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Effect of simulated gastrointestinal digestion in vitro on the antioxidant

activity of Semen ziziphi spinosae protein hydrolysates
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Abstract: Objective: In this study, semen ziziphi spinosae protein
hydrolysates (SZPHs) with good antioxidant activity were used
as the research object. Methods: By simulating gastrointestinal
digestion in vitro, the semen ziziphi spinosae protein hydrolysates
gastrointensive digest (SZPHs-GD) was obtained. The amino acid
composition and antioxidant activity of SZPHs before and after
digestion were analyzed in order to explore the effect of internal
environment on the structure and activity of SZPHs. Results; The
results showed that after simulated digestion in vitro, the content
of hydrophobic amino acids in SZPHs-GD decreased by 1.51% ,
the content of hydrophilic amino acids and negatively charged a-
mino acids increased by 0.83% and 2.11% , respectively, and the
content of essential amino acids had no significant change; the re-
sults of molecular weight distribution showed that the molecular
weight of szphs and szphs GD were mainly below 5 kDa, and the
proportion of <C5 kDa components increased after simulated di-
gestion; the results of antioxidant activity test show that, after
simulated gastrointestinal digestion in vitro, the highest DPPH
radicals scavenging rate of SZPHs-GD was 81.25% , ABTS™ rad-
icals scavenging rate was 90.40% , superoxide radicals scavenging
rate was 47.51% , hydroxyl radicals scavenging rate was 32.66 %.
Conclusion: SZPHs-GD still had good amino acid composition and
antioxidant activity after simulating gastrointestinal digestion.

Keywords: semen  ziziphi spinosae protein;  enzymatic
hydrolysate; simulated gastrointestinal digestion in vitro; amino

acid; antioxidant activity; in vitro
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L4347 K F : AB265-S #, g 45 ) — 6 A 2 = br 3
Gy (L) R T

B ELO L : Centrifuge 5840 R %Y, ## [% Eppendorf /A& .
1.3 KA =E
1.3.1 BRECEAEMTYE S AR Wang 5017
FEAE e S - = W | VNG5t N W o
KSR W mu © mpey 9 15 50, A B E A
B, 95 W pH Jy 8.5, B F B[R] 3 h, 90 C K iE K g
10 min, 2 #J5 A 1.0 mol/L # NaOH 5 %% pH %
7.0,8 000 r/min B0 10 min. B35 B 4 TR A&
[ i % 7= W) (SZPHs)
1.3.2  {RAMEHIE M IE A R4 Zhang %10 19 07 35 IF
B0, TR A R 1 T 0 7™ 00 I A 2 TR K I B B
SR IV ER . SN T B IRIE Veerzannrn
Vst A1 1A HHE R 1 mol/L % HCI J5
W pH 2 3.0, MR -GV W PO E g
2 000 U/mL, 37 C. 100 r/min 8 % 2 h, ¥ H J5 A
1.0 mol/L 1y NaOH #8357 pH & 7.5, % IH LK 5
WM WAE Vi * Vs 8 13 TIRS AR E B ,
HAHE K 100 U/mL, 4k 274 16 2 h, 100 °C /K ¥ K [
10 min, B HJ5 A 1.0 mol/L iy NaOH W iH W pH &
7.0,8 000 r/min Bf.L» 10 min, I iR E TR H
F A 7= 9 7 1k ) (SZPHs-GD)
1.3.3  SHEBABSN A Wang % (1 07 15 3 &
., B SZPHs.SZPHs-GD £ 30 mg. il A 4 mL ¥ ¥ K
6 mol/L {1y HCLIF WK , 110 °C LI 24 h, iy F Il 77
T K s o 0 S0 TR 7E I A R P KR A IR, BB
BB, ORES T
1.3.4 S FREAMAME S8 Zhang H L, @
& 4% . 8 3 £ 2 Shodex OHpak SB-803 HQ GPC & %
MW M K2 LB (Vo ¢+ Vi ¢
Vogier =20.0 # 80.0 : 0.2); ¥ # 0.5 mL/min; £ &
30 °C 5 AN P K 220 nm; JERE L 20 pL, AR HEARHE G
R i 2R T A R A i [ OB R R A
(13.700 kDa) . A ik % 2 (5. 808 kDa). i it IK «
(3.108 kDa) A= K1 £ (1.638 kDa) \ H &M — H &M —
H & /2 (0.189 kDa)
1.3.5 MRS SR I PR

