CONTENTS

COMERIES. ..c.eteeureeeieeieeteeteeteeteeteeeteeteenteesteenteesseesseensesnsesnseesseeseeseenseesseasseens ix
LSt OF TabBIES...eeeuveeieeiecieee ettt ettt et sae et eneeens xv List of
................................................................................................... XVi
Chapter 1. Introduction and Literature Review
INEEOAUCTION. ...cutieieeieieie ettt e e ne s 1
LItEratUule TEVICW ... eeueeiereereeeierieeeietesteseeeeetestesseessensessesnsensessesseessensessesnsensens 2
MeEat PIGMENLS. ...eveeeeeieeeeeieiereeseeetereeseeeeeeesteseeeaessessesseensessessesseensenses 2
Physical and chemical properties of myoglobin............ccoecvvveveerervrceeniennnns 3
The chemistry of myoglobin COLOL.........cciviriereririeiereee e 5
Properties of myoglobin in fo0d SYStem...........cevvvvrieriererieieereseeeeenen 6
Fish MYOZIODIN. .....ccuireieieieiieieee et 8
Characteristics of fish myoglobin...........ccccveeievivincienirireeeeeee 9
Autoxidation of MYOglODIN.......cccecvieiiiriiieiierieie e 9
Interaction between lipid oxidation products and myoglobin......................... 10
Effect of myoglobin on lipid oxidation..........cccccceeveereenienieneeneeeee e 11
Iron (IT) myoglobin-induced lipid oxidation.............cccceeveveerreeennane. 11
Iron (ITT) myoglobin-induced lipid oxidation..............ccceeveeverreneane. 13
Iron (IV) myoglobin-induced lipid oxidation.............cccceevevvrreeuerneneee. 14
Role of perferrylmyoglobin in lipid oxidation.........................
Role of ferrylmyoglobin in lipid oxidation............c.cccccvennenn.e.
Characteristics of dark muscle fish..........cccceveveriiniiinienieeceeee e, 16
Lipids in dark muscle fish.........cccccevviiiieiiieiiciecececeeee e 17
Lipolysis and lipids oxidation in fish muscle...........c.ceeeevervrvrecenne 18
Some factors responsible for lipid oxidation in fish muscle.................

Page

15

15

20

X1



CONTENTS (Continued)

TemMPETrature. .....ccovuiieiiieiieeeee ettt 21
NACL ettt 22
PH e 22

Compositions and functionalities of muscle from dark-fleshed fish....

Surimi from dark muscle fish..........ccccoviiiiiinininics 25
Some washing processes used in dark surimi production.....................
Alkali solution Washing...........ccecevvvervieniescienieeieeee e 27
Ozonized water Washing...........ccceveveeeeeriereseerieneseeeenieneens
Air-flotation Washing............cceecevveeienenieniereneneseee e 28
ODbjectiVes O STUAY.....eevvereirieiereeieere ettt eneas 29

Chapter 2. Characteristics and gel properties of muscles from sardine (Sardinella

gibbosa) and mackerel (Rastrelliger kanagurta) caught in Thailand

ADSITACT. ¢ttt ettt sttt bt et b e bttt 30
INErOAUCTION. ..ttt s 31
Materials and Methods..........cooeriririiiirineeeee e 32
Results and DiSCUSSION. .....cetirtiriririeienieeitetese sttt st 36
Chemical compositions and myoglobin in sardine and mackerel muscles...........
Nitrogenous compositions in sardine and mackerel muscles.............cccue...... 38
Effect of washing conditions on myoglobin removal and color of mince...........

Effect of washing conditions on gel forming abilities of sardine and
MACKETE] IMIINCE......c.eveiiieiiieicitceece e 42

[0} 1Lo] LV T ) s RO 46

Page

22

27

28

36

39

Xi1



(Sardinella gibbosa) and mackerel (Rastrelliger kanagurta) surimi

produced by conventional method and alkaline solubilization process

N 0115 ¢ o] SRR 47
15 (06 11 To15To) s WO 47
Materials and Methods.........cc.veiiiiiiiiiiiieceee e 48
CONTENTS (Continued)
ReSults and DISCUSSION........c.uviiiiiueiieiieiieeieieeeeeeeeeeeireeeeeeaeeeeesreeeesenreeesenneeas 53

Ca’-ATPase activity, surface hydrophobicity and protein pattern of

CWPS and ASPS......oic et 53
Myoglobin content of CWPS and ASPS........ccoooiiiririeeeeeeeeeeen 55
Gel forming abilities of CWPS and ASPS.......ccocveoiririreeeereeeeene 56
CONCIUSION. ...utiitiieteiert ettt ettt 59

