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Summary 

 
The effect of two vaccine strains of infectious bronchitis virus (IBV - VicS and A3 strains) on 
internal and external quality of eggs was studied in Isa Brown hens in full lay.  Birds were 
either unvaccinated for IBV or had been vaccinated during rearing.  The main effects of 
exposure to the vaccine viruses were that VicS resulted in paler coloured shells, mainly in the 
unvaccinated birds and the eggs from the hens challenged with VicS were more elongate than 
the other groups.  These findings are consistent with our earlier findings with field strains of 
IBV and differ from those reported in the literature for different strains of IBV. 

 
I. INTRODUCTION 

 
Infectious bronchitis virus (IBV) is a viral disease of poultry which affects epithelia in a 
number of parts of the body including the respiratory system, kidneys and oviduct.  IBV is 
reported to cause drops in egg production and reduced egg quality. Australian field strains of 
IBV have been shown to have negative affects on the oviduct (Chousalkar and Roberts, 2007 
a,b; Chousalkar et al., 2007 a,b) and thereby on egg quality (Chousalkar and Roberts, 2008).  
However, little is known of the effects of vaccine strains of IBV on the oviduct and therefore 
on egg quality.  The present study was undertaken to study the effects of IBV on egg and egg 
shell quality in unvaccinated laying hens and hens which were vaccinated during rearing. 
 

II. MATERIALS AND METHODS 
 
Day-old Isa Brown hens (250) were obtained directly from a commercial hatchery and 
transferred to isolation sheds at the University of New England.  Half of the birds were 
vaccinated according to the standard UNE protocol of VicS at day-old, A3 at 4 weeks and 
VicS at 13 weeks. Vaccine was administered by eyedrop. All birds were reared under strict 
isolation and biosecurity with vaccinated and unvaccinated birds being maintained 
completely separate. The birds were divided into six groups: unvaccinated control (UC), 
vaccinated control (VC), unvaccinated and exposed to VicS (UV), vaccinated and exposed to 
VicS (VV), unvaccinated and exposed to A3 (UA) and vaccinated and exposed to A3 (VA). 
At 30 weeks of age, birds were exposed to one of two vaccine strains of IBV at a dose 10 
times the usual vaccination dose: VicS strain (at the dose rate of 105.5 embryo infective dose 
(E.I.D.50) or A3 strain (at the dose rate of 104.9 embryo infective dose (E.I.D.50), or left 
unchallenged as a control. Vaccines were obtained from Fort Dodge, Australia. All eggs were 
collected at 3 and 2 weeks prior to challenge and then daily during the week immediately 
before infection to determine any inherent differences among the groups. Eggs were collected 
and analysed daily up to 5 weeks post infection (p.i.) and again at weekly intervals 6, 7, 8, 9 
and 10 weeks p.i. All eggs were analysed for the internal quality parameters albumen height, 
Haugh units and yolk colour score. 
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Egg shell quality was measured as shell reflectivity, egg weight, deformation, 
breaking strength, shell weight (from which percentage shell was calculated), shell thickness, 
egg length and breadth (from which shape index was calculated as breadthx100/length). Data 
were analysed by ANOVA and Fisher’s protected LSD was used to distinguish differences 
between means. Significance was assumed at P<0.05. 

 
III. RESULTS 

 
Egg production was not significantly different among the treatment groups. In addition, some 
measures of egg quality were not significantly different among the treatment groups. There 
was a significant effect of time on all variables measured except percentage shell and these 
effects were generally consistent with the increasing age of the flock. There were no main 
effects of the treatments on percentage shell, and no main effect of vaccination treatment on 
any indicator of egg shell quality except shell colour. In addition, there was no main effect of 
challenge treatment group on shell breaking strength, deformation, shell breadth, shell 
thickness or percentage shell. 

