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Abstract

Angiotensin-converting enzyme (ACE) inhibitory activity and production optimization of ovotransferrin hydrolysates
were studied. Ovotransferrin was hydrolyzed by several enzymes (protamex, alcalase, trypsin, pepsin, neutrase, and fla-
vorzyme) and acid (0.03 N HCI). Ovotransferrin hydrolysate reduced ACE activity by 60.2%, 55.8%, and 42.6% when
treated with trypsin, acid, and pepsin, respectively. Trypsin was selected for production of peptide having maximum ACE
inhibitory effect, which was greatest with 7 h hydrolysis. Central composite design determined that optimum composition
of ACE inhibitory substances using substrate concentration of 20-35%, temperature of 35-55°C, and pH of 6.0-8.0. The
optimum composition was 1% trypsin, substrate concentration of 26.32%, 51.29°C, and pH 6.32. Under this conditions, a
maximum ACE inhibitory effect of 69.1% was evident, similar to the predicted value.
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Angiotensin-converting enzyme(ACE)= renin-angiotensin
aldosteron Z]9] angiotensin 2 22|14 ¢ F5E2I
angiotensin IIZ AZA 7| AY & o]t Z&o] =
bradykining E3jA)7]= EAE FEA ZF ZF | g
X Eo] 9low, ACE AaAl= o] ACEE 5oldo=
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3l gkc}. Angiotensin 117} 7AW & F catecholamine
ol FAEI o] FEH FAlY Folw 2RI
aldosteron®] FH|7} JA|H}. o]of wlgl YEF ©]-2(Nah)
2 SR ujdo] SR £33 dAgpo] gasa gt
a7t dojdt. 131i ACE 2+g A= 2= g%
_/_'[:ég. ol 37 ;{ﬂ LH ﬁEE u]—o]. 6:]0]—0 u—z‘— EJ,]_
E YelAth(Petrillo and Ondetti, 1983). 72| 3}-EA o
o3t ACE Al X 8AY 5, viE 7|3, 218 §31, 7]

ST, = T A2
71 o]/\]- l:ﬂ—;(] EJ—L]. 7o v 4.33_ ,\]_—5”7]_ 9o o]_E; Eﬂxﬂ
3}7] 918l Algk(Ibrahim ef al., 2000), $F(Do et al., 2007),

==X

AFA 1 F-uk(Shin er al., 2008), ) FZE(Cho e dal,
2006)), A= FA(Kim et al., 1999), U] E-(Papadimitrio ef
al., 2007; Lim et al., 2008; Yu et al., 2009), 2~317](Jang
ef al, 2003)ZFE] ACE A3l AALA) Aejo|=s 2
3l71= sk, Helol=9] A Jang ef al, 2008)°] #H3H
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St 2 T A= HollA
I FQ8A40] gL ZAEH AtUeon et al, 2002).
Ovotransferrine W == ovalbumin TR0 2 X}X| 5= H]
Fo| B2 ddo|n, o] gulde] YFAHoE = T,
gluto]#| 2, dFak3ls(Ibrahim et al., 2003; Tbrahim ef al.,
2007) o] &&A Ao}, AT ovotransferrinel] e =
W 9= ovotransferrin®] A2t(Jang et al., 2005), &
Ft(Jang et al., 2005)0l T3k AlEEtel Qict &3l 53
SMAM= 9] ovotranferrin} HHZ AFE= o5 HlF
sk AAolth. skAIRE, B, 4B 2§39 AoddAe
ovotransferrin®] =, 2ol Jrl'%& 7} A|&EIL Q1o
W, 43 Aol Heisla 9ok Eah, ACE AsEztel
745, A2l ovalbuminol] A E.J_% A= e
1}, ovotransferrin®] 73-%-= ERIE A &} TH(Fujita et al.,
2000; Huopalahti et al., 2007; Miguel et al., 2004).

