
DISTRIBUTION, GENETIC AND BIOCHEMICAL CHARACTERIZATION 

OF WILD AND CULTIVATED OLIVE IN AZAD JAMMU AND KASHMIR 

 

 

 

 

 

 

 

 

MUHAMMAD ALTAF HUSSAIN 

 

 (Regd. No.  97-GKib-971)  

 

Session 2008-11 

 

 

 

 

 

Department of Botany 

Faculty of Science 

University of Azad Jammu and Kashmir, Muzaffarabad, Pakistan 



DISTRIBUTION, GENETIC AND BIOCHEMICAL CHARACTERIZATION 

OF WILD AND CULTIVATED OLIVE IN AZAD JAMMU AND KASHMIR 

 

 

 
 

 

by 

MUHAMMAD ALTAF HUSSAIN 

(Regd. No. 97-GKib-971) 

 

 Thesis  

Submitted in Partial Fulfillment of the Requirements for the Degree of   

Doctor of Philosophy 

in 

Botany 

Session 2008 -11 

 

Department of Botany 

Faculty of Science 

University of Azad Jammu and Kashmir, Muzaffarabad, Pakistan 



CERTIFICATION 

This is to certify that this dissertation entitled, “Distribution, Genetic and 

Biochemical Characterization of Wild and Cultivated Olive in Azad Jammu 

and Kashmir”, submitted by Mr. Muhammad Altaf Hussain is accepted in its 

present form by the Department of Botany, University of Azad Jammu and 

Kashmir, Muzaffarabad, Pakistan, as satisfying the partial fulfillment for the degree 

of Doctor of Philosophy (Ph.D) in Botany.  

 

  

 

 

Supervisor: 

 

(Prof. Dr. Muhammad Qayyum Khan) 

 

Member:  

 

(Prof. Dr. Syed Abdul Majid) 

 

Member:  

 

(Prof. Dr. Ghulam Murtaza) 

 

External Examiner: 

 

 

 

 

 

 

Chairman 

Department of Botany 

 

 

 

                                                              

             Dean                                                                         Director 

    Faculty of Science                                          Advanced Studies and Research 

 



IN THE NAME OF ALLAH, THE MOST BENEFICENT THE MOST 

MERCIFUL. 

 

“ALLAH” 

“He send down water from the sky with it brings forth the buds of every plant, 

from these we bring forth green foliage and close growing grand, palm trees, 

laden with clusters of dates within reach, vine yards and olive groves and 

pomegranates (which are a like) and different. Behind their fruits they bear 

fruit and ripen. Surely these are the signs for true believers”. 

                 (Surah Al-Imran 6, Ayyat 99)     



i 
 

 

 

 

 

 

 

 

DEDICATION 

Dedicated to my beloved and great father 

 Muhammad Aslam (late) 

Whose love and inspiration encourage 

at each step of my life and 

also 

my dearest Mother 

Whose love and Prayers potentiate me  

for every noble venture. 

 

 

 

 

 

 

 

 

 



ii 
 

Acknowledgements 

Praise and glory be to Allah who is omnipotent and omnipresent, 

benevolent and merciful for all the creature of the worlds. In gratitude I bow my 

head to Almighty Allah, The merciful, The most gracious, The compassionate, The 

beneficent, Who is the entire and only source of every knowledge and wisdom 

endowed to mankind and who blessed me with the ability to do this work. Favours 

of Allah and Darood to Holy Prophet Hazrat Muhammad (S.A.W) who is the 

prime fact for the creation of the world.  

 It is pleasure for me, to express the deep sense of thankfulness to my 

research supervisor Prof. Dr. Muhammad Qayyum Khan, Department of Botany 

University of Azad Jammu and Kashmir, Muzaffarabad, Pakistan for his dynamic 

supervision, keen interest, valuable suggestions, inexhaustible inspiration, 

cooperation and enthusiastic guidance throughout my research career. I am grateful 

for his cordial and sympathetic attitude towards me. 

 I express my deepest sense of gratitude and appreciation to my research 

group and group leader at Institute of Biological, Environmental and Rural 

Sciences (IBERS), Aberystwyth University, Wales, UK, for their generous 

cooperation, kind assistance, devotion and valuable suggestions towards 

completion of my research work.  

 I am less of words in expressing my profound gratitude to my great teacher 

Mr. Muhammad Sadiq Gorsi (Late) for his kind help in the course by my studies. 

May Allah reward him for his services in the field of education. I am also grateful 

to Ch. Altaf Hussain, associate Professor, for his ever-affectionate attitude and 

sympathetic guidance.  

I express my gratitude to Prof. Dr. Syed Abdul Majid chairman of the 

Department and Prof. Dr. Ghulam Murtaza for their cooperation. I am thankful to 

all teachers who taught me during my academic career. I am also thankful to all the 

administrative and laboratory staff of the Department of Botany, University of 

Azad Jammu and Kashmir Muzaffarabad. I am also very grateful to Higher 

Education Commission (HEC), Pakistan, for awarding me the six months foreign 



iii 
 

scholarship under International Research Support Initiative Program (IRSIP) to 

carry out a part of my research work in IBERS, UK.    

I am also sincerely thankful to my best friends and fellows Mr. Nazar 

Hussain, Mr. Ashfaq Ahmed, Mr. M. Arshad, Rehan Haidar Bukhari and Mr. 

Waheed Ahmed Qureshi for their moral support, cooperation and encouragement, 

especially Mr. Tariq Habib for his assistance, swat company, marvellous behaviour 

and friendly attitude. 

 I wish to record here my sincere thanks with immense pleasure, to my 

sweet and ever adorable mother and late father for their patience and prayers which 

illuminate my life. It gives me great pleasure to express my heartiest compliments 

to my loving brothers and sisters. I never forget the noble, innocent prayers and 

nice cooperation of my family members especially Ekaan Rozi.  

I am very glad to express my thanks for remarkable company and friendly 

behavior of my class fellows. I feel great pleasure and honour to express my 

cheerful thanks to Mr. Afzal Farooq, Director Estate and Abrar Ahmed, Admin 

Officer for the joyful company, moral support and cooperation throughout my 

research work.  

  

Muhammad Altaf Hussain 

 

 

 

 

 

 

 



iv 
 

Abbreviations 

ABTS  2,2-Azino-bis-3-ethylbenthiazoline-6-sulphonic acid 

ADC  Analogue to digital converter 

AFLP  Amplified fragment length polymorphism 

AlCl3  Aluminium chloride 

ASCII  American standard code for information interchange 

ATP  Adenosine triphosphate 

CTAB  Cetyltrimethylammonium bromide  

DAD  Diode array detection 

DCA  Detrendent correspondence analysis 

DFA  Discriminant function analysis 

DFs  Discriminant functions 

dH2O   Deionized water 

DNA   Deoxyribonucleic acid 

dNTP  Deoxyribonucleotide triphosphate 

DPPH  1,1-Diphenyl-2-picrylhydrazyl 

DTGS  Deuterated triglycine sulphate 

EDTA  Ethylenediaminetetra acetic acid  

EM   Electromagnetic 

ESI  Electrospray ionization 

FRAP  Ferric reducing antioxidant power 

FT-IR  Fourier transform infrared spectroscopy 

G  Gram 

GA  Garlic acid 

GC  Gas chromatography 

GIT   Gastrointestinal tract 

H2O  Water  

HATR   Horizontal attenuated total reflectance 

HCl   Hydrochloric acid 

HPLC  High performance liquid chromatography 

HTS  High-throughput stage 

Hz  Hertz 



v 
 

I.V   Importance value  

IC50  Half maximal inhibitory concentration 

IR  Infrared 

KCl  Potassium chloride 

LC   Liquid chromatography 

LSD   Least significance difference 

m  Meter  

M  Molar 

MCT  Mercury cadmium telluride 

MeOH  Methanol 

mg  Milligram 

MgCl2   Magnesium chloride  

MIC   Minimum inhibitory concentration 

mL   Milliliter 

mm  Millimeter 

mM  Millimoles 

MRSA  Methicillin-resistant Staphylococcus aureus 

MS  Mass spectrometry 

Mt  Megatonne 

N2   Nitrogen  

NaCl  Sodium chloride 

NaNO2  Sodium nitrite 

NaOH  Sodium hydroxide 

Ng  Nanogram  

NIPALS  Nonlinear iterative partial least squares 

Nm  Nanometer 

NMR  Nuclear magnetic resonance  

PCA  Principal component analysis 

PCR  Polymerase chain reaction 

PCs  Principal components 

PDA  Photo diode array detector 

PDA  Potato dextrose agar 



vi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pM  Picomoles 

RFLP  Restriction fragment length polymorphism  

Rpm  Round per minute  

SDS   Sodium dodecyl sulfate  

SEM   Standard error of means  

SPE  Solid phase extraction  

SSR   Simple sequence repeat 

TE   Tris EDTA 

U  Unit 

UPGMA  Unweighted pair group method with arithmetic average 

UV   Ultraviolet 

YPD   Yeast extract peptone glucose 

µg  Microgram  

µL  Microliter  



vii 
 

Contents (Part-A) 

S. No. Title Page No. 

 Dedication i 

 Acknowledgement ii 

 Abbreviations  iv 

 Contents vii 

 Abstract  xvii 

1 Introduction 1 

1.1 Botanical Description of Wild and Cultivated Olive 5 

1.2 Geographical Distribution and Systematic Position of Genus Olea 8 

1.3 Significance of Present Study 14 

1.4 Genetic Diversity  19 

1.5 Genetic Characterization and Use of Molecular Markers in Plants 21 

1.5.1 Restriction Fragment Length Polymorphism (RFLP)  24 

1.5.2 Random Amplified Polymorphic DNA (RAPD)  25 

1.5.3 Simple Sequence Repeats (SSR) 26 

1.5.4 Amplified Fragment Length Polymorphism (AFLP) 27 

1.6 Use of Molecular Markers in Genetic Characterization of Olive 30 

1.7 Aims and Objectives 35 

2 Materials and Methods 36 

2.1 Sites Selection 36 

2.2 Floristic Composition 38 

2.3 Phytosocialogy  38 

2.3.1 Community Structure 38 

2.3.2 Determination of Suitable Size 39 

2.3.3 Number of Quadrats 39 

2.3.4 Distribution of Quadrats 39 

2.3.4.1 Density 39 

2.3.4.2 Frequency 40 

2.3.5 Relative Values 40 

2.3.5.1 Relative density 40 

2.3.5.2 Relative Frequency 40 



viii 
 

2.3.5.3 Importance Value 40 

2.4 Data Analysis 41 

2.5  Genetic Characterization  41 

2.5.1 Collection of Plant Material 41 

2.5.2 DNA Extraction Procedure  42 

2.5.3 Amplified Fragment Length Polymorphism (AFLP) Protocol  44 

2.6 AFLP Data Analysis 46 

3 Results and Discussion 47 

3.1 Vegetation Classification 47 

3.1.1 Group-A Olea-Berberis-Punica Group 48 

3.1.2 Group-B Olea-Olea-Dodonaea Group 48 

3.1.3 Group-C Olea-Olea- Zanthoxylum Group 49 

3.1.4 Group-D Olea-Ficus-Ricinus Group 49 

3.2 Floristic Composition 58 

3.3 Genetic Characterization  62 

3.3.1 Principal Component Analysis 67 

 Literature Cited 72 

List of Tables  

2.1  Sampling Sites of Azad Jammu and Kashmir 36 

2.2  Samples Collection Sites of Wild and Cultivated Olive for Genetic 

Characterisation 

42 

3.1 Importance Value Index of Plant Species Recorded in Different 

Plant Associations in Azad Jammu and Kashmir 

55 

3.2 Floristic Composition of Plant Species Recorded from Different 

Localities of Azad Jammu And Kashmir 

60 

List of Figures  
1.1 Fruit Bearing Wild Olive (Olea cuspidata Wall)  7 

1.2 Cultivated Olive (Olea. europaea L.) 7 

1.3 An Example of Gene pools of Olea Useful in a Program of Genetic 

Improvement 

15 

1.4 Map of Azad Jammu and Kashmir 18 

2.1 Distribution Map of Wild and Cultivated Olive in Azad Jammu  37 



ix 
 

and Kashmir 

2.2 General Concept of AFLP  46 

3.1 Dendrogram of 87 Plant Species Collected from 25 Different Sites 

of Azad Jammu and Kashmir Showing Plants Groups after Principle 

Component Ordination 

53 

3.2 Detrendent Correspondence Analysis (DCA) Ordination of Plant 

Species of Azad Jammu and Kashmir on Two Axis Extracted by 

DECORANA Computer Program 

54 

3.3 Distribution of Plant Families and Species Numbers at Sampling 

Sites 

59 

3.4 Dendrogram Revealing Genetic Variation between Wild and 

Cultivated Olive of Azad Jammu and Kashmir Based on AFLP and 

Cluster Analysis (UPGMA).  

70 

3.5a Principal Component Analysis (PCA) Describing the Overall 

Variation between Wild and Cultivated Olive by Using   AFLP 

Analysis Data. 

71 

3.5b Two-Dimensional Projection of Olive Accessions along the First 

two Principal Components Axes 

71 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

Contents (Part-B) 

S. No. Title Page No. 

 Abstract  96 

1 Introduction 98 

1.1 History of Medicinal Plants 104 

1.1.1 Ayurvedic System of Medicine 106 

1.1.2 Unani System of Medicine 106 

1.1.3 Isolation and Characterization of Active Principles 107 

1.1.4 Transformation of Medicinal System 108 

1.2 Extraction of Potential Bioactive Compounds 108 

1.3   Importance of Solid Phase Extraction  109 

1.4 General Concept about Metablomics 110 

1.4.1 Metabolomic Fingerprinting Using Spectroscopic Methods 113 

1.5 Medicinal Importance of Wild and Cultivated Olive 115 

1.5.1 Folk Uses of Olea cuspidata Wall. 116 

1.5.2 Folk Uses of Olea europaea L. 117 

1.6 Introduction of Microorganisms Used 117 

1.6.1 Staphylococcus aureus 117 

1.6.2 Streptococcus pneumoniae 118 

1.6.3 Bacillus subtilis 118 

1.6.4 Escherichia coli 119 

1.6.5 Salmonella typhae 119 

1.6.6 Pseudomonas aeruginosa 119 

1.6.7 Klebsiella pneumoniae 120 

1.6.8 Proteus vulgaris 120 

1.6.9 Citrobacter freundii 120 

1.6.10 Aspergillus flavus 121 

1.6.11 Alternaria alternata 121 

1.6.12 Fusarium moniliform 121 

1.6.13 Mauginiella scaettae 122 

1.6.14 Trichothecium roseum 122 

1.6.15 Magnaporthe grisea 123 



xi 
 

1.6.16 Botrytis cinerea 123 

1.6.17 Saccharomyces cerevisiae 124 

1.7 Aims and Objectives 124 

2 Materials and Methods 125 

2.1 Collection of Plant Material 125 

2.2 Microorganisms Used 125 

2.3 Extraction of Potential Bioactive Compounds 126 

2.4 Preparation of Culture Media 127 

2.4.1 Culture Medium for Bacteria 127 

2.4.2 Culture Medium for Fungus 127 

2.5 Determination of Antimicrobial Activities 127 

2.5.1 Preparation of Inoculum 128 

2.5.2 Preparation of Extract Dilution 128 

2.5.3 Preparation of Suspension 128 

2.5.4 Preparation of Plates 129 

2.5.5 Antibacterial Assay by Disc Diffusion Method 129 

2.5.6 Antifungal Assay by Well Diffusion Method 130 

2.5.7 Measurement of Zone of Inhibition 131 

2.6 Statistical Analysis 131 

2.7 Determination of Minimum Inhibitory Concentration 131 

2.7.1 Microorganisms 131 

2.7.2 Maintenance of Microorganisms 132 

2.8 Extraction Procedure 132 

2.8.1 Kinetic Read Analysis of Antimicrobial Properties of Methanol 

Extracts 

133 

2.9 Purification of Crude Methanol Extracts Using Solid Phase 

Extraction Procedure 

135 

2.9.1 Kinetic Read Analysis of Antimicrobial Properties of Solid Phase 

Extracts 

135 

2.10 High Performance Liquid Chromatography 136 

2.10.1 Separation of Active Fractions Using Preparative HPLC 137 

2.10.2 Kinetic Read Analysis of Antimicrobial Properties of Preparative 138 



xii 
 

HPLC Fractions 

2.11 Data Extraction, Correction and Analysis for Growth Curve 

Production 

139 

2.12 Determination of Antioxidant Activity 139 

2.13 Determination of Total Phenolics 140 

2.14 Determination of Total Flavonoids 141 

2.15 Determination of Total Flavonols 142 

2.16 Metabolite Fingerprinting  142 

2.16.1 Preparation of Material for FT-IR 143 

2.16.2 FT-IR Plate Preparation 143 

2.16.3 FT-IR Protocol for Absorbance 144 

2.16.4 FT-IR Spectral Processing 146 

2.17 FT-IR Data Analysis 146 

3 Results and Discussion 149 

3.1 Antimicrobial Activities 149 

3.2 Minimum Inhibitory Concentration 170 

3.2.1 Kinetic Read Analysis of Antimicrobial Properties of Crude 

Methanol Extracts 

171 

3.2.2 Kinetic Read Analysis of Antimicrobial Properties of Solid-Phase 

Extracts 

176 

3.2.3 Kinetic Read Analysis of Antimicrobial Properties of Preparative 

HPLC Fractions 

180 

3.3 Antioxidant Activity 190 

3.4 Determination of Total Phenolic Contents  197 

3.5 Determination of Total Flavonoid Contents  200 

3.6 Determination of Total Flavonol Contents 203 

3.7 Metabolite Fingerprinting  213 

 Literature Cited 229 

 Appendices  251 

I Rainfall (mm) Data Recorded from Four Districts of Azad Jammu 

and Kashmir 

251 

II Temperature (Max. °C, Min. °C) Recorded from Four Districts of 252 



xiii 
 

Azad Jammu and Kashmir 

III Relative Humidity Data Recorded from Four Districts of Azad 

Jammu and Kashmir 

253 

IV Average Climatic Data Recorded from Four Districts of Azad 

Jammu and Kashmir 

254 

List of Tables  

2.1 Kinetic Read Conditions Used in Biotek elx808 Microplate Reader 134 

2.2 Sample Layout Template for Crude Methanol Extractions 134 

2.3 Sample Layout Template for Solid-Phase Extractions 136 

2.4 Sample Layout Template for Preparative HPLC Fractions 138 

3.1 Antimicrobial Activity of Olea europaea Leaves 155 

3.2 Antimicrobial Activity of Olea europaea Leaves  

Least Significance Difference (LSD) 

156 

3.3 Antimicrobial Activity of Olea cuspidata Leaves  156 

3.4 Antimicrobial Activity of Olea cuspidata Leaves 

Least Significance Difference (LSD) 

157 

3.5 Antimicrobial Activity of Olea cuspidata Roots Bark 158 

3.6 Antimicrobial Activity of Olea cuspidata Roots Bark  

Least Significance Difference (LSD) 

159 

3.7 Antimicrobial Activity of Olea cuspidata Stem Bark 159 

3.8 Antimicrobial Activity of Olea cuspidata Stem Bark  

Least Significance Difference (LSD) 

160 

3.9 Antimicrobial Activity of Olea cuspidata Seeds 161 

3.10 Antimicrobial Activity of Olea cuspidata Seeds 

Least Significance Difference (LSD) 

162 

3.11 Antifungal Activities of Different Extracts of O. cuspidata and O. 

europaea 

163 

3.12 Antifungal Activity of Solid Phase Extracts against Magnaporthe 

grisea 

168 

3.13 Effect of Preparative HPLC Fractions against Magnaporthe Grisea 169 

3.14 Antioxidant Activity of all Parts of O. cuspidata and O. europaea 193 

3.15 Antioxidant Activities of Methanol Extracts of O. cuspidata and O. 194 



xiv 
 

europaea Leaves According to Geography 

3.16 Determination of Total Phenolic Contents of Olea europaea and 

Olea cuspidata using Folin-Ciocalteu Phenol Reagent 

199 

3.17 Determination of Total Flavonoids Contents of Olea europaea and 

Olea cuspidata 

202 

3.18 Determination of Total Flavonols of Olea europaea and Olea 

cuspidata 

209 

3.19 Characteristic Regions within Fourier Transform-Infra Red (FT-IR) 

Spectra and Absorbencies for Key Functional Groups 

220 

3.20 Sampling Sites of Olea cuspidata and Olea europaea for 

Biochemical Characterization 

221 

List of Figures  

2.1 Flow Diagram Showing Solvent Extraction 126 

3.1 Antimicrobial Activity of Olea europaea Leaves 155 

3.2 Antimicrobial Activity of Olea cuspidata Leaves 157 

3.3 Antimicrobial Activity of Olea cuspidata Roots Bark 158 

3.4 Antimicrobial Activity of Olea cuspidata Stem Bark 160 

3.5 Antimicrobial Activity of Olea cuspidata Seeds 161 

3.6 A Antifungal Activity of Methanol Extracts of all Parts 165 

3.6 B Antifungal Activities of Ethylacetate Extracts of all Parts 165 

3.6 C Antifungal Activities of Acetone Extracts of all Parts 166 

3.6 D Antifungal Activities of Chloroform Extracts of all Parts 166 

3.6 E Antifungal Activities of Leaves of O. europaea and O. cuspidata 167 

3.7 Effect of Solid Phase Extracts against Magnaporthe grisea 168 

3.8 Effect of Preparative HPLC Fractions against Magnaporthe grisea 169 

3.9 Antimicrobial Impact of O. europaea and O. cuspidata Leaves on 

Growth Pattern of E. coli by Using Spectrometric Approaches  

173 

3.10 Antimicrobial Impact of O. europaea and O. cuspidata Seeds on 

Growth Pattern of E. coli by Using Spectrometric Approaches 

173 

3.11 Antimicrobial Impact of Stem and Roots Bark of O. cuspidata on 

Growth Pattern of E. coli by Using Spectrometric Approaches 

174 

3.12 Antimicrobial Impact of O. europaea and O. cuspidata Seeds on 174 



xv 
 

Growth Pattern of S. albus by Using Spectrometric Approaches 

3.13 Antimicrobial Impact of O. europaea and O. cuspidata Seeds on 

Growth Pattern of B. megaterium by Using Spectrometric 

Approaches 

175 

3.14 Antimicrobial Properties of Solid Phase Extracts of O. europaea 

Seeds, O. cuspidata Seeds and Leaves on Growth Pattern of E. coli 

by Using Spectrometric Approaches 

178 

3.15 Antimicrobial Properties of Solid Phase Extracts of O. europaea 

Seeds, O. cuspidata Seeds and Leaves on Growth Pattern of B.   

megaterium by Using Spectrometric Approaches  

178 

3.16 Antimicrobial Properties of Solid Phase Extracts of O. europaea 

Seeds, O. cuspidata Seeds and Leaves on Growth Pattern of S. albus  

by Using Spectrometric Approaches 

179 

3.17 Antimicrobial Properties of Solid Phase Extracts of O. europaea 

Seeds, O. cuspidata Seeds and Leaves on Growth Pattern of S. 

Cerevisiae by Using Spectrometric Approaches 

179 

3.18 Antimicrobial Potential of Preparative HPLC Fractions of O. 

cuspidata Leaves on Growth Pattern of E. coli by Using 

Spectrometric Approaches  

188 

3.19 Antimicrobial Potential of Preparative HPLC Fractions of O. 

Cuspidata Leaves on Growth Pattern of B. megaterium by Using 

Spectrometric Approaches   

188 

3.20 Relative Antimicrobial Activity Showed by Preparative HPLC 

Fractions Reside in Major Groups Highlighted in Chromatograms 

189 

3.21 Antioxidant Activity of All Parts of O. europaea and O. cuspidata 195 

3.22 Antioxidant Activities of Leaves of O. europaea and O. cuspidata 

Presenting Significant Difference 

195 

3.23  Antioxidant Potential of O. europaea and O. cuspidata According to 

Geography 

196 

3.24 Total Phenolic Contents Analysis of O.  europaea and O. cuspidata 198 

3.25 Total Flavonoids Contents Analysis of Olea europaea and Olea 

cuspidata 

201 



xvi 
 

3.26 Total Flavonols Analysis of Olea europaea and Olea cuspidata 208 

3.27 Biochemical Analysis Matrixes of Olea europaea and Olea 

cuspidata 

210 

3.28 HPLC-PDA of O. cuspidata and O. europaea Leaves Showing 

Variation by Using Chemo-metric Approaches 

211 

3.29 Comparison of Different Spectrum of Olea cuspidata and Olea 

europaea Leaves Showing Major Source of Variation are the Pikes 

with Aero 

212 

3.30 A FT-IR Spectra of Water Extracts of Olea europaea and Olea 

cuspidata 

222 

3.30 B Principal Component Analysis (PCA) of Both Genotypes 222 

3.30 C Discriminant Function Analysis (DFA) of Both Genotypes 222 

3.31 Biochemical Matrix: Olea  (Water Extractions)  223 

3.32 Chemometric Analysis of Olea cuspidata Water Extracts 224 

3.33 A FT-IR Spectra of Ethylacetate Extracts of Olea europaea and Olea 

cuspidata 

225 

3.33 B Principal Component Analysis (PCA) of Both Genotypes 225 

3.33 C Discriminant Function Analysis (DFA) of Both Genotypes 225 

3.34 Chemometric Analysis of Olea  Ethylacetate Extracts 226 

3.35 Biochemical Analysis of Ethylacetate Extracts Olea cuspidata 227 

3.36 Distribution Habitats of Wild and Cultivated Olive in Azad Jammu  

and Kashmir 

228 

 

 

 

 

 

 

 

 



xvii 
 

ABSTRACT 

PART-A 

The floristic composition within 25 stands was recorded from 390 m to 

2158 m on gentle slopes of Azad Jammu and Kashmir. There were 87 plants 

species of 39 families; Poaceae, Astraceae and Papilionaceae were important 

families in the investigated area. Four plant associations, Olea-Berberis-Punica, 

Olea-Olea-Dodonaea, Olea-Olea Zanthoxylum and Olea-Ficus-Ricinus were 

recorded by cluster analysis and Detrendent correspondence analysis (DCA) 

technique. The dense Olea forests were found within the range of 390-1500 m, 

considered as potential sites, whereas the sparse populations were found beyond 

the range of 1500 m. This area has suitable climatic conditions to support 

cultivation of olive in Azad Jammu and Kashmir. 

  Wild (O. cuspidata) and cultivated olive (O. europaea) grow in northern 

regions of Pakistan and Azad Jammu and Kashmir are expected to have 

considerable inter and intra-species genetic variability due to adaptation to the 

various environmental conditions. In present study the genetic relationship was 

investigated in wild and cultivated olive populations growing in Azad Jammu and 

Kashmir by using four primer combinations during amplified fragment length 

polymorphism (AFLP) analysis. Genetic relationships were displayed in a 

dendrogram based on Unweighted Pair Group Method (UPGMA) and Principal 

Component Analysis (PCA). Four clusters were clearly separating wild and 

cultivated olive populations from each other indicates that the Olea cuspidata 

(wild) and Olea europaea (cultivated) were divergent. The insightful difference 

between wild and cultivated populations and the close relationship among Olea 
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europaea accessions had confirmed that the cultivated olive did not develop locally 

but were introduced from abroad, propagated by grafting on local wild olive. 

Moreover, analysis of cultivated olive showed that they are probably from same 

population with common ancestory. In the actual application, the measurement of 

genetic variation among these populations is needed to guide the on-going grafting 

of Olea europaea while ensuring that a substantial genetic diversity is preserved 

within the study area. For the Olea europaea nursery industry, this study can be 

useful to eliminate duplication of the clones and ensure diversity of the propagated 

clones for grafting on Olea cuspidata.  
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 Chapter 1 

INTRODUCTION 

  Olive is known as Zatoon in Arabic, Urdu and Hindi, Jatoon in Sanskrit, 

Kahu in Kashmiri and Panjabi. This has been cultivated for over 4,000 years (Neal, 

1965). In Mediterranean and Himalayan region the olive is the most important crop 

tree, producing oil, has been used in pharmaceutical industries, baking (cooking) 

purposes, as lubricant, for perfumes and lighting (Crossman, 2002). 

Wild and cultivated forms of Olea have many folk uses worldwide as well 

as in Azad Kashmir. The local inhabitants of Azad Kashmir, Pakistan and India 

used different parts of olive to cure ailments. Leaves of genus Olea have been used 

since pre-historic times to cure various diseases such as gout, diabeties and fever 

(Janicke et al., 2008), and leaves extract particularly  has been demonstrated to be a 

usefull for lowering blood pressure in humans (Perrinjaquet et al., 2008). Currently 

it was confirmed scientifically that leaf extracts of O. europaea have desired 

antimicrobial potential due to an important compound oleuropein (Pereira et al., 

2007) and the positive antihypertensive effect due to an other important component, 

oleacin (Perrinjaquet et al., 2008).  

The genus Olea is a member of family Oleaceae, comprises of about 30 

genera and 600 species (Cronquist, 1981). The classification of Olea is not yet clear 

as several authors split the genus Olea into three subgenera i.e. Tetrapilus, 

Paniculatae and Olea (Green, 2002). Olive comprises of more than 1000 cultivars 

and its wild relatives. The cultivars might be diverse landraces evolved from the 

similar genetic stock, which originated as a result of mutation and hybridization. 

Green and Wickens (1989), Zohary (1994) proposed that sub-tropical Olea 
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chrysophilla contributed to the evolution of Olea europaea L. They assumed that O. 

europaea would include its wild relative O. cuspidata (Afro-Asiatic ssp). They also 

distinguished O. cuspidata from its four closely related wild relatives on 

morphological and geographical features. 

O. cuspidata is distributed in Pakistan, India, China, Iran, Nepal, Saudi 

Arabia and Southeast Africa (Bartolini et al., 2002; Ganino et al., 2006).  Olea 

thrive in regions with xeric conditions; shallow, stony soil with diminutive 

fertilizer, hot summer, adopted well in coastal regions can tolerate these harsh 

weather conditions (Brenzel, 1995).  

This tree was regarded as holy plant, believed to be originated from Pamir 

and Turkestan and occupied from east to west entering into Mediterranean region. 

Olive has extended to the other parts of world such as Australia, South Africa, 

America, China and the geographic areas with monsoon characteristics. In Pre-

Himalayan region of Northern Pakistan, Jammu and Kashmir and Himachal 

Pradesh olive cultivation have been reported by Rahim et al. (2011). 

In its native range olive is a small-medium evergreen tree grow in open 

wood lands and rocky slopes attains height of 5 to10 m and trees can achieve 

height of 15 to18 m in their ideal growth coditions such as stream banks. It could 

be established in bush land (Crossman, 2002). Olea cuspidata synonym ferruginea 

is a native evergreen tree species of south Asia having broad leaves usually 

growing from 400 to 2000 m altitude in different ecological and microclimatic 

conditions (sub-tropical, dry temperate and moist temperate regions) of Pakistan 

(Baquar, 1969; Sheikh, 1993). 



3 
 

Olea is sensitive to cold weather (-7°C) but it was evident that it can 

survive and tolerate at 15 °F temperatures (Brenzel, 1995). Warm temperate 

climate is considered best for olive and geographical areas as mediterranean region, 

30°-45° latitude and at higher altitude of lower latitudinal zones are suited for Olea 

cultivation (Paudel, 2009). This species has a wide range of rainfall adaptation, 

though it is a xerophytic species. Intense growth of olive can be observed in 

monsoon climate during June to August (Paudel, 2009).  

In Pakistan, olive has been grown traditionally for the production of oil for 

several years. However, few olive groves existed in hilly and plain areas of 

Pakistan and its cultivation was recognised in the 1970s. Pakistan is a developing 

country, faced with acute shortage in the production of edible oil for inhabitants, 

therefore, large amount of valuable foreign exchange are spent on the import of 

edible oil though numerous non-traditional oil seed yields have been promoted, but 

proved insufficient to replace the conventional crops. Thus it is important to 

familiarise a crop that can be grown on the peripheral lands to address this socio-

economic issue so that it may prove helpful in breading the spiteful cycle of 

scarcity and degradation of natural resources. In Pakistan millions of O. cuspidata 

trees grow wildly in the areas of Azad Jammu and Kashmir, Federally Admistrated 

Tribal Area (FATA), Peshawar, most of the Punjab province and northern region of 

Balochistan (Ahmed et al., 2009).  The existence of such huge quantity of trees 

indicates that the agro-climatic conditions of these areas are conducive for 

cultivation of olive. Different varieties of Olea europaea were familiarised into the 

several parts of the country, which are successfully bearing fruits. In Pakistan and 

Azad Jammu and Kashmir, 668278 hectares area are suitable for olive cultivation 
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of which, only 480 hectares area are covered by olive plantation up till now (Awan 

et al., 2011).  This frost and drought resistant species has adapted 250 mm to 1000 

mm per year precipitation and – 10
 
°C to 40°C temperature, therefore can be 

planted easily on wide areas of Pakistan with minimum input. This way, watershed, 

microclimatic, environmental and edaphic conditions of the area can also be 

improved through plantation of this tree (Ahmed et al., 2009). In addition most 

parts of this tree are useful, may be utilized as oil, fodder, fuel and construction 

material. Lot of phytosociological study has been carried out and published from 

numerous parts of Pakistan; however, little attention is paid to take account of 

single tree species or forest dominated by a single tree species. Beside some work 

of Cheema and Qadir (1973) on Accacia senegal, Beg and Khan (1984) on dry oak 

forests of Swat, Ahmed et al., (1990a, 1990b, 1991 and 2008) on Juniper forest of 

Ziarat, Pinus gerardiana forest of Zhob, Cedrus deodara forest respectively and 

Siddiqui et al., (2009) on Pinus roxburghii of subtropical region of Pakistan have 

been reported. In Azad Jamu and Kashmir no complete studies were carried out so 

far on Olea cuspidata and Olea europaea. Considering the environmental, 

economical and ecological importance of Olea, detailed study was carried out at 25 

different locations of Azad Kashmir. It is hoped that the present study would add to 

our existing knowledge in terms of its community and association. Due to the very 

recent establishment and promotion of olive cultivation (Awan, 2011), little 

information is available about the appropriate cultural practices to obtain economic 

yields under the diverse agro-climatic conditions. The great variation in the 

climatic requirements of each variety and the climatic conditions of the olive 

growing areas in Azad Jammu and Kashmir, Pakistan make it imperative to 
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conduct a scientific study to identifying genetic variations among varieties of O. 

europaea utilized in cultivation as there is no information available about these 

varieties.   

1.1 BOTANICAL DESCRIPTION OF WILD AND CULTIVATED OLIVE  

Wild olive (Olea cuspidata Wall) locally known as kahu belongs to Family 

Oleaceae is a medium sized evergreen tree with sooth bark when young, exfoliating 

when old in long narrow irregular strips, young shoots, petioles and leaves beneath 

clothed with minute reddish scales (Fig. 1.1). Leaves 5 to10 by 1.3-2.5 cm, oblong 

lanceolate, entire, cuspidate, coriaceous, dark green and shining above, lateral nerve 

invisible on the lower surface of the leaf, obscure on the upper, petiole 2.5 to 5 mm 

long. Flowers 6 mm, across, whitish, bisexual, in axillary trichotomous panicles 

about half as long as the leaves, pedicels mostly 0, bracts minute, linear, caduceus. 

Calyx 1.2 mm long, cup-shaped, subtruncate. Corolla tube short, lobes spreading, 

ovate, subacute, 2.5 mm long. Anther oval, cells separated by the broadly elliptic 

connective, dehiscing laterally. Style short, stigma large, thickened, bifid. Drupe 5 

to 7.5 mm, long, ovoid, supported by the persistent calyx, black   when ripe, pulp 

scanty, endocarp hony (Kirtikar and Basu, 1999). 

Cultivated olive (Olea europaea L.) commonly known as zatoon, nearly 

related to O. cuspidata also belongs to family Oleaceae but have some differences 

in morphological traits as laxer inflorescence (Fig. 1.2). It is a multistemed 

evergreen tree with 6 to 9 m height.   The trunk is massive, gray, gnarled, bumpy 

and contorted. Leaves are 7.5 cm long, narrow, opposite, lanceolate or linear. The 

upper side of the leaves glossy green and the lower side are white instead of red or 

ferruginous. Flowers are small creamy white usually born in inflorescence of fiftine 
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flowers in axillary groups. Most flowers undergo pistil abortion, leaving only one to 

two fruits per axil at harvest. Olives are self-fruitful but bear heavier crops when 

cross pollinated. Pollination is through wind. Fruits are drupes, edible, smooth and 

large about 4cm across, green in late summer, maturing to black, drop when ripe 

(Ross, 2005).  

Wild and cultivated olives grow in the same areas in similar climatic 

conditions but there are some morphological differences in both species such as in 

wild olive smaller fruit size with low quantity of oil in seeds (Terral and Simard, 

1996). Wild and cultivated forms showed genetically two separated developments, 

have been unified as an outcome of infrequent hybridizations that might have 

permitted the introduction of genes from the wild forms into the cultivated forms. 

Due to their long life span, the cultivated olive gene pool is expected to be very 

comparable to the gene pool of their wild ancestors (Liphschitz et al., 1991). Cherif 

and Besnard (2005) revealed that the O. laperrinei was a small tree with 

multistems, therefore proposing that it may use a vegetative strategy for its 

reproduction and persistence in arid environments (Anthelme et al., 2008). In 

contrast, in the rainier western Darfur, O. laperrinei was described as a tree without 

multi-stemed pattern and attaining a height up to 15 m (Quezel, 1969). The sexual 

reproduction is very rare in O. laperrinei which is a one of the amazing traits 

(Quezel 1969; Cherif and Besnard, 2005). 

 The olive is evergreen plant with lengthy lifespan that adapts very easily to 

different environmental and climatic conditions. Plant gives characteristic shrubby 

appearance. Flowers are hermaphroditic, although anomalies of flower commonly 

occur (Fontanazza et al., 1990). The wild olive fruit encompases bitter taste 
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compound (oleuropein) with low sugar content (2.6 to 6 percent). Its fruit cannot be 

consumed directly. Before consumption it undergoes series of procedures that may 

differ according to region and from cultivar to cultivar.  Fruit set is only 1 to 5 

percent of flowers which is very low (Proietti and Tombesi, 1996).  

