
 
 

UNIVERSITI PUTRA MALAYSIA 
 

SYNTHESIS OF VIRGIN COCONUT OIL ESTERS AND FORMATION OF 
NANOEMULSIONS CONTAINING COPPER PEPTIDE FOR 

COSMECEUTICAL USE 

SHAZWANI BINTI SAMSON

FS 2017 7



© C
OPYRIG

HT U
PMSYNTHESIS OF VIRGIN COCONUT OIL ESTERS AND FORMATION OF 

NANOEMULSIONS CONTAINING COPPER PEPTIDE FOR 
COSMECEUTICAL USE 

By

SHAZWANI BINTI SAMSON 

Thesis Submitted to the School of Graduate Studies, 
Universiti Putra Malaysia, in Fulfilment of the Requirements for the  

Degree of Doctor of Philosophy 

January 2017 



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, logos, icons, 

photographs and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis 

for non-commercial purposes from the copyright holder. Commercial use of material 

may only be made with the express, prior, written permission of Universiti Putra 

Malaysia. 

Copyright © Universiti Putra Malaysia



© C
OPYRIG

HT U
PM

i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

SYNTHESIS OF VIRGIN COCONUT OIL ESTERS AND FORMATION OF 
NANOEMULSIONS CONTAINING COPPER PEPTIDE FOR 

COSMECEUTICAL USE 

By

SHAZWANI BINTI SAMSON 

January 2017 

Chairperson: Professor Mahiran Basri, PhD 
Faculty : Science 

Virgin coconut oil esters (VCOE) were synthesized enzymatically through alcoholysis 

reaction of virgin coconut oil (VCO) and oleyl alcohol. The properties of the esters 

showed their suitability to be used as cosmetic’s ingredient and exhibited non-irritant 

effect with a Human Irritancy Equivalent (HIE) score below 0.9. Factors (enzyme 

amount, reaction time, substrate molar ratio) that influenced the percentage yield (%) of 

esters were investigated using artificial neural network (ANN) and the optimum 

percentage yield obtained was 96.05%. Pseudo-ternary phase diagrams for 

VCO/surfactant/water and VCOE/surfactant/water systems were constructed to serve as 

platform in building the emulsion systems. Surfactants used were mixture of Tween 80 

(T80) and Pluronic F68 (PF68) at ratio of 40:1. Based on the results, multiphase 

regions dominated the two pseudo-ternary phase diagrams. Therefore, several 

compositions with low surfactants contents from the multiphase regions of the pseudo-

ternary phase diagrams were selected for modification, by incorporating xanthan gum 

as stabilizer into the system. Xanthan gum was found to be able to stabilize the 

emulsions systems where smaller particle size was obtained at high concentration of 

surfactant and low concentration of oil and xanthan gum. 

The effect of composition on nanoemulsion; VCO, T80:PF68 and xanthan gum on 

variation of particle size was investigated using D-optimal Mixture Design and ANN. 

The particle size of nanoemulsions estimated by D-optimal was 120.88 nm while ANN 

was 124.16 nm. The most suitable method for optimizing the nanoemulsions systems 

was found out to be ANN due to the lower percentage of residual standard error (RSE). 

The optimum compositions obtained for VCO nanoemulsion were VCO (10.00%, 

w/w), T80:PF68 (15.00%, w/w), xanthan gum (0.87%, w/w) and water (74.13%, w/w). 

The same composition was used for the preparation of VCOE nanoemulsions since 

there was no significant difference observed in term of particle size. Incorporation of 

copper peptide in the optimum formulations also showed insignificant effect on the 

particle size.  
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Physicochemical characterization and stability evaluation were conducted for the 

optimum VCO and VCOE nanoemulsions without active (Opt-VCO and Opt-VCOE, 

respectively) and with the addition of active (VCOCP and VCOECP, respectively). 

Final formulations were found out to be in ‘nano’ sized with good stability and were 
proven to be the oil-in-water type of nanoemulsions with pH suitable for human skin. 

The micrographs obtained using Transmission Electron Microscopy (TEM) showed 

that the particle size was in agreement with the measured size. The final formulations 

exhibited pseudoplastic properties, shear thinning behavior and elastic behavior where 

wide linear viscoelastic region was observed which correlated well to the high rigidity 

of the system. In the stability study, the final nanoemulsions showed excellent physical 

stability against centrifugation test, freeze-thaw cycle test and storage at temperature 25 

°C and 45 °C for 90 days. In-vitro permeation study indicated the ability of the 

nanoemulsions to improve the permeability of copper peptide as compared to control. 

The percentage amount of copper peptide that permeates through skin barrier was 

observed to be higher for VCOE nanoemulsion as compared to VCO nanoemulsion. In 

the cytotoxicity test, nanoemulsions showed no cytotoxicity effect on fibroblast cells 

(3T3) with IC50 value higher that 1000µg/ml. 

The short-term moisturizing effect on 10 subjects showed increment in skin hydration 

and reduction of TEWL after application of formulations Opt-VCO and Opt-VCOE. 

