iX

TABLE OF CONTENTS

ACKNOWLEDGEMENTS
ENGLISH ABSTRACT
THAI ABSTRACT
TABLE OF CONTENS
LIST OF TABLES
LIST OF FIGURES
CHAPTER I INTRODUCTION
CHAPTER II LITERATURE REVIEW
2.1 Quarantine of export fresh vegetables
2.2 Characteristic and pathogenesis of E. coli
2.2.1 Biological and biochemistry
2.2.2 Pathogenesis of E. coli
2.2.3 Epidemiology of gastrointestinal infection
2.3 Characteristic and pathogenesis of Salmonella spp.
2.3.1 Biological and biochemistry
2.3.2  Salmonella nomenclature
2.3.3 Antigenic structure
2.3.4 Pathogenesis of Salmonella infections in humans
2.4 Source of E. coli and Salmonella spp.
2.5 Methods for detection of E. coli and Salmonella spp.
2.5.1 Conventional methods for detection of E. coli and E. coli O157
2.5.2 Conventional methods for detection of Salmonella species
2.5.3 Rapid methods for detection of E. coli and E. coli O157
2.5.4 Rapid methods for detection of Salmonella spp
2.6 Sources of pathogenic organisms in agricultural products

2.6.1 Enteropathogenic E. coli

Page
111
v
vii
X
X1l

Xiv

—

© N L A~ BN



2.7

TABLE OF CONTENTS (CONTINUED)

2.6.2  Salmonella spp.

Composting of animal manures

2.7.1 Composting process

2.7.2  Compost microorganism

2.7.3 Types of composting systems

2.7.4 Factors affecting composting

2.7.5 Maintaining a compost pile

2.7.6 Intrinsic and extrinsic properties of the composting process to

control foodborne pathogens

CHAPTER III MATERIALS AND METHODS

3.1

3.2

33

Comparison of E. coli and Salmonella spp. detection methods

3.1.1 Enumeration of pure culture

3.1.2  Enumeration of E. coli contaminated in agricultural samples
3.1.3 Sensitivity and specificity

3.1.4 Statistical analysis

Effect of composting animal manure on dynamic population of E. coli
and Salmonella spp.

3.2.1 Experimental setup

3.2.2 Materials handling

3.2.3 Isolation and enumeration of E. coli and Salmonella spp.

3.2.4 Change in quality of materials

3.2.5 Statistical analysis

Reduction of contaminated E. coli and Salmonella spp. by application
of composted cow manure in export vegetables

3.3.1 Experimental setup

3.3.2 Plants bed preparation

3.3.3 Vegetable production

3.3.4 Sample collection

Page
53
55
55
59
60
62
63

64
68
68
68
73
82
82

82
82
82
83
83
83

84
84
84
84
86



xi

TABLE OF CONTENTS (CONTINUED)

3.3.5 Bacterial analyses
3.3.6 Measuring fresh and dry weight of vegetables
3.3.7 Statistical analysis

CHAPTER IV RESULTS AND DISCUSSIONS

4.1

4.2

4.3

Comparison of E. coli and Salmonella spp. detection methods

4.1.1 Enumeration of pure culture

4.1.2 Enumeration of E. coli contaminated in agricultural samples

4.1.3 Percentage of the sensitive and specific method of 3M Petrifilm
and RT-PCR compared to BAM method

4.1.4 Comparison of procedure steps, time consuming, and budget
application among conventional, 3M Petrifilm, and RT-PCR
techniques

Quantification of the contamination of E. coli and Salmonella spp. in

animal manure compost and effect on dynamic population of both

species

4.2.1 Dynamic population of E. coli and Salmonella spp. in compost
and non compost poultry layer and cow manures

4.2.2 Factors affecting correlation efficient on dynamic population of
E. coli and Salmonella spp. in composted and non composted
poultry layer and cow feces

Reduction of E. coli and Salmonella spp. in export vegetables with

application of cow manure compost

4.3.1 Contamination of E. coli in soil and vegetables under manures
application

4.3.2 Interaction between types of vegetables and manures
application on contamination of E. coli

4.3.3 Contamination of Salmonella spp. in soil samples and on
vegetables

4.3.4 Effect of manures on fresh and dry weight of vegetables

Page
87
87
87
88
88
88

96

98

101

101

103

111

111

111

113
116



xii

TABLE OF CONTENTS (CONTINUED)

Page
CHAPTER V CONCLUSION 119
REFERENCES 121

CURRICULUM VITAE 139



Table

AN O kWD

10

11

12

13

14

xiil

LIST OF TABLES

Enteric E. coli (EC) are classified on the basis of serological
characteristics and virulence properties

Comparison of Quantitray, MPN and MF techniques

Isolation and detection of Sa/monella

Prevalence of Enteric pathogens in humans, cattle, pigs and poultry
Agricultural samples collected at various locations

Comparison of E. coli ATCC 25922 and S. typhimuriun ATCC 1311
population in Plate count, BAM, 3M Petrifilm, and RT-PCR
cultivation techniques

Monitoring of E. coli and Salmonella spp. detected by BAM, 3M-
Petrifilm and RT-PCR methods in agricultural samples

Significant correlation of E. coli population counted by conventional,
3M Petrifilm, and RT-PCR techniques in 100 agricultural tested
samples

Sensitivities and specificities of various test methods for detection of
E. coliand Salmonella spp. in 100 samples using BAM method as a
reference

Working steps and time consuming of E. coli and Salmonella spp.
detected by BAM and RT-PCR methods in one sample with triplicate
Dynamic population of E. coli and Salmonella spp. in each periodical
sampling of composted and non-composted poultry layer and cow
feces

Correlation (Pearson) of E. coli in poultry layer and cow manure both in
composting and non-composting on various factors at 1 to 140 days

Effect of manures application on contamination of E. coli in soil and
vegetables

Interaction between types of vegetables and manures application on

contamination of £. coli

Page

11
22
28
51
74

88

91

94

98

100

103

110

111

112



X1V

LIST OF TABLES (CONTINUED)

Table Page

15  Contamination of Sa/monella spp. contaminated in soil and plants

applied with composted cow manure and non-composted cow manure 114
16  Application of manures on fresh and dry weight of vegetables 117
17  Approximate nutrient composition of various types of animal manure

and compost (all values are on a fresh weight basis) 118



XV

LIST OF FIGURES

Figure Page

1 E. coli bacteria, the most prevalent Gram-negative flora in the intestine 6

2 Salmonella typhi, the agent of typhoid. Gram stain 13
3 Changing of C:N ratio of composted and non-composted materials, the
error bars represent the standard error 105

4 Changing of EC of composted and non-composted materials, the error

bars represent the standard error 106
5 Changing of OM of composted and non-composted materials, the error
bars represent the standard error 107

6 Changing of temperature of composted and non-composted materials,
the error bars represent the standard error 108
7 Changing of pH of composted and non-composted materials the error

bars represent the standard error 110



