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H K st ACE —t#‘—'l’vﬁﬁﬁﬂ c B RBETE1 % FEE G pH 860 CTTFHi
&b E/ S =1/ 500 (w/w) thermolysin /KA R /& 4 hr & F{E4&4 » £ 1Cs0 &
33 pg/ ml o 7 BB RAL(MWCF)ie 47 42 B8 & %+ & % X MWCF 1000 £ 14 g
/ml % - RESNBTRFTBARE  BHEBREFHRIr$ ACE 2
# £ » Thermolysin TRABBE U BRBH AW AR LZEH  SHR &
HRERERT » B4 0.19g/keBW » 5% 2 K15 5o A i 8 /) 5% -

M4E3E - Al - sk - ACE #r il Bl - o dicks 33685 - BBR

PRODUCTION OF ACE INHIBITORY PEPTIDE FROM EGG WHITE BY
ENZYMIC HYDROLIYSIS

Ming-Jan Li, Wei-Shiang, Chien-Hiu Weng and Tsun-Chung Tsai
Department of Food Science, Tunghai University

ABSTRACT

The purpose of the study was to produce ACE inhibitory peptide from ovalbumin
by enzymatic hydrolysis. Egg ovalbumin was hydrolyized by four selected proteases
(thermolysin, chymotrypsin, esperase and alcalase) and ACE inhibition of
hydrolysates were measured. The results showed that optimal condition for potent
hydrolysates production was 1 % ovalbumin (pH 8) and (E / S = }0.2% thermolysin at
60 °C for 4hr. 1C50 of ACE of hydrolysate was about 33 ug / ml. The hydrolysate yield
was found to be 87% . Further fractionation of hydrolysate by ultra-filtration,
fractions of MWCF 1000 was found to have best ACE inhibition (14 pg / ml).
Hydrolysate was stable to pepsin digestion, and pancreatin digestion would enhance
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the inhibition activity. Thermolysin in hydrolysate could be recycled by filtration for
four times without reduced activity. SHR experimental indicateted that 0.19g/ kg
BW would be enough to reduced hypertensiove pressure for 8 h.

Keywords: ovalbumin, ACE inhibitor, ACE, peptide
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HaRABALERTARTE
Hz— LEEAELTHECRM
BHERABRETZ— - AU LRE
EHENBARRRELZHH LA -
EEREERFX  REBRASAH
REREY o FEB - HEF
i@ BT A ~a & B - blocker ¥ Riz 4
2B WEBWERERRA > LB
3 - BAF ] A2 % H(coughing) - WFHL
(allergic reaction) - =k §F /& &L (taste
disturbances) + & & 7 (skin rashes) & &)
1€ B (Lee et al.2004) -

0% W45 % ¥ 4L F (Angiotensin
converting enzyme ° fi# ACE) > #4
AT - F - BARTEEY
MAFAN B REHE > F PO
# 4 F 25 K % (Godfrey and West,
1996) - M3l R A GG REZ —
% » £ B R A 4 89 Angiotensin | (fa %
diE AT o BEH) Hd e RER
BB A BL T 89 Angiotensin Converting
Enzyme Z 4k A » 4§ Angiotensin | $4L
I A% IS E 48 Angiotensin
Il (% f i) 5—F & ACE
BB o E 4R EMS Bradykinin(4
HAE)EFIL FRAFT UM LG
& -

F — 18 5 F W5 K B b Badr bl B
(ACE inhibitor){ & € & 7§ + 4% 3-8 &b
emiF HFRBLZEREGENE
AR PRI SRR - R

80

Bdo MU FHER - KE-EHEE
ERERBMONT BHH T hRLER
BREa - -Sd - Th EBRHM
8 okv¥ 583, (Ariyosh, 1993; Hyun
and Shin, 2000; Oshima et al. 1979,
Yamamoto, 1997; Lee et al.2004; Maeno
et al. 1996; Okamoto et al.1995;
Sugiyama et al. 1991)- 35 sb R g X 2 49
ACEI MBk » ¥4 ACE- REM - ¥
ABEREREER  -BALEKTHAALEE
B ¢ d R ER © 5 AT 9P
& % @ (ovalbumin) > BHEHBS K
G EBERIAR  RBREKBE
# 0 B K AR 48 18 ultra-filtration (2838
R)PE HERARSBRG hy-TF
BERK R B 0 B et R 5, B lid B
EHl B2 R -

