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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment  of the requirement for the degree of Doctor of Philosophy 

DEVELOPMENT OF NANOEMULSION CONTAINING  
Parthenium hysterophorus L. CRUDE EXTRACT FOR PRE-EMERGENCE 

HERBICIDE FORMULATION 

By 

NOORUL JANNAH BINTI ZAINUDDIN 

January 2019 

Chairman :   Norazlinaliza Salim, PhD 
Faculty :   Science  

A nanoemulsion containing Parthenium hysterophorus crude extract (PHCE) 
was developed with the aim to introduced nanoemulsion as delivery system for 
PHCE in pre-emergence herbicide formulation. Parthenium hysterophorus is a 
noxious plant containing allelochemical parthenin with an ability to inhibit the 
growth of neighbouring plants. The study on herbicidal activity of P. 
hysterophorus was widely reported however, the study on development of PHCE 
in herbicide formulation was less explored. Nanoemulsion was proposed as the 
delivery system for PHCE to increase the efficiency and stability of plant crude 
extract. The use of natural-based active ingredients and adjuvants in 
nanoemulsion herbicide formulation was thought to be more environmental 
friendly compared to conventional synthetic herbicide.  

In the initial stage of the study, the local invasive weed known as Rumput Miang 
Mexico (RMM) was genetically identified as P. hysterophorus by using Internal 
Transcribes Spacer (ITS) region-based. The collected DNA sequence was 
registered in NCBI GenBank® under accession number of KY249559. The 
amount of the main allelochemical (parthenin) was determined to be 26.74 mg 
g-1 of dry plant by using UPLC-MS spectroscopy analysis. 

In the development of P. hysterophorus nanoemulsion (PHNE) formulation, 
several oil were tested to solubilize PHCE. Form the result, palm kernel oil ester 
(PKOE) was chosen as the oil phase due to the highest concentration of 
parthenin (2.43 ± 0.07 mg mL-1) was solubilized as compared to the other tested 
oils. Phase behaviour of P. hysterophorus crude extract (PHCE) was studied by 
construction of ternary phase diagrams using different surfactants. High 
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solubilisation capacity (isotropic region) was obtained by mixture of surfactants 
Tensiofix and Tween 80 (ratio 8:2) compared to the other mixture of surfactants. 
One spot was selected as pre-formulation from the isotropic region of PKOE: 
PHCE (3:1)/ Tensiofix: Tween 80 (8:2)/ water system and further become the 
starting point for composition optimization of PHNE. 
 
 
Mixture Experimental Design (MED) modelling was used to determine the 
optimal composition of PHNE. From the optimization process, analysis of 
variance (ANOVA) showed a fit quadratic polynomial model for four independent 
variables (PKOE, Tensiofix: Tween 80 (8:2), PHCE and water) in relation to 
particle size. The model suggested an optimal formulation composition which 
contained 30.91 % of PKOE, 28.48 % of mixed surfactants (Tensiofix and Tween 
80, 8:2), 28.32 % of water and 12.29 % of PHCE with the smallest particle size 
(140.10 nm) was obtained. The reading of both experimental and predicted 
particle size in the verification experiment was acceptable with a residual 
standard error (RSE) less than 2 %. 
 
 
Under the optimal condition, the particle of final formulation was clearly shown 
by morphology analysis to be spherical in shape and demonstrated an average 
particle size which is in agreement with dynamic light scattering analysis. The 
optimized nanoemulsion demonstrated a good stability (no phase separation) 
under centrifugation and different storage conditions (25 ± 5 °C and 45 °C). 
Manipulating time as parameter, nanoemulsion stored for 60 days exhibit 
monodisperse emulsion with narrow distribution of polydispersity index values 
(0.07 to 0.08), stable zeta potential values (± 25 mV) and slight increase of 
particle size (143.0 nm to 218.5 nm). The increase in particle size over time 
might have been contributed by Oswald ripening phenomenon which was shown 
by a linear graph from Oswald ripening rate analysis.  
 
 
In the efficiency test, PHNE was compared with PHCE in terms of surface 
tension and phytotoxicity against Diodia ocimifolia seed. PHNE displayed lower 
surface tension in comparison to PHCE which suggested that nanoemulsion 
might have enhanced the ability of the plant crude extract to penetrate through 
plant seed coat. In addition, PHNE was shown to cause total inhibition of D. 
ocimifolia seed at lower concentration (5 g L-1) than PHCE (10 g L-1). The ability 
of PHCE to inhibit D. ocimifolia seed was almost doubled after being formulated 
in nanoemulsion system by having half effective dose (ED50) value for PHNE 
(1.93 g L-1) and PHCE (3.60 g L-1). Similarly to the seed germination, PHNE 
shown to be more efficient in reducing the growth of radicle and shoots of D. 
ocimifolia in compared to the plant crude extract. The finding of the research 
could potentially serve as a platform for development of a natural herbicide 
formulation from crude plant extract for green weed management.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PEMBANGUNAN NANOEMULSI MENGANDUNGI EKSTRAK MENTAH 
Parthenium hysterophorus L. SEBAGAI FORMULASI RACUN RUMPAI 

PRA-PERTUMBUHAN  

Oleh 

NOORUL JANNAH BINTI ZAINUDDIN 

Januari 2019 

Pengerusi :   Norazlinaliza Salim, PhD 
Fakulti :   Sains 

Suatu formulasi nanoemulsi yang mengandungi ekstrak mentah Parthenium 
hysterophorus (PHCE) telah dibangunkan bagi memperkenalkan nanoemulsi 
sebagai sistem penghantaran bagi PHCE di dalam racun rumpai pra-
pertumbuhan. Parthenium hysterophorus adalah sejenis tumbuhan beracun 
yang mengandungi allelokimia parthenin dan berupaya merencat pertumbuhan 
tumbuhan lain. Kajian mengenai aktiviti racun rumpai PHCE telah banyak 
dilaporkan namun, kajian tentang pembangunan PHCE sebagai formulasi racun 
rumpai kurang diterokai. Nanoemulsi telah diperkenalkan sebagai sistem 
penghantaran bagi PHCE bagi meningkatkan keefisienan dan kestabilan 
ekstrak mentah tumbuhan. Penggunaan bahan aktif dan bahan tambahan 
semulajadi di dalam formulasi racun rumpai dianggap lebih bersifat mesra alam 
berbanding racun rumpai sintetik konvensional. 

Pada permulaan kajian, rumput tempatan yang dikenali sebagai Rumput Miang 
Mexico (RMM) telah dikenalpasti secara genetik sebagai P. hysterophorus 
dengan menggunakan penanda Internal Transcribe Spacer (ITS). Jujukan DNA 
yang diperoleh telah didaftarkan di dalam GenBank ®NCBI di bawah nombor 
pendaftaran KY249559. Melalui analisis spektroskopi UPLC-MS, sejumlah 
26.74 mg g-1 bahan allelokimia utama (parthenin) telah diperoleh daripada jisim 
kering PHCE.   

Di dalam pembangunan sistem nanoemulsi P. hysterophorus (PHNE), beberapa 
jenis minyak telah diuji untuk melarutkan PHCE. Keputusan yang diperoleh 
menunjukkan ester minyak isirong sawit (PKOE) telah dipilih sebagai fasa 
minyak berdasarkan kebolehannya melarutkan parthenin sebanyak 2.43 mg mL-
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1 berbanding minyak yang lain.  Perlakuan fasa ekstrak mentah PHCE telah 
ditunjukkan melalui pembinaan diagram tiga fasa menggunakan beberapa jenis 
surfaktan. Campuran surfaktan Tensiofix dan Tween 80 (8:2) telah 
menghasilkan kawasan isotropik tertinggi berbanding campuran surfaktan yang 
lain. Satu titik telah dipilih sebagai pra-formulasi dari kawasan isotropik pada 
sistem PKOE: PHCE (3:1) /Tensiofix: Tween 80 (8:2)/ air dan seterusnya 
dijadikan titik permulaan untuk pengoptimunan komposisi PHNE.  
 
 
Pengoptimunan kompoisisi PHNE telah ditentukan melalui kaedah rekabentuk 
eksperimen campuran (MED). Melalui kaedah tersebut, analisis varians 
(ANOVA) telah memberikan sebuah model polinomial kuadratik yang 
menunjukkan hubungan di antara empat pembolehubah (PKOE, Tensiofix: 
Tween 80 (8:2), PHCE dan air) dengan saiz partikel. Model yang diperoleh telah 
mencadangkan komposisi formulasi yang mengandungi 30.91 % PKOE, 28.48 
% campuran surfaktan (Tensiofix dan Tween 80, 8:2), 28.32 % air dan 12.29 % 
PHCE dengan nilai saiz partikel yang minimum (140.10 nm). Pada eksperimen 
pengesahan, hasil bacaan sebenar saiz partikel adalah selaras dengan bacaan 
ramalan di mana nilai ralat baki standard (RSE) yang lebih rendah daripada 2 
%. 
 
 
Pada keadaan optimum, partikel formulasi menunjukkan bentuk sfera yang jelas 
ketika analisis morfologi dan memberikan purata saiz partikel yang selari 
dengan analisis dari penganalisa saiz (dynamic scattering light). Formulasi 
optimum menunjukkan kestabilan yang tinggi (tiada pemisahan fasa) ketika 
ujian daya empar dan ujian penyimpanan pada keadaan yang berbeza (25 ± 5 
°C and 45 °C). Apabila masa dimanipulasi sebagai parameter, nanoemulsi yang 
disimpan selama 60 hari mempamerkan emulsi monoserakan dengan purata 
indeks poliserakan (PDI) yang kecil (0.07 to 0.08), nilai zeta potensi yang stabil 
(±25 mV) dan sedikit peningkatan pada saiz partikel (143.0 nm kepada 218.5 
nm. Peningkatan saiz partikel adalah disebabkan oleh fenomena pematangan 
Oswald yang ditunjukkan oleh graf linear pada analisis kadar pematangan 
Oswald. 
  
