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Study on the antioxidant and anti-fatigue activities of enzymatic hydrolyzed
peptides from walnut meal

PAN Jing-Yi', YANG Yue?, WANG Fang®

(1. Shaoxing Vocational & Technical College, Shaoxing 312000, China;
2. Luohe Institute of Technology, Henan University of Technology, Luohe 462000, China)

ABSTRACT: Objective To explore the two-step enzymatic hydrolysis process for preparing walnut meal
enzymatic peptides, and study their in vitro antioxidant and anti-fatigue activities. Methods Single-factor
experiments and response surface experiments were used to determine the optimal two-step enzymatic hydrolysis
method for preparing walnut meal enzymatic peptides. The antioxidant capacity was evaluated by determining the
scavenging effects on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals, hydroxyl radicals, and superoxide anion
radicals, as well as the total reducing power. The anti-fatigue effect was assessed using a mouse swimming

exhaustion test. Results The optimal combination for preparing walnut meal enzymatic peptides through two-step
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enzymatic hydrolysis was as follows: Alkaline protease at 2000 U/g, pH of 9.0 for alkaline protease, and flavor

protease at 1000 U/g. Compared with ascorbic acid, the half-maximal inhibitory concentration for DPPH radical

scavenging was (0.25+0.01) mg/mL, the half-maximal inhibitory concentration for hydroxyl radical scavenging was

(0.96+0.01) mg/mL, and the half-maximal inhibitory concentration for superoxide anion radicals scavenging was

(0.25+0.01) mg/mL, indicating that walnut meal enzymatic peptides had certain in vitro antioxidant activity. The

mouse experiments revealed that walnut meal enzymatic peptides had no negative effects on mice and could

effectively prolong their swimming time, maintain the levels of glycogen and antioxidant enzymes in the body, and

reduce the accumulation of serum metabolic waste and peroxides, demonstrating a certain anti-fatigue effect.

Conclusion The two-step enzymatic hydrolysis method is successfully used to prepare walnut meal enzymatic

peptides with in vitro antioxidant and in vivo anti-fatigue activities, which have great application potential in the

development of health foods or functional food ingredients with antioxidant and anti-fatigue functions.
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BUN). JF¥EB . UUMEIR . 88 % 1k 9 15 Ak i (superoxide
dismutase, SOD) . # Bt 1 Ak 1T % 1k ¥ [ (glutathione
peroxidase, GSH-Px). i &k A fiff(catalase, CAT)IEM:. N
¥ (malondialdehyde, MDA MR & (Fd 5t A A= 1
TR -
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(20+2) g: TG T3 T Ak S0 Sh WA BRAS W[4 ol UE
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1.3 LWHE
1.3.1  AZBkAa B AR % Rk o ) &

BRI R : Kk S EC L RL 1:10 (gmL)
FE B T 40 °CRE I HEFERS B, LA 50 /min BEHEBIIE 2 h, &
AT 3R, SRIBAE BRI

#BkKI 2 1 (walnut meal protein, WMP) Tl & : 55

SRBORIRS 5 2 85Tk L 1:15 (gmL) i HL A TR A, T
IR pH o 11.0, IR IHEFEASIIFZE 45 °C, 80 r/min #ii
$£ 90 min, 5L 8000 r/min 0> 20 min FUE LT, 18 L
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i pH N 4.5 8 & /DTS, L3000 r/min #.0> 20 min,
SEVIRE, TIREYIINZ 27K pH Ry 7.0 )5 I ZS R
TEAAET 24 h, 155 WMP F3kK

WMEP Wil #5: HEE FAKE WMP BLHAN 5%
TR, TR TRW pH M 9.0, IRERELE 55 CIEMA
2000 U/g WMP F) 08 PE 26 I, B 3 h b 7% e e b,
T JE K3 10 min K, BHEZER)56 pHIEZE 7.0, iR
JEFARELE 50 °C, A 1000 U/g WMP ()RR FA, 2 h,
TG /K& 10 min K. #E %5 LL 5000 r/min &0
20 min, WA FIEWR, PEIT 30 min 1Y 3% &35 P W S
FH 3 kDa #BUEMEIE FHBUE, 2 HERE 78 K AR S F B ARt
AT, 155 WMEP #iARE,
1.3.2 BN B R % K] &AL

o} 1 A Wl A s (RO FRLEE (45 . 50, 55, 60, 65 °C). HffFH
# (500, 1000, 1500, 2000, 2500, 3000 U/g). Rt [a]
(1. 2. 3. 4. 5h), B pHEAPEEAR: 7. 8. 9. 10,
11; XBREAME: 5. 6. 7. 8. 9). TltEsW (10, 20,
30, 40, 50 min) & EIEFBE RO, 2. 3. 4. 5kDa)ifT
MR RO . BT SRR R AR ZKAR | T
W i B B DR 22 A oy B € 3, 10 RS P B B R R AR A LA
LR R Z R E L& E 2.

