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Optimization of enzymatic hydrolysis of ACE in inhibition peptides from
walnut protein by response surface method
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(1.Food College, Shihezi University, Shihezi 832000, China;
2.Shennei Food Limited Company ,Shihezi Development Zoon , Shihezi 832000, China)

Abstract: In this paper, walnut protein, extracted form defatted walnut meal and then was separated by alkaline
extraction — isoelectric precipitation technique, was hydrolyzed by four protease ( alkaline protease, neutral
protease, papain and flavor protease) for production of antihypertensive peptides.As an index, ACE inhibitory rate
and the degree of hydrolysis were determined to select the proper enzyme with best enzymatic effect. Then single
factor experiments were carried out to research the effects of the factors such as substrate concentration(g/L),
enzyme dosage ( U/g ), hydrolysis time ( h), hydrolysis temperature (°C) and pH. The response surface
methodology was used to optimize conditions of the enzymatic hydrolysis. The results showed that the optimum
conditions were substrate concentration 30g/L, enzyme dosage 8000U/g, temperature 57°C, pH8.6 and time of
enzymatic hydrolysis 3h.The ACE inhibition rate could reach 64.32% and the degree of hydrolysis was 21.57%.
Key words: walnut inhibition peptide; enzymatic hydrolysis; response
surface methodology
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KIS PE RS RN  a RE A S P T . A S LA
EREHER M IECRE , LK i3 )5 Al ACE 4R 3545, &
S Ak bb A8 DU A i A0 B T A R R ) T i K
SR R I A FH W, SR 5 R i 1 Tk e HE T2 R T
b AW ST AR 0 25 -6 R FAZ AR i Bn 4%
T — 5 PSR

1 #RlER*

1.1 #HRENEE

kR RREAEFEAEARR I T A FR2S 7] 52709 etk
R Il (Alcalase) M PEFR (AR 300 Fdb o B30
IR A BRAS A AR H B RIUXBR R H i 20T
sigma 22 7] ; FAPGG (WL PN 5 8k = JIK) I T sigma
ANEGACE(IMAE Bk E L) T sigma 20 H] 5
ECBE Eh R e mi iR S A LN SR S A dr e, K
5 FHAK ¥R 2585 F K.

PR T R B R OK W IR T BEITAER)
PHS-3 C FH#E pH 1 ¥R EHMY S ; BS 2000 S H
FRF dbE TR R A E AT R A F]; FDU -
1200 ¥iRTHEPL bt PURRREA{HS ) s ELx 808 [iff
B Thermo 23 W] ; SH 21 -1 ® 1w dEss i
B AR HIE A PR 7] ;s DNP-9272 r $VIE VR BE 5240

VRS R IR RS IR A E
1.2 AR

1B LIS A A — 1L 60 B 1 — BLAE — 42 A B R & —
Bl fig JF) Bl 6 AL — B 3 & Bl B AR S 1R 89 AL — A Bk ACE
Fop ) BR B R
1.3 1ZBkARRE #5300 Hll &

Rk & B 5 ik 60 B, FHIEC KELL 1:5
(g/mL) BORHR LU FERE 1 3P 48 L H2HL 1h J5 UE4 73
Ve, BpE i A IE O ke 2 B 28 38 W Tt 8035 BH B ik
SEURIE SR JE FHE IR TR AR ML T 77, 5 F VK F8 4C
A H o
1.4 EZHEEBRIRK

RIS R VTR BUZ M E . S e B mE
AT S . DAARZ AR IR BB s S Skt , 38 3k 95 % ek
(1:10,g/mL) , 3 3%, 0 38 DF B 15 T 8 40 BE 5550
PRIGHH 258 FoR Bl SR A R W (1:26, w/v) ,
2.0mol/ L & SE AN E T 8 IRy pH 3] 11.0, ¥R
JigFERS I 53°C i 1.5h J5 7000r/min 25°C 5 0>
15min , J_F3#5 %, FH 2.0mol/L R R W 815 pH 2= 4.5,
i 1h, 7000/ min 25°C .0 15min, /K PETIHE , VAT pH
F P R R TR T BTk 4°C e o
1.5 E@BIE

FREC— 2 B AR (1, 025 88 7 /K e il ol —
e K R RS ) T 7K W A P 90°C 10min A HRf5 34
FEIAE W) pH, DA — 8 TR E I, A B RS R T
IR R K fft— BB 18] J& T 90°C 10min K B 2% 11
v/ ,8000r/min 5.0 15min B V5 W, %2 ACE ik
SRR R
1.6 EHEHFE