Egg weight was highest in the control groups (62.0 g), lowest in the A3 groups (61.1 
g) with the VicS groups intermediate (60.5 g). The main effects on egg shell quality were 
changes in shell colour and egg shape. For shell reflectivity, a measure of shell colour 
lightness, there were significant main effects of time in relation to challenge, challenge 
treatment and vaccination treatment. Over the entire experimental period, shell colour was 
lightest in the VicS challenged birds, due to the increased shell reflectivity in the 
unvaccinated birds exposed to VicS (Figure 1). The control and A3 challenged groups had 
darker shells than the VicS group and were not significantly different from each other. Shell 
colour was significantly lighter for the unvaccinated treatment groups than for the birds 
which had been vaccinated during rearing. There were also significant interactions between 
time postchallenge and challenge treatment, time and vaccination treatment, and challenge 
treatment and vaccination treatment. There was a significant main effect of time in relation to 
challenge, and challenge treatment, on shape index with eggs being more elongated in the 
VicS challenged groups (Shape Index 77.9%) than in the Control groups (77.5%) and A3 
groups (77.6%). Over the entire experimental period, there was no significant effect of 
vaccination treatment although the eggs in the unvaccinated birds tended to be more elongate 
(Shape Index 77.8%) than in the vaccinated groups (77.5%). Differences in shape index were 
due primarily to differences in length, rather than breadth. Shell weight was highest in the 
control groups (6.21 g), lowest in the VicS groups (6.07 g), with the A3 groups intermediate 
(6.15 g). 

For egg internal quality, Haugh Units were higher in the vaccinated groups (94.0%) 
than in the unvaccinated groups (93.1%). However, Haugh Units were highest in the VicS 
groups (94.3%), followed by the A3 groups (93.5%) with the control birds having lower 
Haugh Units (92.6%). Yolk colour score was significantly higher for the unvaccinated groups 
(12.11) than for the vaccinated groups (11.85) and highest for the A3 groups (12.12), lowest 
for the VicS groups (11.86) with the control intermediate (11.94). 
 

IV. DISCUSSION 
 

The results presented here are consistent with those reported earlier from our laboratory 
concerning the effects of field strains of IBV on egg quality (Chousalkar and Roberts, 2008). 
Effects of IBV on egg quality are also consistent with our previously reported findings of 
histopathological effects on parts of the oviduct and virus localisation in the oviduct 
(Chousalkar and Roberts, 2007a,b; Chousalkar et al., 2007a,b; Chousalkar and  

Aust. Poult. Sci. Symp. 2009...20

96



26

27

28

29

30

31

32

33

-3 -2 -1 1 2 3 4 5 6 7 8 9 10

Time in relation to challenge wks

R
ef

le
ct

iv
ity

 %

UA
VA
UK
VK
UV
VV

 
Figure 1 Shell reflectivity (%) in eggs collected during the experimental period 

 
Roberts, 2008 in press; Roberts, 2005). It is important that these findings are documented as 
they are at odds with the published literature on effects of IBV on egg quality in other 
countries (Sevoian and Levine, 1957; Cook, 1971). 

The mechanisms whereby exposure to IBV results in paler coloured egg shells and 
more elongate eggs are not understood. The factors affecting deposition of the porphyrin 
pigment in the cuticle of the egg shell are poorly defined. 

Reductions in albumen quality following exposure to field strains of IBV might have 
contributed to the production of more elongate eggs (Chousalkar and Roberts, 2008, in press). 
However, this is unlikely to have been the case in the present study where albumen height 
and Haugh Units were higher for the vaccine challenged groups than for the control. The 
reasons for this are not clear. In addition, the cause of the effects of vaccination during 
rearing and challenge with vaccine strains of IBV on yolk colour is not known but may be the 
result of effects on lipid metabolism. Further work is needed to clarify this. 

It is important to understand how the effects of Australian strains of IBV differ in 
their effects on egg quality from IBV strains which are common in the U.S. and Europe. 
Textbooks on disease describe production drops and the appearance of thin-shelled, shell-less 
and rough-shelled eggs, in addition to reductions in shell colour (Cook, 2008; Cavanagh and 
Gelb, 2008) and earlier textbooks talked about the classic “IB egg” which was wrinkled and 
corrugated. The differences between the effects of IBV on egg quality reported in the 
literature and those found in our laboratory may be due to differences in the strain of IBV 
used. It is also possible that the strain of bird has an influence. Even within our own 
laboratory, we have observed that unvaccinated or vaccinated White Leghorns exposed to 
IBV show more severe histopathology in the oviduct than do Isa Brown hens. 

