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1 MBEF®
1.1 #MROGXFI S5 NEE

BT AL, AT T R R XA R
T R (LN 99%), b i BT R T3k 5 4
Al

A 1ML E B 1 (BSA) KM 4EAE R E (Trolox) |
WRIE-1,4- LR (PIPES) L-$¥i3R LR L—5%
AR L B LBk e VU 2 1R (EGTA ), I i B
PL T A 7] 55, 5- AR - 2 - FE R H R )
(DTNB) JRALHN 24— — i F 2K JF (DNPH) . 1,1-
TORHE-2- =R (DPPH) ABTS' i S AL &
(Hy0,,30%) 45 i 5% | = A ARSI g Bu) 3k 345 Hip
WA BR A F L BRI B sl g,

TGL-20 &5 3 ¥ ¥k B O, DU 1] & BHUE A R
3 UV=1900 2240 -0] UL A SO BT, L2
IXESA PR R, H Az F-7000 %8650 6L AL, H
A H 374 7] IR Prestige—21 18 B 728 #2140 6 i
10, A B A Rl 2 Re SR A W RE AL, ) 7R I 4
Z 5 AR A BR A W] Ultra—Turrax T25 5 3 34 51 2
AL, 1% IKA-WERKE ; pHS-3C% & 31, sU#R 1t
27 FHRHE A BR A |
1.2 Fi&
1.2.1  ZERIWGER H b AR &
1.2.1.1 -OHVEBRAES) 2% Wang 5N T7 2T
FEAE L, 56 95% L BEFL il 100 pumol/L 1 22 B
E5 VC R/, 25T A 2 mL FeS0,(9
mmol/L) . £ B —7K #5 B2 (9 mmol/L) Fl ik & i) 22 35
£ VC(0.25,0.5,1.0,2.0,4.0 mL) T 15 mL & .L»
b, FRIAGE B Y 25 B 1K ORIE SN I R Y A
WELHR 15 mL 5 FA 1 mL 9 H0,, 8857 .37
CARE A 1S5 min J5 B LW 2 HOis
HAIN H0, IR R, 25 AL A INFE SRR, -
OH ¥ BR&CRITH R T L (1),

.OH ?%&%%(%ﬁf‘r(iiﬂm)xmo (1)

K A2 AW IEE R IEE &)
Ax—FF fif 41 WG B A o—— T S 41 B ROk
(A a5 Hy0,) .
1.2.1.2 ABTS*™-{HFREEST =% FER SV ik
JEFEEB M, e 95% L BERCH] 1 wmol/mL 22 8%
F % 0.2 pmol/mL. VC fifi£5 ¥, B 0.8 mL. ABTS*-

TAEW T8 b, 0 i A & /) 22 35 K (0.125,
0.25,0.5,1.0,2.0 mL) , FR AT & 95% B8, PAIIE
R RV N 2.8 mL, JRHIES], HEN 6
min, TR K 734 nm 400 & 6 E IFE
SENA e, VA2 mL 95% & BV AR R S VA TR
MEWCRE g A Lo FHVC AR BRERT IR . ABTS
BRBCRILA(2),
ABTS*-?%I%?%(%):%AOO (2)

P A —— BEARE R W R B
A g FE b T W B G
1.2.1.3 DPPH-VEBRAET)  Z75 % A1 Wk 4V iE
(177 3 A AE B B, e 95% £ B BE i 0.1 pumol/
mL 28 K & 0.1 umol/mL. VC fi &, H 95% 2
0K DPPH 5 1% 0.004% %5 1 8 ' i & 25 H , BGE
AR T R P (0.125,0.25,0.5,1.0,2.0
mL) , S JGE & 95% £ B, O 1 A 445 I A R T
KFLA 2.0 mL, FA 4.0 mL 0.004% DPPH Z
BV, TR A P8 4] )5 = T R 6 Y 30 min, H
95% L BE 2, TR 517 nm AL TUAS I OGHEE A,
FH 95% 2, %A% DPPH Z By W S5 RE IR A1 )G
FEP A 517 nm A IAS ALy B )i H 95% & AR
FEdh 5 4.0 mL DPPH Jo/K L BEERIR &, 1E 517
nm A8 7S A5, A VC X IE . DPPH - 75
BRECE WL (3),

