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Z, Gt (low-field, nuclear
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1.1 REH R 5

I H RN A6 R R A F AL, 25
0~4°CHlzh 24h ¥ WA A KLY &KL
(Longissmus) , 2% 0] WG 4128 Je 45 45 2R e H
TR TR A

W AT A O - (2-RIE L) T
LR (ethylene glycol bis(2-aminoethyl) tetraacetic
acid, EGTA) T3 sigma A rl; 2 1iEH & A
(albumin from bovine serum, BSA) Tt FE/K
HAYHEARA A A HABEGR 0 T 255 HAL
SRFIE AT, Bh et
1.2 EZEU:E

CR22GII A 25 0oLCH AR Hitachi 23 7));
T6 £4Mr Ot (bt A RATD 5 #
TRV GEZRERREAE dEaD ARAFD ;
TXF200-S12 v 4aFEEIR G K 8 (JE[E Grant
A ;5 TA-XT2i Fik4r#rA (#[H Stable Micro
System 22 #]) ; Physica MCR 301 484 (B A
Anton Paar 7 [R/AH]) ; CR-400 {0244 (] Jg 3%
Aeik (HA) A7) 5 Eiko IB . 5 BB 1k 5155 4
X CHA Hitachi 24#]) ; H-7500 B 6iEs (H
A Hitachi A7) ; NM-2011 {&iz#z i LR ( E
HABERTREARAAD .
1.3 REHZE
1.3.1 MURLH & E R

%7 Xiong S 59 WIERS e KWL 3 B4R
WUREF Y 1, ORI RS 4 AT 50 5
ZZ P (0.1 mol/L NaCl, 10 mmol/L NasPO,,
2 mmol/L MgCl,, 1 mmol/L EGTA, pH 1 7.0) &
EAME L (4°C, 2000xg, 15min) , ot
TEHEEVEG, B0 2 K. B % LIAEEH 4
AR 0.1 mol/L NaCl ¥lsEsk, &0 2K, JHE
o 1 REORTH 2 22 yg, FH 0.1 mol/L
HCI 0K pH (HIA A 6.0, SR 2I0EAEH
TR ) A AT AR R . i 1 TR BE AL
Mgyl s, R AR 3w 2 R AR
1.3.2 FeCly/Ve/H:0, (4k/43R ML /i FALA ) A
AR Z A

%2 Xiong! V(A L FEM IR R: R
[ iFE N VetFe'"—Fe?', Fe*'+H,0,—~-OH, FeCls
WS4 0.01 mmol/L, Ve iKJE 4 0.1 mmol/L, H,0,
WRESY M0 0.54 1. 54 10, 20 mmol/L. L5 4T 4
EASWT ERANMKRT (AT EIREN
40 mg/mL) , & 4°C&AF N4k 24 h J5H 1 mmol/L
L WY 418 (ethylene diamine tetraacetic acid,

EDTA) EDTA) % 1. L E %k e N L
15mmol/L WK B -NN- X ( 2- & fiff /% )
(piperazine-1,4-bisethanesulfonic acid, PIPES) A%
M (pH {H 6.0, B3 0.6 mol/L) kAT,
28 6 R BT R B KWL R IO R JE AR AR
I E T 4°CICE 24 h UR A48 A (FEAR
Pk HyO, k52 LA 0)
1.3.3  #mAAEM E

%% Levine! S MIEBIL K )51, 6 1.5 mL
(B0, N 0.1 mL [ %R S 0.5 mL 2,4-
TRYELEEY 2 mol/L HCl W, 1F 25°C R RN
40 min, ZAFENTPAE 2,4- AR 2 mol/L
HCl. #RJ5 I 0.5 mL i 740 20%1 =5 L1
(trichloroacetic acid, TCA) , &% i 250> (11 000xg,
5min) 7 B3, SEAVOEH 1 mL 1) L8E- LR L
W RIS 1:1) PRk 3 K, HEREHEFG#
EARFT 1 mL 6 mol/L AT H, 7 37
CEHA R BRI 30 mine LA 6 370 nm
IR EAE, B A IORIERT AR 1 i (nmol/mg-
F1) i FBE RO 2280k 22 000 L/(mol-em) it 5
1.3.4 Za#isFarRHs &

