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Progress in the Physicochemical Properties of Myoglobin and Factors influencing Meat Color Stability
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(1.College of Food Science and Engineering, Yangzhou University, Yangzhou 225127, China;
2.Institute of Agri-Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Myoglobin (Mb) is the main component of red pigment in muscle tissue, and its content has a significant positive
correlation with meat color. There are three main forms of myoglobin: purple-red deoxymyoglobin, bright red oxymyoglobin
and brown metmyoglobin. During the storage and processing of meat, discoloration is a common phenomenon, which is
caused by the transformation of different forms of Mb into each other and the formation of complexes between Mb and
exogenous chemicals. In this review, the physical and chemical properties of Mb, and the reported analytical methods
for qualitative and quantitative determination of different forms of Mb are discussed, and the factors influencing meat
color stability, such as storage and processing temperature, pH value, irradiation, modified atmosphere packaging,
proteins, enzymes, antioxidants and lipids, are summarized. Hopefully, this review will provide a theoretical basis for
the regulation of meat color.
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Fig.1  Structural schematic diagram of myoglobin

MasEaFEFREANLEA (deoxymyoglobin,
DeoMb) . AANAEE (oxymyoglobin, OxyMb)
FHYNZEE (methemoglobin, MetMb) 3 B, X
3 R 2 A A LA B4k . DeoMbH o8k B 1 DLFe™
P RAEE, HE6f AL AR AE, WEEMN
o, FEES T, DeoMbi 4k HOxyMb, k51 LA
Fe’ "M A, FoMmiEas s, N2l
ZLt0, OxyMbiefrFifr i 5 A M4 &g i, Wk
LE L DeoMb; X4Fe’ S L Fe’ T MetMb, 1A
R PR, MetMbTEE A SkEE I VEH T, Fe' AL
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o O FeM 6 MECALEE 5 COL G, W R
t, Hizfir#5Cor4art it 50,858, Fik
COHHH TR F . SCOMRAR R T
PR Fe s T LA RS B e IR B R A
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X FETHEHIALRBERG &b B THEREEEE
AR NIEENO, SR FEE G TR NO-Mb, At 2 k)
e, AR ES FEDREALGR. WA
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1 HER., REATRNPIAROMBRI R, IAR.
HEORERAG™

Table1 Formation pathways of myoglobin, heme, globin state and
meat color in fresh meat, preserved meat and cooked meat™
RS BHMARALE, dAMABAKE R b S ¢ 5G]
aalags MaERbER Fe P DA R
FRIAER A SN R AR (R A Fe'® bt K& fif
TRENAEN M EA5ENOS A Fe'* pri. P )

©

TEEARIAER  ARIARASURRTRRRSS R P ki at
MAEA, ArMAEARERAMER

it G liGenenns ¢ P M e
TR mER RN RAZARSRIER Fe'! b Bt ROMIE
BifhaER MAZASHS. OfFf F© o RBEER R &t

HA AN E R EANAES ,
BAEG O GOBAARBEENN ROAR GEREE B &6

AaMaERfIER
AR MAERSHENHS. OfFH Rt IMBRTR &t &
Jit% NAEHSETENRS. O Kk MORER 1 REEG

VE: L REEREA.
2 NagsamWE;E

G NN IRAN QSR 58l W e Sl R W ) 3
(ultraviolet-visible spectrophotometry, UV-Vis) %, UTZ£L4MG
% (near infrared spectroscopy, NIR) . hi @ik, &k
WA e Chigh performance liquid chromatography, HPLC)
%y RS (mass spectrometry, MS) 5 J AL 22 AL B A%V
%o UV-VisZAEGR WA EIEE L, 2B
BAERIE . AR, (ERE S AR () K . Krzywicki!"!
JZHUV-VisfES72. 565 545. 525 nmAbill e ok,
L T I BV B A AR SRS S B AR B T R
K= EW T Z R A, ARZ T R LR T R AT B I AR
B, X5EKEEPERE S, Mancini " 700 j
85 4 WA R RN, 7EKrzywicki /7 FEI2EAE B, R
HUV-VisfE400~700 nm KAl 5 LA 8 H AL E 5
R & & . TangZ "7 Krzywicki /7 #2 (1 2L Atk 1% HUE
“rDeoMb. OxyMbAIMetMb 1) KR T FE, 80D
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[A it Viriyarattanasak 25" R FH 48 0~ 0] L4 o6 o6 B 1135 HX
500+ 540 550 nmi K E KR <gAe L rh 3 A A AL T
SWIOEE (DeoMb. OxyMb. MetMb) [H& &, &5
e T el E b rE TR .

