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Abstract: To investigate the influence of in vitro digestion on the antioxidant component and activity of walnut flower, the walnut flower
extract (WFE) was subjected to mimic mouth, gastric and gastrointestinal digestion. The total phenolic content (TPC) and total flavonoid content
(TFC) of WFE were determined by folin-ciocalteu method and sodium nitrite- aluminum nitrate colorimetric method. Antioxidant activities of
WFE were evaluated using DPPH radical scavenging capacity, ABTS radical scavenging capacity, and ferric reducing antioxidant power (FRAP)
assays. Results showed that TPC, TFC and antioxidant activity of WFE decreased during oral, gastric and intestinal digestion.After digestion,
TPC decreased by 81.21% (from 3.30 to 0.62 mg/mL), while TFC decreased by 99.31% (from 2.88 to 0.22 mg/mL). The simulated digestion
significantly decreased the antioxidant activity of WFE, the ICs value increased from 211.02 to 424.45 pg/mL for DPPH radical scavenging
activity, from 220.63 to 421.82 pg/mL for ABTS radical scavenging activity, and from 106.13 to 40.47 ng/mL for FRAP value. In the stage of
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gastric and intestinal digestion, the acid and alkali environment and digestive enzymes destroyed the antioxidant components of WFE, which led

to a significant reduction in the antioxidant activity.

Key words: walnut flower; in vitro simulated digestion; total phenolic; total flavonoids; antioxidant activity

WME SRR B sk e s, 2
MR EZERI=Y, SAFEMIEEAE. &0l 0
VIR SRSy, AL R RN E R B
PR, RE R A AR AL S, (B B R T
RIEEAE, SFEL B AZAAEIR DT

MR RIS 2By, SRS,
BAPEMN. PUA. Do, BRI, BFIAEZThEeE
P, 1 Yi Ge Zhang 256 bk RS, kI, BEA%
BAE TSRy 2L ST L, Muzaffer 257
FURE T SR TE B AR A JE A B L TS B I AR
Karimzadeh K 25515 UL HELE SR BN BE R KRR
AFFMAGTER . ABXHX L s o FE PR AR AR BV A I 2
W B B ANE 2E

PRAMEFUIE AR — P AT A A A
WP ERE TR, R AN BE 5E A v R M S A i 7E A fA
HARG AR SN, (R AEARER, &5, K
F CA S ANSZTEFEAC BR AT R 5500 A, RIUkd ) 2 T
WFFE S A AL R0, fin s e E 7 T Ak o
P08 W TE A5 T RIBL TR AL IR, A i
U2 SE LR AR AL B i A v 1L 2 o K B AL AL
TWERIASAE, HUIX M0 B i i et sifk 323
B FIERAL R B GRS . R, AR
FENTARAMERNE AT, A R Rk I 2
My TR S G TEAATE AR AL, R EAE IR AN
TR RS TE.

1 MRERE

L1 AHE R

1.1.1 - #h#

ARAE, T 2 R EL
1.1.2 XA

RN R T A T A BR A
o-VEREE. BEAM. BEA. 1,1-KFE-2- =5
FZEF (1,1-diphenyl-2-picrylhydrazyl, DPPH). 2,2’-
PR (3- £ HE 8 IR e M ipk -o- i 12 ) . — 4 46
[ 2,2°-Azinobis(3-ethylbenzothiazoline-6sulfonic - Acid)
Ammonium Salt, ABTS] T Sigma-Aldrich 2 7];
FT L W TRRIET BRI R R A F
2,4,6-— (2-MEREFE ) =& (2,4,6-Tri(2-pyridyl)-striazien,
TPTZ). VKBEMR. BEEREN. HCl. NaOH. FeCls-6H,0.