Figure 1.1: Fruit beering wild olive (Olea cuspidata Wall) 

 
 

Figure 1.2: Cultivated Olive (Olea europaea L.) 
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1.2 GEOGRAPHICAL DISTRIBUTION AND SYSTEMATIC POSITION OF  

      GENUS OLEA  

Numerous evidences confirmed the existence of certain types of olive in the 

western and eastern Mediterranean basin before 18,000 years BC (Carrion and 

Dupre, 1996; Watts et al., 1996). In North Africa, fossils of wild olive have been 

discovered and the pieces and stones of tree have been exposed in archaeological 

site of the Chalcolithic era and the Bronze period in Spain. The presence of the 

olive groves, consequently, years back to the 12,000 years BC. Several 

investigations demonstrated the presence of olive form many milleniums 

particularly in East before its training in the Mediterranean regions. Domestication 

of olive in the Jordan River valley was probably happened 5700–5500 years BC 

(Zohary and Roy, 1975), and more exactly, in view of Liphschitz et al. (1991) 

during the bronze period (5200 years BC) the domestication was occurred. 

It seems to have transported from Syria to Greece via Anatolia 

(DeCandolle, 1883) even though other hypotheses argument to the Atlas Mountains 

of lower Egypt, Nubia, Ethiopia, or some areas of Europe. In Asia Minor extremely 

copious wild olive trees are growing in thick forests. Only in Pakistan millions of 

O. cuspidata trees growing wildly (Awan et al., 2011). 

Past environmental conditions were appropriate for the growth of olive. The 

expansion of thermophilic flora including Olea were related to increase in 

temperature from 1 to 1.5 °C recorded in southern France at the commencement of 

the Sub-Atlantic chronozone of Holocene (Terral and Mengual, 1999). Molecular 

markers techniques related with characters that concentrate plants inappropriate for 

cultivations (Lumaret and Ouazzani, 2001), revealed that wild olive, still survive in 
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few Mediterranean forests which cannot be differentiated morphologically from 

feral forms.  

 The exact associations of the Mediterranean olives (O. europaea L.) to the 

other species have remained indefinable (Besnard et al., 2007a, b, c). The olive 

tree’s relatives are categorized into five sub-species (Green, 2002), ssp. laperrinei, 

found in Saharan ridges, ssp. cuspidata, present in Middle East and Southern Asia, 

ssp. maroccana and ssp. cerasiformis (Besnard et al., 2007a).  

The distribution of the domesticated olive to other countries of the 

Mediterranean area escorted exoduses of different societies. The Mediterranean 

Basin and Asia Minor have been the homeland of cultivated olive, which is 

considered to be native species of these regions before six millennia. The pre-

historic civilization (Assyrians and Babylonians) were not aware about the olive 

tree. Olive tree is indigenous to southern Caucasus to the Iranian plateau, whereas 

olive cultivation occurred noticeably in Syria and Palestine and then spreading 

from these areas to Cyprus and Anatolia (Besnard et al., 2007a). When ancient 

olive fossils prints were compared with sample of current cultivars, a prehistoric 

and autochthonous olive cultivation in north western Mediterranean region was 

proposed. The entrance of cultivated varieties at the Bronze Age appears to verify 

that cultivation and selective practices have been operated at least since that time. 

The hypothesis from earlier bio-archaeological and palaeo-environmental studies is 

supported by these results that the domestication practices of olive emerged from 

Neolithic and the Bronze in Spain (Terral et al., 2004).  

Phoenicians started distributing the olive throughout the Greek islands in 

the sixteenth century BC, then familiarising it into Greek inland between the 
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twelfth and fourteenth centuries BC, where its cultivation augmented and grew 

reputation in the fourth century BC. During the Athenian democracy in 600 BC 

issued rulings regulating olive planting and prohibiting the cutting down of olive 

trees, in the first written legislation of the world. O. europaea spread throughout 

the Mediterranean regions from the sixth century BC onward (Zohary and Hopf, 

1994; Spennemann and Allen, 2000). It is also evident from the literature that in 

North Africa, the awareness about the use of wild olive to graft cultivated olives 

was familiarised by the arrival of Romans. The Romans developed the grafting 

skill and feast its implementation in the areas they engaged (Zohary and Hopf, 

1994; Besnard et al., 2001b; Spennemann and Allen, 2000; Green, 2002; Terral et 

al., 2004). 

The Romans played a great role in the scattering the olive tree cultivation 

area from the Mediterranean to the neighbouring countries. They used olive tree as 

a peaceful weapon in their defeats to relax the people. In Roman times the olive 

tree was arrived in Sardinia, whereas in Corsica, according to traditional belief the 

olive cultivation began after the fall of Roman Empire by utilizing specimen 

interred from Liguria. In Spain olive was introduced during the nautical power of 

the Phoenicians (1050 BC) but did not remarkably extent till the entrance of Scipio 

(212 BC) and Roman rule (45 BC). Olives occupied a large area of Baetuca Valley 

after the third Punic War and from there it spread toward Iberian Peninsula as well 

as Portugal especially in the central and Mediterranean coastal regions. It was 

assumed that in Spain, Arabs started cultivation of olive because the Spanish words 

aceituna, aceite and acebuche for cultivated olive, olive oil and wild olive and 

azeitona and azeite are Portuguese words for olive and olive  oil  respectively 
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having Arabic origins. Olive cultivation spread outside its Mediterranean 

limitations in America with its discovery. The first olive plant was introduced from 

Seville to West-Indies and then to the American Landmass. In Mexico the olive 

orchards were formed in 1560. The Olive production has prolonged in the last few 

years throughout the world (Reale et al., 2006). 

The genus Olea existing in wild and cultivated form in every region 

especially in Mediterranean Basin or in industrious orchards of the world. The 

classification is not yet clear. The genus Olea divided into 3 sub-genera, Tetrapilus, 

Paniculatae, and Olea (wild olive and cultivated relatives), existing in Asia, 

Australia, Africa and Europe (Green, 2002). The Ligustroides and Olea are two 

sections of genus Olea. Both these sections ornament in the mountains of East 

Africa, Asia and Pacific Islands. In particular, Olea is also found in west of the 

Sahara, in the Macaronesian Islands and the Mediterranean regions (Green, 2002). 

The unit Olea contains the complex of O. europaea L, the Mediterranean olive 

tree, only species cultivated for oil production and table consumption, which 

represents more than 1,000 of cultivars, although many of these might be just 

different landraces originated from same genetic stock (Zohary, 1994). It has been 

reported that the cultivated olive is initiated from mutations and natural 

hybridizations, which is not a species, but rather a group of forms. Tropical and 

subtropical Afro-Asiatic species, such as Olea chrysophilla Lam. and Olea excelsa, 

perhaps contributed to the development of the Mediterranean olive (O. europaea 

L.) (Green and Wickens, 1989; Zohary, 1994). The Mediterranean olive (O. 

europaea L.) also comprises the wild oleaster (var.  sylvestris) and the cultivated 

(var. sativa) types. The var. sylvestris has a narrow range of distribution and it is 
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often mistaken for olevaster, which is a wild type resulting from seeds of the 

cultivated type O. europaea. The undomesticated type olevaster remains at a 

complete juvenile stage and never produces flowers unless it is transferred to 

standard cultivation (Rugini and Lavee, 1992). The var. sylvestris with it’s very 

almost round leaves, small, thorny shoots, small fruits and quadrangular branch 

section was used in the past as rootstock for the var. sativa. According to Green 

and Wickens (1989), the O. europaea would also include its wild forms i.e., O. 

cuspidata, laperrinei, and cerasiformis. However, some investigators differentiated 

six species in O. europaea though still difficult to be defined the systematic 

position of the genera. Green and Wickens (1989) demonstrated four sub-species of 

O. europaea conferring to their geographical distribution and morphology i.e. ssp. 

europaea, ssp. laperrin, cerasiformis and O. cuspidata of the Mediterranean 

region, Sahara Massifs , Canary Islands, Madeira and Asia (China, India, Pakistan, 

Nepal, Iran, South Arabia) respectively. Bartolini et al. (2002) and Ganino et al. 

(2006) described a comprehensive review about the systematic position history of 

genus Olea.  

Plastid DNA data based phylogenetic renovation with higher allelic 

abundance was confirmed a maternal derivation of O. laperrini populations in 

South Algeria (Besnard et al., 2007b). Two levels of structure were exposed on 

basis of nuclear microsatellite data. First, two distinct groups were made by 

separating individuals from Niger and Algeria. Second, four studied mountain 

ranges corresponded four less differentiated clusters. These results depicted that the 

restricted the gene flow in long distance is due to barriers in deserts. The 

geographical distribution of chloroplast DNA haplotypes provides support for an 



13 
 

early distinction between southern African to South Asian (ssp. cuspidata) and the 

Mediterranean, Macaronesia, and the Sahara populations (Besnard et al., 2007a). 

On the basis of plastid DNA data, most Olea populations were differentiated 

phylogenetically in five geographical areas i.e. Macaronesia and Northwest Africa 

(ssp. guancica, cerasifomis, maroccana); the western Mediterranean (ssp. 

europaea); eastern Africa and southern Asia (ssp. cuspidata) and equatorial and 

southern Africa (ssp. laperrini) respectively. Though, Besnard et al. (2007a) 

suggested a livelier bio-geographical pattern on the basis of unexpected incongruity 

between plastid DNA and ITS-1 data that linked with ITS-1 intra individual 

polymorphism. O. cuspidata Populations are found across a large area and may 

have deviated from an early common predecessor that commonly colonized in this 

geographical part. It was assume that populations from Red Sea coasts of Africa 

and Arab may reflect a secondary deviation of populations from east Africa and 

south Asia. Most of the individuals of African O. cuspidata showed haplotypes 

from African and Arabian coasts and east Africa and south Asian populations 

excepted as one population from southern Egypt led to the assumption of 

prehistoric hybridizone due  to the coexistence of different palsted and  nuclear 

linages in the Sahara to northeastern African mountains (Besnard  et al., 2007a).  

In Mediterranean region high genomic diversity has brought through local 

hybridization of cultivated species with wild relatives in domestication practises of 

olive in the late 6,000 years. Saharan desert was considered as an effective barrier 

since its formation, preventing significant generative links between the two main 

plastid lineages, which were separated in all molecular analyses (Vargas and 

Kadereit, 2001). Gene flow across long distance might have occurred via pollen 
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distribution (Quezel, 1978; Gasse et al., 1990). It is believed that O. europaea 

originated from Mediterranean ancestor. Long before the Quaternary, common 

lineage of O. europaea in Africa might have laid new ancestries in the 

Mediterranean basin mainly in Macaronesia and Asia (Palamarev, 1989). The 

differentiation of O. europaea populations in the thermophilous flora of 

Mediterranean region may be produced by evolution of the Mediterranean climate 

(Palamarev, 1989). The incidence of numerous glacial refugee responsible to 

introduce several cultivars across the Mediterranean by transporting germplasms of 

indigenous populations, might be the reason for recurrence of higher genetic 

diversity of olive, which have been detected in the western Mediterranean area 

(Besnard and Berville, 2002). 

1.3 SIGNIFICANCE OF PRESENT STUDY  

 Cultivated olive is one of the most significant tree crop species of the 

Mediterranean region, representing not only the 90 percent of the olive world 

production but also the 90 percent of the olive groves of the world. Around seventy 

five percent of total world production of olive oil ocurred only in Spain, Italy, and 

Greece. These countories together with Turkey and Tunisia are the five largest 

producers of olive in the world. World production was about 15,500 Mt in 2005 

while both fresh and oil consumption was increased to 17,500 Mt in 2007 

(FAOSTAT, 2007). The trends of olive oil production and consumption in the 

world have increased significantly in the last thirty years (Spennemann and Allen, 

2000). 

The world olive oil production is estimated to be three million tons, ranking 

sixth in the world production of fluid vegetable fats exceeded by soybean, cotton 
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seeds, peanuts, and sunflower. The olive oil production is not constant over the 

years, owing to the proverbial alternate-bearing tendency of this species that is 

genetically and environmentally determined.  

The past history of domestication, demography and gene flow within and 

among subspecies have shaped and genetically structured the gene pool of Olea 

(Fig. 1.3). O. cuspidata is considered to be a plant with little economic importance, 

however most parts of this tree are useful and utilized as oil, fodder, fuel and 

construction material in all over the world (Spennemann and Allen, 2000; Starr et 

al., 2003).  

 

 

GP3 
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Olea cuspidata, a native of subcontinent is distributed from 300 to 2000 m 

altitude in sub-tropical, dry temperate and moist temperate areas of Azad Jammu 

and Kashmir as well as in Pakistan (Baquar, 1969; Sheikh, 1993). Furthermore, in 

Azad Kashmir millions of O. cuspidata trees growing wildly (Awan et al., 2011) 

therefore can easily be planted on wide areas of arid, semi-arid and dry temperate 

regions with minimum input and can also be converted into oil bearing species 

(Ahmed et al., 2009). Currently top working/grafting of cultivated olive on wild 

trees has been started in few localities of Azad Jammu and Kashmir. Only 218350 

wild trees grafted with cultivated olive so for. Orchard of O. europaea and grafting 

on wild olive also occurs in some area of Pakistan but extensive cultivation of olive 

by both cultivation systems doesn’t exist. There is no information available about 

the varieties utilised in grafting and grown in orchard (Morelli, 2008).  

In Azad Jammu and Kashmir, where high variation in ecological and agro-

climatic conditions are available, the presence of genetic diversity is significantly 

important for the maintenance and enhancement of production and yield of 

commercially important crops. The presence of such varieties provides protection 

for the farmer against biotic and abiotic stresses. The genetic diversity gifts 

growers to exploit highly varied microenvironments differing in characteristics 

such as soil, water, temperature, altitude, slope, and fertility. Genetic diversity 

between and within species is especially significant to this region as it represents an 

important genetic resource to the existence of farming communities at regional and 

country level. 

The study area, Azad Jammu and Kashmir, Pakistan lies between 73
0
 - 

75
0
E, 33

o
 - 36

o
N at an altitude of 360m to 6325m (GPS-2000) (Fig.1.4). The 
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topography of the area is mostly hilly with valleys and stretches of plains. Azad 

Jammu and Kashmir is bestowed with natural beauty having lush green mountains 

covered with thick forests, fast flowing rivers Jehlum, Neelum, Poonch, their 

tributary streams and plenty of springs.  

The climate of the investigated area is sub-tropical to temperate highland 

type. The climate of the area is very pleasant with four seasons in a year having 

mild summer and winter months. Summer season is warm with average maximum 

temperature of 30 
o
C to 46 

o
C at different altitudes whereas winter season is short 

at foothills with average minimum temperature of 3 
o
C but prolonged and cool 

enough at high elevations with temperature below freezing point.  

 The average maximum and minimum temperature of Districts Kotli, 

Muzaffarabd, Rawalakot/Poonch and Hattian was recorded, 28.8 °C and 15.3 °C, 

27.9 °C and 13.6 °C,  21.4 °C and 7.02 °C, 26.5 °C and 12.6 °C respectively. The 

hottest months of the year were June and July while December and January were 

the coldest months (Apen. II).  

The average monthly rainfall of study area is 122.9 mm (Apen. I). The high 

elevations remain covered with snow for five months from November to April. The 

snow fall in winter is around 1200 meters above sea level while in summer it rises 

to 3300 meters, (Anonymous, 2010). The average rainfall of Districts Kotli, 

Muzaffarabd, Rawalakot/Poonch and Hattian was logged 88.3 mm, 128.5 mm, 

148.06 mm and 127.09 mm respectively (Apen. IV). The area receives maximum 

rainfall during July and February and least rainfall occurs during October and 

November. Cloudy and rainy days are more humid than clear and sunny days. The 

average maximum humidity was recorded in December while least relative 
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humidity was recorded in May. Night have more humidity than days. The average 

percentage of humidity of Districts Kotli, Muzaffarabd, Rawalakot/Poonch and 

Hattian was recorded at 08.00 am (Maximum) i.e. 69 percent, 77.6 percent, 80.5 

percent and 78.4 percent and at 5.00 pm (Minimum) i.e. 48 percent, 45.6 percent, 

55.03 percent and 49.6 percent respectively (Apen. III). 

Figure 1.4: Map of Azad Jammu and Kashmir 
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1.4 GENETIC DIVERSITY  

Genetic diversity refers to the variation of heritable characteristics present 

among alleles of genes in different individuals of populations of species that serve 

as an important role in evolution by allowing a species to adapt to a new 

environment (Weir, 1996; Kremer et al., 1998). The ultimate source of genetic 

diversity is gene mutation, it is a permanent change in the DNA sequence, molded 

and shaped by selection, recombination, gene flow, genetic drift, and migration in 

heterogeneous environments in space and time (Hartl and Clark, 1997). Natural 

selection chooses the best fit among and within a population; there can be no 

adaptive evolution without genetic variation (Ayana, 2001). Genetic diversity is an 

essential raw material for evolution, which enables populations of the crop species 

to survive, adapt new environments and evolve to produce new genetic variants, 

where some of them may become the fit variants that meet long term changes in the 

environment (Hedrick, 2000; Ayana, 2001). 

Likewise, genetic diversity is vital in plant breeding for developing new and 

high yielding varieties and protecting the productivity of such varieties by 

integrating genes/traits for disease and insect pest resistance as well as tolerance to 

abiotic stresses (Allard, 1999) to address ever-increasing food requirement. So, the 

level of genetic diversity determines the evolutionary potential of a species and the 

rate of gain from human selection in breeder’s materials. Therefore, a major focus 

of research in genetics has been to determine the amount of genetic variation in 

both natural and domestic populations and describing the possible mechanisms 

maintaining such variability in meeting new environmental challenges (Weir, 1996; 

Ayana, 2001). 
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The genus Olea consists of diploid species with 46 (2x) chromosome. The 

nuclear DNA content of olive cultivars was determined for the first time by Rugini 

et al. (1996). It is also evident from their results that the tested cultivars of olive 

were triploid and tetraploid. Bitonti et al. (1999) assessed the genome size of 

different cultivars of Olea by using the flow cytometry technique.  Their results 

showed a high intraspecific difference for genome size among the investigated 

cultivars. The genome size of O. europaea was higher than the other Olea species 

analysed.  Subsequently, Loureiro et al. (2007) also studied the DNA content and 

genome size of O. europaea cultivars and wild olive by using the flow cytometry 

technique. Their results proposed a low intraspecific variation between cultivars 

and wild olive. The existence of polyploidy in wild populations of O. cuspidata 

was inferred from SSR data by Rallo et al. (2003) and Besnard et al. (2008) using 

same tachniques. 

The results of Lumaret and Ouazzani (2001) was indicative of the existence 

of olive (oleaster), predominantly in the western basin. Genetic diversity values i.e. 

0.286, 0.414, and 0.506 of cultivar, feral and wild olives, respectively in 10 forests 

across the Mediterranean basin is consistent with the explanation that the cultivated 

olive shows an example of the genetic dissimilarity in wild olive populations that 

exist today. Due to their very long lifespan, these wild olives population should be 

closely associated to the Neolithic olives considered as the crop ancestors.  Breton 

et al., 2006 also recognized a genetic diversity in modern populations of cultivated 

olive. The genetic variation observed through AFLP markers exhibited a clear 

difference of wild olive from cultivated landraces and continental from insular 

regions (Baldoni et al., 2006). Prehistoric domesticated material form cluster with 
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the wild trees, whereas the ancient continental region’s plants clustered with the 

cultivated material. An overall depiction on the past events that formed the existing 

olive distribution has arisen from variation in mitochondrial DNA and RAPD 

marker (Bronzini et al., 2002a,b; Besnard and Berville, 2002), SSR and chloroplast 

variation (Breton et al., 2006) and isozyme investigation (Lumaret et al., 2004). 

Genetic diversity is considerably higher in the western as compared to the eastern 

population, supporting the general notion that western olive (oleaster) are authentic 

and distinguished earlier (Breton et al., 2006). Cultivated olives show mostly ME1 

mitotype and eastern RAPD pattern, supporting the eastern domestication of olives 

and the east to a west diffusion of varieties (Loukas and Krimbas, 1983; Zohary 

and Hopf, 1994).  

1.5 GENETIC CHARACTERIZATION AND USE OF MOLECULAR 

MARKERS IN PLANTS 

Analysis of genetic diversity in crops and plants is important for the 

improvement of commercially important plants and provides essential information 

to enable more efficient use of available genetic resources (Mohammadi and 

Prasanna, 2003). Genetic diversity can be analysed at different levels, such as the 

individual genotype (inbred or pure line or clones), populations, germplasm, 

accessions and species levels (Mohammadi and Prasanna, 2003). It can be obtained 

from pedigree and heterosis data, from molecular markers (Smith and Smith, 

1992). For example, Mahalakshmi and Bidinger (2002) evaluated 72 stay-green 

genotypes of sorghum for their stay-green expression under terminal drought stress. 

Genetic markers are particular positions in the genome and resembled to 

polymorphisms in the DNA sequence. Organisms can be examined for their genetic 
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relationship by using genetic markers. This markers system can also be used to develop 

genetic maps (Avise et al., 1995; Kumar et al., 2007). Identification and tagging 

desired genes have demonstrated by molecular mapping and sequencing (Mohan et al., 

1997; Kumar et al., 2007). Genetic markers can then be used to perceive the gene and 

its role may be assumed by carrying out categorization diversity among alleles. 

Morphological and molecular markers are of two basic types of genetic markers 

(Kumar et al., 2007). The morphological markers are phenotypic trait may determine 

by single gene. These markers are pretentious by epistatic, pliotropic interactions and 

environment. The heterozygosity or homozygosity of these single genes could not be 

distinguished because they interact in a dominant/recessive manner. Thus genotype 

often cannot be fully revealed by morphological markers. They are inherited in a 

Mendelian manner but are limited in number (Kumar et al., 2007; Jones et al., 

2009; Mohan et al., 1997).  

Molecular markers have many advantages over phenotypic analysis as they 

are unaffected by environment. Molecular markers employed in the detection of 

polymorphism and genetic diversity studies include protein based markers 

(isozymes or allozymes) and DNA based markers. DNA based markers include 

restriction fragment length polymorphism (RFLPs), random amplified polymorphic 

DNA (RAPDs), simple sequence repeats (SSRs) and amplified fragment length 

polymorphism (AFLPs). 

Early diversity studies and genetic maps in plants relied on RAPDs and 

found low levels of genetic diversity (Angiolillo et al., 1999). More recently, 

polymerase chain reaction (PCR) based markers such as AFLPs and SSRs have 

been employed for genotyping of olive and other wild species (Angiolillo et al., 

1999; Sanz et al., 2003). RFLPs are still being used in the assessment of genetic 
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diversity in plants species, however, SSRs and AFLPs are play an increasingly 

important role in the investigations of wild species with abundant phenolic 

compounds and polysaccharides which inhibit PCR reactions,  restriction enzymes 

and polymerases (Pejic et al., 1998; Pafundo et al., 2005). In maize inbred lines, 

Pejic et al., (1998) have found that these marker systems differ in the amount of 

polymorphism detected. They found the information content, measured by 

expected heterozygosity and number of alleles, to be higher for SSRs, while the 

lowest polymorphism was obtained with AFLPs. AFLPs, however, were the most 

efficient marker system because they revealed several bands in a single 

amplification (Pejic et al., 1998). Similarly, they have found genetic similarity 

estimated within sorghum genotypes be higher and similar for AFLPs and SSRs. 

Except for RAPDs, they found the genetic trees produced by AFLPs and SSRs 

were comparable to those produced by AFLP markers. Subsequently studies of 

Smith and Smith (1992) also exhibited SSRs to have higher discriminating ability 

than RFLPs. AFLP and SSR technologies could replace the RFLP marker system 

in genetic similarity studies, since they produce comparable accuracy in genotyping 

inbred lines selected by pedigree and are inexpensive as well.  

Polymorphism refers to different forms of the same basic structure. In the 

context of a population, these differences in DNA sequences are called 

polymorphisms, they may occur in coding regions (exons) or noncoding regions of 

genes. It occurs when two or more clearly different phenotypes exist in the same 

population of a species. Polymorphism is common in nature. It is related to 

biodiversity, genetic variation and adaptation. If modifications of a gene exist at a 

specific locus in a population, the locus is polymorphic. At the molecular level, 
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polymorphism ranges from a single nucleotide base change to the number of 

tandem repeats in a repetitive DNA sequence. The changes may be neutral, with no 

detectable phenotypic effect, or they may result in the production of different forms 

of the same enzyme (isozymes) active under different environmental conditions, 

such as pH or temperature. If a specific recognition base sequence is present, the 

restriction enzyme recognising that site will cleave the DNA molecule and result in 

fragments of specific base pair lengths. If the site is absent, a different length DNA 

fragment will be produced (Kirby, 1992). Assessment of genetic relationships 

using molecular markers provides polymorphism information about a germplasm 

pool, which is useful for developing, mapping and breeding populations or lines 

(Beer et al., 1997). Polymorphism information is also useful for selecting and 

identifying parents to be used in future breeding programme. Following molecular 

markers are usually used to study the relationship and variations among plant 

populations. 

1.5.1 Restriction Fragment Length Polymorphism (RFLP) 

Among the various DNA molecular markers, RFLP was the first to be used 

in human genomic mapping (Botstein et al., 1980). They were the first to suggest 

that large numbers of genetic markers might be found by studying differences in 

the heredity material of the DNA molecule itself. At later stage RFLP was adopted 

for plant genomic mapping (Weber and Helentijaris, 1989). Restriction enzymes 

are highly specific which cleave the DNA at particular restriction sites. If two 

individuals differ by as little as a single nucleotide in the restriction site, the 

restriction enzyme will cut the DNA of one but not the other, generating restriction 
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fragments of different lengths which can then be separated and visualized by 

specific binding of radioactive probe (Andrew et al., 1994). 

RFLPs are codominant markers that are abundant in all organisms, stable 

and unlimited in number (Kochert, 1994). The RFLP technique has been 

successfully employed for identification and characterisation of cultivars (Gebhardt 

et al., 1989a), phylogenetic studies (Debener et al., 1990), parental tracing 

(Hosaka, 1986), genetic mapping (Gebhardt et al., 1989b; Gebhardt et al., 1991), 

and genetic relationship and diversity studies (Miller and Tanksley, 1990). 

RFLP analysis consisted of DNA isolation from a suitable set of plants 

followed by digestion of the DNA with a specific restriction endonuclease. The 

DNA fragments generated in such a way are then separated by agarose gel 

electrophoresis and transferred to a nitrocellulose or nylon filter by Southern 

blotting. Subsequently, nucleic acid hybridisation is done with radioactively 

labelled cloned probes. RFLPs are then scored by direct comparison of banding 

patterns (Kochert, 1994; Morell et al., 1995). 

RFLP is limited by the relatively large amount of DNA required for 

restriction digestion, Southern blotting and hybridisation plus the requirement of 

radioactive isotopes and autoradiography which makes this technique relatively 

slow, laborious and expensive (Kochert, 1994). 

 1.5.2 Random Amplified Polymorphic DNA (RAPD) 

Williams et al. (1990) and Welsh and McClelland (1990) were the first to 

use DNA polymorphism assay based on the amplification of random DNA 

fragment with single primers of arbitrary nucleotide sequences for plants, humans 

and animals. RAPD markers are generated by PCR amplification of random 
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genomic DNA segments with single synthetic decamer primers of arbitrary 

sequence (Williams et al., 1990; Jacobson and Hedren, 2007). Since the process 

uses PCR primers (10bp) the products are easily separated by standard 

electrophoretic techniques and visualised by ultraviolet (UV) illumination of 

ethidium bromide stained gels (Williams et al., 1990; Thottappilly et al., 2000). 

The amplification product will vary in size according to the distance between 

primer homology within the target DNA, a polymorphism will result. Generally, in 

this technique, no primer sequence information is required to design the primers 

involved in the PCR reaction, hence the term “random” is using (Thottappilly et 

al., 2000). 

Provided that the RAPD primer sequences are arbitrarily chosen, the 

genome is expected to be sampled randomly. Most RAPD fragments are inherited 

as dominant markers, i.e. they are either present or absent. A fragment is seen in 

the homozygous (AA) as well as in the heterozygous (Aa) situation and only the 

absence of the fragment reveals the underlying genotype (aa) (Weising et al., 

2005). RAPD markers have been used to estimate genetic diversity in several crops 

(Ayana et al., 2001). However, the need to repeat each PCR reaction multiple times 

and the inability to obtain identical banding patterns in different laboratories have 

limited the use of the RAPD technique (Bai et al., 1999). 

1.5.3 Simple Sequence Repeats (SSRs) 

Simple sequence repeats (SSR) also called microsatellites are among the 

most variable types of tandemly repeated DNA. The fragment polymorphism 

relates to total sequence length, as determined by the number of repeat units, and 

the heterozygote for different fragments in diploid genomes can be identified 
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(McGregor et al., 2000). The sequences are regions of short, tandemly repeated 

DNA motifs and consist of 2 to 8 bp repeat units with an overall length in the order 

of 10 bp, which are found dispersed throughout the genomes (Tautz and Rentz, 

1984). 

Microsatellites are important genetic markers in identification and 

characterisation of plant species. They are codominant markers and are a PCR 

based technique, amenable to automation and thus permit analysis of large 

populations in a short period of time. Microsatellites are highly polymorphic and 

evenly spread throughout a genome (Areshchenkova and Ganal, 1999). 

Microsatellite markers are multi allelic and detect a much higher level of DNA 

polymorphism than any other known marker system (Rafalski and Tingey, 1993). 

The products generated have been found to be highly reproducible and cost 

effective and the polymorphisms can easily be detected both by southern 

hybridisation and by PCR (Arens et al., 1995). 

 1.5.4 Amplified Fragment Length Polymorphism (AFLP) 

AFLP is based on the selective PCR amplification of restriction fragments 

from a total digest of genomic DNA (Vos et al., 1995). The genomic DNA is 

digested with two restriction enzymes, usually a rare cutter and a frequent cutter. 

Double stranded oligonucleotides, known as adapters, are ligated to the ends of the 

genomic DNA at the specific restriction sites. Adaptors have a nucleotide overhang 

known as a ‘sticky end’ complementary to that of the restriction site. Separate 

adaptors are needed for each of the different restriction enzymes. The ligated DNA 

is then used as template for PCR reactions. The primers are specific to the 
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combination of the adaptor sequence and restricted site sequence (Huang et al., 

2007). 

In this technique, specific double strand DNA adapters are ligated to the 

DNA restriction fragments, so that the sequence of the adapters and the adjacent 

restriction sites serve as primer binding sites. The primers are designed to contain 

the sequences that are complementary to those of adapters and the restriction sites, 

along with one to three selective bases added at their 3’ ends. The use of selective 

bases allows amplification of only a subset of the restriction fragments, which still 

generates a large number of bands facilitating the detection of polymorphism (Vos 

et al., 1995). 

The AFLP approach is powerful molecular marker since it requires no prior 

sequence information of the target genome and it is applicable to a variety of crop 

species. Moreover, it is easily standardised and readily automated for high 

throughput application. AFLP technology offers the fastest, most reproducible, and 

most cost-effective way to generate high density genetic maps for marker assisted 

breeding of desirable traits of interest. It is also the ideal tool for determining 

varietal identity and assessing trueness to type (Elmer, 1996). 

AFLP is a molecular marker technique for fingerprinting DNA of any 

origin and has several advantages over other DNA fingerprinting techniques. Some 

of its advantages are the possibility to detect small sequence variations using small 

quantities of genomic DNA (0.05 to 0.5μg), the ability to reveal many polymorphic 

loci per assay and the simultaneous analysis of numerous germplasm accessions. 

The markers are reliable and reproducible between laboratories and are relatively 

easy and inexpensive to generate. Unlimited number of markers can be generated 
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by varying the restriction enzymes, the nature and the number of selective 

nucleotides (Blears et al., 1998). 

This DNA fingerprinting technique, detects mostly dominant markers based 

on the PCR amplification of the genomic restriction fragments (Kiem et al., 1995). 

AFLP markers combine the best characteristics of the other DNA markers while 

avoiding their disadvantages. Unlike RFLPs, AFLP technology is PCR based, 

requires only minimal amounts of starting DNA, and is readily automatable and, 

unlike RAPD, AFLP markers have proven to be robust, reliable and reproducible, 

unlike SSRs, AFLP analysis requires no prior sequence knowledge of the target 

genome and therefore has no up to front characterisation costs. 

Although some concerns have been raised about the clustering of AFLP 

markers (Kiem et al., 1995). Advantages of the AFLP procedure include the 

inherent simplicity associated with markers, based on the polymorphism detected 

per primer pair. With a small number of primer pairs, it is possible to assess with 

adequate precision and reasonable cost the parental genetic contribution to 

subsequent progeny generations. 

AFLP markers may also allow breeders to follow changes, which result 

from selection, genetic drift, mutation, seed mixtures and hybridisation (Toai et al., 

1997). The AFLP technique is based on the selective PCR amplification of 

restriction fragments from a total digest of genomic DNA. The technique involves 

three steps: (1) restriction of the DNA and ligation of oligonucleotide adaptors, (2) 

selective amplification of sets of restriction fragments, and (3) gel analysis of the 

amplified fragments. PCR amplification of restriction fragments is achieved by 

using the adapter and restriction site sequence as target sites for primer annealing. 
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The selective amplification is achieved by the use of primers that extend into the 

restriction fragments, amplifying only those fragments in which the primer 

extensions match the nucleotides flanking the restriction sites. Using this method, 

sets of restriction fragments may be visualised by gel elecrophoresis without 

knowledge of nucleotide sequence. The method allows the specific co-

amplification of high numbers of restriction fragments. The number of fragments 

that can be analysed simultaneously depends on the resolution of the detection 

system. Typically 50 to100 restriction fragments are amplified and detected on 

denaturing polyacrylamide gels. The AFLP technique provides a novel and 

powerful DNA fingerprinting technique for DNA of any origin or complexity (Vos 

et al., 1995). High reproducibility, rapid generation and high frequency of 

identifiable polymorphisms make AFLP analysis an attractive fingerprinting 

technique for identifying polymorphisms and for determining linkages by analysing 

individuals from a segregating population (Tamiru et al., 2007). AFLP marker 

generates high levels of polymorphic fragments in a single gel, it has been used 

increasingly for mapping and genetic diversity analysis (Hongtrakul et al., 1997; 

Fregene et al., 2000; Lima et al., 2002; Ubi et al., 2003; Altintas et al., 2008). 

1.6 USE OF MOLECULAR MARKERS IN GENETIC 

CHARACTERIZATION OF OLIVE                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

In the Mediterranean region, the olive is one of the oldest crop trees 

(Zohary and Hopf, 1994). Wild and cultivated species are sexually compatible and 

have same number of chromosomes (2n=46) (Green and Wickens 1989). It was 

assumed that two Mediterranean region of refugee existed during the last glacians. 

Out of these regions, one in the east and another in the west (Zohary and Hopf 
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1994; Terral and Simard 1996; Besnard and Berville 2000). Subsequently, in 

Mediterranean region the wild olives re-colonized and between olive trees of the 

east and the west many crossings perhaps happened. In various eastern places, the 

cultivated species have been selected from the wild species (Zohary and Roy 

1975). About 6,500 years ago, the cultivation of olive plant started and Olea have 

been distributed throughout the Mediterranean region including south Asia (Zohary 

and Roy 1975; Loukas and Krimbas 1983). During the early Bronze age, the exact 

indication of olive cultivation in east was initiated with the process of oil 

production (Zohary and Roy 1975; Liphschitz et al., 1991).  Significant genetic 

diversity has been detected between the eastern and western olive populations by 

using molecular markers. Investigation on olive pollen spread through wind and 

seed dispersal of wild olive by birds in Spain (Albertini et al., 2010) revealed that 

wild olive populations may be limited to very few isolated forest areas.  

Molecular markers employed in genetic diversity studies of olive include 

protein based markers (isozymes or allozymes) and DNA based markers. DNA 

markers are also named genic molecular markers (Varshney et al. 2007). 

Hybridization based markers and PCR based markers are two types of DNA 

markers. These markers can be either codominant or dominant (Varshney et al., 

2007; Mohan et al., 1997; Kumar et al., 2007). Polymorphic genes can be detected 

through molecular markers which gives an opportunity by not directly choosing the 

gene of attention (Mohan et al., 1997). 

DNA based markers include random amplified polymorphic DNA 

(RAPDs), restriction fragment length polymorphism (RFLPs), amplified fragment 

length polymorphism (AFLPs) and microsatellites i.e. simple sequence repeats 
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(SSRs). These markers have been or are being utilised in cultivar development, 

quality control of seed production, measurement of genetic diversity for 

conservation management, varietal identification and intellectual property 

protection (Smith, 2000) and are powerful tools in genetic similarity studies (Pejic 

et al., 1998). Furthermore, DNA based markers can be used to obtain information 

about the genes which influence agriculturally important traits, thus facilitating 

breeding methods. They have been employed in the estimation of the number of 

genes in the genome, chromosomal location of a gene, phenotypic effect of a gene, 

gene dosage or action, pleiotropy, environmental sensitivity of a gene and epistasis 

(Paterson et al., 1991).  

The requirement of costly large quantities of DNA and the difficulty in 

automating RFLPs have necessitated the development of alternatively cheaper and 

simpler marker systems (Pejic et al., 1998).   The use of AFLPs has been preferred 

to other molecular markers because of convenience and best to detect DNA 

polymorphism in olive (Pafundo et al., 2005). Previous genetic diversity studies 

revealed that DNA extracted from olive oil exhibited to be useful for AFLP 

analysis as their profile correspond to profile of DNA extracted from leaves of 

same cultivar (Pafundo et al., 2005; Busconi et al., 2003). Moreover the studies of 

Angiolillo et al. (1999) showed that amplified fragment length polymorphisms 

system is usually observed as the most reliable and edifying fingerprinting 

procedure for identifying and classifying olive cultivars, though this method has 

been used to identify genetic relationships among olive cultivars throughout the 

world (Dunja et al., 2004; Owen et al., 2005; Montemurro et al., 2005). 

Furthermore, high levels of polymorphism and high degrees of discriminative 
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capacity are the main reward of AFLP for closely associated accessions 

(Montemurro et al., 2005). 

