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Recently, the demand of virgin coconut oil (VCO) among public continues to rise
due to its superior flavour and also its potential health benefits. The present study
reports on the development of a VCO-based emulsion product as a dietary
supplement. This study is divided into four major parts, namely, the characterisation
of commercial food supplement emulsions, the development of VCO-based emulsion
formulations, storage stability studies using optimised VCO-based emulsion, and
lastly a sensory assessment of an optimised VCO-based emulsion. In the product
characterisation study, the physicochemical properties of the commercial emulsion
products (C1, C2, C3, and C4) were investigated. C3 exhibited the smallest particle
size at 3.25 m. The pH for the emulsion samples ranged between 2.52 and 3.45 and
were thus categorised as acidic. In a texture analysis, C2 was described as the most
firm, it was very adhesive and cohesive, and it had high compressibility properties.
From a rheological viewpoint, all the emulsion samples exhibited non-Newtonian
behaviour, which presented as a shear-thinning property. In this context, the zeta
potential of the commercial emulsion samples ranged between -23.17 mV and -52.77
mV. C2 exhibited the highest percentage of fat (18.44%) among all the emulsion
samples. During the formulation development of full factorial studies, the influences
of different levels of formulation variables, namely the gum arabic concentration
(0.75-1.75%, wlv), the xanthan gum concentration (0.8-1.0%, w/v), the VCO
concentration (10-20%, v/v), and the maltodextrin concentration (1-3%, w/v) on the
pH, particle size, emulsion stability index (ESI), and rheological study of the VCO-
based emulsion were studied. All the formulation parameters significantly (p < 0.05)
affecting the responses. Two optimal formulations from two different sets of full
factorial studies were reported to be 0.8% (w/v) xanthan gum, 1.0% (w/v) gum
arabic, 7.5% (v/v) VCO (fixed), and 1% (w/v) maltodextrin (fixed); 0.8% (w/v)
xanthan gum (fixed), 1.0% (w/v) gum arabic (fixed), 10% (v/v) VCO, and 2% (w/v)
maltodextrin, respectively. Storage stability studies showed that the particle size
distributions in the VCO emulsions remained stable throughout the three-month



