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Isolation and identification of peptide with cholesterol
lowering activity derived from flaxseed protein
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Abstract ; Protease M was selected to hydrolyze flaxseed protein to prepare flaxseed protein hydrolysate
peptides with cholesterol lowering activity. The peptides were isolated, purified and identified. The
corresponding polypeptides were synthesized to verify the cholesterol lowering activity. The results showed
that the highest inhibition rates of cholesterol micelle solubity of flaxseed protein hydrolysate peptide was
47.57% when it was hydrolyzed for 4 h by protease M, and it was further separated into five components
with molecular weight <3 kDa, 3 -5 kDa, 5 — 10 kDa, 10 —30 kDa and > 30 kDa by ultrafiltration
technology, and inhibition rates of cholesterol micelle solubity of components with molecular weight
<3 kDa was the highest,reaching 71. 0% . The fraction with molecular weight <3 kDa was adsorbed by
macroporous resin and then eluted by ethanol of different volume fraction, and it was found that the

fraction eluted by 75% ethanol had the highest inhibition rates of cholesterol micelle solubity of 79.8% .

RP — HPLC was used to further separate and
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purify the fraction, and the inhibition rates of
cholesterol micelle solubity of F9 fraction was the
highest of 85. 7% . Finally, six cholesterol
lowering flaxseed peptides were identified from F9

fraction by MALDI — TOF - MS/MS, and their
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amino acid sequences were lle —Ile — Pro — Ala — Phe (IIPAF) ,Leu — Asn — Phe — Phe (LNFF) , Leu —
Leu — Gly = Thr — Leu ( LLGTL) , Ile — Pro — Pro — Phe (IPPF) ,Ile — Ile — Phe (1IF') and Leu — Leu —

Gly — Ala( LLGA) with the inhibition rates of cholesterol micelle solubility 82. 8% ,

93.5% , 80.3% and 87. 1% ,respectively.

77.8% , 88.0% ,
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identification
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mol/L HCURE Fi5 A pH 2 4.0, 88 1 h, Z )5
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MR TR T 45 T e A I . BBUK W
()7 JBRFF 2 1 B AR 3 mL F 100 mL BepfRH, imA
60 mL ZE18 7K , A1 0. 05 mol/L NaOH j#% £ Z pH H
8.20 B, f5= 1k F. PN 10 mL HEE (A 0.05
mol/L NaOH Ji§ & 2 pH Jy 8.20) , A1 J1 i H 4% 1R
G457, 4k 2 NaOH ¥R & 2 pH 7 9. 20,30 5%
T J5 T FE () NaOH IE AR TR (V) o AR5 B
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FIBEIR VA 4. 463 ¢ MUBRIR BREL , I TR A1) , IR
10 mL % 100 mL 255, I (8 FH e 1R € 2 =2
100 mL AE R A 50)) , ik % 2957, i & 30 min,
KR53 6 EETHT 560 nm A AL & OD {8,
IrezmlbrEf 2, 15 2R ER LT ¥V =7. 362«
—0.191 4,R* =0.997 6 (Y 2y H [& P i & vk BF
mg/mL;x 5 OD {H) ,

FEAR BTN SE PRI 25 mg BEAL TS mL B EAA
Wb, Hoh RO & 10 mmol/ L 4 4= i JIH iR
£#1,1 mmol/L [yl 2, 132 mmol/L fj NaCl, 0. 4
mmol/L AAHE EE, 15 mmol/L A pH 7. 4 H#5 B2 4N
G T LR I R v 2 AT FLAE 20 min,
SRJEAE 37T CHYME IR G R AR F 24 b, &5
10 000 r/min #5.0> 60 min, W4 F i, 14 0 [ i
e &l ki T B )E RSNt
T 560 nm AL E OD E, 7 AbRHE M 27 e
A DL T o RO Ay I e S SRV A B, LAAS
TR SO = 2, i 2 (2) 550 IH [ P i o
BRI R(Y) .