Genetic diversity within and between plant populations results from a 

combination of geographical distance, population size, type of mating system 

(selfing or outcrossing), mode of dispersal of pollen and seed, and rate of gene 

flow. The mating system of plants appears to play a major role in genetic diversity 

by determining the rate of exchange of genes. Species that are predominantly 

outcrossing are reported to show lower interpopulation and higher intrapopulation 

differences in genetic variation compared to species where self-fertilization 

predominates (Maguire and Sedgley 1997). 

  Olive is a predominantly allogamous species showing a high degree of 

outcrossing. Most pollen transfer is by wind with insect involvement occurring to a 

small extent. Progenies are readily derived from crosses between cultivated 

varieties (cultivars) as well as between cultivars and both cultivated and wild olives 

(Angiolillo et al., 1999) but the degree of outcrossing varies between cultivars and 

environments. 

Different techniques have been used to evaluate olive diversity. Cantini et 

al. (1999) used morphological characters such as leaf, fruit, pit, and growth form to 

evaluate genetic variation within and between different accessions of known and 

unknown olive cultivars. Isozyme analysis has also been used to examine the 

genetic diversity in wild and cultivated olives (Mekuria et al. 1999). Random 

amplified polymorphic DNA (RAPD) technique successfully identifies olive 

cultivars (Weisman et al., 1998; Mekuria et al., 1999; Gemas et al., 2000) and 

together with the analysis of molecular variance (AMOVA), it has been used to 
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study population genetics in many plants (Gillies et al., 1997; Maguire and 

Sedgley, 1997). This technique was also used by Mekuria et al. (2002) to evaluate 

the level of genetic variation within an isolated olive population to better 

understand the dynamics of spread of O. europaea L. in an isolated population of 

45 trees within an area of about one km. 

Angiolillo et al. (1999), using AFLP profile data, argue that Olea 

accessions of the same species but from different places of East Africa and Asia 

may be assigned to different species (Bronzini et al. 2002b). The nuclear genetic 

variation of olive was analyzed over the Mediterranean basin using isoenzymes 

(Lumaret et al., 2004), RAPD markers (Besnard et al., 2001a, b) and in more 

restricted areas, using RAPDs (Bronzini et al., 2002a, b), AFLPs (Angiolillo et al., 

1999) and allozyme polymorphism (Lumaret et al., 1997; Lumaret and Ouazzani 

2001).  Assessment of genetic variability of olive varieties by microsatellite and 

AFLP markers has been performed by Angiolillo et al. (1999). The results of 

clustering analysis with both molecular systems showed the common genetic 

background of the Tuscan varieties and genetic divergence within the Slovene olive 

germplasm. Recently, applying the AFLP technology on the most relevant and old 

varieties cultivated in Abruzzo Region, Albertini et al. (2010) have clearly 

distinguished eight cultivars within seven clusters. The obtained data suggest that 

both sexual and clonal propagation have played an important role in the evolution 

of olive cultivars.  

RAPD markers have been used for cultivar identification and identity 

typing of olive trees (Wiesman et al., 1998; Barranco et al., 2000). In some studies, 

no apparent clustering of olive cultivars according to their geographic origin was 
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evident (Fabbri et al., 1995). Using the same methodology, other workers could 

discriminate 9 olive genotypes (Cresti et al., 1996), or 11 genotypes from Italy that 

can be hardly distinguished on the basis of morphological traits and are thus easily 

mistaken for each other (Vergari et al., 1996). Cultivars from restricted areas were 

grouped according to geographical origin within Valencia, and there was no 

apparent clustering according to fruit size or other morphological characters using 

RAPD primers (Sanz et al., 2001).  

1.7 AIMS AND OBJECTIVES 

The aims and objectives of the study were as follows: 

1. Quantitative assessment of wild and cultivated olive in Azad Jammu and 

Kashmir. 

2. Preparation of the distribution map and providing potential sites of olive 

species.   

3. Genetic characterization of wild and cultivated olive by using AFLP 

markers. 
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Chapter 2 

MATERIALS AND METHODS 

2.1 SITES SELECTION 

Ecological characteristics of sampling sites were recorded from 390 m to 

2158 m on gentle slopes of Azad Jammu and Kashmir, Pakistan. Sampling was 

restricted to dense population of olive. Global Positioning System (GPS 2000) 

device was used to navigate the selected sample locations. The olive cultivation 

sites at different locations of study area were studied during 2009-10 to understand 

recent status of olive distribution (Table 2.1).    

Table 2.1: Sampling sites of Azad Jammu and Kashmir 

S.No. Localities Altitude (m) Latitude Longitude 

1 Kutla 1000 34°16.118N 73°51.769E 

2 Kathae 1089 34°09.329N 73°51.769E 

3 Nadhool Hattian  896 34°10.815N 73°43.198E 

4 Khun Bandway 750 34°16.953N 73°33.945E 

5 Chala Muzaffarabad 650 34°23.034N 73°28.195E 

6 Bahaawan  696 34°16.255N 73°30.401E 

7 Chattar Kalas 623 34°12.072N 73°30.425E 

8 Barhan Barsala 838 34°08.315N 73°30.261E 

9 Khapdar  570 33°59.097N 73°31.963E 

10 Goi 911 33°34.125N 74°01.198E 

11 Bismeela  830 33°49.145N 73°16.577E 

12 Satra Meel  800 33°49.003N 73°16.605E 

13 Orchid Bharakahu  603 33°45.668N 73°13.104E 

14 Salgran Chattar 810 33°49.024N 73°16.626E 

15 Bhimber  390 33°08.470N 73°44.576E 

16 Tetrinot 854 33°45.027N 73°59.613E 

17 Khaegala 1587 33°50.812N 73°49.619E 

18 Rawalakot 1713 33°51.467N 73°45.446E 

19 Ghaziabad 976 33°57.813N 73°36.499E 

20 Islamgar 410 33°10.094N 73°52.673E 

21 Phagwati Hajira 933 33°45.959N 73°53.760E 

22 Bagh City 1058 34°00.006N 73°46.577E 

23 Mera Chaprian 1109 33°57.455N 73°44.693E 

24 Arja 760 33°58.045N 73°39.695E 

25 Sudan Gali 2158 34°04.402N 73°44.402E 
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Figure 2.1: Distribution map of wild and cultivated olive in Azad Jammu and 

Kashmir 
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2.2 FLORISTIC COMPOSITION 

The study of species content in a community is of everlasting importance. 

The floristic composition of the communities was studied by collection and 

identification of the Plant species.  Survey of different localities was made to 

collect the plants during 2009-10. Survey and sampling was restricted to those 

localities having dense population of olive (Fig. 2.1). The plant specimens were 

collected in duplicate, pressed with plant presser, dried in newspapers/blotting 

papers, poisoned and then mounted on herbarium sheets. Herbarium specimens 

were identified by Flora of Pakistan (Nasir and Ali, 1971-1994 and Ali and Qaiser, 

1995-2008) and were conformed at NARC, Islamabad. A categorical list of plant 

species with their scientific name was made. The specimens were deposited in 

Herbarium of the Department of Botany, University of Azad Jammu and Kashmir. 

2.3 PHYTOSOCIALOGY 

 Phytosocialogy is a simple and rapidly applied technique of field survey 

and assessment of vegetation used to investigate features of a plant community. 

This technique is commonly applied to reveal variation patterns in qualitative and 

quantitative characteristics which are used to classify community (Becking, 1957). 

2.3.1 Community Structure 

 A community is an association of interacting species inhabiting some 

defined area. Community ecologists seek to understand how abiotic and biotic 

components of the environment influence the structure of communities (Malik, 

2005). 
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2.3.2 Determination of Suitable Size 

Quadrat method was used to study community structure after suitable size 

of quadrat was determined by minimal area species curve (Malik, 2005). Quadrats 

of different sizes were taken to study different strata of vegetation. For the 

measurement of trees the quadrat size was 10×10 meter for shrubs, 5×5 meters and 

for herbaceous species 0.5×0.5 (Malik, 2005). 

2.3.3 Number of Quadrats 

The number of quadrats also varies for trees shrubs and herbs in each 

community. For sampling trees total five quadrats were laid whereas for shrubs ten 

(10) and for herbs 20 quadrats were laid (Malik, 2005). 

2.3.4 Distribution of Quadrats 

The quadrats were laid randomly depending on the slopes and steepness and 

aspect of the site. The number of individuals of each species was counted (Malik, 

2005) to work out the phytosociological attributes which were as. 

1. Species density 

2. Species frequency 

2.3.4.1 Density 

Density is defined as the number of individuals of a species per unit area 

sampled (Sing and Singh, 2010). It was calculated by using the following formula 

 

. 
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2.3.4.2 Frequency 

It is the degree of uniformity of the occurrence of the individuals with in an 

area (Hanson and Churchill, 1961). 

 

2.3.5 Relative Values 

From above information the following attributes were worked out and the 

status of available plant species was determined. 

1. Relative density 

2. Relative frequency 

3. Importance value 

2.3.5.1 Relative density (R.D) 

Relative density was determined by expressing the density of a single 

species as a percentage of the proportion of total density of all the species. 

 

2.3.5.2 Relative frequency (R.F) 

It was determined the percentage proportion of frequency of a given species 

present to total frequency of all species. 

 

2.3.5.3 Importance value (I.V) 

It is the sum of all the relative values of density and frequency. It was 

calculated by using the formula as described by Curtis and MacIntosh, (1950). The 
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species with in stand were arranged on the basis of importance values to enlist 

dominant, codominant, associated and rare components of the stand. 

The stand was named after two or three leading species having the highest 

importance value, the closely approaching species were considered as co-

dominants. The species having I.V below than 10 were considered rare 

components, while remaining species were taken as associated components (Malik, 

2005). 

2.4 DATA ANALYSIS  

The data collected from 25 sampling sites were analysed through 

multivariate analysis in PC-ORD version 5 (McCune and Mefford, 1999). Cluster 

analysis using Sorensen measures, based on presence/absence data (Smith, 2010) 

was carried out to identify pattern of distribution and association among the 

species. Detrendent correspondence analysis (DCA) (Hill and Gauch, 1980) was 

carried by using PC-ORD version 5 (McCune and Mefford, 1999) to seek main 

species gradient in olive growing area. 

2.5 GENETIC CHARACTERIZATION 

2.5.1 Collection of Plant Material  

The leaf samples of wild (Olea cuspidata Wall.) and cultivated olive (Olea 

europaea L.) were collected from twenty sites of Azad Jammu and Kashmir (Table 

2.2). Leaf samples of wild and cultivated olive were collected from the young 

shoots of the tree canopy and placed individually in re-sealable plastic bags, 

labelled properly and then transported carefully to UK for further analysis. The 

leaves samples were kept in refrigerator at 4 °C until required.  The research work 
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presented in this dissertation was carried out in the Institute of Biological, 

Environmental and Rural Sciences (IBERS) Aberystwyth University, Wales UK. 

The sampling locations were selected because they represent very different 

microclimatic conditions and also allowed the sampling of cultivated and wild 

olive ancestries at the same time. The genetic characterization of wild and 

cultivated olive has never been reported before in this region.  Azad Jammu and 

Kashmir have been considered as representatives of the most favourable conditions 

for the cultivation of olive where millions of trees of wild olive growing naturally 

(Ahmed et al., 2009). 

Table 2.2: Samples collection sites of wild and cultivated olive for genetic 

characterization  

Site No. Localities Altitude 

(m) 

Site 

No. 

Localities Altitude 

(m) 

1 Bismeela 830 11 Chahla Muzaffarabd 650 

2 Barhan Barsala 838 12 Archid  603 

3 Satra Meel 800 13 Bhimber 390 

4 Salgran 810 14 Tetrinot 854 

5 Arja 760 15 Khaegala 1587 

6 Khapdar 750 16 Ghaziabad 976 

7 Mera Chaprian 110 17 Phagwati Hajira 933 

8 Nadhool 896 18 Kathae 1089 

9 Khunbandway 750 19 Khaegala 1587 

10 Bahawan  696 20 Kutla 1000 

 

2.5.2 DNA Extraction Procedure  

The DNA extraction was carried out from wild and cultivated olive samples 

by using cetyltrimethyl ammonium bromide (CTAB) extraction procedure as 

described by Futtere et al., 1995 and also by using Qiagen DNeasy
TM 

96 Plant Kit 
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(Shepherd et al., 2002). One or two leaves of sample were ground in liquid N2 by 

using mortar and pestle then added 400 µl washing buffer, 100 µl of 5 percent 

sarkosyl and 100 µl 2x CTAB buffer in homogenized frozen tissues. Mixed 

carefully to form a paste then transfered it into 2 ml microcentrifuge tubes and 

incubated at 65 °C for 15 minutes. After the incubation time, it was transferred a 

microcentrifuge tube to which was added 410 µl phenol: chloroform: 

isoamylalcohol (25:24:1) and mixed gently by inversion. This was then centrifuged 

at 14000 rpm for six minutes. The supernatant was transferred to a new 

microcentrifuge tube and penol: chloroform: isoamylalcohol (410 µl) was again 

added following by microcentrifugation for ten minutes at 13000 rpm. The upper 

layer was transferred to a new tube and 2.5 volume of ice cold 95 percent ethanol 

was added and incubated at room temperature for 2.5 hours. This was then 

centrifuged at 14000 rpm for 30 minutes to precipitate the DNA. The pellet was 

twice washed with 70 percent ethanol and then the pellet was allowed to dry. 

Solubilized the pellet in 100 µl TE solution containing 100 µg RNase, incubated at 

37 °C for 30 minutes and then stored it in refrigerator for further studies. DNA 

quality was checked by electrophoresis in one percent agarose gel. For this purpose 

PCR amplification was carried out by using DNA Barcode primer (Invitrogen by 

life technologies
TM

) with following sequence,  

Primer-1, rbcLaF (5´ to 3´); TGT AAA ACG ACG GCC AGT ATG TAC CCA 

CAA ACA GAG ACT AAA GC   

Primer-2, rbcLaR (5´ to 3´); CAG GAA ACA GCT ATG ACG TAA AAT CAA 

GTC CAC CRC G. 
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2.5.3 Amplified Fragment Length Polymorphism (AFLP) Protocol  

Amplified Fragment Length Polymorphism (AFLP) is a PCR based tool, 

recently used in DNA fingerprinting was developed in the early 1990s by Keygene. 

General concept of AFLP technique is shown in Fig. 2.2. Amplified Fragment 

Length Polymorphism (AFLP) analysis was carried out by using the previously 

described method of Vos et al., 1995 and Angiolillo et al., 1999. Four selective 

primer combinations i.e. ACG-CCT, ACG-CGT, ACG-CTA, ATC-CCT were used 

for the genetic characterization of wild and cultivated olive. 

Four steps involved in AFLP reaction i.e.  digestion,  ligation,  pre-selective 

amplification and selective amplification. Genomic DNA (500 ng) processed with 

EcoRI and MseI restriction enzymes and adapters EcoRI and MseI ligation were 

done in a final volume of 11 μl. The reaction included 1x T4 ligase buffer (50 mM 

Tris-HCl (pH 7.5), 10 mM MgCl2, 10 mM dithiothreitol, 1 mM ATP) (New 

England Biolabs), 8 Ipswich, MA), 0.05M NaCl, 0.045mg/ml BSA, 1 μM EcoRI 

adapter, 5 μM MseI adapter, 5U EcoRI (New England Biolabs), 5U MseI (New 

England Biolabs) and 1U T4 DNA ligase (New England Biolabs). All these regents 

were mixed gently and then incubated for three hours at 37°C. After restriction and 

ligation, the reaction mixture was diluted 10-fold with 0.1 x TE buffer (10 mM 

Tris-HCl (pH 8.0), 0.1 mM EDTA). 

Pre-selective amplification was carried out in a final volume of 13 μl 

consisting of 1x PCR buffer (100mM Tris-HCl (pH 8.3), 500mM KCl), 2.0 mM 

MgCl2, 0.2 mM dNTP, 10μM EcoRI+A primer, 10 μM MseI+C primer and 3μL of 

diluted restriction-ligation product. PCR was carried out in a MyCycler thermal 

cycler (Bio-Rad Laboratories, Hercules, CA) programmed at 72 °C for 2 min 
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followed by 30 cycles of 94 °C for 30 sec, 56 °C for 30 sec,  72 °C for 2 min, 60 °C 

for 10 min and finally hold at 25 or 4 °C.  

For selective amplification, the pre-selective amplification PCR products 

were diluted 10-fold in 0.1x TE buffer and used as template for selective 

amplification. 8 μl reaction volume containing 1x PCR buffer (100 mM Tris-HCl 

(pH 8.3), 500 mM KCl), 2.0 mM MgCl2, 0.2 mM dNTPs, 0.625 μM  EcoRI primer 

(E+3), 0.625 μM MseI primer (M+3),  fluorescent dye labeled that can be detected 

by the ABI 3100 DNA fragment Analyzer, 0.2 Units of JumpStart Taq DNA 

polymerase (Sigma) and 2μl of diluted preselective amplification product were 

used for selective amplification.  

The PCR amplification was carried out with an initial denaturation step of 

94 °C for 2 min, followed by the first cycle of 94 °C for 30 sec, 65 °C for 30 sec, 

72 °C for 2 min and 1 °C in annealing temperature in each of the next nine cycles. 

This was followed by 25 cycles of 94 °C for 30 sec, 56 °C for 30 sec, and 72 °C for 

10 min. The reactions were hold at 4 °C for 30 min before electrophoresis. PCR 

products were diluted 50-fold with sample loading solution (Beckman-Coulter Inc., 

Fullerton, CA) and 1.5 μl of diluted reaction products were added to 40 μl of 

sample loading solution (Beckman-Coulter Inc., Fullerton, CA). DNA size standard 

600 (Beckman-Coulter Inc., Fullerton, CA) was also added to each sample. The 

samples were electrophoresed and detected using a Beckman-Coulter CEQ 8800 

Genetic Analysis System (Beckman-Coulter, Fullerton, CA). The Frag-4 module of 

CEQ was used to size all the fragments using internal DNA size standard. 
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2.6 AFLP DATA ANALYSIS 

All AFLP fragments were scored as binary data (1, peak present; 0, peak 

absent) along with their sizes. The binary scores were manually compared with the 

electropherograms to confirm presence or absence of peaks. A cluster analysis was 

performed using unweighted pair group method (UPGMA) based on the Dice index 

(Nei and Li, 1979). This analysis was conducted using the Free Tree software package 

(Hampl et al., 2001). Principal component analysis (PCA) was used as a data 

reduction tool to summarise the information from AFLP data so that the influence 

of noise and outliers on the clustering results was reduced (Ruiz et al., 1997). 
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Chapter 3 

RESULTS AND DISCUSSION 

3.1 VEGETATION CLASSIFICATION 

A plant community is defined as collection of plant species growing 

together in a particular location that’s how a definite association with each other 

(Muller-Dombois and Ellenberg, 1974). The species in a community grow together 

in a particular environment because they have similar requirements of edaphic and 

environmental factors, (Billings, 1974). It is believed that most of the subtropical 

forests in the world are cleared because of human settlement pressure, (Wilcove et 

al., 1986). In Himalayas, the rapid population growth has generated many 

environmental problems (Ives and Messerli, 1989). The system of classification 

and description of communities is a significant feature of ecology (Sing and Singh, 

2010). The species living together at the same time in the same place having 

common ecological tolerance form a community (Magurran, 1988). 

Ecological characteristics of sampling sites were recorded from 390 m to 

2158 m on gentle slopes of Azad Jammu and Kashmir. Sampling was restricted to 

dense population of olive. Olea spp. was recorded most abundant and widely 

distributed in all 23 stands. It was absent only in Sudan Gali and Rawalakot areas. 

Olea cuspidata communities were determined by their associated dominant species 

on the basis of importance value. Cluster analysis technique was used to describe 

plant associations.  Four plant groups were recognized on the basis of cluster 

analysis and Detrendent correspondence analysis (DCA) from the study area (Fig. 

3.1). The floristic composition of each association is presented in Table 3.2. The 
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DCA results clustered the vegetation of the study area into four associations. The 

vegetation groups on the basis of DCA ordination were as,  

3.1.1 Group-A 

Olea-Berberis-Punica Group 

This association was recorded from 390 m to 650 m altitude and 33°08.47 

to 34°23.03N latitude. Olea europaea, Berberis lycium and Punica granatum were 

the leading components of this association with importance value of 19.35 percent, 

19.17 percent and 21.39 percent respectively while Olea cuspidata, Fragaria 

nubicola, Maytenus royleanus and Fumaria parviflora were codominant 

components of this association. A total 34 plant species were recorded from this 

association which comprises of 4 trees, 5 shrubs, 4 grasses and 2 fern species.  

Remaining 19 species were herbs in this association. The Olea europaea, O. 

cuspidata, Pinus roxburghii and Morus alba were trees present in this association 

while Berberis lyceum, Mytenus roylianus, Mallotus philipensis and Indigofera 

heterantha were the shrubs recorded from this association (Table 3.1). 

3.1.2 Group-B 

Olea-Olea-Dodonaea Group 

This group was distributed between 696 m to 896 m altitude and 33°44.027 

to 34°16.953N latitude. Olea europaea, Olea cuspidata and Dodonaea viscosa 

attained the dominant position in this association with importance value of 21.87 

percent, 20.69 percent and 15.76 percent respectively (Table 3.1). Geranium 

nepalensis, Plectranthus rosis and Fragaria nubicola were codominant 

components of this association. This group consisted of 8 stands with 53 species. 

Dryopteris stewertii was the only fern species recorded in this group. Eight species 
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viz; Cynodon dactylon, Dicanthium annulatum, Phalaris theorosa, Digitalis 

sategra, Agrostis canina Cyperus rotundus and Cyprus mariscus were grasses. 

3.1.3 Group-C 

Olea-Olea- Zanthoxylum Group 

This group recorded from 911 m to 1109 m altitude and 33°34.125 to 

34°16.118N latitude was characterized by the dominance of Olea europaea, Olea 

cuspidata and Zanthoxylum alatum which contributed the importance value of 

16.56 percent, 13.69 percent and 13.61 percent respectively. The associated 

components of this association were Oxalis corniculata and Artemesia scoparia 

with 10.32 percent and 8.83 percent importance value (Table 3.1). This association 

had 6 contributing stands comprised of 45 species.  

3.1.4 Group-D 

Olea-Ficus-Ricinus Group  

This group was characterized by Olea europaea, Ficus palmata and Ricinus 

communis species with I.V. of 15.49 percent, 14.48 percent and 16.85 percent 

respectively. Olea cuspidata and Zanthoxylum alatum were codominant 

components of this group with 12.89 percent and 11.14 percent importance value. 

This group was recorded from 810 m to1585 m altitude and 33°45.959 to 

33°50.812N latitude, which had three contributing stands. A total of 48 species 

were recorded from this stand with 29 herbs, 6 grasses, 8 shrubs, 4 trees and only 

one fern (Table 3.1).  

Plant sociology is a simple and rapidly applied technique of field survey 

and assessment of vegetation, used to investigate features of a plant community. 

This technique is commonly applied to reveal variation patterns in qualitative  and 
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quantitative characteristics which are used to classify community (Becking, 1957). 

Relative values of quantitative characters collectively give rise to importance value 

index of plant species in a stand (Malik, 2005).  All such species are not equally 

important in structuring the community but there are few overtopping species, 

having highest importance value which modify the habitat and control the growth 

of other species of the community called as dominants of the community. This 

communal relationship of plants is called phytosociology (Gaston, 2000). 

Dominant species represent the major trends in local vegetation thus allowing 

researchers to identify, distinguish and discuss dynamics of the communities, 

(Leveque, 2001). 

These groups of DCA showed the distribution and dispersal of plant species 

with respect to human activities and major environmental factors. Present study 

was in line with Naqinezhad et al., (2008) and Jabeen and Ahmad, (2009).   The 

results suggested that it is difficult to generalize the trends in vegetation 

composition along the altitude in sub-tropics. The DCA axis 2 and 3 showed 

negative correlation with altitude i.e. -0.18027 and -0.11466 respectively because 

of similar environmental constraints and human influence in the investigated area. 

The results of ordination showed the gradual variation among the communities in 

sub-tropical zone (Lieberman et al., 1996; Lovett, 1996; Tallents et al., 2005). 

There might be certain unmeasured variables which influence species dispersal and 

association along the hillocks of investigated area which may give rise to discrete 

zonation. The results of DCA and cluster analysis in present study revealed that 

group-A with leading components of Olea europaea, Berberis lycium and Punica 

granatum was recorded at an altitude of 390-650 m. Olea europaea, Olea 



51 
 

cuspidata, Dodonaea viscosa (group-B) were recorded from 696-896 m elevation. 

Olea europaea, Olea cuspidata, Zanthoxylum alatum of group-C were recorded 

from 911-1109 m. Olea europaea, Ficus palmata and Ricinus communis were 

dominant components of group-C at the height of 810-1587 m in the investigated 

area. Olea europaea was recorded dominant component in all the associations from 

the study sites with Olea cuspidata as an associated component of those 

communities. Present findings were in harmony with Malik and Hussain, (1987); 

Hussain and Illahi, (1991).  

Olive grows in mild climate with warm summer whereas winter chill was 

reported essential for flowering and fruiting of olive trees. It can flourish very well 

in temperature up to 40°C with adequate soil moisture (Panhwar, 2005). This frost 

and drought resistant species has adapted 250 mm to 1000 mm per year 

precipitation and -10
 
°C to 40°C tolerable range of temperature which was highly 

appropriate for its growth and cultivation, (Awan et al., 2011). Lower elevations of 

Azad Jammu and Kashmir experienced 37.3°C to -3.0°C temperature variation in 

summer and winter months of the year, which showed that this area is good for the 

growth of olive. However increased precipitation may inhibit pollination in olive 

plants as described by Panhwar, (2005). In present findings olive was absent in the 

stands (18 and 25), recorded above 1600 m, as higher altitudes were recorded 

negatively correlated with olive distribution in Pakistan (Ahmed et al., 2009).  

In Pakistan and Azad Jammu and Kashmir, 668278 hectares area was 

recorded suitable for olive cultivation but up till now only 480 ha area is covered 

by olive plantation (Awan et al., 2011). Different varieties of Olea europaea were 

introduced in different part of this country, which are successfully bearing fruits. It 
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is suggested that some combined effects as temperature, precipitation and elevation 

might be the important factors in the distribution pattern of olive in lower 

altitudinal ranges of Azad Jammu and Kashmir. Most wild olives were found in 

subtropical areas of Azad Jammu and Kashmir.  

The dominance of Olea cuspidata in different associations (A, B, C, D), 

recorded in Azad Jammu and Kashmir indicated that the agro-climatic condition of 

this area is favourable for olive cultivation. The dense Olea forests were found 

within the range of 390-1500 m that were considered as potential sites, whereas the 

sparse populations were found beyond the range of 1500 m. This area has suitable 

climatic conditions to support cultivation of olive in Azad Jammu and Kashmir. 

The present study strongly recommends that olive cultivation practices, its effective 

management and sustainable utilization should be promoted among local 

communities.  
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Figure 3.1: Dendrogram of 87 plant species collected from 25 different sites of  

Azad Jammu and Kashmir showing plant groups after principle component 

ordination 
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Figure 3.2: Detrendent Correspondence Analysis (DCA) ordination of plant 

species of Azad Jammu and Kashmir on two axes extracted by DECORANA 

computer program  
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Table 3.1: Importance value index of plant species recorded in different plant 

associations in Azad Jammu and Kashmir  

S. No. Species Name Family G-A  G-B G-C G-D  

1 Olea europaea L. Oleaceae 19.35 21.87 16.56 15.49 

2 Olea cuspidata Wall. Oleaceae 13.59 20.69 13.69 12.89 

3 Rubus fruticosus L. Rosaceae - 3.11 - - 

4 Ficus palmata Forssk. Moraceae - 3.71 - 14.48 

5 Zanthoxylum alatum DC. Rutaceae - 1.76 13.61 11.14 

6 Caltha plestrus L. Ranunculaceae - - 1.22 2.48 

7 Plectranthus rosus Wall. Lamiaceae - 7.05 1.61 3.28 

8 Oxalis corniculata L. Oxalidaceae - 5.84 10.32 2.64 

9 Fragaria nubicola (Hook.f.) Lindl. Rosaceae 15.28 7.37 4.42 2.99 

10 Cynodon dactylon Linn. Poaceae 3.98 5.70 - 0.96 

11 Euphorbia helioscopia L. Euphorbiacea - 2.31 - - 

12 Malvastrum coromandelianum L. Malvaceae - 2.99 - 1.64 

13 Maytenus royleanus Wall. Cat. Celastraceae 16.44 - 1.77 - 

14 Mallotus philippensis Lam. Euphorbiacea 5.71 3.96 - - 

15 Berberis lycium  Royle Berberidaceae 19.17 3.89 2.07 0.87 

16 Punica granatum Linn. Punicaceae 21.39 1.43 4.7 1.53 

17 Fumaria parviflora Lam.  Fumariaceae 11.10 - - - 

18 Geranium wallichianum D.Don Geraniaceae - 8.54 7.65 - 

19 Ricinus communis L. Euphorbiaceae - 4.33 - 16.85 

20 Geranium nepalensis L. Geraniaceae - 2.94 4.29 7.80 

21 Dodonaea viscosa Linn. Sapindaceae - 15.76 5.46 3.01 

22 Indigofera heterantha Wall. Papilionaceae 3.89 - - - 

23 Myrsine africana Linn. Myrsinaceae - 3.04 2.74 0.81 

24 Stellaria spp. Caryophyllaceae 1.44 3.00 1.76 - 

25 Dicliptera roxburghiana Nees. Acanthaceae - - - 9.52 

26 Abutilon indicum Lamk.  Malvaceae - 5.30 6.90 - 

27 Asparagus adscendens Roxb. Asparagaceae - - 2.74 - 

28 Taraxacum officinale F.H. Wigg. Asteraceae - - 2.28 - 

29 Ajuga bracteosa Wall. Lamiaceae - - 3.28 - 

30 Zizyphus nummularia Burn.  Rhamnaceae - 1.17 - 1.53 

31 Agrostis canina Linn. Poaceae - 0.1 - 1.30 

32 Dichanthium annulatum Forsk. Poaceae - 1.07 - 1.59 

33 Brachiaria ramose Linn. Poaceae - - - 2.22 

34 Digitalis purpura L. Planataginaceae - 2.36 - 1.3 
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35 Rhus cotinus L. Anacardiaceae - 1.5 - 3.25 

36 Verbascum thapsus L. Scrophulariaceae - 1.22 - 0.91 

37 Adhatoda zeylanica Medic. Acanthaceae - - - 0.93 

38 Dalbergia sissoo Roxb. Papilionaceae - 2.81 - 1.22 

39 Ficus carica L. Moraceae - 0.33 - - 

40 Pteris vittata L. Pteridaceae - 0.22 - - 

41 Desmodium gangeticum (Linn.) DC. Papilionaceae - 1.23 1.62 - 

42 Rumax haustatus D.Don Polygonaceae - 0.60 1.25 - 

43 Polygonum plebejum R. Br. Polygonaceae - 3.59 - - 

44 Adiantum caudatum L. Adiantaceae - 0.73 - 1.32 

45 Apluda mutica Linn. Poaceae - 0.36 - 0.92 

46 Stellaria media L. Caryophyllaceae - 0.56 - 2.49 

47 Dryopteris stewartii Fran. Jen. Dryopteridaceae - 2.51 0.85 - 

48 Acacia nilotica Linn. Mimosaceae - - 1.61 4.3 

49 Xanthium stromarium L. Asteraceae - 1.36 3.81 - 

50 Solanum xanthocarpum Schrad and 

Wendl. 

Solanaceae - - 3.09 1.93 

51 Cirsium arvense L. Asteraceae - - 2.78 1.14 

52 Artemisia scoparia Waldst. and Kit. Asteraceae - - 8.83 7.32 

53 Artemisia vulgaris Linn. Asteraceae 1.70 - 3.0 7.76 

54 Euphorbia hirta L. Euphorbiaceae 3.61 - 4.68 2.48 

55 Euphorbia prostrata Ait., Hort Euphorbiaceae 3.38 - 5.86 6.43 

56 Polygonum nepalense Meisn. Polygonaceae 2.39 - 1.99 2.16 

57 Ceterach dalhousia Hook. Aspleniaceae 1.64 - 3.69 - 

58 Viola serpens Wall. Violaceae - - 6.14 - 

59 Anagallis arvensis L. Primulaceae 3.66 - 2.34 - 

60 Plantago major Linn. Plantaginaceae - - 8.0 - 

61 Plantajo lanceolata Linn. Plantaginaceae - - 3.96 - 

62 Ranunculus arvensis L. Ranunculaceae 3.11 - 2.66 - 

63 Achillea millefolium Linn. Asteraceae 7.70 - 5.38 - 

64 Imperita cylindrical L. Poaceae 4.0 - 1.01 - 

65 Asplanium trichomanes L. Aspleniaceae 6.51 - 3.39 - 

66 Poa annua Linn. Poaceae 1.01 - 1.61 - 

67 Conyza canadensis L. Asteraceae 1.32 3.66 0.65 - 

68 Ethyrium spicatum Dryopteridaceae 1.07 - 1.09 - 

69 Morus alba L. Moraceae 1.37 2.8 - - 

70 Pinus roxburghii Sargent Pinaceae 4.71 - - - 

71 Veronica biflora L. Scrophulariaceae 2.5 - - - 
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72 Solanum nigrum L. Solanaceae 0.81 1.22 - 7.06 

73 Trifolium repens L. Papilionaceae 3.15 2.01 - 5.59 

74 Medicago laciniata Var. Papilionaceae 5.98 5.19 - 4.38 

75 Vicia monantha Retz. Papilionaceae 4.22 - - 2.63 

76 Malva parviflora L. Malvaceae 0.82 1.44 - 2.28 

77 Geranium ocellatum Camb Geraniaceae 2.32 - - 0.62 

78 Ranunculus muricatus L. Ranunculaceae - - - 0.81 

79 Mentha arvensis L. Lamiaceae - 4.08 - 1.32 

80 Woodfordia unigemmata Maki. Lythraceae - 5.29 - - 

81 Periplaca aphylla Dcne. Asclepiadaceae - 5.30 - 1.31 

82 Chrysopogon pallidus (R.Br.) Steud. Poaceae - 3.10 - 9.4 

83 Cyprus rotundus L. Cyperaceae - 0.30 - - 

84 Cyprus spp Cyperaceae - 3.12 - - 

85 Carex secta L. Cyperaceae - 1.99 - - 

86 Phalaris spp Poaceae 2.66 2.03 2.64 - 

87 Lolium perenne L. Poaceae - 1.29 2.14 3.20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

3.2 FLORISTIC COMPOSITION 

Floristic composition is a qualitative character and is a good source of plant 

life and gene pool of an area (Yemeni and Sher, 2010). It may provide the basis to 

establish the seed bank and develop germplasm of any region. Floristic is a 

reflection of plant resources of any area and is affected by human interference and 

natural calamities. Varied topography, wide altitudinal range and suitable climatic 

conditions in Azad Jammu and Kashmir favoured rich heritage of wild and 

cultivable plant resources. 

 An inventory of plant species was recorded from olive cultivation sites at 

different locations of Azad Jammu and Kashmir. The investigated area consisted of 

87 species belonging to 39 families having 64 genera. Poaceae was recorded 

dominant family with 10 species which were followed by Asteraceae and 

Papilionaceae contributing 07 and 06 species respectively. Euphorbiaceae shared 

05 species which was third dominant family. Polygonaceae, Ranunculaceae, 

Cyperaceae, Geranaceae, Lamiaceae, Plantaginaceae, Moraceae and Malvaceae 

shared 03 species each to the floristic composition in the investigated area. 

Scrophulariaceae, Caryophyllaceae, Dryopteridaceae, Oleaceae, Solanaceae, 

Acanthaceae and Aspleniaceae contributed 2 species each. Remaining 20 families 

had solitary species (Table 3.2 and Fig. 3.3). 

The typical families of western Himalaya recorded by Clarke (1898) and 

Hooker (1906) were Asteraceae, Rosaceae, Poaceae, Ranunculaceae, 

Scrophulariaceae and Brassicaceae. Stewart (1972) also reported that these families 

are well represented in Pakistan and Azad Jammu and Kashmir. Some other studies 
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also indicated that these families are major contributors in the flora of Pakistan 

(Jafri, 1962, Nasir and Ali, 1971-1994; Ali and Qasir, 1995-2008). 

Poaceae, Asteraceae, Papilioniaceae and Euphorbiaceae were recorded 

dominant families in the investigated area. The members of these families have 

wide range of distribution and tolerance to varied climatic conditions, for these 

reasons they were well represented in the variety of habitats. Certain other findings 

from different parts of western Himalaya conforms the dominance of these 

families, (Kala and Mathur, 2002; Bhattaria et al., 2004; Gairola, et al., 2008; 

Pokhriyal, et al., 2009; Sing and Singh, 2010). These are the pioneer families, 

occupying maximum habitats and are specialized groups of plants specialized in 

hard and hot climate (Gaur et al., 2005). In the present case, temporal and spatial 

variations in climatic conditions along altitudinal gradient enabled these families to 

prevail in this area.   

