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Effects of the Extract of Gnaphalium affine on the Oxidation and
Structure of Myofibrillar Protein Induced by -OH

XIONG Jie, BO Zhaoying, CHANG Haijun", ZHOU Wenbin, ZHU Jianfei

(Chongging Engineering Research Center for Processing, Storage and Transportation of Characterized Agro-Products,

College of Environment and Resources, Chongging Technology and Business University, Chongging 400067, China)

Abstract: The effects of tea polyphenols (TP) and Graphalium affine extract (GAE) at different concentrations (0, 1.2, 6,
30 mg/g protein) on the oxidation and structural changes of porcine myofibrillar proteins (MPs) were studied using Fenton
oxidation system to simulate the actual meat oxidation environment. The results showed that GAE had a strong ability to
scavenging free radicals, which could significantly inhibit the formation of carbonyl group and promote the loss of
sulfhydryl group (P<0.05), as did TP. Especially under high concentration, TP and GAE inhibited 36.89% and 38.93%
carbonyl formation, and promoted 28.89% and 27.40% sulfhydryl loss, respectively. In addition, TP and GAE both had
strong quenching effect on the endogenous fluorescence of MPs, promoted the further expansion of the protein structure,
aggravated the loss of a-helical conformation caused by oxidation, exposed more active groups, and significantly increased
the hydrophobicity on the protein surface and protein insolubility (P<0.05). The higher the concentration of TP and GAE,
the greater the effect on the oxidation and structural changes of MPs, but GAE was not as effective as TP in regulating the
oxidation of MPs and its interaction with proteins.
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WUFEF4E2E FH (Myofibrillar proteins, MPs) J2& /L
PIh S R s I E L UL RVEE & 55%~
60%, ST INLET A ER IS LS A ] R, R ALFE
WIEREE . ALhER . EAEREE A . PSR 24, 33X
PR AR A S 5 LR NCHE . 5200 PR PR, R PeE
25 PRI TS S — 2R X2 (AT i, X PRI il il PR T
Gt S N ] € G N I T i N D1 I A = e Y iy Sk =5
FOCEEWAED . SR L P AN T A v B o
e 532 B35 PEAR 1 L (ROS) H1-OH By i &2 4=
EALAR Y, IR BOA ST AR 22 . B, IR Y
PR PR R R 0T B ) O . SR Y XM S
EAEFE G R EEE DL, BT, &R R A BT
FALTERE NI RARFE U T IR AR P, R AL,
ARV AIFFERRS

RARPEBY & A £ 5 Y 2, BA DU
. PUB . P . PG O A B H G 0% . SRR
STz DY B ¥ ( Graphalium affine D. Don,
W RO A S IR E L Gl e 2 e RS A ), o &
I A Y UM 28 P T O KRR R AE) 52
Py (A TR . R IR S, AL R B . bt
RAPUEAACE TR, A AT 20, B AR
B PO R4 E el 3T B, BT AR R e
J15 RAFIAIPTEARCR, nTmdhAg S, (A
RO SR BU o R s il e A2 2, B SR
FR N T R R AP TR AR ST H S P AR A
HAEFPLH T

R, AN 52565 Fenton AL SR AT SZBR IL
PIIIN T3 R Fh A AE 19 - O, 18 I 3K 19 25 Z2 195 ( Tea
polyphenols, TP) Al 3 &4 B 32 HU (Gnaphalium
affine extract, GAE)/E AW HEIUYIAZE, AT LA
EHPUEAEL, IR OH i S A /LXT MPs # R4S
PERISZIE . TP/GAE 5 MPs AHEAEAXT MPs Bk
PERAG S FENR, T DA G
1 MRlEREE
1.1 RS EE

