& El M Lk Bob T
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
VM EBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

DiRIS A FIRALA CEAM 375 20 b B 56 A Bkl 48 T2 44k

IHE, HARG, IRk, HLE, NEH

Analysis of ACE Inhibitory Activity in Different Parts of Sea Cucumber (Apostichopus japonicus) and Optimization of

Preparation Process of Active Peptides
WANG Yangduo, SU Yongchang, WANG Xiaoyan, SHI Wenzheng, and LIU Zhiyu

TEZR B2 View online: https://doi.org/10.13386/j.issn1002-0306.2023070015

FAT RIS HA SO

Articles you may be interested in

SR RE SR 1 ACEAN i KA T2 &™) 00§ oAbk o
Study on hydrolysis condition and molecular weight distribution of ACE inhibitory peptide derived from sea cucumber protein

8 TAVRHE. 2017(17): 163-167  https://doi.org/10.13386/j.issn1002-0306.2017.17.031
il 7 1) £ R R R AR X 43 53 A B e A IS

Study on relative molecular weight distribution and depressor effect of soybean peptide prepared by enzymatic method

£ Tl BHE. 2018, 39(1): 46-51  https:/doi.org/10.13386/j.is5n1002-0306.2018.01.009
TR R ) ] 5 S 8 732

Preparation and Ultrafiltration Separation of Garlic Antihypertensive Peptide
B T RHE. 2019, 40(19): 73-80  https://doi.org/10.13386/j.issn1002-0306.2019.19.013

07 RISV 22 KRR T 20 B b S A P b
Optimization of the Enzymatic Hydrolysis Process and Analysis of the Antioxidant Activity of Polypeptide from Apostichopus
Jjaponicus Gonads

i Tl RHE. 2018, 39(19): 181187 https://doi.org/10.13386/1.is5n1002-0306.2018.19.032
R SRR 53 B 2l A A CERI RIS P /NIK

Isolation and purification of ACE inhibitory peptides from fermented soybean meal extracts

8 TAVRHE. 2018, 39(11): 74-79  https://doi.org/10.13386/j.issn1002-0306.2018.11.014
M 17 T DA A e s B R ) 25 o — R 2 W P TS PR T2

Optimization of preparation process of « —glucosidase inhibitory activity peptide with microwave assisted enzymatic hydrolysis
reaction by response surface methodology

rih Tl RHE. 2018, 39(4): 117-122,136  hitps://doi.org/

KVEAE


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023070015
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.17.031
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.01.009
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.19.013
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.19.032
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.11.014
http://www.spgykj.com//article/doi/${suggestArticle.doi}

5 45 % 4 10 4] i Tl B Vol. 45 No. 10
2024 4 5 H Science and Technology of Food Industry May 2024

EWEE, KB, ERAE, 55 U7 2 R B AL ACE 3036 1 73 A B 5 M R 4 T 2004k (0], & dh Tk B, 2024, 45(10):
187-197. doi: 10.13386/j.issn1002-0306.2023070015

WANG Yangduo, SU Yongchang, WANG Xiaoyan, et al. Analysis of ACE Inhibitory Activity in Different Parts of Sea Cucumber
(Apostichopus japonicus) and Optimization of Preparation Process of Active Peptides[J]. Science and Technology of Food Industry,
2024, 45(10): 187—197. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2023070015

c TEZEFEAK-

RIS SR

—

Vi ACE #l3E P07 B s P Bk
BT M

F75%"7, 7k B2, TR, X E, X & B
(1. Lk RFRRTR, L 202206;
QAR IR, AR B AWML SANA R £ 5 ST, 48R 1 361013)