FeSO4. 442 C (Vitamin C, Vo). =] FEFRIEHH
(butylated hydroxy toluene, BHT ). i fifi R 47 .
AI(NO3);. NaNO,. Na,CO;. MgCly(H,0). KCl.
KH,PO,. NaHCO;. (NH,),CO;. J&fHE: . FEEEY
oAt
113 MRELHEE

FA1104N T3 K7, LR TR AR
AF]; YB-250A il 2 DReA N, K RE s 5
AIRAT; HH-2 BIBBARRKSR, &N E LS
AIRAF; SHB-II /KA HEEE, KR
B TSAARAR]; RE-52 RINEHEZERI, s
AEAANES] s DGH-9140A Hi e F G X T-HR4H , —
THRPEA A IRA ] SG5200HDT AR A E ERS
e R AR A PR A F] s LGI-1D-80 Wik T-1AHL,
LR W RRE S ARFRAT; YXFT3MP % pH
Th, MERE-FER 2 R A IR A ] FS0 ZURRFR,
Tecan; THZ-82A HURAIEIIRZ 4, WM RS
A RA A%,

1.2 B F*E

12,1 AZHieAriR A a4 4] &

W RZHETE 100 g, I\ 600 mL 75187/K,
1 pH A 5, I 0.06 g Bifg 114 50 Uimg T4 251
F10.02 g BHE /8 10 77 Ulg (RIGHEE, 7o)
2400 W FIIELE 50 CHZ TEEME 1 he BEffcEEs
B 1400 mL FEE, 7E[FIFEREE R 264 FHEEL 1 he
B e, SEE RN 2000 mL AARFAECA 70%[)
FRREVE,  TEFIRESRE R —IR . B IHEPIIRIER
1E 50 'C FEZE, H 70%0 F A E 25 %) 100 mL,
HOARBRAEFHEEY) (Walnut flower extract, WFE).
122 RIMERLE L
1221 HfEswHEi

SR I RS VR st . BRI R R
MEW H 5 15.1 mL KCl ¥ (0.5 mol/L), 3.7 mL
KH,PO, ¥ (0.5 mol/L), 6.8 mL NaHCO; & (1
mol/L), 0.5 mL MgCl,-(H,O)s ¥#3% (0.15 mol/L) #l
0.16 mL (NH4),CO; 77 (0.5 mol/L), A2 &-F K%k
JEE 400 mL, 4RJ5H 6 mol/L HCl &7 pH 5 &
7.0, JIAZ) 200 U/L ) a-iE R BERA Lo

HY 50 mL WFE JIIL\ 5 mL #0678 4078
4, 1E 372 'C F LA 95 r/min [ E R 10 min.

197



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

AL, B 5 mL RAFEIAE-20 CREAFARFIN, FolRAE
m il — BiHA.
1222 Btk

SRR Rt AR AN 13 mg
B AR AR, 3/ 0.1 mol/L ) HCI & WH FE fh pH 1T
92, BHZIREWILE 3742 “C R LA 95 r/min R EIRY
2ho BHUBE WG, SCRITEUKB A ENRAY), B
5 mL iRFEIFAEAEAE-20 °C, 4RI IRE ST /NG
b
1223 JaiHEtk

SR RS Rt . 7E 15 em 4R ENT
JEEFREFE 0.9% 5.5 mL NaCl %381 0.5 mol/L 1] 5.5
mL NaHCO ¥« 4 B TH A7 B 25 mL T 50 mL
RoImE, KENTIREAR N, pH TN 5.0, N
N 5 mL JERE-REVTVE (0.1 g JEEER ABEA 0.625 g) fIH
;AT (0.5 mol/L), 7£37+2 °C, LA 95 r/min i
FEPRY 2 ho THAEE ARG HUHENTER, MR 2Bk
e, DAEEBENTASIAES (IIEENTRED FET
LHMIRES (IEFREEFERD, FHAEEAE-20 CHREM.
123 REBALRSHT
1231 S EiE

KRR IEN E S A BT, B 50 uL AR
FEMFE ST 96 FLEEARAR b, A 125 pL
Folin-Ciocalteu X7, 100 pL FiEIKEN 7.5%IK
Na,COs W, G 30 min J&, ZRJEF 620 nm il
WOGAE, RN ZTRARARE NayCOs i H. 437l Ls
JREIRE N 104 204 40, 60. 80+ 100 A1 120 pg/mL
B TR A B PR AT OB, DAROGAE A
PANR, BT IRIT R AREALYR, Zelbrift s,
AR 2t EAE A R S B &
1232 Sl & sl