Fig. 3.3: Distribution of plant families and species numbers at sampling sites  
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Table 3.2: Floristic composition of plant species recorded from different 

localities of Azad Jammu and Kashmir 

S. No. Species Name  Family 

1 Adhatoda zeylanica Medic.  Acanthaceae 

2 Dicliptera roxburghiana Nees.  Acanthaceae 

3 Adiantum caudatum L.  Adiantaceae 

4 Rhus cotinus L.  Anacardiaceae 

5 Periplaca aphylla Dcne.  Asclepiadaceae 

6 Ceterach dalhousia Hook.  Aspleniaceae 

7 Asplanium trichomanes L.  Aspleniaceae 

8 Asparagus adscendens Roxb.  Asparagaceae 

9 Taraxacum officinale F.H. Wigg.  Asteraceae 

10 Xanthium stromarium L.  Asteraceae 

11 Cirsium arvense L.  Asteraceae 

12 Artemisia scoparia Waldst. and Kit.  Asteraceae 

13 Artemisia vulgaris Linn.  Asteraceae 

14 Achillea millefolium Linn.  Asteraceae 

15 Conyza canadensis L.  Asteraceae 

16 Berberis lycium  Royle  Berberidaceae 

17 Stellaria media L.  Caryophyllaceae 

18 Stellaria spp.  Caryophyllaceae 

19 Maytenus royleanus Wall. Cat.  Celastraceae 

20 Cyprus rotundus L.  Cyperaceae 

21 Cyprus spp  Cyperaceae 

22 Carex secta L.  Cyperaceae 

23 Dryopteris stewartii Fran. Jen.  Dryopteridaceae 

24 Ethyrium spicatum  Dryopteridaceae 

25 Euphorbia hirta L.  Euphorbiaceae 

26 Euphorbia prostrata Ait., Hort  Euphorbiaceae 

27 Mallotus philippensis Lam.  Euphorbiaceae 

28 Ricinus communis L.  Euphorbiaceae 

29 Euphorbia helioscopia L.  Euphorbiacea 

30 Fumaria parviflora Lam.   Fumariaceae 

31 Geranium wallichianum D.Don  Geraniaceae 

32 Geranium nepalensis L.  Geraniaceae 

33 Geranium ocellatum Camb  Geraniaceae 

34 Mentha arvensis L.  Lamiaceae 

35 Ajuga bracteosa Wall.  Lamiaceae 

36 Plectranthus rosus Wall.  Lamiaceae 

37 Woodfordia unigemmata Maki.  Lythraceae 

38 Malva parviflora Linn.  Malvaceae 

39 Abutilon indicum Lamk.  Malvaceae 

40 Malvastrum coromandelianum L.  Malvaceae 

41 Acacia nilotica Linn.  Mimosaceae 

42 Morus alba L.  Moraceae 

43 Ficus carica L.  Moraceae 
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44 Ficus palmata Forssk.  Moraceae 

45 Myrsine africana Linn.  Myrsinaceae  

46 Olea europaea L.  Oleaceae 

47 Olea cuspidata Wall.  Oleaceae 

48 Oxalis corniculata L.  Oxalidaceae 

49 Dalbergia sissoo Roxb.  Papilionaceae 

50 Desmodium gangeticum (Linn.) DC.  Papilionaceae 

51 Trifolium repens Linn.  Papilionaceae 

52 Medicago laciniata Var.  Papilionaceae 

53 Vicia monantha Retz.  Papilionaceae 

54 Indigofera heterantha Wall.  Papilionaceae 

55 Pinus roxburghii Sargent  Pinaceae 

56 Plantago major Linn.  Plantaginaceae 

57 Plantajo lanceolata Linn.  Plantaginaceae 

58 Digitalis purpura L.  Planataginaceae 

59 Agrostis canina Linn.  Poaceae 

60 Dichanthium annulatum Forsk.  Poaceae 

61 Brachiaria ramose Linn.  Poaceae 

62 Apluda mutica Linn.  Poaceae 

63 Imperita cylindrical L.  Poaceae 

64 Poa annua Linn.  Poaceae 

65 Chrysopogon pallidus (R.Br.) Steud.  Poaceae 

66 Phalaris spp  Poaceae 

67 Lolium perenne Linn.  Poaceae 

68 Cynodon dactylon Linn.  Poaceae 

69 Rumax haustatus D.Don  Polygonaceae 

70 Polygonum plebejum R. Br.  Polygonaceae 

71 Polygonum nepalense Meisn.  Polygonaceae 

72 Anagallis arvensis L.  Primulaceae 

73 Pteris vittata L.  Pteridaceae 

74 Punica granatum Linn.  Punicaceae 

75 Caltha plestrus L.  Ranunculaceae 

76 Ranunculus muricatus L.  Ranunculaceae 

77 Ranunculus arvensis L.  Ranunculaceae 

78 Zizyphus nummularia (Burn.) Wight.  Rhamnaceae 

79 Rubus fruticosus L.  Rosaceae 

80 Fragaria nubicola (Hook.f.) Lindl.  Rosaceae 

81 Zanthoxylum alatum DC.  Rutaceae 

82 Dodonaea viscosa Linn.  Sapindaceae 

83 Verbascum thapsus L.  Scrophulariaceae 

84 Veronica biflora L.  Scrophulariaceae 

85 Solanum xanthocarpum Schr. and W.  Solanaceae 

86 Solanum nigrum L.  Solanaceae 

87 Viola serpens Wall.  Violaceae 
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3.3 GENETIC CHARACTERIZATION  

A total 40 leaf samples of wild (Olea cuspidata Wall.) and cultivated olive 

(Olea europaea L.), collected  from twenty localities of Azad Jammu and Kashmir 

were characterized by using AFLPs techniques as describe by Vos et al., 1995 and 

Angiolillo et al., 1999. The sampling locations were selected as they represents 

varied types of micro-climatic conditions and they may also encompass different 

wild olive ancestries. The genetic characterization of wild and cultivated olive has 

not been reported before in this region and cultivation of olive is restricted to few 

areas, made possible by the use of selected and well established local varieties. 

Azad Jammu and Kashmir have been chosen as representatives of the most 

favourable conditions for the cultivation of olive where millions of trees of wild 

olive growing naturally (Ahmed et al., 2009; Panhwar, 2005). Four primer 

combinations were selected for the present study based on the ones that gave the 

most variation i.e. ACG-CCT, ACG-CGT, ACG-CTA, ATC-CCT. The number of 

noticeable fragments by each AFLP primer pair was variable. The polymorphisms 

percentage ranged from 42 to 58 percent, depending on the primer combinations. 

The two selective primer pairings were used. (1)  ACGCCT paired with ACGCGT 

and (2)   ACGCTA paired with ATCCCT. Selective amplification of pair 1 yielded 

78 fragments of which 45 (58%) were variable and pair 2 yielded 93 fragments of 

which 39 (42%) were variable. This study was concatenated the runs and ran the 

analysis on 171 alleles of which 94 (55%) were polymorphic.  

AFLP markers have previously been used in the study of relationship and 

genetic diversity of olive. The 65 olive samples were analysed by Owen et al. 

(2005) that include some important cultivars from western Mediterranean region, 
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Greece, Turkey and Middle East. Their study resulted 119 polymorphic fragments 

by using five AFLP primer combinations, which revealed 41 percent 

polymorphism. The collective data sets produced by just two primer pairs were 

adequate to differentiate all 65 genotypes. The 12 accessions of cultivated olive 

from Italy were characterized by Sensi et al. (2003) using six pairs AFLP markers. 

Their results depicted 274 fragments of which over all 164 loci (59%) were 

polymorphic. The polymorphic fragments detected by each primer pair were 

variable from 13 (for primer pair 3) to 40 (for primer pair 1). The primer 

combinations showed difference in their ability to detect polymorphism within 

populations. Kamoun et al. (2006) characterized 29 samples of Tunisian olive by 

using 9 AFLP primer combinations. Their study showed that these nine primers 

produced 410 fragments, among which 172 fragments were polymorphic. The 

results verified a high degree of polymorphism in the olive samples with an 

average of 39 percent. In the present investigation over all polymorphism ratio 

observed among 40 olive samples of Azad Jammu and Kashmir is comparable with 

these studies. The smaller number of fragments per primer combination detected in 

the present study as compared to previous invetigations may be due to smaller 

number of primers used.  

The dendrogram produced on the basis of AFLP and UPGMA cluster 

analysis were shown in Figure 3.4. The dendrogram revealed 4 distinct groups 

which could be seen in two main branches of dendrogram. These two branches 

clearly separated wild and cultivated olive from each other. Dendrogram revealed 

that group I comprised of 10 samples of cultivated olive collected from Satra Meel, 

Archid, Arja, Bhimber, Bismeela, Salgran, Tetrinot, Kathae, Chahla and 
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Khunbandway. All the samples in this group were cultivar except samples Arja and 

Bhimber. These two samples were the two landrace accessions from Azad Kashmir 

and were separated from the subclusters as singleton. Similarly group II comprises 

of 10 accessions of cultivated olive collected from Barsala, Nadool, Ghaziabad, 

Bahanwan, Khaegala, Merachaprian, Khaegala, Khapdar, Kutla and Phagwati. All 

the samples in this group were also cultivar except those from Kutla and Phagwati. 

These two samples were the two landrace accessions from Azad Kashmir and were 

separated from the subclusters as singleton. All these samples were collected from 

different localities at different altitude of study area (Table 2.1). All the 20 samples 

of cultivated olive clustered in groups I and II with some subgroups due to genetic 

relationship with each other. Recently propagation of cultivated olive (Olea 

europaea L.) has been started in Azad Kashmir vegetatively by top working or 

grafting on wild olive. Most of them may have a common ancestory and may also 

have limited area of diffusion. This observation is in agreement with the previous 

study of Besnard et al. (2001a). 

Group III consisted of five accession of wild olive collected from Tetrinot, 

Ghaziabad, Arja, Bhimber and Merachaprian. Olea cuspidata samples of Bhimber 

and Merachaprian represented as singleton in main cluster. Group IV comprises of 

14 accessions sampled from different localities of Azad Kashmir i.e. Kathae, 

Archid, Phagwati, Khaegala, Chahla, Salgran, Bahawan, Khunbandway, Barsala, 

Bismeela, Nadool, Khapdar, Kutla and Satra Meel. This cluster comprises of 4 

subclusters. All the samples in this group were also cultivar except Olea cuspidata 

collected from Satra Meel, Nadool, and Bahawan. These three samples were the 

three landrace accessions from Azad Jammu and Kashmir and were separated from 
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the subclusters as singleton. These samples were collected from different localities 

at different (390-1587 m) altitude of Azad Jammu and Kashmir. Wild olive 

clustered in groups I and II with subgroups might be due to genetic relationship 

with each other in the cluster. Wild olive showed more variation as compared to 

cultivated olive. 

According to Kamoun et al. (2006) the AFLP marker system was able to 

separate closely related olive accessions. Present results are also in line with this 

study. Moreover, Angiolillo et al., 1999; Belaj et al., 2003 suggested that AFLP 

marker system is suitable for the genetic characterization of crop plants. 

 According to Lumaret et al. (2004) the wild and cultivated olive analysis 

based on allozyme proposed similar allelic distributions in both populations and 

higher heterozygosity in wild olive than in cultivated population. The studies of 

Vargas and Kadereit (2001) based on ISSR revealed that cultivated olives are 

nested within wild populations indicating that wild and domesticated olives 

exchanged genetic material through hybridization. 

 The present results based on AFLPs analysis depicted a clear 

representation about the relationship of both species. The results demonstrated that 

cultivated olive in this region was domesticated without the contribution of wild 

olive. For instance, this study is consistent with the explanation that the cultivated 

olive shows an example of the genetic dissimilarity in wild olive populations that 

exists today in this region. 

A dendrogram exhibited the occurrence of four clusters suggestively 

different from one another. Each cluster and subcluster contained at least 1 or more 

samples from the same population. The overall trend assumed the derivation of 
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cultivated population from the wild population. The scattering of these groups 

within the population indicates that wild population spread might be by outcrossing 

as mating system of crop plants seems to play an important role in genetic diversity 

(Mekuria et al., 2002).  

  The certain degree of relationship of cultivated olive to wild olive of Azad 

Jammu and Kashmir is perhaps due to the propagation system in this area, usually 

carried out by grafting onto wild olive plants, taking into account that old trees of 

wild olive while ten to fifteen year old tree of cultivated olive were considered in 

present work. The current results are in harmony with the previous study of 

Lumaret and Ouazzani (2001). Futhermore, these results are also in agreement with 

the previous work of Baldoni et al. (2006). Their investigations revealed that the 

genetic variation observed through AFLP markers exhibited a clear difference of 

wild olive from cultivated landraces.  The previous investigations of Angiolillo et 

al. (1999) and Caraffa et al. (2002) on cultivated populations are also in 

congruence with the present study. The samples of both species that represented as 

singleton in the dendrogram probably due to mutation within population as these 

samples were collected from distinct climatic conditions. Indeed, they were 

grouped in to distinguished subclusters. This is in line with the study of Albertini et 

al. (2011). Their results suggested that climatic conditions responsible for mutation 

in single population along with both sexual and vegetative propagation played a 

role in the evolution of olive. Due to this reason the samples may grouped in two 

discriminated subclusters belonging to the same single and very well maintained 

population. Genetic diversity is considerably higher in the Olea cuspidata as 

compared to the Olea europaea population, supporting the general notion that wild 
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olive (O. cuspidata) are authentic, eminent earlier whereas O. europaea evolved 

through hybridization (Breton et al., 2006). 

3.3.1 Principal Component Analysis 

The Principal component analysis (PCA) tool was also used as to analyse 

the AFLP data. PCA reduces data to principal components which summarizes 

variation within a given data set. This decreases the number of descriptors 

responsible for the highest percentage of total variance of the experimental data. It 

allows the relationship between variables and observations to be studied, as well as 

recognizing the data structure. Falcinelli et al. (1988) and Chozin (2007) showed 

multivariate analyses to be a valid system to deal with germplasm collections and 

evaluation. Similarly, Dasgupta and Das (1984) and Chozin (2007) considered 

multivariate analysis best for choosing parents for hybridization. PCA is used to 

reveal the pattern of character variation among individual accession in a population 

(Chozin, 2007). 

PCA bi-plots provided an indication of the similarities and variation 

between the genetic diversity among different accessions of the same genotype and 

interrelationships between both genotypes. The PC1 and PC2 cumulatively 

explained 32.11 percent of the total variation among 40 samples of olives (Fig. 

3.5a, b). The PC1 elucidated 17.61 percent variation, followed by 14.50 percent for 

the PC2. Projection of both genotypes on a two-dimensional plane, based on the 

first two PCs, partially confirmed the results of dendrogram. The accessions from 

the UPGMA clusters similarly inclined to form their own groups in the PCA, 

however usually overlapping. Samples which overlapped in the PC axes revealed 

similarity in their genetic relationship. Both wild and cultivated olive accessions 
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remain scattered in all quadrants, showing large genetic variability particularly O. 

cuspidata culustered on left of ordination plot while O. europaea grouped on right 

(Fig. 3.5a,b).    

In the top two quadrants of the projection, a more compact group of Olea 

cuspidata was comprised of samples collected from different geographical 

localities. These localities were Salgran, Bismeela. Kathae, Phagwati, Archid, 

Chahla and Khaegala, almost overlapping in the group while Olea europaea 

accessions also projected compact group which include samples collected from 

Barsala, Nadool, Bahawan, Khaegala, Ghaziabad, Khapdar, Tetrinot, Kutla, 

Khaegala and Merachaprian.  Meanwhile in the lower two quadrants of the 

projection, a loose group of Olea cuspidata was comprised of Bahawan, Nadool, 

Khunbandway, Barsala, Khapdar, Satra Meel Kutla, Bhimber, Merachaprian, Arja, 

Tetrinot and Ghaziabad localities, depicting clear variation and high polymorphism 

within species  while Olea europaea accessions projected comparatively compact 

group with overlapping trends which contains samples collected from 10 localities 

i.e. Kathae, Bhimber, Khaegala, Archid, Satra Meel, Phagwati, Khunbandway, 

Bismeela, Arja and Salgran. Overlapping groups of both genotypes from almost all 

UPGMA clusters comprise the top to lower quadrants of the projection. They 

represented variation within and between both genotypes. PC1 and PC2 elucidated 

greater variation in Olea cuspidata whereas less variation in Olea europaea of 

Azad Jammu and Kashmir.  These results are in agreement with the previous 

studies of Chatfied and Collin (1980). Likewise, Hair et al. (1998) also suggested 

the similar projections in their investigation. 
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The AFLP results obtained led to the assumption that the Olea cuspidata 

(wild) and Olea europaea (cultivated) were divergent. The clear difference 

between wild and cultivated populations and the close relationship among Olea 

europaea accessions have confirmed that the cultivated olive did not develop 

locally but were introduced from abroad, propagated by grafting on local wild 

olive. The analysis of cultivated olive samples collected from different localities of 

Azad Jammu and Kashmir having different microclimatic conditions along the 

altitudinal gradient suggested that they are probably from same population with 

common ancestory. 

The knowledge of the genetic diversity is essential for their survival, 

ecology and development of appropriate germplasm for a diverse set of 

environments. The information provided in this study is useful for genetic 

improvement of olive because these molecular evidences were describing 

important differences between both species in a given area and given population. 

Thus, this molecular genetic analysis provides new insights regarding the 

extent of diversity of individuals within and between populations. The present 

study determined the relatedness and obtained information on population structure 

and genetic diversity of wild and cultivated olive using AFLP. The AFLP analysis 

appeared to be efficient in verifying its variety status. In the actual application, the 

measurement of genetic differences among these populations is needed to guide the 

on-going grafting of Olea europaea while ensuring that a substantial genetic 

diversity is preserved within the study areas. For the Olea europaea nursery 

industry, this study can be useful to eliminate duplication of the clones and ensure 

the diversity of the propagated clones for grafting on Olea cuspidata. 
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Figure 3.4: Dendrogram revealing genetic variation between wild and 

cultivated olive of Azad Jammu and Kashmir based on AFLP and cluster 

analysis (UPGMA). 
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Figure 3. 5 a:  Principal component analysis (PCA) describing the overall 

variation between wild and cultivated olive by using AFLP analysis data. 
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Figure 3.5 b: Two-dimensional projection of olive accessions along the first two 

principal components axes 
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ABSTRACT 

Part-B 

The antibacterial activity of O. europaea (cultivated olive) leaves and O. 

cuspidata (wild olive) leaves, roots bark, stem bark and seeds were evaluated 

against gram positive and gram negative bacteria by using disc diffusion assay 

while antifungal potential of different extracts of various parts of olive was 

evaluated against a range of human and crop pathogenic fungal species by using 

well diffusion assay. The extracts of investigated parts of O. europaea and O. 

cuspidata obtained with polar solvents were found to be effective against tested 

bacterial strains particularly extracts of O. cuspidata parts proved to be more 

potent. The investigated parts of Olea europaea reveal greater inhibitory effect 

against gram positive but Olea cuspidata parts also proved effective against gram 

positive and gram negative bacteria. The ethylacetate extracts of O. cuspidata 

leaves and seeds were found to be effective against fungal pathogens as compared 

to O. europaea extracts. 

To accurately assess antimicrobial activity and minimum inhibitory 

concentration (MIC), spectrometric approaches were also used to follow the growth 

of E. coli in culture and measure the impact of added olive extracts on the growth 

patterns. The initial analyses were focused on crude methanol extracts from 

different organs. This revealed that extracts of leaves, seeds of cultivated olive and 

seeds, leaves, roots bark but not stem bark of wild olive exhibited potent 

antimicrobial activity. Further, extracts from wild olive appeared to be particularly 

potent. Antimicrobial activity was also demonstrated against the gram positive 

bacteria, Bacillus megaterium and Staphylococcus albus as an indicator of activity 
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against the major hospital pathogen MRSA (Methicillin-resistant Staphylococcus 

aureus). Focusing generally on extracts from seeds of both species and particularly 

O. cuspidata leaves, these were fractionated by solid phase extraction (SPE). 

Antimicrobial assessment of each of the derived fractions indicated that activity 

contained in two groups of compounds; one based on elution with 100 percent 

water and 5 percent methanol and another eluting with 100 percent methanol. 

Liquid chromatography indicated that the 100 percent water and 5 percent 

methanol fractions were highly complex with many peaks. In contrast, the 100 

percent methanol fraction, activity apparently resided only on two very similar 

chemicals.  

A series of assays were performed in attempt to relate biochemical 

characteristics as a possible adaptive trait. Thus, assays were undertaken for 

antioxidant capacity, total phenolic contents, total flavonoid contents and total 

flavonol contents. In case, biochemical characteristics could be correlated with 

species but not habitat.  

However when extracts were assessed using Fourier transform infra-red 

(FT-IR) spectroscopy, habitat specific biochemical traits were observed. The 

multivariate approaches were used to demonstrate that amide and fatty acid 

changes in samples could be linked to habitat.  
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  Chapter 1 

INTRODUCTION 

World health organization (WHO) reported that more than 80 pecent 

population of the world in developing countries depend on conventional medicines 

for their primary health care. There are some chemical substances in plants that 

proform a definite physiologic action in the human body. Among these the most 

important bioactive compounds of plants are alkaloids, flavonoids, tannins and 

phenolic compounds (Duraipandiyan et al., 2006). Medicinal plants have curative 

properties due to the presence of these complex chemical substances. 

Phytomedicines play an important role in the rural people’s lives, particularly 

remote parts of developing countries having very little health facilities. The 

Chinese were pioneers in using plants as valuable source of medicine. In addition 

to food, clothing and shelter, green plants were used as folk medicines to man and 

its domestic animals for thousands of years, give rise to traditional system of 

medicines. Now a day’s folk and traditional system of phytomedicines were 

adopted into modern system of medicines, as effective drugs through chemical and 

pharmaceutical screening (Joseph and Rajalakshmi, 2005). 

Different traditional systems of medications are available particularly the 

Chinese, Unani, Ayurveda and Biomedicine systems have significant importance in 

the villagers life to treat several ailments. The medicinal systems are very popular 

amongs the trible peoples. The peoples of remote areas are also relay on 

phytomedicinces for the treatment of infectious diseases instead of synthetic drugs 

(Singh et al., 2009).   
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In subcontinent medicinal plants have made a good contribution to the 

development of ancient Material Medico one of the earliest books on South Asian 

medicine (Parajapati et al., 2004). Most of these continue to be gathered from wild 

plants to meet the demand of medicinal profession. Likewise in developed 

countries, traditional herbal medicine is becoming popular in Pakistan as well as 

India for the treatment of several ailments. In general the use of herbal drugs is 

recognized by the people of this region as being safer than modern allopathic ones 

(Mojab et al., 2003). Herbal medicines alone or in combination with various 

formulations have been suggested in various treatises for the treatment of different 

illnesses. Medicinal plants have curative properties due to the presence of complex 

compositions, which are grouped as alkaloids, corticosteroids, essential oils, etc. 

The impotant alkaloids includes strychnine and brunine (Nux vomica), quinine 

(Cinchona) ergotamine (Argot) hyocyamine (Belladonna), cocaine (coco), 

scolapomine (Datura) and emetine (Ipecac) (Parajapati et al., 2004).  These 

medicinally important plants are distributed everywhere in the world especially in 

the forest of South Asia are very rich with botanical wealth. India has been 

recognized for more than 2500 plant species with medicinal value, Sri Lanka about 

1,400. Some of these are growing particularly in stressful climatic conditions at 

high altitude only (Cragg and Newman, 2001). 

Since time immemorial man protect himself against several diseases and 

also to improve his health and life-style by using plant extracts. No doubt, plants 

have been used for several purposes such as health, nutrition and beauty or 

medicine.  Due to the development in latest techniques and researches, it has been 

proved that various nutritive and non-nutritive components in plants are very 
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important to human diet possessing healing properties. Plants and its phyto-

constituents also have been used for the treatment of fungal infections (Rawat et 

al., 2008).  

Many systems of therapy have been developed with the advent of human 

civilization, which have been based primarily on plants. Ayurveda, Sidda, 

Homeopathy, Unani etc. are our traditional systems of medicines. Traditional 

medicinal systems continually providing the primary health care for more than 

three quarters of the world’s pupolation. The used of phyto-medicines in India 

dates back to 5000 years for treatment of ailments. It was recognized officially that 

2500 species of plants have medicinal value while more than 6000 plants are 

explored to use in traditional, herbal and folk medicine system (Choudhry et al., 

2008). Now a day’s allopathic medicines originated from ancient medicines are 

being used to lead the discovery of new medicine in the future. European 

traditional system having a strong influence on contemporary pharmacognosy in 

the West, nearly all of the communities of world has well-established customs and 

some of which have hardly been explored at all. The study of these traditions not 

only provides an insight into how the field has developed but it is also a fascinating 

example of our ability to develop a diversity of cultural practices (Fakim, 2006). 

Over 25 percent of prescribed drugs have been supplied by medicinal plants which 

are used in human medicine and such plants which are pharmacologically active 

have also been provided leads to natural pesticides. Knowledge of the chemical 

components of the plants is desirable, not only for the discovery of therapeutic 

agents but also valued in disclosing new sources of economic materials such as 
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tannins, gums, oils and precursors for the synthesis of many complex chemical 

substances (Mojab et al., 2003).  

Diets which are rich in natural antioxidants such as polyphenols, 

flavonoids, flavonols, vitamin C and vitamin E reduced the risk of incidence of 

cardiovascular, other chronic diseases and many types of cancer has led to the 

revival of interest in plants based foods (Choi et al., 2007). On the other hand, food 

borne diseases are major dilemma in the developing countries, and also in 

developed nations (Sokmen et al., 2004). The consumption of foods which have 

been contaminated with microorganisms cause a serious health hazard to humans. 

The persistence and growth of microorganisms in foods may lead to formation of 

toxins, spoilage and quality decline of food products (Celiktas et al., 2007). Herbs 

are one of the important and unique sources of medicines to combat such hazards. 

In spite of tremendous development in the field of allopathic drugs during the 20th 

century, plants still remain one of the major sources of medicine in the modern as 

well as traditional system of medication throughout the world. Various researches 

on plants all over the world either have been or have to be carried out for 

eradicating ailments. Most common of which is fungal infections, especially 

mucosal candidacies caused by fungi Candida albicans. The incidence of fungal 

infections is increasing at an alarming rate, presenting an enormous challenge to 

healthcare professionals. This increase is directly related to the growing population 

of immune compromised individuals, resulting from changes in medical practice 

such as the use of intensive chemotherapy and immunosuppressive drugs. Phyto-

constituents isolated from various plants had been investigated by scientists and 

were found to have potent antifungal activity against Candida albicans and their 
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several strains (Rawat et al., 2008). Plant diseases caused by plant pathogenic fungi 

are among the most important factors that limits crops production. To reduce yield 

losses, farmers apply large quantity of fungicides every year. The continuous 

application of chemicals will lead to destroy the ecosystem and result in out breaks 

of new strains of fungi. To minimize the side effects of chemical application, many 

efforts have been made to utilize the antimicrobial activity of plants extracts, 

because the studies showed the importance of natural chemicals as a possible 

source of non-phytotoxic, systematic and easily biodegradable alternatives. 

Spraying with antibiotics has never been satisfactory. Antibiotics are forbidden in 

many countries because of their general toxicity exert a negative impact on both 

yields and environment (Kotan et al., 2007).  To takeover these risks the 

pharmaceutical industries have made massive investment on pharmacological, 

clinical and chemical research all over the world in past five decades. Efforts have 

been made to discover still more potent plant drugs to treat human and plant 

pathogens. In a few new drugs plants have successfully pass the test of commercial 

screening (Parajapati et al., 2004).  

It is evident from the literature that traditionally used medicinal plants 

encompass a wide range of biologically active constituents that can be used to treat 

chronic as well as infectious diseases. Clinically microbiologists have great interest 

in screening of medicinal plants for antimicrobial activities and phytochemical 

analysis as potential new therapeutics (Rios and Recio, 2005).  The antibacterial 

and antifungal potential plant extracts may reside in variety of chemicals including 

aldehyde and phenolic compounds. Two plants, Cassia alata and Achranthus 

aspera, are distributed throughout the tropical and subtropical regions. C. alata is a 
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tropical shrub whose juice is used as a cure for ringworm and poisonous bites. Both 

of these are used as herbal medicines (Alam et al., 2009).  Folk  medicinal herbs 

and plants products were used in treating a wide spectrum of infections and other 

diseases, has been a gradual revival of interest in the use of medicinal and aromatic 

plants in developed as well as in developing countries because plant derived drugs 

have been reported to be safe and without side effects (Bansod and Rai, 2008). 

Man in the pre-historic period was not aware about the health hazards 

which are associated with irrational therapy. With the beginning of research in 

medicine, it was suggested that plants having curative actions. Most of the 

medicinally important compounds can be isolated from different plants used 

against pathogenic microorganisms. Phytomedicines obtained from different parts 

of plant has been in use from the prehistoric time for the treatment of a particular 

disease (Camps, 1985).  

During the last decades, the interest about the early plant medicines was 

increased to depict their mysteries. It is evident from the literature that 

phytomedicines have no side effect on human health (Izzo and Ernst, 2009). Many 

people died due to the infectious diseases all over the world particularly in 

developing countries (Nathan, 2004). Both gram positive and gram negative 

bacteria are responsible to cause ailments in humans every where in the world as 

they have the ability to servive in almost all kind of environment (Ahameethunisa 

and Hoper, 2010). The synthetic antimicrobials are expensive and are not in the 

reach of the common persons of developing countries. Antibiotic resistance in 

bacteria is also a major problem of the world which is developed due to the abrupt 

use of medicines and it is believed that after certain time these synthetic antibiotics 
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would not be effect against microorganisms (Walsh and Amyes, 2004, Alder, 

2005.). Moreover, the synthetic antibiotics may be linked with side effects on the 

patients. In contrast, the medicinal plants are only source of noval antimicrobial 

with biologically pleasant nature (Walsh, 2003, Koehn and Carter, 2005). It is well 

recognized that the biologically active extracts obtained from plants is an 

auspicious font of majority of medicines (Bibi, et al., 2010). For example, Quinine 

(Cinchona) and berberine (Berberis) are the phytomedicines isolated from plants 

which are highly effective to treat various ailments caused by microorganisms 

(Maridass and Britto, 2008). These reports are restricted to mainly a few medicinal 

plant species. Most of them require a detailed study particularly with regard to the 

antimicrobial properties, so that in future they can effectively replace the 

chemically synthesized antibiotics which have a large number of side effects. 

1.1 HISTORY OF MEDICINAL PLANTS 

The history of medication and surgical procedure ages back conceivably to 

the foundation of the human race. The medicinal plants are used traditionally as a 

source of phytomedicine to cure various diseases and are an important component 

of the worldwide health care system (Khan et al., 2012). People belongs to 

different regions of world have knowledge about the importance and uses of 

medicinal plants with their curative effects. In much tradition society’s illness is 

thought to stem from malignant forces or possession by spirits. If a member of the 

tribe all ill, the shaman often enter the spiritual realm with the aid of hallucinogenic 

plant or fungi, such as Banisteiopsis caapi taken by Amazoniam shamas, or 

Amanita muscarid  taken by traditional healers of the Siberian steppes. 

Traditionally it was confirmed by the old people of the age that medicinal plants 
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have curative properties. Until the 20
th

 century, the people who are living in remote 

areas particularly rural communities have tried and tasted the indigenous plants to 

treat a range of common ailments because they  had traditional knowledge about 

the herbal medicines. They were also aware of good and bad effect of herbal plants.  

In Egypt, Middle East, India and China civilization grew from 3000 BC onwards, 

therefore, the usage of herbs become more sophisticated. They made first written 

accounts of medicinal plants. They indicated the medicinal value of herbs like 

Commiphora molmol, Ricinus communis, and Allium sativum. In India, the Vedas 

are the epic poem written 1500 BC. These volumes contain lot of information 

about the medicinal importance of plants. The Vedas were followed in about 700 

BC by the Charaka Samhita written by the physician Charaka. He is known as 

father of medicines in India. This medical treatise includes details of around 350 

herbal medicines. Amongst them are Ammi visnaga a herb of Middle East origin 

that has recently proven effective in the treatment of asthma and Centella asiatica, 

which has long been used to treat leprosy. By about 500 BC in developed cultures, 

medicine began to separate from the magical and spiritual world. Hippocrates (460-

377 BC), the Greek is known father of medicines. He considered illness to be a 

natural rather than a supernatural phenomenon. He also felt that medicine should be 

given without ritual ceremonies or magic. The book Yellow Emperor’s Classic of 

Internal Medicine is the earliest Chinese medical text written in the 1
st
 century BC. 

It includes text about rational medicine and treating illness before examination of 

the entire context, symptoms, observations of the emotions and attitudes. If one 

insists on the presence of ghosts and spirits one cannot speak of therapeutics 

(Parajapati et al., 2004).  
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1.1.1 Ayurvedic System of Medicine  

The word Ayurveda is derived from the Sanskrit root “Ayu” (life) and 

“Veda” (knowledge), in essence, “the science of life”. It is the most ancient 

indigenous system of medicine, dating back to the ages (1500-800 BC). It is 

regarded as an upaveda of Atharvana Veda. In the 6
th

 century BC there existed two 

universities, Kasi in the east and Taxila in the west. Atreya, the physician, belonged 

to the University of Kasi. Aterya’s disciple Agnivesha wrote a treatise based on the 

teachings of his master. Agnivesh’s was later redacted by Charaka and Dridhbala. 

This redacted version of Agnives was known at the present day as the Charaka 

Samhita. Susruta, the disciple of Dhanvantari wrote a treatise on surgery, based on 

the teachings of his master. Susruta’s treatise on surgery, with its added supplement 

by Susruta, the younger is known at the present time as the Susruta Sumhita. The 

two Samhitas form the classics of Ayurved. The Indian medical writers after 

Charaka and Susruta were only their imitators and abstractors. Other ancient 

classics on Ayurved include Bela Samhita, Nava Nitaka, Ashtanga samgraha and 

Ashtanga Hidey Samhita. Ayurveda has gone through several stages of 

development. It spread the Vedic culture as far as Indonesia in the Far East and to 

the western world (Pullaiah, 2002).                 

1.1.2  Unani System of Medicine 

When Ayurveda medicine was flourishing in South Asia, people of Greece 

developed their own medicine imbibing some knowledge of Asian medicine also 

into their Materia Medica (Pullaiah, 2002). Traditional Unani medicine is a part of 

Pakistan ethos. Pakistan is counted in those realms where traditional Unani 

medication is popularly adept among the large part of inhabitants. The Unani 
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medication scheme coined in Greece was found by old ancient Greek logicians. It 

was renowned and espoused by Muslims the magnificent retro of Islamic 

civilization. Phytomedicine system was fetched to the subcontinent by Muslim 

intellectuals and practiced it for epochs. It promoted from the Ayun system of 

medicine, which was a chief component of Hindu civilization. Folkloric Unani 

medicine profoundly hinge on medicinal plants, apart from the animals and 

minerals (Goodman and Ghafoor, 1995).                  

1.1.3 Isolation and Characterization of Active Principles           

  The work of isolation of active principles from medicinal plants and 

characterization can be traced to the beginning of 19
th

 century. From crude drug 

Ephedra spp. of China, ephedrine was isolated in 1887 and later introduced as drug 

in 1925. Likewise, from Papaver somniferum, morphine was isolated in 1804 and 

introduced as drug in 1818. From Cinchona spp. of Peru, quinine was isolated in 

1820 and introduced as drug in 1825. Cephaelis ipecacuanha of Brazil, emetine 

was isolated in 1894 and introduced as drug in 1912. Large number of drugs from 

medicinal plants were discovered and introduced in modern pharmacopoeias 

during 1850-1950. From 1950 onwards, there was examination of ethno 

therapeutics constitute in search of new drugs from higher plants and marine flora. 

During this period a variety of important compound were isolated from plants 

including anticancer drugs, vinblastine and vincristine from Catharanthus roseus 

(Bhattacharjee, 2000). 
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1.1.4 Transformation of Medicinal System 

  Plants still constitute one of the major raw materials for drugs for treating 

various ailments of human being, although there has been significant development 

in the field of synthetic drug chemistry and antibiotics. During the last two decades 

considerable changes have taken place in the medicinal system all over the world. 

Because of the general awareness of the widespread toxicity associated with the 

long use of synthetic drugs and antibiotics, the western society prefers the drugs 

from natural sources than the synthetics. In USA and UK, the plant based drugs are 

being used substantially. Russia and China have adopted an integrated system of 

allopathic, traditional and folk system of medicine (Bhattacharjee, 2000). 

1.2 EXTRACTION OF POTENTIAL BIOACTIVE COMPOUNDS 

The extraction procedure is the initial step with prime importance in the 

investigation, separation and characterization of bioactive compounds of medicinal 

plants. The basic technique encompassed some crucial steps such as prewashing, 

drying of plant materials and crushing to homogenise the plant material. Some 

appropriate actions must be requided to avoid the loss of probable active 

components during the extraction process. This depends on the base of selection of 

plants for the investigation e.g. folk uses (Fabricant and Farnsworth, 2001). If a 

plant is selected on traditional basis then it is required to carry out extraction of this 

material as depicted by the traditional healers. For the extraction of desired 

constituents, the solvent system selection is very important.  Different organic 

solvents are available for the extraction of expected bioactive component from 

plant sources. The hydrophilic and lipophilic constituents can be extracted by using 
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solvents such as methanol and petroleum ether or mixture of 

dichloromethane/methanol respectively. Hexane is also used in extraction 

procedures to eliminate chlorophyll in some cases (Cos et al., 2006). Soxhelt, 

sonification, refluxing and many others extraction techniques are usually used 

(United States Pharmacopeia and National Formulary, 2002, Pharmacopoeia of the 

People’s Republic of China, 2000, The Japanese Pharmacopeia, (2001). Moreover, 

fresh or dried homogenised plant materials are also extracted by maceration and 

filtration procedure at room temperature in water or organic solvents. There are 

many other modern methods such as solid-phase extraction etc. has been proved to 

be advantageous in the extraction and separation of potential biologically active 

compounds (Huie, 2002). 

1.3 IMPORTANCE OF SOLID PHASE EXTRACTION 

Solid phase extraction (SPE) is the very famous currently existing 

procedure for rapid and selective sample preparation. The suitability of SPE 

permits this technique for various determinations, such as purification, trace 

enrichment, desalting, derivatisation and class fractionation. The interest in this 

technique has been increased in last few years and several reports in literature 

illuminating the importance of SPE approaches (Biziuk, 2001). The enormous 

progress has been thrived in the research methods with new sorts of sorptive 

materials during the days, continued from the late 1960s till the start of the 1980s.  

In addition, the progress in analytical procedures with wide range of sorptive 

materials provided new inputs for the development of SPE methodology (Awa-

Adkonis, et al., 2003). SPE is the most significant method used in sample 

pretreatment for HPLC. Solid phase extraction (SPE) is chromatographic procedure 
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and has many probable benefits over other extraction procedures (Snyder, et al., 

1997; Camel, 2003). 

