
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



AN ECONOl\TIC ANALYSIS :·_,F 

LF�T-COST LAYER RATIONS 

A thesis presented in partial fulfilment 

of the requirements for the degree of 

Master of Agricultural Science in Farm 

Management at Massey University. 

OLIVER PATRICK RYAN 

1974 



T ABJ_jE OF C ON'.rENTS 

TABLE OF C ONTENTS 

LIST OF.FIGURES 

ACKNOWLETIGR�TS 
ABSTRACT 

CHAPTER ONE : INTRODUCTION 

CHAPTER TWO : NUTRITIONP� RELATIONSHIPS IN 

LAYER PRODUCTION 

2.1 Introduc tion 

2. 2 Expres s i on of the energy rel ati onships in 

layer nutrition 

2.3 Energy utilization by l aying hens and its 

relat i on to voluntary f e ed c onsumption 

2.4 The relati onship b etwe en energy intake and 

produc tion responses 

2.5 Pro t ein uti l i z ation by laying hens and its 

relation to  voluntary f e ed c onsumption 

2. 6 The r elationship b e tween.prot e in intake and 

produc tion respons es  

2.7  Amino ac id relationships in  layer nutrition 

2.e The relati onship b etwe en amino ac id intake 

and yroduct i on responses 

2.9 Calc ium and phosphorus ut ilization by laying 

hens 

2.10 Fac t ors affec t ing egg s ize 

CHAPI'ER THREE: LAYER NUTRITION TRIAL 32-

EXPERIMENTAL. DETAILs··· 

3.1 

3.2 

Aims 

Ex�erimental design 

ii 

Pag e  
i i  

vi 

vii i  

ix 

1 

5 

5 

6 

9 

11 

13 

15 
19 

22 

28 

30 

32 

32 
32 



3 "A . .  ./ 

3.4  

3 c: •/ 

3 . 6  

3 - 7 

3 . 8  

Mat erials and methods 

Pre l iminary res earch 

Rati on formulati on 

Changes in trial design 

Measur ements 

3 . 7. 1  .C.:ody weight 

3 . 7 . 2  Feed consumpti on 

3 . 7 . 3 Mortal ity 

3 . 7 .4 Egg numb er 

3 . 7 . 5  Egg weight and grading 

Experimental results 

3 . 8 . 1  Results 1 -31 5 days 

C HAPTER FOUR: DATA ANALYSIS , ESTIMATION PROCEDURES 

AND PROBLEMS 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

Introduc tion 

Specific ation of the model 

Analys i s  of varianc e 

Estima t i on proc e dure 

Goodn e s s  of fit 

Test ing forms of the pro duc tion function 

Multic o l linearity 

General nature o f  the produc tion model 

CHAPTER FIVE : PRODUC TION FUNC TION ANALYSIS FOR 

THE-TOTAL LAYING . PERIOD 

Introduction 

Feed c onsumption 

5.2 . 1  Dis cuss ion 

iii 

Page 

32  

33  

36 

49 

54 

54 

54 

55 

55  

55  

5 5  

6 7  

68 

68 

68 

70 

72 

73 

77 

78 

83 

83 

83 

91 



5 . 3  Egg numb er 

Discus sion 

5 .4 Egg weight 

5 - 5  Body weight gain 

CHAPTER SIX: LCON01'1IC ANALYSIS 

6 . 1  Outline of  the economic model  

6 . 2  Method o f  analys is  

6 . 3  Experimental des i gn 

6 .4 Rati on formulation 

6 . 5  Egg and cull ed hen price 

6 . 6  Experimental results 

6 . 7  Net revenue function 

6 . 8  Conclus i on 

CHAPTER SEVEN : ASPECTS OF LAYER RESPONSES 

7-3 

Introduction 

Treatment 1 7  

7 . 2 . 1 

7 . 2 . 2  

Feed intake 

Egg numb er 

Treatments 1 6 , 1 8  

7.3.1 

7 . 3. 2  

Feed intake 

Egg numb er 

7.4 Analy si s  of t he period s 1 -�40 , 1 68-31 5 

day s i n  t he laying cyc le 

7-5 Feed c o ns umptio n 

iv 

Page 
96 

1 07 

1 08 

1 1 1  

1 1 7  

1 1 7  

1 21 

124-

1 28 

1 28 

1 30 

1 3 5 

142 

146 

146 

147 

147 

' 1 48 

1 49 

149 

1 50 

152  

1 52 



7-5 - 1  1 -1 40 days 

7 -5 - 2  1 68-31 5 days 

7 -5 - 3  Discus sion 

7 . 6  Egg numb er 

7 . 6 . 1  

7 . 6 . 2  

7 . 6 . 3  

CHAPTER EIGHT : 