Opt-VCOE exhibited higher skin hydration value after application of the cream to 

subject’s skin. Due to the higher moisturizing capacity of Opt-VCOE as compared to 

Opt-VCO, VCOE-based nanoemulsion containing copper peptide (VCOECP) was 

selected for the anti-aging efficacy study. In the irritancy test, VCOECP was found out 

to be non-irritant with HIE scores lower than 0.9. Anti-aging efficacy measurements 

showed increment in skin hydration and reduction of the transepidermal water loss 

(TEWL) after application of VCOECP and placebo. Higher skin hydration value and 

lower TEWL value was observed for VCOECP as compared to placebo. The mean 

collagen score was increased significantly from 24.92 ± 4.32 to 41.67 ± 5.57 after 

application of copper peptide nanoemulsion as compared to at day 0. Placebo did not 

show any possible therapeutic effect on collagen since there was no significant 

increment in collagen score from day 0 to day 28. No visible skin reactions were 

experienced by the subjects during treatment. This work concluded that stable VCO 

and VCOE nanoemulsions having moisturizing properties and fit for cosmetic use were 

successfully developed. Copper peptide loaded nanoemulsion showed collagen 

regeneration in human skin and thus exhibited potential use in the cosmeceutical 

industry. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

SINTESIS ESTER MINYAK KELAPA DARA DAN PEMBENTUKAN 
NANOEMULSI MENGANDUNGI KUPRUM PEPTIDA UNTUK KEGUNAAN 

KOSMESEUTIKAL 

Oleh 

SHAZWANI BINTI SAMSON 

Januari 2017 

Pengerusi: Professor Mahiran Basri, PhD 
Fakulti : Sains 

Ester minyak kelapa dara (VCOE) telah disintesis secara enzimatik melalui tindak balas 

alkoholisis minyak kelapa dara (VCO) dan oleyl alkohol. Sifat-sifat ester menunjukkan 

kesesuaiannya untuk digunakan sebagai bahan kosmetik dan menunjukkan kesan tidak 

merengsa dengan skor ‘Human Irritancy Equivalent’ (HIE) di bawah 0.9. Faktor-faktor 

(jumlah enzim, masa tindak balas, nisbah molar substrat) yang mempengaruhi hasil 

peratusan (%) ester telah dikaji dengan menggunakan Rangkaian Neural Tiruan (ANN) 

dan hasil peratusan optimum yang diperolehi adalah 96.05%. Gambar rajah fasa 

pseudo-pertigaan bagi sistem VCO/surfaktan /air dan sistem VCOE/surfaktan/air telah 

dibina sebagai platfom dalam pembinaan sistem emulsi. Surfaktan yang digunakan 

adalah campuran Tween 80 (T80) dan Pluronic F68 (PF68) pada nisbah 40:1. 

Berdasarkan hasil keputusan, kawasan multifasa mendominasi kedua-dua gambar rajah 

fasa pseudo-pertigaan. Oleh itu, beberapa komposisi dengan kandungan surfaktan yang 

rendah daripada kawasan multifasa pada gambar rajah fasa pseudo-pertigaan telah 

dipilih untuk pengubahsuaian, dengan menambahkan gam xantan sebagai penstabil ke 

dalam sistem. Gam xantan didapati berupaya untuk menstabilkan sistem emulsi di 

mana saiz zarah yang lebih kecil telah diperolehi pada kepekatan surfaktan yang tinggi 

dan kepekatan minyak dan gam xantan yang rendah. 

Kesan komposisi terhadap nanoemulsi; VCO, T80:PF68 dan gam xantan atas 

perubahan saiz zarah dikaji menggunakan ‘D-Optimal Mixture Design’ dan ANN. Saiz 
zarah nanoemulsi yang dianggarkan oleh D-Optimal adalah 120.88 nm manakala ANN 

adalah 124.16 nm. Kaedah yang paling sesuai untuk mengoptimumkan sistem 

nanoemulsi adalah ANN disebabkan peratusan piawai baki (RSE) yang lebih rendah. 

Komposisi optimum yang diperolehi bagi nanoemulsi VCO adalah VCO (10.00%, 

w/w), T80: PF68 (15.00%, w/w), gam xantan (0.87%, w/w) dan air (74.13%, w/w). 

Komposisi yang sama telah digunakan untuk penyediaan nanoemulsi VCOE kerana 

tidak ada perbezaan yang ketara diperhatikan dari segi saiz zarah. Penambahan kuprum 
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peptida dalam komposisi optimum juga menunjukkan kesan yang tidak ketara pada saiz 

zarah. 

Pencirian fizikokimia dan penilaian kestabilan telah dijalankan untuk formulasi 

nanoemulsi VCO dan VCOE optimum tanpa aktif (Opt-VCO dan Opt-VCOE) dan 

dengan penambahan aktif (VCOCP dan VCOECP). Formulasi akhir didapati bersaiz 

'nano' dengan kestabilan yang baik dan dibuktikan sebagai jenis nanoemulsi minyak-

dalam-air dengan pH yang sesuai untuk kulit manusia. Mikrograf yang diperolehi 

menggunakan mikroskop elektron transmisi (TEM) menunjukkan bahawa saiz zarah 

adalah bersesuaian dengan saiz yang diukur. Formulasi akhir mempamerkan ciri-ciri 

pseudokenyal, sifat penipisan ricih dan ciri-ciri elastik di mana rantau lurus viskoelastik 

yang luas telah diperhatikan yang berkait rapat dengan ketegaran sistem yang tinggi. 

Dalam kajian kestabilan, nanoemulsi akhir menunjukkan kestabilan fizikal yang sangat 

baik terhadap ujian daya empar, ujian beku-cair dan penyimpanan pada suhu 25 ° C dan 

45 ° C selama 90 hari. Kajian penyerapan in-vitro menunjukkan keupayaan nanoemulsi 

untuk meningkatkan kebolehtelapan kuprum peptida berbanding dengan kawalan. 

Jumlah peratusan kuprum peptida yang meresap melalui penghadang kulit diperhatikan 

lebih tinggi untuk nanoemulsi VCOE berbanding nanoemulsi VCO. Dalam ujian 

sitotoksiti, nanoemulsi tidak menunjukkan kesan sitotoksik terhadap sel fibroblast 

(3T3) dengan nilai IC50 yang lebih tinggi daripada 1000μg / ml.

Kesan kelembapan jangka pendek ke atas 10 subjek menunjukkan peningkatan dalam 

penghidratan kulit dan pengurangan kehilangan air transepidermal (TEWL) selepas 

penggunaan formulasi Opt-VCO dan Opt-VCOE. Opt-VCOE mempamerkan nilai 

penghidratan kulit yang lebih tinggi selepas penggunaan krim ke atas kulit subjek. 