T OE A R A B A & e R E MM B AT 06 SR AL L SRR & T L. R R B AR R x4 R A R R SR
(WREE. . 97) #ATKAE, AdE %K E 4485 (Angiotensin converting enzyme, ACE) P4 & A 47 ff it R i&
& QBg, B & BTN ACE ¥ 69 F 508 KA (ICs,) M rhak i b RAEIpH E MMz, 2EREFRR 50
BRI AL KRR A & S, SR ABMBLRT YT EMNCHT LS HEE, FAREKES BB
Fl485 49 ACE 49 FEnAT. 4R BT, ®ABESE QBN RIEKMEE, HRE. . PEF O8MIME ACE &7
F 8 ICs, 2 A1 A 111, 4.02, 0.65 mg/mL, 158 599 LA L4769 ACE WA R, ARENFEHIFL. LRME
B R B T A% R . BEMETIA 5h, MmBEE 3.5 U/mg, BEMFRAE 65.26 °C, JRAIKE 3.51%, B4f% pHO.02, i
% F T 45 R A IR B AR~ 4569 ACE 4741 & 7 80.65%£0.52%, LSS, EOBMZherTEEF AL
3000 Da AT, &E4F4998.37%, ¥ 1000~3000 Da & kb 9.50%, T 1000 Da & b 88.87%. A8 IEMES & A%
TR MK 4% ACE 474] F 1 (IC,=0.30 mg/mL) £# (P<0.05) & T4 I LMHANG BN BRG RMS . KFRLE
RN 05 R A @) A A A) R BRAR SRR, TTAE A 9 B S AL & T e K 69 KR R
FEEER: A5 R A, ACE )& W, e R E IR, v B &, 5 F B0, BB S B
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Abstract: In this paper, the active parts of sea cucumber (Apostichopus japonicus) with high antihypertensive activity were
screened and the preparation process of active peptides was optimized. Different parts (body wall, intestine, and ovum) of
A. japonicus were hydrolyzed by enzymolysis, and the ACE inhibition rate was used as an indicator to screen the optimal
protease. The optimal active site for inhibition was selected by comparative screening of the half maximal inhibitory

concentration (ICs,) determination of ACE inhibitory rate of each lysate. Single factor and response surface tests were used
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to determine the optimum enzymatic hydrolysis conditions of the active peptides. The relative molecular weight of the
protease hydrolysates was determined to determine its distribution range. The ACE inhibition activity of different
components was analyzed after separation by ultrafiltration membrane. Search results, alkaline protease was selected as the
optimal hydrolytic enzyme, and the ICs, values of ACE inhibition of each protease lysate from body wall, intestine and
ovum were 1.11, 4.02, 0.65 mg/mL, respectively, so that 4. japonicus ovum had a better ACE inhibition effect and were the
optimal active site for inhibition. Its optimal preparation process parameters for enzymatic hydrolysis were as follows:
5 h enzymatic hydrolysis time, 3.5 U/mg enzyme added, 65.26 °C enzymatic hydrolysis temperature, 3.51% substrate
concentration, pH9.02 enzymatic hydrolysis, and ACE inhibition rate of A. japonicusr ovum was 80.65%+0.52% under
these conditions, which was close to the predicted value. The molecular weight of proteolytic products was concentrated
under 3000 Da, accounting for 98.37% of the total content, of which 1000~3000 Da accounted for 9.50%, and less
than 1000 Da accounted for 88.87%. The ACE inhibitory activity of oligopeptide components (IC5,=0.30 mg/mL) isolated
by ultrafiltration membrane was significantly higher than that of hydrolysates and trapped liquid components after process
optimization. The results of this study would provide a theoretical basis for high-quality utilization of the by-products of 4.
Jjaponicus, which could be used as high-quality resources for the isolation and purification of antihypertensive peptides.

Key words: Apostichopus japonicus; ACE inhibitory activity; hypotensive activity peptides; response surface; molecular
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L5 7K R P e B i1 551 ( Angiotensin conver-
ting enzyme inhibitors, ACEI) i i #Ill il A f42H 21
M55 B 5k 22 %5 i ( Angiotensin converting enzyme,
ACE) W3EE, P BEAS i A We4a 7 Om 45 Sk 1T,
Ang I ) 09 A= 5% LA K2 158 &F 51 57 (B 22 3 AKX, Brady-
kinin) B9, 2 B AL, A A0 14 PR
YEM . BaTlsEIErEE 1T ACE #1#I ik (Angio-
tensin converting enzyme inhibitors peptide, ACEIP)
HAFESLZ M. &—MWI3tHERWEN, Eo88 A
PRI, ©L R 2SR TR FIVES T = IR AR 25 R mE 1)
—RpAEE AR TEN . Hrh AR BRI
AW T A AP IR I RRER T, FE2E M Rl R h R
BT BHARERASESE A N D RENG ) BT, AH LU Rt A
SAE Y B A BRIt erE, Rt e YRR
F1 ACE FIl#il R al A iZZ ST o i 3 =2 —P