Reduced shell colour and decreased albumen height result from exposure to both 
Australian and overseas strains of IBV. However, the gross changes in egg shell quality 
reported for overseas strains have not been demonstrated experimentally in Australia. In 
addition, the changes in egg shape which have resulted from exposure to Australian field 
strains of IBV (Chousalkar and Roberts, 2008) have not been reported for overseas strains. 

Aust. Poult. Sci. Symp. 2009...20

97



 
ACKNOWLEDGEMENTS 

 
This study was supported by a grant from Australian Egg Corporation Limited which also 
funded a Postdoctoral Fellowship for Kapil Chousalkar. Robert Turner was supported by a 
Postgraduate Scholarship from the Australian Poultry CRC. 

 
REFERENCES 

 
Cavanagh D, Gelb J (2008) In: Diseases of Poultry 12th Edition. (Ed. YM Saif) Blackwell 

Publishing. 
Cook JKA (1971) Journal of Comparative Pathology, 81, 203-211. 
Cook JKA (2008) In: Poultry Diseases 6th Edition. (Eds M Pattison P, McMullin, JM 

Bradbury, DJ Alexander) Saunders Elsevier. 
Chousalkar KK, Roberts JR, Reece R (2007a) Poultry Science, 86, 59-62.  
Chousalkar KK, Roberts JR, Reece R (2007b) Poultry Science, 86, 50-58.  
Chousalkar KK, Roberts JR (2007a) Veterinary Microbiology, 122, 223-236. 
Chousalkar KK, Roberts JR (2007b) Poultry Science, 86, 1915-1919. 
Chousalkar KK and Roberts JR (2008) Australian Journal of Experimental Agriculture. In 

press. 
Roberts JR (2005) Proceedings, Queensland Poultry Science Symposia, 12, 169-177. 
Sevoian M, Levine PP (1957) Avian Disease 1, 136-164. 
 

Aust. Poult. Sci. Symp. 2009...20

98


	Front Pages A.pdf
	sydney, new south wales 
	Organised by 
	Organising Committee
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	D.J. Cadogan 
	D. Creswell 
	D.J. Farrell 
	W.I. Muir 
	P.H. Selle
	 
	 


	Front Pages B.pdf
	Invited Speaker Sponsors 
	AECL Egg Program 
	RIRDC Chicken Meat Program  
	Gold Sponsors 
	DSM Nutritional Products Pty. Ltd 
	 

	Silver  Sponsors 
	 
	Bronze Sponsors 
	 
	Alternative Sponsors 
	ADM Australia 
	Alltech Biotechnology Pty. Ltd 




	Front Pages C.pdf
	CONTENTS
	CONTENTS 
	N. Costa – Murdoch University 
	ENZYMES, FEED ADDITIVES AND NUTRITION 
	Supplementation of wheat-based broiler diets with xylanase and phytase, individually and in combination
	S.H.Chee, P.A. Iji, M. Choct  and L.L. Mikkelsen– University of New England
	Pectinases allow broilers to perform well on diets with 20% dehulled lupins 
	ENZYMES, FEED ADDITIVES AND NUTRITION (Cont.)
	The potential of high-yielding triticale varieties for poultry




	M.A.M.  Sayed and J.A. Downing – University of Sydney
	Does antioxidant supplementation beneficially affect redox homeostasis and performance in broiler chickens exposed to short term heat stress?
	6
	M
	F
	6
	S
	S. Shini, A. Shini and W.L. Bryden – University of Queensland

	B
	Bacteria versus parasites: lactobacillus rhamnosus cell free supernatant inhibits the sporulation of eimeria oocysts in vitro

	6
	A
	E
	Effects of feed restriction and strains on modern broiler performance

	6
	K
	T
	6
	C
	C.A. Lunam and K.A. Weir -  Flinders University

	S
	7
	A
	G
	GUT MICROFLORA, PROBIOTICS AND IMMUNITY 

	T
	The post-hatch gut microbiota development in broiler chickens

	7
	V
	T
	7
	M
	M.Ali, P.A. Iji, R. MacAlpine and L.L. Mikkelsen – Inghams Enterprises

	T
	8
	M
	G
	GUT MICROFLORA, PROBIOTICS AND IMMUNITY (Cont.)

