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ABSTRACT

Ethyl formate was tested both in laboratory and in polyvinyl chloride tent fumigation
for disinfesting milled rice to control Sitophilus oryzae, Triboli
Oryzaephilus surinemensis and Rhyzopertha dominica. The laboratory experiments
were to verify the effective gas exposure time and the lethal concentration to kill 99%
of the population (Lcgg). Milled rice fumigation in 1-tonne polyethylene bags with test
insects was to assess procedure for field application for bagged rice during storage, the
effective concentration, exposure time, and effect on eating quality of the cooked rice.
The Lcgg and the calculated Cr product from laboratory studles conducted m
ors for Tribolium c was respecnvely 50.72 mgL"', 239.00 mghL™;
Oryzaephllus surinemensis 26.22 mgL", 158.5 mghL"; Sitophilus oryzae 50.22 mgL™
!, 239 mghL"'; and Rhyzophertha domzmca 26.83 mgL™', 83.94 mghL Based on ]east
susceptlble Tnbolmm casteneum, mllled rice fumngatlon requnres 291.9 gm
achieve Lcgo and Ct product 162.5 ghm™ aﬁer 24 hour; 227.6 gm™ and 562.0ghm™ for
48 hour. It is recommended 230-300 gm™ concentration range and 48 hour exposure
period be adopted to ensure effectiveness against all species and insect stages in
milled rice fumigation. The eating quality of cooked rice in terms of the aroma,
stickiness, taste, colour and overall acceptability was not affected from the multiple
exposure (3 times) to the ethyl formate. Findings from this study indicated ethyl
formate is a potential replacement for methyl bromide and phosphine but it is
recommended that the compressed fumigant with carbon dioxide can be used for
commercial application to improve evaporation and gas p ion within fi d
space of the liquid formulation used in this study.




TABLE OF CONTENT

CONFIRMATION BY PANEL OF EXAMINER
AUTHOR’S DECLARATION

ABSTRACT

ACKNOWLEDGEMENT

TABLE OF CONTENT

LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1 Background of Study

1.2 Problem Statement

1.3 Significant of Study

1.4 Research Objectives

1.5 Hypothesis

CHAPTER TWO: LITERATURE REVIEW
2.1 Grain Storage
2.1.1 Grain Storage in Malaysia

2.1.1.1 Silo Storage Practice in Malaysia
2.1.1.2 Imported Grain (Bulk) Storage
2.1.1.3 Local (Paddy) Bulk Storage
2.1.1.4 Local (Paddy) Bag storage

2.2 Insect Pests of Stored Grain

2.3 Insect Pests Management Grain Storage

2.4 Pest Control in Grain Storage in Malaysia

2.4.1 Mechanical and Physical Insect Control Methods in Grain

vi

Page

vi

xii

xiii

XV

[T N



Storage.

2.4.2 Cultural Control in Stored Grain Pests 23
2.4.3 Biological Control in Stored Grain Pests 23
2.4.4 Chemical Control in Stored Grain Pests 23
2.4.5 Integrated Pest Management (IPM) 25
2.5 Problems of Pest Management in Grain Storage. 2
2.6 Fumigation as Pest Control Technique 28
2.6.1 Fumigant 28
2.6.2 Standard Procedure for Fumigation ( Assesment and Annex, 2013) 36
2.6.3 Fumigation Technique for Common Grain Storage Type 38
2.6.3.1 Silo 38
2.6.3.2 Bulk Loose Grain in Store 39
2.6.3.3 Bag Stack Grain 39

2.6.4 Criteria and successful fumigation 39
2.6.4.1 Gas-tightness 39
2.6.4.2 Gas Circulation 40
2.6.4.3 Achieving Concentration X Times (Ct Product) 40
2.6.4.4 Temperature 41

2.6.5 Limitations with fumigation 42
2.6.5.1 Insect Resistance 43
2.6.5.2 Environmental Safety 44

2.6.6 Ethyl Formate Characteristics 44
2.6.6.1 Ethyl Formate Fumigation 44
2.6.6.2 Ethyl Formate Residue 48

CHAPTER THREE: MATERIALS AND METHOD

3.1 Experimental Approach 51
3.2 Insect Culture 52
3.3 Ethyl Formate 53
3.4 Effectiveness of Ethyl Formate Under Laboratory Conditions 53
3.4.1 Pre-Fumigation Preparation . 53
3.3.2 Fumigation Technique 53
3.4.3 Experimental Design and Treatments 54

