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Studies on the phytochemicals and bioactivities were carried out towards three plants 
species; Mangifera pajang Kosterm, Aglaia odoratissima Blume and Acacia albida 
Delile. Various classes of chemical constituents have been isolated and identified by 
spectroscopic method including infrared (IR), mass spectrometry, nuclear magnetic 
resonance (NMR) and by comparison with reported data. Some of the plant extracts 
and isolated constituents demonstrated potential activity on antibacterial, antioxidant 
and cytotoxic screening tests. 

 

Chromatographic isolation of the kernel, stem bark and leaves extracts of Mangifera 
pajang Kosterm from Sabah has led to the isolation of an aromatic ester, methyl 
gallate (28), mixture of benzaldehyde (64) and benzyl alcohol (65), cycloartane 
triterpenes identified as mangiferonic acid (10), 3β-hydroxy-cycloart-24-ene-26-oic 
acid (66) and 3β,23-dihydroxy-cycloart-24-ene-26-oic acid (9), lupane triterpenes; 
lupeol (59) and lupenone (58), steroids; β-sitosterol (46) and stigmasterol (47), 
monoterpene; trans-sobrerol (67) and a flavonol glycoside identified as quercitrin 
(68). However, isolation work towards extracts of Aglaia odoratissima also has led 
to the isolation of compounds (46), (47) and (59). Chromatographic isolation towards 
extracts of stem bark of Acacia albida has afforded compounds (47) and (59) from 
its crude hexane and chloroform extracts. Meanwhile, sucrose (69) was obtained 
from methanol crude extract.  

 

All of the crude extract from Mangifera pajang Kosterm, Aglaia odoratissima Blume 
and Acacia albida Delile were subjected to cytotoxic screening against various 
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cancer cell lines (MCF-7, HeLa and HT-29). Crude ethyl acetate and methanol 
extracts from kernel show strong cytotoxic activity towards MCF-7 and HeLa cells 
with IC50 less than 10 µg/mL while crude petroleum ether, chloroform and ethyl 
acetate extracts of the stem bark show strong to moderate activity against MCF-7, 
HeLa and HT-29 cancer cell lines with the IC50 values ranging from 5 to 30 µg/mL. 
Cytotoxic screening on the isolated compounds revealed high cytotoxic activity by 
compounds (28) and (66) for MCF-7 cell. Meanwhile, compounds (10), (59), (66) 
and (68) showed high cytotoxic activity towards HeLa cell, while compounds (10), 
(28) and (68) were also active towards HT-29 cell.  

 

However, only crude ethyl acetate and methanol extracts from kernel shows 
inhibition towards microbes in antimicrobial and antifungal assays. For DPPH 
assays, the kernel crude extracts show highest free radical scavenging activity with 
IC50 less than 10 µg/mL, while crude ethyl acetate and methanol extracts of leaves 
show weak activity with IC50 less than 150 µg/mL. Methyl gallate (28) was the only 
isolated compound which showed high antifungal activity towards MRSA and high 
radical scavenging activity with IC50 value of 6.24 ± 0.30 µg/mL. 
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Pengerusi  : Prof. Mohd. Aspollah Hj. Sukari, PhD 

Fakulti  : Sains 

 

Kajian fitokimia dan bio-aktiviti telah dijalankan terhadap tiga jenis spesis 
tumbuhan; Mangifera pajang Kosterm, Aglaia odoratissima Blume dan Acacia 
albida Delile. Penemuan dari kajian ini telah menunjukkan pelbagai jenis kelas juzuk 
kimia dipencilkan dan dikenalpasti dengan menggunakan kaedah spektoskopi 
termasuk inframerah (IR), spektrometri jisim, resonans magnetik nuklear (NMR) dan 
perbandingan dengan data yang sedia ada. Sesetengah daripada ekstrak tumbuhan 
dan sebatian pencilan menunjukkan aktiviti yang menarik dan berpotensi terhadap 
saringan ujian antimikrob, antioksidan dan sitotoksik. 