storage period at 25<C and at 50<C. Nevertheless, a phase separation did not occur in
either of the VCO emulsion products throughout the storage-stability assessment
period. No signs of microbial growth were detected in the emulsion products over the
storage period. Furthermore, no significant (p > 0.05) changes in the free fatty acid
contents of the emulsion products were observed during storage at 4<C or 25<C
throughout the storage period. A sensory assessment among UPM students showed
that for the flavouring preference, both 7.5% and 10% VCO emulsion products
showed significant differences (p < 0.05) in terms of odour, taste, sweetness, and
overall acceptability, and most of the panellists preferred mango flavouring. Among
all the emulsion samples, the 7.5% VCO emulsion with mango flavouring yielded
the best sensory score with all the sensory attributes scoring more than 5. For the
public consumer sensory evaluation, the significant preference towards the VCO
emulsion relative to VCO alone also supported the potential to market the VCO
emulsion to increase VCO consumption among consumers.
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Baru-baru ini, permintaan atas minyak kelapa dara di kalangan pengguna awam
semakin meningkat disebabkan oleh rasanya yang unggul dan banyak memberi
manfaat kepada kesihatan. Kajian ini melaporkan pembangunan produk emulsi
berasaskan minyak kelapa dara sebagai makanan tambahan . Kajian ini dibahagikan
kepada empat bahagian utama: kajian pencirian ke atas produk makanan tambahan
emulsi komersial, pengoptimuman formulasi emulsi minyak kelapa dara, kajian
penyimpanan ke atas produk optimum dan akhirnya penilaian deria ke atas produk
emulsi berasaskan minyak kelapa dara optimum. Dalam kajian pencirian produk
komersial, sifat-sifat fiziko-kimia produk emulsi komersial (C1, C2, C3, dan C4)
telah dinilai. C3 mempunyai saiz partikel yang terkecil iaitu 3.25 pm. pH sampel
emulsi didapati berada dalam lingkungan 2.52 ke 3.45 dan dikategorikan sebagai
berasid. Daripada analisis tekstur, C2 boleh digambarkan dengan memperoleh sifat
pejal, sangat melekat dan bersepadu, dan mempunyai sifat kebolehmampatan yang
tinggi. Dari segi analisis reologi, semua sampel emulsi didapati mempunyai sifat
bukan-Newtonian. Dalam konteks ini, potensi zeta sampel emulsi komersial berada
dalam lingkungan -23.17 mV dan -52.77 mV. C2 mempunyai peratus lemak yang
terbanyak (18.44%) antara semua sampel emulsi. Dalam pembangunan formulasi
emulsi minyak kelapa dara, pengaruh pelbagai tahap pembolehubah formulasi,
seperti kepekatan gam Arab (0.75-1.75%, w/v), kepekatan gam xanthan (0.8-1.0%,
wi/v), kepekatan minyak kelapa dara (10-20%, v/v) dan kepekatan maltodekstrin (1-
3%, wiv) terhadap pH, saiz partikel, index kestabilan emulsi, dan kajian reologi telah
dikaji ke atas semua sampel emulsi berasaskan minyak kelapa dara. Semua
parameter formulasi menunjukkan kesan yang ketara (p < 0.05) ke atas semua
respons. Dua formulasi optimum yang diperoleh daripada dua set kajian faktor penuh
adalah 0.8% (w/v) gam xanthan, 1.0% (w/v) gam Arab, 7.5% (v/v) minyak kelapa
dara (ditetapkan), dan 1% (w/v) maltodekstrin (ditetapkan); 0.8% (w/v) gam xanthan
(ditetapkan), 1.0% gam arab (ditetapkan), 10% (v/v) minyak kelapa dara, dan 2%
(w/v) maltodekstrin. Emulsi minyak kelapa dara menunjukkan taburan saiz partikel



yang kekal dalam kajian kestabilan penyimpanan produk optimum selama tiga bulan
di suhu 25 dan 50<€. Fasa pemisahan juga tidak berlaku antara semua emulsi
minyak kelapa dara sepanjang kajian kestabilan penyimpanan. Tiada kesan
pertumbuhan mikrob sepanjang kajian penyimpanan dalam masa tiga bulan. Selain
itu, emulsi minyak kelapa dara tidak menunjukkan perubahan yang bererti (p > 0.05)
dalam kandungan asid lemak bebas walaupun disimpan dalam suhu 4<€ ataupun
259 sepanjang jangka masa penyimpanan. Dari segi keutamaan rasa, kajian
penilaian deria antara pelajar UPM menunjukkan bahawa kedua-dua emulsi minyak
kelapa dara optimum (7.5 dan 10% minyak kelapa dara) mempamerkan perbezaan
yang ketara (p < 0.05) dari segi bau, rasa, kemanisan, dan penerimaan keseluruhan.
Kebanyakan ahli panel lebih suka emulsi minyak kelapa dara yang berperisa
mangga. Antara semua sampel emulsi, emulsi dengan 7.5% minyak kelapa dara
berperisa mangga mendapat skor penilaian deria terbaik, dengan semua skor sifat
penilaian deria lebih daripada 5. Orang awam juga didapati lebih suka emulsi
berasaskan minyak kelapa dara berbanding dengan minyak kelapa dara dalam
penilaian deria umum. Ini menunjukkan potensi emulsi minyak kelapa dara untuk
dipasarkan dengan tujuan meningkatkan pemakanan minyak kelapa dara antara
pengguna terutamanya kanak-kanak.



ACKNOWLEDGEMENT

I would never have been able to finish my dissertation without the guidance from my
committee members, assistance and encouragement from friends, and endless
support from my family.

