
x

CONTENTS

                                                  Page
Contents................................................................................................           viii
Lists of Tables........................................................................................           xiv
List of Figures........................................................................................              xv
Chapter
1.  Introduction and Literature Review

Introduction.....................................................................................              1
Literature Review.............................................................................              3

     Cephalopod................................................................................              3
     Tissue structure of cephalopod................................................              5
     Chemical compositions of cephalopod......................................              5
          Protein............................................................................              7
          Lipid...............................................................................              8
Freezing and frozen storage..........................................................            10
Lipid oxidation and its effect on protein denaturation and discoloration
      of muscle food during processing and storage...........................            14
      Mechanism of lipid oxidation.................................................            15
      The important factors affecting lipid oxidation..........................            17
      Effect of lipid oxidation on protein denaturation.......................            19

Physicochemical changes of protein....................................            20
Changes in functional properties of protein..........................            22
Changes in color..............................................................            23

Lipid oxidation of microsome and liposome systems........................            26
     Objectives of study............................................................................            29

2. Chemical composition and thermal property of cuttlefish (Sepia pharaonis)
    muscle
    Abstract............................................................................................            30



xi

    Introduction.......................................................................................            30
  Materials and Methods........................................................................            31

         Chemicals...................................................................................          31
         CONTENTS (Continued)

                                                                     Page       Sample
preparation.......................................................................           32
Proximate analysis and determination of collagen content.................          32
Determination of lipid composition and fatty acid profile..................          32
Fractionation of muscle protein......................................................           33
Thermal transition measurement....................................................           33

 Determination of trace mineral content...........................................           34
Statistical analysis........................................................................           34

     Results and Discussion.......................................................................           34
The proximate analysis and collagen content...................................           34
Lipid composition and fatty acid profile of cuttlefish........................           36
Composition of muscle proteins.....................................................           37
Trace mineral content in cuttlefish.................................................           41
Thermal transition of cuttlefish muscle...........................................           42

    Conclusion.........................................................................................           43

3. The effect of metal ions on lipid oxidation, color and chemical properties of cuttlefish
    (Sepia pharaonis) subjected to multiple freeze-thaw cycles
    Abstract.............................................................................................           44
    Introduction........................................................................................           45
    Materials and Methods........................................................................           46

Chemicals...................................................................................           46
Materials.....................................................................................           46
Sample preparation.......................................................................           47
Preparation of natural actomyosin..................................................           47



xii

Thiobarbituric acid reactive substances (TBARS)............................           47
Color..........................................................................................           48
Surface hydrophobicity..................................................................           48
Total sulfhydryl content.................................................................           48

          Disulfide bond content...................................................................           49
       Sodium dodecyl sulfate-polyacrylamide gel electrophoresis................             49

CONTENTS (Continued)

                 Page
ATPase activity....................... .....................................................          49
Protein solubility...........................................................................          50
Statistical analysis.........................................................................          50

   Results and Discussion..........................................................................          50 
Lipid oxidation.............................................................................          50
Discoloration................................................................................          51
Surface hydrophobicity..................................................................          52
Sulfhydryl and disulfide bond content.............................................          55
SDS-PAGE.................................................................................          56
ATPase activity ............................................................................          57
Solubility.....................................................................................          58

     Conclusion.........................................................................................          61

4. Yellow discoloration of cuttlefish (Sepia pharaonis) liposome system
     as influenced by lipid oxidation
    Abstract.............................................................................................          62
    Introduction........................................................................................          62
    Materials and Methods.........................................................................          63

Chemicals....................................................................................          63
Cuttlefish collection and preparation...............................................          64
Preparation of cuttlefish liposome...................................................          64



xiii

Lipid oxidation of cuttlefish liposome systems.................................          64
Determination of lipid oxidation.....................................................          65
Determination of free amine groups................................................          65
Measurement of phospholipid pyrrolization......................................          65
Color measurement.......................................................................          66

          Statistical analysis..........................................................................           66
    Results and Discussion.........................................................................          66
   Effect of temperature and time on the changes of cuttlefish

     liposome system.....................................................................          66
CONTENTS (Continued)

        Page
Effect of FeCl3 and ascorbic acid on the changes of cuttlefish liposome

system...................................................................................            69
Effect of NaCl on the changes of cuttlefish liposome system..............            70

Conclusion.........................................................................................          72

5.  Lipid oxidation in microsomal fraction of squid muscle (Loligo peali)
Abstract............................................................................................          73

     Introduction........................................................................................            73
     Materials and Methods........................................................................            74
    Chemicals....................................................................................          74
    Materials......................................................................................          75
   Preparation of squid microsomal fraction.........................................          75