wEbA], £ AFoAs AFEE o8 ThsAol gt
ovotransferring 2] 7E3] 84S o]8sle] A& I
o=l ACE Alazs gjlstal, 1 & &3t 95
3k trypsinol] 2]3}+ ovotransferrin 7REE-E-2] W3- A7,
7189] F=, pH, ¥ 55 FH0 = 3l JlESE
o] HA3l AFE Fysit

R

2 ATE 93] ovotransferrin(EE: 98%) ©|=2] o}
o] o}t (lowa State University, Ames, IA, USA)
AM Ax"H ANEE AT 7HEAE SeA
protamex(Novozymes Co., Bagsvaerd, Denmark), alcalase
(Novozymes), trypsin(Sigma Chemical Co., St Louis, MO,
USA), pepsin(Sigma), neutrase(Novozymes), flavorzyme
Skt ACE A &35 2lstr] 9]
3} rabbit lung acetone powder, hippuryl-L-histidyl-L-leucine
(HHL, Sigma), sodium borate(Duksan Pure Chemical Co.,
Gyunggi-do, Korea)S AFE-3}$3 T}

(Novozymes)S A

ACE %iH| &4 &3
ACE A &4 =742 Cushman and Cheung(1971)9]]

Table 1. Levels of independent variables for experimental design

o) By AgHpHo 2 213313t} Rabbit lung acetone
powder(Sigma Chemical Co., USAYE 1082] 0.1 M sodium
borate buffer(pH 8.3)= Y3}l 4°ColA 2427t B2t &
AE FE3FHCushman and Cheung, 1971). =9 &
22918 1,900 goll A 4087t YalReste] o1 AH59S ACE
ZaAi=2 AFE3FETE 0.3 M NaClke 33t 0.1 M sodium
borate buffer(pH 8.3)° 71 Hippuryl-histidyl-leucine(HHL,
Sigma Chemical Co., USA) 2.5 mME =<1 £ 50 puL,
ACE Z&2 50 uL8} A 50 pLAI 25 E: 30 mg/mL)S
3o, g2 e AR gl SRS 50 uLE 7t
3} 37°coﬂx1 30% 7+ ¥R2-A]7]3L 1N HCI 250 ul 3
7¥ste] ¥ke-S FX|AIZTE &17]9] ethyl acetate 1.5 mLE
7¥sked 15% 7F wHkek 31,900 gol|A] 2087 GA1EE]
stod A5 1 mLE FHEAT. o] s 121°CA 7t
gslod A8 AERAIZ H SHS 3mLE 78] 83
AlZl % 228 nmol|A §B =5 43t ACE Af&S +
s

ACE A& (%)=[(SC-S)/SC] x 100

SC, A& tET9] §3%; S, A8 F3%

7iE2diEe M=

Ovotranferrin®] 7[5 &E2 4+ 715319} protamex,
alcalase, trypsin, pepsin, neutrase, flavorzyme®l 2|3} &4~
2 7R E Atk Shinha er al., 2007). AF 7REES=
0.03 N HCIoll =4, 100°C, 150% ZF ¥H-3-A1Z1 3, ammo-
nium waterZ pH 7.00.2 F3A|AL} 84 7KeEsle &
29 B 1% WNV)E JA7HE 02, 712 (ovotransferrin)
FEE 25%= 3t pepsine pH 2.5904, pepsin®] t}

a4= pH 6.5%2 45°C, 3A17F HFSAIZl 3, pepsin®]

<% pH 7.00.2 ZA3 & 100°Col|A] 10% Eo]- pdne=Re
3 W32 AAAFH O, YA IR §BES BAIE
23] 100°CAA] 1058 T2 71Estatt. o]5L zhz o
2] (Hanil Co., Korea, 1,900 g, 20 min)3}o] 452
Anzste] £ Aol AR

o

T j_, OHﬂ oﬁl rlru

offt o>

HLSA|ZH0]| (2 ACE Xalf &1t A3
714 (ovotransferrin}2] FE=E- 25%, trypsin 1%, pH 6.5,
W25 45°CE 3t 9AIZE &<F WRgAI7]aL, 1AIRE &
A2 A8E AFHst] ACE A8l 835 A3

Levels
X, Independent variables
2 -1 0 1 2
X, Concentration of substrate (%) 20 25 30 35 40
X, pH 6.0 6.5 7.0 7.5 8.0
X5 Temperature (°C) 35 40 45 50 55
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Response surface methodologyE 0|8t 7|&e| &
=, pH, HIS 250 _;;<_|x-|§|.

