FTa4EFE 1
106 2023 41 H

EREBMERERER

Journal of Food Science and Technology

Vol. 41 No. 1
Jan. 2023

doi:10. 12301/spxb202200144 X E 4T :2095-6002(2023)01-0106-09
SI AW, NG RN, S5 AP ER T ACE R A0 il 12 1) 4 B LA O MG EERESE [T ). B dh B or R 241, 2023,
EREEE 41(1):106 - 114.

s CHANG Chang,LIU Zhiping, CHEN Zheyi, et al. Study on enzymatic preparation and in vitro stability of ACE inhibitory
peptides from cottonseed protein[ J|. Journal of Food Science and Technology, 2023 ,41(1) ;106 —114.

WATEE ACE % BEOEE A5 & R RN aE R 5

W', xXEF, WEE', ESTH, TER-T
(1. PERLKRF RRAFE58 R ISR/ PEZI LA LAY IR ELLRE, X
2. PERLEKRFE TFK, F 100083)

100083 ;

W E. kK% %K E 1L (angiotensin-I-converting enzyme, ACE) 37 ik B 4 A & &) 4F
A HBMFRE S edhE RSGERERKTFALATEZER, ARBRBEGR I6%4
B RoAR @ B AN G B fe i 3 & O B K AR AT & & 4 & ACE FpHl Bk, il 33 3 ) & 3K
FREE | 2 B ShALK Rt F S 8 JL VG P AR B 20 AR, , 3R K AR 2y 0 AR S I A B AS M, 4R RO
WHEOZAA6FGH(1500 U/g) £ pH 1A 8.0 #4255 C FAMS h, &G @ik & % 39. 8% ,ACE
MR RT93.7% , M EG AT QHKBMZ S BIFF S5 ANy P85 4(F4) 4 ACE 47
HFEM R Z (IC, =220. 1 pg/ml) . RiZ4 o P LI 3 &# A ACE 74 k. VENNNPQE , LLSQT-
PRY #= VFPGCPET, £  LLSQTPRY # 7% % % & (IC,, = 105.2 umol/L) . ZA L § Wik i A=
Caco-2 38 2B G A4 R G 5 67k QB K415 B — 2 ACE 74 7E ., 4 %1 4 53. 8%
F220.5% , FEREREN AT RO G LK QKGN A BAEA —F ek bt A T
AW EAR S

@ AR EG; ACE 394178, L AF a8, HRIFE MR, Caco2 4o aAER
FE4SES . TS201. 4; TS229 XHkFRER: A

e IR 2 5 & e AR i 1L 45 B R 1) 3
EHER, 2KAA 113 ¢ N BA IR, 2019
A SER A R B I K RE B PR T B R A
1080 J7'"), it 3% % 5K 2% 4 {L Bl ( angiotensin-I-con-
verting enzyme, ACE) J& & (i A4 ifiL = F g A 22
TP AR A B ACE HI41 50 (R G R i
) S R IR T 185 10 B 32 22 245 4, (R pE AT S0
gy LA o 2 K P 2R RS, KU PR 4
it B 2 v L™ Y B R RS p B g B R
ACE 146l B PR 22 4 M iy | Wi, T aok B o s A
4532 ey %% ACE SRR A4 5 vk R
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HLERAFROC R G H O A R EPF 5 HAE ™
a2 IR IR AR A R - i TR - i 2 R
S50 2 MR - 2 R - il 2 W H AT e 2 19 ACE
K, T F AR A B FUBR R ACRE S5 22 A 7 1 K I
Lot LB ARs 22 A 77 9 T RE R A B 3], LA K 5 [ R
T B A R A SRR SRR B S 2 F JOROR B £
JIRAR, Al £ IR ACE 40 IR 4T3 4k T WF 5 B B,
ARSI FLAL