15 H1Z (Apostichopus japonicus), JEIREZ sh¥1]
(Echinodermata ) i Z i JCEMHEETEAEY . VERTH
iy L FENERESZ —, O] & L
BRAARRE ST, A FE R P 5 R4, Pa itk L AR T i
A —FEORE RN i =& F (REE) " sk . TiAE
TR FE Z2 B0 IX I S R 1 RI = ok 2 ek B A ST el
VErADEE, 38 IR TS YL BT IR IYR 2%, BT~ P A 248
B BRI A A e L 2 o) R, B v 0 30 2 i i B
fHo DiRIZSEALE IS FEIFRI T4
IR, AEHTEAED | BB, o™ | b
SRR, PR TS ThRerE B L 250 PR,

H B¢ T05 Wl 2 88 R AR 09 Sk TR 2 AR TR AE R
BE, B PERR . NIERIK R SE, RPN T2k &,
R 5 0 ™ 40 1) v BRI v e B AL, o TS 2Rl
IXEERI i i KA, [RIRERE ™ A B B
By Z RV, T H 2 F ACE # 3] AR 57 34 LA =P
it PR ARAE SR 4K, Bl RS ARAb i oSS FIFSR,
It 1 TCHIE X7 RIS AS R AL R I A T Fe A Sy
AT, B H BT B TS AR A, B PRI 2 DR kA

RGP R 8 AR X 57

FF = A Hn TR =8 B s A AL R A, S
A B AT RIZASFIFA (B | B, B8R ER H i
AR T KA o AL RS ACE #1l 50 LR af
FEIE M, DA FRAR Uit HH S 85 1 g A e
HE PRI 250 R 2R S S o TS DL A 2 1
PR B A A 25, D2 TR ST 43 A Ve L, 38
AR R S B A A RS TE TR IRIR IR . BN
5 3 Z 8178 7\ il 45 ACE 3 Ik i 818 B & Fi
B F= o PR A P LB SRR, R TF T HIZ =L
PR BRI, IR 2/ G R I & A i .
1 RS HE
1.1 MRS5E

D= W H RS TRETT B A, YRR
BOTRIZ ECRE, HAAREE | 5 R E ek b B 53R am
o SRR BE IS i B SLIG 2, —20 °C R LA UIE A R
Tot. BT EAS VS UR THRAC Y, VR TR S
JBCE 0~4 °C VKFAMEAR 2 FH; WeERIR . G . F s Al
fig . L. =S OmREE Yk artval, T E 4R A
2R R T Bt A . PR AN, B8RO
fiff 200 U/mg, BT PE Y TREA IR T SR
ZH %2,k == 42 1% (Hippuryl-His-Leu, HHL ) . IfiL & 25K

EHATE(ACE) 25 Sigma 2\ 9256 K K8
4K,
BSA224S 53 HT R 75 [E FE £ R Alpha2-

4LDplus B &5 &R T 1L fE21E Christ 23 7] ; Five
Easy pH 11 & MR -FER] 2220 5 250 AUE R
KW M TR IRVE AR R A BR A F] 5 Waters
€2695 B RO AR AL SEE Alliance 22 H; Sun
Fire C,q 4 78 [E Merck 2\ 75 TSKgel G2000
SWXL(300 mmx7.8 mm)&EEfAE HARAKE RS
1 STI6R B = R 4R B 008l 32 [E Thermo Sor-
vall 2\ 7l ; CeraMem-0100 P& %2 A% 1 38 1% 45 (200 nm
P ZE ) . RNF-0460 8 B NE M 47 15 %5 (3000 Da i 7E
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1.2.1 PiRISASEERALE IR 0 B BREL
—E DT RISAAREE | iz . SRR TR, F B
JE 2% O ai K IR TG IR A, TH IR AR s FEk, 857
pH JE I AKH N 85 I . 7F3E B R KA — 2 i
(6], Bl 2B T 95~100 °C 7RISR Th A TElifb K
15 min, 15 R E)S 4 °C. 4000 r/min £ F &5
> 15 min, 3G BI A A [RIRASE 14 25 P B,
TGRS B A B R TR ey 25 UL