DPPH-?%I&%%(%HL%)AOO (3)
3

122 USRS 4EE AR5 DS R KILA N
JEAE L, 2 B Cao S50 J5 bk W AR 4 8 | B AR # A
W ARIE R ECH pH=7.0 WU ZF 4k 8 3R O,
Hi 425 0.1 mol/L. NaCl,2 mmol/L. MgCl,,1 mmol/
L EGTA 1 10 mmol/L B # , #5 v% LAY 38 75 fie 1<
WUA =T A SRR, U1/ (29 1 emx] emx1
em) SRJEETLWALT . AP IA 4 £ 14
TR WU T 4E 48 42 OB, J8 MR 623217 30 s,
FELLE RS AL AT 1 min, {57 UL PR B 58 43 B 020 9%
o B AT B UL P B IBOH A B 0 R D
(8 000xg, 10 min,4 °C), F# VW, BT A5 U3E
A A SRR B WU LT 4R 2 PR o, BRI 3
WA TR B iR S an 2 8 B0
JE A3 BB TLRE UM 4 A5 R B 0.1 mol/L. Na-
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ClLEWOh , s 5 5 U8 3 28 ) 55
JH#E pH=6.25  JF 8.0 (S8R 1) 15 8 1 A5 Ik
UUVE , FR W WUR LT 46 28 (A D00, i B b 2R
RIS (0~4 °C), 3G 8 1 0T 28 P i i 0 245
RN EAFRE 48 h WA,
123 WURSFgEAMAELLE S RAERED
B A RE S AT BN E g, FRER—E iR
MP E A, & BAIARRARR R % EZRIFR (S
wmol/mL, ¥ i T 251 S ALK & 5 mmol/L. H,0,,
30 wmol/L FeCly, 100 wmol/L HTIR UL AR ), SR )5 M
NEMIE R, FTRAETE 4 CHM T E bk 28
12 h, HlASAS [\ B 22 8 3R — 2 I WO Tl A
I mL KA R E S5 A RN, TR INZE 3R
IR 95 48 h 2 W R R 5 W 5,10,15 pumol/mlL
120 wmol/mL, 4351 E ox+c5 . ox+c10 0x+c15
Flox+c20, FeZe, IR R AT W A 2] 40 me/
mL, [AER 62 TSP A A B Ak i 2s
Xt BT (con) FlELAS B B S A A & A7 00k B 7
() AL XS HE (ox) o
1.2.4  WUSEF2E 5 1 Ak 2 s #4428 1k o B
1.24.1 ZAERMEEBM BRESESEH N
AR AR 1 5 I A T 5

BEIET ESH Guo FHIA , R DTNB
BT E  BARIRAE AR o LR AT 4 2 R
W 1% NaCl %W (i T Tris—H 282 22 vh i .
6.96.9 g/l H & Mk .10.4 g/l Tris 1.2 g/ EDTA,
pH=8.0) M B2 HHF L E WK E R 5 mg/mL, i
0.5 mL &AM B, MA 5mL 1.5% SDS % fil
0.5 mL Ellman’s i # (SDS & A Ellman’s 5]
B Tris— H 2 MR 22 vl AT &), #8541
T 34T 15 min B RESG N, FEEEIK 412 nm
b T O R IF Tris— H 2 BR 28 ol i B At
FESUEAT RN AE A B, BT /I
B (4),

B (umolfg 4 11)= T3 amdD 4

A, D——Hi BT E; C——FF i Tl v 2
mg/mL;Amnm—iBZJL/( 412 nm WG,

I H 2 L B e 2 R 2 T AU AR Y O O
RIFEIE B, X 200 WL # BE A 26 FFFARICT 5 mL
AR E T (F BT 0.2 mol/L i iR £k 2% v ik, pH=

8.2),#EHMA 2 mL SDS(1% ) A1 1 mL. TNBS
(0.01%) Feor #2251 )5 , 78 50 CHY 7K ¥ Hh kG 2 B
30 min, #RJE A EAT 2 0E B (2 mL 0.1
mol/L. Na,S0;), % 1k Jx b J& 76 & il T % #1015
min, )5, I 420 nm 400 &= FL OGS A
[ 251, i ZR AR K AR RE S B S A A
# [F e, 2 ] 0.1,0.2,0.3,0.4,0.5
mmol/L (%52 24 FR VS W, I BRI 34 J7 125 D 2 A [+
W T B 52 AR WOG R, I8 B2z il br o it 22 AR B
PR AT A R A T R, TR TR
(5.