 
Pada ujian keefisienan, PHNE telah dibandingkan dengan PHCE dari segi 
tekanan permukaan dan ketoksikan terhadap biji benih Diodia ocimifolia. PHNE 
memberikan nilai tekanan permukaan yang rendah berbanding PHCE yang 
mencadangkan nanoemulsi mungkin berupaya meningkatkan kebolehan ektrak 
tumbuhan untuk menembusi kulit biji benih tumbuhan. Selain itu, PHNE 
merencat secara menyeluruh pertumbuhan biji benih D. ocimifolia pada 
kepekatan yang lebih rendah (5 g L-1) berbanding PHCE (10 g L-1). Kebolehan 
PHCE untuk merencat pertumbuhan D. ocimifolia telah digandakan hampir dua 
kali setelah diformulasi ke dalam sistem nanoemulsi dengan menunjukkan nilai 
dos separa efektif (ED50) bagi PHNE (1.93 g L-1) and PHCE (3.60 g L-1). Selari 
dengan ujian pertumbuhan biji benih, nanoemulsi turut menunjukkan 
keefisienan yang lebih baik di dalam menghalang pertumbuhan pucuk dan akar 
D. ocimifolia. Hasil kajian ini berpotensi untuk menjadi platform bagi 
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pembangunan formulasi racun rumpai semulajadi dengan tujuan pengurusan 
rumpai secara selamat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
vi 

ACKNOWLEDGEMENTS 
 
 

In the name of Allah, the Most Gracious and the Most Merciful. Peace and 
blessing be upon Muhammad S.A.W His servant and messenger. All praise be 
to Allah for the courage to complete this thesis 
 
 
This thesis is specially dedicated to:  
My lovely children (Muhammad Al-Fateh Hazim and Noura ‘Adnin Hazim), 
husband (Hazim Abd Halim), my parents (Zainuddin Mohamad Yatim and Zaliha 
Saidin) and for the rest of family members for their never ending love and 
support.  
 
 
I would like to take this opportunity to express my appreciation to those who 
have contributed in this research. I owe a deep dept of gratitude to my 
supervisory committee which once lead by our beloved late Prof Dr. Mahiran 
Basri and now by the very supportive Dr. Norazlinaliza Salim and the other 
member of committee Dr. Siti Efliza Ashari, Dr. Norhayu Asib, Prof Dzholkhifli 
Omar, and Prof Dr. Gwendoline Ee Cheng Lian. May Allah grant them the best 
goodness in their lives for their effort, time, commitment, and always being 
generous during every phases of my research.   
 
 
Love, respect and a bunch of memories also was dedicated to my fellow friends. 
Yana, Liza, Kak Sal, Izazi and Nawwar, thank you for being my true friends who 
always smile and been with me through thick and thin.  Lim, Kak Ziti, Kak wani, 
Wani, Fira, Faz, Fizah and the other 105 and 401 labmates who has shown me 
friendship and kindness throughout this journey. My prayers would always be 
with all of you. 
  
 
I would also like to say a warm thank for the help and assistant from members 
of Department of Chemistry, Faculty of Science UPM, Department of Plant 
Protection, Faculty of Agriculture UPM, and Department of Agriculture Selangor. 
Without their support, this study would not have been possible. 
 
 
Last but not least, deepest thanks goes to all people who took part in making 
this thesis real. May this small effort in any way could inspired and benefits 
others for their works.  
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

viii 

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

Norazlinaliza Salim, PhD 
Senior Lecturer 
Faculty of Science 
Universiti Putra Malaysia  
(Chairman) 

Siti Efliza Ashari, PhD 
Senior Lecturer  
Faculty of Science 
Universiti Putra Malaysia 
(Member) 

Norhayu Asib, PhD 
Senior Lecturer 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 

ROBIAH BINTI YUNUS, PhD 
Professor and Dean  
School of Graduate Studies  
Universiti Putra Malaysia 

Date: 



© C
OPYRIG

HT U
PM

ix 

Declaration by graduate student 

I hereby confirm that: 
 this thesis is my original work;
 quotations, illustrations and citations have been duly referenced;
 this thesis has not been submitted previously or concurrently for any other

degree at any institutions;
 intellectual property from the thesis and copyright of thesis are fully-owned

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

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

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

Signature: ________________________  Date: __________________ 

Name and Matric No.: Noorul Jannah binti Zainuddin, GS41049 



© C
OPYRIG

HT U
PM

x 

Declaration by Members of Supervisory Committee 

This is to confirm that: 
 the research conducted and the writing of this thesis was under our

supervision;
 supervision responsibilities as stated in the Universiti Putra Malaysia

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

Signature: 
Name of  Chairman 
of Supervisory 
Committee: Dr. Norazlinaliza Salim 

Signature: 
Name of  Member 
of Supervisory 
Committee: Dr. Siti Efliza Ashari 

Signature: 
Name of  Member 
of Supervisory 
Committee: Dr. Norhayu Asib 



© C
OPYRIG

HT U
PM

 
xi 

TABLE OF CONTENTS 
 
 

Page 
 

ABSTRACT      i 
ABSTRAK iii 
ACKNOWLEDGEMENTS v 
APPROVAL vi 
DECLARATION viii 
LIST OF TABLES                                                                                                        xiv 
LIST OF FIGURES                                                                                                     xvi 
LIST OF ABBREVIATIONS xviii 
  
CHAPTER  
1 INTRODUCTION 1 

1.1 Research Background 1 
1.2 Problem statement 2 
1.3 Significant of study 3 
1.4 Objectives 3 

 
2 LITERATURE REVIEW 5 

2.1 Parthenium hysterophorus 5 
2.1.1 Distribution and morphology of P. 

hysterophorus 5 
2.1.2 Impact of P. hysterophorus to other plants 8 
2.1.3 Management of P. hysterophorus 9 

2.2 Allelochemical 12 
2.2.1 Allelochemical in P. hysterophorus 12 
2.2.2 Allelochemical for herbicide application 14 

2.3 Herbicide 15 
2.3.1 Toxicity of synthetic herbicide 16 
2.3.2 Resistance of herbicide 17 
2.3.3 Herbicide delivery system 18 

2.4 Nanoemulsion 18 
2.4.1 Application of nanoemulsion in agriculture 19 
2.4.2 Nanoemulsion herbicide 20 
2.4.3 Component in nanoemulsion for herbicide 

formulation 21 
2.4.4 Stability of nanoemulsion system 23 
2.4.5 Optimization method for preparation of 

nanoemulsion containing plant extract 26 
2.4.6 Diodia ocimifolia (Slender button weed) 27 

 
3 MATERIALS AND METHODS 29 

3.1 Materials 29 
3.2 Genetic identification of P. hysterophorus 29 

3.2.1 DNA extraction 29 
3.2.2 DNA amplification 30 



© C
OPYRIG

HT U
PM

 
xii 

3.2.3 Marker amplification and sequencing 30 
3.2.4 Sequence alignment and phylogenetic analysis

 31 
3.3 Extraction of P. hysterophorus 31 
3.4 Isolation of parthenin 31 

3.4.1 Column chromatography 31 
3.4.2 Characterization of the isolated parthenin 32 

3.5 Preparation and optimization of nanoemulsion 
containing P. hysterophorus crude extract (PHCE) 33 
3.5.1 Solubility study 33 
3.5.2 Construction of ternary phase diagram 33 
3.5.3 Selection and preparation of P. hysterophorus 

nanoemulsion (PHNE) 34 
3.5.4 Mixture Experimental Design (MED) 34 

3.6 Physicochemical properties of optimized PHNE 35 
3.6.1 Mean particle size and polydispersity index 

(PDI) 35 
3.6.2 Zeta potential 36 
3.6.3 Stability study 36 
3.6.4 Field Emission Microscope (FEM) 

measurement 37 
3.6.5 Surface tension measurement 37 

3.7 Bioassay study 38 
3.7.1 Preparations of PHCE and PHNE solutions 38 
3.7.2 Pretreatment of D. ocimifolia seeds 38 
3.7.3 Seed growth bioassay 38 
3.7.4 Germination percentage (GP) 39 
3.7.5 Germination index (GI) 39 
3.7.6 Statistical analysis 39 
3.7.7 Dose response regression 39 

 
4 RESULTS AND DISCUSSION 41 

4.1 Genetic Identification of P. hysterophorus 41 
4.2 Extraction of P. hysterophorus 42 
4.3 Isolation of parthenin 43 
4.4 Identification of parthenin in P. hysterophorus crude 

extract (PHCE) 48 
4.5 Preparation and optimization of P. hysterophorus 

nanoemulsion (PHNE) 49 
4.5.1 Solubility analysis 49 
4.5.2 Phase behaviour analysis of PKOE: PHCE/ 

surfactant/ water systems 50 
4.5.3 Phase behaviour analysis of PKOE: PHCE/ 

mixed surfactants/ water systems 54 
4.5.4 Selection of pre-nanoemulsion formulation and 

their characterizations 58 
4.6 Optimization of P. hysterophorus nanoemulsion 

(PHNE) 61 



© C
OPYRIG

HT U
PM

 
xiii 

4.6.1 Fitting the model and analysis of variance 
(ANOVA) 61 

4.6.2 D-optimal analysis 65 
4.6.3 Verification of the model 68 
4.6.4 Optimization of a response 68 

4.7 Physicochemical properties of optimized formulation of 
P. hysterophorus nanoemulsion (PHNE) 69 
4.7.1 Stability study 69 
4.7.2 Morphology analysis 72 
4.7.3 Surface tension analysis 73 

4.8 Toxicity of P. hysterophorus crude extract (PHCE) and 
P. hysterophorus nanoemulsion (PHNE) against D. 
ocimifolia 74 
4.8.1 Seed germination 74 
4.8.2 Dose-response analysis of radicle and shoot 82 

 
5 CONCLUSIONS AND RECOMMENDATION 85 

5.1 Conclusions 85 
5.2 Recommendation for future research 86 

 
REFERENCES 88 
APPENDICES 103 
BIODATA OF STUDENT 114 
LIST OF PUBLICATIONS 115 
 
 
 
 
  