1.2.2 KffEE FIBE R T3k 43 o ade Aot 25 1 i
Aok R . B AR AP A BROK R pH 22 5
P4 25 IV R K e i o Fie BRI 5 2% i g i
3 U/mg. [fifgfenstal 5 h XHpRIZAeE | g X T8y
TER TS A B0l 550 8 BHR S e (% 1) 3@
T i 7 55 Bl i A [T ER S A RS 10 1% )5 85 1
fE WY ACE P 358, Fu g 43 BT LA O 26 HH 43l B A9
=3/

R AR ARSI

Table 1 Optimum enzymolysis conditions of different
proteases
E oAl AGARASE] RAMREE MR
(c) (h) (%) (U/mg)
kA 9.0 50 5 2 3
THEEAR 7.0 50 5 2 3
HEAB 20 37 5 2 3
1.2.3 ARG RO LU R E S B IREGE B

SRR TR T RIS AREE | . DRAS AR 2R 1
FEA), A SR Vi, 4 35053 50 I ) e Jo e Ak 3 Ay
0.1.0.5. 1. 2.4, 8 mg/mL 1y 6 ML, #1T 3 40
AT S 2 TR H AU RS R Y ACE #ihl 3 fi
JH GraphPad Prism 8 Z{F#E47IE Lk dh £ L5 55
T, T ASRIEBAL ACE # i 28 14 22 F il e B2 (H
(ICs5y) o M HEARASRIHEE 25587 ACE Pl % K
/NFEE G 1C 5, (HSIE, Tk BHA RG] ACE Mz
S5 A ZFRAL, FAVERE R - is MR i il 25 125
etk
1.2.4 ACE #iils5lag 3 ik SOAH 0 8ORAH fi5 2s
X R AR ACE S TG PEFEA T 5 , AR AR OGS
ZEICHR [11-12] X RE Lk .

fi] pHS.3, ¥R~ 0.1 mol/L WFR-Twbo% nhigs
W (75 0.3 mol/L NaCl); #f 100 mg #3 AR S5 IR k£
WA (HHL) LA 46.57 mL BORIER-Ab 2% vh
YW, FoOT MRS N 5 mmol/L HHL ¥ ; K5 AR
0.25 unit Il {5 Bk R IFHAF(ACE) I 5 mL -
WIS ZR Wi i 35 535, BN 50 mU/mL ACE %% .

£ 2 mL LB NI A 100 uL HHL ¥ ¥ A
100 pL AR, BT 37 °C /KB P 10 min, A1
A 50 uL ACE ¥ )5, 37 °C 18 {8 /K ¥ 8% 0 I i

1 he FRRMNSERE, IBBANA 200 pl 1 mol/L ;R
TSR ZA N, SlaE 0.22 pm 7K R BB ORERR 3 A
FEIE, A LI A5 LA S PRIRIE T AR (v -s) AT
THE SRR S, LB KAE R 2as B .

