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Abstract: Objective: To obtain the optimal enzyme and preparation process for Schisandra chinensis protein peptides and
investigate its in vitro antioxidant activity. Methods: Seven proteases were used to hydrolyze Schisandra chinensis protein.
Based on the degree of hydrolysis, free radical scavenging activity, polypeptide yield and content of different hydrolysates
of Schisandra chinensis protein and the comprehensive evaluation of molecular weight in SDS-PAGE, the optimal protease
was screened. The DPPH free radical scavenging rate was used as the index, and the optimal enzymatic hydrolysis process

was determined by single factor test combined with response surface analysis. The scavenging ability of O, -, -OH, DPPH",
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ABTS", Fe*' chelating ability and Fe** reducing ability of Schisandrae chinensis protein peptides were analyzed and

compared with Schisandra chinensis protein. Results: The optimum enzyme for the preparation of Schisandra chinensis

protein peptides was alkaline protease. The optimum enzymatic hydrolysis parameters were as follows: substrate

concentration 5%, enzyme-to-substrate ratio 1%, enzymatic hydrolysis time 3 h, enzymatic hydrolysis temperature 55 °C,
pH9.0. Under these conditions, the polypeptide content was 88.61%, the degree of hydrolysis was 24.21%, and the DPPH-
scavenging rate was 86.96%. The free radical scavenging ability and reducing ability of Schisandrae chinensis protein

peptides were better than those of Schisandrae chinensis protein. Conclusion: This study determined the optimum enzyme

and hydrolysis process of Schisandrae chinensis protein peptides, and pointed out that Schisandrae chinensis protein

peptides had better antioxidant activity in vitro and could be used as a natural antioxidant.

Key words: Schisandra chinensis; enzymatic protein; response surface analysis; antioxidant activity
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1.1 MRIEEE

bR T2 I T AR KRR B2y R

MR e, Lok 4B 22 R 2 e AR =R IR
JEAE YL R T Schisandra chinensis (Turcz.) Bail
T AR SRS TR R (200 U/mg) . PR A
it (100 U/mg) . AR JRNEE FF (800 U/mg) . B
(1:30000) . fEZE HEF(250 USPu/mg) . KU EE il
(=20 U/mg) _LIGEMAEDEHARAR; 68
FIBF(>120 U/mg) UG EEA Y+ ARG BRAF
Folin-f3is . 30% PG IERL . p-Si st LW bnifEdR
F1 Marker, —F2 I FLp L e | i imRE% . 48
JE. 1L,1-2RIE 2353 (DPPH) | 2,2-BR&-X(3-2.
FRIfEmsmbf-6-1iE iR ) R (ABTS) . 443 C(dL
W) . AW HKGRIFER) 43 dral, db 23k
YRR AT

ALB-224 Ji 432 —R-. AB265-S +TJ1453 22—
K| S220-K-CN HR#ER pH i MpERE-FTHI 24X
w5 A IR F); SCIENTZ-50F A5 IR THRPL T
B2 U T8 B A BRZN 7l ; Mini-PROTEAN Tetra
Cell ZEHHIKIY & Bio-rad 2\ H]; UV-2550 £84h
A AECETE ARG BRZF]; MiniSpin
Plus 5920R =i 5.0l #E[E Eppendorf 23] ; Mul-
tiskan MK3 4> H 3l i #5 {¢ . LYNX6000 Sorvall
LYNX =3 .0 4L, Invitrogen iBright FL 1000 EEKE
124 ZE[E Thermo Fisher 23 5] .
1.2 XFEE
1.2.1 FHBRFEAMERE AR50 B HRTi6 7
VM LR 2 SRR, R, A kIR S T
L, R EAS R AR 2583 . FRER 100 g b FRTT1
JRIERERT, 342 1:35 BHE L2285 F 7K 21352, 1 mol/L
NaOH RO pH YA 9.5, 35 °C /KIGHEEL 3 h,
#5.0>(3500 r/min, 15 min), F+ULHE, 1 mol/L HCI ¥4 |-
EW pH R 3.4, T 4 °C TH®E 2 h, 8.0, 5 L7,
FH/D i 22 B AR UTIE R, pH A 2 e e A
Hr42(Mw: 8000~14000), 4 °C i#HHT 48 h, [A]fF 2 h &
e LB FOK, BTSRRI R R T4, B8
SCP.
1.2.2 BaSFEANERE R TFHCHISYIMRE N 3%
i) SCP W, #E8E 7 FRER X SCP Wigf, Mgt %
AT T I 75 s W R Bl 25 1R, PR 1. il
RIS T 100 °C /KA H A 85 KHEE 15 min, 2 E1 %
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BT e H i A8 OB PR i 28 FI

