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Abstract: This study aimed to investigate the hydrolysis characteristics of walnut protein hydrolysates and identify low-
bitterness antioxidant peptides derived from them. Four proteases —papain, chymotrypsin, alkaline protease, and acid
protease—were used to hydrolyze walnut proteins, and the degree of hydrolysis of the resulting hydrolysates was evaluated.
The study focused on alkaline protease treatment at varying hydrolysis durations (2, 4, and 6 h), examining the degree of
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hydrolysis, yield, molecular weight distribution, bitterness response value, and amino acid composition of the hydrolysates.

Low-bitterness antioxidant peptides were subsequently identified from the hydrolysates with reduced bitterness. Results

showed that alkaline protease effectively hydrolyzed walnut proteins, achieving the highest degree of hydrolysis
(55.60%+0.46%) and yield (48.86%+0.99%) after 6 h. As hydrolysis time increased, the proportion of high molecular
weight components decreased, while that of low molecular weight components increased. The hydrolysate obtained after

4 h of hydrolysis exhibited the lowest bitterness response value, characterized by minimal proportions of hydrophobic and

bitter amino acids in its composition, and displayed significant antioxidant activity. Two non-bitter peptide sequences,

YWL and FFL, were identified from the 4 h hydrolysate. Molecular docking analysis indicated that these peptides could

effectively bind to the Keapl protein through hydrogen bonding and hydrophobic interactions, thereby exerting antioxidant

effects. This study provides a theoretical foundation for the development of high-quality, low-bitterness walnut-derived

antioxidant peptides, offering valuable insights for their potential applications in functional foods and nutraceuticals.
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Fig.3 Molecular weight distribution of the hydrolysates
at different enzymatic times
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RAGPRANGE TR, XM A R Z SRR A%
B Bk A A E H A EERTR 70.11%,
A HR A SRR A PR & e 2w eAh,
R 1 o 2 R AN 2 IR 1 /KP4t i, axXnl B



4785 % oM

EIS G SR s A i S R TS 7 N R VBN el ST N e A s DR 3 - 109 -

F 1 BBEE B YR R (%)
Table 1 Amino acid composition of protease hydrolysates

of walnut protein (%)

HHR 2h 4h 6h
KA (Asp-D) 8.54 9.81 9.93
VAR (Thr-T) 481 5.04 5.02
22582 (Ser-S) 5.84 6.13 6.09
A2 (Glu-E) 12.80 14.34 14.34
HAMR(Gly-G) 5.23 5.15 5.07
N R (Ala-A) 5.75 5.35 5.33
JE &R (Cys,-C) 1.99 0.59 0.49
B R (Val-V) 4.44 3.84 3.84
H B2 R (Met-M) 3.88 2.75 271
S5 R (Te-1) 445 4.36 439
TR (Leu-L) 6.93 7.83 7.83
B&E AR (Tyr-Y) 5.62 6.60 6.67
RN % (Phe-F) 5.54 6.01 6.14
2H %M (His-H) 3.87 3.25 3.14
AR (Lys-K) 4.88 5.06 5.10
Hi% iR (ArgR) 7.68 8.96 8.67
Jifi %41 (Pro-P) 7.76 4.94 5.24
K M S LR L ] 38.74 35.08 35.48
YRR ] 55.05 53.60 53.73

e IR E A o A% AR N R ﬂ&ﬁ‘ é%ﬂl
FLMRALYE: WER . HER, WA, TR .

R PR AL : AR PIEAR, 5%

IRNEIR . AR R R .

f7kfﬁ:ﬁ

p
ﬁT
?y‘

Z PR DIAHSCER Bl Tl B TRl AU AR, Bk
P IR 0 LA I TR (2 h oF 38.74%, 4 h Ky
35.08%, 6 h >y 35.48%), [RIA}, PFBRZE LR I Lhpi
PR #aFY(2 h N 55.05%, 4 h i 53.60%, 6 h
A1 53.73%) o IK—EWG T BACE: MR = 1) 11 SRR L
AEZZ L o KM 28 FEiR A TR 2 IR A Ak 2,
A A A S S SR - ) AR T R ) R A
JER S H 33 B S LR P4 o IR LA o) 8 AR JDA P4 R [
{EAEZSE Y A EARB T & LA e,
K55 0 I h ) SZARSES G, ST TR R it 0 iR R R
%o I e AR TR], Tu%iﬁmﬁﬂﬁﬁﬂb’j%ﬂﬁ
A L, DT D 58 e 26 77 i A R, 1 o LR
JBi. 4h BRI IOBT /K S SR AT R 2 B & Ly
S REA, FEMH AT BB HA B IRAY 7R
2.5 BBFEXERRYIRERITEE