First and foremost, | would like to express my sincere gratitude to my supervisor,
Prof. Dr. Tan Chin Ping, for his excellent guidance, continuous support, patience,
and motivation throughout my Master studies. His constructive and insightful
comments and corrections made during the review of my thesis and manuscript
really helped me a lot in improving my work. Besides that, | wish to specially thank
Dr. Kamariah Long, Dr. Koh Soo Peng, and Dr. Chong Gun Hean for their
confidence and support throughout this research project, and providing me with an
excellent atmosphere for doing research. The completion of this journey would not
be possible without their assistance and support.

My sincere thanks also go to the laboratory staffs and research officers, Mr. Amran,
Ms. Faridah, and Ms Asmawati from Universiti Putra Malaysia (UPM); Ms.
Syazwani, Ms. Rosmawati, Ms. Josephine Mary, Ms. Azlina, Mr Izwan, and Mr
Shaiful from Malaysian Agricultural Research and Development Institute (MARDI)
for their kindness and technical assistance during the various laboratory tasks. Many
thanks to all my research team members, including Yin Yin, Sook Wah, Phui Yee,
Tai Boon, Kok Ming, Biow Ing, and Pei Yin from UPM, and also friends from
MARDI, including Zahiah and Fatihatul for their valuable help, support, and joy
during my study. Lastly, | wish to thank my beloved family for their unconditional
support, love, and care throughout my life.



I certify that a Thesis Examination Committee has met on 2014 to conduct the final
examination of Khor Yih Phing on her thesis entitled “Development of Virgin
Coconut Oil (VCO) Based Emulsion Product as Dietary Supplement” in accordance
with Universities and University Colleges Act 1971 and the Constitution of the
Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee
recommends that the student be awarded the Master of Science.

Members of the Thesis Examination Committee were as follows:

Faridah binti Abas, PhD

Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Anis Shobirin binti Meor Hussin, PhD
Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Internal Examiner)

Irwandi Jaswir, PhD
Professor

Faculty of Engineering
Universiti Islam Antarabangsa
(External Examiner)

NORITAH OMAR, PhD

Associate Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

Vi



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

Tan Chin Ping, PhD

Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Chong Gun Hean, PhD

Lecturer

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Member)

Kamariah Long, PhD

Deputy Director

Biotechnology Research Centre,

Malaysia Agricultural Research and Development Institute
(Member)

Koh Soo Peng, PhD

Senior Research Officer

Biotechnology Research Centre,

Malaysia Agricultural Research and Development Institute
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by Graduate Student

| hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced,;

this thesis has not been submitted previously or concurrently for any other
degree at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned
by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published (in the
form of written, printed or in electronic form) including books, journals,
modules, proceedings, popular writings, seminar papers, manuscripts, posters,
reports, lecture notes, learning modules or any other materials as stated in the
Universiti Putra Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and
scholarly integrity is upheld as according to the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra
Malaysia (Research) Rules 2012. The thesis has undergone plagiarism
detection software.

Name and Matric No.:

viii



Declaration by Members of Supervisory Committee

This is to confirm that:
e the research conducted and the writing of this thesis was under our
supervision;
e supervision responsibilities as stated in the Universiti Putra Malaysia
(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: Signature:

Name of Chairman Name of Member
of Supervisory of Supervisory
Committee: Committee:
Signature: Signature:

Name of Member Name of Member
of Supervisory of Supervisory
Committee: Committee:




ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVAL

DECLARATION

LISTS OF TABLES

LIST OF FIGURES

LIST OF EQUATIONS
LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

2 LITERATURE REVIEW
2.1 Emulsion and stability
2.2 Coconut
2.3 Virgin Coconut Oil

2.3.1 Virgin Coconut Oil Processing
2.3.2 Benefits of Virgin Coconut Oil

2.3.3 Medium Chain Fatty Acids in Virgin Coconut Oil
2.3.4 Other Applications of Virgin Coconut Oil

2.4 Components of VCO Emulsions

2.4.1 Hydrocolloids
2.4.1.1 Arabic Gum
2.4.1.2 Xanthan Gum

2.4.2 Maltodextrin

2.4.3 Stevia

2.4.4 Potassium Sorbate

2.4.5 Citric Acid

2.4.6 Flavouring Agents

2.5 Physicochemical Characterization of Emulsion

2.5.1 pH Profile

2.5.2 Particle Size Distribution
2.5.3 Emulsion Stability Index
2.5.4 Rheological Profile
2.5.5 Zeta Potential

2.5.6 Texture Analysis

A COMPARATIVE STUDY OF THE PHYSICOCHEMICAL
PROPERTIES OF THE COMMERCIAL FOOD SUPPLEMENT

EMULSIONS
3.1 Introduction
3.2 Materials and Methods
3.2.1 Materials
3.2.2  Physicochemical Properties Analysis
3.2.2.1 Particle Size Distribution

Page
iii

Vi
viii
Xiv
XV
XVili
XIX

-

O OOoO~NO OO~ Www

17

18

18
18
18



4

3.2.2.2 pH Measurement
3.2.2.3 Texture Profile
3.2.2.4 Rheological Profile
3.2.2.5 Microscopic Observation
3.2.2.6 Zeta Potential
3.2.2.7 Proximate Analysis
3.2.2.8 Statistical Analysis

3.3 Results and Discussion

3.3.1
3.3.2
3.3.3
3.34
3.35
3.3.6

Particle Size Distribution
pH Measurement
Texture Profile
Rheological Profile

Zeta Potential

Proximate Analysis

3.4 Conclusion

18
18
19
19
19
20
20
20
20
21
22
23
29
29
32

DEVELOPMENT OF VCO-BASED EMULSION PRODUCTS:
OPTIMISATION OF EMULSION FORMULATION
4.1 Introduction

4.2 Materials and Methods

421
4.2.2

4.2.3

4.2.4

4.2.5

Materials

Preliminary Study: Emulsion Stability Assessment of
VCO-Based Emulsions Using Different Oil Concentrations
4.2.2.1 Particle Size Distribution

4.2.2.2 Emulsion Stability Index

4.2.2.3 Rheological Behaviour Profile

Optimisation of Hydrocolloid Concentrations in VCO-
Based Emulsion Formulations

4.2.3.1 Preparation of VCO-Based Emulsion Products
4.2.3.2 pH Measurement

4.2.3.3 Particle Size Distribution

4.2.3.4 Emulsion Stability Index (ESI)

4.2.3.5 Rheological Behaviour Profile

Optimisation of VCO-Based Emulsion Formulation
with Higher Concentrations of VCO

4.2.4.1 Preparation of VCO-Based Emulsion Products
4.2.4.2 pH Measurement

4.2.4.3 Particle Size Distribution

4.2.4.4 Emulsion Stability Index (ESI)

4.2.4.5 Rheological Behaviour Profile

Statistical Analysis

4.3 Results and Discussion

431

Preliminary Study: Emulsion Stability Assessment of
VCO-Based Emulsions using Different Oil Concentrations
4.3.1.1 Effect of VCO Concentration on Emulsion
Particle Size Distribution
4.3.1.2 Effect of VCO Concentration on Emulsion
Stability Index
4.3.1.3 Effect of VCO Concentration on the Rheological
Profile

Xi

33
34
34

34
34
35
35

35
35
36
36
36
36

36
36
36
37
37
37
37
37

37

37

38

39



5

4.3.2 Optimisation of Hydrocolloid Concentrations in VCO-

Based Emulsion Formulation 44
4.3.2.1 Effect of Arabic Gum and Xanthan Gum

Concentrations on the pH value of VCO-Based

Emulsions 44
4.3.2.2 Effect of Arabic Gum and Xanthan Gum

Concentrations on the Particle Size Distribution of

VCO-Based Emulsions 45
4.3.2.3 Effect of Arabic Gum and Xanthan Gum

Concentrations on the Emulsion Stability Index of

VCO-Based Emulsions 47
4.3.2.4 Effect of Arabic Gum and Xanthan Gum

Concentrations on the Rheological Behaviour Profile

of VCO-Based Emulsions 47
4.3.3 Optimisation of VCO-Based Emulsion Formulation
with Higher Concentrations of VCO 50
4.3.3.1 Effect of VCO and Maltodextrin Concentrations on
pH changes of VCO-Based Emulsions 50