F 1 ARV Y e W A

Table 1 Optimum enzymatic hydrolysis conditions of different
proteases
TS BB R (C) BEffpH RS E (h)  BEITSH (%)
1 AJRE b 65 6.5 4 1
2 PR 50 7.0 4 1
3 B 55 8.5 4 1
4  HEEEAN 50 8.5 4 1
5 HEAR 37 2.0 4 1
6  BREME 45 8.0 4 1
7 KREH 50 6.5 4 1
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Folin-Fykidf R & vt A E /S, DL LB TR AR S

WU, T 500 nm AL LS R, 2l b th 28
JETHAANEIRE R Z IR

1.2.3.4 RNIEDHENZEERS (SDS-PAGE) ik  SDS-
PAGE £ 2% VINAYASHREE 4§ U (% Jy 55 F4 in &
Do AN TR 25 P P I A K PR AR o T TR BE TC 1 2y

5 mg/mL, Jil A& IR B85 M B A2 vh ik, Bk oK

5 min JE&HT, T FHHE R 5% BIMAAIEAT 12% B4
B iE4T SDS-PAGE Hiyk, EFEEN 10 pL, HLIK
SEE R S W R-250 SIRFEIARGLM 1 h, i
IR NEOBOR B A | SRS, (SR

(EINESETIIHE S

1.2.4 mARRYMENfE LS Rk E

(1% 2%. 3%. 4%. 5% F 6%) 1) SCP K, [H EHfF
JEFE N 1%, BRI K 55 °C, B pH b 8.5, Hilifif
IFE] S 4 h, BEESS S 100 °C BE/KH K BEE 15 min,

C]

7

B, ISR YR T, M xE DH A1 DPPH- 74 KR 3,
2 AN [RY RS B %o Bl R ) s I 2%, 255N A]
JEEYIH)E T ) SDS-PAGE 455, i iE A B )% .
1.2.5 PANESILL AR ok & B A S LRy
e i e _E AT R R ER B 4%, L DH A1 DPPH-15
BRI A EFE R, KPR 2 1 P 2R A il e A,
43 50 ] 2 HoAth 2544, 25 BE I L (3%, 2.5%. 2%,
1.5%. 1%. 0.5%) . FlfiEAdE (6. 5.4.3.2. 1 h). fif§
fRIRLRE (85, 75, 65, 55, 45, 35 °C) FIffFf# pH(12,
11,10, 9. 8. 7452 K2R, 44578 5 PR ZE X il
TSR RZ I 2K, S35 i PRI 38 6] MR 2R A Tt
PR EE RN DPPH - V5 IR 22 0 52

1.2.6 MRy m il

1.2.6.1 Mgttt RS E Scie AL,
MR AE (Y ) oA DPPH-IERRSR, HASE I (A) .
EREfRET TR (B) . BRIEE (C) Ml pH(D)4 RIZE,
F]JH Box-Behnken design( BBD) 4% I #, 531 PU
R 28 = /K- B mi 37 TS, XF SCAPH HYBEHR 12 4%
PR AR . BT TR R AR ILE 2.

F 2 M A P AP g R

Table 2 Response surface test factor level coding table

AT (%)  BEHFEE(h)  CRERIREE(C) DEfFpH
-1 0.5 2 45 8
0 1.0 3 55 9
1 1.5 4 65 10

1.2.6.2 W RIS S04 W Design Expert 13.0
FRAG X S BB R 3R T U 5081, 4581 DPPH -1 R
ST EEEIRG Ll . B A TR . AL RS AN AR pH DO R 3R
P8 Bl YA R XA R 47 (0] U T 25 5087 Sk 28 PR A
45y, o=t AS TR 5 e R 22 e . g B RN A i 2R I, 3R
HY SCAPH KIHAERER T A5, JHf 1528050k
1.2.7  E HEEBRER S0 2

