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Isolation, Purification, Identification and Oxidation Analysis of
Walnut Globulin

XU Qian, CHEN Zhou, WANG Qinghua, HAN Panpan, LI Siting, MA Aijin, JIA Yingmin~, ZHAN Yuanrong

(School of Food and Health, Beijing Technology and Business University, Beijing 100048, China)

Abstract: In order to reveal the main composition of walnut globulin and its antioxidant activity in vitro, defatted walnut
meal was used as raw material to separate and purify the globulin. And 2,2'-azido-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), ABTS) cationic radical scavenging ability was used to
evaluate its antioxidant capacity, after further defatting, the crude walnut globulin extract was extracted according to the
Osborne fractionation method, and then the main protein components were separated and purified by HiTrap™ Capto™ Q
anion exchange column and Sephacryl™ S 100HR gel filtration column. The results showed that the prepared globulin
protein content was 51.53%, accounting for 15.3% of the walnut protein, and the isoelectric point was 3.8. The results of
sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed that the molecular weight of the purified main protein
component was 10.1 kDa. The major protein component in the active state consists of a 7S globulin vicilin Car i 2.0101 and
2S albumin. It was found that both crude globulin extract and purified protein component had good scavenging ability
against ABTS™, with IC, values of 0.302 and 0.075 mg/mL, respectively, indicating that the scavenging ability of purified
protein component was increased by more than 4 times. The research results could provide a theoretical basis for the

development and utilization of walnut globulin.
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JES, FR ERZMERPAL AR N 816.57 J7 m?, AHbAR - &
383 J7 P, MK EFERMEAR S, HaE LTS Eik
15%~20%", PRSI IS 237 22 KR Rk,
HAR A R TR 50%, S —Fh e B A 8 1 R
TR, gR, H AT 2 Hk AR s iael
FEPINEEL, 2 B4 53, a2 8K,
AL, QT 5 RAZHRARIEE P R FH A (B S 0%
BERARIZE-G R . s B A E2EE

=l N AR AZ B AR 1 i F o A TR R 2R I I BRI
FR Ak 5T A HE P 22 KO T S0 R 5 i
PERIASTR], AZBREE AT 4 i AR . BREE L AR
PRI 5 ), b, 15 88 FREREE 1 s et dne e, I
IS IR EE 61.23%1Y | BRI I AU AR B AT Ik
T 25%", HATAHSCF s il . TR A2 SRk

X4, ALFETE AR AR E . e A ZZ R T 25254
DS A i3 8 NAEL Y R DE N e AL N e d
Z R, EREAMNSETE S, Ad 17.57%", {04 xFEk
EAMIRRETFFE R > . A TFFE T, e TERE 00
il AR AR B I HRE . DR A A 2
Sy VT, v v AN M Osborne 5 il £ 12 15
ZHREREE 1, I X DB B E 1 TF 9% . Blankes-
tijn 2P a5 RAZAE 11S BRI Jug r4, F5F HoH
17 SDS-PAGE E[ilE53#T, LAKE 2 HRE S Akt 64
JFZR ;s Downs 2521 %52 FNZRAE T 3k A A&ZHE 7S Fh
TREAFEREE PR P N RS X — R AR, 22
ARG 7S BREE A AT R AEAY 7S BREE A N sk
PRI AN [R) 2SR () e ST T %o R A P i 2 s A8
AW PEROIRGT T T B FE EIAR A, X —E R
R T e &SN H .
ASHIESE BRI AT S AR R xeh 52, R BCH sk
T L4, SE T S b AR ERTE 1 40 4y, 2R
FEEREE A S LA Sy D RENE T, DA AR AZ kA
PR BE T LU M AZ MR R, 1 T s S L RLmt et Fin=
2, BAA W BRSE = X .
1 MR5RE%
1.1 MRS
KA TR bR eI AR

AR AT RS T HRASL; 2 BT - i Jiopimss . fll
(4O Mr4ali)  Fisher Chemical 2\ ] ; > 25
PR 7 14742 U/mg)
Capto™ Q. Sephacryl™ S-100 High Resolution # ¥}

JEE GE vl NI (4l = 99.9%) . FH LN
PR (45 = 98%)  db FRI/Ri A= W) AR AT B
Nl ABTS(ZERE = 98%)  JbatiiBadn iRl A R

Promega Z\F]; HiTrap™

/N1 S

Ultimate 3000 & 4048 /= 80RAH 351X . Q Exac-
tive™ Hybrid Quadrupole-Orbitrap™ Mass Spectro-
meter HEL BT 55 -2H & U 2 T B . Orbitrap Biik{X 32
[E Thermo Fisher Scientific 2\ %] ; Allegra X-30R 7
R IRELLHL 32 E D ST 2 F]; Alpha 2-4 LD
Plus B R T 4% ML FE[E Christ 2> 7] ; INFINITE
Spark 10M B 2 DI REAGFAR{Y  Hii - TECAN 23 Hl;
Cary 60 BUERAIAT W56 6 RE{L Agilent 22 F]; BS-
100A Y [ s dcdEss . BT-100 BUMERIZE . TH-500
BRESIR Gy IV T IES T AR A
1.2 SFHEE
1.2.1 FESAEEE BRI RS ik 80 H U, 7E
4 C AR HECKE mygyepn Vigr=S - DA 1 h
JEFUEAS B PE, NEPEHIE O BE FR A EE, B U8
EJo N 1k, WA DEIE, T3E AU A T R s A,
TE 4 °C WA,
1.2.2 AZPEEREEIRE  BREECIARIEUGEH T Osborne
70 £ B B A 5 2R KA 1:10(w/v) 1 e ]
BA, SRR R P IRRIRY, 5505 1l
W XSHITTEIAT PR 3B EAE, IR TTIEINA—E
FH 1 mol/L NaCl &, FEATR5], 76 37 °C ARIRIRY
I2E 1 hJ5, 4 °C. 8000 r/min & 0> 30 min BX | #
W, FEEIRI 2 IR, WEFE®RT 4 C 54 TH
VRAWIE R ANEY) G FHZEIRKENT, ¥R T3S ER R
FHEEY) . & EHKPE GB 5009.5-201624 Il 2,
R AR AR FRECH 625", BRIEE HERHCE,
253(1):

