Nutritional Modelling for
Pigs and Poultry

Edited by N.K. Sakomura, R.M. Gous, |. Kyriazakis and L. Hauschild

Modelling is a useful tool for decision making in complex agro-
industrial scenarios. Allowing the farmer or veterinarian to test the
viability of solutions without risking capital, they are an integral part
of the decision-making process.

Containing a selection of papers presented at the International
Symposium of Modelling in Pig and Poultry Production 2013, this
book brings together the best and most recent academic work
on modelling in the pig and poultry industries. With a particular
emphasis on nutrition, it reviews basic modelling concepts,
descriptions and applications of production models, and new
methods and approaches in modelling. Covering areas such as the
response of laying hens and broilers to amino acid intake, statistical
issues and the chalienges associated with applying models to real-
world situations, this book is a valuable resource for researchers of
animal nutrition and veterinary scientists.

or Pigs andiRayitry

i

Axynod pue sbid 1o} buijjapojy jeuoninN

Related titles -
Sustainable Poultry Production in Alternative Systems for Poultry: IEdIted by
Europe Health, Welfare and Productivity -
Poultry Science Symposium Series, No. 31 Poultry Science Symposium Series, No. 30 : K
Edited by E. Burton, J. Gatcliffe and H.M. O'Neill Edited by V. Sandilands and PM. Hocking [l N 3 K Sako m u ra
2015 c.400 pages ISBN 9781780645308 2012 376 pages ISBN 978 1 84593 824 6 ' Sakomura R M G OUS
4 . [
Veterinary Treatment of Pigs Mechanistic Modelllng in Pig and Gous . '
G.R. Duncanson Poultry Production ¥ . Kyrl azakis

2006 352 pages ISBN 978 184593 0707 Hauschild

. L-Hauschild

2013 192 pages ISBN 9781780641720  Edited by C. Fisher, R. Gous and TR. Morris Kyriazakis '| r
|

For further information on these titles and other publications, see our website at www.cabi.org

CABI CABI

Nosworthy Way 38 Chauncy Street ISBN 978-1-78064-411-0 °

Wallingford Suite 1002 ) ®

Oxfordshire Boston, MA 02111 )
9 "781780"644110">

8)}21 08DE USA www.cabl.org




RETS
REOE




Nutritional Modelling for
Pigs and Poultry

Edited by
N.K. Sakomura

Departamento de Zootecnia, Faculdade de Ciéncias Agrdrias e Veterindrias,
Universidade Estadual Paulista, Sdo Paulo, Brazil

R.M. Gous

University of KwaZulu-Natal, Pietermaritzburg,
South Africa

I. Kyriazakis

School of Agriculture, Food and Rural Development,
University of Newcastle, Newcastle upon Tyne, UK

L. Hauschild

Departamento de Zootecnia, Faculdade de Ciéncias Agrérias e Veterindrias,
Universidade Estadual Paulista, Sdo Paulo, Brazil

b

www.cabl.org




CABI is a trading name of CAB International

CABI CABI
Nosworthy Way 38 Chauncy Street
Wallingford Suite 1002
Oxfordshire, OX10 8DE Boston, MA 02111
UK USA

Tel: +1 800 552 3083 (toll free)
E-mail: cabi-nao@cabj.org

Tel: +44 (0)1491 832111
Fax: +44 (0)1491 833508
E-mail: info@cabi.org
Website: www.cabi.org

© CAB International 2015. All rights reserved. No part of this publication
may be reproduced in any form or by any means, electronically,
mechanically, by photocopying, recording or otherwise, without the
prior permission of the copyright owners.

A catalogue record for this book is available from the British Library,
London, UK.

Library of Congress Cataloging-in-Publication Data

International Symposium of Modelling in Pig and Poultry Production
(2013 : Sdo Paulo, Brazil), author.

Nutritional modelling for pigs and poultry / edited by N.K. Sakomura,
R.M. Gous, I. Kyriazakis, and L. Hauschild.

p.;cm,

Includes bibliographical references and index.

ISBN 978-1-78064-411-0 (alk. paper)

I. Sakomura, N. K. (Nilva Kazue), editor. I. Gous, R. (Rob), editor. IIL
Kyriazakis, I (Ilias), editor. IV. Hauschild, L. (Luciano), editor. V. C.A.B.
International, issuing body. VI Title.

[DNLM: 1. Animal Nutritional Physiological Phenomena--Congresses.
2. Poultry--physiology--Congresses. 3. Animal Husbandry--methods--
Congresses. 4. Models, Biological--Congresses. 5. Swine--physiology--
Congresses. SF 494]

SF494

636.5089239--dc23
2014011160

ISBN-13: 978 1 78064 411 0

Commissioning editor: Julia Killick
Editorial assistant: Alexandra Lainsbury
Produgtion editor: Lauren Povey

Typeset by SPi, Pondicherry, India.
Printed and bound in the UK by CPI Group (UK) Ltd, Croydon, CRO 4YY.

