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ABSTRACT

Semi-refined carrageenan (SRC) is important as hydrocolloid which acts as gelling
agent, thickening agent, and a stabilizing agent in food and non-food product.
Alkaline treatment is carried out to obtain the SRC from seaweed Kappaphycus
alvarezii. Previously , storage studies was found that only Glacilaria sp. and
Gelidiella sp. seaweed in wet condition were ever conducted. The objective of this
study is to investigate the effect of storage on the quality like gel strength, viscosity
and vyield of dried seaweed Kappaphycus alvarezii to maintain for long period of
storage. The various seaweed treatment methods will produce different quality of
SRC. Similarly, the storage of dried seaweed is very important to guarantee the
quality of SRC will be produced. Polyethylene (PE) used to pack the 300 g of dried
seaweed for the purpose of storing in this study. There are two types of packaging
that are studied, which is airtight packaging and porous packaging that are placed
at different temperatures of 20°C, 25°C and 30°C. Time for sample analysis is
performed on the first day as quality control, day 7, 15, 30, 60, 90, and 120. The
higher the storage temperature will cause mass of seaweed to decrease due to a
reduction in the moisture content of seaweed. Similarly, porous packaging show
more dramatic weight loss of seaweed than of airtight packaging. Nearly all the
results show the gel strength, moisture content, percentage yield of SRC is stable
after one month, fluctuates negligibly.



ABSTRAK

KESAN PENSTORAN TERHADAP SIFAT-SIFAT
FISIKOKIMIA RUMPAI LAUT KERING (Kappaphycus
alvarezii)

Karaginan Separa Tulen (SRC) adalah penting sebagai hidrokolloid yang bertindak
sebagai agen pengelan, agen penebalan, dan agen penstabil dalam produk
makanan dan bukan makanan. Rawatan alkali djjalankan untuk mendapatkan SRC
dari rumpai laut Kappaphycus alvarezii. Kajian penyimpanan sebelum ini mendapati
bahawa hanya Glacilaria sp. dan Gelidiella sp. iaitu rumpai laut dalam keadaan
basah yang pernah dilakukan. Objektif kajian ini adalah untuk mengkaji kesan
penyimpanan terhadap kualiti rumpai laut kering Kappaphycus alvarezii. Kaedah
rawatan rumpai laut akan menghasilkan kualiti SRC yang berbeza. Begitu juga,
simpanan rumpai kering sangat penting untuk menjamin kualiti SRC yang akan
dihasilkan. Polietilena (PE) digunakan untuk membungkus 300 gram rumpai laut
kering untuk tujuan penyimpanan dalam kajian ini. Terdapat dua jenis
pembungkusan yang dipelajari, faitu pembungkusan kedap udara dan
pembungkusan berliang yang diletakkan pada suhu berbeza 20°C, 25°C dan 30°C.
Masa untuk analisis sampel dilakukan pada hari pertama sebagai kawalan kualiti,
hari 7, 15, 30, 60, 90, dan 120. Semakin tinggi suhu penyimpanan akan
menyebabkan berat rumpai laut berkurang disebabkan kelembapan dalam
kandungan lembapan rumpai laut berkurangan. Begitu juga, pembungkusan
berliang yang menunjukkan penurunan berat rumpai laut secara mendadak
berbanding pembungkusan jenis kedap udara. Hampir keseluruhan hasil
menunjukkan kekuatan gel, kandungan lembapan, hasil peratusan SRC stabil
selepas satu bulan yang hanya berbeza samada meningkat mahupun menurun.

Vi



TITLE

TABLE OF CONTENTS

DECLARATION

CERTIFICATION

ACKNOWLEDGEMENT

ABSTRAK

ABSTRACT

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF GRAPH

LIST OF TABLE

LIST OF ABBREVIATIONS

LIST OF SYMBOLS

LIST OF APPENDICES

CHAPTER 1: INTRODUCTION

1.1

1.2

1.3

1.4

1.5

1.6

Research Background
Problem Statement
Research Objectives
Hypothesis Statement
Scope of Study

