514 % 5510 0] (eI e o bl v R 4 Vol. 14 No. 10
2023 4E 5 H Journal of Food Safety and Quality May, 2023

o 1,2%

RV & B EHED TRRS, RBE
[1. dEEBARFEYAILSE S TR, L 100023; 2. L HiAE YNGR S ThRE R
SR, et 100191; 3. Ak OB Gk B RS BE, WAt 054300]

B E: BN SO ESRIUGEZEO I (walnut mea) 2B PTELIE Y. F3E DAEERE A S0 R 2k
Xof B, SR PR P St D L2 VR SR UM 2185, HPD-100 HUR ALK g %) 2 #E4 744k, 484K (Folin-Ciocalte)
W E 20t AR SR 2 WX 1,1- 2R -2 3 A B 2£(1,1-diphenyl-2-picrylhydrazyl, DPPH)., #i
AE T A LA TR R S Fe® I J5LRE J1 (ferric reducing antioxidant power, FRAP)JTEH HAR ST A AL TE,
F cck8 (cell counting kit-8)k i i A [l v i (A% Bk A1 22 i X HepG2 AN A #EMEAMEH, #fie 3 N TCaEMEAE v
B, L4770 pmol/L /) H,0, W55 HepG2 #H il 37 S AL N S Bt (5 A< 1Y, 5@ i F HepG2 4l i o N %
(malonicdialdehyde, MDA) & & . #8 % 1L ¥ 1 {L il (superoxide dismutase, SOD)i% 71 . &5 bt H ik (glutathione, GSH)
FRRSY 12,5, 25.0. 50.0 pg/mL ZARKIZ By % HepG2 i AL B G H0 IR E T . GER FLas S0 T IR
ZW &l 26.96 mg/g, AR M PRI S & & & i 14.50%; %4 HPD-100 B RFLRREZEfL)E, XTI iR
20 R 2 AWM 2 B i BE 3 S F 22.69% . 26.60%3 R = 73.87% ., 77.53%; #ifb)e, X MRS H oS 4 2 R
VR EEH 0.5 mg/mL B X DPPH [ |1 B8 (1075 5 % 514 93.83%.93.67%, i T4EAE 2 C B % 91.03%; [Al—
VBRI N, L2 S5 1F TR AR 2 By X A B & 1 1t SRRV BR R A1 FRAP ¥ 18 2 i T3] B4l £ B
(P<0.05), HrhZ Ry 2.0 mg/mL B, XTREZH 5 525 H 2101 FRAP 435024 8.91 pmol/L . 9.92 pmol/L,
B F4E4: % C (1 FRAP (7.91 pmol/L); ##kHIZ ) vl LAGE 32 A (L4051 HepG2 4PN MDA 5 3 Bl ik />,
FFREFE R Z B AP SOD 1 1 &% GSH fiit. & B A FA R TR 2B 52, $RI Al
i, SRR AR 22 T LA B0 A RSN BRI T, X HepG2 A A Ak i — g AR B VEH

KT o SO, PrELTETE; HepG2 4iiE; S bHits
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ABSTRACT: Objective To investigate the antioxidant activity of polyphenols extracted from walnut meal under

