Bacteriological contamination and infection of shel

eggs in the production chain

ILVOaq,

Instituut voor Landbouw- en
Visserijonderzoek — Gent, Eenheid
Technologie en Voeding

Ir. Koen De Reu









Promotors:

Dean:

Rector:

Prof. dr. Ir. Mieke UYTTENDAELE

Department of Food Safety and Food Quality
Faculty of Bioscience Engineering

Ghent University

Dr. Lieve HERMAN

Institute for Agricultural and Fisheries ResearcBhent
Technology and Food Unit

Prof. dr. ir. Herman VAN LANGENHOVE

Prof. dr. P. Van Cauwenberge



ir. Koen DE REU

Bacteriological contamination and infection of shel

eggs in the production chain

Thesis submitted in fulfillment of the requiremefadsthe degree of Doctor

(PhD) in Applied Biological Sciences

Proefschrift voorgedragen tot het bekomen van dadyvan Doctor in de

Toegepaste Biologische Wetenschappen



Bacteriologische besmetting en infectie van schaadeen in de

productieketen

lllustratie: Jarne en Jitze De FReu

To refer to this thesis:

De Reu, K. (2006) Bacteriological contamination arfdction of shell eggs in
the production chain. Thesis submitted in fulfillmef the requirements of the
degree of doctor (PhD) in Applied Biological ScieacFaculty of Bioscience

Engineering, University of Ghent.

ISBN-number: 90-5989-124-4

The author and the promotor give the authorisatioronsult and to copy parts of this work
of personel use only. Every other use is the stibgeihie copy write laws.

Permission to reproduce any material containetliswwork should be obtained for the
author.



Woord vooraf

Het was geen eenvoudige taak maar wel een belemgrifdaging om naast de dagelijkse
routine werkzaamheden op het voormalige DVK-CLO,IItMO — Technologie en Voeding

dit doctoraal proefschrift tot een goed einde tengen. Dit was enkel mogelijk dankzij de
directe en indirecte hulp van diverse personen.\k®@ordje van dank is hier dan ook op zijn

plaats.

Eerst en vooral wens ik mijn beide promotoren wikételijk te bedanken voor het vertrouwen
dat ze in mij schonken. Lieve, je volgde steeds veel interesse mijn onderzoek, gaf veel
raadgevingen en liet me tevens ook de noodzakalijifeeid. De zekerheid dat ik steeds op
jou steun zou kunnen rekenen heeft mij gemotiveendde stap naar het opstellen van een
doctoraat te zetten. Bedankt ook voor de vele f)aven die je spendeerde aan het zeer snel
en kritisch nalezen van de publicaties en dit @dafft. Mieke, bedankt voor het
enthousiasme waarmee je mijn werk volgde. lk appeede vooral onze zeer aangename
samenwerking, je adviezen en het steeds stipt eralean de teksten. Beiden, nogmaals ...
1000 x bedankt!

Woorden schieten tekort om Ann Van de Walle te hkda. Zij stond in voor de
tienduizenden analyses die de basis vormen vanetk. Ann, ik apprecieerde in jou ook je
kritisch denken, je advies en het aangenaam samkemve Naast onderzoek bleef
dienstverlening een belangrijk aspect. Dat dezk tialaatste maanden niet in het gedrang
kwam was enkel te danken aan het zeer zelfstandigen in het labo van Jurgen, Vera en
Willy. Het koekje om 11u en de namiddagwandel ih labo waren steeds een aangename
verstrooiing. Oprechte dank hiervoor. Wouter, Dasyde verschillende thesisstudenten wil

ik eveneens bedanken voor het stukje dat zij bigem tot dit werk.

Koen Grijspeerdt, bedankt voor de verbijsterendelhsd waarmee je de vele resultaten
statistisch verwerkte en in toegankelijke figuratte. Dank ook aan Winy voor het kunnen
gebruiken van haar zeer ordelijk literatuurarcteiefde vele adviezen. Ik wil jullie beiden en
Els Daeseleire ook bedanken voor de soms nog hglarg toffe contacten op persoonlijk

viak.



Dank ook aan alle overige collega’s van de eenhieichnologie en Voeding (secretariaat,
werkhuis, ‘kwaliteitsafdeling’ en overige labo’sjlie hetzij rechtstreeks hetzij door hun

blijken van interesse mij stimuleerden om dit wafke krijgen.

Dr. Ir. Guido Waes en Lic. Roland Van Rentherghemansvik te bedanken voor het
vertrouwen dat ze in mij stelden toen ik er mijopbaan startte als verantwoordelijke voor de

wetenschappelijke begeleiding van de interprofesdeorganismen voor de melkkwaliteit.

Een speciaal woordje van dank ook voor de pluimgadars Koen en Hilde van Geiko nv en
Gerrit en Nicolas van Euro-ei. Het was een pleamarsteeds op jullie te kunnen rekenen voor

staalnames en het verzorgen van de eerste contaeteandere pluimveehouders.

De overige leden van de lees- en examencommissi&k veveneens bedanken: Ing. Nico
Bolder, Dr. ir. Nico Boon, Prof. Dr. Lieven De Zeif Prof. Dr. ir. Niels De Pauw, Prof. Dr.
ir. Chris Michiels en Prof. Dr. ir. Erik Van Boclstle. Prof. Dr. ir. Johan Debevere, lid van

de examencommissie, wil ik eveneens bedanken atsgior van het eerste uur.

Ook mijn vele vrienden van de zeescouts wil ik k@&, voor hun begrip voor mijn
maandenlange afwezigheid op zaterdagnamiddag. \¢kest, het bouwen van de nieuwe

botenloods wordt nu een nieuwe uitdaging.

Speciaal wil ik ook mijn ouders bedanken. Papawiet zeker dat je het graag had
meegemaakt. Je was mijn belangrijkste drijfvedetis mijn studies. Op zo’n dag merk ik dat
ik je na al die jaren nog steeds hard kan missareki, je steun, je rust, je luisterend oor, je
eenvoud ... heb ik nu opnieuw kunnen gebruiken. Bletdaok om opnieuw naar mijn oude

bureau te kunnen terugkeren om de opgelopen atdndrbij het schrijven wat in te halen.

Het belangrijkste was echter de steun die ik vam aoetje (Jessy) en mijn twee kapoenen
Jarne en Jitze mocht ervaren. Sorry voor de weekgad de laatste maanden waarin we
soms veel leukere dingen samen hadden kunnen daeme, Jitze, jullie slaagden er het
meest in om even de eieren en bacterién te velgefeetie bedankt voor je

onvoorwaardelijke steun, je was mijn houvast tigldie moeilijke momenten. Nu op naar de

welverdiende zomervakantie en de waslijst karwdierk steeds voor mij uit bleef schuiven.



Zoetje, Jarne, Jitze, wees gerust, jullie zijn stepds het belangrijkste in mijn leven en dat

wil ik de komende jaren weer meer dan ooit bewijzen

Koen
4 juni 2006






Table of contents






Table of contents I
Table of contents

TABLE OF CONTENTS ..ot I

ABBREVIATION LIST oottt IX

THESIS OBJECTIVES ... .ottt e e e e e e e X

CHAPTER 1:

SHELL EGGS IN THE PRODUCTION CHAIN: AREVIEW ..., 1
F N 1 X o LT PUPPPTRUPPIN 1
1 Formation Of the NEN'S @00 . .cuuuuuiiieiii e s 1
1.1  Formation of the YOIK.........coooiiiiii e 2
1.2 Formation of the albumen ............... e eeiiiii e 3
1.3 Formation of the shell membrane...........cccooviiiii s 3
1.4 Formation of the Shell .............eee 4
2 Eggshell and egg content: Structure, composéimhantimicrobial defence.............. 4
2.1 TRE CULICIE .. e e e et ettt s e e e as 5
P I 4TS 0T TP 5
2.3 TRE SNEII.. . e 6
2.4 The MEMDIANES ......ouiiiiiiiei e e e 7
2.5 The albDUMEN ...t e 8
2.6 THE YOIK oot 10
3 Salmonellaand humarsalmonellanfection.................uiiiiiie 10
3.1 Characteristics, taxonomy and nomenclatueatrinonella............................. 10

BACTERIOLOGICAL CONTAMINATION AND INFECT |ION OF

3.2 Incidence oSalmonellaEnteritidis infections in humans in Belgium antiet

countries



Table of contents 1

3.3 Symptoms of non-typhoidal salmonellosis in hoga............ccoovvvvvviiiicinennnn. 13
3.4 General pathogenesis of hungaimonellanfections..........cccccevvvviciinnnnn. 14
3.5 Types of food INVOIVED ..........ccooiiiii et eeeeeee e 15
3.6 Salmonellan poultry and [aying heNS .......ccoovii it 16
3.7 Control ofSalmonellan [aying NENS .........oooveiiiiiiiii e s e e e e 18

4 Mechanisms of microbial contamination of iINtag@®...............cevvviiiiiiiiiiieeeeeereen, 19
4.1 Transovarian or vertical tranSMISSION ...cceeeeciiiiiiiiieee e 19
4.2 Horizontal tranSMISSION. ........ccuuriiiieee et ennee e 20
4.3  Extrinsic factors affecting horizontal tranSsM® ............ccoeeeeeeeeeereeeeeeeeeeinnnnns 1.2
4.4 Egg infection and ChemotaXiS ............cocceeeeevvieiiiiiii e ee e 23

5 Type of contaminating microflora on the eggshelll in the egg content................. 27
5.1 General type of contaminating microflora ............oeeevvviiiiiiiiiiiiii e, 27
5.2 Salmonellacontamination Of €QQS ......uuurururiiiiii s ccceeerirs e e e e e e e e e eeeeeeeaannnes 30
5.3 Other contaminating PathOgENS..........commmmeeeeeereeerieeiiiiiira e e eeeeeeeeens 32

6 Housing systems for [ayiNg NENS .........uucieeer e 33
0 R 0] )Y/ =T o110 T F= L o= Vo = 34
A S 1] =0 o= T =2 34
R T AN | (=1 1 0 F= LAY SIS YA =] 1 35
6.4 Productivity, welfare, health and hygiene ifiedtent housing systems.............. 37
6.5 Traceability Of @00S ... ccoouii i 38

7 The egg ProducCtion CRAIN.................. e eeeeeeieiiitiaa e e e e e e e e eeeeeeeeneeeeeeeeeean 39

8  Washing Of SNell @00S ...uuuuuuiiiii e 43
8.1 INtrOTUCTION ...ttt e e e e e e e e e e e e e e e e e eeas 43
8.2 Microbiological considerations of the egg Waghprocess. ........cccoevvveeeeeeeeeeeen. 44
8.3 Balancing advantages and disadvantages of mgashell eggs............ccceeees 48



Table of contents 1l

CHAPTER 2: THE USE OF TOTAL AEROBIC AND GRAM-NEGATI VE FLORA

FOR QUALITY ASSURANCE IN THE PRODUCTION CHAIN OF CO NSUMPTION

L T PP 49
FAN =S 127 N o L PRSP PPRPTR 49
R | 01 oo [§ o (o] o H PP PP 50
2 Materials and Methods ............vviiiiiii e 51
2.1 Determination of bacterial eggshell contamomati............ccccoeeevviieeiiiiiiiiinnnnnn, 51
2.2 Statistical analysiS Of JAta .............oummmmsereeeeeeeeeeeeerreieeeii e 52
2.3 Sampling, collection and tranSPOrt Of €QQS. .eeeu uurrrrrrrriiiiiieieeeeeeeeerreeeeeeanens 53

2.4 Influence of time, temperature and atmospherioidity on the bacterial shell

(o0 g1 =10 411 0= 11 (] o PP REPPPPPPPPRRRP 53
2.5  NUmMber of SAMPIES.....cccoii i 53
2.6 Sampling through the production SYStEMS weeeeeeeeoveeeeeeeeiiieiieeeeis 54.
2.7 Environmental conditions in the production ohai...............ccccceeeiiiiiiiieeeeeenee, 56
2.8 Visual examination of the shell €ggs....comereiiiiiiiiiieeeieiees 56

3 ReSUItS and diSCUSSION .......uviiiiiiiiirreeeeere e e e e e e e e 56
3.1 Determination of bacterial eggshell contamonati................cccovvvvvveiiiiiinnnnnnn. 56
3.2 Sampling, collection and transport Of €g0S....cccccevvieeiiieeeiieiieeeeeeeiaes 59

3.3 Influence of storage time, temperature and spmeric humidity on the bacterial

Shell CoNtaMINALION .........ooiiiiiiiii e e 59
3.4 Number of SAMPIES.......ccoiiiiiiiiiiii e e 60
3.5 Sampling through the production chain .......ccc..ccooooiiiiiiiiiia 61

A CONCIUSIONS ...ttt a e 65



Table of contents [\

CHAPTER 3: INFLUENCE OF THE HOUSING SYSTEM FOR LAYl NG HENS ON

THE INITIAL BACTERIAL EGGSHELL CONTAMINATION....... (oo 66
AABSTRACT ...ttt ekt ee ettt e ettt e s st e e kbt e e s bt e s aae e s R bt e e b bt e e ket e eh bt e e Rt e e e be e e ea b e e e nne e et e e e ne e e anne e e 66
R | 011 oo [§ o i o] o HO PP PPPPPRRTP 67
2  Materials and Methods ............viiiiii i e 68
22000 R [0 U] 1 T S 68
P A 0] 1Y/ =T o1 0T F= L oF= Vo = 68
P2 T o 0 ] =0 o= Vo = 69
P ANV = Y 1o 10 £ o 70
T b o =] 10 0 T= ] PSSP 71
2.6 SAMPIING..eeeiiiii i errren e 72
2.7 Determination of bacterial eggshell contamomati............cccccoeevveieeiiiiiiiiiennnnn, 73
2.8 Statistical analysis Of JAta .............oummmmseerereeeeeeeeeeeereieeee e 73
3 ReSUItS and diSCUSSION .......ouviiiiiiiirreeeeee e e e e e e e 73
4 CONCIUSIONS.....ciiiiitie ettt ettt e e e e e e e s s ammn e e e s e e e e e e e 80

CHAPTER 4: BACTERIAL EGGSHELL CONTAMINATION IN THE

PRODUCTION CHAIN OF DIFFERENT COMMERCIAL HOUSING SY STEMS.... 82

N = I o PPN 82
(R 11 £ To (8 Tox (o o I PP PP PP PPPPPPPPPPP 83
2  Materials and MethOdS ..........uuiiiiiiiii e 83
2.1 Determination of bacterial eggshell contamomati.............ccccoeeveeieiiiiiiiiiiiininn, 83
2.2 Sampling, collection and tranSPOrt Of €QQS euuu e urrrrrrrrmiiiiarieeee e eeeeeeeeeeeeeees 83

2.3 Sampling through the production Chain ... 84



Table of contents V

2.4 Statistical analysiS Of JAta .............oummmmeeerereeeeeeeeeeerreieie e 87
2.5 Environmental conditions in the production @hai...............ccccceeeiiiiiiiieeeeennee. 87
2.6 Visual examination of the shell €ggs....commrreiiiiiiiiii s 87

3 RESUIES ... 87
G 70 R = o [= o €0 o [1Tox 1 o o 0 87
IC T2 O - To [ ] {0 o [UTox 1 o] o 12 88
ICTRC I @ o = 1 [o o] o o [FTox 1o o 1R 89
G 70 A = 7= 1 T o (o T [1Tox 1 o o 91
3.5 Bacterial air contamination in the productidios................cooeevvvvvivinciinnneennn. 92
3.6 Initial eggshell contamination at the hen hause.............cccccceeiiiiiiieieeenn, 94.

4 DISCUSSION ...eitieiiitiee et e e e ettt meeeee e e e e e ekt e e e e e e e e e e e e e e e e e e ane e e e e e e e nnrreeeas 94

5 CONCIUSIONS ...ttt e s s n e e e e e e e e 96

CHAPTER 5: THE EFFECT OF A COMMERCIAL UV DISINFECTI ON SYSTEM

ON THE BACTERIAL LOAD OF SHELL EGGS ..o e 97
AABSTRACT ...ttt et ee ettt e ettt e s st e e ekt e e bt e e ane e s Rt e e e b bt e oA be e e eh bt e e R bt e e be e e en b e e e nae e et e e e be e e anne e 97
R | 011 oo [§ o (o] o HO PP PTPPRRPTP 98
2  Materials and Methods ............oviiiiiiiieeeeee e 98
2.1 EQQ SAMPIES. ..ttt et eeeenee e e eeeaaanae 98
2.2 Ultraviolet irradiation ............cooiiiimeemii e 99
2.3 INOCUIAtION Of @QUS ... .o i e iieiiiiiieeie e e e e e eee e eeeeeee 99
2.4 Determination of the bacterial contaminatioregfishell, conveyor rollers and
INternal egg flUId ... 100
2.5 Decontamination eXPerimentS...........uuuuuieerreeeeeeieeieeeeiiiiii e e e e 100



Table of contents VI

2.6 1dentifiCAtION .......ovviiiiiiiiie e mrree e 101

2.7  Statistical @NaAlYSIS .......coeeveiiiiiiiriee e 101
3 RESUIS ... e 101
4 DISCUSSION ...eiieeiiitieet e e ettt ememee e e e e e e e e e e e et e e e e e e b e e e eearn e e e e e e e nnrnees 103
5 CONCIUSIONS ...ttt e e me e e e e e e 105

CHAPTER 6: EGGSHELL FACTORS INFLUENCING EGGSHELL PE NETRATION

AND WHOLE EGG CONTAMINATION BY DIFFERENT BACTERIA, INCLUDING

SALMONELLA ENTERITIDIS ... ..o eee e 106
FAN =S 127\ o LTS PPPRP 106
L INETOTUCTION ...ceiieeie ettt e e e e s rmmn e e e e s e e e e e 108
2 Materials and Methods ............vviiiiiiiceeeeee e 109
A R o [0 ORI 109
2.2 Bacterial strains and CUITUIES..........cccceriiiieiiiiiieeeee e 109
2.3 Agar method for the assessment of the eggseeétration..............c.cc.cceees 110
2.4 Inoculation and StOrAQE .........cceeeeesccccccm et e e e e e e e e e e e e e e e e eeeeeeer e 111
2.5 Determination of the eggshell contamination................ccccceeeeiiiiivvieiiiininnnns 111
2.6 Determination of the egg content contaminatian.............ccccceeeeeeieeeeeennneeee. 111
2.7 Eggshell characCteristiCS...........oouiicememmmeiieee e 112
2.8  Statistical @nalYSIS .......ccoeeiiiiiiiiiire e 112
3 RESUILS ... e 113

3.1 Effects of egg(shell) characteristics on egljglemetration and whole egg

(o{0] ] ¢=1 00110 =1 (1] o TP T T PR 113



Table of contents VII

3.2 Effect of bacterial survival on the eggshehgteation and whole egg

(o0 g1 =T 411 g = 11 (0] o TSP PR T EEPPR PR 115
3.3 Effect of storage time on eggshell penetration..............cccceeeeviiiviieeeeeeeee, 17
3.4 Effect of bacterial strain on eggshell penaraand whole egg contamination118

3.5 Effect of hen age on eggshell penetration, @/leglg contamination and eggshell

CNAIACTEIISTICS ...t e e e e 118
3.6  Whole egg contamination with the differ&aimonellastrains ....................... 120
4 DISCUSSION ...eeiieeiiiitie et e e e ettt eeemee e et et e e e e e e e et e e e e b e e e e e ern e e e e e e e annrnneas 120
5 CONCIUSIONS ...ttt e e e me e e e e e e e 124

CHAPTER 7: INFLUENCE OF EGGSHELL CONDENSATION ON TH E

BACTERIAL EGGSHELL PENETRATION AND THE W HOLE EGG

CONTAMINATION WITH SALMONELLA ENTERITIDIS.....ccovriiieieeeeeeeee 126
FAN =S 127N o O U P PR 126
L INETOTUCTION ...ceeiieiiitee ittt e e e e e e rmmn e e e e e e e e e e 127
2  Materials and MethodsS ............vviiiiiiiieeeeee e 127
FZ R o [0 U PP 127
2.2 Agar method for the assessment of the eggseeétration..............cccc.coeees 128
2.3 Inoculation and StOrAQE .......ccovvie et 128
2.4  Determination of the eggshell contamination................ccccoeeeiiiiiiiiiiiiiiininnnns 128
2.5 Determination of the egg content contaminatibwhole eggs............cccc..u..... 128
2.6 Eggshell characCteristiCs...........ooviicememmmei e 129
2.7 Condensation eXPEeriMENT..........uuuuuu et e e e e e e e e e eeeeeeeeeeaeeennnnnnee 129

2.8  Statistical @nalYSIS .......ccoeeiiiiiiiiiie e 129



Table of contents VIII

3 RESUIS ... 130
3.1  EQgQgshell CharaCteriStiCS .............uutcammmmmseeeeeeeeeei e eeeeee e 130
3.2 Eggshell penetration and whole egg contaminatiQ..............cccceeeveeeeeeeennn... 131
3.3 Effects of storage time on eggshell penetratigar-filled eggs).........cc.c....... 133

3.4 Bacterial survival cBalmonellaEnteritidis on the eggshell of agar-filled eggs

=T T0 IRV Lo [ =T T £ PSPPI 134

N B 11T o1 U LYo (0] o IR 135

D G ONCIUSIONS . e e e 138
GENERAL DISCUSSION, CONCLUSIONS AND PERSPECTIVES ..o 139
REFERENCES ... .ot ettt e e et et e et e e e e e e e e e e e een 146
SUMM A R e ettt et et e e 164
SAMENV AT TING ..o ettt et e e e e e e e eennn 169

CURRICULUM VITEA ... e e e e I



Abbreviation list






Abbreviation list

Abbreviation list

ANOVA Analysis of variance

BHI Brain heart infusion

BPW Buffered peptone water

CFU Colony forming unit

EC European Communities

EU European Union

ISM Inner shell membrane

Kayn Dynamic stiffness

kve Kolonie vormende eenheden
NA Nutrient agar

n.a. Not applicable

n.d. Not determined

n.p. Not present

OSM Outer shell membrane

PBS Phosphate buffered saline
PCA Plate count agar

ppm Parts per million

ref. Refrigerated

RH Relative (atmospheric) humidity
sp. gr. Specific gravity

16S rDNA  16S ribosomal deoxyribonucleic acid
stdev Standard deviation

TSA Tryptone soya agar

TTC 2,3,5 Triphenyl tetrazolium chloride
UK United Kingdom

UR United States (of America)

uv Ultraviolet

YE Yeast extract






Thesis objectives






Thesis objectives X

Thesis objectives

Consumers and food business operators are moremanel aware of food safety issues.
Microbiological contamination of eggs has importamplications. For shell eggs, internal
contamination may occur, leading to spoilage antthéncase of a pathogen to human disease.
Eggs are one of the main sources of contaminaiied & relation to human salmonellosis,
with SalmonellaEnteritidis being the most frequently isolatgdimonellaserovar. There are
two possible routes of bacterial infection of steglbs: either vertically or horizontally. In the
vertical transmission the egg content is directdgtaminated as a result of bacterial infection
of the reproductive organgge. ovaries or oviduct tissue. In the horizontal traission the
micro-organisms penetrate through the eggshell. eéSostudies suggest that most
contamination is due to horizontal transmissionr(®a and Lovell 1991). The number of
bacteria present on the surface of the shell, thetebal identity, eggshell quality and
extrinsic factors may be important factors influegcmicrobial ingress by the horizontal
route. In this study different aspects of these faators are mainly examined.

The first aim of this study was to assess the @t@rcterial contamination of the eggsiull

consumption eggs. In chapter 2 a concept for saqmf eggs in the production chain was
evaluated and a methodology to recover and cownbd#uaterial eggshell contamination was
optimized. As from 2012 conventional cage housomldying hens will be prohibited in the

European Union, the impact the alternatives such as furnished cages aadtm-cage

alternative aviary systemn the_initial bacterial eggshell contaminatiwas studied (chapter

3). The developed concept and methodology from tenap was used. The objective of

chapter 4 was to use the protocol of chapter 2eted critical points for bacterial eggshell

contamination in the production chaiof different commercial housing systems. The

evolution of the eggshell contamination in the nhand during storag&as studied. The

efficacy of a commercial UV disinfectioaystem for decontamination of the eggshell and egg

conveyor belts was studied in chapter 5.

This thesis also aims to study factors influendimg bacterial penetration and survival in the
egg content. The importancef different _eggshell characteristiés the defence against

microbial ingressnto the egg contents by horizontal transmissi@s wtudied in chapter 6.

Bacterial eqggshell penetratioend whole egqg contaminatiowas correlated with various
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eggshell characteristics. A second major objeativehapter 6 was to study the influence of
the bacterial identity and the number of organigresent on the surface of the eggshell on

the eggshell penetration and the egg content comdédion. During storage eggs are
sometimes cooled for a period. Eggs held at lowmperature have condensate on the shell
when moved into a warmer environment. The lastatiye of this study (chapter 7) was to
study the_influence of eggshell condensatonthe bacterial eggshell penetration and on the

whole egg contamination witBalmonellaEnteritidis.
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CHAPTER 1: Bacteriological contamination and infecton of shell eggs in

the production chain: a review

Abstract

The review is discussing the formation and the comepts of the egg, the mechanisms of
microbial contamination of intact eggs, the typecohtaminating flora of eggs with special
attention forSalmonella the egg production chain with the different hogssystems for

laying hens, and some aspects on egg washing.

1 FORMATION OF THE HEN'S EGG

The egg of the laying hen is the end product obmpmicated series of processes which are
outlined by Solomon (1991) and Johnson (2000). fiisé step is the ovulation of the yolk
(with associated ovum) from the left ovary into k& oviduct (see Figure 1.1). The right
ovary and oviduct do not develop in the commeieaigihg hen. (Roberts 2004)

+ Magnum | 2 1\#‘_‘ \’;'%@7
JI‘ p@_& = :}'

} Isthmus ;‘I\T
} Tubular Shell Gland &l
} Shell Gland Pouch
} Vagina
Zorfls -\ <@== Cloaca
g a—Vent

Figure 1.1: The left ovary and oviduct (infundibulum vagina) of the laying hen (Roberts 2004).



Chapter 1

The oviduct consists of six regions (Solomon 19Raberts and Brackpool 1994). From the
ovary to the cloaca they are: 1) the infundibulunfumnel which receives the oocyte after it
has been shed by the ovary; 2) the magnum or alms®ereting region; 3) the isthmus
which forms the shell membranes; 4) the tubulatl gfieand where the calcification of the

shell begins; 5) the shell gland pouch (uterus)rertibe bulk of shell growth occurs and 6)

the vagina. The time frame of the whole procesaitined in Figure 1.2.

shell membranes formed

hen enters nest

|

nesting ends, hen stand:
and cackles

sitting
<«

period during which hen examines thg nest
<~

OVULATION <> CALCIFICATION OF SHELL OVIPOSITION
egg enters oviduct
OVARY O “plumping"
v addition of water to eqg
OVIDUCT
egg enters shell gland v
albumen
formed
v
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Figure 1.2: Time frame of the egg laying process (Gilbert 1971)

1.1 Formation of the yolk

Ovogenesis,.e. yolk development, begins 10 to 12 days precedinglation (Solomon
1991). Yolk components are formed in the liver arahsported via the blood to the ovary.

The ovary of hens in active production containge¢hiypes of follicles where the yolk can be

deposited (Kan and Petz 2000):

- very small follicles, in the slow phase of devela which can take months or even

years. These are also called the white folliclesnas(coloured) oxy-carotenoids are

deposited.

hour

- the follicles in the intermediate phase of grow#stiing some 60 days).

- follicles in the rapid growth phase, which lastpapximately 10 days. The follicle weight
increases during this time from some 1 gram to aBOugrams and deposition occurs in

concentric layers one after each other.
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As one follicle ovulates approximately every 24 rbughly ten follicles are present in
different stages of the rapid growth. Figure 1.8ve$ the ovary with follicles as can be found

in hens in active production and the separate yaiKsllicles.

Figure 1.3: Ovary with follicles, follicles in the intermediagrowth phase and follicles in the rapid growth
phase (Donoghue and Myers 2000)

1.2 Formation of the albumen

In the highly glandular magnum (normaly about 33lomg) the majority of the albumen is
formed. Formation of the proteins takes 1 — 2 days deposition of egg white around the
yolk occurs at some 2 - 3 h after ovulation. THaualen in the magnum is in a concentrated
form and represents only half of the volume of alen present in a freshly laid egg.
Additional fluid (water along with glucose and dletytes) is added to the albumen, mainly
in the shell gland pouch, to produce the final woduof the albumen. The ovum moves

through the magnum via peristaltic action. (Robarnd Brackpool 1994)

1.3 Formation of the shell membrane

In the isthmus there is a rapid (approximately 2i&yelopment of the inner and outer shell
membranes around the albumen. Shell membranesraned at some 3 - 4 h after ovulation.
The isthmus is narrower than the magnum, has & thicular layer of muscle and is

approximately 10 cm long. (Roberts and Brackpo®@4)9
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1.4 Formation of the shell

In the tubular shell gland the initial transferaalicium salts onto the membrane fibres takes
place. A firm bond is established which prepares whay for the main phase of true shell
formation. The egg passes into the shell gland Ipouwhere two processes occur
simultaneously. There is a slow calcification f@peoximately the first 4 h with the main
event to occur being the uptake of water, some seltl glucose into the albumen probably
from the tubular glands. This is known as ‘plumpimond begins to stretch the shell
membranes. This distension separates and expasasathmillary cones, and is thought to be
also the stimulus for the rapid phase of calcifaratto begin. The bulk of the true shell
formation now takes place and the egg spends &bt in total in the shell gland pouch,

including pumping time. (Roberts and Brackpool 1994

2 EGGSHELL AND EGG CONTENT: STRUCTURE, COMPOSITION
AND ANTIMICROBIAL DEFENCE

The main components of the hen’s (avian) egg &e:eggshell, the shell membranes, the

albumen or egg white and the yolk. Figure 1.4 gi@eschematic drawing of the egg and its

Dark yolk layer
Yolk (vitelline)membrane

components.

ALBUMEN

Layer 1 YOLK

Layer 2 Germinal disk (blastodem)
La}fgra l :.: s TR * Lalebra

Layer 4 .:;:-‘*" anlie 2P 1 Light yolk layer

SHELL MEMBRANE
Culicle Alr cell

) QOuler shell mambrana
Sr;:?gg {onlenrsacs) Inner shall membrane

Mammillary layer

Figure 1.4: Schematic drawing of the egg and its componentiéhtinan 1995b).
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2.1 The cuticle

The shells of domestic hens have a marked resest@nwater, due to a natural protein-like

film designated cuticle, which covers the outerfaze of the shell and plugs to varying

extents the pore canals (Cooke and Balch 1970uf€id.4 and 1.5). The thickness of the
hydrophobic cuticle varies from 0.5 to 12.8 um otlez surface of the same egg (Simons
1971). A cuticle-less egg is not an unusual phemamd&Sparks 1985). The thickness of the
cuticle can vary with age, strain and environm&utnpns 1971). The cuticle is a protein and
carbohydrate complex and has a vesicular strugtitheirregular spaces between the vesicles
of 0.5 to 2.8 um diameter (Simons and Wiertz 1988 weight of the cuticle is 0.2% of the

entire egg weight (Simons 1971) and consists of 8% protein, 3.5 — 4.4% carbohydrate,
2.5 — 3.5% fat and 3.5% ash (Wedsgtibl.1974; Roberts and Brackpool 1994).

Functions concerning bacterial penetration

The cuticle is the primary barrier against bactgrenetration (Board and Halls 1973). Sparks
and Board (1985) showed that the physical stateeo€tuticle alters immediately after the egg
has been laid and can have an important bearinth@®regg’s susceptibility to microbial
infection at this particular stage. When the egdrashly laid the cuticle appears ‘wet’ but
then takes on a ‘dry’ appearance after approxima®emin. Bacterial penetration studies
indicated a higher incidence of contamination asrsisell with ‘wet’ cuticle in comparison
with a ‘dry’ cuticle. Electron microscopy studiet tbe ‘wet’ shell revealed a frothy, open,
granular appearance to the cuticle whereas thé wrijcle has a tight mature structure
resulting in less penetration through the poreysBale (1985) found a significantly higher
bacterial contamination in eggs which had a podicleu (40%) compared to eggs with a
medium or good quality cuticle (26%). Ak al.(1964) found that cuticle removal increased
bacterial contamination from 20% to 60%. The flnsé defence of the cuticular layer was on
the other hand questioned by Nascimeett@l. (1992) and Messerst al. (2005a). Cuticle
deposition declines with flock age (Sparks and Bae®84; Drysdale 1985) and may be a
factor in explaining why eggs produced from oldeicks are more sensitive to eggshell
penetration.

2.2  The pores

The shell of the hen’s egg is permeated by a vigiabmber of pores ranging from 7 000 to
17 000 (Tyler 1953), with the greatest number ategrat the equator and blunt pole of the
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egg. Messenst al. (2005a) found number of pores varied between megobserved (on 120
mn? of shell) and 9 360 pores. The diameters of threpare in the range of 6 - 23 um at the
inner end and 15 - 65 um at the mouth (Tyler 19B8®}). all pores extend through the entire
depth of the shell.

Functions concerning bacterial penetration

Attempts have been made by several workers to latereggshell porosity with bacterial
penetration with varying results. Kradt al. (1958) and Fromm and Monroe (1960) supported
a correlation, while Reinke and Baker (1966), Nastitoet al. (1992) and Messerst al.
(2005a) refuted these earlier findings.

2.3 The shell

Immediately beneath the cuticular layer, verticakmtated calcite crystals from a narrow
band, the surface crystal layer. This narrow bavetles the polycrystalline columns of the
palisade which form the bulk of the true shell (Fg 1.5). During the growth period the
former interlock. The earlier they fuse, the gre#édhe effective thickness of the shell (Bain
1991). The elemental composition of the eggshelfois 98% calcium (Romanoff and
Romanoff 1949). In common with other calcified tiss, an organic matrix is present. When
the eggshell is decalcified, a delicate web of Ismaltrix proteins remains. At ultra structural
level it has a fibrous appearance interspersed nmutherous vesicular holes. The mammillary
layer of the shell makes contact with the shell femes (Figure 1.5). The initial bonding
between the shell membranes and the first cry&igisecipitate is critical to the formation of
the succeeding layers; indeed when a crack ocitudses so in the first instance at the level
of the mammillary layer (Bain 1990). Shell thickeesnges between 0.30 and 0.52 mm
(Messenset al. 2005a). To date the following protein componemgsnf the organic matrix
have been isolated: ovocleidin, ovocalyxin, ovasfarrin, ovalbumin, osteopontin, lysozyme
and clusterin (Hincket al.2000).
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- Cuticle
=~ Surface Crystal Layer

> Palisade Layer

* Mammillary Layer

J} Outer Membrane
<~} Inner Membrane

Figure 1.5: Diagrammatic side view of an avian eggshell, simpwihe various layers and the connection
between the shell membranes and the inorganic sta#rial at the mammillary layer (Roberts and Bpaol
1994).

Functions concerning bacterial penetration

The most important contribution of the shell igptovide a mechanical protection (Board and
Tranter 1995). Ernstt al. (1998) found a significant increase in egg contaritamination
with Salmonella Enteritidis due to cracked eggs (hair-cracks);%@,étact eggs were
contaminated versus 77% cracked eggs. Eggs wemlated with 186 CFU Salmonella
Enteritidis/eggshell. Between 8 and 10% of the dgumisfor the table industry suffer damage
to the shell during routine handling (Hamiltehal.1979).

Kraft et al. (1958), Williams et al (1968) and Messestsal. (2005a) found no relationship
between shell thickness and the likelihoodsafmonellaEnteritidis to penetrate the eggshell.
Hincke et al. (2000) found lysozyme and the shell gland speg@fiatein ovocalyxin, both
present in the shell, are also implicated in thetdréal defence.

2.4 The membranes

The paired shell membranes approx 70 pum thick (Simons and Wiertz 1963) and held
firmly together, except at the blunt end of the,aglyere they separate to enclose the air space
(Figure 1.4 and 1.5). The inner shell membrane (I& immediately over the albumen, and
the outer shell membrane (OSM) is attached tortreeghell (Mayes and Takeballi 1983). The

fibres of the membranes are on average 0.8 - 1 hiok,tand each has a keratin core
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surrounded by a mucopolysaccharide mantle (RomaaffRomanoff 1949). According to
Roberts and Brackpool (1994) the composition of thembrane fibres is still not fully
understood. However, the shell membrane proteinagm the cross-linking amino acids
desmosine and isodesmosine and are different finenother fibrous proteins such as keratin,
connectin, collagen or microfibrillar protein. Threembranes consisting of a network of
branched fibres have pores of approximately 1 pamdier (Tung and Richards 1972).

Functions concerning bacterial penetration

In relation to bacterial penetration, the shell rbesmes act as a filter, being more
impenetrable to bacteria than the shell (Garibaltli Stokes 1958). Lifshitet al. (1964)
reported that the ISM was the most effective barrnigreventing bacterial penetration of the
egg content, the shell ranked second and the OSM tha least important. The ISM is
reported to be more porous than the OSM (MayesTakéballi 1983), which is surprising in
view of the reputation of the former as a more i@ barrier to translocation of bacteria
(Vadehra and Baker 1972). According to Garibaldil &tokes (1958) and Lifshitet al.
(1964) the OSM has lager interstices.

25 The albumen

The albumen or egg white is made up of four distiagers: outer thin white, viscous or thick
white (albuminous sac), inner thin white and a ahidérous layer (Figure 1.4). The
proportions of the various layers have been founddary widely depending on the breed,
environmental conditions (climate), size of the egyl rate of egg production. Moisture
content decreases from the outer to the inner adbulayers and ranges from 89% to 84%.
Table 1.1 summarizes the mean composition of albyyak and whole egg. (Li-Chaet al.
1995)

Table 1.1: Composition of albumen, yolk and whole egg (Li-Gled al. 1995).

Egg component Protein (%) Lipid (%) Carbohydratg (%  Ash (%)
Albumen 9.7-10.6 0.03 0.4-0.9 0.5-0.6
Yolk 15.7-16.6 31.8-35.5 0.2-1.0 11

Whole egg 12.8-13.4 10.5-11.8 0.3-1.0 0.8-1.0
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Antimicrobial defence

The albumen makes two contributions to the antiotiad defence of the egg; mechanical
and chemical (Board and Tranter 1995).