© C
OPYRIG

HT U
PM

 
xiv 

LIST OF TABLES 
 
 

Table         Page 
 
2.1 Scientific classification of P. hysterophorus  7 

2.2 Current utilization of P. hysterophorus in different industries 11 

2.3 Effect of P. hysterophorus on different types of plant 13 

3.1 Thermal Cycle condition used for PCR program 30 

3.2 List of ITS primers and sequences 31 

3.3 Constraints of independent variable proportions 35 

4.1 NMR data of the isolated parthenin 47 

4.2 Calculated hydrophilic-lipophilic balance (HLB) values of         
Tensiofix: Tween 80 at different mix surfactant ratio (MSR) 58 

4.3 Three formulations with their particle size, PDI, and zeta 
potential values 59 

4.4 Experimental and predicted values of particle size for PHNE           
from MED 62 

4.5 Analysis of variance (ANOVA) for the MED of the quadratic          
model 63 

4.6 Regression coefficient values for the final reduced model 63 

4.7 The experimental and predicted response for randomized    
formulation 68 

4.8 The optimum PHNE formulation with particle size and RSE           
value 68 

4.9 Surface tension of water and PHNE in different concentration 74 

4.10 Germination percentage (GP) for D. ocimifolia seed treated by   
different concentrations of PHCE and PHNE 75 

4.11 Germination Index (GI) for D. ocimifolia seed treated by 
different concentration of PHCE and PHNE 81 



© C
OPYRIG

HT U
PM

 
xv 

4.12 ED50 values for seed germination, radicle and shoot length of 
D. ocimifolia 84 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
xvi 

LIST OF FIGURES 
 
 

Figure         Page 
 
2.1 Distribution of P. hysterophorus in Malaysia 6 

2.2 Parthenium hysterophorus in (a) vegetative stage and (b)   
reproductive stage 8 

2.3 Chemical structure of parthenin 13 

2.4 Microphotograph of chromosomal aberrations in root tip cells 
of V. faba (a) chromosome bridge in telophase; (b) c-
metaphase; (c) stickiness in anaphase; (d) chromosomal 
bridge in anaphase; (e) anaphase with forward lagging 
chromosome 14 

2.5 Schematic representation of various breakdown processes in 
emulsions 24 

4.1 Parthenium hysterophorus grow abundantly at the roadside of 
settlement area 41 

4.2 The methanolic extract of P. hysterophorus 43 

4.3 FTIR spectrum of isolated parthenin 45 

4.4 1H NMR spectrum of isolated parthenin 46 

4.5 13C NMR spectrum of isolated parthenin 47 

4.6 UPLC-MS chromatogram of parthenin and PHCE 48 

4.7 Solubility of parthenin in different oils 49 

4.8 Ternary phase diagrams of PKOE: PHCE/surfactant/water          
system with different surfactants (a) Tween 80, (b) Tensiofix,             
(c) APG and (d) Silwet 52 

4.9 Ternary phase diagrams of PKOE: PHCE/ mixed surfactants         
(8:2)/ water systems of (a) Tensiofix: Tween 80 (b) APG:              
Tween 80 and (c) Silwer: Tween 80 55 

4.10 Ternary phase diagrams of PKOE: PHCE/ Tensiofix: Tween              
80/ water systems at ratio of surfactant (a) 7:3 and (b) 9:157 

4.11 The normal plot of residuals 64 



© C
OPYRIG

HT U
PM

 
xvii 

4.12 Predicted and experimental value of particle size of PHNE 65 

4.13 The (a) 2D and (b) 3D diagram illustrated the effect of          
composition of Tensiofix: Tween 80 (A), PKOE (B) and PHCE           
(D) on particle size of PHNE as amount of water (C) was kept   
constant 67 

4.14 Changes in particle size and PDI of optimized PHNE within                
60 days of storage at 25°C 70 

4.15 1/r2 as a function of time for optimized PHNE 71 

4.16 r3 as a function of time for optimized PHNE 72 

4.17 Microstructure of the optimized PHNE 73 

4.18 Dose response curves represent biological inhibition of D.                  
ocimifolia by PHCE and PHNE in concentration range 1-15 g 
L-1 76 

4.19 Changes in germination of D. ocimifolia as affected by PHCE              
for 12 days at different concentration (1-15 g L-1) 79 

4.20 Changes in germination of D. ocimifolia as affected by PHNE              
for 12 days at different concentration (1-15 g L-1) 80 

4.21 Comparison between dose response curves for growth of             
radicle and shoot of D. ocimifolia seed after being treated by             
different concentration (1-15 g L-1) of PHCE and PHNE 83 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



© C
OPYRIG

HT U
PM

 
xviii 

LIST OF ABBREVIATIONS 
 
 
MOA   Mode of action 

ROS   Reactive oxygen species 

nAChRs  Nicotinic acetylcholine receptors 

HPPD   p-hydroxyphenylpyruvate dioxygenase 

CIB   Central Insecticide Board 

FDA   Food and Drug Administration 

ALS   Acetolactate synthase 

PPE   Personal Protective Equipment 

Ai    Active ingredient 

WP    Wettable powder 

WDG   Water-Dispersible Granule 

DF   Dry flowable 

WSC   Water Soluble Concentrate 

E/EC   Emulsifiable Concentrate 

AS   Aqueous Suspension 

O/W   Oil-in-water  

W/O   Water-in-oil  

HLB   Hydrophilic lipophilic balance 

LC50   50% of lethal concentration 

LAPG   Long-chain alkylpolyglucosides 

ED50   50% of effective dose 

CMC   Critical micelle concentration 

MED   Mixture experimental design 



© C
OPYRIG

HT U
PM

 
xix 

DNA   Deoxyribonucleic acid 

PKOE   Palm kernel oil ester 

MCT   Medium chain triglyceride 

PCR   Polymerase chain reaction 

ITS   Internal Transcribes Spacer 

nBLAST  Nucleotide Basic Local Alignment Search Tool 

NCBI   National Institute of Biotechnology Information  

TLC   Thin layer chromatography  

UV   Ultraviolet 

FTIR   Fourier transform infrared 

NMR   Nuclear magnetic resonance 

CDCl3   Deuterated chloroform 

LCMS   Liquid chromatography mass spectrometry 

UPLC   Ultra performance liquid chromatography 

SQD   Single Quadrupole Detector 

APG   Alkyl polyglucoside 

ANOVA   Analysis of variance 

R2   Coefficient of determination 

DLS   Dynamic light scattering 

RG%   Percentage of relative germination 

RMM   Rumput Miang Mexico 

RNA   Ribonucleic acid 

SOR   Surfactant-to-oil ratio 

PDI   Polydispersity index 



© C
OPYRIG

HT U
PM

 
xx 

RSE   Residual standard error 

DAT   Day after treatment 

PHCE   Parthenium hysterophorus crude extract 

PHNE   Parthenium hysterophorus nanoemulsion 

GP   Germination percentage  

GI   Germination index    
  

 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Research Background 

Weed has been defined as a group of aggressive unwanted plants that grow 
competitively together with crops or grown on wasted land. The study on weed 
management is of fundamental importance for successful crop protection. 
Although its population only account for less than 1  % of the total plant species 
on earth, the impact it gave was huge enough (Qasem and Foy, 2001). 
Interestingly, in a controlled environment and balance ecosystem, weeds should 
not become a problem because of their own purpose of existence. Thus, human 
being is responsible for finding a solution for the imbalance growth of these 
species which caused by rapid development of human activities.   

Currently, there are approximately 800 weed species in our nature environment, 
many of which are invasive (Ahmad et al., 2016). Management of weed species 
is dominantly by herbicide, integrated with other control measures including 
cultural practices, prescribed burning, animal grazing, and to a certain extent, 
followed by manual and mechanical roughing. Reliance upon herbicide as the 
primary method for weed control was associated with herbicide-resistant weeds 
and uses of a toxic chemical in the formulation. Thus, plant based herbicide 
formulation has gained great attention as a source of environmental friendly 
active component. 

Ideally in development of a product formulation containing plant material, single 
or pure compound is preferable over mixture substances due to its specificity in 
method development and mechanism of action.  However, the use of isolated 
compound is not always the most viable or successful approach. Isolation 
process frequently associated with difficulty in the purification steps with most of 
the compound loss during the process and reduction in terms of reactivity for 
some isolated compound at the end of isolation process. There were increasing 
numbers of publication reveal on relation of plant extract with nanotechnology-
based system basically for the reason to reduce waste in product development. 
Moreover, mixture compound could possibly act in multiple targets due to 
synergism between different compounds (Gertsch, 2011; Zorzi et al., 2015).  

Nanotechnology offer an encapsulation of active ingredient (Ai) in various field 
of agriculture with the aim to enhance the solubility of poorly soluble Ai, to protect 
the Ai from photodegradation and volatilization, and to increase the uptake of Ai 
into variety of membrane barrier (Melanie Kah and Hofmann, 2014). However, 
supporting data about nanoemulsion and herbicide remains scarce. Previous 
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studies have shown the study of nanoformulated product by insect to support 
the enhanced uptake hypothesis. The lethal concentration (LC50) of 
nanoemulsion loaded with neem oil against Culex quiquefasciatus decreased 
with particle size which was interpreted as indicating an increased uptake of 
smaller particles (Anjali et al., 2012). In the second study, the efficacy of a 
nanoemulsion containing permethrin was significantly higher than that of the 
pure active ingredient against larvae of Aedes aegypti (LC50 nanopermethrin = 
0.0063 mg L-1, LC50 permethrin = 0.0199 mg L-1), which was again indicating an 
increased uptake of the nanoformulated product (Kumar et al., 2013). 

Therefore, in this study Parthenium hysterophorus (P. hysterophorus) crude 
extract containing allelochemical was introduced as a new bioactive component 
in herbicide formulation. P. hysterophorus is one of the world’s seven most 
devastating and aggressive weed commonly known as carrot grass and bitter 
weed (Patel, 2011). The plant contained allelochemical parthenin which play as 
major phytotoxic compound in the plant. Allelochemical is a chemical compound 
that influence growth, survival and reproduction of other organism (Dhillon and 
Mukhopadhyay, 2015). P. hysterophorus crude extract (PHCE) was formulated 
in nanoemulsion as a system to deliver the bioactive compounds through 
hydrophobic plant surface for natural weed management. 