 

Pemencilan melalui teknik kromatografi terhadap ekstrak biji, kulit batang dan daun 
daripada Mangifera pajang Kosterm dari Sabah berjaya memperolehi sebatian ester 
aromatik seperti metil gallat (28), serta campuran benzaldehid (64) dan benzil 
alkohol (65), kumpulan sikloartan triterpena yang dikenalpasti sebagai asid 
mangiferonik (10), asid 3β-hidroksi-sikloartan-24-ene-26-oik (66), dan asid 3β,23-
dihidroksi-sikloartan-24-ene-26-oik (9), triterpena lupane; lupeol (59) dan lupenone 
(58), steroid; β-sitosterol (46) dan stigmasterol (47),monoterpena; trans-sobrerol (67) 
dan satu glukosida flavonol yang dikenalpasti sebagai quercitrin (68). 
Walaubagaimanapun, pemencilan terhadap ekstrak dari Aglaia odoratissima Blume 
berjaya memperolehi sebatian (46), (47) dan (59). Pemencilan kromatografi terhadap 
ekstrak kulit batang Acacia albida Delile pula turut memperolehi sebatian (47) dan 
(59) daripada ekstrak mentah heksana dan klorofom. Manakala, sukrosa (69) 
diperolehi dari ekstrak mentah metanol. 
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Kesemua ekstrak mentah daripada Mangifera pajang Kosterm, Aglaia odoratissima 
Blume dan Acacia albida Delile diuji terhadap aktiviti sitotoksik terhadap sel kanser 
MCF-7, HeLa dan HT-29. Ekstrak mentah daripada etil asetat dan metanol (biji) 
menunjukkan aktiviti sitotoksik yang kuat terhadap MCF-7 dan HeLa dengan nilai 
IC50 kurang daripada 10 µg/mL, manakala ekstrak mentah daripada petroleum eter, 
klorofom dan etil asetat daripada kulit batang menunjukkan aktiviti sitotoksik yang 
kuat kepada sederhana terhadap sel MCF-7, HeLa dan HT-29 dengan nilai IC50 5 ke 
30 µg/mL. Ujian sitotoksik terhadap sebatian yang telah dipencil menunjukkan 
aktiviti yang kuat oleh sebatian (28) dan (66) terhadap sel MCF-7. Manakala, 
sebatian (10), (59), (66) dan (68) menunjukkan aktiviti sitotoksik yang kuat terhadap 
sel HeLa. Sebatian (10), (28) dan (68) pula aktif terhadap sel kanser HT-29. 

 

Bagi ujian antibakteria dan antikulat, hanya ekstrak mentah daripada etil asetat dan 
metanol daripada biji Mangifera pajang Kosterm sahaja menunjukkan tindak balas 
terhadap ujian tersebut. Ujian terhadap aktiviti antioksidan juga menunjukkan hanya 
ekstrak mentah daripada etil asetat dan metanol daripada biji Mangifera pajang 
Kosterm sangat aktif dengan nilai IC50 kurang daripada 10 µg/mL. Manakala ekstrak 
mentah etil asetat dan metanol daripada daun Mangifera pajang Kosterm 
menunjukkan aktiviti antioksidan yang lemah dengan nilai IC50 kurang daripada 150 
µg/mL. Sebatian (28) adalah satu-satunya sebatian yang aktif terhadap ujian 
antibakteria dan antikulat oleh MRSA mikrob dan menunjukkan nilai antioksidan 
yang tinggi dengan bacaan IC50 6.24 ± 0.30 µg/mL. 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

ACKNOWLEDGEMENTS 

 

In the name of Allah, the Most Gracious and Merciful; I would like to express my 
deepest gratitude to Him for awarding me with extraordinary strengths in completing 
this thesis. Alhamdulillah, all praises to Him and without His blessing this thesis and 
research would not completed. 

 

First and foremost, I would like to express my biggest thanks to my supervisor, Prof. 
Dr. Mohd Aspollah Bin Hj. Sukari for his guidance, advices, support and 
recommendation throughout my research and thesis. Without his encouragement and 
assistant, this research and thesis would not complete. I also would like to thank to 
my co-supervisors, Dr. Intan Safinar Ismail and Dr. Ahmad Bustamam Abdul for 
their valuables advices and knowledge shared throughout this research.  

 

I am indebted to all the staffs in Department of Chemistry, Faculty of Science,UPM , 
UPM-MAKNA Cancer Research Laboratory and Microbial Culture Collection Unit 
(UNiCC) Laboratory, Institute of Bioscience, UPM for the assistants, services and 
facilities provided. I would like to grant special thank to Dr. Mohd. Fadzelly Abu 
Bakar from Institute for Tropical Biology and Conservation, Universiti Malaysia 
Sabah and Dr. Siddig Abdel Wahab for supplying me with the plant samples. 