1.4     GENERAL CONCEPT ABOUT METABLOMICS 

The holy grail of plant metabolomic analyses is to gain a comprehensive 

picture of its entire metabolic complement under defined conditions and to obtain 

this in a single analysis, without bias. There are estimated to be in between 100,000 

and 200,000 different metabolites within the plant kingdom (Fiehn, 2002), some of 

which are common between plant genera and species, but many are unique.  

Arabidopsis thaliana is thought to have more than 5,000 different low molecular 

weight compounds. At present, it is impossible to comprehensively quantitatively 

and qualitatively detect all the metabolites within any organism of any kingdom. 

This arises from a lack of knowledge of many secondary metabolic pathways in 

plants, but mostly  a current inability to identify a vast majority of metabolites 

synthesized (Fernie et al., 2004). Metabolites vary in chemical complexity 

(molecular weight, polarity, solubility) and physical properties (volatility) of the 

metabolome. There are also huge differences in metabolite concentrations within 

tissue extracts, with individual components varying between pM and mM (Dunn 

and Ellis, 2005). Structurally related metabolites and structural isomers represent 

another challenge for metabolite identification. These features prevent any single 

metabolite detection technology being able to describe every metabolite at present 

within a sample, so usually there is a payoff between technologies and objectives. 

Metabolomic techniques each have their advantages and disadvantages. There are 

three desirable requirements for metabolomic instruments, high sample throughput, 

metabolite identification and the potential to obtain a global metabolite profile. 
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Ideally, a metabolomic instrument should possess all three of these desirable 

features; this has not yet been achieved. 

 

 

Metabolomic instrumentation is limited by the dynamic range of 

metabolites it can detect and by the ability to detect multiple metabolites (Goodacre 

et al., 2004). Interfering classes of metabolites, such as peptides, amino acids and 

salts can reduce the performance of instrumentation. These limitations are further 

compounded by issues such as human error during sample preparation and 

extraction, sample storage, machine reproducibility, mass drift and deconvolution 

of metabolite spectrum. The goal of researchers is to develop technologies that 

enable large-scale, high-throughput screening of metabolites, the whole process 

being unbiased, robust, reproducible, sensitive and accurate. However, this is 
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impossible at present, it is generally accepted that only by employing multiple-

parallel, complementary metabolite analytical strategies, informative and non-

biased datasets can be successfully produced (Sumner et al., 2003, Hall, 2006).  

A number of metabolomic analytical strategies have been employed as 

metabolomic fingerprinting, metabolite profiling, metabolic target analysis and 

metabolite footprinting. All of these approaches essentially create a ‘metabolic 

snapshot’ of the system under investigation. Metabolite fingerprinting is a high-

throughput screening approach, permitting the global detection of all metabolites 

within a sample; permitting classification and discrimination according to their 

origin or biological relevance, without actually identifying and quantifying 

individual metabolites. Metabolic profiling involves the identification and 

quantification of a limited number of pre-defined components, generally related to 

a specific metabolic pathway. Metabolite target analysis is the qualitative and 

quantitative analysis of selected groups of metabolites using optimized extraction 

separation/detection techniques. Metabolic footprinting is the analysis of the extra-

cellular metabolome of microbial cultures, which is a combination of spent growth 

medium and metabolites excreted. Lastly, metabonomics, which is a non-plant term 

generally used to define the technology used to measure quantitatively the 

metabolic composition of body fluids following a response to pathophysiological 

stimuli or genetic modification. As it is impossible to comprehensively detect all 

the metabolites within a system at present, a number of metabolite analytical 

strategies can be employed. These are classified as metabolomic fingerprinting, 

metabolite profiling, metabolic target analysis and metabolite footprinting (Hall, 
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2006). Metabonomics has also been added for completeness, but is a non-plant 

term. All essentially create a ‘metabolic snapshot’ of the system being investigated. 

1.4.1 Metabolomic Fingerprinting Using Spectroscopic Methods 

Metabolite fingerprinting commonly employs spectroscopic methods using 

electromagnetic (EM) radiation to interact with bonds of the metabolite, causing 

the absorbance and redirection of the radiation or the transition of the sample atoms 

to a higher energy state. Such spectroscopic methods commonly employed during 

metabolomic analyses are Fourier Transform-Infra Red (FT-IR) spectroscopy  and 

Nuclear Magnetic Resonance (NMR) spectroscopy. 

FT-IR is a well-established and constantly developing method, used to 

obtain spectral IR fingerprints of biological samples, representing a snapshot of the 

biochemistry at a given time. FT-IR can be used in the nondestructive, low cost and 

high-throughput analysis of almost any biological material or chemical compound. 

Thousands of spectra can be obtained within a single day, requiring minimum 

sample preparation and background training. FT-IR is a physico-chemical method 

where a sample is examined with IR light. The bonds and functional groups within 

the molecules absorb the IR rediations and show absorptions at specific 

wavelengths, resonating in a predetermined way, stretching or bending (Griffiths, 

1983). Different wavelengths can be used within the IR spectra to indicate the 

types of bonds, chemical class and functional group within a sample. The FT-IR 

instrument measures both the frequency at which the sample absorbs the radiation 

as well as the intensity of the absorption, thereby generating a unique biochemical 

spectrum/metabolic fingerprint of the sample. The mid-IR region (4000-600 cm
-1

) 
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is the major region of interest in plant metabolomics, enabling the collection of 

extremely rich and useful biochemical information.  

Four major regions have been emphasized within this range, where strong 

absorption can be directly related to specific compounds. These regions are broadly 

termed as the fatty acid region, the amide region, the mixed or ‘fingerprint’ region 

consisting of a variety of weak features and the polysaccharide region. Analysis by 

FT-IR spectroscopy also includes the measurement of proteins and nucleic acids, 

which are not usually considered in the metabolomic analyses. FT-IR 

microspectroscopy is an extension of conventional FT-IR spectroscopy, but allows 

the spatial description of measurements of metabolite variation within samples. 

Usually FT-IR microscopes are equipped with two detectors, a single point 

detector for ‘point and shoot microscopy’ and an array detector for mapping large 

areas of a sample. 

A major drawback of FT-IR compared with other metabolomic methods is 

that in the mid-IR region the absorption of water is very intense and can interfere 

with the fingerprint. However, dehydration of the sample material prior to analysis 

reduces the effects of water problems. To further aid in the removal of water, 

instruments can be fitted with desiccants and sampling compartments can be 

purged with dry CO2 free air. If there are interfering water signals within spectra, 

they may be removed by post analysis data processing. Further, like NMR, FT-IR 

exhibits reduced sensitivity and selectivity when compared with mass 

spectrometeric methods.  
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FT-IR has been successfully applied as a metabolite fingerprinting 

technique in many areas of plant research. FT-IR has been used to study the effect 

of salt treatment on the biochemical profiles of tomato fruits (Johnson et al. 2003), 

stress effects on inter-species competition between the monocotyledon 

Brachyopodium distachyion (B. distachyion) and the dicotyledon A. thaliana 

(Gidman et al., 2003) as well as the metabolic effect of silage inoculates and 

duration on the dynamics of the red clover silage fermentation process were 

highlighted using FT-IR (Johnson et al., 2003; Allwood et al., 2006).  

1.5  MEDICINAL IMPORTANCE OF WILD AND CULTIVATED OLIVE 

Olive tree (Olea europaea L.) is one of the most important fruit tree in 

Mediterranean realms, where they cover eight million hectors, accounting for 

nearly ninty eight percent of the world harvest. This proves the countless financial 

and communal importance of this crop and the potential profits to be resulted from 

employment of any of its by-products (Faiza et al., 2011). Olea europaea is a 

Mediterranean tree where more than ninety five percent of the earth total 

production is localized (Aragon and Palancar, 2001). Besides a range of 

advantageous health effect of extra virgin olive oil, bioactive properties of the 

polyphenol compounds existing in olive fruit and leaves against an extensive 

variety of saprophytic and plant pathogenic fungi, certain species of lactic acid and 

other human and plant disease causing bacteria have broadly been studied by 

numerous authors (Markin, et al., 2003; Ozdemir, 2009; Vagelas et al., 2009). 

Phenolic compounds have been proven very effective against infectious bacteria 

(Aziz et al., 1998; Paster et al., 1988). Oleuropein, has been revealed to prevent 

sporulation of Bacillus cereus (Tassou and Nychas, 1991). Hydroxytyrosol bring 
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about active against clinical human infectious strains of Haemophilus influenzae, 

Moraxella catarrhalis, Salmonella typhi, Vibrio parahaemolyticus and S. aureus 

(Bisignano et al., 1999). In variety of microorganisms the resistance to antibiotics 

is increasing due to wide-spread use of immune suppressing drugs and a rise in 

bacterial contagions accentuate the requirement to discover and develop new 

antimicrobial drugs. In addition to cultivated O. europaea which is a cultivated 

variety, there are numerous other wild olive species. O. cuspidata Wall is one of 

them which are endemic to Pakistan (Lamichhane et al., 2010). Though there are 

many researches on the antimicrobial potential of olive oil and leaves of O. 

europaea but no study existing on those of O. cuspidata. The studies about the 

therapeutic potential, quality of oil, metabolite constituent and antimicrobial 

potential of O. cuspidata (wild olive) was ignored all over the world because it has 

fruit of small size, contain small quantity of extractable oil and samples are 

difficult to collect from their original habitat often inaccessible or remote. The 

present study was first effort to explore the potential of Olea cuspidata and Olea 

europaea to combat ailments and biochemical fingerprinting of both species 

particularly growing in different ecological zones of Azad Jamm and Kashmir.  

1.5.1 Folk Uses of Olea cuspidata Wall. 

The root is a good application for scorpion sting and its aches are useful in 

rheumatism and diseases of brain. In most part of the country the leaves are 

considered as a cure for gonorrhea and gum as a cure for eye diseases. The leaves 

and bark is bitter and astringent and local people used as an antiperiodic in fever 

and debility. Fruit is tonic, emmenagogue, appetizer, useful in biliousness, liver 

complaints, scabies, thirst, burning of eyes, caries of the teeth, toothache. Oil 
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extracted from fruit is medicinally active used as rubefacient.  The oil has a bad  

taste, purgative, tonic, alexiteric, useful in griping, liver troubles, pain in joints, 

rheumatism, lumbago, old wounds. The oil from green fruits is astringent and a 

good tonic for old people. 

1.5.2 Folk Uses of Olea europaea L.  

The bark is bitter and astringent but has great reputation as a substitute of 

cinchona. The oil from pericarp is well known demulcent, emollient and laxative. 

The tree also yields a gum like substance which is considered vulnerary. The 

decoctions of fruit and dried leaves are used orally to treat diarrhea, respiratory and 

urinary tract infections. Fresh Leaves are boiled in water and extract is used orally 

to treat hypertension and induce diuresis. A decoction prepared from fresh or dried 

leaves is used orally to treat hypoglycemia. Leaves extract in water is also used to 

cure high blood pressure, hemorrhoids and tapeworm infestation. Seeds oil used to 

treat and remove gallbladder stones, spasm and dry cough. It also used as 

antipyretic, antirheumatic, anticostipation, to prevent hair loss and to teat 

gastroenteritis in infants.   

1.6 INTRODUCTION OF MICROORGANISMS USED 

1.6.1  Staphylococcus aureus 

Staphylococcus aureus is a gram positive bacterium and grows in large 

round posts at an optimal temperature of 37 °C. However it can grow between 10 

°C to 46 °C. This species is facultative anaerobe, considered the most resistant of 

all non-spore forming pathogens, with strong ability to withstand high salt, 

extremes in pH and high temperature (up to 60 °C for 60 minutes).  
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The most of the toxic product of this species are classified as blood cell 

toxins, intestinal toxins and epithelial toxins. The hemolysin e.g. lyses red blood 

cells by disrupting their membranes. This powerful substance lyses the red blood 

cells of various mammals and damages leukocytes, skeletal muscle, heart and renal 

tissue as well (Talaro and Talaro, 1996). 

1.6.2 Streptococcus pneumoniae 

Streptococcus pneumoniae is gram positive, alpha hemolytic, bile soluble 

aerotolerant, anaerobic member of the genus Streptococcus. A significant human 

pathogenic bacterium, S. pneumoniae was documented as a major reason of 

pneumonia in the late 19th century. 

Despite the name, the organism causes many types of pneumococcal 

infections other than pneumonia, including acute sinusitis, otitis media, meningitis, 

bacteremia, sepsis, osteomyelitis, septic arthritis, endocarditis, peritonitis, 

pericarditis, cellulitis, and brain abscess (Talaro and Talaro, 1996). 

1.6.3 Bacillus subtilis 

 The genus Bacillus includes a large assembly of mostly saprobic bacteria 

widely distributed in the earth’s habitats. B. subtilis can cause lung and blood 

infection in people with weak immunity. It was determined that if small pox virus 

had been used instead of B. subtilis, 300 people in 93 cities would have become 

infected, and that similar exposures at terminals in several other large cities would 

have spread the disease rapidly to thousands of others. It was also shown that this 

contamination procedure could be accomplished without detection (Talaro and 

Talaro, 1996). 
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1.6.4 Escherichia coli 

  Eschericha coli are the dominant anaerobe in the gastrointestinal tract 

(GIT) of human and other mammals. E. coli is isolated from many parts of guts of 

babies that had died of sudden infant death syndrome and suggested that the strains 

present in the feaces signified those originate in other regions of the gut. An 

assessed 90 percent of death in people of 65 years or older occur due to infectious 

disease. E. coli cause approximately 85 percent. Urethrocystitis caused by about 80 

percent of chronic bacteria prostatistis and upto 90 percent of cases of acute 

pyelonephritis. E. coli is responsible for urinary tract infection, sepsis, gastro 

intestinal infection, neonatal meningitis, nosocomial infections (Guentzel, 1995). 

1.6.5  Salmonella typhae 

 The most solemn pathogen in genus Salmonella is S. typhae.  S. typhae are 

motile, they can ferment glucose with acid and sometime gas and most of them 

produce hydrogen sulphide. They can grow readily on most laboratory media and 

can survive outside the host in hospitable environment such as fresh water and 

freezing temperature. These are resistant to most of chemicals and do not lose 

virulence even with extensive artificial cultivation. S. typhae is pivotal cause of 

typhoid fever (Talaro and Talaro, 1996). 

1.6.6 Pseudomonas aeruginosa 

 Pseudamonas aeruginosa is an omnipresent bacterium that can live in soil, 

animals and plants. Pseudamonas aeruginosa is aerobic, motile, rod like gram 

negative bacteria and tolerate the pH as low as 3.6 and can survive in autoclaved or 

sterilized water for 20 days. Pseudamonas aeruginosa can be found occasionally 
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pathogenic for plants and vegetables. It is one of the most common and lethal 

pathogen responsible for ventilator-associated pneumonia in incubated patients 

with directly credited death rates up to 38 percent (Byrd and Colwell, 1991).  

1.6.7 Klebsiella pneumoniae 

Klebsiella pneumoniae is a gram negative bacterium that causes severe 

infections, particularly in hospitalized patients. Klebsiella pneumoniae is the main 

causal agent of variety of diseases in humans and animals. Most disreputable, K. 

pneumoniae primarily responsible for urinary tract, respiratory tract or blood 

infections. Hospitals isolates usually exhibit antibiotic resistance phenotypes and 

these resistant isolates may also spread into the community. Nosocomial infections 

are produced by extremely miscellaneous K. pneumoniae strains that may be 

considered as opportunistic, rather than true pathogens, since they mostly disturb 

incapacitated patients (Brisse et al., 2009). 

1.6.8 Proteus vulgaris 

Proteus vulgaris is a gram negative, rod shaped bacterium with peritrichous 

flagella that belongs to family Enterobacteriaceae, lives in the digestive tracts of 

humans and animals. It also inhibit in soil, water and faecal material. Curiosity in 

Proteus vulgaris is due to clinical viewpoint, as this is a significant human 

pathogen mainly causes urinary tract infections in prolonged hospitalized patients 

(Jimmanos and Belas, 2006). 

1.6.8 Citrobacter freundii 

Citrobacter freundii is a gram negative bacilli commonly present in the 

intestines of human and animals and may also be isolated from variety of 

http://en.wikipedia.org/wiki/Gram_negative
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environmental source. These were considered as harmless flora of human but today 

they are consider as responsible for major health complications all over the world. 

Citrobacter freundii has been isolated mostly as superinfecting agents from urinary 

and respiratory tract infections. Citrobacter septicemia may occur in patients with 

multiple inclining issues. Citrobacter species also cause meningitis, septicemia 

(Guentzel, 1995).  

1.6.9 Aspergillus flavus 

Molds of the genus Aspergillus are possibly the most ubiquitous of all 

fungi. The estimated 600 species are widely disseminated in dust, in air and can be 

isolated from vegetation, food, and composed heaps. Aspergillosis is always an 

opportunistic infection, lately posing a serious threat to AIDS, leukemia, and organ 

transplant patients. It is also involved in allergies. This mold consisting of an 

obvious branching, septate mycelium with characteristic conidial heads in a 

specimen is presumptive evidence of Aspergillosis (Talaro and Talaro, 1996). 

1.6.10 Alternaria alternata 

Alternaria alternata species belong to the division of Deuteromycota are 

wide spread black moulds. This fungus is a common saprophytes present on 

decaying organic material all over the wold. The Alternaria alternata is 

opportunistic plant pathogens. Alternaria alternata affecting cultivated plants in 

the fields, stored fruits and vegetables (Brzonkalik et al., 2011). 

1.6.11 Fusarium moniliform 

Fusarium moniliform produces gibberela ear rot, kernel rot, stalk rot, 

seedling blight, seed rot, wilt and stunt. Fusarium spp., attack more than 50 percent 
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maize grain before fruitage and produce mycotoxins. Fusarium species and their 

toxins are widely distributed all over the world where they occur in soil, on plants, 

plants debris and similar organic subtracts. They cause significant fatalities in 

commercially important crops, disease and death in animals and humans.  It is 

capable of assassination cells by producing broad destruction to cellular membrane. 

F. moniliforum form toxins has declared as carcinogenic to human by the 

International Agency for Research on Cancer (Atef et al., 2010). 

1.6.12 Mauginiella scaettae 

Mauginiella scaettae a plant pathogen is an ascomycete fungus.  The date 

palm inflorescence rot is the major problem worldwide especially in Africa, Middle 

East, Iraq etc. The primary infections by M. scaettae occur during the initial 

periods of floral bud formation and before to the envelope formation of the spathes 

and their inurement (Abdullah et al., 2005).  

1.6.13 Trichothecium roseum 

The Trichothecium form conidia in basipetalous succession due to 

sympodial growth of conidiophore and repeated formation of species. 

Trichothecium roseum, the type species, causes fruit rot of apple, bringal, banana 

etc. The species is also reported to cause destructive blast disease of rice plants. 

The colonies are initially white, later turn pink, hence named roseum. The hypha is 

septate and highly branched. The conidia, disseminated by wind, germinate on 

leaves of plants. The germ tube enters through stomata and establishes the septate, 

much branched mycelium. Conidiophores emerge through stomata and form 

conidia. The fungus also grows on several collateral hosts and is reported to 

perennate in the seeds (Dube, 1996). 

http://en.wikipedia.org/wiki/Ascomycete
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1.6.14 Magnaporthe grisea 

An ascomycete pathogen Magnaporthe grisea is the causative agent of rice 

blast disease, an overwhelming ailment that results in substantial yearly fatalities 

on crop yield, shows unexpected morphogenetic and biochemical speciality to its 

pathogenic way of life (Baker et al., 1997) and whose accomplishment is resulting 

from an extremely effective contagion approach (Talbot, 2003). Briefly, this 

involves the sprouting of the conidium that has landed on the hydrophobic leaf 

surface which forms a balloon-like appressorium on the developing germ tube tip. 

Appressorial formation encompasses the shift of glycogen to glycerol (Thines et 

al., 2000). Movement in water is escorted by surface layers melanisation of the 

appressorial which acts to hold water to generate prodigious turgor pressures and to 

drive a penetration peg in the cell wall of plant (Talbot, 2003). 

1.6.15 Botrytis cinerea  

Pathogenically, Botrytis spp. fall into two groups, the aggregate species 

Botrytis cinerea which attacks a wide range of plants and species morphologically 

distinct from  Botrytis cinerea which are relatively specialized in their parasitism. 

Not all cause discrete leaf spots. Botrytis cinerea also causes rotting of strawberry 

and raspberry fruits grey mold of lettuce and die back of gooseberry. Amongst the 

leaf spot diseases, chocolate spot of broad bean is most interesting. This was once 

attributed to bacteria but is now known to be caused by Botrytis cinerea. In Britain 

the disease appears in a mild form every year but in certain seasons becomes 

epiphytotic and results in substantial crop losses. Two types of the diseases are thus 

distinguished, a non-aggressive form in which the leaf lesions remain small and an 
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aggressive form in which the spots enlarge, coalesce and involve the whole leaf so 

that the plants appear blighted. Epiphytotics of the chocolate spot are associated 

with rainy season. Water is essential for spore germination, infection and factor 

which help to maintain a watery film on the foliage for several days, plus a 

temperature between 15-20 °C provide the optimum conditions for the aggressive 

phase (Wheeler, 1974). 

1.6.17 Saccharomyces cerevisiae 

 Saccharomyces cerevisiae is unicellular fungi that reproduce by buding, 

belongs to division ascomycota and order saccharomycetales. The saccharomyces 

serevisiae is also called killer yeast. Killer yeast strains were first recognized in 

Saccharomyces serevisiae in the early 1960s. This yeast is insensitive to a toxic 

protein they secrete but that is lethal to closely related killer susceptible strains or 

species. A great deal of attention has been concentrated on S. serevisiae because of 

industrial importance. A number of molecular techniques are being applied to 

define the taxa. This effort is important not only for intellectual reasons, but also 

for the protection of proprietary rights (Alexopoulos et al., 2004). 

1.7 AIMS AND OBJECTIVES 

1. To assess the antimicrobial and antioxidant potential of different parts of 

wild and cultivated olive.  

2. To evaluate biochemical characteristic of O. cuspidata and O. europaea as 

a probable bioactive and adaptive trait in different climatic conditions of 

Azad Jammu and Kashmir.  
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Chapter 2 

MATERIALS AND METHODS 

The research work presented in this part was carried out in the Department 

of Botany, University Azad Jammu and Kashmir, Muzaffarabad, Pakistan and 

Institute of Biological, Environmental Rural Sciences (IBERS) Aberystwyth 

University, Wales, UK. 

2.1 COLLECTION OF PLANT MATERIAL 

The leaves and seeds of cultivated (Olea europaea L) while leaves, seeds, 

stem and roots bark of wild olive (Olea cuspidata Wall. Cat.) were collected from 

Goi, District Kotli, Azad Jammu and Kashmir. All parts of wild and cultivated 

olive were dried prudently under shade then homogenized to powdered material 

and stored at 4 °C for further analysis. 

 2.2 MICROORGANISMS USED  

All the microorganisms used i.e. Gram Positive bacteria Staphylococcus 

aureus, Staphylococcus albus, Streptococcus pneumoniae, Bacillus subtilis, 

Bacillus megaterium Gram Negative bacteria Salmonella typhae, Pseudomonas 

aeruginosa,  Klebsiella pneumoniae, Proteus vulgaris, Citrobacter freundii, 

Escherichia coli and fungal strains i.e. Aspergillus flavus,  Alternaria    alternata, 

Fusarium moniliform, Mauginiella scaettae, Trichothecium roseum, Magnaporthe 

grisea, Botrytis cinerea and yeast i.e. saccharomyces cerevisiae were obtained 

from the laboratory stock of the Botany Department, University of Azad Jammu 

and Kashmir and IBERS, Aberystwyth University Wales, UK. 

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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2.3 EXTRACTION OF POTENTIAL BIOACTIVE COMPOUNDS 

Extraction is very important first step in the investigation of medicinal 

plants, because it is necessary to extract the desired chemical components from the 

plant materials for further separation and characterization. Keeping in view the 

crucial nature of chemical compound extraction procedure, for the present study 

the homogenized plant parts, already stored at 4 °C were weighed and laid into 

separate flasks. The 250 grams of each crushed plant portion was macerated 

separately in 400 ml petroleum ether, chloroform, ethanol, and methanol for ten 

days at room temperature (25 ± 2 °C) (Fig. 2.1). The solvent extracted material was 

filtered by using whatmman filter paper in separate sanitized flasks. These extracts 

of plants portions were dried on rotary evaporator at low temperature (60 °C) and 

reduced pressure (Rawlins and Tindal, 1977).  

Figure 2.1: Flow Diagram Showing Solvent Extraction 
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2.4 PREPARATION OF CULTURE MEDIA 

The nutrient agar and potato dextrose agar media as described below were 

used for bacterial and fugal growth respectively. 

2.4.1   Culture Medium for Bacteria 

Nutrient agar (Oxoid, UK) 28 g/l was mixed and dissolved in 1000 ml 

distilled water. The medium was than sterilized in an autoclave at 121 °C for 15 

minutes and pH was adjusted at 7.4.  

2.4.2 Culture Medium for Fungus  

Potato dextrose agar medium was used as culture medium for fungus. The 

potato dextrose agar was mixed and dissolved in distilled water. The solution was 

sterilized in an autoclave at 121 ºC (with 15 lb/sq-inch pressure) for 15 minutes. 

The pH of the medium was maintained at 5.4.  

2.5 DETERMINATION OF ANTIMICROBIAL ACTIVITIES 

In past research on antimicrobial activity of medicinal plants has been 

encountering several problems because of the diversity of the criteria and 

techniques employed for testing. The lipophilic properties of some extracts such as 

oil make it very difficult to use an aqueous media in the study of antimicrobial 

activity. Furthermore, different microorganisms have varying degree of sensitivity 

to different antimicrobial agents (Pelczar and Reid, 1965). Among the several 

methods which were employed in the plant research to determine their 

antimicrobial activities, in-vitro antibactarial screening was performed by disc 

diffusion method (Vander and Vlientnck, 1991; Taylor et al., 1995) whereas 
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antifunal activities were assessed by using the well diffusion method (Perez et al., 

1990). 

2.5.1 Preparation of Inoculum 

A 24 hours old culture of each bacterium and 72 hours old culture of fungus 

was used as an inoculum for the test. The cultures were maintained on the slants. 

The slants of nutrient agar were prepared in test tubes and were streaked with 

bacteria. Each test tube was labelled with the name of bacterium present in it and 

incubated for 24 hours at 37 ºC. Similarly the slants of fungus were prepared in 

potato dextrose agar. The fungus test tube was also labelled and incubated for 72 

hours at 25 ºC by following agar slant culture technique (Salle, 1973). 

2.5.2 Preparation of Extract Dilution 

The dried petroleum ether, chloroform, ethanol, and methanol extracts were 

then dissolved in their respective solvents in a proportion of 10 mg/ml. The 

commercially available reference antibiotic discs used were ciprofloxacin (5 µg) 

and erythrocin (30 µg).  

2.5.3 Preparation of Suspension 

Test tubes were sterilized in an autoclave at 121ºC for 15 minutes. 10ml of 

distilled water was taken in each test tube. Then a loop of bacterium, yeast or fungus 

was inoculated in distilled water in test tube under aseptic condition. 
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2.5.4 Preparation of Plates 

The petri dishes were sterilized in an oven at 200 ºC for 2 hours. The 

sterilized petri dishes were also labeled with the bacterial, yeast and fungal names. 

Each petri dish was marked and inner content was divided into four equal parts. 

The petri dishes were labeled for leaves, seeds, stem bark, roots bark and 

solvent used. 1ml of inoculum was transferred from the test tube into corresponding 

previously labeled petri dishes, with the help of micropipette. The sterilized nutrient 

agar medium when temperature reached between 40 and 45 ºC was poured in the 

petri plates containing bacterial suspension. The potato dextrose agar medium was 

poured in the petri plates containing fungal suspension. All the petri dishes were 

rotated gently to mix the inoculum and media then allowed to solidify at room 

temperature.  

2.5.5 Antibacterial Assay by Disc Diffusion Method 

The standard disc diffusion assay was used to asses antibacterial potential of 

crude extracts as described by Taylor et al. (1995). Test discs were prepared by 

plummeting and soaking sterilized filter paper discs in plants parts extracts. The 

filter paper discs of same size (6 mm diameter) engrossed the same amount of 

extract (10 μl). Solvents paper discs were prepared in same way to use as negative 

control while commercially available antibiotic discs i.e. ciprofloxacin (5 μg) and 

erythrocin (30 μg) were used as positive control. Prepared dried discs were then 

laid flat on growth medium containing 10 μl extract at their labelled position. These 

petri dishes were then incubated upside down at 37 °C for 24 hours. After 

incubation times these petri plates were observed for antibacterial potential of the 
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extracts and standard reference antibiotic discs. The extracts having antibacterial 

activity, inhibited the bacterial growth and clear zones were formed. The zones of 

inhibition were measured in millimeters (Vander and Vlientnck, 1991).  

2.5.6 Antifungal Assay by Well Diffusion Method     

The ethylacetate, acetone, chloroform and methanol extracts of O. cuspidata 

leaves, seeds, stem bark, roots bark while O. europaea leaves and seeds were 

assessed for antifungal activity by using agar well diffusion method as designated 

by Perez et al. (1990). The well was made with sterile cork borer of 6.0 mm 

diameter. The 72 hours old cultures of fungi, grown on potato dextrose agar (PDA) 

medium were used as inoculum. 1 ml of dilution of each fungal strain was 

transferred into labelled petri plate and then molten PDA was poured in it by pour 

plate procedure. The inoculum and PDA was mixed by rotating gently and then 

allowed to solidify at room temperature at aseptic place. After solidification of 

medium, the appropriate wells were made and sealed the bottom of well by adding 5 

µl molten PDA then 10 µl of crude extract laid into these labelled wells. Eight 

different solid-phase fractions, 100 percent H2O and 5, 10, 15, 20, 30, 40 and 100 

percent methanol were also tested in same way that were fractionated form original 

methanol extracts of leaves by using solid phase extraction procedure. The same 

volume (10 µl) of nystatin with concentration 100 mg/ml was used as positive 

control and respective solvent as negative control. The preparative HPLC fraction of 

100 percent H2O, 5 and 100 percent methanol were also used to evaluate the 

antifungal potential of each fraction. All the experiments were carried out in 

triplicates. All these plates were incubated at 25 ºC for 72 hours. After the 
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incubation period, all the plates were examined for the presence of zones of 

inhibition as a possession of antifungal activity. 

2.5.7 Measurement of Zone of Inhibition 

The zone of inhibition was taken by measuring the diameter of the zone in 

millimeters (mm) as shown below and the results were tabulated in tables.  

                                                                                            Petri dish 

      Filter paper disc                                                                          Zone of inhibition 

                               

       (mm) 

 2.6 STATISTICAL ANALYSIS  

All values were expressed as means ± standard error of means (S.E.M). The 

data for each microorganism were analyzed by using one way analysis of variance 

(ANOVA) technique and means were compared by using LSD at 5 percent (0.05) 

probability level (Steel and Torrie, 1980).   

2.7 DETERMINATION OF MINIMUM INHIBITORY CONCENTRATION 

2.7.1 Microorganisms  

Four microorganisms, obtained from the Institute of Biological, 

Environmental and Rural Sciences (IBERS), Aberystwyth University stock, were 

Escherichia coli, Bacillus megaterium, Staphylococcus albus and Saccharomyces 

cerevisiae.  
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2.7.2 Maintenance of Microorganisms 

E. coli, B. megaterium and S. albus were maintained in nutrient broth (Lab 

M, Lancashire, UK) and on nutrient agar medium plates (Lab M, Lancashire, UK), 

both made following standard manufacturers’ procedures. S. cerevisiae was 

maintained in yeast extract peptone glucose (YPD) broth and on YPD agar 

medium. Both were made using 4.0 g yeast extract (Lab M, Lancashire, UK), 8.0g 

bacteriological peptone (Oxoid Ltd., Basingstoke, UK), 8.0 g dextrose (Lab M, 

Lancashire, UK), with solid medium having an addition of 8.0 g agar (Duchefa 

Biochemie, Haarlem, Netherlands), both were made up to 400 ml with distilled 

water. All media was autoclaved at 121 °C for 20 minutes, incubated for 24 hours 

at 30 °C to identify any possible contaminants, and then stored at 4 °C until 

required. Fresh cultures of all microorganisms were made once a week and stored 

at 4 °C until required. All microorganisms were grown at 30 °C for 48 hours, 

except E. coli which was grown at 37 °C for 48 hours. 

2.8 EXTRACTION PROCEDURE 

In order to carried out antimicrobial properties and minimum inhibitory 

concentration of crude extracts of leaves, seeds, stem bark, roots bark of O. 

cuspidata however leaves and seeds of O. europaea, 250 g of each parts were 

macerated in 70 percent methanol in separate flasks, shaken well then kept at room 

temperature for 7 days in closed containers. These flasks were shaken two times 

every day. After maceration the extracts was filtered through filter paper under 

vacuum and concentrated at low temperature and reduced pressure by means of 
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rotary evaporator.  Weighed the dried extracts, form a dilution as 10mg/ml in 

methanol and then kept in refrigerator at 4 °C for further analysis.  

2.8.1 Kinetic Read Analysis of Antimicrobial Properties of Methanol Extracts 

To ascertain the potential antimicrobial properties of methanol extracts 

from Olea europaea and Olea cuspidata, the four microorganisms, with 200 µl of 

their respective culture media, as detailed above were cultured in a Cellstar® tissue 

culture 96 well plate with flat bottom and lid (Greiner Bio-One, Nürtingen, 

Germany) in a BioTek ELx808 microplate reader (BioTek Instruments, Winooski, 

VT), with the kinetic read conditions as in Table 2.1 and sample layout as detailed 

in Table 2.2. The same sample layout was used throughout kinetic read analysis to 

ease data analysis. Three different methanolic extracts, all of 1 mg/ml
-1

 

concentration, at decreasing concentrations (47.619 ng/µl
-1 

to 0.025 ng/µl
-1

) and 

with three in-plate repeats, were analyzed on one plate, with four control conditions 

(Table 2.2). Three experimental runs for each plate layout, using the methanol 

extracts, were completed and results combined in downstream data analysis. The 

four controls conditions used were: media without inoculum to show procedure 

was contaminant free, media with inoculum to show ability of microorganism to 

grow under incubation conditions, ampicillin sodium control (made up to stock 

concentration of 100 mg/ml
-1

 (Melford Laboratories, Ipswich, UK)), for 

antimicrobial property comparison, and HPLC grade methanol (Fisher Scientific, 

Loughborough, UK) to show that antimicrobial effects which may be shown are 

not due to the presence of methanol. 
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Table 2.1: Kinetic read conditions used in Biotek elx808 Microplate Reader 

Microorganism 
Incubation 

Temperature 

Incubation 

Time 
Read Interval 

Shake Prior 

to Read 

Wavelength 

Used 

Escherichia coli 37 °C 48 hours 20 minutes 

Yes 

30 seconds 

610 nm 

Bacillus megaterium 30 °C 48 hours 20 minutes 

Yes 

30 seconds 

610 nm 

Staphylococcus 

albus 
30 °C 72 hours 20 minutes 

Yes 

30 seconds 

610 nm 

Saccharomyces 

cerevisiae 
30 °C 48 hours 20 minutes None 540nm 

 

Table 2.2: Sample layout template for crude methanol extractions 

X 

Extract 1 Extract 2 Methanol Control Control Control Control 

1 2 3 4 5 6 7 8 9 10 11 12 

A 47.619 ng/µl
-1

 47.619 ng/µl
-1

 4.761% v/v  

M
ed

ia w
ith

 in
o

cu
lu

m
 an

d
 am

p
icillin

  

M
ed

ia w
ith

 in
o

cu
lu

m
 o

n
ly

 

M
ed

ia w
ith

 n
o

 ad
d

itio
n

 o
f in

o
cu

lu
m

 

B 24.390 ng/µl
-1

 24.390 ng/µl
-1

 2.439% v/v 

C 4.975 ng/µl
-1

 4.975 ng/µl
-1

 0.498% v/v 

D 2.499 ng/µl
-1

 2.499 ng/µl
-1

 0.250% v/v 

E 0.500 ng/µl
-1

 0.500 ng/µl
-1

 0.050% v/v 

F 0.250 ng/µl
-1

 0.250 ng/µl
-1

 0.025% v/v 

G 0.050 ng/µl
-1

 0.050 ng/µl
-1

 0.005% v/v 

H 0.025 ng/µl
-1

 0.025 ng/µl
-1

 0.002% v/v 

Layout of Preparation of Plate for Microplate Reader. Ampicillin control used starting 

concentration of 100 mg/ml
-1

 which was then added to wells in column at decreasing concentrations, 

halving down the plate, from 4.762 µg/µl
-1 

to 2.500 ng/µl
-1

. 

 

 



135 
 

2.9 PURIFICATION OF CRUDE METHANOL EXTRACTS USING SOLID  

PHASE EXTRACTION PROCEDURE 

In order to determine the antimicrobial properties, minimum inhibitory 

concentration and HPLC analysis of methanol extracts of leaves of O. cuspidata 

and O. europaea, dried, weighed and then solid phase extraction was carried by 

Sep-Pak® Vac RC (500mg) C18 cartridges using vacuum manifold. Solutions used 

for solid phase extraction were 100 percent H2O (5 percent solution of acetic acid 

by adding 25 ml of acetic acid in 475 ml H2O and made final volume upto 500 ml), 

5 percent, 10 percent, 15 percent, 20 percent,  25 percent, 30 percent,  35 percent, 

40 percent and 100 percent methanol. First of all washed and activate C18-column 

with 5 ml of 100 percent MeOH then the column was washed twice with 10 ml of 

de-ionized water (18Ω). Loaded sample (500 mg maximum) and added 100 percent 

H2O slowly on cartridge. This process was repeated five time and fraction were 

collected in test tube then added 5 percent methanol solution and fraction were 

collected in separate test tube in the same way. The same procedure was used for 

separation of all fractions. In the meantime, wash C18-column with 10 ml of 100 

percent MeOH 3-4 times to clean column for re-use. In this way 100 percent H2O, 

5, 10, 15, 20, 25, 30, 35, 40 and 100 percent methanol fractions were separated and 

stored at 4 °C for further studies.  