FE I S R 5 (4) . BREEE T pHL (B) KX
WRAR F1 BB G T L (C), 22 ARAS 25 R A8 4k () 1A 7 1] 3, 1T 52
B, 1 Ry N IR SEE R R KR

& 1 Box-Behnken SLIFiHEZE5KFE
Table 1 Levels and factors in Box-Behnken experimental design

.- K-
-1 0 1
A: TR G E/(U/g WMP) 1500 2000 2500
B: R M pH 8 9 10

C: XU ZE [ it B:/(U/g WMP) 500 1000 1500

Z AT Jy 7% PSS AE O kA I
I SE i BUS mL MRS 359, 7£420 nm
AEMREWEIE o RS A (DA T

Hﬁ@%/%:(lfz‘lguo @ml;r,/A420 mwm)XIOO% (l)
1.3.3 wAAE N E F &
PL VC SA%T BEZE X WMEP (4 H FH 3575 B 3 B8 5

B & PUEALTE A TINE, DPPH A i ZE i BR R 1l 2
5« OH [ 1 SL35 B3R B0 I 5 44 B A= e s N deidb A7 .
SR JERE 7O E i B 4 PR U Y R A R ATk
BT R BT A A BE S IR .
134 RAS5WF %
60 UM ELHH /IS BRZE 25 S0 P SR 5 BEAL A R 6
4, n=10, HHTEE . B ACBLZ S E B ILE 2, SHE
NSRS B2 TR 9:00 W, 4922 28 d, #EH WIEN

BUA IR . 5528 d#EHT 3 h, BEATIREOIE S,
BUBAZEAT 30 em K I/KAR AR, RER TR TN, 12/
vk 93 E] P B PR AR S K T, RN S 3, 15/
AVIAK T AFEHFLED vk Ty, S5 aitatt>o ik
ANBGERTET, IRMEWCL, 724050 BEATHE . B IR SE4R H

F2 PMROERER

Table 2 Grouping information of the mice

A4 HEH S AR
HHREL 0.2 mL A HER K %
(CK)
A %oF HE 2 0.2 mL 4 Bk B
(NC)
B P Xk B 0.2 mL FLiFKM o
(PC) FLIE MG 0.5 me/g - bw/d =
WMEP 5 & 41 0.2 mL WMEP B
(WL) WMEP 4 0.2 mg/g * bw/d =
WMEP H5 41 0.2 mL WMEP o
(WM) WMEP 7| #&: 0.5 mg/g * bw/d A=
WMEP & #ll 741 0.2 mL WMEP o
(WH) WMEP 7| 4: 1.0 mg/g * bw/d =

135 DR A AIEARNE Tk

PR AR [ i (DA T, e sk

JEERE . B RS E: K RFIE . B RN FR T, TCMYS S
FREE, 43315 %F g /N BUACEE AR B RICA PR . B AEHE 2

JiF . LB . BUN, LA, SOD, CAT, GSH-Px K&
MDA F3 2 i BEAF St G 0 SR R4 T 2 o
14 HIEATE

FrR S eE 3 IRE K . R Origin 2021 #174X
e, Iia A SPSS 26.0 Giih 4 oe i 5 K
ForHr o

2 HRED

2.1 #ZHHHEERE Z AR B E R LG

MR FE 2 40%~50%19 25 19 5T 30%~40% g £
YK, HhEAR FEARAEASEREEA, Hp
TR RGOSR, R EL g R |
SRS, LA EEAR, WA S R, itk s
F -5 XA 2R 1 T 20 S0 T AR () 2385y A 0 1 T, T2 G
FRNON o B B R R AR R R M R R R
BB S TR, R AR T LA BT - A
G, &S R A PR B K A 2
PR KR —C URHKEEIERR, (AR IRE . RE%S
o XU ZE 0 0 AT AT ok — 07 5, Sk AR e
FrAR UL 2 KUK B Pt A 0 — A A 1T DA 72 i
HAE SIS ER R B

