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This study presents the thin layer drying characteristic of Morinda Citrifolia Linn fruit
and drying effects on scopoletin content. The optimum mature stage of M.citrifolia fruit
was found to be four months after bud flowering with high scopoletin content of

1.65ugSC/g fresh weight.

Thin-layer drying characteristics of M. citrifolia fruit slices were investigated at 50, 60
and 70°C, and air velocity of 0.5, 1.5 and 2.5 m/s. Relative humidity range of 64-85 %
was observed. The drying time required to reduce the moisture content from initial
average value of 5.25g water/g dry solid (= 84%wet basis ) to a desired final moisture of less
than 0.053g water/g dry solid (=5%wet basis) Was 6.0h, 3.0h and 1.5h for drying air

temperatures of 50°C, 60°C and 70°C respectively. An increase in drying temperatures
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shortened the drying time. The drying time needed to dry M. citrifolia fruit slices at
intermediate moisture content decreased when the air velocities was increased at constant
drying temperature. However, different air velocity had no significant difference in
overall drying time to achieve equilibrium moisture content at constant temperature.
Drying rates for M. citrifolia fruit as affected by drying air temperature and air velocity
were determined. The influence of temperature on the drying rate is more pronounced as
compared to the influence of the air velocity. From the drying rates it was observed that

drying of M. citrifolia fruit slices took place under the falling rate period.

The drying data were then fitted to different semi-theoretical models such as diffusion,
Lewis and Page models, based on the moisture ratio (MR). The results of analysis
showed that Page model gave better predictions than other models, and satisfactorily

described the thin-layer drying characteristics of sliced M. citrifolia fruit.

Freeze drying and hot air drying experiments were conducted on M.citrifolia fruit. The
effect of drying on scopoletin content of M.citrifolia was evaluated. Spectrofluorometer
was used for the determination of scopoletin in M.citrifolia fruit. An analysis of variance
(ANOVA) revealed that there is no significant difference in scopoletin content obtained
from freeze dried and hot air dried sample. This study shows that the remaining

scopoletin content after either drying technique is nearly 26% of the initial content.
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February 2004
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Kajian ini menunjukkan sifat pengeringan lapisan nipis buah M.citrifolia dan kesan
pengeringan pada kandungan scopoletin. Buah M.citrifolia mencapai tahap matang
optimum selepas empat bulan dari pembungaan di mana kandungan tertinggi scopoletin

yang diperolehi adalah 1.65ugSC/g berat segar.

Sifat-sifat pengeringan udara panas diselidiki untuk julat suhu 50, 60 and 70°C, dan
kelajuan udara 0.5, 1.5 and 2.5m/s. Di dapati kelembapan nisbi berada dalam julat 64-
85%. Masa pengeringan yang diperlu untuk menurunkan kandungan lembapan awal dari
5.25g air/g jirim kering (=84%gsas basan) kepada kandungan lembapan akhir kurang
daripada 0.053g air/g jirim kering (=5%asas basan ) @dalah 6 jam, 3 jam dan 1.5 jam pada

suhu 50, 60 and 70°C masing-masing. Peningkatan suhu pengeringan menyingkatkan

v



masa pengeringan. Masa pengeringan yang diperlu untuk mengeringkan hirisan buah
M.citrifolia kepada kandungan lembapan pertengahan berkurang apabila kelajuan udara
meningkat pada suhu tetap. Namun, kelajuan udara yang berbeza tidak memberikan
perubahan pada keseluruhan masa pengeringan untuk mencapai kandungan lembapan
seimbang. Kadar pengeringan lapisan nipis bagi buah M.citrifolia pula dipengaruhi oleh
suhu dan kelajuan udara. Bagaimanapun, kesan suhu lebih mempengaruhi kadar
pengeringan berbanding dengan kelajuan udara. Kadar pengeringan menunjukkan

pengeringan hirisan buah M.citrifolia termasuk dalam kala kadar menurun sahaja.

Data pengeringan yang diperolehi dipadankan dengan model diffusion, Lewis dan Page,
berasaskan pada nisbah lembapan (MR). Keputusan analisis yang diperolehi
menunjukkan model Page memberikan gambaran yang lebih tepat mengenai perlakuan

pengeringan lapisan nipis bagi buah M.citrifolia berbanding model lain.