Disebabkan kapasiti pelembapan Opt-VCOE yang lebih tinggi berbanding Opt-VCO, 

nanoemulsi berasaskan VCOE yang mengandugi kuprum peptida (VCOECP) telah 

dipilih untuk kajian keberkesanan anti-penuaan. Dalam ujian kerengsaan, VCOECP 

telah didapati tidak merengsa dengan skor HIE lebih rendah daripada 0.9. Ukuran 

keberkesanan anti-penuaan menunjukkan peningkatan dalam penghidratan kulit dan 

pengurangan kehilangan air transepidermal selepas penggunaan VCOECP dan plasebo. 

Nilai penghidratan kulit yang tinggi dan nilai TEWL lebih rendah diperhatikan untuk 

VCOECP berbanding dengan plasebo. Skor purata kolagen telah meningkat dengan 

ketara daripada 24.92 ± 4.32 kepada 41.67 ± 5.57 selepas penggunaan nanoemulsi 

kuprum peptida berbanding pada hari 0. Plasebo tidak menunjukkan apa-apa kesan 

mungkin terapeutik terhadap kolagen kerana tidak ada kenaikan ketara dalam skor 

kolagen dari hari 0 ke hari 28. Sepanjang tempoh rawatan, tidak ada kesan tindak balas 

pada kulit yang boleh diperhatikan telah dialami oleh subjek. Kajian ini merumuskan 

bahawa nanoemulsi VCO dan VCOE stabil yang mempunyai ciri-ciri pelembapan dan 

sesuai untuk kosmetik telah berjaya dibangunkan. Nanoemulsi mengandungi kuprum 

peptida menunjukkan pertumbuhan semula kolagen dalam kulit manusia dan sekaligus 

mempunyai potensi penggunaan dalam industri kosmeseutikal.  



© C
OPYRIG

HT U
PM

v 

ACKNOWLEDGEMENTS 

In the name of Allah S.W.T the compassionate and merciful, this dissertation would not 

have been possible without the blessing of Allah the Almighty and the guidance of 

several individuals who gave their valuable assistance in the preparation and 

completion of this study. I would like to express my deepest gratitude to Allah S.W.T 

for allowing me to complete my study. I wish to record my utmost gratitude to my 

supervisor, Professor Dr. Mahiran Basri for her invaluable guidance, advise, support, 

supervision and patience throughout the period of this study.  My appreciation also 

goes to the members of my supervisory committee, Dr. Roghayeh Abedi Karjiban and 

Dr. Emilia Abdul Malek for their support, encouragement, comments and guidance 

during the meeting. 

Special thanks to my research group members, Dr. Hamid Reza Fard Masoumi, Siti 

Hajar Musa, Nurshafira Khairuddin and Lim Chaw Jiang for their help, support and 

sharing all these while; Enzyme Microbial Technology research group in Institute of 

Bioscience (IBS) for the assistance given in operating of the instrument. My sincere 

gratitude is extended to Ms Norhayati Yusuf from laboratory of Molecular 

Biomedicine, Institute of Bioscience (IBS) for her guidance and assistance in the 

operation of the instruments.   

I would like to acknowledge the Ministry of Education (MOE) for the financial support 

provided under MyBRAIN 15 (MyPhD). My sincere gratitude extends to all lecturers, 

laboratory assistance and management staff in the Department of Chemistry, Universiti 

Putra Malaysia for their advice and assistance in my research work. My earnest 

appreciation goes to some of my closest friends which gave their support, moral advice 

and encouragement to ensure I finish my doctoral programme. 

Last but not least, my deepest appreciation and love goes to my beloved parents and 

brothers for their unceasing love, prayer, support, understanding and encouragement. 

Your unwavering support and advice has lifted my spirit and confidence which helped 

me reduced my physical and mental burdens. Thank you for the care and concern for 

me especially in regards to my health and well-being. May Allah bless you always. 



© C
OPYRIG

HT U
PM

vi

I certify that a Thesis Examination Committee has met on (11
st
 January 2017) to 

conduct the final examination of Shazwani binti Samson on her thesis entitled 

“Synthesis of Virgin Coconut Oil Esters and Formation of Nanoemulsions Containing 

Copper Peptide for Cosmeceutical Use” in accordance with the 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 Doctor of Philosophy. 

Members of the Thesis Examination Committee were as follows: 

Irmawati binti Ramli, PhD 
Associate Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Chairman) 

Mohamad Zaizi bin Desa, PhD 
Associate Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Internal Examiner) 

Nor Azowa binti Ibrahim , PhD 
Associate Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Internal Examiner) 

Varapon Junyaprasert, PhD 
Associate Professor 

Mahidol University 

 (External Examiner) 

                                         

    

                                              

___________________________ 

                    NOR AINI AB. SHUKOR, PhD 
                     Professor and Deputy Dean 

                     School of Graduate Studies 

                     Universiti Putra Malaysia 

                 Date: 



© C
OPYRIG

HT U
PM

vii 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

Mahiran binti Basri, PhD 
Professor 

Faculty of Science 

Universiti Putra Malaysia 

(Chairman) 

Emilia binti Abdul Malek, PhD 
Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia 

(Member) 

Roghayeh Abedi Karjiban, PhD 
Senior Lecturer 

Faculty of Science 

Universiti Putra Malaysia 

(Member) 

                                                                                                                

__________________________ 

             ROBIAH BINTI YUNUS, PhD 
                                                          Professor and Dean 

               School of Graduate Studies 

                Universiti Putra Malaysia 

            Date:  



© C
OPYRIG

HT U
PM

viii 

Declaration by graduate student 

I hereby confirm that: 

� this thesis is my original work; 

� quotations, illustrations and citations have been duly referenced; 

� this thesis has not been submitted previously of 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 DeputyVice-

Chancellor (research and Innovation) before thesis is published (in the form 

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. 