Sy DR ME B 1 L M R I TR A
KUK il 8000U/ g I AR BE 20g/ L [ 25 F1 BT I W
L, $EE IR 1.5 fiff T2 T AP R S 19 pH AR E T

e

KA 4, BE ACE I 5 FHIK AL
K1 DU AR IS AR ARG

Table 1  The optimum hydrolysis conditions and the
enzymatic activity of four commercial enzymes
, i 32 I B 1
g =t OH B IE {m )52
fili b2 Bag p (C) (U/g)
Bl 26 14 8.5 50 7.1 x10*
HPE R 7.0 40 63 x10°
JRU: 26 4 il 6.5 50 2.0 x10*
AR il 6.8 55 82 x10°
1.7 %tk b IE BRI & 1Y B8 [ 2% SC 06 A0 i A7 T SE 06
@it

DURZAI R T R ) ACE 1) S K At 2 SR F8 AR 43
5L BE (°C) (R W R R (/L) | Jin il
(U/g) (FfEatE Ch) A1 pH A PR3 X A2k B ik
il RIS, BEAT PR Z S

TEA R R AT A0SR L, e U P A IR (°C) |
NS BTREMR B (g/ L) B (U/7g) A1 pH PO R 2R
Shy i 2R, A ACE S0 5 S i S AE, B30 0L T 53
Brocst . KV e difth 2 Wk 2.

EPANSE N S E TS

Table 2 The table of factors and level
BES
K A pH Bl C ISR D i
(C) (g/L) (U/g)
-1 8.0 50 20 6000
0 8.5 55 30 7000
1 9.0 60 40 8000

1.8 #KilEtR

1.8.1 JKAERIME R pH-Stat 31",

1.8.2 ACE MIHR MM E  7E 96 FLEG R 3756 3

BETT S N N 99 1 46 )2 W7, 7 340nm K 2514 T,

BEEAR{SCI e CAE A, o HAE 37°C i E R AM T

JZ N 30min, JMEEEOGRE A, fF 3 AP T2
ACE #HI R AT E AN -

ACE #IHIR(% ) = ( 1—AA*) = 100
AA,
AA =A,-A,

P AA, AN ZE LB IS BE 7R 30min Y
ARAE s AA, SSRGS IR G REAE 30min NAGAETE

3 ACE TG PRI

Table 3 The determination of ACE inhibition activity

wmey FEMAL(nl) & EAL(pL)
ACE(0.1U/mL) 10 10
FAPGG (1mmol/L) 50 50
ACE #ijil 1 40 0
Ak 0 40

1 :1.FAPGG(1.0mmol/L) : B 3.994mg FAPGG il 5 Jift 2% nh ik
2, EAZE 10mL, AR A, B 4°C B RS ;2. 3L R M 1
pH8.3 . 100mmol/L () Bl B2 2% #h ¥ 5 3. 2 Jit 2% wh i 2. pH8.3 |
100mmol/ L AYHER 2% ik (& 300mmol/1, NaCl) ,
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2 #R51E
2.1 KFEEBEENTFIE
H 3R A DU B P A% A R AR S R
S A% Mk R P AT AR, LA ACE 410451 38 Fll K A 1 k45
P, 30 Y ) A AZ W I K 114 F5 335 P , 245 S LI 1
20

.

777 DH
—=— ACE#I|#%
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TPk 1B h PR TR AR B USR AR 1
1 DU AR Y ACE I R B HoK i B2 19 ELA