	E
	8
	C
	A
	9
	W
	W.I. Muir, G. Vandenberg and T.A. Scott – University of Sydney

	E
	9
	K
	E
	9
	J
	I
	E
	9
	G
	I
	1
	R
	E
	Effects of hatching egg storage

	1
	G
	G.M. Fasenko – University of Alberta, Canada

	D
	Disposal and treatment of hatchery waste

	1
	P
	P.C. Glatz and Z.H. Miao - SARDI

	F
	T
	1
	M
	I
	1
	M
	E
	Effects of grain source, comminution technique and particle size on nutritive value, feed utilisation and growth of broiler chickens

	1
	M
	M.M. Bhuiyan, P.A. Iji and L.L. Mikelsen – University of New England

	F
	FEED PROCESSING AND DIGESTIVE PHYSIOLOGY (Cont.)

	I
	Impact of manno-oligosaccharides and dietary threonine on feed passage rate in broiler chicken

	1
	S
	S.H. Chee, P.A. Iji, M.Choct, L.L. Mikkelsen and A. Kocher – University of New England
	W
	Water holding capacity of wheat may be indicative of voluntary feed intake in broiler chicks
	1
	P
	P.H. Selle, K.Germaine and T. Middlebrook – University of Sydney

	T
	The use of alternative raw materials in poultry needs

	1
	A
	A.Leary and K. Filer – Alltech Biotechnology Corporation, Bangkok

	E
	Effect of grain particle size and milling method on broiler performance and apparent metabolisable energy

	1
	N
	N. Rodgers, P.A. Iji, L.L. Mikkelsen, B. Svihus, H. Hetland and M. Choct – Alltech Biotechnology

	F
	Free amino acids can improve efficiency of utilisation of resources in livestock production

	1
	M
	M. Peisker, J. McLeish and Y. Dersjant-Li – ADM Specialty Ingredients (Europe)

	W
	WELFARE  

	N
	New bioethical challenges in poultry production: the way forward

	1
	P
	P.R. Cheeke  - Oregon State University USA

	C
	1
	J
	J.L.Barnett and P.H. Hemsworth – The University of Melbourne

	T
	The effects of group size on the propotion of nest box eggs laid by hens in cages

	1
	G
	G. Cronin, S.S. Borg and J.L. Barnett – University of Sydney

	D
	1
	S
	S.M. Laine, G.M. Cronin, J.C. Petherick and P.H. Hemsworth – University of Melbourne

	T
	The effects of housing laying hens as groups in conventional cages on plasma and egg albumen corticosterone concentrations

	1
	J
	J.A.Downing and W.L. Bryden  – University of Sydney

	E
	Evaluation of cytokine and chemokine profiles in chickens treated with corticosterone:  a potential indicator of stress in poultry

	1
	S
	 
	 
	 
	 
	C
	C
	Chick Quality

	1
	G
	G.M. Fasenko, E.E. O’Dea Christopher, A. Ulmer Franco and L. Kawalilak – University of Alberta, Canada

	T
	The Influence of incubation on chick quality and broiler performance

	1
	R
	R.  Meijerhof – HatchTech, The Netherlands
	H. Enting, J. De Los Mozos, A. Gutierrez Del Alamo and P. Perez De Ayala – Trouw Nutrition International, The Netherlands
	Determination of infectivity of viral pathogens in poultry litter using a bio-assay: effect of chicken type and age of exposure
	A.F.M.F. Islam, S.W. Walkden-Brown, P.J. Groves and B. Wells – University of New England
	Comparison of challenge methods for experimental infection with mdv: intra-abdominal injection of cell cultured mdv versus exposure of infectious dust
	K.G. Renz, S.W. Walkden-Brown and A.F.M.F. Islam – University of New England
	Rates of natural transmission of Marek’s disease virus (mdv) to susceptible chickens in the post-challenge period: effect of vaccination with hvt and association with mdv genome count in air
	J.R. Crabb, S.W. Walkden-Brown, S. Baigent, L. Smith and V. Nair  – University of New England
	Laboratory and field studies on the safety and efficacy of an experimental bivalent Marek’s disease vaccine, vaxsafe® sbh
	Salmonella serotyping comparison between the standard kuaffman-white scheme and commercial (diversilabtm) rep-pcr
	A. Pavic and G.Bailey – Birling Avian Laboratories
	Feed additive strategies to control gastro-intestinal colonisation of salmonella in poultry
	Author index




	 



	Monday.pdf
	2_0915 Costa.doc
	3_1000 Cameron.doc
	4_1030 Ratcliff.doc
	6_1115 Swick.doc
	7_1200 Kent.doc
	8_1215 Black.doc
	2_1330 Sess A Ravi.doc
	3_1345 Sess A Liu.doc
	COMBINING NSP-ENZYMES AND PHYTASE: THE FORMULATION CHALLENGE IN BROILER NUTRITION! 
	 
