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Abstract: To study the anti-fatigue effect of walnut proteolytic enzymes and to provide scientific basis for the development

and utilization of its functional products. Walnut isolated protein (WPI) was extracted from supercritically extracted walnut
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meal, and the WPI was enzymatically digested by Dregea sinensis Hemsl. protease. The hydrolysis degree (DH) was used
as an index to study the optimal conditions for the preparation of walnut peptides, and the effects of different molecular
weights of walnut proteins on the alleviation of exercise fatigue in mice were also investigated. The mice were randomly
divided into five groups, and the test samples were orally gavaged daily for one month. Finally, weight-bearing and
exhaustion swimming experiments were performed to determine the serum urea nitrogen (BUN), lactic acid (LA), hepatic
glycogen (HG), myo-glycogen (MQG), glutathione peroxidase (GSH-Px), malondialdehyde (MDA), and superoxide
dismutase (SOD) contents. SDS-PAGE gel electrophoresis showed that the WPI was significantly degraded by Dregea
sinensis Hemsl. Protease. The one-way combined response surface experiment showed that the DH was up to 30.1% when
the material-liquid ratio was 9:100, pH9.6, enzyme addition quality 9.4%, enzyme digestion time 180 min, and enzyme
digestion temperature 63 °C. HE staining showed that the enzyme extracted by the use of Dregea sinensis Hemsl. Protease
did not have any toxicity side effects on mice. Compared with other groups, the enzymatic digests with molecular weight
less than 3000 Da showed a decrease in LA and BUN content, an increase in HG and MG content, and a more significant
prolongation of weight-bearing swimming time (P<0.05), and a significant increase in the activities of SOD enzyme and
GSH-Px enzyme in serum of mice in each group in the sample (P<0.05). It indicated that walnut proteolytic digests could
alleviate exercise fatigue in mice, and the effect of small molecular weight walnut proteolytic digests was more significant,
which might be realized by regulating antioxidant activity in vivo.

Key words: walnut proteins; Dregea sinensis Hemsl. protease; SDS-PAGE; exercise fatigue; weight-bearing swimming
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1.1 MR5EE

A A A B SCgS = 405 BUAmE 1L
R () ; imT42(3500 Da) iR M- 94
RABRAF FrERR . AN . miliRse  aER4: 1l
e S vl SN RN PR A M Nee 4 eE =B s 3 =il |
WA RRAE] iR RO BR A
wl s Hoe R 3 o e e gl SES N B MR
KM /NE(SCXK # 2020-0005) ; HHJE | L7 bR 2 AL
(BUN) | FLER L & B (LD) . 45 e H ks & 4k Sl
(GSH-Px) . %ALY EALREE(SOD) . TN i (MDA)
WFE Ry TR AR BRA ]