HAFHRICR (%) =
SEIOAUER 5 5 < SRR 100
i AEA B B 2 B > AR R A O B

= (D

1.2.3 BREEASFHESNE  SISEER (1 )7kt
ATekeadt, B 4 mL AZBREREE R EUR 6 10, A AT
pH 535k 3. 4.5, 6. 7. 8, #&J)5 10000 r/min B5.0»
5 min, 7E 280 nm FIE FEWRWOCE . B ik
ZEIL, SO AP0 (Y7 1, PR O I Y
pH BT £E 5 A4S A7, [RIRESA 0.2, RS 5 14y
AR, 1% AR A5y BIVET AR5 ) pHe B E S
10000 r/min B5.0> 5 min, M E RS EA RS,
SR AE SR FH BCA i frids, T & il
SFRE pH B A EREE 1 45, 2 .

1.2.4 EREHZfL

1.2.4.1 HiTrap™ Capto™ Q & Fx# )28 R H
HiTrap™ Capto™ Q 1y [ 5 AH, 4l b1y 3% 54
. 26 FASP M5 2% P (25 mmol/L pHS8.5 [ Tris-HCI
VR S B8 T aS et i, AR 1.2.2 $EHUS R BREE
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UML) FH A 52 R s i, 42 4 °C. 8000 r/min 25
> 5 min JE B FWE W, IEWIE 0.45 pm BEAR S I
FE, FEHWI LA EE 0 mol/L ., e s M EE 2 mol/L 441k
#1425 mmol/L pHS8.5 14 Tris-HC1 22 i A T4k
A BE VI, Wi 1.0 mL/min, 1 mL/48 5348 4L
WAL S I A BT TR Asg o TEL, 2 THIVERR ITTZER, 43
BPKs A5 J5 T SDS-PAGE HLIK 3T, 2R )5 43 5]
F 4 °C B HF I E N 3500 Da BB BT
72 h, BB FIEER B, T 4 C KM MR
&, DAt —2balifh.

1.2.4.2 Sephacryl™ S 100HR BERedvEEHT  H&
4 0.3 mol/L NaCl (4 PBS(50 mmol/L, pH7.4) 1
Sephacryl™ S 100HR #1:(1.6 cmx120 ecm), [ —3#5
T2 alifb g 2)ig 1 AL 3 kDa JEK
HBUEHRAR A 1L 0.45 um JENRSS _LAF, FAHARE AL nh
WRHEATVENL, Wy 1 mL/3 min, 5% B shER Gy csE
PRNAE BRI E Asgy o THL, 2 THIVERRATZE . 4351
P 5 FH SDS-PAGE HLUKAMHT, U 8E45-314%
VR VRS T 4 °C #RBE4rF iR 3500 Da
PBNTASPIENT 72 h SRR 1AW, —80 °C Bk
G BV IR T, WAE R T8 T-20 C &1 F
A4 o

1.2.5 FHEHFAE

1.2.5.1 SDS-PAGE 4387 il 12.5% 53rEiK. 4.5%
He 4 s, EBAR 28 P A 0.025 mol/L Tris-HCI. 0.1%
SDS. 0.192 mol/L H&RILE MIF I . FESmTEHSn
T EL RSN 80 V, EASTES IR JE M HAE ZE 110 'V,
vk SE BB S e 8, 30 min, f i (8 B AT Sl AP,
(Maker: XHEIEHHEE 14.4 kDa, A ZE 22.0kDa,
HBRIEEF 31.0 kDa. SLEIE 1 43.0 kDa. 4= I3
I 66.2 kDa., SistiR ki 97.4 kDa, bR M)
FrvEREZe N y=—1.1608x+2.0666, R>=0.9807)

H4E 15.5% Sr B . 10% Je 2K | 4% He4i iz,
BAKR 2% b pHS8.9. 2 mol/L Tris-HCl ¥ . B
ZZi A 0.1 mol/L Tris-HCI. 0.1% SDS. 0.239 mol/L
HEEMR S PR . SRS R I 2 H L Rl
30 V, BEA SRR Z S HIN ZE 110 V, BIkSEESS
2% I r 2 E YL 8 30 min, % 5 B0 % 1Y 55
(Maker: 3.3, 5.8, 7.8, 14.4, 20.1 kDa, b H kR
HEMZEh y=—1.8612x+2.4, R>=0.9574) ,
1.2.5.2 Native-PAGE 43T 1.2.4.2 2B 15 2 0
1 & A KR, SR 55 % s e AR L 1:2
RE, ZrhiEwio b & 30% H il 12.5%Tris-HC1
(0.5 mol/L, pH6.8) Fll 2% M N 0.5% TR %,
FEATIR A 5 2 B SCik [28] 75 5 91T Native-PAGE
F
1.2.6 FHHSTEHYEE
1.2.6.1 [R#EFABEEH B Native-PAGE LAY H R
ey U1 1 mm?® AYBERE, S3- 528 A 1.5 mL A5 .00