vacuum conditions. Methods Polyphenols extracted under non-vacuum conditions were used as control, and the
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polyphenols were extracted by ultrasonic-assisted method under vacuum conditions, and the polyphenols were
purified by HPD-100 type macroporous resin. The content of polyphenols was determined by Folin-Ciocaltea
method. The antioxidant activity in vitro of the polyphenols was evaluated by measuring the scavenging rates of
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals, superoxide anion radicals and ferric reducing antioxidant power
(FRAP) by kit, the toxic effects of different concentrations of walnut meal polyphenols on HepG2 cells were
determinated by the cell counting kit-8 (cck8) method, the 3 non-toxic effect concentrations were determined,
oxidative stress injury model was established by inducing HepG2 cells with 770 pmol/L H,0,. The content
malondialdehyde (MDA) content, superoxide dismutase (SOD) activity and glutathione (GSH) content in HepG2 cells
were measured to explore the protective effect of walnut meal polyphenols on oxidative damage of HepG2 cells at 12.5,
25.0 and 50.0 pg/mL. Results The content of polyphenols extracted under vacuum conditions was 26.96 mg/g, which
was 14.50% higher than that of polyphenols extracted under non-vacuum conditions. After purification by HPD-100
macroporous resin, the purity of walnut meal polyphenols in the control and vacuum groups increased from 22.69%
and 26.60% to 73.87% and 77.53%, respectively. The scavenging rates of DPPH radicals were 93.83% and 93.67% in
the control and vacuum groups after purification at a mass concentration of 0.5 mg/mL, which was higher than that
of vitamin C at 91.03%. In the same concentration range, the scavenging rate of superoxide anion radicals and Fe*"
reducing antioxidant power of walnut meal polyphenols extracted under vacuum conditions were significantly
higher than that of control polyphenols (P<0.05), when the mass concentration of polyphenols was 2.0 mg/mL, the
Fe** reducing antioxidant power of polyphenols in the control and vacuum groups were 8.91 and 9.92 pmol/L,
respectively, which were higher than that of vitamin C (7.91 pmol/L). Walnut meal polyphenols significantly reduced
the MDA content of oxidatively damaged HepG2 cells, and increased the SOD activity and GSH content in
oxidatively damaged cells. Conclusion The vacuum condition is conducive to the extraction of polyphenols from

walnut meal with high extraction purity. Purified walnut meal polyphenols have good oxidative activity in vitro, and
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have certain protective effect on oxidative damage in HepG2 cells.
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A R B A TE A A M AR BUZ BRI L 2 19, i
HPD-100 BYRALM B Mt 2 it A7 24k, W 2idb s
HIRHOR 2 B ) BT B AR TR PE AT HepG2 S8 Ak 4 g 1Y)
PRIPAEF, DU AZ AR s fEL AL M T LA B AR 22 B ) 1
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1.1 #MR5ERR

RASRRE I T Jb k0 SRl A B A w1, SR I8 R A il
WA B TR BRI, 5 T RS Y PKAR VR I A7 A5
HepG2 ZHfifl: ASLHK= AT

A (G B2, REETHTHEAR R IEAE gl Ak 5250 );
ToK G e, RETHCE R & RARAF); BE
FERARME S (BT =99%, RETT RN 4010 T.) B8 fn);
A MR 3] (Folin-Ciocaltea) (I 1 22 sa M A= AL B 5 G BR A
Fl); TG K B FR BN (o B i, T B R 2 A A R A AD;
HPD-100 KALWAE . 4E4:E C (vitamin C, VO)FRES: (2
J&=99%). DPPH H fH 5E15 B B 1 #ri57] £1(BC4755)
AR B T B A AR IR ) £(BC 1415) | Fe® IR IR AE )
oA £ (BC1315)(Ab it R e % B A R/ 7] ); DMEM
1R BB R W . W R 3 4% vP U (phosphate  buffered saline,
PBS)(t it & [ B AE W) B AR R ST 2 |l); B M1
I E R B (A045-4-2) . BB A ALY B AL i (superoxide
dismutase, SOD)IX 7| £ (A001-3-2) . & Bt H ik (glutathione,
GSH)IF £(A006-2-1) . P % (malonicdialdehyde, MDA)
A B (A003-1-3)(Fa B AL W TRRWF5E IT) o
1.2 UE5EE

BL1206A fEERHEHL(GE 4 ); DHG-9140A HL A
TSRS (i — R 3R R A D), JB-BOT HAs
FIEEHL . EL25 3 F14%(200 mm=300 mm)(FEZS 5T 7 [ B
JE); DZKW-4 HLF1E R KR (I P 24 AR AT B2
A]); TDL-40B &L HL( 1G22 B2={U4%) ), FD-305 ¥k
THALC T RIS A PR H]); UV-1800 2E50a] Il 435k
FeBE T[S Ak A B EDA PR ] ); Infinite M Nano i
P (Ft: Tecan A ).
1.3 W%
1.3.1 AZpkAad % By 4942 IR

