23"" ANNUAL AUSTRALIAN POULTRY SCIENCE SYMPOSIUM
SYDNEY, NEW SOUTH WALES

19™ -22"° FEBRUARY 2012

Organised by

THE POULTRY RESEARCH FOUNDATION
(University of Sydney)

and

THE WORLD’S POULTRY SCIENCE ASSOCIATION
(Australian Branch)



Papers presented at this Symposium have been refereed by external referees and by members of the Editorial
Committee. However, the comments and views expressed in the papers are entirely the responsibility of the
author or authors concerned and do not necessarily represent the views of the Poultry Research Foundation or the
World’s Poultry Science Association.

Enquiries regarding the Proceedings should be addressed to:
The Director, Poultry Research Foundation
Faculty of Veterinary Science, University of Sydney

Camden NSW 2570

Tel: 02 46 550 656; 9351 1656
Fax: 02 46 550 693; 9351 1693

ISSN-1034-6260



AUSTRALIAN POULTRY SCIENCE SYMPOSIUM
2012

ORGANISING COMMITTEE

Dr. Aaron Cowieson (Director)
Ms. J. O’Keeffe (President PRF)
Professor W.L. Bryden

Dr. D. Cadogan

Dr. A. Crossan

Dr J. Roberts (Editor)
Dr. V. Kite

Dr. A. Kocher

Mr. G. McDonald
Mr. J. McLeish

Dr. Peter Groves Dr. W. Muir

Mr. G. Hargreave Dr. S.Ramirez

Dr. K. Huang Dr. P. Selle
Dr. T.Walker

The Committee thanks the following, who refereed papers for the Proceedings:

M. Ali B. Karakonji

Y. Bao A. Keyburn

M. Bhuiyan A. Kocher

P. Blackall A. Leary

K. Bruerton R. MacAlpine
W.Bryden D. Meaney

D. Cadogan C. Morrow

R. Carter W. Muir

M. Choct T. Nagle

K. Chousalkar A. Noormohammadi
A. Cowieson C. Olnood

G. Cronin T. O’Shea

J. Downing G. Parkinson

M. Dunlop R. Perez-Maldonado
D. Farrell M. Reading

R. Forder R. Reece

R. Freire J. Roberts

M. Geier N. Rodgers

P. Glatz L. Rogers

I. Godwin P. Scott

T. Grimes T. Scott

P. Groves P. Selle

P. Hemsworth S. Song

G. Hinch R. Swick

R. Horn V. Torok

R. Hughes G. Underwood

P. Jji S. Walkden-Brown
F. Islam T. Walker

C. Jackson S. Wilkinson

S. Wu



The Committee would also like to recognise the following Chairpersons for their contribution
to:

Australian Poultry Science Symposium 2011

Associate Professor Aaron Cowieson — Director PRF

Ms. Linda Browning — President - Poultry Research Foundation
Professor Julie Roberts — President - Australian WPSA Branch
Dr. Vivien Kite — RIRDC Chicken Meat Programme

Dr. Angus Crossan — AECL

Mr. Greg McDonald — Inghams Enterprises

Dr. David Cadogan - Feedworks

Mr. Greg Hargreave — Baiada Poultry Pty. Ltd

Dr. Tim Walker — Poultry CRC

Dr. Wendy Muir — University of Sydney

Dr. Bob Hughes - SARDI



AUSTRALIAN POULTRY AWARD

The Australian Poultry Award is presented annually to an Australian resident who has made a
long-term outstanding contribution to poultry science and/or the Australian poultry industry.
The Award is made by the Australian Branch of the World’s Poultry Science Association
(WPSA) and takes the form of a suitably inscribed plaque which includes the winner’s name,
together with a framed citation. Nominations are called for early each year from the
membership of WPSA, and completed nominations require to be forwarded to the Secretary
of the Australian Branch no later than 31% July. The selection committee consists of the
Australian Branch Management Committee of WPSA (10 members) as well as Award
recipients from the previous 10 years who are still active in the Australian poultry Industry.
Voting is by secret postal ballot, and if more than two candidates are nominated, a preferential
voting system is used. The Award is made to the winner at suitable forums where poultry
industry people are gathered, such as the annual Australian Poultry Science Symposium, the
biennial Poultry Information Exchange (PIX), and the triennial Australian Poultry
Convention.

Previous recipients of the award are:

1964 Mr A.O. Moll 1987 Mr E. Rigby

1965 Dr M.W. McDonald 1988 Mr W. Shaw

1966 Professor R.B. Cumming 1989 Dr H. Bray

1967 Mr F. Skaller 1990 Dr M. Mackenzie
1968 Professor G.L. McClymont 1991 Professor D.J. Farrell
1969 Dr S. Hunt 1992 Dr B.L. Sheldon
1970 Dr L. Hart 1993 Mr R. Macindoe
1971 Mr N. Milne 1994 Mr B. Bartlett

1972 Mr R. Morris 1995 Dr R.A.E. Pym

1973 Mr J. & Mr R. Ingham 1996 Dr E.E. Best

1974 Mr S.J. Wilkins 1997 Mr M. Peacock

1975 Professor C.G. Payne 1998 Professor D. Balnave
1976 Mr W. Stanhope 1999 Dr H. Westbury
1977 Professor B. Sinkovic 2000 Mr L. Brajkovich
1978 Mr J. Douglas 2001 Mr R.J. Hughes

1979 Mr D. Blackett 2002 Dr T.M. Grimes
1980 Dr A.F. Webster 2003 Dr R. MacAlpine
1981 Mr R. Fuge 2004 Dr M. Choct

1982 Dr J.G. Fairbrother 2005 Professor P. Spradbrow
1983 Dr R.K. Ryan 2006 Dr J. R. Roberts
1984 Mr C. Donnelley 2007 Dr V. Kite

1985 Dr P. Gilchrist 2008 Mr R. Horn

1986 Dr C.A.W. Jackson 2009 Professor W. Bryden

2010 Dr. G. Parkinson






SPONSORS of the 2012
AUSTRALIAN POULTRY SCIENCE SYMPOSIUM

Invited Speaker Sponsors

AB Vista Feed Ingredients
AECL Egg Program
ADM International

Danisco
Poultry Research Foundation
RIRDC Chicken Meat Program

Gold Sponsors

DSM Nutritional Products Pty. Ltd
Feedworks / Danisco
Poultry CRC

Silver Sponsors

AB Vista
Alltech Biotechnology Pty. Ltd
BEC Feed Solutions
Evonik Degussa Australia Pty. Ltd
Kemin (Aust). Pty. Ltd
Novus International Pty. Ltd
Pfizer Animal Health

Bronze Sponsors

Aviagen Australia Pty. Ltd
Biomin Australia
Elanco Animal Health
JEFO Australia Kemin (Australia)
Kemira
Phibro Animal Health