X

S, - S
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e Sy R a5 1 A Ry ME [ mE BT &k R,
mg/mL; S, FE7RFE il 2L A AH [ i S iR BB, me/mL,
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127 RS 7018 S JRRFF 2 1 it e S I 2

% DA201 - C BURSLIARIR A 95% LB, %
1024 h, {1 95% IR B R IEBAE 220 nm 4L/
WS Sy 2, P2 K e w5 o FRELSO ¢ Ak
BEATEVR AR IS A 200 mL = A, A pH 4.0,
20 mg/mL #IEAL MR IR SO mL, K = FHHUICAE 25 °C
FEIRFE IR FLL 150 v/min R 5 W 2.5 h, g2 7
GRAUM NIRRT 56 42 05 , JT3 il R R 25 2R W FfS 1 7%
W, IR B3 3k 25% \50% \75% Fi1 100% 1
LT WAR R AEAT VML, 70 SR, W& R TR J5
#Ho
1.2.8  RP - HPLC (a3 B2l AL FRFY 2 I R K

B 12,7 BRTREE T8 0. 1% TFA fE2iK
R E 0 0. 45 wm LI U8, BOg i RP -
HPLC Z 48 v ifE A7 Al , %of e 1] AR e 20 43 iF 47
SRR G, ¥ Uk T . RP - HPLC 5% 14
ZORBAX SB - C18 {34 (4. 6 mm x 250 mm,
5 wm) fil ZORBAX SB - C18 2| & #+ (9. 6 mm
x 125 mm,5 wm) ; B [A] 45 min; i 1. 0 mL/min;
A 30 Cs AN 214 nm; BEAEER 100 L,

1.2.9  SVRRATHE AR UK ) 5 2

2ok RP - HPLC 7y 5 24k J5 1 20 73 126 Ll A
DHLF R ] MALDI - TOF — MS/MS #7454 %7€ .
H AT — R i A (FE R 1 ~ 10 kDa) , 45
F| MALDI - MS [&, )\ MALDI - MS E ik H 5
e 1, SR 64T MALDL — MS/MS Jp#r, i %
9 )5 0y 2040 A P AF Maxquant (1. 6. 2. 10) 4R 2
{#i F UniProtKB ( https : //www. uniprot. org/uniprot/?
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i1 INIE S/
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THaH, T A [ 0 v 5 5 BT S R R, 24
JHREISF[R] A 4 b BSF KR R SRy 14 25% , H [ B e o
TR B R IR B e, 47.57% , = T RRFF 2R
F1 174 DL [ S e A7 fe FEE 4 o1 35 (24. 49% ) o Y Tl it
Af A4k 2 K 52 5.6 h I, K i R b T, {H A
SV JRROFF- 28 1 Tl e A P JIEL i Pt s RS A BE P R 2
Kiash, DRt Se PR G I 8] 2 4 h (43I0 JRROFF 25
T BRI Tk — 20 1y 4 s alif o

R R 2 A R A A R 1, B K
R B BTG, 252 TS 22 TR 1 DL [T R 5 o i 38 00 il 2R
BTG S, SEGAE BT R Sl 4 h B, oK
JEIR 14.3% | JIF T3] B e o 95 i 5 410 o) 238 38 B e e
o 53.67% o XS Alcalase 2 [ BB 7K
SR H WE A B ) R K R N, Y
TRAFREE A 18 % F , HF [ S e o 5 e 410 1) 238 38 B e
5, K 48.39% , 2 7K fife B 24k S 1 A e JIEL o R
SP3BT Mo RS SR R A &
AR 7 0 A o L Pty e o A G B P 7K B, K
JE 3 v AR Ak 5 L, S A ORI a5 R — B
2.2 Mk B KN E B T RATR G B fE K