Contents

Contributors

Preface

Acknowledgements

1

An Overview of Poultry Models
C. Fisher

InraPorc: Where Do We Come From and Where Do We Want to Go?
J. van Milgen, ].Y. Dourmad, J. Noblet, E. Labussiére, F. Garcia-Launay,
S. Dubois, A. Valancogne and L. Brossard

Modelling Reproduction in Broiler Breeder and Laying Hens
R.M. Gous

Modelling Nutrient Utilization in Sows: A Way Towards the Optimization of
Nutritional Supplies
J.Y. Dourmad, ]. van Milgen, A. Valancogne, S. Dubois, L. Brossard and J. Noblet

Statistical Issues in Nutritional Modelling
N. St-Pierre

Basics and Applications of an Exponential Nitrogen Utilization Model
(‘Goettingen Approach’) for Assessing Amino Acid Requirements in Growing
Pigs and Meat Type Chickens Based on Dietary Amino Acid Efficiency

F. Liebert

Artificial Neural Networks
A.S. Ferraudo

Challenges Associated with the Application of Poultry Models:
The Case of Turkeys
V. Rivera-Torres

vii
xi

xiii

22

38

50

62

73

88

96




Vi

Contents

10

11

12

13

14

15

16

17

18

19

20

21

INAVE: A Practical Tool to Study the Influence of Nutritional and
Environmental Factors on Broiler Performance
B. Méda, M. Quentin, P. Lescoat, M. Picard and I. Bouvarel

Model Applications in Poultry Production and Nutrition
E.O. Oviedo-Rondén

Commercial Application of Integrated Models to Improve
Performance and Profitability in Finishing Pigs
N.S. Ferguson

Estimating Real-time Individual Amino Acid Requirements in
Growing-finishing Pigs: Towards a New Definition of Nutrient
Requirements in Growing-finishing Pigs?

C. Pomar, J. Pomar, J. livest, L. Cloutier, M.-P. Letourneau-Montminy,
I. Andretta and L. Hauschild

A Model to Optimize Broiler Productivity
R.M. Gous

AvinespModel: Predicting Poultry Growth, Energy and Amino
Acid Requirements
L. Hauschild, N.K. Sakomura and E.P. Silva

Maintenance Requirements for Amino Acids in Poultry
M.A. Bonato, N.K. Sakomura, J.C.P. Dorigam and R.M. Gous

A Model to Estimate the Amino Acid Requirements for Growth and Sexual
Development in Laying Pullets
E.P. Silva, N.K. Sakomura, L. Hauschild and R.M. Gous

Responses of Broilers to Amino Acid Intake
D.C.Z. Donato, N.K. Sakomura and E.P. Silva

Description of the Growth of Body Components of Broilers and Laying Pullets
E.P. Silva, N.K. Sakomura, S.M. Marcato and R. Neme

Response of Laying Hens to Amino Acid Intake
H.C.P Bendezu, N.K. Sakomura, K.S. Venturini, J. Sato, L. Hauschild,
E.B. Malheiros and R.M. Gous

Amino Acid Requirements for Pullets Based on Potential Protein
Deposition and the Efficiency of Amino Acid Utilization
M.A. Bonato, N.K. Sakomura, E.P, Silva, J.A. Araiijo, A. Siinder and F. Liebert

A Comparison of Two Approaches for Determining the Optimum
Dietary Amino Acid Ratios of Fast-growing Broilers
J.C.P. Dorigam, N.K. Sakomura, A. Siinder and C. Wecke

Index

106

125

141

157

175

188

209

223

234

250

259

269

283

297

Contributors

I. Andretta, Dairy and Swine Research and Development Centre, Agriculture and Agri-Food
Canada, PO Box 90, 2000 Route, 108 East Lennoxville, Quebec, J1IM 1Z3, Canada. E-mail:
iandretta@gmail.com

I. Bouvarel, Institut Technique de 1’Aviculture, 37380 Nouzilly, France. E-mail: bouvarel.
itavi@tours.inra.fr

L. Brossard, INRA, UMR PEGASE, 35590 Saint-Gilles, France. E-mail: ludovic.brossard@
rennes inra.fr

L. Cloutier, Département des Sciences Animales, Université Laval, Quebec, Quebec, G1K
7P4, Canada. E-mail: lcloutier@cdpqg.ca

J.Y. Dourmad, INRA, UMR PEGASE, 35590 Saint-Gilles, France. E-mail: jean-yves.dourmad@
rennes.inra.fr

S. Dubois, INRA, UMR PEGASE, 35590 Saint-Gilles, France. E-mail: serge.dubois@rennes.
inra.fr

N.S. Ferguson, Nutreco Canada Agresearch, 150 Research Lane, Guelph, Ontario, N1G 4T2,
Canada. E-mail: neil.ferguson@nutreco.ca

