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Abstract

Angiotensin- | converting enzyme(ACE) catalyst the removal of the C-terminal dipeptide from the angiotensin-
1 to give the angiotensin-II, a potent peptide that causes constriction of regulation of blood pressure. Recently,
ACE inhibitor peptides have been isolated from enzymatic digests of food protein. The aim of this study was
to identify bovine casein hydrolysates with ACE inhibitory properties in different enzymatic hydrolysis conditions.
The casein were hydrolyzed neutrase, alcalase, protamax, flavourzyme, promod 192, sumizyme MP, sumizyme
LP and pescalase alone and with an enzyme combination. Promod 192 produced ACE inhibitory peptides most
efficiently. In order to ACE inhibitory peptide produced enzymatic hydrolysis condition were promod 192 added
to casein ratio of 1:100(w/w), and incubated at 47C for 12hrs. Casein hydrolysate gave 50% inhibition(ICs
value) of ACE activity at concentration with 248 xg/ml(general method) and 265 pg/ml(pretreatment method)

respectively.
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et al., 1987; 1985; 1982), Yamamoto &{Yamamoto et al.,
1994)-8- Lactobacillus helveticusfref) o] TPl AR FAE #
olal-g 7RrElste] ACE A3 HElo| =8 Eelatitt =
3+ Nakamura 5{(1995)-2

Saccharomyces cerevisiae's

Q92 Lactobacillus helveticus S}
et 2 2 E e AR ACE
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E2o] ACE sl &E3fol] mA & 43
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F
ol A Ba § A 2 A neutrase(Bacillus sub.), alcalase(Bacillus
lichenformis), protamax(Bacillus), flavourzyme(Asp. oryzae)<
Novo NordiskA} A &5, promod 192(A4sp. oryzae), sumizyme
MP(A4sp. melleus), sumizyme LP(4sp. oryzae)= 21U E38let
A ZS AH2sl5aL, pescalase(B. lichniformis), collupulin(s}
3}e1)& Gist BrocadesAl A|EE, EZPAIL Sigmarl AEF&

A3t
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0.75% Aol &4(pH 7.0) ImlE 47C Fp2AA 58
k) & gad ImlE 9 3083 vheAIZ v 04M
R
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ARE 9HT =R 343 & ACE A aasE S
2 ACEE 50% A&l3l=d 223 mls-& HElol= K u
g)e 2 Jehjdch

JtEsllEel X2 £F

JbrEaEe) A2 size exclusion chromatography 2
221815 th TSKgel G3000 PWXL(7.8mm X 30cm, Tosho)Z
@& HPLC(Jasco)ol] #2Hslm £uf= 0.1% trifluoroacetic
acid(TFA, Sigma)Z -85l 50% acetonitrile(Sigma)S A}
5193 FFL 03ml/min® 2, 732 220nmoj| A =3 &}
Aot TFEESE 2% £A-S 045 umZ filtering 3+ & 50 ul
& FY3A. BEELE 2T Sigmarl AlFL2A B-lac-
toglobulin(18,400Da), «-lactalbumin(14,400Da), aprotinin
(6,500Da), insulin B fragment(3,495Da), «-MSH(1,650Da),
bradykinin(1,060Da), GSH(307Da) 2 Try(181Da)E 0.1% &
Aoz st} AME-3}ATh

Table 1. Endopeptidase and exopeptidase activities in
commercial proteinase

Enzyme activity (U/ ug)

Enzyme - - u
Endopeptidase Exopeptidase ]
Alcalase 368 - =
Neutrase 700 - 5
Protamax 2,373 - ]
Pescalase 1,201 - -
Flavourzyme 674 8,053 =
Promod 192 1,152 1,878 =
Sumizyme MP 2,703 4,394
Sumizyme LP 2,062 3,421

Table 2. ACE inhibitory properties of casein hydrolysates

Aol 212] Angiotensin - [ A& A A8 & 89

SAHXE]
227k Hd + TF 22 Ve 9l 12, Duncan's multi-
ple range test(SAS, 1996)2 A5 #4351

Endopeptidase &4]-2 sumizyme MP > protamax > sumizyme
LP > pescalase > Promod 192 > neutrase > flavourzyme > alc-
alase 2% EYr}h Exopeptidase S =33 Az
alcalase, neutrase, protamax, pescalaser= o] §lglom,
flavourzyme > sumizyme MP > sumizyme LP > Promod 192
To2 EShrh

7rEsllE2| ACE Maljlzn}

ACE Aa) &3} 2748 %/ (general method)¥} 4 2}y
(pretreatment method)] & 7}2] B & A}-&35le] AAls5ich