Fig.1 Comparison the four kind of enzyme solution

on ACE inhibition rate and hydrolysis degree

HIE 1 AT LAAS 3], AN [A] 85 B X A kA 2R 1 e
IKFRREIIAFE A B 22 7, X 5 28 (il i) i ) R S 1
5 A K R W ) ACE 100 ) 2 R0 K i 3 A X
5 0 SRR i . ACE $IP i B A3 ¢ R WFST 3=
BH , 5 ACE il 3 P K 0 C— iy & 2k TR A0 1] T B 7K 1
SHEMR . B B T Y T DAV AR B K A R Y
C—uiii , 24 C— g hy B /K P 2 JE FR s, /)N IR EL A ot iy
ACE 3™ . WFIT 48 22 I, AWk 06 4 A2 Wk 2
F1Ar Bl A ) E SRR A Al b, DL &R RS &R L R
KGR SRR ey, BT DLAR M 3 R A i K TR
LR R = XK R P T O Y B s ), E s
XA AR A 2K AR A O R 55, ARk AR B TR AR
FH T 957 /i & L L 10 R 3 = 598 sl iy AR, KR
iR (A, A R S, iFR
o BB R AR I X AZ MR AR T I K A B ) BH
15 T XU B 1 v P B B AT IS T, 50 BH A% Bk
PS5 T A7 75 38 22 10 I 1R AR F T 09 VB AL A,
M B A F)F ACE $#I BR R . Be4h, X 5 R 5=
i N DL K JEORE AT FL A B 45 AT LAY A TR
il il £ ACE # il IR 4R I8 1 45 SR LB AH L . 25635
FEISEBENIE B 1 I A e 305 il o
22 WHEEABNEHEIEZ
221 HHFNES
2.2.1.1  pH XJ 7K i B FI i vk ACE 1) il 2 (%) 52 i)

B 2 7T UG B, pH X B8P 2 1 I K A A2 Bk 2
BN EE ., 16 pH Sy 8.5 BF g ACE I R A0
IR S B 15 B i RAEL, B pH B4R 223 X, ACE i
SRANK S BEHR AR X G r gl /e X 6B e pH 1] 58
SPEOIECME R R NG, AR T OK . R R
fii pH 7 8.5,
2.2.1.2  JEY TR XK ft 5 RN A ACE I
SRsE i E 3 ATAL, BEE IR BT s R 3 O,
ACE Hi 50 7K fie B2 Sla 38 K a vk /)N, i —F 1l e 407 99
Bt 5 PG 42 IO A R 34 I 22 R = 38 1, i ACE 11 4
SRR R B 3G R, #E IS ) o vk B o 30g/L B 35 #)
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:\g 16y // E
T 1" 0 E
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¥
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K2 pH XFEEER ACE 1 52 FK i 52 R
Fig2 The influence of enzyme solution ACE inhibition rate
and hydrolysis degree by pH

HORARL, ARSI KR B i W, ACE 1T ifi) R FIK figg
PEFSAHXS A B o /), B DA AT (E 2 Bl 45 JRe 4 ot i e
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VR o R I A B v B O 30g/ L

18 - 60
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Fig.3 The influence of enzyme solution ACE inhibition rate

and hydrolysis degree by substrate concentration

2.2.1.3 Bl A gl BE 0T K i 2 RN AR TR ACE ) 3R 11
oW P 4 RT B R A BN, TR R ACE
OV RN K e B 447 Lt BGRB8, >4 Tl i it 32 0y
55 °C i I8 B de AR, 5 25 T o il B2 B g 23 ik /), 3 m]
AEJE PR g 7 — 2 19 0 6L N Bl 3 it 2 A 38 n, A )
P SN, P EAT o SRR G v i, S B S AR,
RIS U538 o B RS R S 55°C

24 4 53

214 /\5 -56§
S B
%18- / — L 54 E
A 3 = * 5

O
<

154 / L 5o
—=—DH
121 —— ACEfIfI% |} 50

40 45 50 55 60
IE(C)

P4 T X T L ACE IR AR K Ak JBE 52 )
Fig4 The influence of enzyme solution ACE inhibition rate
and hydrolysis degree by temperature
2.2.1.4 i B K i R AR AE R ACE ] A< 1 52
o p S AT BE S I B R O, AR R EY ACE
O F K g 2 GO, AE T & 2 7000U/ g Bif ACE
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T AR B e AL, S PR AT B 2 Bl A Bk B f 1,
AR Tl S5 IR WY 455, X B A e 2R/ . Bl
F5 NN O AR O, i A ) ACE J10 4] 3N K figg
BEMSAT AR, I AT e — R0 HAA ACE i) 45 1
P 22 IR B E— 20 K At 1 AN BAT e 0 P i /N BR. ik
B 70000/ g Sy freidi It

20
- 60
/\;
18 1 — |5 =
S
g 16 1 54 i
s E
2144 LSt E
= Q
124 ——DH L 48 <
—— ACEFIIZ
. - - : . 45
4000 5000 6000 7000 8000
I (U/g)