Bt e KL wERTT M R XA SRETT
(4 °C R0 ; A2 W5 (LLRE 97%) By T 5]
oNE); TR PUIAR AT 2,4,6- — SRR
IR (5%, TNBS)  Jbatf A RHE A R Al K%
PE4E2E 2 E(Trolox) . AR IMIEE I (BSA) | 24T (i
AhD) L L-PURImg . HERR . L-so @ik, £ 20k
TRV 2R (EGTA) . WRIZE-1,4-— Z 1% (PIPES)
Yk oy rati, gk TG w5 5,5- A - (2-
HFEEZEH R ) (DTNB) | TR . VAT 2,4- g2
ZEPE(DNPH) | 45 5% | 1,1- 2R L 0- = Al L 28 F
(DPPH) . ABTS. id L& (H,0,, 30%) . =& fbik

Yk oy pirats, Rk AR B ] o

UV-1900 4 A] WAt B2 AEs
£ B2 F]; V2000 1 WLAEGREETE RiEsR TR
Bl A28 BRZN 7] s KQ3200DE 0488 75 Il 1 1L

Rl S ERA RS ] TDZ5-WS 2828 [ )
ST O, TDZ4-WS fIGEGELOHL KUY
BLLUHULES A BRAN F]; TGL-20 Bl 8s.0ofl 1y
JIEBEHMYASTA B2 E]; Ultra-Turrax T25 =5 5S)
AL FEE IKA-WERKE; RE-52AA JiEf 758 £ AL
Vg PRSI I ARG BRAA R H 37 F-7000 256430
SCEAY  HAS H 374375 IRPrestige-21 #sr I ASH 4T
SMCIEAY HASEHE ] DGG-9076A HI FRIE IR 5
KA IESTRERE AR AT B Al pHS-3CHR
BETE AR 20 KRR A PR W] MM12B &AL

JTARABECTT RSB MNP LGI-10 R dR T4
Bl AERAIRAEDSE R R AT RN F] .

1.2 SLWHE

1.2.1 BB Hls S EETEREED g
W7, T ERIIEZE 60 °C Hy HIE 1R 3% XU TR aa it
T 4 h J5REE, & 100 HifE-AS T B . BT
LA EIKY 50 ¢ 5 1000 mL Z B WE (70%, v/iv) IR
4,45 °C AP (300 W) HBIEREL 80 min, HEEUK
UEFNYE, UEMLE 60 °C EHASHRARZE 100 mL, MRAF K
LR T 48 h 15 B w ), FrAS HE U AT
FRE AR I A

1.2.2 WUSRLFEEARI  DEST RIS
JEALEL, 208 PARK S5 534 14 77 i B OUL R 21 4
T, HL50 g BAMEG °C, 4 h), VISR B T4
APLH TR is 7T 30s, RV 5 AHARAE L
221 (10 mmol/L #§#iR4M, 0.1 mol/L NaCl, 2 mmol/L
MgCl, Fil 1 mmol/L EGTA, pH7.0) % B i FH v 3
PR s 3RMLAEE 1 min, SIEREATRELC (10000 r/min,
10 min, 4 °C)JEiZ VS, TS UTIE I 5 4%
AR EZZ PR, B2 UGB =R S IHRUT
TENA 5 A& F 0.1 mol/L NaCl iAW, 2125 )5 1ok ik
B =R A4 4 2H 4, FH 0.1 mol/L HC1 ¥ pH N 7.0
J585.0>(10000 r/min, 10 min, 4 °C), iS4 @B IRDT
VERMWUREF 4R A . B HRBGIRRAE 0~4 °C 4%
N HET, AR WU AT 4R 8 (1R T vk b R I T
48 h WfHH . LI BSA YERESR M, SR FHXEE IR
M AR E ), AR AR AT R S =N
40% ZEtq o

