5523 % 46 M SR = T S Vol. 23 No. 6
2023 F 6 J Journal of Chinese Institute of Food Science and Technology Jun. 2 02 3

IRSMEIUE L X B £ R 5 S Rt | AL 4 IR 20
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(T EREAFHERABAZRLN RLEAHFRBRGARET L LR
LA RARSEEMIHANAELLERET PEAZILRARSES I ELELZERET M 310002
TR LR FERMARFR HFE 210095
CARERRFRRETEAAERATFERGGHERELEERE AN 310021)

HWE AWRHENEEE SRS (F G R A id g )6 5 AR 0TI 30 BACHF P | VA 35 3 274 B A BF 50 st &, A R AL
B Wi 0 ACHE R AT B & Ao B T R 09 R AR L KR A A 6 R ok (GC-MS) Ao & 20 i A & 36— B8 76 3%
(HPLC-MS/MS)# & i feit 2 F 5 AW ey KM T, LR A KA § Wi st a4, B G0l =8 b s &
Hh B F AN 3.50 /g W E 61.85 pglg, B4 43 e 4 4E (P<0.05) , do b RLBR 8 4 AN 0.24 pg/g 3 E 25.50 pglg, #i AU 4
S 0.12 pglg W E 6.03 walg. K498 AL 4 b B RS B2 A8 K 1.08 me/g 3 5] 413.20 me/g, B 44 A A B (P<
0.05) , i A U 3 Ao it A2 o f2 B 9 4 A F A& ALAT 69 B B Bk, e I8 K- 11— =+ B 8 Ao A X—10-+ ALK 82, 4R 5 AR R A
Yo tB (& i g 69 R R A1 1:0,7:3, 101,37, 0:1) 34 AL B 40 42 RAL A M | 25 R R | 40 AL RE 0 30 K R R R 09 R 3
ik, BFRAILEG IS0 KT A 10 B R AR ) R R E A 50 mg/mL B DPPH f= ABTS 3 i % 4 5 %
80.65%%= 81.02%, Fe¥'i& J& /1 B EAL A 1.55, 5 Y 4 I @ 89 3 BALAE A48 T b S . X2 B o & & S 49 7 S0 4L = 4 3
BAT H B A KRBT 25 R A BB R S 8 T A AR AL SR O U h TR R B B T AR R M R
5%,

KR HB RS RN AR, R
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BBk (Juglans regia L) MU Bk JESR #R1 = AT JF &R A B 438 37 f (6 o 7l 8 7
HAPRAPIRA R, R & AR TR AR (A A R A A,
M R 2 W2E R RS K 2 P iR TR PRINIE AL 2R G IR TSP 25 F T B T 1L
S G 4E S5, BBk h i B RO 52%~ WIS, DLAENE IR AR i AR B AR
0%, HAmBg I AR NI R 3, 2005 82%~ MV, BAT LLSE i o 8 A0 ke , AT iR
85%, 1N 24% Fe Ay W & Z R AR, BAR FRR A AT A kAR AR AL 0, ARSI
ERER AR E R FORIR, RA ISR, AN REHNEZSIRZEEHERA L E
22 A0 0 3 28 L R SR e eIk, JFxb i ERHZ R EERINE R &, R
EHAWA —ERN B, AR E SR RIEEAB R g O fT T e i A
ERITT R R RIS ML DT SR AN IR A, X RS W 2R B b Gl S R R, LAtk
BEAT T AACH S G PE i oAb, S EC= R BRI R A 2 20 el N ) A AR
W52 B, AERZBE™ Bl I A2 7 I T IR A7 AR YA AR Y pH (B K A AL g S X
REFE X A E TR0 E B FRIR A, I BB LRt A —E R, 5 R o R )
14 D1 RE 16 1k 55 11 AL 5 B9 52 B R T B0 A 22 5%
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SERAT G, DR MCRE A AR R A R A 22 0 I I
PR, B2 I A — e b e Re R
A — 7 MR ROC RS 5L I AU A VS P U
BhZ Bk, 24 2 BRI 0.5 ¢/mL i, H DPPH ¥
i 87% , ABTS*I bR R 84% , 3 H L5 B %
82% , 4K S TR JELAE 13k 45% , Ui AR Bk £ Ik LAY
—E BT L RE 0,