SK8210HP fEIEMEF AL iR {UAS
HBRAF]; PHS-3C MREE T _LIBH/RE ERE S A
PR ] WT2002 LK ol T R A BR A
Al; TDL-5-A Bl g2 ss Rl {43453, 88-1 1
FipiFlAs . HH-8 [HiE/KGS & PHAR s A il v
A PR H] s HE-5L Wi55 TRl IR IR AR A BR
INE] LGI-12 HASWRURTRAL  dU R EAE2RHE,
KR BRATF]
1.2 SEWFHE
1.2.1 EMdEAmMSES SRR ESEY kit
MEAEME AL . BGE 35 E HJG B3 A pora el ke
1:10 M ELBRR T 7K T, BT RS P FEE 3 min, £F
MR Z< )5 F-JE T pH, FH 1 mol/L 1 NaOH ¥4k
MBI pH P ZE 9.5, H1E IR 75 P A AR IR 8
1E 55 °C, SRIGHE L pH BUEIREA 1 h, 45
RIFERHTE =R, B HBLA 4 °C. 4500 r/min A9
OHLES Ly 15 min, BEF R 2502, v _LIEW, 4
1 mol/L /) HC1 ¥ L5 W pH W& 4.5, #H 1 h )5
4500 r/min Z5.0> 15 min, FRAFAZER B 8 FAADIEE, TN
AZEWKKGRDTTE 3~5 U, PRl pH 2= rppk, 18251
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Tk R XGRS 180 °C, EHBhZEHUE 70 Hz 2B
BEER 485 HH -
1.2.2 B ARGIIPRE SRR HEN Ik
BEAEAETI . 1S B A e ZE AT T, AT 53 h 15~20 cm
m/NEL, P /K B LR E =4, @i S5 #E60 °C 7K
2SS 120 B 2205 I 52 a3 38 22 TC R IR I 0L 2%
B, 1L VB S TUUEMR 4000 r/min Z5.0 20 min, #E1TEE
FLAZES, AR EEFLE RN T 0.5 h, BEEFLIRAS Ui uE
W, IR e B S e 46 (55 °C, —0.08 MPa) & 20%.
HRAR R SF FL S A0S, SRR IN AR R B AR 1k,
4000 r/min &5.0> 20 min FF25 LW, UOUE N/ 6288
ol KB AR Sy R AT 88 1 AR A, BRI AGE T A
(MW3500) B TR R RMRELSE %01, YR LEprliisE
BTSRRI —80 °C vRFE TG R, SR A A L
2SR THRHL(ELAS BT 1 Pa, B BHEE—60 °C, RESN IR
FE—40~—20 °C) P& dR T, ®I15 5T Al e R a1
B, —20 °C TRIRIE

Z: 8 Arimal'® 325, BU 50 mL et (223, ik
% 85 C J5 M N oK, ImAKHETIEF 35%
(17.5 mL) Y Bl R, FeAMIR & e kst . 1
ThIC S A B A7 e s R B SE ZLEE S 1 Bt R . BEFL
BEE J1 8 XA : 40 min HE[E 1 mL IUSEZLAYES & (51
FARES W) M 1 857 (Soxhelt Unit, Su) .

SU =2400x50xD/(tx 17.5)

P, ¢ EEFLASTE] (s), D Ay 575 e v TR kK ity
W IR ES
1.2.3 #ZHkE R TS SREFEE 2
SRR (T IR E S . AR S K R —
ERHRE LIRS, 60 °C 7 10 min, HEEIE 5 pH 2
WAL, I, 764 e ELRE K Va4 HR A 2~5 h, BluK
KT 10 min, FEEE R, A 4 C ZO0VLE T8O
(4500 r/min, 15 min), B FVEW, BT
1.2.4 PRRIZRSCE  ARPEETHITSCE, LLAK AR EE
FEbR, [EEEEHRE N 10% . BEfERTE] 3 h, BEf# pH.
B IRE 60 °C, BEEEHA LK (3:100. 6:100. 9:100.
12:100. 15:100) %] 7K fif: BE (%) 5 Wi 5[] Q2 i fi o) (]
180 min. KHE L 9:100. BEfRE pH . BEfFIEE 60 C,
HEZRFRINTR (6% 8% 10%. 12%. 14% ) Xf 7K fi#t B
A2 0 5 [ R B B R 10%., B MR L 9: 100, FEfffi
pHY. A fif I 5 60 °C, 25 £2 Fil fig i) 8] (120, 150,
180. 210. 240 min) X} 7K ffE BE (A 52005 [5] 78 B B R
10%.. FifgffeAsTa] 3 h BHA& LL 9:100. BEfFIREE 60 °C,
I pH(7. 8. 9. 10, 11) X /KL BT [5]E
g 5 2l 10% . B fBF ] 3 he Bff# pHO. BHE Lb
9:100, ZELTHHIEE (45, 50, 55, 60, 65 °C) XK fi
FE BRI
1.2.5 map ELAGRGS: AR R R SR n Rl -, 45
A o TR AR, S AR AR B K i B
VE A AR, TNE 1 U7, e HOK i R4 A 8 55 1 it

BB (%) | B pH FNEGAF IR (°C) , B 2 A%k
H AR AR

F 1 R P R AR

Table 1 Level design of response surface test factors
KA TR 12 (%) it pH T (°C)
-1 8 7 50
0 10 8 55
1 12 9 60