4.3.3.2 Effect of VCO and Maltodextrin Concentrations on

the Particle Size Distribution of VCO-Based

Emulsions 51
4.3.3.3 Effect of VCO and Maltodextrin Concentrations on

the Emulsion Stability Index of VCO-Based

Emulsions 52
4.3.3.4 Effect of VCO and Maltodextrin Concentrations

on the Rheological Behaviour Profile of

VCO-Based Emulsions 52

4.3.4 Comparisons between Optimised VCO-Based Emulsions and
Commercial Food Supplement Emulsions 56
4.4 Conclusion 56

STORAGE STABILITY ASSESSMENT OF VIRGIN COCONUT OIL-
BASED EMULSION PRODUCTS

5.1 Introduction 57

5.2 Materials and Methods 58

5.2.1 Materials 58

5.2.2 Preparation of the VCO Emulsions 58
5.2.3 Assessment of the Stability of the VCO Emulsions During

Storage 58

5.2.3.1 pH Measurement 58

5.2.3.2 Particle Size Distribution 59

5.2.3.3 Oxidative Stability Assessment 59

5.2.3.4 Analysis of the Free Fatty Acids Content 59

5.2.3.5 Rheological Behaviour Profile 59

5.2.3.6 Microbiological Analysis 59

5.2.3.7 Emulsion Stability Index 60

5.2.3.8 Statistical Analysis 60

5.3 Results and Discussion 60

5.3.1 General 60

5.3.2 pH Measurement 61

Xii



5.3.3
5.34
5.3.5
5.3.6
5.3.7
5.3.8

Particle Size Distribution
Oxidative Stability Assessment
Free Fatty Acids Content
Rheological Behaviour Profile
Microbiological Analysis
Emulsion Stability Index (ESI)

5.4 Conclusion

6 SENSORY EVALUATION OF THE OPTIMISED VCO
EMULSIONS
6.1 Introduction
6.2 Materials and Methods

6.2.1

6.2.2

6.2.3

Samples

6.2.1.1 VCO Emulsions

6.2.1.2 VCO

Sensory Analysis

6.2.2.1 Sensory Evaluation among University Students

6.2.2.2 Public Sensory Evaluation among School Children
and Adults

Statistical Analysis

6.3 Results and Discussion
6.3.1 Analysis of Hedonic Ratings

6.3.2

6.3.3

6.4

6.3.1.1 Hedonic Ratings among University Students

6.3.1.2 Hedonic Ratings among School Children and
Adults

Internal Preference Mapping

6.3.2.1 Internal Preference Mapping on the Sensory
Evaluation among University Students

6.3.2.2 Internal Preference Mapping on the Public Sensory
Evaluation among School Children and Adults

Principle Component Analysis (PCA) of Attributes

6.3.3.1 PCA of Attributes on the Sensory Evaluation
among University Students

6.3.3.2 PCA of Attributes on the Public Sensory Evaluation
among School Children and Adults

Conclusion

7 SUMMARY, CONCLUSIONS AND FUTURE
RECOMMENDATIONS

REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xiii

62
64
68
69
72
74
75

76
77
77
77
77
77
77

77
78
78
78
78

79
80

80

83
86

86

87

89

90

93

106
113
114



Table

2.1

3.1

3.2

3.3

4.1

4.2

4.3

4.4

4.5

5.1

5.2

5.3

6.1

6.2

LIST OF TABLES

Fatty acid composition of virgin coconut oil (VCO) and
refined, bleached and deodorized (RBD) coconut oil
from various sources

pH, particle size, and zeta potential of the commercial
emulsion samples

Texture properties of the commercial emulsion samples
Proximate analysis of the commercial emulsion samples