B, AT 50% ZNE-50% 50 mmol/L NH,HCO,
A LR A T 5, BB 10~30 min J5 RS EER,
HEEMEAERERRICM .. B 100 pL 4l
JEVEE, I 30 min, RRERLE HEAREHNR, 57754
Jif, FIRCE TR, SRS EAE A 100 pl 10 mmol/L
) DTT, T 56 C /KBS FiAJE 1 h )5, Bk DTT,
Z J5 T4 B 100 pL/AE 09 L B0 A 55 mmol/L 119
IAA, ZEiREEGCR N 1 h, BREER .. 2B/ 6
W (50% Z, i -50% 50 mmoL/L NH,HCO;) ¥ —

i, BREWFS, A 100 uL 4l 208, i E 30 min,
A EHORZEEIR, TR, BRIRET

J . A 50 mmol/L NH,HCO, 75 % Fic il #5- 21 e B ok
0.22113 U/uL FYEER, $2 08 7~10 pl/4 a8 I A
W, T 4 C &M FE 40 min J5HUH, 4 %Mn
5~10 pL 50 mmol/L NH,HCO, %%, % ¥t T 37 C
IKESFA T SN 16 he SRJS R4 100 pL $EHUK
(5% HI2-50% ZJE-45% /K, T 37 °C &FF/KiE 1h
J&, H75 5 min, B0 5 min, FGEREBUREEA DT —F 8
O, BRI IR, RO A 9T, A ELT

Ko BY) S KRB AT B R ERAT I ER, T 45 C &
ZE B AR A P TS S DA N — 2 B A

e

1.2.6.2 LC-MS/MS il L iR A BT A E L AE
WMBAH A0.1% HIR, 2% /7K gt )a i B

B ER A I R, 7248 LC-MS/MS 43 . LC-MS/MS
SRS EOEEN:

BB WA OIS 53 B 40 Al A AR
BT 0.1% HR, 2% ZNERIRB ALK, Fshtl B
A AL 0.1% H R, 19.9% #E4liK A Z IG5
W, Tt A packed with Acclaim PepMap RPLC C g4
(100 A, 5 um, 300 umx5 mm), %#ii# >} 600 nL/min.
Zoad I B Z BN, B 2R L MR Ve R
H: FFEE 0 min, 4% B; 0~2 min, 4%~8% B; 2~45 min,
8%~28%; 45~55 min, 28%~40% B; 55~56 min, 45%~
95% Bj; 56~66 min, 95% B,

Jo % S5 — 2% B % 2% Resolution: 700003
AGCtarget: 3e6; MaximumIT: 40ms; Scanrange: 300
to 1800 m/z; 2 JF1%Z%: Resolution: 17500; AGC-
target: le5; MaximumlIT: 60ms; TopN: 20; NCE/
steppedNCE.: 2781

JRERE I UE SC P Maxquant(1.6.2.10) 535146
R B AR ZE, K RSHEAN T : e e PREE
(C); A 2R &4 : E Ak (M), ZBE3: (Protein N-term) ;
Jit: JERAE I TifE; KB/ B T B B FRIRI 3R W
PEE{E: 0.01,

1.2.7 AZHEEREE APUAALEE IME  ABTS &%
H/NESEPY (7715 Jehilds ABTS TAER, WERPE:
BREE N2l A4S 2 28 1 SR S oK i) e o e
Sk 400, 200, 100, 50, 25, 12.5, 6.25, 3.125 ug/mL
MIASFIS TR, IR HUASF IS W 25 20 pL, & T 96 fLiRH,
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FEFLAINA TAEUR 200 L, JRS), H+E 10 min, T 734

TR ABTS' H 3L R, F ] SPSS k{441
ST IC 5okt~ ICs0 sz ¢ TP MR >
£, JH AEAC 78, ABTS™ A th JLiE %% =0 (2) #F
ATV, BE S BUPTIR IR 25 32 (3) i AL

A (2

B LSRR R (%) = (1 - A;\A°)>< 100

o A SRR IS I AABTS B G A, N
IK+ABTS MWRIGEE; Ay RS IR+ 7K B IOGEE |

TCsopr 5
AEAC = —%559 + 100 & 3

SO(FE )

A IC s g 32 o) WHEAEZR C X ABTS [FHE T
1R B2 BAMRIA RS, TC 5o (pp s WFEARXT ABTS FH
[ SRS DR ve i Iknlh i35 a8
1.3 HUEAIE

AL i BRI B 4 =R, g R bR EZE SR
7N, BPRFIH Excel 2019, Origin Rl €, SPSS
BRAIEA T 28 S B VES T o
2 HBRES
2.1 1ZHkERE B HVIRENEI &

A G LA B IS AZ AR R IR, 48 K
J5t B Ak BTSRRI 09 B S 3 N 39.90% Hi i B

47.10% (5 1) o g S F g R MR “ 15 &7

MR R S N 48.64%, ARG 8 M & iR mE
2 60.05%, W= TASHFSE AN S, vl BRI S R
TE2E SRR AN

® 1 ARYBREASE

Table 1 Protein contents of different substances
FE EAHETE%)
] 39.90+1.20
BRI 47.10+0.60
ERIE TR 51.53+1.17

