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ML Kok KAl (ACE), 32 Sigma 2\ Al ;N-
[3—(2-PR MR 3L ) PR I |—L— 4% 7S 42 ot — T 2 ok —
MR (FAPGG) , 18 F A MR ( 1) ey A PR
A 5 B B A (20 0 w/g) | R B G (250 USP
wmg) A H (120 w/mg) (B =8 6 &2 | 6
b AR, A R A FRA T
1.2 NE5EH

FA1204B HL 7534 R, AR ERER
AR F S TU-1810 R A AN AT W46t B i, At
ot A 38 A #% A BR 554 2 W] s HBS-1096A il b
A3 HTAS, e o AR S 5 15 4 A BR 28 7] 5101-1-S-H
PP I S KU TR A, LU BRI BT AR R
DFY-200 & Z I REM EAL, UG 2E 1A R
A] s HWS-26 HLIAE R K B, i — R 2= A
AMAF; TCL-16 & 2 & B VR &0 AL, 15 7
SR AL E AR A A LGI-10FD BV R
THEHL, A W AR R AT R A F]
1.3 RKEH*
13,1 Uty mab B LA B i i f kAT T
il :1~4 h,38~40 °C ;4~8 h,40~45 °C;8~12 h,45~
50 °C;12~16 h,50~53 C;17 h LLJ5 ,55~60 °C, ET
ZE R, R PR T 0 4 1 SR
1.32 @AM IRRENEER B
FARLRY A DL — 22 I RL K L B T, ik R
AhERJE, 1 mol/L B NaOH #8715 % ¥ pH i N
10.0, %242 2 h, L 6 000 r/min 3 B .0> 15 min, B
ER, A 1 mol/L i) HCL 875 L35 WY pH A
4.5, #7002 h,8 000 r/min &> 20 min, FFWCEDT
TE o
1.3.3 A7 Dl B i K A XU 2% 1 SR
PR B ) SR 1 0 MR R A, PA—E
3 — g W], AR5 FAS IR ) 2 1 1t A 1
FH AR S W, A 58 B0, #E 90 CoK ¥ v K il
10 min, ¥ #1% .L> (10 000 r/min,4 °C,20 min), Y2
£ LIEW, T 0.45 wm B U8 K I8 ROA T
1.3.4 HABGMTEE S0 S B, sk
1R IR B 1 O A TR A TR A, AR
KR EE TN ACE $0HI 2 R 8 45 , i i Hh S A 2 1
fitf .
1.3.5 RSBt 400 DA % IR (30~50
°C) i f# 15 1] (30~150 min) (i f# pH {H (7~9) &

F il 78 Jn 4 (3~7 mg/100 mL) F1REK e (1:10~1 ¢
50) R HLPE DL F K i BEFT ACE 04 5k 4
b, W o o A 000 i A DL E L IF ) pHL {E L S n g R
B,

1.3.6 Wil b DG ARG Jor Sl 27 436 g ik Ik 1) |
iR R | W pH RN S I 4 A4S R
Frafe— 2B Ak o LA PR 3R S 00 o 1) e A R R K
R ed, LhACE i F< S mm i, FH] CCD
(Central Composite Design) 17 i J [ 2 5% %
o 4 HE 3 KPR ME 1 P,

F1 MEEREREZKEREESR

Table 1 Coding values of response surface
test factor levels
B %
&G Bk
S T YTy TR Y SSURY )
Hm ¥ /mg- )
18 min
(100mL)™
-2 4 30 7.0 70
-1 5 35 7.5 80
0 6 40 8.0 90
+1 7 45 8.5 100
+2 8 50 9.0 110

1.3.7 i Ty ik

1.3.7.1 EARSTEANE  AE AR R E
K BRA I, BIRE 5L S5 2 mol/L. NaOH #2104 h
Jei , 2R FH AR MR B v 000 2 T A M R T
1.3.7.2 WARBCRANE  F AR AKX
()IT5,

%ﬁﬁ%ﬂ%@m:%nm (1)