S FH 0 R - R R A i s B 5 . e
40 pL AR BE 7 T Al aih i il T 96 FLERFRR
b, N 20 uL NaNO, (3%, m/V), 20 pL AI(NOs);

(6%, m/V), 140 pL [f) NaOH (4%, m/V) F160 uL

T0%MHEE, %R %M 16 min J5, T 510 nm AP
et Zr B AR EAE N 0. 40, 80+ 120, 160 1200
pg/mL TP T R R AT SO, DAWOGIE N
PAsbR, TR REAANR, SehIbRERTZE, R
P b Hh 2 T B S S
124 wEfEMK
12.4.1 &Rz DPPH H HEMIAE J1lE

2 CHRIHHOE 45 2. B 50 pL & B E )
Ffih 100 uL DPPH-AERT 96 FLEGFRR HIRA, W
AL 287 30 min, T 492 nm JGAE (A . LA 70%H

198

R IR S R SR RN AH (A, DLFREE
E DPPH- 1) R AR ZAMEMIEHIH (A . HHE
DPPH H HIESHEFRR 1Cso ff. FHARM/NR IR ST
{bREJIEEE. DPPH H HIZEERRR IR A XN:

WEBRER = [(Ac — An + Ab) | Ac]*100% (D

KWF: A, HFIA SR RBOAL; 4, AFESRdedlne %
AR, A, 5 & 46 AR
1242 &k ABTS HHFEEHIGE 705

SO IFHHOE 250k B 50 ul & BRI
Fean T 96 FLEFRARH, DA 200 uL ABTS ¥, =
T2 5 min J5T 405 nm Wl S B EEOEE (4,
IR E ABTS WWONEERZ A (4, HEARE
FES ORI (4., ABTS HHIEERZENHHES %
YNQDE
1243 Ehratbre e

WP AKIE J5 BE 17 (Ferric reducing antioxidant power,
FRAP) (il E" ™ B 50 pL & B B RE R T 96 4L
BEFRA T, IO 200 uL FRAP TAEW, 37 C/KM 10
min, T 620 nm AMEFOEE, AT 3 K.

FeSO, At ZE 2z H1: B 50 uL [) FeSO, ¥
T 96 fLEFARRF, B 200 uL FRAP TAE#, 37 C
K10 min, TP 620 nm AATERSGE, “FAT 3
Wo ARG EE NINALER, FeSO, bRk Sk BE A BEAAKR,
RHE FeSO, prtEMh 4, tHEAMFERIE T, ZHIEr:
i ¥ FRAP EH FeSOs MEmEIN, I NRETHEfAH Y
T FeSO, i & (pg)o
125 HIER3E

KAt SPASS 22.0 1 Origin 9.0 #4347 $df
8T FTARIGIIERE 3 IRk, 4RUL CPSERE
W) Fow.

2 #R51He

21 REBrEENINE

ARG R AR EH R T AR Z By ik S B AR
B LAY, 76 620 nm A F KIRIE, Hgie
AN 22 Wy & B BAE HERY . WFE 7R AT R o () iy
TR ILE 1.

HE 1 ATLLE H, WEFE s 1) & = bE T L 2
AT RRE, DEEEART WFE Sy &R0 RE
m, H. BEHAEERKT WFE habhEE

(p<0.05), JizEZ b A it R0 g T ok B °F ol G il 3 22
o RIEWFES T Em SN 3.30 mg/mL, £t E
WG4 3.00 mg/mL, 434 B iHE A 2.40 mg/mL,
T 27.27%. TEIELITE, A 18.00%MH )



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

JEg N, ARELTRRE T 81.21%. S5RRW, Bik
W5 6 2 A AN T AR AL
4

a
ooy
—_— 3_
-
E c
El 1
E Ll
4
2 ] d
e e ’—x—i
0 1 1 L 1 1
FAMCHES  CURIEREG  WIHERR USRS Rl R

E 1 HE PR B ST
Fig.1 Changes of total phenolic content during in vitro
simulated digestion
E: ARG FEAT WFE 69K £/ 2
(p<0.05) . THE.

