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Abstract EJ‘; 2 1 80

Listeria innocua growth and selectivity during non-selective enrichment and selective
enrichment steps were studied to formulate fundamental knowledge to enhance Listeria
spp. detection protocol. L. innocua was utilized as a non-pathogenic Listeria model
because it shares similar physiological traits with Listeria monocytogenes. The growth
of L. innocua was compared on three conventional non-selective media (i.e., NB, LB
and TSB) and three Listeria enrichment broth bases from which selective agents were
intentionally removed (i.e., BLEB, FB and PB). The incubation conditions were varied
at different temperatures (i.e., 30, 35, 37 and 40 °C). Sigmodial-type mathematical
model was applied to capture the growth characteristics during batch cultivation and to
extract key kinetic parameters (i.e., maximum specific growth rate; ., used to
investigate the optimum non-selective enrichment protocol. The growth characteristics
and the estimated kinetic parameters (Mmax) indicated that the optimal incubation
temperature for L. innocua growth was 35 °C where the growth profile showed the
highest pna and high final cell density. TSB, as an effective non-selective enrichment

medium, was selected to multiply L. innocua in the non-selective enrichment step. The
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effects of conventional inhibitors were studied by using common selective inhibitors
suggested in most global microbiological detection standards (i.e., NGFIS, IDF,
USFDA, NMKL, ISO, AOAC and USDA-FSIS). The TSB broth base was modified by
adding selected conventional selective agents to study the growth and selectivity of
Listeria spp. The growth profiles showed that acriflavine significantly affected the
growth of Gram-positive bacteria. Interestingly, L. innocua has less resistant to
acriflavine than Staphylococcus aureus. Polymyxin B inhibited Gram-negative bacteria
as well as Gram-positive bacteria but to a lesser extent. As low as 10 mg/L of
polymyxin enabled effective reduction of E. coli from 6 to less than 2 log CFU/mL
within 2 h of incubation. Nalidixic acid only suppressed Gram-negative bacteria and
was not as effective as polymyxin B. Although lithium chloride did not significantly
affect the inhibition of any target microorganisms, it was included in the optimization
experiment to find an effective selective enrichment combination. Using the response
surface analysis the optimum selective composition to isolate . coli and S. aureus from
L. innocua includes 5.7 mg/L of acriflavine, 10.0 mg/L of polymyxin B and 20.7 g/L of

lithium chloride.

Keywords: Growth Kinetics/ Listeria innocua | Listeria Selectivity / Maximum Specific

Growth Rate/ Non Selective Enrichment



o 9

290 Insamsiny1Isuniey

mMsmignzmunzay luduasumMsuTIuIURe

[y o A A’ aQ A4
dulpmsanidenisedaiite

iv

HUWNA 6
9 an ]
Aoy UNANMATN AN

o o ¢ a v
219136N3 nyn WA, A5.9100YA NWOTA
nangas wInssumaasunTudia
711397 WINTTUDINIS
NI WINTSUBINIS
AN IINssumans
N.A. 2554

UNAaLe E 4 21 80

a A4 a

ao & d a a v A & o t 4
mavslidlumsinunnses ydu Tauazmssaienide aafize sulum lusunsumsiiy
o [ -] L - | 4‘ 9 BJJ a a a 9 o 3‘4
Tuudaenuas lisaden eadunnudiuglunmsimulszansamliiusuneu

& a aa ¥ dqgy & a o X 4 L " o &L & &
msasIureaaize Nauly e uea dulum Fudlure lune Isa Sudenaney iftesnniae
a o/ o/ = o/ A‘ L) [
uea 8 Tuf idnuuzmadisinnlndifvadude faiide Tululslasue dmiumsnaaseld
° ~ a J a § o & &' dq ¥ o " @ 9
mnmafSouiounisndyveute uea ouTus vueImIsisuvemaInldiuegnala 1dun
3 ~ a a ! H9 9o o o A L a aa
U weaY uaz Medll nazuueIMsRBITRIMAIN IFd S umsfadenide aafidoTasmme
v { '
Tagluiimslamsdudalugas 1dun Sueadi wwd uaz A Tavyhmsunngamgiianeg 1dun
IS 2 Iq ¥ 3 a S a a [
30,35, 37 unz 40 srnuiaisod 1nUlszgnalduuutiasanndiamnaniyiiagnuesd lums
eBuwdanyuzmss g lasAnuamisiimeinavaunamaad 1qun PN INSIVIYTUNIE
' ’ 9y '
gega (W,,) Momanizimumzanluvuaoumsiusuauun lisaden mndnyazms
a a o dci 9 U a ] ci Q o a
nIguarmlimeInvaunamanii ldnugunginsiuiminzaudmiumsniyves
J a o (Y IS I o ' 4
o uon ulud 1A 35 esruvaBoa Taoduanineiia 1L uaz anumuimivad

Y] o & ] ]2 o to oA oY Ya & &
ijmﬂmtjﬂ‘ﬂqfﬂ u@ﬂﬂ']ﬂulluﬂ]uVIauﬂ']ﬂwni]'lu'luuﬂﬂllllﬂﬂlaﬂﬂ U\Thlﬂlﬁ@nﬂ1ﬂ']51ﬁfml‘lf@lﬁﬁﬁ