K ae——WA R R (g) so——FEdh
HABUT R (g),
1.3.7.3 OKAFBERIIE e Zem ezl . 5 H

RIRE T 50 CHA P T 1, FREL 0.1 g HER S
FANGEMR R, A B0 B KBRS, A
100 mL Y28 B P e 25 . B2 mL H 2R % WOE
AZE 100 mL, B ZEE W T H 2R 20 pg/ml,
53 B 20 pg/ml H 2B % K 0,0.1,0.2,0.3,0.4,
0.5,0.6,0.7,0.8,0.9,1.0 mL & T4, 2r5im
A 1.0 mL B = Fd @ RS8BT K
TS min, FFERHEEZE,INA 5 mL &5
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B A0% N CBEHE W IR 52,15 min J5 LA 0 54 A %k
I, 5 570 nm U KAWL | #ETE 30( e 140
*T{ﬁﬂﬂ%%fr%;th@ﬁﬁ@ i e i B = S & g
T A R SR R M@r#/\ﬂz)ﬁ - 5 2
5. £f £f
KA (%)= i =
B 11 M A 0 5 AL R Eﬁﬁiﬁ/&éﬁu/ﬂ? i % 5
XU 45 h 2R e =
x100 (2)

1.3.7.4  ACE ##I BRIG M 2% Shalaby %17
W77 HEREE ., K 1.0 mmol/L. FAPGG ¥ fi#
F pHEH N 7.5, &4 0.3 mol/L NaCl Y Tris—HCI
(50 mmol/L) H ECHI I M WL, & T+ 37 CoK it
R, B 10 WL B A 96 LA SR 5 A
150 WL i e, TSR LA B BR A
F 340 nm P T EWIEE, B 30sid% 1K,
3 30 min, 25 AL 10 L (928 i 40 2k ik 4k,
XFHEZH LA 10 L #9 0.25 U/mL ) ACE %5 A% 2 i
ff I, DA G E AR Ak (AA )Xot Isf [i) 48 o il R, T H 5
R, ACE W24 AKX (3) 15,

ACE % (%)=(1-F4 285 x100  (3)

AA oy

1.4 HESWELE

FRA RS F A 3 WK, 25 5 DL ST 3 (8 45 1 i
27K m , IR H Design Expert 10 il Origin 8.0
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AR P AN A TR, 1 Rl A v it A SRR 1, T
KA BEFT ACE i 58 25 A&l 1 s,

A A, HAR S MEAEE (EAEA
it R B O A VAR (R B AR RO R
fiff ) ¥ W] gk IR 4% 2R, IR AE — 5 1) ACE
WAL, H5 EE 4R UL Hl 4 ACE 40l BAH H
K S R AR K f AL B S ORI R R
A 38 % 48 T 0 AL, Hor K IVEE (A i A
R M A S 0 ACE 3061 3B i e 2R
fits (1) ACE #0 il 3 fe i, LB UK M B i v, 38
o B AR U T DAARAS HLA TR PR ) ACE P K
SR ACE 410 il 238 A% 38 5 68 7 Ipk i B 8l 5 il

& ‘

B 1 FAEZEBEXKEEM ACE #MH X 5520m
Fig.1 Effects of different proteases on degree

of hydrolysis and ACE inhibition rate
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221 B LR S R 52 e FHAS TR AR K
PO il XA 5 3 A R R K, SRS T 1.0 mol/L 1)
NaOH ¥ W00 15 %W pH {64 8.0, ¥ 5 mg/100
mlL B 2 L, 40 COK VB 90 min, LAJK i
BEFT ACE H10 fl 28 A7 0 5 46 A, >k 8 w7 18 O Ak
AP E . AR 2 Bk,
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Fig.2 Effect of material water ratio on proteolysis

of Agaricus bisporus protein
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222 ZE FIREVR N GG W A RCR A S 0 - o
FHEE 1BL 1230 f K WL B 1945 3600 pl o 5| |man ls s
{624 8.0, ASINAN IR ik O Bk 2 1, 40 CoK It 3 M % _M%E
R 90 min, LA ACE #1525 (4K fi 1 o6 I 7‘?% =
K s S5 10 26 AR B, S SR 3 R ey 11282

L 3 O, B R P R R 3, Sy ; }/ E
[ KA AL 2 3K, AR T R A E 6 = ol i Jis ~
mg/100 mL i ,ACE #l il R fe K, Bl A & F A ssl . . 16
L 00, ACE 490 ) 5 2 T WA, W il 2 PR3 o T

HE A Frh — S HLA 1 M ACE 10041 K ity A
I — S i 1 ) B 1 R O M 1 K, DT 3
ACE M 2R () FEAR , A58 2 £E 6 mg/100 mL Ky
LS 0 St 1 PO 5 HEAT S S A e N T G Ak
5,

223 HE {0 LR T R O R R
JERRER F LA 1230 FREZK L i B, 8T I TR
pH {4 8.0, %8 i1 5 mg/100 mlL f9 B P 2 14 il 7
N )L B % 90 min, L ACE 41l R A1
IR il JE SR AR B B0 e A 1 TG o R 45 R n &
4 FIR

