
 

i 

 

CONTENTS 

 

Page 

Acknowledgement  d 

Abstract in English e 

Abstract in Thai g 

List of Tables l 

List of Figures  m 

List of Abbreviations  o 

List of Symbols  p 

Statement of Originality in English q 

Statement of Originality in Thai r 

  

Chapter 1       General introduction 1 

                1.1    Salmonella classification and identification 1 

                1.2    Salmonella in farm animal origin products  2 

                1.3    Salmonella in pig production chain 3 

                1.4    Overview of the study and further plan  4 

                1.5    Objectives  5 

   

Chapter 2      Cross sectional study of Salmonella prevalence and  

                        contamination levels from pig production chain in upper-                         

                        northern, Thailand 

 

 

9 

                2.1    Abstract 9 

                2.2    Introduction  10 

                2.3    Materials and methods 10 

                2.4    Results  12 

                2.5    Discussion 13 

                2.6    Conclusions 15 

                2.7    Acknowledgement 16 



 

j 

  

 

 

          CONTENTS (Continued) 

 

 

                  Page 

Chapter 3      Quantification of contamination levels and particular risks of   

                        Salmonella spp. in pig slaughterhouses in upper-northern,                         

                        Thailand 

 

 

22 

                3.1    Abstract 22 

                3.2    Introduction  23 

                3.3    Materials and methods 24 

                3.4    Results  26 

                3.5    Discussion 27 

                3.6    Conclusions 29 

                3.7    Acknowledgement  29 

   

Chapter 4      Comparative phenotypic and genotypic characterization in  

                        pig production and processing in upper-northern, Thailand 

 

38 

                4.1    Abstract 38 

                4.2    Introduction 39 

                4.3    Materials and methods 40 

                4.4    Results  41 

                4.5    Discussion 43 

                4.6    Conclusions 45 

                4.7    Acknowledgement 46 

   

Chapter 5      Comparative phenotypic and genotypic characterization in  

                        pig production and processing in upper-northern, Thailand 

 

58 

                5.1    Chapter 2 58 

                5.2    Chapter 3 59 

                5.3    Chapter 4 59 



 

k 

          CONTENTS (Continued) 

 

 

                  Page 

REFERENCES 61 

LIST OF PUBLICATIONS 70 

APPENDIX 72 

CURRICULUM  VITAE 102 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

l 

 

LIST OF TABLES 

 

   Page 

Table 1.1 Biochemical reactions of certain gram-negative enteric bacteria  6 

Table 1.2 Present number of Salmonella serovars in each species and 

subspecies 

 

7 

Table 1.3 Antigenic formula of Salmonella spp. 7 

Table 2.1 Sample types and their frequency in the study  16 

Table 2.2 Odds ratio and means of contamination levels from the different 

production level in each sample types in the study 

 

17 

Table 3.1 Slaughterhouses included this study 30 

Table 3.2 Salmonella spp. prevalence (%) and means of contamination 

levels (MPN/cm2) in slaughterhouses in Chiang Mai and Lamphun 

 

30 

Table 3.3 Odds ratio and means of contamination levels (MPN/cm2) of the 

different type of pig supplier to slaughterhouses in Chiang Mai 

and Lamphun 

 

 

31 

Table 3.4 Odds ratios and means of contamination levels (MPN/cm2) of 

different practices in the major steps in the slaughtering process in 

slaughterhouses in Chiang Mai and Lamphun 

 

 

32 

Table 4.1 Frequency and geographic distribution of Salmonella strains 

isolated from pig farms and pig slaughterhouses in Chiang Mai 

and Lamphun   

 

 

46 

Table 4.2 Origin and characterization of Salmonella isolated from pig farms 

and pig slaughterhouses in Chiang Mai and Lamphun 

 

47 

 

 

 

 

 

 



 

m 

 

LIST OF FIGURES 

 

   Page 

Figure 1.1 Flow diagram of the mathematical model of exposure assessment 

and dose–response for Salmonella spp. in pork products 

 

8 

Figure 2.1 Prevalence (%) of Salmonella spp. from each sample types of 

farm level     

 

18 

Figure 2.2 Contamination levels means of Salmonella spp. from each sample 

types of farm level   

 

19 

Figure 2.3 Prevalence (%) of Salmonella spp. from each sample types of                

slaughtering level 

 

20 

Figure 2.4 Contamination levels means of Salmonella spp. from each sample 

types of slaughtering level 

 

21 

Figure 3.1 Slaughtering process used in slaughterhouses in Chiang Mai and 

Lamphun 

 

33 

Figure 3.2 Sites of sample collection  34 

Figure 3.3 Prevalence (%) of Salmonella spp. isolated from swabs of pig 

skins and carcasses taken at each step of the slaughtering process 

 