 

Not to forget, a big thanks to Ministry of Science, Technology and Innovation 
(MOSTI) for the research grant (RUGS inisiative 6), School of Graduate Studies, 
UPM and Graduate Research Fellowship (GRF) for the financial assistant throughout 
the years of study.Sincerest thanks dedicated to all my labmates, Dr. Tang Sook 
Wah, Rahayu Utami Umar, Mohd Zulkhairi Azid, Noorul Adawiyah Mustahil, Nur 
Liyana Ithnin and Halimatul Saadiah Mohd Noor for being greatest research team. 
Thanks a lot for the friendships, co-operation, knowledge shared, support, advices 
and motivation. Wish all the members have bright future and may this friendship 
well-maintained. 

 

Finally, biggest thanks dedicated to my beloved parent, Ahmad Lateh and Rogayah 
Mohamad for being the most supporting person behind me. Thanks also to sisters 
and brothers for their untiring support, courage, prayers and endless love. Thanks for 
everything and being so supportive when I’m down. Thank you very much. 

 

 

 



© C
OPYRIG

HT U
PM

I certify that a Thesis Examination Committee has met on 16th of May 2014 to 
conduct the final examination of Sadikah Binti Ahmad on her thesis entitled 
“Phytochemicals and Bioactivity Studies of Mangifera pajang Kosterm , Aglaia 
odoratissima Blume and Acacia albida Delile” 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 Master of Science. 

Members of the Examination Committee are as follows: 

Mansor bin Hj Ahmad @ Ayob, PhD 
Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 

Emilia binti Abd Malek, PhD 
Senior Lecturer 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 

Mohamad Zaki bin Abd Rahman, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Internal Examiner) 
 

Kartini binti Ahmad, PhD 
Senior Lecturer 
Universiti Pendidikan Sultan Idris 
Malaysia 
(External Examiner) 
 

 

        

      NORITAH OMAR, PhD 
      Associate Professor and Deputy Dean 
      School of Graduate Studies 
      Universiti Putra Malaysia 
    
      Date: 23 June 2014 
 



© C
OPYRIG

HT U
PM

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

 

Mohd. Aspollah Hj. Sukari, PhD 
Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 
 
Intan Safinar Ismail, PhD 
Associate Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Member) 
 

Ahmad Bustamam Abdul, PhD 
Institute of Bioscience 
Universiti Putra Malaysia  
(Member) 
 

 

 

 

 

 

 

    

      BUJANG BIN KIM HUAT, PhD 
      Professor and Dean 
      School of Graduate Studies 
      Universiti Putra Malaysia 
    
      Date:    
 
 
 

 



© C
OPYRIG

HT U
PM

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 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. 

 
 
       Signature: _________________               Date: _______________ 

       Name and Matric No.: ______________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

Declaration by Members of Supervisory Committe 

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

 
        
      Signature: _________________                           Signature: _________________ 
      Name of                                                                Name of 
      Member of                                                            Member of 
      Supervisory                                                           Supervisory 
      Committee: ________________                          Committee: ________________ 
 

 

 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

TABLE OF CONTENTS   

           
                                                                       Page 

ABSTRACT          i 

ABSTRAK         iii 

ACKNOWLEDGEMENTS        v 

APPROVAL                    vi 

DECLARATION                  viii 

LIST OF TABLES                  xiv 

LIST OF FIGURES                   xv 

LIST OF ABBREVIATIONS               xviii 

LIST OF APPENDICES                 xix 

 

CHAPTER  

1 INTRODUCTION 

1.1 Natural products       1 

1.2 Natural products and drug discovery    2 

1.3 Problem statements      2 

1.4 Objectives        2 

  

2 LITERATURE REVIEW       

2.1 Anacardiaceae (Genus Mangifera)          3 

2.1.1    Mangifera species       3       

  2.1.2 Mangifera pajang Kosterm    8 

  2.1.3 Previous studies on Mangifera pajang Kosterm 9 

 2.2 Meliaceae (Genus Aglaia)     13 

2.2.1 Aglaia species      14 

  2.2.2 Aglaia odoratissima Blume    19 

  2.2.3 Previous studies on Aglaia odoratissima Blume 19 

 2.3 Fabaceae (Genus Acacia)      20 

2.3.1 Acacia species                                    20
 2.3.2 Acacia albida Delile               23 

2.3.3 Previous studies on Acacia albida Delile  24 

 

 



© C
OPYRIG

HT U
PM

3 MATERIALS AND METHODS     

 3.1 Plant materials       26 

3.2 Instruments       26 

  3.2.1 Melting point      26 

  3.2.2 Fourier Transform-Infrared Spectrophotometer 26 

  3.2.3 Gas Chromatography-Mass Spectrometry  26 

  3.2.4 Electron Impact-Mass Spectrometry   27 

  3.2.5 Nuclear Magnetic Resonance    27 

3.3 Chromatographic methods     27 

  3.3.1 Thin layer chromatography    27 

  3.3.2 Column chromatography    27 

 3.4 Extraction work on Mangifera pajang Kosterm   28 

3.5 Isolation work on kernel crude extracts of    29 

     Mangifera pajang Kosterm        

  3.5.1 Isolation of mixture of benzaldehyde (64)  29 

                                and benzyl alcohol (65)      