Lipid oxidation in microsomal fraction of squid muscle.....................          76
Preparation of liposomes from squid microsomal lipids.....................          76
Measurement of lipid oxidation......................................................          77
Color measurement.......................................................................            77
Statistics......................................................................................            77

     Results and Discussion........................................................................          78



xiv

      Enzymatic and nonenzymatic lipid oxidation in microsomal fraction
      of squid muscle......................................................................          78

     The effect of nonenzymatic lipid oxidation on discoloration of squid
                muscle microsomes and microsomal lipids.................................          82

Conclusion.........................................................................................          85

6. Development of yellow pigmentation in squid (Loligo peali) as a result of lipid oxidation
    Abstract...............................................................................................          86
    Introduction..........................................................................................          86
    Materials and Methods...........................................................................           88

CONTENTS (Continued)

       Page
          Materials.......................................................................................           88
          Preparation of squid microsomal fraction, liposomes and salt-soluble         myofibrillar

proteins.................................................................            88
Lipid oxidation of liposomes or the microsomal fraction of

               squid muscle. ..........................................................................            89
Measurement of chemical and physical alterations in the microsomes,

               liposomes and salt-soluble myofibrillar proteins...........................           90
Statistics........................................................................................           92

Results and Discussion...............................................................................            92
Conclusion...............................................................................................          102

7. The effect of antioxidants on the quality changes of cuttlefish (Sepia pharaonis)
    muscle during frozen storage

Abstract..............................................................................................         103
     Introduction.........................................................................................        103
     Materials and Methods..........................................................................        105



xv

Chemicals.....................................................................................        105
Cuttlefish collection and preparation.................................................        105
Treatment of cuttlefish with various antioxidants................................        106
Thawing of frozen cuttlefish............................................................        106
Preparation of natural actomyosin.....................................................        106
Surface hydrophobicity...................................................................        107
Total sulfhydryl content..................................................................        107
Disulfide bond content....................................................................        107
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.................        108
Thiobarbituric acid reactive substances (TBARS)..............................        108
Protein solubility............................................................................        108
Thaw drip......................................................................................        109
Color.............................................................................................        109
Statistical analysis...........................................................................        109

CONTENTS (Continued)

      Page
Results and Discussion...............................................................................        110

       Changes in lipid oxidation...............................................................     110
       Changes in color.............................................................................     111
Changes in physicochemical properties of natural actomyosin..............        112
Changes in solubility.......................................................................        116
Changes in thaw drip......................................................................        117

Conclusion................................................................................................        119

8. Summary and Future works
    Summary..............................................................................................        120
    Future works.........................................................................................        121
References................................................................................................        122
Vitae........................................................................................................        138



xvi

LIST OF TABLES

Table                                      Page

1.  Proximate composition of mantle muscle of squid and cuttlefish.................             7
2.  Lipid composition of squid mantle..........................................................             9
3.  Chemical compositions of cuttlefish muscle.............................................           35
4.  Lipid composition in cuttlefish muscle....................................................           36
5.  Fatty acid profile of cuttlefish lipid.........................................................           38
6.  Protein and non-protein nitrogen components in cuttlefish muscle..............           39
7.  Trace mineral content of cuttlefish muscle...............................................           41
8.  Peak transition temperature (Tmax) and denaturation enthalpies (∆H) of
     cuttlefish muscle protein........................................................................           43
9.  Changes in TBARS of cuttlefish paste with different metal ions at
     concentration 5 ppm and 25 ppm during multiple freeze-thaw
     cycles..................................................................................................           53
10. Effect of sodium chloride on thiobarbituric acid reactive substances
     (TBARS)  formation, b*-value and pyrrole compounds of cuttlefish
      liposome systems.................................................................................           72
11. Interaction between trans-2-hexenal and salt-soluble myofibrillar
     proteins...............................................................................................           96



xvii

LIST OF FIGURES

 Figure                  Page
1.   Cuttlefish (Pharaoh Cuttlefish: Sepia pharaonis)......................................            4
2.   Squid (Long finned squid: Loligo peali)................................................             4
3.   The structure of cephalopod..................................................................             6
4.   Factors affecting protein denaturation and aggregation during
      frozen storage... .................................................................................           12
5.   The overall mechanism of lipid oxidation and its effect on the changes of
      quality in food during processing and storage.........................................           15
6.   Production of reactive carbonyls during phosphatidylethanolamine oxidation
      and the later formation of pyrrolized phospholipids by amino-carbonyl
      reactions.............................................................................................           25
7.   A proposed pathway of the enzymatic lipid oxidation in microsomal

