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Optimization of ACE Inhibitory Peptide Preparation from Auricularia auricula

by Complex Enzymatic Hydrolysis
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Abstract: Angiotensin—converting enzyme(ACE) inhibitory peptide was prepared from Auricularia auricula using
complex enzymatic hydrolysis. ACE inhibition rate and degree of hydrolysis were used as key evaluation indices to
optimize the preparation process through single—factor experiments and orthogonal testing. The optimal enzyme com-
bination, enzyme dosage, hydrolysis temperature, hydrolysis time, and other process parameters for the complex en-
zyme system were determined. The results indicated that the optimal enzymatic hydrolysis conditions for Auricularia
auricula were as follows: a solid=liquid ratio of 1:50 (g/mL), enzyme dosage of 200 U/g, hydrolysis temperature of
55 °C, hydrolysis time of 4 hours, pH 7.5, and a neutral protease to trypsin ratio of 1:2(U/U). Under these conditions,
the degree of hydrolysis reached 61.22%, and the ACE inhibition rate was 65.17%. Additionally, 92.19% of the pep-
tides had molecular weights ranging between 131 Da and 4,983 Da. These optimal conditions effectively enhanced
protein hydrolysis and increased the ACE inhibition rate in the enzymatic hydrolysate of Auricularia auricula, pro-
viding theoretical guidance for process control and the large—scale application of enzymatic hydrolysis in the prepa-
ration of ACE inhibitory peptides from Auricularia auricula.

Key words: Auricularia auricula; Protease; ACE inhibition rate; Hydrolysis degree; Optimization

BARHZE R AN E M EREHER PP, A AN A 1k i b3 R o 25

R o EERARR M A, E
XA FARIE=4, ek ES 40, R+
el £ TR b 2> B e T BidE |, 2022 4F 4 5 R H- 1
PR N 7.5x100 12 TR H 1 25 A (E R AR
2 B M (AR A BT 28 ) rh it A e B, R H

Y %5 B #3.2024-12-10

BEEWE . 7 H W A G X E AL 75 H (2024BEE02021)

e B - Tkt A2(1988-), B, R TR, Wi+, RENEE
JE PRGN T 5 2745 R BT

A WEER M, RAH B SRR L 4R MR EHA
SRRy 5, BAT )iz B A2 I A8 17

v L S R W [ R B ) — o LA
PRI, AL 4 TR IS B 110 B XL T 3R R
T AR IE B 15%~20% , 33 0T WA op e O
L 7 38 iy S8 U L R A 2 R U™ I
£ 7K £ ¥ 1k i (Angiotensin - Converting Enzyme,
ACE)Z —Bh & B 9 — JIOR IR , 76 1 19 35 55 o
RAEA RHAE " ACE 18 3 4 J0 i #9185



116 B | | A A 514

7K 2% [(Angiotensin 1, Ang )1k HA T+ EAE R )
IME Bk & [I(Angiotensin II, Ang II), [w) st i 2 A
P VE Y 22 SRR R 3 A T R 43 8, A
TS B B, 25 ] ACE 7 (= 1% 9 BEAL
il ) 0 o LT T R R R I v I
— PP AR WS o SR, K AR AR A
Vi I R FE R A5 AL 2 A LR ACE H iR R
B BE 8 A R AR I s, A T BE B Bl I A K
JUE 454 3 D B A L e B MR A A R N A R A
FRY B, AR B TR 4R ACE 410 1 BRAE R
AT I X T B iR T B A B
S, SRR B A Ak A R TR A O AN R RN
mRE AR