22 REERAEWHINE

3.00- a
-
E
W 2.70F
g
B’
000T i ZH A r'-er"-ﬂ
AMHERS DR FRER EETR S

E 2 jHiE PR RIS 2T
Fig.2 Changes of total flavonoid content during in vitro
simulated digestion

HE 2 FTRVE Y, el R SMEE AL, WEE
SR & I 2 T e, DU WEE &
FEITREVER . RSP IS E)y 2.88
mg/mL, I ETEACSE , WFE Fhg R & &0 5 AR Ik,
4 2.65 mg/mL. Gl i AR ISE B S AR A
# (p<0.05), N 0.06 mg/mL, FBET 97.91%. Mt
CIREESN N AT PR SN

23 SRTF BN E

HE 3 ATLAE Y, WEFE fEARR G AL B
A ANETEAG NETRYUS H: FRAP {EIZHT R P,
PN 10613+ 10136+ 81.60. 37.74. 40.47 pmol
Trolox/mg. AHLCARTHAGIIFES, W& TR T 61.65%,
455952 B, WFE [ FRAP {E B W7 A (A 2K 2 25
N

120
a
b
i
=]
.; b
< 80 1
=
e
g
=
— C
- 40F ¢ ﬂ
£
(=9
= ]
-4
[ 3
[ — L L 1 L
ARG DEEATERRS  PITRRRS  WRIEETRE S R R R G

[ 3 e+ FRAP EE 2T
Fig.3 Changes of FRAP values during in vitro simulated
digestion

P AT T o WERREVE AL B —, B
pH 250 Ty B AN, Bt A ALY WEFE
PURHIR TSN . BN AR 2R AR B
B A E AR F DA SRR I SR A R s s P A
BRF M, giEi s, FOR kR i
BEA, FTRES A ALRY B 2 Iy FEAIRT pH {24 9511,

24 DPPH g d A& IRk 7

600

_i_ b b
400 1 27

200

JHFRDPPH H H12EfE HIIC, # / (ng/mL)

FRER CRMCRR FIICHS bR T e
& 4 jE{LidF2 DPPH B ERESARBE DL
Fig.4 Changes of DPPH radical scavenging capacity during in
vitro simulated digestion
1P 4 W%, WFE [f) DPPH H HRSERRAE /11587

T, FAEMCN 221020 299.25, 411.15, 424.45,
468.48 pg/mL. I Z&9H G AH LE A TH AL RE S 32
52.82%. Hrb BT BORE RS (p<0.05), WIREZ
B VAR R IR VEIAS, (AT S S A 2R v B 22 5 2K
J R A R B, R R
TEHARAE L B, F DPPH H HESESFREEIH
B LT, ATRER A IE WAL P AL B IR, 1S
WEE  HE ) B A K e i = A8 BOA TS B E R
IS ST S8,

2.5 ABTS g m#&EREE S
s v PUEH, ABTS HHEEMAE 11

199



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

WEETRE FTF, 5 DPPH A ML, 5 wul'®
SERIE —F KN 220.63.299.25.471.26.412.50.
421.82 pg/mL. BHERERFIK (p<0.05), VAL

BiHLE WFE FEE S bR, SEOHUR
e IWaBe St i

WFE IR O sk B iHAE HE Rk
ABTS HHERIRERERIL, SdipiEnis, H
TERE BRI IE R, RIS
AL R IE Y B BT AL RE D 2 B0, AE 3
&Y pH KRR, NZIEGCHRERR ABTS H B2

[23,24]
fE 1A i ETHE2,
~ 600
£
2 a
~ t b b
= 400f 2% I
1=
=
2
= 200}
7
=
[aa]
=T
g.‘é 1 1
= fi'ift{"hm (m]iid I'H{.Wnu |[I'f”f.”n|l BilE TR B R B S

&5 ilftidiEh ABTS BEREBRREENRIZ K
Fig.5 Changes of ABTS radical scavenging capacity during in
vitro simulated digestion

2.6 AHKMER

FIF SPSS 22.0 i fE5T WFE il 4 & & 5 5%
PUEAGRE JTAT ARG 34T, e R IR 1. SR 1
ATLVE AR MERTE A R P Sy, S S B S
DPPH [ H3LiERRAE /AT ABTS H HHESHERRAE 712 1]
IR ZETE-0.59 F1-0.7 2 18], THPEEIERES S
TR TR R A AR A Ok
(R*=0.99, p<0.01).