A..S./Ffarraudo, Departamento de Ciéncias Exatas, Faculdade de Ciéncias Agrarias e Veter-
indrias, Universidade Estadual Paulista, Jaboticabal, Sdo Paulo, Brazil. E-mail: fsajago@
gmail.com

C. Fisher, EFG Software, 20 Longstaff Court, Hebden Bridge, HX7 6AB, UK, E-mail;
cfisher345@gmail.com

F. Garcia-Launay, INRA, UMR PEGASE, 35590 Saint-Gilles, France. E-mail: florence.
garcia@rennes.inra.fr

R.M. Gous, University of KwaZulu-Natal, Pietermaritzburg, South Africa. E-mail: gous@
ukzn.ac.za

L. Ha.usch'ild, Departamento de Zootecnia, Faculdade de Ciéncias Agrdrias e Veterindrias,
Universidade Estadual Paulista, Jaboticabal, Sdo Paulo, Brazil. E-mail: lhauschild@fcav.
unesp.br

L. Kyriazakis, School of Agriculture, Food and Rural Development, University of Newcastle,
Newcastle upon Tyne, UK. E-mail: ilias.kyriazakis@ncl.ac.uk.

E. Labussiére, INRA, UMR PEGASE, 35590 Saint-Gilles, France. E-mail; etienne.labussiere@
rennes.inra.fr

P. Lescoat, AgroParisTech, UMR1048 SADAPT, 16 rue Claude Bernard, 75231 Paris Cedex
05, France. E-mail; philippe.lescoat@tours.inra.{r

vii




296 J.C.P. Dorigam et al.

Gahl, M.]., Finke, M.D., Crenshaw, T.D. and Benevenga, N.]. (1991) Use of a four-parameter logistic
equation to evaluate the response of growing rats to ten levels of each indispensable amino acid.
The Journal of Nutrition 121, 1720-1729.

Gahl, M.]., Crenshaw, T.D. and Benevenga, N.J. (1994) Diminishing returns in weight, nitrogen, and
lysine gain of pigs fed six levels of lysine from three supplemental sources. Journal of Animal
Science 72, 3177-3187.

Green, J.A. and Hardy, R.W. (2002) The optimum dietary essential amino acid pattern for rainbow trout
(Oncorhynchus mykiss) to maximize nitrogen retention and minimize nitrogen excretion. Fish
Physiology and Biochemistry 27, 97—108.

Gruber, K., Roth, F.X. and Kirchgessner, M. (2000) Effect of partial dietary amino acid deductions on
growth rate and nitrogen balance in growing chicks. Archiv fiir Gefliigelkunde 64, 244-250.
Heger, ]. and Frydrych, Z. (1985) Efficiency of utilization of essential amino acids in growing rats at

different levels of intake. British Journal of Nutrition 54, 499-508.

Just, A,, Fernandez, J.A. and Jorgensen, H. (1982) Nitrogen balance studies and nitrogen retention. In:
Laplace, J.P., Corring, T. and Rerat, A. (eds) Digestive Physiology of Pigs. INRA, Paris, pp. 111-122,

Mack, S., Bercovici, D., DeGroate, G., Leclercq, B., Lippens, M., Pack, M., Schutte, ].B. and Van
Cauwenberghe, S. (1999) Ideal amino acid profile and dietary lysine specification for broiler
chickens of 20 to 40 days of age. British Poultry Science 40, 257—265.

Robbins, K.R., Norton, H.W. and Baker, D.H. (1979) Estimation of nutrient requirements from growth
data. The Journal of Nutrition 109, 1710-1714.

Robel, E.J. (1977) A feather abnormality in chicks fed diets deficient in certain amino acids. Poultry
Science 56, 1968—1971.

Rodehutscord, M. and Pack, M. (1999) Estimates of essential amino acids requirements from dose-
response studies with rainbow trout and broiler chicken: effect of mathematical model. Archives
of Animal Nutrition 52, 223-244,

Rodehutscord, M., Becker, A., Pack, M. and Pfeffer, E. (1997) Response of rainbow trout (Oncorhynchus
mykiss) to supplements of individual essential amino acids in a semipurified diet, including an
estimate of the maintenance requirement for essential amino acids. The Journal of Nutrition 127,
1166-1175.

Rollin, X., Mambrini, M., Abboudi, T., Larondelle, Y. and Kaushik, S.J. (2003) The optimum dietary
indispensable amino acid pattern for growing Atlantic salmon (Salmo salar L.) fry. British Journal
of Nutrition 90, 865—876.