F FEI AR 7= Jo S50 — 4R R B R RER 2R
FB & 5 60% , i T R M E A & &, M
R A £ B ERE 1 (M H08 90% ) , £
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F52S (R8N 30% ) (7S FI 128 (BN
60% ) ERE M, MAFEAGREEMUTOREN,E
FMMESTAYWERA™ , de Oliveira Filho %7 5@
b B A B A [ 1 A A T AR B K R B
APUEALA ACE 03] 5 14, v w11 il K A
YIr) ACE 43I 251K 99. 5% , Gao 251 F| I A
BB EE A D A B R P AR TR
Wt K it 258, 14 1Y FPAIGMK (IC,, =38. 9 wmol/L)
JEXEA R 1Y 75 P e e B AR 2R 1 ACE
H A, Bl 45 AR 2R 1 ACE S Ik st i &,
ECHD S A Rt — 2 P, EL i A WL Ak
T KA S ACE 49 ) JUK 1 3 Ak I OB s 1 1)
iF5E, EIEPE ACE #I Ik 28 1 ks 75 38 i 8 il
THALREAR /N b R 0S5 45 2 8 AR BB | 1T
S 1 I3 2 R 0T M SRR PR R T AT, BRI
X TEVEIR B A RCE W AT . BF5E ACE il Bk
TH AW SRS X T4 Bl 6 PR IR AE D Rk i P i
N FHEA EEAEH,

AHIE ST LA B A R 2 1 Sk DR, JR) P AN ) 2
P 7K i il 28 ACE S T D0 A K A 2504, 3d i
Sy B AL R S 4248 A ACE A1 6 4 14 8T
RIIKES , BRFE ARSI AL SRR e v, AR i 1 Ak
A PR R A P JEE R 5 FRAT B 126 D) e e T B
w8 ] FH B4 it

1 #R5H*

1.1 ##5i7H

I AR 2 1 (R BT B i O B 74, 8% )
R PR SO AE MR A FRA ] 5 Caco-2 ZHMIRE, o
FEL B2 5 40 JH 2 5 Bl 2 11 6 ( Alcalase 2. 4L, R Y
THIAZF AT ) A 8 B ORIE T 2R AT 18
J&) R I CRIE T KM% ) , H 2 Novozymes
T RN I R E R
ity , IR A YRR BRA B 5 LS 2 R AR AR
ACE | JR Wt — 21 24 1% - 5% 24 IR ( N-hippuryl-His-Leu
hydrate, HHL ) . 2B 2% — H [ ( o-phthalaldehyde,
OPA) Jii2F M7 . Dulbecco’ s modification of eagle’ s
medium ( DMEM ) 15 3% 3 | ¢ [§] Sigma-Aldrich 28 Al ;
iR F AN LR T U EN AN BIR |
BRPREA S NI WEIR — A0 PR A e
W2 LIS 2GR 1 Ry a3 Al 1) 2448 DA A 23
ARAH,

1.2 ((FE5EE

pH 1, 7l FE & A8 A b 5 A B F] ; TU - 1901
RIS R, 65038 b FH AR A FRA F 5 LG -
10 B9V VR I, Jb st I R AR 4R B Kk R R
F; UPC -900 AKTA #I&E F4lifb &4, £ E GE
Healthcare /A Fl ; Acquity nano 7Y &5 %50 W AR 2 3% - J5i
TR AN, 52 Waters 23 ) ; HH -1 B % i 8 5 K
T, B M R AR il 3 A RN R 5 QP =50 A )
FFAE IR FHRHE A TDOM 78 &5 3l 550 ML, K 1
LAY 7% A A PR 2 |l EVOM2 A HL BH A,
Transwell BY55 350 (FLA2 0. 4 pm JEEFL 1. 12 em® |
12 FLAYRERRR) , 328 Millipore 22 H]
1.3 ZWHE
1.3.1 RE%& G BKBATE G &40 RAL

B o] 5 £ 555K 5 % (R ARFE 2R VS W (pHL (R
7.0) 43 AIA 1500 U/ g BPESE (2G5 H AR,
DU P il A JTCER 1 it A 5 2 1 il 8099 A I
o 1A 2R AN [R) 2R L Y Bl pH [ RTRE (£ 1) .
FEIRYR Y (200 r/min) FFf# 6 h J5,100 C /KB A
5 min K 2 H 5 5.0 (10 000 r/min, S min) B ¥
W, SR T, 20 CURAE, DIKARE B 1
R A ACE TN PPN 8 AR , i 2 fe i 28 G

B il 52 50 B 5% WY ARAT 2R A W (pHL
8.0) , it & HEEIN A4 1 500 U/g,50 °C 435K
fif 1 ~6 h, ¥RFT /K [a] % 2 1 SR AN ACE #0461
RIS, FREC T B0R 5% RRF 8 R
(pH {E 8. 0) , Feidh 25 A Jil§ i 14 750 ~3000 U/ g,
50 CKAE 5 h, ZRT B L6 1 R AT ACE #1
il A