Signature: ____________________________                 Date: ____________________ 

Name and Matric No: Shazwani binti Samson, GS32662 



© C
OPYRIG

HT U
PM

ix

Declaration by Members of Supervisory Committee 

This is to confirm that: 

� The research conducted and the writing of this thesis was under our supervision; 

� Supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

Signature : ______________________ 

Name of  Chairman  

of Supervisory 

Committee :  Mahiran binti Basri

Signature : _______________________ 

Name of  Member  

of Supervisory 

Committee : Emilia binti Abdul Malek 

Signature : _______________________ 

Name of  Member  

of Supervisory 

Committee :   Roghayeh Abedi Karjiban



© C
OPYRIG

HT U
PM

x 

TABLE OF CONTENTS 
Page

ABSTRACT                                                                                                      i

ABSTRAK iii

ACKNOWLEDGEMENTS v

APPROVAL vi

DECLARATION viii

LIST OF TABLES xiv

LIST OF FIGURES xvi

LIST OF SCHEMES xx

LIST OF ABBREVIATIONS xxi

CHAPTER

1 INTRODUCTION
1.1    Background of Study 1

1.2   Research Problems 2

1.3   Research Objectives 3

2 LITERATURE REVIEW
2.1   Vegetable Oil and Esters 4

   2.1.1 Vegetable Oil 4

2.1.2  Vegetable Oil Esters 5

2.2   The Skin 6

2.2.1   Effect of Dryness and Collagen 

                   Deficiency on Skin Aging   

7

          2.2.2    Treatments of Aging/Skin care 8

2.3    Nanoemulsion as a Delivery System 9

2.3.1    Composition of Nanoemulsion 10

2.3.2 Preparation of Nanoemulsion: Principles

                         And Methods Involve

13

2.3.3 Stability of Nanoemulsion 15

2.3.4 Nanoemulsion in Cosmeceutical Field 18

2.4 Cosmeceutical Agents in the Current 

           Cosmeceyical Industries    

19

          2.4.1  Antioxidants 19

          2.4.2   Skin Renewal Agents 20

   2.4.3   Barrier Enhancing Agents 20

2.5     Cosmeceutical Peptides as Anti-aging 21

2.5.1  GHK-Cu peptide 23

2.5.2      Skin Remodelling and Anti-Aging 

                         Activity of GHK-Cu Peptide 

24

3 MATERIALS AND METHODS
3.1  Materials 26

3.2   Synthesis and Characterization of Virgin Coconut 

           Oil Esters

26

3.2.1   Alcoholysis Reaction 26

3.2.2 Isolation and Purification of Virgin

                         Coconut Oil Esters

26



© C
OPYRIG

HT U
PM

xi

3.2.3  Identification of Virgin Coconut Oil

                         Esters

27

3.2.4      Physicochemical Characterization of

                      Virgin Coconut Oil Esters

27

3.2.5 Irritancy Test of the Esters 27

3.3   Prediction of Esters Yield Using Artificial 

           Neural Network

28

3.3.1 Calculation of Esters Yield 26

3.3.2 ANN Software Tool and Modelling 28

3.4 Phase Behaviour of Virgin Coconut Oil and Esters 29

3.5    Modification of the Nanoemulsions Systems

           Using Rheological Modifier

29

3.6     Preparation of Nanoemulsions Containing Copper 

           Peptide

29

3.7   Optimization of Nanoemulsions Systems by

          One-At-A-Time Approach

30

          3.7.1     Effect of Mixed Surfactant (T80:PF68)

                      On Nanoemulsions Formulations

30

3.7.2    Effect of Oil Phase on Nanoemulsions 

                          Formulations

30

3.7.3 Effect of Rheology Modifier on 

                     Nanoemulsions Formulations

30

3.8    Optimization of VCO Nanoemulsions Using

          D-Optimal Mixture Design

30

3.8.1   Experimental Design 30

3.8.2 Statistical Analysis and Model 

                         Verification

31

3.9  Optimization of VCO Nanoemulsions Using

          Artificial Neural Network

32

   3.9.1 Artificial Neural Network Software Tool 

                          And Data Sets

32

3.9.2  ANN Architecture    32

3.9.3 Evaluation of Model Predictability 34

3.10     Characterization and Physical Stability 

            Assessments of the Nanoemulsions Systems

34

   3.10.1    Droplet Size Analysis 34

3.10.2    Zeta Potential Analysis 35

3.10.3    pH and Conductivity Measurement 35

   3.10.4    Stability Study 35

          3.10.5    Morphology Study 35

          3.10.6    Rheology Study 36

3.10.7    In-Vitro Permeation Study 36

3.10.8    Cytotoxicity of the Nanoemulsions 36

3.11     Moisturizing Efficacy of the Coconut-based 

            Nanoemulsions

37

3.12  In-Vitro Irritection ® Assay of Copper Peptide  

Loaded VCOE Nanoemulsion

37

3.13   Anti-aging Efficacy Test 38

           3.13.1    Biophysical Skin Study 38

           3.13.2    Ultrasound Skin Imaging 38



© C
OPYRIG

HT U
PM

xii 

4 RESULTS AND DISCUSSION
4.1 Synthesis of Virgin Coconut Oil Esters 39

4.2  Analysis and Characterization of  Virgin Coconut

Oil Esters

41

4.2.1   Thin Layer Chromatography 41

4.2.2      Gas Chromatograph-Mass Spectrometry 

                         (GC-MS)