Alternative Sponsors

Taylor & Frances






CONTENTS

FUTURE CHALLENGES IN THE POULTRY INDUSTRY: BIOLOGICAL AND NUTRITIONAL
RESPONSE LIMITS
M. Sifri - ADM Alliance Nutrition, USA

CROSSROADS FOR GROWTH: CHANGING COMMODITY MARKETS URGE POULTRY
INDUSTRY TO CHANGE
N-D. Mulder - Rabobank, Europe

FREE-RANGE COMPARED WITH CONVENTIONAL POULTRY
PRODUCTION

GASTROINTESTINAL TRACT DEVELOPMENT: IMPLICATIONS FOR FREE-RANGE AND
CONVENTIONAL
B. Svihus— Norwegian University of Life Sciences, Norway

NUTRITIONAL IMMUNITY: POSSIBLE CHALLENGES IN FREE RANGE PRODUCTION
B. Humphrey and E.Roura— University of Queensland, Australia

INFLUENCE OF WHOLE WHEAT INCLUSION AND PELLET DIAMETER ON THE
PERFORMANCE AND GIZZARD DEVELOPMENT OF BROILERS

Y. Sngh, D.V. Thomas, T.W. Webster, G. Ravindran and V. Ravindran — Massey
University, New Zealand

THE EFFECT OF INSOLUBLE FIBRE AND INTERMITTENT FEEDING ON GIZZARD
DEVELOPMENT, GUT MOTILITY, AND PERFORMANCE IN BROILER CHICKENS
A.Sacranie, B. Svihus, V. Denstadli, P.A. Iji and M. Choct — Nutreco, Spain

COMPARISON OF PERFORMANCE OF COMMERCIAL CONVERNTIONAL AND FREE RANGE
BROILERS
T. Durali, P. Groves and A.J. Cowieson — University of Sydney, Australia

DOES THE COMPOSITION OF INTESTINAL MICROBIOTA DETERMINE OR REFLECT FEED
CONVERSION EFFICIENCY?
J. Apajalahti, T. Rinttila and A.Kettunen — Alimetrics, Finland

EFFECT OF LITTER MATERIAL AND DIETARY FIBRE ON GUT DEVELOPMENT, GUT
MICROFLORA AND PERFORMANCE IN BROILERS

RA. Swick, SB. Wu, L.L. Mikkelsen, R. McAlpine, K. Balding, V.A. Torok, P.A. |ji
and R.J. Hughes — University of New England, Australia

SEMDURAMICIN AND NUTRITIONAL RESPONSES: THE EFFECTS OF PROTEIN
SOURCE AND CONCENTRATION

K.W. Bafundo, H.M. Cervantes and G.M. Pesti — Phibro Animal Health
Corp, URA

EXPLOITING THE CALCIUM SPECIFIC APPETITE OF BROILERS
S.J. Wilkinson, P.H. Sle, M.R. Bedford and A.J. Cowieson — University of Sydney,
Australia

14

20

24

28

32

40

44

48



FREE-RANGE COMPARED WITH CONVENTIONAL POULTRY
PRODUCTION (cont)

SMALL SCALE VILLAGE CHICKEN PRODUCTION IN TIMOR-LESTE: IMPORTANCE,
PRODUCTION CHARACTERISTICS AND MAJOR CONSTRAINTS

E.A. Serrao, R. Copland, RA.E. Pym, J. Henning and J. Meers—

University of Queensland, Australia

POTENTIAL FEED INGREDIENTS FOR SMALL SCALE POULTRY PRODUCTION IN
TIMOR-LESTE

E.A. Serrao, X. Li, RA.E. Pym, J. Meersand W. Bryden —

University of Queensland, Australia

SHORT COMMUNICATION SESSION 1:  NUTRITION

EFFECT OF DIFFERENT ENZYME PREPARATIONS ON IN VITRO VISCOSITY OF WHEAT
AW, S. Song, M. Choct and RA. Swick — University of New England, Australia

ASSESSING AME AND DIGESTIBLE AMINO ACIDS OF DIFFERENT SOYBEAN MEALS BY
NIRS AND BROILER PERFORMANCE
Y.G. Lui, RA. Swick and D. Creswell — Adisseo Asia Pacific, Sngapore

NUTRIENT DIGESTIBILTY OF SORGHUM AND WHEAT BY BROILERS: EFFECT OF AN
ENZYME COCKTAIL

A.Qultan, A Alhassany, H. Mahat, SO.M. Oramary, X. Li, D. Zhang and

W.L. Bryden — University of Queensland, Australia

THE EFFECT OF DIGESTA VISCOSITY ON TRANSIT TIMES AND GUT MOTILITY IN BROILER

CHICKENS
A.Sacranie, B. Svihus and P.A. lji — Nutreco, Spain

USE OF PROTEASE AND XYLANASE IN BROILER DIETS CONTAINING DISTILLERS’ DRIED

GRAINS WITH SOLUBLES
M.R. Barekatain, M. Choct, C. Antipatis and P.A. lji —
University of New England, Australia

BETAINE HCL IMPROVES CARCASS YIELD IN BROILERS
D. Creswell- Creswell Nutrition, Australia

PHYTASE SUPPLEMENTATION OF SORGHUM-BASED BROILER DIETS WITH REDUCED
PHOSPHORUS LEVELS

P.H. &le, D.J. Cadogan, D.C. Creswell, G.G. Partridge —

University of Sydney, Australia

PROBIOTIC AGENTS TO PREVENT REPRODUCTIVE TRACT INFECTIONS IN FREE-RANGE
HENS
SShini, A. Shini and P. Blackall — University of Queensland, Australia

A SYSTEMATIC GEOMETRIC APPROACH TO THE PREDICTION OF FEED ENZYME
EFFICACY IN BROILERS
Y. Bao, L.F. Romero and A.J. Cowieson — University of Sydney, Australia

52

53

54

55

59

60

65

69

70

74

75



SHORT COMMUNICATION SESSION 1: NUTRITION (cont)

PREDICTION OF IN VIVO STARCH DIGESTIBILITY RESPONSES TO PHYTASE
SUPPLEMENTATION BY IN VITRO STARCH HYDROLYSIS
SY. Liu, P.H. Sdle and A.J. Cowieson — University of Sydney, Australia

FURTHER IMPROVEMENT OF THE UNE NECROTIC ENTERITIS CHALLENGE MODEL IN
BROILER CHICKENS

SB. WU, N. Rodgers, R.J. Moore and M.S. Geier —

University of New England, Australia

THE INTERACTIVE EFFECTS OF VITAMIN D, PHYTASE, CALCIUM, AND PHOSPHORUS IN
BROILER PERFORMANCE AND SKELETAL INTEGRITY
L.C. Browning, C. Antipatis and A.J. Cowieson — University of Sydney, Australia