Rostagno, H.S., Albino, L.E.T., Donzele, J.L., Gomes, P.C., Oliveira, R.F,, Lopes, D.C., Ferreira, A.S.,
Barreto, S.L..T. and Euclides, R.F. (2011) Tabelas Brasileiras para Aves e Suinos — Composigdo de
alimentos e exigéncias nutricionais. 3rd edn. UFV, Vigosa, Minas Gerais, Brazil.

Roth, F.X., Gruber., K. and Kirchgessner, M. (2001) The ideal dietary amino acid pattern for broiler-chicks
of age 7 to 28 days. Archiv fiir Gefliigelkunde 65, 199-208,

Samadi and Liebert, F. (2006) Estimation of nitrogen maintenance requirements and potential for
nitrogen deposition in fast-growing chickens depending on age and sex. Poultry Science 85,
1421-1429.

Samadi and Liebert, F. (2007) Lysine requirement of fast growing chickens: effects of age, sex, level of
protein deposition and dietary lysine efficiency. The Journal of Poultry Science 44, 63—72.

Samadi and Liebert, F. {2008) Modelling the optimal lysine to threonine ratio in growing chickens depend-
ing on age and efficiency of dietary amino acid utilisation. British Poultry Science 49, 45-54.

Scott, M.L., Nesheim, M.C. and Young R.J. (1969) Nutrition of the Chicken. M.L. Scott, Ithaca,
New York, USA.

Wang, T.C. and Fuller, M.F. (1989) The optimum dietary amino acid pattern for growing pigs. 1. Experi-
ments by amino acid deletion. British Journal of Nutrition 62, 77—89.

Zhen, C.T. and Li, D.F. (1999) The amino acid requirements of chicks and pigs and their ideal amino
acid patterns. China Feed 22, 20~22.

Zhengling, C. (2001) Comparative study of meat-type duck’s ideal protein amino acids pattern by differ-
ent methods. PhD Thesis, Sichuan Agricultural University, Sichuan, China.

Index

age at first egg (AFE) 39-40, 41
Agrolnfo TI 133
amino acids
body composition 194
broiler 234-235, 243-247
body component growth 250-257
essential amino acids (EAAs) 283-284,
288-295
experimental study 235-237
weight gain 237-247
dietary efficiency 73, 77-82
egg production 259-260, 262—267
experimental study 260-262
essential amino acids (EAAs) 283—284, 288—295
ideal amino acid ratios (IAARs) 82-85
intake 6-7, 28-30, 76, 101, 113-115, 122,
149, 182, 183, 193-194, 200-201
Reading model 6, 265
laying pullets 223-224, 230-232, 269-270
body component growth 250-257
experimental study 224-225, 270-273
growth rates 224230
nitrogen deposition (ND) 273-276,
279-280
nitrogen maintenance requirement (NMR)
269, 270-272, 273, 274-280
nitrogen retention (NR) 269, 270-272,
273-274, 279
maintenance requirements 209-211, 215-220
experimental study 211-215
maturity 211
nitrogen balance 215-218
pig production 157-158
lysine optimization 160-163, 165-167
precision feeding 167-170

ratio 283-285, 287-295
sustainability of food production 85
utilization 30-33
see also specific amino acids
animal variation 33-35, 144-145
genetic potential 145
health 146-147
initial size 145
social stress 145-146
antimicrobials 4
apparent ileal digestible (AID) 28-29, 165-166
arginine 283--284, 288-295
artificial neural networks (ANN) 88-89, 126
early stopping training method 91-92
multilayer perceptron neural networks
(MLP) 89-92
application of 92-94
perceptron 89
training 91-92
average daily gain (ADG) 160, 162, 166-167
Aviagen 128-129
broiler economics for energy and protein
(BEEP) 129-130
broiler lighting design 129
business process analysis (BPA) 129
Avinesp model 188-189, 203-205
body amino acid composition 194
current status estimation 191-192
desired feed intake 192, 199
amino acid limiting 193-194, 200-201
energy limiting 192-193
digestive tract capacity 194-196
feed intake 189, 192, 196
genotype 189-190
health 196-198, 202—203

297




298 Index

Avinesp model (continued)
lipid deposition potential 191
lipid:protein ratio 195
model description 190
model evaluation 199-203
protein deposition potential 190-191
temperature 198-199, 203