(1) DPPH [ th 2L B BREE 7 AR W Wen 1Y 1977 3%
k. B— & i K SZPHs K SZPHs-GD., fin 4% /K
i i) B A [) Jo o R 198 37 95 ME A PRI 4.00 mg DPPH ¥y
I 95 Y6 £ R Vi E 4% & 100 mL, il 4% 0.04 mg/mL
19 DPPH W . 43 AW 1 mL K5 %5 DPPH %)
IRAT =R T 8 R 30 min, JllE 517 nm bW 61 ; LA
1 mL ZE 0B KA A i P WAE 2 25 VX R4, B 0.5 mL
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ZEI/K+0.5 mL 95% & B IR A % 10 E: DPPH % i 1
SRR B AL DA AEZE 3R C Oy B X R, IR R (D
% DPPH H f 3R %,

Ay—A,+A,

S= . X100% , @D)
K
S— DPPH H i3/ # & B TIER R, %0
25 0T B2 W O A 5
Ay A OEAE 5

Ay —FE i R OB AE
(2) ABTS' [ 35 BR A8 /1 iR #8 Chang % i )y
I, ¥ 5 mLIKIE N 7.4 mmol/L B ABTS' fifi %
W5 88 plL Wy 2.6 mmol/ L {43 5 B2 #1 VA TR &0 -
H12~16 h. Tl B ABTST i %5 . T ABTS™ fifi % &
0.4 mL, ] pH 2y 7.4 iy PBS % I B, i 734 nm bW Y
BESR 0.7 £0.2, il ;K ABTS™ TAEW . 43 9% 200 pL
ABTS" TAEM S 10 pL AN [R] M BE 09 B S S HOR A1 = IR
ﬁﬁ‘ﬁ}iﬂ“ 6 min, Il 7 734 nm AW GE(E . ] 10 pL PBS
Vo AR RS R VS AR Rk BB AL DM AR 3R C o PR X AR
éﬂ,ﬂ?it(z)frﬁ ABTS" [ i S35 BR %
A, —
A
o
S——ABTS™ Al 3EEBR =, Y05
25 1 B2 RO
A — AL
(3) AW E FIHBREE I RASE =1 A A
P00 B pH Ky 8.2 1 Tris-HC1 % 3 mLJJu)\IluJFﬁ
e FE RE SR 0.1 mL, (25.040.5) “C/K¥ 20 min,
A 25 "C?ﬁﬂr‘ﬂﬁ%*j%%?ﬁﬁ mmol/1.)0.3 mL, &

A
S= L% 100%,

(2)
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420 nm AW G REAE ; L 0.1 mL ZEA A AL B IR LA N
X BEZH L LA 3 mL ZE 4R K AR 4 R = Vi WA A R o xR
A, AR C B A (DR B A ST
HERE,
(1) FHABEEBRAE T RS /IR W
ZAIEW W (0.75 mmol/L)1 mL Fik 45 th, m A PBS
W (0.2 mol/L,pH=7.4)2 mL, B il A#E SR 1 mL,
BT A FeSO, ¥ W (0.75 mmol/L) 1 mL, &4, A
0.025% H, O, % 1 mL, & 21,37 C/K¥% 1 h, Il &
536 nm AL WOV BEME s LA 1 mL 25 08 K A B AR i TRV
X BRZH L LA 1 mL 28R AK AR Ho O ¥ MR S 4 X B
g3 C g BAME X IR AL, 350 ) I BRIk At AR T
Al
A,—A
K.
S—RILAMILEREE, %
25 X B OG5
A ——FE A ROGE 5
Ay X A2 G .
1.3.6  BHEoartr PrA I -FATIE 3 WL 45 REBCE Y
& . f#i A Origin 2019 1 SPSS 20.0 &% {4F #4750 45 Ab 7