BANEMNIRT4E S A A 0.6 mol/L
NaCl , 15mmol/L Wk W& -14- = 4 ff %
(piperazine-1,4-bisethanesulfonic acid, PIPES) 1%
MR (pH H 6.0) KB R AH & 30 mg/mL )5,
I3 IRREL 5.0 g WA RV T HARZ) 25 mm, =
FEZ) 55 mm (¥ 55 SRS D , AER P THE K B
PL 1°C/min 28 PETHEIEZ N 20°C g 75°C, J+F
75°C AR 20 min Ji5, SCEPHCHEA KB G, T 4°CiK
FATPTECE 24 h 5, HIA3E BRI 12 mm Ao A
Jedd, FHFMe AR, KM i, T 4 i
FARIALHE K 73«37 73T
1.3.5  BIARARMR Z

2:2% Kocher 25030y 8800 1 I o 8 e 1 7K 1k
(water holding capacity, WHC) , & 455 H
B HERI AR IL R E)S, T 4CF 6000xg 2L
15 min, 053¢ B0V B0V IR O DL R 2 A iR
WHC (%) 5

WHC (%) =

m —m

x100%

m, —m
A, my BSOS B0 SRR R, g
my N ELETEOE SEIRI R, g m NE R
H, g
1.3.6 Bthé EmE

2% it 1) R S UV G O 3 DN 2 R 1 B ) 1
fi (whiteness, W) o Fa 2= € 5 H B 4
Zofl, P SEREE L 20 8E a* QEERRWAL,
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RN MEE) 5 P b* CEER ST, il
T e o M7 bRAE AdR (L*=25.60, a*=-0.30,
b*=0.27) FEIE 2. Bk A B THE

W =100—/(100 - L*)} +a** +b*
1.3.7 BEJRAM

W TR A 4 CUKAECH, iR T e
30 min Ji5, 2% e 0 0 ARORS g sk
AT R 4387 (texture profile analysis, TPA)
WS HEE: 3k P/OSR, MIFTF B RN
1.0 mmv/s, WRIESE 0.5 mm/s, )5 1.0 mm/s,
JEZELEE 50%, f/NEN T 0.05 N, Hdis iR A%
H R RAE 50 AN s SO TR A A AR AT )
TPAFRAC.MAC i B b4 7434
1.3.8 BRBRRE F4Fm

%% Li St sis e, A E
JRET4E T H PIPES 22 (pH {H 6.0) W H i
WA 30 mg/mL JERHMTIE. MESHCh: ff
M EAR 25 mm B R, BL1°C/min B THEE A
M 20°CHn#E 75°C, JRHMEA 1 Hz, SidEh
1 mm. 7EVARIEE Ry 505, wnsksh, Bk
FE 7K 53 28R 2 e 45 R o
1.3.9 R4 E RN 4E M Z. (scanning
electron micrograph, SEM)

B oW S5 Ky 52 2% Palka 25U K779
s, B AXT . 5 & 20 mmol/L H,0,
g4 Bk FE R, BT RO Y
3 mmx3 mmx5 mm /N5, AT 20N 3%0
I R A s, FFA 0.1 mol/L pH {H 7.2
P TR 28 P R 8 3 UK s R i Ui 20 4 1 %0 Bk I ]
SE 2h, FHAERIDE30%. 50%. 70% 90%-
95% % 100% L BEREAT /K, BFIK 10 min B & 3
RS IK 2 Ak, TR 100% S 5K 3
W, PRUEFE S A0 TEK s FE L8 e e B 45
28 CO, IIfi &80T, B2 B8 1 D O st 4 30 4 I
HEAT T 25 R WL 5%