1 Tk I b R 2 AN R I T R
DKL I B kA A 7 oS i A% Bk vl 7 5 2R 0 4
S, Ak BT S Ak BE T AT T A i 1
JRRRED, i R R AFPE Y R B AT A 2 R
AYE Y T, A A W S AR A AR
BT A AL RE 1, SR, ARkl rh i) AR M T
Wi s (1) 22 B 2 B AR AR AR, X A SR
B fie 13 Wi R, AL R T BB AIS

A SCLL BB 27 KBk R BiE 5T 6 4 i BRI T
FVER 1T WG 2 32 o0 AT A OGRS . SR A GC-MS
F1 HPLC-MS/MS 3 #7 4% Bk 1 Ak 1o F2 vh 3 g 0 2R
PR & B AR A, RSN AR AR SO Ak ™ B i 4t
FALTEYE, B TE A B R Akl P TR R SR Bt 4 AL
R A= S0 IF R R AR 2%

1 MRERE
1.1 #RERHF

KRk SRR <HoRr 27 BBk (Juglans regia
‘Xinxin 27) (JE™ #588 ) , 1 TR WA
{S/NIEI I oy o3 N N R ST T R T E A
THABEARAR; A LR R 2E
fE8 | =@ ALRR BRI A BR B, 43 A 4l BT
THEALBHCA IR A fm AR By oy M sk, b
MRA AR A BR 2 7 5 i 25 M D R 2 i il n) &, B
BAYHEARA R A & 5 RS e iXh &, &
E A= )45 FR 2> /) s DPPH H i 353 bRk 50 &, e
SRR A RAE R OEC ke SR IN R,
4li CNW Technologies GmbH ; ZJif , fa i 4l , £ [
AR E AR A D35 ITACRE IR R , 42 ol 98% , T 1] 3K
yedE Al = AR R A T e R E O b S
H 2mol/L, 1A sE kA AR B AT BR A F]
12 &&5MEE

LR56495 5 E DAL, FEER /R BHE A 7
THZ-C—1 18 ¥ YRR 5 , 16 11 AR DL R AR AR o

T AT BRN F) s DK-8D HL #AVIE JE /KRS | 1 VARG 72 5
55 % %5 A R 2 7] ;LC20AD-API 3200MD TRAP
HPLC-MS/MS, H 7 5 HE 28 1) 7890B “UAH (A3 , %%
FEE R A FRA 7 ; ReadMax 1900 FiFbRAY , F 1A
AR Y FHE ;UV-9000 254 — ] W43 I, 1
T TCHTAL A PR A ]

1.3 REH*

1.3.1 BRI (PRI S5 1E] L i AR
9 T5 5 2R Y PR T AR U M b P | 1 B URLEE 170
CHEBZBIN . 27 XG0 )5 2 | R ER LA
PRV B AL R R T, BBk 5 ZE TR K
Bt b 1:25 IR A, HA SRR pH (BN 9, 15
i FHERFR VA pH (EN 5, FRVT,

1.3.2 BIUARSMEMIRE Tk R d . wE
TR Pr 1 (B RS Epk ) (703 4H (B
dn AR B LT SR AR IR EE 7:3) (101 A (RE
Ak E A B SR B b 1:1) 3:7 A (FE A
bk AR SIhBE R R H 3:7)  JMARALED Oil 41
(FE S A M) .

BB IE A BE . FREL 3.10 g S1L4EN (1,10 ¢
SFALE 030 g K S ALES [0.60 g kR S AN I
16 1 Lz i@k, B nl AL B v, BE il 1 mol/L
ZERNEROT AT pH=5, A IR E 37 °C,
17 #0255 mL 5 HU# BT \59.50 mg 5 2 1
0.51 mL SR THEE S, H 1 mol/L #h iR
P& pH H = 2~3,37 °C,80 r/min #EKEFH 2 h,
4% 5 T 20,40,120, 140,160,180 min 1 240 min
A BORE 90 CoK i K il 30 min, 10 000 r/min,4 °C
BP0 15 min, BRI, R TR TR