PR LCA) Sy 9 A it it - o A PR 1R 2 ) BRL DR 3R S B 45 2R,
AT VA S TR (T, PRI ) 2 IR A R S B 4



308

B 24 iR AR I 2 4l

FH1TE

B SR RS, Bk B 1 Y Ol AR IR R 55 °C, XL
W K P Y R R TR R S0 °C. [ 1(B) N A iR
e X TS 0 A ) B PR R S A R, B R S A Y
B, ZAREREI T EINEZE T Ak, 1
BN TR, X T 60k AR Ok 1, R OE S A
2000 U/g WMP; KU [ i3 7R A 1000 U/g WMP.
Pl 1(C) Ry P A5 A b X T g8 T 1] ) B IR R S IR 2 2R, Bl
it igp o TR) PR, R 2 P R 19 22 KA 1 B ST R 2103
FOFZ RS, KRR AREE 5 h DR b — B
AAXS AR o Htl, B AR 1 A A I (8] & 3 hy JXUBR
H G E R 2 ho B 1(D) 2y 195 2 i vhout B pH A SR
RO AE I, B pH AT, PIRNEG) 2 IR B 5
WG Eras, Hod, kR DR fE pH o 9; KRR
PR feiE pH o 7,

H G 2 il £ B AR R S 2 R R, A
ARG . Roe 2B F . Bokib a9, BERT.
AWy, RN, Hd, B85 ALY 242 G R
FEAE S ORI BRI A VR R 1 BT . R RETE N
(068, 3R 5 20 M e A i RO € R R, 300 AR T P KA 4t
AT A TR o T TR M B W B2 5 A R BRI
J AR 5 1, I ELAS 206 B 10 25 4 3 p g i, 22 R
I8 2 P V£ 7 AR S BT T SR o BT 1(E) AN [ T e Wi

FREESF ) B €%, FTLATE A () 10~30 min JIi 258540
EFF, Bk 30 min BLE@EA, 30 min 5 2EK ] B @K E
Jo AL, OB E 30 min g TR R R

R g — 2 Ak, HERNSFit
FEARI S, i R A AR T LA 6] 43 2 X JE] /Y
Z KA AT B, JF3E 0 S50 W s Bt S A T T A 1) 22 B A
BT P 1L(F) A AN TR RIS 8 208 P A R A 3 A5 210
LA R R ZIRIEERE, NPT LU 1 RS R ELE
BIRER, 1B 2 ISR L FHEP R G T B —E R
RS 2 & 2 A R S P A SR A 5 R, IS 2 3 kDa
B R T JE S5 5
22 MNEKGLER

2 3 N n SR T AR . SR AT Design-Expert 13
AR R SE 0 25 JEEA T IR 404, 1531 F 2 AR
B | 97 FE s Y=79.6142.384+2.09B—0.4811C-2.244B—
0.25754C+0.9847BC-8.604>~7.59B>~7.94C2,

4 R SR T E AR . AT LUE ), B
AU R 3, RPN R E, BIABA R, o AR
B Hl A A AT e 7 {1 o [RIERE, AR S A T W R
3 ANEEHX Z AR A B, o XK
TR S R T, M EANAES pH MK E

A B C
Wsor e 171 L N ©
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Fig.l1 Results of the single-factor experiment
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% 3 Box-Behnken Fg & H SL38 & i K 45
Table 3 Design and results of Box-Behnken experimental

SIS

o A BIEEOM B ek A mg C RIRENNE Zpkig

THIE(UgWMP)  pH JHE(U/g WMP) %
1 1500 8 1000 57.23
2 2500 8 1000 66.01
3 1500 10 1000 65.32
4 2500 10 1000 65.13
5 1500 9 500 60.53
6 2500 9 500 66.26
7 1500 9 1500 60.41
8 2500 9 1500 65.11
9 2000 8 500 63.34
10 2000 10 500 66.12
T 2000 8 1500 60.08
12 2000 10 1500 66.80
13 2000 9 1000 79.34
14 2000 9 1000 79.76
15 2000 9 1000 79.31
16 2000 9 1000 79.99
17 2000 9 1000 79.67