=~ HHRRTE
— M
Chicken egg ovalbumin,

Chymotrypsin ~.Pepsin + Pancreatin -
Thermolysin, Angiotensin converting
enzyme (ACE, from rabbit lung),and
Hippuryl — L — histidyl — L — leucine
(HHL)s#% & Sigma (U.S.A.) - Esperase
(type F ), and Alcalase 2.4L B A
NOVO Industry A/ S {Denmark). Other
chemicals #f & reagent grade from
Merck.
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BamERaBiiBraRlest
o ABRRAEALLE AR
Bio — Rad Protein Assay 2 #$#} » fuA
B R 4R MR - £ 595 nm H A
ERAH - -miESAHFGLFEE
& (Bovine serum albumin)f i & 1 &
g BUHBEKAIESTNHES
E4d wohTHhRBEEFEOT4SE
RAExmEFHSE  2HLBESEE
KAEEZHS -

2. BEAKAARR
BEAEEREXATAKRER UE
FALAE pH AR A 02% & A
% K W8 #(w/ wof substrate) » & & i
WEEFHBRE T EHBTKE  EHF
Bl A AR O R BUAK - 2 1% PP RS
P 15 min EEEF REFH 0 HAKRE
«(13000xg , 5 min) » B L F R EATH
ok o mALKRAASEEH&KGA
Alcalase 55 C ~ pH 175
Chymotrypsin : 37 °C ~ pH 8 ; Esperase :
60 °C ~ pH Thermolysin : 60 °C ~pH 8 »

3. o B ks F LA G F R Z AR

ARt RIRA & 2Rk A8
BH#ERETLETUE FRILE
(Angiotensin converting enzyme ; ACE)
& kel F M - 5 # Cushman Ho
Cheung (1971) R & H 4 - B 45 pl
HHLB®RELXH - wASUZEGREK
#2dm » vortex B fy - £ 37°C HEAKE
FHMRS 548> 2HAA 15 pl # 60
mU / ml ACE 3% 3% » 74 37 °C K5 ¥
BB 30 48 B Ao 651 0.1% =
£ 5% &% (Trifluoroacetic acid ; TFA) &b
4% ACE #£ L R & - L RP—-HPLC 4
R E ACE #p#lEH B ot -
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Percent activity of inhibition (%)
(A - B)Y/A x100%

A= URimAKBHZ HA HESE
B= K@@hZmit2z HA R EGHE

4. B AERARE AT Z oA e

HPLC 4 ##%4+{4& A Wu F= Ding
Q)= RMEF & - FBPTHA
LiChrospher Cj3(250 x 4 mm , 5 pm)
BTN BB AEKRTEH
1:1(v/ V)4 % > %4% 0.1%TFA -
#ikB08ml/min HBHEHES 20
ulo 43 B 2 228 om F B R A -

5. O P A ( o —~Phthaldialdehyde )€
Church etal. 1983)

B E #% 1% oY Peptide & #£ & 50
1L & 1mLOPA & A& 4 NER
K& 2min 3 3] 320nm & K44 0 E K
IL-Leucine B & 48t » K47
Peptide ;8 & -

6. &% ##7(Color)

FHMEERINTAEMKBEBRRS

wREHABEE LB R AL -
a~b £ L 44 %7 % K (lightness) »
BRHAAL 100 RARMES O AKX
ATFHRAMAT RZATHREMHE ~a
AHE > Tkt AHEAAHZEE-D
AL 27%E AAMARS -

7. 4 ## 3| & (Total plate count)
AT %A CNS(1993) # i H
% o %85 ¥ g 3t #0384 K (plate count
agar, standard method agar) ~ K2R PR
EHBR(AERBK) HERSEK
BEAD  ZHBARRERAERE



12 $ 2 #% Bk U8 815k (pour — plate
technique)s 48 35 Ct k45 ¥ 48 /)
B 0 # H A S B(CFU/ml)

8. B #£ ¥ 1¥(Sensory Evaluation)

HE o KEk AP
BRI - BAREREKBEHER
MAS 44 F(2¢/100ml) > &+ R &
AXEESHBLARLBEISTE -
4+ %t f. ok (odor) ~ 3 =k(bitterness) 2 4
#4324 F¥ (overall acceptability) it 47 3F
aRE - FrREHEDAR%RISL £
SR TREAR%  Zo&AFTHEP
—pETAEABESR - 2Q)F %
wo BaRTFRE o EATEE
— AT AABBEE S - Q)¥EHER
By Ao ATEFTER =4 %
FTREBELLRGR ) —FEATHEEH
-