APPENDIX A: 

APPENDIX B :  

APPENDIX C :  

APPENDIX D :  

APPENDIX E :  

APPENDIX F :  

.APPENDIX G :  

REFERENCES 

1 -1 40 days 

1 68-315 days 

Discussion 

CONCLUSION 

VARIABLES USED AND THEIR NOTATION 

EXPERIMENTAL RESULTS 1 -1 40 ,  168-

3 1 5  DAYS 

AI"'INO ACID ANALYSES 

ANALYSIS OF MINERAL AND VITAMIN 

ADDITIVE 

ANALYSIS OF TREATMENTS 1 -6 

AN EXAMPLE OF THE RELATIONSHIP 

BETWEEN STRUCTURAL AND REDUCED 

FORM �UATIONS 

SIGNIFICANCE LEVELS 

V 

Page 
1 53 

156 

1 59 

1 60 

1 60 

1 62 

1 66 

1 67 

1 73 

1'74 

1 81 

1 83 

1 84 

192 



LIST OF FIGLffiES: 

Figtu�e 2 . 1 : Energy rel ati onships in layer nutrition 

2 . 2 :  Es s ential amino acids 

2 . 3 : The respons e of egg yi e ld to methionine 

intake 

3 •1 : Di etary energy and pro t ein levels o f  

the treatments in LN/3 2  

5 . 1 : Fe ed consumption vs . di etary energy 

c oncentration 

5 . 2 : Ene rgy cons umpti on vs dietary energy 

c oncentrati on 

5 . 3 : Egg numb er v s. di etary energy concentra-

t i on 

vi 

Page 
8 

1 9  

27 

40 

84 

85 

97 

5 - L�: Egg numb er vs . obs erved energy intake 1 0 0 

5 .5 :  Egg numcer vs . obs erved  methi onine 

int ake 

5 . 6 : Predict ed energy intake vs . obs erved 

e ner gy intake . 

1 01 

1 02 

5 . 7 :  E�g numb er vs . pr edicted energy intake 1 03 

5 .8 :  Egg numb er vs . predict ed methionine 

intake 

5 .9 :  Avera ge e gg we ight v s. d ietary energy 

c o nc e ntrat io n 

.5 . 10 : L iv ewei ght ga in v s. d i etary e ner gy 

co nsumpti o n  

6. 1 :  Relat io nship s b etwe e n e sti mated net 

r eve nue a nd e ner gy de nsity of layer 

ratio ns 

1 04 

1 09 

11 2 

1 37 



Figure 6.2: Relationship b etween e s timat ed net 

revenue and energy dens ity at dif­

ferent methi onine int akes ( gms . ) ;  

is oleucine at 0 .55 % 

7 . 1 : Daily feed consumption vs . di etary 

energy concentration C1 -1ao days ) 

7 . 2 : Dai ly feed consumption vs . di etary 

vii 

Page 

1 43 

. 1 54 

energy concentrati on ( 1 68 -31 5 days ) 1 57 

7 .3 :  Egg numb er vs . di etary energy 

concentration (1 -1 40 days)  1 61 

7. 4 :  Egg numb er vs . dietary energy 

concentrati on (1 68-31 5 days ) 1 63 



vi:l.i 

ACKNOWLEDGEI'1ENT 

I would like to express my s inc ere appreciation o f  

the advic e and enc ouragement provided throughout this 

s tudy by my supervis or , Profes s or R J Tmvns ley ,  Profes s or 

o f  Agricultural Ec onomics  and Farm Management , Mas s ey 

· Univers ity . 

I am grateful to Mr R Patch e l l , Direc tor , Poultry 

. R es earch C entre , Mass ey Univers ity for his c o operation in 

providing res earch facilities  and as s is tanc e during the 

s tudy. 

Staff of the Poultry Res earch C entre have b e en 

most  helpful . 

Financ ial assistanc e was obtained from the 

Agricultural Ec onomics and Farm Management Departm ent , 

Mas s ey Univers ity and Poultryman ' s  C o operative Limit ed , 

Auckland . 

The manus cript was typed by l'1rs P Reynolds and 

Mrs G P  Percy and I am appreciative of this . 

I wish t o  thank my wife Caro lyn for her enc ouragement . 