THE EFFECT OF A MARINE CALCIUM SOURCE ON BROILER LEG INTEGRITY
E.J. Bradbury, SJ. Wilkinson, G.M. Cronin, C.L. Walk and A.J. Cowieson —
University of Sydney, Australia

EFFECTS OF DRINKING WATER ACIDIFICATION ON BROILER PERFORMANCE
J.Hayat and S Srinongkote — Kemira Asia Pacific, Sngapore

INTERACTION BETWEEN GRAIN CHARACTERISTICS AND XYLANASE SUPPLEMENTATION
IN WHEAT-BASED DIETS FOR BROILERS

A.Peron, P.H. Slle, A.J. Cowieson and D.J Cadogan —

Danisco Animal Nutrition, Sngapore

THE AVIAN TASTE SYSTEM: AN UPDATE
E. Roura, M.W.Baldwin and K.C. Klasing — University of Queensland, Australia

FEED ADDITIVES: MYTHBUSTERS

FEED ADDITIVE MYTHBUSTERS: HOW SHOULD WE FEED SYNTHETIC AMINO ACIDS?
M.T. Kidd and P.B. Tillman — University of Arkansas, USA

MYTHBUSTERS — ENZYMES IN THE SPOTLIGHT
M.R. Bedford and H.V. Masey O’ Neill — AB Vista Feed Ingredients, UK

MODERN PROBIOLOGY - DIRECT FED MICROBIALS AND THE AVIAN GUT MICROBIOTA
G.R. Siragusa — Danisco/Dupont, Wisconsin, USA

EFFECTS OF PROTEASE SUPPLEMENTATION ON BROILER PERFORMANCE AND IN VITRO
PROTEIN DIGESTIBILITY

F. Yan, L. Garribay, J. Arce, C. Lopez-Coello, D. Camacho, P. Disbennet,

M. Vazquez-Anon, M. Manangi, N. Odetallah and S. Carter — Novus International,
USA

INFLUENCE OF PRE-PELLETING INCLUSION OF WHOLE MAIZE ON PERFORMANCE,
GIZZARD WEIGHT AND ENERGY UTILISATION OF YOUNG BROILERS

Y. Sngh, T.W. Webster, SV. Rama Rao, G. Ravindran, A.L. Molan and

V. Ravindran — Massey University, New Zealand

76

77

81

85

89

93

97

105

112

120

134

138



FEED ADDITIVES: MYTHBUSTERS (cont)

ENVIRONMENTAL IMPLICATIONS OF AMINO ACIDS IN BROILER FEEDS
M. Peisker — ADM Specialty Ingredients, The Netherlands

CEREAL TYPE AND LIPID SOURCE INTERACTIONS IN BROILER STARTER DIETS

P. Tancharoenrat, F. Zaefarian, G. Ravindran, A.L. Molan and V. Ravindran —
Massey Universit, New Zealand

THE USE OF HIGH EFFICIENCY JUNCEA CANOLA MEAL AND FULL FAT JUNCEA CANOLA
MEAL IN BROILER FEEDING
SB. Neoh, D. Creswell and L.E. Ng — Soon Soon Oilmills, Malaysia

POULTRY AND VETERINARY SCIENCE ASSOCIATIONS GLOBAL
ADDRESSES

ENHANCING POULTRY PRODUCTION: THE WORLD VETERINARY POULTRY ASSOCIATION
(WVPA) AND AUSTRALIA TO PRESENT AND TOWARD 2020
T.J. Bagust — Global President, University of Melbourne, Australia

WPSA: 100 YEARS OF SERVICE TO THE WORLDWIDE POULTRY INDUSTRY
R.A.E. Pym — Global President, University of Queensland, Australia

SHORT COMMUNICATION SESSTION 2:  HEALTH AND WELFARE

THE RELATIONSHIP BETWEEN PRE-LAYING ACTIVITY AND CORTICOSTERONE
CONCENTRATIONS, AND THE INTERPRETATION FOR LAYING HEN WELFARE

G.M. Cronin, J.L. Barnett, T.H. Sorey, P.C. Thomson and P.H. Hemsworth —
University of Sydney, Australia

SERUM ANTIBODY RESPONSES FOLLOWING SALMONELLA VACCINATION AND
CHALLENGE WITH SALMONELLA TYPHIMURIUM
SM. Sharpe, J.M. Cox and P.J. Groves— Birling Avian Laboratories, Australia

EFFECT OF SALMONELLA VACCINES IN COMMERCIAL LAYER CHICKENS AGAINST
VARIOUS SALMONELLA SEROVARS
SM. Sharpe, J.M. Cox, P.J. Groves - Birling Avian Laboratories, Australia

OVIPOSITION FEEDING COMPARED TO NORMAL FEEDING: EFFECT ON PERFORMANCE
AND EGG SHELL QUALITY

J. delos Mozos, A. Gutierrez del Alamo, T. van Gerwe, A. Sacranie and

P. Perez de Ayala — Nutreco, Spain

DETERMINATION OF THE VIRULENCE AND PATHOGENICITY OF AUSTRALIAN FOWL
ADENOVIRUS FIELD STRAINS IN CHICKENS AT TWO DIFFERENT AGES

P.A. Seer, A.H. Noormohammadi, P. Scott, and G. Browning —

University of Melbourne, Australia

SEROLOGICAL SURVEY OF ERYSIPELOTHRIX RHUSIOPATHIAE EXPOSURE IN NEW
ZEALAND POULTRY
A.Kurian, E. Neumann, W. Hall and D. Marks — Massey University, New Zealand

139

143

147

151

159

168

172

176

180

184

185



SHORT COMMUNICATION SESSTION 2: HEALTH AND WELFARE (cont)

EFFECTS OF BLOOD SAMPLES MISHANDLING ON ELISA TEST RESULTS FOR INFECTIOUS
BRONCHITIS VIRUS, AVIAN ENCEPHALOMYELITIS VIRUS AND CHICKEN ANAEMIA VIRUS
A.Kurian, E. Neumann, W. Hall and D. Marks — Massey University, New Zealand

ROLE OF INFLAMMATION IN THE PATHOGENESIS OF FATTY LIVER HAEMORRAHAGIC
SYNDROME IN LAYING HENS

A.Shini, SShini, L.J. Filippich, ST. Anderson and W.L. Bryden —

University of Queensland, Australia

EFFECT OF AGE ON FERTILITY IN THE JAPANESE QUAIL (COTURNIX JAPONICA)
U. Farooq, |.A. Malecki, A. Etherington and J. Greeff —
University of Western Australia, Australia

THE QUALITY OF THE PEKIN DUCK (ANAS PLATYRHYNCHOS DOMESTICA) EJACULATES
S Cho, I.A. Maleki and G. Fraser — University of Western Australia, Australia