1.2 Problem statement 

This study was conducted to develop a natural-based herbicide formulation for 
green weed management. Weed has become one of the major problem in 
agriculture industry where it was dominantly managed by using herbicide. 
However, conventional synthetic herbicide was reported to be toxic towards 
human health and caused environmental pollution (Masirah et al., 2013). 
Furthermore, the number of weed resistance species was increasing from time 
to time (Heap, 2019) as a result from repeated used of the same chemical group 
of herbicide. Thus, natural-based component such as plant crude extract could 
become the bioactive ingredient for herbicide formulation in order to reduce its 
hazardous effect towards environment.   

P. hysterophorus is a noxious weed and was widely reported to have the 
herbicidal properties by releasing allelochemicals to the neighbouring plants. 
This offer an opportunity for its crude extract as a natural herbicide in weed 
management (Tanveer et al., 2015). Despite having various bioactive 
compounds, plant crude extract was always associated with lack of good 
physicochemical properties and short shelf-life (Zorzi et al., 2015). The 
properties have precluded natural product for further product development. 
Combination of the natural active component and effective delivery system 
would serve as a safe and efficient herbicide formulation in the agriculture 
industry.  
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Nanotechnology in agriculture industry has received greater attention with 
various applications however, nanoemulsion for herbicide formulation remain 
less explored. A good delivery system not only contributing for its stability but 
also increase the bioavailability of the plant extract. A formulation containing a 
surfactant and having the properties of small in particle size might enhance the 
penetration of plant extract into plant cell. A well-design delivery system such as 
nanoemulsion could help in development an eco-friendly herbicide formulation 
containing P. hysterophorus crude extract (PHCE).  

1.3 Significant of study 

Above all problem arises, achievement on 100 % control of weeds is an 
unrealistic objective in a balanced ecosystem. However, an effort could be done 
as an alternative to reduce total reliance on synthetic herbicide which has 
affected the environment and economy due to toxicity and resistance of weeds 
issues. The use of plant extract in herbicide formulation could give advantages 
as it combines environmental friendly element and a new mode of action (MOA) 
into the formulation for a safer and efficient product.  

Therefore, the ultimate goal of this study is to develop a stable nanoemulsion 
containing PHCE for an efficient pre-emergence herbicide formulation against 
one of the noxious weed in Malaysian Palm oil plantation, Diodia ocimifolia. To 
the best of our knowledge, this is the first study to report the encapsulation of 
PHCE in nanoemulsion for pre-emergence herbicide application. The study may 
serve as a based and reference for the development of nanoemulsion containing 
crude plant extract for herbicide formulation. The study will also benefit in 
increasing the value of unwanted plant such as P. hysterophorus by utilization 
of its bioactive compounds.  

1.4 Objectives 

The aim of the study was to develop nanoemulsion containing P. hysterophorus 
crude extract (PHCE) for pre-emergence herbicide formulation. This study was 
focused on qualitative and quantitative research as an approach for testing 
several objectives listed below: 

1. To identify P. hysterophorus species by using genetic identification and 
determine the major allelochemical parthenin in PHCE  

2. To determine the phase behaviour of PHCE in oil-in-water emulsion 
system 

3. To formulate and optimize the nanoemulsion containing PHCE by 
Mixture Experimental Design (MED) 
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4. To determine the physicochemical characteristic of the P. hysterophorus 
nanoemulsion (PHNE)  

5. To investigate the efficacy of PHNE against Diodia ocimifolia  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

 
88 

6 REFERENCES 

Abdul Raoof, K. M., and Siddiqui, M. B. 2013. Allelotoxic effect of parthenin on 
cytomorphology of broad bean (Vicia faba L.). Journal of the Saudi 
Society of Agricultural Sciences, 12(2), 143–146. 

 
Adkins, S., and Shabbir, A. 2014. Biology, ecology and management of the 

invasive parthenium weed (Parthenium hysterophorus L.). Pest 
Management Science, 70(7), 1023–1029. 

 
Adkins, S. W., and Sowerby, M. S. 2015. Allelopathic potential of invasive 

parthenium weed (Parthenium hysterophorus L.) seedlings on 
grassland species in Australia. Allelopathy Journal, 36(1), 1–14. 

 
Ahmad Afridi, R., and Khan, M. A. 2015. Comparative effect of water extract of 

Parthenium hysterophorus, Datura alba, Phragmites australis and 
Oryza sativa on weeds and wheat. Sains Malaysiana, 44(5), 693–699. 

 
Ahmad, Z., Khan, S. M., Abd_Allah, E. F., Alqarawi, A. A., and Hashem, A. 2016. 

Weed species composition and distribution pattern in the maize crop 
under the influence of edaphic factors and farming practices: A case 
study from Mardan, Pakistan. Saudi Journal of Biological Sciences, 
23(6), 741–748. 

 
Alejandro, P. D. L., and Rubiales, D. 2009. Nanotechnology for parasitic plant 

control. Pest Management Science, 65(5), 540–545. 
 
Ali, A., Mekhloufi, G., Huang, N., and Agnely, F. 2016. Beta-lactoglobulin 

stabilized nanemulsions-Formulation and process factors affecting 
droplet size and nanoemulsion stability. Int J Pharm, 500(1–2), 291–
304. 

 
Amritphale, D., Ramakrishna, P., Singh, B., and Sharma, S. K. 2010. Solute 

permeation across the apoplastic barrier in the perisperm-endosperm 
envelope in cucumber seeds. Planta, 231(6), 1483–1494. 

 
Anjali, C., Sharma, Y., Mukherjee, A., and Chandrasekaran, N. 2012. Neem oil 

(Azadirachta indica) nanoemulsion-a potent larvicidal agent against 
Culex quinquefasciatus. Pest Management Science, 68(2), 158–163. 

 
Aragao, B. J., and Messaddeq, Y. 2008. Peak separation by derivative 

spectroscopy applied to FTIR analysis of hydrolized silica. Journal of the 
Brazilian Chemical Society, 19(8), 1582–1594. 

 
Aslam, F., Khaliq, A., Matloob, A., Abbas, R. N., Hussain, S., and Rasul, F. 2014. 

Differential allelopathic activity of Parthenium hysterophorus L. against 
canary grass and wild oat. The Journal of Animal & Plant Sciences, 
24(1), 234–244.  



© C
OPYRIG

HT U
PM

89 

Azeem, A., Rizwan, M., Ahmad, F. J., Iqbal, Z., Khar, R. K., Aqil, M., and 
Talegaonkar, S. 2009. Nanoemulsion components screening and 
selection: a technical note. AAPS PharmSciTech, 10(1), 69–76. 

Bacigalupo, N., Cabral, E. L., and Fader, A. A. C. 2010. Spermacoce spiralis, a 
new name for Diodia assurgens (Rubiaceae). Plant Ecology and 
Evolution, 143(1), 100–104. 

Bakar, B. H. 2004. Invasive weed species in Malaysian agro-ecosystems : 
Species , impacts and management. Malaysian Journal of Science, 23, 
1–42. 

Baker, E. A., Hayes, A. L., and Butler, R. C. 1992. Physicochemical properties 
of agrochemicals: Their effects on foliar penetration. Pesticide Science, 
34(2), 167–182. 

Baldwin, B. G. 1992. Phylogenetic utility of the internal transcribed spacers of 
nuclear ribosomal DNA in plants : An example from the compositae. 
Molecular Phylogenetics and Evolution, 1(1), 3–16. 

Basarkar, U. G., and Saoji, A. A. 2013. Isolation, characterization of 
sesquiterpene parthenin and its estimation from Parthenium 
hysterophorus pollen. International Journal of Emerging Technologies 
in Computational and Applied Sciences, 5(4), 364–368. 

Batish, D. R. D., Singh, H. P., Kohli, R. K. R., Saxena, D. B., and Kaur, S. 2002. 
Allelopathic effects of parthenin against two weedy species, Avena fatua 
and Bidens pilosa. Environmental and Experimental Botany, 47(2), 149–
155. 

Batish, D. R., Singh, H. P., Kohli, R. K., and Kaur, S. 2008. Eucalyptus essential 
oil as a natural pesticide. Forest Ecology and Management, 256(12), 
2166–2174. 

Belz, R. G. 2008. Stimulation versus inhibition-bioactivity of parthenin, a 
phytochemical from Parthenium hysterophorus L. Dose-Response, 6, 
80–96. 

Belz, R. G., and Cedergreen, N. 2010. Parthenin hormesis in plants depends on 
growth conditions. Environmental and Experimental Botany, 69(3), 293–
301. 

Belz, R. G., Reinhardt, C. F., Foxcroft, L. C., and Hurle, K. 2007. Residue 
allelopathy in Parthenium hysterophorus L.—Does parthenin play a 
leading role? Crop Protection, 26(3), 237–245. 



© C
OPYRIG

HT U
PM

 
90 

Bernardi, D. S., Pereira, T. A., Maciel, N. R., Bortoloto, J., Viera, G. S., Oliveira, 
G. C., and Rocha-Filho, P. A. 2011. Formation and stability of oil-in-
water nanoemulsions containing rice bran oil: in vitro and in vivo 
assessments. Journal of Nanobiotechnology, 44(9), 1-9. 

 
Bezuneh, T. T. 2015. Phytochemistry and Antimicrobial Activity of Parthenium 

hysterophorus L.: A Review. Science Journal of Analytical Chemistry, 
3(3), 30-38. 

 
Bhateria, R., Renu, and Snehlata. 2015. Parthenium hysterophorus L.: Harmful 

and beneficial aspects - A review. Nature Environment and Pollution 
Technology, 14(3), 463–474. 

 
Bolle, P., Mastrangelo, S., Tucci, P., and Evandri, M. G. 2004. Clastogenicity of 

atrazine assessed with the Allium cepa test. Environmental and 
Molecular Mutagenesis, 43(2), 137–141. 