1.3.10 EIRKH5aHAE5E RN E (low-field
NMR )

% 2 SRS Oy PR R NMR b
W 5E 2 A% 4H . 5 mmol/L H,O, M2 20 mmol/L
H,0, 41L& I HE 5 K 73 o0 A S A e, I 4% A -
AL A Z Sl 22.6 MHz, W& JE K 32°C.
BRL 1.0 g BRI 15 mm S, BE)G
SEEPFCN NM-2011 £ AL 4 sl A 247 43
Mr. FH Carr-Purcell-Meiboom-Gill (CPMG)
Jy 500 52 K S st PN A T . WESECN: -
fHC90° ik v 55 180° ik w2z [H] T B i) D2k 100 s,

HEFH 16 K, HAEEFFI Y 3 000 ms #3
| 15000 A [ml3, Jirf3 CPMG & £ ik ith 26 %
FAX# H 47 1 MultiExp Inv Analysis /347
K, 133 T {E .
1.3.11  HdEn#r

ATREG T R I Ah, TR R DR
3N . H SAS 9.2 (statistic analysis system, SAS)
X & R AT 7 2200 M, AT BN 35 25 gk (LSD)
AT BEVET (P<0.05) o I SAS 9.2 AT #%
FRFRZ B AR IR 73 A o

2 FER5SH

2.1 WO, REMINEF4EEDHRESENZMN

ES il & SN IR (R SR f AN
fabrz —, WAL EREIERNEE CGHE 52 A
SR NH 8 NH, R ERESES) ik
SR A 2 AR O B B 2 T B TR
R, 1 oA 3t COHD AR R
W H0, WX LR EF 4 8 (FRIE S =52, |
BIvTan, B HLOp WREEMINI I, & AR S &
W2 I ET S, A P R ALVUR 7 4 2 R &
EON 1.17nmol/mg &, Y4 HO, WK JE 1A F|
20 mmol/L i, FiIES 3 N4 2.82 nmol/mg (P<
0.05) o FRIEST B IG I AT fE A2 T2 B 2 COHD
St R e A (10 A i s AR IR A
R, HyOp IR, -OH IR MR, SEGRE
TrENKI N, ARk B Hh S i 2 A A
FEIE

)

0
E
42
=2
=
g
£
&
O o0 L 1 L L )
0 0.5 1.0 5.0 10.0 200
H,O i
Concentration of H,0,/(mmol-L")

B 1 HO0 REMHEAS TN Y%

Fig.1 Concentration effect of H,O, on carbonyl content

2.2 BEHSEMUMERBE. RERRKENZIE

SR BEIRIR FRE SO, TR R IR A MR
R BRAG, 26 W1 2R 1 AU ph A P e s i i 220
Xia %5 PSR E 2 B (A 10 F B ol iA
1T 54 7 W 5 1 R e A R ) O A 1 AR
B ARG M . R 1 4URER, B Hy00 W%
(KON, H FLRE 1 A S 2 T B, AR
I, 5 2 B LR 2T 4 s A EE, Ho05 W
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B4 20 mmol/L I, ZR kB B AE B AR T
2.83% (P<<0.05) , XKW H,0, M E, &

P 4R A ™ o

F1 HO,REMARAEESRREE. RAKMERRAFFIERIFND

Table 1 Effect of H,O, concentration on whiteness, water holding capacity and texture of gel
e i i st it i W boing
H,0,/(mmol L) Whiteness Hardness/g Gumminess Springiness Chewiness/g capacity/%

0 89.89+0.16" 226.16+9.22° 0.59+0.02° 0.73+0.02° 96.92+4.55° 64.17+0.93"
0.5 89.03+0.07% 191.00+14.9° 0.55+0.01° 0.67+0.04° 65.32+4.19° 62.78+0.85%
1.0 88.41+0.84" 152.35+12.58° 0.54+0.03" 0.68+0.02° 55.78+2.24° 62.49+1.19°
5.0 87.84+1.37" 137.43+7.88%¢ 0.42+0.03" 0.66+0.03" 40.79+5.31° 58.17+0.59°
10.0 87.81+1.13% 116.03+6.3% 0.41£0.05° 0.58+0.05¢ 27.89+6.36% 54.72+0.38¢

20.0 87.35+0.22° 106.89+23.29° 0.39+0.10° 0.60+0.03 25.07+9.87¢ 54.77+1.18¢

H: F—FIAR AR R 7B (P<0.05), FF

Note: Different letters in the same column indicate significant differences (P<<0.05). The same as below.