ACE#IH % (%) = “T_ﬁ x 100 X (D

(D, a: 25 FIXHBLH T R FRIG T AR (WV -85 B:
B B AR S PRI AR (MV - s) 5

A ) S& AR i AL SunFireC, g 73 AT 354 (5
um, 4.6 mmx>150 mm); i FEE#: 1 mL/min; FEEDE
PEARER: 10 pL; /MG K 228 nm; L shAH : &
i K (F 0.1% =3 LIR)=32: 68 (IARILL) .
1.2.5 ACE finflkiilgs 1. 20tk
1.2.5.1 PARZESLIGETT TR A NS G PSR O
BRI LE S A LAl b, DL e R TR A BN
PRI, X ELAG 58 v 8 R 1 M ) 5 I 2 DR A 7 el
= 1| R W a2 W 8 11 D L3 = Y e L5 1 Aol b7 v
pH. BEAEETE] | finfEEx 5 R R A RKE#ATIE
B, WFFE RSN ACE SR 5200
1.2.5.2 BEAEEE D RIZ IR TR IR 2%,
JindfEEA 3.0 U/mg, pH ¥4 9.0, 43-3I7E 40, 45, 50,
55. 60, 65. 70 °C FYRGAEIEE T HEATE R AGA# S h,
VAR iR ACE FHil 2 48 hn, SRIHEEEXT 8
WA R ]
1.2.5.3 [ifff# pH  FEEGFRIEEE N 50 °C, P fIZ= 0P
TS R 2%, Il 3.0 U/mg, BB [A]
ShuT# T, X pH A 7.5, 8.0, 8.5, 9.0, 9.5, 10.0,
10.5 119 7 L1 85 AT ACE P50, #53F
R pH AR {b X FLBHA AR 1Y 520
1.2.5.4 JRYIMREE  FERFFIREE R 50 °C, Itk
3.0 U/mg, Biff pH A 9.0, BEMREHTE] 5 h B9 %
SHARFIE B YHIE 0.5%. 1%. 2%. 3%. 4%
#47 ACE il Z=le .
1.2.5.5 AfFf#atm] eI Z 90 IR T8 s ) e &
2%, Jilff#E 3.0 U/mg, pH “~ 9.0, {5E 50 C Z14F,
S350 R EEREHEFE 3. 4. 5. 6. 7 h 19 ACE %
DA 7 B3 A I B s 1], 38 X H ACE #1214
TIN5 5 TRl AR e 18 X AR5 SR B R i)
1.2.5.6 JnfgE iS00 TR B N 2%,
pH 2} 9.0, 1K) 50 °C, 435IHE 2. 2.5.3.0,3.5.4.0 U/
mg HIRFA IS L R B S h, ilid ACE #1244
AR AR FABASIATT P X TR A SR B3R T
1.2.6 MR ARSI DABA R B SR ah R o S,
FLT Box-Behnken W 18] 315125, 5B 18] 55 10 1§t
AR R IE i . PEEC ACE i) 54 B 3 52 1y
3 AR BERIRE (A) . pH(B) | JEEMIHE (C) M 2%
L, IR VA 3 R R ACE i3,
Design-Expert 8.06 # AT =PI 3R = /K-ty iz T
ARG BE T o T P 2 /AR L3 2,
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%% 2 Box-Behnken i35 K 2 K F153

Table 2 Factor coding of Box-Behnken experimental design

¥ oy —
ARBfRIEEE (C) BIRAHEE (%) CpH
-1 60 2 8.5
0 65 3 9
70 4 9.5

1.2.7 BfEr= 5 F oAl SR S REE R
BE S 455 Empower GPC AbFRHRAA-XF 4 1. 24
AR5 05 ) 2 B0 2R 1 2R AT 43 B A D
AW, RS 1 mg/mL 19 5 FPOR[E]S T bR
Fie— 58 LU A TIR G 5 W Bl e 7 0 2 1R s e T )
A 10 mg/mL &, £ 0.22 um A HUAHFLIE IR 7E
J& AR, A5 BIRAA PR B AT 2 DR B =) g 1
PAVRA RS 5 X AgMw) Xt HAR B8 B a4
S 2UBRAERLA 2R K — B B35 72, FIH GPC )
5 B =) € Ry ARSI 2 7 R T 045 54
Gy M Z IR A L