Z: ORI 75N D TE s VRIS 0, BURERERARESD,
HURMBA R RBR)G, RN RELL 20 BT, FIAMELL
BHBEE 1:5 (@mL)BERH 12 h G, E2shing, [icemit,
WSCAE A5 B e A BRI, 3 XU b T SR R Y A T
Bk, %Mo 2RI — & i B BRSO, 4 Bl as 4
Xt B4, Bl 50%0 S BEVE N PR BOR, e RHR
b 1:40 (g:mL) ., FBFEINE 585 W, ZiRASH T RIS

BUBIA 200 mmx300 mm H2548H, Fl H AL
75 712 60 kPa)fh FL25 1 F 5 i A HE IR B 70 min, XJ A/
HUAF—RBO R E RS AT IRIE T, 2R,
4000 t/min B0 20 min, W EIHR, FSEHEHLZ BHEBUR,
WEREE P 2 &a, T S5°CHEZ s, WA mE T
—80°CTIA VRIS, R TR ZHR I 2 Bke it .
1.3.2  HbkAd % B bl

Z: IR PMIR P )7 B, HPD-100 B 43 25 alifb bk
MZB T 2R PR ES 4.0 mg/mL, IR
R BE R 70%, VEMLRTIRTECA 2 BV/h, SRR,
3.6 BV, Zifbt/5 3 IEHMZ MM, T S5°CHezeuss, W
FiCE T -80°CTR RAL RS, ¥ VR TR 1S I BRI 22 T A
hho 2B A A):

LY Y= % x100% )

Kb m FREMEY R, g M FPRIEEGY LR, g.
133 ZEBE&Zene

L& F R Ar U il pr il £, R A1 Folin-
Ciocalteu ¥ HEATIN R, DI SEAE A WABHR, bk i
C ffkdshr, M EFRRNFRHEMZ R y=12.112x(H1H
FH0r*=0.9978) B MR EGH 1 mL, UZEIEAKNZEA, F
765 nm PRAMMERICRE, TR 3 k. AR EFIRbrHE
2 A AR AR BRE MR BOR P Z Bk (C). 2B & i
THREHEAK(2):
CxVxD

LWy /(mg/g)= ®))

e C ORI BE (BT HEE: HE A0 V8 W T 5 VR B, mg/miL;
V RRFE AT, mL; D RRFR BT EG M B RFE S
i, g
1.3.4 AZAeds % Breg 3w A& Ml &

()RR Z B RSB S AR T 1 1

AR IO S 0 2 R, FH 2R AR K T e ik B Oy
5 mg/mL PRSI, T LGB B AE Lk R, o,
DPPH H  ZE W R AT PR S TR B 0.5 1.5, 2.5,
3.5.4.5 mg/mL; BT H o LT BRI AR i TR
WA 0.6, 1.2, 1.8, 2.4, 3.0 mg/mL; Fe* i JFAE /7525
PR 0.5, 1.0, 1.5, 2.0, 2.3 mg/mL, 3 41
VIR EE VC g BHMXT R, $ae B s B e vk, e
alifb 5 i) s 4R BRAL IR 2 By %) DPPH . 8 4 Ff]
BT H RS BREM Fe¥ R R BE

QBRI Z B 5T HepG2 E AL 175 40 M 49 A3 11

£ % HE £ 073k, ¥ HepG2 A E 75 . Hidk
B4R, 2 JLIRAB AR 40 i 1 AT 28 KX B0
AT T — 900, BUC T a0 A KXTEO0 M HepG2 41
fiil, i DMEM 52485 37 /i B8 Ry 5 A% 3x10° A1
AT, AR A 96 fLARk, 4FFL 100 uL, 43
s (IS g, FAMIBESRAE PSR 24 h R, Lk
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L¥EW, 100 pL PBS YERANMLE, 25 H4MA 100 uL
DMEM 5821535, 004153 51 A H1 DMEM 58 415 57 He
VAR N TRIVR BE RO AR 22 VA 100 pL, 9 i ST ALk
J912.5, 25.0, 50.0. 100.0. 200.0, 400.0. 800.0 ug/mL,
HIE 6 MELLL, THIIERAATETR 2405, %M cck8
N HepG2 AMMIAFTE R, ANMAFTG R FEH A 3).
| CyarE T iféigggg