NIR /%K Hy780~2 526 nmff) LY, J& TPk o
EiaY Rk N SRR S IR/l 2SS AR SIS T
DALt v FH T JLAE 2R A R SRS ARSI . NTR D7 A8
PR, mR LR, HRBUZER, HEAESRER
WU, BjelanovieFE!" A FINIR Z 7 AL, F e f- 1A o
WL E A RPRAS, B OxyMb. MetMbF1DeoMb [ #H %
A (R) . Mohan%:" 73 JiI | FINIR L4 ifi 40000 5 i2: 0
SR 43 60 B s O B h A= Y IR IILAL 2 1 UL I
AOE, AREY, NIRAZMANE %] LLEOxyMb
FDeoMb % . MohanZ:™ i & TR Z #E (frequency-
domain multidistance, FDMD) [{/NIRZH 23 ifi 300 5 v A1 53
FESEEEVEI E4 P [FI R AL 4 A B OxyMbATDeoMb &
B, JHEEMetMbI SR, R4 RS R 6 Ao
b, R HINIRZH S A Aar I 0 45 R AERf AT 5

F1 8 VL — A 2K T I A B AR,
AL DL SRAGIN A b R 2 2 VMR R . AR
BUALER . PR, iR El. RADKRAEERES, T
JE By A, AT SEIAE LA, (H WA R B R OR B R
B, WRICE RGBS BB G A A LA R
1L AGIE SR A5 B B W e b o ke R I 224 R
0l T B G ) e EAT e b, BSLIF R
e 3 MEANLEASERNAN, KLRERS
Krzywicki 7% LRI, HIZA Rt 5t 13 Fhéafbic
JRA VAR A& AN R Z BN, X 3R 2 K/NIF
MetMb>DeoMb>OxyMb.

HPLCHIMS¥I AT HI T E A M EN. 2 &N
€, MEWRE E, EACE BT ARG AT .
OellingrathZ AL HPLCAS I 26 11, A3 73 85 2 P B
WA E AR, JFE RN E A&
H. Yancey? " RFIHPLCHMT L R & &, RIMMLL
BN A HER R KR I . Kryvi%E TSR FTHPLC
W FEAS [F AP 2 3 0 (R LE AR 4E . b B] 2R 4E A0 3 ULER 4 v
WAL B W& &, RIS R 28 R[5 f 28 1 5 £ AN
[F) 21 4 ) (¥ LT 2 1 7 B 22 K . Kranen S5 R
SPHERR (LR S o O, I E RS LA L) UL
LA R . Mayr®5 ™R ) Z 4EB0OM VL 45 & it
F RS E T IS LT R S R . Watson 5@ L
MSHIHFRIC IR A=A JE . T RN 4 Tl 2R AT
X7, FERHUVLL & B BT & BRI, R %077 8 B s
BrREE i E B A .

AL B R EE S, DARNEEREE 1

AR ARSI 71, Tz 08 T A AR LR A I AN 4y
Mrep. AL E A PGE . R MRS, WTH
FHEFRER . Chen Jishun ) FHLLL 25 i Be 44
S E AR E T2 Mg RN, FEREAHE K
PR RE, RO AR AR | KRGS, €
B E . Ma Xiaoling 250 25 i Ak b T2 (1) 4 K
&Nk T (ND-CO-NH-CH,-CH,-N(CH,); ", QAS-ND)
EAAE BB LA (glassy carbon electrode, GCE) , )&
QAS-ND/Mb/GCE, f#lLAL & (A i P A Ce ) R 2% T 12847
HLTHRS, T ILAT 2R (13047 52 A 0. Sun Chong 25
ARG -F127-AudKh 7, H@aHFULEAE
BRI ) AL A R3S . E1-Said P k3 T AR gk AL
PR E S 1AL 8845 (Ag nano-pinetree film modified
indium tin oxide, Ag NPT/ATO) HKIThricLLL R (1% &
%5, Ag NPT/ITORY) v 345 br 2 248, Mg E s
AT DAL B B SO R A R . A ORI
IR ER S LR 2 BT R

2 NMakAaWElBERRE A
Table2 Reported analytical methods for the determination of
myoglobin and their advantages and disadvantages

Wy fa i SEY

UV-Vis  (UERERA S, BR(ERIT. BURIR FEA A AL ELIT L [13-16]

NIR hE, AL SR R, NERRERT [1921]

TEM R AT,

HBE S BHRY,

WAES, HTREMr

REOEEARALE, RRREMEE 24

HPLC, MS TETEAEREE R Dd@st, WoAR, ARk [26:29]
L T B HRmREEMESIL S
feise Bk, L HERG R e TR A [31-34]

