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Abstract

This study aimed to investigate the changes in the contents of bioactive substances, namely total
phenols and total flavonoids, derived from the digested inner seed coat of red kernel walnut, as well
as their antioxidant properties, throughout the oral, gastric, and intestinal phases. By conducting in
vitro simulated digestion of the inner seed coat extract of red walnut using oral, gastric, and intes-
tinal models, samples were collected at 0 min, 30 min, 60 min, 90 min, and 120 min during gastric
and intestinal digestion. The changes in total phenols and total flavonoids in the inner seed coat of
red kernel walnut at different digestion stages, as well as its DPPH radical scavenging capacity and
ABTS radical scavenging capacity at these stages, were then determined. The results showed that
after oral simulated digestion, the content of total phenols, total flavonoids and antioxidant activity
in the inner seed coat of red kernel walnut decreased slightly compared with that before digestion.
After gastric simulated digestion, the contents of total phenols, total flavonoids and antioxidant ac-
tivity in the inner seed coat of red kernel walnut increased significantly compared with those before
digestion (P < 0.05). After simulated digestion in the small intestine, the contents of total phenols,
total flavonoids and antioxidant activity in the inner seed coat of red kernel walnut decreased sig-
nificantly compared with those before digestion (P < 0.05).
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1. 518

TR FR R, SRR — R B, HT & M M B IR B A% B A B [1]. bk A
MRS A FEELELE R TR EAFRAMRREYE, ERER R, HBS A Rob) 7
MR AL R, 0 RS BCR A R AERF BB, R S R R B R B . KT, JF
SHVFZ RE AN BB ER[2]-[4]. 50 R[S LB kAl Bt AT o Wil S T He A B b & AR
EIRSE[CIMLEE 1 LML Bk R A 2 PRI 6 FE A8 IR 34T T 0 AT e 2T Bk P R B o Y R ot
SEEEMMCEONFE, REORIEE. KR, MRS, BA R, AEgA
RIEE ., RN FRMBE. PUw. RS2 T h (7] [8]. Persic SF[9WE AL A Mk H & B iR Z
BRI SR EFIROH, 55— LA RS R B A2, R B GRAR i i K
2 AL TS RN AR M . 1675 3R & U R R

Ey R BRAE AR A A BOR UL AT RE R A4, SHEAEAL . WRISOMARBHE R S s, Rty
KM RAE L B R EE, TN, WA R DR B RESEZ B, Y
2eid B AIE N Bt 508 A LB R EAE I, 0 R ONL, B R AR BRI AoE ekt
TREE SN, AR W B (R D8 [10]. A SMH AR L #55 AN pH B, R BE PR 2 1L
Bl 25 B IE T N RIS AR BRI 759, RSN A IR BT ARSI L, TP 8 A R T3 P B
SAMA11].

BT AYIE A S AR A TS ARG R AR R A%, AR AR . AR K H R —E 11e 2
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FEL BT RE Ao B IR R TR AR AR 2 R, B2 12 T AR SR A SIS fiE
LTV LT TR A AE B R A, ASMEILE T AL A PR . B A ZACEEIR ). B
LS, R AVE IR VR 2 U2 NI [12] [13] . 1) AF (1A R S AR AME AL R IR
A 55 2 By SR B A S SRR JRCRE 52 Y 35 I A 0% - 2R G S5 (1510 TE A B, U BLAE LU B i i AL Ja L 2
WEHAC S PS8 X DPPH [ HEEE BRAE ) S5 H MR ETHE S, UL B liE A re (et fl A rp
PURA R OB O TR ALE PSR T

AT TE AL A AZ A P B B BRI il x5, TR AMEIE AL R GE, AR AL AR 20l -
B DT, 9 LA A Bk P R B SR B PR AT PR R AR B, D SEBUZ AR BEIR R BT R
A, BB ARMEZ B SRR S N R PRI A SR B R S At

2. MBSRE
2.1. ScHrAARY
AT IR BAT RS R % 1 FTR.

Table 1. Test materials and reagents

F 1 MR St

R 2 R FH=H% ] %

AR 500 g PR R U
ToK LB AR AR b bl IX R A 2 1A BR A W
a-VER B BR b AR AR AT PR A
AL AR KT R A)