7149 F(20-40%), PH(6.0-8.0), ¥ 113-9 1 (35-55°C) 2
sto] SAR3AIG o3l F 16719 2= AHs
HASIATE. o] QAHFX )l o3l FEs W= v
SHT(V)E IFARA e ARt 3]AEA 0l o3 &
d2o] o] =0 = SAS program®] AREE AT

a1

bl
o
1]

Ovotransferrin2| & 28l ¥ 4 715==aH0ll = ACE

X St

et A2l £23F 71791 rennin-angiotensin systemo]
A FQ #A9 angiotensin-converting enzyme(ACE)<
angiotensin 112 A= aLEA, HS
= angiotensin II7} angiotensin Il-type 1 receptorol] ZH&
sl S F=A)7)aL aldosteron] RIS ZVMA|AH &
WS ke ZeE dHA Utk(McFarlane er al., 2003).
Ovotransferrin®} 2+ 71838 2 84 ¥ 7lEa)ste] 4
& FtREEe] ACE A axnts 215 th(Table 2).
ACE A3 EF= trypsin>pepsin>it £35)]9] 02 315
Atk Trypsinell &J3l 7H=8l=]o] ALkd 7EslEo]
71 =& ACE A E3H60.2%)S Hole Aoz 9y
ATt o] FA|= EHZ—EOL ovotransferrin(7.3%)2] ACE A
s &l Hisl Y53 TR, Ak 7kt e B
WAHNE 5% HE l‘:'i‘o T ]O]‘jr 2F 7R ERET &
A 7rEsES ANxEe] A E Y e A
< AZgiohd o] A= wil%- 382 Adetal ke
t}. WbHoY | flavorzyme, alcalase, neutrasedl 2|3t 7}
AEESS 238 ACE 84S A7l 202 8RRl
ATt

angiotensin I

HESA|ZH]| HE ovotansferrin 7} =23 22

3 ZElO|=of At

Ovotransferrin®] 714 =& ACE A3&HS Vel
trypsing Ze]ste] 0-9413F Ft 1A13E FHA 0= &g}

| ACE N

Table 2. ACE inhibitory effect of ovotransferrin hydrolysate
ACE inhibitory effect (%)

Control (ovotransferrin) 7.3
Acid hydrolysate 55.8
Enzyme hydrolysate

Pepsin 42.6
Flavorzyme -8
Alcalase -
Neutrase -
Trypsin 60.2

*Negative effect.

WaAtel 742 2 o ACE xa i

Al"*‘:‘r 'I}F/W 7*1 % 7]

SHEMAIE 0 28 ALt =[X{S]
1%14 w49 v, pH, R EE WFE ARSI F
A A gl o5l F 16719 0= sto] HAFeI4
TH(Table 3). 2t 7o) AHE o]83] SASE 53 I

4 A¥= Table 40 JeRAATH
Al ZEA 22390 7129 FE(X)), pH(Xy), HH-25(X;)
7} & o ACE A&zl tigh kg3 H 3721 o

= 2kt
Y (%) =1718.23 - 15.40X,-396.62X,+ 1.09X,X,-0.12X?
+27.48X2+0.11X3
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Fig. 1. ACE inhibitory effect of an ovotransferrin hydroly-
sate using trypsin.