B A TE AL B BE . FREL 5.40 ¢ 514N .0.65 ¢
S 033 ¢ K EALEEE R AE 1 L 281K,
15 B 1 FR i S5 VS UK, 7% 9 T —PBS Y45 WK , 4% 1 £ -
PBS %W, # B 50 mL g L f# 57 .50 mL & -PBS
HEW 100 mL JHEL-PBS W .59.50 mg 5 A5 117 1 |
0.013 g & F1 i, i A T8 4y S AW, FH 0.10
mol/L & A AL M W 4 35 pH 7,37 °C, 80 r/min %
KILE 2h, 20 317F 20,40,120,140,160, 180 min
F1 240 min B 90 C/K & K B 30 min, 10 000 1/
min, 4 CE L 15 min, BEE @& TS R0,
1.3.3 ZREEMME S%5 585007k il
il P S A R AT A PR B B ), 3.42 mg/mL
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PR IR D00 08 A 2 A B R 5 AR R AR BAL A 0 R R 31

A LT AR O RS IR, 43 0 EBORE S R K
i B 30 A5 Fril
R XoF HEE ot Y 0 o SO, TR T AR AR
2T 2 .
y=0.3515x + 0.2773
HorRH DG R R=0.9909 .,
1.3.4 B SR e IR & U
B, 7E 570 nm A2 GRS A .
AA=A wz—A =p
UG AT A bR v i 2T
y =0.3963x + 0.006
Arfr.x FRAE A | wmol/mL;y——AA
iF s 3R Fr A A
TR R IR (umol/mL)=2.52x(AA-0.006)xD (1)
Kb, D—FRBEAE R, RN 1,

1.3.5 UFEESEMAN IR E RS AL B FR
HLO.1 g RERINA 2 mL 368, FERSMRY, FH
110 CiHfk 24 h, HU 100 wL JEfL, W46 = 20
wL, fill 980 L #B 4K

A A F . BOR AR IR AS 50 wL, in 50
wL FEAEVRER, IRAI)E 13 200 v/min 3 7R 250 4
min, B 8 WL 5, M0 42 WL ARic 28 il i &)
B PRI 20 wL AR VRO AT JBE ES JE EE 55 CHEIR
AR 15 min, AR JEREAC B UKAR , WS TR 51 bt
B LB S0 Wl T HPLC-MS/MS #&:3

AR S . {5 1% 4 . MSLab45+AA-C18 (150
mmx4.60 mm,5 pm) ; 7 ;50 °C, i : 1 mL/min;
EIAH A AT LA . 205 (A+B 5 ) 5B K
A 4K (A+B P85 ) gEAE R .3 pll, BRI ISR
1 fIrs .

F1 HEBERBRZE

Table 1 Liquid phase gradient meter
#& # B 18] /min 0.01 6.00 6.10 10.00 10.10 12.50 12.60 15.00
Al% 12 17 24 27 97 97 12 12
B/% 88 83 76 73 3 3 88 88

JF R S5 B U . +EST S B TR 1S +
5500 V (Mm% HL ) ;GS1:0.38 MPa (Z1LX);
GS2:0.41 MPa (5 Bh =) s 94 07 2. 22 Bony Wa
CAD :Medium (HlifES);TEM ;500 C(ZALIRE ) ;
CUR:0.14 MPa (" 1) ;CXP:2.0 eV (Hf; 3 % 5
HHLE) ;EP: 10 eV (S A HLE) .
1.3.6  WFE AR IR & p e e B & il
B WA, ek A, SRR .

y=0.0075x+0.0055

(X Z % R*=0.994, )

FH O AT A5 0 B B T R B i A K

W B NS R (nmol/g) =(A —0.0055) +0.0075 x
V12 (V12VxM)=160x (A -0.0055 ) +M (2)

K Vi— I ABEAREB 1 mL; V,—H
BURAAT 1.2 mL; A ——W B s M——FF i T
go
1.3.7 VB BRI R Ah 2SI R A AL 3 K
1 mL FEG A 500 pL 3R EUR (5 PIEE: 0F O Ledk
FUH 2:3, & AR 0.20 me/L) , Ain A A9 Bk 38 e 1R 2