 fraction of flounder muscle...................................................................           27
8.   Formation of lipid membranes, micelles, emulsions and liposomes from
      amphipathic lipids...............................................................................           28
9.   SDS-PAGE pattern of cuttlefish whole muscle and fractions....................           41
10. Changes in L*, a* and *b-values of cuttlefish paste containing different
      metal ions (25 ppm) and subjected to multiple freeze-thaw
      cycles................................................................................................            54
11. Changes in surface hydrophobicity (S0ANS) of cuttlefish proteins exposed
      to different metal ions (25 ppm) and subjected to multiple
      freeze-thaw cycles..............................................................................           55
12. Changes in sulfhydryl content and disulfide bond content of cuttlefish proteins
      exposed to different metal ions (25ppm) and subjected to multiple
      freeze-thaw cycles...............................................................................           56
13. SDS-PAGE pattern of cuttlefish mince with subjected to different metal-ions
      (25 ppm) and subjected three freeze-thaw cycles...................................           57
14. Changes in ATPase activity of cuttlefish proteins exposed to different metal



xviii

      ions (25 ppm) and subjected to multiple freeze-thaw cycles....................           59

LIST OF FIGURES (Continued)

Figure        Page

15. Changes in Ca2+-sensitivity of cuttlefish proteins exposed to different metal
      ions (25 ppm) and subjected to multiple freeze-thaw cycles...................           60
16. Changes in protein solubility of cuttlefish paste exposed to different
      metal ions (25 ppm) and subjected to multiple freeze-thaw cycles..........           60
17. Formation of thiobarbituric acid reactive substances (TBARS) in
      liposomes made from cuttlefish lipids (5 mg lipid/mL) in the presence

      of 50 µM FeCl3 and 200 µM ascorbic acid during incubation at different
      temperatures for 24 h..........................................................................           67
18. Changes in L*, a* and b*-values in liposomes made from cuttlefish

      lipids (5 mg lipid/mL) in the presence of 50 µM FeCl3 and 200 µM
      ascorbic acid during incubation at different temperatures for 24 h.............           68
19. Thiobarbituric acid reactive substances (TBARS) formation and yellow
      pigment formation (b*-value), the loss of amine groups and the formation
      of pyrrole compounds in liposomes made from cuttlefish lipids

      (5 mg lipid/ml) in the presence of 50 µM FeCl3 and 200 µM ascorbic

 acid during incubation at 37 °C for different times..................................           69
20. Effect of FeCl3 and ascorbic acid concentrations on the formation of
      Thiobarbituric acid reactive substances (TBARS), yellow pigments
      formation (b*-value), loss of amine groups and pyrrolization in liposomes
      made from cuttlefish lipids (5 mg lipid/mL) during incubation
      at different temperatures for 24 h..........................................................           71
21. Formation of thiobarbituric acid reactive substances (TBARS) in squid
      muscle microsomes (2 mg microsomal protein/mL) in the presence or

      absence of 200 µM ADP, 50 µM FeCl3, 200 µM NADH, 200 µM



xix

      NADPH during incubation at 4 °C and 37 °C.......................................           79
22. Formation of thiobarbituric acid reactive substances (TBARS) in squid
      muscle microsomes (2 mg microsomal protein/mL) in the presence of

      200 µM  ADP, 50 µM FeCl3 and 200 µM ascorbic acid during

      incubation at 4, 25 and 37 °C................................................................        80

LIST OF FIGURES (Continued)

Figure        Page

23. Effect of iron concentration on thiobarbituric acid reactive substances

      (TBARS) formation in squid muscle microsomes in the presence of 200 µM

      ADP and 200 µM ascorbic acid during incubation at 37 °C......................         81
24. Effect of ascorbic acid concentration on thiobarbituric acid reactive
      substances (TBARS) formation in squid muscle microsomes in the presence
      of 200 µM ADP and 50 µM FeCl3 during incubation at 37 °C.................         81
25. Formation of thiobarbituric acid reactive substances (TBARS) in squid muscle
      microsomes (approximately 0.9 mg microsomal lipid/mL; microsomal system)
      or lipids isolated from muscle microsomes (0.2 mg lipid/mL; liposome system)
      in the presence of 200 µM ADP, 50 µM FeCl3 and 200 µM ascorbic acid

      during incubation at 37 °C......................................................................        83
26. Changes in L*, a* and b*-values in squid muscle microsomes
      (2 mg microsomal protein/mL; microsomal system) or lipids isolated
      from muscle microsomes (0.2 mg lipid/mL; liposome system) in the presence
      of 200 µM ADP, 50 µM FeCl3 and 200 µM ascorbic acid during incubation