1.2.3 TP/GAE M A ARALEE S IEHE ZKI™ Y
FE SR AN Ry I i A ek iE . FREGE B MPs &,
SF BN AR [EUAFR B TP/GAE % (6 mg/mL, ¥
F 15 mmol/L PIPES £& w #% ( &% 0.6 mol/L NaCl,
pH6.25)), $itPEI AT S I A Fenton EALIA R T 4 C
AL 12 he BRAEMWE N 40 mg/mL, HILIA R
#e )& M (30 umol/L FeCls, 100 umol/L Ft £ IfiL /i,
3 mmol/L H,0,), TP/GAE % & 43 %l &7: 0(0X),
1.2( TP-L/GAE-L) , 6( TP-M/GAE-M) , 30( TP-H/
GAE-H)mg/g & 11 BT . %Ak 538 i3 S T Trolox
(1 mmoVl/L, &) 21k o ARESITAa 4 )51 S AR Ak
{HEA Trolox MR FIERAE M AREALXT BE (Blank) .
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1.2.4 B BRI A 32 5533 b 2 A R30S R EE
J1imE
1.2.4.1 JEEHER . SIS e SRR EED)
A7 I SR B i, ST T AR £k, vE
WHFRIBO™ T HRdl 20 mg ¥ T 40% L BEEWOITE %
= 50 mL &FHEfEH, 15385 0.4 mg/mL 1Y
PRI . Sy 0. 1.2, 3. 4. 5 mL AR T 25 mL
ZEfih, i 40% CEEA AN 12.5 mL 25 JE K
WA 5% NaNO, % 0.5 mL, $&2Ji & 6 min, il
A 10% FSPR 58 7AW 0.5 mL, $E25) % & 6 min, JIA
4% NaOH ¥ 5 mL, JH 40% ZBSE R E R B 28
FEA)ERE 15 min J5 T 510 nm AMEWSCE ., LIS
T RIS TR (mg/mL) AR AR, WGREE (A) N
YAALAR, 15 B AR HE T T 72 y=11.2125%+0.00767,
R?=0.9995, AE#AFKEL 100 mg Bl & 2 B i T
40% LERERITEZRZE 100 mL, HL 1 mL BRI T
25 mL Z¥iffid LA FRRVEDI e Bl o it . Bl s
&/ RBSN- Y Tens = = R/N= W /(1
m-V,-V,

V,-W-1000

o m FORPRH LA A TR R, mg-mL T
V, Fon N AREL, mL; V, 2R Bl A IS AR,
mL; V, FoREUEEEL, mL; W FoRERW i, g

Z:2% SYMONS S50 [ il 2 By & . B
SeilVER & T ERARMERTZR, Fodl 1 mg/mL #& iR
FRUAEA 100 mL, 437 B HL 0, 1., 2, 3. 4. 5 mL R
F 100 mL FEIFIFHKER B2 . 43 Ik
FERRRERRAR 1 mL T2 P, AR AR AR 1
) 5 mL, FEAJFE 5 min, JIA 20 mg/mL BRELENE
W 4 mL, /K E 2 2205, #£5)# E 30 min J5 T
765 nm AMMEW GRS . LA E FERPR R AR e
(pg/mL) AR AR, W ERE (A) AAAER, 75 2 bR
£ 5 2 y=0.0069x+0.0066, R*=0.9993 ., TERfHFREL
25 mg RN IR TOKIFELS 2 25 mL, ]
B 1 mL ARV T 20 B A 1 DA 3RV DU 28 B
LN N R L L RN S L = e i S p R R/ WS B 4L ]
TN 3.
1.2.4.2 HHEEAEWEBREESINE a.OH H M ZEHEREE
FM. P 30% L EEE RS AIECH] 1.0 mg/mL
i) GAE F1 V. UK, IR RN 0.05 mg/mL,
43 5L 0.5 mL 45 &4 25 % Wk (0.4 mmol/L) . 0.7 mL
H,O, # # ( 5.0 mmol/L) F1 0.7 mL FeSO, i# &
(10.0 mmol/L) T— %1 10 mL @&, &84 ik
PR S AN-FrEE R SR v (pH4.0) REZE S 10 mL, #2724
JE 30 min J5F 580 nm AR SGEE A, [RIEH 2
AT H,0, WGEE Ao 3% IR IRAE I H,0, &2
B AIIIAAS [RGB 25T, DA ERE A LA
FE SR (mg/mL ) A AL R, 15 BRR (%) P ALFR
G, TR E (1C,,) -