  3.5.2 Isolation of β-sitosterol (47)    30 

  3.5.3 Isolation of methyl gallate (28)   30 

3.6 Isolation work on stem bark crude extracts of    31 

      Mangifera pajang Kosterm                

  3.6.1 Isolation of lupeol (59)    32 

  3.6.2 Isolation of mangiferonic acid (10)             33 

  3.6.3 Isolation of 3β-hydroxy-cycloart-24-             34           
              ene-26-oic acid (66)        

  3.6.4 Isolation of 3β,23-dihydroxy-cycloart-  35            

            24-ene-26-oic acid (9)       

  3.6.5 Isolation of trans-sobrerol (67)             36 

3.7 Isolation work on leaves crude extracts of              36 

Mangifera pajang Kosterm       

  3.7.1 Isolation of lupenone (58)              37 

  3.7.2 Isolation of lupeol (59)    38 

  3.7.3 Isolation of quercitrin (68)              38 

  3.7.4 Isolation of methyl gallate (28)             39 

 3.8 Extraction work on Aglaia odoratissima Blume             39  

 



© C
OPYRIG

HT U
PM

3.9 Isolation work on leaves crude extracts of               40 

      Aglaia odoratissima Blume       

  3.9.1 Isolation of lupeol (59)               40 

  3.9.2 Isolation of stigmasterol (47)               41 

  3.9.3 Isolation of β-sitosterol (46)               42 

3.10 Extraction work on Acacia albida Delile              42 

3.11 Isolation work on stem bark crude extracts of     

       Acacia albida Delile                           43 

  3.11.1 Isolation of lupeol (59)               43 

  3.11.2 Isolation of stigmasterol (47)               43 

  3.11.3 Isolation of sucrose (69)               43 

3.12 Bioassay screening                 44 

  3.12.1 In vitro cytotoxic screening               44 

  3.12.2 Antimicrobial assays                45 

  3.12.3 Minimum inhibitory concentration              45 

  3.12.4 Antioxidant assays                46 

 

4 RESULTS AND DISCUSSION 

4.1 Isolation and structural elucidation of                47 

     chemical constituents from kernel of  

     Mangifera pajang Kosterm       

4.1.1 Characterization of mixture of               47  

benzaldehyde (64)  and benzyl alcohol (65)               

  4.1.2 Characterization of β-sitosterol (46)              50 

  4.1.3 Characterization of methyl gallate (28)                     55 

4.2 Isolation and structural elucidation of chemical               60 

      constituents from stem bark of Mangifera pajang Kosterm            

  4.2.1 Characterization of lupeol (59)              61 

  4.2.2 Characterization of mangiferonic acid (10)             66 

  4.2.3 Characterization of 3β-hydroxy-cycloart             74 

-24-ene-26-oic acid (66)              

  4.2.4 Characterization of 3β,23-dihydroxy-cycloart            81 

-24-ene-26-oic acid (9)                

  4.2.5 Characterization of trans-sobrerol (67)             88 

 



© C
OPYRIG

HT U
PM

4.3 Isolation and structural elucidation of chemical             94 

      constituents from leaves of Mangifera pajang Kosterm             

  4.3.1 Characterization of lupenone (58)             95 

  4.3.2 Characterization of quercitrin (68)            100 

4.4 Isolation and structural elucidation of chemical             112 

      constituents from leaves of Aglaia odoratissima Blume   

  4.4.1 Characterization of stigmasterol (47)            112 

4.5 Isolation and structural elucidation of chemical             117 

      constituents from stem bark of Acacia albida Delile    

  4.5.1 Characterization of sucrose (69)            118 

4.6 Antimicrobial and antifungal assays             124 

4.7 Minimum inhibitory concentration                       126 

4.8 In vitro cytotoxic activity               128 

4.9 DPPH radical scavenging activity             132 

 

5 CONCLUSION       

5.1 Conclusion                135 

5.2 Recommendation for future research             137 

 

REFERENCES                 138 

APPENDICES                                     144 

BIODATA OF STUDENT                165 

LIST OF PUBLICATIONS                166 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

LISTS OF TABLES 

 

 