backfat 27
Bayesian framework 62, 64, 65, 66
biological value (BV) 73-74
body component growth 224-232, 250-257
body weight gain (BWG) 236-237, 240-243
Bovans White 211-220
broiler 175-178, 185-186
amino acid intake 234-235, 243-247
body component growth 250-257
essential amino acids (EAAs) 283-284,
288-295
experimental study 235-237
weight gain 237-247
business process analysis (BPA) 129
CENRAVI 132
Danisco animal nutrition service 131
econometric feeding and management
(EF&M) 130
economics for energy and protein
(BEEP) 129-130
EFG software 13-14, 128, 180-182, 189
amino acid content 182, 183, 262
feeding schedule 182, 184-185
nutrient density 182, 184
egg production 38-39
age at sexual maturity (ASM) 39-41
egg weight and composition 42-43
potential egg output 41-42
feed intake 3, 7-14, 110-112, 127, 179-180,
196, 199
genotype 179-180
nutrient requirements 180
Feed2Gain 130
genotype 176, 179-180
INAVI 11, 106-107, 122, 132
energy 108-110, 113-115, 1186,
119-120, 121
feed intake regulation 110-112
heat production 111-112, 116-117
net deposited energy (NED) 108, 112, 119
nutritional factors 112-115, 119-120, 122
physical activity 109-110, 117, 119-120
simulation 117-120

temperature 115-117, 118-119, 121-122
use of 117
lighting design 129
nutrient optimization 178-179, 180
Nutri-Opt 131

panorama service model 131

profitability 178-179
business models 132-133

Agrolnfo TT 133

CAMERA 135

CyberAgra 133

M-Tech Systems 134

UniSoma 134

CAMERA 135
Cargill’s MAX 131
CENRAVI 132
challenges with model application 96—97
application 101-104
process 102-103
user defined parameters 103
validation 103-104
evaluation 100
accuracy 100
robustness 100-101
framework description 97-98
implementation 104-105
model development 98-100
Clostridium spp. 196-197
Cobb 211-220, 251-257
crude protein (CP) 58-60, 234, 251-252
CyberAgra 133
cycle length 41-42
cystine
broiler 234-247
egg production 259-267
essential amino acids (EAAs) 283—284,
288-295
laying pullets 224-232
maintenance requirements 211-220

daily feed intake (DFI) 164-165
Danisco animal nutrition service 131
Darwin 131-132

Dekalb 259-267, 269-280

dietary amino acid efficiency 77-82
dietary fibre 194-195

digestible energy (DE) 25

digestive tract capacity 194-196

econometric feeding and management (EF&M) 130
EFG software 13-14, 128, 180-182, 189
amino acid content 182, 183, 262
feeding schedule 182, 184-185
nutrient density 182, 184
egg production 38-39
age at sexual maturity (ASM) 39
broiler breeder 40-41
commercial laying 39-40

Index 299

amino acid requirements 259-260, 262-267
experimental study 260-262
artificial neural networks (ANN) 93-94
egg weight and composition 42-43
potential egg output 41-42
empirical models 5-6
energy 25, 121
digestible energy (DE) 25
effective energy (EE) 190, 192-193, 203
estimation 108-109, 116
metabolizable energy (ME) 9, 10-11, 51-52,
103, 108, 112, 113, 183, 184, 251-252
net deposited energy (NED) 108, 112, 119
net energy (NE) 25, 51-52, 160
physical activity cost 109-110, 117
utilization 108
environmental factors
lighting 129
temperature 115-117, 118-119, 121-122,
198-199, 203
Escherichia coli 196-197
essential amino acids (EAAs) 283-284, 288-295
excretion reduction 5760
exponential nitrogen utilization model 73-75
dietary amino acid efficiency 77-82
ideal amino acid ratios (IAARs) 82-85
model development 75-77
sustainability of food production 85

feathers 252
protein deposition 191, 224-232
feed
conversion ratio (FCR) 160, 162, 183, 184,
236-237, 240-243, 247
nutritional factors 112-113
amino acid content 113-115, 127-128, 149
crude protein 113
metabolizable energy (ME) content 113
particle size 115
pig
cost reduction 147-149
daily feed intake (DFI) 164—165
intake 24-25
nutrient utilization 7-8, 57-60
restriction 27-28
poultry
costs 102-103
intake 3, 7-14, 44486, 110-112, 127,
179-180, 196, 199
restriction 4, 192-194, 200-201
precision feeding 158-159, 170-171
estimating nutrient requirements
159-163
impact 167-170
real-time estimation for individuals
163—167