41

4.2.3      Physicochemical Characterization of 

                         Virgin Coconut Oil Esters

43

4.2.4    Irritancy Test 44

4.3      Analysis of Yield of Virgin Coconut Oil Esters 

           using Artificial Neural Network

45

4.3.1  The Topologies of the Algorithm 45

4.3.2    Model Selection 46

4.3.3  Model Validation 49

4.3.4   Optimum Reaction Conditions 49

4.4  Phase Behavior Study 50

   4.4.1    Phase Behavior of Virgin Coconut Oil and 

                         Virgin Coconut Oil Esters

50

4.5     Optimization of Nanoemulsions Systems by One-

           At-A-Time Approach: A Preliminary Study

52

4.5.1      Effect of Mixed Surfactant on 

                         Nanoemulsions Systems

52

4.5.2    Effect of Oil on Nanoemulsions Systems 53

4.5.3    Effect of Xanthan Gum on 

                         Nanoemulsions Systems

54

4.6      Optimization of VCO Nanoemulsions Systems by

           D-Optimal Mixture Design

56

4.6.1  Fitting the Models 56

          4.6.2    D-Optimal Analysis 58

          4.6.3   Verification of Reduced Model 62

4.6.4 Optimization of D-Optimal Mixture 

                         Design for VCO Nanoemulsions

63

4.7      Optimization of VCO Nanoemulsions Systems by

    Artificial Neural Network

63

4.7.1  The Topologies of the Algorithm 63

4.7.2   Model Selection 64

          4.7.3    Model Validation 68

          4.7.4  Importance of the Effective Variables 68

          4.7.5    Optimum VCO Nanoemulsions by ANN 68

4.8    Comparison of ANN and D-optimal Models 69

4.9    Particle Size of VCO and VCOE Nanoemulsions

           With and Without Active using the Optimum 

           Composition Values

69

4.10 Characterization and Physical Stability 

           Assessments of Formulations

70

          4.10.1 Surface Charge Analysis 70

          4.10.2   Electrical Conductivity Study 71

          4.10.3 pH Analysis 72

          4.10.4  Stability Assessments 72

          4.10.5 Morphology Study 75



© C
OPYRIG

HT U
PM

xiii 

4.10.6 Rheological Characterization 76

4.10.7   In-Vitro Study 79

4.10.8 Cytotoxicity of Nanoemulsions on 3T3

                         Fibroblast Cells

81

4.11 Moisturizing Efficacy of the Coconut-based

           Nanoemulsions

83

4.12    Irritancy Assay of VCOE Nanoemulsion 

           Containing Copper Peptide

86

4.13    Anti-aging Efficacy Measurements 87

           4.13.1 Effect of Copper Peptide Loaded VCOE 

                         Nanoemulsion on Skin-Related

                         Parameters

87

    4.13.2 Open Trial of Copper Peptide Loaded 

                        VCOE Nanoemulsion on Treating Skin 

                       Aging of Human Skin

90

5 CONCLUSION AND RECOMMENDATIONS FOR 
FUTURE   RESEARCH
5.1 Conclusion 93

5.2 Recommendations for Future Research 94

REFERENCES                         96

APPENDICES                     107

BIODATA OF STUDENT                   118

LIST OF PUBLICATIONS                    119



© C
OPYRIG

HT U
PM

xiv 

LIST OF TABLES 

Table Page

1 Examples of Carrier Peptides (Source: Gorouhi and 

Maibach,2010)

22

2 Tissue Repair Phases (Orsted et al., 2011) 24

3 Constraint of Independent Variables Proportion 31

4 The D-Optimal Design with Predicted and Experimental Values 

of Particle Size for VCO Nanoemulsions

31

5 The Experimental Design Consists of Training, Testing and 

Validation Data Sets of the VCO Nanoemulsions

33

6 Physicochemical Characteristics of Virgin Coconut Oil and 

Virgin Coconut Oil Esters 

44

7 Irritancy Test of VCOE 44

8 Experimental Values (Training and Testing Data), Actual and 

Model Predicted Isolated Yield on the Enzymatic Reaction

45

9 RMSE, R
2

and AAD of Testing Set and Training Set of Four 

Learning Algorithm for the Enzymatic Synthesis of VCOE

47

10 Validation Set 49

11 The Predicted and Actual Responses for Optimum Reaction 50

12 The Effect of Mixed Surfactants on the Particle Size of the   

Nanoemulsions Systems (All Data are Presented as Mean ± SD, 

N=3)

53

13 The Effect of Oil on the Particle Size of the Nanomulsions 

Systems (All Data are Presented as Mean ± SD, N=3)

54

14 The Effect of Xanthan Gum on the Particle Size of the 

Nanoemulsions Systems (All Data are Presented as Mean ± SD, 

N=3)

54

15 Analysis of Variance (ANOVA) for the D-Optimal Mixture 

Design of the Quadratic Model

58

16 The Predicted and Actual Values for Randomized Formulation 

in Optimization of Composition Factors

63



© C
OPYRIG

HT U
PM

xv

17 The Predicted and Actual Response Values for Optimized

Formulation

63

18 The Performance Data of the Optimized Topologies, IBP-4-5-1,   

BBP-4-5-1,QP-4-8-1, GA-4-11-1, and LM-4-17-1 of the VCO 

Nanoemulsions

67

19 The Predicted and Actual Particle Size for the Optimized 

Formulation by ANN

69

20 The Predicted Particle Size Values Obtained by D-Optimal and 

ANN 

69

21 Particle size of VCO and VCOE Nanoemulsions With and 

Without Addition of Copper Peptide

70

22 Zeta Potential of the Final Formulations 71

23 Conductivity Values of the Final Formulations 71

24 pH Values of the Final Formulations 72

25 Centrifugation Test 73

26 Freeze Thaw Cycle 73

27 Storage Stability 75

28 Flow Behavior Indices (n), Consistency Coefficients (k), and   

Regression Coefficients of the Final Formulations

79

29 Analysis of Data for Opt-VCO and Placebo by Tukey Test 85

30 Analysis of Data for Opt-VCOE and Placebo by Tukey Test 85

31 Transepidermal Water Loss Values at 0, 60, 120 and 180 min        86

32 Irritancy Test of VCOE Nanoemulsion Containing Copper 

Peptide

87



© C
OPYRIG

HT U
PM

xvi

LIST OF FIGURES 

Figure Page

1 Diagramatic Representation of Human Skin (Source: Songkro, 

2009)