Table          Page 

3.1 The crude extracts of Mangifera pajang Kosterm     28 

3.2 The crude extracts of Aglaia odoratissima Blume     40 

3.3 The crude extracts of Acacia albida Delile      42 

4.1 1H and 13C NMR of β-sitosterol (47)       54 

4.2 1H and 13C NMR of methyl gallate (28)      59 

4.3 1H and 13C NMR of lupeol (59)       65 

4.4 The complete NMR assignments of mangiferonic acid (10)    73 

4.5 1H and 13C NMR assignments of 3β-hydroxy     80 

-cycloart-24-ene-26-oic acid (66)      

4.6 1H and 13C NMR assignments of 3β,23-dihydroxy     87 

-cycloart-24-ene-26-oic acid (9)      

4.7 NMR assignments of trans-sobrerol (67)      93 

4.8 1H and 13C NMR of lupenone (58)       99 

4.9 1D and 2D NMR spectral data for quercitrin (68)    110 

4.10 Comparison 1H and 13C NMR spectral data of     111 

quercitrin (68) with previous data      

4.11 1H and 13C NMR assignments of stigmasterol (47)    116 

4.12 1H and 13C NMR assignments of sucrose (69)    123 

4.13 Antimicrobial activity of various crude extracts of M.pajang  125 

4.14 Antimicrobial activity of various compound     126 

4.15 MIC of crude kernel extracts of Mangifera pajang    127 

4.16 MIC of various isolated compounds        127 

4.17 Cytotoxic activity of various extracts of      130 

Mangifera pajang, Aglaia odoratissima and Acacia albida    

4.18 Cytotoxic activity of various isolated compounds    131 

4.19 Antioxidant activity of various crude extracts    133 

4.20 Antioxidant activity of isolated compounds                134 

 

 

 

 



© C
OPYRIG

HT U
PM

LIST OF FIGURES 

 

Figure         Page 

2.1 Isolated compounds from Mangifera indica       4 

2.2 Isolated compounds from Mangifera indica (Cont.)      5 

2.3 Isolated compounds from stem bark of Mangifera indica     6 

2.4 Isolated compounds from stem bark of Mangifera       7 

indica (Cont.). 

2.5 Isolated compounds from leaves of Mangifera indica    8 

2.6 Mangifera pajang Kosterm (A: the whole plant, B&C: fruits)   9 

2.7 Phenolic compounds from ripe bambangan       11 

(Mangifera pajang) peel 

2.8 Phenolic compounds from ripe bambangan       12 

(Mangifera pajang) peel (Cont.) 

2.9 Phenolic compounds from ripe bambangan       13 

(Mangifera pajang) peel (Cont.) 

2.10 Genistein from Mangifera species       15 

2.11 Isolated compounds from bark of Aglaia crassinervia    16 

2.12 Isolated compounds from bark of Aglaia crassinervia (Cont.)   17 

2.13 Isolated compounds from leaves of Aglaia forbesii          17 

2.14 Isolated compounds from leaves of Aglaia forbesii (Cont.)    18 

2.15 Isolated compounds from leaves of Aglaia odorata        18 

2.16 Aglaia odoratissima Blume (A: the whole plant,      19 

B: flowers, C: fruits) 

2.17 Dammarane triterpenoid from stem bark of A. Odoratissima   20 

2.18 Isolated compounds from Acacia dealbata      22 

2.19 Isolated compounds from the pods of Acacia concinna     22 

2.20 Isolated compounds from Acacia mellifera      23 

2.21 Acacia albida Delile (A: the whole plant,       24  

B: flowers, C: fruits) 

2.22 Monoterpene from stem bark of A.albida      25 

4.1 IR spectrum of mixture of benzaldehyde (64) and benzyl    48 

 alcohol (65)          

4.2 GC-MS spectrum of mixtute of benzaldehyde (64) and    49 

 benzyl alcohol (65)          



