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tr, R SSERAMBER SR ORA BERE, HE
1A B SR A R R R 50, A I REXDOEI
IR AEON P AR, AR TG, B,
i w22 7 R AR N A R AR bR B ). BRI
FR AR E A A A AT AR T, S
THZ R, B H AT AR ST RS EE 0 Bz U )
BERAK RS . B, AT 2 KREEEA:
givglEn (UshdEa. NEkEs. MUEEED MNRE
A (HaEA. QeSS At l . Ry 2
AR, SR8 T EARCR R A A A 4 e i S
WA SR I 2Z2 57 B 1 S e 5 AL A A e e PR R R
W T AR, TR AR S U 22 5 B ik
177 e AN, X 5 2 — PR AT U A AT T
JEB, N4 Rt — R &R A AR T A AR AL AL A
RSy P &

1 FHMERNARNEME

it B R TR LA e O S E E i, &
BAFENERED. N3EA. NESEA. EVERE AR
WU 5. e B BIPER I, & n] ARE 5
WS ER s, X 3 FREFSEFE e T RIEET . o,
ST EVH 9 3 ARG (€ g 1V 2 3 A o )RR AR
FE, MTTHRE T 288 0 A il RS2 R B . DRI, 3l
15 4306 6 BE v Bl 22 T S B B R R ) e R AT I =
FH 15 B BRI R PRI SRR . I TIOW 25 40 A%
= F2ma Ho RTINS . DRI, Rk
JUL PRI R ol 25 Ha) 1 45 ) P B 1 1 AR A0 TT BB 2 5 e PR B
(E 1) o i, Hughes ZFI ANE 2R R, R REIFALILA
IR AT 7T, NS B 3 AR
Wi DG4 )ROSR B, IO e . [m]EF, UL
WP E HE 2 5 AR E A AR, sz
TCHI SR, AR AR . R, TR A
K ZRRIETRESEMBING, DAFREIMISEA.
JULER B AN UL B P 2 J e oW 46 ) P Wiz i 5 4 T )
BT P A U, AN [R] 43 S5 R FNAS [R1 T SR 1 UL
PRI HAFRKEED, k1 PR,

1.1 BlshEB

WMZENEE (Actin) 2 —FmE EATHEAR, K4
Jare AL AR, FEAMS T B BRI 2%, UL R
g frh A 22 i R B gy . WIBER A LU (G-HIL
FEE) MEREY (F-NEEE) FIERAAAE, X 2 FE
AE B B ge A T Tk FE ot 2 B R U AT
RIL, WLENEE AT G i SO e M HU s P, (R
[ L KA E AR,

HAEl, a-UlEIEA (a-Actin) 2EARHAFEH AT
ZoHf 2 10 5 A BRI g5 8 1 22— Gagaoua 21
YRS SRA S R T R KN E A AT T, K
a-NFEAM S EYS LMERIEMR, Y5 o*E, b*E,
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Fig.1 Schematic representation of the relationship between
structural proteins and the light properties when it passes through a
muscle fiber
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Table 1 Relationship between differential myofibrillar proteins
and meat color

R 1R N )i EPS
Dt MR b B 5% ik
protein Object  Correlation to meat Mechanism References
color
L* (r = 0.42%%),
ctog e @F (1 =-0.37%), a- LB B I R A
s e sen,  GEgSENE )
“jﬁﬁ H C* (r=-049%%%),  fk, W&
7* (r=-0.32%)
%{fﬁ L* (r = -0.73%%%) Kitik [14]
i s
> L* (r=-0.64**) FiHe [14]
St — AN FILEF e AR5
B | e A ILET 4E X
ﬁgf b* (r=-0.53%) FHARSHAEG  [15]
MAREE EER ave-oe, BRI
PAREE 2 KWL R630/580(r = 0.62%) I E
" e AR LET ¢ (A
ﬂjf%% /f' 1’*5)13& a¥(r=0.52%) KBMARSHME 5]
- 5

e BEMKT: *P<0.05; **P<0.01; ***P<0.001. L*AFEHE, a*hN
LIREME, PN, CrNEBARMEE, hRtfEm

Note: Significance level: *P < 0.05; **P < 0.01; ***P < 0.001. L* is the
Lightness value, a* is the redness value, b* is the yellowness value, C* is the
color saturation and 4* is the hue angle.
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AW - E AR AR O A RE TR PR,
VLT 4 I OM 65 M it 2 e A2 B 3 A8 Ak, T 52 M 6 R 15
5, BEMSA G . 1 Hwang 250 % BUE TS KL a-
WMahiE ARE RS LHMEREZE A, (AT T
Gt pH AR R A, RS T Re 5 IR RIARTE
Hughes 25121 A ot (1 IR 2 E 2 52 SUROW 45 W RO S i,
JUL PR 52 P8 T 2 S5 = B 2 Tl WAL 225 A o) o' 26 1D A5 SH A [) s e
0, AFENLLL S WUR 2452 2 8] S LA 4 2 1) 1) =5 B
o Bk, a-WEhE B 1E R I 2 S 0k 2 52 G 2R 1 B
SRS, LRI B R 0T B 2 A A (AR I
1.2 REkEB

BIERE A (Myosin) & 132 VLU 46 /Y 40 T ik,
HARMES FHMDMIERE A EEE (Myosin Heavy
Chain, MyHC) 4 AMJLEKEE [ 42 5% (Myosin Light Chain,
MyLC) ZH &1, S AA) AL 2T 4 45 b bR i 22 i R A 4
gy o JUERER I H A OR o 18 o 47 2B T VL ER 2 1 1) Sk 30
A 2% BB AR e A LR SR BB IR IR TR 2k 1E . B 1 %
MyHC 44 2 %4AFEM MyLC ER, 1 4 RNEAREE
(MELC, Myosin Essential Light Chain) , 3 1 24107
%% (MRLC, Myosin Regulatory Light Chain) ", &%
Wi MyHC Fik&8m, SULRERR 35%% 4.

T LBk E QR P RIEEARE, FEONEZEA,
ANEEAL R LA 4E R T RO ), Ak, A 2# K
FE AT T A4 8B 5 R o6 &Y,
Zelechowska 5L T PSE (Pale, Soft, Exudative)
TRAIE R R E AR, RIS E AT LR 4
ARZMNEREORE 1, MIREARE 1 KEES
bHMER GG MAETRILE, PUsme i A4 £ %
HIULEREE IR 8E 2 AIILEREE A48t 1/3 AR,
Hwang Z B, AR IIEREAREE 1 5 L+MEEE
FHAHIG, FRR LS TR DG I AE bR A
WA, (IR IR . Canto ZCFLAL
PeAHE B AR A AT T, RIUIERE BT AR 2
FMNERE AR 13 5 oMEEIEFHX, PERERRTR
2 5 R630/580 R IEAHK, I HARBLT N thfesE It 2 1) 4
He, WIERE AR 2 MUERE AR5 1/3 fERGafae
PAHER SRR . B, ARV AR UK
BAYURAR, M FE T A A A7 2 7,
1.3 AEXZEHS