1.2.6 RGBSR FEL 7k (SDS-PAGE) 4387 =
PR I T EEAE B . SR S 12%
SYESIE, WS SRy 5% MRABIE . AETMFREL 4.5 mg A%k
B AL BRI DA iR, TR ST
JE 8 T4 B in# 3 min, 7 5000 r/min P& TF
B0 10 mine WHR 15 pL 2B EE B KA Bk E
YA T AR, MR B L R R 80 V., 1R 5T
WRAE IS IS F B AN ZE 130 V H B4R, Pk Ty
£, e FAiR.

1.2.7 MZHCE AR 0EIE (B IERE AN AZ
MR EE 1B 420 53 AN [R) 43 B 0 =35848, 4350k
<3000 Da. 3000~5000 Da. =5000 Da. # €58 K
JE B R TG IR T, BT 20 C 541
R

1.2.8 ARESrFEZPRIRSMTRLSESE =%
XA AR EELP (1) R E ot DPPH. ABTS' H A 3t
HERE . ¥ DPPH AN A B i il #5 0.26 mmol/
L DPPH ¥ . HX 100 pL DPPH W5 20 pL A5
InA 96 FLAK H, = iS4 H W 30 min, FEIE
£ 517 nm &b A4 B ShEGAR SO a2 F G, AT
MAE 3 K. ABTS'H HILIE KR EE S A9 a2 5 mL
7.4 mmol/L ABTS fi##5¥#5 88 uL 2.6 mmol/L K,S,Oq
IR ST, AL EE 12~16 h, Ll ABTS TAEU -
ABTS T 1E# H 80% Z M Fa B, 1R & % W 7E
734 nm KA PIRSGE N 0.7, ¥ 200 pL ABTS T
YER S 20 pL BESA A 96 FLA A, iR SGIR &
6 min, TEIES 734 nm ABNEOGE, ATIRE 3 K.
Ay— (A -A)

0

DPPH H HIZETH R (%) = x 100

o, Ag—AINFEES:, A DPPH B9 iy I O\ EE;
A—IAFRESL AT DPPH AW A— I ARES, A
i DPPH HYWRSGEE

ABTS" H HFEIFH R (%) = # x 100

Ao, Ag— A&, INA ABTS BB WOGEE
A IMAFESAN ABTS BYWOGHE s A—IARE M, AN
Jin ABTS MG
1.2.9 ZhWireH 5UrUKESEE:  YePe 5 JHig. 18~22 ¢
R EEPE KM /NBL 90 H, 4R15% T+ SPF 243 34 55
42, AR FEIHRIAS R H /N BRI AR B FAROK, —JE13E
WS FEATIRLE, 8 S A SIS 80 /N EA T
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SCH . O KM /NERBENLST N S 4H: 4351 2 as ok IR
ZH (Control) . BHPEXTARPEFEZ4H (PC) . <3000 Da #%
B2 11 B £ 2 (WPPL) | 3000~5000 Da 4% Bk 5
AR (WPPM) | >5000 Da #Z Mk 25 11 it fik 42y 28
(WPPH), %52l 16 HU/NE, L EPLEL 8 HARR Y,
FF 8 HARIE N N, /N AR RHEE 200 mg/kg M
WREE BRI S VU 7RSS, X B4 A5 R B AR A Y
A BHER K, HA LR HRAE A BEER A I AR &, SESE TR
Wik 31 d, BRI/ NRIATRRE I e —1
HJEFREh N /R T 0 SR SEse, Y 3647 108
PP SLGG 24,
1.2.10 %% 55 #H G 2B AL FR AR 09 1 18 A 0 AORS - 41
(HE)Yett, 7ESKISAIRT 1 d, SoiE B 2, 5155
30 min J&, BAHFRC N N 89 8 H/NEUR TS it
T B UK AR TP IZ 3 30 min, 45 5K B 45 min H
1L, AR AL P AT o AU I A 4328 W i v, T
BUN, LD. GSH-Px., SOD. MDA ] &, It It JH T
HG B E, A BELA AT MG B9 RE . TFERER
N oI E 3 HUN R T R 28, UG BRILIA,
4T HE GLaiP /ML EAE (L
1.3 HIELIE