Particle size and emulsion stability index (ESI) of the
VCO-based emulsion samples with different VCO
concentrations

pH and emulsion stability index (ESI) of the VCO-based
emulsion samples prepared with different arabic gum
and xanthan gum concentrations

Particle size changes of the VCO-based emulsion samples
prepared with different arabic gum and xanthan gum
concentrations

pH and emulsion stability index (ESI) of the VCO-based
emulsion samples prepared with different VCO and
maltodextrin concentrations

Particle size changes of the VCO-based emulsion samples
prepared with different VCO and maltodextrin concentrations

Free fatty acids (FFA) content of emulsion formulas V1 and
V2 before and after 3 months storage at different temperatures

Microbiological analysis of emulsion formulas V1 and V2
on potato dextrose and nutrient agar stored for 3 months at
different storage temperatures

Emulsion stability index (ESI) of emulsion formulas V1
and V2 stored for 3 months at different storage temperatures

Means and standard deviations (SD) for the hedonic ratings of
various VCO emulsion samples (n=100)

Means and standard deviations (SD) for the hedonic ratings of
VCO and VCO emulsion samples (n=100)

Xiv

Page

21

23
30

38

45

46

50

52

68

73

75

79

80



Figure

2.1

2.2

2.3

2.4

2.5

2.6

3.1

3.2

3.3

3.4

4.1

4.2

LIST OF FIGURES

The coconut plant
Copra and the virgin coconut oil
Flowchart of the production of virgin coconut oil

Chemical structures of some of the fatty acids present in
virgin coconut oil

(a) Acacia Senegal and (b) Acacia seyal
Xanthomonas campestris

(a) Storage modulus, G’ (Pa) vs. temperature sweep (<€),
(b) loss modulus, G” (Pa) vs. temperature sweep (<€), and
(c) viscosity, n (Pa.s) vs. temperature sweep (<€) data

for commercial emulsion samples (C1, C2, C3, C4).

Storage modulus, G’ (Pa) and loss modulus, G (Pa) vs.
shear stress (Pa) data for (a) C1; (b) C2; (c) C3; (d) C4 and
(e) viscosity, n (Pa.s) vs. shear stress (Pa) for commercial
emulsion samples.

Storage modulus, G’ (Pa) vs. frequency sweep (Hz), (b)

Loss modulus, G” (Pa) vs. frequency sweep (Hz), (c) viscosity,
n (Pa.s) vs. frequency sweep (Hz), and (d) loss tangent (tan o)
vs. frequency sweep (Hz) data for commercial emulsion samples
(C1, C2, C3, C4).

Microscopic observation of commercial emulsion samples
(@) C1, (b) C2, (c) C3, and (d) C4. Scale bar in all images
represents 10pm.

(a) Storage modulus, G’ (Pa) vs. frequency sweep (Hz), (b)

loss modulus, G” (Pa) vs. frequency sweep (Hz), (c) viscosity,

n (Pa.s) vs. frequency sweep (Hz), and (d) loss tangent (tan o)
vs. frequency sweep (Hz) data for VCO-based emulsion samples
with different VCO concentrations.

Storage modulus, G’ (Pa) and loss modulus, G” (Pa) vs. shear
stress (Pa) data for (a) the 5% VCO-based emulsion and (b)
viscosity, n (Pa.s) vs. shear stress (Pa) for VCO-based emulsion
samples with different VCO concentrations.

XV

Page

10

11

24

26

28

31

42


http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)

4.3

4.4

4.5

4.6

4.7

4.8

5.1

5.2

5.3

5.4

(a) Storage modulus, G’ (Pa) vs. temperature sweep (<€),
(b) loss modulus, G” (Pa) vs. temperature sweep (<€), and
(c) viscosity, n (Pa.s) vs. temperature sweep (<€) data

for VCO-based emulsion samples with different VCO
concentrations.