META-COMPARISON OF THE WELFARE OF LAYING HENS IN CONVENTIONAL CAGES AND
ALTERNATIVE SYSTEMS
R. Freireand A. Cowling — Charles Surt University, Australia

PREVALENCE OF MYCOPLASMA SYNOVIAE IN EGGS FROM LAYING HENS USING ELISA

V.C. Gole, K.K. Chousalkar, J.Lievaart and J.R. Roberts —
Charles Suart University, Australia

IDENTIFICATION AND CHARACTERISATION OF FLOCK PERFORMANCE ISSUES IN LAYING
HENS USING LOGIC SOFTWARE
S Ramirez and H.J. Ramirez — Fractal Solutions, Australia

HOT TOPIC 1- LAYING HENS: CURRENT |SSUES AND OPPORTUNITIES

MAJOR STRATEGIES AND CHALLENGES WITHIN AECL
J. Kellaway — Australian Egg Corporation Limited, Australia

NEW CONCEPTS IN LAYER NUTRITION
M.A. Elliot — A & E Nutrition Services, USA

CASE REPORT: ADVERSE REACTIONS FOLLOWING PARENTERAL ADMINISTRATION OF
LIVE STTENUATED SALMONELLA VACCINE IN A STRAIN OF LAYER CHICKENS
P.J. Groves and SM. Sharpe — University of Sydney, Australia

RECOVERY OF ENTEROBACTERIACEAE FROM SHELL SURFACE AND SHELL IN EARLY,
MID AND LATE LAY
K.K. Chousalkar and J.R. Roberts — University of Adelaide, Australia

COMPARISON OF OMEGA-3 LEVELS IN TWO STRAINS OF BROILERS AND LAYERS FED
HIGH ALPHA LINOLENIC ACID DIETS

L.R. Kartikasari, M.S. Geier, RJ. Hughes, SE.P. Bastian, M. Makrides and
RA. Gibson - SARDI, Australia

189

193

194

198

201

205

209

210

217

232

233

237



HOT TOPIC 1- LAYING HENS: (cont)

EGG QUALITY AND FOOD SAFETY OF TABLE EGGS: EGG QUALITY AND AGE OF FLOCK —
A HORIZONTAL STUDY
J.R. Roberts and K.K. Chousalkar — University of New England, Australia

EGG QUALITY AND FOOD SAFETY OF TABLE EGGS: EGG QUALITY AND AGE OF FLOCK —
A LONGITUDINAL STUDY

S Samiullah, J.R. Roberts and K.K. Chousalkar —

University of New England, Australia

HOT TOPIC 2- RETAILER PRESSURE AND GLOBAL COMMODITY
MARKETS—-A TICKING TIME BOMB?

EFFECTS OF RETAILER PRESSURE ON THE EFFICIENCY OF AGRICULTURAL INDUSTRIES
| .J. Lean — SBScribus, Australia

EVALUATION OF NEW HIGH YIELDING TRITICALE CULTIVARS FOR INCREASED BROILER
PRODUCTION

AM. Tredrea, R.J. Hughes, S. Diffey, M.S. Geier, J.L. Black, J. Roake and

R. Trethowan — University of Sydney, Australia

THE ROLE OF GASTROINTESTINAL TRACT MICROBIOTA IN CHICKEN PRODUCTIVITY
D. Sanley, M.S Geier, R.J. Hughes and R.J. Moore— CSRO, Australia

RESPONSIVENESS OF SORGHUM AND TRITICALE GRAINS TO SEPARATE BLENDS OF
XYLANASE AND PHYTASE ENZYME PRODUCTS
R.J. Hughes, M.S. Geler, J.L. Black, A.M. Tredrea and S. Diffey — SARDI, Australia

ELECTRONIC POSTERS

AUSTRALIAN WHEATS: DEGRADABILITY AND ENZYME RESPONSE
Y.G. Liu, C. Gady and P. Dalibard — Adisseo Asia Pacific, Sngapore

MICROBIAL PHYTASE INFLUENCES KINETICS OF STARCH-PROTEIN DIGESTION IN
BROILER CHICKENS

SY. Liu, P.H. Sle, A. Peron, D.J. Cadogan, R.J Gill and A.J. Cowieson —
University of Sydney, Australia

MAXIMISING THE ENERGY VALUE OF CASSAVA PRODUCTS IN DIETS FOR BROILER
CHICKENS
M.M. Bhuiyan, L.F. Romero and P.A. Iji — University of New England, Australia

ENERGY UTILISATION AND GROWTH RESPONSES OF BROILER CHICKENS ON
VEGETABLE PROTEIN DIETS
M.A. Hossain, A.F. Isamand P.A. lji — University of New England, Australia

COMPARING A THERMOTOLERANT XYLANASE WITH A MULTI-ENZYME BLEND IN
WHEAT-BASED BROILER DIETS
H.V. Masey O’ Neill, M.R. Bedford, H. Graham and A. Kumar —AB Vista UK

241

245

249

258

262

266

270

271

272

276

280



ELECTRONIC POSTERS (cont)

OVIPOSITION FEEDING: EFFECT PF REDUCED ENERGY AND PROTEIN LEVELS ON
PERFORMANCE OF LAYING HENS

J. delos Mozos, A. Gutierrez del Alamo, T. van Gerwe, A. Sacranie and

P. Perez de Ayala — Nutreco, Spain

EFFECT OF MULTI-NSP ENZYMES AND PHYTASE COMBINATION ON GROWTH
PERFORMANCE OF BROILER CHICKENS FED WITH DIFFERENT QUALITY GRADES OF
INGREDIENTS

C.G. Olnood and Y.G. Liu — Adiesso Asia Pacific, Sngapore

EFFECT OF DIFFERENT CONCENTRATIONS OF LYSINE AND METHIONINE ON
PERFORMANCE OF WHITE LEGHORN LAYERS FEFD DIETS WITH SUB-OPTIMAL
CONCENTRATIONS OF PROTEIN

SV.Rama Rao, M.V.L.N. Raju, T. Silatha and A.K. Panda —

Project Directorate on Poultry, India

MULTISUBSTRATE ENZYME IMPROVES THE APPARENT METABOLISABLE ENERGY (AME)

OF BROILER DIETS
B.L. Vasanthakumar, K.V. Chandrasekar, L-B. Goh — Kemin Agrifoods Asia,
Sngapore

IMPROVED BROILER PERFORMANCE FOLLOWING THE EARLY ADMINISTRATION OF
PROTEIN FRACTIONS EXTRACTED FROM MEAT AND BONE MEAL
W.I. Muir, G.W. Lynch and P. Williamson — University of Sydney, Australia