There are two components involved in the mechaniedénce: 1) the viscosity of the
albumen ensures that the micro-organisms remaalitecl and 2) the combined action of the
chalazae and albuminous sac of fresh eggs corgsliatthe central location of the yolk, thus
maintaining it at the greatest distance from thredlshembranes (Board and Tranter 1995).
The albumen has a range of chemical components amitimicrobial properties; see Table
1.2. Moreover the alkaline state of the albumen aaeleterious effect on bacterial growth
and accentuates the chelating potential of ovoteams. The pH of aloumen from a recently
laid egg is between 7.6 and 8.5; during storaggthef aloumen increases at a temperature-

dependent rate to a maximum value of about 9.7Cfianet al. 1995)

Table 1.2: Properties of the main antimicrobial proteins eftalbumen.

Protein Fraction of the Characteristics
proteins from the

albumen (%)

Ovotransferrin 12 Chelating metal ions (particylafle’, but also Cif,
Mn%, o, cd*, zr*" and N

Ovomucoid 11 Inhibition of trypsin

Lysozyme 3.4 a) Hydrolysis ¢f(1-4)glycosidic bonds in bacterial cell

wall peptidoglycan — acting specifically on the yokr
n-acetyl glucosamine n-acetyl muramic acid, splittihe
link between them

b) Flocculation of bacterial cells

¢) Formation of oligosaccharides from bacterial welll

tetrasaccharides by transglycosylation

Ovoinhibitor 1.4 Inhibition of several proteases

Ovoflavoprotein 0.8 Chelating riboflavin (or vit. @r vit. By); rending it
unavailable to bacteria that require it

Avidin 0.05 Chelating biotin; rending it unavailabto bacteria that
require it

(modified from Board and Tranter (1995) and Boet@l.(1994))
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2.6 Theyolk

The vitelline membrane surrounding the yolk is mageof two main layers: 1) the inner
layer formed in the ovary, and 2) the outer layepasited in the oviduct (Li-Chaet al.

1995). Fromm (1967) noted that the outer surfacthefvitelline membrane in fresh eggs is
composed of fibres connected to the chalaziferaygrl The strength of the membrane

decreases as egg ages (Fromm 1964).

Antimicrobial defence

The yolk is a growth-friendly environment for mieooganisms. Gast and Holt (2001)
inoculated the vitelline membrane directly wilalmonellaEnteritidis and found 6% positive
yolk interiors after 6h incubation at 25°C and wp 100% positive after 24h. At lower
temperatures, the membrane was less frequentlgtiiugignificantly, penetrated.

3 SALMONELLA AND HUMAN SALMONELLA INFECTION

3.1 Characteristics, taxonomy and nomenclature ddalmonella

Salmonellae were first described at the end ohtheteenth century and named after Salmon
who isolated in 1886 the organism now known Saimonellacholeraesuis from pigs.
Salmonellae are Gram-negative rods, measuring 0.3 by 2.0 - 5.0 um, belonging to the
family of EnterobacteriaceaeThey are generally motile with peritrichous fldgefacultative
anaerobic, ferment glucose mostly with the fornratad gas and reduce nitrate to nitrite.
Following characteristics are mostly used for idfeation: urea not hydrolysed, lysine
decarboxylation and hydrogen sulphide productiamfrthiosulphate on triple-sugar iron
agar. (Grimonet al.2000)

Table 1.3 gives minimal, optimal and maximal tenapare, pH andavalues for the growth
of salmonellae. The growth rate of salmonellaeuisstantially reduced at <15°C, while the
growth of most salmonellae is prevented at <7°dm8aellae are sensitive to heat, the
averageD value (min) at @0.95 and pH =7 is 0.03 at 70°C (Mossthl.1995).



Chapter 1

Table 1.3: Limits of growth of salmonellae when other condiso(e.g. temperature, pH)aare near optimum

(ICMSF 1996)

Conditions Minimum Optimum Maximum
Temperature (°C) 5.2* 35-43 46.2

pH 3.8 7-75 9.5

ay 0.94 0.99 >0.99

* most serotypes fail to grow at <7°C

The genusSalmonellaencompasses a large taxonomic group with over 2468gnized
serovars (Heyndricket al. 2005). The taxonomy and nomenclaturé&safmonellahave been
the subject of debate since Le Minor and Popoff8{d9proposed changes in the 1980s
(Tindall et al. 2005). Historically, serovars &almonellawvere considered as species and, for
this reason, the serovar names were italicizedthén early 1970s, nucleotide sequence
relatedness and other molecular analyses demaatstitadit typical salmonellae were closely
related and might be considered as single speCiexséet al. 1973). Therefore it no longer
seemed justified to consider serovar names asespaamesSalmonellaenteritidisbecomes
Salmonella enterica subsp. enterica serovar Enteritidis or simplySalmonella serovar
Enteritidis orSalmonellaEnteritidis The current widely accept&hlmonellanomenclature is
summarized in Figure 1.6 (Heyndrickx al.2005; Tindallet al. 2005).

Genus Salmonelia

Species enlerica bongori  sublerranea

|
)
Subspecies o’éoc_‘ >,
é
® " % % B % b,

Figure 1.6: Current preferre@almonellanomenclature (Heyndrickat al.2005; Tindallet al.2005).

Salmonellastrains can be classified according to the assoniatith host animal species.
Salmonellaserotypes which are exclusively associated witd particular host species are
referred to as being host-restricted. ExampleshareanSalmonellaTyphi, fowl Salmonella
Gallinarum and poultrySalmonellaPullorum. All these host-restricted serotypes puoad
systemic infection with different clinical signs.ei®types which are prevalent in one

particular host species but which can also causeade in other host species, for example
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Dublin and Choleraesuis, will be referred to asttaompted serotypes. Ubiquitous serotypes,
for example Enteritidis and Typhimurium, althougipable of causing systemic disease in a
wide range of host animals, usually induce a selitihg gastroenteritis in a broad range of

unrelated host species, and these serotypes willetsgred to as un-restricted serotypes.
(Uzzauet al.2000)

This literature review will be focussed &almonellaEnteritidis and the role of eggs and

poultryas a source ddalmonellanfection in humans.

3.2 Incidence ofSalmonella Enteritidis infections in humans in Belgium and oher
countries

The increase isalmonellainfections in Belgium from 1986 to 1999 was maidlye to the
increase ofSalmonellaEnteritidis (Anon. 2004b). In the recent period,388 or 63.5%
(2002), 9 201 or 71.4% (2003) and 6 075 or 63.72804) of theSalmonellaisolates in
human were Salmonella Enteritidis. In 2005 humanSalmonella isolates decreased
significantly from 9 500 in 2004 till 4 872; in dogy SalmonellaEnteritidis strains decreased
till 2 208 or 45.3% of the isolates (Figure 1.7).

18000
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> Q 4 3 © ) QO Q4
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Number of cases

‘—o—TotaI —=— S, Enteritidis —4— S. Typhimurium —e— Others ‘

Figure 1.7: Samonellasolates in Belgium from human source (Anon. 2Q04kpersonal communications J.M.-

Collard, Institute of Public Health, Brussels).

During 1997 SalmonellaEnteritidis accounted for 85% of all cases of harealmonellosis in

Europe (Guard-Petter 2001). Although the reportades ofSalmonellain England and
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Wales declined with 50% from 1997 till 2001; s6b% of the 16 46%almonellacases of
2001 wereSalmonellaEnteritidis infections (Cogan and Humphrey 200). Germany
Salmonella Enteritidis was the predominating serotype (65%loved by Salmonella
Typimurium (23%) of the reported cases of non-tygabsalmonelloses with known serotype
in 2001 (Werbeet al.2005).

In the United States (US), approx 40 000 casesiofam salmonellosis are reported annually,
and an estimate of the real number of cases istdbéumillion (non-typhoidal salmonellosis)
(Mead et al. 1999). The most common isolates in the US are rinis (23%) and
Typhimurium (22%) (Humphrey 2000).

3.3 Symptoms of non-typhoidal salmonellosis in hunmes

Salmonellosis is a potential serious infection amdhe United Kingdom (UK) there are
approximately 70Salmonellaassociated deaths each year. As with most oth&grien
infections, the very young, the elderly and tho$®\are immune-compromised or who have
underlying diseases are more at risk for infec{idamphrey 2000). The incubation period
varies from a few hours to 72 h and the duratiorthef illness varies from 4 - 10 days.
Symptoms of non-typhoidal infectione.f. Salmonella Enteritidis and Salmonella
Typhimurium) commonly observed are diarrhoea, helaglaabdominal pain, nausea, chills,
fever, and vomiting (Poppe 1999). In patients witiderlying disease, septicaemia is not
uncommon and, in healthy subjects, there may béda vange of consequences, including
pericarditis, neurological and neuromuscular diegasreactive arthritis, ankylosing
spondylitis, and osteomyelitis (Poppe 1999). Damé&mehe mucous membrane of the
intestine and colon may occur, which lead to malgitson and nutrient loss (Baird-Parker
1990). Severe dehydration, bloody diarrhoea andnbhtmgenous spread @almonella
Enteritidis to bone, the meninges, and soft tistiae® occurred in infants (Crossal. 1989).
The carrier stage can last for weeks to monthsibfatic treatment is likely to prolong the
carrier state and therefore not recommended inscasth no complications (Aserkoff and
Bennet 1969). In Table 1.4 the incidences of theppms from a large egg-associated
outbreak in 1989 in the UK oSalmonellaEnteritidis (PT4) are summarised (Stevehsl.
1989).
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Table 1.4:Symptoms from an egg-associatalmonellaEnteritidis infection (Stevenst al. 1989).

Symptom % of cases Symptom % of cases
Diarrhoea 87 Muscle pain 64
Abdominal pain 84 Vomiting 24
Feeling feverish 75 Headache 21
Nausea 65 Blood in stools 6

3.4  General pathogenesis of humaBalmonella infections

The usual route foiSalmonellainfections is by means of the oral route. As suitte
organisms are faced with an impressive array ofspetific host defences, such as the acidic
environment of the stomach, intestinal mucus, dredrtormal gut microflora. In the small
intestine, especially in the ileum, the bacteriwmable of adhering to and invading into the
intestinal epithelium via the M cells, causing aflammatory response with recruitment of
neutrophils (in mammals), heterophils (in birds)l amacrophages. This phase will be referred
to as the enteric phase of infection. Whereas tlamujocytes quickly kill the bacteria, a
limited number of Salmonellabacteria, ingested by macrophages, survive intidae
Intracellular survival and even multiplication ideihost macrophages enables the bacterium
to spread to and persist within the host intermghns. This phase will be referred to as the
systemic phase of infection. In the course of decition with a host-restricted serovar in its
respective host, the systemic phase is often nrostipent. In infections with these serovars,
enteritis is generally limited or absent and thiécuo-endothelial system (RES) is rapidly
colonised. This results in a septicaemia conditigphoid fever. Infections with host-adapted
serovars, for example Choleraesuis and Dublinchasacterized by both an obvious enteric
and systemic phase. The un-restricted serovars woftest cause enteritis, although the
systemic phase with septicaemia may also occuzguet al.2000; Pasmans 2002)

The key stages of the pathogenesis are summanzegjure 1.8; these include colonization
and invasion in the intestine, dissemination of amonellathroughout the body, and
replication and survival ddalmonellawithin professional phagocytes (Uzzeaiual. 2000).
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STAGE 1 STAGE 3
Colonisation and invasion of Replication and survival
the mucosal epithelial cell within the RES

/ Lung: alveolar and pulmonary
intravascular macrophages

Liver: Kupffer cell
Spleen: macrophage

Bacterial killing

< Bone marrow: macrophage

L

Peyer’s patch and lymph node:
macrophage

STAGE 2

Haematogenous spread
and/or lymphatic drainage

Figure 1.8: Principal steps irBalmonellapathogenesis with potential for involvement of theestriction and
adaptation (APC, antigen presenting cell, the fila&ltivated macrophage’ is shown coated with prseds

salmonella antigenjUzzauet al.2000).

3.5  Types of food involved

In Europe in the period 1993 - 1998, the incrimeofood was identified in 1409 outbreaks
caused bySalmonellaEnteritidis and 188 outbreaks caused $glmonellaTyphimurium
(Anon. 2001). At least 76% of thgalmonellaEnteritidis outbreaks reported were related to
the consumption of (cooked) eggs, egg productsfaads containing eggs (cakes and ice
cream) (Table 1.5).
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Table 1.5: Type of food identified in the outbreaks in Europaused bySalmonellaEnteritidis and by
SalmonellaTyphimurium (Anon. 2001).

Type of food Percentage caused by
SalmonellaEnteritidis Salmonellaryphimurium

Eggs and egg products 68 39
Cakes and ice cream 8 2
Meat and meat products 4 33
Mixed foods 4 2
Poultry and poultry products 3 10
Milk and milk products 3 2
Fish and shellfish 2 3
Other 8 9
Total (%) 100 100

3.6 Salmonellain poultry and laying hens

During the last 10 - 20 yearSalmonellaEnteritidis has replaced Salmonella Typhimurium as
commonest serotype in poultry worldwide (Poppe 2000 the UK the percentage of
SalmonellaEnteritidis isolates from poultry rose from 3.3% 1985 to almost 50% of all
Salmonellaisolates in 1989 (Mcllroy and McCracken 1990). jpts the reduction in the
isolation rates oSalmonellaEnteritidis from poultry from 1993 - 1995 in the&Uit was still

the most isolated serotype (Poppe 2000). The ptgerof isolates belonging to the serotype
Enteritidis increased in the Netherlands from ali®&%6 in 1986 till 15% in 1992 and about
20% in 2000, being the most predominant serotygmiritry (Van Duijkereret al.2002).
Denmark, Finland, Norway, Sweden and Ireland, nugi control program for several years,
have documented a low prevalenceSaimonellaEnteritidis andSalmonellaTyphymirium,

as well as otheBalmonellaserovars in layer breeder and layer flocks (An@@Q@. All layer
breeder flocks were negative in 2000. A few laylecks infected withSalmonellawere
detected in Finland (0.1%) and Sweden (0.4%). maRd, the positive layer flock was
infected withSalmonellaTyphimurium; in Sweden the four positive flocksrevénfected with
SalmonellaLivingstone andSalmonellaYoruba. In Denmark and Ireland 3.7% and 4.5% of
the layer flocks wereSalmonellapositive respectivelySalmonellaEnteritidis being the
dominating serotype. France reported all layer deedlocks negative in 2000 and 0.8% of
the laying hen flocks being infected wialmonellaEnteritidis. Notwithstanding the low
infection rates of 0.5% foBalmonellaEnteritidis and 0.3% foBalmonellaTyphimurium of
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the breeder flocks (layer and broiler) in the Nd#rals in 2000; 20% of the layer flocks and
16% of the broiler flocks were infected with salrethae on production level (Anon. 2000).

In the meat production line, in Finland, Sweden a&tway all broiler breeders were
Salmonellanegative in 2000. Among the Danish broiler breed&i7% of the flocks were
infected with Salmonella Enteritidis and Typhimurium were isolated in tadtocks. The
Salmonellainfection rate for broiler flocks was 2.1%. In Find and Sweden respectively 1%
and 0.1% of the broiler flocks wer8almonellapositive; the serotypes Enteritidis and
Typhimurium were not isolated. In Ireland, 18.7%samples from the broiler breeders were
detected Salmonella positive at one sampling occasion, however otherotgpes than
Enteritidis and Typhimurium were isolated. In th&,Un the meat production line of 2000,
SalmonellaEnteritidis andsalmonellalyphimurium was not detected in any breeder fldak.
the broiler flocks mainly other serotypes than Etitks and Typhimurium were isolated
(Anon. 2000). In a study of Heyndriclet al. (2002), 10 of 18 investigated Flemish broiler
flocks wereSalmonellgpositive; most flocks were positive for multiplerstypes.

Poultry is also still a main reservoir f@almonellain Belgium. In 2004, 68&%almonella
strains from poultry were isolated; which is 39.89%all isolates from animals. Of all poultry
isolates, serotype Enteritidis was the most predanti(22.4%), as in former years, followed
by Infantis (12.5%) and Virchow (8.1%). Almost 6886 layer isolates were serotype
Enteritidis (Anon. 2004e). The surveillance systnaying hens before slaughter showed in
2003 and 2004 respectively, 15% and 27% of theki&@almonellapositive (Anon. 2003a;
Anon. 2004a). The surveillance system for broirewed é&almonellgprevalence of 7% in
2003 and in 2004 (Anon. 2003a; Anon. 2004a). Ind20@ layer isolates of Flanders were for
69% Enteritidis; Typhimurium was not isolated (And2004c). Multiple serotypes were
isolated from broiler flocksSalmonellaEnteritidis andSalmonellaTyphimurium was isolated
respectively in 6% and 10% of the cases. In Fla)diire to the forced vaccination (see also
paragraph 3.7) of the breeder flocks (broiler angkt) since 1997, th®almonellaEnteritidis
contamination decreased till 0% in 2004 (Figurg.1.9
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Figure 1.9: Percentage&salmonellaEnteritidis positive breeder flocks and breedemf&in Flanders in 2004
(Anon. 2004c).

3.7  Control of Salmonella in laying hens

The association between infection of layers, egggammination and human food poisoning
by SalmonellaEnteritidis was an important reasoning to devealoptrol programs to reduce
laying hen infections. This can be achieved by cedu the infection pressure in the
environment of the hen and by increasing the m@st& of the hen against infections.
Vaccination with dead and liv@almonellabacteria is probably the most widely used control
measure. Other control strategies to conBalmonellainfection in laying hens aim at
preventing intestinal colonization based on the afsprebiotics, synbiotics and other feed
additives (Van Immerseekt al. 2002). The World Veterinary Poultry Association
recommends three successive vaccinations SatimonellaEnteritidis, at respectively the hen
ages of 1 day, 6 weeks and finally from 16 weekd anveeks before movement of the
breeding flocks (broilers and layers). For layingnhflocks, vaccination wittsalmonella
Enteritidis is recommended respectively at the dgags of 1 day, 6 weeks and finally 2 weeks
before movement from the rearing farm to the layargn (Anon. 2004f).

The HACCP programs for shell eggs are mainly fodusa the SalmonellaEnteritidis
prevention. Davisort al. (1997) identified three major critical control pts for Salmonella

Enteritidis contamination; cleaning and disinfection betweerthks, control of rodents and
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using SalmonellaEnteritidis clean pullet chicks. The vaccinatiathedules must guarantee
this. Monitoring pullet hens, laying hens and eommental samples foSalmonella
Enteritidis is necessary to control the statushef laying flock. As a part of a field-based
study of the distribution and persistenceSafimonellainfection on commercial egg-laying
farms, Davies and Breslin (2003) sampled egg-pacgagreas of 12 farms in the UK
infected with SalmonellaEnteritidis. Contamination was common, with salelae being
found in 23.1% of floor swab samples, 30.8% of grgdables, 23.1% of conveyor belts or
rollers and 23.8% of candlers. After cleaning amsindection of packaging plants of 4 farms,
contamination was still found on 6.9% of samplesrfrgrading tables, 16.0% holding/sorting
tables, 12.6% conveyors or rollers, 16.7% of vacwegg lifters, 21.4% of floor surface
samples and 5% of egg store floor surfaces. Stedleggs passing through five contaminated
farm packaging plants showed a contamination ratg teast 16/5948 (0.3%) egg passages.
The study showed that the contamination in egg-ggiclg plants is a factor to external
contamination of the eggshell and improved methofizleaning and disinfecting egg-

handling equipment is still required.

4 MECHANISMS OF MICROBIAL CONTAMINATION OF INTACT
EGGS

There are two possible routes of bacterial infectmf shell eggs: either vertically or

horizontally.

4.1 Transovarian or vertical transmission

In the transovarian route (vertical transmissiahg yolk (very infrequently the yolk itself),
the albumen and/or the membranes are directly oongded as a result of bacterial infection
of the reproductive organse. ovaries or oviduct tissue, before the eggs averea by the
shell (Messenst al. 2005b). Vertical transmission can originate frarfection of the ovaries
of a laying hen via systemic infection, or from astending infection from the contaminated
cloaca to the vagina and lower regions of the astidqeller et al. 1995; Miyamotoet al.
1997). AsSalmonellaand in particulaSalmonellaEnteritidis is the most important potential
human pathogen in eggs, the vertical transmissioth@ pathogen was studied by many
researchers. Colonization of the intestinal traith v@almonellacommonly occurs after the

consumption of contaminated feed (Williams 1983almonellaEnteritidis is the dominant
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serotype isolated from egg contents; while the phge 4 is the most important strain
(Perales and Audicana 1988; Humphrey 1989; Humpéirey. 1989; Maweret al. 1989). No
relation has been found betwegalmonellaEnteritidis contamination of the eggshell and that
of the egg content (Humphrey al. 1989; Humphret al. 1991b; Methneet al. 1995). This
may suggest that contamination of egg contents aenlikely to take place in the
reproductive organs than by eggshell penetratiohildVa range of serotypes have been
isolated from eggshell§almonellaEnteritidis has been isolated primarily from tlentents

of intact eggs (Saeed 1998). According to Cogantamaiphrey (2003) vertical transmission
of SalmonellaEnteritidis is more common because this serovasgeses SEF14 fimbriae,
which may be involved in the reproductive tissubosation.

It was generally believed that the majority of et SalmonellaEnteritidis contaminations
occurred in the albumen (Humphreyal. 1991b). Recently there has been also evidence for
contamination of the yolk (Gast al.2002), particularly its membrane (Gast and Hol0
The principal site of infection would appear to the upper oviduct (Humphrey 1994a).
Membrane and eggshell are produced in the lower giathe reproductive tract. These
compartments of the egg may also be contaminatedglagg development. Contamination
of membranes and eggshells BalmonellaEnteritidis have been reported to occur also
frequently (Humphreyet al. 1989; Humphreyet al. 1991b); in some studies they are even
reported as the most infected components (Miyanabtal. 1997; Okamuraet al. 2001).
However, sinceSalmonellabacteria can penetrate eggshells, it is diffidoltdistinguish

between contamination during formation of the eggfter oviposition.

4.2 Horizontal transmission

In the horizontal transmission the micro-organigmsetrate through the eggshell. The egg
passes through the highly contaminated cloaca arethe moment of lay; this is often
illustrated by visible faecal contamination on thleell. Following oviposition, the shell
acquires contamination from all surfaces with whitimakes contact (Board and Tranter
1995). While being wet and entering an environmeith a temperature of approximately
20°C below the hen’s body temperature, the eggaeitll immediately. The egg content will
contract and a negative pressure establishes inkalegg, thereby moving contaminants
through the shell (Padron 1990). However, the eggents a complex series of defensive
barriers to the contaminating organisms (see am@gpaph 2.4 and 2.5) and although
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microbes may successfully penetrate the shelle@gty, further development may be arrested
or delayed (Bruce and Drysdale 1994).

With salmonellae other thaBalmonellaEnteritidis, horizontal transmission is probalie t
most important route according to Humphrey (1994h)the UK, Maweret al (1989)
reported that none of 360 eggs from a small fregedlock implicated in a school-associated
outbreak of salmonellosis was shell positive fodRTen through the organism was isolated
from egg contents. There is no indication tBatmonellaEnteritidis can move more effective
through eggshells and the underlying membranes tthaer competing faecal organisms
(Humphrey 1994b).

4.3  Extrinsic factors affecting horizontal transmision
Temperature differential

One of the main factors governing microbial contaatipn of eggs is the temperature
differential at the moment of lay. From the poirtlay, as the warm egg cools, a negative
pressure (the egg content contracts) is createdh doe pores which may result in drawing
contaminating bacteria of the shell through theepdBruce and Drysdale 1994).

Moisture

Moisture is needed to allow penetration accordmgdme authors (Bruce and Drysdale 1994;
Berrang et al. 1999). It is well established that penetrationl Ve greatly enhanced in
circumstances where in addition to moisture a pasitemperature differential is present
which causes the contents to contract and drawveatgr present trough the open pores
(Board and Halls 1973; Berrargy al. 1999). According to Padron (1990) the presence of
water on the shell enhanc&almonellaTyphimurium, but its presence is not essential for
penetration. When eggs are removed from refrigdradorage and placed at room
temperature, they may “sweat” due to condensatiowaier droplets on the egg surface
(Bruce and Drysdale 1994). In an old study of Froramd Margolf (1958) bacterial
contamination of albumen and yolk was more likelyotcur in eggs that were allowed to
sweat, while Ernset al. (1998) found that eggs which were allowed to sweate not more

contaminated than the control group (see also ehdpt
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Presence of bacterial contamination and faeces

As it is accepted that the egg is most susceptthf@enetration at the point of lay, it follows
that the microbiological status of the environmeémib which the newly laid eggs are
deposited has a major influence on the incidenceoatamination in eggs. There is ample
evidence that eggs laid into a heavily contaminatedironment suffer more bacterial
spoilage than those laid in a clean environmeni¢Band Drysdale 1994).

Several reports exist in which researchers havarded the level of contamination on shells
of eggs produced under different conditions (Haih®38; Harry 1963; Boarét al. 1964;
Quarleset al. 1970). The level of contamination ranges froni-100° CFU aerobic bacteria
per egg in clean conditions to 1010° CFU in dirty conditions. More recent literature is
focussed on the influence of the housing systenthenbacterial eggshell contamination
(Ceperoet al. 2000; Protaigt al. 2003a; Protaiet al. 2003b; Protai®t al. 2003c; Malletet

al. 2004). This literature is discussed in detailhamter 3.

Early investigations by research workers who haeel to study bacterial penetration of eggs
by deliberately contaminating the nesting matenath organisms known to induce spoilage
or reduce hatchability have produced some notewaebults. Haines and Moran (1940) and
Drysdale (1985) failed to induce spoilage in expents were eggs were naturally laid into
nests containing respectively straw sprayed wihrain ofPseudomonaand wood shavings
sprayed withBacillus cereusDrysdale (1985) subsequently subjected eggsnmeh more
severe challenge by incorporating into the netrli mixture of fresh poultry faeces, soiled
deep litter and shavings sprayed wRlhoteus vulgarisand Proteus mirabilis This highly
contaminated mixture resulted in a bacterial chnakéeof more than £aCFU/g nest box litter
compared to control nests challenged with € OFU/g. After being incubated, the egg
contents of eggs failing to hatch were examinedther presence dProteusspp; 8% eggs
(8/100) from the treated nests were contaminatet Rtoteusspp., and none of the eggs
(0/100) from the control nests. The experiment wgseated with shavings sprayed with
Proteuscultures but without faeces and shavings sprayiéd Rvoteusand a moisture level
adjusted to that recorded in the nest litter comgi faeces and deep litter. In both cases less
eggs from the treated eggs were contaminated c@ugarthe first experiment (see Table
1.6).
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Table 1.6: Incidence ofProteuscontamination in eggs laid in highly contaminatexst boxes compared with

clean nest boxes (Drysdale 1985).

Treatment % of eggs contaminated wikroteusspp.
Treatment pen Control pen

1. Proteusspp. + faeces 8 0

2. Proteusspp. 1 0

3. Proteusspp. + high moisture 2 0

These results indicate that surprisingly few eggsome contaminated even under conditions
which would have been expected to induce seriontaoanation problems. Nevertheless the
presence of faecal material and deep litter wappeas to increase contamination which
cannot be attributed solely to increased moistevels. The results of Graves and Mac Laury
(1962) using a mixture d?. vulgaris Pseudomonas aeruginosend Streptococcus faecalis
were comparable to those of Drysdale (1985). Thezea number of possible explanations for
this occurrence; faecal or other soiling materiaynctontain substances which reduce the
surface tension of any moisture present which am®e the rate of bacterial penetration or
alternatively, the faeces or other soiling matenaly contribute some chemica.g. iron,
which interferes with the natural defence mechasisifithe egg, thereby allowing bacteria to
establish more easily the egg once penetratiomakas place (Bruce and Drysdale 1994).

4.4  Egg infection and chemotaxis

Due to the presence of inhibitory substances irathemen (see paragraph 2.5) bacteria will
grow poorly or not at all in the albumen. The vasdjority of the studies on the course of
infection with rot-producing oSalmonellaat ambient temperatures show a lag of 10 - 20
days between infection of the shell membranes hétteria suspended in water containing
<1 - 2 ppm Fe(lll) and overt signs of infectiontbé egg contents (Boaet al. 1994). Up till

16 studies (mainly old) are summarized in Boatr@l. (1994). Brooks (1960) suggested that
the shell membranes were initially an unfavourafilghe for microbial growth but some
undefined changes in their structures around dagf BBorage led to an improvement and the
onset of bacterial growth within the membranes ianitie underlying albumen. Board (1965)
concluded that, with eggs artificially infected astbred at ambient temperature, the lag
period was terminated when the yolk moved upwandisraade contact with the infected shell
membrane. In other words the loss of highly orgashicompartmentalized) structure of the

egg contents negated the antimicrobial defenceéefitbumen. Observations of Lock (1992)
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demonstrated that the yolk plays an important molhe infection process. Additionally, the
possible role of chemotaxis in this process wagatdd. Using®seudomonas putidand UV
light to monitor, their results led them to conauthat the following stages resulted in a
generalized infection of an egg’s content (egg pdwut into a Petri dish) (Figure 1.10):

1. Organisms from the site of infection invade theeodhin aloumen

2. Some of these pass through the albuminous sacand@ccess to the inner thin white

3. Some of the initial invaders of the inner thin wehibegin to grow probably as a

consequence of obtaining essential nutrients figanyblk
4. Within a short time, the whole of the inner thinitghs heavily contaminated
5. Gross contamination passes outwards into the atlmusisac where it appears to be

temporarily constrained before finally moving oot the outer thin white

Figure 1.10: Sequence of events leading to generalized infeaifoagg contents witiPseudomonas putida
Contents of a freshly laid egg were poured intg@ase (10 x 10 cm) Petri dish and inoculated inahgr thin
albumen (asterisk) with pseudomonads in a plugatémagar. The numbered arrows refer to stepziptbcess

(see also text for details). A = outer thin whBes albuminous sac; C = inner thin white; D = yolk.

According to Humphreet al. (1991b) growth ofSalmonellain aloumen could only occurs
when egg’s age exceeds 21 days if held at 20°Cy Pbstulated that upon storage, either
nutrients or some factors negating the inhibitomyperties of the albumen leak out from the
yolk, because of alterations in the structure & golk membrane. Later studies were
published that support the earlier findings of pgwth of SalmonellaEnteritidis (Gast and
Holt 2001) andSalmonellaTyphimurium (Huet al. 2001) in alboumen. However, rapid and

substantial multiplication occurred when bactea laccess to yolk nutrients (Gast and Holt
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2000). Some studies, however, highlighted anotiew von the behaviour ddalmonellain
separated albumen from fresh eggs. Scheeal. (1995) found thaSalmonellaEnteritidis,
SalmonellaTyphimurium andSalmonellaHeidelberg increased 3 log units upon one day at
25°C in albumen. Braun and Fehlhaber (1995) fohatl four out of ten strains &almonella
Enteritidis were able to grow at 20°C in albumehe Tesearchers also found tBatimonella
Enteritidis can migrate from the albumen to thekyiol less than 1 day for 17% of the eggs
inoculated with 10 cells/ml alboumen and subseqsw@rage at 20°C. After 4 weeks, 72% of
the egg yolks were contaminated. Similar resultsewesported by Baker (1990), who
observed contaminated yolks, albeit not frequeryjng storage at 8°C. It has to be noted
that Braun and Fehlhaber (1995) used buffered pepteater for theSalmonellaEnteritidis
solution to be injected, which enhances bactenaivth in albumen. Cogaet al. (2001)
observed that the higher the inoculum siz&almonellaEnteritidis in either the albumen of
whole eggs or into separated albumen, the higher atmount of samples showing a
pronounced growth. After 8 days at 20°C, growth wadserved in 7% of whole eggs
inoculated in the albumen near the shell with ay #®s two cells. The fraction of
contaminated eggs increased up to 50% when thalimbculum level was increased to 2
500 cells.

Some authors studied the effect of egg storage fwimoculation. Humphrey and Whiteheat
(1993) foundSalmonellaEnteritidis did not grow well in albumen at 20%€hen the albumen
had been removed from fresh eggs and in albumer awaear the yolk of eggs that had
been stored at 20°C for 6 weeks. When the alburesraining around the intact yolk was
inoculated, growth at 20°C took place more quickilien eggs were stored prior to
inoculation for > 3 weeks at 20°C. Messehsl. (2004) studied the growth &almonellain
fresh or stored (3 weeks) albumen either in thdl €t or separated from the yolk. The
serovar Enteritidis did not behave differently thédre other serovars indicating that the
association between hum&almonellaEnteritidis infections and eggs is not due tgiswth
behaviour in albumen. A pronounced growth occumede frequently and up to higher level
in fresh albumen than in albumen stored prior tocutation. This was at least partly
explained by a pH effect. Since the growth in tBpasated albumen was similar when the
albumen had been stored prior to inoculation in #bsence or presence of yolk, the
researchers had no indication that nutrients dofacmegating the inhibitory properties of the
albumen leak out from the yolk during storage.

Temperature and time play an important role inghaiferation of micro-organisms. In the

majority of eggs Humphrey and Whiteheat (1993)rdbtfound a rapid growth dalmonella
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Enteritidis when eggs were held at 20°C for 3 week#hen eggs were stored under
conditions where temperatures fluctuate betweeant830°C, to simulate those that might be
found in kitchens, in the majority of eggs examinatter 6 — 10 days, rapid growth was
possible. These results reinforced the importarfcth@ proper storage of eggs. Gast and
Beard (1992), Humphrey (1994a) and Schoeni al. (1995) concluded that storage
temperature dramatically affect the growth $&lmonella Enteritidis in shell eggs and
reported that at storage temperatures lower th@n S&lmonellaEnteritidis grew sporatic or
not. According to Catalano and Knabel (1994) theetiat which eggs reach 7°C is also very
crucial. They found that slowely chilled eggs warere prone to penetration I8almonella
Enteritidis than rapidly chilled eggs. The studyMéssenset al. (2004) also concluded that
cooling practices are recommended shortly aftertdagreventSalmonellafrom growing in
eggs. There has been much debate on the advigatjilitolding eggs under refrigeration in
retail outlets; it can present practical difficati

Finally, Grijspeerdet al. (2004) developed an individual-based model (IbtMéscribe the
growth and migration oSalmonellaEnteritidis in hen’s eggs (Figure 1.11). The impaic
factors as chemotaxis, growth rate, initial contation numbers and bacterial swimming
speed was assessed by a sensitivity analysis. fdwilts show that chemotaxis towards the
yolk would have a strong effect on the time neettedeach the vitelline membrane. The
simulation results illustrate the need for moreadetl knowledge on the subject of bacterial

migration in hen’s eggs.

t=0h t=16.7h t=33.3h

n=1 n=8 n=232

t=58.3h t=66.7h t=75h t=783h
n=>508 n=1044 n=16782 n=226724

Figure 1.11: SalmonellaEnteritidis migration and growth starting from omsgtial cell. Indicated are the

simulation time 1) in hours, and the total number of ceh$ (Grijspeerdiet al.2004).
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5 TYPE OF CONTAMINATING MICROFLORA ON THE EGGSHELL
AND IN THE EGG CONTENT

51 General type of contaminating microflora

Mostly old literature is available on the type oicrobial flora which challenges the eggshell

and egg content. A number of early workers havented on the microflora present on

eggshells, most studies were focussed on hatchgyg. eThese observations have been
summarized and compared with the types of bacteoiated from spoiled eggs (Table 1.7)

(Mayes and Takeballi 1983).

Table 1.7:Comparison of the microflora on the surface ofégg and within spoiled eggs (Mayes and Takeballi
1983).

Type of organism Frequency of occurrente
On the shell In rotten eggs

Micrococcus +++ +
Achromobacter ++ +
Aerobacter ++ -
Alcaligenes ++ 4+
Arthrobacter ++ +
Bacillus ++ +
Cytophaga ++ +
Escherichia ++ 4+
Flavobacterium ++ +
Pseudomonas ++ 4+
Staphylococcus ++ -
Aeromonas + ++
Proteus + +++
Sarcina + -
Serratia + -
Streptococcus + +

& The more plus signs, the more frequent the ocooere

Mayes and Takeballi (1983) have also noted thdtoatih the microflora found on the

eggshell varies quantitatively and qualitativelydifferent geographical areas, the spoilage
flora in eggs trends to be similar irrespectivefygeographical area or husbandry methods,
indicating that the intrinsic defence mechanism#hefegg influence the selection of spoilage

types. Probably because of their tolerance of dndiions, the microflora of the eggshell is
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dominated by Gram-positive bacteria which may oatg from dust, soil or faeces (Board
and Tranter 1995). Rotten eggs normally containibeedhinfection of Gram-negative and a
few Gram-positive organisms. Some of the most comountaminants are members of the
genera Alcaligenes Pseudomonas Escherichia Proteus and Aeromonas (Mayes and
Takeballi 1983; Board and Tranter 1995) (see alabld 1.7). This indicates that Gram-
negative bacteria are well equipped to overcome amimicrobial defences of the egg.
According to Board and Tranter (1995), the intenmaperties of eggs favour survival and
growth of contaminating organisms which are Gramatiee, have a relatively simple
nutrition requirement and have the ability to depeht low temperatures. Comparing the
microbial flora in hatching eggs from different ds; Seviour and Board (1972) and Bruce
and Johnson (1978) showed that micrococci constttite main part of the flora in hen’s
eggs;EnterobacteriaceaeStaphylococcuspp. andStreptococcuspp. are also an important
part.