W JFH OriginPro 2021 4b ¥ fr 8- 50 P8 - =, £
ZHBRAE LV R ¢ K58, Ira a8 DL < SEA AR
WL IR, W I/KFEN P<0.05.
2 RS9
2.1 BEZRIEHHLE

WE 1 s, BEE AR S 7K ERAE RSN, ZK
B2 ST R R n ks, AR5 oK i EREE 9:100

Bf, 7K AR R 21.9%, ILHF K R R Bl i . 7E
pH 37 F 7~11 B9 X [a] B, 7K M BE AR OK 222 B Sie 1 5 vk
FOFaS, MEEfFE pH oA 9 B, ZK B B fe = ik 27.2%
X T BEAS DN, A 7 12 SR E ) 5107 Al 4 1 g It vl
712k 216.16 SU/mg, A EE IR 19 /K fift 5 — B
N, TEBFARINE AR T 10% W), KA BE SR T B 4
K, e fedkSRIg infs L, K ER ks in, (FU28g s
BONIFA TS, U EFE INEEPE 10%. H R E
FAAFSHTLERAL R E Y, 7R RO AT AR ROk
$i7E T I 5 T ) TR % R e B g 2 T, AR B il S
R B F125 AT LAFSJ, FE7KSERI, T8 H R A TE
I TIP3 488 R I ZN s Bt R
A R] A, BDT) 57 A 2 ST W o, IS 7K A ol e
SARS R R R, B VIV F A S i sE ¥ T I
Ja , B KA BRSNS TS, A A ] 32 4%
180 min, Y2 IR A 60 °C B, T 1 LH A 7K At )&
RBER S . SR E5 EIZE XA /KA Y52, 1k
BRI 2R BEBSIINBT R 10%, B EL 9: 100, )W
AstE] 180 min, A pH M 9, BiFfRIEE 60 °C.
22 TN EEESR

K FH Design-Expert 10.0.7 ZRA4FXIBEfe 120047
mi N TG4, BB 45 SR AN 2 FioR, 15 B UK 7 B 1Y
Z 0 R BT )7 B2 N - K f# ) Y1=28.40+1.00A+
2.63B+2.38C—2.00AB—1.00AC+0.25BC—4.58A%—
2.32B?-0.32C%, 3 3 A A0, LA AR B 2 (P<
0.001), RIUTIIA i 35 (P>0.05), Ui B A KI5
PREE U, Rl AEME S . BIRIAYeE 2L RP O 0.9956,
VLHHIK R EEAT 99.56% A YR T Fri A8 i, R I, A
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Fig.1

Single factor trend analysis of the enzymatic degradation of walnut protein by Dregea sinensis Hemsl. protease
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U [ 5 AR AT TP A K g B . 3R 3 IR
AT, XK AR AR, ABEESINED) . B(Ef# pHD) |
CBHFIR ) . A2, B> X /K fif B AT 1% i 35 52 i) (P<
0.01); AB i 5 0 (P<0.05), AC. BC. C? L3

gjnﬁ o

K2 MBS CIEE T 20t N TR B R A5 R
Table 2 Experimental design and results of optimal response
surface for walnut separation proteolytic hydrolysis process

THS AMSAIE BEE#pH  CERIREE  KAREE(%)
1 -1 -1 0 16.12+0.12
2 1 -1 0 22.21+0.15
3 -1 1 0 24.97+0.12
4 1 1 0 23.22+0.16
5 -1 0 -1 18.32+0.12
6 1 0 -1 22.31%0.11
7 -1 0 1 26.95+0.09
8 1 0 1 27.18+0.43
9 0 -1 -1 22.24+0.26
10 0 1 -1 27.48+0.14
11 0 -1 1 24.11+0.22
12 0 1 1 30.46+0.14
13 0 0 0 28.21+0.11
14 0 0 0 29.16+0.23
15 0 0 0 28.36+0.18
16 0 0 0 28.42+0.24
17 0 0 0 29.42+0.22