7

2 Chemical Structure of Tween 80. w + x + y + z Refers to the 

Total Number of Oxyethylene on Each Surfactant Molecule 

and may not Exceed 20 (Source: Kerwin, 2008)

11

3 Chemical Structure of Pluronic F68 (Source: Mat Hadzir et al.,
2013)

11

4 Chemical Structure of Xanthan Gum (Source: Kadokawa, 

2013)

12

5 Schematic Representation of Emulsion Formation and 

Breakdown (Source: Tadros, 2009)

                   

13

6 Instability of Emulsion (Source: Tadros, 2009) 15

7 Approach and Thin Film Formation Between Two Droplets   

(Source: Skibsted et al., 2010)

17

8 Molecular Structure of Copper Peptide (GHK-Cu) (Source: 

Pickart et al., 2012)

24

9 Thin Layer Chromatography of the Esters. Lane 1: VCO;  

Lane 2: VCO Esters; Lane 3: Oleyl Alcohol, (A) Esters, (B) 

VCO  and (C) Oleyl Alcohol

41

10 Chromatogram of Esters Standards: 1 Internal standard; 2 Oleyl  

Caprylate; 3 Oleyl Caprate; 4 Oleyl Laurate; 5 Oleyl Myristate;

6 Oleyl Palmitate; 7 Oleyl Stearate; 8 Oleyl Oleate

42

11 Chromatogram of Esters From Alcoholysis of VCO: 1 Internal 

Standard; 2 Oleyl Alcohol; 3 Oleyl Caprylate; 4 Oleyl Caprate; 

5 Oleyl Laurate; 6 Oleyl Myristate; 7 Oleyl Palmitate; 8 Oleyl 

Stearate; 9 Oleyl Oleate

42

12 The Selected RMSE vs. Node Number of the VCOE Yield 

Network’s Hidden Layer for IBP, BBP, QP and LM. The 
Lowest RMSE Belongs to Node Number 13 (IBP), 6 (BBP), 12 

(QP) and 13 (LM)

46

13 Scatter Plot of ANN Predicted Versus Actual Yield (%) Values 

by using Four Algorithms for the Training Data Set

47



© C
OPYRIG

HT U
PM

xvii 

14 Scatter Plot of ANN Predicted Versus Actual Yield (%) Values 

by using Four Algorithms for the Testing Data Set

48

15 Schematic Representation of the Optimum ANN Network 

Consisting Three Inputs, One Hidden Layer with 12 nodes and 

One Output

48

16 The Pseudo-Ternary Phase Diagram for the System 

VCO/Tween 80: Pluronic F68/Water (L = Isotropic Region, 2P 

= 2 Phase Region, 3P = 3 Phase Region

51

17 The Pseudo-Ternary Phase Diagram for the System 

VCOE/Tween 80:Pluronic F68/Water (L = Isotropic Region, 

2P = 2 Phase Region, 3P = 3 Phase Region)

51

18 Nanoemulsions Systems (a) VCO Nanoemulsion (b) VCOE   

Nanoemulsion; A = Nanoemulsion with Addition of 0.5% 

Xanthan Gum, B = Nanoemulsion without Addition of 

Xanthan Gum

55

19 (a) The Normal Plot of Residual from D-optimal Design, (b) 

Scatter Plot of Predicted Particle Size (nm) versus Actual 

Particle Size (nm) Values

57

20 Contour Plot and Three Dimensional Surface Plot Showing the   

Interaction Effect between Three Variables: (A) (VCO), (B) 

(T80:PF68), (C) (Xanthan Gum); and One Variable was Kept 

Constant:  (D) (Water)

59

21 Contour Plot and Three Dimensional Surface Plot Showing the   

Interaction Effect between Three Variables: (A) (VCO), (B) 

(T80:PF68), (D) (Water); and One Variable was 

Kept Constant:  (C) (Xanthan Gum)

60

22 Contour Plot and Three Dimensional Surface Plot Showing the   

Interaction Effect Between Three Variables: (D) (Water), (C) 

(Xanthan Gum), (B) (T80:PF68); and One Variable was Kept 

Constant:  (A) (VCO)

62

23 The Selected RMSE versus Node Number of the VCO 

Nanoemulsions Network’s Hidden Layer for IBP, BBP, QP, 
GA and LM. The Lowest RMSE Belongs to Node Number 5 

(IBP), 5 (BBP), 8 (QP), 11 (GA), and 7 (LM)

