UNIVERSITI TEKNOLOGI MARA

DEVELOPMENT OF NEEM SEED
WITH OLEOCHEMICAL-BASED
EMULSION IN WATER (EW)
FORMULATION FOR
CONTROLLING GOLDEN APPLE
SNAIL, Pomacea canaliculata

ROSDIYANI BINTI MASSAGUNI

Thesis submitted in fulfillment
of the requirements for the degree of
Doctor of Philosophy

Faculty of Plantation and Agrotechnology

October 2019



ABSTRACT

The invasion of golden apple snail in Maaysian agricultural systems has led to a great
concern among the farmers, as it becoming a major pest in paddy cultivation. Efforts
to control this pest have included physical and cultural control measures, using
chemical pesticide and employing biopesticide. Neem has been increasingly used as
molluscicidal agent against terrestrial and freshwater snail. Conventionaly,
commercial neem is formulated as an emulsifiable concentrate (EC) and this
formulation was reported having a relatively large amount of aromatic hydrocarbon
solvent and emulsifier that harmful to the environment and human health. Therefore,
opportunities exist for the introduction of alternative formulation strategies, which
may improve the environment and efficiency of applications. In this respect, the
purpose of this study isto develop emulsion in water (EW) formulation of neem-based
pesticide from neem seed extract using oleochemical solvents and non-ionic surfactant
for controlling golden apple snail. The development of the formulation was
commenced with the extraction of neem seed and evaluation of its bioactivity against
the golden apple snail. Further, the formulation was developed in three different types
of oleochemical-based solvent carrier that stabilized with Tween® and Span®
surfactant blends and xanthan gum. The neem seed extracts were then incorporated
into the optima formulation (EW-neem), and followed by physicochemical
characterization and stability evaluation. The efficacy of EW-neem formulations
against golden apple snail and their persistence in the environment were also
evaluated under small-scale field. Approximately 46.6jg/100g defatted neem of
azadirachtin was recovered from neem seed extract using 80% (v/v) methanol solvent.
The bioassay test showed that the agueous methanolic extract of neem seed have the
highest potency on golden apple snail with 96h LD30 was 24.8mg/I. Surfactant blend
of Tween®80 and Span®80 was found as an appropriate emulsifier system to provide
the required HLB value for pam oil methyl ester (12.0), RBD palm olein (10.0) and
soybean oil (9.0). Then, the optimal base formulation was obtained with the
composition of 4% (w/w) Tween®80 and Span®80 blend, 20% (w/w) of the oil phase
and 0.5% (w/w) of xanthan gum. The physicochemical characterizations of formulated
EW-neem indicated that the formulation is stable in mild acidic solution with small
particles size as well as having a good flow behaviour and low surface tension.
Furthermore, the developed EW-neem formulations exhibited good stability over 60
days in room storage. Meanwhile, the azadirachtin in the formulation was stabled up
to 14 days of storage. The results demonstrated that the formulated EW-neem
composed of palm oil methyl ester showed the best efficacies (96h LD50: 45.3mg/l)
and effective up to three days after application. The EW-neem formulations showed
promise as a possible control strategy for golden apple snaill and evaluation in the
actual paddy field is highly recommended.



ACKNOWLEDGEMENT

All praiseis due to Allah SW.T for giving me the opportunity to embark on my PhD
and for completing this chalenging journey successfully. My most sincere gratitude
goes to my supervisors;, Dr. Siti Noor Hajar Md. Latip, Dr. Ismall Ab Raman and
Prof. Dr. Rita Muhammad Awang for their help, assistance, guidance, suggestions and
encouragement throughout this work.

The financia support via Fellowship scheme by Faculty of Plantation and
Agrotechnology and Institute of Graduate Studies, Universiti Teknologi MARA
(UITM) Shah Alam is gratefully acknowledged. My appreciation also goes to UiTM
Shah Alam for supporting my research work through the Excellent Fund Grant (600
RMI/ST/DANAS/3/Dst 472/2011).

| am gratefully acknowledging the contribution of all staffs in FELCRA Seberang
Perak during sampling. Appreciation also goes to Advanced Oleochemical
Technology Division, MPOB Bangi for their generosity in supplying palm oil methyl
esters and providing the facilities for the formulation studies. Many thanks go to the
laboratory staffs of Faculty of Applied Sciences (UiTM Shah Alam), Faculty of
Plantation and Agrotechnology, Faculty of Health Sciences and Faculty of Pharmacy
in UiITM Puncak Alam for providing the facilities and assistance during the analysis.

My utmost gratitude goes to my parents, Mr. Massaguni Rustam and Mrs. Rosmini
Tahir, my husband Mr. Mohd Hafezan Sisa and our children, Muhammad Hazreeq
and Mya Hazeera for their tolerance, encouragement, financial support and motivation
during the years that | pursued my PhD, and to them | dedicate this thesis. Last but
certainly not least, special thanks are extended to my sisters and my parents-in-law for
their prayers, support and understanding throughout my study. Finally, appreciation is
extended to everyone who has contributed in this research work.



TABLE OF CONTENTS

CONFIRMATION BY PANEL OF EXAMINERS
AUTHOR'S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
11 Background of Study

12 Problem Statement

13 Significance of Study

14 Scope of Study

15 Objectives of Study

CHAPTER TWO: LITERATURE REVIEW
2.1 Azadirachta indica
2.1.1 Taxonomic Classification
2.1.2 Botanical Properties
2.1.3 Economic Importance
2.2 Biologica Active Compound of Neem
2.2.1 Azadirachtin
2.2.2 Mode of Action of Azadirachtin on Insect Pest
2.3 Efficacy of Azadirachtin as Molluscicides
2.4 Pesticides
2.4.1 Classification of Pesticides
2.4.2 Botanical Pesticides
2.4.3 Formulation of Pesticide

Vi

Page

vi
Xii
Xvi

XXili

© 0 N O

10
10
11
12
14
18
21
24
25
25
27
30



2.5

2.6

2.7

2.8

Emulsion
2.5.1 Emulsion Shelf-life
2.5.1.1 Physical Stability
2.5.1.2 Chemical Stability
2.5.2 Interface
Surfactant
2.6.1 General Structure and Classification of Surfactant
2.6.2 Role of Surfactant in Emulsion
2.6.3 Hydrophilic-Lipophilic Balance (HLB) Vaue
2.6.4 Influence of Surfactant on Pesticide Efficacy
Plant Oil and Oleochemical as Solvent Carrier in Pesticide
Formulation
Golden Apple Snail
2.8.1 Taxonomy
2.8.2 Morphology
2.8.3 Host plant and Distribution
2.8.4 Damage and Economic Importance
2.8.5 Control Measures

CHAPTER THREE: MOLLUSCICIDAL POTENCY OF
AZADIRACHTIN IN NEEM SEED EXTRACT AGAINST
GOLDEN APPLE SNAIL

3.1
3.2
3.3

Introduction

Research Objectives

M ethodol ogy

3.3.1 Sampling of Golden Apple Snail

3.3.2 Authentication of Neem

3.3.3 Determination of Moisture Content

3.3.4 Preparation of Plant Material

3.3.5 Extraction of Neem Seeds

3.3.6 Active Fraction of Neem Seed Extracts

3.3.7 Quantification of Azadirachtin in Neem Seed Extract
3.3.7.1 Preparation of Standard Solution

Vil

34
36
36
39
41
42
42
46
47

50

53
53
55
58
60
62

64
66
66
66
67
68
68
69
71
72
72