Z: MRSt )5 1 DL H,0, V5 S HepG2 41 484k
PR B ST, H I AR R ik S v, s At
HEZH PN 100 uL DMEM #5338, SE3G4 451 100 uL
F DMEM 52 4K 75 FLV A (1) R TRV B 1) HL0, W, H,0,
W45 100, 200, 400, 600, 800, 1000 umol/L,
s 6 NEEIL, THMEEFRA TSR 24 h 5, &1
cck8 JEMIE HepG2 ANMEAAERE, LIE hEE LHHN S
HO, W EAE WAL, SE A

HR AN B R SRR 25 5, B 3 AN JCEEMEVE F A2k
HIZ W, #% HepG2 AN EFP T 60 mm 537 ML, 4500
PR AACR R 13100 A4S, 4y s gl B, FEA iR
P, FHAS MR BE A A AR 22 B o) S AR 40495 A a7 7 P
Joi, HHE cck8 I E A MAFIE %, 4 BRI Al B
SEANMI MDA, GSH %5 2 SOD % 11, B HE .
1.4 BUELIE

F A BRI E 3R, 4550 LI hR e i 22 o o
FHl Origin 2018, GraphPad Prism 8 ZX{-4EEl, F SPSS 19.0
AR R T 240, P<0.05 FREFBE.

2 HER5HH

21 ETRHEZHMZBHNSESHE

1 A, S5XIRAAREL, AR 5 fF FHR U
Mok £ B & i 5T (P<0.05), H.4 HPD-100 AL
Ralifb)m, ZmWalifE 53 A M A BT e, UiiHE s
FMER T 2B EREL, 28 S AT AR PO 1 1 ) o
Wi I T v B AR AR RE, (R B SE AR R T IS BR, AT
PEZBAE L, 1R W IREBCRIS HFEPE s &
P TFIRBCERE R ML, SIERS 5 TR ZEH
W, HZm&iih 5.57 mg/g 3253 6.64 mg/g, 1HiER)
X T H R ik S B A AT A 2 B R BOCR, &
AL WHEERE 17.58%m 5] 22.76%. SAMTEHE
25 51 A F 2 B U 2518 — B
2.2 HZHFHZERRIRIMAE IR R G R

mE 1 ATH, ZEbHIZE ST DPPH H i3, HEH
BT HBEA RS S, HHABRE F bR
Ay, hE 1A WA, BEXTIRAZE . B d 2 Wit

x 100% 3)

#1 AETRIEHASHNSESHAE(N=3)
Table 1 Content and purity of polyphenols of walnut
meal extracted under vacuum (n=3)

w5 2R aifbpi ZmaiE  aifb)s el

- /(mg/g) 1% 1%
XTHRZH 23.05+0.36° 22.69+0.17 73.87+0.10
HZSH 26.96+0.70° 26.60+0.11 77.53+0.09

TE: ARNE R AR A TE #1285+, P<0.05.