EVALUATING THE EFFICIENCY OF A PREBIOTIC (ASPERGILLUS MEAL) ON BROILER
PERFORMANCE
A.Chegeni — Razi University, Iran

THE EFFECT OF A SYNBIOTIC — A COCKTAIL OF PRE AND PROBIOTIC- ON BROILER
PERFORMANCE AND LITTER QUALITY
A.Chegeni — Razi University, Iran

BETAINE AS AN OSMOLYTE
A.Phillip — Phillip Associates, Australia

ENHANCING EGG PRODUCTION PERFORMANCE IN COMMERCIAL PHEASANTS USING
PHOTOPERIOD
|.A. Malecki and K.O’ Bryan — University of Western Australia, Australia

NUTRITIONAL STRATEGIES TO ALLEVIATE POOR GROWTH PERFORMANCE OF
COMMERCIAL DUCKS UNDER HIGH TEMPERATURE
J. Downing — University of Sydney, Australia

EFFECT OF A PROTECTED COMBINATION OF SODIUM BUTYRATE AND ESSENTIAL OILS
(NATESSE) ON BROILER PERFORMANCE AND JEJUNUM EPITHELIUM DEVELOPMENT
J.J. Mallo, P. Honrubia, M. Puyalto and M. Cortyl — Norel SA., Spain

AUTHOR INDEX

283

287

291

295

296

297

298

302

303

307

308

312






Aust. Poult. Sci. Symp. 2012....23

FUTURE CHALLENGES IN THE POULTRY INDUSTRY: BIOLOGICAL AND
NUTRITIONAL RESPONSE LIMITS.

M. SIFRI?

Summary

Future challenges in the poultry industry will be caused by numerous factors. Such factors
may be biological, social, political, economic, environmental, health and others or a
combination of some or all of them. The main focus in this article is the biological challenges
in the poultry industry. These challenges are symbolized by exploring the area of limits to
theoretical maximum responses. The impetus to deal with this subject is the continuous influx
of technical, marketing and sales push and promotions for unlimited products to deliver a
perceived economic improvement by the poultry industry. A straight and simple
mathematical calculation for the projected, perceived and accumulated benefits and
improvements may lead a person to draw the erroneous conclusion that the return on any
investment is “magical” and unlimited. The reality is that these issues are so complex that
they defy the ability of modeling experts to resolve. In order to have a better appreciation of
the complexity of response limits, the subsequent write-up is presented as a simplified outline
in order for the readers to design their own customized evaluation with better knowledge to
lead them to a more realistic and quantitative answer. Consequently, a few areas are selected
that are of pertinence to make the point for limited responses. The list includes genetics,
immunity, additional amino acid fortification, increasing fiber content and embryo nutrition.
It is evident that limitations of responses to genetics, immunity and nutrition exist with
different magnitudes. Our challenge is to maximize the response in a balanced approach in
order to truly quantify the value of any effector quantitatively and determine its total and
comprehensive impact on the enterprise.

I. LIMITATIONS TO GENETIC POTENTIAL

During the 2011 PSA Informal Nutrition Symposium, Leeson (2012) reported individual
broiler growth rate of 95.23 grams/ day at 42 days of age and individual white egg layer
production of 345 eggs in 365 days. Such results have not been achieved under commercial
conditions. It is clear that the limitations are within the commercial setting. The answer might
be related to the following list of variables:

Ingredient matrix

Nutrient matrix

Environment (temperature, humidity, pressure, altitude)
Health

Light

Feed Texture (meal, crumbles, pellets)

Particle size of ingredients

Presence of modifiers such as medications, prebiotics, probiotics, exogenous
enzymes, herbs, extracts, vaccines, toxicants and others
9. Life cycle stage (age)

10. Feeding system and structure

11. Animal density (space, floor, cage, colony, volume)
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12. Ingredient availability and cost

13. Feed intake pattern (Frequency, feed level, feeder space, color and other stimuli)

14. Feed management and waste

15. Appetite

16. Animal physiological status

17. Species (Type and stage: chicken broiler, chicken layer, turkey, duck, geese, breeders)
18. Interaction(s)

I1. LIMITATIONS TO IMMUNITY POTENTIAL

Theoretically, maximum immunity responses can be achieved; however, there are many
compromises and complications that should be dealt with. Selvaraj (2012) addressed this
issue during the 2011 PSA Informal Nutrition Symposium. For the immunity system to
respond, certain nutrients or components such as carbohydrates, amino acids, fatty acids and
vitamins are required. With that in mind, it is essential that a balanced approach is used in
order to attain the desirable response with a measure of acceptability for certain limitations.
Otherwise the results could be disastrous. Supplying a specific nutrient or certain component
might put the immunity system in overdrive where other critical nutrients are depleted and
rendered unavailable for other essential metabolic functions where performance can be
compromised. Some nutrients might have biphasic effects where at low doses the immunity
response is desirable; however, at higher doses, they might illicit a contradictory impact.
Examples of those could include lutein, arginine and tryptophan. Other complicated issues
could involve an improper replacement of a nutrient with another nutrient that can lead to
unexplained responses. Such nutrients could include certain fatty acids, amino acids, minerals
or vitamins. Depending on the level of fortification and the physiological condition of the
animal, it is necessary to understand the potential benefit or damage that can be caused by
certain interactions of specific nutrients.

Il. LIMITATIONS TO NUTRITIONAL POTENTIAL

The scientific literature of nutritional limitations is vast. In order to make the points in a
simplified manner, three pertinent and new aspects are addressed in this section. These will
include some of the limitations that can be caused by increasing dietary amino acid and fiber
levels. The third area of interest will focus on the challenges of providing nutrients to the
chicken embryo during incubation.

1. Vieira and Angel (2012) addressed the amino acid issue in broilers during the 2011
PSA Informal Nutrition Symposium. In spite of the fact that general growth can be
affected by many of the variables listed in the preceding sections, the impact of
increasing some of the amino acids such as lysine and/ or other amino acids has
limitations whereby there is a plateau when only live weight is considered. However;
different plateaus of responses can be attained if feed efficiency or component yield
are the parameters to measure. Their findings demonstrated that the impact of
response to amino acid levels will vary with the age of the animal and the specific
components such as breast meat yield.

2. Mateos et.al (2012) addressed the fiber issue in extensive details in poultry during the
2011 PSA Informal Nutrition Symposium. It is fascinating to realize the impact and
the limitations of fiber on performance, health and metabolism in poultry. Their
findings demonstrated that response potential and limitations are seriously affected by
the fiber source. Poultry diets that are low in fiber are excellent candidates to show the



Aust. Poult. Sci. Symp. 2012....23

beneficial effects of including low dietary fiber levels (1-3%) on the development of
the different organs of the GIT, nutrient digestibility, gut health, and productive
performance. The impact of additional fiber is also dependent on the solubility and
other physico-chemical properties of the fiber source.