3 mptREliER

3.0 RSN TR

MaEaZHhGE, REARKEZME, NHERE
MeRAE, MiMaREETFAh, FEUMLIERBEN
B, R UL AR AR MR S I R
PO KA K. HATHAT R, R N AR R,
X TR S RTINS, A
i Ca®) FRAG, =0 (L*) MEEFEEE (b*) THED.
Christensen R KR KBS M (low temperature
long time, LTLT, 48~63 C) A AR E &K
(Longissimus dorsi, LD) , KIBEERENTE, W
mmat MG, PIRERHTIREF G, WAL B AR
PERIE I, MRS T WAL AT . Becker5™Y
FALTLT (53, 58 C FAL#E10. 20, 30 h) Ab#jH
W, GiREY], BALFEREHL, Ma*fE58 Tk
EFEEAR, b*{ES8 CHMF Nim, HIE2 FHREETN, &
PR b B 5 B T F) 28 K T 7 o Sen % PR Al R ] 28 IR
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(51, 65, 71, 79 C) MEHMAE AR E TR
o, RIMERE S, NaEABHREEEN.
Garcia-SegoviaE "Il 5260, 70. 80 C4&1F Nk
He /AT 0 B B A B, B R B B =, DeoMb Al
OxyMb & & 41K, MetMb & &1,

Bk U B AN, T e R R G A B e AR K .
Li Xin%E 70 DF £l 0 e i B X 2 26 A P F o R i
M FE R ORI, 54 CREN 2E AR EL, 7E 230K S
(—0.8 C) WM EARDHEFMFERaErE, b
A AN HIMetMb R 2 . RosenvoldZE“ T 5t & 1,
— 1.5 CIik1 M ERI L2 C4&4F T I o 5 &,
B R e, X2 T IR 2 B i MetMb 1 TE
BRI IR A R R E (—20. —40.
—80 C) XX AT R, R IR R R Ry, L
R, ax T REEIR, RIEA R TRV E A A
1k
32 pHIH

pHAE X VAL B B A A E 252, B I A TE
JESEJa T AR ER, SEARERTRME, pHE
NFENS.6L A, IR RMIEE . [KpHIE (pH<5.4) W
FRINA & A 5 2 AR, X2 B TR pHAE AT Jk 55 WL AT
HAPMAORSHREAMWLSE S S, NnRI A E A A
M, JosephZE R, KIS HLLT R A AR E MR
WA A E i, X e 5 KAGH I RpHIE A 2%, Mancini
SO B FUARAIE B, AR I pHAB 45 1F R S A A
HA MR EME T & . NerimetlaZsis I Hfb 5 12 1
FR N A pHABL 2618 R A AR UL 2R A 0 T 3 3R R 4857 A
71, RV mpHAE K I MetMbid 5 3 E A OxyMb & i
R . Fletcher5 " 71 A X Hii PR AT 2430 i 1) 22 (1]
ARG VE R B, ERpHIE 54 Wa* 2 B3 IEAHE (HH
XK HZHr=0.352, P<<0.05) , H5b* (r=—0.221) FIL*
(r=—0.771, P<<0.05) ZEMAHIE, XA FIHF 745 LA
[F], H A pHIE 5 A R RE RS ELAE R/
3.3 IR

T RE K P T e T, AR — T B A R
b )EY EHEMREH, SR EEHOxyMb
i, ISR R’ FFe’ T # A, a*RMK; MW E
FOMetMbIt, a* 0", Nam25P" LB, 2t 4R
Ja KIS B A I a* bR SN R, HEEEMET
RSB N ax LA SR T R, X R B TR AR
CO, W S5ILLEAKEB LA MCO-Mb., [FFEDu%
WAIE B A 48 26 A T a* A 0 JiR BRT AT R 4 R = A2 CO .
Nam %W i 48 SR B A W, RIa* R, L* b
Tt 25 PRI 6 DB 21 65 7 70 R 2, T 4 A B fE A
S PRI = AR €, 3 AN TR P D DR T A A 4 A
MAEE S ERBNMER G, WEHER, B4 m

CO5 L2132 526 W0 A LRI R 8 0 V2R PA) 24 1D 5 203k P
/o Li Chengliang %5V FI AN 7] 4 5 71) 525 JE 55 0 K 24 i)
RN, BEFERM, BEfEd e (5kGy) FRIRa*
w, bRRILE R R A R EAR, BRfES R (3kGy) T
a* BN
3.4 R