5 X I ACE IR AR K A E 2 )
Fig.5 The influence of enzyme solution ACE inhibition rate

and hydrolysis degree by enzyme dosage

2.2.1.5 AR S DT 7K fif J3E RN A W ACE 170 i) 3 1)
e 6 Al YR AL 1.5h T4, BE A B
g S 0] P8 SE K i B2 T ACE 10 1) 55 12 38 7 1 R
B, 3h J5 B A K R R T2 G ] BE S N D 7E
FCN IR0 hE B B, £ 11 T RIS 42 44 Ak T A v R R
ARV, T A S S A, B A S B ) HEAT , B
FA Tl ) 0 P32 32 T o ARG, TRl ™= B A B2 1, JHG 5o 4 1)
A i PR ) 9T A B S I Y BEAT I AL, 5 BOfE
3h DU S0 A i 1], ACE 00 8 5 01 7K e S5 38 Jin 22
P8 o PR A I [E] A 3ho

20 - 60
S

18 — 57 _
o S
<16 - 54 3
2141 LSt
&

121 D! - 48

—a— ACESIHI %
10 45

5 20 25 30 35
WEEAPR I [7] ()
P 6 A A [] 65 AR ACE 0 1] 2R 1K Ak B2 520
Fig.6 The influence of enzyme solution ACE inhibition rate

and hydrolysis degree by time

222 HFNRZBBSCEHAEN 905 A BAE 2 i i
fippad A 0 TN B (°C) IR TR R (g/L) |
S (U/g) (BT a] Ch) A1 pH A o vy el iy
IR (C) JRYIEHE (g/L) Jmgte (U/g) A1 pH
IR Y ACE JIHR] AT 05 B2 00 o DA A a) %o
B ACE ) 3 (4 52 ) 1) th 28 b ] DUE Y, 2 i
figIF TRl 3h B, BRI ACE 10 5 FIK figg S 18
TN, DAL IS A Il A e 6] > 3h i B o R[] 3 i
HORE U5 M #E.  HC7E B N 3R S 86 19 SR A, DUIR R
(C) R EH)E (g/L) it (U/g) Al pH Ay
PARTE, PA ACE $IV il 52 (% ) Ay Wi N AEL, 2R PU PR =R
=R XIAZ A R A ) 2R A e SE 1T 3B S5, 45
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Table 4 The design and results of the

response surface experimental

Soan A B C D ACE Hijifi|

(%)
1 1 0 61.34
2 0 0 0 0 64.45
3 0 0 -1 61.47
4 -1 0 -1 40.49
5 -1 -1 0 33.72
6 0 -1 1 0 54.43
7 0 1 0 -1 55.88
8 1 0 -1 0 58.02
9 1 0 1 0 58.73
10 0 1 0 1 61.63
11 -1 0 -1 0 35.27
12 -1 0 1 0 40.85
13 0 -1 0 1 53.57
14 0 0 1 1 60.21
15 0 0 0 0 62.17
16 0 1 -1 0 50.71
17 -1 1 0 0 45.86
18 1 0 0 -1 61.62
19 0 0 0 0 62.13
20 0 -1 -1 0 45.37
21 -1 0 0 1 53.02
22 0 0 1 -1 62.33
23 1 -1 0 0 54.43
24 0 0 -1 -1 50.73
25 0 0 58.27
26 0 -1 0 -1 53.46
27 1 1 0 0 58.58

Xt 4 YEATRIVAS3HT, LA ACE JIHiI 58 (% ) Sy
D7 AL N7 P4 0 ) SO T (] S 5 R AR

Y =62.33600 + 8.62583A +2.99583B + 2.77083C
+2.22750D — 1.99750AB — 1.21750AC — 3.20250AD —
0.37500BC + 1.41000BD — 3.21500CD — 8.84300A% —
5.84550B°-4.53550C" +0.38450D°

XA T R IEATI7 25 00 Hr A AR UL 5

H S i 7 22 70 AT Al N, BE ALY F (B 35.76,
p <0.0001 , BB IZAR R AW 2 25 9, — Ui AL B, C,
D BYSEMR 2 U pH R R B L IR ) S AR R
AUINAGEE XS ACE 1) il =3 1K fige B2 HA B 8 25 152
Wi, 32 T AD, BD, CD B 151 U 28 8008 2 4 =5 7K
Vo RAUTAE 0.05 JKF- AW (p =0.1613) , B8
FRIEFIMBENLIR 225 . BERIAS IE s BB R, =
0.9456 , Ut WA Y GRS A 94.56 % M J7 {HL Y A2 A 5 AR 77
B A RO R =0.9728 , Ui I Y 5 92 Rl &
B WO ARSI T AR 7
223 EAESMFRm R LA m IR 7 (& 8 FIE 9
EOWML S T 25 N R HAEH . rTRUE B
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Table 5  Decolorization regression model and analysis of variance
J7 2R 05 B B ¥7 F{H Pr>F B