Initial viscosity, n (Pa.s) vs. temperature (€) for VCO-
based emulsion samples with different arabic gum
concentrations and 0.8% xanthan gum. (a = arabic gum
concentration)

Viscosity, ) (Pa.s) vs. temperature (<€) for VCO-
based emulsion samples with different arabic gum
concentrations and 0.8% xanthan gum after 2 weeks at
25<. (a = arabic gum concentration)

Initial viscosity, n (Pa.s) vs. temperature (€) for VCO-
based emulsion samples with different arabic gum
concentrations and 1.0% xanthan gum. (a = arabic gum
concentration)

Viscosity, | (Pa.s) vs. temperature (<€) for VCO-
based emulsion samples with different arabic gum
concentrations and 1.0% xanthan gum after 2 weeks at
25<. (a = arabic gum concentration)

Viscosity, ) (Pa.s) vs. temperature (<€) for VCO-
based emulsion samples with different VCO (10-20%)
and maltodextrin (1-3%) concentration after 2 weeks at
259 and 50<€. (VCO = virgin coconut oil; MD =
maltodextrin)

Changes of the pH value versus storage duration (weeks)

(@) emulsion formulation V1, and (b) emulsion formulation

V2.

Typical particle size distribution profile of VCO emulsion
formulation V1 before stored at different temperatures.

Changes of the particle size (jun) versus storage duration
(weeks) (a) emulsion formulation V1, and (b) emulsion
formulation V2.

Changes in the specific extinction coefficient, E*¢, at

233nm versus storage duration (weeks) (a) emulsion
formulation V1, and (b) emulsion formulation V2.

XVi

43

48

48

49

49

53

63

64

66


http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)

5.5

5.6

5.7

6.1

6.2

6.3

6.4

6.5

6.6

Changes in the specific extinction coefficient, E**;c, at
269nm versus storage duration (weeks) (a) emulsion
formulation V1, and (b) emulsion formulation V2.

Changes of the viscosity, n (Pa.s) vs. temperature sweep
(<€) of emulsion formulation V1 stored at (a) 4 <€, (b)
25, and (c) 50<€.

Changes of the viscosity, n (Pa.s) vs. temperature sweep
(<€) of emulsion formulation V2 stored at (a) 4 <€, (b)
25, and (c) 50<€.

Internal preference map based on university students’
acceptability ratings.

Internal preference map based on child panellist sensory
ratings (A = VCO emulsion with pineapple flavour;

B = VCO emulsion with mango flavour; and C =

VCO sample).

Internal preference map based on adult panellist sensory
ratings (A = VCO emulsion with pineapple flavour;

B = VCO emulsion with mango flavour; and C =

VCO sample).

Principal component biplot of the attribute mean
liking scores (university students).

Principal component biplot of the attribute mean
liking scores among children panellists.

Principal component biplot of the attribute mean
liking scores among adult panellists.

XVii

67

70

71

82

84

85

87

88

88


http://en.wikipedia.org/wiki/Eta_(letter)
http://en.wikipedia.org/wiki/Eta_(letter)

LIST OF EQUATION

Equation Page

41  ESI (%) = [(HE-HC/HS)/HE] <100 35

xviii



LIST OF ABBREVIATIONS

ANOVA analysis of variance

AOAC Association of Official Analytical Chemists
AOCS American Oil Chemists’ Society

APCC Asian and Pacific Coconut Community

C

C1 commercial emulsion product 1

C2 commercial emulsion product 2

C3 commercial emulsion product 3

C4 commercial emulsion product 4

D

d delta

DE dextrose equivalent

E

E.C. European Comission

ESI emulsion stability index

F

FAO Food and Agriculture Organization of the United Nations
FDA U S Food and Drug Administration