PRR A BRRE— 2 PR OGRAS T BRER PO ),
HEHEREIIA 51.53%, HSEPLEEAM 15.3%, Ik
25 5 R s AR WFSTBERAT FHAZAR I 25 R A —
B, W ERE CE RSB RIE A S EN 80.71% 1Y
EREE I, 0 TASHFR A5 AL, — J7 T nl e 232 BUR R
FERIE]; 53— T R] G5 IS B R H el b s 1
B, R AR 5 | ATRIRELAS T T Ie S 31, fr LA
A GEAE il 25 EREE 1 A S TR PR L ER A T — 5
VEAL IR TEL
2.2 EHERERFHRSNELSER

WE 1 7R, pH R 4 B}, _ERF W6 /),
I, WAL AR ER AR A L ATE 4 A . ARELE
¢ pH4A ZEAG AR BREE 1 A5 i S (18] 2), REIZIE
£ pH3.8 Bf Py 2 11 & /b, mibEE
pHAL T FH & T 38 AT E N E2HNHE W

43¢
42}
41t
40t
=39}
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Fig.1 Protein absorbance of supernatant after centrifugation at
different pH
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Fig.2 Protein content of supernatant after centrifugation at
different pH

F, I FRHIHAEH, 2 pH3.8., AZMEERTE 19555
55 A 2 o YR A BRER 1 09 S5 B SR T, AN A
RS ORARED 0 i BRER (00 A5 EL ST
4.6. 4.0 1 3.6, {1t 5 R EMEHT —FHE
T BT A A AR B, T X A AR P AR R A
T thJe: A 5 S A A IR AL T 3ERb e
23 EHkERERMAE

BRIEE HAHL IR Y e a3 a2 AT g alifl, 3K
FFPHERST R A5 B (E 3), 2R SDS-PAGE 43 #7145
TR S AT IEOL(E 4), Horig 1 9538554
SRy, Ak T insalifb. RGN 8 Z i —
HorEgiE 1 R A, AR 2 Mg (E 5), HA,

45 { 10.45
40} 040
35t 7 1035
S 30} e 030 3
< 7 // . %
£ 25} P 025 8
B0t 27— 020 5
’g“ 1.5¢ P - NaClfJE 40.15 z
10} P 10.10
.
05t 10.05
0L 0.00
— N N> =N VS — NN >~
— NN T O~ O AN T n O

— o — —
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K3 IR MORIERE B 552 T
Fig.3 Ion exchange chromatography of globulin from
degreased walnut meal
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Fig4 SDS-PAGE electropherogram of defatted walnut meal
globulin
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351
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Fig.5 Gel filtration chromatography of degreased walnut meal
globulin
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BSERE R 14 SDS-PAGE S0 IESZ o ERE
F1H 10.1 kDa K/l 2R (E 6), Hai i nl ik
LUk g ali., T4 Native-PAGE HLIKSMTiZ4H Sy, B
N e o e S B A Sl =20 | R O N R e Y = B
HITEALE.

A Marker 1 2 B

20.1 kD

14.4 kD
7.80 kD

Kl 6 BRI SDS-PAGE HiJk (A) Flifbis 3] 3 24 H
Native-PAGE(B) HLIK /37
Fig.6  Globulin SDS-PAGE electrophoresis (A) and
purification of the main protein Native-PAGE (B)
electrophoresis analysis

TE: ASKIE 12 BRI JSURE; YKk 2: 20005 190 1 BREdh
RN AZMERR BR AT FUORLER W h 2 AP 2,

A 2 B (E 6), H Ay Tk 7.8
10.1 kDa([& 6). T Mao £Z5B7 W5y & BT SEAZ Rk Y
BREE M R LA, A EE A T
2y 20.1 F1 35.0 kDa, iX A] G2 B TRk SR AN R
A 2E
24 ERMRIEELEELER
2.4.1 £ 1 FBEEEELE  LC-MS/MS K45
IR, Native-PAGE HLVKE FH4H 1 BRASK
FHEOTE S ESJS , FE BT T AN 2 A IR B R S R R R
(B 7)), FeRE] 145 FREL, oy 98 A5ikELy
TE N R A T v R ME— 11 . TR AR S 4
244 MaxQuant(1.6.2.10) FHEZERK 2R, 1528 B M
i L XTS5 5, AN H A 433 R S 8 T Le X 4
KGR 2). ZAFEEANSSME B RRHIXER
A vicilin Car i 2.0101, J& T 7S Fi FfigfF 2 H FKIA,
JE—Fh 7S BREE M. X5 Regina 550 HRIEMYSY
— 3, HoR PR 7S BRER Pl H R 22 IR Ak, ooy
T REIEEITE 10~70 kDa, ANELE B
2.4.2 A 2 BHHEES, LC-MS/MS ¥l %
R 7R, Native-PAGE LUK E 457 2 TR & WAH
o3 5 T, TR B ARG 31 ) A B S R BT
(& 8), A 3] 177 SAKkEE, Hirbiy 127 S&37EH
XN B ER B R — 0 . BRI R AR L R 4R
1 MaxQuant(1.6.2.10) G 2R, 5435 EH H Y
Xt B2 R, AN A 43 T 5 D8R N LR 2R
(E3). EHEEAMNSSIE B RRITIZEAN
2S WEE 1. X5 Downs 5P H7 38 1 45 5 — 34,
fAT 1R 2S TR e — 2Ry Bz, iRk It
LR SF ISR A, HoAr T e B4 10~
15 kDa =il ., 534, Spiric Z50% L% Bk TR alifs
FHH 5 F1 12 kDa () F 2451 & 16 kDa B A5 3t
FIZH ALY ARG 2S TR H, SRR EIN S 1A
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Table 2 Identification results of band 1 protein
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Table 3 Identification results of the band 2 protein
T S| FHEMEIRE:  PIBGEER (%) o Fhi(kDa) PR DERCASS) CRi
P93198 28 albumin 8 54 16.373 139 323.31 16864000000
AOA2I4DYF1 vicilin Car 1 2.0101 27 25 94.4 789 323.31 8514700000
AOA2I4F6R4 118 globulin-like 11 58.293 511 323.31 545190000
Q2TPWS 118 globulin seed storage protein Jug r 4 7 15.6 58.144 507 323.31 443470000
AOA2I4GEH1 legumin B-like 15 30.8 55.855 490 273.45 2420900000
120 ¢ CHEN X Q, MA C L, et al. Optimization of processing technology
SRT Y - a a of low-sugar walnut nutritional pie by response surface methodolo-
M gy[J]. Preservation and Processing, 2021, 21(5): 81-90. ]
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Fig.9 Scavenging rate of ABTS" free radicals by protein at
different mass concentrations
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Table 4 ICs,, AEAC of different proteins to ABTS" free