2.9.1 Kinetic Read Analysis of Antimicrobial potentail of Solid Phase Extracts 

As for crude methanol extracts, solid-phase extractions were analyzed for 

antimicrobial properties using the same procedure sample layout as detailed in 

Table 2.3. Eight different solid-phase extractions, 100 percent H2O and 5, 10, 15, 

20, 30, 40 and 100 percent methanol were used for each of the original methanol 



136 
 

extractions from raw material. Solid-phase extractions for three crude methanol 

extractions were run, in triplicate for each extraction, on one plate, with the 

addition of the same controls as for crude extractions, minus the addition of 

methanol to the growth medium. The solid-phase fractions were added to 200 µl of 

growth medium in each well to give a final concentration of 4.761 percent v/v 

(Table 2.3). 

Table 2.3: Sample layout template for solid-phase extractions 

X 
Extract 1 Extract 2 Extract 3 Control Control Control 

1 2 3 4 5 6 7 8 9 10 11 12 

A   100% H2O      100% H2O     100% H2O M
ed

ia w
ith

 in
o

cu
lu

m
 an

d
 am

p
icillin

  

M
ed

ia w
ith

 in
o

cu
lu

m
 o

n
ly

 

M
ed

ia w
ith

 n
o

 ad
d

itio
n

 o
f in

o
cu

lu
m

 

B 5% Methanol 5% Methanol 5% Methanol 

C 10% Methanol 10% Methanol 10% Methanol 

D 15% Methanol 15% Methanol 15% Methanol 

E 20% Methanol 20% Methanol 20% Methanol 

F 30% Methanol 30% Methanol 30% Methanol 

G 40% Methanol 40% Methanol 40% Methanol 

H 100% Methanol 100% Methanol 100% Methanol 

Layout of Preparation of Plate for Microplate Reader. Ampicillin control was as detailed in 

Table 2.2. Solid-phase extracts were added to media in equal volumes (final concentration 4.761% 

v/v) for all extractions and fractions. 

 

2.10 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

Methanol extracts were fractionated by using solid phase C18 reversible 

column. The 10 μl of each concentrated fraction was run on HPLC-PDA system. 

The instrument was equipped with Nova-pak®C18 4μm 8x100 mm Radial-Pak
TM

 

cartridge. Samples were run in a 0 to 100 percent MeOH gradient in 60 minutes 

using 5 percent acetic acid as solvent A and 100 percent MeOH as solvent B using 
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2.0 ml/min flow rate. Running solvents were de-gassed with helium before the start 

of run. Next injection delay was 5 minutes and column was washed with 100 

percent MeOH between each run. PDA spectra of 100 percent H2O and 5, 10, 15, 

20, 30, 40 and 100 percent methanol fractions were acquired from 240-400 nm UV 

range and spectra results were saved at 280 nm and 340 nm wavelength.  

2.10.1 Separation of Active Fractions Using Preparative HPLC 

The separation of different regions of active fractions of 100 percent H2O, 5 

and 100 percent methanol through preparative HPLC. Fraction were separated 

using solid phase extracts by following the procedure below and 200 μl of each 

concentrated sample was run on waters HPLC-PDA system. The instrument was 

equipped with ACE 10 C18 4μm 250 x 21.2 mm Radial-Pak
TM

 cartridges. Samples 

were run in a 0 to 100 percent acetonitrile gradient in 60 minutes using 100 percent 

water as solvent A and 100 percent Acetonitrile as solvent B by adjusting 10.0 ml 

/min flow rate. Running solvents were de-gassed with helium before the start of 

run. Next injection delay was 5 minutes and column was washed with 100 percent 

acetonitrile between each run. PDA spectra of 100 percent H2O and 5 percent 

methanol samples were fractionated as 0-10min, 11-20 minutes, 21-30minutes, 31-

40minutes, and 41-50minutes and 100 percent methanol fraction was collected as 

0-10minutes, 11-20minutes, 21-30minutes, 31-40minutes, and 41-50minutes and 

51-60minutes acquired from 240-400 nm UV range and spectra results were saved 

at 280 nm and 340 nm wavelength.  
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2.10.2 Kinetic Read Analysis of Antimicrobial Properties of Preparative 

HPLC Fractions 

As for crude methanol extracts and solid-phase extractions, preparative 

HPLC fractions were also analyzed for antimicrobial properties using the same 

procedure. Eight preparative HPLC Fractions, 100 percent H2O, 5 and 100 percent 

methanol were used for each of the original methanol extractions from raw 

material. Preparative HPLC fractions from three solid phase extractions were run, 

with three in-plate repeats, along with same controls as for solid phase extractions, 

minus the addition of methanol to the growth medium. The eight different 

preparative HPLC fractions (10 µl) were added to 200 µl of growth medium in 

each well with the kinetic read conditions as in Table 2.1 and sample layout as 

detailed in Table 2.4. 

Table 2.4: Sample layout template for preparative HPLC fractions 

X 

100% H2O 5% Methanol 100% Methanol Control Control Control 

1 2 3 4 5 6 7 8 9 10 11 12 

A 0-10mints  0-10mints  0-10mints  M
ed

ia w
ith

 in
o

cu
lu

m
 an

d
 am

p
icillin

  

M
ed
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ith
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o
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n
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ia w
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o

 ad
d
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n

 o
f in

o
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m

 

B 11-20mints 11-20mints 11-20mints 

C 21-30mints 21-30mints 21-30mints 

D 31-40mints 31-40mints 31-40mints 

E 41-50mints 41-50mints 41-50mints 

F 41-50mints 41-50mints 51-60mints 

G 41-50mints 41-50mints 51-60mints 

H 41-50mints 41-50mints 51-60mints 

Layout of Preparation of Plate for Microplate Reader. Ampicillin control was as detailed in 

Table 2.2. Preparative HPLC fractions were added to media in equal volumes (10µl) for all 

extractions and fractions. 
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2.11 DATA EXTRACTION, CORRECTION AND ANALYSIS FOR 

GROWTH CURVE PRODUCTION 

Kinetic reader data was exported from the Gen5® software package 

(BioTek Instruments, Winooski, VT) as a tab-delimited file and imported into 

Microsoft® Excel™. To calculate changes in optical density over the kinetic read 

period, the raw data was corrected to a base line, the first reading taken for each of 

the 96 wells. This base line was subtracted from all subsequent optical density 

reads so as to remove bias that may be introduced through the colour of the crude 

methanol extract. To allow for log transformation of the raw data, all data points, 

after base line correction, were added to 10. The Log10 value for each data point 

was then calculated and where relevant, the average of the three in-plate repeats 

were taken and used to produce growth curve graphs. After all three repeats of the 

kinetic read analysis were completed, the data analysis for each repeat was 

combined to produce when growth curve graph with the averages of each repeat. 

2.12. DETERMINATION OF ANTIOXIDANT ACTIVITY 

The assay of Amarowicz et al. (2004) was used to evaluate free radical 

scavenging activity of extracts of different parts of O. cuspidata and O. europaea 

by using DPPH (2,2-diphenyl-1-picrylhydrazyl, Sigma, Aldrich UK). When 

antioxidants donated hydrogen the DPPH solution fades colour which is initially 

violet. A stoke solution 0.12 mg/ml of DPPH was prepared in methanol. The 

extract, methanol and DPPH solution was added into cuvette, mixed well then kept 

at room temperature for 30 minutes. The colour of solution changed during 

incubation period at room temperature, the absorbance was read against blank at 
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517 nm and DPPH free radical scavenging activity is measured by using UV 

visible spectrophotometer (Ultrospec 4000, Pharmacia-LKB). Different 

concentration of extracts i.e. 10 µl, 7.5 µl, 5 µl, 2.5 µl and 1 µl were used to 

determine their antioxidant activity. Ascorbic acid was used as control.  All 

samples were evaluated in triplicate. The percentage scavenging of extracts were 

calculated by following equation. 

 

Where Ablank is the absorbance of the control reaction (containing all reagents 

except the test compound) and Bextract is the absorbance of the test compound. 

Extract concentration providing 50 percent inhibition (IC50) was calculated from 

the graph of inhibition percentage against extract concentration.  

2.13 DETERMINATION OF TOTAL PHENOLICS 

The method of Singleton and Rossi (1965) by using Folin–Ciocalteu 

reagent was used for the determination of total phenolic contents of 23 samples of 

O. cuspidata and O. europaea leaves selected on basis of geography. Solution of 

Folin–Ciocalteu reagent was prepared as 1:7 parts in water. Prepared stoke solution 

of 20 percent sodium carbonate as buffer A. Stoke solution of gallic acid was 

prepared by taking 8.5 mg of garlic acid in 1ml of methanol then dilute it as 100 µl 

of garlic acid solution in 900 µl of methanol which was used as standard.   The 

dilutions of 24 samples were made as 1 mg/ml in methanol. 2.5 µl of extract was 

taken in 1 cm path length cuvette then added 250 ml of Folin reagent and 750 µl of 

sodium carbonate, mixed well by vortex and allowed to stand at room temperature 
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for 30 minutes. After incubation period, the absorbance was read at 750 nm by 

using UV visible spectrophotometer (Ultrospec 4000, Pharmacia-LKB). The total 

phenolic content in the extract was expressed as gallic acid equivalents 

(pmolGA/µg), using a calibration curve of a freshly prepared gallic acid solution.   

2.14 DETERMINATION OF TOTAL FLAVONOIDS 

The colorimetric assay (Zhishen et al., 1999) was used to measure the total 

flavonoids of the methanolic extracts of 23 samples of O. cuspidata and O. 

europaea leaves selected on basis of geography.  5 percent solution of sodium 

nitrite was prepared by adding 1.25 g of NaNO2 in 25 ml water, 10 percent 

aluminium chloride (AlCl3) solution by dissolving 2.5g of AlCl3 in 25 ml of water 

and 1 M solution of NaOH. Rutin stock solution was prepared by dissolving 0.1 mg 

of rutin in 1ml of water (0.1 mg/ml). Rutin was used as standard. The 

concentrations of rutin stock solution i.e. 200 µl, 300 µl, 400 µl, 500 µl, 600 µl and 

700 µl were used to get celebration curve. The concentration of samples was 10 µl, 

used to calculate the total flavonoid content. The 10 µl sample dilutes in 800 µl of 

water in 1.5 cm path length cuvette and then at 0 times 60 µl of 5 percent NaNO2 

was added and left it for 5 minutes at room temperature. At 5 minutes 60 µl of 10 

percent AlCl3 was added and at 6 minutes 400 µl of 1 M NaOH was added into this 

mixture. All ingredients were mixed well and then allowed this mixture to stand for 

20 minutes at room temperature in dark. After incubation time the absorbance was 

measured at 510 nm by using UV/visible spectrophotometer (Ultrospec 4000, 

Pharmacia-LKB) and the total flavonoids content in the extract was expressed in 

rutine equivalents (µg rutin/µg), using a calibration curve of a freshly prepared 

rutin solution.  
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2.15 DETERMINATION OF TOTAL FLAVONOLS 

The total flavonols content was evaluated by using the method of 

Miliauskas et al., (2004). The myricetin calibration curve was prepared by using 

0.5, 0.4, 0.3, 0.2, 0.1 mg/ml concentrations of myricetin methanolic solution with 

300 µl of (2 g/100 ml) aluminium chloride (AlCl3) solution and 900 µl of (8.3 

g/100 ml) sodium acetate solution, made a final volume of 1.5 ml in 1.5 cm path 

length cuvette and then allowed this mixture to stand for 2 hours at room 

temperature. After incubation time the absorbance was measured at 440 nm by 

using UV/visible spectrophotometer (Ultrospec 4000, Pharmacia-LKB). The same 

procedure was carried out with 30 µl of plant extract instead of myricetin solution. 

All fortitudes were carried out in triplicate. The total content of flavonols, as 

myricetin equivalents (mg myricetin/mg) was calculated by using formula,  

X = (C V)/m 

Where X flavonols content (mg myricetin/mg), C the concentration of 

myricetin solution (mg/ml), established from the calibration curve, V and m, the 

volume and the mass of plant extract in (ml) and (mg) respectively. 

2.16 METABOLITE FINGERPRINTING  

Metabolomics analysis by using FT-IR is a simple, quick, and inexpensive 

procedure that gives a quick answer to the various types of phytochemicals in a 

mixture. After obtaining the crude extract from plant material, phytochemical 

screening can be performed with the appropriate approach i.e. Fourier-

transformable infrared spectroscopy, to get an idea regarding the type of 

phytochemicals existing in the extract or detect the variation among these 
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secondary metabolites in plant growing in different climatic conditions. A total 

eighty samples of O. cuspidata and O. europaea leaves collected from twenty 

localities of Azad Jammu and Kashmir and characterized by using Fourier-

transformable infrared spectroscopy approaches as described by Allwood et al. 

(2006) and Gidman et al. (2003). Leaf samples of wild and cultivated olive were 

collected from young shoots of the tree canopy, placed individually in re-sealable 

plastic bag, labeled properly and then transported carefully to UK for further 

analysis. The leaves samples were kept in refrigerator at -80 °C until required.  

2.16.1 Preparation of Material for FT-IR 

The samples of O. cuspidata and O. europaea leaves were selected on the 

basis of geography for FT-IR spectroscopic analysis. Two leaves of each sample 

were pooled into 2ml microcentrifuge tubes, each containing a one stainless steel 

ballbaring (acetone cleaned). Samples were homogenised using a ball mill at a 

beating frequency of 30 Hz for 30 seconds, under liquid N2 chilled conditions. 

After homogenisation of samples, 1 ml of distilled H2O was added to each sample 

and stored at 0 °C for overnight for extraction. The similar procedure was used to 

prepare ethylacetate extracts of the samples for FT-IR analysis.   

2.16.2 FT-IR Plate Preparation 

FT-IR spectra were obtained using the Bruker Vertex 70 (Bruker Optics 

Ltd, Banner Lane, Coventry, UK). The Vertex 70 FT-IR instrument used 96 well 

re-usable silicon sample carrier plates. The plate was pre-cleaned before use, the 

silicon plates were cleaned in warm 0.5 percent SDS, rinsed with dH2O, soaked 

overnight in 4-5 M nitric acid, rinsed again with dH2O and air dried. 5 µl of each 
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sample was liquated onto a single FT-IR plate in order to generate machine 

replicates. Samples were plated in sequence across a plate, permitting possible 

variations within samples to be taken into account during analysis. A spare well, 

known as the reference well, was used for aligning the plate correctly within the 

FT-IR equipment. The loaded sample plates were oven dried at 50 °C for 30 mints 

(Sanyo Gallenkamp plc., Loughborough, UK) in order to remove extraneous 

moisture prior to FT-IR analysis. Prepared plates were allowed to cool and then 

inserted onto the motorized stage of the diffuse reflectance absorbance scanning 

accessory connected to the FT-IR spectrometer, with the reference well in a 

locatable position. Samples were analyzed immediately in order to minimize CO2 

and H2O vapour interference peaks in the mid-infrared region of the collected 

spectra, the sampling compartments and microscope stage were removed with dry 

CO2-free air produced by a Peak Scientific compressor (Peak Scientific (UK) Ltd, 

Paisley, UK). In addition, the Vertex 70 had a desiccant within the High-

throughput Stage (HTS) module to reduce water interference, which was checked 

on a regular basis before every run.  

2.16.3 FT-IR Protocol for Absorbance  

  The FT-IR mid-infrared spectrometer instrument employed (Bruker Vertex 

70 Bruker Optics Ltd, Banner Lane, Coventry, UK) comprised an IR radiation 

source, a Michelson interferometer, a diffuse reflectance absorbance scanning 

accessory equipped with a mercury-cadmium telluride (MCT) detector, and a 

sampling compartment fitted with a horizontal attenuated total reflectance (HATR) 

sampling accessory equipped with a deuterated triglycine sulphate (DTGS) 

detector. The MCT detector was used for reflectance IR measurements of opaque 
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samples (i.e. plant material) as described by Gidman et al., (2003). This is a 

sensitive applications photoconductive detector which has to be operated at liquid 

nitrogen temperatures, to reduce noise.  

  Windows XP computer was used for instrument control, Fourier 

transformation and data achievement, using OPUS version 2.1 (provided by 

Bruker). For reflectance measurements of opaque samples, the MCT detector was 

used which was cooled with liquid N2 prior to use and calibrated using a HTS Ratio 

Test with a calibration plate.  

  Within OPUS 2.1, before any experimental file was set-up, the optics 

diagnostics were checked, the signal was then checked and the amplitude was 

checked ensuring it was greater than 10,000 counts. Next, the experimental file was 

created with a resolution of 4cm
-1

 and a sample scan time of 80 scans (each 

spectrum would therefore be these scans co-added together), permitting collection 

of 1763 data points over a wave number range of 4000 cm
-1

 to 600 cm
-1

. Opuslab 

was then opened and used in conjunction with OPUS 2.1 as a user-friendly 

platform to run the experimental file and to collect the spectra. Either way, the IR 

signal was amplified and converted to a digitized format by an analogue to digital 

converter (ADC) before being transferred to the computer for fast Fourier 

transformation yielding a wave number dependent IR spectrum (Stuart, 1997). The 

resultant IR spectrum was saved as single channel and a blank plate was run prior 

to the addition of samples in order to obtain blank well spectral backgrounds to act 

as a base line for analysis.  
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Data analysis first involved spectral data files being converted into 

American Standard Code for Information Interchange (ASCII) text format and the 

resultant data files were then loaded into MATLAB version 6.5 (The MathWorks, 

Inc., Natick, MA) and Pychem software where the bulk of analysis took place. In-

house algorithms were used to convert the resultant reflectance and transmission 

spectra into absorbance fingerprints. The sample absorbance spectrum was 

calculated from the ratio of IS/IR, where IS was the intensity of the IR beam after it 

has been absorbed by the sample and IR was the intensity of the IR beam from the 

reference. The absorbance spectrum was therefore calculated as -log10 (IS./IR) 

(Stuart, 1997).  

2.16.4 FT-IR Spectral Processing 

All spectra were visibly examined for the presence of interfering CO2 peaks  

which are found in the wave number regions 2400-2275 cm
-1

 and 680-660 cm
-1

,
 
if 

the FT-IR spectrometer has been inadequately purged with dry air (Griffiths and de 

Haseth, 1986). If CO2 peaks were found to be present, these were then removed 

and the CO2 peak areas replaced with a smooth trend using an in-house code, 

developed and written for the Matlab software. To minimize problems arising from 

unavoidable baseline shifts, the spectra were normalized to total ion count 

(Timmins et al., 1998).  

2.17 FT-IR DATA ANALYSIS 

               Principal component analysis (PCA) was used as an initial transformation 

step to reduce the dimensionality before the supervised technique of discriminant 

function analysis (DFA). Principal component analysis (PCA) was used as an 
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initial transformation step to reduce the dimensionality before the supervised 

technique of discriminant function analysis (DFA). PCA was conducted according 

to the NIPALS algorithm. This technique can be visualized as the projection of an 

(“X”) matrix constructed from a set of (N) spectra with a given mass range (p) onto 

multi-dimensional space, forming a scatter plot of points falling within an oval 

cloud. PCA determines the line which passes through the longest axis of this cloud 

(the line that describes the most variance) and uses this as the first PC (Dytham, 

1999). A line perpendicular to this first axis generates a second PC and this 

continues within the multidimensional space, with one dimension for each of the 

variables and with each PC being formed by linear combinations of original 

variables (known as PC loadings; Dytham, 1999). As a result, PCA synthesizes the 

mass of correlated variables into a set of uncorrelated compound axes, which are 

used in the projection of the X matrix and which are arranged in decreasing order 

of importance with respect to the percentage of total variability accounted (Manly, 

1994; Dytham, 1999). PCA models are this both linear and additive, since as more 

PCs are applied, more of the variance within the data set can be explained. Plotting 

the data defined by the first few largest PCs, in 2D or 3D plots, provided a rapid 

way of visualizing clustering of samples, indicating similarities, or discrimination. 

Any clustering observed using PCA indicates that the original experimental 

parameters are the sources of maximal variation.  

             DFA required a priori knowledge of the experimental class structure and 

aimed to maximize between group variance whilst minimizing within group 

variance (the Fisher ratio, Manly, 1994). A distance matrix was constructed by 

calculating the distance between the means of a priori groups of samples and 
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involved calculating a series of derived axes or discriminant functions (DFs). The 

calculation used was the Mahalanobis distance, taking into account correlations 

between variables aiming to maximize the Fisher ratio. The first discriminant 

function represented the largest proportion of this distance on a single axis; with 

subsequent axes representing decreasing proportions of the remaining differences. 

Therefore, the greater the distance between groups (in 2D or 3D plots) the more 

dissimilar those groups were to each other, with the inverse being that the closer 

the groups then the more similar they were to each other. If clustering was seen 

along a particular PC-DF, loading vector plots were constructed by plotting the PC-

DFA loadings matrix against the variables, to identify the variables contributing 

most to the variance. All calculations were performed in MATLAB version 6.5 

(The MathWorks Inc.) and PyChem 3.0.5g Beta. 
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Chapter 3 

RESULTS AND DISCUSSION 

3.1 ANTIMICROBIAL ACTIVITIES 

Fruits and oil from cultivated olive trees were broadly used in diet and 

drugs. The information about chemical constituents with medicinal possessions has 

been conformed from the widely available fruits, leaves, and oil of O. europaea. It 

has been revealed through the investigation that the wellbeing effects of olive oil 

such as postponement of aging must be credited to all its metabolite constituents 

and not to a single compound. They act through the decrease of the risk factor 

important to high blood pressure, numerous types of cancer, to the alteration of 

immunity and inflammatory (Colomer et al. 2007). Leaves of olive have been used 

for the treatment of wounds, fever, diabetes, gout, arterioscleroses, and 

hypertension since ancient times (Janicke et al., 2008). Olive leaf extract has 

conferred as useful for lowering blood pressure  in humans (Perrinjaquet et al., 

2008) but recently, it has been revealed that leaf  extracts of  O. europaea   have 

the predictable antimicrobial activity (Pereira et al., 2007). The studies about the 

therapeutic potential, quality of oil, metabolite constituent and antimicrobial 

potential of O. cuspidata (wild olive) was ignored all over the world because it has 

fruit of small size, contain small quantity of extractable oil and samples are 

difficult to collect from their original habitat often inaccessible or remote.  

The present study was designated to explore the potential of O. cuspidata 

besides O. europaea to combat ailments and biochemical fingerprinting of both 

species particularly growing in different ecological zones of Azad Jammu and 

Kashmir.  
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The antibacterial activity of O. europaea L. leaves and O. cuspidata Wall. 

leaves, roots bark, stem bark and seeds were evaluated by using disc diffusion 

method as described by Taylor et al., 1995, against gram positive bacteria i.e. 

Staphylococcus aureus, Streptococcus pneumoniae, Bacillus subtilis, gram 

negative bacteria i.e. Salmonella typhi, Pseudomonas aeruginosa,  Klebsiella 

pneumoniae, Proteus vulgaris, Citrobacter freundii, Streptococcus pneumoniae 

and antifungal activity by well diffusion method as designated by Perez et al., 1990  

against Aspergillus flavus,  Alternaria    alternata, Fusarium moniliform, 

Mauginiella scaettae, Trichothecium roseum, Magnaporthe grisea, Botrytis 

cinerea and yeast i.e. saccharomyces cerevisiae. 

The antimicrobial possessions of organic solvent extracts of investigated 

parts of O. europaea and O. cuspidata were tabulated in tables and also graphical 

representations of results shown in figures. The ethanol and methanol extracts of O. 

europaea leaves and leaves, roots barks, stem bark and seeds of O. cuspidata were 

exhibiti4ng appreciable activity against all bacteria tested while other extracts 

showed activity against some bacteria tested. The ethanol extract of O. europaea 

leaves exhibited high activity against B. subtilis and S. typhi i.e. 26.33 mm and 

moderate against K. pneumoniae i.e.16.50 mm. The antibacterial potential was 

conferred against S. aureus, P. aeruginosa, P. vulgaris, C. freundii and S. 

pneumoniae with mean zones of inhibition were 21.50 mm, 22.50 mm, 25.50 mm, 

24.16 mm and 23.83 mm respectively. The methanol extract activity was observed 

high against S. aureus (26.33 mm) and S. typhi (26.33 mm) and low against K. 

pneumoniae (15.16 mm) while moderate against B. subtilis (20.33 mm), P. 

aeruginosa (24.33 mm), P. vulgaris (21.50 mm) C. freundii (20.50) and S. 

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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pneumoniae (23.33 mm) (Table 3.1). The methanol extract also showing some 

activity against Mauginiella scaettae (8.7 mm) and Magnaporthe grisea (14.3 

mm), while all other fungi i.e.  Aspergillus flavus, Alternaria alternata, Fusarium 

moniliform, Trichothecium roseum, Saccharomyces cerevisiae and Botrytis cinerea 

were resistant to this extract (Table. 3.11 and Fig. 3.6E). Chloroform extract of O. 

europaea leaves exhibited activity against P. vulgaris (11.50 mm) and C. freundii 

(13.50 mm) while other tested bacteria were observed resistant to this extract. The 

petroleum ether extract showed no activity against any of the bacteria tested (Table 

3.1).  

 The antibacterial properties of O. cuspidata leaves were shown in Table, 

3.3, 3.4 and Figure, 3.2 while results deliberated against fungal strains were 

tabulated in Table 3.11 and graphical presentation of results were recorded in 

Figure 3.6E. The petroleum ether extract of leaves presented some activity against 

S. typhi (13.33 mm) and P. aeruginosa (9.33 mm) while all other microorganisms 

were resistant. Chloroform extract of O. cuspidata leaves obtained potential against 

S. typhi (8.16 mm), P. aeruginosa (10.50 mm), P. vulgaris (10.50 mm) and C. 

freundii (12.33 mm) while significant activities of ethanol and methanol extracts 

were observed against B. subtilis, S. aureus, S. typhi, P. aeruginosa, K. 

pneumoniae, P. vulgaris, C. freundii and S. pneumoniae. The mean diameter of 

zones of  inhibition of ethanol extract was 22.50 mm, 21.33 mm, 24.16 mm, 15.33 

mm, 15.50 mm, 24.16 mm, 24.50 mm, 24.50 mm and of methanol extract was 

20.33 mm, 19.16 mm, 19.33 mm, 10.33 mm, 16.33 mm, 21.33 mm, 20.33 mm and 

20.16 mm respectively. The methanol extract of O. cuspidata leaves revealed 

significant activity against Alternaria alternata (10. 70 mm), Mauginiella scaettae 

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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(24.70 mm) and Magnaporthe grisea (27.70 mm) while no activity was observed 

against other strains of fungi tested.  

 The maximum antibacterial activity of ethanol and methanol extracts of O. 

cuspidata roots bark was detected against C. freundii i.e. 30.50 mm and 29.50 mm 

respectively while minimum activity of ethanol extract against B. subtilis (15.16), 

S. typhi (16.50 mm),  P. aeruginosa (18.60 mm), P. vulgaris (15.50 mm) and 

methanol extract against B. subtilis (18.16 mm) and P. vulgaris (18.16 mm). These 

extracts showed moderate effect against all other verified bacteria (Table 3.5). The 

chloroform extract of roots bark exhibited some potential against P. aeruginosa, K. 

pneumoniae, P. vulgaris, C. freundii and S. pneumoniae that were 15.50 mm, 12.33 

mm, 10.16 mm, 12.16 mm and 10.66 mm respectively. The petroleum ether extract 

had no outcome against all bacteria used. The methanol extract of roots bark was 

proven to be effective only against Magnaporthe grisea (18.30 mm) while all other 

fungi were resilient to this extract (Table 3.11, Fig. 3.6A). 

 The antibacterial prospective of stem bark of O. cuspidata were recorded as 

moderate against all verified bacteria (Table 3.7). The mean zones of inhibitions 

(mm) shown by ethanol and methanol extracts were 18.16, 20.33, 17.33, 18.33, 

16.50, 15.33, 20.50, 18.16 and 20.33, 22.50, 19.16, 20.16, 19.50, 22.16 and 20.33 

against B. subtilis, S. aureus, S. typhi, P. aeruginosa, K. pneumoniae, P. vulgaris, 

C. freundii and S. pneumoniae respectively. The methanol extract exhibited 

affective against Magnaporthe grisea (16.30 mm) whereas all other fungi verified 

were unaffected by the extract (Table. 3.11, Fig. 3.6A). Chloroform extract 

revealed some potential against S. typhi, P. aeruginosa, K. pneumoniae, P. 

vulgaris, C. freundii and S. pneumoniae with mean zones of inhibition, 10.50 mm, 
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15.16 mm, 14.00 mm, 12.16 mm, 14.50 mm and 12. 50 mm respectively while 

petroleum ether extract exposed no affect against any of microorganism tested. 

 The O. cuspidata seeds extracts showed significant activity against all 

bacterial strains used except petroleum ether extract which was proven ineffective 

against tested microorganisms (Table 3.9). The C. freundii was more sensitive to 

ethanol and methanol fractions with mean zone of inhibition i.e. 30.50 mm and 

30.16 mm respectively.   The zones of inhibition produced by ethanol and methanol 

extract against B. subtilis, S. aureus, S. typhi, P. aeruginosa, K. pneumoniae, P. 

vulgaris and S. pneumoniae were 14.16 mm, 15.16 mm, 16.50 mm, 20.50 mm, 

18,16 mm, 18.50 mm, 20.50 mm and 18.50 mm, 20.33 mm, 18.16 mm, 22.16 mm, 

20.50 mm, 22.16 mm and 23.16 mm respectively. Chloroform fraction revealed 

moderate affect against B. subtilis (10.33 mm), S. aureus (10.50 mm) S. typhi 

(12.16 mm) P. aeruginosa (15.16 mm) K. pneumoniae (13.50 mm), P. vulgaris 

(14.16 mm), C. freundii (15,16 mm) and S. pneumoniae (15.33 mm) (Fig.3.5). 

 The ethylacetate crude extracts of O. europaea leaves, seeds and O. 

cuspidata leaves, roots bark, stem barks and seeds were also tested against fungi 

which conferred variable results against these pathogens. The O. europaea leaves 

revealed some activity with zones of inhibition, 14.30 mm and 11.30 mm against 

Fusarium moniliform and Magnaporthe grisea whereas O. cuspidata leaves 

showed zones of inhibition against Alternaria alternata (11.30 mm), Mauginiella 

scaettae (9.3mm) and Magnaporthe grisea (14.0 mm). The O. europaea seeds 

extracts was observed affective against Aspergillus flavus (10.0 mm), Alternaria 

alternata (20.7 mm), Mauginiella scaettae (19.70 mm), Trichothecium roseum 

(15.7 mm), Magnaporthe grisea (25.7 mm) and Botrytis cinerea (19.30 mm) 
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whereas O. cuspidata seeds exhibited potential against Aspergillus flavus (15.7 

mm),  Alternaria alternata (24.3 mm),  Fusarium moniliform (24.3 mm),  

Mauginiella scaettae (30.7 mm),  Trichothecium roseum (19.3 mm),  

Saccharomyces cerevisiae (15 mm), Magnaporthe grisea (35.7 mm) and Botrytis 

cinerea (25.3 mm). The ethylacetate crude extracts of O. cuspidata leaves and 

seeds were proved to be highly effective against these pathogens as compared to O. 

europaea extracts of the same parts which revealing less activity only against some 

fungal strains (Table 3.11, Fig. 3.1.6B). The antifungal activity of ethylacetate 

extracts of roots bark and stem barks of O. cuspidata were exposed with mean 

zones of inhibition against Magnaporthe grisea i.e. 17.7 mm and 14 mm 

respectively. Stem bark extract also showed activity against Mauginiella scaettae 

(10.7 mm).  

The acetone crude extracts of O. europaea leaves, seeds and O. cuspidata 

leaves, roots bark, stem barks and seeds were also verified against fungi which 

were active against some strains. The O. europaea leaves revealed some activity 

with zones of inhibition, 11.30 mm against Magnaporthe grisea whereas O. 

cuspidata leaves showed zones of inhibition against Alternaria alternata (10 mm) 

and Magnaporthe grisea (17.7 mm). The O. europaea seeds extracts was observed 

inactive against all pathogens tested whereas O. cuspidata seeds exhibited potential 

against Aspergillus flavus (12.7 mm), Alternaria alternata (15.7 mm), Mauginiella 

scaettae  (14.3 mm), Saccharomyces cerevisiae (10.3 mm), Magnaporthe grisea 

(13.3 mm) (Table 3.11, Fig. 3.6C). These results are comparable with results of 

nystatin used as control except Mauginiella scaettae and Magnaporthe grisea 

which were resistant to this antibiotic but susceptible to the cure extracts used. 

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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Table 3.1: Antimicrobial activity of Olea europaea leaves 

Concentration of crud extracts 10mg/ml, Erythrocin 30µg and Ciprofloxacin 5µg 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00±0.00 0.00±0.00 26.33±0.57 20.33±0.57 30.33±0.57 24.33±0.57 

2 S. aureus 0.00±0.00 0.00±0.00 21.50±0.86 26.33±0.57 28.17±0.28 24.33±0.57 

3 S. typhi 0.00±0.00 0.00±0.00 26.33±0.57 26.33±0.57 30.16±0.28 25.33±0.57 

4 P. aeruginosa 0.00±0.00 0.00±0.00 22.50±0.50 24.33±0.57 25.16±0.28 23.16±0.28 

5 K. pneumoniae 0.00±0.00 0.00±0.00 16.50±0.50 15.16±0.28 28.33±0.57 24.16±0.28 

6 P. vulgaris 0.00±0.00 11.50±0.50 25.50±0.50 21.50±0.50 32.16±0.28 22.33±0.57 

7 C. freundii 0.00±0.00 13.50±0.50 24.16±0.28 20.50±0.50 35.33±0.57 25.33±0.57 

8 S. pneumoniae 0.00±0.00 0.00±0.00 23.83±0.76 23.33±0.57 30.50±0.50 24.33±0.57 

 

Key: B. subtilis = Bacillus subtilis, S. aureus = Staphylococcus aureus, S. typhi = 

Salmonella typhi, P. aeruginosa = Pseudomonas aeruginosa, K. pneumoniae = 

Klebsiella pneumoniae, P. vulgaris = Proteus vulgaris, C. freundii = Citrobacter 

freundii, S. pneumoniae = Streptococcus pneumoniae 

Figure 3.1: Antimicrobial activity of Olea europaea leaves 
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Table 3.2: Antimicrobial activity of Olea europaea leaves  

Least significance difference (LSD) 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00 e 0.00 e 26.33 b 20.33 d 30.33 a 24.33 c 

2 S. aureus 0.00 e 0.00 e 21.50 d 26.33 b 28.17 a 24.33 c 

3 S. typhi 0.00 d 0.00 d 26.33 b 26.33 b 30.16 a 25.33 c 

4 P. aeruginosa 0.00 e 0.00 e 22.50 d 24.33 b 25.16 a 23.16 c 

5 K. pneumoniae 0.00 e 0.00 e 16.50 c 15.16 d 28.33 a 24.16 b 

6 P. vulgaris 0.00 f 11.50 e 25.50 b 21.50 d 32.16 a 22.33 c 

7 C. freundii 0.00 f 13.50 e 24.16 c 20.50 d 35.33 a 25.33 d 

8 S. pneumoniae 0.00 d 0.00 d 23.83b c 23.33 c 30.50 a 24.33 b 

 

 

 

Table 3.3: Antimicrobial activity of Olea cuspidata leaves  

Concentration of crud extracts 10mg/ml, Erythrocin 30µg and Ciprofloxacin 5µg 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00±0.00 0.00±0.00 22.50±0.50  20.33±0.57 30.33±0.57 24.33±0.57 

2 S. aureus 0.00±0.00 0.00±0.00 21.33±0.57 19.16±0.28 28.17±0.28 24.33±0.57 

3 S. typhi 13.33±0.57 8.16±0.28 24.16±0.28 19.33±0.57 30.16±0.28 25.33±0.57 

4 P. aeruginosa 9.33±0.57 10.50±0.50 15.33±0.57 10.33±0.57 25.16±0.28 23.16±0.28 

5 K. pneumoniae 0.00±0.00 0.00±0.00 15.50±0.50 16.33±0.57 28.33±0.57 24.16±0.28 

6 P. vulgaris 0.00±0.00 10.50±0.50 24.16±0.28  21.33±0.57 32.16±0.28 22.33±0.57 

7 C. freundii 0.00±0.00 12.33±0.57 24.50±0.50 20.33±0.57 35.33±0.57 25.33±0.57 

8 S. pneumoniae 0.00±0.00 0.00±0.00 24.50±0.50 20.16±0.28 30.50±0.50 24.33±0.57 
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Figure 3.2: Antimicrobial activity of Olea cuspidata leaves 

 

 

 

 

Table 3.4: Antimicrobial activity of Olea cuspidata leaves  

Least significance difference (LSD) 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00 e 0.00 e 22.50 c 20.33 d 30.33 a 24.33 b 

2 S. aureus 0.00 e 0.00 e 21.33 c 19.16 d 28.17 a 24.33 b 

3 S. typhi 13.33 e 8.16 f 24.16 c 19.33 d 30.16 a 25.33 b 

4 P. aeruginosa 9.33 e  10.50 d 15.33 c 10.33 d 25.16 a 23.16 b 

5 K. pneumoniae 0.00 e 0.00 e 15.50 d 16.33 c 28.33 a 24.16 b 

6 P. vulgaris 0.00 f 10.50 e 24.16 b 21.33 d 32.16 a 22.33 c 

7 C. freundii 0.00 e 12.33 d 24.50 b 20.33 c 35.33 a 25.33 b 

8 S. pneumoniae 0.00 d 0.00 d 24.50 b 20.16 c 30.50 a 24.33 b 
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Table 3.5: Antimicrobial activity of Olea cuspidata roots bark  

Concentration of crud extracts 10mg/ml, Erythrocin 30µg and Ciprofloxacin 5µg 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00±0.00 0.00±0.00 15.16±0.28  18.16±0.28 30.33±0.57 24.33±0.57 