Bl 55 et A B B L D RERr R 2 —, IR
(A5 S 28 SR M R MEL B P A 5 i e 1) T e AR P
B, e 1 MG, BRI TR T AR (i
FE BRERME. SR L H ) ARBE HyO, YR E 3 N
MR, oA, BERIIAEE M 226.16 g (25 XTI
FECE 106.89 g (H O, R 20 mmol/L) , KT
52.7% (P<<0.05) , 4EJEMGSEMIBFFHRISH TR
Zhp), ST e SECR URIIRIE T, b3
R R R, AT R R R, [N
JE R B PR K A, B2 BB RS R

I TR R PR 25 AR, B I BER I DR AR
B IE HOp W E G I 235 R (R 1D« 52
KHEAILE, 2 HyOp W EHEINE] 20 mmol/L I, 4
BRI AT N 64.17% R %% 54.77%, FR&ET
14.65% (P<<0.05) o AR /K> 322 Ei
ok 8 KA AR R B 405 A R 2 A e X 48
1), SR RS M IE BIRIR, (R Rk
REZB, SEEARPKGEHMEBAEEHT
B, Bl B s R BRI IS 22, BRI IR PR 7K )
BB,

2.3 ERSHITRKRTEF TN

TR A TR T G RE D) s, A
PRI 2 T A5 WUELAF 4 8 (1 o AR 4 (K
2) o GRABMERE, & R A EHRPUE
AFRETI R B, RENS S WLER 1 B Sl s, L
N R B B AT R 122 GO I e
i, WUSEF4EER A K G AR FHE B B
H—BOFR GRERT 45°C) 5 MEFRSE T,
G' LIt &R KME, FJE 28 R (50°CHaA ok
W, %I LR (AR PR E D . BE G
BEE R T mAes B, HAa i (75C)
X5 Liu 25PN 2T 4 8 A 22 v e A
— 3. 45~55CHARIEN I 3 BE TS

WP, EOSMWITIE, EOTUHEAER R, &
FUT UG IR R AE TR R, B HaO, WRJE (11
I, WURLTHER A G (45~55°C) A I B R
(K 2) , XFRUIEAL T T WU A YE 8 B
FE, BEE R AR R, BB R
FRRE, IR AR TR A DG 25 AR A

H,O,i/ Concentration of H,0,/(mmol-L")
)

1200 — 05

1400

—a— |0

1 000+

—— 5.0

w

=

=
T

——10.0

600}
400

200

FEBEE Elasticity modulus/Pa

0 : : : : ! g
20 30 40 50 60 70 80
R Temperature/'C
B2 H0, REA IR A 4t % & BB HALZ 69 %0
Fig.2 Effect of H;O, concentration on G' of gel

2.4 FEHEFNI SRS HI SN

B 3 FFRsE T, AREAFEE LR
YR BTN S AT 22 7. AN IR
A TE U B PPIR S B0 . TR 2 B A
N BAoAss (K 3a) 5 s b AR £T4E B
WJE B feRRE, SRR, B A AN A IR B
W2 (B 3by 3¢) 5 ST BT B 2 B I (1) Ao
SRR REm, ANFEACTREEE MP BT 45
M ENZES, 5 5 mmol/L [HME H0, W JE
AL (& 3b) , 20 mmol/L & H,O, WS4 it
WA FLEE 2 HALRTE R, KA R fLEE & A
Wrad, 2 SRR T T, AR IR A B SR ARG T
HEALE] (K 3¢) o IXAIRERH TR HO0, R
PIBER, WURET e AR RS T B, AT 5 30
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SRR I R b B O AT, BRI PR ek

IR PP 4 65, o2 BELISHAT PRI I 23 )

)

4 -
b |

a.0 b. 5.0 mmol/L H,0,

e 2 FEARBER S (B 2D, ASERIRn Rt
2 SRR (K DR P R RS PE (R 1D

. &

L
b

¢.20.0 mn&olfL sz

B3 WLRAEHEEORREMEIEER (FRKRAZH 500%)