64

24 Scatter Plot of Predicted Particle Size (nm) Values versus
Actual Particle Size (nm) Values by Using Five Algorithms for 

the Testing Data Set

65

25 Scatter Plot of Predicted Particle Size (nm) Values versus
Actual Particle Size (nm) Values by Using Five Algorithms for 

the Training Data Set

66



© C
OPYRIG

HT U
PM

xviii 

26 Schematic Representation of a Multilayer Perception 

Feedforward Network of ANN Based on GA Consisting of 

Four Inputs, One Hidden Layer with 11 Nodes and One Output

67

27 The Relative Importance of Input Variables VCO, T80:PF68, 

Xanthan Gum, and Water in the VCO Nanoemulsion   

68

28 Particle Size Changes (90 days) of VCOCP which was Stable at 

25 °C  and 45 °C

74

29 Particle Size Changes (90 days) of VCOECP which was stable 

at 25 °C and 45 °C

74

30 TEM Micrograph for (A) VCOCP and (B) VCOECP                    76

31 Dependence of Viscosity on Shear Rate for (a) Opt-VCO and 

VCOCP and (b) Opt-VCOE and VCOECP

77

32 Plot of Shear Stress as a Function of Shear Rate for (a) Opt-

VCO and VCOCP, and (b) Opt-VCOE and VCOECP

78

33 Storage Modulus (G’), Loss Modulus (G’’), and Phase Angle 
(δ) versus Strain Amplitude ỳ of (a) VCO Nanoemulsion and 

(b) VCOECP Nanoemulsion

80

34 In-Vitro Permeation Profile for VCO and VCOE

Nanoemulsions Containing Copper Peptide 

81

35 Dose Response Curve of 3T3 Cell Viability Following 

Treatment of Opt-VCO and VCOCP Nanoemuslsions

82

36 Dose Response Curve of 3T3 Cell Viability Following 

Treatment of Opt-VCOE and VCOECP Nanoemuslsions

82

37 Comparison of the Hydration Value of Opt-VCO and Placebo

on Human Skin

84

38 Comparison of the Hydration Value of Opt-VCOE and Placebo 

on Human Skin

84

39 Skin Hydration and Transepidermal Water Loss (TEWL) 

Before (0 day) And After (7,14,21, 28 days) Application of 

Copper Peptide Nanoemulsion and Placebo (Blank 

Nanoemulsion, Without Copper Peptide). Mean ± SD, n=12

88

40 Schematic Representation of the Underlying Differentiation 

Process in  Keratinocytes (Source: Hänel et al., 2013)

89

41 Collagen Score of Skin Before (0 day) and After (7, 14, 21, 28 

days) Application of Copper Peptide Nanoemulsion and 

90



© C
OPYRIG

HT U
PM

xix 

Placebo (Blank Nanoemulsion, Without Copper Peptide). Mean 

± SD, n=12

42 High Resolution Ultrasound Skin Images of Representative 

Cases with Noticeable Improvement in Collagen Content After 

28 Days Treatment with Copper Peptide Nanemulsion. E = 

Epidermis; D = Dermis; S = Subcutis

92



© C
OPYRIG

HT U
PM

xx

LIST OF SCHEMES 

Scheme Page

2.1 Alcoholysis Reaction of Triglycerides 5

4.1 Enzymatic Action of Lipase (Source: Abd Gani, 2010; Reis et 
al.,2009)

39

4.2 Acyl Migration Process (Source: Abd Gani, 2010)                      40



© C
OPYRIG

HT U
PM

xxi

LIST OF ABBREVIATIONS 

ANN   Artificial Neural Network 

ANOVA   Analysis of variance  

BBP   Batch backpropagation 

DAG   Diacylglycerol 

EGF   Epidermal growth factor 

FGF   Fibroblast growth factor 

FFA   Free fatty acid 

GA   Genetic algorithm 

GC   Gas Chromatography 

GC-MS   Gas chromatograph-mass spectrometry 

GHK   Tripeptide glycyl-L-histidyl-L-lysine 

GHK-Cu   Copper-Tripeptide glycyl-L-histidyl-L-lysine 

HIE   Human Irritancy Equivalent 

HLB   Hydrophilic-lipophilic balance 

IBP   Incremental backpropagation 

KGF   Keratinocyte growth factor 

KKTS   Lysine-theronine-theronine-lysine-serine 

LM   Levenberg-Marquardt 

LVR   Linear viscoelastic region 

MAG   Monoacylglycerol 

MSE   Mean squared error 

MTT  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide 

O/W   Oil-in-water 



© C
OPYRIG

HT U
PM

xxii 

PDGF   Platelet-derived growth factor 

PF68   Pluronic F68 

QP   Quick propagation 

RMSE   Root mean squared error 

ROS   Reactive oxygen species 

RSE   Residual standard error 

RSM   Response surface methodology 

T80   Tween 80 

TAG   Triacylglycerol 

TEWL   Transepidermal water loss 

TEM   Transmission electron microscopy

TGF   Transforming growth factor 

TLC   Thin layer chromatography 

UV   Ultraviolet 

UVB   Ultraviolet-B 

VCO   Virgin coconut oil 

VCOE   Virgin coconut oil esters 

W/O   Water-in-oil 

w/w   Weight per weight 

XG   Xanthan gum



© C
OPYRIG

HT U
PM

1 

CHAPTER 1 

INTRODUCTION 

1.1 Background of Study 

Virgin coconut oil (VCO) is obtained from the fresh and mature kernel of the coconut 

(Cocos nucifera L.) through mechanical and natural means (Dayrit et al., 2011), either 

with the use of heat or otherwise, provided that it does not lead to alteration or 

transformation of the oil. It is saturated fat made of medium chain fatty acids, rich in 

lauric acid content. In terms of cosmetic usage, virgin coconut oil has been reported to 

have skin moisturizing properties and was found to be useful for skin applications 

(Mansor et al., 2012) with additional antibacterial and antioxidant properties. The fatty 

acid composition of VCO is similar to palm kernel oil and the major fatty acid is lauric 

acid. Vegetable oil esters were reported to be able to increase skin hydration with their 

moisturizing properties (Keng et al., 2008). VCO esters obtained by enzymatic 

alcoholysis of triglycerides and oleyl alcohol were used in this study for their unique 

property of exhibiting excellent wetting behaviour without the oily feeling thus were 

good candidates as moisturizers. Moisturizers are useful in cosmeceuticals application 

especially for the treatment of dry skin.  Moisturizing agents are able to improve skin 

hydration, prevent water loss and maintain skin’s flexibility.

Cosmeceuticals are applied topically like cosmetic; the difference is it contains 

biologically active ingredients which can influence the biological function of the skin. 

