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Abstract: The selenium-rich Moringa oleifera leaves protein was extracted from the selenium-rich Moringa oleifera leaves.
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The preparation of angiotensin-converting enzyme (ACE) inhibitory peptides from selenium-rich Moringa oleifera leaves

was optimized by single factor experiments and response surface method. The ACE inhibitory activity, amino acid

composition and selenium content of the optimal enzymatic hydrolysate were analyzed and characterized. The results

showed that the optimal hydrolysis conditions of ACE inhibitory peptides were as follows: time 3 h, pH7.5, enzyme to

substrate ratio 0.23%, substrate concentration 5.97% and temperature 39.2 °C. The ACE inhibitory peptides prepared under

these conditions showed strong ACE inhibitory activity (IC5;=0.522 mg/mL), rich in essential amino acids (24.05%) and

hydrophobic amino acids (20.6%), and the selenium content was 1.86 times that of the raw material of Moringa oleifolia

leaves. The ACE inhibitory peptides of selenium-rich Moringa oleifolia leaves protein had dual characteristics of functional

factor and natural food. This study could provide theoretical basis for the development of antihypertensive drugs and related

functional foods.

Key words: selenium-rich Moringa oleifera leaves; hydrolysis; ACE inhibitory peptides; response surface methodology;

ACE inhibitory activity; amino acid composition; selenium content
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FhAe Lk 19 Fh(RAZERR . BB F)P), Al iRsE
K, JB—FMEAE I R R AL TEY E . (HE,
BRI ARSI MEALRAR H 246 sh P imp e, 15
BRI IR 280 BIFSRERI, BR8N L
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153000 LA R o35 v PRI I e AU 25507 45 Th e
T, H ST BUORM-3E BT ACE #HIVE 4 Ao ik
A o R R IR AR 5 3OR i R Y B 1A
FHARSSE G & B ORISR ™ &, 7 REEA B i
FA IS5 I AR 8CSR, AHL H AT SG T 5 AR IS8 1R AR
AR HGE . AT LB RSOy o), 8 il
BRI AR B WA 25 1, BIFGR AN [m 5, 1 il LA N it

it T 22T ACE #lHil BR A9 il 2 B ACE #lHI3R 1457
mie, R P 1T s P e A i 25 T 28, IRt 1.2
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1.1 MR5EE

EAERA TRy ICER TS I A D RO
FE e R AL AR R F (20 J7 U/g) . RpEdE A i
(10 J7 U/g) . B ZHE H M (300 J7 U/g) . K& H
(25 77 U/g) ®ETEMAY TRAERAE; M S
SRR EALNE(ACE) . N-[3-(2-WIp 3L P ik 1-L-28
N & k- H & k- H & R (N-[3-(2-furyl) acryloyl]-L-
phenyalanyl-glycyl-glycine, FAPGG) . ¥ FENREE 2,
fitifi2 (HEPES) £[E Sigma-Aldrich 2\ 5] ; HAftfb 2%
TRE v | < /S 7% Ve

2300 £ W BERBFFRIX  PerkinElmer 2\ 7] ; HH-
4 BRI KR ST ARk e SRR
L530 50 A s e ol IR SRR a1
TIFRA RS A FD-1 B UR TP T T Ak
U1 JRAS 28 1) & A FR 2N 7] s DHS000BIL H, #AViE i 35 557
ORISR A IR A AL pH 3 FIERHMY
A BRA ] RO MR -FE R 24088 (i)
B BRAF]; AFS-9530 JR 26T Jbtiai
A PR
1.2 LWHE
1.2.1  EAEEOR AR R E SR R DR,
SEPL R AP RIS WO R A, T
FRAT A . FRE— i B AR IRy, FH 0.01 mol/L
NaOH R FC A A5 CBR L 1:20)7E 45 °C
M T KY 3 h J5, 4000 r/min T 2520 10 min, Y&
By . FH HCL P43 pH = 4.5, =18 10~20 min,
4000 r/min F, 5 5528 (R ULEE, —40 °C &%
45 24 h 5 RIS E RO R .
1.2.2 ‘SEWEEORME T ACE HIKMHI%E =%
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MRukok , 45 EIEBURIMTRH ACE KA B T 2k BTG MR ST -3