FFA free fatty acid

Xix



G’ storage modulus

G” loss modulus

GRAS generally recognised as safe
H

HDL high density lipoprotein

HC height of cream layer

HE initial emulsion height

HIV human immunodeficiency virus
HS height of sedimentation phase
L

LCFA long chain fatty acids

LDL low density lipoprotein

M

MCFA medium chain fatty acids
MCT medium chain triglyceride

N

nd not detected

O

o/w oil-in-water

XX



PCA principle component analysis

PORIM Palm Oil Research Institute of Malaysia
R

RBD refined, bleached, and deodorized

T

tan o loss tangent

U

UPM Universiti Putra Malaysia

\Y/

n viscosity

V1 emulsion formulation with 7.5% VCO
V2 emulsion formulation with 10% VCO
VCO virgin coconut oil

VLDL very low density lipoprotein

W

WHO World Health Organization

XXi



CHAPTER 1

INTRODUCTION

The golden crop, also known as the tree of life, coconut contributes various valuable
products to humans in both food and non-food capacities. Its meat and juice, as well
as the milk and oil derived from it, are used in the food industry, whereas the husk,
shell, leaves, and stem of the coconut are raw materials for non-food industries
(Songkro et al., 2010). The world’s major supplier of coconut oil and the world
leader in coconut trade is the Philippines, which contributes approximately 57.1% of
the total export trade (Villarino et al., 2007). The idea of producing virgin coconut oil
(VCO) is inspired by the well-known virgin olive oil. Virgin oil has become a widely
sought after commodity as such oils contain beneficial minor components and are
well preserved (Chua et al., 2012). Similar to virgin olive oil, VCO holds promise as
a functional food oil, gaining popularity and capturing public attention for the
reasons above. Unsurprisingly, the VCO market is experiencing dramatic growth.
The increasing demand for VCO is drawing the curiosity of small- and large-scale
entrepreneurs, in part because its production also restores the once near-stale coconut
industry. The availability of VCO is especially high in southeast Asia, including the
Philippines, Thailand, Indonesia and Malaysia (Marina et al., 2009).

Unlike the coconut oil that is extracted via the conventional method, which involves
heat treatment and is marketed as cooking oil, VCO is an oil that may be consumed
directly. VCO is an oil which is obtained from the fresh and mature kernel of the
coconut through a wet extraction method (Hamsi et al., 2014).The advantage of wet
extraction process is to retain bioactive compounds in the VCO such as tocotrienols,
polyphenols, and tocopherols, that possess antioxidant properties. The price of VCO
is estimated to be approximately 10-20 times higher than that of other commodity
oils, such as corn, palm, and sunflower oils (Rohman & Che Man, 2011). VCO is
also categorised under the lauric acid group of plant oils (Guarte et al., 1996). It is
believed that the consumption of solid fats rich in lauric acid leads to a more
favourable serum lipid profile in healthy men and women (Liau et al., 2011). Besides,
lauric acid has also been reported to possess antiviral, antibacterial, anticaries,
antiplaque and antiprotozoal functions (Villarino et al., 2007).

Despite the therapeutic benefits conferred by VCO, most consumers do not directly
consume VCO because of its oily taste and strong coconut aroma. The consumption
rate among children is very low compared to adult consumers. Therefore, the
introduction of a VCO-based emulsion product as a nutritional food supplement
could serve to increase the consumption of VCO among school children. Generally,
food producers tend to create economically viable products from the well-known
ingredients (Dalgleish, 2006). The surge in demand for emulsion-based products has
also engendered much interest in the development of a virgin coconut oil emulsion to
meet consumer satisfaction.

The unique saturated fat structures present in VCO contribute a soft buttery texture to
the formulated product. This novel product is strongly believed to be capable of



sustaining Malaysia’s coconut industry and of increasing the income of our local
VCO producers. The emergence of new coconut products, either in food or
nutraceutical applications, will beyond a doubt open windows of opportunity to
farmers by adding value to their products. The main objectives of this research study
were:

1. to characterise the physicochemical properties of the commercial emulsion
samples (Chapter 3);

2. to develop and optimise the VCO-based emulsion formulations (Chapter 4);

3. to evaluate the physicochemical stability of the optimised VCO-based
emulsions during storage (Chapter 5); and

4. to determine the organoleptic acceptability of the optimised VCO-based
emulsions (Chapter 6).
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