Chapter 4. Changes of pigments and color in sardine (Sardinella gibbosa)

and mackerel (Rastrelliger kanagurta) muscle during iced storage

ADSITACT. .ottt ettt ettt sttt b ettt s be s enean 60
INtrOAUCTION. ..ttt s 60
Materials and Methods.........coeveiriririnieinineereeeee e 62
Results and DiSCUSSION. .......ccuecereririeieteenienteteeei ettt 65
Changes i PH.....coeeiiiieieieeee e 65
Total extractable PIgMENt..........ccecveriereeieriereeieiee e 67
Changes in heme iron CONteNL.........ccecveruererieriereeieieiere e 69
Changes in non-heme iron CONtENt...........cceeverrerererseeserereeeeeeseeseeneens 70
Formation of metmyoglobin............ccecereririerinieieeseseceee e 71
Changes in absorption spectra and redness indeX.........cceccevereeevereereeeennnne 73

Effect of iced storage on myoglobin extractability and color of washed mince.

COMNCIUSION. ...ttt ettt e e e e ettt e e e e e e s s nraaeseeessessssaaaaeeeeas 79

Chapter 3. Physicochemical properties, gel-forming ability and myoglobin content of sardine

Page

75

Xiil



Chapter 5. Changes of lipids in sardine (Sardinella gibbosa) muscle during iced stroage

ADSETACL. ..ttt ettt 80
INErOQUCTION. ...ttt 80
Materials and Methods.........coevueiririninieinnee e 82
Results and DiSCUSSION........ccueeriririeieieienierete sttt 86
Changes N PV ....oo.ooiieeeeeee e 86
Changes N CD........ocveiiieireeeese ettt 87
Changes in TBARS........oooiiieeeeee ettt e 88

CONTENTS (Continued)

Page
Changes N FEA.......oooiiieeeeee et &9
Changes in lipid COMPOSILIONS.......ceeveririeerieeieieriereeeeeeee e see e seeeeens 90
Changes in fatty acid profile.........cccccoviverieniinieieereeeeeee e 92
Changes in FTIR SPECLIa.......cccevirierieriisiieieieseseeeeie e see e eeeeens 94
CONCIUSION. ...ttt ettt st ettt be b st nee e 96

Chapter 6. Characterization of myoglobin from sardine (Sardinella gibbosa) dark muscle

ADSITACT. ..ttt ettt ettt s b et s b e bttt b eneen 97
INErOQUCTION. ...ttt 97
Materials and Methods. ........couerueiririnienieinereeeeee e 99
Results and DiSCUSSION. .......ccueceeueririeieieienerteteee ettt 103
Purification of myoglobin from sardine dark muscle........c..cccccceverininncnnns 103

Differential scanning calorimetry (DSC) of different myoglobin derivatives.. 106

Absorption spectra of different myoglobin derivatives...........ccocceeererreeenne. 108

Effect of pH on myoglobin stability.........cccceeveverircincenereeeeeee e 109

Effect of temperature on myoglobin stability.........cccccevevveecerieniereecierieens 113
CONCIUSION. ...ttt ettt 115

X1V



Chapter 7. Effect of ionic strength and temperature on interaction between

fish myoglobin and myofibrillar proteins

ADSETACL. ..ttt ettt 116
INErOQUCTION. ...ttt 116
Materials and Methods.........coerveiririnenieinineee e 118
Results and DiSCUSSION........ccucctriririeieieienertete ettt 122
Effect of ionic strength on the interaction between fish
myoglobin and NAM......cccoccveiiiiririeeeeeeee e 122
Effect of temperature on the interaction between myoglobin and NAM......... 128
CONCIUSION. ...ttt ettt ettt s be e e b nees 132

CONTENTS (Continued)

Page

Chapter 8. Effect of incubation time on interaction between fish myoglobin and myofibrillar

proteins
ADSITACT. .ottt b et b et bttt nae et 133
INErOAUCTION. .ttt sttt s 133
Materials and Methods..........ceouiriririiiinineeeeeeeeeee e 135
Results and DiSCUSSION........ccueceriririeieteienerietecst ettt 139
Purification of myoglobin from tuna muscle...........cccceceveenininenneencnnenn. 139