2 S. aureus 0.00±0.00 0.00±0.00 20.33±0.57 22.16±0.28 28.17±0.28 24.33±0.57 

3 S. typhi 0.00±0.00 8.16±0.28 16.50±0.50 19.33±0.57 30.16±0.28 25.33±0.57 

4 P. aeruginosa 0.00±0.00 15.50±0.50 18.16±0.28 20.33±0.57 25.16±0.28 23.16±0.28 

5 K. pneumoniae 0.00±0.00 12.33±0.57 20.16±0.28 22.50±0.50 28.33±0.57 24.16±0.28 

6 P. vulgaris 0.00±0.00 10.16±0.28 15.50±0.50  18.16±0.28  32.16±0.28 22.33±0.57 

7 C. freundii 0.00±0.00 12.16±0.28 30.50±0.50 29.50±0.50 35.33±0.57 25.33±0.57 

8 S. pneumoniae 0.00±0.00 10.66±0.57 20.33±0.57 21.16±0.28 30.50±0.50 24.33±0.57 

 

 

Figure 3.3: Antimicrobial activity of Olea cuspidata roots bark 
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Table 3.6: Antimicrobial activity of Olea cuspidata roots Bark  

Least significance difference (LSD) 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00 e 0.00 e 15.16 d 18.16 c 30.33 a 24.33 b 

2 S. aureus 0.00 e 0.00 e 20.33 d 22.16 c 28.17 a 24.33 b 

3 S. typhi 0.00 e 8.16 e 16.50 d 19.33 c 30.16 a 25.33 b 

4 P. aeruginosa 0.00 f 15.50 e 18.16 d 20.33 c 25.16 a 23.16 b 

5 K. pneumoniae 0.00 f 12.33 e 20.16 d 22.50 c 28.33 a 24.16 b 

6 P. vulgaris 0.00 f 10.16 e 15.50  d 18.16  c 32.16 a 22.33 b 

7 C. freundii 0.00 f 12.16 e 30.50 b 29.50 c  35.33 a 25.33 b 

8 S. pneumoniae 0.00 f 10.66 e 20.33 d 21.16 c 30.50 a 24.33 b 

 

 

 

Table 3.7: Antimicrobial activity of Olea cuspidata stem bark  

Concentration of crud extracts 10mg/ml, Erythrocin 30µg and Ciprofloxacin 5µg 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00±0.00 0.00±0.00 18.16±0.28  20.33±0.57 30.33±0.57 24.33±0.57 

2 S. aureus 0.00±0.00 0.00±0.00 20.33±0.57  22.50±0.50  28.17±0.28 24.33±0.57 

3 S. typhi 0.00±0.00 10.50±0.50 17.33±0.57 19.16±0.28 30.16±0.28 25.33±0.57 

4 P. aeruginosa 0.00±0.00 15.16±0.28 18.33±0.57 20.16±0.28 25.16±0.28 23.16±0.28 

5 K. pneumoniae 0.00±0.00 14.00±0.00 16.50±0.50 20.16±0.28 28.33±0.57 24.16±0.28 

6 P. vulgaris 0.00±0.00 12.16±0.28 15.33±0.57  19.50±0.50  32.16±0.28 22.33±0.57 

7 C. freundii 0.00±0.00 14.50±0.50 20.50±0.50 22.16±0.28 35.33±0.57 25.33±0.57 

8 S. pneumoniae 0.00±0.00 12.50±0.50 18.16±0.28 20.33±0.57 30.50±0.50 24.33±0.57 
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Figure 3.4: Antimicrobial activity of Olea cuspidata stem bark 

 

 

 

 

Table 3.8: Antimicrobial activity of Olea cuspidata stem bark  

Least significance difference (LSD) 

Mean diameter of zones of inhibition ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00 e 0.00 e 18.16 d 20.33 c 30.33 a 24.33 b 

2 S. aureus 0.00 e 0.00 e 20.33 d 22.50 c 28.17 a 24.33 b 

3 S. typhi 0.00 f 10.50 e 17.33 d 19.16 c 30.16 a 25.33 b 

4 P. aeruginosa 0.00 f 15.16 e 18.33 d 20.16 c 25.16 a 23.16 b 

5 K. pneumoniae 0.00 f 14.00 e 16.50 d 20.16 c 28.33 a 24.16 b 

6 P. vulgaris 0.00 f 12.16 e 15.33 d 19.50 c 32.16 a 22.33 b 

7 C. freundii 0.00 f 14.50 e 20.50 d 22.16 c 35.33 a 25.33 b 

8 S. pneumoniae 0.00 f 12.50 e 18.16 d 20.33 c 30.50 a 24.33 b 
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Table 3.9: Antimicrobial activity of Olea cuspidata seeds  

Concentration of crud extracts 10mg/ml, Erythrocin 30µg and Ciprofloxacin 5µg 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00±0.00 10.33±0.57 14.16±0.28  18.50±0.50 30.33±0.57 24.33±0.57 

2 S. aureus 0.00±0.00 10.50±0.50 15.16±0.28  20.33±0.57  28.17±0.28 24.33±0.57 

3 S. typhi 0.00±0.00 12.16±0.28 16.50±0.50 18.16±0.28 30.16±0.28 25.33±0.57 

4 P. aeruginosa 0.00±0.00 15.16±0.28 20.50±0.50 22.16±0.28 25.16±0.28 23.16±0.28 

5 K. pneumoniae 0.00±0.00 13.50±0.50 18.16±0.28 20.50±0.50 28.33±0.57 24.16±0.28 

6 P. vulgaris 0.00±0.00 14.16±0.28  18.50±0.50  22.16±0.28  32.16±0.28 22.33±0.57 

7 C. freundii 0.00±0.00 15.16±0.28  30.50±0.50 30.16±0.28 35.33±0.57 25.33±0.57 

8 S. pneumoniae 0.00±0.00 15.33±0.57 20.50±0.50 23.16±0.28 30.50±0.50 24.33±0.57 

 

 

Figure 3.5: Antimicrobial activity of Olea cuspidata seeds 
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Table 3.10: Antimicrobial activity of Olea cuspidata seeds  

Least significance difference (LSD) 

Mean diameter of zones of inhibition (mm) ± Standard error of mean (S.E.M) 

S. No. Microorganisms P. ether Chloroform Ethanol Methanol Erythrocin Ciprofloxacin 

1 B. subtilis 0.00 f 10.33 e 14.16 d 18.50 c 30.33 a 24.33 b 

2 S. aureus 0.00 f 10.50 e 15.16 d 20.33 c 28.17 a 24.33 b 

3 S. typhi 0.00 f 12.16 e 16.50 d 18.16 c 30.16 a 25.33 b 

4 P. aeruginosa 0.00 f 15.16 e 20.50 d 22.16 c 25.16 a 23.16 b 

5 K. pneumoniae 0.00 f 13.50 e 18.16 d 20.50 c 28.33 a 24.16 b 

6 P. vulgaris 0.00 e 14.16 d 18.50 c 22.16 b 32.16 a 22.33 b 

7 C. freundii 0.00 e 15.16 d 30.50 b 30.16 b 35.33 a 25.33 c 

8 S. pneumoniae 0.00 f 15.33 e 20.50 d 23.16 c 30.50 a 24.33 b 
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Table 3.11: Antifungal activities of different extracts of O. cuspidata and O. europaea 

S.No. Name of 

Plant 

Part 

Used 

Solvent Mean Zone of Inhibition (mm) ± Standard Error Mean (SEM) 

Asperg Altern Fusari Maugi Tricho Sacch Magna Botry 

1 O. europea L Ethyl acetate 0.0±0.00 0.0±0.00 14. 3±0.33 0.0±0.00 0.0±0.00 0.0±0.00 11.3±0.33 0.0±0.00 

2 O. europea L Acetone 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 11.3±0.33 0.0±0.00 

3 O. europea L Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

4 O. europea L Methanol 0.0±0.00 0.0±0.00 0.0±0.00 8.7±0.3 0.0±0.00 0.0±0.00 14.3±0.33 0.0±0.00 

5 O. europea S Ethyl acetate 10.0±0.00 20.7±0.3 0.0±0.00 19.7±0.33 15.7±0.3 0.0±0.00 25.7±0.33 19.3±0.33 

6 O. europea S Acetone 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

7 O. europea S Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

8 O. europea S Methanol 0.0±0.00 0.0±0.00 0.0±0.00 10.3±0.33 0.0±0.00 0.0±0.00 0.0±0.00 11.3±0.3 

9 O. cuspidata L Ethyl acetate 0.0±0.00 11.3±0.33 0.0±0.00 9.3±0.3 0.0±0.00 0.0±0.00 14.0±0.6 0.0±0.00 

10 O. cuspidata L Acetone 0.0±0.00 10.0±0.3 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 17.7±0.3 0.0±0.00 

11 O. cuspidata L Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

12 O. cuspidata L Methanol 0.0±0.00 10.7±0.33 0.0±0.00 24.7±0.33 0.0±0.00 0.0±0.00 27.7±0.33 0.0±0.00 

13 O. cuspidata S Ethyl acetate 15.7±0.33 24.3±0.3 24.3±0.33 30.7±0.33 19.3±0.3 15.0±0.6 35.7±0.3 25.3±0.33 

14 O. cuspidata S Acetone 12.7±0.3 15.7±0.33 0.0±0.00 14.3±0.3 0.0±0.00 10.3±0.33 13.3±0.33 0.0±0.00 

15 O. cuspidata S Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

16 O. cuspidata S Methanol 0.0±0.00 9.3±0.33 0.0±0.00 11.3±0.33 0.0±0.00 10.7±0.3 19.7±0.3 0.0±0.00 

17 O. cuspidata SB Ethyl acetate 0.0±0.00 0.0±0.00 0.0±0.00 10.7±0.3 0.0±0.00 0.0±0.00 17.7±0.3 0.0±0.00 

18 O. cuspidata SB Acetone 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 18.0±0.00 0.0±0.00 
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19 O. cuspidata SB Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

20 O. cuspidata SB Methanol 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 16.0±0.3 0.0±0.00 

21 O. cuspidata RB Ethyl acetate 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 14.0±0.33 0.0±0.00 

22 O. cuspidata RB Acetone 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 19.7±0.3 0.0±0.00 

23 O. cuspidata RB Chloroform 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

24 O. cuspidata RB Methanol 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 18.3±0.33 0.0±0.00 

25 Nystatin 1500U/10µl 30.7±0.3 30.0±0.00 30.0±0.00 0.00±0.00 20.0±0.00 30.7±0.3 0.0±0.00 35.3±0.33 

 

Key: Asperg = Aspergillus flavus, Altern = Alternaria alternata, Fusari = Fusarium moniliform, Maugi  = Mauginiella scaettae, 

Tricho = Trichothecium roseum, Sacch = Saccharomyces cerevisiae,  Magna = Magnaporthe grisea, Botry = Botrytis cinerea  

L= Leaves     S= Seeds    SB= Stem Bark      RB= Roots Bark 

 

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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Figure 3.6 (A): Antifungal activity of methanol extracts of all parts 

  

 

Figure 3.6 (B): Antifungal activities of ethylacetate extracts of all parts 
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Figure 3.6 (C): Antifungal activities of acetone extracts of all parts  

 

 

Figure 3.6 (D): Antifungal activities of chloroform extracts of all parts 
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Figure 3.6 (E): Antifungal activities of leaves of O. europaea and O. cuspidata 
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Table 3.12: Antifungal activity of solid phase extracts against Magnaporthe 

grisea 

Mean Zone of Inhibition (mm) ± Standard Error Mean (SEM) 

S. No. Fractions O. cuspidata 

Leaves 

O. europaea 

Leaves 

O. cuspidata 

Seeds 

O. europaea 

Seeds 

1 H2O 29.7±0.3 27.7±0.3 28.3±0.3 27.3±0.3 

2 5% MeOH 15.3±0.3 0.00±0.00 0.00±0.00 0.00±0.00 

3 10% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

4 15% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

5 20% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

6 30% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

7 40% MeOH 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 

8 100% MeOH 15.3±0.3 0.00±0.00 14.7±0.3 0.00±0.00 

 

 

Figure 3.7: Effect of solid phase extracts against Magnaporthe grisea 
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Table 3.13: Effect of preparative HPLC fractions against Magnaporthe grisea 

Zones of Inhibition (mm) ± S.E.M 

S. No Sample Name 0-10 11-20 21-30 31-40 41-50 51-60 

1 H2O 0.0±0.00 14.7±0.3 30.3±0.3 14.7±0.3 0.0±0.00 0.0±0.00 

2 5% MeOH 9.7±0.3 10.3±0.3 11.7±0.3 9.7±0.3 0.0±0.00 0.0±0.00 

3 100% MeOH 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 14.7±0.3 14.0±0.00 

 

 

 

 

Figure 3.8: Effect of preparative HPLC fractions against Magnaporthe grisea 
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3.2 MINIMUM INHIBITORY CONCENTRATION 

To determine the antimicrobial activity and minimum inhibitory 

concentration (MIC), initial analyses focused on crude methanol extracts from 

different organs of Olea cuspidata (wild olive) and Olea europaea (cultivated 

olive). To accurately assess antimicrobial activity, spectrometric approaches were 

used to follow the growth of microorganisms in culture and measure the impact of 

added olive extracts on these growth patterns. Antimicrobial activity was 

demonstrated against the gram negative bacterium, E. coli, gram positive bacteria 

Bacillus megaterium and Staphylococcus albus as an indicator of activity against 

the major hospital pathogen MRSA (Methicillin-resistant Staphylococcus aureus) 

and a range of fungal species; Aspergillus flavus,   Alternaria alternata, Fusarium 

moniliform, Mauginiella scaettae, Trichothecium roseum, Saccharomyces 

cerevisiae  and the important crop pathogens Magnaporthe grisea and Botrytis 

cinerea. Focusing generally on extracts from seeds of both species and particularly 

O. cuspidata leaves, these were fractionated by solid phase extraction (SPE) and 

preparative HPLC. 

To ascertain the potential antimicrobial properties of methanol extracts 

from Olea europaea and Olea cuspidata, the four microorganisms, with 200 µl of 

their respective culture media were cultured in a Cellstar® tissue culture 96 well 

plate with flat bottom and lid (Greiner Bio-One, Nürtingen, Germany) in a BioTek 

ELx808 microplate reader (BioTek Instruments, Winooski, VT). All the 

experiment carried out in three repeats then the data analysis for each repeat was 

combined to produce growth curve graph with the averages of three repeats.  

http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
http://www.google.co.uk/search?q=saccharomyces+cerevisiae&hl=en&biw=1014&bih=518&prmd=imvnsb&tbm=isch&tbo=u&source=univ&sa=X&ei=ehnnT_KHKY-w8QPAkZnaCg&sqi=2&ved=0CGgQsAQ
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3.2.1 Kinetic Read Analysis of Antimicrobial Properties of Crude Methanol 

Extracts 

To determine the antimicrobial properties of leave of Olea europaea and 

Olea cuspidata, different concentrations i.e. 47.619 ng/µl
-1

, 24.390 ng/µl
-1

, 4.975 

ng/µl
-1

, 2.499 ng/µl
-1

, 0.500 ng/µl
-1

, 0.250 ng/µl
-1

, 0.050 ng/µl
-1

 and 0.025 ng/µl
-1

 

against  Escherichia coli, Bacillus megaterium and  Staphylococcus albus were 

used by implementing serial dilution procedure. Ampicillin as positive control were 

used with starting concentration of 100 mg/ml
-1

 which was then added to wells in 

column at decreasing concentrations, halving down the plate, from 4.762 µg/µl
-1 

to 

2.500 ng/µl
-1

.  Methanol control test was carried out to study the effect of solvent 

on microorganism’s growth. It was detected that solvent didn’t inhibit 

microorganism’s growth (Fig. 3.9C). The methanol was added to the well in 

column at decreasing concentration, halving down the plate, from 4.761 % v/v to 

0.002 % v/v.   

The 47.619 ng/µl
-1

 and 24.390 ng/µl
-1

 concentrations were exhibited strong 

inhibitory effect against E. coli, comparable to positive control used. The Olea 

cuspidata leaves extract conferred highly potent as compared to Olea europaea 

leaves (Fig. 3.9). The same serial dilutions were used to assess the effect of seeds 

of both species on the growth of E. coli. The 47.619 ng/µl
-1

 and 24.390 ng/µl
-1 

concentration also exhibited strong inhibition of all phase of growth curve of E. 

coli. Olea cuspidata seeds proved to be more effective as compared to Olea 

europaea (Fig. 3.10). Methanolic seed extract of both species presented good 

inhibitory effect with 47.619 ng/µl
-1

 and 24.390 ng/µl
-1

 concentrations against S. 

albus. The O. cuspidata seeds demonstrated high effect. The seed extract of wild 
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and cultivated olive showed strong activity against S. albus as compared to 

ampicillin an antibiotic which was used as positive control (Fig. 3.12).  The 

methanolic seed extracts of O. europaea and O. cuspidata showed excellent 

inhibitory effect against B. megaterium. The O. europaea seed extract presented 

highest effect at 47.619 ng/µl
-1 

concentration with sign of lyses of cells (Fig. 3.13). 

The stem and roots barks methanolic extracts of O. cuspidata were also tested 

against E. coli. The roots bark extract was exhibited sturdiest effect on growth of E. 

coli as all the concentration inhibited the growth but 47.619 ng/µl
-1

 concentration 

was proven to be most effective (Fig. 3.11). 
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Figure 3.9: Antimicrobial impact of O. europaea and O. cuspidata leaves on 

growth pattern of E. coli by using spectrometric approaches  

 

Figure 3.10: Antimicrobial impact of O. europaea and O. cuspidata seeds on 

growth pattern of E. coli by using spectrometric approaches  
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Figure 3.11: Antimicrobial impact of stem and roots bark of O. cuspidata on 

growth pattern of E. coli by using spectrometric approaches  

 

Figure 3.12: Antimicrobial impact of O. europaea and O. cuspidata seeds on 

growth pattern of S. albus by using spectrometric approaches  
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Figure 3.13: Antimicrobial impact of O. europaea and O. cuspidata seeds on 

growth pattern of B. megaterium by using spectrometric approaches  
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3.2.2 Kinetic Read Analysis of Antimicrobial Properties of Solid-Phase 

Extracts 

The O. europaea seeds and O. cuspidata seeds and leaves were fractionated 

by using the solid phase extraction procedure. The 100 percent H2O, 5, 10, 15, 20, 

30, 40 and 100 percent methanol fractions were evaluated for their antimicrobial 

potential. Solid-phase extracts were added to media in equal volumes (final 

concentration 4.761% v/v) for all extractions and fractions. Kinetic read analysis 

data demonstrated that 100 percent H2O, 5 and 100 percent methanol fractions of 

O. cuspidata seeds and leaves exhibited high inhibitory effect against E. coli while 

only 100 percent H2O fraction of O. europaea seeds showed activity against E. 

coli. The leaves of O. cuspidata were more potent as compared to seeds of both 

species. These fractions showed prominent activity against E. coli as compared to 

ampicillin which were used as positive control (Fig. 3.14).  

Among the solid phase fractions tested, only 100 percent H2O fraction of O. 

europaea seeds and 100 percent H2O, 100 percent methanol fractions of O. 

cuspidata leaves and seeds could effectively inhibit the B. megaterium growth. The 

result showed that O. cuspidata leaves have high antimicrobial potential (Fig. 

3.15). The 100 percent H2O fraction of O. europaea seeds and 100 percent H2O, 

100 percent methanol fractions of O. cuspidata leaves and seeds revealed similar 

effect against S. albus as depicted against B. megaterium (Fig. 3.16). The solid 

phase fractions were also evaluated against Saccharomyces cerevisiae. First time 

during analysis it was observed that 100 percent H2O fractions of O. europaea 

seeds and O. cuspidata seeds, leaves have very low inhibitory effect on S. 

cerevisiae growth. 100 percent methanol fraction of O. cuspidata leaves was 
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observed to be effective with excellent inhibitory activity against S. cerevisiae 

among all fractions tested (Fig. 3.17). These fractions also proved to be effective 

against Magnaporthe grisea a fungal pathogen but as usual wild olive leaves were 

more powerful (Table 3.12, Fig. 3.7).   
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Figure 3.14: Antimicrobial properties of solid phase extracts of O. europaea 

seeds, O. cuspidata seeds and leaves on growth pattern of E. coli by using 

spectrometric approaches  

 

Figure 3.15: Antimicrobial properties of solid phase extracts of O. europaea 

seeds, O. cuspidata seeds and leaves on growth pattern of B. megaterium by 

using spectrometric approaches  
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Figure 3.16: Antimicrobial properties of solid phase extracts of O. europaea 

seeds, O. cuspidata seeds and leaves on growth pattern of S. albus by using 

spectrometric approaches  

 

Figure 3.17: Antimicrobial properties of solid phase extracts of O. europaea 

seeds, O. cuspidata seeds and leaves on growth pattern of S. cerevisiae by using 

spectrometric approaches  
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3.2.3 Kinetic Read Analysis of Antimicrobial Properties of Preparative HPLC 

Fractions 

As for crude methanol extracts and solid-phase extractions, semi-

preparative HPLC fractions were also analysed for antimicrobial properties using 

the same procedure. Preparative HPLC fractions from three solid phase extractions 

i.e. 100 percent H2O, 5 and 100 percent methanol were run, with three in-plate 

repeats, along with same controls as for solid phase extractions, minus the addition 

of methanol to the growth medium. Preparative HPLC each fraction (10 µl) was 

added to 200µl of growth medium in each well of the microplate. Five preparative 

HPLC fractions from 100 H2O and 5 percent methanol solid phase extractions were 

collected with the retention time 0-10 minutes, 11-20, 21-30, 31-40 and 41-50 

minutes. The 100 percent methanol SPE was fractionated as 0-10, 11-20, 21-30, 

31-50 and 51-60 minutes. The antimicrobial properties of these fractions were 

evaluated by using the same layout as for crude methanol extract and SPE.  

The results of present analysis revealed that 100 H2O SPE retained potential 

activity in 11-20, 21-30 and 31-40 minutes fractions. The preparative HPLC 

fraction with the retention time 21-30minute showed high inhibitory effect against 

E. coli and B. megaterium followed by 10-20 minutes and 31-40 minutes (Fig. 

3.19, 3.20). 5 percent methanol SPE hold some antimicrobial properties in the 21-

30 minutes retention time of semi-preparative HPLC fraction against E. coli and B. 

megaterium (Fig. 3.18, 3.19). 100 percent methanol SPE resided antimicrobial 

potential in preparative HPLC fraction collected with retention time 51-60 minute 

against gram positive and gram negative bacteria tested. The regions of preparative 
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HPLC chromatograms showed antimicrobial potential were highlighted in Figure 

3.20). 

Focusing generally on extracts from seeds of both species and particularly 

O. cuspidata leaves, these were fractionated by solid phase extraction (SPE). 

Antimicrobial assessment of each of the derived fractions indicated that activity 

rested in two groups of compounds; one based on elution with 100 percent water 

and 5 percent methanol and another eluting with 100 percent methanol (Fig. 3.20). 

Liquid chromatography indicated that the 100 percent water and 5 percent 

methanol fractions were highly complex with many peaks. By contrast in the 100 

percent methanol fraction, activity apparently resided only on two very similar 

chemicals (Fig. 3.20).   

There is an incessant and crucial requirement to discover noval bioactive 

component particularly from plant sources with diverse chemical structures and 

new mechanisms of action to combat with infectious ailments. Additionally, the 

expansion of synthetic antimicrobials resistance in current healing procedure is a 

world concern. In current years, antibiotics resistance in bacteria is enormously 

increasing due to the worldwide abrupt usage of these synthetic medicines for the 

treatment of various diseases (Borchers et al., 2004).  Medicinal plants encompass 

a substantial number of different bioactive constituents. It has been demonstrated 

that bioactive components isolated from plants are very effective against 

microorganisms specifically human and plant pathogens (Pereira et al., 2006; 

Puupponen et al., 2001).  

Most of the wild floras of Azad Jammu and Kashmir are rich in medicinal 

and aromatic properties. They are important sources of bioactive molecules, with 
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application for the production of medicines and cosmetics (Heinrich and Gibbons, 

2001). In this study, the olives parts extracted with ethanol and methanol as 

compared to other solvents extracts proved to be significantly effectual against the 

microorganisms tested. Ethylacetate extracts exhibiting potential against pathogenic 

fungi. The O. cuspidata parts exhibited more antimicrobial potential against tested 

pathogens. This is because the polar solvent as compare to other solvents, may 

allows extracting all the phenolic compounds from the olives (Pareke and Chanda, 

2007). The current results revealed that the activity is mostly engrossed with 

ethanol and methanol extracts, indicating that the possible antimicrobial 

compounds were in the polar extracts. It is also evident that higher plants 

comprehend methanol soluble chemicals with substantial antimicrobial potential 

(Mohan et al., 2008). The polar solvents extracts conferred more potential activity 

against pathogenic microorganisms (Mahasneh and EL-Oqlah 1999). Buwa and 

Staden (2006) concluded that the methanol extracts were more effective against 

bacteria compared with ethylacetate extracts.  

Traditional healers usually used water as solvent to prepare plant extracts. 

Though, in present study it was found that ethanol and methanol extracts exhibit 

more reliable antimicrobial activity and this assumption is also shared by other 

investigators (Aliero and Afolayan, 2006). It is generally expected that more plant 

extracts would be active against gram positive bacteria compared with gram 

negative bacteria (Cutchon et al., 1992). The current results revealed that wild olive 

potently effective agaist gram positive as well gram negative bacteria (Tables 3.1, 

3.3, 3.5, 3.7, and 3.9). This type of activity of plants parts extracts may be a result 

of the presence of wide rang antimicrobial compounds or overall metabolites 
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(Srinivasan et al., 2001). O. cuspidata and O. europaea are growing in different 

ecological zones of Azad Jammu and Kashmir where environmental conditions are 

not similar which found to be widely influential on the percentage of acid and 

phenolic compounds (Velioglu et al., 1998). Many phytochemicals have confirmed 

antimicrobial activity and the numerous mode of action have been defined. 

Phenolics are a large group of compounds that have a variety of antibacterial 

potential. The succeeding groups have specific mode of action (Iqbal et al., 2000). 

The antibacterial and antifungal action obtained in this study for olives extracts is 

in line with these reports and as described by Markin et al., 2003.  

Olive leaves may be useful in situations where lengthy usage of synthetic 

antibiotics inspire growth of opportunistic contagions (Verduyn et al., 1999), being 

especially effective against Staphylococcus, Bacillus, Klebsiella and Pseudomonas, 

four genera of bacteria which posture a chief resistance problem (Neu, 1992).  The 

antibacterial properties of O. cuspidata leaves, stem and root barks extracts were 

tested for the first time in present work subsequently previous studies available in 

literature  were focused exclusively on O. europaea fruits and leaves  (Gordon et 

al., 2001; Paiva, et al., 2003; Benavente, et al., 2000; Meirinhos et al., 2005). The 

ethylacetate and methanol extracts investigated in present study conferred a strong 

activity against disastrous pathogenic fungal strain (Table 3.11). O. cuspidata parts 

extracts prove to be good with antifungal potential while the nystatin an antifungal 

commercially available medicine was inactive against these pathogens (Fig. 3.6 A-

E). The information presented in literature concerning antimicrobial potential of 

phenolic compounds particularly obtained from cultivated olive seeds, 

predominantly oleuropein and hydroxytyrosol (Bisignano et al., 1999; Soni et al., 
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2006). Investigations of Markin et al. (2003) and Pereira et al. (2007) about 

antimicrobial activity of O. europaea leaves revealed the higher minimum 

inhibitory concentrations for the inhibition of bacterial growth than the present 

investigation. In the present study methanolic extracts of leaves, seeds of cultivated 

olive and seeds, leaves, roots bark but not stem bark exhibited potent antimicrobial 

activity. Further, extracts from wild olive appeared to be particularly potent (Fig. 

3.9-3.19). The solid phase and HPLC fractions of Olea cuspidata leaves 

particularly 100 water, 5 and 100 percent methanol fractions exhibited potential 

antifungal activity against Magnaporthe grisea (Fig 3.7, 3.8). According to 

Regasini et al. (2009) and Helmerhorst et al. (1999), the deaths from opportunistic 

fungal diseases is above fifty percent and only narrow spectrum antifungal 

medicines are available, therefore it is a need to isolate new antifungal drugs. On 

the bases of present investigation it clear that olive species are best source for the 

antifungal medicines as they exhibiting excellent inhibitory against human as well 

as crop pathogens tested particularly wild olive. These results are in agreement 

with the previous studies (Fleming et al., 1973; Masoko et al., 2008; Adegoke and 

Tayo, 2009). Moreover, in current study different extracts of wild and cultivated 

olives parts were investigated for their potential against eight fungi, which are 

known to cause reduction in the yield and quality of crops. As all other fungi, they 

are extremely responsive to environmental pressures and exhibit a capacity to adapt 

and to colonise a variety of ecological niches. Alternaria alternata is an attendant 

to tomatoes, potatoes, paprika, Botrytis cinerea attacks grapes, berry-fruits, some 

vegetables too, while Fusarium culmorum causes a degradation of cereal grains. 

The latter is also known for its production of mycotoxine. Extracts of wild olive 
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parts showed a potential antifungal activity against Aspergillus flavus, Alternaria 

alternata, Mauginiella scaettae, Saccharomyces cerevisiae and Magnaporthe 

grisea (Table 3.11, Fig. 3.6 A-E). 

In the present investigations the crude extracts, solid phase and HPLC 

fractions were used instead of individual phenolic compound due to reasons that 

the antimicrobial properties of phenolic components are recognized (Pereira et al., 

2006; Proestos et al., 2005) and extracts may be more advantageous as compare to 

single isolated chemical, since a bioactive single compound can alter its 

possessions in the presence of other constituents found in extracts (Borchers et al., 

2004). The synergistic effects of phytochemicals in vegetables and fruits are 

responsible for their potent bioactive activities and the benefit of a diet rich in fruits 

and vegetables is attributed to the complex mixture of phytochemicals present in 

whole foods (Liu, 2003). This explains why no individual antimicrobial can replace 

the mixture of natural phytochemicals to attain the health benefits. In the present 

work it was observed that antimicrobial activity rested in two groups of 

compounds; one based on elution with 100 percent water and 5 percent methanol 

and another eluting with 100 percent methanol. Liquid chromatography indicated 

that the 100 percent water and 5 percent methanol fractions were highly complex 

with many peaks (Fig. 3.20). By contrast in the 100 percent methanol fraction, 

activity apparently resided only on two very similar chemicals but crude extract 

depicted excellent activity with minimum inhibitory concentrations (Fig. 3.18-

3.19). The Olea cuspidata leaves proved to be highly effective against tested 

microorganisms as compared to Olea europaea as it contain high quantity of 

phenolic constituents. The wild olive extracts are efficiently inhibiting or delaying 
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the growth rate of microorganisms. This study is in line with the previous study of 

Bisignano et al. (1999). Antibacterial as well as antifungal activities observed in 

current study especially against antibiotics resistant microorganisms are also in line 

with the former investigations that reported in literature (Markin et al., 2003; 

Verduyn et al., 1999; Neu, 1992). Overall it was observed from this study that 

bactericidal effect of olive is sturdier comparative to the antifungal one. These 

findings are comparable with the previous judgments reported in literature (Hugo 

and Russell, 1983) that bacteria were more sensitive to the natural antimicrobials 

relative to fungi. The reason of this difference in susceptibility may be due to the 

difference in the chemical composition of cell walls of bacteria and fungi (Yang 

and Anderson, 1999) as gram positive bacteria have cell wall made up of 

peptidoglycans and teichoic acids and gram negative bacterial cell wall having 

additional layers of lipopolysaccharides etc. but teichoic acid is absent (Reynolds, 

1982; Heijenoort, 2001; Hugenholtz, 2002) while fungi cell wall is made up of 

polysaccharides like chitin and glucans (Herrera, 1992; Griffin, 1994). 

On the bases of present investigation it is concluded that that olive species 

are best source for the antibacterial and antifungal medicines as they exhibiting 

excellent inhibitory effect against human as well as crop pathogenic 

microorganisms tested. In the present study methanolic extracts of leaves, seeds of 

cultivated olive and seeds, leaves, roots bark but not stem bark exhibited 

substantial antimicrobial activity. Further, extracts from wild olive appeared to be 

particularly potent.  This study demonstrate that the use of wild olive leaves 

extracts as medicines may reduce the risk of bacterial and fungal infections, 

particularly in situations where lengthy usage of synthetic antibiotics inspire 
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growth of opportunistic contagions, especially against Staphylococcus, Bacillus, 

Klebsiella and Pseudomonas, four genera of bacteria which posture a chief 

antibiotic resistance problem. The use of extracts is suggested to achieve health 

benefits due to the additive and synergistic effects of phytochemicals present in 

whole extract. 
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Figure 3.18: Antimicrobial potential of preparative HPLC fractions of O. 

cuspidata leaves on growth pattern of E. coli by using spectrometric        

approaches  

 

Figure 3.19: Antimicrobial potential of preparative HPLC fractions of O. 

cuspidata leaves on growth pattern of B. megaterium by using spectrometric 

approaches  
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Figure 3.20: Relative antimicrobial activity showed by preparative HPLC 

fractions reside in major groups highlighted in chromatograms   
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3.3 ANTIOXIDANT ACTIVITY 

Antioxidants are naturally found in the body, in vegetables and fruits of 

plants as secondary constituents or metabolites. An antioxidant can be defined as 

all those things that impede or prevent oxidation of a susceptible substrate. Plants 

produce very important groups of antioxidant chemical components that include 

cinnamic acids, benzoic acids, folic acid, ascorbic acid, carotenoids, flavonoids, 

tocopherols and tocotrienols to inhibit oxidation of the susceptible substrate 

(Hollman, 2001). Most familiar antioxidants include vitamin A, vitamin C, vitamin 

E, and certain constituents called carotenoids (Hayek, 2000). These dietary 

antioxidants which are plant based have a vital role in the maintenance of human 

health because our endogenous antioxidants provide inadequate protection against 

the persistent and inevitable challenge of reactive oxygen species (Fridovich, 

1998). 

The antioxidant activity of the ethylacetate, acetone and methanol extracts 

of all parts of O. europaea and O. cuspidata were assessed by DPPH radical 

scavenging assay and expressed in terms of 50 percent inhibition (IC50) is given in 

Table 3.14 and Figure 3.21 and 3.23 A,B. In the DPPH assay, the ability of the 

extracts was observed to act as donor of hydrogen atoms or electrons in 

transformation of DPPH
•
 into its reduced form DPPH-H. The O. cuspidata and O. 

europaea all parts was able to reduce the stable, purple coloured radical DPPH into 

yellow coloured DPPH-H except acetone extract of cultivated olive leaves, seeds 

and seeds of wild olive. The acetone extracts of these parts were not exhibited good 

antioxidant activity whereas O. europaea leaves and seeds methanol extracts were 

conferred substantial antioxidant potential with IC50 value 0.960255 µg/ml (Table 
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3.14, Fig. 3.21 and 3.23A). The methanol extracts of O. cuspidata leaves, seeds, 

stem bark and roots bark were conferred excellent antioxidant activity with IC50 -

values, 0.046944 µg/ml, 0.028949 µg/ml, 0.241228 µg/ml and 0.47259 µg/ml 

respectively. The IC50 value of these extracts was lower than 1µg/ml (Table 3.14, 

Fig. 3.23B). Acetone extracts of all parts of O. cuspidata also showed significant 

free radical scavenging activity except seeds which was bosh (Fig. 3.21), because 

the value of IC50 is higher than 1µg/ml. No earlier study was reported in the 

literature regarding to the DPPH radical scavenging capacity of O. cuspidata 

leaves, seeds, stem bark and roots bark. The highest antioxidant activity of 

methanol extracts of all parts of O. cuspidata as free radical scavengers were 

recorded because the polar solvent as compare to other solvents, allows extracting 

all the phenolic or other bioactive compounds from the olives (Fatimi et al., 2007).  

O. cuspidata and O. europaea are growing in different ecological zones of 

Azad Kashmir where environmental conditions are not similar which assumed to 

be widely influential on the percentage of acids and phenolic compounds. Previous 

study on O. cuspidata fruits showed that low concentration of oleic acid contents in 

oil is mainly associated with the environmental conditions because the fluctuation in 

temperature has great influence on the accumulation of these constituents in fruits 

(Hannachi, et al., 2009). By keeping in view the environmental effects in the 

distribution of bioactive compounds in flora, present study was also conducting by 

collecting the 23 samples from different altitudes for the assessment of antioxidant 

potential. The leaves of wild and cultivated olive from 23 sites were extracted in 

methanol separately to assess free radical scavenging potential of each sample 

(Table 3.15). There was no correlation observed between antioxidant capacity and 
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altitude of both species as the value of R
2
= 0.0805 (Fig. 3.23 C). The antioxidant 

potential of O. europaea and O.cuspidata separately also did not show correlation 

with altitude as the values of R
2
=0.1352 and 0.0503 respectively which is low (Fig. 

3.23 E,F), while both species showed significant (p˂ 0.001) difference in 

antioxidant capacity (Fig. 3.22, 3.23D). It has been revealed through the 

investigation that the wellbeing effects of olive oil such as postponement of aging 

must be credited to all its metabolite constituents and not to a single compound. 