IR Z KIS ACE 946 57 22 4w L Wi ok
RAF AR R /N, Sk i s % T80 B A6 97 T RE
TR 1, ACE Ml IR SRRz 2R R
Y85 e BRELAG B IR DAL B 2 K . ROKR HAE
— )z TR g B, RN
(BRI A W M A 5 32 R . SR, H R OC T 24
ARHWOE R FEEPEORMEH R, W
X R AR R A S R S A R A A e A
AREAE N Gk R AT 2 I IR R A 0 AR
PE K BT U, Ry T RE 1 B A RN 245 4 T & AR R 1Y B
AT ARBEIE LR H R JFURL , 26 R K
fiff £ RN ACE P41 5 AE fy 2 Z 48 4%, il L b AR B
Wy Bl 12280, DA = PR KR B 9 1) ACE 417
MR, Wt RGN T A0k, W BAEE AW
it A P2 AL RL 22 AR P A AR . XA B F
I Bl AR BT R 0 R B T R AR 38 T Sk A
FAVU A ) 5 Tk A 0 Oh VR 1 R F R R A 0T S R
%5 S % R4 .
1 #MH¥E57*
1.1 #REEF

ORI TR K T, - i BRI A 2
I ;5 Bk R AR (ACE)(>2.0 U/mg): 3 [F
Sigma 7~ F) 5 By R Bk - 41 e Bk - ¢ 2 BR (HHL) . I ifg
JE it A= Wy BB BR 2 F 5 AR 1 (100 U/mg) | B8
(1 500 U/mg) . B HE FIBF(30 Umg)  E A5 H A
fit} (100 U/mg) . B V£ £ [ B (200 U/mg) . KUK 28 1 i
(50 U/mg). & P£ & 191 W (150 U/mg) . ' 1 & (1 1
(100 U/mg). A JN 2 [ § (100 U/mg) . 3% 2 & H i
(100 U/mg): 77 H B AR A L .5
Tl 2 kAR it (G2 BIR - & &R - £ AR - T & TR — A
PR MAT Bk R T PR /R Qg6 o), I

g A AR ey A R A S
1.2 UFB/EHE

15 RO AR B gAY, 35 EHR R A s pH I, |
VAR R 2 A 38 0 A BR S w5 HYP-320 T 1k
KDN103F JLEC 2 BAL , LR AU FR 28 7 .
1.3 KEAH*
131 KREHHELZD

FFEEARHAE 100 CAMNHET 12 hs , R L
Fmge W 22 i 40 B T BRI R, 25
132 REREBHLTL

AR EH 5 a4k K LA 12 50(g/mL) IR & )5,
TR A4 R R R Y 22 4% B 1 T S 1Y pHL{HL, 4% BRUIR
Y E IR 7E Al IR T WA 4 b,
fife 45 A, 90 “CHE R 7K ¥ 30 min ¥ B KT, K
] S A R A R ) ACE 10 5k SR RN 86 A K iR L %
S B A S E A RIS 2 A B U it ) A
R HC 1 il i AR o 4% R I8 A O A pHL (R
FEWRL,

®1 TREBHREHEMFPHENRE
Table 1 Optimum pH and temperature for enzymatic
hydrolysis of various proteases

FOB R C

s Fhk T3 pH {H _
No. Type Optimum pH Suitable
temperature

1 B2 11t 8.0 55
2 B 2 1 il 7.0 37
3 4 2.0 37
4 HAE A 8.0 50
5 T2 8.5 55
6 IR 2 11 it 7.0 55
7 TR VEEE 1 il 3.0 50
8 o 7.0 50
9 A 1 7.5 50
10 T B il 7.0 50
11 R G 7.0 50
12 PR PG+ 7.5 50
13 AR R A 8.0 55

1.3.3 2R F8MXE

W1 U6 8 it 5% 10 1 B R R LE 12 50(g/mL) il
ity £ 200 Ulg I 45 Wi (rb Ve 28 E1 G - TR 2R 11 il ) L 491
1: 1(U/U) | il it ) [) 4 b 0 9 BE 50 °C L i A pH
7.0, LL ACE # ill 5% F1 86 (4 K i BE M 48 b , % 545
Tt e 56 A1 %o e 285 SR ) 52 0
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Table 2 Factors and levels of Ls(3*) orthogonal test for complex protease hydrolysis