More recent reports on genera and species presgheaggshell and associated with the egg
content are available from egg washing experiméssvashed eggs randomly selected from
an accumulator were analysed for the presenceasit ysnd mould€:nterobacteriaceaand
pseudomonads (Jones al. 2004). An average yeast and mould concentratiod.®flog
CFU/ml (10 ml rinsing solution) was found on egd&hén = 36) at the day of collection.
Low concentrations oEnterobacteriaceaavere detected; the highest concentration detected
was 0.6 log CFU/ml. For pseudonomads no clearatatanentioned for unwashed eggs at the
day of collection; only 16 of approx 380 unwasheme whether or not stored up till 10
weeks were positive (generally less than 1 log @HW/Yeast and mould concentration in the
contents of unwashed shell eggs was on averaged@@FU/ml at the day of collectiom &

9; pools of 3 eggs). The average bacterial conagoitr with total aerobic flora waspprox1

log CFU/mlI @ = 9 pools). No samples of pooled egg contents wmositive for
EnterobacteriaceaePseudomonads were found in 8 of the approx 1@p camtents of
unwashed eggs whether or not stored up till 10 wedke probably weak procedure to
sanitize the shell surface (submersion in 95% eifyand the unclear information about the
detection limits have to be taken into consideratidery recently Musgrovet al. (2004)
determined the variety oEnterobacteriaceaespecies associated with eggshells as they
processed through the wash processing chain oé thlants. The study was undertaken to
characterizeEnterobacteriaceaspecies not only with unwashed eggs and washes| &gy
also those micro-organisms that persisted duringragjpns in three commercial shell egg

washing facilities in the US. Three plants were glaoh on three separated processing days;
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from each collection site twelve eggs were samplable 1.8 includes genera that were
recovered at least once during one of the nine gggessing plant visits. In the second
column of Table 1.7 (‘before processing’) the idieed isolates recovered from the shell of
unwashed eggs are listeHscherichia coliand Enterobacterspp. were isolated from the
eggshell of unwashed eggs of each of the nine piaits. Enterobacter sakazakas well as
Salmonellaspp. was also identified in each of the three tgldut never isolated from fully

processed (washed) eggs.

Table 1.8: Identification (genus) of isolates randomly sedelcfrom violet red bile glucose agar plates of Ishel
egg rinses obtained from eggs collected beforanduwr after processing at three US egg procedsicifjties

(three visits / plantjMusgrove 2004)

Genu$ Before processing During processing  After processing
Aeromonas 5/F 4/9 2/9
Cedecea 2/9 0/9 0/9
Chryseomonas 1/9 0/9 0/9
Citrobacter 8/9 1/9 1/9
Enterobacter 9/9 3/9 3/9
Erwinia 1/9 0/9 0/9
Escherichia 9/9 5/9 3/9
Hafnia 5/9 1/9 0/9
Klebsiella 8/9 1/9 2/9
Kluyvera 2/9 1/9 0/9
Leclercia 3/9 0/9 0/9
Listonella 6/9 2/9 1/9
Morganella 2/9 1/9 0/9
Proteus 1/9 0/9 0/9
Providencia 5/9 2/9 1/9
Pseudomonas 5/9 0/9 0/9
Rahnella 1/9 0/9 0/9
Salmonella 7/9 3/9 0/9
Serratia 3/9 2/9 0/9
Sphingobacterium 1/9 0/9 0/9
Vibrio 2/9 0/9 1/9
Xanthomonas 2/9 0/9 0/9

a Isolates were identified using APl biochemiesdttstrip reactions and software.

b Number of visits the genus was recovered/numbseaoipling visits.
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5.2  Salmonella contamination of eggs
Eggshell contamination with Salmonella

Eggshells can become contaminated with salmonelthgr as a result of infection of the
oviduct or by faecal contamination. With salmorel@her tharSalmonellaEnteritidis the
latter route would seem to be more important (Hurephl994a). Eggshells can also be
contaminated witiSalmonellaEnteritidis as a result of intestinal carriage;sGand Beard
(1990) reported a correlation betwegalmonellapositive faeces and shell contamination
after artificial infection of hens withSalmonella Enteritidis PT13a. WithSalmonella
Enteritidis PT4, infection of reproductive tissuaynbe more important. Humphrest al.
(1991a), working with artificially infected spedfipathogen-free hens, found that eggshells
were Salmonellapositive in the absence of faecal carriage. Ief@édbirds laid eggs with
contaminated shells over 6 weeks after intestiaaiage had ceased. Eggs with contaminated
shells were also laid by five birds that were faegegative throughout the course of the
study. These results suggest the possibility thatshell gland or another part of the oviduct
may be a site of infection.

The evidence for eggshell contaminationSatmonellaEnteritidis is very variable. In Spain,
Perales and Audicana (1989) examined 372 eggs ffomiks implicated with human cases of
salmonellosisSalmonellaEnteritidis PT4 was found on 0.8% of the shelisallaying house

in which Salmonellawas isolated from 72% of the environmental sampfe8% of the
eggshells were contaminated (Joeésl. 1995). A study of the UK Food Standards Agency
in 2003 did not find significant differences $almonellaspp. contamination on the shell due
to the production system (Anon. 2004d). On a tofad 753 retail samples of six eggs, the
eggshell of 9 samples was contaminated; statisticalysis of the survey results showed an
overall prevalence ddalmonellan a box of six eggs of 0.34%e. 1 box in every 290 boxes.
Seven of the 9 isolates weBalmonellaEnteritidis, 3 were phage type 4. The prevalenas w
significantly lower in comparison with a previous'gey in the UK in 1995 - 1996 with 1/100
boxes positive. Finally Musgrove et al. (2005) iifeed one out of 10&Enterobacteriaceae
isolates, isolated from 84 shell surfacesSabknonella

Almost no information is available on the numbefsalmonellas on eggshells. In one old
study (Bakeret al.1985), dirty ‘duck’ eggs were found to be carrybg 13 salmonellas per

egg, compared to less than 1 X p@r egg on ‘clean’ eggs.
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Contamination of egg contents with Salmonella

The observed prevalence of eggs v8ddmonellapositive contents can be variable. There are
a number of factors, including the size of sampftaing of sampling, site(s) within the egg
that are tested, used techniques, investigatiotis eggs of artificially and naturally infected
hens, ... which have an influence on the observedapgrce of eggs witlBalmonella
positive contents (Humphrey 1994Db). Interpretatainthe results of the various surveys
outlined below should, therefore, take accounheffactors described above.

In the earlier mentioned study of the UK Food Sgadd Agency in 2003, none of the 4 753
pooled egg contents of retail samples wsatmonellapositive (Anon. 2004d). Poppet al.
(1998) found 0.07 - 0.4% table eggs £ 1 512) (eggshell and egg content) positive for
Salmonella SalmonellaAgona was isolated. In a study of de Boer and (2000) 14 on 46
200 or 0.03% eggs sampled in The Netherlands ir8 299999 wereSalmonellapositive.
Most other work has been done on eggs from floci®nk or thought to be infected with
SalmonellaEnteritidis. Studies on naturally infected laykrcks show mostly a prevalence
below 3% (Kindeet al. 1996; Schlosseet al. 1999). In a larger study of Humphrey al.
(1991b), over 5 700 eggs from 15 naturally infedtedks were examined, of which only 32
or 0.6% were contaminated. In the majority, levefscontamination were low (< 20
CFU/egg). The prevalence of egg content contanunatif eggs from battery or free-range
were comparable; 0.73 and 0.64% respectively. §éorat room temperature had no
significant effect on the prevalence ®lmonellapositive eggs but those held for more than
21 days at ambient temperature were more likBlyx (0.01) to be heavily contaminated (>
100 CFU/egg). When it was possible to identify #ite of contamination in eggs, the
albumen (80%) was more frequently positive thanythlk (13%). The populations present in
the contents of freshly laid eggs from either ratyr(Humphrey 1989; Humphregt al.
1989; Maweret al. 1989; Humphreyet al. 1991b) or artificially infected hens (Gast and
Beard 1990) are usually low. One exception to theve findings is the isolation of > 10
SalmonellaEnteritidis CFU/g during outbreak investigatiomenii the contents of a clean,
intact egg thought to be five days old (Saletal. 1991).

In artificially infected hens the percentage okrtked eggs can range from 0 - 27.5% (Keller
et al. 1995; Okamurat al.2001). Gast and Beard (1992), using experimeniafgcted hens,
showed that storage of eggs before testing infleerioe rate of detection. Only 3% of freshly
laid eggs from experimentally infected hens wemnidied as contaminated, whereas 16%

were detected after storage for 7d at room temyerat
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5.3  Other contaminating pathogens

Campylobacter jejunis commonly associated with poultry and therehisstthe possibility
that eggshells and egg contents can become coratadirDoyle (1984) infected laying hens
at 20 weeks of age. Of 226 eggs from hens faeeadtyetingC. jejuni the organism was
isolated from two shell surfaces but no egg costdafjg penetration studies revealed that the
organism would not penetrate into the contentgygfleut could be isolated occasionally from
the inner shell membranes. Saheh al. (2003) tested the presence Ghmpylobacter
separately in the shell membranes and contentstofah of 1 000 eggs obtained from a
commercial hatchery over a period of a year; ththqgen was not detected. Likewise,
Campylobacterwas not recovered from any of 500 fresh eggs nbthifrom commercial
broiler breeder flocks that were actively shedd@ampylobactein faeces. Whert. jejuni
was directly inoculated into the egg yolk, and eggse stored at 18°C, the organism was
able to survive for up to 14 days. However, viapibf C. jejuniwas dramatically shortened
when injected into the albumen or the air sac. Wineshly laid eggs from Campylobacter-
inoculated specific pathogen-free layers were te€le jejunicontamination was detected in
three of 65 pooled whole eggs (5 - 10 eggs in gexit). However, the organism was not
detected from any of the 800 eggs (80 pools), ctdtefrom the same specific pathogen free
flock, but kept at 18°C for 7 days before testimgese results suggest that survivalQof
jejuniis probably a rare event (Satgnhal.2003).

Nitchevaet al. (1990) isolated.isteria monocytogenefsom the eggshell (1 of 71 samples).
Until now no data are available on the prevalentd..omonocytogenes whole eggs.
Brackett and Beuchat (1992) studied the survivaheforganism on shells of unbroken eggs
over a 6-week period at 5 and 20°C. Low*(TFU per egg) and high (A&FU per egg)
populations ol.. monocytogenesn the surface of eggshells decreased to < 10 @#légg
after 6 days of storage at 5 and 20°C. After 6 \week storage the pathogen was still
detectable but unquantifiable at both temperatuemkowski and Shelef (1990) studied the
viability of L. monocytogeneis raw and heat-treated (121°C, 15 min) whole egmumen
and yolk during storage at 5 and 20°C. The studi#is raw eggs showed that the organism
grew only in egg yolks, where initial numbers {1GFU/g) increased to ¥0CFU/g
(generation times of 1.7 days and 2.4 h at 5 an@ 2@espectively). Cell numbers in whole

eggs initially declined and then levelled off. Aasi decline was observed in the raw albumen
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(to 10 CFU/qg after 22 days at 5°C and to < 10 after 56 B0°C). In contrast, the organism
grew in all heat-treated egg samples. On the dthed, the organism has been isolated, with
high frequency, from samples of eggs collectedratgssing plants. Leasor and Foegeding
(1989) obtained 4%.isteria isolates from 15 of 42 (36%) commercially brokemvrliquid
whole egg samples from 11 processing establishnaantss the US.. monocytogenewas
obtained from 5% (2) of the egg samples. Moore ladden (1993) sampled in-line filters
removing solids from raw blended whole eggs in ga gasteurizing plant for the presence of
Listeria species. Overall, 173 samples were studied, wath (¥2%) beind.isteria positive;
the species isolated were 62.2%teria innocuaand 37.8%1.. monocytogened\ total of 500
daily samples of pasteurized product were alsoietiichnd all proved to be negative for

Listeria, confirming the safety of the pasteurization pssceith regard to listeriae.

Schoeni and Doyle (1994) challenged 1-day-old igyuwens orally withEscherichia coliO
157:H7.E. coli O 157:H7 colonization persisted at least 10 - Idntims when chicks were
administered 1DE. coli O 157:H7 bacteria. Eggs from 5 hens that werealagiedders oF.
coli O157:H7 until the termination of the study (101 fhonths) were assayed far coli
0157:H7. The organism was isolated from the shell4oof 101 (13.9%) eggs but not from
the albumen and yolks.

Favieret al. (2005) evaluated a total of 352 eggs for the presefYersinia enterocolitica
strains on the eggshell. No isolates were obtaibgddirect culture; however eight.
enterocolitica strains were recovered after enrichment, whichresgnts a prevalence of

2.27% eggshell sampleg. enterocoliticavas not detected in 45 content samples.

6 HOUSING SYSTEMS FOR LAYING HENS

During recent decades the housing of layers formernial egg production has become
widely discussed, especially in Europe. The debate focused on the barren environment
and restricted area available in conventional cagesthe welfare of hens housed in such
cages has been questioned (Craig and Swanson 18042004 429 layer farms were
registered (min. 200 layers) in Belgium; 55 withedr range systems, 56 with barn
productions, 307 with cages and 27 with organicdpation (free range or barn) (Anon.

2004a). Conventional cage housing for laying heris lve prohibited from 2012 in the
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European Union, following EU-directive 1999/74 (Anal999). From 2012 onwards, only
furnished cages and alternative non-cage systdmdhrn or deep litter systems and aviary

systems will be allowed.

6.1 Conventional cages

It is estimated that in 2001, 70 - 80% of world gmgduction is derived from conventional
caged laying hens. According to Walladral. (2001) these cages offer the advantages of low
production costs and high standards of hygienee@agngements can vary from single-deck
cages to multiple-decked cages. In case the cage ewe mounted directly above one

another, dropping belts and frequent manure remevaluired (Figure 1.12).

R X g

Figure 1.12: Commercial multiple-decked cage system housingvbréayers and equipped with dropping

boards, feed thoughts and egg conveyor belts.

The stocking density mentioned in the EU-directl@88/166 (Anon. 1988) of 450 éfhird
was increased to 550 éfnird from January 12003 for existing cages and from then there is

also a ban on the installation of new or replacdrénld conventional cages (Anon. 1999).

6.2  Furnished cages

In furnished cages, hens have more space thaadititnal cages (750 versus 5502pird),
access to a nest and a perch, and an area wathftitt pecking and scratching. Birds are kept
in relatively small groups, ranging from 5 to 50dsi depending on the system (Rodenkeirg
al. 2005).

Furnished or enriched cages should meet to thewiolg standards (Anon. 1999):
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1) A minimum area of 750 cfthen; 600 crhof which has to be usable. The usable area
must have a minimum height of 45 cm; the otheeasti 20 cm.

2) A minimum total cage area of 2000 Tm

3) Anest

4) A littered area for scratching and pecking

5) Appropriate perches allowing at least 15 cm/bird

6) A feed trough provision of at least 12 cm/bird

7) Access by each bird to at least 2 nipple or cupkeais

8) A suitable claw shortening device

9) A minimum aisle width of 90 cm

10)A minimum space between the floor of the buildimgl ghe bottom tier of the cages of
35cm

Figure 1.13 shows a design of a furnished cagehandesign is outlined in chapter 3.

Drinking pipettes

0 500 mm feeder

Figure 1.13: Commercial furnished cage of the Piers model fobitds with 1134 cicage floor area per bird
(P= Perches, N = Nest, LB = Litter bath) (Maketal. 2004).

6.3  Alternative systems

From January®12007 the new standards for the alternative systemmgAnon. 1999):
1) A maximum of 9 hens/frand a headroom of at least 45 cm height.
2) At least 250 crhof littered area per hen, the litter coveringeatst one third of the
ground floor.
3) Elevated levels must be of such construction sbdhappings do not fall on the

levels below
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4) No more than 4 tiers

5) At least one nest for every seven hens. If grougisnare used, there must be at
least 1 m of nest space for a maximum of 120 hens

6) Drinking and feeding facilities must be distributedsuch a way as to provide
equal access to all hens (linear feeders 10 cntmodlar feeders 4 cm per hen —
continuous drinking trough providing 2.5 cm andcualar drinking trough
providing 1 cm per hen).

7 At least 15 cm perch per hen (horizontal distareteveen perches at least 30 cm).

If laying hens have access to open runs:

8) There must be several pop holes giving direct actteshe outer area, at least 35
cm high and 40 cm wide, a total opening of 2 mgreup of 1 000 hens must be
available

9) Stocking density on free range must not exceeddlh@ds/hectare.

Alternative housing systems (non-cage) can be redkimry or (single-tiered) floor housing
systems. When hens also have access to open mersydtems are called free range systems.
In the aviary system there are several differesigies, but in all part of the floor is covered
with litter for scratching and pecking, there aneevwplatforms at several levels with food and
water adjacent to the wire platforms. Some systegrastcularly in the UK, make use of
perches at different levels attached to an A-fraRigure 1.14 shows a cross section of an
aviary housing system. Another type of aviary syste outlined in chapter 3. Floor housing
systems are also called barn or deep litter syst€éhesfloor is usually partially covered with
litter and an elevated perforated floor area(slats or wire mesh) is available. Birds are kept

at floor level in these systems; but perches may bé available (Figure 1.15). (Tauson 2005)



Chapter 1 37

O

Figure 1.14 Cross section of the MarielundFigure 1.15Floor housing system for laying hens
aviary system. F = Feed trough, N = Nests, W (barn system).
Water (Abrahamsson and Tauson 1995).

6.4  Productivity, welfare, health and hygiene in dferent housing systems

The ban of the conventional cages caused recesrisive evaluations of the alternatives in
terms of costs, productivity and bird welfare. Atmensson and Tauson (1995) concluded that
in a good aviary system, egg production, althougimd less predictable, may be similar to
that in conventional cages, while hygiene and tvetfare are still in several respects better in
cages than in new aviary tiered systems. Furnisiagges can combine the advantages of
small group size of the conventional cages and cedine disadvantages of poor air
conditions, outbreaks of cannibalism, parasitiodisrs, and inferior hygiene in alternative
systems (Tauson 2002). The major differences betweaenished cages and alternative
systems are related to group size, freedom of memgnand complexity of the environment

(Table 1.9) (Rodenburet al.2005).
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Table 1.9:Major differences between furnished cages andraitive systems (Rodenbueg al. 2005).

Furnished cages Alternative systems

Group size Small Large

Risk of feather pecking and cannibalism Medium karg
Freedom of movement Limited Yes

Space allowance per bird 750%cm 1111 cnd

Space allowance per group Small Large
Complexity of the environment Medium Large

Litter Limited amount  Large amount

Perches Low High

Access to different tiers No Yes / no

Air quality (dust, ammonia, bacteria) Good Poor

In alternative systems, birds have more possidlito express various behaviours, resulting
in stronger bones and higher levels of foragingst dathing and other comfort behaviours
than in furnished cages. On the other hand, tlge Igroup size leads to an increased risk of
feather pecking, although some studies also foupdamer plumage in furnished cages than
in alternative systems (Rodenbwgal. 2005).

6.5  Traceability of eggs

The EU has introduced directive 2002/4/EC to ma&eeability of eggs possible, consumers
can identify exactly where each egg they buy cofrms and how it was produced. Every
egg is individually stamped with a code, which nskiefully traceable to the hen-house
where it was produced. The code consists of thaets:p(1) a number (0, 1, 2 or 3) referring
to the farming system or housing facility of thenb€Table 1.10), (2) two letters referring to
the country of origin€.g.BE for Belgium, NL for the Netherlands, IE for lmed,...) and (3)
the registration code of the producer. This is showFigure 1.16.

e o
Er s
%&-—//’
N——~

Figure 1.16: Traceability of the eggs; code on eggs.

Four farming types or housing facilities can betidguished in accordance to the Council
Directive 2002/4/EC (Table 1.10).
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Table 1.10:Summary of thedentification of the farming method or housingtgys for laying hen.

Code Housing system
Code 3 Eggs from caged hens
Code 2 Barn eggs

Eggs from alternative housing systems were henkegrein a building

Code 1 Free range eggs
Eggs from alternative housing systems were hens bacess to ope

=]

runs

Code 0 Organic eggs
Eggs from alternative housing systems were hens bacess to ope

=]

runs

Stocking density in building is lower; 6 hené/nhens must be fed

mainly with organic feed, no beak treatment isvaéd (Anon. 1991)

7 THE EGG PRODUCTION CHAIN

Eggs are one of the few foods that are used thiautghe world; thus the egg industry is an
important segment of the world food industry. Tlyg endustry of the world is primary based
on hen Gallus domesticgseggs (Stadelman 1995a). Using FAQO'’s statistiesywwben 1961
and 2002, annual world egg production rose almdsnds to reach about 57.8 million tons,
of which 53.5 million are hen eggs (about 6% aréctiag eggs). Production is further
predicted to increase another 36% by the year 20@5further increasing 27% by 2030. The
increases are due to the rapid expansion in egduption in Asian countries, mainly in
China. (Gillin and Sakoff 2003)

The most common commercial egg production chainBeigium and other European

countries is outlined below.

Hatchery and type of animal breed

Egg-type hatcheries deliver chicks to the reararghs within one to two days after hatching.
The past decades genetic improvement in the peaioce of layers has been achieved by
primary breeders using different breeding concelptsEurope the brown shell egg strains
(ISA Brown, Bovans Goldline and other strains) mm@stly used (depending on the country).
The strain selection of layers is based on ratéawyf early maturity, good feed efficiency,

relative small body size, and adaptability to vasielimates. (Stadelman 1995a)
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Rearing farms

At arrival the chicks are reared in a pullet houstiethe hatchery and rearing farms the chicks
are vaccinated according to a typical vaccinatiomedule (see also paragraph 3.7) (Anon.
2004f).

Layer farms

At the age of 17 - 19 weeks the hens arrive aptbeuction farm. The layers quickly reach
peak egg production (> 90 percent lay) around 28 weeks of age followed by a steady
decline with advancing age of the laying flock.daneral the laying cycle lasts approx 52
weeks (from 20 - 72 weeks of age) (Zoons and DedBa@00). Then an economic decision
has to be made by the egg producer. The produsetohdecide whether he wants to end the
production or moult the flock to increase egg puiaun by introducing a second laying
cycle, instead of sending the hens to slaughter.

In layer farms there are two primary methods of egiiection and packaging. In either case,
hens lay eggs on an angled floor (wire or othemnfrwhere the egg rolls towards an egg
collection belt (Figure 1.17a). The belt inside tiren house and a central egg collecting belt
(Figure 1.17b) transports eggs out of different desueither directly to the egg processing
facility or to a collection facility (Figure 1.17cpince eggs are normally collected on a daily
basis, eggs may reside on the belt of the hen Houses long as 24 h, but most are collected
within a few hours after lay. In an in-line layeactflity, eggs move directly from the layer
house to the egg processing/packing facility. Iro#ifine layer facility, eggs are collected on
open carton trays. The eggs remain at the farmapmroximately 1 - 3 days at ambient
temperature and then they are transported to arpeggssing facility by truck. These eggs
are there treated identically as those from thenmoperations.
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a. Conventional cage housd. Central conveyor belt collectingc. Conveyor belt in an in-ling
with angled floor and egg be|teggs from belts of each hen house facility moving eggs to the eg

[(®]

=
dé& Display of eggs in shop rack

d. Visual inspection of eggse. Gradin and packaging of gra
in a candling booth A (right) and grade B (left) eggs

Figure 1.17:Different parts in the egg production chain.

Egg processing centre or packaging station

Once the eggs enter the egg processing centrecagiag station they are in most cases
visually inspected (checked for eggshell problearacks, blood spots, presence of faeces
...), graded and packaged. Visual inspection is dona candling booth (Figure 1.17d).
Originally, candling procedures were developed épasate fresh eggs from stored and
partially incubated eggs. With the advances in potidn practices the role of candling
changed, so that the primary function is now tedeand remove cracked or abnormal eggs,
such as an egg with a internal blood spot (Stadelb®5b). Modern egg processing centers
are equipped with an in-line automatic crack detectggs are scanned by means of an
acoustical system in a very accurate way (Coucle8)%rading involves the sorting of eggs
into categories based on size or weight, qualityoia (visual inspection) and cracks. Grade
A eggs, “fresh eggs” or “table eggs”, should haveoamal, clean and undamaged shell, a
clear egg white, a yolk in the centre of the egggerm cell development, an air space not
exceeding 6 mm and should be free from extranedaoars. In the EU, grade A eggs should
not be washed or cleaned before or after grading, will not be chilled or treated for
preservation. Grade B egds. egg “which do not meet requirements applicabledgs in
grade A”, may only be used by the food or non-faatustries (Anon. 2003b). Grade A eggs
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are graded by weight as outlined in Table 1.11eAfandling and grading, grade A eggs are
mostly packaged automatically in closed cartonslevhrade B eggs are packaged in open
carton trays (Figure 1.17e). Grading by weight dgraA eggs) is done automatically;
separating grade A from grade B eggs is done mgnoakhutomatically. Grade B eggs are

used for egg products.

Table 1.11:Weights of the official weight grades (Anon. 20D3b

Weight grade Weight

XL-very large 73g and more
L-large From 63 up to 739
M-medium From 53 g up to 63g
S-small under 539

Retail and consumer

Egg producers and/or packers commonly deliver gradeggs to the food store chain or
directly to the retail outlets within one week @yl At the warehouse of a food chain’s
distribution centre, eggs are mostly stored co@ggbrox 8°C) and delivered within one week

to the local food shops (Figure 1.17f).

In Europe, according to the commission regulatia@522003 (Anon. 2003b), grade A eggs
may not be treated for preservation or chilled ienpises or plants where the temperature is
artificially maintained at less than 5°C. Howeweggs which have been kept at a temperature
below 5°C during transport of not more than 24hroretail for max 3 days shall not be
considered as ‘chilled eggs’. Grade A eggs mustldlered to the packaging centers every
third working day or once a week for eggs kept ba farm at an ambient temperature
artificially maintained at less than 18°C. For eggarketed as ‘extra’ grade eggs must be
delived each working day or every other working dayeggs kept at less than 18°C. The
commission regulation 2073/2005 on microbiologmatieria for foodstuffs does not mention

criteria on shell eggs (Anon. 2005a).

Some examples of egg production chains are aldmeditn detail in chapter 2 and 4.
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8 WASHING OF SHELL EGGS

8.1 Introduction

The microbial quality of table eggs (grade A) beeamore important since egg-borne
SalmonellaEnteritidis emerged as a major cause of food paigp(Humphrey 1994a). Egg
washing therefore has drawn attention of the inguslthough currently in the EU the
washing of table eggs or grade A eggs is not allbwdso with the move to alternative
housing systems for laying hens there is curremttgsurgence of interest in this topic (Bain
2005). Egg washing has shown to significantly redilie number of micro-organisms on the
shell surface however it can under certain circamss also cause damage to the cuticle and
encourage food poisoning and spoilage organisnizetéorced from the surface to the egg
contents (Bain 2005). In the US egg washing of aonsion or table eggs is a common
practice. Current commercial egg washing practcdane by egg packing companies. The
modern in-line egg washing procedure can be dividexdfour stages: pre-washing or wetting
(stage 1), washing (stage 2), rinsing (stage 3) caghg (stage 4) (Hutchisoat al. 2003)
(Figure 1.18).

Blower
Rinse water Hot rinse water

STAGE 1 STAGE 2 STAGE 3 STAGE 4
Wetting Washing Rinsing Drying

— $ Wiping (optional)

-

To drain Water re-use (optional)

Figure 1.18:Diagram showing the key stages in commercial egshinsg (Hutchisoret al.2003).

Pre-washing or wetting process

The pre-washing or wetting stage enables the sofjesf debris such as faecal material and

egg varnish on the shell. This is usually littlersnthan a light spray of warm (approx 40°C)
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water, sufficient to moisture the shell surface ang debris. To achieve maximum benefit,
there should be a period of several minutes tolerthk penetration of the water into the soil

material, before the main wash. In practice thisriral is often minimal.

Washing

The main washing process typically involves rubbthg eggs with brushes while being
sprayed with warm (40 - 50°C) water containing appiate sanitising chemicals. High

pressure water jets are also used in some equipeita® conveyor usually has rollers that
turn the eggs. Within the washer two or three itiszones or stages of washing may exist
with increasing temperatures of water being appligtere may also be recycling zones with
the drained water from the final stages being dsethe pre-wash in the first stage.

Rinsing process

In the final stage of the wet part of the proceggseare rinsed with clear hot water to remove
any loose debris that eggs picked up during thenmashing and also to remove any
chemicals or other dissolved matter.

Drying process

The drying process is carried out in two or momgss. It involves two distinct physical
processes: 1) the mechanical removal of 70 - 80%eosurface water carried by the egg and
2) the removal of the remainder by evaporative rapidm. The first stage involves an
element of drainage usually assisted by the usairgets; evaporation is enhanced by the
same air jets. An alternative for both types ofimiyyis the use of very soft brushes to “wipe”

the eggs dry.

8.2  Microbiological considerations of the egg washg process

A number of publications indicated that the histakipractices of egg washing resulted in an
increase of internal bacterial contamination (Haiaed Moran 1940; Lorenz and Starr 1952;
Brant and Starr 1962), whereas recent studiesitestodern egg washing procedures indicate
the opposite (Lucoret al.1997; Hutchisoret al. 2003; Hutchisoret al.2004).
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The major parameters which influence egg washirey amter temperature, wash water
qguality and mineral content, wash chemicals, pHvash water and the use of brushes and
jets (Hutchisoret al.2003).

Water temperature and washing time

Water temperature is important. A fundamental negoent is that the temperature of the
water should exceed the temperature of the eggsybeashed to prevent the set up of a
pressure gradient which draws the bacteria throingh shell into the interior (see also
paragraph 4.3) (Hutchisast al. 2003). Brant and Starr (1962) concluded that ¢neperature

of the wash water should be > 10°C higher thareti;etemperature.

Studies have shown that increasing the water testyoer has beneficial effects upon the
inactivation of microbes. Leclaiet al. (1994) found the inactivation (> 4 log reductiaf)
SalmonellaTyphimurium andL. monocytogenesignificantly affected by increasing wash
water temperature from 38 to 46°C. Bartlgtial. (1993) reported that in the presence of wash
chemicals, there was an inverse correlatiom 0.65) between temperature of egg wash water
and the total counts that the water contained. hiswo et al. (2004) recently demonstrated
that for a spray-jet washer the temperature of mais the most important parameter for
inactivating micro-organisms on the eggshell andpi@venting the ingress &almonella
spp. into the egg. Work by Lucoet al.(1997) has questioned the traditionally held viaat t
washing in cold water represents a high risk. Timesd a spray wash system (short treatment:
10 s washing and 3 s rinsing) to compare the etiethree wash water temperatures (15.5,
32.2 and 48.9°C) upon internal and external sheflase bacterial counts. They concluded
that spray washing of eggs at lowest temperatudendt increase internal shell bacterial
counts. An additional consideration is that as waslter temperature rises, there is an
increased risk of cuticle damage and thermal crackiFor this reason Wesley and Beane
(1967) recommended that wash water temperatureeai&fC should be avoided.

Brant and Starr (1962) and Hutchisetn al. (2004) concluded that treatment time was
relatively unimportant in terms of bacterial contaamts on the eggshell or in the egg

contents; treatment time should be determined bgiderations of shell cleanliness.

Water quality, mineral content and pH

Egg wash water must be of a standard equivalepbtable water (Hutchisoat al. 2003).
Due to the role of iron in the unhindered growthbefcteria (see also paragraph 2.5) water
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used to wash eggs should have an iron level oppr2 (Garibaldi and Bayne 1960; Garibaldi
and Bayne 1962). Egg washing water is normally lmgbH (9 to 11), due to chemicals used
for washing. However, successful trials have alsenbcarried out using acid chemicals such
as peracetic acid, with pH 5 (Anon. 2005b). Bartital. (1993) found a strong relationship
between high pH> 10.5) and low counts of total aerobic bacteriavash water sampled in
commercial facilities. Jonest al. (1995) foundSalmonellaHeidelberg on the shells of eggs

washed under commercial conditions when the pHashwater fell below pH 10.2.

Wash chemicals

Although chemicals may reduce the bacterial loagg@gshells, they may damage the cuticle
or shell, rendering the egg more vulnerable to egbent microbiological invasion. Moats
(1978) concluded, in a review of egg washing, #gds washed with sanitising chemical in
wash water invariable spoiled less eggs than eggd@d in water alone. Faviral. (2000a)
compared how the survival of mesophilic aerobictér@a andYersinia enterocoliticavas
influenced by the use of hypochlorite, lactic oetac acid in wash water. Highest reductions
of mesophilic aerobic bacteria were 1.28 and 2ogbwith 100 and 200 mg/I of chlorine, 0.28
and 0.36 log with 1% and 3% acetic acid, and OrtD@71 log with 1% and 3% lactic acid,
respectively. OrY. enterocoliticanoculated eggs, reductions ranged from 2.479@ g for
previously mentioned treatments. Joeesl. (2004) studied the effect of a commercial dual-
tank washer (quaternary ammonium compound deteageh00 ppm chlorine sanitizer) on
the natural eggshell contamination. Aerobic courftavashed eggs decreased with 2 log
CFU/ml; respectively from approx 4 log CFU/ml topapx 2 log CFU/mI. For yeast and
moults a reductionR < 0.0001) from 1.5 log CFU/ml to < 0.3 log CFUAwAs obtained; also
a significant reductionR < 0.05) ofEnterobacteriaceaavas found. Finally no increase in
population levels of total aerobes or yeast andldsoun the egg contents of washed eggs was
found throughout a storage period of 10 weeks.o80o8t al.(2004) evaluated the efficacy of
three commercial cleaning and sanitizing compourn@sdium carbonate, sodium
hypochlorite, and potassium hydroxide) for bactdatcactivity at pH values of 10, 11, and
12 against various concentrations {100, or 1¢ CFU/ml) of Salmonella Enteritidis
inoculated onto the eggshell surface. None of thengcals applied at the recommended
manufacturer’'s concentrations (sodium carbonatg®6; other treatments, 200 ppm) could
completely eliminaté&SalmonellaEnteritidis from eggshells artificially contamiedtwith the

highest concentrations (1®r 1¢ CFU/mI). Higher concentrations (at least 5 to Rfes
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greater than recommended doses) were needed tmyddése bacteria on egg surfaces.
However, at or slightly above manufacturer's recaended use concentrations, all three
formulations were effective againSalmonella Enteritidis in aqueous suspension 10
CFU/ml). Inactivation occurred at lower concentiat at pH 12 than at pH 11 and pH 10.
Recently Hutchisoret al. (2004) described the effects of spray jet washinder various
commercial processing conditions to shell surfaments ofSalmonellaand the presence of
bacteria in egg contents. In the experiments uggs evere artificially contaminated with
SalmonellaEnteritidis andSalmonellaTyphimurium before cuticle hardening. Washing of
contaminated eggs under optimum conditions resulted more than 5-log reduction of
Salmonellacounts from the shell surfac&almonellawas not isolated from the yolk or
albumen of any egg washed by the optimal protodolever, contamination did arise if
strict control was not maintained over the wash amsk water temperature. Both pathogens
entered the egg content when wash temperaturesloveseed.

Wang and Slavik (1998) using scanning electron osioopy reported that washing with
sodium carbonate severely damaged the cuticle wiieshing in 100 ppm sodium
hypochlorite did not. Eggs washed with sodium hypodte and then inoculated with
SalmonellaEnteritidis were penetrated for 16,7% compared@g/% penetration of eggs
washed with sodium carbonate. Washing with quatgrrsanmonium also appeared to
preserve the cuticle but residues of the compoenitaimed on the shell after washing and
drying. Favieret al.(2000b) studied the efficacy of different surfattsaand their effect on the
shell microstructure. The Tergitol/100 ppm chloric@mbination caused the most marked
alterations of the eggshell microstructure in casitrwith only 100 ppm chlorine which
caused the least change.

Musgroveet al. (2004) studied the persistence Emterobacteriaceaespecies during egg
washing operations in three commercial shell wagHarilities in the US. Genera that
persisted on eggshells following washing operatiamduded Aeromonas Citrobacter,
Enterobacter Escherichia Klebsiellg Listonellg ProvidenciaandVibrio (see also Table 1.8

in paragraph 5.1).

Use of brushes and jets

Apart from damage to eggs caused by chemicalsg tkesllso the possibility that the cuticle
and shell may be eroded or damaged by the phyasat@in of brushes. High pressure jets of

water and sanitizers remove the risk of cross coim@tion that is associated with brushes
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and prove to clean eggs effectively. However, frrtwork is required to confirm that at the
high pressure there is no risk of shell damageastvwater being forced through the pores in

the shell potentially causing contamination of éigg contents. (Hutchisaet al.2003)

Drying of washed eggs

After eggs have been washed, they must be proraptythoroughly dried prior to packing. If
eggs are still wet when they are packed, then tresn increased risk of muold growth.

Bacteria may also be drawn into the egg througlshial as it cools (see also paragraph 4.3).

Oiling of washed eggs

In the US, it has been estimated that 50% of egg#ed after washing. The practice is
adopted mainly in warmer regions of the country rehéhere is a risk of inadequate
refrigeration or if the eggs are destined for explbris not considered necessary when eggs
were distributed using refrigeration conditions1(2°C) and likely to be consumed quickly
(Hutchisonet al. 2003). It has been reported (Batl al. 1976) that shells of eggs oiled after
washing are physically stronger than those of ledoeggs. However the main benefit is a
reduction in the rate of decline of internal eg@lgy by reducing the rate of water and carbon

dioxide loss from the egg and possibly also iniilgientry of micro-organisms.

8.3  Balancing advantages and disadvantages of wastishell eggs

It has been demonstrated that egg washing canegtiecnumber of micro-organisms on the
shell of the egg. However it can, under certairtwistances, cause food poisoning and
spoilage organisms to be moved from the surfadbeoghell into the contents of the egg. The
egg washing machines must be equipped with compséhe control systems which ensure
that key operating parameters.d. water temperature, pH, detergent levels) are aotigt
met. The full advantages of egg washing can al$p loa obtained if all eggs are visually or
mechanically evaluated prior to washing and unblétaggs (e.g. cracked, corrugated eggs)
are removed. Therefore ultraviolet irradiation cblle a more favourable alternative for

decontamination and is test out and discussedapteh5.
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CHAPTER 2: The use of total aerobic and Gram-negatie flora for quality

assurance in the production chain of consumption €

Abstract

Washing eggs in sterile plastic bags with diluesram efficient sample preparation method for
the determination of the bacterial contamination eggshells. Total count of aerobic and
Gram-negative bacteria on the eggshell can be useddetect critical points for
contamination in the egg production chain. The nemdf eggs to be sampled at a point of
the production chain was determined on a statistizsis and fixed on 40 for non-graded
eggs and on 20 for graded egds.two production chains, one cage production ame o
organic production system, critical points for camtination were identified. The most critical
point for the cage production system was a shorivegor belt at the entrance of the
candling, grading and packaging area, for the orgaproduction system it was the initial
contamination at the nest boxes. With the excemifdmeavily soiled shells, like shells from
eggs collected from the ground (ground eggs), tieeepoor correlation between the level of
bacterial contamination and the visual eggshell teomnation. A positive correlation was
found between the initial bacterial eggshell contaation and the concentration of bacteria
in the air of the poultry houses.
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1 INTRODUCTION

In literature few data are published about the dy&élt contamination on the shell of
consumption eggs. Data available concern mostlgares on hatching eggs because trans-
shell contamination of hatching eggs may reducehadility (Quarleset al. 1970). The
extent of contamination of hatching eggs was regblly Board and Tranter (1995) with a
variation ranging from @ up to 16 CFU for individual eggshells. In egg washing
experiments Knapet al. (2002), Favieet al. (2000a), Knapet al. (1999) and Lucoret al.
(1997) reported an average initial eggshell comation of respectively 6.33, 4.55, 3.86 and
5.10 log CFU/eggshell.