 
Cedergreen, N., Streibig, J. C., Kudsk, P., Mathiassen, S. K., and Duke, S. O. 

2007. The occurrence of hormesis in plants and algae. Dose-Response : 
A Publication of International Hormesis Society, 5(2), 150–162. 

 
Chaiittianan, R., and Sripanidkulchai, B. 2014. Development of a nanoemulsion 

of Phyllanthus emblica L. branch extract. Drug Development and 
Industrial Pharmacy, 40(12), 1597–1606. 

 
Chandrakala, M. . V., Dharani, P., Patil, R. R., Sukumar, J., Maribashetty, V. G., 

Gururaj, C. S., Sekharappa, B. M. 2012. Investigation on the application 
of Parthenium hysterophorus extracts as feed additives for young larvae 
of silkworm , Bombyx mori L . Agricultural Science Research Journals, 
2(August), 449–452. 

 
Chaudhuri, A., and Ray, S. 2016. Allelopathic potential of tannic acid and its 

equivalent phenolics extracted from aerial parts of Ampelocissus latifolia 
(Roxb.) planch. IOSR Journal of Agriculture and Veterinary Science, 
9(7), 90–100. 

 
Che Sulaiman, I. S., Basri, M., Fard Masoumi, H. R., Ashari, S. E., and Ismail, 

M. 2016. Design and development of a nanoemulsion system containing 
extract of Clinacanthus nutans (L.) leaves for transdermal delivery 
system by D-optimal mixture design and evaluation of its 
physicochemical properties. RSC Adv., 6(71), 67378–67388. 

 
Chen, M., Lu, X., Liu, X., Hou, Q., Zhu, Y., and Zhou, H. 2015. Slow dynamic of 

water confined in Newton Black Films. The Royal Society of Chemistry, 
(29), 19183–19193. 

 
Chen, S., Yao, H., Han, J., Liu, C., Song, J., Shi, L., and Leon, C. 2010. 

Validation of the ITS2 region as a novel DNA barcode for identifying 
medicinal plant species. PLoS ONE, 5(1), 1–8. 



© C
OPYRIG

HT U
PM

91 

Chevrier, C., Serrano, T., Lecerf, R., Limon, G., Petit, C., Monfort, C., and 
Cordier, S. 2014. Environmental determinants of the urinary 
concentrations of herbicides during pregnancy : The PELAGIE mother – 
child cohort ( France ). Environment International, 63, 11–18. 

Chung, C., and McClements, D. J. 2018. Chapter 17 – Characterization of 
physicochemical properties of nanoemulsions: Appearance, stability, 
and rheology. In Nanoemulsions Formulation, Applications, and 
Characterization (pp. 547–576). 

Dar, R. A., and Rai, A. N. 2017. Origin of Alternaria kashmeriana causing canker 
stains on native Platanus orientalis kashmeriana - A First Report from 
the Asia. MOJ Cell Science & Report, 4(5), 1–6. 

Dayan, F. E., Cantrell, C. L., and Duke, S. O. 2009. Natural products in crop 
protection. Bioorganic and Medicinal Chemistry, 17(12), 4022–4034. 

Dayan, F. E., and Duke, S. O. 2014. Natural compounds as next generation 
herbicides. Plant Physiology, 16(3), 1090-1105. 

De Castro, R. D., Van Lammeren, A. A. M., Groot, S. P. C., Bino, R. J., and 
Hilhorst, H. W. M. 2000. Cell division and subsequent radicle protrusion 
in tomato seeds are inhibited by osmotic stress but DNA synthesis and 
formation of microtubular cytoskeleton are not. Plant Physiology, 122(2), 
327–335. 

Delmas, T., Piraux, H., Couffin, A. C., Texier, I., Vinet, F., Poulin, P., and Bibette, 
J. 2011. How to prepare and stabilize very small nanoemulsions. 
Langmuir, 27(5), 1683–1692. 

Dhillon, N. K., and Mukhopadhyay, S. S. 2015. Nanotechnology and allelopathy : 
synergism in action. Journal Crop and Weed, 11(2), 187–191. 

Dias, D. D. O., Colombo, M., Kelmann, R. G., Kaiser, S., Lucca, L. G., Teixeira, 
H. F., and Koester, L. S. 2014. Optimization of copaiba oil-based 
nanoemulsions obtained by different preparation methods. Industrial 
Crops & Products, 59, 154–162. 

Donsì, F., Wang, Y., and Huang, Q. 2011. Freeze-thaw stability of lecithin and 
modified starch-based nanoemulsions. Food Hydrocolloids, 25(5), 
1327–1336. 

Dragicevic, M., Platisa, J., Nikolic, R., Todorovic, S., Bogdanovic, M., Mitic, N., 
and Simonovic, A. 2013. Herbicide phosphinothricin causes direct 
stimulation hormesis. Dose-Response, 11(3), 344–360. 

Du, Z., Wang, C., Tai, X., Wang, G., and Liu, X. 2016. Optimization and 
characterization of biocompatible oil-in-water nanoemulsion for 
pesticide delivery. ACS Sustainable Chemistry and Engineering, 4(3), 
983–991. 



© C
OPYRIG

HT U
PM

 
92 

Fernandes, C. 2014. Development of an insecticidal nanoemulsion with 
Manilkara subsericea (Sapotaceae) extract. Journal of 
Nanobiotechnology, 22(12), 1-9. 

 
Galán-Jiménez, M. C., Gómez-Pantoja, E., Morillo, E., and Undabeytia, T. 2015. 

Solubilization of herbicides by single and mixed commercial surfactants. 
The Science of the Total Environment, 538, 262–269. 

 
Gertsch, J. 2011. Botanical drugs, synergy, and network pharmacology: Forth 

and back to intelligent mixtures. Planta Medica, 77(11), 1086–1098. 
 
Ghormade, V., Deshpande, M. V, and Paknikar, K. M. 2011. Perspectives for 

nano-biotechnology enabled protection and nutrition of plants. 
Biotechnology Advances, 29(6), 792–803. 

 
Ghosh, S., and Coupland, J. N. 2008. Factors affecting the freeze-thaw stability 

of emulsions. Food Hydrocolloids, 22(1), 105–111. 
 
Gitanjali, G., Kumaresan, A., Dharmaraj, M., and Karuppayee, T. 2009. 

Utilization of parthenium plant leachate for biogas production. Asian 
Journal of Microbiology, Biotechnology and Environmental Sciences, 
11(1), 113–115. 

 
Gniazdowska, A., and Bogatek, R. 2005. Allelopathic in ter ac tions be tween 

plants . Multi site ac tion of allelochemicals. Acta Physiologiae 
Plantarum, 27(3), 395–407. 

 
Gohel, M., Soni, T., Hingorani, L., Patel, A., and Patel, N. 2014. Development 

and optimization of plant extract loaded nanoemulsion mixtures for the 
treatment of inflammatory disorder. Current Research in Drug 
Discovery, 1(2), 29–38. 

 
Grillo, R., dos Santos, N. Z. P. N. Z. P., Maruyama, C. R. C. R., Rosa, A. H. A. 

H., de Lima, R., and Fraceto, L. F. 2012. Poly(e{open}-
caprolactone)nanocapsules as carrier systems for herbicides: Physico-
chemical characterization and genotoxicity evaluation. Journal of 
Hazardous Materials, 231–232, 1–9. 

 
Guzzella, L., Pozzoni, F., and Giuliano, G. 2006. Herbicide contamination of 

surficial groundwater in Northern Italy. Evironmental Pollution, 142, 
344–353. 

 
Hazrati, H., Saharkhiz, M. J., Niakousari, M., and Moein, M. 2017. Natural 

herbicide activity of Satureja hortensis L. essential oil nanoemulsion on 
the seed germination and morphophysiological features of two important 
weed species. Ecotoxicology and Environmental Safety, 142, 423–430. 

 
Heap, I. 2019. Chronological increased in resistant weeds globally. Retrieved 

January 22, 2019, from www.weedscience.com 



© C
OPYRIG

HT U
PM

 
93 

Hecht, L. L., Wagner, C., Landfester, K., and Schuchmann, H. P. 2011. 
Surfactant concentration regime in miniemulsion polymerization for the 
formation of MMA nanodroplets by high-pressure homogenization. 
Langmuir, 27(6), 2279–2285. 

 
Hernández, Y. S., Sánchez, L. B., Bedia, M. M. G., Gómez, L. T., Rodríguez, E. 

J., Miguel, H. M. G. S., and Apers, S. 2011. Determination of parthenin 
in Parthenium hysterophorus L. by means of HPLC-UV: Method 
development and validation. Phytochemistry Letters, 4(2), 134–137. 

 
Jalaludin, A., Yu, Q., and Powles, S. B. 2014. Multiple resistance across 

glufosinate, glyphosate, paraquat and ACCase-inhibiting herbicides in 
an Eleusine indica population. Weed Research, 55(1), 82–89. 

 
Javaid, A., and Adrees, H. 2009. Parthenium management by cultural filtrates of 

phytopathogenic fungi. Natural Product Research, 23(16), 1541–1551. 
 
Javaid, A., Shafique, S., and Shafique, S. 2011. Management of Parthenium 

hysterophorus (Asteraceae) by Withania somnifera (Solanaceae). 
Natural Product Research, 25(4), 407–416. 

 
Jiang, L. C., Basri, M., Omar, D., Abdul Rahman, M. B., Salleh, A. B., and Raja 

Abdul Rahman, R. N. Z. 2011. Self-assembly behaviour of 
alkylpolyglucosides (APG) in mixed surfactant-stabilized emulsions 
system. Journal of Molecular Liquids, 158(3), 175–181. 

 
Joshi, S. 1991. Biological control of Parthenium hysterophorus L. (asteraceae) 

by Cassia uniflora mill (leguminosae), in Bangalore, India. Tropical Pest 
Management, 37(2), 182–184. 