WAL B B I 40 & 2k BE % 50, CORMINO%ES
AT RSN % A9, HHOxyMb. CO-MbA
NO-Mb#y R EEHE 27 ¢, R I 48 < 4 5 303 B
%% (modified atmosphere packaging, MAP) 7|+ fif
VAL IR DR BRI 4 € 0 MAP R ok 25 BCBE 480, 256 P A< 2H B
AT S K A 5T 30 0 — Al s 7 ik p — R 2
HAA (vacuum packaging, VP) , ERELIEL
TR MAEDEK, HFRNBEE T RAMED
AR, WHNIZE AR S 0,46 T A & A&
F, PLiDeoMbHIE R BB L b, Rk, #ERR
D EETRETEAK. MaAS AL Chigh oxygen
atmosphere packaging, HOAP) ] DLZE K & P ) 572 28
W, 20tk HOAPEEIF MM H &N, W
1E80% 0,F120% COJRASM (KT2 CE&AM RIS
TR Kik6~10 d¥7', HOAPE Al TH AN E G
MR, D P RE AR R 41 €0 . Resconi Uk 2R HE ik
BAEO, LB 4> 5 N50% . 60% 80%, CO,LLHIE &N
20% A P4 A8 d, RILS50% 0,51 T4
Hra* AR, 60%F180% O, %M Fa*iim, HATH ARG
LEFEARTREAAL, ZHTCIE I, AR A
A S = N60% . LukicZE "R 500, L6 43 N 75%-
70%~ 80%, H.ARLACO, b 78 FIMAPX A% HE (242 40 1)
oM, SEERR], 70% O,+30% CO,/E%E 5% 5k A 0 1)
FasE BB . B T O, MCO,MHE /S, MACO
FIa AR 2 M. CO-Mbfg £ H fMOxyMb[H
FERgEELr o, 17 HELOxyMbE A& &, {Hi2HTFCOA
AN, HECOH TaE—H&ZSW . Hitn
RI, (RKECOmEX AT EEAK, BASXA
Mt e ENY . B, CO-MAPALEE Lk i) iz
W9, JayasinghZE ¥ A HERIE - S % CO-MAPAE
P24 hfE AT VPEE:, RILAGERELER21 d, 1MM0.5%
CO+60.0% CO,+39.5% N, (0.5% CO-MAP) %
HERBE AN B EAREEA (h°)  (heRRRA
ORI AT R e A, HERR A G, SR 6
), HWEAE4ERS A . JohnZE LA VP. 0.4%
CO-MAP (30.3% CO+69.3% N,) 180% O,-MAP (20%
CO,) FAHEE R ek, SRERW, WME0.4%
CO-MAPHIAHEE B m ffa* (17.9~19.4) |« BURAIAMH
(34) JEEEHaf 4.
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PrAAT S — Rl RE NS 57 11 BR 5T A & (1 5 S5 S A T 4
iR, ARG AT AR B A A, TR R i i, £
i PUAAL T AT LU EE AL DeoMbATOXxyMb & %,
FHIMetMb I &, 980/0 8454819, MaioranoZs ')
UEIVER RAFIPI AR EEH . Kulkarni %556 BT L
R (VC) . B TIRANE (propyl gallate, PG) FI% %]
FAREUY) (grape seed extract, GSE) ACPHRHIINFAA: N
PR AR, R IIVCHIPGA L B fasE . AhnZEl"
UIE W GSEAL B2 1 & 2425 A EL T ik 3 5 1 7 18K /2,6 L
T H-4-H E KWy (butylated hydroxyanisole/butylated
hydroxytoluene, BHA/BHT) . &%k & FIFA R 5z HR LA
TR B AR EARIL* . b X E S a*, 3 HGSE
FIRA B 7 $ BP0 fi 7 242 PR 3 1 1) A 200t PR 21 €8
T B AREUY) (peanut skin extract, PSE) /& —Fifi%
7R, AT R AERE AP, B A R R A AT T R
Sk, DMRFRE A REEL . Yus Y 10.02% ~0.10%
PSEALF 5 HORE2F P K 40 . Neilson sV F 7 18 Bz $2 Ht
YIRS R EAT AL BR, AR S )RR S 23 ol AN RS A
R, HARMERIA AL, AR R R U A BRI AR
WRETEL, HEMABZRHH . FHEY (mulberry
leaf extract, MLE) tHFGHEIEME, wJiEEmbrdalt
B 514, Zhang XinzhuangZ5 "R B, AR 45 RTE VA s R]
a* N %, TRIMLER LAZESZa* I FEAK, toh, fE4R
VAP T A I, i FE MILE AL BB 1 4 R o 5 A I IR
ERAAE (P<0.05) « B4, KHrRmaEA
AL ATEIER, Horita87" )ik 24 7oA 75 i mF s i £
Kisi ResMoAR B dn KFR Ml ARSI I, R I
Wit KA A k. BT ESMmEN, BRAH
AACEENE, Ferreira "R AR FHEIUA X DL A 2
X PRDFREAT AL FE, R IS IR T SR B 1) AR XS PR B L
TR = e MBI, WAMEN ZITE, a4
IS, b*FhEn, hoBim, TS IR T S U IR 340G A DF e
WAL IFERC FIBEAR
3.6 JEBEML