3. Uni et.al (2012) addressed the embryo nutrition limitations in poultry during the 2011
PSA Informal Nutrition Symposium. They explored in an elegant way the nutrient
sources for the embryo that are part of the egg components; egg shell, egg white and
egg yolk. They concluded that the yolk sac membrane plays a critical role that might
be similar to how the intestinal cells express their impact on carbohydrate, peptide and
mineral digestion and absorption in the chicken.

Understanding the opportunities and limitations in such metabolic processes might lead to
unlocking the secrets of how the biological system can reach to its potential under different
stages of life and different conditions.
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CROSSROADS FOR GROWTH: CHANGING COMMODITY MARKETS URGE
POULTRY INDUSTRY TO CHANGE

N-D. MULDER*

Challenging global fundamentals in food and fuel demand and supply will urge the global poultry
industry to change. One of the major challenges is a change in input costs with higher and more
volatile grain and oilseed prices. As these costs represent 50 percent to 70 percent of total production
costs, the impact on the industry will be huge. Poultry players will need to adjust their business models
to the new situation. In the wake of the changing input costs, global supply and demand of poultry
meat will also change. The importance of production in countries such as the Americas and probably
the Black Sea region, will increase as the world’s major growth areas in Asia face increasing
difficulties in meeting supply and demand and therefore turn to imports. This will lead to stronger
linkages between Asian countries and the Americas with investments in both directions. Differences
between winners and losers in the industry will increase, where winners will be the ones who have
adequately implemented the new realities in their business models.

I. CHANGING FUNDAMENTALS AS DRIVING FORCE FOR CHANGE

The world food industry will face big challenges in the years ahead. FAO expects world food demand
to grow by 70 percent until 2050; world population will grow from the current 7 billion to 8 billion in
2030 and to 9 billion by 2050. Income levels are expected to increase, which will stimulate meat
consumption, especially in lower income countries. The growing demand for food (and especially
meat) will have a huge impact on the supply chain. Competition for land, water and energy will
intensify as resources are limited. Global per capita land availability has declined in the past decades,
and areas which face growth in food demand in Asia have already a very high percentage of arable
land in cultivation. Expansion of big cities in emerging countries will also compete with agriculture.
Water availability is expected to increasingly become a competitive advantage, and again Asia has
disadvantages compared to more competitive production areas in the Americas and the Black Sea
region.

In such a changing global food scenario it is very likely that the focus of the industry will have
to change. The industry is dealing with a situation in which resources are limited and, although there is
still room to expand land reservoirs for agricultural supply - especially in Brazil, Russia and Africa,
but also in the EU and the United States (US) because of set-a-side programmes - the ease of
expansion will be more difficult and slower. Therefore, the emphasis has to change to further focus on
output with higher vyields, better efficiency and more focused product development to adjust to
changed consumer demand. The global agriculture industry has a great challenge here as better
efficiency and yields can only be achieved by better farm management - both for are-able and animal
production - by using better genetics, better feed (fertilisers or animal nutrition, equipment (including
housing) and by using better disease protection (agricultural chemicals and animal health). Better
agronomics and farm management would play a key role in optimising inputs for the best performance
in the given circumstances in each region. The entire process of improving all inputs, preferably in an
integrated way, will help to reach the challenging target for 2050.
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Il. ROAD TO NEW BALANCE WILL BE A BUMPY ONE: HIGH AND VOLATILE FEED
PRICES

Experiences from the past have shown that the process of adjusting to the new realities is not an easy
road. The increase in feed prices since 2006 can be attributed to the challenge of meeting a growing
demand for food, feed and fuel, with limited resources. Limited resources are illustrated by historically
low stocks-to-use ratios in grains, a shift in world trade with a growing importance of the volatile
Black Sea region as well as a move in Asian markets, especially net imports of corn in China. Any
change in supply and demand in these markets has a huge impact on market prices and also attracts
speculators. This has resulted in a trend of increasing and more volatile prices in international grain
and oilseed markets.

I1l. GROWING MEAT DEMAND AS A MAIN DRIVER FOR CHANGE

A growing meat demand, together with a growing demand for biofuel and other food products, is one
of the main driving forces behind the increase in demand for grains and oilseeds. Global meat demand
is expected to grow 45 percent in the next twenty years, while poultry demand will grow 60 percent as
the world population expands and average incomes increase. The poultry industry will benefit from
competitive costs of production as well as its health and convenience image. Unlike pork and beef,
poultry has no cultural consumption limitations and the efficiency of poultry production ensures a
relatively good sustainability footprint compared to other meat proteins.

It will be a big challenge for the global poultry industry to keep up with the 30 percent global
demand growth over the next decade; growth which is not evenly spread around the globe. Countries
in Asia and large parts of Africa, with no natural competitiveness in poultry production, need to
reconsider their supply strategies. It is clear that most of the supply will continue to be produced in
local areas as fresh product demand remains strong. However, scarcity in global markets will increase
the importance of international trade.

In the slipstream of growing meat trade, companies in developed markets and in exporting
countries will come under strong pressure to benefit from global growth. US companies are facing a
more challenging local production and trade environment and are also facing pressure from
shareholders to internationalise their business model. The success of the Brazilian model is going to be
a base for further internationalisation of the poultry industry and companies will further move (with
the support of national investment funds) to multinational structures in which the three directions of
internationalisation - access to low-cost production, synergy in distribution and access to local market
growth - will be all exploited.

IV. GLOBAL CHALLENGES, REGIONAL DIFFERENCES

Not all poultry companies will make the move to internationalise; companies in many regions still
have plenty of opportunities in their local markets as demand might grow, modern distribution is still
in an early stage of development, the level of fragmentation is low and/or export potential is still not
being utilised.

This is why poultry companies in the EU will do well to first utilise the great opportunities in
the internal EU market by better integrating the local industry and moving to a regional, and also later,
pan-European business model. Companies in Eastern Europe still have plenty of growth opportunities
in their domestic markets, although the growth potential in Russia might slow down somewhat after
2015 when Russia will be fully self-sufficient in poultry. Ukrainian companies still have significant
local growth potential, and there is potential for additional growth as the industry may become an
exporter of poultry products in the medium to long term. A probable opening of the EU market in
medium term might present local industries with a great growth opportunity here.

The position of Asian poultry companies will change in the medium term as efforts to increase
local market growth with limited resources will raise awareness about the importance of food supply
security. It can be expected that more Asian countries, such as China, will follow the Japanese model
regarding import security via local joint ventures. China’s import position will be forced to change due
to its limited availability of resources for grains and oilseeds. And although most of the poultry supply
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will continue to be produced in China, import companies will start to acquire companies or set up joint
ventures with exporting countries in Asia and Latin America to secure supply. This might force other
importers such as Middle East countries and the EU to react and follow a similar strategy.