Fig.3 Scanning electron microscope of myofibrillar protein gel (magnification 500x)

2.5 FTEEASMKITERKD S RARR M

MK 1k NMR T, S o] DLE H (] 4)
LI £T 4 25 (1 5t JE To #6 1~10 000 ms 1) 5t 7 15 7]
WA 3 AN, iX 5 GoetzPOH] NMR 5T 3L
00 R R USRI S A JULER B P e
MIEE R Ty (EXT R 3 AN 43 9 %o B 5t Jie v
3 FORERIAK: 46K T, AGHBIK Tn & H
FHIK Tz, 5 U6 b5 18 AL AR THIAR 1 40 LU BT OR #4520 537K
T e, 98N Pas Pry Pro MSIE
AR 1 45 BAT 40, HaO, WREEXT 45 B KE &
Py WA K (P>0.05) 3 AWK SE Py
BE H,Op W BESE I T P, S AXKA Py
(94.03%) ALk, H,O, #E KN 5mmol/L K
20 mmol/L I, P 4370 R BE T 2.87% (p<<0.05) .
5.89% (p<<0.05) ; HHKEE Py bl Hy0, RSE
B hnom 8% o, AN B AR 1.37% 88 I &
5 mmol/L I} ] 4.25% (p<<0.05) 1 20 mmol/L i}
1 7.56% (p<<0.05) . XK, BiFE HO0, WSE
R, BRI —HaAgishK “&E” HH
HH7K, T H HK 2 B a5 AR E K,
RO A BURIIK, TRk, H0p IR, H
AR SR, B K M, X5 AR ¢
T U B AR K P PR AIF 9 &5 SR AT — 3

16 o T
||:02?‘f<'1§_' 2

4F  Concentration of

12+ H,O,/(mmol-L-")

10F 0

- 5

/% Amplitude

1 10 100 1 000 10 000
il Fg I 1) Relaxation time/ms

s Tors Toon Tos 0 AR S5 57K, AT alizk X 19 K b Tl o
Note: T»1, T2y, To3represent relaxation time of bound water, immobile water
and free water of gel.

B 4 HyOp REAT IR 4% & BRIR T, Fo TR0 18] 49 %4 o6
Fig.4 Effect of HyO, concentration on 7, of myofibrillar
protein gel

2.6 tHXMSH

AL M 485 SR 2o, HaO, MRS S LR 2T 4 2
s S R IE ARG (=0.832, p<<0.05) ,
5B 4 K M (=0.884, p<<0.05) M fifi i
(r=0.819, P<<0.05) W MAHIG; WIS RS MK
P 52 U 5% (=0.906, p<<0.05), 5 4% (7=0.969,
p<<0.01) , B (7=0.996, p<<0.01) , KNI
(r=0.970, p<<0.01) & iAHK. XKW H0,
W, AR E, B, R
KPR B SR (R 2) .

F2 BIEMEXEDN

Table 2 Correlation analysis between indexes of gel

H,0, )% Bk M (YN T NE A
Concentration of H;O,  Carbonyl content Whiteness Water holding capacity Hardness Chewiness

Conceﬁtﬁiﬁfim 0, 1.000 0.832%* -0.781 -0.884* -0.819* -0.783
PHEEH Carbonyl content 1.000 -0.969** -0.906* -0.996** -0.970%**
FIEE Whiteness 1.000 0.889* 0.956%* -0.979%*
fR7K1E Water holding capacity 1.000 0.906* 0.920%*
i Hardness 1.000 0.975%*

MM E  Chewiness 1.000

Wi * oK p<0.05 /KPZER B *FRR p<0.01 K P ZERTE,

Note: *represents significantly different at p<<0.05; ** represents significantly different at p<<0.01.
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LR H R R G, HO0, KA (0~