	Summary 
	I. INTRODUCTION 
	II. MATERIALS AND METHODS 
	 
	IV. CONCLUSION 
	REFERENCES 


	4_1400 Sess A Cadogan.doc
	5_1415 Sess A Chee.doc
	6_1430 Sess A Ali Legumes.doc
	7_1445 Sess A Ali Lupins.doc
	8_1500 Sess A Kumar.doc
	EFFECT OF PHYTASE SUPPLEMENTATION OF A LOW PHOSPHORUS SORGHUM-SOYBEAN DIET ON LAYER PERFORMANCE 
	 
	I. INTRODUCTION 
	II. METHODOLOGY 

	9_1515 Sess A Cheeke.doc
	2_1330 Sess B Iji.doc
	3_1345 Sess B Sayed Effects.doc
	4_1400 Sess B Sayed Does.doc
	5_1415 Sess B Shini Fatty Liver.doc
	6_1430 Sess B Molan.doc
	7_1445 Sess B Huang.doc
	8_1500 Sess B Lunam.doc
	9_1515 Sess B Kocher.doc
	 
	I. INTRODUCTION 
	II. MATERIALS AND METHODS 

	2_1600 Torok.doc
	3_1615 M Ali.doc
	4_1630 Geier.doc
	5_1645 Olnood.doc
	6_1700 Muir.doc
	7_1715 Chousalkar.doc
	8_1730 Roberts.doc

	Tuesday.pdf
	2_0830 Fasenko Embryo.doc
	3_0915 Meijerhof Incub..doc
	4_1000 Fasenko Egg Storage.doc
	5_1015 Glatz Hat Waste.doc
	2_1100 Choct.doc
	3_1115 Abdollahi.doc
	4_1130 Bhuiyan.doc
	5_1145 Chee Impact.doc
	6_1200 Selle.doc
	7_1215 Leary.doc
	8_1230 Rodgers.doc
	9_1245 Peisker.doc
	 
	Summary 
	GWP (g/kg)
	Excretion (kg/kg edible protein)
	Water use (m3/kg edible protein)
	conventional
	ecological
	N
	P
	CH4
	CO2
	Milk1
	826
	843
	0.24
	0.04
	0.4
	12
	29
	Beef 2
	10066
	10223
	1.0
	0.14
	1.2
	35
	81
	Pork3
	4109
	4965
	0.55
	0.08
	0.05
	10
	32
	Poultry4
	1978
	2846
	0.25
	0.03
	0.01
	3
	20
	Eggs5
	1724
	1592
	0.3
	0.05
	0.02
	4
	28

	 
	Milk 
	Beef 
	Pork 
	Poultry 
	Eggs 
	The real impact of free amino acids on nitrogen excretion has already been demonstrated. It is accepted that a reduction of one percentage point in dietary crude protein reduces the nitrogen content in manure by 10 %, the ammonia emission into the ambient air by 10%, the animals` water consumption by 3% and the manure volume by 5%. The question arises to what extent can reduced dietary crude protein levels contribute to lower GWP in production of foods from animal origin, particularly from monogastrics. Waguespack et al. (2007) identified arginine and valine as equally limiting after methionine, lysine and threonine in corn-soy diets for broilers. With the availability of these amino acids available, some constraints concerning further reduction of dietary crude protein levels (below 20% in starter feed) are removed. Corzo et al. (2007) demonstrated in milo-soybean meal diets that dietary crude protein level could be reduced to 17.5% when methionine, lysine, threonine, tryptophan and valine are added to broiler diets (21-42 days), without compromising performance. A 2%-step reduction in dietary crude protein in broiler feed would lead to 50 g reduction in N-excretion per kg edible protein. This translates to 162 g less CO2 equivalents atmospheric nitrous oxide emission per kg product. In relation to the GWP for conventional broiler production (1978 g, Table 1) this represents a potential reduction of 8%. For pork a 4% reduction in dietary protein would lead to 13% reduction of GWP per kg product. 