Table 3. Experimental design and ACE inhibitory effect of
the central composite design

No Substrate pH Temperature ACE inhibitory
Conc. (%) °0) effect (%)
1 25 6.5 40 39.00
2 25 6.5 50 62.54
3 25 7.5 40 39.38
4 25 7.5 50 57.00
5 30 7 45 32.10
6 30 7 45 31.10
7 20 7 45 49.47
8 40 7 45 38.15
9 30 6 45 58.00
10 30 8 45 60.15
11 30 7 35 20.24
12 30 7 55 65.69
13 35 6.5 40 28.27
14 35 6.5 50 49.68
15 35 7.5 40 37.87
16 35 7.5 50 56.81
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Table 4. Least square fit and parameters for ACE inhibitory

effect
] Parameter
Model term* . t-Value p-Value
estimate
Intercept 1718.2263 9.32 <0.0001
X, -15.4044 -5.54 0.0015
X, -396.6238 -11.81 <0.0001
X5 -5.01538 -1.70 0.1405
X, xX, 0.1221 5.80 0.0011
X, xX, 1.0945 3.68 0.0103
X,xX, 27.4750 13.06 <0.0001
XxX, -0.0041 -0.14 0.8962
XxX, -0.4195 -1.41 0.2083
X xX; 0.1137 5.40 0.0017

*X,, substrate concentration; X,, pH; X, temperature.

L

A2 HA R%E 099089031, 0.01% %4%%
BN Fig. 28 B3] 5 AR 7l AAAAE dels)
Ak 7149 FE(X)% pH(X,)2] A, 7149 5%
(X eF HR25 (X)) AaAlE Felo] E)9lon, pH(X,)
g M- w (X)) ATTAIE 893 4 ik

ZAgAA o] WE maximum response= 7| A FE
26.32%, pH 6.32, 51.29°C|A] ACE A&} 70.67%=
dSEojxlon, AAZ A3 A= o] FASHA
69.1%= UEo] & HH35} d3o] FFHOoR o]Fo
Beo] 1At

o ok
4 =
B A1E F3 Wl ol AQl ovotransferrin 2 7R
A)
58
7
49
X
‘a1
32
24 (——_———————
5.00 588 675 7.63 850

X,

1= Fudst 835 4S5 Je ACE Asfaart
2 Zolx]dt}. Ovotransferring} AF 23 2 g4 7}
B3lE2] ACE A3 &3} A= trypsin>pepsin>it 23]
1 Ao Yehstth. webA, trypsinell 28l 73l &
o] At 7R Eo] 71 2 ACE A E3H60.2%)=
Hellle Zog g1Elon, o] 235 EWE trypsin
o o5t 7krEsl=e] HZA3t A5 AT ACE A
aIS B4 RESAIZM e AMks HESE 23, 74
A 64%E TP E=A e H, AR HRSA
7to g2 HAst AFS AL Jasint. 718z 549 v,
pH, ¥F3-255 WTE ARESt] FAAIgel os) &
1671 ZcZﬂ—_E-_ 0}04 HA s} stk 374 AA R?
= 0.9908°113L, 0.01% 252 YeESITh T4
A& E}% maximum response= 7|2 &% 26.32%, pH
6.32, 51.29°ColX ACE A &3} 70.67%% A== o1
o, A4 Aoz A=3 As o9} $AEHA 69.1%E
gogoss, B 23S $9 ACE AL e
7IEslES] Aite]l HAsE U

ol

=

Hﬁ

&

7I-A|. |

2 A7 SdgdTATy ST A DA (2009-
0093824) % 2% 71718471 A 7HA] (608001-
05-1-SB240)%] Aol &3l o] Fo|xl AOo= oo AL
YY) 3l olole oo} uSHE R WCU
2 I8(R31-10056)8] AYol= A= th
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Fig. 2. Contour graph of substrate concentration (X,), pH (X,), and temperature (X;).

Table 5. Analysis of variance (ANOVA) for ACE inhibitory effect

Sources of variations DF

Mean square

F Value Pr>F

Model 9

45.34

71.55 <0.0001

Root MSE = 2.10; CV = 4.64%; R?=0.9908
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