2 #giRkG5iie
2.1 SMEBUELTTEM S EBRARTL

B 10N RO AR WA L e
BIR 4B R 17.66%., 19.07%) . K & & W (4 3 K
7.92%,8.62%0) K5 &R (43 N 6.84%.6.87 %0) [T ik 4 %K

iAO

S= X 100% ,
0

(3

B, Hh RAHER A &R 5H A &R (NCAA)
FE G IR TR B 5o 25.58 % A1 27.69% . X &

51,25 CKW 4 minREMAWE R 1 mL RS ME  TNCAARF FRMY b 8 m &L m i &
%1 SZPHs B SZPHs-GD oS BB AR’
Table 1 Amino acid composition of SZPHS and SZPHs-GD %
GIES SZPHs SZPHs-GD GBS SZPHs SZPHs-GD

KA H R (Asp) 7.92 8.62 % 53 R (Tyr) 1.48 1.67
IR (Thr) 1.87 1.97 HN AR (Phe) 2.54 2.58

25 % R (Ser) 3.12 3.37 AR (Lys) 1.97 2.37
BAM(Glw) 17.66 19.07 21 &% (His) 1.89 2.10

H &8 (Gly) 3.53 3.71 K 2R (Arg) 6.84 6.87
PR (Ala) 2.63 2.02 HAA 1613 182
It &R (Cys) 0.49 0.59 AAA 4,02 4,25

W TR (Val) 4.04 3.41 PCAA 10.70 11.34

% 2R (Met) 0.05 0.06 NCAA 25.58 27.69

R AR (le) 2.02 1.94 EAA 17.34 17.14
SR (Lew) 4.85 1.81

T HAA. BiKMEE IR AAA. 35 F/ 1 IEMR ; PCAA. 7 IF ML L5 s NCAA. W fulb 2L EAA. A
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WA NCAA 7] 38 3 #2416 v 735 804 508 Bk B i S E
SZPHs J¢ SZPHs-GD i B A5 — & 19 B K 1 21 2 2
(HAA, 254 16.13%,14.82%) , HAA BIfE7E 5 Hg A
PEA GBS e A A RS AR B BR B B
Y, B sh. SZPHs K SZPHs-GD i ab 35 & 3 TR
(EAA) & 88 FLIN AL RS B 4t 2 08 B 25 28 1k, 4331
F17.34%F0 17.14% 4 FE R & & ik 5] WHO/FAO
IR AT R B SR F I SZPHs BA —EE R E.
AR SMELRL fb R 360 22 B, SZPHs Z 1R AME L8 15 1L 5
HAA & BT B AK Wi sE ok M R 3R M. 07 & IR |/ 3L
(AAA) J NCAA & B3N, X Fh 2 5 A8 A6 L4 7T e 23 4F
HAR ST A AL T P B — R R
2.2 FOMEMEURIESTFENHEN