The shell can already be infected when passingugfirahe vent, but many researchers
suggest that the main contamination occurs withghart period after laying due to contact
with dirty surfaces (Harry 1963; Boart al. 1964; Quarle®t al. 1970; Gentry and Quarles
1972).

External eggshell contamination could be imporfantthe shelf life and the food safety of
consumption eggs and egg products. It is hypotadsihat bacterial contamination of the
internal egg content could be the result of theefration of the shell by bacteria deposited on
the surface of the egg after it has been laid (#&itO38; Harry 1963; Schoest al. 1995).
Smithet al (2000) also reported that increasing excreta tm@sgave a linear increase €
0.001) in numbers of micro-organisms on the eggsimel consequently increase the risk of
microbial contamination of the internal content®osfensibly clean eggs.

In this chapter the development of a methodologguantify the bacterial contamination on
the eggshell and to detect critical points of comitetion in the entire production chain is
discussed. Different methods for the recuperatibrthe bacteria from the eggshell are
published. Haines (1938) and Boatdal. (1964) crushed the shell together with membranes
in a sterile plastic bag with diluent after remowdithe egg content. Gentry and Quarles.
(1972) and Pienaast al. (1995) washed the intact eggs in a sterile pldsdig by rubbing.
Saccoet al. (1989) swabbed a part of the eggshell. Knaipal. (2002) placed an intact egg
into a sterile plastic bag containing 50 ml PhosptBuffered Saline (PBS) that was serial
diluted immediately. Pienaagt al (1995) used a method based on optical density to
determine bacterial contamination on hatching eggs.mentioned researchers used different
counting media. In this chapter the comparisorhefdifferent recuperation methods and the

optimisation of one method are discussed. The ttaht of aerobic bacteria and Gram-
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negative bacteria were determined and used tordeterthe bacterial contamination on the
shell of consumption eggs through the producticairchBased on the level and the variation
of the bacterial contamination on the eggshell mmimg method for the detection of the

critical points for contamination was developed.

2 MATERIALS AND METHODS

2.1  Determination of bacterial eggshell contaminatin

For the recuperation of bacteria from the eggstiélerent methods were compared. One
method concerned removal of the egg content arghizrg of the shell and shell membranes
in a sterile plastic bag with 10 ml 1/4 Ringersusioin (Ringers Solution, Oxoid, Basingstoke,
UK) for 2 times 1 min with an interval of 5 min tem between (Haines 1938). Another
method considered the washing of intact eggs irees plastic bag with 10 ml diluent. The
bag was held at an angle with the egg and therdilimethe corner. The washing of the egg
was done by rubbing the eggshell through the bani{i@ and Quarles 1972) (Figure 2.1) or
by placing the bag with the egg in an ultrasonithi{8ransonic 2200, The Netherlands). For
both methods this was done for different time wéés: (1) 2 times 1 min washing with in
between an interval of 5 min resting, (2) 2 tim@ss3vashing with in between an interval of
2.5 min resting and (3) 1 min washing. Each washieghod was followed by plating out of
the diluent. Buffered Peptone Water (BPW, Oxoidyl &hosphate Buffered Saline (PBS,
Oxoid) were used as diluents. In a third method lib egg was swabbed with a swab
moistened with 1/4 Ringers solution (Oxoid) andksohoff in 10 ml 1/4 Ringers solution
(Oxoid).
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Figure 2.1: Recuperation of the bacteria from the eggshelvhghing the egg by means of rubbing the eggshell
through the bag.

The total count of aerobic bacteria determined oftrilint Agar (NA, Oxoid), Tryptone Soya
Agar supplemented with 0.6% Yeast Extract (TSA afif] Oxoid), Brain Heart Infusion
Agar (BHI, Oxoid) and Plate Count Agar (PCA, Oxoidhe incubation temperature/time
combinations of 3 days at 37°C, 3 days at 30°Caysdt 25°C and 10 days at 10°C were
studied on 4 times 20 eggs. NA (Oxoid) with 0,000t#gstal violet (VWR, Darmstadt,
Germany) was used for counting Gram-negative aetwdcteria (Mossel and Jacobs-Reitsma
1990). The spiral inoculation method (Eddy Jet, lldktruments, Barcelona) was used. The

eggs used for the method evaluation were cage ptiodleggs sampled at sales-outlets.

2.2  Statistical analysis of data

The bacterial counts were log 10 transformed ptoorstatistical analysis (Jarvis 1989).
Significant differences were assessed using anysisabf variance (ANOVA), done in

Statistica 7.0 (Statsoft Inc., Tulsa, USA). The entying assumptions for an ANOVA were
verified: the homogeneity of variances using thetlBas x° test and the absence of a
correlation between means and variances was checked plot. Post-hoc inter factor

differences were calculated using Duncan’s tesh{le# and Stewart 1968).
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2.3  Sampling, collection and transport of eggs

In the points of the production chain before paakageggs were picked up with the
fingertips and placed in new carton trays. Betweaoh sampling point the fingertips were
disinfected. In the points after packaging closadans (first category eggs) or carton trays
(second category eggs) filled with eggs were sathiest category eggs had a normal, clean
and undamaged shell; second category eggs did eet thnese requirements (see also chapter
1, paragraph 7). The eggs were brought by camibient conditions, to the laboratory were
they were kept for maximum 56 h in ambient condsidoefore analysing. Our sampling
method was compared with the method used by GantlyQuarles (1972) who collected the
eggs with sterilized metal tongs and also fillecegy cartons. Therefore a batch of 40 eggs
was sampled at a sales-outlet; 20 eggs were samplbdsterilized metal tongs while the
other 20 eggs were picked up by hand (fingertips).both sampling methods the total count
of aerobic and Gram-negative bacteria on the edjgalas determined. As the eggs were
analysed during a period of 56 h after sampling, itifluence of 56 h storage at ambient
conditions was evaluated. From a batch of 40 caggs sampled at a sales-outlet, 20 eggs
were analysed within 2 h after sampling while thleeo 20 eggs were analysed after 56 h
storage at ambient conditions in the laboratorybdth cases the total count of aerobic and

Gram-negative bacteria on the eggshell was detexnin

2.4  Influence of time, temperature and atmospheritiumidity on the bacterial shell
contamination

A batch of 80 eggs from the same caged productias sampled in a sales-outlet. Twenty
eggs were analysed immediately, 2 times 20 egge @aealysed after being kept at room
temperature with an average atmospheric humiditid) (Rf 50% for 7 and 14 days,
respectively, and 20 eggs were analysed after §4 starage in a refrigerator at 5°C with an
average RH of 85%. The total count of aerobic amannegative bacteria on the eggshell

were determined.

2.5  Number of samples

To produce statistically reliable results, a minfmaumber of eggs need to be sampled at a
certain point in the production chain. The minimaomber of samples can then be found as
the number of samples from which the standard emothe average total count of aerobic

bacteria of a batch of eggs starts converging toasymptotic value (Grijspeerdt and
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Verstraete 1997). To obtain an even larger vamatio the bacteriological contamination
present at one point of the production chain, atbat non-graded eggs from three successive

points from the hen house up to the candling wasped.

2.6  Sampling through the production systems
Cage production

The caged layer house contained the brown-shedidoi8A Brown. The farm housed a total
of 153 600 hens in 4 adjoining hen houses connebtedh large corridor. The cage
arrangement consisted of four-storey cages, hol@itayers per cage. The cage rows were
mounted directly above one another with a dropfiogrd in between. The eggs of one hen
house (38 400 hens) were followed through the prtiol chain. Eighteen-week-old layers
were transferred to the hen house and samplinpeofetygs was done when hens were 30
weeks old. The eggs were gathered from each rawiledut cages to a cross conveyor which
took them to a lift cage which transported the efggs the hen house to the corridor. In the
corridor a second conveyor belt assembled the agdsrought them to the entrance of the
candling, grading and packaging area. A short cpmwvevith metal grid brought the eggs
from the conveyor of the corridor to the conveydrtlze candling booth. The eggs were
graded and packaged automatically after visualuawi@n in a candling booth ECM 1200
Staalkat (Staalkat International B.V., The Nethedlg). First category eggs were packed in
closed cartons; second category eggs in cartors.tflye same evening the first category
eggs, after being stored at ambient conditionse@aded into a refrigerated lorry (6-8°C),
which brought them the next morning to the coolemtelouse (6-8°C) of a food chain’s
distribution centre. The same day a refrigeratexy [(6-8°C) from the food chain brought the
packaged eggs to the refrigerated storage aredQpe8 the local food shop. The eggs were
kept there for four days and then replenished enstiop racks in ambient conditions.
At 10 points in the production chain samples wakem:
1) in the hen house at the conveyor belts;
2) on the large conveyor belt of the corridor whicmmects the conveyors of each hen
house;
3) at the entrance of the candling, grading and pgcaénea where a short conveyor with
metal grid brought the eggs from the conveyor ef ¢brridor to the conveyor of the
candling booth;

4) in the candling booth;
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5) first category consumption eggs immediately aftaiqaging in closed cartons;

6) second category eggs packaged in open carton trays;

7 first category consumption eggs in closed cartdnhe refrigerated lorry at the hen
house;

8) first category consumption eggs in closed cartdriseacooled warehouse of the food
chain’s distribution centre;

9) first category consumption eggs in closed cartanthe refrigerated storage of the
local shop;

10) first category consumption eggs in closed cartariseashop rack of the local shop.

Samples 8-10 were taken respectively 1, 1 and S dfigr egg laying. In chapter 1 paragraph

7, especially in Figure 1.17, an egg productiorircisalso visualized.

Organic production

The organic production unit housed 5 000 brownidireled Bovans Goldline hens. It was an
aviary hen house of 700%with 240 roll-out nest boxes on the side wall,ct8 roosts per
bird, 600 N3 open space in the hen house, with 45®pen-air free range with concrete floor
next to the hen house and free range in grasslahasnty-two-week-old layers were
transferred to the hen house and the sampling efetiys was done at the hen age of 39
weeks. The eggs from the roll-out nest boxes (450m, with Astrotuff mat) were gathered
in front of the boxes on a cross conveyor with cofée conveyor belt transported the eggs
from the hen house directly to a small collectinggawhere the eggs were visually evaluated
and collected by hand in open carton trays. Fraactilecting area the eggs were brought by
van to the candling and packaging area, locatedhbuailding 100 m from the hen house. The
eggs were visually evaluated in a candling boot®BW, The Netherlands) and first category
eggs were automatically packaged in closed carfbhns.next day the packaged eggs, after
being stored at ambient conditions, were loaded mtrefrigerated lorry (6-8°C), which
brought them to the cooled warehouse (6-8°C) aioa fchain’s distribution centre. The same
day a refrigerated lorry (6-8°C) from the food chdrought the packaged eggs to the
refrigerated storage area (6-8°C) of the local febdp. Eggs were kept for four days in the
local food shop and then replenished in the sholsrat ambient conditions.

Samples were taken at 7 points in the producti@mnch

1) inthe hen house at the covered conveyor belt;

2) atthe end of the conveyor belt at the collectirepa
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3) atthe candling and packing area just before hagdli

4) first category consumption eggs immediately afeerkaging in closed cartons;

5) first category consumption eggs in closed cartamspded at the refrigerated lorry at the
hen house;

6) first category consumption eggs in closed cartaksrt at the shop rack;

7) eggs collected from the ground (ground eggs froerhén house).

Samples 5 and 6 were taken respectively 1 and $ afégr egg laying.

2.7  Environmental conditions in the production cham

An Air Sampler RCS (Biotest AG, Dreieich, Germamgs used to determine total count of
aerobic bacteria per hrair in each part of the production chain. Stripsthie air sampler
contained Nutrient Agar (Oxoid). Strips were incidolfor 3 days at 30°C. Also temperature

and RH (hear-hygrometer) were measured.

2.8 Visual examination of the shell eggs

Each egg was thoroughly evaluated visually and goamto one of the following five
categories: clean, faeces and/or blood, egg whitikoa egg yolk, dust and/or feathers, straw
and/or earth and/or dirt (Anon. 1996). Cracked eggen or closed, were removed. The

visual examination of the eggshell was performeadgia candling light.

3 RESULTS AND DISCUSSION

3.1 Determination of bacterial eggshell contaminatin

For the determination of the total count of aerobacteria on eggshells, no statistical

significant differences were found between theedédht counting media used (Figure 2.2).
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Log(CFU total flora/eggshell)

NA TSA +YE
Figure 2.2: Methodology: Influence of the counting medium be tetermination of the total count of aerobic

bacteria. Vertical bars denote 95% confidence vatisr(y = 160). (NA: Nutrient Agar; TSA+YE: Tryptone Soya
Agar supplemented with Yeast Extract, BHI: Brainartdnfusion Agar; PCA: Plate Count Agar)

Also no statistically significant differences werebtained between the studied
temperature/time combinations of 3 days at 37°@ays at 30°C and 5 days at 25°C while
the combination 10 days at 10°C was slightly lemssgive. On the contrary, the sample
preparation methods showed large statistically ikogmt differences (Figure 2.3). The
washing of intact eggs in PBS or BPW by rubbingr&s 1 min with an interval of 5 min rest
in between gave statistically significant highBr< 0.001) counts than the two other sample
recuperation methods. This washing method wasthésmost practical method. Crushing the
shell and shell membranes (“Method 1” in Figure) 2Zy@ve similar results compared to
swabbing half of the surface of the eggshell (“Meth” in Figure 2.3). The swabbing
method is comparable with the method used by Sateb (1989) who swabbed a circular
area with a diameter of 3 cm on the side of the &gg lower recovery found by crushing the
shell is probably because a thorough rubbing ofstiel is not possible to avoid rupture of
the plastic bag. Swabbing has on the other handligevantage that not all bacteria are

swabbed up and absorbed and/or recovered fronwidile ®r counting.
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H 3 days at 30T
— 3 days at 37C
BN 10 days at 10C
B 5 days at 25T
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Figure 2.3: Methodology: Influence of the incubation temperaftime combinations and the sample

preparations on the determination of the total ta@@imerobic bacteria using Nutrient Agar. Vertibakrs denote
95% confidence intervalsn(= 20). (Method 1: Removal of egg content and dngstof shell and shell
membranes; Method 2: Washing — by rubbing - inéags with PBS; Method 3: Washing — by rubbing aént
egg with BPW; Method 4: Swabbing half egg)

As the washing procedure of intact eggs was veng-{tonsuming, it was shortened to 2
times 30 seconds rubbing with an interval of 2.5 mest in between and also to 1 min
rubbing immediately followed by plating out, withagignificant loss of sensitivity compared
to the original method. Although no statisticalrsiigant difference was observed, washing
through 1 min rubbing was shown to give higher ¢suhan treatment by 1 min in the
ultrasonic bath (results not shown). To estimate dfficiency of the washing method by 1
min rubbing, a second washing of the same eggspedsrmed by the same method. The
average counts on the second washing of 10 eggs eeeeeded 2% of the original counts.
To test the presence of bacteria in the pores efetjgshell, the eggshell was isolated and
crushed to very small particles and analysed ftal toacterial flora. The average count of 5
tests (eggs) did not exceed 3% of the original towh the bacteria found on the eggshell.
These results indicate that the plastic bag washpracedure is an efficient sample

recuperation method for measuring the bacterialacomation on the eggshell.
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Based on these results the following final methodswsed for application in further
experiments (also in next chapters): the egg wasepl in a plastic bag with 10 ml PBS
(Oxoid) and the egg was rubbed through the bad foin. The diluent was plated by a spiral-
enter on NA (Oxoid) for the determination of theéatocount of aerobic bacteria (detection
limit 100 CFU/eggshell) and on Nutrient Agar wittD001% crystal violet (VWR) for the

total count of Gram-negative bacteria (detectiomitli 33 CFU/eggshell). Plates were
incubated for 3 days at 30°C.

3.2 Sampling, collection and transport of eggs

Collecting the eggs by hand did not influence #msults significantly compared to the method
of Gentry and Quarles (1972) using sterilized matalys. The 20 eggs picked up by hand
(fingertips) had an average total count of aera@imid Gram-negative bacteria on the eggshell
of respectively 5.24 and 3.60 log CFU/eggshell wHihe other 20 eggs sampled with
sterilized metal tongs had respectively averagaisoof 5.33 and 3.70 log CFU/eggshell.

As the eggs sampled in the production chains weetysed during a period of 56 h after

sampling, the influence of 56 h storage at amlgentitions was evaluated. The average total
count of aerobic and Gram-negative bacteria of 2Beeggs analysed within 2 h after

sampling deviated respectively less than 0.01 afd bg CFU/eggshell compared to the
other 20 eggs of the same batch analysed after Srage at ambient conditions in the
laboratory. Also Haines (1938) reported no sigafficdifference in the total bacterial flora on

the egg between eggs examined immediately and &keping for 4 days at room

temperature.

3.3 Influence of storage time, temperature and atngpheric humidity on the
bacterial shell contamination

The study on the influence of time, temperature amdospheric humidity on the bacterial
shell contamination showed that the total courderbbic bacteria decreased (not statistically
significant) during the storage time of 14 daysithex at room temperature and a RH of
approx 50% (from 5.44 to 5.22 log CFU/eggshell) abrefrigerator temperature (5°C) and a
RH of approx 85% (from 5.44 to 5.33 log CFU/eggbh@entry and Quarles (1972) reported
no marked differences in viable counts after 1 dtiyage of the freshly laid eggs at 4°C.
Contrary to the total count of aerobic bacterig tbtal count of Gram-negative bacteria
decreased statistically significantl & 0.001) at room environment (from 4.04 to 3.28 lo
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CFU/eggshell) but not at refrigeration environm@rdm 4.04 to 3.66 log CFU/eggshef;=
0.59). This was probably due to the lower humidityoom temperature.

3.4  Number of samples

The standard error on the average total count afbée bacteria of a batch of non-graded
eggs from the layer house up to the candling boottverged to its final value after about 35
eggs (Figure 2.4). Consequently, the minimum nunadfesamples to be taken was set at a
safe value of 40 for non-graded eggs. Followingdame procedure, the required number of
samples was set at 20 for a batch graded eggstfr@shop rack.
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Figure 2.4: Standard error on the average total count of aefwdcteria of a batch eggs sampled from the hen

house up to the candling.
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3.5  Sampling through the production chain
Cage production

Figure 2.5 shows an increase in total count of laerand Gram-negative bacteria, at the
moment the eggs enter the candling, grading ankimpparea (‘3. Entrance packaging area’
in Figure 2.5). For both parameters the increase statistically significantR < 0.001). This

point in the production chain was indicated asitcaf point for increase of bacterial eggshell
contamination. Here all eggs passed the same sonédice, a short conveyor with metal grid.
Visual examination of the shell could not be used detect this critical point for

contamination as 60% of the eggs sampled at the@looshowed visual contamination, while
for the eggs sampled at the critical point it caned only 45%. The rolling of all eggs on the

same short surface caused cross-contamination dueggshell dirt and broken egg

content.
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Figure 2.5: Total count of aerobic (Total flora) and Gram-rnéga (G flora) flora at the different points of the

caged production chaim & 40). Vertical bars denote 95% confidence intexv@lat 2: Second category eggs)
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The air contamination was lower in the candlingadyng and packaging area (3.8 log
CFU/nt air) compared to the corridor (4.1 log CFU/air) (Table 2.1), which confirmed that
the significant increase of shell contamination was to contact with the metal grid.

Also a difference in bacterial contamination okfi{point 5) and second category (point 6)
eggs was shown immediately after packaging. THierénce was only limited statistically
significant @ < 0.05) despite the visual contamination in atedidegree of 97.5% of the
second category eggs compared to 23.8% of the damstgory eggs. The three visual
contamination categories faeces and/or blood, elggevand/or egg yolk and dust and/or
feathers were respectively present on 77.5, 50 2h0% of the second category eggs
compared to 7.5, 20.0 and 2.5% on first categoggeg

From the critical point, the short conveyor, to #md of the production chain, at the shop
rack, the total aerobic and Gram-negative flordimh category consumption eggs remained
at a constant level. The moment of sampling atsti@ rack, the eggs were already 5 days
laid. First category eggs just after packaging Packaged eggs’ in Figure 2.5) showed a
lower contamination compared to the two previous e four following points in the chain;
yet the decrease was only limited significd?&(0.05). Moreover, at this stage the total count
of Gram-negative bacteria was not significantly édowompared to the two previous and the
four following points.

The total count of Gram-negative bacteria was apgrétog CFU/eggshell lower on average
compared to the total aerobic flora, indicating tBeam-positive bacteria dominated the flora
on eggshells, probably because of their higherrdaae to dry conditions. Mayes and
Takeballi (1983) and Board and Tranter (1995) &smd Grampositive bacteria dominating
the eggshell.

The average bacterial contamination of minimum g@sesampled at the hen house and
placed in the 4 categories; clean, faeces andfmdblegg white and/or egg yolk and dust
and/or feathers, was respectively 5.04 (stdev 057l (stdev 0.54), 5.20 (stdev 0.69) and
5.15 (stdev 0.52) log CFU/eggshell for total aecatmunt and 3.71 (stdev 0.89), 3.58 (stdev
0.74), 3.80 (stdev 1.02) and 3.65 (stdev 0.81)dddJ/eggshell for Gram-negative count.
These differences were not statistically significeBo, in the sampled cage production, no
correlation between the level of contamination #mel appearance of the shell was shown
which means that the bacterial contamination ofstindl could not be judged by evaluation of
the visual shell contamination. This is in agreetmeith Board and Tranter (1995), who
reported, that with the exception of heavily soitlls, there is a poor correlation between

the level of contamination and the appearanceeshiell.
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Table 2.1: Total count of airborne flora (aerobécteria) per production system (log CFU/mir)

Hen Corridor  Collecting Packaging Ref. Ref. Ref. Shop
house area area lorry warehouse storage racks
shop
Cage 4.4 4.1 n.p. 3.8 3.7 2.9 2.9 3.2
Organic 5.6 n.p. 5.5 4.3 4.3 2.8 2.4 2.9

Ref. = refrigerated; n.p. = not present

Organic production

Compared to the caged layer house, the bactermhed contamination through the organic
chain showed fewer fluctuations (Figure 2.6).
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Figure 2.6: Total count of aerobic (Total flora) and Gram-neéga{G flora) flora at the different points of the

organic production chainn(= 40). Vertical bars denote 95% confidence intistvé/. Ground eggs: Eggs
collected from the ground)
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The initial contamination with aerobic bacteria8%0g CFU/eggshell) of the eggs from the
covered conveyor belt of the nest boxes was 1 ighen compared to the eggs on the
conveyor belt next to the cages of the caged ptextucThis raise of initial contamination
makes the nest boxes in the organic housing syatamitical point for bacterial eggshell
contamination. The higher initial contamination waso reflected in the air where a much
higher contamination (5.6 log CFU7mair) was measured compared to the caged stale (4.
log CFU/n? air) (see Table 2.1). Harry (1963) and Quarésal. (1970) also reported
correlations between initial eggshell contamina@owl the concentration of bacteria in the air
of the hen house. Table 2.1 shows that the airacoiniation in the hen house, collecting area
and packaging area of the organic production wgkédnicompared to the comparable points;
hen house, corridor and packaging area, of thedcageduction.On the other hand the
average total count of Gram-negative bacteria gjindhe entire organic chain was more than
1 log and at the end of the chain even more thamod). CFU/eggshell lower compared to the
eggs from the caged layer house. Possibly the highial contamination of the organic eggs
with Gram-positive bacteria oppressed the adhesfoGram-negative bacteria. ANOVA
testing revealed a statistically significaRt € 0.001) lower contamination in Gram-negative
flora for the eggs available at the lorry compatedhose sampled directly after packaging
and in the shop. This decrease was not found &tafal count of aerobic bacteria.

Contrary to the second category eggs of the caagel Ihouse, the contamination of eggs
collected from the ground (ground eggs) was sigaiftly higher for both parameters
compared to the contamination of eggs at othertpamthe chain. A comparable amount of
eggs were visually contaminated, but ground eggs mnuch higher degree. Only 5% clean
eggs collected from the ground were present anddésegshe three visual contamination
categories faeces and/or blood (82.5%), egg witoa egg yolk (12.5%) and dust and/or
feathers (32.5%) also a fourth category straw anedioth and/or dirt, not present in the cage
production, was found on 37.5% of the organic edgentry et al. (1972) also found
significant differences in bacterial counts fromgeglassified as clean, soiled and dirty;
approximately 3.5, 4.5 and 5.5 log CFU/eggshedipeetively. As the eggs collected from the
ground were heavily soiled, this confirmed the répaf Board and Tranter (1995) that
mentioned that only for heavily soiled shells aretation exists between the level of bacterial
contamination and the appearance of the shell.

Despite the clear difference in critical points fmacterial contamination, the total bacterial

count on the eggshell for the 2 production systems comparable at the end of the chain. It
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can therefore be hypothesised that eggshells o$uroption eggs reach a maximum of
bacterial contamination of about 6 log CFU/eggshell

4 CONCLUSIONS

In this chapter a concept for sampling of eggshm production chain was evaluated and a
methodology to recover and count the bacterial lglyscontamination was optimized.
Washing eggs in plastic bags with diluent and Hybmag is an efficient sample preparation
method. The minimum number of eggs to be samplea @rtain point in the production
chain was determined and set on 40 for non-graggs end on 20 for graded eggs. The
concept was used in a preliminary study on the wiayl of the bacterial eggshell
contamination and the detection of critical poifgs introducing eggshell contamination in
two production chains. The study in chapter 2 alsowed that bacterial contamination of the
eggshell can not be judged by evaluation of theatisggshell contamination.

In the next two chapters the above described methgy will be used to study in detail the
initial bacterial shell contamination from eggsriralifferent experimental housing systems
(chapter 3), and to study thorough the progresth@fbacterial eggshell contamination and
identification of critical points for introducingaloterial contamination in more production

chains of different commercial housing systems [jodrad).






Chapter 3

Influence of the housing system for laying hens athe initial bacterial

eggshell contamination

Redrafted after:
Bacterial eggshell contamination in conventional ages, furnished cages and aviary
housing systems for laying hens
K. De Reu, K. Grijspeerdt, M. Heyndrickx, J. ZooKs De Baere, M. Uyttendaele, J.
Debevere and L. Herman (2005)
British Poultry Science, 46, 149 - 155






Chapter 3 66

CHAPTER 3: Influence of the housing system for layig hens on the initial

bacterial eggshell contamination

Abstract

The influence of the housing system on the irbi@kerial contamination of the eggshell was
studied. Two long-term experiments were performde bacterial eggshell contamination,
as expressed by total count of aerobic and Granatieg bacteria, was periodically analyzed
for eggs from a conventional cage, a furnished oatlk nest boxes containing artificial turf
or grids as nest-floor material and an aviary houggsisystem. For these experiments no
systematic differences were found between the ntomal cage and furnished cage. The
type of nest-floor material in the nest boxes efftirnished cages also did not systematically
influence the bacterial shell contamination. A phbles seasonal influence on the eggshell
contamination with a decrease in the winter per{og to > 0.5 log CFU/eggshell) of total
count of aerobic and Gram-negative bacteria waseoled in the first experiment. The
contamination with total aerobic flora was higher 1.0 log) on eggs derived from the aviary
housing system compared to the conventional andutmshed cage systems. For Gram-
negative bacteria this was not the case. During #mtire period of both experiments,
independent of the housing system, shell contarnmatas not influenced by age of hens or
period since placing the birds in the houses. Far tiotal count of aerobic bacteria a positive
correlation ¢? = 0.66,P < 0.001) was found between the concentration tafl teacteria in the

air of the poultry houses and the initial bactergggshell contamination.
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1 INTRODUCTION

It is estimated that 70 to 80% of the world eggdoiaiion is derived from conventional caged
laying hens. These cages offer the advantagesaoptoduction costs and high standards of
hygiene, but due to bird welfare considerationsetae calls for cages to be banned (Walker
et al. 2001). In 1999 the European Commission passedeatihe 99/74/EC (Anon. 1999)
requiring that conventional cages should not bel @sea new investment from 2003 and must
be banned from 2012 in the European Union. Altéveatsuch as furnished cages, aviary
systems and perchery systems have been proposedl¢sechapter 1, paragraph 6). While
the conventional cage provides approx 45@ cage area and 10 cm trough length for each
hen, furnished cages provide at least 756 pen hen, a nest box, a dust bath and 15 cm perch
per bird. Aviary systems provide platforms of slatsdifferent heights, litter area on the
ground and nest boxes. The perchery system alsotheevertical space of houses like the
aviary system but rather by perches than by platsoDuring a transitional period from 2003
to 2012 the usable area in conventional cageschhe tncreased from 450 érto 550 cr.

The alternatives for the conventional cages haen levaluated both commercially and by
researchers in terms of productivity and bird welf@Abrahamsson and Tauson 1995; Tauson
et al. 1999; Tauson 2002; Wadt al.2002).

Little attention was given to the differences irctesial eggshell contamination, although this
may be important for the shelf life and the safefyeggs and egg products. Bacterial
contamination of the internal egg content couldHeeresult of the penetration of the shell by
bacteria deposited on the surface of the egg aftexs been laid (Harry 1963; Quarlessal.
1970; Schoenet al. 1995). In early studies bacterial shell contamdmahas been compared
in litter and wire floor houses. Quarlesal. (1970) reported litter floor houses had on average
approximately 9 times more bacteria in the air, d@do 30 times more aerobic bacteria on
the shell than wire floor houses. Harry (1963) régub that the shells of deep litter eggs had
on average 15 times more bacteria and a higherogiop of potential spoilage organisms
than did battery eggs. More recently, Elletnal. (2000) reported that dust concentrations in
the air were lowest in cage systems and up to @ tomes higher in other systems, such as
percheries and aviaries. Micro-organisms, like d&dat may represent only a minor
percentage (< 1%) of the number of airborne pagi¢Pederseet al. 2000), but have a
marked negative effect on the health of the livelstaand probably lead to higher bacterial

contamination on the shell of aviary and perchemstesms. In our study of chapter 2, higher
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bacterial contamination in the air was indeed dateel with higher bacterial counts on the
eggshell.

The objective of the study in this chapter was tonpare the initial bacterial eggshell
contamination in conventional cages, furnished sam@ed aviary housing systems build in
experimental hen houses. The methods developedapter 2 to quantify the bacterial
contamination on the eggshell were used.

2 MATERIALS AND METHODS

2.1  Housing

The different types of experimental housing systerase arranged in two separated identical
buildings (1 and 2) with the same climate (tempeeiand atmospheric humidity), located
side by side. Each building contained two hen heseand B) each 6.10 m wide and 34.00

m long, separated by a wall (see also paragraph 2.5

2.2  Conventional cages

The conventional cage measured 50 x 51 x 43 cntlfwidlepth x height) with a floor slope
of 7°. The 4-hen cages provided approx 64F cage area per hen. The arrangement of
conventional cages consisted of two rows of thteeeg cages; housing laying hens at both
sides (Figure 3.1 and 3.5). Each row containedds@s per floor at each side. In total 2 688
commercial Brown layers were housed per hen hobsed and water was availabésl
libitum by a feed trough and by nipple drinkers, manure d@ed on a manure belt and

removed at least once a week.
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Figure 3.1: Arrangement of the studied conventional cages.

2.3 Furnished cages

Cages were of wire mesh with a floor slope of 7ithwgalvanised metal partitions between
cages and fully opening fronts consisting of widshaced horizontal bars. The living area,
containing 15 cm perch per hen, was 240 cm longld@dcm deep while the nest section was
60 cm long and 55 cm deep; both sections were &8.58igh (Figure 3.2 and 3.3). The nest
box was positioned at one end of the cage. Themmotf the nest boxes consisted either of
wire floor or was lined up with artificial turf (XR®P long Astroturf). The opening to the

nesting area was 22 cm wide and 33 cm high. Ttez biaths, positioned at a height of 20 cm
at the other end of the cage, contained sawdusbpaded for 4.5 h in the afternoon. The
cages were stocked with 39 hens; feed and wateravaitablead libitum by a feed trough

and by nipple drinkers. The furnished cages pralidpprox 750 rharea per hen. The

commercial Brown layers were housed in two rowthoée-storey cages (Figure 3.5) with 10
cages per row; with approx 2 400 birds per hen éoMsanure was dried on a manure belt

and removed at least once a week.
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Figure 3.2: Design of the studied furnished cages.
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Figure 3.3: Studied furnished cages with eggs on the conveetirnext to the nest boxes (left); laying hen

entering a nest box (right).

2.4  Aviary housing

The aviary system was divided in 4 pens, each 7.bmg and 6.10 m wide. Each pen
contained 500 commercial Brown layers. Each peorparated a central 2 m wide slatted
platform with two levels (85 cm height between fdans), a 1 m wide littered floor area at
each side of the platform and 3 rollaway nest bpd® cm long and 42 cm wide, at each
side wall (Figure 3.4 and 3.5). The nest boxes tmadfirst floor slatted platform were
mounted at 85 cm from the ground. The litteredrfla@a under the nest boxes and the slatted
platform was also accessible for the birds. A marhelt mounted under the slatted platforms
removed the dried manure weekly. The nest boxes Vieed up with artificial turf (XPNP
long Astroturf’) and the entrance was covered by a curtain magksfic with two openings

of 20 cm. Beside the slatted platform and the mestes alighting rails were fixed. The

littered floor area contained a thin layer of whind. Water and food were suppliad
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libitum from nipple drinkers and feed pans at the platfonith nipple drinkers also at the

entrance of the nest boxes.

4l

Figure 3.4: Studied aviary housing system with nest boxeshtitig rails and nipple drinkers at the side wall

(left); a central slatted platform with nipple dters and feed pans (middle); the system housedlaythg hens
(right).
2.5  Experiments

Two experiments were performed; from August 200M&y 2002, and from January 2003 to
August 2003. Three and four designs were compaesgpectively. Table 3.1 summarises the

two experiments with their different designs.

Table 3.1: Description of the experimental arrangements.

Experiment 1 (August 2001 to May 2002)

Design Housing system Nest material Hen house Sahgalges

1 Conventional cages Wire floor 2B 10

2 Furnished cages Wire floor 1A 3

3 Furnished cages Artificial turf 1A 3
Experiment 2 (Januari 2003 to August 2003)

1 Conventional cages Wire floor 2B 10

2 Furnished cages Wire floor 1A/2A 4

3 Furnished cages Artificial turf 1A/2A 4

4 Aviary Artificial turf 1B n.a.

1A, 1B, 2A and 2B = building 1 hen house A, buildihgpen house B, building 2 hen house A and buildifig2 house B;

n.a. = not applicable.

Figure 3.5 shows cross sections of the housespdrarent 2. In both experiments 17 weeks
old commercial Brown layers were transferred to #éx@erimental buildings where they

received 12 h of light per day increasing to 1@amf week 21 onwards.
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Hen house 1A: _—T7 Hen house 1B:

Furnished cages: 2 row Aviary: 1 row platforms

10 cages/row, 3 storeys with 2 storeys, 2 rows of
nest boxe at each side we

™\ d

_
Hen house 2A: _—T Hen house 2B:
Furnished cages: 2 row Conventional cages: 2 rows,
10cages/row, 3 storeys 56 cages/row, 3 storeys

Figure 3.5: Cross section of the hen houses of experimeno®isky the arrangements.

2.6  Sampling

In the first experiment (August 2001 to May 2002mples were taken at about 8-week
intervals: namely at the hen age of 24, 32, 415%0and 65 weeks; in the second experiment
(January 2003 to August 2003) at the hen age of38348, 57 and 61 weekso produce
statistically reliable results a minimum of 40 edgsm each housing system (design) were
sampled (see chapter 2; paragraph 3.4). Samplioigection and transport of the eggs
occurred as described in chapter 2; paragraph 2.3.

In the second sampling period bacterial air comaton, temperature and atmospheric

humidity were measured as described in chaptearagoaph 2.7.
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2.7  Determination of bacterial eggshell contaminatin

To recover bacteria from the eggshell, the intgg was placed in a plastic bag with 10 ml
Phosphate Buffered Saline (PBS, Oxoid, Basingstokd, and the egg was rubbed through
the bag for 1 min. The diluent was plated by aadmnter on Nutrient Agar (NA, Oxoid) to

count the total of aerobic bacteria and on NA viitb001% crystal violet (VWR, Darmstadt,

Germany) to count the Gram-negative bacteria. bBbirdetails on the used methodology;
reference is made to chapter 2; paragraph 3.1.

2.8  Statistical analysis of data

Statistical analysis of the data was performed atfined in chapter 2; paragraph 2.2. In
addition a simple linear regression was carried toutletermine the influence of the air

contamination on the initial bacterial eggshell teonination.

3 RESULTS AND DISCUSSION

Figure 3.6 shows shell contamination with totalodér flora on the different sampling dates

during experiment 1 (August 2001 to May 2002) fobe tthree designs and two housing

systems: conventional cages, furnished cages with floor nest boxes and furnished cages
with nest boxes with artificial turf (Table 3.1)igkre 3.7 shows the same data for the Gram-
negative flora on the shells of the same eggs.

The results for experiment 2 (January 2003 to AugQd83) are shown in Figure 3.8 and 3.9.

Figure 3.8 shows shell contamination with totalob& flora on the different sampling dates

for the four designs and three housing systems;estional cages, furnished cages with wire

floor nest boxes, furnished cages with artificiatf tined nest and an aviary housing system
(Table 3.1 and Figure 3.5). Figure 3.9 shows tineesdata for the Gram-negative flora on the
shell of the same eggs. Table 3.2 summarises gindisant differences per sampling date for

both experiments. More data are available upone®qu
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Figure 3.6: Experiment 1: Eggshell contamination with totalcdeéc flora on different dates for the three

compared designs including two housing systemsqgeAugust 2001 to May 2002).
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Figure 3.7: Experiment 1: Eggshell contamination with Gramatege flora on different dates for the three

compared designs including two housing systemsqgeAugust 2001 to May 2002).