30 s, FHWFEE AL AL P 4 min (40 Hz) , #8755 min (VK
K, mE 3 W, ARG AT 4°C 12000
min .0 15 min, BUEE o BIAFEAFIA 500 wL
R EOR, AR E A v A LA R, L
W IR IRTE 10 s R AR BOR Y LI iR
RA B 800 pL. T 2 mL i, AW+, A
500 L - = W b e A WP el (=
RRLLE 1:2) , ZFE# E 30 min JF AW T, A
160 wL 1E & %e & ¥, 12 000 r/min 5.0 1 min, B
HPEFT GC-MS K

SRR YRR .1 pL; 4330 Split
Mode (5: 1) ; F #8493 - 3 mL/min; 203 &
g AE . DB-FastFAME (90 mx250 wmx0.25 wm) ;
FEE :0.32 MPa; #EATHRE T . 1 min 7+ 2 50 °C,
15 min JFZ 200 °C (50 °C/min), 1 min J} % 210 °C
(2 °C/min), 15 min F+ 2% 230°C (10 °C/min) ; Fi ¥k
FE TR 2240 °C 5 1% iy 2 % . 240 °C; B 7 R
J£.230 °C; VUATFIRE 150 C; LB HL K . -70
eV ; it Y5 [l m/z:33~400; 45 825X . Scan/SIM ; ¥
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FIFEIR 7 min,

A R A

C n=(CSXV xV )/ (MxV5) (3)

T, C o FEAS TP 5 i 1D R 1) 5 1 g/
g3 CS— V5 WU 5 Mg 195 T 1) I o ¥R %, ng/mL;
V—ZERB, mL; V—— A48 O A AR,
s V—— 0 4 O A AR AR s M———FR B T
i, mg,
1.3.8 DPPH H W AIHFREE S WM E  BUH L&
ey, %E 10,20,30,40,50 mg/mlL 5 R K E
b B, AR S UE B R A

DPPH H M IEFRF (%) =[1-(A wie=A gw)/
A 11100 (4)

A, A s W A ARG RE 5A g it
WA ERE A 25 G
1.3.9 HFk ABTS*RE I il BUH L™,
#H 10,20,30,40,50 mg/ml. 5 4> 5 v B AR
Z: 2% ARV AP 1 TR 734 nm AR T 5E WO
B, R A,

ABTS*H HHFE W BR# (%)=(1-A/A,)x100 (5)

P A 28K +ABTS TAE WA WG
A —HREB+ABTS TAEMR AL
1.3.10 = MEkE FiR R e il e BUH e
=Y, %E 10,20,30,40,50 mg/ml 5 Ak E
BhEE 27 M SCUE A5 P07 5 FE 700 nm Ak I 2
JNF VP W B
1.4 HELE

KA Excel 2021 #F47 50480 S Aab 3, R H
GraphPad Prism 8.0 #4775 2270 it sl e it
IS E 3 W R B /A 48 3 LT B (H 4
MEEFon, ARG SR FFERNEAREER
(P<0.05),

2 HRE5HMW
21 A EUTREREREEERBREENT
4

iR RIS R A = SR R e NS 77 S s o =S
T R T2 6 7K A 1 H T DR U R T, AZ BT
TERSNE AL B i B AR TR (Free fatty acid,
FFA) B4 anid 1 s, B AR 64T FFA
Tt EAEE LS, M 13.61 nmol/g 14 F) 20.94

25
TbD a
E 20 b
s
18 [
¢ g d
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Fig.1 Changes of free fatty acid (FFA) content