ARYEARAN AT, o5 Tl 17 7K Fi B 1A A7 maaxi-
mize FRAH, 152K A BE e i P B 2521y - AT,
BE 63.06 °C, BES N 9.41%, Hif# pHO.59, 7K fif
BERIFMAER 30.4% . Ry T SEHHASEEE, 6o foc A
FANTEEIRIE 63 °C, BRSNS 9.4%, fifff# pH9.6,
TEM A R T 2R RS, K9 30.1%,
ST R T

3 IKAREE IR S HT
Table 3  Analysis of regression model of hydrolysis degree

FEFRWE FHM AME ¥ FE Pl BEH
TR 246.55 9 27.39 1675  0.0006 **
A 8 1 8 489  0.0027 o
B 55.12 1 5512 3370 0.0007 o
C 45.12 1 4512 2759  0.0012 o
AB 16 1 16 978  0.0167 *
AC 4 1 4 245  0.1618
BC 0.25 1 025 015 0.7075
A? 88.13 1 88.13  53.88  0.0002 o
B’ 22.76 1 2276 1391  0.0074 o
c? 0.44 1 044 027 0.6182
Rk 11.45 7 1.64
FRU 10.25 3 342 1139 0.1199
Hrin s 12 4 0.3
avill 258 16

éf “*")%'%/%ﬁ% SR I35 (P<0.05); “**" F 7R 0 45 S5 i i 1 3%
P<0.01),

2.3 SDS-PAGE
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Fig.2 SDS-PAGE gel electrophoresis of walnut proteins and
enzyme digests
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Table 4 Effects of walnut protein peptides on weight-bearing
swimming time in mice

ZH 5 7 F YK A (min)
Control 4.8142.59°
PC 15.41+4.96
WPPL 10.7942.52°
WPPM 8.46+1.38%
WPPH 8.75+1.58%

TE: [FSA R AR /NG FREFRoR BAT 8225 (P<0.05) o

2.6 ZMERBBEYITNRAE. ESTEH AT
HE 395200

e 5 I, S /N IREENA 10~12 g 22
A7 RGN, 25 2H /IS BRI 1A 5 G il B B4 T 35
225, WEBRFREUR N T — € 1/ B AR R AL, i
2 6 s, WPPL 4 . WPPM 4ZH 1 WPPH 4£H 1% /N i
O UE L I B L G55 BRAE 2 B as Pk R ER TG

5 AR/ AR 5
Table 5 Effects of peach protein digests on the body
weight of mice

S PG IRE (g) AR (g)
Control 20.210.94 3229+1.17
PC 20.410.98 31.54+0.91
WPPL 20.43+0.94 30.34+1.22
WPPM 20.310.85 30.501.18
WPPH 20.36£0.51 30.10+0.62

6 BBRE R/ U B R
Table 6 Effects of walnut protease hydrolysate on organ
indexes in mice

151 DIEREL JFRE R %R =1 JILIE R %k
(mg/g) (mg/g) (mg/g) (mg/g)

Control  44.97+1.26 11.1+0.65 20.83+2.06 7.59+1.35

PC 46.05+£2.56 10.68+1.12 21.65+1.63 7.97+1.07

WPPL  44.20+2.71 10.96+1.05 21.99+1.94 8.26+1.07

WPPM  41.01+£3.04 10.62+1.67 18.88+2.01 6.74+1.17

WPPH  44.18+1.09 9.72+0.99 18.63+0.75 6.49+1.05
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Fig.4 HE staining of mouse hind leg muscles
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Fig.5 Effects of walnut protein peptide on BUN and LD

content in mice
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Fig.6  Effects of walnut protein peptide on HG and MG
content in mice
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Fig.7 Effects of walnut protein peptide on SOD, GSH-Px
and MDA content in mice
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