HY &1 4 mI 0 Bl A e O 1 T v B OK
fift £ F ACE #P il R ¥ S BLE TR )5 TR #
e, TR N B B Y N A 1Y
M), DA TTIT 325 S P 7K e B B A AR T i 2 I R 7Y
Fh i, — S XoF Y 3 R I T e AL I 1 s Az B
il , £ 20, M i ACE kiR BEAL, Horp
ACE il Z27E 40 CHY fie i, LB 1 B 11K fif i
WA AR Ve 40 °CoM Bl A Tk v o0
SLHEAT I S 0 e 7 A AR
224 VW pH (H X B R SOR M S2 K JEURE
HELL1:30 BORDK LRI BGA W, %0 5 mg/100
mlL P B EE R, R T 40 ORI
1.0 mol/L 1Y) NaOH ¥ ¥4 15 R pH {8,
SN FEARTR ) pH A T BEA# 90 min, LA ACE 417
RN KR T8 b, 5 5 Bk B 1 O R AR
pH {H, 25 R WKl 5 s,

& 5 A] g B A R pH (E R T &R A
KA BB W R, Y pH IS N F] 8.0 5, HE
KA FE AR T B R X pH{E A B
JR% DR I B 1 K R B AR AR /N s T ACE 41704 2 B
& pH (M T i 55838 0 5 i/ iy i T —
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Fig.3 Effect of protease addition on the hydrolysis

of Agaricus bisporus protein
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Fig.4 Effect of temperature on the hydrolysis

of Agaricus bisporus protein
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S X i R T P BB B pH A B T T R
M3 i ACE i R i BEAR . Horb pH {2 8.0
i, ACE # il % 8 K, PR, A 56 DL pH 8.0 Ay
O 1 PEAT S 2 e 107 1O Ak iR
2.2.5 [tk sF IE) X A SR R R R 1
DL 1230 Bk K Bl BOS We, J8 U pH {H R
8.0, ¥ M 5 mg/100 mL A Bk 14 2 11 B AE 40 “COK A
St e A R R EEIRD A ACE 0056 3R R0 28 13 K fife
JFR AR B A Y A R, 25 SRR 6 FTn
H1 P 6 BT AT it Ao 1o [ 1) S K R P K fi
JEBE TR R, SR Y A ) AA B 90 min B, B
FI 7K i BE AT ACE i B2 34 3K B W | 22 )5 bl & il
it sF ] ) E 4 ACE 30481 258 BT TR, vl RE K S A7
S T P O i A — S i B S SR R B — L W AT T
PERY K, $E 1M 5L ACE 410l 2 A BRAIE . PRk, A3k
5 L 90 min i A B[] (9 v o0 R AT S 2 A )

7 A A 1
2.3 MRz E IR

AR B DR R SR A5 R R, R LA 7 A
JE K figt il & ACE 0l ik i) 28 N A7 < pH {H | 1
AT K Sigp I 1) AR R L DA, BRI 4 A
S PR 2R R AT e B T O 20 Bt 3R T LA
PR SE R IR 2, T 22 R L3R 3,

Xt W) 107 1 S KA AT e AT AR B, AR E] g
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Fig.6 Effect of enzymolysis time on proteolysis

of Agaricus bisporus protein
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Y = 43.37+1.914 -0.12B - 0.27C+1.05D +
2.184B -0.14AC+1.294D+0.56BC + 1.09BD +
2.75CD - 4.86A% — 4.35B> - 3.26(C* - 2.89D°

L ) Y—ACE W% (%) , A—=F 1 i
W (mg/100 mL) , B——H§ i i (C) ,C——
fifi fig pH {E , D——f f# W) (8] (min) . F1 2 3 A1,
AR R 2% (F=8.89,P<0.0001) , BRI e iE 28
R?=0.8924 , Jf FL A $UL 101 AS b 35, ik W] 92 85 780 0L &5