E— 200 A SE 1] SR 4 b |9 S JRROFT 28 11 Tl A G
(a0 Y) SEATREUE , SRAFARXT 43 F B /N F & F
3 kDa 3 ~5 kDa .5 ~10 kDa .10 ~ 30 kDa 1T 30
kDa (1) 5 ASEBIELL S, 43 wilbric Y, Y, Y, Y, Fi
Y, 00 A 258 % I [T S R i A o %, 4
W1,

2 1 Al LLE Y 20 M08 o0 85 I AHX o+
KT 30 kDa FYZH /315 5 B, ik 3] 44. 3% 5 Hu

¥ 3 ~ 5 kDa B AR R U8 5. 7% .
(7] RF i e HUAH X 703 J3 K T 30 kDa 26 5 Fé) JH [
TR IS SARC A i 400 ) 3R A1, Oy 20. 6% 5 AR 31 ot
/T AT 3 kDa 213 B AH [ W TRV it S5 4 i)
i, A 1. 0% , 5 i i ARSI JRRORF 2 86 R JERA
P3N T 23.43 DN ErRle HBEAT I, WRRKF A
P ik A S 80 L A P ) = 0o R 0
[t /NFAET 3 kDa 19410

x1 BREIESENSEBRMPBEERFBHEEINHE
wy AT gy, MERERS
Y - - 47.6 £1.3"
Y, >30 44.3 £1.4° 20.6 £2.6°
Y, 10 ~30 12.2 £1.3¢ 34.6 +0.9°
Y, 5~10 9.2+0.7° 36.5+1.8°
Y, 3~5 5.7+0.9° 42.3£2.2°
Y, <3 28.6+1.9" 71.0 £1.3*

T RS R PR A B E 257 (P <0.05) . A

WF5E 2R B, A 4 F i BN 22 KA B
R [ 3% ST . Marques 25070 % B 25 5 iR U
Gy A PR ARAT UL 5B AR A R o
FA5ET 3 kDa 4143 1) JIF [ 52 J5C o7 A P55 400 i) 236 e
Bo JAIZET AN SR Mg HR AR IR AR
H g3 B AR 4> F i /N T 48 T 3 kDa 944y,
JOEL [ T oA i B2 41 1) 2%y 58. 9% , I 35 v T AR S
3y F Rt 3 ~ 10 kDa FIAH X 73+ i 5 K F 10 kDa
HEUELL 5y . LA RS Ss R S ARSI S 45 5 — 3
2.3 KIUMAE o B SR B B TR AT R G B R K

AN RT3 80 B WA AR AR TR] 5 A )
IKPE R R BLA S R 3 AN ], R AS [RR B2 50 2
BV TR IEAT B0 B VR, vT A2 30 g /K MR [ 19 ik
BE o BRFEF M, R A A AL i e 4 45 K B K
PRI RN K, Bl A 0 7K 1) 388 00 A 5 A I R[] i
TGN, 2 AT 50 75 % 1) & B0 K AL
RE R 8 140 R 2 F e O P WA P L 4, L I L ] i
TR LI B0 S O AR ST 2 T DA201 -
C RISKALA g X B U8 43I A 4 F i /N T 55 F
3 kDa 415344 1. 2.7 J7 ik b AT B, I FAS [A) 44
TR B SRR AT VR, A5 2 1Y 4 2045543 5]
FRIEA Dy (D, Dy D, i 5 FEAS 5 % IR i e g o
il BEIM R 2 SE R W 2,

H13¢ 2 AT LUE ) b5 SRR B, &
FEVEIE A B AL A AR R 2 TRt . M O RERF Sy
R 25% W, P43 B A B AL o 1 R e, ok
37. 1% ; 4 L EEARFR 550 100% B, eI 53 2575 2]
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AL AR I AR, R 13.9% . Bl L FEIARBL K0
ST P T S SR A 4 o R £ S M)A R R
BH M OERTRIIECH 75% W, e 23 25 2 1)
A0 BA o el B0 635 JEL 1 e 5 e DL T e o e
AN 79. 8% B4 ZEHATR 2 KN 100% 1, fH
I P FUSC AV BE AV R SO I R DAL, B 4% D
ot F—2 0 B,
R2 ARERSBZERRERSBASHEE
B2 HB B B2 A SR A R EE A ) 2