WIBKEE 1 (Titin) 2 —Fiie B EEH M E H,
HEAE Z SAIIERE 2 (8], A2 LA P2 AR B ) 32 2k
JEPY. Huff-Lonergan £\ N, WLATESE f5 B 72
LR ER 1 B A Ao UL DR 2T 4 (O WAL R B BRI, 388
TP R A K s T, T G R AR S
Hughes 520N, WUBCER (PR, {3 ULS 27 45 1 5¢
B BIRIR, FRAK T UL ORI o T B 15D B A
K135 H X8 2 50 AL AR S5 R0 e 2R OB, L+ fE 3%
Ko M4k, Funatsu 78 FIIRT 70 PR UL A 5
SE X IR RS S 2 Mgl 2 M S, TR, R I e i vl
e SENIBE Agsran 2 b, &l o-WshEAEA
e, AT RZIR A R

PR G A AL () 2 1 2B 2 U e, R DA
SR AMREES L* a* bMEBFIEM M,
RIEEMNRN BT BN IREE . JFH.,
FEREE S5 B RO R L 2T 4 11 2 ) 25 4 = R 2K
ANTRIRE JBE 1R AR, S T AL i X it 28 1K) W WA AT
HE T 0T A 77 AR S o X Se B ST E S A AN LAD
B RE, 332 LA GOW 2544 AN ILER B 1 4R A
eI AN

2 REEXNAERFN

WIS & E AL B AR S v e R ARG S
BULSE AR 30%°. Hd, Z5ReRC RERE A
28 5 A €0 A e T R AR AL AR, T AR B UDaE o
i B WSS R R e N AR, 2 H AR
FE 1A T UL T 24 R 5 LI A0 B AR AR IR A (1 4578 ot
gb, WA B S5 HR S A R H A B 18] 8 R B A A
Pt fase bt 2 EEEAP . ik, IKEA
—HERWASEME S AN R ARANKEASA
BRRR, ITERCHE 255 R & A A0 Hot
1T VRS, JEIAR T RERR . A TR EAER
R EMERIER, Joseph ZE0AS T N B AR E A
A1 AR R LR B E R 2= 5, RILA
O fe e M KL AAGE SR B AL AR R A A L
WA AT E PRI . A, ISR E E e
HAEH R, BiffaE M MRA BIEFX. &
AEF R, [F— LA E AL E LR & A i H AR
ZE5p, AR RELAMI ) R B L I RS e, X T
L%, Nair P0G T A4 BRALAMI 55 P9 00 1 LK 28 1
JRAH, I E LN e 3 Tl e g il 1) F 3 A T
AMU (P < 0.01) o BRULEWFFLAL, U9A KEFEEXA
[F] A 25 A LR B AR AT T FE . BT H AT &
B R g R, REEREADRNAR, K5R0
MR E A AR E A ARBEEE . AGE R
R/ e
2.1 HEEASNGREMNXR

PEABEH (Chaperone protein) & —F0 1] LLERBh LAY
raa et Al R B EE R, B NEED)
BEAEB7 LB I 22 I e SR A o AR Th R S5 A, 4
FREE AR E, R A PRAYE. HAldE A Ay
W ORI PR e B A K. DI-1 SRS TR E
H, A5 aT DLd i 4 Hoth 2R B AR S, IR E
JRASPERT, N 4ERE A R0 .

.11 #tkankd

PR [ (Heat shock proteins, Hsps) , MFR#HN
WA, AR T AR B S A sud &E
B —RE AP, S ERULE, UM TR S B,
MU ) S8 SR I Hsp (& s n.  #uikoe 8 A
R AR LR T 4R R A P ThiE, 4ERF SR A
Joi RS AR M, SE 2 A P 5 KD K AR 2 L T R R
Ao TR GE I S 52 B B AR R A2, 1T AR
A RO B AR B R B s HEIR (R B B DL £F 4R 45
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FIRARAL, DR R 5 28 1 AT DA — e AR B R 4EFF
ke, R, PR 88 (AT AR R RN i A AL
BEIRE, ABTRENLCEAMEWEAMSER, it
T ARAIE Y6 28 038 b AR AS & A i s o2,

PR TEE A H AR RN o . Hdr,
3TN 604 704 90 A1 100 kDa [ HVA T8 8 40 IR A
Hsp60. Hsp70. Hsp90 A1 Hsp100; 14> F i AE 12~43 kDa
Z (81, SR R/ N AR 5E 85 (Small Heat shock proteins,
sHsps) PO g5, MVATEASS T HULA RN
P B A I FE AN AR T AR 19 T REB Y sHsps
AT LA 1k 7 e R v 2R R R AT I R AR, e Bt
T AEABAE A B T 4ERF A 4% € - Hspb6 (Hsp20)
J& T /N R A S, B0 AR IR B R R S
HRz T pH 1 F RS AIE AR AP, Zhang 2607
FLE 1 A E R S A H AR S i KL R A R AL,
RIAE R f2 e P = IR A H1 4R HE , Hspb6 RIA & I
W, ZIKR 5 Gagaoua R [HFFAH—E, X UiEA
Hspb6 A B2 0 WA E P A8 40 R0 pH B H T FEAH
W, EFRNURAAEEAMSEN, dmRERE. YusEl
BT R WU LA st B2 b 8 A B2 I AR AL,
AT R BLE T FE R, Hspb6 78 a*(EHE M S K
WIS, X ATREZ KA Hspb6 ] LAR{ R 14544
Gasz 300, IITT4ERE 7R UF I A ke e P BAR Hspb6
CAZRWEENSHOMRKZERES, HELEZmN
o k0E VR BRI i 75 20— 2P e .

EARAZFS TR, Ko FERNMRAEERSH
PIER AR AR AEE AR DG, Hodr, Hsp70 FRTEE A A
SRR 2 U K e N R B P, Hsp70 JE R
FH S35 5 10 B 1 o 1Ak T Ak 81 4 5 A R e AR
TEMRPER T, WURA4EE A MS BN EA
A REAS BIAE LR, (FNERE] T — RN,
Hsp70 F p-calpain F¥IAH BAE Bt 2 X6 A €6 72 A2 52
u-calpain FLAT /K fAREEH) A R/E R0, T Hsp70 w] LA
YERD TR S5 MR 1 %52 p-calpain WIFEAR, 22k
F p-calpain [RGB 16 A €0 & 2E AR i A2, 5T
Hsp- 70 {R37 4518 A 9252 p-calpain F#EFIHLH], Carbone
SN, s )E, B B A e 2
i Hsp70 %Ak . 1M Sahara ZERF 5PN R I, fEMRE S
Mo, FRIEMLIY Hsp70 /& u-calpain )3 2R
Ik, Gagaoua ZE!"IHEN], W IXFhIRFBAZAET WA,
RIVLIAI Bk EEAL 1) Hsp70 ] 4 p-calpain FEfiE, B4 Bk
Btk Hsp70 & & 3G I LRY 5544 88 1 %52 p-calpain [
FEfdE, MM IE SR (0 2 RYLR £ 4 25 1 250 1 A8 4k, it
HEERT (R2) .