i 1987.01 14 141.93 35.76 <0.0001 * %

A 892.86 1 892.86 224.99 <0.0001 -

B 107.70 1 107.70 27.14 0.0001 o

C 92.13 1 92.13 23.22 0.0003 e o

D 59.54 1 59.54 15.00 0.0017 e

AB 15.96 1 15.96 4.02 0.0646 -

AC 5.93 1 5.93 1.49 0.2418 -

AD 41.02 1 41.02 10.34 0.0062 e o

BC 0.56 1 0.56 0.14 0.7122 -

BD 7.95 1 7.95 2.00 0.0061 o

CD 41.34 1 41.34 10.42 <0.0001 e 3

A? 507.23 1 507.23 127.82 <0.0001 o

B? 221.64 1 221.64 55.85 <0.0001 e o

c? 133.43 1 133.43 33.62 <0.0001 e o

D’ 0.96 1 0.96 0.24 0.6306 -
Be2: 55.56 14 3.97

RIiRE 48.75 10 4.87 2.86 0.1613 -
alifR 2 6.81 4 1.70

=¥l 2042.57 28

T p <001, 7MW RE; +p <005, ER7E%.

W BT B3 R, ACE J1 i) 5 538 i [ A, Ut
P A 512 56 92 560 9 Bl PN A A B 7K i 1) e AR SR 1 T e e
BE AR T EGR TR B R BE I, #2552 ACE
A A R AR, X T Jn i AR UL AT pH ERAF
TEIE 5B I KO A B AR e PRI, TSR BT
1 4 19 PR 28K K9 Bl A A7 A e DI ) il e 25 7R 2 5
TR TR IR ACE ] 43K ) e Ko
66
60.75
55.5
50.25

45

ACEHIHI#(%)

050
0.00 ) A
»* 4.007-Log ° ?@% st
T TR o e PR RNl S A o )3 i
Fig.7 The response surface of the influence of
ACE inhibition rate by substrate concentration and enzyme dosage
2.2.4 BSUFESCE: FIFH Design— Expert 8.0 #44:#E 47
T EZERI AL A, A5 20w 25 11 i I A Pk R
Fiiil % ACE $100 i Ik B9 B A2 T2 25 2 - IS 4 o & vk 3
28.99¢/L. Jin g & 8000U/g. pH8.64, [if fift ¥5 B
56.67°C , ACE | H T iL F 66.45% , RIE T I = 4%
P8 & il e 125 SR IS W) BT R R 30/ L Jin i A
8000U/ g .pH8.6 , llfigt ifat J&£ 57°C., 453 2] it 5 b 10 i) 3¢
64.32% ,AAXT 15 25 2.13% , W o] 6 it T 19 7K e J3E h
21.57%
AT A S BRI Y fE S B (R AR 25 A8 K, Ul

A
RN

ACEI (%)

-
/,/*1.00
0 ~— = 0.50

Dy 0~ — 050 ot
jf/‘%&;v 02 1007 -Log 30 g

050 =

;\

P8 il RV it R 5 E AT FH W 17 T
Fig.8 The response surface of the influence of

ACE inhibition rate by enzyme dosage and temperature

PELO ot R ik el 32 5 A T o 17 A T

Fig.9 The response surface of the influence of

ACE inhibition rate by enzyme dosage and pH value
R i 2 T DI A o) i S 1 T K i A PR 1 T A ACE
HIIKEY T Z2ZHOEnI 1789 . WFFEN SR A [F) A%
b it o e G A7 ) 45 9 R IR R AT T F ST, R AR
ZEH] Alcalase 2.4 L B A PR S BS 25 (1, TEBB AR 1. 2055
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{24 pH7.94 , fiff fif 15 B 60°C , JIK W) it i e i 30g/L,
it 5 )5S 420 ot 3 B 3.69 1 100, Jiff i 3h 45 2 H1p ] 32k
76.58% 1) ACE 4l JIk , £ 1A 21 251 B 1tk 25 11 it 1
fi Ll A% Bk BB 1 AE B A T2 A 14 oA pHB.2 B f TR
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72.48% 1) ACE I K, %F FLWF 5% T2 454 Fk 58 4%
S AT T O AR B ACE #1781 ik g 1
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3 Zig
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