®2 MEEXESER
Table 2 Response surface test results
) . B fi% i i B ACE ) . By i By i B i ACE
Y5 & ) Y% W& )
B ] = pH  #7H &/% i ] =R pH 74 &/%
1 -2 0 0 0 22.8 16 0 0 0 0 439
2 -1 +1 +1 +1 24.6 17 +1 -1 -1 +1 23.7
3 +1 +1 +1 +1 34.5 18 0 0 0 0 41.2
4 0 0 0 +2 36.8 19 +1 +1 +1 -1 24.6
5 0 +2 0 0 31.2 20 0 0 -2 0 32.6
6 -1 -1 -1 -1 334 21 +1 +1 -1 +1 31.2
7 +1 -1 -1 -1 325 22 +2 0 0 0 29.6
8 +1 -1 +1 -1 194 23 +1 +1 -1 -1 30.2
9 -1 -1 +1 -1 26.5 24 0 0 0 -2 31.4
10 -1 -1 -1 +1 25.3 25 0 0 0 0 453
11 +1 -1 +1 +1 34.8 26 0 0 0 0 459
12 0 -2 0 0 25.3 27 -1 +1 +1 -1 20.7
13 0 0 0 0 42.7 28 0 0 0 0 41.2
14 0 0 +2 0 35.1 29 -1 -1 +1 +1 26.5
15 -1 +1 -1 +1 21.4 30 -1 +1 -1 -1 20.3
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Table 3  Analysis of variance
R F % Fo 8 & ¥ o FA&L P& b2 N
AL 1578.94 14 112.78 8.89 < 0.0001 2%
A-A 87.40 1 87.40 6.89 0.0191
B-B 0.33 1 0.33 0.026 0.8747
c-C 1.71 1 1.71 0.13 0.7189
D-D 26.46 1 26.46 2.09 0.1693
AB 75.69 1 75.69 5.97 0.0274
AC 0.30 1 0.30 0.024 0.8793
AD 26.52 1 26.52 2.09 0.1688
BC 5.06 1 5.06 0.40 0.5371
BD 18.92 1 18.92 1.49 0.2409
CD 121.00 1 121.00 9.54 0.0075
A? 649.07 1 649.07 51.16 < 0.0001
B 519.51 1 519.51 40.94 < 0.0001
c? 292.32 1 292.32 23.04 0.0002
D? 229.02 1 229.02 18.05 0.0007
*E 190.32 15 12.69
& MR 170.05 10 17.01 4.19 0.0635 FEF
4% £ 20.27 5 4.05
®HZE 1769.26 29

JEBS RAR AR, 4 IR B BRI B K ACE Ml R AR AR, thak
MBIy . BTN > BRI > pHAE > K 3Ty 2R AT LUE S RS N S
fpi RE , Herb R R ESICRE WA A B RN | WA SE pH (A9 S BLAE ]
&P, wT LU AR A RS BRI AR I R0 T R(P<0.05) , HAZ AR TN 7 AIA 8 iR

ACE #11i] %
ACE inhibition rate/%
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Fig.7 Interaction between protease addition and enzymolysis temperature
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ACE i
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ACE # il %
ACE inhibition rate/%
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Enzymatic hydrolysis time/min
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Fig.8 Interaction between pH value and enzymolysis time

A AT B0 e pH (B S R L B
it 55 527 B [ B4 AR ELAE X ACE 101 2% (9 52 1
PR PR 358 235 ) g 1T 1% 6 s R B S Wk 1 2 i 1
ARtk PRV RS ACE 41 i) 5 e Jo {1 (9% 5% e B B2 A6
PRGS04 (1 2 L ) AR T8 0 238 U S e T R 38
ARAE I RACR R/ o A il T TO0 A5 2 5 Wi T ik 205 SR
FAEM N R 4 F . JH Design Expert 8.0 %X
00 A5 58] 1) B i DT A 0 D . WP R T
i 6.25 mg/100 mL, iff i iR & 40.47 °C, i f#
it E) 92.97 min, B f# pH {H 8.04, ILEF ACE 4171 il
RO[K ] 43.75% , (EIZEAF T AT RAE R 55,
K ACE T %0 43.4%,

3 itig

IR R R S IF R — 2 BB R
AT R R S Y20 o ) £ VR I A K Tk R
fity (ACE )41 il BK22241 15507 ) 12500f 485 fif s 26 11 o )
P H LA K 52 A Tl TG At A 60 % 2 ) S $ B ACE A1)
K T2 84T T4, R 2 T ACE 1 Bk 5
A A B Il 6 M 2 3G A IR 50 °C L f# pH
7.0 | i fi# 15F 18] 60 min B 1 B (A il 5 52 A R G
Bt bbb 423 () B ACE SRR 67.1%, i
it 32 K i AR B AT AR AR R A ACE 1
R, I 58 B 4 0% R A B R R AR 1, AT 4R v R
FORIF S, R] R B FH A s (R 4k — e A 2
WA SR, FE 2L & 8 S B R MR — 2 T e

i 38 o Wl 5 ) 45 ACE HIARIRK . DR L, 76 &% &
J5-E ACE 0 B i) 2ok A v JEORE B9 3 38 5 1 45 4%
PEXT ACE 0 K (0 35 1 S A5 R B+ mE
AL