9. #2iBR & 4 K M 4(Ultra - filtration)

A B AR AR 1 T AT 6 K AR R AR ER
FEITBBEBE S - RAMWEAE
AL E T8 RAMW cut - off
10000 ~ 3000 & 1000)2 & k& » T 144§
KB E 4 mERERMWCF 10000
L ~ 3000-10000 ~ 1000-3000 & 1000
F) i ki 2 ki — ACE 494
EHRE -

10.. AA#he R ~ HES 2 A
A

54 Wu B0 - R R
FoAREREZ R AR BN OIM
KCl - HC! buffer(pH 2) » 4 37 ‘CF &
1 % (w/ w)B % & &8(pepsin) AT 7 A%
HAL 4 hro 248 AP A BHKS w15
min > B A% 0 LB RALANER PHT
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B— 3t e ¥ %) ACE SR - #F
B34 2 % (w / w)BE % B (pancreatin)
437 C~E4iudhr A Bp ik 15
min EEEFSILRE - BOBRLEF
o AT ACE #p BRI -
1. 3 FE&»HFZHE

Pk a4 UF 2 KEBRARK
¥tk B 20mg BN 1ml £EKT
£ A Superdex Peptide HR 10 / 30 (300
x 10 mm)4F & &4 > 24 HPLC 3
Eo#$84A 01M B8R (EH
7)) Rk S 0.25ml/ min - #dbiE
HESOM £ Ay TRIAR XM » A

REFABHORCLADIFE

B RBRTRAGIFERERAT
A ik © Cytochrome C (125 KDa) -~
Aprotinin (6.5 KDa) - Substance P(1349
Da) ~ (Gly)s (360 Da) ~ (Gly); (189 Da)
& Glycine (75 Da) 2 E LA L& [
ST FESAREBLLE -

12. Thermolysin & i & J& A :
LAY TRER KRS
BUREREY  BEIKRBRA
# % ;E (MW cutoff 3KDa) » i &
80%2 %k » 20% 2% BREHE
Thermolysin * < & w ¥ # 2
Ovalbumin & Z R R ETHMZ
I~ ZRWRAR BERRALC
#RBEEABRSY ACE #§7F
MR B OPA ik R X Peptide
RE -
13. $1ihRek -
ke fm: %8 01g-0.05g-0.02¢
BRaXKBRREH B
#E# 1 mL :
FHEFK -
afa: 8 005g-0.02g &%



GKABRRED BB ImL H8-F
X o

4 # Abra, RM. and Hunt, CA
(198 B ey ik » Atbf] 1:025 &
lecithin : cholesterol (total lipid 300 g
mole) E# B & (2-3 mL )chloroform -
BEBRREEEZ—BHB » foXN 2 mL
HAOREYRE - BRAREHRER(A
£ 14emP O0CTHBE S48 HEE
A s b B
FRARERE:

BA R AR & & (rat holder) 44
E A% 2 £ (RMB1030, Muromachi co.
LTD., Japan) %@ 37CE 4 » A
B R R &# (MK1030, Muromachi co.
LTD., Japan) R/ & K B EH /B -

AH#e SHR (28 - 684 H
EABER RGBT ) AhKRE—
BEHAK— B AR HRAT
T —HEEARR TRARER
#FF - - REFRRABTEHRR
(0.372g/kg ~ 0.186g/kg  0.074g/kg
0.186g in lipsome’kg -+ 0.074g in
lipsome/kg ) » P E A~ AR HEH =
WX AR EREREAL