B FAARVE S ZHME (028 C(Mw 12384 Da) . #1lIJik
fitf(Mw 6512 Da) | ¥ B il (Mw 1423 Da) . Gly-Gly-
Tyr-Arg(Mw 451 Da) . Gly-Gly-Gly(Mw 189 Da) .
10, 1% K P 2% 14 . 0 3% A . TSKgel G2000 SWXL
(300 mmx7.8 mm) HEEMAE; A : 1 mL/min; B
FEDEREARFR: 10 pL; SEAMG I K 228 nm; i ) A4H:
ZNE K (Fr 0.1% =3 LR )=45: 55 (RFLER) o
1.2.8 MBUERST B BB 1T 2 A5 i 2o
ARG TR UE Sy S . i SR S r A7
Z: BN R 200 nm A4 28 ST HL R Ukr 4% i K
AR TR UE, S5 R FHARXT S TSR LAE S 3000 Da
FIA) AR T RO A D 539, 53 Sl R VRN TR (IR
BROPHALH Sy o BEAS R URTIAS 2ITE PRIk, B2 T
ZARATE W AR TR 5 45 B R RMER SR IR 3 21
I P FRASS 4~ S in AR T8 7K s fie T o) G o T R R
0.25. 0.5, 1,2, 4 mg/mL ) 5 BT H 45
i) ACE i3, JH445G 1C, IHEIESM T o
1.3 HELIE

S R AT IR A S, e 2B LAY
{HEhR N 25 22735 (1] SPSS 22.0 ZAFXF 4521 2 A
RO 25 R AT 3 22 B 4y M s i Design
Expert 8.06 F 4=t i) iz 17 ff Ak 3 96 E 47 190 U144 4y
s i Origin 2023 FAA4-X BAEHITVER .
2 GREH
2.1 A[EIEBESREY ACE HNEEME ST
2.1.1 KR EBERTTE  EEE s TR E T
PR BEUIVERI A e — . Se R I B
PR . OV AR IR AN HLAT B I Rl e A
R SR R AR iR O k2 U, AR g R
JFHBSA: . R A S 0 A A [ i ) 2R
fRSFAT T X RS AN R B A HEA T 7053 /K i, I

40 ACE Hifil 3R, PRAeiaik H foeids i 25 1l . an
B 1 B, FEUT RIS A0RE FNEN (4 & I f# 4 ACE #Il
Tl 5 v, B FE PR ) 1) ACE J s 44
B g, HLA ] R 400 S 79.90%+3.63% . 84.32%%
0.51%, 11 5 & 1B R ™ 2 1) ACE S Vs P 76 W
AERL PR R AR . AEUTHIZ 5 1 ACE $iiil 5=
e, B R R R ) H A T SR Y ACE il NG
P, TR 71.01%+1.22%, Hk s 1
fifg fi# 7= 420, ACE i 58 54.21%40.63%. TE4=F
Fitp e r= ). ACE il 22300 5 v, S0 25 e v S (o FH
PR AT OO ) 2 DR, LU R P e
HIZ M7= 2 13.31%. A WT5EHs ot 1 i
VEF T 05 0 2 OB 28 1 2L i 7 1) B BE5m 1
ACE 6, 5 AR A BRI S AR 2, 900 5 i
T rEnR A 2 SR TR IE (RS S MR S 2R ) 5534 1 K
AN FEATVE N, XA RE S E D) B R IR B 2 S 8O
JRBEE R | S IR )T 2] 45 25 S i LD RE RE UL
Sy AT A O 35k Y ELAT B R ACE 004 16 1 A el 2
P it Ay e 3 PRI, JHCA R 107 225 1 i e o $ 1
T A S ELA 4 v 1 P A 8 A R 35 P4 o i) 45
THELE, A RFHNE T -

100 T Al 25 Al
R
sob 1 W & N
X
ol \ N
:
& 40f N
2 7
20 -
R N Y I 7R iy e

R NGk
BT ANTR] BRI 26 (07 0 2 25 AL R £ ACE iR %
Fig.1 ACE inhibition rate of enzymolysis from various parts of
A. japonicus by different enzyme sources

2.1.2 IR A ) e e (s T A
PR B AT, 7 R M B A5 T 43 IR AS Rk
JEBRRE R B RIS REE | i FIUR UEAT FT 43 B S h
J&, ME ACE i, £ anlEl 2 froR. Kl 2 A

100 [
80
$
¥ 60 [
4£
= 40
®
< 207 —=— il REE
—~ {2
ol — kS
0 2 4 6 8

TR E (mg-mL™)
K2 iSRRI YIR ACE il
Fig.2 ACE inhibition rate of enzymolysis from different parts
of 4. japonicus
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N, R b 5 2 DR R AN [R) e B 1A 5L
P = Y ACE S5, HOR O iARRE, 5 2.1.1 45
— B, B AN [RIERANE b A = 4 SO e R S 1 T v, A1
SEABHRN T, SAEAHSG, Horp s = R 4 ot
HRETFE 8 mg/mL B, H: ACE Il 1k 2 55 755 >
91.63%+0.21%.