Kesan pengeringan ke atas kandungan scopoletin telah ditentukan melalui kaedah
pengeringan sejuk beku dan pengeringan udara panas. Spectrofluorometer diguna untuk
menentukan kandungan scopoletin. Ujian statistic iaitu varian analisis (ANOVA)
menunjukkan tiada perbezaaan signifikan dalam kandungan scopoletin bagi sample yang
dikeringkan melalui kaedah pengeringan sejuk beku dan pengeringan udara panas. Kajian
ini juga menunjukkan bahawa baki kandungan scopoletin selepas pengeringan adalah

hanya 26% daripada kandungan asal.



ACKNOWLEDGEMENTS

Syukur Alhamdulillah. All my thanks to Allah S.W.T for His bless, keeping me healthy

and making me able to finish this research work which the best I can give for this time.

I am extremely grateful to the chairman of my supervisory committee, Associate
Professor Dr. Mohd Nordin Ibrahim, for his guidance, advise, comment and
encouragement during manuscript of the thesis. I would also like to express my sincere
thanks to members of the supervisor committee, Dr. Sergei Spotar and Professor Marziah

Mahmood for their invaluable academic assistance and guidance on my research.

My special appreciation is also extended to the academic and technical staffs for their
scientific discussion and providing the facilities to conduct the experiments. My special
thanks should go to Dr. Zaizi who assisted me in the chemical analyses, and also to Mr.
Zainal from Department of Chemistry, Mr. Tajuddin from Institute of Bioscience, Mr.
Shamsuddin Ahmad, En. Muhamad Ghawas, Miss Rosalizan and other few staffs from
MARDI. 1 would like to thank Dr. Azni from Department of Chemical and
Environmental Engineering, for allowing me to use the equipment in their laboratory. I
also would like to acknowledge Mr. Meor Nazri Meor Razlan, Allahyarham Mr.
Nasharuddin Mohammad, Mr. Kamarulzaman Dahlin, Mr. Mansor Othman, Mr. Firdaus
Kardi, Mr. Annuar Ariffin and Mr. Zakaria Suboh, from Department of Process and Food

Engineering for their laboratory assistance and valuable advices.

vi



I am grateful to my colleagues and my ever dear friends, both local and overseas friends.
My great appreciation to them for their encouragement, knowledge sharing, valuable

experience and memories throughout this study.

I wish to express my sincere gratitude to my ever dear farda for the knowledge, constant
encouragement, care and unforgettable life lessons. Shukran jazeelan and Fi Aman Allah

always insyaAllah.

Finally, I pray to Allah S.W.T to bless my parents and family who give me a true love,

real understanding, patience and supported me to achieve this level of education. I'm

very lucky to have all of you in this life. Alhamdulillah and Fi Aman Allah always

insyaAllah.

“Success is a blessing journey for those who continually seek knowledge”

vil



I certify that an examination committee met on 26 February 2004 to conduct the final
examination of Rabiha binti Sulaiman on her Master of Science thesis entitled “Thin
layer drying characteristics of Morinda Citrifolia L fruit and drying effect on 6-methoxy-
7-hydoxy-coumarin content” in accordance with Universiti Pertanian Malaysia ( Higher
Degree) Act 1980 and Universiti Pertanian Malaysia (Higher degree) Regulations 1981.
The Committee recommends that the candidate be awarded the relevant degree. Members
of the Examination Committee are as follows:

JOHARI ENDAN, Ph.D.
Associate Professor

Business Development Centre
Universiti Putra Malaysia
(Chairman)

NORANI ABDUL SAMAD, Ph.D.

Professor

Department of Biochemistry and Microbiology
Faculty of Science and Environmental Studies
Universiti Putra Malaysia

(Internal Examiner)

HUSSAIN SALLEH, Ph.D.