Feed2Gain 130

feeding schedule 182, 184—185
fibre 194-195

fuzzy logic 92-93

genotype 1786, 179-180, 189-190
global sensitivity (GS) 69
glycine 283-284, 288-295
Gompertz function 25-26, 29-30, 68, 98, 190,
191, 224, 250, 251, 256
growth
artificial neural networks (ANN) 93
Avinesp model 188-189, 203—205
body amino acid composition 194
current status estimation 191-192
desired feed intake 192-194, 199,
200-201
digestive tract capacity 194-196
feed intake 189, 192, 196
genotype 189-190
health 196-198, 202-203
lipid deposition potential 191
lipid:protein ratio 195
model description 190
model evaluation 199-203
protein deposition potential 190-191
temperature 198-199, 203
curves 4-5
EFG software 13-14, 128, 180—182, 189
amino acid content 182, 183, 262
feeding schedule 182, 184-185
nutrient density 182, 184
exponential nitrogen utilization model 73-75
dietary amino acid efficiency 77-82
ideal amino acid ratios (IAARs) 82-85
model development 75-77
sustainability of food production 85
Gompertz function 25-26, 29-30, 68, 98,
190, 191, 224, 250, 251, 256
INAVI 11, 106-107, 122, 132
energy 108-110, 113-115, 116,
119-120, 121
feed intake regulation 110-112
heat production 111-112, 116-117
net deposited energy (NED) 108, 112, 119
nutritional factors 112~115, 119-120, 122
physical activity 109-110, 117, 119-120
simulation 117-120
temperature 115117, 118-119, 121-122
use of 117
InraPorc 22-23, 35
amino acid 28-33
backfat 27
feed 24-25, 27-28
maintenance energy 24, 26-27
protein deposition 23, 25-26, 27-28




300 Index

growth (continued)
sow nutrient utilization 50-60
use of 23-24
variation among animals 33-35
mechanistic models 7-14

health 196-198, 202-203
heat production 111-112, 116-117, 198-199
hen reproduction 38-39
age at sexual maturity (ASM) 39
broiler breeder 40-41
commercial laying 39-40
amino acid requirements 223-224,
230-232, 269-270
body component growth 250-257
experimental study 224-225, 270-273
growth rates 224-230
nitrogen deposition (ND) 273-276,
279-280
nitrogen maintenance requirement (NMR)
269, 270-272, 273, 274-280
nitrogen retention (NR) 269, 270-272,
273-274, 279
egg weight and composition 42-43
food intake 44-46
optimization 46-47
potential egg output 41-42
predicting body weight 43—44
see also egg production
Hisex 251-257
histidine 283-284, 288—295
holo-analysis 3, 4
Hy-Line 251-257

ideal amino acid ratios (IAARs) 82-85
INAVI 11, 106-107, 122, 132
energy 121
estimation 108-109, 113-115, 116
physical activity cost 109-110, 119-120
utilization 108
environmental factors
temperature 115-117, 118-119, 121-122
feed intake regulation 110
limits 110
modelling 110-112
heat production 111-112,116-117
net deposited energy (NED) 108, 112, 119
nutritional factors 112113, 122
amino acid content 113-115, 122
crude protein 113
metabolizable energy (ME) content 113
particle size 115, 119-120
physical activity 109-110, 117, 119-120
simulation 117-120
use of 117

InraPorc 22-23, 35

amino acid
supply 28-30
utilization 30-33

backfat 27

feed
intake 24-25
restriction 27-28

maintenance energy 24, 26-27

protein deposition 23, 25-26, 27-28

sow nutrient utilization 50-51, 60
amino acid requirements 52-53
dealing with variation 56-57
energy requirements 51-52
excretion reduction 57-60
nutrient utilization 57-60
reproductive cycle 51
simulation of performance 53-56

use of 23-24

variation among animals 33-35

isoleucine 283-284, 288—-295

laying pullets 38-39
age at sexual maturity (ASM) 39
broiler breeder 40-41
commercial laying 39-40
amino acid requirements 223-224,
230-232, 269-270
body component growth 250-257
experimental study 224-225, 270-273
growth rates 224-230
nitrogen deposition (ND) 273-276,
279-280
nitrogen maintenance requirement
(NMR) 269, 270-272, 273,
274-280
nitrogen retention (NR) 269, 270-272,
273-274, 279
artificial neural networks (ANN) 93-94
egg weight and composition 42-43
potential egg output 41-42
leucine 283-284, 288-295
lighting 129
linear model 63—-64
lipid
deposition potential 191
ratio 195
turnover 98
liver development 224-232
lysine 31-33, 52-53, 58-60, 77-82, 122, 127
egg production 259-267
essential amino acids (EAAs) 283-284,
288-295
laying pullets 224-232, 269-280
maintenance requirements 211-220
pig production 157-158

Index

301

optimization 160-163, 165-167
precision feeding 167-170

maintenance
amino acid 209-211, 215-220
experimental study 211-215
maturity 211
nitrogen balance 215-218
energy 24, 26-27, 43—44
mechanically separated meat (MSM) 94
mechanistic models 6-15
meta-analyses 126
metabolizable energy (ME) 9, 10-11, 51-52, 103,
108, 112, 113, 183, 184, 251252
methionine 4, 7
broiler 234-247
egg production 259-267
essential amino acids (EAAs) 283—284, 288—295
laying pullets 224-232, 269-280
maintenance requirements 211-220
models
application, challenges of 96-97
application 101-104
evaluation 100-101
framework description 97-98
implementation 104-105
model development 98-100
artificial neural networks (ANN)
88-89, 126
early stopping training method 91-92
multilayer perceptron neural networks
(MLP) 89-94
perceptron 89
training 91-92
Avinesp model 188-189, 203-205
body amino acid composition 194
current status estimation 191-192
desired feed intake 192-194, 199,
200-201
digestive tract capacity 194-196
feed intake 189, 192, 196
genotype 189-190
health 196-198, 202-203
lipid deposition potential 191
lipid:protein ratio 195
model description 190
model evaluation 199-203
protein deposition potential 190-191
temperature 198-199, 203
Cargill’s MAX 131
Danisco animal nutrition service 131
Darwin 131-132
EFG software 13-14, 128, 180-182, 189
amino acid content 182, 183, 262
feeding schedule 182, 184-185
nuftrient density 182, 184