Skin appearances can be improved by using cosmeceuticals because it helps in 

delivering the essential nutrients to the skin. Pharmaceutical active compounds are used 

in formulating cosmeceuticals and the resulting products are demonstrated to achieve 

multiple cell protective effects for the purpose of rebuilding healthy skin on cellular 

level. The future of the cosmeceuticals industry lies in the development of new 

products which can decrease the amount of time and tedium of a consumer’s skin care 
routine but still able to yield appreciable results. Use of nanotechnology and advanced 

engineering proves to be effective in enabling innovative formulations and product 

solutions (Golubovic-Liakopoulos et al., 2011). 

Hybrid of nanotechnology and emulsion technology is able to influence the delivery of 

active compounds in achieving the best outcome of the treatments. Nanoemulsion, 

emulsion with droplet size in the range of 20-200 nm is suitable to be used as delivery 

system in cosmeceuticals because it is independence of molecular size of the 

hydrophilic solute, the nature of aqueous phase and independence of the animal skin 

characteristics such as the stratum corneum thickness and follicle type (Ng et al.,
2013). Nanoemulsion has been reported for cosmeceutical applications such as delivery 

of moisturizing agent (Ribeiro et al., 2015) and anti-wrinkle agents (Leelapornpisid et
al., 2014). In addition, nanoemulsion has been successfully used for efficient delivery 

of hydrophilic active (Tsai et al., 2014). 
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Collagen is responsible for the firmness and elasticity of the skin where it confers 

strength and support to human skin. Degradation of collagen bundles in the dermis 

through intrinsic and extrinsic aging will reduce the elastic properties of skin causing 

wrinkles formation and saggy skin. Supplying peptide to skin can regulate the 

production of fibroblast and therefore facilitates the formation of collagen. 

Cosmeceutical peptides are important in many natural processes involving skin care. 

Lupo, (2005) stated that the peptide chain is capable of regulating the production of 

extracellular matrix’s’ component such as fibroblast. One example of such compound 
is copper peptide (copper complex of human tripeptide, glycyl-l-histidyl-l-lysine-Cu) 

which possesses reparative and antioxidant properties (Pickart and Margolina, 2012,

2010).

Copper peptide (GHK-Cu) is one of the compounds having anti-aging activity which 

can be found in human plasma and saliva. Copper peptide or copper binding tri-peptide 

(glycyl-L-histidyl-Lysine) possesses both anti-oxidant and rejuvenating properties. As

antioxidant, it acts by quenching the toxic by-products produced from fatty acids lipid 

peroxidation. On the other hand, the rejuvenating property of copper peptide relies on 

its ability to stimulate collagen synthesis, maintaining epidermal stem cells, restoring 

viability of damaged skin cells and many others reparative actions (Pickart and

Margolina, 2012, 2010).

1.2 Research Problems 

Ageing is characterized by accumulation of molecular damage as well as progressive 

failure of maintenance and repair of skin which leads to several signs of aging such as 

wrinkles, sagging, pigmented spots and dryness. Dry skin is a common problem among 

population and is one of the visible signs of skin ageing. If water is loss more rapidly 

than it is received, the skin will be dehydrated and loses its flexibility. In addition, 

decrease in the water-holding capacity of stratum corneum causes dryness which will 

eventually leads to the appearances of wrinkles. It was reported that water is the only 

material that is able to plasticize the outer dead layers of epidermis giving the skin its 

softness and smoothness appearances. Therefore, applying moisturizing agents 

(occlusive or humectant) to skin will helps to overcome such problems.  

On the other hand, excess exposure to UV radiation from the sun rays could leads to 

premature aging (photoaging) while naturally occurring biological aging processes 

cause the skin to age intrinsically. Both processes can cause damage to the collagen in 

the dermis and reduce its productions. Supplying copper peptide to the skin could 

stimulate collagen synthesis, maintains epidermal stem cells and restoring viability of 

damaged skin cells. However, oral delivery of peptide limits the amount of peptides 

that can be delivered into skin due to the physiological processes related to active’s 
absorption and stability. In this case, it would be preferable to administer copper 

peptide topically. In addition, the barrier property of lipophilic stratum corneum is one 

of the greatest obstacles for delivery of peptides due to their hydrophilic property and 

low diffusivity in skin (Gorouhi and Maibach, 2009). Therefore, suitable delivery 

system which can enhance the delivery of copper peptide is required. Nanoemulsions 

could be used as the delivery vehicle for copper peptide since they have been reported 
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to be able to enhance the transportation of drugs or actives through skin (Tsai et al.,
2014). 

Like any other colloidal systems, nanoemulsion is subjected to various types of 

physical instability. In fact, one of the main problems with nanoemulsions is 

stablilization of the develop system and maintaining the physical stability for a period 

of time without affecting much on the particle size. The procedure for producing 

nanoemulsions comprised of nano-size droplets emulsion is difficult. The right 

compositions of each component would be crucial to obtain such sophisticated 

nanoemulsion system. Finding the best formulation by considering the effect of each 

component individually involve a tedious and time consuming procedure.

1.3 Research Objectives 

The specific objectives of this work are: 

1. To synthesize virgin coconut oil esters from virgin coconut oil and optimize 

the esters’ preparation.
2. To develop biocompatible nanoemulsions systems incorporated with copper 

peptide for topical applications. 

3. To conduct optimization of the nanoemulsions composition. 

4. To characterize the physicochemical, rheological properties, stability and 

delivery potential of the newly developed nanoemulsions. 

5. To compare the moisturizing efficacy of virgin coconut oil-based 

nanoemulsions and virgin coconut oil esters-based nanoemulsions. 

6. To evaluate the safety of copper peptide-loaded nanoemulsions and their 

biophysical attributes of human skin. 
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