidit arygeronponeensi fgr tdeseimy memtained
for producing peptides 10 having hi gher contents of

Xaaakr dearsdt Xas RrioetRe tnasbschneateatlhemchiarasd €f iagtd meutral
feature of the present invention, various precursor
pepbirdds=dx ¥al-Pro-Pro were synthesized, and their
processability into Val-Pro-Pro was eval uated. 15

(Puri fi etz duofthé&nziigpds oflorz iRroddssi agmponents generated by
Term nals) Fromthe DEAE sephacel eluted fractions,

f r atityidoresl 241 s tof Iada@inngithepnotevnbpetsy gepariadases, which
ACE inhibitory conponents were coll ected, and

di abytedmgepisidés| i were aofalyHedM phobphdbd lowfifrey method.
at pH 7.2. Hydroxyapatite 20 (manufactured by WAKO

PURE CHEM €aAHekNDUSTRIES £ The emaymesufpenissduaingieptides
nmM phosphate buffer at pH7 . 2 , fully degassed, and

packed iiny digjlest icombénhs of 1ad-Emo andi Amet-Hro-HR2o, which
cm This colum was washed with a 5 mM phosphate

buf fere thte pHaikar tewhatanoisbtnete bésshehamwek®rtt nesvention,
t he amount 25 of the hydroxyapatite. The dial yzed

fr avbirdrsadhgyragurber peptides for Val-Pro-Pro were

synthesized, and their processability into Val-Pro-Pro was
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 INDUSTRIES, LTD.) was
suspended ina 5mMphosphatebufferatpH 7.2, fully degassed,
and packed in a plastic column of 1.5 c¢m 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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activity to generate ACE inhibitory conmponents were
applied to this hydroxyapatite colum, and all the
fracti ons passed 34 through the colum were
coll ected. (Measurenent of Am nopeptidase Activity)
Am nopeptidase activity was neasured by the foll ow ng
met bbarougintthies i eedupspmiede ol Mattwdl.- Pro- Pro was 5
di ssolved in a 50 nM phosphate buffer at pH 7.2 at a
cond¥pmmatrienent 60 Amdnopepiridase Actibdttydte
solution. 45 1| of this substrate solution was m xed
with 5 Amingfpeptibdensymetivatyi eas nerisusadtled the fpllowing
i ncubator at 55 C for 30 minutes. The reaction was
t er metaosd bySyrtiéagzed PeE8ide fYvals5Valnads Pyp-Pro was
appropriate anmount of this reaction liquid was taken,
anddgeisiodotestl 1w anaPysMs phosphatghbpéfear engedl 7.2 at a
I iquid chronmat ograph-mass spectroneter (manufactured
by StinenttzCCRPORATEONIgY mlevalprdpatda salmintatod solution.
Val - Pro-Pro generated. 15 The fractions adsorbed on
t he4anpudn cx diaigeswlest patkawiclgttien agdsvintixetowith 5 pl of
generate ACE inhibitory conmponents were subjected to
SDSthel gacyyleafirdes tgedn el aed riophotedi $n an andQ¥agelr, at 55 °C
and the band at 32 kDa was cut out. The mmjor protein
was feoxt Bgcmadiuteasl. puthei se¢aictticom vadstenminbted®y heating
single protein of 32 kDa. The sequence in the
N-t ecnm98al°C diont e niwbeen . wadnarydprar i at ecveaurithadf this
the sequence wup to the tenth residue fromthe
N- t epaicdlonwdsi quwihd| vgeusaken t rnd aauejeetefl kpowmalysis in
| euci ne ami nopepti dase of koji nold (Aspergillus) It
wasadohah geetf e manchel fqutdicdnsoPst hgvapd -Mas s spectrometer
confirmed activity to generate ACE inhibitory

{(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 regsidue from the N-terminal was homologous
to the sequence of known leucine aminopeptidase of koji
mold (Aspergillus). It was concluded that the fractions
having the confirmed activity to generate ACE inhibitory
components contained leucine aminopeptidase.