20.0 mmol/L) K, WURLT4Ed AW B™E, B
TE RGBS S SR BRI PHIEME A

DRI s AL 23 MR (¥ 1 P RE T S BN I
WO S, T B 2 £ LA B 2% 1)

m Hﬁ#ﬁ%ﬁ SR AR 2 e
INEEE BRI REIK “AA” A s
K,Mﬁ%ﬁ%&%ﬁmﬁo
ZE TR, 752 F HEEIRAR R, HOp KR
SR EMATAERS R PR BE RN, 7T I 2 5 M e
FbE . 2RSS AR IO TS F YRR
HIVLPR BT AR A, 30 G 0T PR it B0 ) 50
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Oxidation and decrease of gelling properties for meat myofibrillar
protein induced by hydroxyl radical

Li Yin, Li Xia, Zhang Chunhui™, Sun Hongmei, Dong Xianbing
(Comprehensive Key Laboratory of Agro-Products Processing, Ministry of Agriculture, Institute of Agro-Products Processing Science
and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Oxidation and changes of gelling properties of myofibrillar protein (MP) induced by the hydroxyl
radical (-OH) were studied in this paper. Pork myofibrillar protein was suspended in 15 mmol/L piperazine-N,
N-bis(2-ethane sulfonic acid) (PIPES) buffer (pH 6.0), and 0.6 mol/L NaCl, and incubated at 4°C for 24 h with
ferric ion (Fe’™) and ascorbic acid (Vc) at six concentrations of hydrogen peroxide (0, 0.5, 1.0, 5.0, 10.0, 20.0
mmol/L H,0,). The indexes including protein carbonyl content and whiteness, water-holding capacity (WHC),
and texture profile analysis (TPA) of MP gel were measured. The ability of MP to form a fine gel network was
described in terms of shear storage modulus (G'), and it was analyzed by small strain oscillatory rheological
testing. The microstructure of MP gel was observed by scanning electric microscopy (SEM). The transverse
relaxation time (73) and water distribution of MP gel were analyzed by low-field nuclear magnetic resonance
(low-field NMR). Correlation analysis between indexes of MP gel was also performed to establish possible
linkages between concentration of H,O, and different parameters of MP gel in this study. The results showed that
carbonyl content steadily increased with H,O, concentration, increased from 1.17 nmol/mg protein (non-oxidized
MP) to 2.82 nmol/mg protein (20.0 mmol/L H,0;). With increasing H,O, concentration, the whiteness and WHC
of MP gel decreased significantly (p<0.05) (89.89, 64.17% respectively for non-oxidized MP gel, 87.35, 54.77%
respectively for 20.0 mmol/L H,0,). The texture (hardness, springiness, cohesiveness and chewiness) and shear
storage modulus (G') also attenuated with increasing H,O, concentration. The SEM results demonstrated that
oxidation of protein could significantly affect the microstructure of MP gel. The non-oxidized MP gel exhibited a
compact and homogeneous fine network microstructure, whereas the oxidation process produced empty spaces
and changed the compact and fine gel structure to a coarser network, and the effect increased with higher H,O,
concentration. The low-field NMR relaxation measurement results indicated that the oxidation degree of protein
had no effect on the bound water (7,;) of MP gel but had significant effects on immobile water (7,;) and free
water (7,3) of MP gel. T,, water content (Py) decreased with increasing H,O, concentration (94.03% for
non-oxidized MP gel, 91.16% for 5 mmol/L H,0,, 88.14% for 20 mmol/L. H,0O,). T3 water content (P,3)
increased with H,O, concentration (1.37% for non-oxidized MP gel, 4.25% for 5 mmol/L H,0,, 7.56% for
20 mmol/L H,0,). Taken together, these results demonstrate that with increasing H,O, concentration, some part of
the immobile water of MP gel shifts to free water, and the free water would become the potential centrifuge drip
loss. Correlation analysis results showed that concentration of H,O, was highly negatively correlated with
whiteness, WHC, hardness and chewiness (p<0.05). Based on the synthetic evaluation on the testing results of the
MP gel, it can be concluded that the ‘OH will result in oxidation of MP, and have detrimental effects on the gelling
property of porcine MP. Therefore, it is imperative to inhibit the oxidation of MP during storage and processing of
meat to avoid losing the functional properties of porcine MP.

Key words: proteins, nuclear magnetic resonance (NMR), meats, hydroxyl radical (-OH) oxidizing system,
myofibrillar protein (MP), microstructure