Finally , I would l ike t o  thank Alan , Stephen and 

others who hel�ed develop , during the period of this 

s tudy , the authors apprec i ation of non-academic pursui ts . 



ix 

ABS'rRACT 

Fift e en treatments , replicat ed once , each containing 

eighty four birds of thre e s trains of White Leghorn layers 

(White Bas e a ,  Whit e Bas e b, 1'1. Line ) were fed rations ad 

lib itum o f  five different metabolisab l e  energy l evels (231 5 , 

2535 , 2756 , 2976 , 31 97 k .  cal . M . E .  per kg . ) and thr e e  dif­

ferent protein levels  ( 16 ,  1 7 ,  1 8  gms . per hen per day, 

bas ed on an energy i�take o f  305 k .  cals . per hen per day ) 

t o  obtain quantitative estimat es of  the physical input/ 

output relati onships of layer production.  Three  other 

treatments , plus a c ontrol , were fed to obtain data on the 

respons e of laying hens to  res tricted energy intake and 

improved protein quality. All rations were formulated t o  

leas t cost  us ing Linear Pro gramming . 

Least Square s  multiple regress ion was us ed to ob tain 

l inear respons e func tions for feed intake , egg number , e gg 

we ight and liveweight gain ( the variab les included in a net  

r evenue function for layers under N ew Zealand production 

c onditions ) . 

Fe ed intake was expres s ed in t erms of di etary energy 

c oncentrati on and initial liveweighT . Statis tical prob l ems 

encount ered dictated that predict ed nutrient intakes were 

us ed as the independent variables  in the estimat ion o f  the 

egg numb er and l iveweight gain func t i ons . Predic ted energy 

intake and methionine intake acc ounted for differences in 

egg number , particularly for White  Base b layers . Predicted 

energy intake\ methionine intake and isol eucine intake 

acc ount ed for differenc es in liveweight gain . There were 

no s i gnific ant differenc es b etwe en average egg weight s . 



There were s i gnificant strain differences  in ad lib itum 

f eed consumption , egg numb er ,  average e gg weight and 

l iveweight gain . 

X 

A net revenue function was es timated in t erms of  

the end0genous variab les ( di etary nutri ent concentrati ons ) 

which were inc luded in the layer respur�,e functions . This 

was analys ed in terms of the endogenous variables  for the 

then curr ent egg and feed prices . 
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CHAPTER ONE 

INTRODUCTION 

Fe e d  is the maj or variab le-cos t item in an egg 

production enterpris e .  To  r educe feed cos t , l inear pro­

gramming has  been us ed t o  s o lve the " l eas t-cost feed-mix 

problem " ;  where ingredi ent levels in the ration are 

s el ected s uch that the cos t per unit o f  rati on lS minimised 

s ub j ect t o  specifi ed nutrient inclus ion .  

Nutri ent recommendati ons for laying hens are express­

ed  as  a p ercentage o f  the di et  (N . R . C . ,  1 963 ) and as  a daily 

h en requirement ( Scott et al . ,  1 969 ) . Ration formulators in 

the pas t have been guided by dietary percentage recommenda-

t i ons . Thes e are o ften relat ed to a part icular di etary 

energy concentration and the only criteri on for their 

acceptance is that they support satis factory layer perfor­

mance . The need for thes e recommendations presupposes that 

variation in dietary nutrient cont ent will affect a varia-

t i on in animal performance . In the " leas t-cost feed-mix " 

£ormulat i on ,  no account is tak en of  the economic cons e­

quenc e s  of  affecting an aniltal producti on respons e by means 

of a change in di etary nutrient con�ento This l imitation 

was rec o gni sed by Brown and Arscott  ( 1 960 ) who noted that 

mini mi sing feed c o st wa s only part of the economic prob l e m. 

They rec o gni sed that ani mal re spon se mu st b e  inc luded in the 

econo mic model and the deter mination o f  o pt i mum nutrient 

level s  wa s an e cono mic prob l e m. 

Before ani mal re spon se can b e  inc luded in the econo mic 

analy si s of layer r ation s it i s  n ece ssary to quantify the 
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physical input/output r elationships of layer produc t io n. 

The relationships that are of direct int erest are those 

that predict the responses that are included in the 

economic model . An economic model for egg production in 

Ne w Zealand has been cited by Swan (1 970 ) . This model 

incorporat es four layer performance measur ements : -

( i )  

( ii ) 

( iii )  

( iv) 

Feed  consumption 

Eg g production 

Grade distribution of  e ggs 

Cull hen weight . 

The dietary nutrient factors affecting tJ::>. ese res­

p onses in laying hens have b e en the sub j ect of ext ensive 

r es earch . In Chapt er Two of this dissertation these 

r elationships are examined . This examination highl ights 

that existing experimental data may not b e  suffici ent to 

obtai n quantitative estimat es of the input/output relation­

ship s of economic significance . One reason for this is 

that the relatio nship s we are i nt ere st ed i n , h1"\re. o nly 

r ec e ntly b een identifi ed ( Morris , 1 967 ) .  