Effect of incubation time on bound myoglobin content

of fish myoglobin-NAM model SYStemS..........cccevvereriereenerereeeerieneenns 141
Effect of incubation time on metmyoglobin formation

of fish myoglobin and myoglobin-NAM model system............c.ccecvrereennne 142
Effect of incubation time on whiteness of NAM

and washed NAM-myoglobin model System...........ccccevvvrercierereneeieieens 143
Effect of incubation time on Ca’ -ATPase activity in NAM

and washed NAM-myoglobin model system.........cccocvevveviecvnceeicees e 144

XV



Effect of incubation time on SDS-PAGE patterns..........ccccceevververeeneennnns 145

CONCIUSION. ...ttt e e e e e ettt e e e e e e e aaaaaeeeeeeaas 147

Chapter 9. Interaction between fish myoglobin and myofibrillar proteins mediated by freezing

process and aldehydes

ADSITACT. ..ottt sttt s b e sttt sbe e eneen 148
INErOAUCTION. .ttt s 149
Materials and Methods..........cooeriririiiininieeeeee e 150
Results and DiSCUSSION. .....cetiieririeteienieetete sttt 155

Interaction between tuna myoglobin and NAM extracted from fresh and

frozen bIUETiSh........coeiiiiiiiiiei e 155

Effect of aldehydes on interaction between tuna myoglobin and

bluefish NAM....ccoooiiiiince ettt 161
CONCIUSION. ...ttt ettt ettt ettt sb e s 166

CONTENTS (Continued)

Page

Chapter 10. Interaction between fish myoglobin and myosin in vitro

ADSETACE. ..ttt ettt 167
INErOQUCTION. ...ttt 167
Materials and Methods.........coevueiriririniiinieeeeeeee e 168
Results and DiSCUSSION........ccuectriririeieirereeteent ettt 173
Effect of myoglobin-myosin interaction on bound myoglobin content............ 173
Effect of myoglobin-myosin interaction on metmyoglobin formation............. 174

Effect of myoglobin-myosin interaction on tryptophan fluorescence intensity.. 175
Effect of myoglobin-myosin interaction on Ca’-ATPase activity......cevevennen. 176
Effect of myoglobin-myosin interaction on reactive sulfhydryl (SH) content.. 178
Effect of myoglobin-myosin interaction on absorption spectra...................... 179

CONCIUSION. ...ttt et e e e e et e e e e e e e e e e aaaaaeeeeeeaas 180

XVi



Chapter 11. Summary and future works

01 10100F: D oSS 181
FULUIE WOTKS. ..ot 182
RecoOMMENAAtION. .....cc.eeieieiiciieieee ettt 182
References...........cooviiiiiiiiiiiii et e 183
VEEAC.....oiiiiiiiee ettt sttt s 203
LIST OF TABLES
Table Page
1. Proximate compositions of sardine and mackerel muscles............cccccvvvrcvenennee. 37
2. Nitrogenous constituents in sardine and mackerel muscles............ccccecevenuenene. 38

3. Whiteness and expressible drip of sardine and mackerel surimi gels
prepared with different washing media and heating conditions......................... 45
4. Myoglobin content of sardine and mackerel surimi produced by
conventional washing process and alkaline solubilizing process....................... 55
5. Whiteness and expressible moisture of sardine and mackerel surimi
produced by conventionally washed process and alkaline solubilizing process... 56
6. Metmyoglobin formation (%) in sardine and mackerel muscles

dUring 1CEd STOTAZE. .. eevveeeieiieriierieerieeieese et et steesteesteesteeteeeeeteenseenseenes 72

X Vil



7. Changes in absorption maxima (nm) in the soret region of myoglobin

extracted from sardine and mackerel muscles during iced storage.................... 74
8. Changes in lipid compositions of sardine muscle during iced storage................ 91
9. Changes in fatty acid profile of sardine muscle during iced storage................... 93

10. Changes in absorbance at 1, 741 and 1,711 cm’ of crude oil

extracted from sardine muscle during iced storage..........c.ccevvrveeeeveervreenenne. 94
LIST OF FIGURES
Figure Page
1. Chemical structure of myoglobDin.........cccccvevierienieniereeeee e 4
2. Tertiary structure of MyoglobiN........cccvevuievieiieiieieee e 5
3. Interrelationship between pigments of raw meat..........ccceeeveevieecieenieesieereeenennns 7