F1 AR HEE G KA

Tab.1 Optimal hydrolysis conditions of different proteases

HIHE @ pHME  «(Had)/C
PSR 11 i ( Alcalase ) 8.5 60
5 & 7 11l ( Protamex ) 8.0 55
XU #1418 ( Flavourzyme ) 7.0 53
A I ( Papain) 8.5 50
7% 8 FI i ( Bromelain) 8.0 55

1.3.2 KEGEAZREEDKE G T

K JH OPA YA & /K fi# £ (DH) o B 400 wL A
FFEE K (TR R 0. 2 mg/mL) LA 3 mL
OPA 7], KW 2 min, 7E 340 nm 2000 EWOGAE, %4
HFRIEHTZE B0 ~ 400 L 22 ZRARETR (J 5
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#70.1 mg/mL) T 5 mL 45, 22 B F/KHM E AR
%400 pL, I A 3 mL OPA iR #|, )2 ¥ 2 min, 7E
340 nm ZLMEWRSGCIE , B FHWOGIE 5 22 2 R Wk i 2%
HlbRAEm 2, AR AL (1) .

h
DH =0 x100% . (1)

(L), heor 7 JURE AR 1 IR BE 1 JoiT B8 /K
B mmol/g (B AF 25 F1BY htot 4 7. 54 mmol/g) ;h J&
Kt AR RN T JSURHER 1 A0/ A AR 1 [ o B 7R
W, mmol/g .,

R P DL I 800, 2 i) 000 5 K i A9 G A
P02 FIK A e A0 3 B & T RARR K
IR AR DR TR E(2) .

%Elﬁwﬁz%mﬂxloo%o (2)

A(2) H, my R A BB A mg s m,
RS R, mg
1.3.3 ACE #p#Hl & egn 2

K JH HHL J5 82300 52 ACE i1 %&° 4% HHL
T 50 mmol/L Wl iR 48 2% wh & (& 300 mmol/L
NaCl .pH {H 8.3), #lf# 5 mmol/L HHL &, H
20 pLARKFFER UKW (B MR 2 2 meg/mL)
5120 pL HHL ¥ RIE G, FINA 10 pL ACE &)
(0.1 U/mL) , 7 37 C ¥ 60 min, AIA 150 plL £k
2 (1 mmol/L) Z 1k b, SR JGINA 1 mL LR ZBE 78
DIRZGAHEL10 s J&5 ,7F 10 000 r/min F 5.0 5 min,
WCAERRZ 750 L HET, Y HIS A 500 pL L8+
IR AR TR >R 54053 G EETHINE 228 nm ALY
WEAE DA 20 wL WL ER 22 vl = AR R B 1 K i
WIS AR 2s X RR . FEOBEHT, I 150 L 5
fi (1 mmol/L) K ik ACE /A BHYEXT IR, I FHFE 5
W EAE (Aa) 25 FAXT BRI GAE (Ab ) FBAYE X Rl
8 (Ac) , 38 ACE #iI, W(3) .

ACE ﬁuﬁ%ﬂ%i:jg:xmm%o (3)
H A it T VAR R R AN [] Tk B2, DM SE ACE 41 71
# UL ACE A AL bR i L 1Y log {E A
Ak, A GraphPad Prism 8. 0 B{F 847 AE 26 4 U1
BRI EE (1C,) .
1.3.4 MR EQLLSEOHNKBHG S BFET
R PR B 1 VROFH (435 ( fast protein liquid chro-
matography, FPLC)HXH AKTA 2lifb Z%t, Lk Sepha-
dex G —15 A (100 em x 12 mm) JZ2 T #E, 0

50 mg/mUARAFEE 12 & 8 U BEK Y. o BT, >R
FH0.22 pm fHERERRZ . LAERSN 1.5 mL, PR
HIBERR 2 R (10 mmol/L .pH {8 7.0) , Y 3 i Hy
0. 8 mL/min , £&AMEGIN K A 280 nm , Y5 P,
BT 2 ACE HHf 6