A fefel ACE Mg Hetol=x in vitroo) 49
ACE A3 &7} in vivool X ] E]bidal2t-go] wt=A] €3]
1 e, o2& QukEel ACE As) HEfo] o] 237
(B4H)ANE ACE Aaf Hele]= ik ohfeh ACE 7]
%= ACE Ael &2 =M ZEE0] in vivodll X E47tsat-&
Yeh#] @47] difeln, ACE A &35 Jehlie Het
ol=rt 71 Ee AEE T o= AUA] lstr] HsiA
ACE A &3 4o 44 ACES Hegto|l=8 A g
#lo] ICyzko] MeteA 2 Bl o % ITHLE, 1996).
T} el 28 ACES} wheAI7] 3 714 Hlehs
MOAA )& ACES] 0] mebi e 4o s Btk

ol

General method

Pretreatment method

Enzyme
Inhibition rate (%) ICs value" (ug/ml) Inhibition rate (%) ICso value (pug/ml)
Sumizyme LP 47.02+3.61 266.63+20.45 45.09+4.42 278.57+27.35
Promod 192 49.15+1.57 25445+ 435 49.224+5.74 255.70+29.83
Sumizyme MP 41.30%0.16 302.67+ 1.14 23.74%2.40 529.35+£53.46
Flavourzyme 39.98+1.27 312.85+ 991 40.26%0.79 310.54% 6.11
Neutrase 25.17£1.05 495.19420.65 13.33+1.08 941.19+76.42
Alcalase 41.52+1.57 309.56+:12.03 25.88%3.12 486.43 +£58.60
Pescalase 38.39+3.21 326.75+27.32 29.45+1.40 423.93+20.20
Protamax 56.3241.94 221.98+ 7.66 31.05+4.36 406.58 £57.04
Trypsin 51.03+1.83 245.14+ 8.80 13.70+4.72 970.07£34.46

Hydrolysis were performed for 24 hrs. with commercial proteinase at 47°C.

Enzyme : substrate ratio = 1:100(w/w).
" Amounts of inhibitors needed for 50% inhibition ACE activity.
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1997).

Table 20 VERA ule} 2o] Alo]dl 7l Ea)E<] 1Csak
& BABOA 220~495 pg/ml, A 2HAA 256~970 pg/
mle] W EA NREY Tk 7leRalEo]l AxeyoiA
ACE A&l &#7) vt 28]y promod 192 PR 52
SHR AAEAA ICsoRke] A2 254453} 255.70 pg
/mlZA #o]7b gtk ©] 3+ Hyun®} Shin(2000)0] B
& IC soZke] 1,560 ug/mlgl Ao]Ale] alcalase ¥3E Hr}
ACE Al &37t %2 Alojqlch wtebA] ACE M &7t =
& Aojal NrEHES Az YE gl Baaan
A promod 1928 Ap&ete Zof vigzlstn ALEHULE
N =S
AHE-ste] A28k Aol ZlEal E
3ol el AT ACE Al a7t =2

7I=E2aE2
i B B i R
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Table 3. The molecular weight distribution of casein hy-
drolysates

Molecular weight distribution”

Average

Enzymes (Da) (%) molecular

21,000 1,000~500 <500  Weight (Da)
Sumizyme LP 34.56 3620  29.25 1,051
Promod 192 21.0 3491 44.09 773
Sumizyme MP 21.0 3491  44.09 750
Flavourzyme 29.56 3030 40.14 920
Neutrase 63.88 15.64 2047 2,340
Alcalase 37.30 31.13  31.57 1,109
Protamax 50.32 2736 2231 1,528
Pescalase 37.56 35.79 26.65 1,189

! Value are areas within a defined molecular mass distribution,
expressed as % total area of chromatogram at 220nm.
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promod 192 71580 &2 B A2 773Dacli 2, 79%
o]Ato] EA}EF 1,000Da olsleo]irt. WA ACE A&7}
O peutrase$} alcalase 7lrE-s &L -15, Bx}ako] 2,340
I} 1,109Da L 2 4] promod 192 7R & Hr) & #Hglo|s
o|A}. o1 Zol] MR EL] AL ACE A& ante}
dHe AL e AeR ARHATL old i
Ariyoshi(1995)= 4= mu;q ACE Asjasrt e Hel
o= F& BT 1,000 Daojslo|tia e, & 5
(19N% (-Aolale EFsoR sERR AT A
1,000 Da ©]&} £89) ICsxzte 115 pg/mie)Q 21} 3,500 Da
Q1 #8238 pg/ml2 A ACE A BN & 82 ¥4t
2 1,000 Da o]3tithn Bneh v} Aok mal sl 2
A% zAsel Agd 2ol Weol=g Yakshe Aol
ACE A&l Fostria Azten], Adeir a4 &
A8 Hote B SR AlREE dElstEA ACE A3l
FAof HRE= FEE LotETh