PRI BT 5 (%) = x 100

A, - A,
A, — A,

b. DPPH A HIERRRESM Y [RIRTHASEIA AR
Y GAE(0.063.,0.125.,0.250, 0.500, 1.000 mg/mL)
1 V(0.016. 0.031, 0.047. 0.063. 0.125 mg/mL)£f
W 0.5 mL T 10 mL &8 v, il A 4.5 mL DPPH
¥R (0.04 mg/mL), F&5)JHCE 30 min J5IXE 517 nm
THISEREE Ao LA 30% ZIES AR Syt BE, Hofihdse
VERIFE S, ML GREE Ao DIAERHRE (mg/mL)
SR AR BR, TR (%) PN AR LG it R, 11
A (IC,) o

OHH HHEERE (%) = x 100

A-A,

DPPH H Hi 375 2% (%) = x 100

c. ABTS H H3ERAESI®., HEMIFRIL 0.0960 g
ABTS F1 0.0116 g i FRERF, Jo/K L BEHS i IT 8 45
F 25 mL #EOAEERY, FAIEREHER N 12 h, JE
A ABTS i85 W o AL BT P JCoK 2 st R,
i HAE 734 nm 40T O'GEE SR 0.800 £ 47, 9 ABTS™
TAEM o 8 5 AP RE : [F] B HUAS Rk BE G 52 GAE
( 0.016. 0.020. 0.031. 0.063. 0.125 mg/mL) £
V(0.004, 0.008, 0.012, 0.016. 0.020 mg/mL) F£IK
1.0 mL F* 10 mL b, it A 4 mL ABTS™ LfE
W, IRA)EESG 6 min J5§ T 734 nm 2 SGEE (A,
PATCIK 2B WA A o 8, HA PV R RE Sl 2, 0
WYCREE Ao DIFERIRE (mg/mL) IREALER, TR
(%) RIAARFRIL G LR, THAEHI RS (IC,,) o Ak
ABTS [ HETEFRRITAA 2R DPPH H Hi k.
1.2.5 IRFESGEHME MP RRIESERM 2.4-—
LRI (DNPH) ML TN E . S HEBCN 3555 1Y
J7is, ARG . BEFRSI SRR 2 mL BT 20 mL
B4, ITA 4 mL 10 mmol/L DNPH( JH 2 mol/L
HCI 7547, IeiRis], 37 °C 56V 1 h, £H% 10 min
Wi 1R, SN 5 mL 20% TCA ¥R 555 in
LAy 8 H FE 2R O, 250> (4000 r/min, 10 min) o
o2 EyEW, TS UIHE A 10 mL e (20 212 2.
fg, 1:1, v/v) FR43UEH I 5.0 (4000 r/min, 10 min),
HE R, LIRSV B DNPH, —IRUEREIE
TAHHBLEF], A 10 mL 6mol/L £k 1 IRk (VA it
F 20 mmol/L NaH,PO,, pH2.3), 37 °C {& 7 15 min,
B1.0> (4000 r/min, 10 min) . & T 370 nm AL
SEPRFESH, AT 6 mol/L EhMIAZ, Fefhas b
A 4 mL 2 mol/L HCI, HAHIRE] I, BRILUEE
JHEERIEOGEREL 22.0 mmol/(L-cm) i3, IS
EHEZE AP E AL/ nmol BRI FEIR,

AA V.
ed-C Vg

A AA FRoN N A TR S B U 25 o HR A T '
FE; e FToREEIRTHEYGCEREL, 22.0 mmol/(L-cm); d Fon
hES0F2, ecm; C FRE R EWRE, mg-mL™; Vg 4
FORELRNUATL, mL; Vo s AR, mL .