HLEP (RIS E S R . DL ACE IS e
o, N BTG BRA 2 FAAS I Z5 08 7K T ) ol — 2 T
B EE PRSI, VETT pH, N — 2 AU, PH IR
FEIREGF 3 h J5 T /KB K 10 min, R HIZE A,
4000 r/min F&.0> 20 min, FiEWEI N & ACE $i
PRI BRI

1.2.3 BADRZESZE  WREL 4 FhEE A RS
FAF T E A R I T, AR
i (pH6.5, 55 °C) . FHEE AN (pH7,45 °C) . HEH
B (pH2, 37 °C) . JBAE 1l (pHS, 37 °C) . TEISHIH
FER 3%, B R 0.3%, B 3 h, K, 250, B
FRWBENZE ACE PHIHIZR, A G M A,

PRI R BLA SR A R AR 3 h, pHS, IR
HEBE 3% FIERIC L 0.3% FE b A 1 3Ll _L, oA
PR 2R SCHG SR S — AN 2R, [ A PR AR 1Y
72, A BRI B IRLRE (27, 32, 37, 42, 47 C),
pH(7.7.5. 8. 8.5.9), IRMWHKIE (1%. 3%. 5%. 7%)
FBEIS FE (0.1%. 0.2%. 0.3%. 0.4%. 0.5% ) X i fif?
Y ACE NG T AI520m
1.2.4 ma ) EPEAIRES R E SIS |, A
JEMIHE (A) | BEJE FE(B) FNRE (C) =R E R A
Ar g, LA ACE i 22 41w 37 {H, 4% Design-Expert
V8.0.6.1 #AF 1Y) Box-Behnken i 147 =K & =
A B U AT TR AN A e 3 A= T2 o N e S R e SR g
A R R ER SRR 1.

1 WENLA H EK R

Table 1 Factors and levels table of response surface
experiment
KF
-1 0 1
A R (%) 3 5 7
B g IL(%) 0.2 0.3 0.4
C i (C) 32 37 42

1.2.5 ACE ##I =3 M E >RH FAPGG W &
ACE #3522 v Rl W 904535124 80 mmol/L
pHS8.3 ) HEPES-NaOH (¥ 0.3 mol/L NaCl)FHIZZ i
BEHl Y 1 mmol/L FAPGG . F5-ifi fift Ui FH B 2l /K Ft
30 fif, FERFHRRFLIKRUTINA 40 pL FRIAFES, . 50 puL
JIEIANT 10 uL ACE %% (0.1 U/mL), #&3%10 s J&,
B BRI GE 340 nm R AYIOGEE, I8 A,
MiJ& 37 °C W E 30 min [ EWOGEN Ay
AA, AA = A —A,, DI R N IOCRE(R I 28 1k 3R
ACE Bt . PAZE i AR SRS AR 25 LR B
FBE=C(1) TR ACE $fil%:

& (D

2o _ 1 DA
ACEHHIR (%) = (1 AAb)X 100
(D H: AA, FINALE P BT SEEETE 30 min
AR AA, I AT B I S'GEAE 30 min N

MRk

1.2.6 HUEREY) ACE MG TENE Kt e lE
FAF T LE WA S TS, (5 HEPES 22 P
(pH8.3) Be il 1l A [A] e B AE S 5 2 (0.1, 0.25. 0.5,
1.2 mg/mL), MxE ACE #Ilil3E, ICs, x& X ACE I
HIZIE 50% B ZRRTEHSE (mg/mL), FH SPSS 21.0
GE AR SR A
1.2.7 IR BN E Ko PREAR S5 T il 8 1
B ATERA T ACE il K2 VR T4, AR MR TR HD
I ERESS . PR GB 5009.124-2016 & 5 4 2%
P& PR 22 ), ASIMPR A IR i v 17 Fha iz
He gt
1.2.8 fliEr &l RIEEZEAHE GB 5009.93-
201 7€ & & Pl E ), SR H & IR F 20000
12 (HG-AFS) P 7 & i 3siA i JFUR), B A fA -2 B
B AFTE AT ACE $fil kb i Bt & 52021, B
BUE EAR B T IR, 10 mL A i g At i 54
RIS (viv, 9:1)7E 150 °C F i1k 2.5 h, B 1),
A 5 mL 6 mol/L EREREAE S 7S Hrittiad sk Pu £
. HE, AR IMALS A RE S 25 mL,
SRIGH 10 mL ISR B I v 254 b, Horboin A
2 mL 6 mol/L ERFEFN 1 mL 10% (w/w)EREALER, 18
SIRED, RIRleas %) IR

AL RS EA . T E 280 V, AT HL I 80 mA, i
TAEAR S 8 mm, PR 300 mL/min; SRS
WidE oA 800 mL/min, JSEETHTIA] 12 s, FEIRATA] 3 s, B
SEME 3 UK, WA A5
1.3 IR

S0 R DAY I AE b R 25 3R, SR
SPSS 21.0 Geif2#5Ak, Z 4@ TR R 2 28
7387 (One-AVOVA HEY) Duncan’s test) o
2 BERS5HH
2.1 BEZRIE
2.1.1 FEAMTFELE T A EFRZEE B
AN R AR, WA ARAS 10 22 K F BE AN AR R], FE80 S 11
&4 ACE il HEAAEZE 7Y IR 1 vl A, 7245
FLE BT, AR I B2 5 ACE $Hi37%
PEA BN (P<0.05), ACE i =% ih i BIMIRAK
YRR A BE(78.01% ) >R i (47.64%)> B 4R
HI i (43.46% ) > A JINEE A (24.61%) o X BEH &l
FHRAI B P 254 O 3 R P R AR, BRAEAT AL
R 2 HARIKEBE, J5 S35 50 R FH AR (1l A ACE
IR A1 . Sun 4503 HROE, 22 PR K g Y
WEBRE R R iR I ACE fIITE P . Ay
S, e B 258 R A, 1 it K AR 1A R 20T SR B 7K i
ACE sl g8 1t . PE4RIE, C K Arg ¢ Lys
MIFFTERERS S ACE W30, T e il
B A e RS SR A i A 4, R LR 1
Fitg 7K fig ™ A= I IR B C AR st 57 B8 Sk e 22 I i 22 12,
3] BB AR L IR B Vs PR ) I A
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B o b, 4= ACE I KU Fdk o1 ACE 4100 JIk 2 2 5
£ w0 . LSRRI Ik, BifRF pH S TLAT 2 B e THS
<0 WA S £ o PRI, B RGE pH R 7.5,
10 2.1.4 RNV EETREAAC R H ] 4 T, D
0- & & & & Y EEXT ACE I P 0 35 i 520 (P<0.05), 7E
&0 @g&@ & @@0 BRI DY, A4 ACE R 1 5t 5
PR ﬁﬁ;ﬁ o TR RS HRERAIHRIE N 5% I, A

P12 R ZE0 E#Y) ACE HH] 3R 1 20
Fig.1 Effects of protease species on ACE inhibitory activity of
enzymatic hydrolysates
TE: AFFRERIR 225+ B35, P<0.05; [ 2~ 5. 151 9 [l

2.1.2  BEAFIREE XTSRS sl 2 WAL 7R
HABPZR FIEAAL R ZLAF T, B X ACE #iiii
W PEA W 5L (P<0.05), Bl 25 P T RE 19 e,
ACE 11l 2 Se 38 s BeARG, Pl 388 S 37 °C ik,
ACE i %35 B e KAH 79.49%. 7 HEH T UL A i
PR, BE AT R /K iR B BT, AR CEAT S
ACE WS PERI RS, IR ARSI i, n] BESZN
IS, BRI ACE I 5 B , PRk ide
ACE IR AR 37 °C P T/R2E5850 .
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Fig.2 Effect of hydrolysis temperature on ACE inhibitory
activity