exponential nitrogen utilization model 73-75
dietary amino acid efficiency 77-82
ideal amino acid ratios (IAARs) 82—85
model development 75-77
sustainability of food production 85

Feed2Gain 130

INAVI 11, 106-107, 122, 132
energy 108-110, 113-115, 116,

119-120, 121
feed intake regulation 110-112
heat production 111-112, 116-117
net deposited energy (NED) 108, 112, 119
nutritional factors 112-115, 119120, 122
physical activity 109-110, 117, 119120
simulation 117-120
temperature 115-117, 118-119, 121-122
use of 117

InraPorc 22-23, 35
amino acid 28-33
backfat 27
feed 24-25, 27-28
maintenance energy 24, 26-27
protein deposition 23, 25-26, 2728
sow nutrient utilization 50-60
use of 23-24
variation among animals 33-35

Nutri-Opt 131

poultry 1-2, 15-16
business models 132-135

statistical issues 62-63, 71
deviance analysis 69-71
linear model 63-64
model validation 69
sensititivity analysis 68—-69
stochasticity, sources of 64-68

Watson 150, 152—-153

Monte Carlo simulation method 42, 64, 66—67
M-Tech Systems 134

net deposited energy (NED) 108, 112, 119
net energy (NE) 25, 51-52, 160

net protein utilization (NPU) 73-75
nitrogen 75-77, 269

deposition (ND) 273-276, 279-280
exponential nitrogen utilization
model 73-75
dietary amino acid efficiency 77-82
ideal amino acid ratios (IAARs) 82—85
model development 75-77
sustainability of food production 85
maintenance requirement (NMR) 269,
270-272, 273, 274-280
retention (NR) 269, 270-272,
273-274, 279
see also feed

normal cumulative distribution 68
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nutrient 112-113, 122
amino acid content 113-115, 122
crude protein 113
density 182, 184

metabolizable energy (ME) content 113

particle size 115
precision feeding 158-159, 170-171

estimating nutrient requirements

159-163

impact 167-170

real-time estimation for
individuals 163-167

utilization
coefficients 7-8
improving 57-60
Nutri-Opt 131

ovary development 224-232
oviduct development 224-232
ovulatory cycle 3

panorama service model 131
pen trials 3-4
phenylalanine 283-284, 288-295
pig production 141-142, 153-154, 158
amino acid requirements 157-158
lysine optimization 160-163,
165-167
precision feeding 167-170
animal biology 142-143
animal variation 144-145
genetic potential 145
health 146-147
initial size 145
social stress 145-146
backfat 27
Cargill’'s MAX 131
commercial application 147
feed cost reduction 147-149
market changeability 150
stock changes 149-150
sustainability 150
Danisco animal nutrition service 131
feed efficiency 152-153
InraPorc 22-23, 35
amino acid 28-33
backfat 27
feed 24-25, 27-28
maintenance energy 24, 26-27

protein deposition 23, 25-26, 27-28

sow nutrient utilization 50-60
use of 23-24
variation among animals 33-35
maximum margin over feed cost
(MOFC) 143-144, 153

optimization 143-144
precision feeding 158-159, 170-171

estimating nutrient requirements 159-163

impact 167-170
real-time estimation for individuals
163-167
shipping strategies 147
sow nutrient utilization 50-51, 60
amino acid requirements 52—53
dealing with variation 56-57
energy requirements 51-52
excretion reduction 57-60
nutrient utilization 57-60
reproductive cycle 51
simulation of performance 53-56
Watson 150, 152-153
weight gain 23
photoperiods 39-41
photorefractoriness 39
physical activity 109-110
poultry 175-178, 185—186
amino acid intake 6-7
broiler 234-247, 250-257, 283-284,
288-295
laying pullets 223-232, 250-257,
269-280
maintenance requirements 209-220
Reading model 6
antimicrobials 4
Avinesp model 188-189, 203-205
body amino acid composition 194
current status estimation 191-192
desired feed intake 192—-194, 199,
200-201
digestive tract capacity 194—196
feed intake 189, 192, 196
genotype 189-190
health 196-198, 202-203
lipid deposition potential 191
lipid:protein ratio 195
model description 190
model evaluation 199-203

protein deposition potential 190-191

temperature 198-199, 203
broiler see broiler
business models 132-133

Agrolnfo TI 133

CAMERA 135

CyberAgra 133

M-Tech Systems 134

UniSoma 134
business process analysis (BPA) 129
Danisco animal nutrition service 131
Darwin 131-132
econometric feeding and management