2.1.2 1¥48%& 4 DI-1

DJ-1 & —Fh 58BN BECE R EIEEE . WIEME
DJ-1 BA ORI 41 B o 52 S8 A ST BE 1 BYCE 22 20 a3 1
(RE 77, AT DAk A B AR I Bt SRk 2 1
T, DI-1JEE HABTE IS - Rl 5 RN A
Y, AE AR R AR B AN AL R A SR SR LE B )
R RIEERWH, HR AN IZEARRES NG

FEARE . Yang SR, 7EAPIABE (5 d) B,
FHEET CO RftEs, SRR mH I DI-1 ik
&= R, X AT RE R A O B R R B RS
FAC N AR & B TR 10 d I, AHEECTA
RE IR CO A4, (UAIIE] 1 Fh DI-1
EAEEARIRARES LR, 542 F DI-1 EREHER
BTN M E 15 d RS A R I, A
AR HE DI-1 iR o* B3E fUAHK, 15 MRA &
JE AR IEARSG . T Wu ZEI3 T 25 1 2 BE UL HE B
FARRI, FEE A HEBART K, WK E R AF
DJ-1 [REE 54 o @M MRA 25AH5, 7TLME
SN PRI 8 B DA B R £ ) — ANV CERRiC4 . Yang 251
ARSI A, BAR DI-1 7RSS ik
wmo B, EEERPUEIR I E N E R,
B ARSI N B IX A E A RIAEMN LIHEE
FE S H R R RS F o, BrAnTse s I SR IA
B a*EMH MR F MR 11 Sayd 2275605 2 ALY
WK F R BT T 7081, &I DI-1 8 HISTE Sk
PIRE R I B RIE, AR AT RER R RAE S 5 2 EIECR
AL, 6 A N B A, (B TR A A
MIEBERIEE oA KR
2.2 KRiEASHEREMNXR

K& 5 Ja e A 1 26 AN B 35 ] 8 7 Hh g2 i UL
I pH B At A € ) QTS T DU I BRI pH
A E AR (T RMENE) , 75 R R
R ORIEEEEAY., REREY, WA, BEH
1. SERBAMAERRSE, = 52k & R 9040 BLARE
R, 8T i R MR VS — 4% B R (Nicotinamide Adenine
Dinucleotide, NADH) 3% &I 4h78, K MetMb it ,
HET st A ), S S AT 2K o A 35 L Il S
e ot U LR A A A P PR T 55
2.2.1 FLBAML A

AMRMEEE (Lactate Dehydrogenase, LDH) J&4%
Wk R E N, NN AR e RB EEEM.
NADH s —Fhii a4 7], o] LR R %0 B 7 5 4t i )
TEEAR L, (23 MetMb (138 J5 A1 pH B I BEAR, (R
YRR B L T PR B A S 5 ALER-LDH R4,
Ae A FLIR F Ak N I B R 28, AT I NAD #:4kN
NADH™, 7EZ)#) 5% 5 % 41 i 4 () NADH JEAT 4078, 4P
FE¥) NADH A] F] T MetMb [ JF, - W1 o503 666 A )
Bt . Wu Z5E5NE b BT 70 00 980 30 P9 6 7 3 A= 2R LU
EARAMEN, KAARREWHEEE o EM
MRA {HERZFIEMAEG; (H2, %51 IE & FE
BRI ZE K 2T B s, X nTRe R TR % T
FLIR I R A€ PRI 22, B A5 W T ] (1) S 8 R v
S,
2.2.2 BABLABE

M i S % (Aldehyde Dehydrogenase, ALDH) F]
B Ry 573 AT DLOR A0 B G0 52 T B SE AL TEY) Clm] i )
BEVERSE Y, AR RE AR, R i S RS TR IR
FUS A= AN 4-F2 2 T M5l (4-Hydroxy-2-Nonenal,
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4-HNE) F1P % (Malondialdehyde, MDA) %57 =#[4fift, TR 248 i A RS 53 o
®2 FEERMNREASHEHNXR

Table 2 Relationship between main differential sarcoplasmic proteins and meat color

ZE R E R
Category of ZREH PSS R & Ha bR AR Bl 27 R
differential Differential protein Object Correlation to meat color Mechanism References
protein
AHEEKI  ERNEREHAHFPRIEAES  Hspb6 (1A M T M [33]
DRI E Hspbo  seas mricl. B 7F aMERTE S R b ek DIRETT CAORY B H RS2 05, A
KL T T 24 A (g [34]
o L L* (r=-0.62), e M {EL il A R B £ £ 5
48 SR Hsp70 Kﬂ%;ﬁaﬁ%%¥+ a* (r=0.58), ﬂW’F/J%%JHMﬂ%Eg;mE%x [12]
EH e b* (r=0.59), p-calpain (= 0.69) #-calpain i
FE KM *(r=-0.015%* 4
o ‘ *(: o " Du Rk ”
DJ-1 L a = o) I, EER S EFE, B [39]
MRA (r=-0.752) LS a R
TR 18 LHMEBARII A P RIE & & [27]
o Fih S a* (r=0.795). HEALFLER AT TR 35, K NAD”
LB NG AL MRA (= 0.802) #4t4 NADH, Jil F MetMb FiE 5 (391
AR AR e R R Rk R E FIBLE A £ 5L [33]
FH RN MRA (r = 0.047%) [4]
g MRA (7= 0.82). R630/580 (=
A2 L 072) [26]
AR ERGRENSHRREE RS dRaREE L ERRIEM, " [5]
WL s AL JE B A A P LA
R KL a*(r=0.72) FIUER, (EHLER M 750t 90 [6]
ANRIEELNL MRA (0 085%) [40]
R TE L*E B I A R KRR B [27]
AR ERGRERNSHR AR S [4]
AWK a*(r=0.55), R630/580(r=0.54) [5]
PR ATFRKN. B a*(r=-0.891), HRGIRPRAEL R, 1T (41]
PNl MRA (r =-0.561) —HH
" a*(r=-0.869),
R MRA (= -0.552) (391
g 1 MRA( = 0.88), R630/580(r =
LGl T U LR 0.63) ST B AL RO 1 L6l
JE q—ﬁﬁﬁﬂﬂ.\ iz a*(r=0.875), 1, 4EFFRafae
FAIE R PNl MRA (r=0.742) [41]
LH(r=0.754%), s e et
IR AR o= 0.647%), AL HALBLELE F [33]
ONR fh, gERFRI
(r=0.781%)
. L¥r=-0722%), SSRGS
Prdx 1 KL a’;(’:=—70.714*ﬂ)<, LATLZ 2 A, [33]
(r=-0.73%)
FH KA R630/580 (r=0.92) [6]
Prdx 2 AL, B = 0.959%), R 2 40 LA
J@t%%i@?ﬁ KWL MRA (r = 0.599) (41
Prdx KL a* (r=0.46) [
A gEAn W, HRTk
Prdx 6 A R a* (r=0.035%) R [ﬁf;ff ST [4]
A2 L a*(r=-0.988%), MRA(r=-0.92) [39]
. - FE R a*(r=0.968%), o P
EEAYE SOD1 S MRA (- = 0.696) LRI LRI o 2 SE A5 R [41]