I8 5L A G B B e R R B B R SRR A
B, FECEMPVE IR EVEEYRR, AR
B, BEE-AEHEYR. CEMAKRN, BRAtES
WAL B A BAR R, R PRI ™=, g, xFL
EARMMARIEERT . LynchE" WfF £, &
FKEA =R SMetMb R 7, FHFEKMetMb [¥138 Ji BE
Jio mUETERE, W4-FR%E-2- /A (4-hydroxynonenal,
HNE) , ¥ #BINEHENaELILNLGSE, SBIa
WA= REEH, Wit E. Naveena: ™ ) HTHNE
5NMaEamgaEmn, SRR, YpH{E NT 48],
HNEREW 5 L1 8 A 2 HE Rk FE His 64 1His 93234

&, HpHE A58 5 AR His 64N&, XA]
RE/E tHTpHIE 4581, 2 IR ik 2 B A 5 v 1 IE L AT
A ER . A SEU0H 5 A IHHNE 4 IRZHAR L,
RULAR ITHNE [ 5256 A MetMb & 2 8 i . X s g Lk
W], HNEE 5HA BRI INE, Nk 7 OxyMb
Ak, Grunwald %768 5 HNE X Mb Al g i A1k 15 5
S SRIe ORI, 5 WA S IMHNE )X FZAAE T,
HNEREH 5MbH 1 H & Rk AL 454, i MetMb
FITE AN G B A AL G & 42« Wang Zhaoming 25" 7T A
bt N e N S e ol | A WS S I = D = R =g & Wil
Z B R &R, RWEA A, WA S ZRRNY)
(thiobarbituric acid reactive substance, TBARs) {H
FMetMb 7 &34 BTG, WU & B 4 AR T )5t 20 4L
BA B AR G o 5 i 7 B 45 B 5 £ 1 45 8
R s B, BN REEES
OxyMb &R Z ML, 1M5MetMbF i 2 IEFIE, i
I RINE BAB AR E B EMK T HE, mT K
ARG R 2, i o % 8 1 o 4 A 1) 552 i 4
K, BT DL Ik 410441 i J5 S804 AN T A R il LA 2
HEML, BRaREasE.
3.7 MEKREERNEA

FLIR A MG B % = 5 0 Mk e R PR 0 TR T IR
(nicotinamide adenine dinucleotide, NADH) F§4=, TMNADH
A DL 5 MetMb A R, MM 42 i A € 1 A e U
Kim 2 4 13 54 2.5% FLER (K1 A4-HEW 8 14 dJ5 -5 e SLER W IR
ML, RILAH S L2 MINADHE A HEFI (A f e,
FLIR Y 7L R Mot S G 7 A s AT A B FINADH, #2551 T L4
HAMARE M. ManciniZE™ N, FLERER 1 AT LUR A
R 1 Sl 72 AENADHSN, 38 7] e H 8252 i JLAL 25 (1A 4L
WA ENE, FERH AR T AN E A BN E1X—
5. {HManciniZ* 17237 C. pHIE N7.4f14 C. pH
18 5.6 K FLER N A OxyMbAICO-MbR £ 3L, FLER I A A
5aEadming, AL nr Lo R4 Ca
FLR AR sl E o mRE . 8K GREILA
IR JREG) AUV B A #N P LR e M S R
Joseph M A e KWL (Longissimus lumborum, 1.L)
FE KL (Psoas major, PM) i ({ L3 & A 41
XRERGEE W, SREH, LLHTEERZ M
AMEOM S TFHE, RIEEPMAE R G, B
W JFE . VUG B~ B A4 T 0 P e 1R it S I o s 1
fRABE AW CIEE, Ha*ZIEMC, XA RR
AR AR IS, 1 A A -2 R0 K A R I AR R
A LA AN A A, AT AR E R . R
-27 kDa SRR AL LI 5 2 1 L N A B d ] RE R
Xof 2 [ 5T (A R4 4 R i A R PR 68 TR R ™. ARG
S RERARENE Y PSS CE )b
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Table3 Correlation between sarcoplasmic protein and color stability
in bovine LL™

W EA ek WERENESHE XA
JE Wi S5 fify ax 0.64
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