in walnut during digestion in vitro

nmol/g, 120~180 min A [ i fk B Bt |, 19 3 v A7 Jige
BT, 3 6 T R A T Ak Ui B e I T A A
(] 35 0 BH S5, 5 0 05 A L it 5 R I R B 5 e A
WCBCRI e AR5 18 32 0T, A5 Bh 4 i A
WAERKER . ZHk 524 T AL B B o)
Ui 15 1 0 T2 JE B AR W e A PRSI e 3 5
Iy TR Py At DI 12 WA A B il 0 Ak i ) LA A
FRAB B0, O 5 A B Ta] A0 T £k B 4 oy R 17
GC-MS i
2.2 fRSMELIE R RSk SRR AR A 9 S AT
K H GC-MS a2 2 46 Y 49 File 25 g i 18, 7%
PRSI A 1 56 BT BORE v A 22 Foliiie 25 1 iy
M Ay i A Ak FLARBN I B B i DL 3R 2 B 2T
M2 o e T A B AR 2 dERE IR, 7E 180~240
min 39 [A] & & B3RO (P<0.05), WiHERE »-6
RUNG NG R , A5 B F00 )7 20 A 10055 9 9 /R0 Ik 1t i 45
T Be iR i 2 B, A1 080 we/g
£ 413 199.89 pglg, 5 L iRFEbRR I, AR R —
0, HLAE 120~180 min 8] , Ui 25 BE 7 BR e i Bl 3%
P27 (P<0.05) , M\ 27 451.01 pg/g 4 = 283 616.18
pe/g. HHAA 8 BRI AR O min B ARK 1 M5
ST A4 7 A B I — 11— B s R A sz K-
10— JURR S R 1) 28 1k 0 (2 35 (P<0.05) , L 25 R i
P e AR rha] RS 3034 0 R kT P 3 05 4 4 . i
BIIE D7 R B4 E 0~120 min BEARRT 22, 76 120~
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Table 2 Content characteristics of 22 kinds of free fatty acids (FFA) at different digestion time points
R F) A A FFA &2 /pg- ¢!
w8 Mg Wy iR AP R
0 min 60 min 120 min 180 min 240 min

F R 0 1.44 £0.03" 3.43 £ 0.06 0 0

KB 0.09 + 0.02* 0.02 +0.01* 0.14 £ 0.03" 0 0

+— kR 1.86 = 0.07* 0.07 £ 0.02" 0.07 £0.01" 0 0

+ = kR 0.32 £0.10° 0.26 £ 0.12° 0.55 £ 0.05° 0 0

M 2R 1.92 +£0.16° 6.50 £ 0.21¢ 18.65 + 1.09° 100.72 + 8.08" 129.67 + 9.5

+ BIR IR 0.38 +0.11* 3.22+0.77° 9.37 +0.83" 8.91 +£0.85" 23.03 +1.19

A AR BR 132.70 + 9.08° 114995 +12.02¢ 2610.18 £ 15.13°  5609.48 + 18.00, 9 829.63 + 15.93*
AT A K R 0.45 £0.15* 11.24 +0.20° 38.99 £ 0.37" 275.96 +5.10* 355.72 +5.37*

+ kT 1.04 £0.18* 9.52 +0.23° 29.47 £2.70 29.09 £4.71° 60.87 = 16.28*
g BR 46.54 +7.32¢ 488.17 £10.24*  1369.08 + 15.64° 2 603.30 = 18.23" 4 423.52 +20.06*
R 82.34 +£9.42¢ 3269.05 £20.40° 4269.97 +26.13° 49956.14 £33.97" 75 995.45 + 30.26*
T3y BR 607.61 +13.35¢ 8927.61 £22.78" 7973.45 £22.48 166 177.72 + 87.40" 236 033.41 +92.21*
B R —10—+ Juak Hi 0 6.88 = 0.65° 18.45 £ 1.87" 224.88 + 8.73¢ 221.07 + 8.65°

#

a-T R ER 196.09 + 11.72° 5 167.07 + 18.80"
— Rk 1.27 + 0.44¢ 17.72 + 0.15¢
MR R -11-=+ 55 0 36.25 + 1.86"
B

WX -11,14- =+ 0 6.58 = 0.64°
B M R

A 1.72 +0.07"
16 2 v K i 0

X -11,14,17-= 1.70 £ 0.15°
+ 2% = M iR

=t 0 5.94 + 0.54¢
P 4.18 + 0.50° 2.76 £ 0.41"
DHA 1.62 + 0.04° 4.60 +0.12°

10 823.76 + 22.23¢

58 070.41 = 28.95"