XViil



4. Absorption spectra of oxymyoglobin, deoxymyoglobin and metmyoglobin......... 8
5. Generation of HMM, LMM, rod, S1 and S2 proteolytic fragments of myosin.... 24
6. %Myoglobin removed and redness index of washed mince from sardine (A)
and mackerel (B) prepared with different washing conditions..............cccocu.... 40
7. Breaking force and deformation of gels from sardine (A) and mackerel (B)
mince and mince washed with different washing media and heating conditions.. 43
8. Ca’ -ATPase activity of NAM extracted from sardine and mackerel surimi
produced by conventionally washed process and alkaline solubilizing process... 54
9. Surface hydrophobicity of NAM extracted from sardine and mackerel surimi
produced by conventionally washed process and alkaline solubilizing process... 54
10. Breaking force (A) and deformation (B) of gels of sardine and mackerel
surimi produced by conventionally washed process and alkaline
SOIUDILIZING PIOCESS. .. eevevereieeieieriieiteterie st eee et et ene e eeeneeneenes 58
11. Changes in pH of sardine and mackerel muscles during iced storage............... 66
12. Changes in total extractable pigment of sardine (A) and mackerel (B) muscles during iced
1 0) 2T o4 OSSR UPRPR 68
13. Changes in heme iron content (A) and non-heme iron content (B) of sardine
and mackerel muscle during iced StOrage.........ccevvvereieeciircieerieeie e 70
14. Changes in redness index of sardine and mackerel muscle during iced storage.. 75
15. Changes in myoglobin extractability of sardine and mackerel mince during iced storage. The
samples were extracted with NaCl solution (A)
ANd dIStIIIEd WALET (B)..eceveeeeieeeee ettt et e e e eeeeeeeeeseaeesenee s 76

16. Changes in redness index of sardine mince and mackerel mince washed with

NaCl solution (A) and distilled water (B) during iced storage........................ 78
17. Changes in peroxide values of sardine muscle during iced storage.................. 86
18. Changes in conjugated dienes of sardine muscle during iced storage............... 88
19. Changes in TBARS values of sardine muscle during iced storage................... 89

LIST OF FIGURES (Continued)

Figure Page

X1X



20.

21

22.

23.
24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

Changes in free fatty acid contents of sardine muscle during iced storage........ 90

. Changes in FTIR spectra of crude oil extracted from sardine muscle

dUring 1Ced STOTAZE. .. eeveevieieeriierieerie et et esieete e esteesteeteete e e ebeeneeenseenee 95
Elution profile of sardine myoglobin on the Sephadex G-75 (A)

and Hitrap DEAE FF ion-exchange chromatography (B).........ccccccoevevevnnnene. 104
SDS-PAGE pattern of partially purified myoglobin from sardine dark muscle.. 105
Differential scanning calorimetry thermograms of

different sardine myoglobin derivatives..........ccceeveveriererereerienese e 106
The absorption spectra of different sardine myoglobin derivatives in

the visible region (450-750 nm) (A) and soret region (350-450) (B)....... 109

Effect of pH on the metmyoglobin formation (A) and tryptophan fluorescence intensity (B)
of sardine MYO0globIN........c.cccvrureiereririeiereeeeee e 111
Effect of pH on the absorption spectra of sardine myoglobin...............c.c........ 112

Effect of temperature on the metmyoglobin formation (A) and tryptophan fluorescence
intensity (B) of sardine myoglobin...........cccccveveivvereceereeinenennn, 114
The effect of KCI concentration on bound myoglobin content (%)

in a fish myoglobin-NAM model System...........ccceeeuveeiercienciieiieeieeie e 123
The effect of KCI concentrations on metmyoglobin formation (A, /A,;) in myoglobin and
myoglobin-NAM MiXtUIe........ccccerveerierierierieeie e 124
The effect of KCI concentrations on whiteness of NAM alone and

MYOZIODIN-NAM MIXLULC.....ccueervieiieiieiieieeieeieesie et sae e saeesreeseeseas 124
The effect of KCI concentrations on Ca’ -ATPase activity of NAM and
MyO0globin-NAM MIXLULE.......ccecverririeierieriieiesteneseeteeeee e e see e eeeenes 125
SDS-PAGE patterns of myoglobin, NAM alone, and myoglobin-NAM mixture

at different KCI concentrations under non-reducing and reducing conditions..... 127
The effect of temperature on bound myoglobin content (%)

in a fish myoglobin-NAM model System...........cceccervrierierereriecere e 128
The effect of temperature on metmyoglobin formation (A, /As,;)

in myoglobin and myoglobin-NAM miXture.........c..ccceveeererereneenenenennn. 129

XX



LIST OF FIGURES (Continued)