Chapter 3 75

6.0
3 ok
% //’/ \\\\ -

5.5 1

—@—— Furnished cages; artificial turf

5.0 - — v — Furnished cages; wire floor
— —&— —  Conventional cage
——-4-——  Aviary housing

Log(CFU total flora/eggshell)

30 T T T T T
week 33 week 38 week 48 week 57 week 61

Sampling week

Figure 3.8: Experiment 2: Eggshell contamination with totaliabof aerobic flora on different dates for four
compared designs including three housing systeersogi January 2003 to August 2003).
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Figure 3.9: Experiment 2: Eggshell contamination with Gramateg flora on different dates for four
compared designs including three housing systeersogi January 2003 to August 2003).



Table 3.2: Summary of the statistical significant differen¢es< 0.05, 0.01 or 0.001) per sampling date for baheeiments (ANOVA).

Experiment 1 (August 2001 to May 2002)

Total aerobic flora

Gram-negative flora

Week— 24 32 41 50 57 65 Week— 32 41 50 57 65
System| System|
Conventional cages (2B)* - A A A A A Conventionalges (2B) A A A A A
Furnished cages; wire floor (1A) A A A A B B Furhied cages; wire floor (1A) A A A B B B
Furnished cages; artificial turf (1A) A A A A B B  ufnished cages; artificial turf (1A) B A A B
Experiment 2 (January 2003 to August 2003)

Total aerobic flora Gram-negative flora
Week— 33 38 48 57 61 Week— 33 38 48 57 61
System| System|
Conventional cages (2B)* A A/C A A A Conventionages (2B) A A A A A
Furnished cages; wire floor (1A/2A) C A C C - Fuimeéd cages; wire floor (1A/2A) C C C -
Furnished cages; artificial turf (1A/2A) C C C AlC - Furnished cages; artificial turf (1A/2A) A C C -
Aviary housing (1B) B B B B B Aviary housing (1B) B B B B

Systems in the same column with common letter ateignificant different. * = identification hen bse, - = no data available.

¢ Jeidey)

9.
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For both experiments an ANOVA showed no systemstitistically significant differences
between conventional cages and furnished cageseifioer total aerobic flora or Gram-
negative flora (Table 3.2, Figures 3.6 to 3.9).t@mfinal sampling dates (week 57 and 65) of
experiment 1, shell contamination with total aecdloara was significantly higher at the 95%-
confidence level on the eggs from the conventiaagles (Table 3.2 and Figure 3.6). Figure
3.6 and the ANOVA dataP(< 0.05 week 57 an& < 0.001 week 65) show this difference
was only very significantly different in week 65hi§ high value in week 65 can probably be
attributed more to coincidence (a manure heap mexthe conventional cage housing
division) than to the type of housing system itsaifthe date of sampling (week 65), manure
from a period of 6 weeks before was stocked outsidgt to house B of building 2, whereas
on the other sampling dates manure was more réguémoved. This increase of total count
of aerobic bacteria in the conventional cages wat observed during experiment 2,
confirming this assumption (Figure 3.8). In expernh2 the differences in total aerobic flora
on the eggshell for cage and furnished cage pramuetere again not systematic (Table 3.2
and Figure 3.8). Only in week 48 was there a vaggiicant difference P < 0.001). In both
sampling periods contamination with Gram-negativeraf on shells of eggs from
conventional cages was much lower for one sampwigt (week 57) in experiment 1 and
two sampling points (week 48 and 61) in experinznthis lower contamination level was
not observed on the previous and/or following samgptlates (Figure 3.7 and 3.9). In both
experiments there were no systematic difference®imamination with Gram-negative flora
between conventional and furnished cages (Table=&jRre 3.7 and 3.9).

Both experiments also showed that accumulatiorggéen the furnished cages in an area of
about 60 cm width did not necessary increase slogitamination. Tauson (2002) reported
that furnished cages increased contact betweenaghs some cases the proportion of dirty
and cracked egg. This was caused by the accumulafidthe eggs on a short part of the
conveyor belt next to the nest section. In our erpents only eggs laid at the nest boxes
were sampled.

Both experiments showed that the shell contaminatras not systematically influenced by
whether the nest-floor material was wire or ari@idurf. (Table 3.2, Figure 3.6 to 3.9). The
results for total aerobic flora did not differ sificantly for 9 of the 10 sampling dates and for
Gram-negative flora did not differ significantlyrfé of the 10 sampling dates (Table 3.2). For
the other dates no systematic difference was obderwall et al. (2002) also found no

significant effect of the nest-floor material oretegg production or proportions of cracked or
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dirty eggs in furnished cages; on the other hared ube of the nests was significantly
increased where cages had nests with 100% Astforafmpared with 50 or 30% lining.

In both experiments there was no influence of tpe @& hens or the interval since placing the
hens in the houses on shell contamination (datashotvn). Comparing Figure 3.6 with
Figure 3.7 and Figure 3.8 with Figure 3.9 showst,thegardless of housing design, a
comparable graphical trend was found for both tetbbic and Gram-negative flora. This
suggests that the sampling date influenced thesbhakctontamination; more specifically in
experiment 1 the season appeared to affect shefaiwanation, with both total aerobic and
Gram-negative flora. During the winter period, wekk (beginning of December) and week
50 (end of January), shell contamination was loyarleastP < 0.05) compared to the
warmer periods; week 24 (August), week 32 (Septejrdred week 65 (May) (Figure 3.6 and
3.7). Takaiet al. (1998) also reported a seasonal influence onukeabncentration in poultry
houses. Some results of Quarktsal (1970) also suspected that high temperaturestmigh
influence shell contamination. However, this poles#easonal influence was not confirmed
in the second experiment (Figure 3.8 and 3.9).muexperiment 2, in the conventional cages
and the aviary system, an additional sampling veafopmed during the heat wave period in
week 61 (August 2003; outside-temperature up t&€40inside temperature 30°C, see Table
3.3). Shell contamination was not higher than ewhnter period; week 33 and 38. Similarly,
Quarleset al. (1970) could not always confirm their suppositairthe influence of the season
on the shell contamination.

Experiment 2 showed that shell contamination woetialtcount of aerobic flora was more than
1 log unit higher, during the entire experiment,dggs from the aviary system (Table 3.2 and
Figure 3.8). For Gram-negative flora (Table 3.2 &iglre 3.9) no systematically differences
were found between the four designs including tharg system. In chapter 2 was found that
contamination with aerobic bacteria (5.8 log CFW&wll) of organic eggs from the
conveyor belt next to the nest boxes, was alsaylutat higher compared to eggs from the
conveyor belt of the caged hen house. The housistg® for organic eggs resembles the
aviary system of our experiment. Higher contamorativith total count of aerobic flora was
also measured in the air of the organic house I(§6CFU/nT air) compared to the cage
house (4.4 log CFU/Mmair) (chapter 2). In experiment 2 the influence bafcterial air
contamination on the shell contamination was exadhiand, for total aerobic count, a
positive correlation of?> = 0.66 was foundR < 0.001). Figure 3.10 shows the bacterial air
contamination with total count of aerobic flora #eich system; the air contamination in the

aviary system was higher compared to the othersigtems.
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Figure 3.10: Bacterial air contamination in each housing systétine second experiment.

Harry (1963) and Quarlest al (1970) also reported correlations between ingggshell
contamination and the concentration of bacteridnéhouse. Quarlest al (1970) reported a
significant difference for air contamination betwddter floor houses (sawdust on the floor
and wood shavings in the nests) and wire-floor Bsusloping wire floors and plastic roll
away nests); 3.97 log CFU/nand 3.03 log CFU/ fhrespectively. We obtained averages of
4.3 log CFU/m for the conventional cage housing, 4.4 log CFUfar the furnished cages
and > 5.3 log CFU/fhfor the aviary housing system. The concentratibaiorne bacteria
in animal houses was also studied by Hartung amd@é (1999). According to their study
the incidence of total aerobic bacteria was highiespoultry houses (6.4 log CFU#n
compared to 5.1 log CFUArand 4.3 log CFU/fhin pig and cattle sheds, respectively.
Lyngtveit (1992) described the behaviour of animafecting the dust concentrations. In
aviary systems the hens can move both horizondatly vertically and perform dust bathing.
Their study showed significantly higher concentias of dust in the afternoon than in the
morning, owing to dust bathing behaviour. Becaut®wa sampling was performed in the
morning this factor could not have influenced oatad Ellenet al. (2000) reported a variation
of the dust concentration in poultry houses fro®20- 81.33 mg/rhfor inhalable dust and
from 0.01 - 6.5 mg/rhfor respirable dust. Houses with caged laying r#msved the lowest
dust concentrations, less than 2 my/mhile the dust concentrations in perchery an@rgvi
systems were often four to five times higher. Otfaetors affecting the dust concentrations
were animal category, animal activity, bedding mate and the season. Important sources of
dust are the bird, excreta, food, bedding materfeder materials and soil (Lyngtveit 1992).
As dust contains micro-organisms like bacteria @tyeit and Eduard 1997; Pederssnal.
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2000) this also explains the higher air contamaratvith total aerobic flora that we found in
the aviary system.
Table 3.3 summarises the measured temperaturetmogEheric humidity in the hen houses

during the second sampling period.

Table 3.3: Temperature and atmospheric humidity in the déffiethen houses during the second experiment.

Temperature (°C)

Week— 33 38 48 57 61

System|

Conventional cages (2B)* 16.8 175 21.8 n.d. 30.1

Furnished cages (1A/2A) 17.7/175 19.7/17.5 22.B822n.d. 30.1/30.6

Aviary housing (1B) 17.5 19.1 21.1 n.d. 29.1
Atmospheric humidity (%)

Week— 33 38 48 57 61

System|

Conventional cages (2B) 48 51 59 n.d. 64

Furnished cages (1A/2A) 50/47 55/45 56/59 n.d. ®6/6

Aviary housing (1B) 53 51 55 n.d. 64

* = jdentification hen house, n.d. = not determined

In contrast to the bacterial air contamination Kpeximent 2, no correlation was found
between shell contamination and the temperaturatrapspheric humidity measured in the

houses.

In the current studies on the improvement of therahtive laying hen production facilities it
is desirable to include their effects on shell eomnation and air contamination, to improve
the bacterial shell quality. It will also documehe possible influence on food safety, health
of the laying hens and the development of a healthorking environment in the alternative

housing systems.

4 CONCLUSIONS

The long-term experiments with pilot housing syssemade it possible to evaluate the
alternatives for the conventional cage in term#iial bacterial eggshell contamination and
air contamination. No systematic differences insbgdl contamination with total aerobic and

Gram-negative flora were found between conventiandlfurnished cages. In the selection of
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the most suitable nest bottom material for proditgtiand animal welfare, the studied lining
did not influence the eggshell contamination. Obsiavas the 1.0 log higher contamination
with total aerobic flora on eggs derived from tiveagy system. Finally a positive correlation
was found between the concentration of total baciarthe air of the experimental poultry
houses and the initial bacterial eggshell contatiuna

The study in the next chapter must check that mffees in initial eggshell contamination,
found in the pilot housing systems; are also apple on conventional and alternative
commercial housing systems. The second aim ofttley svas to analyze the evolution of the
bacterial eggshell contamination progress and #mtity critical points for introducing
bacterial eggshell contamination in more productabrains and at different stages in the

laying period (compared to the preliminary studglapter 2).
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CHAPTER 4: Bacterial eggshell contamination in thgroduction chain of

different commercial housing systems

Abstract

The bacterial eggshell contamination of consumptggs in different commercial housing
systems; two conventional cages, one organic awsgsgem and one barn production, were
compared. The total count of aerobic bacteria amel total count of Gram-negative bacteria
on the eggshell were used to detect critical poifds introducing bacterial eggshell
contamination and to study the progress of the legiyjsontamination in the egg production
chains.

The critical points for the bacterial eggshell camtination were the accumulation of eggs on
a short conveyor belt, the initial eggshell contaation in the alternative housing systems
and the extra nest boxes placed on the groundgA bacterial load of ground eggs (> 6.3
log CFU total aerobic flora/eggshell) was observed.

On average a significant highelP € 0.001) initial eggshell contamination with totebunt of
aerobic bacteria was found for eggs from the alatinre housing systems compared to the
conventional systems; respectively 5.46 comparé&dd® log CFU/ eggshell. However, initial
contamination with total count of Gram-negative teai@a on the eggshells was significantly
lower (P < 0.001) in the alternative housings; 3.31 comphie 3.85 log CFU/eggshell.

A moderated and not significant’ (= 0.77; P = 0.099) positive correlation was found
between the initial bacterial eggshell contaminatend the concentration of bacteria in the
air of the poultry houses.

Storing shell eggs, whether temporary refrigeratechot, for 9 days or more, resulted in a
significant decrease in bacterial eggshell contaattion for both bacterial variables.
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1 INTRODUCTION

Due to the EU-directive 99/74, implying a ban omwentional cages from 2012 onwards and
the introduction of furnished cages and alternasiyg@ems, more recent research was focused
on the comparison of the initial bacterial eggshkettamination of eggs laid in conventional
cages, furnished cages and aviary or perchery hgussistems; see chapter 3, Pro&isl.
(2003b) and Malleet al. (2004). All studies were performed in experimefitah houses. At
the moment it remains unknown whether the diffeesnim bacterial numbers among eggs
produced in different housing systems have an impacthe quality of eggs and egg
products. Only Petralket al. (1999) reported a direct relationship betweeniahieggshell
contamination and the final contamination of thg egoducts. Harry (1963), Smeltzet al.
(1979b) and we (chapter 6) found a correlation betwbacterial eggshell contamination and
egg infection.

To our knowledge, in literature only limited datee gublished about the bacterial eggshell
contamination of consumption eggs through the prodn chain. The aim of our study in
chapter 4 was to compare the initial eggshell comation in different commercial
production chains from different housing systerosstudy the contamination progress and to

detect critical points introducing bacterial egdsbentamination in the chain.

2 MATERIALS AND METHODS

2.1  Determination of bacterial eggshell contaminatin

The method used for the recuperation of bacteam fthe eggshell and the determination of

the total count of aerobic and Gram-negative bacterescribed in chapter 3; paragraph 2.7.

2.2 Sampling, collection and transport of eggs

Sampling, collection, transport and storage (ptmranalysis) of the eggs were done as

described in chapter 2; paragraph 2.3.
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2.3 Sampling through the production chain
Cage production 1

The detailed description of the cage productio€1 ih Table 4.1) is explained in chapter 2,
paragraph 2.6. Sampling of the eggs was done waes were 30 weeks old. Due to technical
problems with the ventilation, all hens were rentbbefore the end of lay, making sampling
at end of lay impossible. At 10 points in the preittan chain samples were taken; samples 8 -

10 were taken respectively 1, 1 and 5 days aftgiagng.

Cage production 2

The second sampled caged layer house, houseddivaishell breed ISA Brown. The farm
housed a total of 75 000 hens in 3 adjoining hogsesected by a large corridor. The cage
arrangements were comparable with cage productiarh& eggs of one hen house (35 000
hens) were followed through the production chaigg€Ewere sampled when hens were 26
and 71 weeks old and were gathered from each romlbbut cages to a cross conveyor
which took them to the corridor. In the corridosecond up and down moveable horizontal
conveyor belt assembled the eggs from each decagds and took them to the collecting
area where the eggs were visually evaluated arahaiically collected in carton trays. From
the collecting area the eggs were taken to thelicenpdyrading and packaging area, located in
a building 20 m from the collecting area. The eggse graded and packaged automatically
after a second visual evaluation in an ECM 120@I&#& (Staalkat International B.V., The
Netherlands) candling booth. First category eggsewsacked in closed cartons. By the
second sampling date (week 71), the hen house é&aadl jpartly rebuild; the collecting area
was eliminated and the candling, grading and paokagrea was now connected directly
with the corridor. Packaged first category eggsenstored at ambient conditions at the shell
egg processing plant and loaded two days lateramton-refrigerated lorry, which took them
the next day to the cooled warehouse (6-8°C) afaa fchain’s distribution centre. Five days
later the manager of the local shop took the emga, non-refrigerated lorry, to the storage
area of his local food shop. The eggs were kepetfar 5 days and then replenished at the
shop racks, both at ambient conditions. In weekw%) and 71 (w71), respectively 7 and 4
points in the production chain were sampled (C28 G&E in Table 4.1). Samples 6 and 7 of
week 26 were taken respectively 3 and 13 days effglaying.
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Organic production

The detailed description of the organic product®mexplained in chapter 2, paragraph 2.6.
Sampling of the eggs was done when hens were 3% Amwgeeks old; respectively 7 and 8

points in the production chain were sampled (OB @idin Table 4.1). In week 39 sample 7

was taken 5 days after egg laying; in week 71 sasn@land 7 were taken respectively 1 and
9 days after egg laying. Because there were tooyrgesund eggs, extra roll-out nest boxes
were build during the laying period. These nestdsowere not connected to a cross conveyor
and were placed on the ground at different planethe hen house. Eggs laid in those nest

boxes were sampled in week 71.

Barn production

The barn production housed 6 200 brown-shell bigedans Goldline hens in each of two
hen houses. The eggs of one hen house were sarfipledZ94-m hen house with 420 m
roosts contained 84 roll-out nest boxes locatectasth side of a central conveyor belt.
Sampling was done at the age of 56 weeks. Eggs tinennoll-out nest boxes (120 x 42 cm,
Astroturf® mat) were gathered to the covered cross conveytreaniddle of the hen house.
The conveyor belt transported the eggs from thehwerse directly to a small collecting area
where the eggs were visually evaluated and collebie hand in carton trays. Eggs were
stored at ambient conditions. Next day, eggs wekert by a refrigerated lorry (6-8 °C) to a
shell egg processing plant 50 km away. There, éneesday, eggs were candled, graded and
packaged using an ECM 1200 Staalkat candling béatst category eggs (see also chapter 1
paragraph 7 and chapter 2) were automatically ppezkan closed cartons and stored at the
shell egg processing plant at ambient conditiormur Flays later the packaged eggs were
loaded into a refrigerated lorry (6-8°C), which koinem to the refrigerated warehouse (6-
8°C) of a food chain’s distribution centre. The nhday a refrigerated lorry (6-8°C) took the
packaged eggs to the refrigerated storage aredQpeB the local food shop, where the eggs
were kept for 3 days and then replenished at the sacks at ambient conditions. Samples
were taken at 5 points in the production chainnBable 4.1). Samples 3, 4 and 5 were taken

respectively, 1, 1 and 10 days after egg laying.



Table 4.1: Summary of the sampled points during the samplirigse production chains.

Production system

Cage production 1

Cage production 2

Organic production

Barn production

C1 C2B C2E OB OE B
Sampling moment w30* w26 w71 w39 w71 w56
Sampling point
Hen house at the conveyor belt 1** 1 1 1 1 1
Large conveyor belt of the corridor which connebts 2 2 2 n.p n.p. n.p.
conveyors of each hen house
At the entrance of the collecting area n.p. 3 n.p. 2 2 2
At the entrance of the candling, grading and paickpgrea 3 4 4 3 3 3 (d1)
(shell egg processing plant)
In candling booth 4 - - - - -
First category consumption eggs just packagedoised 5 5 5 4 4 4 (d1)
cartons
Second category eggs packaged in open carton trays 6 - - - - -
First category consumption eggs in closed cartbifsea 7 - - 5 - -
refrigerated lorry at the hen house
First category consumption eggs in closed cartbisea 8 (d1) 6 (d3) - - 6 (d1) -
refrigerated warehouse at the food chain’s distidloucentre
First category consumption eggs in closed cartotisea 9 (d1) - - - - -
refrigerated storage of the local shop
First category consumption eggs in closed cartottseashop 10 (d5) 7 (d13) - 7 (d5) 7(d9) 5 (d10)
rack of the local shop
Eggs collected from the ground (ground eggs) ohigre house n.p. n.p. n.p. 8 8 6
Eggs collected from the extra build nests n.p. n.p. n.p. n.p. 9 n.p.

C1 = cage production 1; C2B = cage production 2rblay; C2E = cage production 2 end lay; OB = oiggmoduction begin lay; OE = organic productiom ¢gy; B = barn

production

* age of layers in weeks; ** number sampling pofiiax) = sampled x days after egg laying; n.p. =@#rg point not present; - = not sampled

PRI V)
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2.4  Statistical analysis of data

The statistical analysis of the data was perforomdorm to chapter 3; paragraph 2.8.

2.5  Environmental conditions in the production cham

Bacterial air contamination, temperature and athesp humidity were measured in the
different parts of the production chain. For fuitdils on the used methods; reference is made
to chapter 2; paragraph 2.7.

2.6  Visual examination of the shell eggs

The visual examination of the eggshell was perfarras specified in chapter 2; paragraph
2.8.

3 RESULTS

3.1  Cage production 1

Figure 4.1 shows an increase in total count of laerand Gram-negative bacteria on the
eggshells, at the moment the eggs enter the candjrading and packaging area (‘3.
Entrance packaging area’ in Figure 4.1). For bathameters this increase was statistically
significant P < 0.001). Also a difference in eggshell contamratiwith total count of

aerobic bacteria of first (point 5) and second gaitg (point 6) eggs was shown immediately
after packaging, this difference was limited stat#ly significant P < 0.05). Finally from

point 3 onwards, the bacterial eggshell contanamatvith total count of aerobic and Gram-
negative bacteria remained at a constant levelas] respectively, in 7 of the 8 and in all 8

points significantly higher compared to the fissbtpoints (Figure 4.1).
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Figure 4.1: Total count of aerobic (Total flora) and Gram-naga(G flora) flora in the different points of the
caged production chain 1. Vertical bars denote ¥f#tfidence intervals. Points of the same curve oth

common letters are significant different.

3.2  Cage production 2

There was no significant increase in eggshell comtation (total count of aerobic and Gram-
negative flora) through the production chain atlibginning of lay (Figure 4.2). At the end of
the chain, in the warehouse and the shop rackst(goand 7), a significantly loweP(<
0.001) eggshell contamination with both hygienedatbrs was found.

At the end of lay (week 71), fewer points (4) weeenpled (Table 4.1). Comparable to the
beginning of lay, there was no increase or fluatuafor total counts of aerobic bacteria
through the chain (points 1, 2, 4 and 5 in Figu®.4No systematic increase or decrease, but
more fluctuations for Gram-negative bacteria wayentl; most fluctuations or differences
were minor but significantA < 0.05 andP < 0.01).

Comparing the beginning and end of lay, we obserwedor but significantly higher
contamination with total aerobic flora at the eriday in the points 1, 4 and 5 (Figure 4.2).
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For Gram-negative bacteria, in 3 of the 4 pointsignificant difference was found, while in
point 2 a significant lower eggshell contaminatieas found at the end of lay (Figure 4.2).
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Figure 4.2: Total count of aerobic (Total flora) and Gram-naga(G flora) flora in the different points of the
caged production chain 2. Vertical bars denote ¥#fidence intervals. Points of the same curve ath

common letters are significant different (beginniag = capital letters — end lay = small letters).

The initial and the average (points 1, 2, 4 aneédgshell contamination with total count of
aerobic bacteria was, respectively, 0.28 and 080dFU/eggshell higher at the end of lay.
For Gram-negative bacteria the corresponding figuvere 0.09 and 0.04 log CFU/eggshell

lower at the end of lay.

3.3  Organic production

The sampling of eggs at the beginning of lay (w88k showed no systematic increase or
decrease of total count of aerobic and Gram-negdiacteria through the chain (point 1 - 7).
The observed fluctuations for both parameters (feigu3) ranged between 5.30 and 5.86 log
CFU/eggshell for aerobic flora and between 2.60 8mtl log CFU/eggshell for Gram-
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negative bacteria. The observed statistical diffees or fluctuations for total count of aerobic
bacteria were of minor importance € 0.05 orP < 0.01); only a major difference was found
(P < 0.001) between the eggs sampled in the collgetira (point 2) and the eggs sampled on
the lorry (point 5). For Gram-negative flora ANOVZAvealed a statistically significar €
0.001) lower eggshell contamination of the eggslabig at the lorry (point 5) compared to
all other points in the chain. The differences fdlwetween the other 5 points had alfPa
value < 0.05. The eggshell contamination of thesegilected from the ground (ground eggs,
point 8, not shown in Figure 4.3) was higher fothbeariables (>0.5 log CFU/eggshdi;<
0.001) compared to the contamination of the eggspkal at other points in the chain;
respectively 6.36 log CFU total aerobic flora/eggkland 3.98 log CFU Gram-negative
flora/eggshell.

At the end of lay, a very similar course of eggsbehtamination through the chain (points 1
to 7) was found (Figure 4.3). However, the sigaifity lower contamination with both
parameters at the end of the chain in the shopsrgmbint 7) was striking, compared to the
contamination found in the previous 5 sampling iEggshell contamination of the ground
eggs (point 8) was again major significantly highler both variables (> 1.5 log
CFU/eggshellP < 0.001) compared to eggs sampled at other pointse chain; 7.94 log
CFU total aerobic flora/eggshell and 5.80 log CFtarG-negative flora/eggshell. The eggs
sampled in the extra nest boxes (point 9) were m@lgjor significantly higher contaminated (>
1.0 log CFU/eggshelP < 0.001); respectively with 6.88 log CFU total @®c flora/eggshell
and 4.67 log CFU Gram-negative flora/eggshell.

Comparing beginning and end of lay, contaminatiérth@ eggshell with total count of
aerobic bacteria was lower at the end of lay inf3he 6 sampling points (Figure 4.3).
However, the contamination of the ground eggs waSGlog CFU/eggshell higher at the end
of lay. For Gram-negative bacteria an oppositedngas found; eggshell contamination at the

end of lay was in 5 of the 6 points higher (Figdr8); this was also the case for the ground
eggs.
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Figure 4.3: Total count of aerobic (Total flora) and Gram-naga(G flora) flora in the different points of the
organic production chain. Vertical bars denote 9&8afidence intervals. Points of the same curve aith

common letters are significant different (beginnaiday = capital letters — end lay = small letjers

Initial and average (points 1, 2, 3, 4, 5 or 6 &heggshell contamination with total count of

aerobic bacteria was, respectively 0.29 and 0.830BU/eggshell lower at the end of lay;

while for Gram-negative bacteria the initial aneége contamination was 0.35 and 0.26 log
CFU/eggshell higher.

3.4  Barn production

Figure 4.4 shows no significant increase of baatezggshell contamination through the
chain; only minor fluctuations were found. Contaation was significantly lower in the last
point of the chain, the shop racks (point 5), bimthtotal count of aerobic bacteria and for
Gram-negative bacteria. The contamination of egdieated from the ground (ground eggs,
point 6) was again major significantly high& < 0.001) for both parameters compared to the
contamination of eggs sampled at the other pomtse chain.
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Figure 4.4: Total count of aerobic (Total flora) and Gram-naga(G flora) flora in the different points of the
barn chain. Vertical bars denote 95% confidencervials. Points of the same curve without commaeietare
significant different.

3.5  Bacterial air contamination in the production tains

Table 4.2 summarizes the total count of airboroeaflin different parts of the production

chains. The total count of aerobic bacteria indheof the alternative housing systems was
higher compared to the conventional cages; 5.6 (6B) (OE) and 5.4 (B) compared to 4.4
(C1), 4.6 (C2B) and 4.5 (C2E) log CFUinrespectively. For each production chain; air
contamination is lower at the warehouse, the seodghe shop and in the shop compared to

previous sampled points in the chain.



Table 4.2: Total count of airborne flora in thefeliént parts of the production systems (log CFUir).

Code Henhouse Corridor Collectingarea Packagieg  Ref. lorry  Ref. warehouse Ref. storage shop op &icks

Cage production 1; week 30 CiB 4.4 4.1 n.p. 3.8 3.7 2.9 2.9 3.2
Cage production 2; week 26 C2B 4.6 3.9 3.7 3.1 3.7* 2.8 2.6 3.1
Cage production 2; week 71  C2E 4.5 4.1 n.p. 3.4 n.d. n.d. n.d. n.d.
Organic production; week 39 OB 5.6 n.p. 5.5 4.3 4.3 2.8 2.4 2.9
Organic production; week 71 OE 5.6 n.p. 5.0 3.9 . n.d n.d. n.d. n.d.
Barn production; week 56 B 54 n.p. 3.8 3.7 3.7 2.9 2.7 3.0

Ref. = refrigerated; n.d. = not determined; n.pot present; * not refrigerated

v 1edey)

€6
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3.6 Initial eggshell contamination at the hen house

Comparing the initial bacterial eggshell contamoratof the eggs sampled in the hen house
(points 1 in Figures 4.1 - 4.4), we found on averay statistically significant higher
contamination P < 0.001) with total count of aerobic bacteria fbe alternative systems
compared to the conventional cages; 5.46 (averhgeint 1 at OB, OE and B) compared to
5.08 (average of point 1 at C1, C2B and C2E) lo@y/C&ggshell, respectively. On the other
hand the initial contamination with total count@fam-negative bacteria on the eggshells was
significantly lower P < 0.001) in the alternative housings; 3.31 (averaigpoint 1 at OB, OE
and B) compared to 3.85 (average of point 1 at@2B and C2E) log CFU/eggshell.

4 DISCUSSION

Only in one of the four sampled production chairege production 1, a major statistically
and microbiologically significant (> 1 log) increas one of the sampled points was found
(ignoring ground and extra nest eggs present atesofmthe production chains). At the
moment the eggs enter the candling, grading anéagaty area (‘3. Entrance packaging
area’ in Figure 4.1) the eggshell contaminatiornviabth total count of aerobic flora as well
as Gram-negative flora increased significantly.jlell eggs from the 4 hen houses passed
the same small surface, and the rolling of all eggshe same surface caused bacterial cross-
contamination due to eggshell dirt and broken egmtent. This critical point for
contamination could not be detected by visual in8pe of the eggshell (see also chapter 2,
paragraph 3.5). The type of conveyor, a metal gaa, also contain more dirt and egg content
compared to (double) roller conveyor belts. Thecamtamination (Table 4.2) was lower in
the candling, grading and packaging area (3.8 I6Y/6y* air) compared to the corridor (4.1
log CFU/n? air), which also confirmed that the significantciiease of bacterial shell
contamination was due to contact with the metal.gri

Comparing the initial bacterial eggshell contamoratof eggs laid in different pilot housing
systems, Protaiet al. (2003a) and we (chapter 3) also found a higheslegjjcontamination
with mesophilic aerobic bacteria in aviaries orgberies compared to conventional and
furnished cages. The aviary and perchery housisetgsyresembled, respectively, the organic
and barn system of this study. The increase fannthe alternative housings of these
published experimental studies was more than 13d&¢ unit (up to a total of 6.0 log
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CFU/eggshell) (ignoring outside nest eggs and gitagys), compared to only 0.4 log CFU
units increase of the alternative versus conveatioage systems in the study of this chapter.
It should also be noted that, in agreement withdset al. (2003a), also in our present study
a weak association between visual soiling of egus shell bacterial load was observed
(ignoring ground eggs) (data shown in chapter 8j. Gram-negative bacteria, in our former
study (chapter 3) we found no systematic significalifferences in initial eggshell
contamination between the three pilot housing systéaviary, conventional and furnished
cages), in comparison to an average 0.5 log umiedanitial contamination found in the
alternative commercial housings (OB, OE and Bhf present study.

Our study showed a higher contamination of thendin total counts of aerobic bacteria for
the alternative housing systems compared to thevertional cages. A positive but not
significant correlation rff= 0.77; P = 0.099) between air contamination and initial lishe
contamination was found. Protas al. (2003a) and we in our former study (chapter 3p als
found a correlation between the air contaminatibthe hen house and the initial bacterial
eggshell contamination of the eggs sampled at émhiduse (total count of aerobic bacteria).
In these studies, on average, 4 log CFU4in for the conventional and furnished cages was
found compared to a 100 times higher average (g6&IFU/nt air) in the aviary or perchery
housing. Similarly, Zoonst al. (2005) also reported a 5-fold higher contaminatbdust in

an aviary system compared to furnished cages (&0sbis 2.1 mg/f).

As in the study of this chapter, in the study odigier 3 comparing pilot housing systems, also
no systematic significant difference in bacterigg€hell contamination with total count of
aerobic and Gram-negative bacteria was found cangheginning and end of lay.

In comparison to the second category eggs of clyed house 1, the eggshell contamination
of eggs collected from the ground in the alterreatiousings (OB, OE and B) was major
significantly higher for both eggshell contaminatijparameters, compared to eggs sampled at
the other points of those chains. The high contatian of the extra nest eggs (OE) was also
striking; indicating that the extra nest boxes pthon the ground were also critical points for
the bacterial eggshell contamination. Protetisal. (2003a) and we in our previous study
(chapter 2) found counts up to 7 log CFU/eggshelihmse eggs laid on the floor.

For all four production chains the total count alafd-negative bacteria was on average >1
log CFU/eggshell lower compared to the total aerdlwra, indicating that Gram-positive
bacteria dominate the flora on eggshells; prob&lglyause of their greater tolerance to dry
conditions (Board and Tranter 1995).
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Finally, for all samplings of the production chawbkere eggs were available at the shop racks
within 5 days after lay (C1 and OB), no significal@crease in eggshell contamination with
both parameters was found compared to the predaogpled points (Table 4.1, Figure 4.1
and 4.3). For the other three samplings (C2B, O& By eggs were available at the shops
racks after 13, 9 and 10 days respectively, and/istigignificant less eggshell contamination
with both parameters compared to the previous pdifidble 4.1, Figure 4.2, 4.3 and 4.4).
These findings show that storing of shell eggs, teretemporary refrigerated or not, for 9
days or more, causes a significant decrease irt@oceggshell contamination. In a previous
study (chapter 2) we also reported a decreasectera eggshell contamination after 14 days
storage at room temperature and approx 50% relatimeidity; for Gram-negative bacteria
the decrease was statistically significant. Despiite significant higher initial eggshell
contamination with total count of aerobic bactdna eggshell of alternative systems (5.46
versus 5.08 log), the average contamination wasmomparable at the end of the chain
(5.20 versus 5.00 log). For Gram-negative bactgilba >0.5 log lower contamination was

found for eggshell from alternative housing systems

5 CONCLUSIONS

In the four sampled production chains the onlyiaalt points that are responsible for
introducing bacterial eggshell contamination wexegumulating eggs on a short conveyor
belt (metal grid), the initial eggshell contamiwatiin the alternative housing systems and the
extra nest boxes placed on the ground. The higtebakload of ground eggs explain why
they cannot be used as consumption eggs. The m#jerences in eggshell contamination
with total count of aerobic bacteria, found betwemmventional and alternative housing
systems in pilot studies (see chapter 3) are lesaopnced in the sampled commercial
housing systems.

Beside the identification of critical points andther studies to develop a less bacteriological
contaminated alternative non-cage housing systo,disinfection of the eggshell surface is
an important tool to reduce bacterial eggshell @amation. In the next chapter the effect of
the use of an UV irradiation system as integral péra conveyor belt to decontaminate

eggshell and belt is discussed.
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CHAPTER 5: The effect of a commercial UV disinfectbn system on the

bacterial load of shell eggs

Abstract

The effect of UV irradiation on the bacterial loatishell eggs and of a roller conveyor belt
was studied. The natural bacterial load on the égiisof clean eggs was significantly
reduced by a standard UV treatment of 4.7 s; frod¥ 40 3.57 log CFU/eggshell. For very
dirty eggs no significant reduction was observegg€inoculated witlEscherichia coland
Staphylococcus aureyd.74 and 4.64 log CFU/eggshell, respectively)sedsthe conveyor
belt and were exposed to UV for 4.7 and 18.8 s.rétection of both inoculated bacteria on
the eggshell was comparable and significant forhbeixposure times (3 and 4 log
CFU/eggshell, respectivelye. coli was reduced but still detectable on the convegders.
The internal bacterial contamination of eggs fillag with diluent containinde. coli or S.
aureuswas not influenced by UV irradiation.

The penetration of UV into organic material appetosse poor and UV disinfection can be

used as an alternative for egg washing of clearsegg
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1 INTRODUCTION

In chapters 2, 3 and 4 is shown that alternativesimg systems for laying hens can cause an
increase in bacterial eggshell contamination. laptér 1 and 6 a correlation between
bacterial eggshell contamination and internal eggction is reported. Disinfection of the
eggshell surface is therefore an important toaleduce the number of micro-organisms on
the shell surface and through this the preventiagg spoilage and egg-related illnesses. The
cuticle is an important physical barrier for eggading organisms (chapter 1 paragraph 2.1
and chapter 6 and 7). It obstructs bacterial irorably closing the pores resulting in a reduced
permeability of the shell (Fromm and Margolf 1998§g-washing chemicals can damage the
cuticle layer (Kim and Slavik 1996), change the nosétructure of eggshells or leave chemical
residues on shell surfaces (Kim and Slavik 1996ngvand Slavik 1998; Faviet al. 2001)
(see also paragraph 8 in chapter 1). Ultravioleadiation could be a more favourable
alternative for decontamination of the eggshell dkat al. 1997a). Studies using pilot UV
irradiation systems have shown UV irradiation todfiective in reducing the bacterial load
on the surface of visibly clean eggs (Keioal. 1997b; Chaveet al.2002; Coufakt al.2003).
Gao et al. (1997) studied, also with a pilot system, the @ffeness of UV irradiation on
different types of egg belt conveyor materials. Effect of UV irradiation on dirty (faeces)
eggs and internal egg decontamination has not pelelished to our knowledge.

The work in this chapter aims to compare the efféfce commercial irradiation system,
linked to a commercial roller system, on the eliation of aerobic bacteria on clean eggs and
dirty eggs, to study the effect on recent surfametamination (eggshell and rollers) and to

check the influence of UV irradiation on the coniaation of the egg content.

2 MATERIALS AND METHODS

2.1  Egg samples

Clean eggs were collected from a commercial conmealt housing system, with ISA Brown
laying hens, on the day of lay. Very dirty eggsgewith visible faecal contamination) were
collected from a commercial aviary housing systeith Bovans Goldline laying hens, on the

day of lay.
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2.2 Ultraviolet irradiation

A commercial UV-C disinfection system having a wawgth of 253.7 nm and an intensity of
10 mW/cnf was used (UV-disinfection unit MOBA; MOBA, Barnddle The Netherlands)
(Figure 5.1). The UV-disinfection system was linkel a MOBA plastic double roller
conveyor belt. Two different speeds of the convdyelt were used; one with a maximum
speed of 10 000 eggs/h per row and another witlo@enate speed of 2 500 eggs/h per row.
This resulted in a speed of the belt of 0.2167 ant$ 0.0542 m/s, respectively. As the UV-C
disinfection system had a length of 102 cm, theosype time for one egg was 4.7 and 18.8 s,

respectively.