A 23 % 5 (nmol/g %Iﬁl)=%x103 (5)

Ao, C——H 408 A o it 4550 00 B ik
B mmol/L; m—— &K FH B W &, mg/mL,
1242 HHAMEEZL

1) ZREEmARL EEBRN RS
Li SR 0 77 XOF AR IE 0, 4 540 5 9 L
SFHEARITF AR TGS TR 1:
200 Ay BT i b A IR A, JF FH I BB 2 T SOt
RONE, SRJE R R R B R R B R S
B FH A L 2 AP R A R B , S 80
BN R 4 em™, RGBT 32 K, H
X 8] 24 400~4 000 em™ , FEATHE 5 48 Z /i S H
TRAL B ST S, R A OMNIC 4K 4 4k 45
1 700~1 600 em™ WM WOEHE, A TRtk [ 4 2
Bt , AT PeakFitd. 12 B4 X B e 1 45 ik 14l ik
FTHRERAMCIE B BB — RO & DT
0 3 % DA R X TR AR B S % b AR R R RH X A

2) =AM YO 6 ROk
SIHTER W =5 IS % Cao SEUIIW J5 1k i
T Y R, HZ M E W PIPES (# 0.6 mol/L
NaCl,pH=6.25) ¥ FH R B 2 0.4 mg/mL, Jf:
i 1 em YA ZOE LGN, 7E 283 nm ALK
WAKF,iE 5% 300~400 nm B & BLiE, Sk E
S350 A F 4 E 1K 2 1 200 nm/min 3 % FK 5
FEIERAE R 5 nm LR 700 V., (AR [R5
FAFR IC Y RGOS | I AAEAS 1 & G
PR & T YT S

3) FRMEBLKMENE S BT R AU A Y
BRI IATIE Y%, B S mg/mL (4 A H#
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BEWS mL (6 BT 20 mmol/L 114 i ik £k 22 vh %5 W
) F10mL W ELES, BEEMA 1 mg/mL 1)
BPB # ik 50 wL, JF#EAT R RRIR G, T
4 000 r/min #4720 10 min, S UUIED 544
VW, FRRBEAT B, ORISR TR 595
nm 20 WO A ey, JEH 5 mL IR £ 22 o
PO ACRE A, 8 2 A [R] A0 T 3% T I O B A
A A e, IT ] BPB R4S 73 ok 32 75 H AR T 4 5K
PR, R L (6)

BPB 4 ft(ug)= 0= v (6)
X 1

1.2.5 A MENE  ARYE Cao MW HEA
PIPES 2 i K 25 11 OB F B 21 8 mg/mL, SR 5 F
TR L (4 °C .8 000xg .20 min) , I %E H F 35
SR = T 7 35 M i R R N TN 1R = = D
R, EARMEITE A7),

I )= e e <10 (D
1.3 HES TR

BARKER 3K, HRERSNERERN
(x £ ) B4 M98 20 A B 48 35 M40 B (P<
0.05) #F &1 11k SPSS 23.0 43k 5¢ iy, A 1 i
H Origin 8.0 # {4,

2 #HERE5HMH
21 EHRBEHRER

Z W R AR A5 AL 1 R R B I 2
A HAWEERE S, X 2 AR TE AR 2 BN AR
REHRAL 1 AT, W] B ZE e B A% O B, CH, ik
VA I U 1) % A% % 22 98 28 R 4 B Ok T 1 4t
AR AR LA 25 1 s S PR A 25 v
FXF A AW E BREE S AT LA T i b A Ak fg
J1. WEL1~3 TT LA HBR T % ABTS* - )75 bR Ak R
ZWHE A VC AL, 5FR DPPH- LA K - OH Y 5E
HOET VC, N IL 2 8 Z XT3k A H2ERE A
— B PR, AT LUK LR R s R 9 A
RSLABE B 5Tt 2 ¥ AT A L AE R EE S I
K LR H /N BURE ST G 03 AR i S50 h 4
KWL ERIML B WPURRS A AT S VE M
24 AT LA 50N I 1 42 Ak Ry S 5