	REFERENCES 


	2_1400 Cheeke.doc
	3_1445 Barnett.doc
	4_1500 Cronin.doc
	5_1515 Laine.doc
	7_1600 Downing.doc
	8_1615 Shini.doc
	9_1245 Peisker.pdf
	 
	Summary 
	GWP (g/kg)
	Excretion (kg/kg edible protein)
	Water use (m3/kg edible protein)
	conventional
	ecological
	N
	P
	CH4
	CO2
	Milk1
	826
	843
	0.24
	0.04
	0.4
	12
	29
	Beef 2
	10066
	10223
	1.0
	0.14
	1.2
	35
	81
	Pork3
	4109
	4965
	0.55
	0.08
	0.05
	10
	32
	Poultry4
	1978
	2846
	0.25
	0.03
	0.01
	3
	20
	Eggs5
	1724
	1592
	0.3
	0.05
	0.02
	4
	28

	 
	Milk 
	Beef 
	Pork 
	Poultry 
	Eggs 
	The real impact of free amino acids on nitrogen excretion has already been demonstrated. It is accepted that a reduction of one percentage point in dietary crude protein reduces the nitrogen content in manure by 10 %, the ammonia emission into the ambient air by 10%, the animals` water consumption by 3% and the manure volume by 5%. The question arises to what extent can reduced dietary crude protein levels contribute to lower GWP in production of foods from animal origin, particularly from monogastrics. Waguespack et al. (2007) identified arginine and valine as equally limiting after methionine, lysine and threonine in corn-soy diets for broilers. With the availability of these amino acids available, some constraints concerning further reduction of dietary crude protein levels (below 20% in starter feed) are removed. Corzo et al. (2007) demonstrated in milo-soybean meal diets that dietary crude protein level could be reduced to 17.5% when methionine, lysine, threonine, tryptophan and valine are added to broiler diets (21-42 days), without compromising performance. A 2%-step reduction in dietary crude protein in broiler feed would lead to 50 g reduction in N-excretion per kg edible protein. This translates to 162 g less CO2 equivalents atmospheric nitrous oxide emission per kg product. In relation to the GWP for conventional broiler production (1978 g, Table 1) this represents a potential reduction of 8%. For pork a 4% reduction in dietary protein would lead to 13% reduction of GWP per kg product. 


	REFERENCES 


	9_1245 Peisker.pdf
	 
	Summary 
	GWP (g/kg)
	Excretion (kg/kg edible protein)
	Water use (m3/kg edible protein)
	conventional
	ecological
	N
	P
	CH4
	CO2
	Milk1
	826
	843
	0.24
	0.04
	0.4
	12
	29
	Beef 2
	10066
	10223
	1.0
	0.14
	1.2
	35
	81
	Pork3
	4109
	4965
	0.55
	0.08
	0.05
	10
	32
	Poultry4
	1978
	2846
	0.25
	0.03
	0.01
	3
	20
	Eggs5
	1724
	1592
	0.3
	0.05
	0.02
	4
	28

	 
	Milk 
	Beef 
	Pork 
	Poultry 
	Eggs 
	The real impact of free amino acids on nitrogen excretion has already been demonstrated. It is accepted that a reduction of one percentage point in dietary crude protein reduces the nitrogen content in manure by 10 %, the ammonia emission into the ambient air by 10%, the animals` water consumption by 3% and the manure volume by 5%. The question arises to what extent can reduced dietary crude protein levels contribute to lower GWP in production of foods from animal origin, particularly from monogastrics. Waguespack et al. (2007) identified arginine and valine as equally limiting after methionine, lysine and threonine in corn-soy diets for broilers. With the availability of these amino acids available, some constraints concerning further reduction of dietary crude protein levels (below 20% in starter feed) are removed. Corzo et al. (2007) demonstrated in milo-soybean meal diets that dietary crude protein level could be reduced to 17.5% when methionine, lysine, threonine, tryptophan and valine are added to broiler diets (21-42 days), without compromising performance. A 2%-step reduction in dietary crude protein in broiler feed would lead to 50 g reduction in N-excretion per kg edible protein. This translates to 162 g less CO2 equivalents atmospheric nitrous oxide emission per kg product. In relation to the GWP for conventional broiler production (1978 g, Table 1) this represents a potential reduction of 8%. For pork a 4% reduction in dietary protein would lead to 13% reduction of GWP per kg product. 