3% 2 A /1, SZPHs § SZPHs-GD 4 F & £ B 4£
5 kDa L4 F . 4 51 o OB EL B 9 82.06% K& 86.79%.
SZPHs LRSI AL )5 - 43 F 5 =10 kDa iy LA BT
FEAK 23 F it <5 kDa 1 HL M A7 38 i, WA SZPHs £ {k
SIS AL G K — S R A T B4 T i
BNGRBE . Beah .4y T <<1 kDa i ik R H AR 16 2 1
T 2% B B A B AR IS MDY, SZPHs & SZPHs-
GD Jr &% <<1 kDa ¥y Jik Bt 43 ) & B b 6 /9 17.79%
M 19.67% , VLB SZPHs J SZPHs-GD E A 4 B 1 4
ATT N
2.3 FOMERUEUBIERMELEETK
2.3.1 DPPH Bl HEEBREME &1 a7 50, 2 5 ik
R 0.5~ 2.5 mg/mL B, SZPHs K& SZPHs-GD 1
DPPH [ H 2535 BR 16 P 5 R @k B 2R BRI OC &R, B
TERRWE }y 2.5 mg/mL B, U 3550k 31 HoE K R R
(93.99% A1 81.25%) . UiB] SZPHs &#i il E L) .
# 1.0~2.5 mg/mL Jii it ¥k B 10 [ Y . DPPH H i 353 Bk
RalikF] 72.89% ~81.25% . HLA &5 i) DPPH B i
RN LT /NE B AR T (55.29%0) TSR R
g = T (71,91 %0) JHR I £ KT (69.20%6) &, ik
Gh G ARSMELE A AL S . S B AR B N 0.5 mg/mL
B, DPPH A HETEMRZH 73.79 % E 55.45% , A] fE &
BTG HAA & AL, 5 05w i) DPPH 45 &
e SRR % DPPH A i 3L/ BRAE W A I AL, 5 5 5
B TR
2.3.2 ABTS™ ALy BRim e &l 2 Wy, 24 o vk

& 2 SZPHs B SZPHs-GD M5 FEHH
Table 2 Molecular weight distribution of szphs

and szphs GD

Hor =10 kDa 5~10 kDa 1~5 kDa <1 kDa
SZPHs 3.96 13.97 64.27 17.79
SZPHs-GD 3.59 9.90 67.12 19.67
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B 0.5~ 2.5 mg/mL I, SZPHs & SZPHs-GD %t
ABTS™ [ H 55775 B 0 M B 0L i B 0 38 Jin iy 384 3, FLAE
JE W B O 2.5 mg/mL B, T3 35 3K B f K BRI
(86.59% F1 90.40%) , M FHRUE N 1.0~2.5 mg/mL
mf, SZPHs-GD %t ABTS™ [ i 3 /9 7 B 2 ol ik 3
78.83%~90.40 % , LA A1) ABTS™ [ il 563 B 1 1k
MFHMBEABMBR YRR (KRG EABEM®RY
55.84 % B R HT A AL Ik 51.26 %% &), SZPHs & &
SIS 1 Ak L T8 ) SZPHs-GD % ABTS' [ i
LM bR AR F1 19 L AT BEJ2 i1 T SZPHs S LS 1 T AL
Jai s 3R K MR K RN R R R I, R i 4 aR T %t
ABTS" Al LMW BRAE J1 . & L, SZPHs 2k SMSE 4L H
fbJa Wk — B8R X ABTS' [ dy 3 19 3 R v 1
2.3.3 BEIAIE IR BB 3 AT YRR N
0.5~2.5 mg/mlL I} ,SZPHs & SZPHs-GD ¥ #8 & FH B 7 1)
T B G P SR B S IR AR O B A 2.5 mg/mL B
B T R P (43.19% 1 47.51%) , M REWE N
0.5~2.5 mg/mL B}, SZPHs-GD %} # 48 B 55 1 1) i i &
AL R H] 30.46 %6 ~47.51 %  FLAT B4 i 8 0B 8 T 9 B O
P o WAk SZPHs- GD i 8 4 [ 85 3 B 16 1 % SZPHs
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2.3.4  FILA W IVERRIEME BB 4 ATA 2R R
$ 0.5~2.5 mg/mL i, SZPHs & SZPHs-GD %3 3 [
H 2 P Y BRI M BE TG MR R R 1S n & W g R, B 7R
2.5 mg/mL I3k 5 f K AH (50.23% Fl 32.66 %), 24 i
We BN 0.5~2.5 mg/mL B}, SZPHs-GD %t ¥ 3 [ i 3L 7
BRR Ak 9.92%~32.66 %, B —F MR A B E K
Wik, G RSN fL IS . SZPHs-GD X 2 4 B i 4
A3 o T W AR T BB B T I ARG AR T X R
B3 A B AE A M /RS & 3L 2. 5 Barbara
E e S
3 Bk