2.3 Inoculation of eggs

Escherichia coli(ATCC 25922) andStaphylococcus aureuU®TCC 6535) were used to
inoculate the eggshell of clean eggs. Inoculatias werformed by immersing the whole egg
for 1 min in Phosphate Buffered Saline (PBS, Ox@&dsingstoke, UK) containing 10 1¢°
CFU/ml of the selected bacterium and was allowedryoat ambient temperature during 2 h.
This resulted in an average eggshell contaminatitm5.5 x 16 CFUE. colieggshell or 4.6

x 10" CFUS aureugeggshell.

E. coli (ATCC 11775) andS. aureusATCC 6535) were also used to inoculate the egg
content. The egg contents (albumen and egg yolkg weained after cutting a hole of approx

1 cnf with a rotary tool (Dremel, S-B Power Tool Compa@hicago USA) and a pair of
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tweezers. The inner part of the shell was rinsetth wierile ¥4 Ringers solution (Oxoid) to
remove the albumen adhering to the membranes aedthét the egg was filled up with ¥4
Ringers solution containing 1.0 x*lGFU E. coliml or 6.1 x 16 CFU S. aureusnl. After

filling up the eggs, the hole was closed with sitie.

2.4  Determination of the bacterial contamination ofeggshell, conveyor rollers and
internal egg fluid

The total aerobic mesophilic bacteria of uninocdatlean and uninoculated dirty eggs was
determined by the washing procedure outlined ipt#ha2, paragraph 3.1.

The E. coli or S. aureuscount on eggshells was also determined by wastnaeggg with
diluent as described before. The diluent was suesdty plated on Mc. Conkey No3 Agar
(Oxoid) for E. coli and Baird-Parker medium with Rabbit Plasma Filgero (Oxoid) forS.
aureus Plates were incubated at 37°C for 24 h and 4&pactively.

Individual rollers of the conveyor belt were swathbeith plain cotton swabs, soaked in
Buffered Peptone Water (BPW, Oxoid). Swabs wer@eaesvely immediately streaked on
Mc. Conkey No3 Agar and enriched for 24 h at 30ACBPW, followed by streaking the
enrichment on Mc. Conkey No3 Agar. The selectiagd were incubated at 37°C for 24 h.
After aseptic removal of the silicone, the interregjg E. coli or S. aureuscount was
determined by sampling 1 ml from the internal flwdh a sterile pipette through the hole and
plating on Violet Red Bile Lactose Agar (Oxoid) fér coli and Baird-Parker medium with
Rabbit Plasma Fibrinogen (Oxoid) f8t aureusPlates were incubated at 37°C for 24 h and

48 h respectively.

2.5  Decontamination experiments

In the first test cycle 80 clean and 80 dirty eggsre sampled, where both were not
inoculated. The next day 40 eggs from both categasiere irradiated at an exposure time of
4.7 s; the remaining 40 eggs from each categorg weed as control group. The total aerobic
bacterial count was determined the day after tiagliation.

In a second test cycle 15 clean eggs were inocllaid a culture oE. coli bacteria and 15
clean eggs witls. aureusdacteria. After drying at ambient conditions, h@dulated eggs of
both groups were passed on the conveyor belt,eshth eggs were UV irradiated for 4.7 s

and the other 5 eggs for 18.8 s. After the tesh Wt coli the individual rollers of the
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conveyor belt were swabbed. The remaining 5 eggbotii groups were used as control
group. TheE. coliandS. aureushell contamination was determined the same day.

To study the influence of UV irradiation on intekr@acterial egg contamination, the egg
content of 40 clean eggs was removed; 20 eggs filvd up with % Ringers solution
containingE. coli and the other 20 eggs with ¥4 Ringers solutionaioitg S. aureusFrom
each set of filled up eggs, 10 eggs were irradiatgd UV for 4.7 s and the remaining 10

eggs were used as control group. Microbiologicalyses were performed the same day.

2.6 Identification

Identification was performed on 2 colonies pickgdftom the Nutrient Agar plates used for
the determination of the total count of aerobic opéslic bacteria of 2 non-UV treated clean
eggs by partial 16S rDNA sequencing (Scheldemaih €004).

2.7  Statistical analysis

Analysis of variance was done on the log 10 tramséal counts according to paragraph 2.2 in
chapter 2.

3 RESULTS

The natural bacterial load (total aerobic bactevia)the eggshell of uninoculated clean eggs
was significantly reduced®(< 0.001) by UV treatment; from 4.47 to 3.57 logWZé&ggshell
(Figure 5.2). For the uninoculated dirty eggs a-sigmificant @ > 0.05) reduction from 6.17
to 5.99 log CFU/eggshell was observed (Figure 3d&ntification showed that the 4 picked
up colonies from the non-UV treated clean eggs vakenember of theStaphylococcus

equorumgroup (>97% similarity).
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Log (CFU total flora/eggshell)
[9;]

O Median
\ \ \ , , , , [ 25%-75%
NoUV UV NoUV UV _T_ Non-Outlier Range
©  OQutliers

Egg type: Clean Egg type: Dirty

Figure 5.2: Influence of UV disinfection (253.7 nm, 10 mW/Gm.7 s) on the natural bacterial load (total

aerobic bacteria) of uninoculated clean and digiyshells.

The reduction oE. coli surface contamination after inoculation was sigaiftly (P < 0.001)
for both exposure times respectively. A reductiér8 dog (4.7s UV) and 4 log (18.8 s UV)
occurred, compared with the control group havingnegrage contamination of 5.5 x*XDFU

E. colieggshell. ForS. aureuscomparable results were obtained; significat<( 0.001)
reductions of 3 log (4.7 s UV) and 4 log (18.8 s)W¢tcurred, compared with an initial
eggshell contamination of 4.6 x10FU S. aureukggshell.

After passing the UV device 3 times at both convesmeeds; ndc. coli could be isolated
from the plastic rollers surface by direct platofghe swabs from the surface. However, after
enrichment of the swabs taken after 3 and evem8stipassing the devick, coli was still
detectable.

UV treatment did not significantly influence thaamal egg contamination. F&: coli, UV
treated eggs contained on average 4.07 log CFlWmpared with 4.37 log CFU/ml for non-
treated eggsH < 0.05), forS. aureughe count in UV treated eggs was even higher coadpa
with non-treated eggs, 2.75 versus 2.64 log CFJAw 0.14) (Figure 5.3). To determine the
effect of repeated UV-treatments, two eggs fillgdwith E. coli (4.37 log CFU/ml) were
irradiated three times subsequently for 4.7 s dtedveards still contained 4.08 and 4.36 log
CFUE. coliml respectively.
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Figure 5.3: Influence of UV disinfection (253.7 nm, 10 mW/gm.7 s) on the internal contamination of eggs.

4 DISCUSSION

Our data showed no significant reduction of theurst bacterial load on very dirty
uninoculated eggs compared with a significant rédaooon visible clean uninoculated eggs.
Possibly the on top faeces particles on the sh¢leodirty eggs formed a protective layer for
the bacteria against the UV treatment. The penetradf UV into the organic material
appears to be poor, only the outer surface laysrapparently exposed. Sternaetral. (1987)
also found that the bactericidal effect of UV ligh#s less effective on rough meat surfaces
because bacteria were partly shielded from theatiadi.

Kuo et al.(1997b) evaluated different UV (254 nm) treatmeémies (0, 15 and 30 min) at an
intensity of 620 pW/cmand different intensities (620, 1 350 and 1 720/gnff) at a
treatment time of 15 min. For all UV treatments @ reduction of CFU of aerobic bacteria
per eggshell was observed. The visibly clean edigsindaces initially contained 5.0 log CFU
aerobic bacteria per eggshell. Faweal. (2001) found a reduction of 1.6 log on uninoculate
clean eggs after an UV exposure for > 25 min (26% 4 573 puW/crf). In one of the
experiments of Chaveet al. (2002), visibly clean eggs were exposed to UVtineat (254
nm; 7.35 mWi/crf) for 0, 15, 30 and 60 s. Exposure of eggshell&/tbfor 30 and 60 s
resulted in a 0.8 - 2 and a 2 - 3 log reductiontr@ aerobic plate count per eggshell,
respectively. Coufat al. (2003), using an UV cabinet (254 nm, 4 min and14 mW/cnf),

found a 1.3 log reduction. All previous mentionédidées used pilot UV irradiation systems.
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In our experiment, using a 253.7 nm - 10 mW/@ommercial UV treatment, a reduction of
0.9 log was found after the short period of 4. \&tteatment. Gaet al (1997) came to the
conclusion that the exposure time was more impottamn the UV intensity.

The significant reduction of the surface contamoratafter eggshell inoculation was also
found by other researchers. Keb al, (1997b) found a significant reduction $&imonella
Typhimurium inoculated on eggshell surfaces (2.3 CFU/eggshell); one minute of
irradiation (254 nm; 620 pW/cihdecreased the population with approximately 3 @gufal

et al. (2003) found a 4 log reduction f&@almonellaTyphimurium and a 4 - 5 log reduction
for E. coli (254 nm, 4 min and 4 — 14 mW/@n The latter is comparable to our 4 log
reduction for the inoculatel. coli bacteria (18.8 s UV). Favier et al. (2000b) foudd
irradiation was more effective on groups of eggthvow Yersinia enterocoliticanoculum
(2.4 x 10 CFU/eggshell) than on those groups with high ifwTu(2.2 x 16 CFU/eggshell).

A decrease of 4.39 and 1.43 log cycles was obseafted 40 min of 4 573 pW/cmuV
exposure respectively.

Gaoet al.(1997) demonstrated th&almonellawas easier to eliminate from plastic belt than
from other materials tested; fibre belt was mostiatilt, eggshell and metal were within
median range. In our study the contamination of rihiers with E. coli, a less dangerous
substitute folSalmonellawas not completely eradicated.

Although E. coli, S. aureus(inoculated eggs) an&taphylococcus equoruifexample of
natural flora on clean eggs) have a comparable atraftenergy needed to be deactivated by
UV (6 600 pJ folE. coliand 5 720 — 6 600 pJ f&taphylococcusp. respectively) (Srikanth
1995), our study showed that the UV decontaminatias clearly more effective da. coli
andS. aureusnoculated eggs compared to naturally contaminalean eggs. The freshness
of the inoculum (which might lead to a higher syitelity of the bacteria), the more
protected position (shielded) of the natural florathe eggshell or the presence of organisms
that are only partly or effectively not deactivateg the UV system on clean eggs might
explain this difference. As already mentioned impmter 1 different other researchers also
reported Staphylococcusspp. as natural flora present on the eggshellthis study, no
determination of the initial composition of all thecroflora of the eggshells was performed.
Although the effect of UV treatment on internal coli contamination was for one test
statistically less significant, in microbiology tllecrease is limited relevant. Both organisms
used for the internal egg contaminati@ ¢oli andS. aureusneed the same UV deactivation

energy; 6 600 pJ (Srikanth 1995). Our results stimav UV cannot penetrate the eggshell.
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Gaoet al.(1997), using a UV sensor placed beneath a pieeggdhell, confirmed that UV
penetration could not be detected on the othercfide eggshell.

5 CONCLUSIONS

We can conclude that there is a significant let#fédct of the commercial UV disinfection
system on bacterial contamination of visibly clesgshells and recent shell contamination,
that contamination of rollers can be controlled hat completely eradicated, and that the
internal contamination of eggs was not reducechbyUV irradiation used.

In the next chapter the correlation between badteggshell contamination and eggshell
penetration and whole egg contamination is disausBer that purpose eggshells of agar-
filled eggs and whole eggs were inoculated withlpdgnetically diverse bacterial species.
The influence of physical barriers of the egg (égdisfactors) and the hen age on the

penetration and contamination was determined.
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CHAPTER 6: Eggshell factors influencing eggshell pgetration and whole

egg contamination by different bacteria, includingSalmonella Enteritidis

Abstract

In a first study trans-shell infection routes andholke egg contamination of 7 selected
bacterial strains;Staphylococcus warnecinetobacter baumannilcaligenessp.,Serratia
marcescensCarnobacteriumsp., Pseudomonasp. andSalmonellaEnteritidis, recovered
from egg contents, were studied. A first objectivas to correlate bacterial eggshell
penetration with various eggshell characteristicelahe identity of phylogenetically diverse
bacterial strains. An agar approach was used toeassthe eggshell penetration. A second
objective was to assess the contamination of whglgs with the bacterial strains; whole
intact eggs were used in this case. The intactlshadl agar-filled and whole eggs were
inoculated with 18- 10" CFU of the selected strains. Inoculated eggs ve&seed for 3 weeks
at 20°C and 60% relative humidity. Bacterial egdkpenetration was regularly monitored
and whole egg contamination was analyzed after &aeContrary to the cuticle deposition,
the eggshell characteristics shell surface arealisthickness and number of pores did not
influence the bacterial eggshell penetration. ThwM egg contamination was not influenced
by neither the area of the eggshell or the porositthe eggshell. The results of the agar
approach indicate that the Gram-negative, motilel aon-clustering bacteria penetrated the
eggshell most frequently; Pseudomonas sp. (60%)Adecaligenessp. (58%) were primary
invaders followed bySalmonella Enteritidis (43%). All selected strains were abie
penetrate; penetration was observed most frequexfter approx 4 - 5 days. In comparison
with the nonSalmonellastrains,SalmonellaEnteritidis was a primary invader of whole eggs
in the first study: the membranes and/or the cantahn32% of the whole eggs were
contaminated. Penetrated eggshells and contaminatedle eggs showed a significantly
higher bacterial contamination on the eggshell canep to respectively not penetrated
eggshells and not contaminated whole eggs (gemesallts of all strains). The influence of
hen age on bacterial eggshell penetration and eggent contamination was not significant.
In a second short study the whole egg contaminatotn four different Salmonella
Enteritidis strains and one&almonella Typhimurium strain was studied. Contamination

percentages ranged from 6% - 26%, with no specagacity of egg relatedbalmonella
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Enteritidis strains compared to otheésdmonella Enteritidis strains and the&Salmonella

Typhimurium strain.



Chapter 6 108

1 INTRODUCTION

The increasing consumer awareness of food safetyes$shas changed the public perception
of a “good egg” from shell cleanliness and physmaperties to that of microbial integrity.
Micro-organisms can contaminate egg contents &rdifit stages, from laying, handling to
preparation and consumption. Transovarian or “gaftitransmission of micro-organisms
occurs when eggs are infected during their fornmatio the hen’s ovaries. Horizontal
transmission occurs when eggs are subsequentlhyseddo a contaminated environment and
micro-organisms penetrate the eggshell (see alaptehl, paragraph 4). Studies conducted
by Barrow and Lovell (1991) suggest that most & dontamination is due to horizontal
transmission, although others do not agree (Hunyphf94a). Contents contamination of
whole intact eggs witlsalmonellaEnteritidisshould be mainly the result of infection of the
reproductive tissue (Humphrey 1994a). Differeneegshers reported on the penetration of
bacteria through the eggshell with associated mends and on the following whole egg
contamination. Some published reports suggestadioethip between eggshell quality and
bacterial eggshell penetration and/or whole eggaroimation (Sauter and Petersen 1974;
Nascimento and Solomon 1991). Most research wagséat on the penetration and/or
contamination oPseudomonaand various salmonellae. Bacteria of the gédPssudomonas
have been shown to more readily penetrate into @veghs of poor shell quality (Sauter and
Petersen 1969). Sauter and Petersen (1974) alsal finat whole eggs with low specific
gravity or low shell quality were more likely to Ipenetrated byalmonella Berranget al.
(1998) reported on the influence of egg weightcgmegravity, conductance and flock age on
the ability of Salmonellato penetrate the shell and the membranes. Beahedk quality
measures did not change greatly in relation tokflage and the&almonellaTyphimurium
penetration patterns did vary, they concluded ithiatlikely that factors other than just shell
quality are involved in bacterial penetration ingsigells. Nasciment@t al. (1992) also
reported an increasing eggshell penetration frorB%2beginning of lay) till 25.0% (end of
lay) for SalmonellaEnteritidis. Messenst al. (2005a) did not found a correlation between
eggshell characteristics and eggshell penetratith ®almonella Enteritidis. Bruce and
Johnson (1978) reported for hatching eggs an isorgacontamination of eggs as flocks
became older.

Until now no attention was given to the connecti@tween bacterial eggshell penetration and
whole egg contamination. In this study the influermé hen age and eggshell characteristics

on the eggshell penetration on the one hand aneégbecontent contamination on the other
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hand was investigated, using 7 selected bactetrains isolated from the egg content of
consumption eggs. To study more in detail the gateaf Salmonellato contaminate whole
eggs by the horizontal infection route, the whalg eontamination with differeralmonella

strains was determined.

2 MATERIALS AND METHODS

2.1 Eggs

For the first study, eggs from a fixed stable afcenmercial conventional housing system,
housing ISA Brown laying hens, were collected &t day of lay. Upon storage overnight at
20°C the eggs were filled with agar and/or inocdatas described in paragraphs 2.3 and 2.4
of this chapter). The laying hens were placed wdpction at the hen age of 24 weeks and
eggs were sampled at the ages of 32, 34, 46, 6@nB974 weeks. Eggs were visually
inspected by candling and only intact eggs (noksapin-holes...) were included in further
analyses. In the second study, used eggs cametlfidmigher mentioned system, housing a

new flock of ISA Brown hens with an age of 45 wegkéddle of lay).

2.2 Bacterial strains and cultures

Seven phylogenetically diverse bacterial straiStaphylococcus warner(MB 2792),
Acinetobacter baumann{MB 2793), Alcaligenessp. (MB 2794) Serratia marcescendvB
2795), Carnobacteriumsp. (MB 2796), Pseudomonassp. (MB 2797) andSalmonella
Enteritidis (MB 1409), all own isolates from eggntents, albumen or yolk, were used in the
first study. The content isolations were obtainexf commercial brown eggs from various
production units that were analyzed at expiry dafter storage at room conditions. The
determination of the egg contents contamination based on the aseptically removal of the
egg contents (for details see paragraph 2.6 in d¢hapter) and separation of yolk from
albumen followed by plating out of both on Nutri&dar (NA, Oxoid, Basingstoke, UK) and
incubation at 30°C for 72h. Species identificatimas done by 16S rDNA sequencing
(Scheldeman et al. 2004). In the second studyddterent SalmonellaEnteritidis strains and
one SalmonellaTyphimurium strain were used. The fdsalmonellaEnteritidis strains were
originally respectively isolated from two differeagg contents (MB 1409 and MB 1419),
from a deer (MB 1535) and a lizard (MB 2499); talmonellaTyphimurium (MB 2115)
strain was isolated from overshoes taken at th&ideienvironment of a pig farm.
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Strains were selected for resistance to streptamyEhe streptomycin resistant bacteria,
stored on Protect Beats at - 80°C, were resusdithye incubation overnight at 30°C in
Buffered Peptone Water (BPW, Oxoid) with 25 ppnegtomycin (Sigma-Aldrich, S 6501,
St.Louis, USA). This culture was plated on NA wi#® ppm streptomycin and again
incubated overnight at 30°C. One colony was growermight in 9 ml BPW with 25 ppm
streptomycin and 2 ml of the culture was diluted200 ml ¥4 Ringers solution (Oxoid) to
obtain an immersion solution of 2010° CFU/ml. Enumeration was done by plating 100 pl

by spiral-enter (Eddy Jet, IUL instruments, Baro@lpon NA with streptomycin (25 ppm).

2.3 Agar method for the assessment of the eggshedinetration

An agar method described by Berragigal. (1998) was adapted to study and visualize the
bacterial eggshell penetration. The egg contente wrained after cutting a hole of approx 1
cn? with a rotary tool (Dremel, S-B Power Tool Compahicago, USA) and tweezing.
After rinsing the inside of the shell with sterid& Ringers solution (Oxoid), in order to
remove the albumen adhering to the membranes,gipevas filled with molten (50°C) NA
with 25 ppm streptomycin (Sigma-Aldrich), 50 ppntioheximide (Sigma-Aldrich, C 7698)
and 0.1% 2,3,5 triphenyl tetrazolium chloride (Difé-TTC, Becton Dickinson and
Company, Sparks, USA) (Figure 6.1). After harderohghe agar, the hole was closed with
commercial silicone. The addition of streptomyarthie agar assured that only the inoculated
streptomycin resistant bacteria were able to growthe agar, thus holding down all other
natural flora competitors present on the fresh legigsnd able to penetrate. Cycloheximide
was added to prevent yeast and mould growth. Wibareterial penetration occurred
organisms grew on the agar and reduced the TTGrtazan which is red in color (Figure
6.1). Penetration was recorded when red coloniegshenagar were visible by candling.
Candling was performed daily during the first dayshe experiments and three times a week
later. Red colonies seen nearby the hole were as$tonresult from contamination and not

recorded as penetration.
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Figure 6.1: Filling up drained eggs with supplemented Nutrigxgar (left); inoculation of eggshell by

immersion in a bacterial suspension (middle); Visation of penetration by candling (right).

2.4  Inoculation and storage

Agar-filled (agar approach) and whole eggs (intagg approach) were inoculated by
immersion for 1 min in Phosphate Buffered SalinB$POxoid) containing 10 1¢° CFU/m

of a streptomycin resistant strain of one of tHected species. This resulted if100* CFU

of the selected bacterium on the eggshell. Aftgindrat ambient conditions (during 2 h) the
eggs were stored in a climate chamber (Termaks BB¥ F, Solheimsvinken, Norway) at
20°C and 60% relative humidity (RH) for up to 21lyslai.e. the average sell by date in
Belgium. This temperature/RH combination resembtesenvironmental conditions the eggs
are exposed to most of the year at the packagatgpstand the store (see chapters 1, 2 and
4).

2.5  Determination of the eggshell contamination

At day 0 and day 21 the eggshell contaminationetn limit 10 CFU/eggshell) with the
selected strains was determined by washing theregglastic bag with diluent and rubbing
the eggshell through the bag to detach the badsem chapter 2, paragraph 3.1). The diluent
was next plated by a spiral-enter on NA with 25 pgineptomycin. Plates were incubated at
30°C for 72 h.

2.6  Determination of the egg content contamination

To remove the egg contents of whole eggs aseptiathct egg approach), a modification of
the method described by Himathongkhatral. (1999) was used. Each egg was placed in a
petri-dish and sprinkled with 75% ethanol. Rollitige egg in the dish with tweezers, the
alcohol was burned off during approx 5 s. After exand successive short flaming the
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disinfected egg was broken by hand using a stetdde and sanitized plastic gloves. The
whole egg was separated in two fractions; the absumith yolk and the burned off eggshell
with the membranes. Both fractions were enricheBRW at 30°C for 24 h and plated out on

NA with 25 ppm streptomycin. Plates were incubated80°C for 72 h.

2.7  Eggshell characteristics

During the eggshell penetration and egg contentacoimation experiment of the first study,
different eggshell characteristics were determifféuk shell surface area, the shell thickness,
the number of pores, and the cuticle score wemiesdun the penetration experiment. As the
whole egg contamination experiment is a destructieghod, only shell surface area and loss
of weight at the pores were measured. The egg Wwefghe fresh eggs was measured and the
formulaS = 4.67*3 was used to calculate the shell surface area (T@B3).S represents
the surface area of the egg in“camdW the fresh weight of the egg in g. The shell thizss
was determined at three places with a micrometel the mean value was used for
calculations. The number of pores was determinednimroscopic counting (ocular x 8,
objective x 4) (Olympus BH2-RFCA, Tokyo, Japankafmmersion of pieces of the eggshell
for 25 sec in 65% nitric acid solution (Tyler 1958nsing with distilled water and removal of
the membranes. Fourteen places of approx 1 wene counted, 7 places at the apex and 7
places at the blunt end. The number of pores wasrgd and expressed as total number of
pores of the entire eggshell. The cuticle score avadyzed by dying with an agueous mixture
of 7.2 g Tartrazine and 28 g Green S per litre éBtr N.V., Zaventem, Belgium) (also
referred to as Edicol Pea Green) (Board and H&8lg3l The cuticle was stained by
immersion of the egg for a period of 1 min. Thellsivas then rinsed with distilled water to
remove excess dye, followed by drying. The remaimed colour,.e. the colour at places
were the green dye did not bound to, was analys#id Raint Shop Pro version 8 (Jasc
Software, Eden Prairie, MN 55344, USA) using thetdgram function. Using this method,
the red value score or cuticle score is oppositelyelated with the cuticle deposition. Using
the intact egg method, the loss of weight was detexd for the fresh eggs after exactly 24 h
of storage at 20°C and 60%RH. This weight lossisdicator for the shell porosity.

2.8  Statistical analysis

The bacterial counts were log 10 transformed ptoorstatistical analysis (Jarvis 1989).
Differences in eggshell characteristics and egdisloatamination as function of the presence
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of penetration or contamination were assessed avitlinalysis of variance. A simple linear
regression was carried out to determine the infltaeof hen age on eggshell penetration,
whole egg contamination and eggshell charactesisAd analyses were done in Statistica 7
(Statsoft, Tulsa, USA).

There were left and right censored data for baatenunts simultaneously, as a part of the
data consisted of values ‘<10 CFU/eggshell’ and 0&® CFU/eggshell’. However, there
were exact bacterial counts larger than 3 000 abiglas well. Hence, we took a different
approach for the left and right censored part. &dlsi, we assumed that the data that were
present is the best guess for the data that havbetaeconstructed. We constructed
distributions, derived from the available data,nirovhich we sampled in a bootstrap
procedure. As there are actual data available al30@®0, we constructed an empirical
cumulative distribution based on these data. Thequivalent to supposing that the censored
data had the same distribution as the available. ddtis was done separately for each strain
inoculated on the agar-filled eggs and on the wkglgs. The values >3 000’ were then each
replaced by a random sample from the correspondisigibution. Because there were no
exact data available for counts ‘<10’, we fitteddistribution to the data (excluding the
censored values) of each strain (agar-filled andlevkbeggs separately) and extrapolated to the
‘< 10 zone'. A normal distribution was fitted toethog-transformed data and then truncated
between 0 and 1. The values smaller then 10 wererdgplaced by random samples from this
distribution. Finally, a 10 000 iteration bootstraps done on the averages of each strain of
the agar-filled eggs and the whole eggs where #rsared data were sampled from the
constructed distributions as outlined above. (Mdr894)

3 RESULTS

3.1 Effects of egg(shell) characteristics on eggs$heenetration and whole egg

contamination

Table 6.1 shows the mean values with standard gevsa(stdev) for each analyzed eggshell
characteristic for all eggshells (T), penetrategsbglls (Y) and non-penetrated eggshells (N)
(agar approach). Those data are available fornb&idually selected bacterial species as

well as for all bacterial strains combined.
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Table 6.1:Eggshell characteristics, shell contamination aygsbell penetration on day 21.

Strain Nf Area Shell thickness Number of Cuticle Shell
eggshell (mm)* poreé scoré contamination
(cm?)? on day 21
(log
CFU/shell}
S. warneri f 61 74338 0.417+0.036 6300 + 2300 93 + 34 25+0.9
(MB 2792) Y 9 748+54 0.407+0.016 5500+1600 12040 35+1.1
N 52 742+35 0.419+0.038 6400+ 2400 89 + 32 23+0.8
Carnobacteriunsp T 60 74.1+46 0.410+£0.035 5900 +2200 85 +40 16+1.4
(MB 2796) Y 13 748+3.0 0.412+0.035 6000+2800 122+36™M™ 25+2.1
N 47 73.9+49 0.409+0.036 5800 +2100 75 + 38" 14+1.1
Alcaligenessp. T 57 759+4.2 0.424+0.037 5800 + 2100 93 + 34 3.7+24
(MB 2794) Y 33 768+3.8 0.419+0.037 5900+2000 100 + 38 5.0+1.6°
N 24 747+45 0.432+0.036 5800 + 2400 81 +24 1.8+ 1.7
A. baumannii T 62 741+54 0.418+0.036 5700 + 2600 84 + 33 20+1.3
(MB 2793) Y 15 748+3.3 0.418+0.033 5500 + 2200 98 +41 3.3+1.8%
47 739+59 0.418+0.037 5800 + 2700 79 +28 1.7 +09%
Pseudomonasp. T 52 755+3.8 0.417+0.032 6700 + 6700 98 + 36 3.6+22
(MB 2797) Y 31 761+4.1 0.417+0.035 7600+8400 103 +42 4.7 +£1.P°P
21  74.7+33 0.417+0.028 5400 + 2800 91 +25 2.1+1.8%°
Salmonella T 51 750+45 0.417+0.029 5800 + 2400 98 + 38 25+1.8
Enteritidis Y 22 753+45 0.426+0.027 5800+2300 107 +41 3.4+1.P8
(MB 1409) N 29 749+46 0.411+0.029 5700 + 2500 92 + 36 1.8+1.68
S. marcescens T 60 74.7+3.9 0.420 +0.033 5800 + 2400 87 +28 1.0+0.7
(MB 2795) Y 8 76035 0.425+0.039 6300 + 2700 96 + 25 19+1.6
N 52 745+39 0.419+0.032 5700 + 2400 85 + 28 0.9+0.6
All bacterial straind 403 74.8+4.4 0.418+0.034 6000 + 3300 91 +35 23+1.8
Y 131 758%4.0 0.419+0.033 6200+4500 105+3%%® 3.8+16F
N 272 743+45 0.417+0.035 5900 +2400 84 +3F"E 1.6 + 1.F5E

2Values are means + stdéWalues are means + stdev after log 10 transfoomatiNumber of eggs’ Total

eggshells® Penetrated eggshells\on-penetrated eggshells

different (P < 0.001)

Table 6.2 shows the data for the whole egg contatioim experiment; all whole eggs (T),

.AAA, BBB, .

A B Means with the same letter are significantly défe ( < 0.05);* B8 -

highly significantly differentP < 0.01)

“ Means with 2 same letters are
* Means with 3 same letters are extremely signifigan

contaminated whole eggs (Y) and non-contaminatealewggs (N) (intact egg approach).
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Table 6.2: Eggshell characteristics, shell contaminationawhdle egg contamination on day 21.

Strain Nf  Areaeggshell Nr®  Loss of weight Nr° Shell
(cm)? after 24 h (¢ contamination
on day 21
(log CFU/shell§

S. warneri ¥ 55 75.0+£3.7 45 0.308 £0.151 51 3.0+£0.7
(MB 2792) Y 8 76.0+4.1 7 0.324 £0.234 7 3.3+04
N 47 74.8 £ 3.7 38 0.304 £0.135 44 3.0+£0.7
Carnobacteriunsp. T 53 74.3+4.0 44 0.335+0.166 45 1.1+07
(MB 2796) Y 10 73.4+3.3 10 0.263 +0.119 8 1.1+£0.7
N 43 74.6 £4.1 34 0.356 +0.174 37 1.1+£0.6
Alcaligenessp. T 55 74.0 £3.8 45 0.322 £0.119 53 1.3+0.8
(MB 2794) Y 7 75.2+4.38 7 0.311 £0.145 7 1.2+0.6
N 48 73.8+3.7 38 0.324 £0.116 46 1.3+0.8
A. baumannii T 56 74.8 £ 3.7 46 0.305 £0.154 54 19+0.7
(MB 2793) Y 8 75.4+3.8 8 0.290 £ 0.175 8 2009
N 48 74.6 £ 3.7 38 0.308 +0.152 46 1.9+£0.6
Pseudomonasp. T 44 742 +4.4 43 0.358 +0.206 44 15+£1.0
(MB 2797) Y 5 73.0+£3.2 5 0.256 £ 0.080 5 26+1.2
N 39 74.3 £ 4.6 38 0.371 £0.214 39 1.4+0.9
Salmonella T 45 755+4.1 36 0.356 £0.220 45 1.3+0.8
Enteritidis Y 15 75.6 £4.7 10 0.402 + 0.255 15 1.6+£0.9
(MB 1409) N 30 755+ 3.8 26 0.338 +0.207 30 1.2+£0.7
S. marcescens T 56 748+4.0 46 0.505 +1.147 47 14+10
(MB 2795) Y 5 73.8+3.0 5 0.346 +0.137 4 24124
N 51 749 +4.1 41 0.524 +£1.215 43 1.3+0.9
All bacterial strains T 364 74.7£3.9 305 0.356 £0.473 339 1.7+10
Y 58 74.8£4.0 52 0.316 £0.178 54 1.9+1.14
N 306 74.6 +3.9 253 0.364 +0.513 285 1.7 +1.0%

aValues are means * std@Walues are means * stdev after log 10 transfoongtiNumber of eggs! Total
whole eggs® Contaminated whole egdsNon-contaminated whole eggs
A Means with 2 same letters are highly significadiferent @ < 0.01 and > 0.001)

Evaluation of the data (Table 6.1) showed no siggift difference between area eggshell,
shell thickness and number of pores and the presencabsence of bacterial eggshell
penetration. For each individual strain and for gemeral results of all strains the mean
eggshell area of the penetrated eggshells washighenot significant, compared to the non-
penetrated eggshells. The mean cuticle score wgisehifor penetrated compared to non-
penetrated eggshells (individual strain and allaist). For the individual strain
Carnobacteriunsp. and for the general result of all strains thierence was significanP(<
0.001). Using our method, the cuticle score is epply correlated with the cuticle
deposition; the higher cuticle score correspondk wiower cuticle deposition.

Table 6.2 shows that the whole egg contaminatios et influenced by either the area of the

eggshell or by the porosity of the eggshell (Iodsweight after 24h).

3.2  Effect of bacterial survival on the eggshell petration and whole egg
contamination

The individual data per selected strain and theggmata (all bacterial strains) obtained with
the agar approach, showed a higher count of theulated strain on the eggshell at day 21
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(shell contamination on day 21) for penetrated bgls (Y) compared to non-penetrated
eggshells (N) (Table 6.1). This higher count wasnesignificant for the general data €
0.001) and for six of the seven selected stragspectively foiS. warnerj Alcaligenessp.,A.
baumannij Pseudomonasp., SalmonellaEnteritidis andS. marcescen§espectivelyP =
0.011, < 0.001, 0.0018, < 0.001, 0.0016 and 0.00B@ure 6.2 shows the box plot of the
bacterial count on the eggshell at day 21 for pated compared to non-penetrated eggshells,

considering all selected strains.

o Median
[ 25%-75%
6t R “T_ Non-Outlier Range
©  Outliers

Log(CFU/eggshell)

Penetration

Figure 6.2: Total count of inoculated species on the eggsifglenetrated (Y) and non-penetrated eggshells (N)

considering all strains.

The count of bacteria on the shell of whole eggs wa average 0.6 log CFU/shell lower
compared to agar-filled shells; respectively 1.isus 2.3 log CFU/shell (Table 6.1 and 6.2).
For 5 of the 7 selected strains the contaminatedleveggs had a (slightly) higher count of
the inoculated strain on the eggshell at day 21néme of the strains this was significant. The
overall data of all strains showed that the countle eggshell of the contaminated whole
eggs was significantly higheP = 0.0029); 1.89 log CFU/shell versus 1.66 log CGiHell for

the non-contaminated whole eggs (Figure 6.3).
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o Median
[ 25%-75%
—T_ Non-Outlier Range

Log(CFU/eggshell)

Contamination

Figure 6.3: Total count of inoculated species on the eggsbkltontaminated whole eggs (Y) and non-

contaminated whole eggs (N) considering all strains

3.3  Effect of storage time on eggshell penetration

Independent of the selected strain, the eggshaktpation was observed most frequently at
approx day 4 - 5 (Figure 6.4). At day 6 and dayr&4pectively, up till 80% and more than
95% of the total eggshell penetration was obserdda histograms (not shown) of the
penetration days for each individual strain are garable; most penetration spots appeared
before day 6.

Number of observations

2 4 6 8 10 12 14 16 18 20 22

Detection of penetration and growth (days)

Figure 6.4: Histogram of the penetration day independent oftiected straim(= 131).
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3.4  Effect of bacterial strain on eggshell penetrain and whole egg contamination

Figure 6.5a shows the percentage of eggshell @iwetr(agar approach) for all strains used,
after 21 days of incubatiorPseudomonasp. andAlcaligenessp followed bySalmonella
Enteritidis penetrated most frequently the eggshgley accounted for 60, 58 and 43% of the
agar-filled eggs penetration, respectively. Figareb shows the percentages of whole egg
contamination (intact egg approach). The egg custef whole eggs were most frequently
contaminated byalmonellaEnteritidis (33%) followed byarnobacteriumsp. (17.5%). All
strains were able to penetrate in agar-filled e@gggshell penetration) as well as to
contaminate whole eggs (whole egg contaminatiohth® 403 agar-filled eggs, 131 (33%)
were penetrated by the selected strains comparadctmtent contamination of 16% (60 on
385) whole eggs. The fraction albumen and yolk frehole eggs was contaminated for 11%
(42 on 385) while 15% (56 on 385) of the eggshétstside decontaminated) with
membranes attached were positive.

Eggshell penetration (%)

90 0
O Median
O 25%75% o, Medan
80 | T onouer 80 L] %796
o Outliers Feree —~ L gUTOU[IHW
\Q [e] utliers
70 S 70
c
) o
60 o g 6
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c R
40 o S 4w
3
30 o o 30 o
Q
20 o o 2 °
: 1 |?
10 10 o o ’—DT 0
[m}
0 - - 6]
S. warneri Alcaligenes sp. Pseudomonas sp. S. marcescens S. wameri Alcaligenes sp. Pseudomonas sp. S. marcescens
Carmnobacteriumsp. A. baumannii Salmonella Enteritidis Camobacteriumsp. A. baumannii Salmonella Enteritidis

Figure 6.5 a:Percentage of eggshell penetration for each iddalibacterial strains.

Figure 6.5 b: Percentage whole egg contamination for each iddalibacterial strains.