	REFERENCES 



	Wednesday.pdf
	2_0900 Fasenko Chick Quality.doc
	3_0945 Meijerhof Influence.doc
	a) Visual score 
	b) Tona or Pasgar score 
	c) Day old chick weight 
	d) Yolk free body mass 
	e) Chick length 

	4_1000 Enting.doc
	Summary 

	5_1015 Glatz Management.doc
	2_1100 Islam.doc
	3_1115 Renz.doc
	4_1130 WalkdenBrown.doc
	5_1145 Jackson.doc
	Summary 
	I. INTRODUCTION 
	 
	REFERENCES 

	6_1200 Wertelecki.doc
	7_1215 Pavic.doc
	I. INTRODUCTION 

	8_1230 Li.doc

	Author Index.pdf
	AUTHOR INDEX
	Name
	Abdollahi. M.R.
	Acamovic, T.
	Ali. A.
	Ali, M.
	Allison, G.E.
	Amerah, A.M.
	Baigent, S.
	Barnett, J.L.
	Bailey, G.
	Bean, A.G.D.
	Bhuiyan, M.M.
	Black, J.L.
	Borg, S.S.
	Boulianne, M.
	Bryden, W.L.
	Cadogan, D.J.
	Cameron, O.
	Chee, S.H.
	Cheeke, P.R.
	Choct, M.
	Chousalkar, K.K.
	Costa, N.
	Crabb, J.R.
	Cronin, G.M.
	Dalibard, P.
	De, S.
	De Los Mozos, J.
	Dersjant-Li, Y.
	Dingle, J.G.
	Downing, J.A.
	Elangovan, A.V.
	Enting, H.
	Fasenko, G.M.
	Filer, K.
	Flinn, P.C.
	Francesch, M..
	Geier, M.S.
	Geraert, P-A.
	Germaine, K.
	Glatz, P.C.
	Groves, P.J.
	Guo, P.
	Gutierrez Del Alamo, A.
	Hamidu, J.A.
	Hemsworth, P.H.
	Hetland, H.
	Huang, H.K.
	Hughes, R.J.
	Iji, P.A.
	Islam, A.F.M.F.
	Jackson, C.A.W.
	Janardhana, V.
	Jenner, R.J.
	Jessop, R.
	Joardar, D.
	Kemp, C.
	Kent, P.
	Kocher, A.
	Kawalilak, L.
	Kumar, A.
	Laine, S.M.
	Leary, A. M.
	Li, L.
	Liu, K.
	Lunam, C.A.
	Martin, G.B.
	MacAlpine, R.
	McLeish, J.
	Meijerhof, R.
	Mikkelsen, L.L.
	Miao, Z.H.
	Middlebrook, T.
	Molan. A.L.
	Muir, W.I.
	Nair, V.
	Naylor, A.
	Nielsen, S.G.
	O’Dea Christopher, E.E.
	Offer, J.
	Olnood, C.G.
	Ophel-Keller, K.
	Partridge, G.G.
	Pavic, A.
	Peisker, M.
	Perez De Ayala, P.
	Petersen, S.T.
	Petherick, J.C.
	Ratcliff, J.
	Ravindran, G.
	Ravindran, V.
	Renz, K.
	Roberts, J.R.
	Rodgers, N.
	Sacranie, A.
	Sands, J.
	Sayed, M.A.M.
	Scott T.A.
	Selle, P.H.
	Shini, A.
	Shini, S.
	Sipsas, S.
	Smith, L.
	Svihus, B.
	Swick, R.A.
	Thomas, D.V.
	Torok, V.A.
	Tredrea, A.M.
	Turner, R.
	Ulmer Franco, A.
	Vandenberg, G.
	Walkden-Brown, S.W.
	Webster, T.J.
	Weir. K.A.
	Wells, B.
	Wertelecki, T.J.
	Williams, I.H.
	4