© C
OPYRIG

HT U
PM

4.3 IR spectrum of β-sitosterol (47)      51 

4.4 EI-MS spectrum of β-sitosterol (47)      51 

4.5 1H NMR spectrum of β-sitosterol (47)     52 

4.6 13C NMR spectrum of β-sitosterol (47)     53 

4.7 IR spectrum of methyl gallate (28)      55 

4.8 EI-MS spectrum of methyl gallate (28)     56 

4.9 1H NMR spectrum of methyl gallate (28)     57 

4.10 13C NMR spectrum of methyl gallate (28)     58 

4.11 IR spectrum of lupeol (59)       61 

4.12 EI-MS spectrum of lupeol (59)      62 

4.13 1H NMR spectrum of lupeol (59)             63 

4.14 13C NMR spectrum of lupeol (59)      64 

4.15 IR spectrum of mangiferonic acid (10)     66 

4.16 EI-MS spectrum of mangiferonic acid (10)     67 

4.17 1H NMR spectrum of mangiferonic acid (10)     68 

4.18 13C NMR spectrum of mangiferonic acid (10)    69 

4.19 DEPT spectrum of mangiferonic acid (10)     70 

4.20 HMQC spectrum of mangiferonic acid (10)     71 

4.21 HMBC spectrum of mangiferonic acid (10)     72 

4.22 IR spectrum of 3β-hydroxy-cycloart-24-                75 

ene-26-oic acid (66)    

4.23 EI-MS spectrum of 3β-hydroxy-cycloart-24-     75 

ene-26-oic acid (66)        

4.24 1H NMR spectrum of 3β-hydroxy-cycloart-24-ene-    77 

26-oic acid (66)           

4.25 Expansion of 1H NMR spectrum of 3β-hydroxy-cycloart   78 

-24-ene-26-oic acid (66)         

4.26 13C NMR spectrum of 3β-hydroxy-cycloart-24-    79 

ene-26-oic acid (66)          

4.27 IR spectrum of 3β,23-dihydroxy-cycloart-24-    81 

ene-26-oic acid (9)         

4.28 EI-MS spectrum of 3β,23-dihydroxy-cycloart-    82 

24-ene-26-oic acid (9)   

4.29 1H NMR spectrum of 3β,23-dihydroxy-cycloart-    83 

24-ene-26-oic acid (9)         



© C
OPYRIG

HT U
PM

4.30 13C NMR spectrum of 3β,23-dihydroxy-cycloart-   84 

24-ene-26-oic acid (9)         

4.31 DEPT spectrum of 3β,23-dihydroxy-cycloart-   85 

24-ene-26-oic acid (9)         

4.32 HMBC spectrum of 3β,23-dihydroxy-cycloart-   86 

24-ene-26-oic acid (9)        

4.33 IR spectrum of trans-sobrerol (67)     88  

4.34 EI-MS spectrum of trans-sobrerol (67)    89 

4.35 1H NMR spectrum of trans-sobrerol (67)    90 

4.36 13C NMR spectrum of trans-sobrerol (67)    91 

4.37 DEPT spectrum of trans-sobrerol (67)     92  

4.38 IR spectrum of lupenone (58)      96 

4.39 EI-MS spectrum of lupenone (58)     96 

4.40 1H NMR spectrum of lupenone (58)     97 

4.41 13C NMR spectrum of lupenone (58)                98 

4.42 IR spectrum of quercitrin (68)               101 

4.43 EI-MS spectrum of quercitrin (68)               101 

4.44 1H NMR spectrum of quercitrin (68)               103 

4.45 13C NMR spectrum of quercitrin (68)               104 

4.46 DEPT spectrum of quercitrin (68)               105 

4.47 COSY spectrum of quercitrin (68)               106 

4.48 HMQC spectrum of quercitrin (68)               107 

4.49 HMBC spectrum of quercitrin (68)               108 

4.50 Expansion of HMBC spectrum of quercitrin (68)             109 

4.51 IR spectrum of stigmasterol (47)               113 

4.52 EI-MS spectrum of stigmasterol (47)               113 

4.53 1H NMR spectrum of stigmasterol (47)              114 

4.54 13C NMR spectrum of stigmasterol (47)              115 

4.55 IR spectrum of sucrose (69)                119 

4.56 EI-MS spectrum of sucrose (69)               119 

4.57 1H NMR spectrum of sucrose (69)               121 

4.58 13C NMR spectrum of sucrose (69)               122 

 

 

 



© C
OPYRIG

HT U
PM

LISTS OF ABBREVIATIONS 
 
 
 

α  Alpha 
β  Beta 
δ  Delta, chemical shift in ppm 
Acetone-d6 Deuterated acetone 
br  Broad 
°C  Degree in Celcius 
13C  Carbon-13 
CDCl3  Deuterated chloroform 
CD3OD Deuterated methanol 
COSY  Correlation spectroscopy 
DEPT  Distortionless Enhancement by Polarization Transfer 
DMSO  Dimethylsulfoxide 
d  Doublet 
dd  Doublet of doublets 
ddd  Doublet of doublets of doublets 
EI-MS  Electron Impact Mass Spectrum 
eV  Electron volt 
FTIR  Fourier Transform Infra-Red 
1H  Proton 
HMBC  Heteronuclear  Multiple Bond Correlation 
HMQC Heteronuclear Multiple-Quantum Correlation 
Hz  Hertz 
IC  Inhibition concentration 
IR  Infrared 
J  Coupling in Hz 
m  Multiplet 
m/z  Mass per charge 
MeOH  Methanol 
MHz  MegaHertz 
M+  Molecular ion 
m.p.  Melting point 
NMR  Nuclear Magnetic Resonance 
OCH3  Methoxy 
OH  Hydroxy 
s  Singlet 
t  Triplet 
TLC  Thin Layer Chromatography 
 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 LIST OF APPENDICES 