They act through the decrease of the risk factor important to high blood pressure, 

numerous types of cancer, to the alteration of immunity and inflammatory 

(Colomer et al. 2007). The present investigations are in line with previous studies 

but O. cuspidata leaves proved to be potent having high antioxidant potential.  
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Table 3.14: Antioxidant activity of all parts of O. cuspidata and O. europaea  

Percentage DPPH Scavenging activity of different concentration of samples and IC50 

S.No Plants 

Part 

Used 

Solvent  10µl  7.5µl 5µl  2.5 µl  1µl  

 

IC50 

1 O. europaea Leaves E. acetate 45.12 39.48 27.56 25.76 10.28 
10.93755 

2 O. europaea Leaves Acetone 73.84 70.1 63.02 53.07 38.12 
2.629401 

3 O. europaea Leaves Methanol 91.56 90.2 87.17 63.76 46.48 
0.960255 

4 O. europaea Seeds Acetone 39.06 35.27 31.17 27.27 26.4 
17.53671 

5 O. europaea Seeds Methanol 92.6 91.55 90.12 51.94 45.45 
0.960255 

6 O. cuspidata Leaves E. acetate 87.88 76.01 72.99 61.02 54.69 
0.027809 

7 O. cuspidata Leaves Acetone 91.13 90.55 84.97 82.08 69.89 
0.046944 

8 O. cuspidata Leaves Methanol 93.52 92.04 90.41 88.9 83.77 
0.046944 

9 O. cuspidata Seeds Acetone 30.3 29.48 28.57 25.9 20.77 
29.53439 

10 O. cuspidata Seeds Methanol 95.38 94.5 93.46 80 61.04 
0.028949 

11 O. cuspidata 

Stem 

Bark 

Acetone 93.95 93.89 92.79 92.26 88.25 0.21901 

12 O. cuspidata 

Stem 

Bark 

Methanol 94.58 93.35 91.9 91.67 90.11 0.241228 

13 O. cuspidata 

Root 

Bark 

Acetone 91.2 90.34 89.71 80.56 78.46 0.006616 

14 O. cuspidata 

Root 

Bark 

Methanol 94.48 94.09 94.03 93.97 91.93 0.47259 
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Table 3.15: Antioxidant activities of methanol extracts of O. cuspidata and 

O.europaea leaves according to geography 

Percentage DPPH Scavenging activity of different concentration of samples and IC50 

S.No Code Habitat  Name of Plant Localities Altitude (m) 1µl  IC50 

1 1 2 O. europaea Bismeela  830 10.02 4.398317 

2 3 2 O. europaea Satrameel 800 30.15 5.234234 

3 4 2 O. europaea Salgran 810 10.00 6.433155 

4 6 1 O. europaea Kapdar 570 51.28 0.206997 

5 8 2 O. europaea Nadool 896 51.16 0.193103 

6 10 2 O. europaea Bahanwan 696 25.10 0.10000 

7 11 2 O.cuspidata Bismeela 830 50.55 0.09434 

8 12 2 O.cuspidata Barhanbarsala 838 69.53 0.38835 

9 14 2 O.cuspidata Salgran 810 56.75  0.925926 

10 16 1 O.cuspidata Khapdar 570 75.92 0.415741 

11 17 3 O.cuspidata Merachaprian 1109 70.51  0.090909 

12 18 2 O.cuspidata Nadool 896 76.71 0.012726 

13 20 2 O.cuspidata Bahawan 696 53.37  0.368821 

14 22 2 O. europaea Orchid  603 29.36 4.019444 

15 25 4 O. europaea Khaegala 1713 10.35  4.400000 

16 27 2 O. europaea Phagwati  933 13.85  5.975207 

17 28 3 O. europaea  Kathae 1089 12.15  7.116484 

18 30 2 O. europaea Kutla 1000 15.55  6.480084 

19 32 2 O.cuspidata Archid  603 50.20 0.013158 

20 34 2 O.cuspidata Tetrinot 854 45.75 0.060976 

21 35 4 O.cuspidata Khaegala 1713 33.88  2.872941 

22 37 2 O.cuspidata Phagwati 933 70.40  0.056497 

23 39 2 O.cuspidata Kutla 1000 60.29  0.013158 

Habitat with altitude  

Habitat 1=100-600 m 

Habitat 2=601-1000 m 

Habitat 3=1001-1300 m 

Habitat 4=>1300 m 
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Figure 3.21: Antioxidant activity of all parts of O. europaea and O. cuspidata 

 

Figure 3.22: Antioxidant activities of leaves of O. europaea and O. cuspidata 

presenting significant difference 
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Figure 3.23: Antioxidant potential of O. europaea and O. cuspidata according 

to geography  
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3.4 DETERMINATION OF TOTAL PHENOLIC CONTENTS  

The method of Singleton and Rossi (1965) by using Folin–Ciocalteu 

reagent was used for the determination of total phenolic contents of 23 samples of 

O. cuspidata and O. europaea leaves selected on basis of geography. The total 

phenolic content in the extract was expressed as garlic acid equivalents 

(pmolGA/µg), using a calibration curve of a freshly prepared garlic acid solution. 

Total phenolic contents in the twenty three samples of both species methanolic 

extracts exhibited wide range of concentration as shown in Table 3.16. The values 

ranged from 7.609 to 38.837 pmolGA/µg. The highest value was recorded in 

methanolic extract of O. cuspidata leaves collected from Marachaprian a village of 

district Bagh at altitude 1109 meter and lowest in O. europaea leaves collected 

from Orchid near to Islamabad located at altitude 603 meters. When both the 

species were analysed according to geography for the determination of total 

phenolics it was observed that no correlation (R
2
= 0.0067) between the phenolic 

contents and altitude was present (Fig. 3.24A) but both species showed high 

significant difference (P˂0.023) in their phenolic contents (Fig. 3.24B). The O. 

cuspidata had high phenolic contents as compared to O. europaea (Fig. 3.24C). 

The correlation between total phenolic contents and antioxidant activity was also 

assessed. The result demonstrated no correlation between phenolic content and 

antioxidant activity of O. europaea and O. cuspidata leaves as values of R
2
= 0.046 

and 0.3094 respectively which is low (Fig. 3.24D). The antioxidant activity could 

be due to other kind of constituents or compounds instead of phenolic content in 

methanol extract. Present results can be clear up by the fact that, the worldwide 

antioxidant possessions of a plant extract is usually measured as the result of the 



198 
 

joint action of a wide variety of compounds involved, beside phenolics, flavonoids, 

flavonols and other compounds alone (Gallardo et al.,2006). 

Figure 3.24: Total phenolic contents analysis of O. europaea and O. cuspidata

 

(C) Total phenolics vs both species         (D) Phenolic contents vs antioxidant      

                                                                       activity 
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Table 3.16: Determination of total phenolic contents of Olea europaea and 

Olea cuspidata using Folin-Ciocalteu phenol reagent 

S.No. Code Habitat  Name of Plant Localities Altitude (m)  2.5 µl  (pmolGA/µg) 

1 1 2 O. europaea Bismeela  830 25.10 17.1228571 

2 3 2 O. europaea Satrameel 800 40.28 12.6942857 

3 4 2 O. europaea Salgran 810 30.25  10.7800000 

4 6 1 O. europaea Kapdar 570 60.12  18.8085714 

5 8 2 O. europaea Nadool 896 72.25  21.0085714 

6 10 2 O. europaea Bahanwan 696 38.55  14.0371429 

7 11 2 O.cuspidata Bismeela 830 58.10 10.2371429 

8 12 2 O.cuspidata Barhanbarsala 838 79.40 30.5514286 

9 14 2 O.cuspidata Salgran 810 80.57  18.6371429 

10 16 1 O.cuspidata Khapdar 570 85.25  23.1514286 

11 17 3 O.cuspidata Merachaprian 1109 77.88  38.8371429 

12 18 2 O.cuspidata Nadool 896 79.16  32.2657143 

13 20 2 O.cuspidata Bahawan 696 66.04  16.4371429 

14 22 2 O. europaea Orchid  603 41.00  7.60857143 

15 25 4 O. europaea Khaegala 1713 38.53  9.72285714 

16 27 2 O. europaea Phagwati  933 21.47  13.5228571 

17 28 3 O. europaea  Kathae 1089 20.45  12.4942857 

18 30 2 O. europaea Kutla 1000 22.50  14.7514286 

19 32 2 O.cuspidata Archid  603 76.32  12.4657143 

20 34 2 O.cuspidata Tetrinot 854 75.53  25.3514286 

21 35 4 O.cuspidata Khaegala  1713 38.23  14.8085714 

22 37 2 O.cuspidata Phagwati 933 83.33  13.2085714 

23 39 2 O.cuspidata Kutla 1000 85.50  17.2942857 
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3.5 DETERMINATION OF TOTAL FLAVONOID CONTENTS  

The method of Zhishen et al. (1999) was used for the determination of total 

flavonoids of twenty three samples of O. cuspidata and O. europaea leaves 

collected from different geographical areas. The total flavonoid content in the 

extract was expressed as rutin equivalents (µg rutin/µg), using a calibration curve 

of a freshly prepared rutin solution. Total flavonoid contents in the twenty three 

samples of both species methanolic extracts exhibited wide range of concentration 

as shown in Table 3.17. The values ranged from 3.470 to 26.823 ug rutin/µg. The 

highest value was recorded in methanolic extract of O. europaea leaves collected 

from Nadool, a village of district Hattian at altitude 896 meter followed by 

O.cuspidata from Khapdar at 570m elevation and lowest in O.europaea leaves 

collected from Salgran near to Islamabad located at altitude 810 meters. Highest 

value was observed in methanol extract O.cuspidata leaves (21.352 µg rutin/µg) 

collected from Khapdar district Bagh at altitude 570 meters and lowest (5.882 µg 

rutin/µg) in sample collected from Archid, Islamabad at altitude 603 meter. When 

both the species were analysed according to geography for the determination of 

total flavonoids it was noticed that no correlation (R
2
= 0.0317) between the 

flavonoid contents and altitude was present (Fig. 3.25A). Both species showed 

significant difference (P˂0.99) in their flavonoid contents (Fig. 3.25B). The 

correlation between total flavonoid contents and antioxidant activity was also 

assessed. The result demonstrated no correlation between flavonoid contents and 

antioxidant activity O. cuspidata leaves as value of R
2
= 0.124 (Fig. 3.25D) but 

flavonoid contents of O. europaea exhibited some correlation (R
2
= 0.465) with 

antioxidant activity (Fig. 3.25C). The antioxidant activity could be due to other 
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kind of constituents or compounds instead of flavonoid content in methanol extract. 

Present results can be clear up by the fact that, the worldwide antioxidant 

possessions of a plant extract is usually measured as the result of the joint action of 

a wide variety of compounds involved, beside phenolics, flavonoids, flavonols and 

other compounds alone (Gallardo et al.,2006).  

Figure 3.25: Total flavonoids contents analysis of Olea europaea and Olea 

cuspidata 

 

 (C) Flavonoid vs antioxidant activity         (D)Flavonoids vs antioxidant activity 
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Table 3.17: Determination of total flavonoids contents of Olea europaea and 

Olea cuspidata 

S.No. Code Habitat Name of Plant Localities Altitude (m) 10µl (µgRutin/µg) 

1 1 2 O. europaea Bismeela  830 0.28 14.47059 

2 3 2 O. europaea Satrameel 800 0.225 11.23529 

3 4 2 O. europaea Salgran 810 0.093 3.470588 

4 6 1 O. europaea Kapdar 570 0.485 26.52941 

5 8 2 O. europaea Nadool 896 0.49 26.82353 

6 10 2 O. europaea Bahanwan 696 0.192 9.294118 

7 11 2 O.cuspidata Bismeela 830 0.308 16.11765 

8 12 2 O.cuspidata Barhanbarsala 838 0.327 17.23529 

9 14 2 O.cuspidata Salgran 810 0.182 8.705882 

10 16 1 O.cuspidata Khapdar 570 0.397 21.35294 

11 17 3 O.cuspidata Merachaprian 1109 0.293 15.23529 

12 18 2 O.cuspidata Nadool 896 0.334 17.64706 

13 20 2 O.cuspidata Bahawan 696 0.301 15.70588 

14 22 2 O. europaea Archid  603 0.1 3.882353 

15 25 4 O. europaea Khaegala 1713 0.157 7.235294 

16 27 2 O. europaea Phagwati  933 0.148 6.705882 

17 28 3 O. europaea  Kathae 1089 0.198 9.647059 

18 30 2 O. europaea Kutla 1000 0.204 10.00000 

19 32 2 O.cuspidata Archid  603 0.134 5.882353 

20 34 2 O.cuspidata Tetrinot 854 0.175 8.294118 

21 35 4 O.cuspidata Khaegala  1713 0.239 12.05882 

22 37 2 O.cuspidata Phagwati 933 0.217 10.76471 

23 39 2 O.cuspidata Kutla   1000 0.254 12.94118 
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3.6 DETERMINATION OF TOTAL FLAVONOL CONTENTS  

The total flavonols content of 23 samples of O. cuspidata and O. europaea 

leaves selected on basis of geography was evaluated rendering to the method 

employed by Miliauskas et al. (2004). The total flavonols content in the extract was 

expressed as myricetin equivalents (mg myricetin/mg), using a calibration curve of 

a freshly prepared solution of myricetin. Total flavonols content in methanolic 

extracts of twenty three samples of both species exhibited wide range of 

concentration as shown in Table 3.18. The values ranged from 0.0187 to 0.130 mg 

myricetin/mg. The highest value was recorded in methanolic extract of O. 

cuspidata leaves collected from Tetrinot, a village of district Poonch at altitude 854 

meter and lowest in O.europaea leaves collected from Salgran near to Islamabad 

located at altitude 810 meters. When both the species were analysed according to 

geography for the determination of total flavonols it was detected that no 

correlation (R
2
= 0.021) between the flavonols content and altitude was present 

(Fig. 3.26A). Both species showed high significant difference (P˂0.0006) in their 

flavonols content (Fig. 3.26B). The correlation between total flavonols content and 

antioxidant activity was also assessed. The result revealed that there was no 

correlation between flavonols content and antioxidant activity O. cuspidata leaves 

as value of R
2
= 0.0039 but flavonols content of O. europaea exhibited some 

correlation (R
2
= 0.193) with antioxidant activity as the value of R

2
 was higher 

compared to O. cuspidata (Fig. 3.26C).  

The PC1 and PC2 of the Principle Component Analysis (PCA) of 

biochemical assay matrix classified according to site (Fig. 3.27A), species (Fig. 

3.27C) and habitat (Fig. 3.27E) explained 92.53 percent of the total variations 
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among twenty three samples of olives. The PC1 elucidated 71.38 percent variation, 

followed by 21.15 percent for the PC2. Samples which overlapped in the PC axes 

revealed similarity in their biochemical characteristics (Manly, 1994; Dytham, 

1999). Both wild and cultivated olive species separately clustered showing large 

biochemical variability as both species showed high significant difference in their 

phenolic, flavonoids and flavonols contents. Both species did not overlap as O. 

europaea pushing left on PC1 and O. cuspidata clustered toward right on the 

ordination of PC1 as due to clear difference among polyphenol components, 

suggesting a considerable interspecies dissimilarity (Fig. 3.27). In case, 

biochemical characteristics could be correlated with species but not habitat.  

Discriminant Function Analysis (DFA) maximizing the variance between groups 

whereas minimizing variance within group (Manly, 1994). DFA of biochemical 

assay matrix classified according to site (Fig. 3.27B), species (Fig. 3.27D) and 

habitat (Fig. 3.27F) revealed 98.98 percent, 97.64 percent and 96.98 percent 

variation respectively.  

Production of free radicals or reactive oxygen species during metabolic and 

other activities away from the antioxidant capability of a natural system of living 

organisms gives rise to oxidative stress (Mikulikova and Popov, 2001). Oxidative 

stress plays a role in heart diseases, malaria, neurodegenerative diseases, AIDS, 

cancer and in the aging progression (Sian, 2003). Age related chronic and 

degenerative diseases can be cured by dietary antioxidants (Atoui et al., 2005). 

According to Fatimi et al. (2007), the methanol as compare to other solvents, 

allows extracting all the phenolic or other bioactive compounds from the plants. 

Bouaziz et al. (2009) reported that plants are good source of antioxidants and 
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phenolic compounds playing important role in antioxidant activities of plants 

(Evans et al., 1997; Cai et al., 2004) but in present studies it was observed that 

phenolic contents of both species had no correlation with their antioxidant 

potential. Moreover, some publications revealed the correlation between 

polyphenols and antioxidant activity mostly assessed by FRAP and ABTS assays 

(Kevers et al. 2007). These investigations conferred the importance of polyphenols 

as contributors to the antioxidant activities of plants. In the present case, phenols, 

flavonoids and flavonols contents alone had no correlation with the antioxidant 

potential. Present studies are in line with the investigations of Kevers et al. (2007) 

and Sreeramulu and Raghunath (2010). The absence of correlation among total 

phenolic, flavonoids, and flavonols contents and antioxidant potential might be due 

to different assay undertaken in the present studies. Kahkonen et al. (1999) 

reported that different methods are used to assess the antioxidant activities.  

Furthermore, the antioxidant activities of the plant extracts cannot be predicted on 

the basis of total phenol, flavonoids or flavonols contents alone. Hagerman et al. 

(1998) described that the antioxidant activity depends on number of aromatic rings, 

molecular weight and nature of hydroxyl groups as it was proven that high 

molecular weight phenolics had excellent antioxidant activities. The antioxidant 

activity could be due to other kind of constituents or compounds instead of phenols, 

flavonoids or flavonols content in methanol extract. Present results can be clear up 

by the fact that, the worldwide antioxidant possessions of a plant extracts are 

usually measured as the result of the joint action of a wide variety of compounds 

involved, beside phenolics, flavonoids, flavonols and other compounds (Gallardo et 

al.,2006). Mariko et al. (2005) also suggested that the antioxidant activity is a 
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result of mixture of different compounds found in extracts having synergic and 

antagonistic effects instead of phenolic contents or vitamin C alone.   

This series assays were undertaken in attempt to correlate biochemical 

characteristic as a possible bioactive and adaptive trait. Thus, assay were 

undertaken for antioxidant capacity, total phenolic content, total flavonoids content 

and total flavonols content. In case, biochemical characteristics could be correlated 

with species but not habitat. The HPLC-PDA chromatograme also revealed 

variation in biochemichemicals of both species. The major source of variation were 

the pickes with aero in figure 3.29. Chemometric analysis of HPLC-PDA data all 

samples of O. cuspidata and O. europaea leaves collected from different altitude 

also depicted variation in the biochemical constituents of both species (Fig. 3.28). 

Using multivariate approaches it was possible to reconfirm that these 

characteristics could not correlated with habitat (Fig. 3.27). Dixon and Paiva 

(1995) reported that biotic and abiotic pressure effected the accumulation of 

polyphenolic constituents depicting the effects of inadequate nutrients levels in the 

soil, particularly nitrogen and phosphorus or direct effect of ultra violet radiations 

or biotic stress especially insects.  However, in spite of the knowledge about the 

environmental effect on polyphenols, it is very difficult to make exact predictive 

relationship between habitat and polyphenols concentration (Mogren et al., 2006; 

Rodrigue et al., 2008; Rodrigues et al. 2011).  

On the bases of present investigation it is concluded that olive species are 

potential source of antioxidant components and support their traditional medicinal 

application exhibiting excellent antioxidant properties. In the present study O. 
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europaea and O. cuspidata methanolic extracts showed potent free-radical 

scavenging activity. Further, extracts from wild olive appeared to be particularly 

potent.  This study demonstrated that the use of wild olive leaves as medicines may 

reduce the risk of oxidative stress, particularly age related chronic and degenerative 

diseases. The use of extracts is suggested to achieve health benefits due to the 

additive and synergistic effects of phytochemicals present in whole extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 



208 
 

Figure 3.26: Total flavonols analysis of Olea europaea and Olea cuspidata 

 

(C) Correlation between total flavonols and antioxidant capacity  
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Table 3.18: Determination of Total Flavonols of Olea europaea and Olea 

cuspidata 

S.No Code Habitat Name of Plant Localities Altitude (m) 30µl (mg myricetin/mg) 

1 1 2 O. europaea Bismeela  830 0.557 0.030128 

2 3 2 O. europaea Satrameel 800 0.636 0.037483 

3 4 2 O. europaea Salgran 810 0.435 0.018769 

4 6 1 O. europaea Kapdar 570 0.955 0.067182 

5 8 2 O. europaea Nadool 896 0.915 0.063458 

6 10 2 O. europaea Bahanwan 696 0.489 0.023797 

7 11 2 O.cuspidata Bismeela 830 0.874 0.059641 

8 12 2 O.cuspidata Barhanbarsala 838 0.903 0.062341 

9 14 2 O.cuspidata Salgran 810 1.06 0.076957 

10 16 1 O.cuspidata Khapdar 570 1.16 0.086268 

11 17 3 O.cuspidata Merachaprian 1109 1.41 0.109543 

12 18 2 O.cuspidata Nadool 896 0.879 0.060106 

13 20 2 O.cuspidata Bahawan 696 0.543 0.028824 

14 22 2 O. europaea Archid  603 0.499 0.024728 

15 25 4 O. europaea Khaegala 1713 0.778 0.050703 

16 27 2 O. europaea Phagwati  933 0.621 0.036086 

17 28 3 O. europaea  Kathae 1089 0.671 0.040741 

18 30 2 O. europaea Kutla 1000 0.68 0.041579 

19 32 2 O.cuspidata Archid  603 1.311 0.100326 

20 34 2 O.cuspidata Tetrinot 854 1.63 0.130025 

21 35 4 O.cuspidata Khaegala  1713 1.21 0.090923 

22 37 2 O.cuspidata Phagwati 933 0.769 0.049865 

23 39 2 O.cuspidata Kutla 1000 1.17 0.087199 
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Figure 3.28: HPLC-PDA of O. cuspidata and O. europaea leaves showing 

variation by using chemometric approaches 
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Figure 3.29: Comparison of different spectrum of Olea cuspidata and Olea 

europaea leaves showing major source of variation are the pikes with aero 
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3.7 METABOLITE FINGERPRINTING  

Phytochemicals are chemicals derived from plants and the term is often 

used to describe the large number of secondary metabolic compounds found in 

plants. Biochemical analysis by using Fourier-transform infrared (FT-IR) 

spectroscopy is a simple, quick and inexpensive procedure that gives a quick 

answer to what types of phytochemicals are present in a sample (Schmitt and 

Flemming, 1998). After obtaining the crude extract from plant material, 

phytochemical screening can be performed with the appropriate approach such as 

FT-IR spectroscopy, to get an idea regarding biochemical variation in the extracts 

and possibly relate variation amongst these secondary metabolites to different 

climatic conditions. Eighty samples of O. cuspidata and O. europaea leaves 

collected from twenty localities of Azad Jammu and Kashmir, growing in different 

microclimatic conditions (Table 3.20) were characterized by using Fourier-

transform infrared spectroscopic approaches as described by Allwood et al. (2006) 

and Gidman et al. (2003). FT-IR spectra of water and ethylacetate extracts of 

eighty samples were obtained using the Bruker Vertex 70 (Bruker Optics Ltd, 

Banner Lane, Coventry, UK). The Vertex 70 FT-IR instrument used 96 well re-

usable silicon sample carrier plates. Windows XP computer was used for 

instrument control, Fourier transformation and data achievement, using OPUS 

version 2.1. Experimental file was created with a resolution of 4cm
-1

 and a sample 

scan time of 80 scans (each spectrum would therefore be these scans co-added 

together), permitting collection of 1763 data points over a wavenumber range of 

4000 cm
-1

 to 600 cm
-1

.  Data analysis first involved spectral data files being 

converted into American Standard Code for Information Interchange (ASCII) text 
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format and the resultant data files were then loaded into MATLAB and Pychem 

software where the bulk of analysis took place. The spectra of water extracts of 

both species are shown in Figure 3.30A and ethylacetate extracts in Figure 3.33A. 

Three major regions have been highlighted within 4000 cm
-1

 to 600 cm
-1

 range, 

where strong variation can be directly related to specific compounds. These regions 

were broadly termed as the fatty acid region (~3050 to 2850 cm
-1

), the amide 

region (~1745 to 1454 cm
-1

) and the polysaccharide region (~1085 to 852 cm
-1

). 

The IR absorbencies for the key functional groups that make up these regions are 

shown in Table 3.19. 

FT-IR is approaches that can comprehensive fingerprinting major chemical 

groups within a sample. Water and ethylacetate extracts of O. europaea and O. 

cuspidata were assessed using Fourier transform infra-red spectroscopy (FT-IR). 

As a result habitat specific biochemical traits were observed. Fourier transforms 

infra-red spectra from O. europaea and O. cuspidata extracts were highly 

idiosyncratic but there was little understandable spectral variation between O. 

europaea and O. cuspidata (Figure 3.30A, 3.33A). Using multivariate approaches 

it was possible to demonstrate that amide and fatty acid changes in samples could 

be linked to habitat. Therefore, chemo-metric analysis using multivariate 

approaches was used to evaluate whether these spectra conferred sufficient 

biochemical information to permit variation on basis of geography.  

The unsupervised Principle Component Analysis (PCA), which represents 

natural variability within the data, separated the FT-IR absorbance spectra of both 

species (Fig. 3.30B, 3.33B). The PC1 and PC2 of the PCA of water and 

ethylacetate extracts of both species (Fig. 3.30B, 3.33B) explained 98.58 and 
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89.83percent of the total variation respectively among all samples of both 

genotypes. The PC1 of water extraction elucidated 97.05 percent variation, 

followed by 1.43 percent for the PC2 whereas PC1 of ethylacetate extraction 

explained 65.10 percent variation, followed by 24.73 percent for the PC2. Samples 

1, 2 and 4 (habitat 1= 100-600m, habitat 2 = 600-1000m and habitat 4= >1300m 

altitude) which overlapped in the PC axes revealed similarity in their biochemical 

constituents and has been explained by others (Manly, 1994; Dytham, 1999). 

Habitat 3 (sample collected from 1000-1300m altitude) clustered towards right on 

the ordination of PC1 as due to obvious variation in biochemical constituents as 

compared to other samples collected from habitats 1,2 and 4 (Fig. 3.30B, 3.33B).   

Consequently, PC-DFA, a supervised procedure, was executed on the on 

PCs, with a priori information of the number of classes (Fig. 3.31C, 3.34C). The 

resultant DFA ordination plots for both species are presented in Figures 3.32C, 

3.35C. The DFA of water extracts of both species explained 97.58 percent overall 

variations while ethylacetate extract revealed 98.73 percent variation. DFA of 

water extraction explained clear variation in amide region scattered on the basis of 

habitat in three groups.  The habitats 1 and 2 showed similarity although, habitats 3 

and 4 revealed strong variation in amide region (Fig. 3.31D). The DFA of 

ethylacetate extracts depicted variation in fatty acid region. Here also habitats 1 and 

2 exhibited similarities while habitats 3 and 4 exposed variation in this region. The 

both species shaped more characteristic metabolic fingerprints, indicating a greater 

habitat adaptation response. FT-IR was detecting metabolite variations associated 

with the elaborating adaptive trait of O. europaea and O. cuspidata, or 

environmental stress in Azad Jammu and Kashmir. In DFA, equilibrating and 
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scaling the responses for each species showed that greater variations compared 

with the habitats of wild and cultivated olive (Fig. 3.31B 3.32B).  

To authenticate each group and also variation among biochemical 

components of Olea europaea and Olea cuspidata growing in different ecological 

zones of Azad Kashmir, both species were analysed together to construct PC-DFA. 

The clustering could be clearly observe among samples categorize on the basis of 

habitats (Fig. 3.31D, 3.34D). The FT-IR spectrum was resulted from the vibration 

of functional chemical groups and highly polar bonds so that particular regions of 

the spectrum are indicative of specific molecule classes (Fig. 3.31C,D; 3.34C,D ). 

Thus, plotting loading vectors used for particular PC-DFs could indicate 

metabolites that contribute significantly to the variance. Loading plots for PC-DF1 

and PC-DF2 depicted that metabolites within the amide and fatty acid region 

contributed to differential and common ecotypic responses to habitat specific 

adaptive traits (Fig. 3.34D). In terms of identifying metabolites in complex 

mixtures, it is not possible to do this using FT-IR but using Mass Spectroscopy 

(MS) or nuclear magnetic resonance (NMR).  This stated is was highly suggestive 

that present analysis suggested that alterations in fatty acid profile could be an 

adaptive trait to specific environments as these are emerging as important adaptive 

signals (Meijer and Munnik, 2003). Further, characterisation of the fatty acid group 

will be easier if non-polar extraction procedures were used. 

FT-IR has proven to be a valuable tool for the characterization and 

identification of compounds or functional groups present in an unknown mixture of 

plants extract (Hazra et al., 2007). Indeed, with an appropriate use of 
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chemometrics, metabolic fingerprinting has already been successfully used in the 

olive oils classification (Lai et al., 1994).  

FT-IR is a physico-chemical method where a sample is interrogated with IR 

light and bonds and functional groups within the molecules absorb the IR at 

specific wavelengths, resonating in a predetermined way, stretching or bending 

(Griffiths, 1983). FT-IR has been successfully applied as a metabolite 

fingerprinting technique in many areas of plant research. FT-IR has been used by 

others to study the effect of salt treatment on the biochemical profiles of tomato 

fruits (Johnson et al. 2003), stress effects on inter-species competition between the 

monocotyledon Brachyopodium distachyion (B. distachyon) and the dicotyledon A. 

thaliana (Gidman et al., 2003) as well as the metabolic effect of silage inoculates 

and duration on the dynamics of the red clover silage fermentation process were 

highlighted using FT-IR (Johnson et al., 2003).  Moreover, FT-IR analysis has also 

been applied to test the suitability and reproducibility of plant systems prior to 

further targeted metabolite profiling (Allwood et al., 2006). The application of 

metabolomic approaches to plants is still in its initial stages. Plants show a huge 

chemical abundance, consisting as many as two lac metabolites (Pickersky and 

Gang, 2000; Fiehn, 2001).  Until recently, several plant metabolomic investigations 

have focused to compare conditions where there is large biochemical variation, 

revealed throughout the plant. For example comparisons between wild-type and 

mutant or transgenic lines (e.g. Fiehn et al., 2000; Roessner et al., 2001) or stress in 

controlled conditions (Kaplan et al., 2004). In present work biochemical 

fingerprinting approaches was applied to investigate variation in olive species 

growing in different environmental conditions at varied altitude (Table 3.20). This 



218 
 

investigation therefore evaluated the reproducibility of the biochemical changes 

and the strength of multivariate statistical analysis to detect major relevant 

metabolite changes.  

Metabolic fingerprinting includes pattern recognition and a fast and 

relatively cheap screening approach which characterizes the biochemical 

characteristics of a sample (Fiehn, 2001). Such an approach has proved to be 

enormously useful in scenarios such as bacterial identification (Vaidyanathan et al., 

2001), yeast mutant characterization (Raamsdonk et al., 2001), drug toxicology 

trials and disease diagnosis (Griffin, 2003). 

In the current study, fingerprinting approach was based on FT-IR which 

deals little expense, high quantity and substantial biochemical information (Schmitt 

and Flemming, 1998). However, current procedure did not contain an early 

quenching step but solely employed crushing down in water and ethylacetate so 

that there could be significant chemical and enzymatic processing, before to drying 

at 50°C in oven, which in turn will break thermo-labile bonds. Thus, the capability 

of FT-IR to depict discriminatory biochemical must be essentially limited but can 

be used, as in present work, to study differences amongst replicates. This stated, 

FT-IR has been applied to examine the cell wall composition of plant and cross-

linking along with cell wall mutants (Sene et al., 1994; Stewart et al., 1995; 

Mouille et al., 2003). As with all FT-IR spectra, present results showed to be 

difficult to interpret visually so chemometric methods were used to analyse these 

data. Firstly an unsupervised technique; PCA was used, where inputs are clustered 

without a priori knowledge (Goodacre et al., 2004). As in many investigations 

(Goodacre et al., 2003; Johnson et al., 2003), PCA distinguished data, which 



219 
 

suggested that variance in the samples was associated with the factors tested. In 

present case, PC-DFA was used as an alternative, a supervised technique where the 

experimental classes are well-known and the mathematic replicas are established to 

attempt to match these with the input data (Goodacre et al., 2004). These 

successfully clustered olive plants samples collected from 1000 to 1300m altitude 

(habitat 3) and > 1300m (habitat 4) away from those sampled from 100 to 600m 

(habitat 1), 600 to 1000m altitude. Furthermore, the heftiness of the model was 

confirmed by authentication of the grouping using different biological replicates as 

exercising and test sets. The close proximity of the projected training and test set 

data indicated the reproducibility of experimental conditions. 

The present study covered four habitats of Azad Jammu and Kashmir 

experienced 37.3 °C to -3.0 °C temperature variation in summer and winter months 

of the year respectively. Olea spp. might be coup up by increasing or decreesing 

the amide and fatty acids metabolites as adaptive trait in particularly habitat. It was 

also assumed that the cold stress influenced metabolism more strongly than heat 

stress. Numerous of the cold-induced biochemicals, e. g. polysaccharides, proline 

and polyamines have been previously reported to accumulate in cold stress 

predominantly in Arabidopsis and other species (Guy et al., 2008), which is in 

harmony with the present finding.  
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Table 3.19: Characteristic regions within Fourier Transform-Infra Red (FT-

IR) spectra and absorbencies for key functional groups 
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Table 3.20: Sampling sites of Olea cuspidata and Olea europaea for 

biochemical characterization  

Site No. Localities Altitude (m) Site No. Localities Altitude (m) 

1 Bismeela 830 11 Chahla Muzaffarabd 650 

2 Barhan Barsala 838 12 Archid  603 

3 Satra Meel 800 13 Bhimber 390 

4 Salgran 810 14 Tetrinot 854 

5 Arja 760 15 Khaegala 1587 

6 Khapdar 750 16 Ghaziabad 976 

7 Mera Chaprian 1109 17 Phagwati Hajira 933 

8 Nadhool 896 18 Kathae 1089 

9 Khunbandway 750 19 Khaegala 1587 

10 Bahawan  696 20 Kutla 1000 

 

Habitat with altitude Ecological zones 

Habitat 1=100-600m Sub-Tropical 

Habitat 2=601-1000m Sub-Tropical 

Habitat 3=1001-1300m Humid 

Habitat 4=>1300m Temperate 
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Figure 3.30 (A): FT-IR spectra of water extracts of Olea europaea and Olea 

cuspidata  
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Figure 3.32: Chemometric analysis of Olea cuspidata water extracts  
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Figure 3.33 (A): FT-IR spectra of ethylacetate extracts of Olea europaea and 

 Olea cuspidata  
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Figure 3.35: Biochemical analysis of Ethylacetate extracts Olea cuspidata 
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Figure 3.36: Distribution habitats of wild and cultivated olive in Azad Jammu  

 and Kashmir 

 

Habitat 1= (100-650m)                                          Habitat 2 = (650-1000m) 

 

 

  Habitat 3= (1001-1300m)                              Habitat 4 = (>1300 m) 
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Appendices I: Rainfall (mm) data recorded from four districts of Azad 

Jammu and Kashmir   

Months Kotli Muzaffarabad Rawalakot/Poonch Hattian Average 

January 83.3 129.6 103.45 187.74 126.02 

February 103.3 187.4 284.05 233.06 201.9 

March 96 1o6.7 189.95 112.08 132.7 

April 49.1 87.46 143.65 94.84 93.8 

May 40.2 73.74 76.91 54.9 61.4 

June 81.2 115.4 188.91 124.96 127.6 

July 227.2 285.6 251.05 251.54 253.8 

August 221.8 245.5 176.91 205.34 212.4 

September 77.7 120 114.9 80.48 98.3 

October 29.7 53 86.83 29.24 49.6 

November 15.1 42.42 52.45 36.14 36.5 

December 34.9 74 107.68 114.76 82.8 

Average 88.3 128.5 148.06 127.09 122.9 
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Appendices II: Temperature (Max. °C, Min. °C) recorded from four districts  

of Azad Jammu and Kashmir 

             Kotli Muzaffarabad Rawalakot/Poonch Hattian 

Months 

Temp. 

Max.°C 

Temp. 

Min.°C 

Temp. 

Max.°C 

Temp. 

Min. 

°C 

Temp. 

Max.°C 

Temp. 

Min.°C 

Temp. 

Max.°C 

Temp. 

Min.°C 

January 17.9 4.5 16.42 2.8 10.66 -3.05 15.38 2.24 

February 20.3 7.6 18.3 5.5 12.15 -0.9 16.86 5.24 

March 26.4 12.3 24.4 10.4 18.05 3.45 22.56 9.10 

April 32.1 17.5 29.5 14.6 23.28 6.86 27.42 12.96 

May 36.9 17.9 34.6 18.3 26.66 10.16 33.08 17.02 

June 37.3 23.5 37.16 21.3 28.68 13.31 36.2 20.12 

July 34.4 23.6 34.8 22.8 27.13 16.4 34.86 22.26 

August 33.3 23.1 34.2 22.5 26.58 16.58 32.96 21.92 

September 32.4 20.7 33.3 19.5 26.05 13.1 32.04 18.22 

October 30.3 16 30.52 13.5 22.9 6.36 28.34 12.12 

November 24.6 10.2 24.2 7.9 19.28 2.15 22.16 6.84 

December 19.7 6.2 17.8 3.9 15.23 -0.15 16.74 3.70 

Average 28.8 15.3 27.9 13.6 21.4 7.02 26.5 12.6 
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Appendices III: Relative humidity data recorded from four districts of Azad Jammu and Kashmir 

 

Kotli Muzaffarabad Rawalakot/Poonch Hattian 

Months 
%Humidity 

8am ppm 

%Humidity 

5pm ppm 

%Humidity 

8am ppm  

%Humidity 

5pm ppm 

%Humidity 

8am ppm 

%Humidity 

5pm ppm 

%Humidity 

8am ppm 

%Humidity 

5pm ppm 

January 79.8 54.5 83 51.4 74 45.33 80 53.4 

February 76 49.7 84 49.6 81.5 61.66 84 53.6 

March 65.1 37.2 76.6 39.6 74.83 52.83 82.8 45.8 

April 55.3 34.3 68.8 33.8 77.16 46.5 70.6 42.6 

May 48.2 34.8 60.2 30.8 77.16 48.33 60.2 34.2 

June 58.1 39.3 62.6 35.2 79.16 51.5 63.4 39.0 

July 78.7 61.5 78.4 49.6 89.16 70.83 78.8 53.0 

August 84.1 67.9 83.8 55.4 88.83 73.83 84.2 61.0 

September 76.6 53.5 81.8 48 86.5 65.83 82.6 52.0 

October 69.7 46.5 82.6 44.8 83.83 50.5 84.2 47.8 

November 66.1 47.7 83.6 49.6 77 44.83 86 52.8 

December 70.4 52.8 86.4 59 76.83 48.5 83.8 59.8 

Average 69.0 48.3 77.6 45.6 80.5 55.03 78.4 49.6 
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Appendices IV: Average climatic data recorded from four districts of Azad 

Jammu and Kashmir 

District Rainfall 

Temp. 

Max 

Temp. 

Min 

Humidity 

Max. 

Humidity 

Min. 

Kotli 88.3 28.8 15.3 69 48.3 

Muzaffarabad 128.5 27.9 13.6 77.6 45.6 

Rawalakot/Poonch 148.06 21.4 7.02 80.5 55.0 

Hattian 127.09 26.5 12.6 78.4 49.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