radicals
25 4] IC4,(pg/mL) AEAC(g/100 g)
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3 g

ASSC LA Osborne 5l IEAZBRRIER
FUFLEEY), BREE IR S S Bk 51.53%, Sk
R 15.3%, HAFH N 3.8; £ 5 12 =A
BEIRS I R E AT L ARG /N 10.1 kDa HYBRER
F1s I8 PRI MRS T S AR 5541, 48 HPLC-
MS 4R B 45717 1 24 vicilin Car i 2.0101, J&—#f
7S BREE A, 55 2 S 2S WEAR . WS R B, AZPkER
IR A2 BRE 3 B R EFrO P A fbne
J3, M a4 JE BREE PR AR RCR R R E P
445, Hi1C, (AT K 2= 0.075 mg/mL. fid L F#F
I, AR T i 5T RANERE 12053 5 2D Re Sk
—E R AR

Sk

(1] xizh, ke, ZKE, 5. kA B R FIALE B 5 4 4%,
547 3. B et FH K $IR,2019,37(6): 88-93. [LIUR, XIE C
Y, WU S X, et al. Composition analysis of different polar phenols in
walnut green peel[J]. Journal of Food Science and Technology,
2019,37(6): 88-93. ]

[2] 4, hwest, B K35, 5. v 5 d sk RACARBEAZ AL E I 0k )
L EAR UL #&EESL m T, 2021, 21(5):81-90. [LIU Q,

(3] R#msf, 7k, R, F. A S BT R R ], At F 3
AR5 3k,2021,39(3): 11-21. [RONGRF, QI L, SU C, et al. Re-
search progress of walnut polysaccharide[J]. Journal of Food Sci-
ence and Technology, 2021, 39(3): 11-21. ]
(4] ESUME, Zobsr, TR, . R B TIRF & s b AR 48
o B Jor B AG M 0 %o (D). A e A HOR F R, 2015, 33(1):
59-64. [ WANG W Q, WANG H Q, CHEN W, et al. Effects of dif-
ferent drying methods on walnut quality and stability of unsaturated
fatty acids[J]. Journal of Food Science and Technology, 2015,
33(1): 59-64. ]
[5] #AZ BAA, S48, F. BAVE G S IR S 454509
D RE T B 6 R AP AR R (1], B b g, 2021, 46(4): 33-37.
[ SHAN C L, GENG S X, MIAO F J, et al. Protective effect of wal-
nut protein polypeptide on lipopolysaccharide induced acute liver in-
jury in mice[J]. China Oils and Fats, 2021, 46(4): 33-37. ]
(6] FBA4A, IRIR4R, 3@ R, . AKERT F TRAEAKH EAZHH
FEaAme L LRI A5 Tk, 2021, 42(1): 156-161.
[LIM J, ZHANG Y Y, YOU X R, et al. Optimization of process
conditions for preparation of walnut meal protein powder by low-
temperature spray drying[J]. Food Industry, 2021, 42(1): 156~
161. ]
[7] &4%3%, 24 H, LR, 5. R G LR & A HHE
e [T, B4Rk 5 3R, 2020, 35(12): 191-197. [HUO Y Q,
LIU C J, NIE R Z, et al. Research progress in the composition,
preparation and properties of walnut protein[J]. Journal of the Chi-
na Cereals and Oils Society, 2020, 35(12): 191-197. ]
[8] Ak, £ K%, F AW, 5. &G REEKMEDE SRR
A &y AR R [J]R 5 S e T, 2018(3): 42-46.
[ZHOU Y C, JIANG T L, LI Y X, et al. Research progress on
functional properties and biological activities of protease hy-
drolysates [J]. Agricultural Products Processing, 2018(3): 42—46. ]
[9] ZHatk, T#E&. bk Sk AHFERATHERET]. +E ik,
2021, 46(3): 48-51. [ MIAO F J, NING D L. Walnut polypeptide
biological activity research progress[J]. Journal of China Oil and
Fats, 2021, 46(3): 48-51. ]
[10] &%, X A&E, Wihsr, 5. 41 A Shotgun & & 205 R ek 5
A%k & LA Mk (Juglans mandshurica Maxim) & & [J]. AR A &
#H4, 2015,31(9):256-262. [LIJ I, LIU C L, MIN W H, et al.
Shotgun proteomics strategy for protein analysis of Juglans mand-
shurica Maxim[J]. Modern Food Science and Technology, 2015, 31
(9):256-262. |
[11] & F k. B E G R 5 0 ALK 3R AR &