FIFH A0 K 55 0 €3 - T e A, %5 2
B ACE TG M50 10 7 B 4K, 835
4 Thermo Acclaim PepMap C18 %44 (75 mm x 2 mm,
3 pm) , CKEKARA S (VBN 0.1 mg/mL) ¥ T
HIOTECN 0. 1% WP RK IS, EAERE 7 pl, DA
AT EL 0. 1% W R 1Y 21 V0 R e BT, LA
1 mL/min 3 EAE 65 min PIIEAT 0 PRI (B4
B 1% ~35% ) , 3@ 1f PEAKS Studio %1443 BT BK 5
51, FIH AHTpin Z8 ZEPkIE ACE HHI AREA T 5 1L
(B RHE A RA R, ME ACE #EH
1.3.5 4RI H LB AL M e ]

1 2 g NaCl F1 7 mL RT3 40CH 36% 1 Eh IR
TEBETK,EAZE1000mL J5,MA 3.2 ¢ HEH
it ) £ B (pH EoM 1.2) K 6. 8 o BFIR — S 4F AN
77 mL 0. 2 mol/L & EALEHIE T 750 mL LB F K,
T 10 g 28 A, 35 0. 1 mol/L & A AL 4R 5
pH {HZ 6.8, A ZE 1000 mL Hl &I, #HikrE
HEGEAMKBY (RSN 2.5%) T8
W, 7637 CIHAL 1.5 h, IN#AE 100 °C K 10 min, 1%
HIJF#5.0> (10 000 r/min) 10 min B35 , M5 ACE
I, 10 mL 250 [T B R pH (H A
TE 6.8, MA 10 mL ik, 1E 37 ‘CIHAL 3 h, iz
100 °C K fiff 10 min, ¥& #1 J5 & > (10 000 r/min )
10 minl_FIEW, MAE ACE #lHil%

$ Caco-2 MMEFERP T 25 em® R G IR, I
AAEFR %K 1% B9 DMEM 55359 (545 100 U/mL
HEHEEMBERE) 10% BHIGFIME 1% 8 L-AR
kI A 1% B 7 Z IR, 78 37 °C 95% FHXT
B 5% CO, 553248 5 95, >4 4 M ml & B 35 %)
70% ~80% e, N A 5 5300 0. 25% I 1 il
AL AN M LA 3 x 10°AS/mL #7012 fL
Transwell A2 FJJERR [, 7E Transwell H ) =T
ZHAMA 0. 5 mL IR 1. 5 mL DMEM £
TR, HEFE 21 d, I FH 20 e Fi BHFR e e S e 1
JI5EBAL )2 41 Bt FE, BHL{H ( transepithelial electrical resist-
ance, TEER) , BH#ffi Caco-2 4 Jitg 5. J2 i 1) 55 85 11 11
SEREMELO) Y SITE Caco-2 40 B2 R 114 il R 2 i
(AP) AL AR ( BP) i A HBSS ( Hank’s balanced
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salt solution ) ZZ K 0. 5 mL 1 1. 5 mL, 7E 37 CH: 3246
HEE SR 30 min, ARG PR SC IR AR R T A2 A AR
H K AE B B2 0.4 ~ 2.0 mg/mL B, oK
X Caco-2 4t W7 A0 M EE M (& 1) . L, AP
MimA 0.5 mL &G w3808 1 ~2 mg/mL Kk
AL A E AR K%Y R HBSS 22 vl , BP il fin
A 1.5 mL %5 [ HBSS ZE M, 7F 37 CH;Fr4fith
B8 2 h )5 JCBP UG SR E ACE fi 2<, LA
ARIMANGHEEE 11525 85 1 7Kk 0 1) 8 ot /ol =5
EPORI

140

120 _L
T — L 1 1 T
80

60

LA 2%

a0t

20F

0 0 0.4 0.8 1.2 1.6 2.0
PUKIEY) (mg - mL™)
K1 ARFFEE A5 S B K MU XT Caco-2 2
FaanEsiE Al
Fig.1 Effect of cottonseed protein hydrolysate prepared

by protamex on cell viability of Caco-2 cells
1.4 HESH

K IBM SPSS 22. 0 51443 B 52 56 B s, B4~
SCYR AL 3 R AR RS A £ AR 2E . R
— 475 253 H1 (One-Way ANOVA) 1) Tukey’ s &
I T B EE 0T, P <0. 05 FR B B A W
EEES,