SRS B I I Ak S TR R A AR AR T T A
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KRR & T T R R A T A kL T iR
) WHO/FAO FFZR 1 s 75 2R it i W3 A5 100 5 o 3 4k
1001
90
80r
701
60F
501

401
301

Febe AT R

Hydroxly radical scavenging/%

=V,

20+
105 —e— S7ZPHs
‘ ‘ ‘ — SZPHs‘—GD‘
0 0.5 1.0 L5 2.0 2.5
J e

Mass concentration/(mg * mL™)
B 4 SZPHs % SZPHs-GD #y A A wikFrk i
Figure 4 Hydroxyl radicals scavenging rate of SZPHs

and SZPHs-GD

HRRE FMENHUNBEE CEOABROIRELFENRN
X R HE AR Y E SR E R RN T A
WEFE R TR 5 MR ™ ) & IR SN AL S L 2 T
i >5 kDa B LB i 2 DI R AU B B 3 AL s L 7T —
AR > T . MR AP BT S fb ik 3 3R 0T I 0 (2 3R 11 1 A
P A6 DPPH [ i 55 5 B 5 0 AT ik 81,2506 . 4F
ABTS" B ik BR 5 5 o Al 3k 90.40 06 . xS0 B 8 1
s 8 0 i T3k A7.51 06, X 3R B ph R R R R AT gk
32.66 20 HAT BAF M RSN A ARG M. 4 B IR E
it fifp )™ Wy 22 A 40 '8 W Y AL L T A R A R T R
7 A AT B A B 19 R A AR M R AT A T
P TR g — T A B B0 RN T AT b S
S X WA R 7 ) B AR R AR 0 Al
WA 240 M X Y T 4 A 1 T R AT F 5T O T o B I
T A RO R AT R R ) B R AT R A )
TP 3t A7 o3 e a4k LU A B B A v 4T 80 AL 3 1R Y
JiINE

5% 3Lk

018z e, I, E8 %, % BT oy 2 25 B4R T 58

PER[T]. B2 [E 1K [E 2, 2014, 25(1D): 186-188.
TAN Yun-long, SUN Hui, WANG Xi-jun, et al. Research progress
on chemical constituents and pharmacological effects of semen ziz-
iphi spinosae[J]. Lishizhen Medicine and Materia Medica Research,
2014, 25(1): 186-188.

2] £ A%, HEW, F4%, 5§ R 25 BAE &
TFRFI D] R A& SEBE 24, 2020, 16(7): 202-205.

WANG Zi-shan, TIAN Chun-yu, LI Ji-an, et al.Chemical constituents,
pharmacological effects and utilization of semen ziziphi spinosae [J].
Asia Pacific Traditional Medicine, 2020, 16(7): 202-205.

[3] XU, 4% 01, XUHE 3. PR AL RN A BB FR W D). B
A 5 I &, 2016, 37(20): 20-22.

LIU Jing, LI Zhen, LIU Hai-ying.Amino acid composition analysis
and nutritional evaluation of semen ziziphi spinosae[J]. Food Re-
search and Development, 2016, 37 (20): 20-22.

[4] JARINE A E, NATHAN LV, VANIA Z P, et al. Black bean ( Phase-
olus vulgaris L.) protein hydrolysates: Physicochemical and func-
tional properties[J]. Food Chemistry, 2017, 214: 460-467.

[5] XIA Ji-an, SONG Hong-dong, HUANG Kai, et al. Purification and char-
acterization of antioxidant peptides from enzymatic hydrolysate of
mungbean protein[J]. Journal of Food Science, 2020, 85(6): 1 735-1 741.

[6] Z= 8, %' ok Bk Bk 2 K A 0 S AR D 2 [0, A2 R U, 2020,
34(3): 80-82, 87.

LI Min, LUO Lin-lu. Determination of antioxidant activity of
walnut polypeptide[J]. Chemical Engineer, 2020, 34(3): 80-82, 87.