https://doi.org/10.3969/j.issn.2095-6002.2019.06.012
https://doi.org/10.3969/j.issn.2095-6002.2019.06.012
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.04.007
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.04.007
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.16693/j.cnki.1671-9646(X).2018.02.012
https://doi.org/10.16693/j.cnki.1671-9646(X).2018.02.012
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010
https://doi.org/10.3969/j.issn.2095-6002.2019.06.012
https://doi.org/10.3969/j.issn.2095-6002.2019.06.012
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.12301/j.issn.2095-6002.2021.03.002
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.04.007
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.04.007
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.3969/j.issn.1003-0174.2020.12.030
https://doi.org/10.16693/j.cnki.1671-9646(X).2018.02.012
https://doi.org/10.16693/j.cnki.1671-9646(X).2018.02.012
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.2021.03.010

<112 - £ Tl B4

20224 9 H

ACE 474 £ 6977 % [D]. % %: Bk 8 JF 7&K 5, 2017. [JIN Z C.
Study on physicochemical properties, antioxidant properties and
ACE inhibition rate of walnut meal protein components[D]. Xi'an:
Shaanxi Normal University, 2017. ]
[12] LV SY, AHMED T, HU H, et al. Effects of ultrasonic-assist-
ed extraction on the physicochemical properties of different walnut
proteins [J]. Molecules, 2019, 24(23): 4260-4260.
[13] Fth, TR, RHK, F. A0 ERRAE D LA R
SAR BRI, P ERH S F 5, 2018,24(5): 60-64. [LITN,
XI X L, XIONG X W, et al. Research progress on nutritional and
health functions and functional components of walnut[J]. Food and
Nutrition in China, 2018, 24(5): 60—64. ]
[14] SR8, HBLF & @ AT /) 3815 3 KA 5 Fo 5L A
Rk A Ra I AWM F S 5 R £ 4%, 2020,39(5): 2222-
2229. [ QIU J. Effects of walnut albumin antioxidant peptide on fa-
tigue resistance and antioxidant capacity of exhausted exercise mice
[J]. Genomics and Applied Biology, 2020, 39(5): 2222-2229. ]
[15] 2, BB, JAE, 5. Hbid B G R EA ke Hl & 2 3
FRHFRLI]. R R L A, 2017,38(17): 40-44. [LIU W,
MIN W H, LIU C L, et al. Preparation and activity of walnut albu-
min antioxidant peptide[J]. Food Research and Development, 2017,
38(17): 40-44.
[16] WA, F&, B8, 5. BB L L AT HART].
AR A, 2016, 32(8):259-264. [ YAOK Z, QI B, LU M,
et al. Study on enzymatic hydrolysis technology and stability of wal-
nut milk[J]. Modern Food Science and Technology, 2016, 32(8):
259-264. ]
[17] SRatl, RIE &L, HAE ORI A5 M G AT fe s 9 AT 5
(J]. BARA S AH3L, 2017, 33(1): 48-53,61. [ DENG X L, ZHAO
Q Z. Conformation of walnut protein and its components and fea-
tures of research[J]. Journal of Modern Food Science and Technolo-
gy, 2017,33(1): 48-53,61. ]
(18] Ewe®, W4her, REW, ¥, A FF. K LMK E G
PRI o B KK S AR AR T T LR A S A 3, 2015,
31(4):234-241. [ WANG X F, MIN W H, ZHU Y M, et al. Ex-
traction, purification and functional properties of walnut globulin
from Chang bai[J]. Modern Food Science and Technology, 2015, 31
(4):234-241.]
[19] #hifik, =EY, REL, . BHAE QAL ERNEL
A 4 M AL R AL AT A [T). F B b A, 2019, 44(4):29-34.
[HAN HT, YAN Z M, ZHANG R G, et al. Studies on nutritional
value, functional properties and antioxidant activity of walnut pro-
tein components [J]. China Oils and Fats, 2019, 44(4): 29-34. ]
[20] BLANKESTUN M A, DEN HJ C F, MARTY B W, etal. A
subset of walnut allergic adults is sensitized to walnut 11S globulin
Jug r4[J]. Clinical & Experimental Allergy, 2018: 48.
[21] DOWNS M L, SEMIC-JUSUFAGIC A, SIMPSON A, et al.
Characterization of low molecular weight allergens from English
walnut (Juglans regia L.)[J]. J Agric Food Chem, 2014, 62(48):
11767-11775.
[22] ZAghy, Kopfofe, BRI, F. A —BRANSHIS B &G4
M B SUAC PR 89 % [T]. F B R kA5, 2020, 53(16): 3372-3384.
[ WANG Y S, ZHANG W W, MA T Y, et al. Effects of malondi-

aldehyde oxidation on structure and emulsification of walnut protein
isolate[J]. Scientia Agricultura Sinica, 2020, 53(16): 3372—3384. ]
(23] fEdfst, LA, FH, & BAVE G M5 B4 & A L B4
a9 B [T AR se AL, 2019,35(3): 118-124. [RENJ
Y, SHI C C, CHANG B, et al. Isolation and preparation of walnut
protein and antioxidant properties of its enzymatic hydrolysates[J].
Modern Food Science and Technology, 2019, 35(3): 118—124. ]
[24] dHAREAEER LA AFER 2. GB5009.5-
2016 B2 A R £AFE R FEARGME [S]. LT ¥ EAF
/& R AE, 2016: 3. [ National Health and Family Planning Com-
mission of the People's Republic of China. GB 5009.5-2016 Nation-
al standard for food safety Determination of protein in food [S]. Bei-
jing: Standards Press of China, 2016: 3 ]