85042.99 + 28.42

52.73 +1.82" 130.81 + 3.00° 197.57 + 3.87*
145.45 +5.17¢ 284.19 +7.26 557.86 +9.42*
23.70 £ 1.67" 0 59.78 £ 4.30°
591 +0.27° 6.26 = 0.31°
8.89 £0.79 149.31 + 17.44*
5.97 £0.26 53.17 +7.25°
18.67 +2.68" 0 60.56 = 11.06*
0 0 0
24.10 + 2.88" 144.58 + 15.32* 0

HHMEHREE 1078.00 +20.03° 19 118.27 + 26.20"

27451.01 +31.85° 283 616.18 +35.76" 413 199.89 + 40.39*

TE /NG TR RR 22 5 W3 (P<0.05)

240 min IR HBT R X5 AN W] i ] S50 AL 4
(1) FFA 2 AT R0 R B, ANl 2 s, 1H
£ 180 min B 19 7 ¥ 241 43 55 14 1L 240 min B 119
WA oy AT, 5T 3 AR B 22 AR, 0 min B
I AL FIE AL 60 min B 5 J5 22 7 W) 41 53 47 1F 22
S, HAE AL 120 min B PR AL S HE 4 4
A ] 22 S W 8 27 12 SR A0 A5 1 W ol g 1 =
AL AE I | S X 8 1 0 A B Bl 25 1R
i O ik B R B, 5 Wk R P I Y 45 B O,
TE (1 JE R 7 T T AR Y E RS R A

T AE W T A i BEA 45 ik Ry T 725 AR 7 1R
23 MMHUSTEPEREZRRFERERS
ENEN

AP T T A i 32 el AR I R T
FRG, BT R 2 [ VE TR AT AR g A B, A
RAME AR R, 2 RS i B e s el
P, WE 3a Bron o eI AL 120 min B 3K 2 R (E
0.37 mg/mL, R KA AL BV 22, ATH AR W0 4 2178 Ak
2, Z K B 0.34 mg/mL 343 0.36 mg/mL, U
3b s A Mk AR F1 SR A T A R 2R AT 8 oy
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Fig.2 Cluster analysis of FFA in digestive products

fif IR IR, HliFES & IR (Free Amino Acid,
AA) S & M 0 min B 0.59 pwmol/mL F+ 2 240
min B 17.75 pmol/mL, 7E 120 min J& i#f A I 1
T B, s B R 4 i W S DY 0~120 min
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Fig.3 The changes of polypeptide and free amino acid contents in walnut protein during digestion in wviiro

24 M EAESRPRREREBEEERA
D

K HPLC-MS/MS 43 #r A7 A0 & v (9 20 Fil
B LR o B . O min I RE S EDARZ AR (1, BE T
PRHEAT AN [ B ) 5 00 285 2 R IR 5 k1 28 156
L% 3[R, LA H,0 min B BEEE (b &
e R ORI 0.71 ngle, 474 AL 240 min B, 7%