H%
IR Factor
Level AGREE)C IGEREN C(pH {H) D(& 1 L 151)
Temperature Time pH U/U
1 50 3 7.0 1:1
2 55 4 75 1:2
3 60 5 8.0 1:3

135 &&a e

R4 GB 5009.5-2016 (£ i % 4= [ F AR &
eita AR 1B A0 ) P B — i R A T AR 1 B
1.3.6 & aREEMNE

i J8 2 2% SCHR (16114 J7 15 A7 28 1 /K M B2 1)
WSE o PRECLS o Tl i W, A JoT 22 40 0 159% 1) =
ALTRVEW NS ¢, IR-R2], HHE 15 min, 5 000 r/min &
D5 min, JCSEELOE LR E R, IR E L
WERS &,

KA B =[( ¥ W x b T R A A
i YO e < AR Y R P )X 100%
1.3.7 ACE #7 ] & %
Fi B S 25 SCHR[17109 77 500 72 ACE #IlI %

% Bk 5 ) 2
45 GB/T 22492-2008 ¢ F &K #3 ) 19 B 5% A
W 5E 22 BR A3 A
1.4 HIELE

1E A2 3 56 20 A1 H1 SPSS V17 58 i ; 12k 36 45 L 1K
H1 Origin 8.1 #KF 24l .

2 HR 55

21 EHABHHHIE
211 RREVE G Bt 2K B R ROR 69 %R
AR 50 1E 10 Fh 25 1 X 2K B R AT i A
T R RN B B AE Tl v A 2 50 1Al
T TR 0 215 E 150 Ulg, 5 18R R A8 R D
ZMF R AS ) 25 (il o PR K B R P R A AR R
ACE 045 K (8 72 A= 1 B0, AS ) 26 1A o 2R B A
Fit fif A0 WL 2R 3
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Table 3 The enzymatic hydrolysis effect of different pro-
teases on Auricularia auricula

P45 i ACE MH12/% KR E %
No. Protease ACE inhibition rate Protein hydrolysis degree
1 JB AR 45.42+1.23 34.45+1.99
2 JBE 4K 1 37.11£2.51 15.43+1.63
3 A il 16.58+0.88 10.972.50
4 HEEAN 34.33+2.74 32.19+2.04
5 BEPEEREE 43.74+1.45 32.67+1.52
6 NREEE 23.29+1.89 23.6422.67
7 RYUEAE 10.45+2.17 13.171.19
8 hMEAN 49.62+1.01 27.33%1.25
9 AJNIEFIHG 16.27+2.73 20.25+2.96
10 JEHENHG 15.55+1.82 18.88+1.86
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P i SUBEVE T4 1 KB B 5 A e SR A ) &
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Fig.1 The enzymatic hydrolysis effect of complex prote-
ases on Auricularia auricula
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Fig.2 The effect of different addition amounts of complex
enzyme on the enzymatic hydrolysis of Auricularia au-
ricula
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Fig.3 The influence of liquid—solid ratio on the enzymatic
hydrolysis effect of Auricularia auricula
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Fig.4 The effect of enzymatic hydrolysis temperature on
the enzymatic hydrolysis effect of Auricularia auricula
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Fig.5 The effect of enzymatic hydrolysis time on the en-
zymatic hydrolysis effect of Auricularia auricula
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Fig.6 The effect of enzymatic hydrolysis pH value
on the enzymatic hydrolysis effect of Auricularia auricula
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Fig.7 The effect of complex enzyme proportion on
the enzymatic hydrolysis effect of Auricularia auricula
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Table 4 Table of orthogonal enzymatic hydrolysis test results for Auricularia auricula