301
251

20F
15F
w0} )
sho+" 7

OH i B 5
Hydroxyl radical scavenging rate/%
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Sample concentration/pmol - L™

B1 Z#E%H . VCt-OH iBkeE
Fig.1 Scavenging ability of curcumin and VC on -OH
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Fig.2 Scavenging ability of curcumin and VC on ABTS'-
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Fig.3 Scavenging ability of curcumin
and VC on DPPH free radical
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T ) SR AR o, AT 3 B AR A
P R 8y, L O3 A v %) e e e A A B
R JH 58 b — AT DL G 1% %k AN 8] 25 4 1 i 45 1 2 1 BT
AT TOE . WA 4 R con 40/ MP 45 5
H2J°4 0.16 nmol/mg, &M 12 h ZJ5 K ox ZH Y #k
HA B EME LT 0.25 nmol/mg, £ # R 1Y
PR ZE PR R T & i BT, JF B
RARE L U BE ARV B R E 20 pumol/L 1Y Z BT R
Tl BRI 23%,  FR U] DL I 22 38 R T DUAT AL
A P A R AL, XA REIA D T R B R A4
RS 2 W R I DL K B- S, A Y
BT AR R A AR fE 1,

222 BHAEEE MPRMHEFEA 2 F2
R — ol 2 LR AE £ 1 BT N AR A A D A — T
T R TE A 1 BT T A 9% M A0 P, MP 2 A 45 L
EHSIERED, ZHFEHSAHE, AN
b UK AR 00 2 B e 22, B X T T R A
ARAHUIRR , 25 5 1l 8 Ak N i, 5 | A R 1 O 17 3 B
RAE N, 5t 3B Y i 2R 28 WAV AL B
Bk . IS AL con 41 MP (19 % 5
K2 7.88 wmol/g, M 7E4E AL 12 h J& ,ox 41 MP
M3 & B PR IR E 4.12 pmol/g, AT T
48% SR AL Y B 2R R b i Bk AL Y 0 A
H2E (40 0,+ \HO,+ (HO- 0+ 45 ) il g K 5 4 19
AL 5 AR B AL A 1 H B R (L. LO -
A LOO- )t n] gl i —f B 18 )0 B i Ak & i
AR 2249 A A iR J5T A A o R v A )
KW 55 SH AL A Y B 22 B 1k DTNB #4146
NUESIIN) § CPEZNTTINE == & 9 | AR T i1 T
B4R (P<0.05) , H 22 8 3 19 W B 5 4 o 2%
RZEAFAEIE ] SRH, MR EE (20 wmol/L
FWE) WM MP S S 88 7.411 wmol/g, Hil
B FALN 6.0% 747, IS R RV ZHRA
B T SRR R . X AT Ry LR A
M Y2 LS5 K F B- R 454 | iX LLHBE N BT 5 H
H Y SO SR A AR, DTG 1 Sk 5 A il B
Z R fb 2 ), i 2% Barclay S8R 98 T 28R
PR T, A MR R By R B A B 1 XS
P AL PR B e e PR

223 AmEEER fEHEARLSE T, BER
M EE (Y e-NH, FE A% 5 52 2] A i FL 4= 3, 2

_ 0.3 Z} d
o0
= 7 ¢ b b
E 0.20 7 7 7
a
s £ Z
w3z o5 // /
W E
S 0.10
=
g
0. 05
5 7z
]
0.00 7 '
con ox  oxtch ox+cl0 ox+cl5 ox+c20

pog: kel

Treatment group
NG FRERR R 0R 22 57 3 (P<0.05) , con 45 I IR AT (R 4
b)), ox. FALXT ML ox+c5. FALIK R P EE ZWE 5 wmol/L,
ox+c10. LR R P 2B HZKWEE 10 wmol/L, ox+c15. FALR FR b
L FWTE 15 pmol/L, ox+c20. A ALK F 22 8 2 W 20 pumol/
L; F,
B4 ARGEAAMEAHERIENZMN
Fig4 Effects of different treatments

on protein carbonyl content

101
T‘hD d
s 8f I . cd
217 L 7
W S 6t b i %
<13
% © 7 )
B4
s 2
pac) é %/
=
2] 2 .
=
=]
E
0
con ox  oxtch ox+cl0 ox+clb ox+c20