(EF&M) 130

EFG software 13-14, 128, 180-182, 189

amino acid content 182, 183, 262
feeding schedule 182, 184-185
nutrient density 182, 184
egg production 38-39
age at sexual maturity (ASM) 39-41
amino acid requirements 259-267
artificial neural networks (ANN) 93—-94
egg weight and composition 42-43
potential egg output 41-42
exponential nitrogen utilization model 73-75
dietary amino acid efficiency 77-82
ideal amino acid ratios JAARs) 82-85
model development 75-77
sustainability of food production 85
feed intake 3, 7-14, 44-46, 110-112, 127,
179-180, 196, 199
genotype 179-180
nutrient requirements 180
Feed2Gain 130
genotype 176
health 196-198
hen reproduction 38-39
age at sexual maturity (ASM) 39-41
amino acid requirements 223-232,
250-257, 269-280
egg weight and composition 42-43
food intake 44-46
optimization 46-47
potential egg output 41-42
predicting body weight 43—44
INAVI 11, 106-107, 122, 132
energy 108-110, 113-115, 116,
119-120, 121
feed intake regulation 110-112
heat production 111-112, 116-117
net deposited energy (NED) 108,
112, 119
nutritional factors 112-115, 119-120, 122
physical activity 109-110, 117, 119-120
simulation 117-120
temperature 115-117, 118-119, 121-122
use of 117
laying pullets 38-39
age at sexual maturity (ASM) 39-41
amino acid requirements 223-232,
250-257, 269-280
artificial neural networks (ANN) 93-94
egg weight and composition 42-43
potential egg output 4142
limitations 135-136
metabolizable energy (ME) 9, 10-11, 51-52,
103, 108, 112, 113, 183, 184
methionine 4, 7
model application, challenges of 96-97
application 101-104
evaluation 100-101
framework description 97-98

implementation 104-105
model development 98-100
model design 1-2, 15-16, 125-126, 137
advances 127-128
empirical models 5-6
extension of pen trials 3—4
growth curves 4-5
mechanistic models 6-15
non-nutritional factors 13-15
real-time control models 15
scientific theories 3
types 2
nutrient optimization 178-179, 180
Nutri-Opt 131
ovulatory cycle 3
panorama service model 131
pen trials 3-4
profitability 178-179
turkey
Darwin 131-132
feed costs 102-103
growth model 11-13
lipid turnover 98
metabolizable energy (ME) 103
model application, challenges of 96-105
protein turnover 98
precision feeding 158-159, 170-171
estimating nutrient requirements 159-163
impact 167-170
real-time estimation for individuals 163-167
protein
deposition (PD) 23, 25-26, 75, 165-167,
190-191, 253-257
intake 75-77, 113
net protein utilization (NPU) 73-75
turnover 98
see also amino acids

Reading model 6, 265

real-time control models 15
reproduction see hen reproduction
Richards distribution 68

Ross 251-257

Salmonella spp. 196-197

serine 283-284, 288-295

sex 251-257

sow nutrient utilization 50-51, 60
amino acid requirements 52-53
dealing with variation 56-57
energy requirements 51-52
excretion reduction 57-60
nutrient utilization 57-60
reproductive cycle 51
simulation of performance 53-56
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standardized ileal digestible (SID) 28-30, 52,
58-60, 168—169
statistical issues 62—63, 71
deviance analysis 69-70
concordance analysis 70
linear functional relationship 70-71
linear model 63-64
model validation 69
sensitivity analysis 68-69
stochasticity, sources of 64-68
sustainability of food production 85

temperature 115-117, 118-119, 121-122,
198-199, 203
threonine 77-82
broiler 234-247
egg production 259-267
essential amino acids (EAAs) 283-284,
288-295
laying pullets 224-232, 269-280
maintenance requirements 211-220
tryptophan 283-284, 288—295
turkey
Darwin 131-132
feed costs 102—-103

growth model 11-13

lipid turnover 98

metabolizable energy (ME) 103

model application, challenges of 96-97
application 101-104
evaluation 100-101
framework description 97-98
implementation 104-105
model development 98-100

protein turnover 98

tyrosine 283-284, 288-295

UniSoma 134
univariate sensitivity (UnS) analysis 68—69

valine 211-220, 283284, 288-295
variation among animals 33-35, 144-145
genetic potential 145
health 146-147
initial size 145
social stress 145-146

Watson 150, 152—-153