2.1.3 pH XHHHACRAEmN & 3 AL pH X &
PGB I R 1 ACE il 3% R 5 i) 22 S TS B 1)
e, e pHT.5 AR BB = 1H.(84.56%, P<0.05) J& & #i
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Fig.3 Effect of pH on ACE inhibitory activity

A5 F ) B A i Z2 SR ) BAT B i 19 ACE 1t
1, 9 84.65% . UM Z ARSI, ] 5 S 1T
FEEALR, — 5 THT AT REBEAT A8 B EAL IR SOV, 55—
77 AT AR TR AR, S R B0 e TR B2
PtEfpp s8R 2 B AR BUR IR BE 5% e B
Z&AF
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Fig.4 Effect of substrate concentration on ACE inhibitory
activity

2.1.5 [ LR R A2 gl 5 s, BR
EEXF ACE $H 36 TAA S 35 152 (P<0.05) , Tigfi r=
YIE) ACE FNTHI 5 PE L2 S5 5 vk 55 A 3%, 2R
Lb>h 0.3% B, ACE #lihi 3k Bl i K, - 77.18%, J5
FHEINAGFH R, ACE #HIE M TRE, vl ReEad &
P BRRRE ELAT 06 1 118 22 IR Ak Sz A i Sk 1 PTG 22 0%
PR ZINIK, T HLI 2338 AN R R B 1) B YR 21T
PR E A TIERS E e PRI, AN LR 2 B HT il
RT3 TG 75 BT IR IR 2R A2 B AR S5 7 1
B, S ARG Lo 0.3%.
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2.2 MRz EREE

2.2.1 Box-Benhnken IS0 it e AHEZERE
fith b, LIRS RE (A) | B Eb (B) AR E (C) =A4~H
=N A4S A, PL ACE #2224 m B A8, ] FH AR
Box-Behnken 020G 3863017 — B 2R =K P50,
STl ST O A . R TSR LS SR LR 2, Jr2E
SIPTEER LR 3,

® 2 WIS R AR

Table 2 Design and results of the response surface experiment

Rie ak ACEf#l2(%)
T AIEWIREE (%) BEEIEI (%) CIREE(C)
1 0 0 0 89.23
2 0 0 0 87.79
3 0 -1 -1 83.48
4 1 -1 0 82.76
5 -1 1 82.05
6 -1 0 -1 69.12
7 0 0 0 84.92
8 -1 -1 0 69.12
9 0 0 0 85.3
10 1 1 0 73.43
11 0 1 -1 76.3
12 0 1 1 84.2
13 0 -1 1 88.79
14 0 0 0 89.95
15 1 0 -1 82.76
16 1 0 1 84.92
17 -1 0 1 71.99
23 WA TR IR 20 b
Table 3  Analysis of variance for response surface
quadratic model
FERE  FHM ARE ¥y F P B
el 649.00 9 7211 433 0.0331 *
AJRPIERE  124.74 1 12474 750 0.0290 *
B-fiffJiE L 8.34 1 834 050 0.5018
C-iR B 41.59 1 4159 250  0.1579
AB 123.88 1 123.88  7.44  0.0294 *
AC 0.13 1 0.13  0.01 09331
BC 1.68 1 1.68  0.10  0.7602
A? 289.82 1 289.82 1741 0.0042 *
B? 22.30 1 2230 134 0.2850
c? 1591 1 1591 096 0.3607
B2z 116.50 7 16.64
SRV 95.94 3 3198 622 00548 AFH
aliiR 2 20.56 4 5.14
A 765.50 16

o P<0.05, R BE .