1.2.7.1 BEHEF L. SCP AHZHE, RHLPIK =
Wy [ A AL 2 SCAPH X O, -1 B AR SR . HR
3 mL 0.1 mol/L Tris-HC1 1 0.1 mL JEEH#JZEH 0.1,
0.5. 1.0, 1.5, 2.0 1 2.5 mg/mL AJ SCP 1 SCAPH
e S K A4, 1RG5, 20 min S50 A
0.3 mL 7 mmol/L £B4K = WA, S 4 min J5IIA
1 mL 10 moL/L FhP@ i iz B2 1k ; LASFHAFR 81K
ARIF IR = VA E e S X R LA AR R BT
IR SR RAE s X R . LA Ve RIS

PASAEMEI G . O, - TEERFF A (2) T
Ay—A +A,
—_— X
0
A Ay, 25 X IRZH I SCRE s A, FEAL L IO
B A, BRSO IRZHINOCRE
1.2.7.2 FIEEAMIE WHITLE TEARENE SCP I

0, - 1EFRHK (%) = 100 X @
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SCAPH Xf-OH MJiERIEH - B 0.75 mmol/L £f
AIEEWE 1 mL F1 0.2 mol/L PBS ¥ 2 mL i AG
B, BEEINA 1 mL JFEHE 53508 0.1, 0.5, 1.0,
1.5. 2.0 1 2.5 mg/mL ) SCP F1 SCAPH Ff i /K%
W, IR2E), A 0.75 mmol/L FeSO, ¥ 1 mL, )5
A 0.025% H,0, & 1 mL, IR%4], 37 °C /KB
R 1 h, ASEVZH 530 09 56 T 536 nm ZbHFEA T A o
Ve F1 GSH Sy BHPEXT BEZH , 25 P %) B ZH DA S AR 25
B FRACERE AR, R oT BRLH DA AR RSB ok
{3 0.025% H,O, #H, AS[FIZH 5] -OH ¥ B 5 A 45

OHIEFR (%) = Az 100 S &)
A, -A,
21 Ay, A5 FIAT BELHIREIE; A |, FE S LI
BEs A, BRSO REZH R
1.2.7.3 DPPH HH & K 2 mL 558 W& 5550k

0.1. 0.5, 1.0, 1.5, 2.0 1 2.5 mg/mL i) SCP il
SCAPH F£ i 7K W A1 2 mL 0.04 mg/mL DPPH %

W FT AR A, = iR RE G ) A 30 min, WO F
517 nm 4B 5E, LA 2 mL I EEC 3 DPPH W RAE N
FESRXTRAZE, DA 2 mL 2B FoRACEFE s A E 2
HXTRRZH, Vo F1 GSH VE R BHPHEXT BRZH o dfad 202K
(4)313 DPPH - THE IS,

DPPH - 1555 (%) = meo x4

e Ay, 25 I BRZE I SRS s A, RE S ZH IO
B A, BEGT HELH IO
1274 ABTS'HHEH ¥ ABTS Flid B2 #1455l
JH 2288 7oK B i, o Howk B2 43 551 o 7.4 mmol/L Fil
2.6 mmol/L, ¥ 2.5 mL ABTS {45 5 44 pL i34k
FRERIR SIVE I TAEWL, 4 °C EGERE 12~16 h, I
Fii A 0.01 mol/L pH7.4 PBS iAW M B & 734 nm 4t
e G REEAE 0.7+0.2 7 [l N, 1E 25 . %) IRZH i '
BEo 4% 10 pL BT EW 43524 0.1, 0.5, 1.0, 1.5,
2.0 A1 2.5 mg/mL fJ SCP Hl SCAPH £ 5 /KB 5
200 nL TAEMRIRS), ZEikE G N 8 min, AN[F]ZH )
PN SGRET 734 nm AAAE . ABTS™ W BRAE 14K
o (5) A

ABTS® - % (%) = % % 100

0

& 3

:T:EEFIZ A()» gg Elxd—lq\g\éﬂuﬁj\lﬁg; A]s ﬁéntl':?ﬂ”ﬁ
jlﬁgo
1.2.8 IRJFRAET]

1.2.8.1 Fe*'#AHReJ1  HL 96 FLAK, I 100 pL JFi &
WSy 0.1, 0.5, 1.0, 1.5, 2.0 Al 2.5 mg/mL [
SCP F1 SCAPH FEF/KIEW I 50 uL 1.3 mmol/L
FeCl,"4H,0, = il )< % 30 min, #X J5 Sl A 50 L
0.1 mmol/L Ferrozine % o FEMmXTREZH LA 100 pL
FETFARACERE RIS, LA Ve f1 GSH A BHPEXT AR,