1Cs (B 238 o 0] D 2 T e VAR IR B e 4 Sk %o 28
JE XLl Ah <R, It ph 2R A T H05 145 HE g U7,
HWH T PR 25915 S R TR0 RE F1, B4 B 7
o, FCROE RGPS ot 93 T 25 0 VE FH B 24107
o Bl 3 RIS AN RIS B f# 4 ACE fli %=y
IC, [EMELE I, F IRl 3 20, DI ZARE | iz . DU
fi#4) ACE FNTHISRA 1C, fH535°A 1.11£0.04, 4.02+
0.09. 0.65+0.02 mg/mL, ZUEZ /N RIS IR AR (1
A HAT B i1 ACE HRISCR, R RA8CHE F s BIIK
IR R II>AARREES iz . AUl B A0 I ®I =4 B AH b
TFHARRE 55 iz A U AT SRR R i e, HAT B E AR 1
KGR R T R AE, vT TR D e £ S sk
25T A .

a

| \

IC4,fH (mg-mL™")
[\ S)

b
1r c
i SteE (RS e
ARl

B3 iRIZARRRAL ACE |21 1C,, fE
Fig.3 Determination of ICs, values of ACE inhibition rates in
different parts of A. japonicus
T AN AP B R 22 57 B3 (P<0.05), [ 4~ 8, ] 10,
& 14 [A.

2.2 HBERLWER
2.2.1 [EEfARIREEXT ACE MR pgsEm & 4 7]

B0, B 5L X5 30 2 DR B MR Y ACE Jik =R B
B2 (P<0.05) 5200, IAE 7 LAAS R T B 04

85
80 | a
g ].‘)/I\E
75y d f/
E S
T 0F /
g
| f
651 3
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Table 3 Box Behnken design and determination of ACE
inhibitory activity

THS ARMBRRIE BIRWIWKE  CpH  ACESMHIER(%)
0 0 0 79.45+0.78
-1 -1 73.87+0.39
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81.32+0.23

66.0320.23

68.65+0.73

75.06+0.69
78.90+0.62

-1 75.68+0.25

68.28+0.82
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80.14+0.44
65.44+1.17
75.57£0.37
78.88+0.33
77.01+0.56
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Table 4 Analysis of variance for response surface regression

model
FERW 2P BHE ¥l FE Pl BEM
i 391.52 9 4350 4096 <0.0001  **
A-Tif R 0.26 1 0.26 025  0.6340 -
B-IRMIRE 21225 1 21225 199.86 <0.0001  **
C-pH 0.10 1 0.10  0.096 0.7662 -
AB 3.34 1 334 315  0.119% -
AC 1.35 1 1.35 127 02971 -
BC 1.59 1 1.59 1.50  0.2604 -
A? 2553 1 2553 2404 00017  **
B? 111.24 1 11124 10475 <0.0001  **
C? 20.97 1 2097 1975 0.0030  **
5% 7.43 7 1.06 -
SR AT 3.26 3 1.09 1.04  0.4657 -
2R 4.18 4 1.04 -
SAEG 398.95 16 -

R=0.9814 R, ;=0.9574 R’p;=0.8530 C.V.%=137
%;QP@.OI%JT&E%, JH**3RIR; P<0.054 3, H*3om; —FoR Lk
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Table 5 Molecular weight distribution

LR EREF ] I TR MP Mw L
(min) (mAu-s) (Da) (Da) (%)

£}
%
&
T
Jo

1 17.525 19800384 503 1014 36.42
2 18.716 12165665 272 286 22.38
3 19.357 5618944 218 220 10.34
4 19.690 7483834 200 202 13.77
5 20.756 1310459 - - 2.41
6 21.144 1301639 - - 2.39
7 21.685 778910 - - 1.43
8 22.682 5717280 - - 10.52
9 24.429 186700 - - 0.34
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