The strategic moves in the global poultry landscape, which will occur over the next decade,
will be beneficial for companies in exporting countries and will stimulate consolidation among
companies in these countries. It will also be a great base for newcomers in the global poultry
landscape. Countries like Ukraine and Argentina have great long-term growth potential as by
responding to the need of importers they will become less dependent on exports to only a few
companies in a small number of countries. Nevertheless, Brazil will remain the dominant player in the
export poultry meat market, especially for whole birds, white meat and bulk processed meat. Thailand
and China will remain dominant suppliers of labour-intensive poultry products while the US and the
EU remain more ‘access’ supply exporters. However, cost competitiveness in raw meat might give the
US opportunities to develop a more value-added strategy.

Internationalising companies will shift their focus to the Asian region where growth in local
markets and the early stages of the development of a modern distribution system will present great
growth potential. China, India and South East Asia will be relatively ‘hot” for foreign investors and
may also offer trade synergies with existing business.

V. GLOBAL BUSINESS MODELS NEED TO CHANGE

The global poultry industry needs to prepare for a period with a much more volatile business
environment, especially from an input (feed costs) and exchange-rate perspective. Companies who are
not adequately positioned in the market and lack value-chain efficiency and flexibility encounter
difficulty in times of volatility.

Sustainability is going to be a much more important topic in the new market environment of
the next decade. Growth in poultry demand with limited resources will require more emphasis on
existing resources throughout the value chain. In such a situation, a good corporate social
responsibility policy should be a key factor among industry players in the poultry industry. NGOs and
clients will be more concerned than before about the sustainability of poultry production. Companies
need to be more proactive in this sort of issue. At the same time, animal welfare will become more
important, especially for companies operating in developed markets where suppliers also need to be
active in the debate, while retailers and QSRs might offer opportunities to set up good farming product
chains.

The global poultry industry has much going for it here and its efficiency has led to a more
sustainable production system compared to other animal proteins. Proactive approaches, marketing of
standards and joint approaches between clients and industries will become more important.

The opportunities for the global poultry industry are considerable, with demand growth in all
regions of the world, increased international trade, growth in modern distribution and a good
competitive position for the poultry industry compared to other proteins. Industry players are well
positioned to benefit from these challenges but they need take the right strategic direction at the
current crossroads. If they take the right direction and shape their business models to be ready to deal
with the challenges as well as the much greater turbulence in the global market environment, they
should be well positioned to become winners in the next decade.
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GASTROINTESTINAL TRACT DEVELOPMENT: IMPLICATIONS FOR FREE-RANGE
AND CONVENTIONAL PRODUCTION

B. SVIHUS?

Summary

By allowing birds access to an outdoor area in free-range poultry production, they will be
stimulated to consume forage such as fibrous plant materials and grit stones. This will
facilitate gizzard development, potentially resulting in better nutrient utilisation and a bird
more resistant to enteric diseases. The fibrous components and the fine grinding due to an
active gizzard will facilitate caecal development and result in increased fermentation, which
could have a beneficial effect on energy and protein utilisation. It is also possible that access
to an outdoor area will increase retention time in the crop, and thus potentially improve
efficacy of the digestion process.

I. INTRODUCTION

Modern poultry production encompasses a severe, as in caged layer hens, or a mild, as in
broiler chickens, restriction of movement of the birds. This has been met with criticism by
some consumer groups on an ethical basis, and thus alternative production systems have been
developed. Most of the alternative systems do not allow the birds to range freely as the word
“free-range” implies, but rather is a description of a production system where there is
significantly more space available, and which usually includes an outdoor area. In this
context, free-range can be defined as a system where there is very little restriction of
movement. It is, in this context, interesting to note that many birds to not take the opportunity
to use an outside range when given the opportunity (Dawkins et al., 2003). This is
particularly true for broiler chickens, where Weeks et al. (1994) found that these birds made
very limited use of the outdoor area.

Free-range production would mainly have an effect on gastrointestinal tract
development due to ingestion of material present in the extended environment of the free-
range bird. The wild ancestor to commercial chickens, the red jungle fowl, has been shown to
spend a very large amount of its time on foraging behaviour, with pecking behaviour
observed 60 % of the time and scratching behaviour observed 35 % of the time, despite the
fact that the birds were fed (Dawkins, 1989). In the wild, the omnivorous class of birds to
which the chicken and the turkey belong, will choose among nutritious foods such as other
animals, seeds and fruits. More fibrous foods such as young leaves and shoots are also eaten,
but the limitations in absolute size of the digestive tract of flying birds prohibits
developments to allow for a very efficient digestion of roughages.

Kirk Klasing has published an excellent review on feeding strategies of chickens and
turkeys (Klasing, 2005). Although a quantitative analysis of diets for red jungle fowl
surprisingly enough has not been undertaken, studies of crop contents have revealed that the
diet of red jungle fowl include fruits and berries from trees and herbaceous shrubs, seeds
(especially from bamboo), nuts, young shoots of bamboo and other grasses, leaves, petals,
tubers, termites and ants (and their eggs and pupae), earthworms, roaches, grasshoppers,
spiders, moths (and their caterpillars), beetles, small crabs, snails, centipedes and lizards
(Klasing, 2005). Foods of plant origin are present in quantitatively greater amounts than
those of animal origin. Although the structure of the digestive tract is very similar between
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Gallus gallus and Meleagris gallopavo, analysis of feeding behaviour shows that the wild
turkey feeds on a much larger proportion of vegetable feed materials than the red jungle fowl.
The diet composition of turkeys will obviously vary greatly with season and habitat, but the
proportion of vegetable ingredients will never be below 60 % and can be as high as 95 %.
Although the turkey is feeding mainly on plant material, it is certainly an omnivorous bird.
Klasing (2005) reports on an experiment where 524 wild turkey crops and gizzards were
analysed. More than 350 plant species and 300 invertebrate species were identified. Turkeys
are reported to feed heavily on food from trees, such as acorn and beechnuts. They are also
reported to feed on vegetative parts of grass, where they bite the long leaf off and swallow it
without further mastication.

In addition to foods, wild birds are known to ingest large quantities of small stones
from the environment to aid grinding in the gizzard. In a survey of 1440 gizzards from 90
American bird species, grit stones were found in the gizzard of 69 % of the species, with
highest prevalence for granivorous birds (Gionfriddo and Best, 1996). For example, all the 37
gizzards from ring-necked pheasants contained grit stones, with median number of stones
being as high as 88 and average diameter being 2.3 mm. Similarly, Norris et al. (1975) found
the gizzard of wild ptarmigans to contain an average of more than 100 gizzard stones during
the fall.