[71 ZHANG Hong-yin, SHAO Shuai, YAN Ming-ming, et al. Structural,
physicochemical and functional properties of Semen Ziziphi
Spinosae protein[J]. RSC Advances, 2020, 10: 29 555-29 566.

[8] Wh R fik, SKETED, "™ ¥4 86, 55 BR A 2R 1 A = 0 T R ek

175



176

2B 5% % EXTRACTION & ACTIVITY

PO TFIE HEDF S 0], 1 A B 5 5 9T K, 2021, 42(2): 1-7.

HAN Rong-xin, ZHANG Hong-yin, YAN Ming-ming, et al.Studies
on the functional properties and anti-fatigue activity of enzymatic
hydrolysates from semen ziziphi spinosae[J]. Food Research and
Development, 2021, 42(2): 1-7.

[91 WANG Ying-ying, WANG Chen-ying, WANG Shuang-tong, et al.
Physicochemical properties and antioxidant activities of tree peony
(Paeonia suffruticosa Andr.) seed protein hydrolysates obtained
with different proteases[J]. Food Chemistry, 2021, 345: 128765.

[10] ZHANG Xiao-gang, PARINYA N, JIRAWAT Y. Chemical and cel-

lular antioxidant activities of in vitro digesta of tilapia protein and
its hydrolysates[J]. Foods, 2020, 9(6): 833.

[11] WEN Chao-ting, ZHANG Ji-xian, FENG Yu-qin, et al. Purification and
identification of novel antioxidant peptides from watermelon seed
protein hydrolysates and their cytoprotective effects on H»O,-induced
oxidative stress[J]. Food Chemistry, 2020, 327: 127059.

[12] CHANG Chiung-yueh, JIN Jinner-der, CHANG Hsiao-li, et al.
Physicochemical and antioxidative characteristics of potato protein
isolate hydrolysate[J]. Molecules, 2020, 25(19): 4 450.

[13] XIE Jian-hua, DU Meng-xia, SHEN Ming-yue, et al. Physico-

chemical properties, antioxidant activities and angiotensin-1 con-

verting enzyme inhibitory of protein hydrolysates from Mung

bean (Vigna radiate) [J]. Food Chemistry, 2019, 270: 243-250.

THE, INGERE, ALK, S OLEEEUIR R IN A T R R A b

T P (9. 15 PR 2% B 2 41 C 1 SR BE 2 5D, 2006(2): 214-216.

YU Fei, SUN Xiao-ping, LI Jian-jun, et al. Spectrophotometric

[14

study on hydroxyl radical scavenging activity of dioscorea

opposita[J]. Journal of Xinyang Normal University ( Natural
Science Edition), 2006(2): 214-216.

[15] GAO Leile, LI Ying-qiu, WANG Zhao-sheng, et al. Physicochemical
characteristics and functionality of tree peony ( Paeonia suffruticosa
Andr.) seed protein[J]. Food Chemistry, 2018, 240: 980-988.

[16] ABRAHAM T G, RONG H, FIDA M H, et al. Evaluation of the in
vitro antioxidant properties of a cod (Gadus morhua) protein hydroly-
sate and peptide fractions[J]. Food Chemistry, 2015, 173: 652-659.

[17] JA M K, KYUNG Y Y. Functional properties and biological activi-

ties of perilla seed meal protein hydrolysates obtained by using

BE237H [ 2021 £7 R | R@SH

different proteolytic enzymes[J]. Food Science and Biotechnology,
2020, 29: 1-10.

(18] MR 58, 4= 52 Ak, TR 4, 45 AN 5] 26 11 Rl 6F /) 22 26 1 g
PrAAALTE PR B R [0, B B, 2017, 38(7): 161-166.
ZHENG Zhi-qiang, LI Bao-lin, GUO Shun-tang, et al.Effects of
different proteases on antioxidant activity of wheat protein hydrol-
ysates[J]. Food Science, 2017, 38(7): 161-166.