FRFEES E(nmol -mg ' H) = x10°
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1.2.6 BHmEAESTEME MPHWEIMILETESR
GUO ZEM1 [yl 22 J7 3%, {4 JH DTNB i 77 1 47 1
o HH Tris-H &R ik (10.4 g/L Tris, 6.9 g/L
H &2, 1.2 g/L EDTA, pH8.0) Bt ] 1% NaCl ¥ #&
¥ 40 mg/mL MIHUFELFHESR 50BN 5 mg/mL .
HER W B AR BEUE 0.5 mL, Je)a hin A FH Tris-H
RS IR ECHI Y 1.5% SDS A 5 mL & 0.5 mL
Ellman > s i 57 (i F Tris-H & B2 22 »h % e il /0
4 mg/mL DTNB %), = iR#DC N 15 min J5 T
412 nm AN SERE . L Tris-H 2R %
AR RV E RG2S o

B F(Qumol - g EA) = w

P Ay, RARWOESE; D RN BASEG C &R
AREEHE, mg-mL™',
1.2.7 HHEAFESEWE MPHHHHEARES =
F IR T T35 R TR o VEBRIZER 200 pL
G AR U RE S (4 mg/mL) & T34,
A 2 mL 1% SDS ¥ (% T 0.2 molV/L Wfz£h 2z v
#, pH8.2) il 1 mL 0.01% TNBS, #RZGIR5IE T 50 °C
KV G B2 W 30 min, FAITA 2 mL 0.1 mol/L
Na,SO, £ 11 JZ ¥, 15 min % # & E i/ )5, M &
420 nm AZbWE G . AH R HRAE ™ FHZE W AR
TNBS S W AE AR fh 2S5 H o [T 43 5Bl il 0.1,
0.2. 0.3, 0.4, 0.5 mmol/L 11 L-52 2 BRIEW, I53 51
Fe LA 5 7 0 e 25 U R B -0 S IR T R 1 W
FEBE, DL L-SE R PR MR B (mmol/L) S AR AR, W7 6 B
(A NYARER, 152 IFRHER 2R 52 y=0.5091x+0.0816,
R°=0.9995, i [ HEEE S mIRIErZshniE gk
e, THEAXANTF:

C
HH&E &S EnOmol -mg'EHA) = <X 10°

s C R AR SO EE X AR A A5 1 R B,
mmol/L; ¢ R F BT HREE, mg-mL ™',
1.2.8 WURLT4EdE 45534
1.2.8.1 Z2aitgiile SR AE S AR LT A
53 BT MPs 19 — R 4544, 275 ZHANG % (197
2, MERRR R TRES YR 2 mg, IRAEAR 200 mg, 1R
FR 2B ISR S 22 JO R G, R A LR AR,
iR, LA NEIE E A, RS E S 400~
4000 cm™', 43FFEAN 4 em™, IR ECKH 32, ]
PeakFit4.12 FAHEBERABSTINZ 1 45 1700~1600 cm™
Pe BB, X HAH A TR E | (8 B 2B BRI By
SEAU G AL FE, TR A5 e DA A AR BT AR P T
By AR fe
1.2.8.2 NEMOEARTOOGESHT =35 CAO 419
FUIIE 7%, 1 15 mmol/L PIPES 220 (% 0.6 mol/L
NaCl, pH6.25) ¥4 i Fi B R 85 1 M B2 0.4 mg/mL,
WZHEC 3 mL B TGN 1 cm WA S L@, £

283 nm P KA, iC3EF 300~450 nm (4 & 5,
I e N B e 8 150 10 nm, HJE % 400 V, 138
FE A 240 nm/min, AHFE ST id S F & 56
P&, I FESH &SGR FuBR IHERR TP,