3.4.4 Statistical Analysis 55

vii



	THE EFFECTIVENESS OF ETYHL FORMATE TO CONTROL BEETLES OF STORED MILLED RICE AND RELATIONSHIP TO EATING QUALITIES OF RICE
	CONFIRMATION BY PANEL OF EXAMINERS
	AUTHOR’S DECLARATION
	ABSTRACT
	ACKNOWLEDGEMENT
	TABLE OF CONTENT
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF PLATES
	LIST OF SYMBOLS
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.2 PROBLEM STATEMENT
	1.3 SIGNIFICANCE OF STUDY
	1.4 RESEARCH OBJECTIVE
	1.5 HYPOTHESIS

	CHAPTER TWO LITERATURE REVIEW
	2.1 GRAIN STORAGE
	2.1.1 Grain Storge in Malaysia
	2.1.1.1 Sila Storage Practice in Malaysia
	2.1.1.2 Imported Grain (Bulk) Storage
	2.1.1.3 Local Paddy Bulk Sturage
	2.1.1.4 Local Paddy Bag storage


	2.2 INSECT PESTS OF STORED GRAIN
	2.3 INSECT PEST MANAGEMENT IN GRAIN STORAGE
	2.4 PEST CONTROL IN GRAIN STORAGE IN MALAYSIA
	2.4.1 Mechanical and Physical Insect Control Methods in Grain Storage
	2.4.2 Cultural Control in Stored G ests
	2.4.3 Biological Control in Stored Grain Pests
	2.4.4 Chemical Control in Stored Grain Pests
	2.4.5 Integrated Pest Management (1PM)

	2.5 PROBLEMS OF PEST MANAGEMENT IN GRAIN STORAGE.
	2.6 FUMIGATION AS PEST CONTROL TECHNIQUE
	2.6.1 Fumigants
	2.6.2 Standard Procedure for Fumigation (Assesment and Annex, 2013)
	2.6.3 Fumigation Techniques for Common Grain Storage Type
	2. 6.3.1 Silt)
	2.6.3.2 Bulk Loose Grain in Store
	2.6.3.3 Bag Stacked Grain

	2.6.4 Criteria far Successful Fumigatitm
	2.6.4.1 Gas-tightness
	2.6.4.2 Gas Circulation
	2.6.4.3 Concentration x Time (Ct) Product
	2.6.4.4 Temperature

	2.6.5 Limitations with Fumigation
	2.6.5.1 Insect Resistance
	2. 6. 5.2 Environmental Safety.

	2.6.6 Ethyl Formate as Fumigant
	2.6.6.1 Past Research on Ethyl Formate as F mnigant
	2.6.6.2 Ethyl Formate Residue



	CHAPTER THREE METHOD AND METHODOLOGY
	3.1 EXPERIMENTAL APPROACH
	3.2 INSECT CULTURE
	3.3 ETHYL FORMATE
	3.4. EFFECTIVENESS 0F ETHYL FORMATE UNDER LABORATORYCONDITIONS
	3.4.1. Pre—Fumigation Preparation
	3.4.2. Fumigation Technique
	3.4.3. Experimental Design and Treatment:

	3.5 EFFECTIVENESS OF ETHYL FORMATE IN MILLED RICE FUMIGATION
	3.5.1. Pre-Fumigation Preparation
	3.5.2. Fumigation Technique
	3.5.3. Experimental Design and Treatments
	3.5.4. Statistical Analysis

	3.6 EATING QUALITY OF COOKED RICE
	3.6.1 Evaluated Parameters
	3.6.2. Rice Cooking Technique
	3.6.3. Statistical Analysis


	CHAPTER FOUR RESULTS
	4.1 EFFECTIVENESS OF ETHYL FORMATE IN LABORATORY STUDY
	4.1.1 Effective Concentration and Exposure Time
	4.1.2. Gas Decay Characteristics inside Desiccamrs

	4.2 EFFECTIVENESS OF ETHYL FORMATE IN MILLED RICEFUMIGATION
	4.2.1. Effective Concentration and Exposure Time in Milled Rice
	4.2.2. Concentration x Time Product
	4.2.3 Gas Decay Characteristics in Milled Rice

	4.3 EATING QUALITY OF COOKED RICE

	CHAPTER FIVE DISCUSSION
	5.1 EFFECTIVE ETHYL FORMATE CONCENTRATION AND EXPOSURE TIME
	5.2 GAS DECAY CHARACTERISTICS
	5.3 CONCENTRATION X TIME PRODUCT
	5.4 EATING QUALITY OF COOKED RICE
	5.5 CHEMICAL RESIDUES

	CHAPTER SIX CONCLUSION
	6.1 EFFECTIVENESS OF ETHYL FORMATE
	6.2 OVERALL CONCLUSION

	REFERENCES
	APPENDICES
	AUTHOR’S PROFILE