35 

Figure 3.4 Contamination levels (MPN/cm2) of Salmonella spp. isolated 

from swabs of pig skins and carcasses taken at each step of the 

slaughtering process 

 

 

36 

Figure 3.5 Risk simulation of Salmonella spp. in pork products at the final 

stage of slaughtering level 

 

37 

Figure 4.1 Percentage of Individual antibiotic resistance ability of Salmonella 

strains in overview  

 

54 

Figure 4.2 Percentage of Individual antibiotic resistance ability of Salmonella 

strains by sampling area  

 

55 

 

 



 

n 

LIST OF FIGURES (Continued) 

 

   Page 

Figure 4.3 Percentage of Individual antibiotic resistance ability of Salmonella 

strains by production level 

 

56 

Figure 4.4 Dendrogram representing the 28 patterns PFGE-XbaI identified 

with the frequency of each patterns from five Salmonella 

serotypes isolated from pig farms and pig slaughterhouses in 

Chiang Mai and Lamphun, with similarity determined by the Dice 

co-efficient and UPGMA clustering  

 

 

 

 

57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

o 

 

LIST OF  ABBREVIATIONS 

 

BPLS Brilliant-green Phenol red Lactose Sucrose agar 

BPW  Buffer Peptone Water 

CFU  Colony Forming Unit 

D  Discriminatory power 

DNA  Deoxyribonucleic Acid 

GI  Gastro-Intestinal 

ISO  International Organization for Standardization 

MIL  Motile Indole Lysine-decarboxylase agar 

MPN  Most Probable Number 

MSRV Modified Semi-solid Rappaport-Vassiliadis agar 

NSSC National Salmonella and Shigella Center 

NSTDA National Science and Technology Development Agency 

OR  Odds Ratio 

PFGE Pulse Field Gel Electrophoresis 

pH  Potential of Hydrogen ion 

Rep-PCR Repetitive Sequence based Polymerase Chain Reaction 

TSI  Triple Sugar Iron agar 

WHO World Health Organization 

XLD  Xylose Lysine Deoxycholate agar 

YOPI  Young, Old, Pregnant and Immunocompromised 

 

 

 

 

 

 

 

 

 



 

p 

 

LIST OF SYMBOLS 

 

    Beta, “riskbeta” command in @Risk 5.5® 

-   Minus, Negative results 

+  Plus, Positive results 

±  Plus-Minus, Positive or Negative result   

   Sigma, Summation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

q 

 
STATEMENT OF ORIGINALITY  

 

1. This study were to define the risks of Salmonella during transportation and 

slaughtering processes in 3 differences pig slaughterhouses which were 

supplied pigs from either co-operative or integrated farms detected Salmonella 

contamination in farm level.  

 

2. In addition, the diversity of Salmonella phenotype and genotype strains 

recovered from farm, transportation and slaughtering levels were also 

determined. 

 

3. In order to  elucidate the possible sources of infection and provides information 

for the development and implementation of salmonellosis control programs in 

this region 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

r 

 

ข้อความแห่งการริเร่ิม 
 

1) วทิยานิพนธ์น้ีไดน้ าเสนอเปรียบเทียบระดบัความเส่ียงจากเช้ือซาลโมแนลลา ในกระบวนการ
ขนส่งและกระบวนการฆ่าและช าแหละสุกร ในโรงฆ่าและช าแหละสุกรท่ีมีรูปแบบการ
จดัการแตกต่างกนั ซ่ึงรับสุกรขุนจากฟาร์มสุกรท่ีมีรูปแบบการเล้ียงแบบสหกรณ์และฟาร์ม
สุกรครบวงจรท่ีพบมีการปนเป้ือนของเช้ือซาลโมแนลลาในระดบัฟาร์ม 

  
2) นอกจากน้ี ยงัมีการเปรียบเทียบความหลากหลายทั้ งทางคุณลักษณะท่ีแสดงออกและ 

พนัธุกรรมระดบัโมเลกุลของเช้ือซาลโมแนลลา ในกระบวนการผลิตตั้งตน้ระดบัฟาร์มและ
กระบวนการขนส่งและกระบวนการฆ่าและช าแหละสุกร 

 
3) เพื่อน าขอ้มูลพื้นฐานความชุกและระดบัความเส่ียงจากเช้ือซาลโมแนลลา ในขั้นการขนส่ง

และในกระบวนการฆ่าและช าแหละสุกรมาร่วมหาแนวทางควบคุม ป้องกนัและลดความ
เส่ียงในการปนเป้ือนของเช้ือในกระบวนการผลิตเน้ือสุกรอยา่งไดผ้ล 

 