DPPH H m 3B T5 BRACR 5 BHPEXT B VC A2, SRR
IR KT 0.5 mg/mL B, = 1EBRRIEAN Bl EE K
Ak, HAES R KEE N 0.5 mg/mL i}, =%} DPPH H
H IR R ik 93.83%.93.67%. 91.03%; & 1B nl %,
MR BRA . s 4] 2 sl B 3 1 A i ST PRl
RBPR T VC, (B2 554 F HRIUT) Z B % 1 42 B 1
ST PR IR L 3 5 T X R 2 W (P<0.05), £ T i i
9 0.6 mg/mL I, XTRRZH LW, HasH 20, VC 4R
T A IR 67.91%. 73.94%. 93.34%; HIE 1C
AL, BHHIRT IR, B2 Ve B HARI Fe*
WIFERET), FSWREEEAHSE, AR BRI 2.0 mg/mL
i, Xt BA2H 5 B2 4 Z B G FRAP 4394 8.91.9.92 pmol/L,
5T VC B FRAP 7.91 pmol/L, 4/F &k & K 2.5 mg/mL
B, VC. XTI Z W . Has 412 Fe* W IR EE Tk Bl K
1, Z3FH4T Fe? 244 7.83, 9.68. 10.20 umol/mL. 44k
mm BT MR B R T 2.0 mg/mL B, X RRZA A ELZS dH Ao 2 B
H) Fe B JERE LT VC (P<0.01), HESHLE) Fe* il 5
BE IR B R T X R Z W1 (P<0.05). VC R RIFAIRSR
UL, DL RIS 25 SR 3R AR 22 1 HA B it PR A1
PLEMLEE ), HESKAETIRIEHA A Fitm 2 mxHE
ABHE T E B EERIERRR K Fe* BIRAE T . A BT R AL
M Z R 0.5 mg/mL B RS SAUBH B RO BR R 4R
40%% | BBk T £ B %R A B B T R R A A
54.06%7, SAMF ST A T L, FLAS SR BN BRI 2 By H
AR R A BB B SRR RE
2.3 EHGHSERXTE IR BRI ER IR R
23.1 AAkA % B3t HepG2 4 i artk

MG RIET 90%Ht, I HIEAIZ I X 40 s
FERFEAE R AT BEEAZ AR DT HR L 5 B2 2 %) HepG2
AR FEE R IR 20 DI 2 B R AN A7 T
2 100% M2 FINTIE, X IR 2 i &0 800.0 pg/mL A,
NAEAETE SR 72.78%, HA3H 2 Fra i A 200.0., 400.0.,
800.0 pg/mL B, ZHIEAAE 53510 69.92% . 59.10% . 41.20%,
AT RILT 90%, ULHHAEILHREESSM T O a4
BEMEVERT, FRARBEVREE R 12,5, 25.0. 50.0. 100.0 pg/mL
B, X REZH S FL2s 4 A BRAETE R 07E 90% LA |, BERHIX 4
A Z M B BIXT A TC B AR, RS SR T e AR 2 15
%} HepG2 A TCa AR R M BEVE R N EA T, SOk SE 12.5.
25.0, 50.0 pg/mL R TIR SR
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Fig.1 Comparison of antioxidant activities in vitro of walnut meal (n=3)
2.3.2 H,0,# % HepG2 Mt BB 4ER 6922 52 1000 umol/L B}, ZHIAETE KRB W EILE 83.24% ., 44.43% .,

20 0 S AP D R B A R R Ry, RS BB VR 15.58%, 25553143 15 Hh 1 2K B0 il ¥k )3 (half maximal
ARMET A A WY A R O ELAE ST SR 1 ) inhibitory concentration, ICso)>A 770.8 umol/L, B4 H,0, it
M PR T A DL BB Y, T LA R 2 ) S A5 1 240 TR 770.8 pmol/L I, ANNAEIE 20 50%, Tk,
AR RAE S0% 2547 o HE 3 AT HL0, VR EELE 600, 800, I, AHFZEEEE 770 umol/L 1 HaO, Ak 15 0 p et

150 - = Xt A4 £ ) B
- s ] L 233 A % Bt Hy0, 5 HepG2 4o fib BALHA% 69 1&
a ad aa 2a a PAER
X100 F - a N 57 M Ly, = ZH
o UHUARZ BN FRNRE, 7R ETE A, (15
E RN IE 1 A S BRI s S 25 L, AUAR A
2 5| BEUR . BET . DNA 25 M s FHEZE, T R
h USRI ) AP S A0 M R 1) I 0
b, AN IS 1 A I TS AR P T R, B A
O C 125 250 300 1000 2000 4000 8000 s AR TCO, B, AR AR S A R A
Z WY/ (ug/mL) Sk . B 4 b Z T H0, S HepG2 41
TE: C as A ARVING FRERORIAE B 25 5(P<0.05), TR,
K2 HHEMIZE HepG2 AN IA7TE R AL (n=3) 150
Fig.2 Effects of walnut meal polyphenols on the survival
rates of HepG2 cells (n=3)
150 =100 | —
it
&
s . . 2
- | @ T g 50+
;% 100 T b
bland
= 0
§ S0 C 125 250 500 12.5 250 50.0
X BEZH 22 1y HAEH W
I—--—I R E/(ug/mL) R/ (ug/mL)
0 215
C 100 200 400 600 800 1000
H,O, ¥ J&/(umol/L) I C Rz U4 MOV BRI, FIF .
B3 AR Hy0, X HepG2 4l ILAE1E 1520 (n=3) 4 ASTE) R BE R AZ AR 22 B b S Ak 103 95 AT L0 238 1) 52 ] (n=3)
Fig.3 Effects of different concentrations of H,O, on the survival Fig.4 Effects of different concentrations of walnut meal polyphenols on