B AGHLEE)/C B(H [F)/h C(pH i) D(E A 25 1 L 1) ACE 11 %/%
Test number Temperature Time pH u/u ACE inhibition rate
1 1 1 1 1 54.72+0.43
2 2 3 2 58.35+0.25
3 1 3 2 3 55.49+0.16
4 2 1 3 3 53.43+0.22
5 2 2 2 1 62.11+£0.41
6 2 3 1 2 59.61+0.29
7 3 1 2 2 52.67+0.40
8 3 2 1 3 54.51+0.11
9 3 3 3 1 50.77+0.27
K, 56.19 53.61 56.28 55.87
K, 58.38 58.32 56.76 56.88
K, 52.65 55.29 54.18 54.48
R 5.73 4.72 2.57 2.40

UKk Tt i U G A S E) LB pHE . E AR
ity L A5, H s A T 25 O B A U BE 55 °C, Tl A 1) ]
4 h, % pH 7.5, 526 & UG LG A (P 2R e R
HE B 2U0/0), TERAERR T L4, ACE
KRN 65.17% , 8 H KA FE R 61.22%
24 BEAEHBBEFSKIW

SR FH YRR €20 335 430K DN A e A I A 45 1R R 1
it fife W v 22 BK A A, A W T 2 K T A A
W5,

H 3R 5 AT H, Wl A v 2 Bk i R AR
TE 131~4 983 Da, % b ik 92.19% , H. i Z jk 4 F =
1 131~<1 046 Da 1Y 1 k. 38.75% , 1% — X [6] ) £ Jik
AT HAT 84 09 A2 9 ) BE R ACE #0461 3 M o

A W78 £ B, /N F 2 1Y 2 KRB 06 T Al 2
5 A0 ML, 5 ACE [l 19 5 PR 07 5 285 &, AT & 4%
3 AR T R 9% DX B 22 1K AT B
& ACE i IR 19 32 2200 A KB 2 — s Z K4 F i
TE 1 046~<4 983 Da I /i L 53.45% , 3 % 1 & , Bk
BB B AT A P BE A A NS M BRI, SR
M, B Y P AAAE— 25l 10~51 2 BE R 5% L 4
B BR B |, 31X 268 B BE 45 4 A EROR, AR
TE i 18 N 57 4 TR I TR B AR s R, X
— X [H] /) 2 BK AT g & 2 2 i 20 ACE 410 il 3% 14
(9 B 43, A ATT T RE 8 3 — & 51 & 4% W A 5O
ML 5 ACE B Al 45 & , JF 1M 32 90 06 O g 2 1)
0461 % BE o
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Table 5 Molecular weight distribution of polypeptides in
enzymolysis solution

R ZJIKSrFiit/Da di /%
No. Molecular weight of peptides Proportion

1 <131 4.06

2 131~<451 27.98

3 451~<1 046 10.77

4 1 046~<3 325 41.54

5 3325~<4983 11.91

6 4983~11 000 0.36

7 >11 000 3.39
3 4

B AR B9 OB, L ACE $ il 5 0 2
K St BE R A8 L 78 % 55 10 Fh 2 1 T K fire 20k SR ) 22
il b R AR E AR T E A E A
it gt , il 4% PR OK - ACE 30 i B, 5 X i e T 25 1F
Fifede . AL PR 5T A R i A 1 R R
T 56 11 2 il A R A 2 A8 SR OK A A A
i S54SR FE 12 50(g/mL) A2 A 2R I A9 (b
PR B G < A )12 2(U/U) Il £ 200 Ulg | il
i T B 55 °C, WA TR] 4 h, B AR pH 7.5, 75 I 55 14
T ACE # ] #3k 65.17% , 5 117K fi BE ik 61.22%, 1§
fif i rh Z2 Ko F i EZEAE AR 131~4 983 Da, (i [k
ik 92.19% . AHF5E N BOK HAE Dy gk & v H
T T K 5 A AR A T B A R

5% Uk -
L, TR R AR, % A i A 3 B 5
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