14. &3t o4

BEREITAT B HEX
SAS(Statistical Analysis System)# ¥ #
BT -

ZEXRER

1. spak KBRStz
AT HREBELRT > LB XP
aEEa 1% WY BEFRATLE/S
= 1/100) » 24 alcalase - esperase -~
thermolysin & chymotrypsin & % 4 |
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REBEHBREM oH HEFTHT
KEERR-B | AXRAEa 8k
£0-24 br FAEAFATAH AR
REN0ZHREE BRI HPLC 4 1
FrHIFEST o
4 R BA~ 14 thermolysin 7K A% 47
A%kai 0.5hr 5 3pgl RT3 70 %
Biple h BB AN F e KA
(thermolysin > alcalase > esperase >
chymotrypsin) - 5§ 3 By R 38 & > #p o] %
TG G Ao » fEKRR 24 hr 8% » T B3
# 80% A A - H=kH alcalase » H 55
% ¥4l E - Bt F e £ R - X
thermolysin 4 & F —H T EIZE T 248
% o
(a)E/S kuf#
FEHEFHERNE > EAX
Bl E/S thfe] 47 » A Z4R & 868
BRETABIPEGEERE  RHFIHR
TFARE - R4 RT BT bt
BEs 1% REREBRZAL 60
C pH B2 8 BB FRAY
fjtbfe) » 4 E/S=02~04~08+1
A 15%(1/500-~1/250-~1/125 -~
17100 21/66) f£5#4B) thi
Ti#470 - 8 hr K% - |MEH ACE
HERRL-H 2 AXRFAMFR
A H ARG AE G ACE Iy
PlEHAER -
b T BRERETE/S it
% » Bip#] ACE £ /) 837 o 35550
HEk HEEGEEREAEIEAN
Mg -$ E/S=1/66 >3 %] ACE
FEMEA KA 2 hr 8 0 9] & i 80
% > #p4] ACE AR B 4F B K AR
Xsa-0A0-8hr RIIE - BAT 1/66
217100 HREXS AR 1/
500-1/250 & 1/125 # A &EHRE



| R BT KRR AL
A $b# & %] thermolysin 21§ R 1@
BzEk - EABArE - ER 1/
500+1/250~1/125 Hips|a F 48
WARE R RE 10 % A& &ipH
ACEEBE(EH  AMUEHE/S=1/
500 BRIR KMt TS S S
*ﬁ— o

(b) pH &

MExEE1% RE/S=1/
500(w/w) » E4F thermolysin & i#4
HpH7-9RZBERE6 CALE
(50~60 & 70 C)FHEATRE - HL
@4 pH A 8R4k
FakaniElsirdian
Ht o

THRERBEFE 3) - £ 0 -2
hr > # pH 8 &3 %1 £(55 %) A # pH
7(53.8 %) & pH 9(41.3 %) - 48 85 Fi 1
£ F 4hr- pH 8 #8175 H(57.3 %)%
A pHO(57 %) » f pH 7 48] & 1
F 546 % - FRUASRE RiRE - B4E
s pH8 FAM » 7 T— S HBE
B o
(c) B

KB B RS KARGR G
R arridkihy ACE &3 $liE
HHER-BEXF 1% RE/S=1/
500 ~pH 8 7% » {EHF L 506070 C
ZMFARRETFH#T 00512
B 4 hr 9 KBRE - BAKBREFE
10 &% RE -

HRBERFE) £0-1
hr B » 4 70 °C(57 %) F A8 £ ACE
Wl EHHRER 60 TGS %A S0
TB2%)84 - Ferhjze ks 4hr
60 CHydp# £(63 %) L& 70
C(58 %)& 50 ‘C(54 %) » LMK B

B - $# 4% thermolysin #y % X R R
BREEATOC FEEMS KME
BRERAR A EEHERE
ELARBE 60 CA 50 CE4r o sk
EREUOCREBBEBITAE -
HRAMLERH®R -HA 1%
wwyspa%ka E/S =11/
500(w/v) » pH 8 » 60 °C » A #% 4 hr
B2 HERERGEATEEE -

KA RN R R

(@) BB RBEBHK

i 1 Ara kG kB Re
oW e REEHRBEKBREEXE
& HL,a,b@EHBH9927- -
0.94 B 582 AAMBRGBLER
Fim o BEKE TFTC(HEHAF) -
(b) EHEIE

&2 AHPEEAKRBRET
AR - UM EHETHEB
o RHaehfiR | g KRR
Ey 100 ml BASAEH T - PR E
LBk ¥k RERESE-8F
HEHAFEEARE % BB
BB BBEEER - Sk F B
MNEBRREFARRK  FhFo
B BRESHHR ABMEZL
R-AaNBBESE G MAOTE
B AHBRERZE ARESR
Wt BEFER o UL IR
LR AR YHETTRD
EMAEH i ATRHIFARR
PEHLEEZHHBESHES Bibd
BEABFATGERBKMEER
BE S EEEE -