Importance of Study

Vii

Page

vi
vii
Xi
Xiii
XVi
Xviii
XiX

XX



CHAPTER 2: LITERATURE REVIEW

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

Seaweed

Drying

Storage Condition

2.3.1 Type of Packaging
2.3.2 Storage Temperature
Pre Treatment

Alkaline Treatment

Post Treatment

Carrageenan

Seaweed and Carrageenan Analysis

2.8.1 Mass and Moisture
2.8.2 Yield

2.8.3 Viscosity

2.8.4 Gel Strength

2.8.5 Functional Group
2.8.6 Molecular Weight
2.8.7 Design Expert

2.8.8 Summary

CHAPTER 3: MATERIAL AND METHOD

3.1

3.2

Drying of Seaweed

Preparation of Sample and Storage

viii

10

10

10

11

11

12

13

13

14

15

17



3.3

3.4

3.2.1 Moisture Content

3.2.2 Packaging

3.2.3 Time and Temperature

Mass of Seaweed and Moisture Content
Preparation of SRC and Characterisation
2.4.1 Alkaline Treatment

3.4.2 Percentage Yield

3.4.3 Viscosity

3.4.4 Gel Strength

3.4.5 Functional Group

3.4.6 Molecular Weight

3.4.7 Design Expert

CHAPTER 4: RESULT AND DISCUSSION

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

Mass

Moisture

Yield

Viscosity

Gel Strength

Comparison between Two Type Packaging
Comparison between Three Storage Temperature
Functional Group

Molecular Weight

17

18

18

19

18

19

20

20

20

21

21

22

23

27

30

33

37

40

48

54

58



4.10 Design Expert Analysis
CHAPTER 5: CONCLUSION

5.1 Recommendation For Future Work

REFERENCES

APPENDICES

60

91

91

92

97



Figure 2.1:
Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 3.6:

Figure 3.7:

Figure 4.8.1:
Figure 4.8.2:
Figure 4.8.3:
Figure 4.9.1:
Figure 4.10.1:
Figure 4.10.2:

Figure 4.10.3:

LIST OF FIGURES

Production of kappa carrageenan from mu carrageenan
Fresh seaweed Kappaphycus alvarezii sp.

Sauna drying technique apply on fresh seaweed

Dried white seaweed at 40% moisture content

Dried seaweed after oven at 105°C temperature for 24 hours
Packaging the dried seaweed using polyethylene bag
Alkaline treatment for dried seaweed

Measuring the gel strength of seaweed

Industrial Standard against 1 day against 20K against 20P
Industrial Standard against 1 day against 25K against 25P
Industry against 1%t day against 30K against 30P

Average Molecular Weight

Mass in Packaging against Time

Mass in Storage Temperature against Time

Moisture in Different Storage Temperature against Time at

Porous Packaging

Figure 4.10.4: Moisture in Different Storage Temperature against Time at

Porous Packaging

Figure 4.10.5: Yield in Different Storage Temperature against

Type of Packaging at 120" days

Xi

Page

15
16

16

18
19
21
54
55
56
59
66
67

71

76

77



Figure 4.10.6:

Figure 4.10.7:

Figure 4.10.8:

Figure 4.10.9:

Viscosity against Storage Temperature at Porous
Type of Packaging at 120" Days

Gel Strength in Different Storage Temperature
against Time at Porous Type Packaging

Gel Strength in Different Storage Temperature
against Time at Airtight Type Packaging

Solutions for Optimization

Xii

81

86

87

88



Graph 4.1.1:
Graph 4.1.2:
Graph 4.2.1:
Graph 4.2.2:
Graph 4.3.1:
Graph 4.3.2:
Graph 4.4.1:
Graph 4.4.2:
Graph 4.5.1:
Graph 4.5.2:

Graph 4.6.1:

Graph 4.6.2:

Graph 4.6.3:

Graph 4.6.4:

Graph 4.6.5:

Graph 4.6.6:

LIST OF GRAPH

Mass of Dried Seaweed in Airtight Type Packaging

Mass of Dried Seaweed in Porous Type Packaging

Moisture Content of Dried Seaweed in Airtight Type Packaging
Moisture Content of Dried Seaweed in Porous Type Packaging
Yield of Dried Seaweed in Airtight Type Packaging

Yield of Dried Seaweed in Porous Type Packaging

Viscosity of Dried Seaweed in Airtight Type Packaging
Viscosity of Dried Seaweed in Porous Type Packaging