[(25] #4403, ZAHF, 5. 4 AP AR QAR B2 ik
Hr st R[], B F 4R, 2016, 31(11):37-42. [LIT, REN
H, WANG D D, et al. Study on physical and chemical properties and
functional properties of four peanut meal proteins [J]. Journal of the
China Cereals and Oils Society, 2016,31(11): 37-42. ]

[26] 2%, 2FF, G, F OZLFFORRIEES T4
AR ], A& T kA #2014, 35(15): 121-123,129. [Zi Y,
Wang C Q, Chen X M, et al. Study on extraction technology and
molecular composition of albumin from white kidney bean[J]. Food
Industry Science and Technology, 2014, 35(15): 121-123,129. |
[27] F#RI, R, 25, F @545 1 5 AN 2S-FHESG
LA B AT AT R [T]. & S A3, 2017,38(17):36-41. [LISG,
LU J K, WANG P, et al. Study on purification and characteristics of
2S-albumin from Xin jiang Sha che 1 almond seed[J]. Food Sci-
ence, 2017,38(17):36—41. ]

[28 ] MICHAEL J T, ASFARUL S H, KHANH H B, et al. X-Ray
Crystallography and electron microscopy of cross- and multi-mod-
ule nonribosomal peptide synthetase proteins reveal a flexible archi-
tecture [J]. Structure, 2017, 25(5): 783-793.

(29 ] myE, frm, R, F. AMRE G 4R S 3 B4R TALIE 49 AT
7 [J]. P BRod 524k, 2021, 36(7): 20-25. [ TAO Z, XU L, XIE
L, et al. Mechanism of glycosylation and non-enzymatic browning
of rice bran protein[J]. China Cereals and Oils Journal, 2021, 36(7):
20-25. ]

[30] Z%% KBM, T, F. k48 &8-3B RE R0 2 4
FRPREEGEEI]. A%, 2020,41(10):297-303. [ LI
Y Y, ZHANG Y Y, REN N, et al. Determination of soybean protein
content in steak products by liquid chromatography-tandem mass
spectrometry[J]. Food Science, 2020, 41(10): 297-303. ]

[31] EAE, FE FEE, F AT ERARREATLRLR
Ftt FhP A LT, PR 2h, 2022, 44(3): 907-912. [ WANG X
Y, LI T, SHUI P X, et al. Extraction and purification technology of
total flavonoids from cyperaceae and its antioxidant and anti-tumor
activities[J]. Chinese Patent Medicine, 2022, 44(3): 907-912. ]
[32] &Bedk, RATR, 7o, 5. BIE QO LRI T AL B iR
BRI ZaAT]. ¥ B A 3R, 2019,19(3): 195-205. [ MAO
XY, ZHU X R, WAN Y S, et al. Composition analysis of walnut
protein and optimization of separation and extraction process[J].
Chinese Journal of Food Science, 2019, 19(3): 195-205. ]

[(33] £EK, A#km, FA, F G FEERGRR UL


https://doi.org/10.3390/molecules24234260
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.13417/j.gab.039.002222
https://doi.org/10.13417/j.gab.039.002222
https://doi.org/10.3969/j.issn.1005-6521.2017.17.010
https://doi.org/10.3969/j.issn.1005-6521.2017.17.010
https://doi.org/10.13982/j.mfst.1673-9078.2016.8.039
https://doi.org/10.13982/j.mfst.1673-9078.2016.8.039
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2015.4.038
https://doi.org/10.13982/j.mfst.1673-9078.2015.4.038
https://doi.org/10.3969/j.issn.1003-7969.2019.04.008
https://doi.org/10.3969/j.issn.1003-7969.2019.04.008
https://doi.org/10.3864/j.issn.0578-1752.2020.16.014
https://doi.org/10.3864/j.issn.0578-1752.2020.16.014
https://doi.org/10.13982/j.mfst.1673-9078.2019.3.019
https://doi.org/10.13982/j.mfst.1673-9078.2019.3.019
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.1016/j.str.2017.03.014
https://doi.org/10.3969/j.issn.1003-0174.2021.07.006
https://doi.org/10.3969/j.issn.1003-0174.2021.07.006
https://doi.org/10.7506/spkx1002-6630-20191013-105
https://doi.org/10.7506/spkx1002-6630-20191013-105
https://doi.org/10.3969/j.issn.1001-1528.2022.03.040
https://doi.org/10.3969/j.issn.1001-1528.2022.03.040
https://doi.org/10.16429/j.1009-7848.2019.03.026
https://doi.org/10.16429/j.1009-7848.2019.03.026
https://doi.org/10.3390/molecules24234260
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.3969/j.issn.1006-9577.2018.05.013
https://doi.org/10.13417/j.gab.039.002222
https://doi.org/10.13417/j.gab.039.002222
https://doi.org/10.3969/j.issn.1005-6521.2017.17.010
https://doi.org/10.3969/j.issn.1005-6521.2017.17.010
https://doi.org/10.13982/j.mfst.1673-9078.2016.8.039
https://doi.org/10.13982/j.mfst.1673-9078.2016.8.039
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2017.1.008
https://doi.org/10.13982/j.mfst.1673-9078.2015.4.038
https://doi.org/10.13982/j.mfst.1673-9078.2015.4.038
https://doi.org/10.3969/j.issn.1003-7969.2019.04.008
https://doi.org/10.3969/j.issn.1003-7969.2019.04.008
https://doi.org/10.3864/j.issn.0578-1752.2020.16.014
https://doi.org/10.3864/j.issn.0578-1752.2020.16.014
https://doi.org/10.13982/j.mfst.1673-9078.2019.3.019
https://doi.org/10.13982/j.mfst.1673-9078.2019.3.019
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.3969/j.issn.1003-0174.2016.11.007
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.13386/j.issn1002-0306.2014.15.016
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.7506/spkx1002-6630-201717007
https://doi.org/10.1016/j.str.2017.03.014
https://doi.org/10.3969/j.issn.1003-0174.2021.07.006
https://doi.org/10.3969/j.issn.1003-0174.2021.07.006
https://doi.org/10.7506/spkx1002-6630-20191013-105
https://doi.org/10.7506/spkx1002-6630-20191013-105
https://doi.org/10.3969/j.issn.1001-1528.2022.03.040
https://doi.org/10.3969/j.issn.1001-1528.2022.03.040
https://doi.org/10.16429/j.1009-7848.2019.03.026
https://doi.org/10.16429/j.1009-7848.2019.03.026