      at 37 °C.............................................................................................           84
27. Relationship between development of lipid oxidation (measured as TBARS)
      with yellow pigment formation (b*-value), loss of amines and formation
      of pyrrole compounds in squid muscle microsomes. Oxidation was promoted

      with 200 µM ascorbic acid and 50 µM FeCl3 in the presence of 5 mg
      of microsomal protein/mL of 0.12 M KCl/25 mM potassium phosphate



xx

      buffer, pH 7.2, at 37 °C......................................................................           94
28. Changes in sufhydryls and solubility of 10 parts of squid muscle salt-soluble
     proteins (5 mg/mL 0.6 M KCl/25 mM potassium phosphate buffer, pH 7.2)

     after 8 h of exposure at 25 °C to 1 part of 0.12 M KCl/25 mM potassium

phosphate buffer, pH 7.2, 1 part of 200 µM ascorbic acid  and 50 µM FeCl3,
1 part of squid muscle microsomes (5 mg of microsomal protein/mL of

     0.12 M KCl/25 mM potassium phosphate buffer, pH 7.2) oxidized by

    LIST OF FIGURES (Continued)

Figure                          Page

     200 µM ascorbic acid and 50 µM FeCl3, and 2 parts of squid muscle
     microsomes (5 mg of microsomal protein/mL of 0.12 M KCl/25 mM
     potassium phosphate buffer, pH 7.2) oxidized by 200 µM ascorbic acid

     and 50 µM FeCl3................................................................................            96
29. Formation of thiobarbituric acid reactive substances (TBARS) and yellow
      pigments (b* value), loss of amines and formation of pyrrole compounds
      in liposomes (5 mg of lipid/mL of 0.12 M KCl/25 mM potassium

phosphate buffer at pH 7.2) prepared from squid microsomal lipids and

egg yolk lechitin during oxidation by 200 µM ascorbic acid

and 50 µM FeCl3 at 37 °C................................................................            97
30. Changes in b*-value in egg yolk lecithin liposomes (5 mg of lipid/mL

of 0.12 M KCl/25 mM potassium phosphate buffer at pH 7.2) upon
exposure to various concentrations of trans-2-hexenal or trans-2-nonenal

at 37 °C for 15 h...............................................................................            98
31. Changes in b*-value, amines and pyrrole compounds in egg yolk lechithin

liposomes (5 mg of lipid/mL of 0.12 M KCl/25 mM potassium phosphate
buffer at pH 7.2) exposed to different aldehydic lipid oxidation products

(5.0 mM) at 37 °C for 15 h...............................................................            99



xxi

32. Proposed model for the impact of physical location of aldehydic lipid
        oxidation products on their reactivity with phospholipid amines.................           101
33. Thiobarbituric acid reactive substances (TBARS) in cuttlefish treated with

5% NaCl and 0.3% H2O2, followed by soaking in different antioxidant

solutions during frozen storage at -18 °C for 16 weeks..........................           111
34. L*, a* and b*-values of cuttlefish treated with 5% NaCl and 0.3% H2O2,

 followed by soaking in different antioxidant solutions during frozen storage

 at -18 °C for 16 weeks. ....................................................................         113

LIST OF FIGURES (Continued)

Figure         Page

35. Surface hydrophobicity (SoANS) of natural actomyosin extracted from
      cuttlefish treated with 5% NaCl and 0.3% H2O2, followed by soaking in

      different antioxidant solutions during frozen storage at -18 °C
      for 16 weeks ... .................................................................................         115
36. Sulfhydryl content and disulfide bond content of natural actomyosin

 extracted from cuttlefish treated with 5% NaCl and 0.3% H2O2, followed
 by soaking in different antioxidant solutions during frozen storage

 at -18 °C for 16 weeks......................................................................         115
37. SDS-PAGE pattern of cuttlefish treated with 5% NaCl and 0.3% H2O2,
      followed by soaking in different antioxidant solutions during frozen

      storage at -18 °C for 16 weeks. .........................................................         116
38. Protein solubility of cuttlefish treated with 5% NaCl and 0.3% H2O2,

 followed by soaking in different antioxidant solutions during frozen

 storage at -18 °C for 16 weeks. ........................................................          118
39. Thaw drip of cuttlefish treated with 5% NaCl and 0.3% H2O2, followed

 by soaking in different antioxidant solutions during frozen storage at -18 °C



xxii

 for 16 weeks......................................................................................         119