UL

Treatment group
E5 AREAEBAANEBLERERSENT N
Fig.5 Effects of different treatments on total sulfhydryl

group content of protein

A UREE kSRR B HE— 20 5 NH, W IE B R
B, DT X [ PR 2203 7 A 1 55 25—, IRt R
BT DL R VAL B BT AR A R — A 4R
bro AN 6 Fros , R Z A4 con 41 MP 19 H &
B RN 108 nmol/mg, 23 12 h %A AL Ak B
J& ox 4R B M2 & = T FEE] 62 nmol/mg,
W T K 42.59% , MAM, 28R AN L % H
FELE T H M T RN (P<0.05),5,10,15,
20 wmol/L 2 #5 2% kb B 4H 43 51 A r &5 & 2 43
THET 29.0%,27.6%,20.3% ,6.5%, 7] fig &=l 2%
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B R IIAXT MP B PR ERT, 1T LA 8K
By A 2R TR, JF B HMREOR S 2w
B LA T RO, A R I T R A
F A PFAERN A £ BB FRMIRS 7E S A T
i bk WU £ 2 28 A A AR FHEEAT TR, &
PR2K 22 B FRIRS T LA B A 5 MP 1 % it
MR A H LT R, R AR SR A A
BT AT AT, A 25 IR, B E AT,
REA A B0 1 F2 B R 6 28 ) A Ak 4

2.3 ARSGEMAIEFEEAHSHTHZNE
231 HEEATHEH EATAIREE EEH
IR HE B-VT & B-EEAAAMNE A, X 4
TR G 25 K AE X L A 228 fig A DA BE AR 32 1 i i
AR LT AR e e S S A R E T, R U
AT B a0 AR A B R TR A AR R 2SR R
P, WA 7 FoR, ABALE MP ) 8- Al a— 2 i
HH 3 22T BT B RN TR A il 2 B T 2%
RWIMATELF IR 78 SRR, X/ NR S
84 F 5 2 SR AR T 1 B A £ LD AT G B
PR 52 ), 25 SR 3R] A — o Wk B N b s =
- HER) LI EEIEOT B T AR
FEME I - UBURE A TR A T KR 22 18] B AU
M ELEE I BT S B MR MP A T 45
PP 1, 1T MP 1 5 5 45 K A DG 2 1 1Y 3 7
PEN LT T AS KL ) 6 il 254050, g6 25 R i
5 mmol/L By ¥& B i FE A b2 2 B MP (#8534 7
SERE (R B-HT & ) &5 ) -2 EIEZS , T > T
Gy Z B AH AR 7, 22 83 AU N iE 4 ] LA
5y S E N SR I S EE AR (AR T E oy
AL R H Ol SR TR ) MP R 25 A
b, %8 MP BA7 RAFA R E .

232 MP A GEmRTOE A& S &
P4 4 A R S5 A I Rk, R I £ R DA
T s B IR i1 A 9 G 38w T2 1 B = 4 A
R R R o T = VNN £ TR S L VA
P10 1 B K IR B b, R 5 R R IR
Z, BEANRREE ARG AR s 5k
PRI B il V5 06— 43 0 AT SR BRIV E
il R0 A 2O BEREAREA, iy 18] 8 AT UL con 4H
MP $5 K &SI T 285 B IA B 5 144 cps /2
Fiyox 41 MP 4k 12 h %6 65w & B F B AL, 5

120
”‘%D 110—% E
< 100H/

HEH\E 77 c 77/

;E% 80-// b b 7 7

w & 7

2 70—/ a 7 /

TE o60f .
< 7
o 50 2 Z
£ 7
= 40t

wivnin

ox+ch ox+cl0 ox+clh ox+c20
Qb B 2H

Treatment group
E6 AREAEBAFAANECEHISESENZMN

Fig.6 Effects of different treatments on free

con oX

amino content of protein

e T a4 I B4/ I a2 iE

100

80

HH X Fr i
Relative content/%

ox+tch ox+cl0 ox+clh ox+c20
BB K]