=1 MEXMESH
Table 1 The correlational analyses
AR ¥®  ¥%f DPPH ABTS FRAP
BB 100 0.99%*

S a.) 1.00
DPPH -0.70 -0.61 1.00 1.00** -0.71
ABTS -0.69 -0.59 1.00 -0.69
FRAP 0.99%* 0.99%** 1.00
Er MBI (p<0.01),

3 g

S UGB AR AMESUH AL I TT i, SRR
FEEEIRAE D E . Bt fieh ey &, B

200

M B, DA JERE /) DPPH. ABTS
H HETEBRBE 1 T bn % S P TE P AR A1
Blo SRIGEERUT: A RE P AR LTS A T
PUAMIETERE T HEMmESEnrs. WiHtE
FIEL (p<0.05), 40.62+0.03 mg/mL, AL
FERLRRE T 81.21%; el & S 221 i WAL
SRANEE (p<0.05), H~0.06+0.01 mg/mL, K&
1 97.91%; FHECARWAGIIFE L, FRAP {ERZ TR T
61.65%, ZEFRH, HAER) FRAP {E R WiH AL
[MZEK 22 R % DPPH-. ABTS H hiIEiERRAE /17E
B H AR B TR (p<0.05), WAL B imii s
AL T RS B A, S BT R RE 03B
BEAIK. AHOCPEM TR, (EMRSMERIE SRR, &
ALY )& 5 DPPH- . ABTS [ HIF:EMRE A0
PO R RE ) RILEEAAOS, B0 R AT DU AZ
T RF AR AEERARYE . N — D HR 4 f s B0
BPIRE BRI AL BRI R 234 T SIB R
DABI 7T FERAC T 1O o

B AR

(1] EFF BRI A0 IR o SR B T A A PR 7T
[D].JEFH:PE AL RAFHE R ,2014
WANG Dan. The chemistry and nutrientex traction and
anti-oxidation activity of walnutstamina flowers [D].
Xianyang: Northwest A&F University, 2014

2] 2 EuH BT E 5 ZmA SR SMEE R E
PEHTI]. & 5 R ,2016,37(13):1-5
LI Chu, WANG Xie-yi, ZHAI Yu-xin, et al. Stability of
polyphenols during in vitro digestion [J]. Food Science, 2016,
37(13): 1-5

[B]  HA T ARG AZMAE R TT A W FE[T]. RERH,2014,8:
240
HANG Ben-yong, REN Ying. The development and
utilization of walnut flower research [J]. Private Science and
Technology, 2014, 8: 240

(4] PREHR RO =2 B, S5 e S R AR () 20 0]
AR BEH,1999,2:45-47
CHEN Chao-yin, ZHAO Sheng-lan, CAO Jian-xin, et al.
Walnut flower nutrition analysis [J]. China's Wild Plant
Resources, 1999, 2: 45-47

[5] #3tE, BEm MHERIEC T 1625 Feu Mn. Zn & &1
HA I B AT %,2016,37(1):161-163
YANG Kui-hua, LYU Rui. Walnut flower branches, flowers
in the comparison of Fe, Mn, Zn content [J]. Food Research

and Development, 2016,37(1): 161-163



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.11

(6]

(11]

[12]

[13]

[14]

ZHANG Yi-ge, KAN Huan, Kiran Thakur, et al. Comparison
of phenolic compounds extracted from Diaphragma juglandis
fructus, walnut pellicle, and flowers of Juglans regia using
methanol, ultrasonic wave, and enzyme assisted-extraction
[J]. Food Chemistry, 2020, 321(15): 126672

Muzaffer, Paul. Phytochemical analysis, in vitro antioxidant
and antimicrobial activities of male flower of Juglans regia L
[J]. International Journal of Food Properties, 2018, 21(1):
345-356

Karimzadeh K, Hosseini E, Kavoosi E, et al. Hypolipidemic
effects of hydroalcoholic extract from walnut male flowers on
diabetic rats [J]. Armaghane Danesh Bimonthly Journal, 2013,
18(6): 484-694