2 FHRE5HMH

2.1 WBFEANBREEREER

AN [ 3, 11 il 7K A AR 2R 1 ) 4 ACE il IR Y
ghiange 2, W2 Al ERI SIS T, AR E
FEK A EAMEE N R AR EHES (P <
0.05) . FFFEE KR ACE JII 8 3 & TR
LK SRR R ACE I % (15.0% ) , KU
P 7K i ) 09 K M BE (55. 6% ) AR [ i R
(43.9% ) W2 o T H A UK i 4, B3 ACE #il
R (47. 1% ) . A TRKEE G K 40 16 7K A i
(33.3% ) FAE I IR (17. 8% ) B, {HH ACE
IR I F 3K (70.7% ) . 4 & A BEK

it ) W9 ACE 41 il 2% & &5 (85.7% ), /K ff J&
(32.5% ) MR 1 ISR (40. 6% ) WAL T4 K
PRI, 3% FH &2 A 2R 1 K A AR 2 16 48 ACE 41l
K, $E—2 Ak 5 A 2R A K A B 1) R0 g i, 245
FanE 2, HIE 2 (a) AT, BlE 7K ff B ] A AE 4
I BRI, 1 ACE I RAE 1 ~5h NA
Wk, 76 5 h B IR B E R AE, BE S BSR4
it i AN s, 2 1 DGR OR W T R, {2 ACE )
il 2 e F S B, Y R A & R
1500 U/g,/Kf# pH {4 8.0, iR R 55 °C, /K figt st
624 5 h B, ACE #3551,y 93. 7% , 2 19 [l
FH39.8% K 2(b) ], P, 7658 &8 H Y i
6 pH AR T LR 1500 U/ g, K ff R kF 2
F5 h, MiAF & FK Y (BT BN 2 mg/mL) /Y
ACE #1134 93.7%

F2 ARRFE N RIS K AR R KA
IR AL ACE ] 3%
Tab.2 Effects of proteases on degree of hydrolysis, protein
recovery rate, and ACE inhibitory activity of

cottonseed protein hydrolysates

B KRB/ % EAFER/%  ACE M2/ %

cp - - 15.0 £3.9°
CPH-A  34.8+0.5" 42.4+1.0° 54.6 +5. 8°
CPH-P  32.5%0.5" 40.6 +1.8° 85.7 +2.9°
CPH-F  55.6 +0.5° 43.9 £2.9° 47.1£5.1°
CPH-Pa  33.3£1.0" 17.8 +1.6° 70.7 £7.8"
CPH-B  27.5%0.9° 25.2+0.9" 27.2+1. 14

CP MHRAFEE H  CPH-A AT 2R (A M 3 A K g9 . CPH-P
HRAFER 1A TR IR K ) CPH-F JAikF R 1 AWK 7 1 1 7K fige
¥ .CPH-Pa JARAT 26 A VAR (K A4 . CPH - B W AfRF 25 11 3%
EEABKRY . AF/NG bR E 8 R R K Y18 2% 5 8 3%
(P<0.05),

AW, 2 AR ARK AN ACE P15 5
F de Oliveira Filho %7 Fl Gao Z&" 5t A R 2R
1t R DR IR 2 11 KA AR OFE B 1R ACE 1 4
(55% ~74% ) ., WK (A B EAT Y16 A A D) G
(OFE AR | VIO 5712, Al = A /NIRRT i a3
BR' T IR R Y K SR A e (H e B )
SHOKFYIN ACE i Fe b 210 A 25 11 i /K
fige > U P R %) il U AR S BUIK B FE
ARG K PE R IR B, A Leu Tle |, Val , 1Mij 1% S8 4 %
fid e ACE FIhI R A0 s Z 4Ll | IR it , XUBR 26 P
AT 4 ACE MK, Margatan 26 B 58 &
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100 100 100 100
—— E R
—o— ACE#iHil 2=
80 180 80+ 180
N £y N 8
= leg E oo len =
& 60 60 = & 60 60 =
a0 = il g
B = B =
40+ e e 140 40+ 140
(= &
—o— ACE il &
200 1 2 3 All 5 6 720 2900 1 600 1 5‘00 2 dOO 2 5|00 3 600 3 588

t/h
(a) ZK AT S

2

JnEFE/(U-g™)
(b) hEER A

O 5 A 1 KSR R0 T R 1 /K A B 2 1 (DR ACE 06 3 B 32 )