222 [FEFFRGEST 55 FIH KA (Design
Expert V 8.0.6.1) X3 2 fSLgG gl R T HIE, 152
TR ZI AT R Y=87.44+3.95A—1.02B+2.28C—
5.57AB—0.18AC+0.65BC—8.30A%—2.30B>~1.94C?,
XA H 0 [T AR 4 7 5 B PR 36 (LR 3),
AT F AN 4.33, P=0.0331<0.05, 338z 7Y
B, R P=0.0548>0.05, N B3, DLEAARA
I FE XL ES TR 5/ Ny BINZAR R AR i o 1) 3

Al )3 DX 38 P9 P B a-, AT R T A A R 109
ACE i, prisd —yk mla B e P HRLG =12
HORINE B R] 13 DG R 1748

WS B A AL B A M AR B (A PR ZH A 109 P AE, &
BB AT F R RCAS VAR B R ) AL P4 52 M) e Ay b 2, Tifg
JES LU R I ST ) I A 1) 572 ) A i 255 AR P (B )
AN E X BRI ACE M 3RS E K. K
HeEE>TRE> G ., —YRIid AB 1 P=0.0294<0.05,
i BH S e 55 AN VS LR TR] 19 28 BAE X ACE finHil
BATFERFE M, AR5 Z B (Coefficient of Variance,
CV) S AR Y () B B, OV EDESATAR R () 175 B ke
E AR B R EL<10% Bif, BRI S g0, ARSI aG
B CV {HA 5%, Ui ARy R RE AL AR 4y Jth 5z Bt L 51
SRS . £ b, ARSCE S D R 354 10 T &
P, AT AR F IS e T = b, mig i i 38 BAE
(B 6~ 8)45 50, AB XK A0 52 .25, H
hE R A EAEHAA R .

il i Design-Expert V 8.0.6.1 #A4F434r A T,
5 2 IR AR 11 1 i e A B 2R R 45 ACE #1
R EAE T ASE IR EE 5.97% . B LE 0.23% .
IRIE 39.2 Co XA T 23 T 5E, Kl S50k

A TRV (4)
V6 e FUBI X ACE 41V 5500 fni i T )

Fig.6 Response surface diagram of the influence of substrate
concentration and enzyme/substrate on ACE inhibitory activity

75 ¥

32.00 7300 4.00

A: TEHIVREE (%)
P 7 R AL RE X ACE 1] 5 5w g i i i ]
Fig.7 Response surface diagram of the influence of substrate

concentration and hydrolysis temperature on
ACE inhibitory activity
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ERRPIAREE 5.97% . B#IK L 0.23%. W@ 39.2 °C,
B f#EBTTR] 3 h, pH7.5, BEfE P~ 9 A9 ZFR ACE #IHHi 3
g 88.97%, PEIT WA 89.27%, 1hd A2 [l YA 7l X5
TGO, S0 53T T A

ACERHM % (%)

0.30
B: EIELL (%0)
(&8 Wi L FIIRLEEXT ACE ] 325 nml iy e 7 1 1]
Fig.8 Response surface diagram of the influence of
enzyme/substrate and hydrolysis temperature on
ACE inhibitory activity

2.3 EflFRARMZEBRK ACE HIHIE M S
51 9 ] WL, ACE 1| 22 S5 4% i Ak B2 52 IR AR

KR, BT = ACE %, SEL] =
KA . EREEMH)E S 0.5 mg/mL B}, ACE #Ij
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FILERFNS B (%)
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H& AR (Gly) 3.48+0.44
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S (Val) 4.05+0.11
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B K PR SR & 20.6+0.42
PR S R A i 8.540.36
Wit SR o i 24.05+0.40
B 59.79+0.52

TE: BiK P FERR: Val, le, Leu, Ala, Phe, Met, Pro, Trp; Bt 2 FE 2 :
Arg, His, Lys; 75 % 3EH2: Thr, Val, Met, Ile, Leu, Phe, Lys.
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FEE AR & (mg/kg)
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