3.5  Effect of hen age on eggshell penetration, wieoegg contamination and eggshell

characteristics

Bacterial eggshell penetration and egg contentacoimation for all 7 selected strains was
studied on eggs laid at 34, 46, 69 and 74 weeksenfage using the agar approach and the
intact egg approach (Figures 6.6a and b). The teesllowed that the bacterial eggshell
penetration remained almost constant during thigeelatying period. At week 34, 46, 60, 69
and 74 average penetration percentages for alitedlstrains together were respectively 30,

39, 41, 33 and 37%. The whole egg contaminatiomeased slightly with hen age from
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respectively 13%, 13% and 15% in week 34, 46 antlleB6% and 20% in week 69 and 74
(not significant;P = 0.167).

a b
100
@ Staphylococcus warneri
O Carnobacterium sp.
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Figure 6.6a: Bacterial eggshell penetration of each selectenstiuring laying period.

Figure 6.6b: Bacterial whole egg contamination of each selestain during laying period.

The eggshell characteristics shell thickness amdl sinea were significantly influenced by

hen age, albeit very weak; shell thickness decteasdde shell area increased (Figure 6.7).
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Figure 6.7: Influence of hen age on several egg charactesisdfertical bars denote 95% confidence intervals.

(Full line is linear regression curvé,= correlation coefficient anél = significance slope)
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3.6  Whole egg contamination with the differenSalmonella strains

For the second study; contamination percentagds8@ (MB 1409), 6% (MB 1419), 14%
(MB 1535) and 26% (MB 2499) fa®almonellaEnteritidis isolated respectively from two
different egg contents, a deer and a lizard; an@48b for SalmonellaTyphimurium (MB

2155) isolated from overshoe of a pig house wenado Fifty intact whole eggs were used in

each case (Figure 6.8). Average eggshell contaroinsabn day 21 were comparable.

[0}
o
1

(o2}
o
1

N
o
1

N
o
1

Whole egg contamination (%)

P T T T T
Enterftidis Enteritidis Enteritidis Enteritidis Typhimurium

MB 1409 MB 1419 MB 1535 MB 2499 MB 2155

(egg content) (egg content) (deer) (lizard) (overshoe pig house)

Figure 6.8: Bacterial whole egg contamination for each seteBmonellastrain. Vertical bars denote 95%
confidence intervals.

4 DISCUSSION

The area of the shell of penetrated eggshells mactinated whole eggs was not significantly
higher compared to non-penetrated shells or notaounated whole eggs (Table 6.1 and
6.2). Smeltzeet al.(1979b), using the agar method, reported also lh@eetration that was
independent of the shell surface area.

In agreement with our results, Williares al (1968) and Messere al. (2005a) reported that
shell thickness did not significantly affect thenp&ration withSalmonellaTyphimurium and
SalmonellaEnteritidis respectively. Smeltzet al. (1979b) concluded the same, using agar-

filled eggs and the bacterial eggshell flora oftriEsx and floor eggs. Orel (1959) and Sauter
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and Petersen (1969; 1974), using whole eggs, pdine opposite. Eggs with shells of high
quality, i.e. high specific gravity (sp.gr.), warere resistant to penetration Bgeudomonas
fluorescens(Orel 1959; Sauter and Petersen 1969) SathmonellaEnteritidis (Sauter and
Petersen 1974). The sp. gr. measurements gaveliaation of the shell thickness.

The primordial route for bacteria to penetrate dhteggs are the pores with diameters in the
range of 6 - 65 um (Tyler 1953; Tyler 1956), fapad the bacterial dimensions. We did not
found a correlation between the number of poresthadbacterial eggshell penetration and
between the loss of weight at the pores and thelevbagg contamination. Fromm and
Monroe (1960) and Board and Halls (1973) correlgietbsity with bacterial penetration;
Reinke and Baker (1966) refuted this view. The isf Hartung and Stadelman (1963),
Nascimentoet al. (1992) and Messerst al. (2005a) also supported that bacterial eggshell
penetration is not pore dependent.

The cuticle on the eggshell serves as a water imngpaigent and as a barrier of primary
importance for particle, bacterial and fungal ingagBoard and Halls 1973). In our study a
significant lower cuticle deposition was found oenptrated eggshells compared to non-
penetrated eggshells. Allst al. (1964) found that cuticle removal increased miabb
contamination from 20 to 60%. Drysdale (1985) fowsb a significantly higher bacterial
contamination in eggs which had a poor cuticle (#@&mpared to eggs with a medium or
good quality cuticle (26%). The defence of the aultr layer has on the other hand been
questioned by Nascimen#t al. (1992) and Messeret al. (2005a) using agar-filled eggs.

A correlation was found between bacterial eggsleelhtamination with the inoculated
strain(s) on day 21 and shell penetration and whlgtecontamination with the strain(s). This
corresponds with ample evidence in the literaturat teggs with highly contaminated
eggshells suffer more from bacterial spoilage oolhegg contamination. Smeltzet al.
(1979b) found that floor eggs had a higher incident bacterial contamination (15,3%)
compared to nest eggs (10.5%). Making comparisawdsn eggs laid in roll away cages
(2.6x10 CFU/eggshell) and laid in nests (3.4%TTFU/eggshell), Harry (1963) found higher
contamination of whole eggs suffering from moretbaal eggshell contamination. Messens
et al. (2005a) also showed a correlation between couhtSatmonellaEnteritidis on the
eggshell and the probability of eggshell penetratés different researchers (Board and Halls
1973; Boardet al. 1979) showed that bacteria such Rseudomonaspp., Alcaligenes
brookeri and Streptomycesan only digest the cuticle when humidity apprescth00%, the
minor cuticle deposition we found for all strairtsday 21 could not be caused by the higher

bacterial loading on penetrated eggshells. The tcolimoculated bacteria on day 21 on the
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shell of whole eggs was on average 0.6 log CFW/¢étvler compared to agar-filled eggs.
This may suggest that nutrients available fromadar favour the survival and growth on the
shell of agar-filled eggs and/or that the antimiicab components of the egg content of whole
eggs do not stimulate survival or growth.

Using the agar approacRseudomonassp., Alcaligenes sp and Salmonella Enteritidis
penetrated most frequently (Fig. 6.5a); respeactivet 60, 58 and 43% of the inoculated
eggshells. The higher shell contamination (on dgyidth Pseudomonasp. andAlcaligenes
sp. (Table 6.1) can explain the higher fractiorpehetrated eggshells. Notwithstanding the
comparable eggshell contamination whlmonellaEnteritidis andS. warneri (both 2.5 log
CFU/eggshell) on day 21, penetration prevalencé @almonellawas higher (43% versus
18%). It is likely that the motile, non-clusteripgoperties ofSalmonellafavour the eggshell
penetration;Pseudomonasp. andAlcaligenessp. also have these properties. Berrangl.
(1998), using an agar approach, found 67% penatratith SalmonellaTyphimurium for
eggs sampled at hen ages ranging from week 29 Edgs were dipped into a 1CFU/mI
suspension. Messerst al. (2005a), using a inoculation suspension of Salmonella
Enteritidis CFU/mI, found 39% of eggshells penetrat

Using the intact egg approach in the first stu@glmonella Enteritidis followed by
Carnobacteriumsp. seemed to penetrate, survive and eventuashy gnost frequently (Fig.
6.5h); respectively 33% and 17.5% of the inoculatggs. Sauter and Petersen (1974) found a
contamination average of 47.5% for various salnlarelsing whole eggs of poor shell
quality (sp. gr. 1.070) and 21.4% and 10.0% for rengs of intermediate (sp. gr. 1.080)
and excellent shell quality (sp. gr. 1.090), resipety. Eggs were dipped for 3 minutes into
solutions containing approx 1.0 x “1@almonellaCFU/ml. Sauter and Petersen (1969)
challenged eggs (challenge suspension 1.1 %CFU/mI) with different sp. gr. witHP.
fluorescensand found an incidence of fluorescent spoilagesfygs of high, medium and low
levels of shell quality (sp. gr. of 1.085, 1.078dn070 respectively) of 6.3, 19.4 and 29.1%
after 8 weeks of storage. In addition, microbiot@diexamination of the eggs that did not
show fluorescence by eight weeks indicated that 46%e eggs also contained viable micro-
organisms. In our study 10.5% of the whole eggseveentaminated witfPseudomonasp.
Despite the antimicrobial defenses of the membramelsthe albumen all selected bacterial
strains were able to penetrate the membranes amaineviable during up till 21 days in the
albumen. The high prevalence 8f&lmonellaEnteritidis and even of the Gram-positive
Carnobacteriumsp. indicates that notwithstanding the antimicablispects of the albumen

the survival after penetration of the shell may m®tunderestimated. Recent research shows a
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higher resistance @almonellaEnteritidis to egg albumen compared to other saktiae; Lu

et al. (2003) reported the identification ofafD as a gene essential for resistance of
SalmonellaEnteritidis to egg albumen. Mayes and Takebal®8@) reported especially
Gram-negative bacteria a&lcaligenes Pseudomora and Aeromonasas most common
natural contaminants of whole eggs. In our stAdtaligenessp. contaminated 14% of the
whole eggs. Notwithstandin®. warneri counts on the eggshell on day 21 was higher
compared to all other selected strains (Table 6%, did not result in higher whole egg
contamination prevalence.

Independent of the selected strain, the eggshaktpation was observed most frequently at
day 4 - 5 after inoculation of the eggs (Figure) 614king into account the necessary time for
growth of the bacteria on the agar to initiate dppearance of the red spots (formazan) we
can conclude most eggshell penetration occurrelginvit - 2 days after inoculation. Williams
et al. (1968) demonstrated that penetration of the auteshd the shell by salmonellae
occurred almost immediately in some eggs. Messtral. (2005a) found most eggshells
being penetrated witBalmonellaEnteritidis on day 3. Other researchers have dstrated
bacterial penetration in 25 - 60% of inner membsaaed in 5 - 15% of albumen in whole
eggs on the first day of inoculation (Muied al. 1964; Humphreyet al. 1989; Humphreet

al. 1991b). Using whole eggs, on day 21 we found 15%e (outside disinfected) eggshells
with membranes being contaminated compared to 1i%heoegg contents (albumen and
yolk).

Nascimentcet al. (1992) reported, using an agar approach, an iscrga&ggshell penetration
from 12.9% (beginning of lay) till 25.0% (end ofy)afor SalmonellaEnteritidis (challenge
suspension 3 x POCFU/mI). In our study (agar approach), eggshelhepetion with
SalmonellaEnteritidis even decreased from 50% and 66.7%edsely in week 34 and 46
till 40% and 27%, respectively, in week 69 and THis is comparable with Messens et al.
(2005a) finding a lower fraction of penetrated dwgisas flock aged, 31.6% of the shells
were penetrated at the late end of lay comparetb10% at the beginning of lay. Berraag

al. (1998), usingsalmonellaTyphimurium, found an upward correlation betweember of
penetrated eggshells and flock age approachingfismmce. Our obtained results of all
strains (agar approach) showed an almost constantérml eggshell penetration during the
entire laying period.

The study of Bruce and Johnson (1978) reported Hatching eggs an increasing
contamination of whole eggs as flocks became oldata from Jonegt al. (2002), using

whole eggsSalmonellaEnteritidis andP. fluorescengchallenge suspension 2LGFU/mI),
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suggest also that bacterial contamination of dils,cehell membranes and egg contents is
more easily achieved in eggs from older hens tham fyfounger hens. In our study whole egg
contamination (all strains) slightly increased pesgively, from 13, 13 and 15% in week 34,
46 and 60 till 26 and 20% in week 69 and 74.

Wells (1968) found that old hens lay bigger eggsctvthave a lower specific gravity and
thinner shells. In our study shell thickness alsordased while shell area increased (Figure
6.7). Those two changing eggshell characteristizsnd flock age did not influence the
eggshell penetration. Berrareg al. (1998), using an agar approach, did not obseechne

in eggshell quality through flock life, bubalmonellaTyphimurium penetration patterns
varied. They concluded it was likely that othertéas than specific gravity and conductance
are involved in the bacterial penetration of thgstgpll. Messenst al. (2005a) found that the
variation in shell characteristics were indepenaénhe hen age.

The second study showed no higher resistancBathonellaEnteritidis to egg albumen
compared to other salmonellae lik@almonella Typhimurium (Figure 6.8).Salmonella
Enteritidis strains originally isolated from thegegontent were also not the primary invaders
of the egg content. The first study indicated tbhéeptial of SalmonellaEnteritidis strains to
penetrate eggshells and to contaminate whole eggshé® horizontal infection route.
Knowing, however, thaSalmonellaEnteritidis is the most frequently isolat&hlmonella
serovar in eggs, the results of the second studypadoshow any special capacity of egg
related SalmonellaEnteritidis strains compared to oth®almonellaEnteritidis strains and
Salmonellaserotypes to contaminate whole eggs. This indscdbat the frequent egg
contamination witfSalmonellaEnteritidis would be mainly due to the transovaraa vertical
route, as supported by Humphrey (1994a). The esiilihis second study also do not support
the higher resistance 8almonellaEnteritidis to egg albumen as reported byetal. (2003).

A different percentage of contaminated whole eggsewobserved for the sansalmonella
Enteritidis strain (MB 1409) (an average of 33%iulgithe entire laying period and 32% at
the hen age of 46 weeks in the first experimensued 8% at the hen age of 45 weeks in the
second experiment). Probably small differencesxipeemental conditions or not identified

differences in egg content can explain these obsens.

5 CONCLUSIONS

The agar approach seemed to be most suited to shedyinfluence of the egg(shell)

characteristics on the bacterial eggshell penetratbut it gives no estimation of the
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contamination of whole eggs. The intact egg apgramve an estimation of the penetration
of the shell followed by the probability of survivand migration in whole eggs. The cuticle
seems to be the only analyzed eggshell charaateriftuencing the bacterial eggshell
penetration; a major cuticle deposition stood &sslbacterial penetration. The probability of
eggshell penetration is correlated with the egdsiogitamination; this is less obvious for the
egg content contamination. An average eggshell tpsian of 33% is only reduced to an
average of 16% whole egg contamination (7 seled®dins); indicating the limited
antimicrobial aspects of the albumen. ComparechéornonSalmonellastrains,Salmonella
Enteritidis was a primary invader of whole eggswduer, egg relate8almonellaEnteritidis
strains have no special capability to contamindteleveggs by the horizontal infection route
compared to otheBalmonellaEnteritidis strains and tH&almonellalyphimurium strain.

During storage, eggs are sometimes cooled for & pkedod (see chapter 2 and 4). It is well
known that eggs held at lower temperature have exsate on the shell when moved into a
warmer environment (ambient conditions). In chaftehe influence of eggshell condensate
on the bacterial eggshell penetration and the wkglg contamination is studied using the

agar and intact egg approach of the present chapter
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CHAPTER 7: Influence of eggshell condensation on thbacterial eggshell

penetration and the whole egg contamination wittsalmonella Enteritidis

Abstract

Shells of agar-filled and whole eggs were inocuateith 16 - 10" CFU Salmonella
Enteritidis per eggshell. The agar-filled eggs wereed to study the bacterial eggshell
penetration; the whole egg results were used taatiarize the contamination of the egg
content. Of each group, half of the eggs were dtdoe 21 days at 20°C and 60% relative
humidity (RH); while the other half was first stdréor 24 h at 6°C before storage at 20°C.
The latter resulted in condensation on the egggbelBO min from the moment the eggs were
placed at 20°C. Taking into account the three hgesastudied (39, 53 and 67 weeks) an
average of 62% of the eggshells with condensate wenetrated compared to 43% for the
control group; this difference was statisticallgsificant < 0.01). No significant difference
in whole egg contamination was found; 18% of thetimd eggs were contaminated compared
to 22% of the condensate eggs. Remarkable was itreficantly higher whole egg
contamination of eggs at the end of lay comparethéoeggs sampled from the two earlier
hen ages. This was probably not due to a higherejpation potential as this was not
observed in the corresponding agar-filled eggsai be concluded that condensation on the
eggshell encouraged the bacterial eggshell penematbut had a smaller impact on the

whole egg contamination.
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1 INTRODUCTION

Salmonellainfection resulting from the consumption of contaated eggs is still a major
public health problenSalmonellaEnteritidis is responsible for the majority of eggsociated
infections. Two possible routes @almonellacontamination of intact eggs have been
considered: transovarian or “vertical” transmissminSalmonellaEnteritidis occurs when
eggs are infected during their formation in the 'savaries, while horizontal transmission
occurs when eggs are subsequently exposed to amomment contaminated witBalmonella
Enteritidis and the micro-organism penetrates tigskell. Studies from Sauter and Petersen
(1974), Nascimento and Solomon (1991) and we iptelngd suggest a relationship between
eggshell quality and bacterial eggshell penetratenmd/or whole egg contamination
(horizontal transmission). Harry (1963), Smeltet¢ral. (1979a) and we in chapter 6 also
reported a correlation between the degree of hatteggshell contamination and egg
infection. Data available on the occurrenceSafimonellacontaminated eggshells and egg
contents are discussed in chapter 1, paragraph 5.2.

A study by Fromm and Margolf (1958) reported thaeating of the eggshell caused an
increased bacterial contamination of the egg cdsteh more recent study of Ernet al.
(1998) reported no increase of the fractionSalmonellaEnteritidis positive eggs or the
numbers ofSalmonellaEnteritidis present in the egg content, due taskgl) sweating for 30
min. The latter study also mentioned that additioegaearch was needed to determine the
relationship between sweating of or condensatiorggshells and bacterial penetration of the
shell. In this study the influence of condensatéhenbacterial eggshell penetration on the one

hand and the whole egg contamination on the otéwed kvas studied.

2 MATERIALS AND METHODS

2.1 Eggs

Eggs from a commercial conventional housing systeith ISA Brown laying hens, were
collected at the day of lay at the hen ages of63%nd 67 weeks. Next day (after storage at
ambient conditions), eggs were visually inspectgdchndling and only intact eggs (no

cracks, no pin-holes) were included in further geas.
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2.2  Agar method for the assessment of the eggshedinetration

The agar method as described in detail in chaptgratagraph 2.3 was used to study and
visualize the bacterial eggshell penetration. larshthis method consisted of replacing the
egg content by sterile molten Nutrient Agar (NA, dik Basingstoke, UK), containing
streptomycin (Sigma-Aldrich, S 6501, St-Louis, USA)ycloheximide (Sigma-Aldrich, C
7698) (preventing yeast and mould growth) and tidecator 2,3,5- triphenyl-tetrazolium-
chloride (Difcd™ TTC, Becton Dickinson and Company, Sparks, USA)e Huddition of
streptomycin to the agar assured that only theuladed streptomycin resistaBalmonella
Enteritidis strain was able to grow on the agareYeétbacterial eggshell penetration occurred,
SalmonellaEnteritidis grew on the agar and reduced the Td @é red coloured formazan
(see chapter 6, Figure 6.1). Candling was perforaeaty during the first week and three

times a week later.

2.3 Inoculation and storage

Agar-filled and whole eggs were inoculated withtregtomycin resistant strain 8almonella
Enteritidis (MB 1409, a strain that was isolatednir egg contents at our laboratory).
Inoculation was performed by immersion as descrived¢hapter 6, paragraph 2.4. This
resulted in approx £0- 10" CFU SalmonellaEnteritidis on the eggshell. After drying at
ambient conditions the eggs were stored for udLtd&/s.

2.4  Determination of the eggshell contamination

At the day of inoculation (day 0) and 21 days latee eggshell contamination (detection
limit 10 CFU/eggshell) with the selectégialmonellaEnteritidis strain was quantified by
adding 10 ml diluent to an agar-filled egg or a lehegg in a plastic bag, and by rubbing the
eggshell through the bag to detach the bacteredisaepter 2, paragraph 3.1). The diluent was
next plated by a spiral-enter (Eddy Jet, IUL instamts, Barcelona) on NA with 25 ppm
streptomycin. Plates were incubated at 30°C fan.72

2.5  Determination of the egg content contaminatioof whole eggs

The egg content contamination of whole eggs wasrahed using the method as described
in chapter 6, paragraph 2.6.
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2.6  Eggshell characteristics

The shell surface area, dynamic stiffnekg,f, damping of the vibration and resonance
frequency were studied on the fresh eggs immegtiafédr candling (detection of cracks, pin-
holes ..), i.e. before the penetration experiment. When the edigsbeetration (agar-filled
eggs) experiment was completed, the following egljstharacteristics were determined:
shell thickness, number of pores and cuticle scohe dynamic stiffness, damping of the
vibration and resonance frequency were measured wsidesktop unit to detect eggshell
breakage and shell strength, based on vibratiorsunements (Coucke 1998; De Ketelaete
al. 2004). The methods used to determine the otheshefjgcharacteristics are outlined in
chapter 6, paragraph 2.7.

As the determination of the whole egg contaminati®ma destructive method, only the
egg(shell) characteristics shell surface area, miymatiffness, damping of the vibration and

resonance frequency could be measured in this iexget.

2.7  Condensation experiment

At the hen ages of 39, 53 and 67 weeks, in each 126 agar-filled eggs and 105 whole eggs
were inoculated. The first group of eggs was usestudy the bacterial eggshell penetration
(eggshell and membranes) while with the secondpytba contamination of the content of
whole eggs was studied. On the day of inoculatatay (0); 5 agar-filled eggs and 5 whole
eggs were randomly selected to determine the iatiounl dose (1b- 10" CFU Salmonella
Enteritidis/eggshell). After inoculation, half dig remaining eggs of each group (50) were
stored for 21 days in a climate chamber (Termak® KB95 F, Solheimsvinken, Norway) at
20°C and 60% relative humidity (RH). The other h@0) was first stored for 24 h in a
refrigerator at 6°C and 70 - 85% RH, immediateljofeed by a storage of 20 days at 20°C
and 60% RH. After placing the latter eggs into thenate chamber, condensation on the

eggshell was observed during 30 min.

2.8  Statistical analysis

The bacterial counts were log 10 transformed ptoorstatistical analysis (Jarvis 1989).
Differences in eggshell characteristics as funcbbthe presence of condensate, penetration
or contamination were assessed with an analysisaoénce. The influence of hen age on
eggshell penetration and whole egg contaminatios avealysed using noncentrality interval

estimation and the influence of hen age on the helgsharacteristics was analysed as
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outlined in chapter 6; paragraph 2.8. All analyaese done in Statistica 7 (Statsoft, Tulsa,
USA). Left and right censored data for bacterialrds on the agar-filled eggs were treated as

outlined in chapter 6, paragraph 2.8.

3 RESULTS

3.1  Eggshell characteristics

Table 7.1 shows the mean values with standard tievsa (stdev) for each analyzed
egg(shell) characteristic for either the egg(skeljth and without condensate (all weeks;
agar-filled eggs). Although the eggs of both grooase from the same lot of sampled eggs
(same hen house, hen breed, hen age ...), evalu#Htithe data showed a minor statistically
significant difference F < 0.05) in the shell thickness and a more impadrtatistically
significant differencel < 0.01) in cuticle score (Table 7.1, both groups the cuticle score

is oppositely correlated with the cuticle depositicontrol eggs had a significantly lower
cuticle deposition. This difference in cuticle dspion was systematic; the difference was
found in each sampled week (data not shown). Taklealso compares the egg(shell)
characteristics from the penetrated eggs with tifrage the non-penetrated eggs, both for the
control group (Table 7.1, control group) and thedmnsate group (Table 7.1, condensate
group). Both for the control group and for the cemshte group, penetrated eggshells
contained significantlyR < 0.05) more pores than non-penetrated eggsiheBgynificant

= 0.0125) higher cuticle score was found for thegbteated control eggs compared to the non-
penetrated control eggs; for the condensate grbigowas not observed. This means the
average cuticle deposition for penetrated contghisewas lower compared to the non-

penetrated control eggs.
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Table 7.1: Egg(shell) characteristics of eggs from the cdrgroup and the condensate group (agar-filled eggs)

N Shell Area Number of  Cuticle Kaynx100 Damping  Resonance
thickness eggshell pores (per  score (N/m) (%) frequency
(mm) (cmd) shell) (Hz)
Both groups
Control 150 0.408+0.034 68.2+3.8 5700+2300 69+24 14400+4800 3.05£1.05 5070+710
Condensate 149 0.4174£0.034 68.3+3.9 5700+2300 61+23 13900+3800 3.27+£1.18 49601680
P * NS NS *x NS NS NS

Control group

Penetrated 65 0.407+0.033 68.3+4.1 6300+2100 74+27 14700+6500 2.95+1.09 5120+910
Not penetrated 85  0.409+0.035 68.2+3.6 5300+2300 64+20 14200+3000 3.13+1.02 5040+510
P NS NS * * NS NS NS

Condensate group

Penetrated 93 0.419+0.036 68.1+3.8 6100+2200 61+25 1410044600 3.19+1.17 4970830
Not penetrated 56  0.414+0.031 68.6+4.0 51002200 60+21 13600+2000 3.41+1.18 4940+340
P NS NS * NS NS NS NS

Values are means = stdev; N = number of eggs; N8tsignificant; P < 0.05; **P < 0.01

The eggshell characteristics number of pores atidlewscore were significantly influenced
by hen age (Figure 7.1). The number of pores dsete® < 0.001) with hen age and the
cuticle score increased significantll € 0.001); meaning the cuticle deposition decreased

with hen age.
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Figure 7.1:Influence of hen age on the eggshell charactesistiomber of pores and cuticle score.

With regard to the eggs used in the whole egg éxet (egg contamination) (data not
shown), no statistically significant differencesrevdound, comparing the same groups as
mentioned in Table 7.1 for the shell surface aggaamic stiffness, damping of the vibration

and resonance frequency.

3.2 Eggshell penetration and whole egg contaminaho

Using eggs of the hens at 39 weeks of age, thetaoctggshell penetration (agar-filled eggs)
increased from 46% (23/50) for the control grou4846 (32/50) for the condensate group.
This increase is not statistically significant. Tlvhole egg contamination (whole eggs) did

not increase for the group of eggs with condensati@% (6/50) of the control eggs were
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contaminated compared to 10% (5/50) of eggs whathdondensate on the eggshell (Figure
7.2).
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Figure 7.2: Percentage of penetrated eggshells and contamdindtele eggs from egg(shell)s without and with

condensate on the shell in function of hen agetid&ars denote 0.95 confidence intervals.

With eggs from the hens at the age of 53 weeks]asimesults were obtained (Figure 7.2).
Bacterial eggshell penetration (agar-filled eggeyreased (not statistically significant) from
53% for the control group to 69% for eggshells witbndensate. The whole egg
contamination (whole eggs) was similar for contglgs (10% contaminated) compared to
condensate eggs (8% contaminated).

At the end of lay (week 67) a lower proportion a@icterial eggshell penetration (agar-filled
eggs) was found; 48% of the eggshells with condens&re penetrated compared to only

29% for the control group (not significant diffetgifFigure 7.2). Oppositely the whole egg
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contamination was higher compared to the previows lien ages; 31% of the control eggs
were contaminated compared to 48% of the condensgts (Figure 7.2) (difference

statistically not significant). The increase of tamination of the whole eggs with condensate
from 10% and 8%, respectively, at week 39 and B3A8% at week 67 was statistically

significant P < 0.001).

Taking into account the three hen ages, 62% (934 eggshells) of the eggshells with
condensate were penetrated compared to 43% (65Mmadgshells) for the control group; this
difference is statistically significantP(< 0.01) (Figure 7.2). No significant difference in

whole egg contamination was found; 18% control e@®g on 150 whole eggs) were

contaminated compared to 22% (33 on 150 whole efygsjhe whole eggs which had

condensate on the eggshell.

3.3  Effects of storage time on eggshell penetratiqagar-filled eggs)

The day of eggshell penetration was not signifiganfluenced by condensation; both groups
(control and eggshells with condensate) were onagee(week 39, 53 and 67) penetrated on

approximately day 4; respectively after 3.6 anddags (Figure 7.3).
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Figure 7.3: Moment eggshell penetration was observed for obetgigshells versus eggshells with condensation

(agar-filled eggs). Vertical bars denote 0.95 aterfice intervals.
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3.4  Bacterial survival of Salmonella Enteritidis on the eggshell of agar-filled eggs ah
whole eggs.

Figure 7.4 shows a significantly higheP (< 0.001) average count of the inoculated
SalmonellaEnteritidis strain, still present on the eggsheflagar-filled eggs at day 21 for the
condensate group compared to the control grou® Bh§ CFU/eggshell versus 1.95 log
CFUl/eggshell; average eggshell contamination gfaetsvely 149 and 150 agar-filled eggs.
No difference in eggshell contamination of the veheygs was found between both groups at
day 21. Of the 150 whole eggs of the control gr@a8p eggs were contaminated with < 10
CFU/eggshell (detection limit) while 134 eggshadfsthe 150 whole eggs with condensate
had a comparable low contamination of < 10 CFU/eglhisThe 15 remaining whole eggs
(control group) had an average contamination 06 10 CFU/eggshell (stdev of 1.00 log
CFU/eggshell) compared to an average of 2.47 lodgJ/€ggshell (stdev of 1.00 log
CFU/eggshell) for the condensate group=(16). This difference in eggshell contamination

between the remaining eggs is also not signifi¢rt 0.16).
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Figure 7.4: Relationship between condensate on the eggsh&lSaimonellaEnteritidis contamination on the

shell of agar-filled eggs at the end of storagedays). Vertical bars denote 0.95 confidence imtistv
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4 DISCUSSION

In studies of Allset al.(1964), Drysdale (1985) and us (chapter 6), a najticle deposition
stood for less bacterial penetration and/or contation. In the study of this chapter, this was
also true for the agar-filled control eggs. In aluseof condensate a significantly highBrg
0.05) cuticle deposition (lower cuticle score) wasnd for the non-penetrated eggshells
compared to the penetrated eggshells. For the osatke group however, no difference in
cuticle score between penetrated and non-penetesggd was found. Notwithstanding the
major cuticle deposition (lower cuticle score) bkteggshells with condensate, a higher
eggshell penetration was found for the agar-fillghs with condensate compared to the
control group. These results indicate that the maiticle deposition formed a less important
barrier, possibly due to the presence of condengdtieough the eggs of both groups came
from the same lot of sampled eggs, a systematierdiice in cuticle deposition between the
control and condensate eggs was found. As theleuigposition was examined when the
penetration (agar-filled eggs) experiment was cetepl, the higher cuticle deposition (lower
cuticle score) of the condensate eggs could betduihe absorption of water from the
condensate or due to other unknown reasons. SimotsViertz (1970) observed that the
cuticle showed thinning during egg storage as altres drying out. As the shell thickness
does not affect penetration (see chapter 6, Williatral. (1968), Smeltzeet al. (1979a) and
Messenset al. (2005a)), the minor difference in shell thickndsstween control and
condensate eggs did not interfere the resultsi@sthdy.

The significantly higher eggshell contamination gagapproach) with the inoculated
SalmonellaEnteritidis strain at day 21, on the eggshellsciwhhad 30 min condensate, was
striking. The presence of condensate on the edgsifielr cold storage, must have positively
influenced the bacterial survival on the eggshalll ¢his also indirectly affected eggshell
penetration. This corresponds with the literatina ggshell penetration is related with the
degree of bacterial contamination on the eggsiMéssenset al (2005a) found a high
correlation between shell contamination w&almonellaEnteritidis and its shell penetration.
We also found in chapter 6 for each of seven sadespecies, originating from egg contents,
a correlation between the bacterial eggshell comation and the occurrence of eggshell
penetration.

The moment of eggshell penetration was not siganiily influenced by cold storage (6°C,
higher RH of 70 - 85%) of the agar-filled eggs dme day (condensate group). Only a slightly

earlier penetration time (day 3.6) for the conieghs was found, which can be due to the
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faster growth ofSalmonellaEnteritidis on the agar at 20°C compared to &°@ea first day

of storage.

A comparison between eggshell characteristics fpmnetrated eggs with non-penetrated
eggs, both for the control group and for the cosdén group, showed that penetrated
eggshells contained slightly? (< 0.05) more pores compared to non-penetratedhetigs
This indicates that the porosity was slightly ctated with bacterial penetration as shown in
previous studies (Fromm and Monroe 1960; BoardHaits 1973). On the contrary, Reinke
and Baker (1966), Hartung and Stadelman (1963)ciNentoet al. (1992), Messenst al.
(2005a) and we (chapter 6) supported that bactexggjshell penetration is not pore
dependent. The fact that some pores do not extendgh the thickness of the shell but end
abruptly (Silyn-Roberts 1983) and the presenceutitalar capping and plugs often present
on/into pores and preventing microbial penetraf{®oard and Halls 1973) may contribute to
these conflicting opinions.

In accordance with our study, Messensal. (2005a) and we in chapter 6 also did not found a
significant influence of flock age on the eggsipelhetration. The trend found by Messens
al. (2005a) towards a lower percentage of penetragedhells withSalmonellaEnteritidis
(agar-filled eggs) as the flock ages (45.0% atotbginning of lay till 31.6% at the late end of
lay), was confirmed by our study in this chaptespectively from 46% in week 39 till 29%
in week 67 (agar-filled control eggs). On the othand, Nascimentet al. (1992), also using
agar-filled eggs, reported an increasing eggstexepration from 12.9% (beginning of lay)
till 25.0% (end of lay) forSalmonellaEnteritidis. In our study the eggshell charactess
cuticle deposition and number of pores decreaggtfisiantly throughout the flock age. The
lower number of pores could explain the lower peaigin; oppositely a lower cuticle
deposition should encourage eggshell penetration.

Contrary to the agar-filled eggs, the eggsheli@lodle eggs in the condensate group were not
significantly higher contaminated witbalmonellaEnteritidis compared to the control whole
eggs. Analyzing the results of all weeks togetimer,significant difference in whole egg
contamination was found between both groups of .edge higher potential of eggshell
penetration observed for agar-filled eggs with @orshite did not result in a higher
contamination of the egg content. Thalmonellacounts on the shell of whole eggs at day 21
were significantly lower compared to the agar-fllleggs. Nutrients either available from the
agar of the agar-filled eggs favour and/or antiofical components of the egg content of
whole eggs do not stimulate the survival and grasit8almonellaEnteritidis on the eggshell,

as suggested before in chapter 6. Taking into atc@luweeks, the whole egg contamination
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was also significantly lower compared to the baateeggshell penetration. This can be
explained by the lower survival ofalmonella Enteritidis on the eggshell and the
antimicrobial defences of the albumen inside theleleggs that must have prevented the
whole egg contamination. The high impact of thenaictobial properties of the albumen was
also shown by Jonest al. (1995); despite having &almonellaincidence of 7.8% on
eggshells (7 on 90 eggshells), Balmonellawas found in 180 egg contents of the same
sampling.

The whole egg contamination found at the end ofalag higher than at the previous two hen
ages. This higher contamination cannot be expldoyed higher penetration potential because
it was not observed in the agar-filled eggs from shhme batch. In chapter 6 we also found a
slight increase in whole egg contamination (akisis) at the end of lay. In a study of Joaes
al. (2002) the contamination witBalmonellaEnteritidis also increased; from 30% in week 34
till 50% in week 74 (see also chapter 6). Fajaeti@al (1995) reported 43% of whole eggs
positive forSalmonellaEnteritidis after incubation of the inoculated sgfyjom 72-week-old
hens, for 48 h at 32°C. According to Joeésl. (2002) shell and egg quality decreases as hen
ages, resulting in a better ability of micro-organsg to infect the egg. In our study no
significant difference in shell quality (dynamicifistess, damping of the vibration and
resonance frequency) of the whole eggs from diffeage groups was observed.

Ernstet al. (1998), using intact eggs (hen age not mentiotieat) had been stored (4°C) for
32 days, found no significant difference in egg teoh contamination withSalmonella
Enteritidis due to sweating: 2.8% (1/36) of unswdatggs and 5.7% (2/35) of sweated eggs
were contaminated. This prevalence of contaminajgproaches ours, using eggs from hens
at the age of 39 and 53 weeks. Using cracked eggall(line checks) a similar conclusion
was obtained; 77% unsweated cracked eggs werencimatied versus 64% sweated cracked
eggs. In their study moisture on the eggshell watsined by placing inoculated eggs in
sterile plastic bags and overnight storage at 2G #llowed by storage at 32°C and about
95% RH. Using this protocol, eggs were observesiteat continuously for 3 h. In an early
study of Fromm and Margolf (1958), bacteria werereniikely to be present in albumen or
yolk of eggs allowed to sweat for 1, 3 or 5 h. Fguoups of eggs were used; clean unwashed,
dirty unwashed, clean washed, dirty washed. Thegahare to obtain sweating differed again
from those we used; eggs first stored for 0, B dr 12 days at 10 - 12°C and 80% RH were
moved to 22 - 24°C and 80 - 85% RH for 1, 3 ordnt returned to storage in the refrigerator
(10 - 12°C and 80% RH) until day 12. All eggs warelyzed for bacterial contamination at

day 12. The higher incidence of contamination ef slweated eggs, could probably be due to
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the negative pressure in the eggs; by placing digs after sweating again in the refrigerator,
bacterial loaded moisture could be drawn througk #hell pores, resulting in the

contamination of the egg content (Haines and MAa&40).

5 CONCLUSIONS

It can be concluded that condensation on the efgsie encouraged the bacterial eggshell
penetration withSalmonellaEnteritidis but had a smaller and not significanpact on the
whole egg contamination. The higher survivals ef plathogen on the eggshells of agar-filled
eggs with condensate might explain the higher patieh of those eggshells. The low impact
of condensation on the whole egg contamination lmamxplained by the equal survival of
SalmonellaEnteritidis on the eggshell of whole eggs with avithout condensation, and by
the antimicrobial defences of the albumen. The énighhole egg contamination found at the

end of lay compared to the previous two hen agessiviking.
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General discussion, conclusions and perspectives

The present study showed that, with the exceptidreavily soiled shellseg(g.ground eggs),
bacterial contamination of the eggshell can nguldged by visual evaluation of the eggshell.
Before, Board and Tranter (1995) mentioned alsy éml heavily soiled eggs a correlation
between the level of bacteria and the appearantieeaghell. Hence, a method to assess the
general bacterial contamination of the eggsheltafsumption eggs through the production
chain was needed and developed. The total couaembic and Gram-negative bacteria on
the eggshell can be used to assess the bactegsthedgcontamination and to detect critical
points for contamination in the egg production oh&Vashing of the eggshell was the most

suited method for recuperation of the bacteria ftbeneggshell.