YE Ai-qian, WANG Xin, LIN Quan-quan, et al. Dynamic
gastric  stability and in vitro lipid digestion of
whey-protein-stabilised emulsions: Effect of heat treatment
[J]. Food Chemistry, 2020, 318: 126463

T8 RIMITE A T R R T R S AL
PRI FL[D]. 7 B B K 2,2015

ZAHI Yu-xin. Under the condition of in vitro digestion south
of phenolic compounds in zizyphus jujube research of
oxidation resistance [D]. Nanchang: Nanchang University,
2015

2RI, SR, TR A ML i v AL T R AL R
A3 FRE IR AR & S ARHE,2020,36(2):102-107

LI Yi, HE Jun, ZHANG Peng-min, et al. Antioxidant
components release of Rosa roxburghii Tratt by in vitro
simulated gastrointestinal digestion [J]. Modern Food Science
and Technology, 2020, 36(2): 102-107

Wi 17, 2 S 0, VAR R, 852 A4 A SEALL 18 WA A H Ll 22 1
FAEAGTE I AR & i FH2,2019,40(5):31-37

CHEN Xi-miao, LI Mei-ying, XU Qiu li, et al. Changes in
polyphenol contents and antioxidant activity in hawthorn
(Crataegus ~ pinnatifida ~ Bunge)  during  simulated
gastrointestinal digestion [J]. Food Science, 2019, 40(5):
31-37

HUI X, YONG G T, MENG X, et al. Changes in
physicochemical properties, gel structure and in vitro
digestion of marinated egg white gel during braising [J]. Food
Chemistry, 2020, 330(15):127321

Duda-chodak A, Sroka P, Satora P, et al. Transformations of

[15]

[16]

[17]

[18]

[19]

[20]

(21]

phenolic compounds in an in vitro model simulating the
human alimentary tract [J]. University of Zagreb, 2009, 47(4):
456-463

YUAN Yi-qiong, LI Chuan, ZHENG Qian-wen, et al. Effect
of simulated gastrointestinal digestion in vitro on the
antioxidant activity, molecular weight and microstructure of
polysaccharides from a tropical sea cucumber (Holothuria
leucospilota) [J]. Food Hydrocolloids, 2019, 89: 735-741
Cruz R, Mendes E, Maulvault A L, et al. Bioaccessibility of
polybrominated diphenyl ethers and their methoxylated
cooked  seafood  after

metabolites  in using a

multi-compartment i model  [J].
Chemosphere, 2020, 252: 126462

e, RE R, e i, 5 A AR SR J Iy 5 B S B Ak
MR L[] A 95,2010,30(2):253-256

GAO Chan, CHENG Da-hai, GAO Xin, et al. Total phenolic

vitro  digestion

content and antioxidant activities of blueberry pomace
extracts [J]. Bulletin of Botanical Research, 2010, 30(2):
253-256
WU Peng, CHEN Xiao-dong. On designing biomimic in
vitro human and animal digestion track models: ideas, current
and future devices [J]. Current Opinion in Food Science,
2020, 35: 10-19

T AE. RS KRB AT T S R L AR
[D]. TR K#,2014
LAI Ji-xiang. Black bean sprout water extraction of
antioxidant activity research and its mechanism [D]. Wuxi:
Jiangnan University, 2014
AE 2 S MRS MEHDLT A SE R AR T 1 S s 4
G BRI VSR AR 7 (D] MR R B T K27,2013
XIONG Yun-xia. Study of the effect of in vitro digestion on
antioxidant activity and anti-proliferative activity of apple
and pear [D].
Technology, 2013
A N E XA B B A PSR 2 W T A
PRI PER ISR ISR i RH,2016,32(1):122-128
PENG Meng-xue, CONG Yan -li, LIU Dong. Determination

Guangzhou: South China University of

of antioxidant activity and the contents of polyphenolsand
flavonoids of apples by simulated gastrointestinal digestion
[J]. Modern Food Science and Technology, 2016, 32(1):
122-128

(TEEEE 169 T

201