Figure Page

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

The effect of temperature on whiteness of NAM alone
and myoglobin-NAM MIXTUIEC........c.ccvereerieeneereerieneeseeneeseeeseesseesseesseens 129
The effect of temperature on Ca’-ATPase activity of NAM alone
and myoglobin-NAM MIXIUIEC........c.cceerreereeneenieenieseeseeseesieesseesseesseenseens 130
SDS-PAGE patterns of myoglobin, NAM, and myoglobin-NAM mixture
at different temperatures under non-reducing and reducing conditions........... 131

Elution profile of tuna myoglobin on the Sephacryl S-200HR....................... 139
SDS-PAGE pattern of partially purified myoglobin

from tuna longissimus MUSCIE.........cccverierieriieieeieeie e 140
Bound myoglobin content (%) in fish myoglobin-NAM model system during incubation at
Metmyoglobin formation (A, /A,,,) in myoglobin

and myoglobin-NAM mixture during incubation at F S 142
Whiteness values for washed NAM, and washed myoglobin-NAM mixtures

during incubation at A G 143
Ca’-ATPase activity of washed NAM and washed myoglobin-NAM mixtures during
INCUDALON At 47Chr oo 145

SDS-PAGE patterns of myoglobin, washed NAM, and washed myoglobin-NAM mixture
during incubation at 4°C under non-reducing and reducing conditions. 146
Bound myoglobin content (%) in the mixture of tuna myoglobin-NAM

from fresh and frozen bluefish incubated at 4°C for 24 h...........coooomeervreveeerns 155

Metmyoglobin formation (A, /A,,) of tuna myoglobin and the mixture of tuna

630
myoglobin-NAM from fresh and frozen bluefish incubated at 4°C for 24 h...... 156
Whiteness values for washed bluefish NAM ([_|) and washed tuna
myoglobin-NAM from fresh and frozen bluefish (h

incubated at 4 C FOT 24 Niveeeeeeeeeeeeeeeeeeeeeeeee oo 157

Ca’'-ATPase activity of bluefish NAM ([]) and tuna myoglobin-NAM

XX1



from fresh and frozen bluefish (D) incubated at 4°C for 24 Neevvoeeoernn. 158

LIST OF FIGURES (Continued)

Figure Page

50. SDS-PAGE patterns of tuna myoglobin, washed bluefish NAM, and

washed tuna myoglobin-NAM from fresh and frozen bluefish incubated

at 4°C for 24 h under non-reducing (A) and reducing conditions (B)......... 160
51. The effect of aldehydes on bound myoglobin content (%) in

tuna myoglobin-bluefish NAM mixture incubated at 4°C for 24 heeeene......... 161
52. The effect of aldehydes on metmyoglobin formation (A, /A,,,) of tuna

myoglobin and tuna myoglobin-bluefish NAM mixture incubated at 4°C

FOT 24 Nttt 162
53. The effect of aldehydes on whiteness values for washed bluefish NAM (D)

and washed tuna myoglobin-bluefish NAM mixtures ( D) incubated

AL ATC FOT 28 Do 163
54. The effect of aldehydes on Ca’-ATPase activity of bluefish NAM (L) and

tuna myoglobin-bluefish NAM mixture (L_]) incubated at 4°C for 24 h....... 164
55. SDS-PAGE patterns of tuna myoglobin, washed bluefish NAM, and washed

tuna myoglobin-bluefish NAM mixture incubated at 4°C for 24 h as affected

by aldehydes during under non-reducing (A) and reducing conditions (B)... 165
56. Bound myoglobin content (%) in fish myoglobin-myosin mixtures during

INCUDALON At 4 C oo 173

57. Metmyoglobin formation (A,/A,,;) in the myoglobin and

630
myoglobin-myosin mixtures during incubation at 4%C e, 174

58. Tryptophan fluorescence intensity of the myoglobin and myoglobin-myosin
mixtures during incubation at T I 175

59. Ca’-ATPase activity of washed myosin and washed myoglobin-myosin

mixtures during incubation at T GO 177

XX11



60. Reactive sulfthydryl content of washed myosin and washed myoglobin-myosin mixtures

during incubation at Y G 178

LIST OF FIGURES (Continued)
Figure Page
61. Absorption spectra of myosin and myoglobin-myosin mixtures during
incubation at 4°C. (A), tuna myosin; (B), sardine myosin; inserted

figure, typical absorption spectra of tuna myoglobin in soret region

(3507450 NIM)....ouiiiiiiiiiiieieieieter et 179

XX1i1