E: MRA AL E A% SR e

Note: MRA is the metmyoglobin reducing activity

o- % - O TR P i Z 8 ( Alpha-Aminoadipic
Semialdehyde Dehydrogenase, ALDH7A1) J& T i & B
FWe, B FEE I AR P AT AR R R A 4t
RN, MNMAERF N OREME. XMEESS TN

SEBRE AE GRS R B 42, IniE T NADH IR &R,
7 MetMb H1i5JFP?, Zhang 253 T B A AR H;
A H R B A R4, RIESGORENZS A
A4-HE, ALDH7A1 MRk & B3 & T8 A #4R 4k
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B H arx R R AR A2, X ALDH7AL [94)
Mg, DR BT A B R 2 e i A Ry 1 — 2P O
2.2.3 LB BS

WIES IS (Creatine Kinase, CK) Xt4EfF ATP-ADP
KPR R E EEAEH . BEENIAT ATP FIVEFE, WIER
BB AL RRRIIER A1 ADP #5400 NAIUER A1 ATPRY, LR
AN RARTTEA, 7 LLEEEERRA A D, e
HIEEAEY KRG h SR E A RENL, SRR @l
Lawler 2075 B B UL A SN VISR 72 7 LR B0
HHALTEBRAE 7, RIS B 1 B B ARG B 8K
ER, T AN B H BB RAE AR R, X
VLR A IR EA e . (B2, NIBRMEEE S
SRV AAT R A KR, Sayd ZHPVRIL, E LHEE R
FREAH, WIRRBEK G BIE 2, X2HT%ENA
AN, S UV A& A T K AR

MR IR EEE B OKAD 1 M ULAED
PRI, Hod, M OREE IR RERIE. fER
AR B B A = e, WU M AL O o B b
WM A . Yang Z5WHE T mA /A S Cco i
R EA A ER, KINIEREESE M 2R &ES
A-HE MRA B IEADE, Ff HAEB AR E R CO R
b SRS, XU IR BEE R E =GN, A8
THERNL R AL AL FARES IR E, dEmisE W,
RFEHBALAILAI S LR & A 1R K25 55 Nair 25261
PO T A= LA S A LR A s, R IR
Pl M BIE R e AR AM R s, RS
MRA 1 R630/580 £ 1EAAI, Canto ZCMHR I, ALK
s M BESIERENETRKIFTSERZ. BaKIE
FEPUE B AL A 4 R, AR, PR EE
TR JILET 2 10 VLR B 2 Nl TR LR WK 2 v 18 AE Ak
TURLEF 4P, 8522 BB ARG AT LA A2 58 Z LR, A
Mk WAL B AL, R s s P . 5 2 A48, Joseph
SR IE T EF AR E R KL, WURRISEE M AL
F R E T B AR E BN, FF R BN M A& &
5 a*E 2 18 2 A% . Gao 25105t /N € 2 (L AT 1
7T, RONWIEREEE M 5 o*HM MRA ¥ 2 IFFR. 75
RIRHTIA, WURRTSEEH AR R A AR, 4EFFNILIA
WERAIE TR R EOFRE T REAE it R RE G, PRI A
PRS2, SEUNRRBIE A, A8
WSS X 15 B RIS 4 A e e 14 7 T L
ARRER, CIEE BN NS £ .
2.2.4  AERBIKE

AR (Pyruvate Kinase, PK) J&HEBEfRIEIEH
M5 JE— i, R RN TR PR IERE, X ATP /K fE
1 ADP [ A B E N . ShYIRNAELE 4 P BA
R S T T T R A ) T, A ] AR R A T A
] LR 7 SR IR IR 3 0 225 D,

H 1 O A B 7T R IR B R T K R IS B 5 4R A a*
ARG, (HHATaE F s R fa A A FI 719 . Yang
S T R E L AR A R AL, R T

BRER CO RRB R AHE, Wt E AR
AL 1 A e A T R Bl 1 208 B 1K« [ 4L, Canto
SEBIL T ] — B A (A 2F HEAE FE s I 2 op (i P e AR Ak
RO e M2 E R e e AR HE R SRS, I
HA5 a*{HH R630/580 5 IEAHE . X L8} 7T 5 B DY AR
Mg ] REAE SRR (e M A BURAER . #8110, Wu
AT ot 5 G 8 24 RO S TR) A7 PR £ 2 1 R A 3k AT 72 15
HARR MG, HARIES SRR, TERRRE
iy [ T ARIA B o EM MRA 20, Wu &0
157 — IO S R I T RAUGE S, FEARHER I T R
WG ) RIEE S o EM MRA B, Ui
& IR ER SR IA = B, AR R R e AR 2
(Rl 0k, A e g B0 24 PR PR B TR S e AT SR A AE S
E4 G W T, FRATA 25T e TE 2 Byt FUif e T4 I
FR 0T P ) e, ) BH 2 ma LA o

H ERANETT S H, AU S T 2 b 2 52 I
a*{EA MRA, {H HH TAS A b3 75 3K DA R AN [F] 0k it ] 550
Xl ) ek A S, DRt A, T TR R U
g, XFPI RS R A B S8 . RISk AT BLLA
WAVIANR, 5B AR T, A Eid e
AR S S B ERERLR, MmEE—P
i Aff e K A R A €8 PRI AF D A2 o
2.3 SHUTEMEAGREMNXA

AR JFE R AT DUEE S 5. =g, Ml
T2, WD EARNIE, AR R AR FR S AR E
BETT4EFF LA 8 A S5 MR AR e 20 i T R D% B R 2%
WL AR IR HY B 2 R I BM AL J5 B ( Mitochondrial Peptide
Methionine Sulfoxide Reductase, MSRA ) F1 P i R it & B
(Pyruvate Dehydrogenase, PDHB) [&is® 5 R H %)
AHK

MSRA Fe M A0 8 5T H AR A 2 BRI ARG 5y PR 2
. EHLEE T, W IRRE A PR
A 2> 5 00 A 0 R e A B DL LAt 7 XA R B s D e 3R
ELIOO, B R R R AR A . E N — R B,
MSRA A DAE A3 14 480 bk R G — 3 2 Sk R4 2
G2 B, 1% RGBT SA AT e B B A
FAU, Joseph ZElV K IR TS fe KWL s i 2, MSRA
5 RKIMRIAEREME (R630/580) Fl MRA 12
FIEARSC . Wu SR 9T T 52 I I 1) 15 B JULRE & o
MSRA 84, KIEE a*EHA MRA 2IEMK. 4,
Stadtman 25£*H)\ Sy MSRA &% 5 7 i S ALIE JFL & [ i R
TEEE AR, o AT i AR E AR,
MI4ERE R Fa e . Kk, MSRA it &R AT PARY
AR 5 B AR E AR S LR B e 2 S A

PDHB fefiAb P ERER F5 40 L kAl A A 440 mx
FIHERE, RIS RS R R R R, A1
N NAD'H) &5, NAD' "] LUEd NADH (#1774 fFR—
FPrEALF], NADH SiEtEsE kA RN, Jb T &
A4, BET4ERRafeE D), Zhang SR K
W, EEEKIEDAINS RS, WA g W
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R RILBIRA S L*, o, bHMEZIEME, 5 MetMb &
BRI, mILAT W, PDHB ik & (58 hna] DUk
W T RE B S E S E A A, AR
NADH =4, PEEEIE.