MAE 562 nm AR SCEE ., ANFHAANM Fe 265
ReJIRIE A (6)T1H4A:
A - A,
s Ay, BE M X BRZH IR G A, BE S A K

e,

1.2.8.2 FSIRJREES] 4 1 mL B ¥R 43 51N
0.1.0.5.1.0.1.5.2.0 f12.5mg/mL #J SCP 1 SCAPH
FES KBS 2.5 mL 0.2 mol/L pH6.6 B§E 5% rhiss
WAN 2.5 mL 1.0% BREALEIIEWIR S, T 50 °C K
JZN 20 min, AN EZR, IIA 2.5 mL 10% =54
R, VRGBS, BL 2.5 mL B3, A 2.5 mL =51
JKFT 0.5 mL 0.1% =& bk, IS, DL TR s
R, IOGEEE T 700 nm ABM5E, L 2.5 mL 2585
T KA AL S MR AE AR S X R4, LA oV

Fe™ 5 HE11(%) = x 100 X 6

GSH HNBHMEXTIR, im0 (7)1 Fe iR R RE /7.
Fe" iR JFRE ST = A -A, 2 (D

o A, BRSO RE s A, A AL X RE ZH 1%
S
1.3 HEAE

T A S 5 4 3 Ik A4T, R Origin 2019,
Design-Expert 13 Fl1 Microsoft office 2019 Ab L F147
HrEE, 451 DV BE R E2E R0 .
2 GERES
2.1 HIEEETFE
2.1.1 A[FER ARG R RRGE 1 FoK i B2 X b
A 1 AIAL, FORFER A4 7 Pl BB S, 23R
B — R 1Y H B ERTE BREE T o Bt B I B R A 4
DPPH-Fl1 ABTS "5 ¥ 35 HAB MG ™ P A0 A=,

A] BE & Ok M 2R A g X SCP #4785 Ul B, BE 4% XF

SCP W EA —Efrm rE & BRI 5 HA TR, 3
A R Z A ATE S /N2 K0T oK
FERSCR B i SR R 2R I i, DH A] 3k 27.51%, H
IR . DH s 227 85 TR A KA )

—a— KIFIE (%)
/ME\% FIfilf  —+— DPPH- 15K (%)
m ABTS" W5 RR (%)

i R

WK

WO E1 - BRI

TAELI
1 7B RO [ R I A ) R S R

Fig.1 Effects of protease types on free radical scavenging

B

ability and degree of hydrolysis
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FR RIS, B =4 vh Z K ARSI e &
ASFEE Y DH AN, AT (852 21 AR FH 69 BED 57
SRR SRS PRk, s S PR E
J& BT = T AR TS P R e e = o

2.1.2 AFEEABEEZ AR RS EXT . 2K
ErELRME AT T AR N y=0.0006x—0.0022, A0 &%k
R >A1 0.9995, 5t BH Z2 IR T v JBE 7 00 e VAR R Y s P9
HOGE RILRMC R RiIf. WKl 2 i, SCP
28 7 FhER IS, D R R S 22 KA R
SE B N EGE, 53 0h 74.52% Fil 94.65%, HHAT
Gt 25 5 (P<0.05), Al AER H FHsHaE i)
TR A AR X YIRS, KA RE v, oA i 22 K

R

80
70 +
g f 9
= o =
& 30 )
20
10 |
ol 1
RS A N

K2 BRI SER 2 ISR R R
Fig.2 Effects of protease types on polypeptide yield and
polypeptide content
E: AN RER R [R]85 b5 22 57 .35 (P<0.05); 4] 4~151 8 [fl.,

2.1.3 AR[EFE A6 A FR Y E T ol 2 i
SDS-PAGE HLykXT L bR T35 I AE AN R 35 AN
AN [R) RS 420 ¥ B2 1 B 2 1 g 2% 4T I 2 1Y) SDS-
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Table 3 Design and results of response surface experiment