Fig.2 Effect of hydrolysis time and protamex concentration on protein recovery rate and ACE inhibitory

activity of cottonseed protein hydrolysates
L, A TR 1l (S0 43 3 PR /K S AR B 1 b Yy 7S
BREM, FEUKMEEMEARBCREAL, B4 E AN
B B S A PTG e 2 e Y DD A5 3
BURBREIm N BUK R, A A EA A )
V2 LI AR, 7T AU R B R e 45 4 v ) U5
AR A B R T R G /N ACE PRI RRT
SR SCHRFRE FIARFF AR AN ] 2 1 i KA A 1) 5%
S5 AR A R B K R AR R
2.2 WBHEREAEOBKBYNSTERKESE
EER
VAR €15 3 B AR 2 1 A2 G B 1 T K i
Yy 483 5 ANIKAEA S (FL F2 F3 F4 F5) , /004
5709 ACE W16 4, 45 SR an &l 3, fHE 3 (b) Af
UL, £ K 415 B9 ACE Bl 1% dE A B 5 25 5
(P<0.05), HH FI 4143/ ACE #1175 M B MK
(IC,, =599.8 wg/mL) ,F2 F3 Fl F5 415 (36 T 45
HAHIE (IC,, ~316. 8 wg/mL) |, 1fi F4 4143 ACE #f
TP (1C,, =220. 1 pg/mL) . &% (& 4)

400
2
300}
]
<
£ 200f
<
100F
0 . . .
20 40 60 80 100 120
V(PR )/ mL
(a) 2> B L4y

IC /(ng-mL™)

F1 AHTpin B0 20 H , F4 410010 251 SR Berh &
W3 ZEA ACE #0605 P B i R B i 18 A9 Ik Bt
VFNNNPQE , LLSQTPRY H VFPGCPET, B4k 3 4
FRBE Y 53 B B AR , HIREE K FE AR R] (R
HORIE G ACE #4636 4 (P <0.05) (£ 3), Hri,
LLSQTPRY H A % & 1 ACE 1 il 3% ¥ (IC,, =
105. 2 pmol/L)
F3 3 PR AR PRI > T B R ACE #0103 1
Tab.3 Molecular weights and ACE inhibitory activities of three
peptides from cottonseed protein hydrolysate prepared

by protamex

[Nz m/Da IC5/ (pumol - L71)
VFNNNPQE 960. 430 1 295.4 +£3.0"
LLSQTPRY 976. 5342 105.2 8. 8°
VFPGCPET 830. 363 3 734.8 +3.2°

RIFVING bR R BB 22 52 .3 (P <0.05) .
FUR, 5 RIEDE BERZ AT RIS 132 e i 2507
XK UEAT o B 24k, B4R ACE IR, Gao

800

600
400 sk
*
200
0 s ‘ s s !
F1 F2 F3 F4 F5
IKIRALSY
(b) ACES 3 7

AFEEHE 1 * FRKMAHS (F1 ~F5) AR 8% (P <0.05) .
B3 MK H A KR 0 5 5 415 B H: ACE #a i v

Fig.3 Fractions of cottonseed protein hydrolysate prepared by protamex and their ACE inhibitory activities
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Fig.4 Total ion chromatography of fraction 4 from cottonseed protein hydrolysate prepared by protamex