40| 2EAR0| T2 ACE XsiZTiof
olxle 2% |
BAF oA Agsi=de] we} thkd Beol=rt A

7182 endod FA) exod EAZ BEALEEA] sl

B9 ACE AHalgald nxe gaks Lol uxl o).
0.5%2] neutrase, collupulin, alcalase = pescalase2] endope-
ptidase®} WA Wk-A}Z] & promod 192 1%E H7}sled 7+
FEHES] ACE A &3S FH3I3Uh Table 4o e
uhe} Zho] FA EFALEol o ACE A g ote] 7292 <l
spo)7} QI 9817 T Yol HAS B3t Algelel g%
ukal o] AlS #Al, bromelanin 2 alcalase 2 #8532 o)
ACE A EA7Y BJTH(E 5, 1993) & Buet o& 2
1= JeRYAt) o2 3F A= promod 1927} endod B
I exo¥ A4S EF 7FAl 17] Wl endopeptidase<]
BYALgo] ACE AT 9%E 37 Ralgirta 44

Table 4. Effects of enzyme combinations on the ACE inhibitory properties of casein hydrolysates

General Method

Pretreatment Method

Enzymes
Inhibition rate(%) ICso value” ( pg/ml) Inhibition rate(%) ICsy value (pg/ml)
Promod 192" 49.15+1.57 25445+ 8.13° 49.22+45.74 255.70+29.83"
Neutrase — Promod 192 53.1841.44 235.14+ 6.38° 55.05+1.37 226.70+26.02°
Collupulin — Promod 192 52364221 238.94+10.07° 55.01+£1.46 228.81+26.88°
Alcalase — Promod 192 42.94+2.81 291.73+19.12° 33.18+0.44 376.73+ 9.86°
Pescalase — Promod 192 48.30+3.51 758.83 +18.88% 53.361£0.99 23430+ 435°

" Hydrolysis of casein with promod 192 was performed at 47°C and pH 7.0 for 24 hrs.

? Amounts of inhibitors needed for 50% inhibition ACE activity.

¢ Within same rows, means with different superscripts are significantly different(P<0.05).
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Table 5. Effects of enzyme concentrations on the ACE inhibitory properties of casein hydrolysates

Amount of General method

Pretreatment method

enzymes (%) Inhibition rate (%%)

1Csp value” ( pg/ml)

Inhibition rate (%) ICso value (pg/ml)

0.01 6.56+0.13 1905.49+20.54 9.14+0.05 1368.38+7.41°
0.1 36.83+3.63 341.10+33.60° 02474279 538.10+76.38"
0.3 44.89+0.73 278.53+ 4.52° 27.62+2.18 460.66+86.33%
0.5 43.95+2.16 284.79+13.98° 32.35+3.25 386.36+39.05™
0.7 44834329 279.61+20.51° 40214236 310.82+17.41
1.0 47734031 256.63+23.67 47.00+2.69 266.42+1527
1.5 46.73+1.93 267.73+11.08° 52.89+9.72 240.41 +44.18°
2.0 49.60+1.98 252.20+10.01° 59.71+3.96 209.82+13.92°

Hydrolysis of casein with promod 192 were performed at 47C and pH 7.0 for 24hrs.

Y Amounts of inhibitors needed for 50% inhibition ACE activity.

¢ Within same rows, means with different superscripts are significantly different(P<0.05).

=™, alcalase® EJAMEE 7M1 Boll A ACE Ao &3t
7b tha: wolzl A& sheEei 7t wol 218 EHA ACE A3
A9E 7N Helelme] ddo] Bas]o} ACE A&t
& GHstirl A&

o2 AIRE

Ta ®opgkn vlEsiAlzto] ZisEsiEel ACE
=

B H7hEe] Aoldl 7HrEEY ACE A Aol 1l
= odgs dolry| 95tk promod 192 H71EES 0.01~
2.0%2 Ze]stHA Aol 7HrEsEY ACE AaaxE
Zxsta 1 23 Table 59 vJehfgich