rate of HepG2 cells (n=3) the survival rate of oxidatively damaged cells (n=3)
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WA IR E IR 45, MIE 4 AL A
T AAETE RN 52.98%, £ 12.5, 25.0, 50.0 pg/mL #%Hk
IZ WAL B, 20 A7 06 2238 10 2 9 5 (P<0.05), £ Al
Z B H R AR 250 0 R & 60.18% . 56.39% .
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2.3.4 HepG2@@je.) MDA. GSH -4 £ #=SOD 7& 77 490 &
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YR R Z I TR, AT 51 R e T SR ARAE
FEIE IR B AL MDA, Rt MDA 55 & A] i eI {4 Y
B RGS EALRIRERE, Ta]HE S e i E AL 5 R FEE, MDA
B, SR O E P, R X B B
ﬁz%ﬁHwewmmﬁme B WUE S i, H
El 5w, PR MDA &8 3.99 nmol/mg prot,
BEEHTEAAMK MDA & & (3.49 nmol/mg prot)
(P<0.05), #EMAZ 1t 770 pmol/L H,O, XbFHJF, 4 it iy 7
AEREAMRE, WEZPTE, SRR, EARRE
Y HRAFE A A ZBAER T, dAN MDA &
BHETREEY, 12.5, 25.0. 50.0 pg/mL X} IE 4 Fl H 25
AR 22 W 35 FT G 2 B A 40 i 9 MDA 75 5 (P<0.05),
HF R B 43 9] 59.80%~69.60% . 63.82%~81.91%, TE
AHE Z W A, A ZmIER N4l N MDA
TR RO T R 2 W, FRHENONZ BT L
R AR AR AL T 4% 40 il 9 MDA & &, HA R4 rY Ak N 3%
PG RER, B B2 4 3 IR £ M 4] 41 i i 4 Ak
R VIL 7Sk (Y I

SOD EHiE b RGP ELMFEIR, SOD A 1875 41l i
SRR N, T R AR B T R, DR A R L A
G5z ARG, ML ] A A5 1 5 — T B2,
[ it SOD 1 1 7l LA fz W4t i i) S Ak 35t 5 R, SOD 1 )
A, AR EBGRRE N HIE 6 al I, ik
I AL SOD % /124 16.60 U/mg prot, & EM T 251
ZHAH M SOD 1% 77(20.18 U/mg prot) (P<0.05), 12.5.25.0,
50.0 pg/mL X AL AIE ZS AR Z BER T, 40
sm)ﬁﬁﬂﬁzﬂ@mqwﬁ,%&h&ﬂﬁm% 7t
W& OEE 4> B A X B ZH 83.25%~90.35% . H =¥ 4]
86.33%~93.67%, & HHAZ MK Z By vl DL o 52 5 20 N
SOD i J1 4% = A Mube Ak iE 1k, FUas SRR R TR S %
oD 2 B (B A RS 1

GSH & FEMNIEMIEIR bR Z —, Ak
P T 2R T I A ST AR A PN R R iR SR Y GSH, [
2SN IEBT A AL W)V G 4 i e Sk 4 ML GSH /K

5 r

MDA 7 #&/(nmol/mg prot)

| ﬂﬁﬁﬁﬁm

C M 25.0 50.0 12,5 250 50.0
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