SR A AR P T K A AR 2R 1, 3 ot R R
BB IZ NI T 43 B K E Y 15 5] ACE 3l 15 1
B Ao (4 FREN 0.8 ~2.4 kDa, IC,, =
159 pg/mL) 5 I FH SO 2 50T AH €035 &5 - 356 15 il B
ORI L B RAT I AR, Al e R
Sy FIRHE A 763 Da WY BKEL FPAIGMK E A i 1y
ACE #0ITGE . Ma 851 I FHAR M 26 1 K A B
MR, R AT B OK S, WEE ACE 1 i %
(84.7% ) B /KR AL 53 (43 F it <1 kDa) i#£47
BREE%E e, KB 2 587 ACE Ik . LGF (IC, =
153.7 pmol/L) Fl GLFF (ICy, = 139. 2 pmol/L) ,
SR, IR BIF G IE 2k 2K 1l K A A T B ACE )
JH,EH 3 M K T A B 98 & B LLSQTPRY
ACE #II k—ft 2 ~ 20 DN FEMAL R, ]R3t
Ui ELAT B 7K M R (Trp \ Leu Tle 45 ) | 42 KL 3 B
HRg W% & FBR (Val  Leu , Pro lle  Ala Met) , 77
WEHL A S FE TR (Lys . Arg  His) & 5 #%5iL ACE 2 3&
Ui P 1A s £ L Y Glu403 F1 Glul 62, M 31
il ACE 3EMES i {37 T B2 F 3 5 =07 A9 Pro ] 3
WHKVEH J15 ACE iGHEHO 454, Tl ACE 7
UL ARBFSE B VENNNPQE , LLSQTPRY F1 VF-
PGCPET 5 ity i i 107 e 2 SE R A A, #R Sk it 55 —
£k Pro, Hod | LLSQTPRY & 4 47 IF HL B9 Arg,
TR EFETR (Asn Tyr Thr) BIFF1E,3 45 ACE
R0 K 59 3 P A T FPAIGMK ™, #R T, LLSQT-

PRY 1 ACE il 3% PR 40 = T K &L 8K ISR FF R
145 R 2R TR ACE 00 K A 356 4 L1820
2.3 WHEAESEOEEKBYREINE LRI

BEMS T

FIFHN T B 454 Caco2 40 it 22 IEAS Y |
TEM AR R 11 B A 23 B K R A AR N AL W iR
EME SR 5, K S AT K2 N T E
TWIH AL AN Caco-2 21 i B 2 BEHE2 RS , ACE #4]
RPERFM (P <0.05), & NT.HKHE, Ki#
Y ACE #1193, 7% 1K = 68.4% , 2 N T.
W W it — 2 iE A, &R ACE D RN
53.8% ., FIH Caco-2 4 ifd B |22 JE AR 7Y 43 B /K fift )
TE/ N b Bz S0 W W VR FH 2 3, 7K A 40 T 0 ) R
S5 TP ) 20 R R TR A, 0 ACE 1R i 2 R A1
(P <0.05), A4 £+ — & ACE # #1 36 1
(20.5% ) , 7K A4 B %k 2 d WA FH I T Wk 25 1
(P >0.05),

F T A0 2 B P R 200 A T e A 1 o
K e B IR , P2 ACE P K2R 47 4 P 2 56
S iR PR , FL e . ACE HIAHI R DL K i
T2 MRE A AR, 75 2 5 M T Ak 16 0 i 18 26k 15
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Study on Enzymatic Preparation and in vitro Stability of
ACE Inhibitory Peptides from Cottonseed Protein
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Abstract: Angiotensin-I-converting enzyme ( ACE) inhibitory peptides play an important role in the
prevention and treatment of hypertension to improve human health, because of their characteristics of
safety, no side effects, and easy absorption. The objective was to prepare ACE inhibitory peptides from
cottonseed protein using an appropriate protease (e. g. , alcalase, protamex, flavourzyme, papain, and
bromelain) under optimum conditions. The single-factor experiment was used to optimize hydrolysis
conditions. The hydrolysate was then purified to identify sequences of bioactive peptides, and in wvitro
digestion and absorption stabilities of the hydrolysate was evaluated. It was found that the cottonseed
protein hydrolyzed by protamex (1500 U/g) at pH 8.0 and 55 °C for 5 h resulted in the protein recovery
rate of 39. 8% and the highest ACE inhibitory activity (93.7% ). The cotton protein hydrolysate was
then separated into five fractions, in which fraction 4 with the highest inhibitory activity (IC,, =220. 1
pg/mL). Three novel ACE inhibitory peptides were identified from fraction 4, VENNNPQE, LLSQTPRY
and VFPGCPET. LLSQTPRY exhibited the highest ACE inhibitory activity (ICy, = 105.2 pmol/L).
After in wvitro gastrointestinal digestion and absorption by Caco-2 cell monolayer, the cotton protein
hydrolysate retained ACE inhibitory activities of 53.8% and 20.5% , respectively. Therefore, the
cottonseed protein hydrolysate prepared by protamex could be potentially used as a functional ingredient to

develop antihypertensive food products.

Keywords: cottonseed protein; angiotensin-I-converting enzyme inhibitory activity; protamex; in vitro

gastrointestinal fluid digestion; Caco-2 cell model
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