E 12160

a a vo & a o ¥ o o & o 4

e i i l¥iuie uea uTuda dao dmfumsAnmmavesmsdudadmiunisasanuie
o &4 ° 4 & v g

adie 19msdudsiuuih i 1$lunsasndennitmasguaia 1y 18us usionletea

lodiorl yioa 1Wdie Buduauen loeale wleed uaz weane-edivalowmd s
QY

a =]

a > o & iq v & ! & 4
nane lavAumsaamend i Sumeaanson 192 1 luemsdousemad meat mesnun
a o o J = A o &l U = ) ~ 1 G
mInsguazmsAaenweddiize vinnsMmsinTyveute wua easariu Tnadenisiiey

4 aa ' o Yo g a X a o
‘U@Ql‘lfauuﬂ‘ﬂﬁﬂuﬂiu'ﬂ'Jﬂﬂ[n\uﬂuvlﬂ‘ﬁﬂ Hazﬂizlﬂuﬂu‘]ﬂuiﬂﬂﬂ 10 IUea @uiuﬂ') aWTONU

a

' a ' &’ od I~ Y o o
Ao onsnaIu laeuniuveaudiTafenna eoidoa luneasasudiy Inasosu 5 5

a a o & A‘ A y&’, o J A A
ﬂizﬁ“ﬂ‘ﬁﬂ1‘W1uﬂ15tl‘lJUQt‘§0ll‘Uﬂ‘Vll U"lﬂmuﬂsnammzuninmn UAYUIUBDUUANLITYLUNTY

: v
a oo y 9 3 o

99y ' A o a a o a & g 9
vanIddesndn TasIwdsivdu 4 nanududy 10 Sadnfu/aas Futuanudududngalu

a a o & A4 [~ a aa
msdnw Hilszaninwlumsduduye 8 Tn'la 91n 6 fon Fieydaddas Ianaanietes

o U

' < a aa ' o 3 aaa
0312 den Fevy/dinddas moluszeznaimsiy 2 42 Tue uennniidanuinsauiandnil

) =)

a a o O J A A v 2 a a a v ' o8 o

1'53ﬁ1’l'ﬁﬂ1‘W1'Nﬂ150'1JUQ!‘]IE‘)!LU?WMSUllﬂiijﬁ‘ﬂl‘l’n‘uu uaznﬂimmmwu%ﬂﬂ TWﬁIJU‘]ﬂ—! U
S a o o <2 9 (=] o & J ) 9 Y Jgaqa

Tunsdlves ditou nae'lsa oadvz luiina lumsdudusegasmihmune uadenald aiFou nae

d [ { 1 o °
"liﬂ sm“lumiwﬂamﬁlau ‘lumu‘ummsm’dmazﬁmmzﬁwmmuwaumsmmﬁaﬂ nms

a o’J q'n F (] o A o

‘Vlﬂﬁ’ﬂﬁiﬂﬂﬂﬁ’J!ﬂﬂZ‘HWH‘YINOﬁ@Uﬁu@Q llﬁ:ﬁﬁ?ﬂvlﬂ’JTd’JuNﬁﬂﬂlﬂ&ﬁ]iﬂﬂlﬁﬂﬂﬂmﬂ”ﬂﬁn
o [ J =) A’ =) J a - | 9 a =)
TIUITUNTHUNLYED D Iﬂ‘lﬁ UOZ 1YD 1T 991587 DONVIN 1¥D 1D auTum ﬂ’é]ﬂWi(l‘lf oAU

A a o a A o a S Q a o a ad g a a oo a
5.7 yaansu/ans T‘WﬁiJU‘If‘Ll U 10 UaanTN/ans alsou ﬂﬁi’.)lliﬂ 20.7 yaansu/ang

a A

o o w Y & A "o
A1 . N9 ﬂlﬁ@ﬂl‘“@ aﬁ‘ﬂGU/ ﬂ15lwuﬂ1u3ulluullllﬂﬂlaﬂﬂ/ ﬂ‘]'jﬁﬂy1ﬂﬂuwaﬂ1ﬁﬁ§/

a

Ao BuTuny dasimsindydu Tadumzgaga



vi

ACKNOWLEDGEMENTS

This thesis could not have been successful without helpful contributions from many
advisors and colleagues. First of all, I would like to express my sincere gratitude to my
advisor, Asst. Prof. Dr. Aluck Thipayarat for giving me a great opportunity to
thisembark on this brilliant project and offering helps and suggestions all along. Many
appreciations go to all project committee members including, Assoc. Prof. Suwit
Siriwatanayotin and Assoc. Prof. Dr. Punchira Vongsawasdi for giving valuable

suggestions and knowledge during presentation and project.