B ACE 30 Bk (4 1 £ B A LA B 42 32
Bl 0 I E R Bk S H T s T AR AR
— SRR YE MR, TR A I R
Wik, 2H A2 4%, B A3 8 Al A A o Fp 2 H— |
H A 73553 B 1 ACE S04 KR W5 AT R A5 W il
fif vk R ELAT AR PR SRR AN K A AR AT s, 9 HowT
PLFE 43 i Rk i i B 1, NIRRT 3k A5
BT AR W P TR 4 AT REMERS IS Hh 2
S4B BB s, T E RS R
INR RN B S R i R R N, $ A Y
K figt BE28 RIS A B T R A WA ) A 3
JRAHL 2 o SR, T A 5 1 TT 6 2 HH et 8 g A 1)
PR | DT 3 B — 26 ACE 3106 Jok 37— 25 W K i ik
NG R B i B AR R 1 R R ACE 1
TEPE . RIE FEASBIE S 0 B PR 38 S i v, R BRI
1 pH A X 5 P K 4 52 i LB L R
A B KT ACE 10 3] JUK 306 14 1) 52 ) 580G J 22
UL, AR BRSO T B 125 AR 2l ke
TR ACE #0451 8K

AR 5% R XA 2% Tl A A 7= i — S 5% v
i, 38 38 X 2 A A A R AR 3RS T LA T
FETEMER ACE P RE, JF B3 7 HAAR R
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24.36 mg/g, Tl A6 AR 77 1 5t R A, AT Sk XA 48 7~
b YR 1 e AER) SR A AR AR . AR T
1WA 1 ACE S ik, H B R R 51 54
BILAAR A B A2 1 LA R LA B4 A AL 2L i S T
N R e — 05T

4 iR

ARG LT A P2 i WA 2 254 S
SR ARORE R JRORE 3 SRR R I A B AR T R
A TETENG YL ACE I BK , JF % H T2 847 11k
b, B T s A ER L R R AR T AR Y
TSN Bk R RS N i 6.25 mg/100 mL,
it fif% I B 40.47 °C, B f% 05 4] 92.97 min , B % pH
{8 8.04, ULHT ACE Ml 3 nl K5 43.75% , 1Ei%5k
PFF AT B UE 5, DU AT /K f# A ACE 301 3R 4
43.4% , 15K 24.36 mglg, Tl AL A4 72 Fi 5 B4,
SERTD R, R U B A 9 T A LAt R A
ACE i B, mT Ay i 7K ffe £ 8 2R 11 4 ACE
0 ) R AL 28 7 Ml 320 Rk e () P SR A — S 1Y
P ARHE AT IR A

Z % x #
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Preparation of ACE Inhibitory Peptide from Scraps of Agaricus bisporus

Wang Rui, Yun Jianmin", He Kui, = Wu Shujuan, Bi Yang, Zhao Fengyun
(College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070)

Abstract Using the scraps such as the stalks of bisporus mushrooms and irregular mushrooms produced in the factory
as raw materials, the protein of Agaricus bisporus is extracted by the alkaline solution and acid precipitation method,
after ultrasonic treatment, trypsin, alkaline protease and composite protease were selected to hydrolyze the protein. By
measuring the degree of protein hydrolysis and ACE inhibition rate, the best kind of protease was determined. In order
to obtain the active peptide with higher ACE inhibition rate, the enzymatic hydrolysis conditions were optimized by using
response surface methodology (RSM). The results showed that the ACE inhibition rate of A. bisporus protein hydrolyzed
by alkaline protease was the highest. The optimal process parameters were as follows: the addition amount of alkaline
protease was 6.25 mg/100 mL, the hydrolysis temperature was 40.47 °C, the hydrolysis time was 92.97 min, and the hy-
drolysis pH was 8.04, the ACE inhibition rate can reach 43.75%. A verification test was performed under the condition,
and the ACE inhibition rate of the hydrolyzed solution was 43.4%, which was close to the predicted value. After ultrafil-
tration and vacuum freeze—drying, the peptide sample with potential ACE inhibitory activity was prepared, and the yield
was 24.36 mg/g. The industrial production prospect was good, which could provide a new way for the high value utiliza-
tion of the industrial scraps of A. bisporus.

Keywords ACE inhibitory peptide; preparation; waste of Agaricus bisporus; ultrasonic assisted protease hydrolysis; high

value utilization