=] nj =iy
?E% LA % 7@5@%%%%
25 D, 37.1+1.1° 35.2+0.9¢
50 D, 25.9+0.8" 51.1+1.4°
75 D, 16.2+2.1° 79.8 +0.6°
100 D, 13.9+1.7¢ 72.7 £2.2"

HRZ AR DY, 20 DA201 - C AL
JR W BRI, I KA 21 5 4, R AR50 2 s T
VI AN IR B A4 S R EL 61 5 1 T AN TR, 2 &
PR BGR B T5% B, Pelid T 2k i 41 70 HAT ey
(14D R T R g SR it P 3%, A 73.53% K AT
2PV S B, K 1 AR A 1) R T R A
FRBEg K1 RN G, BEE Bk P, 724
PR AR B0R 3] 75% Wh Pk Bt or B 15 B i 414y B
Foc e B AR I [ P I R e R 0 i 5%
77.48% ,{H. 2 FEARFR A0 BA 5] 100% B R AR (36 e 736
PESCH BT R DA EBRFE 4SS 5 A SRR g 45 SR —
0, 2 T30 0 I 4 AR L 1 5 L K M
2.4 RP-HPLC % & 4L 2 B] B T kA7 & G B
Rk

$21.2.8 JyERH RP - HPLC %t D, 20 4> JEAT
Sy ES Al K, 7520 %) RP - HPLC 3% & WL IE 2,

2051 E9
200+
175+

5150-

< L F15

g125

op 100

Fillns

& 5l F7
F6

SOF F1
L F2
25 Fa s F8

0 1 1 1 1 1
13 14 15 16 17 18 19 20 21 22 23 24
[ [8] /min

E2 RP-HPLC ©E4i{k D, A5 ILE

Hy & 2 W, a5t RP — HPLC 4385 )5 D, 4H 70 9k
SR T Ay, 3 FL ~ F17, T F6 F7
FO F1 F15 Wi R4S R , O B R ) , PR AR R A
O3 SRS 4 GG, ¥ R T R 0 S T [T e G TR
VR BEAM AR B R AR 3

F3 F6.F7.F9 #0 F15 455 i A B B % iR B 6 R

Fibay JRF ] S R TR i A1 1 %/ %
F6 36.5+1.7°
F7 55.7+0.6"
F9 85.7 +0.4°
F15 14.6 1.3

HH % 3 AT, F1S 20 43 1 JIE il s e o e 32 0
il Z AR, FO 4143 1) AF [ 12 Jig o fie B8 00 i) 238 i
LR8N T 85.7% o (R, XF FO 44y H AR U EE AT
ZERSEE o
2.5 &Re B B T RAT IR0 S5 MK R R E IR E

F|F] MALDI — TOF — MS/MS X} F9 41431745
FYSERE , A FO 240 45 5t 6 T RRAT K, 22 AT
CYIIEE SN S35 I DO e ais A Y = b S
I N [ P S A e BE A R LR 4

F4 FERBEBZIARFRESERF S EX S FRE . E B kiR B B B2 A RE R E D R

e s T e e e
L s ey w0
oS T ey woey
Vo P G M s
Vo s Ml i) LN Gl 4
.- LLCA 373247 Flaxseed ( Linum usitatissimum) NADH dehydrogenase subunit 97 1215