Moreover, my special gratitude is extended to professors and all staff members of Food
Engineering Department, KMUTT who established an outstanding program like FEPS
to give me and others the opportunity to progress my knowledge and skills.
Furthermore, 1 would like to thank all the ALUCK Research Team including, Ruamporn
Liamkaew, Siripilin Kosonpisit, Pattarin Supanichwatin, Natthiga Saeteaw, Orana
Rattanabumrung and Wipavadee Sangadkit for their helpful suggestions and how to
work with colleague as a team. Moreover, very grateful thanks are carried to all friends
and seniors at Food Engineering and Food Engineering Practice School (FEPS)

programs for their supports and encouragement.



CONTENTS

ENGLISH ABSTRACT
THAI ABSTRACT
ACKNOWLEDGEMENTS
CONTENTS

LIST OF TABLES

LIST OF FIGURES

CHAPTER 1 INTRODUCTION
1.1 Introduction
1.2 The Objectives
1.3 The Expected Outcomes

CHAPTER 2 THEORY AND LITERATURE REVIEW
2.1 Listeria spp.
2.2 History
2.3 Listeriosis Outbreaks
2.4 Symptoms of Listeriosis
2.5 Taxonomy of the Genus Listeria

2.6 Detection Methods

CHAPTER 3 MATERIALS AND METHODOLOGY
3.1 Equipments and Instruments
3.2 Media culture and Chemical Reagents
3.3 Bacterial Strains
3.4 Sample Preparation

3.5 Cell Enumeration

3.6 Growth Characteristics Determination Using Sigmoidal Function

CHAPTER 4 RESULTS AND DISCUSSION

4.1 Investigation of Non Selective Enrichment Protocol

4.2 Examination of Inhibitory Effect of the Conventional Selective Agents on

Growth and Selectivity of L. innocua

4.3 Optimize Combination of the Effective Inhibitors

vii

ii
iv
vi

vii

ix

W

Lol I V. T U O

17
17
17
18
18
22
23

24
24

31
4]



CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

5.2 Recommendations

REFERENCES

APPENDIX A. Expermental Data

CURRICULUM VITAE

viii

49
49
50

51

65

76



LIST OF TABLES

TABLE
3.1 Non-selective fomulars
3.2 Design of experiment by using Minitab
4.1 Inhibitory effect of L. innocua, E. coli and S. aureus

from Box-behnken design
A.1  Data of Listeria innocu in non selective enrichment broth

at 30°C (log CFU/m]l)
A.2  Data of L. innocua in non selective enrichment broth

at 35°C (log CFU/ml)
A.3  Data of L. innocua in non selective enrichment broth

at 37°C (log CFU/mI)
A.4  Data of L. innocua in non selective enrichment broth

at 40°C (log CFU/ml)
A.5  Data of L. innocua growth on acriflavine (log CFU/ml)
A.6  Data of L. innocua growth on polymyxin B (log CFU/ml)
A.7  Data of L. innocua growth on nalidixic acid (log CFU/ml)
A.8  Data of L. innocua growth on lithium chloride (log CFU/mI)
A.9  Dataof E. coli growth on acriflavine of (log CFU/ml)
A.10  Data of E. coli growth on polymyxin B (log CFU/ml)
A.11  Data of E. coli growth on nalidixic acid (log CFU/ml)
A.12  Data of E. coli growth on lithium chloride (log CFU/ml)
A.13  Data of S. aureus growth on acriflavine (log CFU/ml)
A.14  Data of S. aureus growth on polymyxin B (log CFU/ml)
A.15 Data of S. aureus growth on nalidixic acid (log CFU/ml)
A.16 Data of S. aureus growth on lithium chloride (log CFU/ml)

ix

PAGE
20

22

42

66

67

68

69

70

70

71

71

72

72

73

73

74

74

75

75



LIST OF FIGURES

FIGURE

2.1

2.2

23

3.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Percent of reported laboratory-confirmed listeriosis

within age groups for males and females

Overview of isolation, identification and typing methods for
Listeria and L. monocytogenes in foods and environmental samples
A methodological system for the phenotypic identification

of Listeria

96 deep well plate

An example of photograph of L. innocua colonies grown

on TSA

Effect of different incubation temperatures on growth profiles of

L. innocua in different non-selective enrichment broths

Effect of different non-selective on growth profiles of L. innocua
at the same temperature

Effect of non-selective enrichment media and incubation temperature
on growth of L. innocua

Effect of non-selective enrichment media and incubation temperature
on growth of L. innocua

Comparison of growth profiles of L. innocua, E. coli and S. aureus
on acriflavine

Comparison of growth profiles of (a) L. innocua, (b) E. coli

and (c) S. aureus on polymyxin B

Comparison of growth profiles of (a) L. innocua, (b) E. coli

and (c) S. aureus on nalidixic

PAGE

13

21

25

26

29

30

30

33

36

39



4.9

4.10

4.11

4.12

Comparison of growth profiles of (a) L. innocua, (b) E. coli
and (c) S. aureus on lithium chloride

Inhibitory effects of acriflavine and polymyxin B on

a) L. innocua, b) E. coli and c) S. aureus

Inhibitory effects of acriflavine and lithium chloride on

a) L. innocua, b) E. coli and ¢) S. aureus

Inhibitory effects of polymyxin B and lithium chloride on

a) L. innocua, b) E. coli and ¢) S. aureus

Xi

41

44

46

48