FiN L AR TREEH A =M ] X R A 2 37 A PR A ]
H &AM 1:10,000 bt SO AR B A PR 24 7]
ERiA AR TR R A SR
[ 1:250 g SO AR AR A IR 7]
BEFR AR b AR AR AT BR A ]
MR AR IR R ERHA R A A
AR N AR 2 8 A1 A 22 1R R A ]

figER AR I 2448 A 27 R A R ]

T 98% b AR AR T BR A
DPPH AR b AR AR A IR A T
ABTS AR i SO AR S AR A R ]

22. UB/RERE

ASHIE SR P AR 5 B i 2 Floss
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Table 2. Test instruments and equipment
2 BN ESRE

XA AR %
eSS A 4 )
KQ3200DE % {28 75 I3 4% B L T A A A PR
Jig e 28 KA PRSI H AR (AL 30) A R A 7
BB VR TR BBV R SR A IR 7]

HZS-HA B UK AR R 4
DK-2000-111L 7K #44
AT R
PH it
RIER 51X
EXARIBV S/ a7

M IR R IRA S G AT PR 2 7
FE A 8% (T E) A PR 2 7]
REETH RIS A A A IR A F]

E AR RS B A R A

I 9N G A RS A B2 ]
TP R AT

2.3. KBITE

2.3.1. - BkRFEIREUATI &

KR HUMIZ R 20 AR e EAT 25 B IR AE, FREX 30.00 g BERERZBE K2, SREGE A S B 4R 8, RN
45°C. FFIE)2A 60 min. ThE Ky 500 W, $REUATIN 80% LEE. KHEEL N 1:80 (g/mL)2& 14 FHEH 2L, %
BAEAHF 26T N E SRR, S = IEW, . R BER: 78 RAOGRER AR, B 45°C, ik
60 rpm, A BV AR KEIRT . FIR SR TRV T BRI, 12 h G525 EU), K H0HE ok R
FHZEIRK 1:45 WfR, 19 202047 Rbk 9 b RS2 B0 -

2.3.2. IMERLEL

1) OERliE i

SR & HE S [16] 8 7V T i . FEBS OB N 10 mL $2 B0 10 mL Z& 1K 1 mL a-VEk
fitf, BT 37°C/KHHLL 100 rpm 4835 10 3. B, HULIEWT 70°C KB 3 /B IR0RA7. B2, AT
Sy B B B A TE M R E

2) BEHIEN

ZMREMEE 171007 1R FEHEAT B0k - B 60 438 F1 AT A6 J5 1R & 8 mL, J& )5 I\ 100 mL 0.9%
NaCl 7% F1 0.5 mL 1 mol/L HCI, FE7H0 10 mL pH 1.5 (95 160 mg B & AEG IR B, 37 CRbti
B f£100rpm # T, 40%0F 0. 30, 60 90. 120 Z»BHEUEE, KW IS ST, SEEE S E AU
P PE . Ty AR B ER KON HE A

3) /MNEHEHIEAL

Z MR 75 75 S (18] M7V IR kAT etk o 1) B AEHOLTH AX S5 VR 5 HH Z 8T NN 0.5 mol/L NaOH i %% pH
£ 7.5, BN 20 mL B, BEEEA1 5 T 37T CREE . 7E 100 rpm #53 T, 43 %0F 0. 30, 60
90, 120 Zr%hEUEE, WIE FiEWR N Am . R S AU T

PA_E 5236l e A =R, BOPAMEREE .
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2.3.3. £ UEMEMRNE

1) SBEEKNE
B E 2% bRk TIGZCX 020-2022 [19]. My & s (VL& TRl LR At 5:
X = (C—=Cy)xV x f

mx100
Hor, X ORRE R AT A B (malg); C RE R AT IR FE (ugimL) s C, 9% 1 T ST K4 E (ng/mL)
m JIFRIURE i BT R (Q): v ONSRIGIAR R (ML) s | R RE( 3. 15745 I TN B /NS S P A
2) MEWEEKIE
R A 5E 2 hRAE TINALA 0188-2023 [20]. 4 B 5 & (0, mg/g)i% A it 5

_ (/) ~FPo ) xVy xVy
mxV, x100

Horb, o p NIREEE IR EZ(MG/L),  p, NS ERERIZ(MIL), Vi NIRBUEBARI(ML), Vs N4 Bk
(ML), m kR (), Vo A BUARI(mL). THE4SE ROREE =1 %7

2.34. MELEERNE

1) DPPH H BIEERFHNIE

DPPH i 2E75 B 2 1) € 2 A WL 55 [21] 1) 7 v

HURE S A0 3 mL, i\ 3mL 0.2 mmol/L DPPH ZBEIE W, #EA1#EE N 12 min, & & 10 min J5,
TP 517 nm AL SR . DPPH 375 B 28 150 0L 5K