HAFTFGo ~7woﬂ et ACE Ao &% =3 §79]
Z7lsle] B &AL 03% HA/AE ICsgkel

1,905.49 yg/mlOHH 278.53 pg/mlo.
7Vttt 2eiu 1 o) B Arleli e KA Aelrt
°i°iv} AAedlME Ha 7S 1L0%7A] 2712

% ACE A&7 =3 S718klx, 2 o9 i Aot

24 ACE A aart <

50 ¢
ot
£
[t L
ge ¥
&3
3 X7
28
gﬁ
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0.5 1 1.5 2
Enzyme concentrations(%)

Fig. 1. Effects of promod 192 concentrations on the mo-
lecular weight distribution of casein hydrolysates. 1,000Da
over(®), 1,000 Da below(m), 180 Da below (A)

& ACE At 4&& 52 &3tk
" Mg o 71‘—’%{?;8}]%9} Brla Bys dolr
kt}. Fig. 1ofxel o)

ol’gel Hetol= ?ﬁ* Za
o= S ¢ .
e Well AEA HEetol= St fﬁ’z% ACE A8} 23}
F7Hll AE A2l 2] H
ACE A&7}t && Aol 7}3%%5:6 =2 xﬂgam A
Bh HAEE Aolald tigte] %= she Aol APt
ok

RPN 4AIZEEA 48AIZEA] FRA 71 7h
TR B ACE Ml antg golrgkth. o A7} Table 6]
Uehd uke}l go] Bl e Ea riRsiAIze] St
&l Wl ¥ke Z7)elE= ACE Al &3 g Z7hst o
8AIZE o] Fell = Ato)7} gllom, HA YA & 12437}
A 1Csogko] 265.84 pg/mlEA ACE A3l azbrl Z718k5 2.
U 2 o)l Me ACE A&l atel7t glalm, 48413t
= ICsogko] 303.32 ug/mlE A rolAth whabs] ACE A&
B7} L Al e EHES Az deiHe FES
7hisl Azl "esht UR B2 ZheEAthE 2
2] ACE A8 g8 ZaAl7|B2 1243e] sttt A}
BHACE 22t Al R R Aol E s
g A3} 8AII7MA & ACE A3 Z317}F #43] F71stl >
O olFoe 28 Hide ATE VENMIUE 5
1993), & S(1992)= u5o] Bsl&E2] ACE Aslgds &
o B A7, gl sieEa Alzted] wE ACE Al 382
TR Z)dle gt A1l e 553 Soete BE¥
< VeIt sth Matsui 5(1993)2 Hojg]
of AAFT ShEReiAltel $7HE 5 ACE AshE
7 w3k Frtetdntar ailen, ik et o} Asp. oryzae
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Table 6. Effects of hydrolysis times on the ACE inhibitory properties of casein hydrolysates

General method

Pretreatment method

Hydrolysis time (hrs.)
Inhibition rate (%)

ICso value*( pg/ml)

Inhibition rate (%) ICsp value (pg/ml)

4 45.70+2.74

8 49.78+2.20
12 50.27+£0.78
24 52.21+0.39 23945+
48 51.04%0.06

274.02+16.45"
251.38+11.11°
24871+ 3.88°
1.78°
24493+ 031°

20.77+0.13 601.99+ 3.89°
33.92+1.29 368.84+14.07°
47.0243.34 265.84+26.20°
50.55+4.06 248.11+19.96°
51214236 30332+ 8.94°

Hydrolysis of casein with promod 192 were performed at 47C and pH 7.0.

" Amounts of inhibitors needed for 50% inhibition ACE activity.

¢ Within same rows, means with different superscripts are significantly different(P<0.05).

ALE ACE Asaast sle TafF Az
7¥742) ACE A& g3} 2435 2715kt
(0] =, 2000). 7}=E-3)1] 7ko] Aol whek ACE # 8l &2
7} 2AadtE AL ACE A ans 7= delo)=r) g4
goll me} cha] Eefj=o] Hete]=o] ot
2x)7] mEoz ARk

>
BN
%)
i)
(W) 2

2 o

AL B3] 918 ACE A3t HWefol 2ol @

74 A% wulde] g4 MRS ERy

o ACE A *8HEE}T=-: 7}
A Aol4l 7l A% 54 7, B
2 F B AT E A Aspergillus oryzae 58] 2] promod
1928 Abgslm, &ae| Hrhere Aojale) tigked 1%, Ht
47T 127122 2 &= o] Hgsldtt) o uf
Ao)al 7HEEEQ] 1Cs7H-2 248. 71 ug/ml(FAPH), 265.84
pg/mi(AX W) 2A ACE Asl adrt sk
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