] 4 5 BT b R 7S T B A5 Tl o) TR ] g R, sl
TR K S AZ R R T A 20 1) PR A = o i ) o
AR ke, BB R, Jaivk (SRR TR R
FHSERA [ AR ARSI B2 Ay B {3 3% FH I BB AT Fé e
FEAR TR B, Joikpiorm =), E ik, vl LAHERT &
H B rh s O E AR RIE . BEf# 2 h 194%
WRER FH F= 7 R o (B e, a5 8 T 10.03, MRS
Tt f Bf (] 33E— 2B AE K2 4 h K1 6 h, F BRI (R 53
TRE, HMEZHIZERAKR, X—42R 5% 1f
FAIEIR L B o3 BT 4 RAHY &, 2 NESE T W #

PR IR 5 i 7K PR B R T ARy IR S B A A S HLAE

—o—2h
—A—4h
—#—6h

TRBR [ bR LN
PRl 4 A [ FlEA AR T T e ) 4 Pl 55 45
Fig.4 Electronic tongue results of the hydrolysates at different
enzymatic times
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PR, SR RHEACFE R S LA EE AR EL, 4 h
iy~ DPPH H H I BRI 35 48T+ (P<0.05),
WEERE PN 25.51%+4.11% HANF] T 41.25%+2.19%,
[FIRE, 7E ABTS" H H 3LIEBRSCH b, B =) s 5
A 61.24%+1.39% ik 35 2 5 & 87.28%+0.24%
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Fig.5 Antioxidant activity of walnut proteins and enzymatic
hydrolysis products
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BRSSP I B 3L, L S N, AT AE
Tt 2 AR th R HEVE o AR SCIBFoR 45 Atk
—EUESE T BB AR S AR SR A e P T T
EOp= AN
27 EEHIRFIINEMEEZES R

TEAGEHR, XF 4 h HFEER (A I =) P 2
) 22 IR 3 2 BE R T 9 2 IKEEAT T A M5 B4 T
M, 5 LER 2, XL AT HRZEZ H 3~4 2 FE R
H, 43 T B AELE 350~550 Da 22 [a], PrBRIFMI4E
SRR, FDLL, EFLL., FLL F1 FFDV T vk
Bk, T H A 7S A5 K)F 51 (LSF. VQF., LAF, YWL,
LNVL 1 FFL) WL TR dEF R IR . i3 Peptide
Ranker $J47, iX 2L ZZ ARAYIEPEPESM T 0~1 Z (8], #F
SylET 1, RHIHGT BB A e A iE e . ZEIE DT
AR5, FEL BB 5 fmr, o 0.996, Hik
JE YWL, iGPEPEr R 0.952, ARBFSFEIE £ *T 22 ikind
PrEALIEEEIT T, PFRS(predicted free radical
scavenger) FH F i i 22 BRI 7E 19 H i 275 BR a8
PMC (predicted metal chelator) Jz Bt Z2 B W 7E 19 4=
JBEE GBI, I PPAYE I 0~1, PP 1,
BEkE R E TFE AR 1ok A B 3EE R
5. TEARBFFR T, 2 kB PFRS ¥V 4r 7£ 0.35~0.57
Z ], PMC PE4F7E 0.21~0.28 ZJd] . Hidr, YWL 9
PFRS P4 f% 55, A 0.568, PMC 434 0.219; FFL
i) PFRS ¥4 F1 PMC 434352 0.394 F1 0.276,
AR IERL, Hu S8PY MU BR & B 4 Hh 4 3
i 23 Fhi 484k Ik 9 PFRS 374378 Bl 2 0.35~0.63,
PMC 175370 BN 0.17~0.29, A HAUAF 7738 X 42
BB TEALIRT SBT3, 4558 o PFRS 195378
"k 0.29~0.64, PMC 1353VEFEIA 0.12~0.30, HiX b
RFE S s g p R E Y T R b P, 3t
T, ARFSE R YWL Fll FFL POPFE4Ar 25 R 220, &A1
HARAEN A RS ERBE I G JEm B T Ghe ).

2 BOEMIRIT A YE B AT A5 R
Table 2 Bioinformatics prediction results of identified
peptide sequences

W ’;‘E% S %ﬂr)%? (ﬁlﬁ: PFRS  PMC
17444 (Da) SUNIIN £ M 7% S 4 8

FDLL 4 506.274 W 0.838 0361 0273
EFLL 4 520.290 W 0.605 0382 0279
LSF 3 365.195 |30 0.829 0356 0273
FLL 3 391.247 W 0954 0379  0.280
VQF 3 392.206 Elas 0473  0.384  0.245
LAF 3 349.200 S0 0.870 0383 0272
YWL 3 480.237 B[S 0952 0568 0219
FFDV 4 526.243 W 0.846 0361 0243
LNVL 4 457.290 B[S 0.158  0.344  0.255
FFL 3 425231 Bl 0.996 0394  0.276