3. BBRE Y ACE zip4liEH
% H '



fpakaRAFKBRMLY
ARt ACE R4 - B sbabdf
23T ICso ty BERICs0 & A B 7T 1L
¥p#1 50 % ACE Bk E A& R A&
bl BIRE - F ICs A/ RAHE
W Be B RAGE R E ERIA N
#IBLR M ACE#p# 50 % M - 8
BEKAEHTHELGPEEEK
Bk BRBAKESR  WHEINY
& & 44 ACE p #7545 R -

4% 3 BB MW cut - off 10000 &
BRABMUEY T > MEXZEGRY
AREAFTFROLH > FRBEEMHAR
ACE &4t & BEPRFEHK
Pk (3R B ICso & 33 pg / ml) »
HipsighL(# % ACE #Fi 1Cs
A S8pg/ml): B TH S FERAMW
cut - off £ 10000 sA E#yiE k¥4l R
B MEBRRAR)  RipHEH
RARRBEHEY s FEBRRAL
3000 ~ 10000 ~ 1000 ~ 3000 F.& -]~ %>
1000 ¢4iE 2% * ICso A H B 4325 &
14 pg/ml e

4. BoHa TEZ MG TH

#2 UF %% 48 KRR > - B 4T A R
$RESAE MW B o4y R » AR
WA kR HPLC 483 > A HA
Superdex Peptide HR 10 / 30 & & 47
GH - B 5 BipakaKkiineing
%38 ¥ E(MWCF 10000~3000 & 1000)
EsERZTTESHE -

FTAAINEGH S FEREESR
e LBgEHE - ARKE 214
nm AR L EESHOHSTHBEL - dE
RET o 7 FERAHBKMW cut -
off 10000) K ik &R Peibakib R & R -
MABAEBEEMRRE L& 5% & 75Da
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% 125KDa K #¥4F+8& MWcut—
off 10000 ;A + » X ICso A AMFE D
My R&GH(EAL 58 pg / ml)Br i ACE
W ER R RMAY C MW cut — off
10000 E ey TR E RS 4L
6500Da £ 75Da ki - £+ 4 2 k&
Fi4e » %1% 6500 Da ~ 1349 Da &
1349 ~ 360 Da - X A4y F & # 4 1349
Da Mif > AR S HRKEML MW
cut — off 3000 B4k FE X H
S48 1349Da £ 189Da k> £ — 18
A AELE AT EHD 1349 ~
360Da » A& X448 & 5 MW cut —off
1000 B RieYMAR T E A 1349
Da% 75Dafe@im A &4 &
4 360 Da i BERBREHRA
R +BERGUF B9 T8
e BERK - Bdp 4l ACE £ 5 J4F(1Cso
% 14 pg / mi) -

5. B R kminz ACE ##liE
X

MBEoRERE AFHOR
PhHALERER - MAK KRR £i8i8
HALHE AR ELEARANEER o
R R > At B RIE AL
HEEEHAR - BKBRREARE
Bgsrakap iR EE KRB ER
B2 3 B % & 8 (pepsin) & M & 8%
(pancreatin) ;162 #% - & & R 85~ (figh)
4 ACE ¥p#l7sHAEA BB R &
F R &I 1 4(70 %) #& pepsin £ R
B AT HRAZE 709 % A
pancreatin (R 5 $ B FAN H R
wEk- kot -EHEREHAM
THRHE 729 % ¥4 ACE Fit >
HRBREA KM T HEBIAKR &T
LA 3% pepsin & pancreatin A 7K A& 5, )



> F A5 B idé] ACE 8 % H 77 1t
B o

6. thermolysin B & & A

B 7 A thermolysin &) d A #| A
eyiEM o £ 20%e9 8RB R G R TP -
peptide ZREEBBR G » TR AR
A ranRMEE SRRAER B
W3 RE R T o peptide SR B RE F 42 A
HREMHFRYNEG AR A H
#A PAHEE ARRBORMABK
BRREBARKGER - 214 ACE
Z¥pF R ABE - BT BipslE
Y peptide 8945 FE AL T A
3kDa A F ' & w-Reda)Em
" Thermolysin 5 e 44§ L B A 2 7544 »
FHEA - BTARERBRLELERSE -

7.SHR %455 8 ©

B 88T~ SHR a By TRHAEE R
A4 B ) 8 ik Rtk 0 RS AR Liposome &Y At
R EBRERMARERT &8
REXEEANERE 2 5B ER
0.19g BEAK/DF B E SN B A K%
i B 12mmHg i 8 /s 8F ©
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ERBEERkBTakedBii
S ERLRK  RAEFFHXET 1% 60
C F &4 thermolysin 867 & & & [ b7
(E/S=1/500) 'pHS8> RE 4hr- }
ICso 2 33 pg/mi - KM% 4%E UF #
(#& & MWCF 1000) + % & 1& ICso 18 2
14 pg /mj -

LLIR & & G KR eI 4] ACE 2
RAH4E  AERFPERR - aHEE
kR Rk HHBLHES AMEYT
BEEHLiraR B &
EowHip$ ACEEM AABTHE -
B4 S A& L4 > Thermolysin &R
Rt eEAEUBHAE RS
mA EARBAK 0.19g/ke 82 EAEH K
i .