2.4 TEHYEBERABREMMNXR

B AT T4 AR I s ) g A e R e v B
BRI, HRT, % R I e A e e M 1 R
AR R Z A PLE . B4k, Baron ZCLE AL AT
LI P 5 B A A AN B S A AR 2SR R B R
A, PR RGTERRT EREEE. R A%
FACNHAE R A R X TIEERSIY, 2452 BRI,
A AENLRIR T LA S REEE R S R, ERAm
IR JE K T4 . SR, 7EShW R 2 JE IR LA /INF
BT HUADUEACRE IR, B HH 2R LA 4 B P Al A
FEREER N, SR G EEZEAE 2, Wik, 45553
M EHUR N M PTR R R AT R B e LA E
EH
2.4.1 H8fLE RBE

W E AL RS (Peroxiredoxin, Prdx) N4 B A
TRy Thae, EERP T RE, LELE AR (K AR 40 i
ToRRA . WA, 18 A A B ILEF 4 Pk i Ak
VIR SR B0 A7 2519, 2420 i 52 B AL BB, 2B
A IE SRS B E A, R A R G s SR A A A
ot A A SR A4S 6 4N R 3 Prdx 1. Prdx 2. Prdx 3.
Prdx 4. Prdx 5 fl Prdx 6. EAIMIMEANN FLENEAES
AR IR, A BT i AN, R AR, v
MzEZ R R 2 51,

WFFE R B, oL S8 A 3 i T 5 #2250 5 5 1A
ke gt BA R4 ER . Zhang ZBIHT T E B, Prdx 1
5 Prdx 5 FidEMABH E/ER, 58 0E s gt
T2, XA FT R JEIRE R, AT A o AL
AEASMN, HFRGREE. Prdx 2 X AGREE S
{5375 F - Joseph 5LV BLAE A HEM B b A2, Prdx 2
EE R E A HER & &S, H S R630/580 2 3% 1EAH
Ko HZ ML, Wu R B K LR e fE
Prdx 2 5 o*(H 25 F A, XU Prdx 2 fE4ERF N
JAT R AR AIER, XATRE& M T Prdx 2 AT LR
J i A, TR 20 P 4 52 S8 A B2 [RJB) Chevallet
RN, EEAEFESFEF, Prdx 2 HRITE AL S
AL, [EErDIE S (nmEEEA) BE, J
I, BRAEUEE ATENLA I R IA 2380 Prdx 2 1
B, dE—SHem T AR A0 i G 52 AL B T RE
Prdx 3 )& Tl A IE R K e, & —Fh 2 5T ek
A HR I SRR AR I RE AR AT S 52 SR Ak I T AL Y,
2 LN — — AL B SR B R SR, DR
SRR A R AL O, LT Ret S m BT
W FaE, 15 H T A WIRIE .

EEHATR TR h, T2 R Prdx 6 5
WA AEAE R S, SRTTTAIT 98 45 S 2048 1) P A A A 1
Ji 1. Gagaoua 2" 78 7 452 5 24 h 4 [ ER 19 5 41 %
T EREMKR, K Prdx 6 5 a*H 2 IEM K. Yang

2 B Prdx 6 7E RS E 1 CO A - Hih Rk &
W, XA BT WY NADH TR CO AL 2E it
SRR R IR, S8 T ixBRAF TR AREME. E
WHEEERITHRAER, Wu PRI Rl +EE
PO L Prdx 6 5 o*(H & MRA 2 FAHK. LAk,
Wu ZEBNE KRB Prdx 6 BT FE SR H 2 R I N 4
(Thiobarbituric Acid-Reactive Substances, TBARS) =
TEAH 9K 32X W] B A2 DA O S84 RLSORT 5 5 PIAE S5 st
FEH = AR I AL )8 i I, 1% L il — 7 T AT DAYsk 5 R
Ak, B — T LS LA & e S S ECER AL B TR 8
W, FEARILAL B B A AR R, AT 93 22 PRI 1 A8 £ 3
QU2 R, Y2 E N Prdx 6 FIEEALERWEG
o tE N —ANBETR A, (HE B RUVA FF
T

R bR, kAL R I AT DR I o A,
g B A, ATTiECD i ot A S LA R B AL,
o P R e P
2.4.2 REASAHAHE

AN ALES (Superoxide Dismutase, SOD) J&
TR ER, W= E it fEd, R 4RI
W R EMERVE D e RAL 5 i i A 3 DA 3%,
AR =R A )il L R % S REEN O =S
I EG, 2 AR TR 1 A A0 AT S 2 P € A
A%, T SOD B PRI SeRifh b0 52 i ot ik S A A AV 1 28U 1
2, SOD1 (Superoxide dismutase [Cu - Zn]) f77ET
FRENIEN, S Ta T, RS MRS+,
Uilsel] SN F R A 7/ NS e R S L R f S = W e a1
MEME, BRNaOEANENL, gFRaierEl,
Wu ZEHU EL T8 K LRI K LLE i e R v i 2R
JRHAEM, &I SOD1 & EIGA S a*fH 2 W& IEAHG,
I HAEBEATROE B RNLH SOD1 Rik& M. Ht,
FEATAH AT LIRS SOD1 A A Fti A 4 8% € 14 1 —Mhs &
Y. AN, Gagaoua ZEPLAHEN SOD 7] g 5 HAh & 17
PR ST 1) FE R CRA 41 M 5 52 A ARSI, 0 PR 6
FA . HET AT A A B A 32 T Rl A
IR ES T ORI R, 2 15 A HoAth T ) s el A Ay T
W5

3 HE5RE

ARILERIR T I AR &R AR AL A AR R B 5 40
VA A= B PR PR € 4 O 11 22 57 B 1 B HL S A B A B e
KR FELERAH:

D AR RPN S A A R 2 2= 1k
SR A EEANRER. NshEAMIEER. X
E Y EEuy - ik S AN EE R0 SYIE 2y Pt
SN ILAIOS e 2 IR 2 S AR, TSR A £

2) EAFAS DM RIS A AR E R
AEEAHAER . BB, S F R Ay
i JF B RS AR ER AT U 4R B R AR E
e B R AR, T B T 4R A e e s AT
REZUEABRMENE . WM b JUURR A P FR R
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Blgs, ENTEZ MR AR ZLEE a*EA MRA, K&
Sy BE2E A AEAQS I AL ™ 42 NADH, A BT MetMb (13t
J, AHRAFRTZA T RA TR B, Hdt—DH
Fes AL i 2 T A 1 4 i o SR A AT LAL 2 1 4
WHERF AR E s 1 AR i g B 5 Oy 4
2o VRN A AN - R Sl A E S ViR