DPPHif % =WX1UO%

A A AFERAEBOCEE; AT AEMOGE; As X RO
2) ABTS H HZEF R 1l &
ABTS H HE7E bR R 12 SO [22] 7575, ABTS i BRF 115 WL

ABTSIEIRZ = wxmm

A ALCAFERAEBOCEE; Ao AT AR, Ay X RRAH G
2.4. BiEAbIE

ERScIn A EE 3k, BCFME . BdE 4 HT R A Excel 2021 #1 SPSS 27.0 #fth, L5 R UIIME + brifE
EZE2Y, BEMKFEENP <0.05,

3. RS54
3.1 FSMERLEH A CEREAME SBMSETHER

AR ] LRI, VA T 2D A Ak N R R SR S B 153,21 mglg, &0 s AL, A4
b P b 57 Ly 5 Bl 149.87 mglg, 5 AL TR LU TG B3 22 (P > 0.05).

PR 1] 2 AT, fEZeHd B SEREAL 20 J5, APk R R iy & I BT, A F) 183.64 mglg,
%{ﬁmum bl 2 5 .25 (P < 0.05), 16 W B VRORADL T Ab 1ok R ok A ik rh e B8 25 22 W 0 B 11 LA S BB VE

AIRe RN B A S R TREAN, M — S bl 8 i G 2 W 2R iR R, R H
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Rt 2 DR 55 D 0 P IRR A M B 2 TR B, RS DA B8 (23], MRYEASEAT R T HUAA AL R T,
LRV BHENR PH B N RAKME, —SH RO EWRRMENE T, E2mEEa LT,
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Figure 1. Changes in total phenolic content of inner seed coat extract of red kernel walnut at different digestion stages
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Figure 2. Changes in total phenolic content during gastric simulated digestion of inner seed coat extract of red kernel walnut

B 2. -t B RIE S RSB S BTN

MRIEE 3 AT, fELH T/NEBAIEAL 2 h BrEz )5, BRI SR G N S B RS S L T
B N, A8 84.98 mg/g, H BT RATHAALER FUAFREAK T, KRBTSR & ELA
WAL S (1 1.8 £, STHALATARLL 2 7 & (P < 0.05). ]88 BT My R0 P AR G 4k & LI A
R R B R AR IS . SRR T DGR, BT AR pH 2 1F, R BRI A A e 1k
SRR, FECENTZENAE G AN N, TS B By R R

3.2. RSMEMLIBRHA L BMAME S HESERHER

R 1] 4 TR, TG AT LD A% B A i B SR U 2 SR £ 0 0.096 mg/g, ARZTHALIN . Z0A- bk Py Al
B Sl A, SR IR AT RE R LD A A Bk P Al B b S Al S 2 I S R S R R A, 1 T
TR P FRI,  [F Rh S B B B SRR it DRSS 2D ARk A Bl e S 2 & 0.093
mg/g, WA NEE, (E5E A AT ELTG 2 22 5% (P > 0.05),
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Figure 3. Changes in total phenolic content during simulated digestion in the small intestine of inner seed coat extract of red
kernel walnut
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Figure 4. Changes in total flavonoid content of inner seed coat extract of red kernel walnut at different digestion stages

E 4. T-RERMERBMEREIHCIN R S RIS BT

R4 &1 5 F 0, fEZen BRETEAL 2h 5, 2T AZHE A B R B & A $1) 0.178 malg,  STHAL R
FHEEZ 7 W3 (P < 0.05). SEEHSRAL G WL AR SME LI AL L 72 () 3 528 (A 305 A B M 5 (K e 3
S B, BAKTT S, BEE AR B B AR 1A BB ARt SRR A MR AR B VU AL
MBS TS, AR R S A A T SR B T AN BRI S R LR . KR
H T AR 28 14 P A o e 9 38 o e B S R (K B e, 22 P B Bk g D P I e LAt AL 590, 3 AR
SREHR S o B [24]