F (18 -=21) 12VGITVLLGATLALAQ27
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HI 2% 4 R, AR JIEL ] 52 S JRROAT I v 48 7E Y 6
FIRC T ~ VD), AHXS 23 B 7E 300 ~600 Da 2 JA]
£33 5 & Ile — Ile — Pro — Ala — Phe ( IIPAF) |
Leu — Asn — Phe — Phe (LNFF) | Leu — Leu — Gly -
Thr — Leu( LLGTL) . Ile = Pro — Pro — Phe ( IPPF) |
Ile - Tle = Phe (IIF ) #1 Leu — Leu — Gly - Ala
(LLGA) , % 51 52 e e ¥ 8 16 90 46 % 49 50
82.8% .77.8% .88.0% .93.5% .80.3% F187. 1% ,
IX BRI B K R R S5 2 R (e ) | I 2 W2
(Pro) ANZMR (Phe ) #1585 2R (Leu ) AHZE A9 FFE
F¢3) 11 .FF .LL LG fl1 PP,

Yoshikawa %[22] Mo B, RS AR A s K PE X
el G HL A e L ] e 3 P T A 0 AR 2 AR TR R T
PR IR AL o rp —FP O B2 L, LA T IRBERY C dial
B N 5 A1 5 £ A X 358, Nagaoka 45 L35 Bk 2R
F o B Al A AR 3] 1 R AH [ s ik, a2 BE R PP 51y
Ile — Ile — Ala - Glu - Lys (ITAEK) , H. g5 vt &
BiKPERKEE 11, Makino %> fif 9 % B K & ik Hh 1)
G K SRR AT LA JIEL ] B2 Al S JIE - T e 3] 2 ik
P, AT AR ARG AL 962 1 R T e 2, Pk 2572 2%
A BKPEEIEIR Leu (IR EE (R ARG M
JIREAT B i A RETE PR 255 RE 0, I DR 7 T X S 3
JOR P 22 B TR B ik B 5 JIEL T TR 1) 538 7K P A6 AH EL AR
FH, DTG A 90 6 BT e T - Choi 467 2 BOR 1
KEBREABSHK Val — Ala — Trp — Trp — Met — Tyr
(VAWWMY) 45 & JIH BRI R 8 ey, L E2EH T
HR o b KM @ R A TE . 855 R SCHESE R
B, AR R i 11 e L[] 3% 1 T B 5 H 5
KM RIERRAH —EN KRR
38 ®

AR SCHEH] Protease M X MV JBRKF 2 11 HEAT A%
il 28 HE LA AR R ] 955 P %) SV R 2R 1 T A G, XoF
FEHEAT R UE LA R I B 0 25 (75 % B SN )
DL K RP — HPLC 73 85, e Jo 8 Uil 48 e 1 6 R LA
528 JEL 5T P O ST BRI, LR 91 311 The —
Ile = Pro — Ala — Phe (IIPAF) .Leu — Asn — Phe — Phe
(LNFF) .Leu — Leu — Gly — Thr = Leu (LLGTL) .Ile —
Pro — Pro — Phe (IPPF) .Ile — Ile — Phe (IIF ) Fl1 Leu —
Leu — Gly — Ala(LLGA ) , H: JH [&] P Jig o0 v fifp 2 400 1)
ROk 82.8% [ 77. 8% .88. 0% .93. 5% .80.3%
H87. 1% o IXSCIRIYEA Bk FE IR 7 oE =R
IR AN BN 58 RN E W RRAE 7 51 1L FF
LL.LG 1 PP,

SE
[1] GIUSEPPE D, ALESSANDRO C, PAMELA M, et al

Lipid — lowering nutraceuticals update on scientific
evidence[ J ]. J Cardiovasc Med, 2020, 21 (11); 845 -
859.

(2] ZFEW, HAE, 5KF, % REBENE X EXY IR R
RN SIS ). LA A 4CE B 201940 (8)
4-17.

[3] PEDROCHE J, YUST M M, LQARI H, et al. Obtaining of

Brassica carinata protein hydrolysates enriched in bioactive

peptides using immobilized digestive proteases [ J]. Food

Res Int, 2007, 40(7) : 931 —938.

FASL. SRR /N2 2 IR R ) P

[D]. ¥m: FEILKRY:, 2013; 42 -44.

X, 2t ARAe S e R T A 23 s

SEEE [T ] Bah e, 2013, 34(19): 128 -

132.