Rk, WA E A ZEREANILEA
PEBT IR HIRA0, 30 52 B S5 R R 1 2RI JUL DA Sl 4
PRI . SR, HATEE MR EREA SR
ORI AE S, MAREE A L S A TR
RFR; FN, MToSelfEREA, Mikd)Es:
Bk g AE— 2B e Hoe A e s ma bl . R, 4
JREMMEARAFRREEREAR, RN ERE
FBCTH IR SRS, BE— 2D HOxh A 8 2 M b i i
o JFEMEERY b, RIS AR S E R R AR A PR
ik, REAGRENE, POERIHEE AR E MEATER A
B SIIH B, R XGRS SR . T
H AT & AL 22 A A GO TR L Z 5 8 E . A a1
RS E AT o -DIBIE A AILER S [ RS 2 5
EARE, UAEEICREAFRMHAER. AHETSE,
LI SR i SR AN A SR M 2 I R 2 SR SR
ey QUE e R HANMIANER Sk S/ PN O [T
AT R A T I R 2 DL b 22 57 6 1 SRR SR R s A B P £
fRE . PR, TR0E B ZE R R MR T IR IR R
SRR —NEEES . 4R, ROBRILHE %,
S A C T B SR R AT BEAN PR TS0 R B L, IR R
FHEAVS JEABIRATT I

(& £ XX #l

[1] Suman S P, Joseph P. Myoglobin chemistry and meat
color[J]. Annual Review of Food Science and Technology,
2013, 4(1): 79-99.

[2] Hughes J M, Oiseth S K, Purslow P, et al. A structural
approach to understanding the interactions between colour,
water-holding capacity and tenderness[J]. Meat Science,
2014, 98(3): 520-532.

[3] Yu Q Q, Tian X J, Shao L L, et al. Label-free proteomic
strategy to compare the proteome differences between,
longissimus lumborum, and, psoas major, muscles during
early postmortem periods[J]. Food Chemistry, 2018, 269:
427-435.

[4] Yang X Y, Wu S, Hopkins D L, et al. Proteomic analysis to
investigate color changes of chilled beef longissimus steaks
held under carbon monoxide and high oxygen packaging[J].
Meat Science, 2018, 142: 23-31.

[5] Canto A C, Suman S P, Nair M N, et al. Differential
abundance of sarcoplasmic proteome explains animal effect
on beef Longissimus lumborum color stability[J]. Meat
Science, 2015, 102: 90-98.

[6] Joseph P, Suman S P, Rentfrow G, et al. Proteomics of
muscle-specific beef color stability[J]. Journal of Agricultural
& Food Chemistry, 2012, 60(12): 3196-3203.

[7] Purslow P P, Warner R D, Clarke F M, et al. Variations in
meat color due to factors other than myoglobin chemistry; a
synthesis of recent findings (invited review)[J]. Meat Science,
2019, 159: 107941.

[8] Hughes J, Clarke F, Li Y, et al. Differences in light scattering
between pale and dark beef longissimus thoracis muscles are
primarily caused by differences in the myofilament lattice,

[11]

[13]

[14]

[15]

[19]

[20]

[23]

[24]

myofibril and muscle fibre transverse spacings[J]. Meat
Science, 2019, 149: 96-106.

Hughes J, Clarke F, Purslow P, et al. A high rigor
temperature, not sarcomere length, determines light scattering
properties and muscle colour in beef M. sternomandibularis
meat and muscle fibres[J]. Meat Science, 2018, 145: 1-8.
Drazic A, Aksnes H, Marie M, et al. NAASO is actin’s
N-terminal acetyltransferase and regulates cytoskeleton
assembly and cell motility[J]. Proceedings of the National
Academy of Sciences, 2018, 115(17): 4399-4404.

Gagaoua M, Couvreur S, Le B, et al. Associations between
protein biomarkers and pH and color traits in Longissimus
thoracis and Rectus abdominis muscles in PDO Maine-Anjou
cull cows[J]. Journal of Agricultural & Food Chemistry, 2017,
65(17): 3569-3580.

Gagaoua M, Terlouw E M C, Micol D, et al. Understanding
early post-mortem biochemical processes underlying meat
color and pH decline in the Longissimus thoracis muscle of
Young Blond d’Aquitaine Bulls using protein biomarkers[J].
Journal of Agricultural & Food Chemistry, 2015, 63(30):
6799-68009.

Gagaoua M, Muriel B, Leanne D K, et al. Reverse phase
protein array for the quantification and validation of protein
biomarkers of beef qualities: The case of meat color from
Charolais breed[J]. Meat Science, 2018, 145: 308-319.
Hwang 1 H, Park B Y, Kim J H, et al. Assessment of
postmortem proteolysis by gel-based proteome analysis and
its relationship to meat quality traits in pig longissimus[J].
Meat Science, 2005, 69(1): 79-91.

Zelechowska E, Przybylski W, Jaworska D, et al.
Technological and sensory pork quality in relation to muscle
and drip loss protein profiles[J]. European Food Research and
Technology, 2012, 234(5): 883-894.

Clark K A, Mcelhinny A S, Beckerle M C, et al. Striated
muscle cytoarchitecture: An intricate web of form and
function[J]. Annual Review of Cell & Developmental
Biology, 2002, 18(18): 637-706.

Levitsky D I. Actomyosin systems of biological motility[J].
Biochemistry (Moscow), 2004, 69(11): 1177-1189.

Yu Q Q, Wu W, Tian X J, et al. Unraveling proteome
changes of Holstein beef M. semitendinosus and its
relationship to meat discoloration during post-mortem storage
analyzed by label-free mass spectrometry[J]. Journal of
Proteomics, 2016, 154: 85-93.

Gagaoua M, Terlouw E M C, Picard B. The study of protein
biomarkers to understand the biochemical processes
underlying beef color development in young bulls[J]. Meat
Science, 2017, 134(C): 18-27.

Bicer S, Reiser P J. Myosin light chain isoform expression
among single mammalian skeletal muscle fibers: Species
variations[J]. Journal of Muscle Research & Cell Motility,
2004, 25(8): 623-633.

Rivas-pardo, Jaime andrés, Eckels E, et al. Work done by
ditin protein folding assists muscle contraction[J]. Cell
Reports, 2016, 14(6): 1339-1347.

Huff-lonergan E, Lonergan S M. Mechanisms of
water-holding capacity of meat: The role of postmortem
biochemical and structural changes[J]. Meat Science, 2005,
71(1): 194-204.

Hughes J, Clarke F, Purslow P, et al. High pH in beef
longissimus  thoracis reduces muscle fibre transverse
shrinkage and light scattering which contributes to the dark
colour[J]. Food Research International, 2017, 101: 228-238.
Funatsu T. Elastic laments in situ in Cardiac muscle:
Deep-etch replica analysis in combination with selective
removal of actin and myosin filaments[J]. Journal of Cell
Biology, 1993, 120(3): 711-724.