Il. CHARACTERISTICS OF FREE-RANGE FORAGING

The ultimate example of free-range is birds that roam unrestricted, as is often the case in
many developing countries. In African villages, for example, such free-range production has
been estimated to produce over 70 % of the poultry products and 20 % of the animal protein
eaten (Aboe et al., 2006a). These birds are usually being fed surplus feeds such as maize and
cereal by-products (Aboe et al., 2006b), but the quantitative contribution of surplus feed
compared to feed consumed due to scavenging is uncertain. It is reasonable to assume that a
large quantity of the feed consumed comes from scavenging. Mwalusanya et al. (2002)
reported that birds were only fed occasionally, and that the majority of the feed was found in
the surroundings of the village. Analysis of crop contents taken at sunset revealed that
between 40 and 75 % of the diet, depending on season, consisted of green forages,
insects/worms and kitchen waste, with green forages being the quantitatively most important
(Mwalusanya et al., 2002). The average proportion of green forages and insects/worms in the
contents of the crop were 29 and 12 %, respectively. Gunaratne et al. (1993) found household
refuse to be the quantitatively most important component of the diet of scavenging chickens
in four Sri Lankan villages. These data show that scavenging birds can obtain a large quantity
of their diet from the environment, and that composition of the diet under such conditions is
not very different from the diet of the red jungle fowl, with the difference that household
waste is a significant contributor to the diet of village hens.

In a more restricted version of the free-range production where the outdoor area is
fenced, such as systems commonly used in organic poultry production in Europe, the
limitations on roaming allows for less feed to be procured from the environment. Usually,
birds reared in such systems are fed complete diets ad libitum, and thus will not have any
large nutritional need for scavenging. However, it is well known that, despite this, birds will
consume large quantities of foraging material in the environment when present. Wood (1956)
assessed crop contents and found that 5 % of the dry matter in cockerels and pullets fed a
mixture of grain and pellets came from the Kentucky bluegrass on which they were allowed
to forage. When being allowed to select among several pastures, birds consumed up to 9 g
forage material per day. Although a large variation in forage consumption was observed (the
crop from one bird contained 48 % forage), only one out of 72 birds had eaten no forage.
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Wood et al. (1963) found similar variations in forage intake, and noted that clover was
consumed in larger quantities than grasses, particularly late in the season. It was also noted
that the chickens consumed significant amounts of dead grass. More recently, Horsted et al.
(2007) investigated foraging activity in hens which had access to approximately 10 m? of
grass and forb-covered ground per hen and which were fed either a pelleted layer diet or
whole wheat ad libitum. The average amount of plant material found in the crops in the
evening was between 2 and 10 g, with significantly higher amounts for wheat-fed birds than
for layer diet fed birds. The amount of invertebrates found was small and usually less than 1
g. Grit stones were found in the crops, with significantly larger amounts for hens fed whole
wheat than for hens fed the layer diet. Steenfeldt et al. (2007) gave layer hens access to
roughage, and also found that they consumed large amounts of roughage under such
conditions. As already mentioned, broiler chickens have been reported to use free-range
outdoor area to a lesser extent than layer hens. Despite this, Ponte et al. (2008a,b) found that
5 to 6 % of the crop dry matter consisted of forage, thus indicating a significant free-range
area use.

It is clear that free-range production will affect dietary composition and thus
potentially digestive tract development if the free-range environment contains forage material
or grit stones. To what extent this occurs, depends on the size of the outdoor area, type of
soil, climate and season, but usually some foraging material will be available, not the least
plant materials, soil and small stones. Thus, free-range production may affect digestive tract
macrostructure and development mainly through ingestion of large, fibrous and hard
materials. The increased need for grinding activity will affect gizzard size and functionality
(Svihus, 2011), and the increased fibre content of the diet will affect caeca size and
functionality (Clench and Mathias, 1995). In addition, it is possible that limited access to
free-range will affect the use of the crop as an intermediate storage organ for foods procured
in the free-range environment.

Il. GIZZARD DEVELOPMENT

The digestive tract is a dynamic organ which rapidly responds to changes in the diet. This is
particularly true for the gizzard, where the structure of the diet will have a large impact on
gizzard size. This issue have been extensively reviewed before (Svihus, 2011), and will only
briefly be outlined herein.

Structure can be defined as the size and internal binding strength of feed particles,
more specifically particle size and internal binding strength of the particles remaining after
the feed has been dissolved following consumption, i.e. the microstructure of the diet. A rapid
and conspicuous enlargement in size of the gizzard is observed when structural components
such as hulls, wood shavings or large cereal particles are included in the diet. This was nicely
demonstrated by Starck (1999), where a large increase in the size of the gizzard with contents
was observed after a high-fibre diet was given to quails for 14 days, and a similarly large
decrease in size of the gizzard was observed after switching to a low-fibre diet for 14 days.
The increase in size of the gizzard is a logical consequence of an increased need for particle
size reduction, due to the stimulative effect of the increased grinding activity on size of the
two pairs of gizzard muscles. Gizzard size may increase to over 100 % of its original size
when structural components are added to the diet. It has also been shown that the volume of
the gizzard increases substantially when diets with whole cereals or insoluble fibre are fed
(Hetland et al., 2003; Bjerrum et al., 2005; Amerah et al., 2008). In fact, the magnitude of
increase in weight of gizzard contents is usually much larger than the increase in size of the
gizzard, with more than two-fold increases in weight of contents frequently observed. Thus,
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structural components do not only increase the size of the gizzard, but also results in a large
increase in holding capacity of the gizzard.

A number of studies have shown improved nutrient utilisation when birds are
switched from diets lacking structure to diets with structural components such as coarsely
ground cereals or coarse fibre material (an overview of published literature can be found in
Svihus, 2011). It has been shown that particle size of material entering the small intestine is
smaller for a diet containing large amounts of structural components than for the same diet
containing a smaller amount of structural components (Hetland et al., 2002, 2003; Amerah et
al., 2009). This apparently counterintuitive result may simply be due to the fact that a well-
developed gizzard will result in an improvement in grinding capacity which will outweigh the
increased need for grinding due to a larger number of coarse particles.

It has been shown repeatedly that, when structural components such as whole or
coarsely ground cereals or fibre materials such as hulls or wood shavings are added, pH of
the gizzard content decreases by a magnitude of between 0.2 and 1.2 units (see Svihus, 2011
for a complete reference list). One possible logical explanation for this is an increased gizzard
volume and thus a longer retention time which allows for more hydrochloric acid secretion,
combined with a stimulative effect of gizzard activity on acid secretion. In addition to the
indirect potentially beneficial effects of a reduced pH due to less pathogenic microflora in the
digestive tract, a reduced pH may also contribute to an improved gastric digestion. An
increased amylase activity and bile acid concentration has also been observed, and