SILVA F G D, HERNANDEZ - LEDESMA B, AMIGO L,

[4

[

[5

[

(6

[

et al. Identification of peptides released from flaxseed
(Linum usitatissimum ) protein by Alcalase® hydrolysis;
antioxidant activity[ J]. LWT - Food Sci Technol, 2017,
76 140 —146.

[7] MARAMBE H K, WANASUNDARA J P D. Protein from

(-

flaxseed ( Linum usitatissimum L. ) [J]. Sustain Protein
Sourc, 2017(1) : 133 — 144.

[8] HWANG CF, CHEN Y A, LUO C, et al. Antioxidant and

[

antibacterial activities of peptide fractions from flaxseed

protein hydrolysed by protease from Bacillus altitudinis

HKO02[J]. Int J Food Sci Technol, 2016, 51(3): 681 —

689.

PR ELA G JIEL ] T A ) ST BB SR o i B HG X R

B AL [ eV P A9 7S [ D T RS R - A St ARk R

2#,2018.

[10] R P JRRFF KRR I [ AR AT A BT 52 [ D ] W ik
i S AR R, 2020.

(1] VPl BAMEZE, 20, 55, AR B E IR 2
WEELT]. PRI, 2013, 28(3) : 45 -48.

[12] ShIGERd, BRoods, WAdRI, 25, PRI A OK S B
454 IhRERE MR SN RIS R [T ] PR
fheFdk, 2020,20(11) .53 - 62.

[13] Bty FIRR, BRAEte, 4. o R 2R IR SN
BIRACROEFE [T ], &)™ kT, 2017 (10) . 4 -
6, 17.

[14] BRE, £, SKuTHE. i 5 22 10 R L 1 e A F il A A
PHCAELT ] BRI TN — AR B R4, 2013, 24(6)
46 -52.

(IS ] X, $ho5, PR, KOG g ™ 4y e e e
WEPERIRIAOEFE LT ], TR Dol R 2224 ( AR B2
fR), 2005(3) : 41 —44.

[9

[}

(T#% 43 1)



2021 4F 45 46 ¥ 45 12 1] i

iR

43

(5] ¥, Bschs, #nm, 4. A5 My b A Bl
WIFEUERELT]. g, 2018,43(8) :32 -38.
[6] SHIR, ZHANG Q Y, VRIESEKOO P F, et al
Preparation of organogel with tea polyphenols complex for
enhancing the antioxidation properties of edible oil [ J]. J
Agric Food Chem, 2014,62(33) :8379 —8384.
ki, £ S ST AR BRI T RIS ]
A FRAGIEAR,, 2019,10(15) ;5104 - 5110.
WA, WREEAD, FREE, 5. KARGUAAGH M ] A5 A
et R[], T EAE, 2020,45(4) :46 -50.
REEME, V7T, BANE, 55 SBECRARTUERIX A
EANPTAPERERIBEFE [T ], &7 T, 2019(18) .
10 - 13.
[10] JEE. JUR il v 4 K SR BT S8 AL R ZEAZ Bl 2 3 F i
TR AEETE ] AR, 2017,42(3) 164 - 68.
FAR T RINPUEAH X & 1 il S A R g ME I T 5
[J]. fREER Y7, 2014(9) :45 -50.
EAPL. BEEG AL — PUIR LR V5 BR e K Ho bt A A
PEBFE[ D] BB AR RO, 2011,
XNUKPK. BRI PEAR 2 BT AL W 0065 1 SR AE A= 3 1
LRI A BB SEL D ). UM HTTE R, 2019.
[14] BAGHDADI M, AHMADI S, FARHOODI M, et al. The
effect of high — density polyethylene active packages

[11]

[12]

[13]

containing rosemary extract powder on oxidative stability of

[15]

[16]

[17]

[18

[

[19]

[20]

sunflower oil [ J ]. J Food Measur Character, 2019, 13
(4):2910 -2920.