1.2.8.3 FMEBH/KHENE SHEZREN O pridk
I Ak . FH 20 mmol/L IMERR £h 2% iz
W (pHG6.0 )KL SR B N R I N 5 mg/mL AU
o WHL S mL T 10 mL AYERNELCEEH, IDA 50 uL
1 mg/mL BPB % ¥ i e 1R 57, &5 0> (4000 t/min,
10 min) . #E LIEW T 5 —FE TR E.OE, IR
B0 JE T 595 nm ARIIE W SEREE (A) o FERXTRE
(Ay), LIRS IR Eh 27 v BUACAE Wi i, AR EAH
[[l. LATEASSESS S BPB & B NB /KT FR:

A —A
BPB4i A (ug) = 50 pug x °A

1.2.9 Mz S IEEEDS 17k, FEa8E
M. ¥ 40 mg/mL (1 MPs & FIR M B 10 1%)5 48
BB (4 °C, 10000 r/min, 15 min), M 75 197
PSR  E,  i VR AT i i B 1 T e B 2SR FH AL
£ ] TSmO S i N2 (5" = /N W {1

LW R R
R0 = e r e Eam e
1.3 HiEAE

THBIR O =R EE, FIFEAF Origing.0 #&
PRECYR FIFAE B 5307, T 28000 i I 25 25 55 vl Rk
SPSS 19.0 #£4T ANOVA 4387 rfs, 2= 5 W 38 /K
P 24 0.05,

2 GBR5SH
21 RHERBMNERSFEREEFREHEDN
612

B T EALALE 5 B D S AR AL 2L, #R 2 A
FH FE 48 2 s v, 0 HOR 1 M EUIT HE R 1 - OH S 1L Rk
Tk, e B R E AN, BEIENE GAE i
W 5 A B i DA SE RR 3 BRI RR I T IR T
HP A brEfE. Z&ME GAE A il A 37.09%,
B R 67.50%, UiHBH GAE & & #H A 5y 24
1, BB PLEAREE 1. SRR A R, 2k
F e BE ARG, SR BIIEBR-FE B B BT =ik,
RO, AN 1 UK, GAE W5 BR —Fh A 3t
1 -OH JIr i B4 i e B2 B fIG, HokJ2: ABTS H

1 RHFAR B [ A
Table 1 Semi-inhibitory concentration of free radical in the

extract of Gnaphalium affine

ICs,(pg/mL)
OHH ¥R DPPHHA HEIEERR  ABTSHHIEERE
Ve 1.29+0.13 44.75+1.29° 13.80+0.45"
GAE 3.59+0.36° 445.45+3.14° 91.46+1.85"

T [R5 A [ 5% B 3 7 AN [ J 53 %8 ] — 1y 8 3 I3 24 i) 2 e W 2%,
P<0.05,

J /4
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N DPPH A 3. 5 Ve AR L, GAE
X} OH. DPPH. ABTS —#Fh H i A9 30 I35 R 4351
292 Ve 19 1/3.1/10. 1/7. HIE 1 WAlFH, 5 Ve HH
b, GAE ¥k OH A M IMIRERY Vi it ABTS
SR, DPPH F S HZER . HIEERIH, GAE
I % OH F1 ABTS H H ZLAYRE J1 858, Wik DPPH
FI FHIEAYRE JT AR 355 o A mdieidt, B SR By 2
A —ETE bR A R ROR, T AR T AR
b EIHAESES g I IE it GAE % [ i LAY TE
RCAL, I R FH TR PR, BB RS IE
ATRRRIK

70 ¢
—— V¢
’\; 60 —— GAE _
Q" /,_.xr”/
Lsof o
= 40
e —
= —E
a7 30 _E
b =
¥ 20 T
¥
10 1 1 1 1 1
0.5 1.0 1.5 2.0 2.5
PR <107 (mg/mL)
100

" —— V¢

e / —4— GAE
;:80 .
i 60r | —
Ll /f
E 40
I
o |F
& 20 i
A -

O 1 1 1 1 1

00 02 04 06 08 1.0
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80 v
— c

A —+— GAE
=~ /
- 601 ] /'/
& 50 / 7
i /
@l ] %
z=30| /
Tl f -
& { e
m 101/ /
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