RS ABPRHC BRGARI CRBMRAE DEfgpH DrCrH

TEBRR (%)
1 -1 -1 0 0 60.92
2 0 0 0 0 87.13
3 0 1 1 0 75.29
4 1 0 1 0 83.59
5 0 0 0 0 87.65
6 0 -1 1 0 72.86
7 1 0 0 -1 79.35
8 0 0 0 0 84.76
9 -1 0 0 1 78.16
10 0 0 -1 1 77.87
11 0 -1 0 1 62.64
12 0 0 0 0 86.54
13 0 1 0 -1 61.93
14 1 0 0 1 84.80
15 0 1 -1 0 73.80
16 0 0 0 0 89.10
17 0 0 -1 -1 69.75
18 -1 1 0 0 68.81
19 -1 0 1 0 76.69
20 0 1 0 1 82.93
21 0 0 1 1 82.52
22 0 -1 0 -1 72.06
23 0 0 1 -1 74.04
24 1 -1 0 0 67.59
25 0 -1 -1 0 56.12
26 1 0 -1 0 77.12
27 -1 0 0 -1 67.96
28 1 1 0 0 82.12
29 -1 0 -1 0 68.04

2.4.2 IEBIRIE S 505220080 S T SR AR

it T 22, R Z o0 R BE T BRS8N RS2 i R 25
L5 BB 22 0] (14 PREIOR R, 2278 B [ml R JFH 91 )9 A2
AT 43 e P, iz ] Design-Expert 13 #0744 Xt
2% 3 BRI T 2o R I ARG, BT SCP R T
SEEAARERL, DPPH-{ERR SR EZ Ry —
W ZIumE R

Y=87.04+4.5A+4.39B+3.52C+3.65D+1.66AB—
0.545AC—1.19AD—3.81BC+7.61BD+0.09CD—4.83 A~
12.09B*—5.76C*—4.97D?

o e YR Z2 30 [0l Y AR A RS T 255080, gh SR an
22 4 FFo, LR P<0.0001, F=43.88, H 2L UIH P=
0.3532>0.05 A~ W35, USRI i B2 2, 18I
S a5 WAL G R S . xR R e R R=
0.9777>0.9, Ui H S5 S PR E 2 B — 2 I AESC
e, AR 2B R 5 =0.9554, il 95.54% (1M,
HAEAGA] DLz Az B B AT M s, 2B % R Bl
2.49%, BEHRIAR 5 (Y AT GEPERR /IS, #E— U0 A5 1Y
HADLRGRREE, B S0 g0 4 T 5 Bl B .
— IR R AN IR IR BRI 25 (P<0.01), 16
AR X i) S (B R A RS . FAE AT LR PR 45 R 2= 50
PR ERSITE - d M U R NS b DO I TNl S sd = 1 153 & /D)
DPPH-1# & GE J1 52 ma B4k oy W 2, & 4 h F(A)>

F4 MR [T R T 225

Table 4 Variance analysis of response surface regression

equation
FEHRIE SFHFM Al BF FfH P BEME
el 2171.97 14 155.14  43.88  <0.0001 ok
A 242.91 1 24291 687  <0.0001 o
B 231.35 1 23135 6543  <0.0001 o
C 149.04 1 149.04  42.15  <0.0001 o
D 160.09 1 160.09 4528  <0.0001 ok
AB 11.02 1 11.02  3.12  0.0993
AC 1.19 1 1.19 0336  0.5713
AD 5.64 1 5.64 1.6 0.2272
BC 58.14 1 58.14 1644  0.0012 o
BD 231.34 1 23134 6543  <0.0001 o
CD 0.0324 1 0.0324  0.0092  0.9251
A? 151.38 1 15138  42.81  <0.0001 o
B? 948.26 1 94826  268.19  <0.0001 o
C? 215.46 1 21546  60.94  <0.0001 o
D? 160.44 1 16044 4538  <0.0001 o
52 49.5 14 3.54
AT 39.43 10 3.94 1.57 03532 A
gl 10.07 4 2.52
BIRZE 222148 28

R=0.9777, R*4=0.9554
TE: PR ZE R B3 (P<0.05), **FIR2E T . (P<0.01)

F(B)>F(D)>F(C), 15iBH B 2% AR 8 A
A DPPH - 75 BRAE 1520 S R ES Hb> I At (e > 1
fif pH>PFfHIRLRE o
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1R 2R DR b S S 5 0, D) D] 2R 32 B AR
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A5, Wit s 0] 43 531) 5 i Aive v PO B A pH 32 HAE
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Fig.9 Response surface and contour analysis diagram
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Fig.11 Superoxide anion radical scavenging ability SCAPH [ 1Cy, fH & 0.43 mg/mL, A 1t SCAPH i
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Fig.15 Ferrous ion chelating ability
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