WANG X Q, ZENG Q M, CONTRERAS M D M, et al.
Profiling and quantification of phenolic compounds in
Camellia seed oils: natural tea polyphenols in vegetable
oil[ J]. Food Res Int, 2017,102.184 —194.

KIM H S, QUON J M, KIM J A. New insights into the
mechanisms of polyphenols beyond antioxidant properties;
lessons from the green tea polyphenol, epigallocatechin
3 - gallate[ J]. Redox Biol, 2014(2) ;187 - 195.

YAN Q, WANG M Y, WU Y H, et al. Tea polyphenol as
environmentally friendly dopant and thermal stabilizer for
polyaniline[ J]. Mat Lett, 2016,170:202 - 204.

TEBERHE , A1), TKFT, 5. RIGTAMFIRTA LS
e LT, P ERY 5 E IR, 2016,22(8):
68 -71.

RANL, CHI Y L, HUANG Y,

et al. Synergistic

antioxidant effect of glutathione and edible phenolic acids
the by
coencapsulation into chitosan — coated liposomes [ J/OL].
LWT - Food Sci Technol, 2020,127:109409 [ 2021 - 01 -
06]. https://doi. org/10. 10161j. lwt. 2020. 109409.

SHAHIDL F. DUFEiig o 5 T 2550 1 5[ M. 6 .

S, B AUt R EE T R, 2016.

and improvement  of activity ~ protection

(EEH31 1)
[16] KOHMURA M, NIO N, ARIYOSHI Y.

angiotensin — converting enzyme by synthetic peptide

Inhibition of

fragments of human kappa — casein[ J]. J Agric Chem Soc
Jpn, 2014, 54(4) :1101 - 1102.
[17] MARQUES M R, FONTANARI G G, PIMENTA D C, et
al. Proteolytic hydrolysis of cowpeaproteins is able to
release peptides with hypocholesterolemic activity [ J ].
Food Res Int, 2015, 77 43 —48.
(18] JASes, 55, Bol, . HROFEIRT MR sy alife &
ZEp%ELT]. 'R, 2019, 40(16) ; 124 - 129.
[19] ZHUANG M Z, ZHAO M M, LIN L Z, et al
Macroporous resin purification of peptides with umami
taste from soy sauce[ J]. Food Chem, 2016, 190 338 —
344.
ARRIE. LLAMM AR KA 23 88 b HOS g BRI 52
M [D]. PERUEE: M/RE TR, 2018.
[21] sRGEA, By, BREEE. O SR H LT 1 Ik i ) 25
oA T]. RS HLL, 2006(2) : 33 -37.
[22] YOSHIKAWA M, FUJITA H, MATOBA N, et al

[20]

(23]

(24]

[25]

[26]

Bioactive peptides derived from food proteins preventing
lifestyle — related diseases[ J]. Bio Factors, 2000, 12(1/
2/3/4) . 143 - 146.

NAGAOKA S, FUTAMURA Y, MIWA K, et al.
Identification of novel hypocholesterolemic peptides
derived from bovine milk 8 — lactoglobulin [ J]. Biochem
Biophys Res Commun,2001,281(1); 11 —17.

MAKINO S, NAKASHIMA H, MINAMI K, et al. Bile
acid — binding protein from soybean seed: isolation,
partial characterization and insulin — stimulating activity
[J]. Agric Biol Chem, 1988, 52(3) . 803 - 809.

PARK V V, KOO M S, KASYMOVA T D, et al
Isolation and identification of peptides from soy 11S -
globulin with hypocholesterolemic activity[ J]. Chem Natl
Comp, 2005, 41(6) : 710 -714.

CHOI S K,ADACHI M,UTSUMI S. Improved bile acid —
binding ability of soybean glycinin Ala polypeptide by the
introduction of a bile acid—binding peptide (VAWWMY )
[J]. Biosci Biotechnol Biochem,2004,68(9): 1980 —
1983.