Kim Y H, Hunt M C, Mancini R A, et al. Mechanism for



%16 1

R
PORIR A

o SR B SA A A A A A A AL AR 7 v K 2

291

(28]

[29]

(30]

(31]

[35]

[36]

[39]

[41]

[42]

lactate-color stabilization in injection-enhanced beef]J].
Journal of Agricultural and Food Chemistry, 2006, 54(20):
7856-7862.

Nair M N, Suman S P, Chatli M K, et al. Proteome basis for
intramuscular  variation in color stability of beef
semimembranosus[J]. Meat Science, 2016, 113: 9-16.

Sayd T, Morzel M, Chambon C, et al. Proteome analysis of
the sarcoplasmic fraction of pig semimembranosus muscle:
Implications on meat color development[J]. Journal of
Agricultural & Food Chemistry, 2006, 54(7): 2732-7.

AL, B, RALWE, S IR BUARER pH AE AR PIIUE 5
AR TR [T]. RS, 2020, 41(3): 260-265.
Kong Xiao, Luo Xin, Zhu Lixian, et al. Research progress on
underlying mechanisms of the tenderness deterioration in the
intermediate ultimate pH beef[J]. Food Science, 2020, 41(3):
260-265. (in Chinese with English abstract)

Gagaoua M, Hafid K, Boudida Y, et al. Caspases and
thrombin activity regulation by specific serpin inhibitors in
bovine skeletal muscle[J]. Applied Biochemistry and
Biotechnology, 2015, 177(2): 279-303.

Lomiwes D, Farouk M M, Wiklund E, et al. Small heat shock
proteins and their role in meat tenderness: A review[J]. Meat
Science, 2013, 96(1): 26-40.

Contreras-castillo C J, Lomiwes D, Wu G, et al. The effect of
electrical stimulation on postmortem myofibrillar protein
degradation and small heat shock protein kinetics in bull
beef[J]. Meat Science, 2016, 113: 65-72.

Taylor R P, Benjamin I J. Small heat shock proteins: A new
classification scheme in mammals[J]. Journal of Molecular &
Cellular Cardiology, 2005, 38(3): 433-444.

Zhang Y M, Zhang X Z, Wang T T, et al. Implications of
step-chilling on meat color investigated using proteome
analysis of the sarcoplasmic protein fraction of beef
longissimus lumborum muscle[J]. Journal of Integrative
Agriculture, 2018, 17(9): 2118-2125.

Yu Q Q, Wu W, Tian X J, et al. Comparative proteomics to
reveal muscle-specific beef color stability of Holstein cattle
during post-mortem storage[J]. Food Chemistry, 2017, 229:
769-778.

Mayer, Matthias P. Hsp70 chaperone dynamics and
molecular mechanism[J]. Trends in Biochemical Sciences,
2013, 38(10): 507-514.

Jessica M, Camila P B, Ryan A G, et al. Influence of
oxidative damage to proteins on meat tenderness using a
proteomics approach[J]. Meat Science, 2019, 148: 64-71.
Carbone D L, Doorn J A, Kiebler Z, et al. Inhibition of
Hsp72-mediated protein refolding by 4-hydroxy-2-nonenal[J].
Chemical Research in Toxicology, 2004, 17(11): 1459-1467.
Sahara S, Yamashima T. Calpain-mediated Hsp70. 1
cleavage in hippocampal CAl neuronal death[J].
Biochemical & Biophysical Research Communications, 2010,
393(4): 806-811.

Wu W, Gao X G, Dai Y, et al. Post-mortem changes in
sarcoplasmic proteome and its relationship to meat color
traits in M. semitendinosus of Chinese Luxi yellow cattle[J].
Food Research International, 2015, 72: 98-105.

Gao X G, Wu W, Ma C W, et al. Postmortem changes in
sarcoplasmic proteins associated with color stability in lamb
muscle analyzed by proteomics[J]. European Food Research
& Technology, 2016, 242(4): 527-535.

Wu W, Yu Q Q, FuY, et al. Towards muscle-specific meat
color stability of Chinese Luxi yellow cattle: A proteomic
insight into post-mortem storage[J]. Journal of Proteomics,
2016, 147: 108-118.

Thomas K J, Mccoy M K, Blackinton J, et al. DJ-1 acts in
parallel to the PINKl1/parkin pathway to control
mitochondrial function and autophagy[J]. Human Molecular
Genetics, 2011, 20(1): 40-50.

[43]

[47]

[48]

[50]

[51]

[52]

Zhou W B, Zhu M, Wilson M A, et al. The oxidation state of
DJ-1 regulates its chaperone activity toward a-synuclein[J].
Journal of Molecular Biology, 2006, 356(4): 1036-1048.
Shendelman S, Jonason A, Martinat C, et al. DJ-1 is a
redox-dependent molecular chaperone that inhibits
o-synuclein aggregate formation[J]. Plos Biology, 2004,
2(11): 362-384.

B, sk—8, AROLWE, & mEUH BRI HRA
R EMENE ARSI &R, 2019, 4003):
231-237.

Yang Xiaoyin, Zhang Yimin, Zhu Lixian, et al. Proteomic
study of the meat color stability of high-oxygen packaged
beef steaks during chilled storage[J]. Food Science, 2019,
40(3): 231-237. (in Chinese with English abstract)

FHIEAR, AR5, X%, S g4I B AR X A R oA
B BT EZ IR D]. ARl TRE2A4R, 2015, 31(16): 284-288
Tian Hanyou, Zou Hao, Liu Fei, et al. Effects of
transportation time and temperature on pig stresses and pork
quality[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2015,
31(16): 284—288. (in Chinese with English abstract)
Nikoletopoulou V, Markaki M, Palikaras K, et al. Crosstalk
between apoptosis, necrosis and autophagy[J]. Biochimica Et
Biophysica Acta, 2013, 1833(12): 3448-3459.

Dalle Z A, Remignon H, Ouhayoun J. Effect of feed rationing
during post-weaning growth on meat quality, muscle energy
metabolism and fibre properties of Biceps femoris muscle in
the rabbit[J]. Meat Science, 2005, 70(2): 301-306.

RIG TR, BATH, . BORARXT A K H AR E MR
FIBE SRt ). frahFlaE, 2018, 39(15): 247-253.

Wu Shuang, Luo Xin, Mao Yanwei, et al. A review of the
effect of mitochondria on meat color and color stability[J].
Food Science, 2018, 39(15): 247-253. (in Chinese with
English abstract)

Joseph P, Nair M N, Suman S P. Application of proteomics
to characterize and improve color and oxidative stability of
muscle foods[J]. Food Research International, 2015, 76:
938-945.

Collins S, Keeton J T, Smith S B. Lactate dehydrogenase
enzyme activity in raw, cured, and heated porcine muscle[J].
Journal of Agricultural and Food Chemistry, 1991, 39(7):
1294-1297.

Vasiliou V, Thompson D C, Smith C, et al. Aldehyde
dehydrogenases: From eye crystallins to metabolic disease
and cancer stem cells[J]. Chemico-biological Interactions,
2013, 202(1/2/3): 2-10.

Brocker C, Lassen N, Estey T, et al. Aldehyde dehydrogenase
7A1 (ALDH7A1) is a novel enzyme involved in cellular
defense against hyperosmotic stress[J]. Journal of Biological
Chemistry, 2010, 285(24): 18452-63.