Gel Strength of Dried Seaweed in Airtight Type Packaging

Gel Strength of Dried Seaweed in Porous Type Packaging
Mass and Gel Strength against Time for Both Type Packaging
at 20°C storage temperature

Moisture Content and Yield against Time for Both Type
Packaging at 20°C storage temperature

Mass and Gel Strength against Time for Both Type

Packaging at 25°C storage temperature

Moisture Content and Yield against Time for Both Type
Packaging at 25°C storage temperature

Mass and Gel Strength against Time for Both Type

Packaging at 30°C storage temperature

Moisture Content and Yield against Time for Both Type

xiii

Page

24

26

31

32

34

36

37

39

41

43

44

45

47



Graph 4.7.1:

Graph 4.7.2:

Graph 4.7.3:

Graph 4.7.4:

Graph 4.10.1:
Graph 4.10.2:
Graph 4.10.3:
Graph 4.10.4:
Graph 4.10.5:
Graph 4.10.6:
Graph 4.10.7:
Graph 4.10.8:
Graph 4.10.9:
Graph 4.10.10:
Graph 4.10.11:
Graph 4.10.12:
Graph 4.10.13:

Graph 4.10.14:

Packaging at 30°C storage temperature
Mass and Gel Strength for Airtight Type

Packaging at All Storage Temperature

Moisture Content and Yield for Airtight Type

Packaging at All Storage Temperature

Mass and Gel Strength for Porous Type Packaging

at All Storage Temperature

Moisture Content and Yield for Porous Type Packaging

at All Storage Temperature

FGS Graph

Normal Plot of Residuals in Mass
Predicted versus Actual in Mass
Residual versus Predicted in Mass
Normal Plot of Residuals in Moisture
Predicted versus Actual in Moisture
Residual versus Predicted in Moisture
Normal Plot of Residuals in Yield
Predicted versus Actual in Yield
Residual versus Predicted in Yield
Normal Plot of Residuals in Viscosity
Predicted versus Actual in Viscosity
Residual versus Predicted in Viscosity

Normal Plot of Residuals in Gel Strength

Xiv

48

49

51

52

62

65

65

66

70

70

71

74

75

75

80

80

81

84



Graph 4.10.15: Predicted versus Actual in Gel Strength

Graph 4.10.16: Residual versus Predicted in Gel Strength

XV

85

85



Table 2.1:

Table 4.1.1:

Table 4.1.2:

Table 4.2.1:

Table 4.2.2:

Table 4.3.1:

Table 4.3.2:

Table 4.4.1:

Table 4.4.2:

Table 4.5.1:

Table 4.5.2:

Table 4.9.1:

Table 4.10.1:

Table 4.10.2:

Table 4.10.3:

Table 4.10.4:

Table 4.10.5:

Table 4.10.6:

Table 4.10.7:

Table 4.10.8:

Table 4.10.9:

LIST OF TABLES

Identification of Carrageenan Types by Infrared Spectroscopy
Mass of Dried Seaweed in Airtight Type Packaging

Mass of Dried Seaweed in Porous Type Packaging

Moisture Content of Dried Seaweed in Airtight Type Packaging
Moisture Content of Dried Seaweed in Porous Type Packaging
Yield of Dried Seaweed in Airtight Type Packaging

Yield of Dried Seaweed in Porous Type Packaging

Viscosity of Dried Seaweed in Airtight Type Packaging
Viscosity of Dried Seaweed in Porous Type Packaging

Gel Strength of Dried Seaweed in Airtight Type Packaging

Gel Strength of Dried Seaweed in Porous Type Packaging
Molecular Weight of All Sample on 120" Days

Design Expert Information Table

Build Information Table

Table of Factors

Table of Responses

Fit Summary Table (Mass)

ANOVA for 2FI Model Table (Mass)

Fits Statistics Table (Mass)

Coefficients in terms of Coded Factors (Mass)

Fit Summary Table (Moisture Content)

XVi

Pages
12
23
25
27
28
30
32
33
35
37
38
58
60
60
61
61
62
63
64
64

67



Table 4.10.10:

Table 4.10.11:

Table 4.10.12:

Table 4.10.13:

Table 4.10.14:

Table 4.10.15:

Table 4.10.16:

Table 4.10.17:

Table 4.10.18:

Table 4.10.19:

Table 4.10.20:

Table 4.10.21:

Table 4.10.22:

Table 4.10.23:

Table 4.10.24:

Table 4.10.25:

Table 4.10.26:

Table 4.10.27:

Table 4.10.28:

Table 4.10.29:

Table 4.10.30:

Table 4.10.31:

Model Summary Statistics (Moisture Content)
ANOVA for 2FI Model Table (Moisture Content)

Fits Statistics Table (Moisture Content)

Coefficients in terms of Coded Factors (Moisture Content)

Fit Summary Table (Yield)

Model Summary Statistics (Yield)

ANOVA for 2FI Model Table (Yield)

Fits Statistics Table (Yield)

Coefficients in terms of Coded Factors (Yield)
Viscosity Fit Summary Table (Viscosity)

Model Summary Statistics for Viscosity (Viscosity)
ANOVA for Linear Model Table (Viscosity)

Fits Statistics Table (Viscosity)

Coefficients in terms of Coded Factors (Viscosity)
Fit Summary Table (Gel Strength)

Model Summary Statistics (Gel Strength)

ANOVA for 2FI Model Table (Gel Strength)

Fits Statistics Table (Gel Strength)

Coefficients in terms of Coded Factors (Gel Strength)

Criteria for Optimization
Solution for Optimization

Coefficients Table

XVii

68

68

69

69

72

72

73

73

74

77

78

79

79

82

82

83

83

84

88

89

90



AOAC
Ca2*
cm
FTIR

GPC
HPLC
K*
KCI
KOH
MAP
Min
mL
OH-
PE
PNS
RC
rpm
SNI
S04%
SRC

LIST OF ABBREVIATIONS

Association of Analytical Communities
Calcium Ion

Centimeter

Fourier Transform Infrared

Gram

Gas Permeation Chromatography
High Performance Liquid Chromatography
Potassium Ion

Potassium Cloride

Potassium Hydroxide

Modified Atmosphere Packaging
Minute

Mililiter

Hydroxyl Group

Poly Ethylene

Philipines National Standard
Refined Carrageenan

Revolution Per Minute
Indonesian National Standard
Sulphate Group

Semi Refined Carrageenan

Weight Per Volume

XViii



LIST OF SYMBOLS

alpha

beta

iota

kappa
lambda

micro

degree celcius

percent

XiX



Appendix Al :
Appendix A2 :
Appendix A3 :
Appendix A4 :

Appendix A5 :

Appendix A6 :

Appendix A7 :

Appendix A8 :

LIST OF APPENDICES

Map of The Research Site

All Responses at 25.8°C For Both Type Packaging

All Responses at Porous Type Packaging

All Responses at 120" Days For Both Type Packaging

Report of Gel Strength Stored at 20°C for 120™ Days
Using Porous Type Packaging

Gel Strength Stored at 20°C for 120%™ Days
Using Porous Type Packaging

Mass in Storage Temperature against Packaging

Moisture in Different Storage Temperature against Time at

Airtight Packaging

Appendix A9: Moisture in Both Packaging against Storage Temperature at

Appendix A10:

Appendix Al11:

Appendix A12:

Appendix A13:

Appendix A14:

Appendix A15:

120% Days

Yield in Different Storage Temperature against Type of

Packaging at 1%t Day

Yield in Different Storage Temperature against Time at
Airtight Packaging

Viscosity against Storage Temperature at Airtight Type of
Packaging at 1%t Day

Viscosity against Storage Temperature at Airtight Type of
Packaging at 120™ Day

Gel Strength in Different Storage Temperature against
Type of Packaging at 1%t Day

Yield in Both Type Packaging against Time at 30°C

XX

Page
97
98
99

100

101

101

102

102

103

103

104

104

105

105

106



Appendix A16: Gel Strength in Both Type Packaging against Time at 20°C 106

Appendix A17: Gel Strength in Different Type Packaging against Time at 107
30°C
Appendix A18: Gel Strength in Different Type Packaging against Time at 107

30°C

XXi



UNIVERSITI MALAYSIA SABAH