 
Jurewicz, J., and Hanke, W. 2008. Prenatal and childhood exposure to 

pesticides and neurobehavioral development: Review of 
epidemiological studies. International Journal of Occupational Medicine 
and Environmental Health, 21(2), 121–132. 

 
Kader, M. a. 2005. A comparison of seed germination calculation formulae and 

the associated interpretation of resulting data. Journal & Proceeding of 
the Royal Society of New South Wales, 138, 65–75.  

 
 
Kah, M., Beulke, S., Tiede, K., and Hofmann, T. 2013. Nanopesticides: State of 

knowledge, environmental fate, and exposure modeling. Critical 
Reviews in Environmental Science and Technology, 43(16), 1823–
1867. 

 
Kah, M., and Hofmann, T. 2014. Nanopesticide research: current trends and 

future priorities. Environment International, 63, 224–235. 
 
 



© C
OPYRIG

HT U
PM

 
94 

Kamairudin, N., Abd Gani, S. S., Fard Masoumi, H. R., and Hashim, P. 2014. 
Optimization of natural lipstick formulation based on pitaya (Hylocereus 
polyrhizus) seed oil using d-optimal mixture experimental design. 
Molecules, 19(10), 16672–16683. 

 
Kapdan, I. K., Kargia, F., McMullan, G., and Marchant, R. 2000. Effect of 

environmental conditions on biological decolorization of textile dyestuff 
by C. versicolor. Enzyme and Microbial Technology, 26(5–6), 381–387. 

 
Karim, F. T., Zaidul, I. S. M., Ghafoor, K., Al-Juhaimi, F. Y., Jalil, R. ul, Awang, 

M. B., and Khalil, H. P. S. A. 2016. Microencapsulation of fish oil using 
hydroxypropyl methylcellulose as a carrier material by spray drying. 
Journal of Food Processing and Preservation, 40(2), 140–153. 

 
Kaur, M., Aggarwal, N. K., Kumar, V., and Dhiman, R. 2014. Effects and 

management of Parthenium hysterophorus : A weed of global 
significance. International Scholarly Research Notices, 2014, 1–12. 

 
Keng, P. S., Basri, M., Zakaria, M. R. S., Rahman, M. B. A., Ariff, A. B., Rahman, 

R. N. Z. A., and Salleh, A. B. 2009. Newly synthesized palm esters for 
cosmetics industry. Industrial Crops and Products, 29(1), 37–44. 

 
Khan, N., Shabbir, A., George, D., Hassan, G., and Adkins, S. W. 2014. 

Suppressive fodder plants as part of an integrated management 
program for Parthenium hysterophorus L. Field Crops Research, 156, 
172–179. 

 
Kim, S. H., Ji, Y. S., Lee, E. S., and Hong, S. T. 2016. Ostwald ripening stability 

of curcumin-loaded MCT nanoemulsion: Influence of various 
emulsifiers. Preventive Nutrition and Food Science, 21(3), 289–295. 

 
Klang, V., Matsko, N. B., Valenta, C., and Hofer, F. 2012. Electron microscopy 

of nanoemulsions: An essential tool for characterisation and stability 
assessment. Micron, 43(2–3), 85–103. 

 
Knox, J., Jaggi, D., and Paul, M. S. 2011. Population dynamics of Parthenium 

hysterophorus (Asteraceae) and its biological suppression through 
Cassia occidentalis (Caesalpiniaceae). Turkish Journal of Botany, 
35(2), 111–119. 

 
Komaiko, J., and McClements, D. J. 2015. Low-energy formation of edible 

nanoemulsions by spontaneous emulsification: Factors influencing 
particle size. Journal of Food Engineering, 146, 122–128. 

 
Kotta, S., Khan, A. W., Ansari, S. H., Sharma, R. K., and Ali, J. 2015. Formulation 

of nanoemulsion: A comparison between phase inversion composition 
method and high-pressure homogenization method. Drug Delivery, 
22(4), 455–466. 

 



© C
OPYRIG

HT U
PM

 
95 

Kumar, G., and Gautam, N. 2008. Allelotoxicity of Parthenium leaf extracts on 
cytomorphological behaviour of sunflower (Helianthus annuus). Journal 
of Environmental Biology, 29(2), 243–247.  

 
Kumar, S., Chashoo, G., Saxena, A. K., and Pandey, A. K. 2013. Parthenium 

hysterophorus: A probable source of anticancer, antioxidant and anti-
HIV agents. BioMed Research International, 1–11. 

 
Lakshmi, C., and Srinivas, C. R. 2007. Seminar : Contact Dermatitis 

Parthenium : A wide angle view. Indian Journal of Dermatology 
Venereology & Leprology, 73(5), 296–306. 

 
Lata, H., Garg, V. K., and Gupta, R. K. 2008. Adsorptive removal of basic dye 

by chemically activated Parthenium biomass: equilibrium and kinetic 
modeling. Desalination, 219(1–3), 250–261. 

 
Lee, L. J., and Ngim, J. 2000. A first report of glyphosate-resistant goosegrass 

(Eleusine indica (L) Gaertn) in Malaysia. Pest Management Science, 
56(4), 336–339. 

Lewandowski, C. M., Co-investigator, N., and Lewandowski, C. M. 2015. 
Herbicide formulation (book). The Effects of Brief Mindfulness 
Intervention on Acute Pain Experience: An Examination of Individual 
Difference, 1, 1689–1699. 

 
Lim, C. J., Basri, M., Ee, G. C. L., and Dzolkhifli, O. 2017. Phytoinhibitory 

activities and extraction optimization of potent invasive plants as eco-
friendly weed suppressant against Echinochloa colona ( L .) Link. 
Industrial Crops & Products, 100, 19–34. 

 
Lim, C. J., Basri, M., Omar, D., Abdul Rahman, B., Salleh, A. B., and Raja Abdul 

Rahman, R. N. Z. 2012. Physicochemical characterization and 
formation of glyphosate-laden nano-emulsion for herbicide formulation. 
Industrial Crops and Products, 36(1), 607–613. 

 
Lim, C. J., Basri, M., Omar, D., Abdul Rahman, M. B., Salleh, A. B., and Raja 

Abdul Rahman, R. N. Z. 2013. Green nanoemulsion-laden glyphosate 
isopropylamine formulation in suppressing creeping foxglove (A. 
gangetica), slender button weed (D. ocimifolia) and buffalo grass (P. 
conjugatum). Pest Management Science, 69(1), 104–111. 

 
Lim, C. J., Basri, M., Omar, D., Abdul Rahman, M. B., Salleh, A. B., Raja Abdul 

Rahman, R. N. Z., and Selamat, A. 2012. Green nano-emulsion 
intervention for water-soluble glyphosate isopropylamine (IPA) 
formulations in controlling Eleusine indica (E. indica). Pesticide 
Biochemistry and Physiology, 102(1), 19–29. 

 
Lin, D., and Xing, B. 2007. Phytotoxicity of nanoparticles : Inhibition of seed 

germination and root growth *. Environment Pollution, 150, 243–250. 
 



© C
OPYRIG

HT U
PM

 
96 

Madan, H., Gogia, S., and Sharma, S. 2011. Antimicrobial and spermicidal 
activities of Parthenium hysterophorus Linn. and Alstonia scholaris Linn. 
Indian Journal of Natural Products and Resources, 2(December), 458–
463. 

 
Mahdi, E. S., Sakeena, M. H., Abdulkarim, M. F., Abdullah, G. Z., Sattar, M. A., 

and Noor, A. M. 2011. Effect of surfactant and surfactant blends on 
pseudoternary phase diagram behavior of newly synthesized palm 
kernel oil esters. Drug Design, Development and Therapy, 5, 311–323. 

 
Maher, P. G., Fenelon, M. A., Zhou, Y., Kamrul Haque, M., and Roos, Y. H. 

2011. Optimization of β-Casein stabilized nanoemulsions using 
Experimental Mixture Design. Journal of Food Science. 

 
 
Main, D. C., Sanderson, K. R., Fillmore, S. A. E., and Ivany, J. A. 2013. 

Comparison of synthetic and organic herbicides applied banded for 
weed control in carrots (Daucus carota L .). Can. J. Plant. Sci., 93, 857–
861. 

 
Maindarkar, S. N., Hoogland, H., and Henson, M. A. 2015. Predicting the 

combined effects of oil and surfactant concentrations on the drop size 
distributions of homogenized emulsions. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 467, 18–30. 

 
Masilamany, D., Kadir, A. A., and Muhammad Akhir, A. F. 2016. Pengurusan 

bersepadu rumput miang Mexico di Malaysia. Malaysian Agriculture 
Research and Development Institute, 10, 9–16. 

 
Masirah, N., Zain, M., Mohamad, R. B., Sijam, K., Morshed, M., and Awang, Y. 

2013. Effect of selected herbicides in vitro and in soil on growth and 
development of soil fungi from oil palm plantation. International Journal 
of Agriculture & Biology, 15(5), 1814–9596. 

 
Mazzarino, L., Pitz, S., Paula, A., Voytena, L., Carla, A., Trevisan, D., and 

Ribeiro-do-valle, R. M. 2018. Jaboticaba (Plinia peruviana) extract 
nanoemulsions: development, stability, and in vitro antioxidant activity. 
Drug Development and Industrial Pharmacy, 44(4), 643-651. 

 
McClements, D. J., and Rao, J. 2011. Food-grade nanoemulsions: Formulation, 

fabrication, properties, performance, biological fate, and potential 
toxicity. Critical Reviews in Food Science and Nutrition, 51(4), 285–330. 

 
Merfort, I. 2002. Review of the analytical techniques for sesquiterpenes and 

sesquiterpene lactones. Journal of Chromatography A, 967, 115–130. 
 
Mitchell, G., Bartlett, D. W., Fraser, T. E. M., Hawkes, T. R., Holt, D. C., 

Townson, J. K., and Wichert, R. A. 2001. Mesotrione : a new selective 
herbicide for use in maize. Pest Management Science, 57, 120–128. 