 

Appendix   Page 

1 Cytotoxic screening data (Table A1) and graph (Figure A1)  144 

for crude kernel extracts of Mangifera pajang against human  

 breast cancer (MCF-7) cell line. 

2 Cytotoxic screening data (Table A2) and graph (Figure A2)  145 

for crude stem bark extracts of Mangifera pajang against    

human breast cancer (MCF-7) cell line. 

3 Cytotoxic screening data (Table A3) and graph (Figure A3)   146 

for crude leaves extracts of Mangifera pajang against human  

  breast cancer (MCF-7) cell line. 

4 Cytotoxic screening data (Table A4) and graph (Figure A4)   147 

for crude leaves extracts of Aglaia odoratissima against human   

breast cancer (MCF-7) cell line. 

5 Cytotoxic screening data (Table A5) and graph (Figure A5)   148 

for crude stem bark extracts of Acacia albida against human   

breast cancer (MCF-7) cell line. 

6 Cytotoxic screening data (Table A6) and graph (Figure A6)   149 

for crude kernel extracts of Mangifera pajang against human  

cervical cancer (HeLa) cell line. 

7 Cytotoxic screening data (Table A7) and graph (Figure A7)  150 

for crude kernel extracts of Mangifera pajang against human   

cervical cancer (HeLa) cell line. 

8 Cytotoxic screening data (Table A8) and graph (Figure A8)  151 

for crude leaves extracts of Mangifera pajang against human  

cervical cancer (HeLa) cell line. 

9 Cytotoxic screening data (Table A9) and graph (Figure A9)  152 

for crude leaves extracts of Aglaia odoratissima against human  

cervical cancer (HeLa) cell line. 

10 Cytotoxic screening data (Table A10) and graph (Figure A10)  153 

for crude stem bark extracts of Acacia albida against human  

cervical cancer (HeLa) cell line. 

 

11 Cytotoxic screening data (Table A11) and graph (Figure A11)  154 



© C
OPYRIG

HT U
PM

for crude kernel extracts of Mangifera pajang against human  

colon cancer (HT-29) cell line. 

12 Cytotoxic screening data (Table A12) and graph (Figure A12)  155 

for crude stem bark extracts of Mangifera pajang against human  

colon cancer (HT-29) cell line. 

13 Cytotoxic screening data (Table A13) and graph (Figure A13)  156 

for crude leaves extracts of Mangifera pajang against human  

colon cancer (HT-29) cell line. 

14 Cytotoxic screening data (Table A14) and graph (Figure A14)  157 

for crude leaves extracts of Aglaia odoratissima against human  

colon cancer (HT-29) cell line. 

15 Cytotoxic screening data (Table A15) and graph (Figure A15)  158 

for crude stem bark extracts of Acacia albida against human   

colon cancer (HT-29) cell line. 

16 Cytotoxic screening data (Table A16) and graph (Figure A16)  159 

for various isolated compound against human breast cancer   

(MCF-7) cell line. 

17 Cytotoxic screening data (Table A17) and graph (Figure A17)  160 

for various isolated compound against human breast cancer   

(MCF-7) cell line. 

18 Cytotoxic screening data (Table A18) and graph (Figure A18)  161 

for various isolated compound against human cervical (HeLa)  

cell line. 

19 Cytotoxic screening data (Table A19) and graph (Figure A19)  162 

for various isolated compound against human cervical (HeLa)   

cell line. 

20 Cytotoxic screening data (Table A20) and graph (Figure A20)  163 

for various isolated compound against human colon (HT-29)  

cell line. 

21 Cytotoxic screening data (Table A21) and graph (Figure A21)  164 

for various isolated compound against human colon (HT-29)  

cell line. 