Korzeniewski B, Zoladz J A. Factors determining the oxygen
consumption rate (V. 02) on-kinetics in skeletal muscles[J].
Biochemical Journal, 2004, 379(3): 703-710.

Fang Y Z, Yang S, Wu G Y. Free radicals, antioxidants, and
nutrition[J]. Nutrition, 2002, 18(10): 872-879.

Faustman C, Sun Q, Mancini R, et al. Myoglobin and lipid
oxidation interactions: mechanistic bases and control[J]. Meat
Science, 2010, 86(1): 86-94.

Lawler ] M, Barnes W S, Wu G Y, et al. Direct antioxidant
properties of creatine[J]. Biochemical and Biophysical
Research Communications, 2002, 290(1): 47-52.

Okumura N, Hashida-okumura A, Kita K, et al. Proteomic
analysis of slow-and fast-twitch skeletal muscles[J].
Proteomics, 2005, 5(11): 2896-2906.

Muirhead H. Isoenzymes of pyruvate kinase[J]. Biochemical
Society Transactions, 1990, 18(2): 193-196.

Stadtman E R, Remmen H V, Richardson A, et al.



292 Ak TR (http://www.tcsae.org) 2020 &

Methionine oxidation and aging[J]. BBA -Proteins and membranes and cell signaling[J]. Archives of Biochemistry
Proteomics, 2005, 1703(2): 135-140. and Biophysics, 2017, 617: 68-83.

[61] Vougier, Stéphanie, Mary J, et al. Subcellular localization of [67] Chevallet M, Wagner E, Luche S, et al. Regeneration of
methionine sulphoxide reductase A (MsrA): Evidence for peroxiredoxins during recovery after oxidative stress: only
mitochondrial and cytosolic isoforms in rat liver cells[J]. some overoxidized peroxiredoxins can be reduced during
Biochemical Journal, 2003, 373(2): 531-537. recovery after oxidative stress[J]. Journal of Biological

[62] Stadtman E R, Moskovitz J, Levine R L. Oxidation of Chemistry, 2003, 278(39): 37146-37153.
methionine residues of proteins: Biological consequences[J]. [68] Chae H Z, Chung S J, Rhee S G. Thioredoxin-dependent
Antioxid Redox Signal, 2003, 5(5): 577-582. peroxide reductase from yeast[J]. Journal of Biological

[63] Baron C P, Andersen H J. Myoglobin-induced lipid oxidation. Chemistry, 1994, 269(44): 27670-27678.

A Review[J]. Journal of Agricultural and Food Chemistry, [69] Mustacich D, Powis G. Thioredoxin reductase[J].
2002, 50(14): 3887-3897. Biochemical Journal, 2000, 346(20): 1-8.

[64] Gobert M, Sayd T, Gatellier P, et al. Application to [70] Gatellier P, Mercier Y, Juin H, et al. Effect of finishing mode
proteomics to understand and modify meat quality[J]. Meat (pasture-or mixed-diet) on lipid composition, color stability
Science, 2014, 98(3): 539-543. and lipid oxidation in meat from Charolais cattle[J]. Meat

[65] Lee K P, Shin Y J, Cho S C, et al. Peroxiredoxin 3 has a Science, 2005, 69(1): 175-186.
crucial role in the contractile function of skeletal muscle by [71] Merciera Y, Gatellierb P, Renerreb M. Lipid and protein
regulating mitochondrial homeostasis[J]. Free Radical oxidation in vitro, and antioxidant potential in meat from
Biology and Medicine, 2014, 77: 298-306. Charolais cows finished on pasture or mixed diet[J]. Meat

[66] Fisher A B. Peroxiredoxin 6 in the repair of peroxidized cell Science, 2004, 66(2): 467-473.

Application of proteomics in mechanism research of fresh meat
color changes

Liang Rongrong®, Xu Baochen', Zhang Yimin®, Yang Xiaoyin!, Zhu Lixian', Mao Yanwei’,
Zhang Wenhua?, Luo Xin'*

(1. College of Food Science and Engineering, Shandong Agricultural University, Taian 271018, China; 2. National Beef Cattle Industrial
Technology System, Zhongwei Station, Zhongwei 755000)

Abstract: Meat color is a major quality attribute that influences the purchasing decisions of consumers at the point of sale. The
stability of meat color gradually decreases after slaughter which then eventually leads to the discoloration. The discoloration
will result in lost value during retail display. So, the mechanism behind slaughtering meat color variation is always a hot topic
in the field of meat science which has been widely studied in order to improve meat color stability. Many factors from both
preharvest and postharvest can influence the color stability, including pH value, temperature, different muscle, package, lipid
oxidation, processing and so on. However, in this complex system, the inherent factors that determine meat color include the
microstructure changes and biochemical functions. The structural protein determines the micro spatial structure of muscle,
which affects the meat color from the aspects of water holding capacity, light scattering, and projection, etc. Enzymes and
chaperones in sarcoplasmic protein mainly represent meat color by maintaining intracellular homeostasis, and regulate
metabolism and myoglobin status. So far, the effects of many factors on meat color have been described in detail, and the role
of myoglobin in meat color has been much clear. However, the appearance of meat color is a complex biochemical system, and
there are still many unknowns to be explored. What happens to myoglobin and other functional proteins in this complex
system remains unknown. Recently, many protein markers have been found in the application of proteomics in meat color
research, and the pathways related to these biomarkers have been highlighted. However, that is still far from enough to clearly
understand the variable color changes. The complex interaction between myoglobin and other functional proteins or enzymes
are not fully understood. Therefore, the present article reviews the major achievements of recent proteomic researches on meat
color of the biological functions and further summarized the potential mechanism of fresh meat discoloration. The differential
proteins related to meat color were mainly analyzed. These differential proteins mainly include actin, myosin and titin in
structural proteins, as well as chaperone proteins, heat shock proteins, metabolic enzymes and oxidoreductases in sarcoplasmic
proteins. Effects of these proteins on meat color and its possible regulatory mechanisms were analyzed. The effects of
structural protein abundance differences on light transmittance, absorption and scattering are reviewed from a physical point,
and finally lead to the color changes. The difference proteins in sarcoplasmic proteins were reviewed from the perspective of
biochemistry. Chaperones can maintain the stability of protein and slow down the denaturation of protein, thus helping to
maintain the stability of meat color. Metabolic enzymes mainly affect a* value and metmyoglobin reductase activity. But due
to different treatments in previous studies, the results of some metabolic enzymes have not reached a consistent conclusion.
Further work still needs to be done to get the final conclusion. Oxidoreductases can maintain the stability of redox state in cells,
and then benefit to maintain the color stability. Peroxidase can inhibit lipid oxidation and then help maintain color stability. It
suggests that in future, protein biomarkers may be used to explain and predict meat color development. In this research, the
mechanism of meat color improvement and the regulation of biomarkers were proposed.

Keywords: meat; color; myoglobin; proteomics; differential protein; chaperone protein; metabolic enzyme
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