[19] A #F, 4232, 257 5t AR v 33 25 E R A 7 9 B0 S A T 1k
WFFE 9] AR Th & S Bk, 2018, 26(5): 6-10.

WU Wei-jing, JI Mei-ru, LI Zai-gui. Antioxidant activity of
different protein hydrolysates from tartary buckwheat[J]. Cereals,
Oils and Food Science and Technology, 2018, 26(5): 6-10.

[20] A7 33, X2, R/, AF. FE I 2 AR AT SR AL 3 Y A O
FEI). B Tk BHEE, 2019, 40(22): 40-43, 48.

YANG Shan-shan, LIU Hui-ping, ZHENG Ping, et al. Antioxidant
activity of egg white polypeptide in vitro/vivo[J]. Food Industry
Science and Technology, 2019, 40(22): 40-43, 48.

(217 555, o e, 00 SCB, 5. WAL T I A o A 05 IR R Ik 4R
P P B9 R IR (). £ S HLBR, 2020, 36(11): 133-137, 176.

MA Yong, GAO Li-hui, LIU Wen-ying, et al.Effect of simulated gastro-
intestinal digestion in vitro on the antioxidant activity of oyster oli-
gopeptides[J]. Food & Machinery, 2020, 36(11): 133-137, 176.

[22] P IRLL, R, YL, 55, A= W B K S 8 1 Bl A 40 R A0 A
P A HT S AL PR AR 0], & AL, 2019, 40C15): 50-56.
TONG Xiao-hong, WANG Huan, JIANG Lian-zhou, et al. Changes
in antioxidant activity of soybean protein hydrolysates from en-
zyme-assisted aqueous extraction of oil under simulated gastroin-
testinal digestion[J]. Food Science, 2019, 40 (15): 50-56.

(23] i gE, A, W&, 5. o 2R S L IR 10 2R B g O
B[] R, 2018, 43C11): 28-33.

LU Xin, JIANG Meng-nan, HUANG lJi-nian, et al.Screening of
protease for preparing antioxidant peptide from sesame protein[J].
China Oil, 2018, 43(11): 28-33.

[24] BARBARA T, CARLA P, MARIA L N, et al. Effect of in vitro
gastrointestinal digestion on the antioxidant activity of protein hy-
drolysates prepared from Cape hake by-products[J]. International
Journal of Food Science & Technology, 2016, 51(12): 2 528-2 536.

(k425 170 1)

[24] A A, K IS, W AENE, S 2T 5A 3 SRR X o A W
T 75 B BT SR AR B (0] 20 M 4=, 2013, 32(12): 17-21.
ZHOU J, ZHANG G W, PAN J H, et al. Studies on the a-glucosi-
dase inhibitory effect and antioxidant activity of total flavonoids
from Hypericum Ascyron L[J]. Chinese Journal of Analysis Labo-
ratory, 2013, 32(12): 17-21.

[25] MCDOUGALL G J, SHPIRO F, DOBSON P, et al. Different poly-
phenolic components of soft fruits inhibit «-amylase and «-gluco-
sidase[J]. Journal of Agricultural and Food Chemistry, 2005, 53
(7): 2 760-2 766.

[26] Wi 3C, $RI5, 43, 45 . W 55 R U MK A 17 28 2 I o1 2
M EF B 0 5 P (9], A R I R 2 24 R CR AR R 2 O, 2021,
55(1): 76-81.

CHEN J W, LIN E JIN G, et al. Iridoid glycosides from Menyanthes
triolicate L. and their a-glucosidase inhibitory activity[J]. Journal of
Central China Normal University (Nat Sci), 2021, 55(1): 76-81.

7] X8, =kt b=, & ZFE LRI P AT H 4 M
T VA A T AR []. AL 272 4k, 2004, 62(16): 1 484-1 490.
LIU X F, XIA Y M, FANG Y, et al. Interaction between natural
pharmaceutical homologues of coumarinand bovine serum albumin[J].

Acta Chemica Sinica, 2004, 62(16): 1 484-1 490.