MRAEE 6 Ara, L T I ERITEAL 2 h BrBez e, ARk PR B Y e B R 5 0 0.001
mg/g, ARXTF BRI AR B, e SRR R T R R 2 (P < 0.05) . BAH & BAE S ML BURBLIL Y
ZE5E, ATREIR T S B BT 1 pH A8 ST AL R 2 e B o BEE AL AR I, AP BB L
IKARRFRAFAE R ZE X, X BRI S SAL SR O R A . AN, FERRIESEAE TN, SRR
BRI LRI ATENE, ST RPN, AN 7T 458
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Figure 5. Changes in total flavonoid content during gastric simulated digestion of inner seed coat extract of red kernel walnut
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Figure 6. Changes in total flavonoid content during simulated intestinal digestion of the inner seed coat extract of red kernel
walnut

E 6. fII-fttRME IR/ N ARBIA RS RIS 8T

S E (ng/g)

3.3.DPPH BEHHEBRENELER

WRAE P 7 AT, AT 20 Ak P R B2 SR B DPPH [ H i i 4 305 5] 33.28%, R AZLA- A% Bk P
EEH2m, FARIILRRMERER, TR e s 7ol A %0 R DPPH [, Iz

HERN AN Re S ShiEAL, SERI T RIEM A = DPPH B HHIEIERR R, ™ B HA T FIRATE
B RE. &R ANENG, APk AM BB & 88 27.43%, BT 5.85%, SiHMARIAHILE RS
#(P < 0.05).

MR 8 AT 1, TELT BHIEAL 2h 5, BEAE RSN B WAL AN T4 T, Z0AZ Rk 3 b e 22t
B AL, DPPH [ H LTS M N 2 43.68%, 535w T VAL B AN L1 S0 Ak 2H (P < 0.05).

HRAE 9 vl (EA] T iE il Ak 2 h B2 J5, DPPH H HJLERR %N 26.83%, SiHALATHH
EERFF T 6.45%, SHAGATAIEE 257 R34 (P < 0.05). 45K, LMk Al L R SMERE AL,
Xt DPPH H HLTERREE ) 2 PR
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Figure 7. Changes in DPPH free radical scavenging rate of inner seed coat extract of red kernel walnut at different digestion

stages
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Figure 8. Changes in DPPH free radical scavenging rate during gastric simulated digestion of red kernel walnut inner seed

coat extract
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Figure 9. Changes in DPPH free radical scavenging rate of inner seed coat extract of red kernel walnut in the small intestine

during simulated digestion
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3.4. ABTS BHEBRENELER

HRAE I 10 T4, JHALRTZLA KBk Rl R B ABTS [ 3B RIEH 84.31%. LA ZBk A Hh K
BERNZmi PRI T 3K PPTE N J7 . X 2 Wy oy T s s A A S AL, B R
TXF ABTS H HHEEMIERR AR, RN, AR P e M B IR A 75 vl Rid g P AR A, ik — 2B s
T HHERNERREE S 0 D BLE G, kAR ABTS H HHZEIEBRE N 75.29%, R T 9.02%,
5 M AT AR B 2 53 2.3 (P < 0.05).

MR 11w, fEZ0S BRELEAL 2 h J5, HIERR ABTS HHIZEMEE /1 535 A, ABTS HHH
TR A 93%, SIHACRTAIEL, BN T 8.69%, W m T ALHT AN O LRl AL 4L (P < 0.05).

WA 12 0150, TEZ)T T IEBEE 2h B2 JG, A RBk PRl 52 EU ABTS H B EEH R %
9 61.92%, HiEFx ABTS HHEERE I HIX NIE, SIHAHTAHLL TR 7 22.39%, TREREIEIK. 45HR%K
W, AN R et R AR AL, Hx ABTS H B AL ) 2 P Rtass, g B oy
£ 120 min J5 1) ABTS H HIF:IE B 2 T H e T AL 41(P < 0.05).
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Figure 10. Changes of ABTS free radical scavenging rate of inner seed coat extract of red kernel walnut at different digestion
stages
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Figurell. Changes in ABTS free radical scavenging rate of inner seed coat extract of red kernel walnut during gastric simu-
lated digestion
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Figurel2. Changes in ABTS free radical scavenging rate of inner seed coat extract of red kernel walnut in small intestine
during simulated digestion