ERRE, (Rt A Eg A &S XK (R R osc |
YER, B B I il 25 R &, U B AR T A2 A
LMK R, AL T ZEAM . FEk, e 25
(predicted R?, Rp,>) 5445 i 2 (adjusted R, Rag’)22
fH/hT 0.2, BEWIRARLE ARG BINGE S1, MEEAEKRT 4
B BT P 55 B A {5 5 (L SR 400N ) S5 e 7 (B MILIR 22) 1 L,

AR I E T 4,
FIEE, AL TSR o

FEE . UL BT B AR

™ E 7R

e 2 Ay R 7 T TR R A6 e 2 ] o AR i T v, T

P14 5 32 B DO 50 B V9 DR 3% ) 58 EAR DB OG44I v,
T8 SC P o 8 42 30 0 [0 OS50 B 4G R 3R 5 B RO, e
T B A2 HAE B SS . K 2 AT LLE 4 5 B A HAE
ok, B Y CIkZ, SRS 20 EHA .

Design-Expert 13 F{45 19 56 F DL 22 IRAH5 A i i
L, B 2 R P o B R U pHL B KUK R 1 G
WHFATI = R KO W AR A U R 1 G
1985.339 U/g, B8 11 pH o 8.811, JRUM AR 11 ip il Fl it
1196.702 U/g, ¥4HAY WMEP 182k 77.372%, #4178
SEgGH, A IEE R PR AR E 2000 Ulg, Bk
I pH ok 9.0, KUBREE FIRGEE A i 1000 U/g, 153015
Fr WMEP 1583y 74.958%+1.230%, -5 BRAR{H (9 AH X 15732
H2.241%, MZEAK, ULHAASEIRI AT DU FSLbrdE = H .
23 MEMNEMER

VC VERHRI IR 2 Py i, Har ALl
C oy, FEELH O E SRR TR R R R B
H LS L SR VO 1R BELUR PR 2 AR ALRE
C2r %, & 3(A) AW WMEP 5 VC %t DPPH
B RS BR AR A5 . Bl WMEP ¥} Y 7H =, DPPH ¥ 55
RAAE R E BT, (BT VC 41, ME WMEP 3B
DPPH H Hi & HE /7 ) 2 91l 1) ¥k Ji (half-maximal inhibitory
concentration, 1Cso){E >4(0.25+0.01) mg/mL.

& 3(B) g Al H ¥ WMEP 5 VC Xl T H i
FLIB BRI, A T At R kiR i
b= A: 155 A 3, (RSt DA Ry R 7 A T AR Sk
A, TG AU S BO RO I JE N 2 —P ) WMEP ()
AT HBEERERERT ve, HEHh—Fhs
18 F I A 5] WMEP W R 0 8 1 [ i RL Rk
JIH) ICso fEN 1.95 mg/mL.,

x4 WEEERBFESHE
Table 4 Analysis of variance table of response surface results
P 3 5 A ¥y F P i
i 1021.482 9 113.498 488.8191 <0.0001 ok
A 45.22005 1 4522005 194.7561 <0.0001 ok
B 34.89884 1 34.89884 150.3042 <0.0001 ok
C 1.85185 1 1.85185 7.975647 0.025621 *
AB 20.11523 1 20.11523 86.63333 <0.0001 ok
AC 0.265225 1 0.265225 1.142285 0.320635
BC 3.87893 1 3.87893 16.70598 0.004647 ok
A 311.3616 1 311.3616 1340.989 <0.0001 ok
B 242.6611 1 242.6611 1045.106 <0.0001 ok
c 265.2178 1 265.2178 1142.254 <0.0001 ok
B 1.625316 7 0.232188
PR 1.292325 3 0.430775 5.174612 0.073103 NS
HriRZE 0.332991 4 0.083248
AR 1023.107 16
R*=0.9984  R,;"=0.9964  Rp.’=0.9793

e RN SRR, P<0.05; ** RN 2T EE, P<0.001; NS FREFANEE .
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Fig.2 Response surface and contour plots
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HTEEEE VC 5L A i Ak A i SR BR R, I WMEP HAT
RAFI R A B3k A B LS RRAE S . 21518 5] WMEP
T BRI [ A A R 3EAY 1Cs fH4(0.96+0.01) mg/mL,
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e I TR T W BRI DA T A ) bR v RS 4 A I
SRARPIZ T 57 R SRR A1) AR T A TR A 4
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WMEP 5 VC B 5 7 A9 25 5L . B P 5 5 vl B i 7,
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Fig.3 Determination results of antioxidant activity
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Fig.4 Body weight (A) and swimming exhaustion time (B) of mouse
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