2.8 SFRHES
TP T XRHEAE D 258 B R AP0 1 e i E

TH, T RSR BRI i e AR i P R A
IR PR S 0 e R 1 = & £ oY/ NCI BB U = 2 I N HIE IR =t
BN, Horp Keap1/Nrf2 {5 Sl B-TEH LA 19 S M 2
I Z G0 T RS S E R, SR NIRRT LB AR L
PRI o ST I, ARWF5EH Keapl #5 F1EES
TR B R -

E 6 s, Mg 2 IKIHE S Keapl & FIfR0E
gh4E, d5 6 B8 B H—9.4 keal/mol F1—9.2 kcal/mol.,
208 B BARSZAR-BCAAAR B AR 53 kb 2
K5 Keapl & FZEGHLEH . BFFERT, BoiR-SZ4K
2GRS E M T A T SRR K AR EAE A, H
S R R R R I R 3 AR,
WIS Z KIS Keapl 25 FIONEME 4B BT S0 AL
BAKAVE J1, 20T LG Keapl 5 Nrf2 #9455
Mo 33 TREANSNH T IR SEEE G L . STl
HEIR, YWL £k Keapl 259 Ser363., Asnd14,
Argdl5 S FEMR R FLTZ L T 3 &, 5 Tyr334.
Asn382, Ser383. Gly386. Phe577. Pro384., Tyr572,
Gly462. Ser508., Gly509. Ala556. Gly603 Fl Gly364
X 13 DNEERIRILIE R T Hi/KAHEAEH .. 524
{21, FFL Z k5 Keapl FE 1Y Arg415. Ser602
FRFRILIE AL T 2 EEE, 5 Asn382. Ala556. Ser508.
Ser363. Arg483. Tyr525. Phe577. Tyr572. Ser555

Bl 6 YWL, FFL 5 Keapl (M AR
Fig.6 Interaction between YWL, FFL and Keapl protein
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Table 3 Molecular docking results of FWL, FFL and Keap!1 protein

WES e Keap] S 1 SURESRIE , Bk ARIE i
Lt Ser363 (B)., Asn414 (B). Arg4l5 (B)
YWL Bk T334 (B). Asn382 (B). Ser383 (B). Gly386 (B). Phe577 (B) . Pro384 (B), Tyr572 (B), Gly462 (B). 9.4
o Ser508 (B) ., Gly509 (B). Ala556 (B) . Gly603 (B). Gly364 (B)
R Argd15 (B). Ser602 (B)
FFL Bokfm  Asn382 (B). Ala556 (B). Ser508 (B) . Ser363 (B). Arg483 (B). Tyr525 (B), Phe577 (B). Tyr572 (B)., 9.2

Ser555 (B) . Tyr334 (B)

1 Tyr334 3X 10 D2 MR R BT L T i /K A2 B AE
JHo Lo Z5B4 %f Keapl FE FHAY Kelch 54185 Nrf2
A IR Z Al 2 SRR e A A T T %) L s3#T, 7 T B
IR A FE R AT H 2 BE R TE Keap1-Nrf2 5419
LG ik R rh s TRUE DG (0, JUIJE Keapl 2
) Tyr334., Arg380. Asn382., Argdl5. Arg483.
Tyr525 Fl Tyr572 XS CHEFE H . YWL F1 FFL 4%
B X B R FE I T Keap 1 -Nrf2 AH B AE FH B9 % 4
ZEEm b SAMITEIL, Wang 5505 R IARAFE
FRFTEALIK YSNQNGRF 7] LI i 5 Keapl 2514
d B Tyr334. Arg380. Arg415. Ser508. Ser602.
Asn382. Tyr525. GIn530 Fll Ser555 5% FEHRFRFLAR
HAER, 5 Nrf2 354 Keapl WIZ5E& 074 . LTI,
AT LI FEHEDN, YWL A1 FFL PR 4522 it A Al i ad
5 Keapl #EH e H- R4, f2f Nef2 g9 8k, I
WO Keap 1/Nrf2 {5538 %, BR3P T et
3 iR

ASBIGRAR S0 LU A IR I . JBEEE I . Bl
FA TIPS AR AR P 7K AR, e R
BRI B KRR T o 3E— 2R O AR
FAREFEAS [ B s A X AZ R AR I A T, ade Hi 1K
Tk H BATPLEALIE PR B = . 45 R R, i
fi# 4 h (7= 107 RAE B AIG, B3 R 47 1% DPPH
Il ABTS' A HHAELIEBREE 1. M\ 4 h Bilfgfre =4 rh 208
H YRR S] YWL AT FFL g% B Ry AR sk ik . 50+
XS HTEE AR T X LE kAR i ik S A KA
5 Keapl B4 G, NS Keapl/Nrf2 {5
S, RIFPUEANE . ARSI AR R A%
BRIEHT A AR T A SO, W I &
FIRHIRAE T =%, B — R E R I .
SR, A 1] BEIATT ZEE— A5 1 S50 A B0 UE I SE AR 1)
BARThREFAIE LS
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