Thi s study i s  vi e wed a s  part o f  a c o nti nui ng i nve st i ­

gatio n of the i nput /output relationship o f  layer produc tio 1:. 

T o  acquire the data suitab l e  for a n  ec o no mic a nalysi s it i s  

nec e ssary to obtai n c o-operatio n bet we e n productio n 

e co no mi st s  a nd a ni mal nutritio ni st s. For thi s study, 

in di sciplinary c o-operatio n wa s obtained and a specially 

de sig ned experi me nt wa s co nducte d by the Ma ssey Univer sity 

Poultry Re search C entre . The ob jective s of  thi s experi ­

ment ( the detail s o f  which are pre sente d  i n  Chapter Thr e e ) 

were  threefold . 
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( i ) A..Tl att empt t o  quantify the . relati onship betwe en 

di etary energy c onc entrati on and ad libitum f e ed 

c onsumption for thr e e  s trains of laying hens under 

N ew Zealand produc tion condit ions . 

( i i ) 

( i i i ) 

An att empt t o  quantify the relati onships b etween 

energy and pro t e in intak es and layer performanc e 

where c alcium and phosphorus intake s  are s ufficient 

t o  sus tain maximum produc-tion . 

Where differenc es in layer performanc e c ould not b e  

s atis factorily explained i n  t erms o f  different 

l evels of energy and protein intakes  then daily 

intakes  of other nutri ents , not spec ifically c on­

trolled in any way , would b e  analys ed in an att empt 

t o  generate hypo theses about relati onships that 

should b e  inves t igat ed in future s tudies . 

The numb er and range of variab l es that c an b e  s tudi ed 

in any one experiment i s  dependent upon the res earch 

r es ourc es availab l e .  When the r espons e charact eris tics  o f  

int eres t are known i t  i s  des irab l e  from an ec onomic view­

p o int that the range of inc lus i on of the independent vari­

abl e s  is suc h  that any maximum or :'J,inimum relationships 

(both phys ical  and financ ial ) are inc luded . Res earch 

l imitations for this s tudy dic tated that experimental  pre­

c ision (replication) had to be forfeit ed i f  a wide range of 

the independent variabl es were to be inc luded.  The analys i s  

of experimental data i n  the abs enc e of rep lication i s  dis­

cussed in Chapt er Four . 
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Chapt er Five c ontains an analysis of the phys ical 

input/output relationships of layer production .  The 

ec onomic analys i s  is pr es ent ed in Chapter Six. I n  Chapter 

Seven some s el ec ted aspec t s  of the experiment are examined . 
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CHAPTER TWO 

NUTRITI ONAL RELATIONSHIPS IN LAYER PRODUCTION 

2 . 1  I ntroduction 

This  thes is is c onc erned only with the nutrition of 

the l aying h�� from 22 to 67 weeks of age . 

Numerous studies have b e en made of the nutritional 

r e lati onships of the laying hen . Fac tors r espons ib l e  for 

this  have been :  

( a ) the high c ost  struc tuTe of feed 1n extens ive 

poultry enterpris es  

( b )  the eas e with which nutriti onal trials c an  b e  

c onduc ted  

( c )  the s imp l e  phys i o l ogy of the laying hen in 

c omparis on with ruminants . 

Recommendations have mos t c ommonly b e en made in t erms 

of . the nutrient dens ity o f  the ration requi r ed for s atis­

factory layer performanc e .  However, s om e  variati on in 

r ec ommended nutri ent dens iti es i s  evident b etween res earch-

ers . Much o f  this variation c an b e  explained in t erms of 

differenc es in dietary energy conc onc entrati on ,  and henc e 

other nutri ent intake l evels .of  the different rations 

( Morris, 1967 ) . 

The recognition o f  the relationship b etween dietary 

energy c onc entration and feed consumption ( Morris ,  1 967; 

DeGroote, 1 972)  has resulted in the pres entation of 

r ec ommended nutrient l evels in t erms of daily intake l evels 
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( Sc ott et al . ,  1 9 69 ;  Fisher and Morris , 1970 ) .  The 

recommended intake levels  for nutri ents are oft en thos e 

which support maximum produc tion ( Fisher and Morris , 1 970 ;  

Bra� 1 9 65 ;  Tonkins on et al . , 1 9 65 ) . Maximum produc tion 

l evels are not nec essarily ec onomic ally optima l .  Before 

it is pos s ibl e to  undertake an ec onomic analys is of layer 

rations it is nec essary to quantify the relati onships 

b etween layer p erformanc e and nutri ent intakes . 