From thesge results, it is understood that the fractions
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conponents contai ned | euci ne am nopepti dase. From

these results, it is understood that the fractions 35
adsorbed on the ani on exchange resin having the

activity to generate ACE inhibitory conponents

contai ned at | east |eucine am nopeptidase having

am rapeptrbddsenathevanyen exichiangaywsss om hapbngabhhe activity
role in the activity to generate 5 ACE inhibitory
conponareerd MeadUEehpht baft @yr hmnpordentsnabntained at least
Processability of Enzynes) Synthesized peptide

Val -1Ree Pne- Rhgnopeptasdalisshhvadyg iamimd@epitidase activity,
phosphate buffer at pH 7.2 at a concentration 10 of

45 gimich e loepdram dmpostant ercbé Ut alke 50tHvdftyt hicsgenerate
substrate solution was mxed with 51 of each enzyne

5 sol BGBNinhhbiteagt etbmpomentecubator at 55 C for 30

m nutes. The reaction was term nated by heating at 98

C f oiMéagmnenest ofh Gapropyilaleranmalt Bfotdébsability of
reaction liquid was taken, 15 and subjected to

analBrsiymés) a hi gh performance |iquid

chr omat ogr aph- nass spectroneter (manufactured by

SHI VADZ\$y DORPERAEKGNE pt bdevizd LiaPeot Reoc®ieelicmvaendissolved
of Val-Pro-Pro generated. The carboxyl term na

procdigssalfit ind wiospbhtBEBEL f20 sdpipatdl. Z2latt e concentration
fraction was evaluated to find that fractions 30 to

10 50 hefd4snpy/mli coptepaty d subeeaitie solution. 50 pl of this

15

20

25

Val - Pro- Pro- Phe-Leu to Val -Pro-Pro. Exanple 2

(Corshubsmat aba eb1ACH dmhids twiyeAcwiivid V5 qfl GaseeBch?2Znzyme

Hydrol ysate by Purified Enzyne Conbi nati on)
soluticn, andreactedinan incubator at 55 °C for 30 minutes.
The reactionwas terminated by heatingat 98 °C for 5Sminutes.
An appropriate amount of this reaction liquid was taken,
and subjected to analysis in a high performance liquid
chromatograph-mass spectrometer (manufactured by 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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From Anal ysis Exanple 1, it was confirmed that the

activity to generate ACE inhibitory conponents of the

36 fractions adsorbed on the ani on exchange resin of

the extracellular enzynme derived from Aspergillus

oryzae (SUM ZYME FP (registered tradenmark,

man ufweod il efs by dSidird e d\l HON: BEERhGCAIN @Xxchdd@e) yesin of the

i ncluded four enzymatic 5 activities, i.e., the

pr oteet tiesee At il airt ieesz el der hgedt fose ddspérgeddus oryzae
neutral proteases | and Il, the am nopeptidase

act i \UMI ZYRMEUEPN(rehat tefrdde uciatemani nopeptfdasared by SHIN
and the activity to cleave the carboxyl term nal at

i matieoe| gHERMTERIprad i neL.TRO) Fr dmctlheleadisbobedenzymatic
fractions (see Fig. 3), Fraction | having high

pr oteat s et deki, viit.\e (f rioied | ppetein@sb dat Frgtied) including
Fraction Il having high activity to cleave the

car thoyde dergtndleaait imewdralebyocafdaeyeprdl and II, the
(fractions 36 to 55 in Fig. 3) , Fraction Il

t herapiiepeptidaticonsethbvi oy 10Aclndimd-ithaB) ofafducine

non- adsorbed fracti ons having proteinase activity

wer eanpi o epdidhae) Rratttion aasiaddedtcaldresmoe thhe carboxyl
conbi nation as shown in Table 6, to 1 nl. of a 1%

sol utéxmindlcateiimndeliaedlyf admecowrolind, reacted

at 55 C for 13 hours to prepare 20 acasein

hydr ol ysetem @héeadsbebednilreidtaiond (deerBagti ®h, Fraction I
each of the obtained casein hydrol ysates was neasured

for hdhendCh ghhidvteoiyasetavtiyiagd(fhecaverage chaim in Fig.
length in accordance with the nethod described in

Exarmp) e Fradision Iqonarvang hbghcaatevenyyne cdaate ahe narboxyl
1/ 10000 the amount 25 subjected to the purification

was tsembheghedat cihedsanely 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, aleone 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
acaseinhydrolysate. After thecompletionof 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

neagurements. The results are shown in Table 6.
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nmeasurenents. The results are shown in Table 6. 37
Table 6 ACE inhibition Average chain Fractions Used
(~) length of digested products Crude enzyne
fractions 79 1.8 Non-adsorbed fractions 45 3.7

Fraction | 46 2.3 Fraction Il 27 2.75 Fraction Ill O
- Non-adsorbed fractions 70 2Table Braction ||
Fr agt+eoAs—+—++H—56—1—8—Nen—adserbed—++a iﬁngége‘cﬁé
. in

Fractions | + Il + III I\Ion-adsorb@’d’ fract ons products
Fraothe kehkynd frd:d’tﬁ%bons | + I'hkh 40 - Fracti ons, dl
+ | +2—-Not—asorbed-—fracttons—68—+Fracti+onrs—t -+
1] NOIFraéi@PFBﬁg fractions | ||| 43 BFom Tabl e 6, i 13 vihs
founplrgd]ﬁbncgn'ponent S haV| ng stropg ACE Jnhibitojy
act fmrty—were—centatned—irthe—hron—adserbed

Fraction II 27 2.75

Fraction III 0 -

Non-adsorbed fractions 70 2.1

+ Praction IT .