© C
OPYRIG

HT U
PM

 
97 

Mohamad, R. B., Wibawa, W., Mohayidin, M. G., Puteh, A. B., Juraimi, A. S., 
Awang, Y., and Lassim, M. B. M. 2010. Management of mixed weeds in 
young oil-palm plantation with selected broad-spectrum herbicides. 
Pertanika Journal of Tropical Agricultural Science, 33(2), 193–203.  

 
Mondal, S., Aikat, K., Siddharth, K., Sarkar, K., DasChaudhury, R., Mandal, G., 

and Halder, G. 2017. Optimizing ranitidine hydrochloride uptake of 
Parthenium hysterophorus derived N-biochar through response surface 
methodology and artificial neural network. Process Safety and 
Environmental Protection, 107, 388–401. 

 
Msafiri, C. J., Tarimo, M. T., and Ndakidemi, P. A. 2013. Allelopathic effects of 

Parthenium hysterophorus on seed germination , seedling growth , fresh 
and dry mass production of Alysicurpus glumaceae and Chloris gayana. 
American Journal of Research Communication, 1(11), 190–205. 

 
Munzuroglu, O., and Geckil, H. 2002. Effects of metals on seed germination, 

root elongation, and coleoptile and hypocotyl growth in Triticum 
aestivum and Cucumis sativus. Archives of Environmental 
Contamination and Toxicology, 43(2), 203–213. 

 
Musa, S. H., Basri, M., Masoumi, H. R. F., Karjiban, R. A., Malek, E. A., Basri, 

H., and Shamsuddin, A. F. 2013. Formulation optimization of palm 
kernel oil esters nanoemulsion-loaded with chloramphenicol suitable for 
meningitis treatment. Colloids and Surfaces B: Biointerfaces, 
112(August), 113–119. 

 
Musa, S. H., Basri, M., Masoumi, H. R. F., Shamsudin, N., and Salim, N. 2017. 

Enhancement of physicochemical properties of nanocolloidal carrier 
loaded with cyclosporine for topical treatment of psoriasis: In vitro 
diffusion and in vivo hydrating action. International Journal of 
Nanomedicine, 12, 2427–2441. 

 
Naithani, S., Chhetri, R. B., Pande, P. K., and Naithani, G. 2008. Evaluation of 

Parthenium for pulp and paper making. Indian Journal of Weed Science, 
188–191. 

 
Netsere, A., and Mendesil, E. 2011. Allelopathic effects of Parthenium 

hysterophorus L . aqueous extracts on soybean (Glycine max L.) and 
haricot bean (Phaseolus vulgaris L.) seed germination , shoot and root 
growth and dry matter production. Journal of Applied Botany and Food 
Quality, 84, 219–222. 

 
Ngan, C. L., Basri, M., Tripathy, M., Karjiban, R. A., and Abdul-Malek, E. 2014. 

Physicochemical characterization and thermodynamic studies of 
nanoemulsion-based transdermal delivery system for fullerene. 
Scientific World Journal, 2014. 

 
 



© C
OPYRIG

HT U
PM

 
98 

 
Nithya, R., Thirunavukkarasu, A., and Sivasankari, C. 2015. Removal of heavy 

metal CU (II) from aqueous waste using Parthenium hysterophorus 
(white top weed)- A low cost adsorbent. International Journal of 
Advance Research in Engineering, Science & Technology, 2(9), 2394–
2444. 

 
Panda, B. B., and Panda, K. K. 2002. Genotoxicity and mutagenicity of metals 

in plants. In Physiology and biochemistry of metal toxicity and tolerance 
in plants (pp. 395–414). Springer, Dordrecht. 

Pandey, D. K. 2015. Allelochemicals from Parthenium for water hyacinth control. 
Indian Journal of Weed Science, 47(June), 321–328. 

 
Pandey, D. K., Kauraw, L. P., and Bhan, V. M. 1993. Inhibitory effect of 

parthenium (Parthenium hysterophorus L.) residue on growth of water 
hyacinth (Eichhornia crassipes mart solms.) I. Effect of leaf residue. 
Journal of Chemical Ecology, 19(11), 2651–2662. 

 
Parashar, V., Parashar, R., Sharma, B., and Pandey, A. C. 2009. Parthenium 

leaf extract mediated synthesis of silver nanoparticles: a novel approach 
towards weed utilization. Digest Journal of Nanomaterials and 
Biostructures, 4(1), 45–50.  

 
Parsons, W. T., and Cuthbertson, E. G. 1992. Noxious Weeds of Australia. 

Inkata Press, Melbourne Australia. 
 
Patel, S. 2011. Harmful and beneficial aspects of Parthenium hysterophorus: an 

update. 3 Biotech, 1(1), 1–9. 
 
Piazzini, V., Monteforte, E., Luceri, C., Bigagli, E., Bilia, A. R., and Bergonzi, M. 

C. 2017. Nanoemulsion for improving solubility and permeability of Vitex 
agnus-castus extract: Formulation and in vitro evaluation using PAMPA 
and Caco-2 approaches. Drug Delivery, 24(1), 380–390. 

 
Poulin, R., and Presswell, B. 2016. Taxonomic quality of species descriptions 

varies over time and with the number of authors, but unevenly among 
parasitic taxa. Systematic Biology, 65(6), 1107–1116. 

 
Powles, S. B., and Yu, Q. 2010. Evolution in action: plants resistant to 

herbicides. Annual Review of Plant Biology, 61, 317–347. 
 
Qasem, J. R., and Foy, C. L. 2001. Weed allelopathy, its ecological impacts and 

future prospects. Journal of Crop Production, 4, 37–41. 
 
Qurat-ul-Ain, Firdaus-e-Bareen, and Shafiq, M. 2016. Management of the 

Parthenium hysterophorus through biochar formation and its application 
to rice-wheat cultivation in Pakistan. Agriculture, Ecosystems and 
Environment, 235, 265–276. 

 



© C
OPYRIG

HT U
PM

 
99 

Rajiv, P., Rajeshwari, S., and Venckatesh, R. 2013a. Bio-Fabrication of zinc 
oxide nanoparticles using leaf extract of Parthenium hysterophorus L . 
and its size-dependent antifungal activity against plant fungal 
pathogens. Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy, 112, 384–387. 

 
Rajiv, P., Rajeshwari, S., and Venckatesh, R. 2013b. Fourier transform-infrared 

spectroscopy and gas chromatography-mass spectroscopy: Reliable 
techniques for analysis of Parthenium mediated vermicompost. 
Spectrochimica Acta - Part A: Molecular and Biomolecular 
Spectroscopy, 116, 642–645. 

 
Ram, P., Vivek, K., and Kumar, S. P. 2014. Nanotechnology in sustainable 

agriculture: Present concerns and future aspects. African Journal of 
Biotechnology, 13(6), 705–713. 

 
Ramadzan, A. M. N., Ismail, B. S., and Chuah, T. S. 2012. A preliminary report 

on the potential resistance of a soapbush (Clidemia hirta (L.) D. Don) 
biotype to metsulfuron-methyl in an oil palm plantation in Jerantut, 
Malaysia. Plant Protection Quarterly, 27(2), 64–69. 

 
Ranjan, S., Dasgupta, N., and Lichtfouse, E. 2017. Nanoscience in Food and 

Agriculture 5. (E. Lichtfouse, Ed.) (Vol. 26). Springer International 
Publishing. 

 
Reddy, K. N., Bryson, C. T., and Burke, I. C. 2007. Ragweed Parthenium 

(Parthenium hysterophorus) control with preemergence and 
postemergence herbicides. Weed Technology, 21(04), 982–986. 

 
Regnault-Roger, C., Philogène, B. J. R., and PhilogÃ¨ne, B. J. R. 2008. Past and 

current prospects for the use of botanicals and plant allelochemicals in 
integrated pest management. Pharmaceutical Biology, 46(1/2), 41–52. 

 
Reinhardt, C., Van Der Laan, M., Belz, R. G., Hurle, K., and Foxcroft, L. 2006. 

Production dynamics of the allelochemical parthenin in leaves of 
Parthenium hysterophorus L. Journal of Plant Diseases and Proctection, 
433(20), 427–433. 

 
Rutherford, M., Flood, J., and Sastroutomo, S. S. 2011. Roundtable for 

Sustainable Palm Oil ( RSPO ): Research project on Integrated Weed 
Management Strategies for Oil Palm. Retrieved June 27, 2018, from 
https://www.rspo.org/file/RSPO IWM_FINAL REPORT to RSPO 9 5 
11.pdf. 

 
Safdar, M. E., Tanveer, A., Khaliq, A., and Riaz, M. A. 2015. Yield losses in 

maize (Zea mays) infested with parthenium weed (Parthenium 
hysterophorus L.). Crop Protection, 70, 77–82. 

 
 



© C
OPYRIG

HT U
PM

 
100 

Saini, A., Aggarwal, N. K., Sharma, A., Kaur, M., and Yadav, A. 2014. Utility 
potential of Parthenium hysterophorusfor its strategic management. 
Advances in Agriculture, 2014, 1–16. 

 
Salim, N., Ahmad, N., Musa, S. H., Hashim, R., Tadros, T. F., and Basri, M. 

2016. Nanoemulsion as a topical delivery system of antipsoriatic drugs. 
RSC Adv., 6(8), 6234–6250. 

 
Samedani, Juraimi, A. S., Rafii, M. Y., Awadz, S. A. S., Anwar, M. P., and Anuar, 

A. R. 2015. Effect of cover crops on weed suppression in oil palm 
plantation. Internatinal Journal of Agriculture & Biology, 17, 251–260. 

 
Samson, S., Basri, M., Fard Masoumi, H. R., Karjiban, R. A., and Malek, E. A. 

2016. Design and development of a nanoemulsion system containing 
copper peptide by D-optimal mixture design and evaluation of its 
physicochemical properties. RSC Advances, 6, 17845–17856. 

 
Sarkar, E., Chatterjee, S. N., and Chakraborty, P. 2012. Allelopathic eff ect of 

Cassia tora on seed germination and. Turkish Journal of Botany, 36(5), 
488–494. 