Our pilot studies (chapter 3) showed that eggs ilaithe nest boxes of the furnished cages
have a similar general bacterial eggshell contam@nacompared to eggs from the
conventional cages. Mallet al. (2004) found that eggs from furnished cages laitdide the
nests, in the litter area or in the cage, had &dridgacterial eggshell contamination with
aerobic bacteria compared to nest eggs. Therefageoda design of furnished cages, as
suggested by Wall etl. (2002), should prevent eggs from being laid oetslte nests. Our
pilot studies showed that the type of nest-flootamal (wire floor or artificial turf) used in
the furnished cages did not consistently influethgegeneral bacterial shell contamination. A
1.0 log higher contamination with total aerobicrlovas found on the nest eggs collected
from the aviary system compared to the conventiandlfurnished cages. Comparable results
in pilot studies were obtained by Protaisal. (2003a). This difference in contamination was
confirmed by us in the commercial systems, althdegk pronounced; 0.38 versus > 1.0 log.
Since very recently the first commercial furnistoedje productions are available in Belgium,
further research on the initial eggshell contamamatin commercial circumstances is
recommended.

The higher initial bacterial eggshell contaminatisas also reflected in a higher total
bacterial count in the air of the alternative (reage) systems. In the pilot and commercial
studies a positive correlatior? (= 0.66,P < 0.001 and?® = 0.77,P = 0.099 respectively) was
found between the concentration of total bactamidhe air of the poultry houses and the
initial bacterial eggshell contamination. Compaeald Protaiset al. (2003b), we found

averages of 4.4 log CFUnfor the conventional cages compared with > 5.306@)/nT in
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the aviary housing. The poorer air quality of thteraative systems is due to the freedom of
movement of the birds and the more complex enviemtnwith litter and manure. A
reduction of the air quality and the hygienic stain the alternative systems will not be
obvious. Although various technologies were progencessful for reducing airborne dust,
including misting with an oil spray, water mistxtra ventilation and air ionization, their
industrial application will not be evident. Otheeasures such as providing enough pop holes
giving access to the outer area for open run systeemoval of litter from the nest area,
increasing the available air volume per bird canntme quickly applied. The upcoming
introduction of a ‘winter garden’, which is a saned-in porch providing much fresh air, is
another possibility and an actual research itens. denerally believed that the contamination
of the surfaces making contact with the eggs imatetyi after lay is important for the
contamination of the egg(shell) (Bruce and Drysda@94; Board and Tranter 1995).
Research concerning the hygiene of egg contacassf(nest floor, egg belt, ...) and the
cleaning and disinfection possibilities in the éi#nt housing systems is therefore an
important focus for the future. This research wésult in important information about the
benefit of interim cleaning and disinfection of taém egg contact surfaces in connection to
eggshell contamination. Beside the general battéoia, the determination of the number of
Enterobacteriacea®n the egg contact surfaces could provide a be$eémate for cross
contamination wittSalmonellan the different housing systems.

Placing enough and well-designed nest boxes besidieéng of the birds in the alternative
housings can help to reduce the amount of the yigbhtaminated ground eggs. With
eggshell counts up to 7 log CFU total aerobic flaral 4 log CFU Gram-negative bacteria
these eggs can not be used as consumption edgss tb be stressed that extra nest boxes
placed were ground eggs accumulate need to bedesigned. Our work has indicated that
poor designed extra nest boxes placed on the graisw delivered highly contaminated
eggshells.

In all our experiments a comparable or even sigaifily lower initial contamination with
Gram-negative bacteria on the eggshell was fouriddralternative housings compared to the
cage housings. In recent research (De Reu, unpehlligesults) counts &nterobacteriaceae
on eggshells from eggs from commercial aviary hayssystems also tend to be lower
compared to commercial furnished cages. Possildyhigher initial contamination of the
alternative eggs with Gram-positive bacteria opggdsn some cases the adhesion of Gram-
negative bacteria. Literature shows that Gram-megabacteria are best equipped to

overcome the antimicrobial defences of the egg @dagnd Takeballi 1983). The equal or



General discussion, conclusions and perspectives 141

even lower contamination of the eggshell in altemeahousing systems with Gram-negative
bacteria makes the hygienic argument as contraation for the introduction of alternative
housing systems less relevant. Based on thesa@i@@ind knowing that the study of the UK
Food Standards Agency (Anon. 2004d) did not shaymiicant differences irBalmonella
spp. contamination due to the production system,haee the opinion that in practice
observed differences between cage eggs and nonegge are limited concerning the
microbiological product quality and negligible cenging food safety aspects. Collection of
monitoring data on the surveillance of zoonotictbaa and especiallalmonellaspp. for
the different egg types is an important goal far filture and necessary for a good opinion on
the food safety issue. However, one has to be aofatee large amount of data necessary to
statistically sustain this research consideringwiey low frequency oSalmonellapositive
egg contents even from flocks known to be infectetth Salmonella(Kinde et al. 1996;
Schlosseet al. 1999). Another possibility is to study the horirrtransfer ofSalmonellato
hens in the different housing systems. These iilegbathways can be different due to
differences in cleaning and disinfection betweetceading flocks, contact with water, feed,

litter and manure, contact between hens, contabttwe outsite environment, ....

Notwithstanding the difference in initial eggshetintamination due to the different housing
system, storing of eggs can reduce those diffeseatehe retail level. The results of the
different commercial chains showed that storingludll eggs, whether temporary refrigerated
or not, for 9 days or more, causes a significantebse in bacterial eggshell contamination
for both analyzed parameters, total count of aerbbcteria and Gram-negative bacteria. The
results of the pilot studies and the commerciairshalso showed that, independently of the
housing system, shell contamination was not intteenby hen age. This makes eggs from
older hens not more sensitive to bacterial eggsiogitamination.

Next to the initial eggshell contamination, onlyeoaritical point for introducing bacterial
eggshell contamination through the commercial pctida chains was found; a so called
‘accumulator’. The accumulation of eggs on a skortveyor belt together with the type of
conveyor, a metal grid which can contain more dittl egg content compared to (double)
roller conveyor belts, were the main reasons feriticrease in bacterial load on the eggshell.
Those types of conveyor belts must be avoided #siimbe and cleaned and/or disinfected
regularly.

A possibilty to reduce the bacterial eggshell andveyor belt contamination is offered by
UV disinfection (Kuoet al. 1997b; Chaveet al.2002; Coufalet al. 2003). Our study with a
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commercial UV disinfection system reduced the ratflora with 0.9 log and recent eggshell
contamination even with 4 log. UV disinfection dasmused as a cheaper and safer alternative
for egg washing to reduce bacterial eggshell comaton of clean eggs. As removal of dirt
is also an important goal during egg washing; thédisinfection system can be combined
with hygienic double rollers and feather removerseduce the dirt on the eggshell. Beside a
high resolution camera can be used to separateethaining eggs with dirt on the eggshell
(Mertens 2004). The fact that all operations areedim dry conditions is advantageous to

eggs washing.

The microbial ingress into the egg content by thezontal route was examined by looking at
the eggshell penetration and the egg content congdion separately. Eggshell penetration
was studied using agar-filled eggs while egg cantemtamination was studied with whole
eggs. Only intact eggs (no cracks) were used.

Microbial ingress of 7 phylogenetically diverse te@l species was studied simultaneously;
Staphylococcus warneri, Acinetobacter baumannigcaligenessp, Serratia marcescens,
Carnobacteriumsp, Pseudomonasp. andSalmonellaEnteritidis. The experiments with
agar-filled eggs indicate that the Gram-negativetilenand non-clustering bacteria penetrated
the eggshell most frequently. All 7 selected baatevere able to penetrate the eggshell;
resulting in an average eggshell penetration of 3a%rage of 7 selected bacteria). An
average of 16% egg content contamination (whole)ggs found; with the highest survival
for SalmonellaEnteritidis (33%) followed by arnobacteriunsp. (17.5%).
NotwithstandingSalmonellaEnteritidis contaminated the egg content (wholgsggmost
frequently compared to the n@almonellastrains, we are convinced that this result hdseto
interpreted in a broader experimental context. \Weswler the contamination % of the same
SalmonellaEnteritis strain MB 1409 in the different indepent studies presented in the
chapters 6 and 7 as too variable (10 - 33%) tolodechat théSalmonellastrain is a primary
invader of whole eggs. In addition egg relagalmonellaEnteritidis strains did not show a
special capability to contaminate whole eggs byhbgezontal infection route compared to
other Salmonella Enteritidis strains andsalmonella serotypes, as shown in chapter 6.
Knowing thatSalmonellaEnteritidis is the most frequently isolat&hlmonellaserovar in
eggs, our results do not contra-indicate that thguent egg contamination wigalmonella
Enteritidis would be mainly due to the transovarian vertical route as supported by
Humphrey et al. (1991b) and Cogan and Humphrey (2003). The deer@ashuman

salmonellosis cases caused $gmonellaEnteritidis that was observed during the recent
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years can be a result of intervention in the valticontamination route by the forced
vaccination campaigns.

Of all different studied eggshell characteristsisell surface area, shell thickness, number of
pores and cuticle deposition; only the latter iefloed the bacterial eggshell penetration of
the 7 selected bacterial species. This was alsfrowd in the condensation experiment using
control eggs inoculated witBalmonellaEnteritidis and by studies of other research warke
(Alls et al. 1964; Drysdale 1985). A major cuticle depositiciwosl for less bacterial
penetration. Therefore damageg.during egg-washing, of this important physicalrlgarfor
egg invading organisms must be avoided. Hen br&edage conditions, limitation of stress
and eventually other factors like feed can alsdrdmute to a major cuticle deposition (Ball

al. 1975; Sparks 1985). In the presence of condertsatever the cuticle formed a less
important barrier for eggshell penetration.

On the other hand, our experiments on whole egg¢aotination showed contamination was
not influenced by one of the analysed eggshelladtaristics.

Comparable to Messeret al. (2005a) penetrated agar-filled eggs showed a faignily
higher count on the egg surface compared to noeted eggshells. In the studies of the
egg content contamination (whole eggs) this was ts/ious. Eggshell condensation also
encouraged the bacterial eggshell penetration (il eggs) withSalmonellaEnteritidis
but had a smaller and not significant impact ondfg content contamination (whole eggs).
The higher survival of the pathogen on the eggsheflagar-filled eggs with condensate
explains the higher penetration of those eggshé&he low impact of condensation on the
whole egg contamination can also partly be expthibg the equal survival dbalmonella
Enteritidis on the eggshell of whole eggs with anthout condensation.

All selected bacterial species were able to remahble in the albumen. This indicates that
notwithstanding the antimicrobial aspects of thieuaien, survival after penetration of the
shell may not be underestimated (growth not ingastid). However the average eggshell
penetration (7 bacterial strains) was found to 3863 while the average egg content
contamination was 16%. This reduction emphasizes ittportance of the antimicrobial
aspects of the membranes and the albumen for thecagtent contamination. The lower
impact of eggshell condensation on the whole eggarnination can possibly also be partly
explained by those antimicrobial aspects.

In the study with the 7 selected bacteria as welithe condensation experiment using
SalmonellaEnteritidis, the influence of hen age on the bé#ateggshell penetration was not

significant. This was comparable with studies ofsBknset al (2005a). Using the 7
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phylogenetically diverse bacterial species, the leshegg contamination slightly increased
(not significantly) with hen age. Jonets al. (2002) came to the same conclusion. This was
even more stressed in our condensation experimbateaa significantly higher whole egg
contamination withSalmonellaEnteritidis was found at the end of lay. Notwidrgding the
cuticle deposition slightly but significantly deaseed with hen age, we are not convinced that
this was the major reason for the higher egg commemamination observed at the end of lay.
Alterations in shell membranes and/or albumen migdtmore important. Krockedt al.
(2003) also found that resistance of the egg (atbh)nagainst microbial growth decreased
with hen age and was even affected by the genagimaf hens. According to the research
group it is not known yet which albumen componemevant as barriers for microbial
growth are influenced by hen age. The focus forsides further research will definitely be
the study of the possible alteration in the meméraaunding to the shell, the membrane
penetrability and the albumen resistance of egge folder hens, combined with their
influence on the bacterial egg content contaminafidhe selection of laying hens with higher
anti-microbial albumen properties, as suggestedvigal et al. (2003), will be an other

important challenge.

Different factors influencing the horizontal infext route of eggs were studied in this PhD
work. In literature very little information is avable on the relative contribution of horizontal
and vertical transmission of bacterial contaminatio the egg content. A preliminary study
on the occurrence of vertically and horizontallyn@minated whole eggs was performed
(data not shown).

From 14 commercial laying hen production faciliti&age, furnished cage and alternative
housings) in each case approx 80 eggs were saraptbeé hen house (conveyor belt or nest
boxes) the morning of lay. Half of the eggs (app#t¥ were used to determine the egg
content contamination at the day of sampling (bgicement); the other half of the eggs
(approx 40) was stored at room conditions up tilldays after egg laying, followed by the
determination of the egg content contamination. Tmeportion of contamination was
respectively 2.7% (15/554) immediately after lay é14% (18/532) after 21 days storage.
Comparing these contamination proportions the itgmme of horizontal transmission of
intact eggs must be put into perspective. Althotighcontamination we observed can be due
to vertical transmission, the probability of a pbks contamination during our experimental
procedure can not be excluded. We have howeventak#eme precautions. Dipping the

eggs in 30% hydrogen peroxide solution for 10 8p¥eed by sprinkling the egg with 75%
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ethanol and burning off the alcohol during approx $eemed to be the most suitable method
to eliminate all and especially spore-forming baatdrom the eggshell. In the case the

observed egg content contamination would be dugntexperimental bias, we consider its

probability equal for eggs tested directly aftey bnd after 21 days of storage so that our
conclusion about the relative low importance ofibmmtal transmission stays relevant. These
preliminary results are the basis for further restea

Our research indicates a relative low importancénafzontal transmission of intact eggs
stored under optimal conditions. Also we consitiat the egg content contamination was not
influenced substantially by the bacterial eggshetintamination. Nevertheless these
observations, we are convinced that reducting #real bacterial eggshell contamination is
an important tool in preventing egg content contation in practice. Considering whole egg
contamination, the importance of eggshell cracksy mat be underestimated. Avoiding
cracks in eggshells is therefore very importantingsnoculated eggs, Ernst al. (1998)
found a huge increase in egg content contaminatith SalmonellaEnteritidis due to
cracked eggs (hair-cracks); 2.8% intact eggs wentaminated versus 77% cracked eggs. In
practice Hamiltoret al. (1979) found 8 - 10% cracked eggs while during #id study at
retail level, 5.7% (33 on 580 eggs) cracked egge\ieind. The risks involved with eggshell
condensation must be reduced. No doubt moistamefacilitateeggshell penetratioand with

an additional positive temperature differential #gg contents contracts and can draw water
loaded with bacteria through the open pores orkstads we found all 7 phylogenetically
divers bacterial species remaining viable in albmrmaed findings in literature sometimes

report substantial multiplication possibilities,gsthble hazards must be reduced.
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Summary

In chapter 1 a literature review was given; discussing the faron and the components of
the egg, the mechanisms of microbial contaminatiointact eggs, the type of contaminating
flora of eggs with special attention f8almonellathe egg production chain with the different
housing systems for laying hens, and some asperaggwashing.

In chapter 2 is shown that washing eggs in sterile plastic baik diluent is an efficient
sample preparation method for the determinatiothefbacterial contamination on eggshells.
Total count of aerobic and Gram-negative bactemighe eggshell were used to detect critical
points for contamination in the egg production ohdihe number of eggs to be sampled at a
point of the production chain was determined onatissical basis and fixed on 40 for non-
graded eggs and on 20 for graded egigswo production chains, one cage production and
one organic production system, critical points dontamination were identified. The most
critical point for the cage production system washart conveyor belt at the entrance of the
candling, grading and packaging area, for the acgproduction system it was the initial
contamination at the nest boxes. With the exceptiohneavily soiled shells, like shells from
eggs collected from the ground (ground eggs), tiseaepoor correlation between the level of
bacterial contamination and the visual eggshelltamomation. A positive correlation was
found between the initial bacterial eggshell conteation and the concentration of bacteria in

the air of the poultry houses.

The influence of the housing system on the inliedterial contamination of the eggshell was
studied inchapter 3. Two long-term experiments were performed. Thetdyaal eggshell
contamination, as expressed by total count of aerabhd Gram-negative bacteria, was
periodically analyzed for eggs from a conventiocafe, a furnished cage with nest boxes
containing artificial turf or grids as nest-flooraterial and an aviary housing system. For
these experiments no systematic differences waredfdetween the conventional cage and
furnished cage. The type of nest-floor materiathe nest boxes of the furnished cages also
did not systematically influence the bacterial Elmntamination. A possible seasonal
influence on the eggshell contamination with a dase in the winter period (up to > 0.5 log
CFU/eggshell) of total count of aerobic and Grargate bacteria was observed in the first

experiment. The contamination with total aerobacdlwas higher (> 1.0 log) on eggs derived
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from the aviary housing system compared to the eotional and the furnished cage systems.
For Gram-negative bacteria this was not the casainD the entire period of both
experiments, independent of the housing systen] atigtamination was not influenced by
hen age or period since placing the birds in theshs. For the total count of aerobic bacteria
a positive correlationrf = 0.66;P < 0.001) was found between the concentration tl to
bacteria in the air of the poultry houses and titeal bacterial eggshell contamination.

The bacterial eggshell contamination of consumpéggs in different commercial housing
systems; two conventional cages, one organic awgsyem and one barn production, were
compared inchapter 4. The total count of aerobic bacteria and the totaint of Gram-
negative bacteria on the eggshell were used tacdet#ical points for introducing bacterial
eggshell contamination and to study the progresth@feggshell contamination in the egg
production chains.

The critical points for the bacterial eggshell @mnination were the accumulation of eggs on
a short conveyor belt, the initial eggshell contzetion in the alternative housing systems and
the extra nest boxes placed on the ground. A hagitebial load of ground eggs (> 6.3 log
CFU total aerobic flora/eggshell) was observed.

On average a significant highd? € 0.001) initial eggshell contamination with totalunt of
aerobic bacteria was found for eggs from the alitera housing systems compared to the
conventional systems; respectively 5.46 compares.@8 log CFU/ eggshell. However, the
initial contamination with total count of Gram-néiga bacteria on the eggshells was
significantly lower P < 0.001) in the alternative housings; 3.31 comghai@ 3.85 log
CFU/eggshell. A moderate and not significarit{ 0.77;P = 0.099) positive correlation was
found between the initial bacterial eggshell conteation and the concentration of bacteria in
the air of the poultry houses.

Storing shell eggs, whether temporary refrigeragediot, for 9 days or more, resulted in a
significant decrease in bacterial eggshell contation for both bacterial variables.

The effect of UV irradiation on the bacterial loafishell eggs and of a roller conveyor belt
was studied inchapter 5 The natural bacterial load on the eggshell ofrleggs was
significantly reduced by a standard UV treatment 7 s; from 4.47 to 3.57 log
CFUl/eggshell. For very dirty eggs no significantiuetion was observed. Eggs inoculated
with Escherichia coli and Staphylococcus aureu$4.74 and 4.64 log CFU/eggshell
respectively) passed the conveyor belt and wer@segto UV for 4.7 and 18.8 s. The
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reduction of both inoculated bacteria on the egigysees comparable and significant for both
exposure times (3 and 4 log CFU/eggshell, respagivE. coli was reduced but still
detectable on the conveyor rollers. The internatdréal contamination of eggs filled up with
diluent containinge. coli or S. aureusvas not influenced by UV irradiation. In conclusjo
the penetration of UV into organic material appdarde poor and UV disinfection can be
used as an alternative for egg washing of cleas.egg

In chapter 6 trans-shell infection routes and whole egg comiation of 7 selected bacterial
strains; Staphylococcus warneri Acinetobacter baumannii Alcaligenes sp., Serratia
marcescensCarnobacteriumsp., Pseudomonasp. andSalmonellaEnteritidis, recovered
from egg contents, were studied. A first objectwas to correlate bacterial eggshell
penetration with various eggshell characteristiod the identity of phylogenetically diverse
bacterial strains. An agar approach was used tesashie eggshell penetration. A second
objective was to assess the contamination of wkglgs with the bacterial strains; whole
intact eggs were used in this case. The intactissloél agar-filled and whole eggs were
inoculated with 18- 10* CFU of the selected strains. Inoculated eggs wemed for 3 weeks
at 20°C and 60% relative humidity. Bacterial egdishenetration was regularly monitored
and whole egg contamination was analyzed after éksveContrary to the cuticle deposition,
the eggshell characteristics shell surface area| #hickness and number of pores did not
influence the bacterial eggshell penetration. Thelevegg contamination was not influenced
by neither the area of the eggshell or the porositihe eggshell. The results of the agar
approach indicate that the Gram-negative, motilé¢ mon-clustering bacteria penetrated the
eggshell most frequentlyseudomonasp. (60%) andAlcaligenessp. (58%) were primary
invaders followed bySalmonella Enteritidis (43%). All selected strains were alite
penetrate; penetration was observed most frequaftdy approx 4 - 5 days. In comparison
with the nonSalmonellastrains,SalmonellaEnteritidis was a primary invader of whole eggs
in the first study: the membranes and/or the cdantdn32% of the whole eggs were
contaminated. Penetrated eggshells and contaminvaltede eggs showed a significantly
higher bacterial contamination on the eggshell cameg to respectively not penetrated
eggshells and not contaminated whole eggs (geresalts of all strains). The influence of
hen age on bacterial eggshell penetration and egigict contamination was not significant.
The whole egg contamination with four differeBalmonellaEnteritidis strains and one

SalmonellaTyphimurium strain was studied as well. Contamorapercentages ranged from
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6% - 26%, with no special capacity of egg relaadiimonellaEnteritidis strains compared to
otherSalmonellaEnteritidis strains and tHealmonellalyphimurium strain.

In chapter 7 the influence of eggshell condensation on thedreatteggshell penetration and
the whole egg contamination withalmonellaEnteritidis was studied. Shells of agar-filled
and whole eggs were inoculated with? 10" CFU SalmonellaEnteritidis per eggshell. The
agar-filled eggs were used to study the bacteggkkell penetration; the whole egg results
were used to characterize the contamination ofetjige content. Of each group, half of the
eggs were stored for 21 days at 20°C and 60% vel&tumidity (RH); while the other half
was first stored for 24 h at 6°C before storag20&C. The latter resulted in condensation on
the eggshell for 30 min from the moment the eggsevpdaced at 20°C. Taking into account
the three hen ages studied (39, 53 and 67 weekayenage of 62% of the eggshells with
condensate were penetrated compared to 43% focdhw&ol group; this difference was
statistically significant < 0.01). No significant difference in whole egghtamination was
found; 18% of the control eggs were contaminatedpared to 22% of the condensate eggs.
Remarkable was the significantly higher whole eggtamination of eggs at the end of lay
compared to the eggs sampled from the two earéardges. This was probably not due to a
higher penetration potential as this was not olesem the corresponding agar-filled eggs. It
can be concluded that condensation on the eggsmelburaged the bacterial eggshell

penetration, but had a smaller impact on the whgtgcontamination.

In Conclusions and perspectiveshe major conclusions of this work are summariaed
some recommendations to limit the egg content coimi@tion are discussed. Also the first
results of actual research on the real impact efvigrtical and horizontal infection route of
shell eggs are mentioned.

Beside the critical points for initial eggshell ¢amination with total aerobic bacteria in the
alternative (non-cage) housing systems, only oheratritical point for introducing eggshell
contamination through the chain was found. Furiimgrovements in the design of alternative
housing systems must reduce the impact of someatnioints. Bacterial eggshell penetration
(agar-filled eggs) was positively correlated witlnet degree of bacterial eggshell
contamination. Notwithstanding the supposed reatatiow importance of horizontal
transmission of intact eggs stored under optimalditeons, and despite the less obvious

influence of the amount of bacterial eggshell contetion on the egg content contamination
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(whole eggs), we are convinced that the reduction of the general bacterial eggshell

contamination is an important tool in preventing egg content contamination in practice.
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Samenvatting

Hoofdstuk 1 betreft de literatuurstudie; de vorming en de dastielen van het ei, de wijze
waarop intacte eieren microbiologisch kunnen gemomeerd worden, het type
bacteriologische flora dat eieren kan besmetten spetiale aandacht voor Salmonella, de
productieketen van consumptie-eieren met aandacloor vde diverse types
huisvestingssystemen voor leghennen en tenslokiEeeaspecten omtrent wassen van eieren

worden erin toegelicht.

In hoofdstuk 2 wordt aangetoond dat wassen van eieren in eerelstgrastiek zak met
verdunningoplossing een geschikte monstervoorbegeids voor de bepaling van de
algemene bacteriologische belasting van de eiscbBaaklling van het totaal aantal aérobe en
Gramnegatieve bacterién op de eischaal werd gelvode de opsporing van kritische punten
voor de introductie van eischaalcontaminatie inpdeductieketen van schaaleieren. Het
aantal te bemonsteren eieren per staalnamepuntstadistisch onderbouwd en vastgelegd op
40 eieren voor niet-geschouwde en 20 voor gescheuwdren. In twee verschillende
productieketens, een conventionele legbatterijeankaologische voliére huisvesting, werden
de kritische punten bepaald. Het meest kritischent puoor de introductie van
eischaalcontaminatie in de legbatterij was eenekoretalen ketenmat voorafgaand aan de
schouwkamer. Voor het biologische legbedrijf blekienlegnesten het meest kritische punt.
De studie kon, met uitzondering van sterk bevuikderen zoals vb. grondeieren, geen
correlatie aantonen tussen de visuele vuilschaligbe de bacteriologische belasting van de
eischaal. Tenslotte werd een positief verband gésoriussen de bacteriologische belasting
van de stallucht en de belasting van de schaaélaian geraapt in de stallen.

De invloed van het huisvestingssysteem voor leglenop de initi€le bacteriologische
belasting van de eischaal werd bestudeerdomfdstuk 3 en dit gedurende twee volledige
legronden. De bacteriologische belasting van dehas met totaal aantal aérobe en
Gramnegatieve bacterién werd periodiek bepaald etgnen geraapt in een conventionele
legbatterij, in verrijkte kooien met legnesten v@en van matten of roosters op de bodem en
in een voliere huisvesting. Gedurende de twee fetgo werden geen systematische
verschillen in eischaalcontaminatie gevonden tusdenconventionele legbatterij en de

verrijkte kooien. Het type legnestmateriaal hadneesns geen systematische invioed op de
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eischaalbelasting. Tijdens de eerste legronde wadgeeaieren tijJdens de winterperiode lager
belast met totaal aantal aérobe en Gramnegatiestert#an (> 0.5 log kve/eischaal lager). De
belasting van de eischaal met totaal aantal advabierién lag systematisch hoger (> 1 log)
voor eieren afkomstig uit de voliere huisvesting tgzicht van de conventionele of verrijkte
kooi huisvesting. Dit was niet het geval voor deu@negatieve bacterién. Er werd gedurende
beide legronden geen invioed van de henleeftijddepbacteriologische belasting van de
eischaal vastgesteld. Tenslotte werd een positieuelatie (* = 0.66;P < 0.001) gevonden
tussen de bacteriologische belasting van de shillonet totaal aantal aérobe kiemen en de

eischaalbelasting.

De bacteriologische belasting van de eischaal warsumptie-eieren afkomstig van diverse
commerciéle huisvestingssystemen (twee convengoriegbatterijen, één biologische
productie en één scharrelbedrijf) werden vergelekehoofdstuk 4. De bepaling van het
totaal aantal aérobe en Gramnegatieve bacteriémleogischaal werd gebruikt voor de
opsporing van kritische punten voor de introdugtia eischaalcontaminatie en voor de studie
van het verloop van de eischaalcontaminatie inrddyctieketen.

Kritische punten voor de bacteriologische belastwvan de eischaal waren het laten
samenkomen van vele eieren op een korte transpaoltizie initiéle contaminatie van de
eischaal in alternatieve huisvestingssystemen ebijgemende legnesten geplaatst op de
grond. Voor grondeieren werd een hogere bacteigdbg belasting van de eischaal
gevonden (> 6.3 log kve aérobe kiemen/eischaal).

Er werd gemiddeld een significant hogeRe<( 0.001) initiéle belasting van de eischaal met
totaal aantal aérobe bacterién gevonden voor eiefomstig van de alternatieve
huisvestingssystemen in vergelijking met de conwveste huisvesting; respectievelijk 5.46
tegenover 5.08 log kve/eischaal. Daartegenoved&gniti€éle contaminatie van de eischaal
met Gramnegatieve bacterién significant lager (@.001) in de alternatieve huisvestingen;
3.31 tegenover 3.85 log kve/eischaal. Er werd espetkte niet significante{= 0.77;P =
0.099) positieve correlatie aangetoond tussen itiélencontaminatie van de eischaal en het
aantal bacterién in de lucht van de leghennenstal.

Het bewaren van consumptie-eieren, al dan niedlijikdgekoeld, voor 9 dagen of meer, zorgt
voor een significante daling van de eischaalcontatie met beide microbiologische

variabelen.
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Het effect van UV belichting op de bacteriologisdhelasting van consumptie-eieren en
transportbanden werd bestudeerchoofdstuk 5 De natuurlijke bacteriologische belasting
van de eischaal van propere eieren werd significeméduceerd door een standaard UV
belichting van 4.7 s; respectievelijk van 4.47 367 log kve/eischaal. Bij sterk bevuilde
eieren werd geen significante daling vastgesteleiee kunstmatig besmet miéscherichia
coli en Staphylococcus aureygsespectievelijk met 4.74 en 4.64 log kve/eischaedrden op
de transportband geplaatst en UV belicht voor 40718.8 s. De reductie van beide
geinoculeerde bacterién was vergelijkbaar en sogmf voor beide belichtingstijden
(respectievelijk 3 en 4 log kve/eischadh. coli werd gereduceerd maar kon nog steeds
aangetoond worden op de transportband. De besmetim de inhoud van eieren opgevuld
met verdunningsvloeistof met het&j. coli hetzij S. aureuswerd niet beinvioed door UV
belichting. Samenvattend werd in het hoofdstuk atownd dat de penetratie van UV licht in
organisch materiaal beperkt is en dat UV disinéeegn alternatief kan zijn voor het wassen

van propere eieren.

In hoofdstuk 6 werd de bacteriéle penetratie van de eischaaleecodtaminatie van de ei-
inhoud van eieren bestudeerd gebruik makend vant 7deu ei-inhoud geisoleerde en
geselecteerde bacteriéle stammedtaphylococcus warneri Acinetobacter baumannii
Alcaligenessp., Serratia marcescensarnobacteriumsp., Pseudomonasp. enSalmonella
Enteritidis. Een eerste doelstelling was het cerszl van de bacteriéle penetratie van de
eischaal met diverse eischaalkarakteristicken en de identiteit van fylogenetisch
verschillende bacteriéle stammen. Met behulp van agar opgevulde eieren werd de
penetratie van de eischaal bestudeerd. Een tweeelstelling was het inschatten van de
contaminatiegraad van de ei-inhoud met de diveeselgcteerde bacteriéle stammen; in deze
studie werd gebruik gemaakt van intacte eierennieebeschadigde eischalen van met agar
opgevulde en intacte eieren werden kunstmatig besmet 16 — 1¢ kve van de
geselecteerde stam. De geinoculeerde eieren weeteolgens gedurende 3 weken bewaard
bij 20°C en 60% relatieve luchtvochtigheid. De leaéle penetratie van de eischaal werd op
geregelde tijdstippen beoordeeld en de contaminatie de ei-inhoud werd na 3 weken
nagegaan. In tegenstelling tot de afzetting vaoulieula, bleken de eischaalkarakteristieken
opperviakte van de eischaal, dikte van de schaahatal porién geen invioed te hebben op de
bacteriéle penetratie van de eischaal. De contdimiuan de ei-inhoud werd noch beinvioed
door de opperviakte van de eischaal noch doorpojositeit. De resultaten van de met agar

opgevulde eieren tonen aan dat de Gramnegatiewgeegtijke en niet trosvormende
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bacterién de eischaal het vaakst penetrer®seudomonasp. (60%) enAlcaligenessp.
(58%) waren de belangrijkste indringers gevolgdrd8almonellaEnteritidis (43%). Alle
geselecteerde stammen waren in staat de eischaahétreren; doorgaans werd de penetratie
vastgesteld na 4 — 5 dagen. In vergelijking metd-Salmonellastammen bleek vooral
SalmonellaEnteritidis het meest in staat om de inhoud vaacte eieren te besmetten:
membranen en/of ei-inhoud van 32% van de intacteeei waren besmet. Er werd een
significant hogere bacteriologische belasting varetschaal vastgesteld voor gepenetreerde
eischalen en gecontamineerde intacte eieren tegemiet-gepenetreerde eischalen en niet-
gecontamineerde intacte eieren (resultaten vars@amen samen). Er werd bovendien geen
significante invioed van de henleeftijd op de baéte penetratie van de eischaal en de
contaminatie van de ei-inhoud vastgesteld.

De besmetting van de ei-inhoud van intacte eieraat wier verschillendeSalmonella
Enteritidis stammen en é&ualmonellaTyphimurium stam werd eveneens bestudeerd. De
contaminatie van de ei-inhoud varieerde van 6%%.2Bigerelateerd8almonellaEnteritidis
stammen waren niet meer in staat om de ei-inhouzks$enetten dan de overi§almonella

Enteritidis stammen en d&almonellalyphimurium stam.

In hoofdstuk 7 werd de invloed van condens op de eischaal, dpadteriéle penetratie van
de eischaal en de contaminatie van de ei-inhoudntante eieren me&@almonellaEnteritidis
bestudeerd. Eischalen van met agar opgevulde e@rentacte eieren werden kunstmatig
besmet met 10— 10" kve SalmonellaEnteritidis per eischaal. De met agar opgevuléecei
werden gebruikt voor de studie van de eischaal tpstiee terwijl intacte eieren werden
gebruikt voor het inschatten van de contaminatie da ei-inhoud. Van elke groep eieren
werd de helft van de eieren gedurende 21 dagen ardwigij 20°C en 60% relatieve
luchtvochtigheid; de overige helft werd eerst gedde 24 uur bewaard bij 6°C gevolgd door
de bewaring bij 20°C. Dit laatste zorgde voor devezigheid van een laagje condens op de
eischaal gedurende 30 minuten op het moment datieten bij 20°C geplaatst werden.
Rekening houdend met de resultaten bekomen opiedeinleeftijden (39, 53 en 67 weken)
werd een gemiddelde eischaalpenetratie van 62%geststd bij de eieren met condens
tegenover 43% voor de controlegroep; dit was eatisssch significant verschiP(< 0.01).

Er werd geen significant verschil in contaminata untacte eieren aangetoond; 18% van de
controle-eieren waren gecontamineerd tegenover 2afode intacte eieren met condens.
Opmerkelijk was wel de significant hogere besmgttian de ei-inhoud van intacte eieren

geraapt op het einde van de leg, in vergelijking dee twee jongere henleeftijden. Deze
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besmetting werd vermoedelijk niet veroorzaakt deem hogere graad van eischaalpenetratie,
aangezien dit niet kon aangetoond worden bij deegr&komstige met agar opgevulde eieren.
Besluitend kan gesteld worden dat condens op dehaas de penetratie van de eischaal

bevorderde maar een beperktere impact had op densoratie van de ei-inhoud.

In *Conclusions and perspectivésverden de belangrijkste besluiten van dit docitseerk
samengevat en worden enkele suggesties ter redwatiele contaminatie van de ei-inhoud
besproken. Eveneens werden er de eerste resuttaderde reéle impact van de verticale en
horizontale besmetting van de ei-inhoud besproken.

Naast de kritische punten voor de initiéle bactegische belasting van de eischaal met totaal
aantal aérobe kiemen in de alternatieve (zondei) kadsvestingssystemen, werd slechts €én
ander kritisch punt voor de introductie van eistt@ataminatie in de keten aangetoond. Een
verdere verbetering van de design van de alten@aheaisvestingssystemen moet toelaten om
de impact van enkele kritische punten verder tegeckn. De bacteriologische penetratie van
de eischaal (agar opgevulde eieren) was gecordeleet de graad van bacteriologische
belasting van de eischaal. Niettegenstaande bipbeg onder optimale omstandigheden de
horizontale besmetting van intacte eieren vermdg&dbEperkt is en niettegenstaande de
minder uitgesproken invloed van de bacteriéle @alfelasting op de besmetting van intacte
eieren, zijn we er toch van overtuigd dat in piktnstandigheden een reductie van de

eischaalcontaminatie belangrijk is voor het beperkan de contaminatie van de ei-inhoud.
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official determination of milk composition.”

18" International ICFMH Symposium - Food Micro 2002))¢hammer, Norway, 17 —
23 August 2002.
“Quality assurance in the egg production chairettuce the bacterial contamination.”

Tenth Conference on Food Microbiology, Luik, @em, 23 — 24 June 2005.
“The role of bacterial species and strains in ti®l& egg contamination by horizontal

transmission.”



Curriculum vitea X1V

Congresses and symposia without contribution

Different other congresses and symposia were jgaated without contribution.

Major other oral contributions

1. “Wetenschappelijke begeleiding van de VlaamswiRciale Comités en de Vereniging
voor de Melkkwaliteit’, 15 March 1993, Bokrijk, Bgum, op de jaarvergadering

ingericht door het Provinciaal Comité voor de Meilkdtiteit Limburg.

2.  “Results of Belgian experiments with cold samplé1 March 1994, Lier, Belgium, on
the “International Bactoscan workshop”.

3.  “Werking, instelling en borging van BactoScar®8028 October 1996, Lier, Belgium,
op de Workshop BactoScan 8000.

4.  “Accreditatie op het DVK”, 5 December 2000, MgllBelgium, op de CLO-Gent

studiedag “Accreditatie: wanneer en hoe?”.

5.  “Vergelijking gevolgde methoden totaal kiemgetgblaatmethode”, 22 februari 2001,
Melle, Belgium, op de “Workshop totaal kiemgetalagimethode) voor Belgische

departementale laboratoria” georganiseerd dooDN&i-CLO.

6. “Problematiek van antibioticagebruik op melkvegtjven”, 28 May 2001, Bokrijk,
Belgium, op de jaarvergadering ingericht door hebviciaal Comité voor de

Melkkwaliteit Limburg.

7.  “Accreditatie in de praktijk’, 1 June 2001, Mixreke, Belgium, op de studiedag
“VLARISUB” georganiseerd door het DFE-CLO Merelbeke



Curriculum vitea XV

8. “Technische aspecten bij de uitvoering van de bepaling van coliformen”, 13 March
2002, Melle, Belgium, op de “Workshop coliformen voor de Belgische Zuivelsector”

georganiseerd door het DVK-CLO.