Fractions I + II 56

Non-adsorbed fractions 77

+ Fractions I + II :

Non-adsorbed fractions 78 1.6

+ Fractions I + ITI + IIT -

Non-adsorbed fractions 5o -

+ Fraction III

Fractions I + III 40 -

Fractions II + III 12 -

Non-adsorbed fractions 8 -

+ Fractions II + 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
5 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

10 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

15 lengths for the non-adsorbed fractions, Fraction I, and

38




10

5 fractions, the fractions having high proteinase

activity, and up to the fractions having the activity

to cleave the <carboxyl termnal at inmediately after
proline. It was also found that the group of enzynes

el uted at about 300 nmM NaC generated the ACE

I nhFpecaiprcdIpsnbsyersd. Lhaiut bY domisi hongltHhes@<Eractions,
unnecessary. The average chain |l ength of the casein
hydaotysetien orohedaby hwudrielg tHlse vatdragehchadet ilength of
exhibiting the strong activity to generate ACE

I nhibict AongEapoinent 3, Iwagas rastsaieddand conpared. |t

was found that the average chain 15 I engths for the
nonEadseyilked fractions, Fraction I, and 38 Fraction

Il were over 2. 1, but by conbining these fractions,

a casei nshgdodl yaskd rhadmigrddef average' ehai bkl énghimfactured
of not longer than 2.1 was obtained. Exanple 3 5 15 ¢

of bgsHIPFdT iINZNP f rwascaddedntddk gomanubficiiisedllley water at
NI PPON NZMP) was added to 85 g of distilled water at

abogboG® Grard i otlgbtyughigdmilde $odim Bydhn o dﬁ/droxuie

sol ution was added to the m xture to adjust the pHto
7. Osoluld crewper atidied wasthd] mikedrieotd0afjuetptRpapE to 7.0.
a substrate 10 solution. To the substrate sol ution

t hushebt éhpeda QM 4V dFist et Sher vl tbr@eepar’. a substrate
manuf actured by SHIN NIHON CHEM CAL CO., LTD.), which

i s ewslluadeld.ul ar enzynes derived from Asperglllus
oryzae, was added as the group of enzynes so 15 that
t he enzypethaseubstatdtoe wasl it 2onbyhuei gbtaifkel, SUMIZYME FP

m xture was reacted at 50 C for 20 hours, while the
rea¢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
liguid 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

19



liquid was sanpled at intervals to evaluate the ACE
inhibitory activity and the average chain | ength
against time 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

r eadthaon,thehiAclE dxihiibe 1 eolry heec tax i tym ACEe aisldl bitt bhye average
activity, was spray-dried to obtain powders of
peptdhaeimi kengeh Eforalkéws. 143and 2.1t was confirned
that the ACE 25 inhibitory activity increased with
the increase in reaction tine, and decreased after 12
hours of reaction. It was also confirmed fromthe
eval uati on of the peptide anbunt 39 that the ACE
inhibitory activity increased at the average chain

| ength of about 1.3 to 2.1. 40 CLAIMS: 5 1. A casein
hydrol ysate conprising free ami no acids and pepti des
obt ai ned by hydrolyzing aninmal m |k casein with a
group of enzymes to have an average chain | ength of

not longer than 2.1 in terns of the nunber of am no
acid residues, 10 wherein said group of enzynes
conpri ses pepti dases capable of cleaving a peptide
bond Pro-Xaa and | eucine am no peptidases, and
further conprises at |east one of neutral protease |
and neutral protease Il, all of which are
extracel lul ar enzynmes derived from Aspergillus oryzae,
15 wherein said peptides conprise in vivo indigestible
pepti des consisting of dipeptides having a sequence
Xaa- Pro
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and tripeptides having a sequence Xaa-Pro-Pro, and

wherein a content of said dipeptides having a

sequence Xaa-Pro is not lower than 5 wt % of a total

amount of the free am no 20 acids and the peptides in

t he hydrol ysate, and a content of said tripeptides

hgigg a sequence Xaa-Pro-Pro is not lower than 1 wt%

0 +Btal amount of the free am no acids and the

peptides in the hydrolysate. 25 2. The cggein , ,

hydr ol s afSen c RO YSHE]1s EOURTASLBgd TLRRI AMJ&@racids and
[ el ; S & l,W¥sat8; ckal in with a
WREPE g o eh PRe e R P AL YRR, easein it
cogmpupsest | lenBmEs 80 Ghavdr @n AaryePrge @heifrolength of not

t-Pro, d Tyr-Pro,_and said trip i des .having-a __. .
seftéfte iggpPrg:Eroigo FT%&s O%er€€%crﬁﬁﬁfg¥' Bk % amino  acid
| Fe=RP&aReRr,0, and Val -Pro-Pro. 4. A nethod for

preparing a casein hydrol ysate conprising free am no )
aci ds WEedeaadpt ispdsl oFEPWRd By h§BEYIGS nGOMRKILSES Peptidases