 
Satao, N. T., and Shinde, N. H. 2014. Extraction of Parthenin from Parthenium 

hysterophorus. International Journal of Chemical and Physical 
Sciences, 3(5), 70–81. 

 
Shabbir, A., and Bajwa, R. 2006. Distribution of parthenium weed (Parthenium 

hysterophorus L.), an alien invasive weed species threatening the 
biodiversity of Islamabad. Weed Biology and Management, 6(2), 89–95. 

 
Sharma, S. D., and Singh, M. 2000. Optimizing foliar activity of glyphosate on 

Bidens frondosa and Panicum maximum with different adjuvant types. 
Weed Research, 40(6), 523–533. 

 
Shinde, U. G., Metkar, S. K., Bodkhe, R. L., Khosare, G. Y., and Harke, S, N. 

2012. Potential of polyphenol oxidases of Parthenium hysterophorus, 
Alternanthera sessilis and Jatropha curcas for simultaneous 
degradation of two textile dyes: yellow 5G and brown R. Trends in 
Biotechnology Research, 1(1), 24–28. 

 
Singh, H. P., Batish, D. R., Kohli, R. K., Saxena, D. B., and Arora, V. 2002. Effect 

of parthenin- a sesquiterpene lactone from Parthenium hysterophorus 
on early growth and physiology of Ageratum conyzoides. Journal of 
Chemical Ecology, 28(11), 2169–2179. 

 
Singh, Y., Meher, J. G., Raval, K., Khan, F. A., Chaurasia, M., Jain, N. K., and 

Chourasia, M. K. 2017. Nanoemulsion: Concepts, development and 
applications in drug delivery. Journal of Controlled Release, 252, 28–
49. 

 



© C
OPYRIG

HT U
PM

 
101 

Soltys, D., Krasuska, U., Bogatek, R., and Gniazdowska, A. 2013. 
Allelochemicals as Bioherbicides — Present and Perspectives. 

 
Stock, D., and Briggs, G. 2000. Physicochemical properties of adjuvants : Values 

and applications. Weed Technology, 14(4), 798–806. 
 
Sun, Y., Skinner, D. Z., Liang, G. H., and Hulbert, S. H. 1994. Phylogenetic 

analysis of Sorghum and related taxa using internal transcribed spacers 
of nuclear ribosomal DNA. TAG. Theoretical and Applied Genetics. 
Theoretische Und Angewandte Genetik, 89, 26–32. 

 
Suresh Kumar, R. S., Shiny, P. J., Anjali, C. H., Jerobin, J., Goshen, K. M., 

Magdassi, S., and Chandrasekaran, N. 2013. Distinctive effects of nano-
sized permethrin in the environment. Environmental Science and 
Pollution Research, 20(4), 2593–2602. 

 
Tadros, T. F. 2013. Emulsion Formation,Stability, and Rheology. Wiley-VCH. 
 
Tadros, T., Izquierdo, P., Esquena, J., and Solans, C. 2004. Formation and 

stability of nano-emulsions. Advances in Colloid and Interface Science, 
108, 303–318. 

 
Tamado, T., and Milberg, P. 2000. Weed flora in arable fields of eastern Ethiopia 

with emphasis on the occurrence of Parthenium hysterophorus. Weed 
Research, 40(6), 507–521. 

 
Tamado, T., Ohlander, L., and Milberg, P. 2002. Interference by the weed 

Parthenium hysterophorus L. with grain sorghum: Influence of weed 
density and duration of competition. International Journal of Pest 
Management, 48(3), 183–188. 

 
Tan, M., Liao, F., Hou, L., Wang, J., Wei, L., Jian, H., and Liu, L. 2017. Genome-

wide association analysis of seed germination percentage and 
germination index in Brassica napus L. under salt and drought stresses. 
Euphytica, 213(2), 1-15. 

 
Tanveer, A., Khaliq, A., and Mahajan, G. 2015. Interference and management 

of parthenium: The world ’ s most important invasive weed. Crop 
Protection, 68, 49–59. 

 
Tefera, T. 2002. Allelopathic effects of Parthenium hysterophorus extracts on 

seed germination and seedling growth of Eragrostis tef. Journal of 
Agronomy & Crop Science, 188, 306–310. 

 
USDA. 2018. The PLANTS Database. Retrieved December 31, 2017, from 

http://plants.usda.gov 
 
 
 



© C
OPYRIG

HT U
PM

102 

Vaughn, S. F., and Holser, R. A. 2007. Evaluation of biodiesels from several 
oilseed sources as environmental friendly contact herbicides. Industrial 
Crops and Products, 26(1), 63–68. 

Vilasau, J., Solans, C., Gómez, M. J., Dabrio, J., Mújika-Garai, R., and Esquena, 
J. 2011. Stability of oil-in-water paraffin emulsions prepared in a mixed 
ionic/nonionic surfactant system. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 389(1–3), 222–229. 

Wagner, R., Kogan, M., and Parada, A. M. 2003. Phytotoxic activity of root 
absorbed glyphosate in corn seedlings (Zea mays L.). Weed Biology 
and Management, 3(4), 228–232. 

Woittiez, L. S., van Wijk, M. T., Slingerland, M., van Noordwijk, M., and Giller, K. 
E. 2017. Yield gaps in oil palm: A quantitative review of contributing 
factors. European Journal of Agronomy, 83, 57–77. 

Won, H., and Renner, S. S. 2005. The internal transcribed spacer of nuclear 
ribosomal DNA in the Gymnosperm Gnetum. Molecular Phylogenetics 
and Evolution, 36(3), 581–597. 

Yu, Z., Rizvi, S. S. H., Zollweg, J. A., and Engineering, C. 1994. Solubilities of 
fatty acids , fatty acid Esters, triglycerides and fats and oils in 
supercritical carbon dioxide. The Journal of Supercritical Fluids, 7, 51–
59. 

Zahi, M. R., Wan, P., Liang, H., and Yuan, Q. 2014. Formation and stability of d-
limonene organogel-based nanoemulsion prepared by a high-pressure 
homogenizer. Journal of Agricultural and Food Chemistry. 

Zhang, J. J., Lu, Y. C., Zhang, J. J., Tan, L. R., and Yang, H. 2014. Accumulation 
and toxicological response of atrazine in rice crops. Ecotoxicology and 
Environmental Safety, 102, 105–112. 

Zhang, Z., and McClements, D. J. 2018. Chapter 2 – Overview of nanoemulsion 
properties: stability, rheology, and appearance. In Nanoemulsions 
Formulation, Applications, and Characterization (pp. 21–49). 

Zhao, X., Zhu, Y., Zhang, C., Lei, J., Ma, Y., and Du, F. 2017. Positive charge 
pesticide nanoemulsions prepared by the phase inversion composition 
method with. RSC Advances, 7, 48586–48596. 

Zorzi, G., Carvalho, E., von Poser, G., and Teixeira, H. F. 2015. On the use of 
nanotechnology based strategies for association of complexes matrices 
from plant extracts. Revista Brasileira de Farmacognosia, 25(4), 426–
436. 



© C
OPYRIG

HT U
PM

 
114 

8 BIODATA OF STUDENT 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Noorul Jannah Binti Zainuddin was born in Sungai Bakap Pulau Pinang on 14th 
November 1987. She received her early education from Sekolah Kebangsaan 
Tun Dr. Ismail Kuala kangsar, Perak and Sekolah Menengah Kebangsaan Raja 
Permaisuri Bainun, Ipoh Perak. After completed her study in Kolej Matrikulasi 
Gopeng, Perak in 2006, Noorul Jannah continued her journey in Universiti 
Kebangsaan Malaysia (UKM) Bangi, to obtain her first degree in oleochemistry. 
In 2009, she enrolled as a master student (research mode) in UKM and was 
graduated in Master of Food Science. Finally, she decided to persue her 
research interest in Universiti Putra Malaysia as a doctoral student in 2014. 
Throughout her study, she has participated in several local and international 
workshop, symposium and conference as a speaker and participant. Noorul 
Jannah has also been invited to peer-review research articles from journal of 
Natural Product Research during her academic study. She was grateful to 
receive the scholarship from the Ministry of Higher Education, Malaysia (MyPhD, 
MyBrain) to support her study.     

 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

115 

9 LIST OF PUBLICATIONS 

Noorul Jannah Zainuddin, Norazlinaliza Salim, Siti Efliza Ashari, Norhayu Asib, 
Dzolkhifli Omar, and Gwendoline Ee Cheng Lian. Herbicidal activity of 
Parthenium weed (Parthenium hysterophorus L.) against slender button 
weed (Diodia ocimifolia). (Submitted- Archives of Phytopathology and 
Plant Protection) 

Noorul Jannah Zainuddin, Norazlinaliza Salim, Siti Efliza Ashari, Norhayu Asib, 
Dzolkhifli Omar, and Gwendoline Ee Cheng Lian. 2019. Optimization 
and Characterization of Palm Oil-based Nanoemulsion Loaded with 
Parthenium hysterophorus Crude Extract for Natural Herbicide 
Formulation. Journal of Oleo Science, 68(8), 1-11. 

Noorul Jannah Zainuddin, Norazlinaliza Salim, Siti Efliza Ashari, Norhayu Asib, 
Dzolkhifli Omar, and Gwendoline Ee Cheng Lian. Phase behaviour of 
Parthenium hysterophorus crude extract in oil-in-water emulsion 
system. (In process for submission) 

Conferences 

Zainuddin, N.J., Basri, M., Omar, D., Ee, G.C.L. and Salim, N. Parthenium 
hysterophorus L. extract as potential bioactive compound in 
bioherbicide formulation. 2nd Joint Symposium of Universiti Putra 
Malaysia and University of Hyogo, 22-23 October 2015, Hyogo, Japan. 
(Oral and poster presenter)  

Zainuddin, N.J., Basri, M., Omar, D., Ee, G.C.L. and Salim, N. Synergism 
between allelochemical parthenin and nanoemulsion for herbicide 
formulation. International Agriculture Congress 2016, 4-6 October
2016, Selangor, Malaysia. (Oral presenter) 



© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page