Treatment group
7 AELAEFRIT MP ZREHEI M

Fig.7 Influence of different processing methods

con OX

on secondary structure of MP

5500

p
o
S
S
S

4500
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2500 /"
2000 [/
1500 £ L . . L B
300 320 340 360 380 400
2 IRES
Emission wave length/nm

B8 AEAEFXI MP RiFEME &R LA
Fig.8 Effects of different treatments on MP

Fluorescence intensity/cps

endogenous tryptophan fluorescence

F4 272 cps Zid7, RWIEAM MP 25t H6 e, 4
T, A 22 88 225 0 B2 R 9 0 B PR 55, 1 ]
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5590 2 0 V75 AT M 1 55 M 0E— 25 JE OF o

I FLYK S A, 6 S 3 R D 5 T R o

Ky 2 80 S AT A B M1 Y K T i w2 Q/ é ) 7

i T Bl 1 T BRCR B R 15 SR 111

W B 35 38 22 15 (0 R o 4 i R 0 36 4 i 3 £ ] /é .

4 2 T ARSI G T MP A0 3R E . R 1111
FABIA Cao SV T 45 R AT I & W 1E € = W % / 7 O

SR TELTR B | Dai S5V 5 & B, oK i 7 R 9 CA A A A VA 77

AR R U AR 4E 3 1 77 A T 9O K L4
233 MP Emgi KM sk EE )Tz
FHTPF 0 it 7K 28 R R A 2 11 0 39 1 O ) 4
A, I B R ) = A — R i
BPB 58 (145 & iR R AE R H B K P RN
WE 9 i, AREAM MP [ BPB 45 & =290
3.54 pg, AALJE B E PR N E] 13.88 wg(P<0.05),
BORH TEABAMG, F1EH K2 5w )
R, T I 59 2R A DR S RS A AT
R E M m K AR S BPB 454, i 3R
BB K PR SR TSN 22 8 R A A FRAH 7R R A
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Effects of Curcumin on Oxidation and Structure of Myofibrillar Protein Induced
by Hydroxyl Radical

Chang Haijun, Bo Zhaoying, Shi Yuanwei, Xiong Jie, Hu Yu
(Chongqing Engineering Research Center for Processing, Storage and Transportation of Characterized Agro—Products,
College of Environment and Resources, Chongqing Technology and Business University, Chongging 400067)

Abstract Pork myofibrillar protein (MP) was selected as the main research material. The Fenton oxidation system was
employed to replicate the oxidation conditions of meat items, and curcumin with different concentrations (0, 5, 10, 15,
20 pmol/LL) was added to it. Changes in amino acid side chain, secondary structure, tertiary structure and solubility of
protein were analyzed. To explore the inhibitory effect of curcumin on the oxidation of pork myofibrillar protein at differ-
ent concentrations and its specific effect on protein structure. The results showed that curcumin had good free radical
scavenging performance and could effectively slow the protein oxidation and structural changes caused by hydroxyl radi-
cals, and this inhibition was proportional to the concentration of curcumin in a specific concentration range (5-20 pmol/
L). Compared with the oxidation group, the curcumin treatment group significantly inhibited the formation of carbonyl
groups and the increase of surface hydrophobicity, the curcumin treatment group of 20 pwmol/L. had the inhibition rates of
2.62% and 51.78%, respectively (P<0.05), can also significantly alleviate the decline of sulfhydryl, free amino and sol-
ubility (P<0.05), the inhibition rates were 80.02%, 59.34%, 70.84%, respectively, and the addition of curcumin can
promote the MP tertiary structure unfolding , can also alleviate the secondary structure changes caused by hydroxyl radi-
cals. Therefore, curcumin can interact with MP to alleviate its oxidative deterioration and structural changes, and has a
good effect on the quality and preservation of meat products.

Keywords curcumin; myofibrillar protein; oxidation; hydroxyl radical