Table 1. Color analysis of ovalbumin hydrolysate

Product L a b
Ovalbumin hydrolysate  og -0.94 5.82
(liquid)

Ovalbumin hydro]ysate

(powder) 93.1 - 1.2 4,93

Table 2. Sensory evaluation of skim milk and ovalbumin hydrolysate. *

Overall
Product Odor” Bitterness®
acceptability
Skim milk 2.00 £ 0.00x 1.44 £ 0.53x 3.70 £ 0.48x
Ovalbumin hydrolysate 2.33 £ 0.82x 1.50£0.53x  3.56+0.53x

Mean values in the same column that are followed by different letters are
significantly different.(p < 0.05)

? Values are Mean = S.D. (n = 10)

b A five — point scale (5 = extremely smell , 4 = moderate smell , 3 = slightly
smell , 2 = trace of smell , 1 = no smell ).

¢ A five — point scale (5 = extremely bitter, 4 = moderate bitter, 3 = slightly bitter ,
2 = trace of bitterness, 1 = not bitter).

% A five — point scale (5 = like very much , 4 = like slightly , 3 = neither like nor
dislike , 2 = dislike slightly , 1 = dislike very much).

Table 3. Inhibitory of ACE activity of the filtrates obtained of ovalbumin
hydrolysate by ultra - filtration membranes.

Fraction Total volume  Inhibition 1Csg
(MW cut — off) (ml) (%) {ng / ml)
Hydrolysate(k & UF) 100 90.8 33
MW>10000 48 75 58
3000< MW<10000 47.5 85 43
1000< MW<3000 49 92 25
MW<1000 48.4 93 14

2 The 1Cs, value was defined as the concentration of peptide needed
to inhibit 50 % of the ACE activity.
® From Sigma ovalbumin hydrolysate.
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8 80 N —a —— Alcalase
-‘? 70 —— Esperase
§ 60 . ¢ —— Thermolysin
m S0 x ~ —— Chymotrypsin
S 40
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=
:g 20 -
ﬁ 0 1 H 3
|
0 10 20 30

Hydrolysis time(hr)

Fig 1. Inhibition of ACE activity by ovalbumin hydrolysate produced.with various

enzymes.
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Fig 2. Inhibition of ACE activity by ovalbumin hydrolysate produced with various
E /S ratios.
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Inhibition of ACE activity(%)

Hydrolysis time (hr)

Fig 3. Inhibitory of ACE activity of ovalbumin hydrolysate by ovalbumin hydrolysate
produced with various pH values ( hydrolysate was 10 fold diluted for
inhibitory activity measurement).
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=
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Fig 4. Inhibitory of ACE activity of ovalbumin hydrolysate by ovalbumin

hydrolysate produced with various temperature values.(hydrolysate was 10
fold diluted for inhibitory activity measurement)
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Ve 12300 4300 1348 26D 189 73

| N,__/J\, ovalbumin hydrolysate
A/\//-W\
MWCF above 10000
| /\j’s

MWCF 10000

Absorbance at 214 nm

MWCF 3000

l MWCF 1000

Fig 5. The MW distribution of ovalbumin hydrolysate and its filtrates by
UF(MWCF 10000, 3000 and 1000). Separating condition : Superdex
Peptide HR 10 / 30 column (300x10 mm) ; mobile phase : 0.1 M
phosphate buffer (pH 7) ; flow rate : 0.5 ml /min ; injection volume : 20
pl 5 detection wavelength © 214 nm.
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Fig 6. Activity of the hydrolysate followiﬁg digestion by gastrointestinal proteases.
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Fig. 7. Application of recycled thermolysin solution. (hydrolysate was 10X fold

diluted for ACE inhibition measurement)
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Fig 8. Change of systolic blood pressure (SBP) after single oral administration of

hydrolysate on SHR
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