”Ehga%& eiBftOEﬁ@X%iﬁ agerﬁ&ﬁtE&éiUb$ﬁ@9tﬁkéﬁx£§“,aﬁa- leucine
t’he

| onger than 2.171n terns of nunmber of am no aci d
r asiicivespephédeksrssai andet hocklvonprdcres-itdes stgp beast one of

é%lwg&g d;ﬁ%géggﬁg%n%lﬁdnmg{echa e Brraea3e; §f nagt of wnicn

J5946P et rARBINRS axC AR Piged0rs] i b dpdrdilkus oryzae,
casein into a casein hydrolysate having an average . ,
chai nvihergtim ofsaist PeRfddes hAPUPXESe iy n/ofo t Hgidigestible
ng@%ﬁﬁd@%E%Eﬁ%ﬁé%&ébrgﬁlggg%gt¥%éguﬁéﬂf¥§aédsg9ggﬂce Xaa-Pro
o] NZyImes conpri ses” pepti dases capable cleaving a
pepid der heast Ries Xaavdnd | ®uskeneearenXapato-dases, and wherein
and further conprises at |east one of neutral .
a content of said dipeptides having a sequence Xaa-Pro 1s
not lower than 5 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 aminc acids and

the peptides in the hydrolysate.

2. The casein hydrolysate of claim 1 for use as a food

additive or in medicine.

3. The casein hydrolysate of <¢laim 1, wherein said
dipeptides having a sequence Xaa-Pro comprises Ile-Pro,
Glu-Pro, Arg-Pro, Gln-Pro, Met-Pro, and Tyr-Pro, and said
tripeptides having a seguence Xaa-Pro-Pro comprises

Ser-Pro-Pro, Ile-Pro-Pro, and Val-Pro-Pro.
4, A method for preparing a casein hydrolysate comprising

free amino acids and peptides obtained by hydrolyzing

animal milk casein to have an average chain length of not
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protease | and neutral protease Il, all of which are
extracel lul ar enzynes derived from Aspergillus oryzae.
15 5. The nmethod of claim4, wherein said hydrolyzing
is performed in a one-step reaction with said group
of enzynmes. 20 6. The nethod of claim4, wherein said
group of enzynes further conprises at |east one of

net.al | opr ot eases .and .serine proteases. 7. The method ,
of K 4,tq?mtere°-1- sdl pEFTEdadds EEsabPBm 85 opf amino acid

Cl ead e PeRtedR IRONEaRHO- Ha@end8 e FobPidedl W YRRED of (a)
havi ng isoelectric points in an acid region. 8. The .
5mret Y Zing mapingder Bitdki ncaagénstlep (Wve aary agverage chain

gglﬁﬁ&g¥9{%§ﬁ %%ESSE%ﬁSértotﬁgﬁnﬁé f1kh¢ﬁﬁs inﬁgguBOtof enzymes

mass. e of d casei
hy dragdatslat e af clisgeptling tdreimabnuiikk ureasdim into a casein

medi c nt for the prevention or treatnent_ of

hyg’@ﬂa@s}qqﬂ;e 3Baysng an average chain length of not 1longer
than 2.1 in terms of the number of amino acid residues,
wherein said group of enzymes comprises peptidases capable
of cleaving a peptide bond Pro-Xaa and leucine amino
peptidases, and further comprises at least one of neutral
protease I and neutral protease II, all of which are

eXtracellular enzymes derived from Aspergillus oryzae.

5. The method of <¢laim 4, wherein said hydrolyzing is
performed in a one-step reaction with said group of

enzymes.

6. The method of claim 4, wherein said group of enzymes
further comprises at 1least one of metalloproteases and

serine proteases.

7. The method of claim 4, wherein said peptidases capable
of cleaving a peptide bond Pro-Xaa are a group of enzymes

having iscelectric points in an acid region.

8. The method of claim 4, wherein in said step (A}, a
ratio of said group of enzymes to animal milk casein is not

lower than 1/100 by mass.
g. Use of a casein hydrolysate of claim 1 in the

manufacture of a medicament for the prevention or treatment

of hypertension.
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