 

 

 



© C
OPYRIG

HT U
PM

CHAPTER ONE 

 

INTRODUCTION 

 

1.1      Natural products 

 

Natural products are organic compounds that are formed by living organisms 
including animals and plants. Natural products compounds can be classified into two 
major categories which are primary metabolites and secondary metabolites. Between 
these two categories, secondary metabolites compounds such as alkaloids, steroids, 
terpenoids, flavonoids, coumarins, phenolic compounds and others are the most 
interested compounds to natural products researchers because of their biological 
effect on other organisms (Hanson, 2003). 

 

Natural products normally focussed on the study of medicinal or herbal plants that 
have been known and used traditionally over thousands years ago in treatment of 
diseases as they are known by the older folks in many medicinal values. For 
examples, studies have discovered that about 2000 plants utilized by Indian 
Ayurveda to cure many types of ailments. The Chinese system depends on 5757 
plants listed in the “Encyclopedia of Traditional Chinese Medicinal Substances” 
while Japanese and Korean systems also depend on a large number of medicinal 
herbs. In overall, about 70,000 plants including the lower plants estimated have been 
used in medicine (Daniel, 2006). 

 

Malaysia is a tropical country which are rich in their natural products sources and 
some of the large diversity of plant have never been exploited. Out of 12 000 species 
of vascular plants, 1200 species are reported to be consumed by three major races; 
Malays, Chinese and Indians as medicinal sources. Medicinal plants are the basis of 
health care for indigenous people and rural populations. Nowadays, herbal drug 
industry in Malaysia is a growing industry with large potential in the regional and 
global markets. Many of potential plants which traditionally used as health food and 
tonics are now been developed into large-scale production of functional foods to 
meet demand within and outside Malaysia (Shyun and Mat Ali, 2004). 

 

The market for herbs and plant-based medicine in Malaysia worth about US$ 527 
million in 2000 and expected to increase to more than US$ 2 billion in 2013. The 
government play important role to conserve and ensure large-scale planting of 
quality herbs for the local herbal manufacturers (Shyun and Mat Ali, 2004 ). Thus, 
research institutes like Agricultural Research and Development Institute (MARDI) 
and Forest Research Institute Malaysia (FRIM) would serve by supplying planting 
guidelines and research on quality planting materials. In collaboration with other 
government agencies such as Forestry Department, National University of Malaysia 
(UKM), University Malaya (UM), FRIM and NGOs such as the Malaysian Nature 
Society (MNS), yearly expeditions are held to collect medicinal plant materials. 
Apart from government researches institutes like MARDI and FRIM and other 



© C
OPYRIG

HT U
PM

government departments, Malaysian local universities such as University Science 
Malaysia (USM), National University of Malaysia (UKM), University Malaya (UM) 
and University Putra Malaysia (UPM) are actively conducting researches in natural 
products chemistry and drug discovery.  

 

 

1.2      Natural products and drug discovery 

 

Nature stands as a rich source of novel chemotypes and pharmacophores, and has 
been source of medicinal agents for thousands of years and through out researches, a 
large number of modern drugs found are derived from natural products source 
(Brahmachari, 2012). Natural products (plants, animals and minerals) play important 
roles in development of modern medicine nowadays. It start as the basis of treatment 
of human diseases which gradually developed over the years through researches. 
However, the basis of its development remains in the roots of traditional medicine 
and therapies. So many ancient wisdom and herbal uses in curing diseases remain as 
one important source of future medicine and therapeutics (Patwardhan, 2007). Thus, 
a lot of efforts have been done in discovering medicines from our plant diversity. For 
this research, Mangifera pajang Kosterm, Aglaia odoratissima Blume and Acacia 
albida Delile have been chosen for its chemical constituents and bioactivity studies. 

 

 

1.3 Problem statements 

 

In this research, three species were selected for phytochemicals and bioactivities 
investigation including Mangifera pajang Kosterm, Aglaia odoratissima Blume and 
Acacia albida Delile. To the best of our knowledge, there were no phytochemical 
studies reported from these plant species. Previous reports have confirmed the 
antioxidant, anti-malarial and anti-cancer activities of the plant isolates (Hassan et 
al., 2011; Tijani et al., 2010; Abu Bakar et al., 2010 and Abu Bakar et al., 2009). 

 

1.4 Objectives 

 

The objectives of this research are as follow: 

1) To extract and isolate the chemical constituents of Mangifera pajang 
Kosterm, Aglaia odoratissima Blume and Acacia albida Delile. 

2) To identify and elucidate the structure of isolated compounds using 
spectroscopic analysis (IR, MS and NMR). 

3) To screen potential bioactivities (antioxidant, antimicrobial & antifungal and 
anti-cancer) of the crude extracts and isolated compounds.  
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