B 12, fT-RpkRFRRIR B/ N AR IIE LT 72 ABTS BHREBRRETL

~
o

ABTSTE R % /%
[e)]
o

(%]
o

3.5, A-HEMAFEFIMELIEHRENEER S SHENFEEIEXMER

28 16 L AT AR I B A ST AL S PR RE JD AT, R I AT A B DI b R T AR AL R D 4 A TE
Ja B AR 5 LA A%k N P R 22 PR AME R AL 5 2 B A — 3. R AT B R AR SRR S, 4
WAk R B PR AME R AL 5 R RS BT 2 (R SRR e 4 SR 3 BoR . RS
AEH, ERIMERE I R, LAk NP R S ik B 5 e s B DPPH B e IS T AR s 31 T
0.335, HAWRMAHKMEP < 0.05), 5 ABTS H HIEEMEIA ML T 0.930, HAJEH PRI E
PE(P < 0.01), ZIA-AZBkP Rl RSB IRIR B 5 e 75 bk ABTS H HEE A E R T 0.817, B
B AAH M (P < 0.01). KB4 R RS & 25 DPPH HHEERE . ABTS HHEERE,
SIERR &S ABTS H HIEEREFVIMOC, 2R il FE h hia b ae 7B ) B R 3=

Table 3. Correlation between antioxidant active components and antioxidant activity of inner seed coat extract of red kernel

g?&t&mmWE%M%H%%%E&%%ﬁ%%EE%W%&
R AR H DPPH [ HJE % ABTS H G RF
AR 3 AP U IS s 0.335" 0.930"
LA AZ R A B S I 5 0.212 0.817

e K 0.01 GUR), BARE AN FEKF 0.05 (BRI, AHRMEIER] T K.

4. WHgE5%ip

A S AR AR I . B B AR, BT TR D B AN B AR R BT
FATENERI AR . 25 BRI B A%k A b B 2 AR SR E AL 5 ST . B 2 AR ) R . A
Bk R 22 D s SR AL G & B R, FTRE S A0 Ak I Bl e Sl i R R BB S a-Ye K ess
GBI KRG THEY, TWRAEEREGY) . EEREIIEB B, B BE LB B 2 i G4 B AL
BAEBRWAEHEN . X —krE, B E AN RS KEMEYRE DR, R R T RS
Vg R BRI, M-S B Z W e & & LI, fEREX — i 2, RS P E A T B AE R AR T .
Bouayed [25]. Taghazucchl[26]d§EﬁﬁH7Liﬁi§ﬂﬁ FE AL B WAL 5 2 By B ISR AN B TS A T
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o IR, RN ACET B BTEREY . BRI R R S B SR R AL S R A, 5
BRI & R, PUERREIRIR « BEAUH LR T SO I M s B KT R B, £EBE ABTS A1 DPPH
B 2T ERAE T MRS, $87n TR TEY R & 5 HUA A R RE 2 R ) S ORI, R WU Mk BE R 1k A
DE R IR

BIF S0 SR A T 20 B AZ M A o e SR ) v R By RS B 5 8, Rl R ST A ST, PR T AR
T PEAE T AL IR R LR ATE P B0 HT120 SR U025 SRR B, 21 KA Bk A i B2 7 H e R AR AL R 1
SRT, 5 R8I LL B A% Ak A A B 3 OV LE S B S v P TG (0 22 AR AT A 3R, LA D RE B il AU 182 AT
FANFIRNRZ o 18 WX T2 B A% B P Al B AE AR SN AL BAR S B AR AT AW, 34 75 X SR
KREVEEY . SSEMIN D B $RAL, W E LD A% AR B SR D AEAS [ AR B 2R AR T Bk A A e b
AEMIR L .

AR D EBAUTEA G, LA IR B . SRR B & DR A iE P S T A T AR LS AT
B s 22 F AL AL, 20 Ak oADK B e B B DU R LR AT I S T AL AT AT LE 235 1= TH(P < 0.05);
[[DESURAN:7E S DRI R A AW R - 3 AR 85T NS Ny e AL =R AT RS RERR AR = AT (RS
0.05). FZ/RFRAHRMEAGIGR W], EARSMEAE I RE T, 2L ALk N B 1 5 B8 5 275 Bk DPPH [ H
FEUGTEI A DGy 0.335, HLA IR MAHOGHE(P < 0.05), LA A%Hk A Fl B s & i 5 e i BR ABTS H i
AR AOGTEIL 2] T 0,930, AATHEH R AIHSCTE(P < 0.01)s ZUATRHE P bh B SRR 7 5 B TR R
DPPH [ H V& T A 5G9 0.212, AHIGPEAS B 2P > 0.05), ZLAZ A% Bk P it B 5 B4 T 25 5 55 BT B ABTS
H S PR SC I B 1 0.817, A AR BRI AR (P < 0.01).
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