Associate Professor

Department of Process and Food Engineering
Faculty of Engineering

Universiti Putra Malaysia

(Internal Examiner)

IBNI HAJAR RUKUNUDDIN, Ph.D.
Director

Mechanization and Automation Research Centre
MARDI

(External Examiner)

GULAM RUSUL RAHMAT ALI, Ph.D.
Professor/Deputy Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

viil



This thesis submitted to the Senate of Universiti Putra Malaysia and has been accepted as
fulfilment of the partial requirement for the degree of Master of Science. The members of
the Supervisory Committee are as follows:

MOHD NORDIN IBRAHIM, Ph.D.
Associate Professor

Faculty of Engineering

Universiti Putra Malaysia

(Chairman)

MARZIAH MAHMOOD, Ph.D.

Professor

Faculty of Science and Environmental Studies
Universiti Putra Malaysia

(Member)

SERGEI Y. SPOTAR, Ph.D.
Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Member)

AINI IDERIS, Ph.D.
Professor/ Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

1X



DECLARATION

I hereby declare that the thesis is based on my original work except for quotations and
citations which have been duly acknowledged. I also declare that it has not been
previously or concurrently submitted for any other degree at UPM or other institutions.

RABIHA BINTI SULAIMAN

Date:



ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL
DECLARATION

LIST OF TABLES
LIST OF FIGURES

LIST OF APPENDICES
GLOSSARY OF TERMS

CHAPTER

1 INTRODUCTION

1.1
1.2

Overview
Objective

2 LITERATURE REVIEW

2.1
2.2

23

24

2.5

2.6
2.7
2.8

Fundamental of drying

Drying Technology

2.2.1 Application of Freeze drying Technology for
Food Quality

Estimation of freezing temperature

2.3.1 Estimation of initial freezing temperature

2.3.2 Unfrozen water fraction

Effect of conventional hot air drying on chemical

properties

2.4.1 Drying Experiments

Thin Layer Drying Model

2.5.1 The diffusion model

2.5.2 The Lewis Model

2.5.3 The Page’s Model

Drying Rate Curve

Representation of moisture content

Description of Morinda Citrifolia

2.8.1 Description of recent research advances on
scopoletin compound

2.8.2 Scopoletin extraction and analysis

2.8.3 Concept of fluorimetry

Page

i
v
Vi
viil

X1V
XV
Xvii
XX

W

11
11
11
13

14
17
18
19
20
22
26
27
30

32
34

X1



MATERIALS AND METHODS

3.1

3.2

33

3.4

3.5
3.6

3.7

3.8

Collection of Fruits and Determination of Optimum

ripening stage

3.1.1 Chemical Analysis on changes in scopoletin
content during ripening stages

Freeze Drying Process

3.2.1 Estimation of Freezing Temperature

3.2.2 Freeze Dryer Apparatus and Operation

3.2.3 Freeze Drying of M.citrifolia Fruit

Conventional Drying Process

3.3.1 Hot Air Dryer Apparatus

3.3.2 Hot Air Drying of M.citrifolia

Scopoletin Extraction

Scopoletin Determination

Moisture Content Determination

3.6.1 Initial moisture content determination

3.6.2 Converting weight loss experiment data
to moisture content data

Data Analysis

3.7.1 Drying Curve

3.7.2 Drying Rate Curve

3.7.3 Selection of suitable drying model

3.7.4 Percentage reduction of scopoletin content after
drying

Overall Experimental Design

RESULTS AND DISCUSSIONS

4.1
4.2
4.3

44

4.5

Optimum ripening stage

Estimated Freezing Temperature

Drying Characteristics of M.citrifolia fruit

4.3.1 The effect of drying temperature on
drying time

4.3.2 The effect of drying air velocity on
drying time

4.3.3 Drying Rate Curve

Selection of Suitable Drying Model

4.4.1 Determination of model constants

4.4.2 Plot of Moisture Ratio versus drying time

The Effect of Drying Treatment on scopoletin content

4.5.1 Scopoletin content before and after drying

4.5.2 The effect of drying treatment on
scopoletin content

36

36

37
37
38
39
40
40
41
42
43
43
43
44

44
44
45
45
47

48

49
50
51
51

53

55
59
59
61
65
65
66

X1l



5 CONCLUSIONS

5.1 Conclusions
5.2 Recommendations

REFERENCES
APPENDICES
BIODATA OF THE AUTHOR

69
71

72
80
156

Xiii



Xiv