IR e R R R 25.50 wg/g . T Ak AR PR R
AR 2R 1 BRI ., RS @R A B T Ak
W HA PSR REREAL RO VE T B R A B TR
N ) AR KR L SRR S E LR
A5 o fil 1L A 0 A DGR TTT AT S A BLAZ Bk A
PN A R, HEEH T A2 R
R, PR AR 5T AT AR O A R AR R B9
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Table 3 Specific contents of 20 kinds of free amino acids(AA) at different digestion time points
B EULE A . . R F B 1] 8 AA./g\é‘/pLg'g" - |
0 min 60 min 120 min 180 min 240 min
H AR 0.12 £ 0.01° 0.19 +£0.02" 0.22 £0.03 0.40 £ 0.06* 0.49 £ 0.05*
EN3 0.32 + 0.06° 0.54 + 0.08" 0.73 +0.11° 1.10£0.11* 1.41 +£0.12*
2 Jre R 0.07 + 0.02¢ 0.09 + 0.02¢ 0.18 £0.18° 0.57 +0.26" 0.75 £0.74*
Tl ZBR 0.14 £ 0.03° 0.22 = 0.06" 0.24 £ 0.08" 0.30£0.11* 0.35 +£0.15*
RN 0.22 +0.04¢ 0.29 £0.01° 0.54 £ 0.09" 1.24 +0.10° 1.58 £0.13*
P RBR 0.10 £ 0.01¢ 0.10 + 0.02¢ 0.29 + 0.04¢ 0.61 +0.05" 0.72 £0.11*
R R 0 0 0 0 0
3t o AUBR 0.13 + 0.04¢ 0.15 + 0.04¢ 0.46 = 0.07¢ 1.08 +0.14" 1.48 +0.23*
ERES s 0.07 £0.01° 0.12 = 0.09* 0.21 £0.16° 0.48 £0.32 0.63 +0.33*
RITA R B 0.08 +0.02° 0.54 £ 0.06* 0.52 £0.14" 0.50 £ 0.23* 0.51 £0.27*
- BB e 0.08 +0.01¢ 0.04 £ 0.01¢ 0.37 £0.07¢ 1.65 +0.33" 2.89 +0.36"
55 ER 0.35 +0.16¢ 0.53 +0.32¢ 0.69 + 0.30° 1.09 + 0.98" 1.36 £ 0.43°
AR R R 0.06 = 0.05* 0.06 = 0.03* 0.10 £ 0.02° 0.51 +£0.74" 0.98 +£0.39*
20 F R 0.09 £0.13¢ 0.20 £ 0.11° 0.80 £0.15" 1.70 + 0.34 1.87 £ 0.87*
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Effects of Simulated Digestion irn Vifro on the Principal Component Metabolism
and Antioxidant Properties of Walnut

Li Xia'?, Chen Hangjun'?, Xia Wei', Zheng Yonghua?, Jin Peng?, Niu Ben',
Fang Xiangjun', Wu Weijie'*, Gao Haiyan"

(’Key Laboratory of Post—Harvest Processing of Fruit Products, Ministry of Agriculture and Rural Affairs, Key Laboratory

of Fruit and Vegetable Preservation and Processing Technology of Zhejiang Province, Key Laboratory of Fruit and

Vegetable Preservation and Processing of Light Indusiry of China, Food Science Institute, Zhejiang Academy of

Agricultural Sciences, Hangzhou 310002
*College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095

IState Key Laboratory of Agricultural Product Quality and Safety Hazard Factors and Risk Control, Hangzhou 310021)

Abstract In order to clarify the changes of digestion and metabolism of main nutrients (protein and oil) in walnut and
their antioxidant properties, this study took Juglans regia Xinxin 2° as the research object, and analyzed the metabolic
processes of the two main components of protein and oil by using a simulated gastrointestinal digestive model. The
metabolic changes at five different stages during digestion were determined by GC-MS and HPLC-MS/MS. The results
showed that the total amount of free amino acids in protein digestion products increased from 3.50 pg/g to 61.85 pg/g
with the passage of gastrointestinal digestion time (P<0.05), For example, the content of arginine increased from 0.24
pne/g to 25.50 pglg, and the content of lysine increased from 0.12 pg/g to 6.03 pg/g. The content of free fatty acids in-
creased from 1.08 mg/g to 413.20 mg/g (P<0.05), indicating that new fatty acids such as cis—11—-eicosanoenoic acid and
trans—10-19-enoenoic acid were produced under the action of enzymes during digestion. To explore the antioxidant prop-
erties of 5 different matching groups (the mass ratio of protein to oil was 1:0, 7:3, 1:1, 3:7, 0:1) after digestion. The
results showed that the antioxidant capacity increased with the increase of substance concentration. It was found that the
antioxidant capacity was strongest when the protein—oil mass ratio was 1:0, and when the concentration was 50 mg/mL,
the DPPH and ABTS* clearance rates were 80.65% and 81.02%, respectively. The absorbance value of Fe’* reducing
power was 1.55, indicating that the antioxidant capacity of walnut protein was better than that of oil, because the two
digestive products of protein had antioxidant properties. This study provides data support for clarifying the digestion and
metabolism mechanism of walnut principal components, and provides reference for the development of walnut products
with high antioxidant function.

Keywords walnut; component analysis; in vitro digestion; antioxidant; metabolism