43 % 5 18 1Y) TR AE A EHEREA R B, S RATR T <113 -

SR R [T, & & 2 4 4 3R, 2021, 12(6):
2332-2338. [JIANG G Q, YAN Q L, LI D, et al. Spirulina algae in
blue protein extraction, purification and steady state research
progress[J]. Journal of Food Safety and Quality Testing, 2021, 12(6):
2332-2338. ]

[34] iR4K, BIME, ERIZ. Rk 4 M EF G RS LR
[J]. & & # %, 2013, 34(1): 18-21. [ZHANG M, ZHOU M,
WANG C Y. Extraction and functional properties of four proteins
from rice bran[J]. Food Science, 2013, 34(1): 18-21. ]

[35] mgcf, RER, AEE, F 5T FaU5 5 AR
R dh 5 AR, 2014,30(6):39-42. [LIUJK, ZHANG Y Z,LIU Y
Y, et al. Millet protein component analysis[J]. Journal of Food and
Machinery, 2014, 30(6): 39-42. ]

[36] KA, AEH, B &Y. D RIEF R G a9 RS fe bk
B T]. F BAGE F 4R, 2008(5): 19-23. [ZHUK X, ZHOU Y
H, ZHOU H M. Extraction and functional properties of wheat germ
globulin[J]. Journal of Chinese Cereals and Oils, 2008(5): 19—
23.]

[37] MAO X Y, HUA Y F, CHEN G G. Amino acid composition,
molecular weight distribution and gel electrophoresis of walnut

(Juglans regia L.) proteins and protein fractionations[J]. Interna-

tional Journal of Molecular Sciences, 2014, 15(2): 2003—2014.
[38] FREITAS R L, FERREIRA R B, TEIXEIRA A R. Use of a
single method in the extraction of the seed storage globulins from
several legume species. Application to analyse structural compar-
isons within the major classes of globulins[J]. International Journal
of Food Sciences & Nutrition, 2000, 51(5): 341-352.
[39] SPIRIC J, KOPPELMAN S J, KNULST A, et al. In vitro di-
gestion and characterisation of 2S albumin and digestion-resistant
peptides in pecan[J]. International Journal of Food Science & Tech-
nology, 2018, 53(6): 1566—1578.
[40] 32 &. ¥ 16 kDa T Z BURW RAZ KK AL IR &
P 5 H7 B A B B R [D]. % B Ak KA K S, 2011.
[ GUO Y F. Prokaryotic expression and purification, immune activ-
ity analysis and transformation of Tartary buckwheat 16 kDa major
allergens in arabidopsis thaliana [D]. Xi'an: Northwest A&F Univer-
sity, 2011. ]
[41] 380k, F46. BLREMR3LE-K & -1 LA BT (1], & S oF
75 4,2018,39(15): 18-22. [ GUO S, LI'Y. Study on antioxi-
dant activity of fat-free coco-bran gluten-1[J]. Food Research and
Development, 2018, 39(15): 18-22. ]


https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.3390/ijms15022003
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2021.06.042
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.13652/j.issn.1003-5788.2014.06.010
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3390/ijms15022003
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004
https://doi.org/10.3969/j.issn.1005-6521.2018.15.004

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品处理
	1.2.2 核桃球蛋白提取
	1.2.3 球蛋白等电点测定
	1.2.4 球蛋白纯化
	1.2.4.1 HiTrapTM CaptoTM Q离子交换层析
	1.2.4.2 SephacrylTM S 100HR凝胶过滤层析

	1.2.5 蛋白表征
	1.2.5.1 SDS-PAGE分析
	1.2.5.2 Native-PAGE分析

	1.2.6 蛋白分析与鉴定
	1.2.6.1 胰蛋白酶酶解
	1.2.6.2 LC-MS/MS检测

	1.2.7 核桃球蛋白抗氧化能力测定

	1.3 数据处理

	2 结果与分析
	2.1 核桃球蛋白的提取制备
	2.2 核桃球蛋白等电点测定结果
	2.3 核桃球蛋白纯化结果
	2.4 蛋白的质谱鉴定结果
	2.4.1 条带1蛋白的鉴定结果
	2.4.2 条带2蛋白的鉴定结果

	2.5 核桃球蛋白抗氧化效果

	3 结论
	参考文献