The foll owing s ec t i ons of this Chapter pres ent a 

r evi ew of  current knowl edge of the nutritional relationships 

in layer produc tion ,  rel evant to  this study . 

2 . 2  Expres s i on of the energy relationships in layer 

nutrition 

Energy is r equir ed by laying hens for the growth of  

body tis sues , egg produc tion , maint enanc e o f  b ody temperature 

and f or phys ical ac tivity . Energy is stored in fe eds tuffs 

in the form of  carbohydrat es , fats and prot eins . The daily 

intake of energy is relat ed to  the effects that blood gluc os e  

and other metabolites have upon the birds hyp othalmus ( Sc ott 

e t  al . ,  1 969 ) . -- Any intake of energy that i s  exc e s s ive to 

daily requirements cannot be excreted and is  stored in the 

b ody tis sue as fat . 

Energy exists in s everal forms . Pot ential energy of  

a feedstuff is a function of  the c arbohydrat e ,  fat and 

prot ein that can be oxi dis ed to  c arbon dioxide and water . 

The heat produc tion from the burning of a f eedstuff in the 

pres enc e of oxygen , is the gross energy of that feeds tuff . 

The amount of gross energy that can be  diges t ed will 
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det ermine the ultimate effici ency of  utilisation of  a. 

feeds tuff . The �elationship between gross energy and other 

energy values is shown in Figure 2 . 1  ( aft er Sc ott et al . ,  

1969 ) .  

During digestion there is a loss of energy in the form 

of  faec es  anC::.. ·..rr ine . When the digestible energy is  c orrect ed 

for faec al  and urinary energy loss , the metab o lisab l e  energy 

value of  the fe edstuff is obtained . During energy meta-

b olism there are heat loss es . The net energy value of  a 

f e eds tuff is c orrec ted for this heat loss . Net  energy is 

utiliz ed by the laying hen for maint enanc e and produc t i on 

r equirements as shoVJ'll in Figure 2 . 1 . 

Brown ( 1 964) conc ludes that although there is dis­

agre ement on the determination of energy values ( laboratory 

t echniques etc . ) the us e o f  metabolisable ellergy values for 

l aying hens is the mos t  appropriat e .  

b y  BroVJ"n for metabolisab l e  energy is : 

The d efinition us ed 

"The fraction of the total energy which is 

abs orbed  and util i z ed for heat produc tion and 

energy s torage , i . e .  differenc e b etween 

calorific value o f  the feed  and that o f  the 

vis ible  excreta . "  

The us e of  metab o l i sabl e  energy for measuring energy 

values is not c orrected f or nitrogen retent i on by the hen .  

BroVJ"n suggests that a c onc ept of  "c orrec t e d  metabolisable  

energy" may b e  us ed in the  future .  

This  s tudy uses metabolisable  energy, measured as k.  

c als M.E . per kg, as  the energy value . 
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Figure 2 . 1 : ENERGY RELATIONSHIPS IN LAYER NUTRITION 

GROSS ENBRGY 
(in feed  c onsumed) 

FAECAL ENERGY 

URINARY ENERGY 

HEAT OF NUTRIENT METABOLISM 

1'1A.INTENANCE 

(a) BASAL METABOLISM 

(b) VOLUNTARY ACTIVITY 

( c ) HEAT TO KEEP BODY WARI'1 

( d )  ENERGY TO KEEP BODY COOL 

DIGESTIBLE ENERGY 

METABOLI SABLE ENERGY 

NET Ef:ifERGY 

PRODUC'I'I ON 

(a) GROWTH 

(b) FAT 

(c) EGGS 

( d) FEATHERS 

( e )  WORK 



- 9 -

2 . 3  Energy utiliz ation by laying hens and its  relation 

to voluntary feed c onsumption 

Sc o tt et al . (1 969 ) c onc lude that high produc ing 

whit e  leghorn hens , in moderat e temperatures , require b etwe en 

300 and 3 20 k .  c als . of metab olisab l e  energy per day to meet 

the r equirements of  maint enanc e and produc t ion .  They point 

out that hens wil l  adjus t the ir daily feed c onsumption to  

meet this energy requirement . For a dietary energy range 

of 2500-330 0 k. c al s . M . E .  p er kg . , Sc ott et al . showed that 
-·-

a decreas e of 1 1 0  k .  cal M . E .  per kg . wi ll r esult in an 

increas e in food c onsumpti on of ab out 3 . 5-4 . 0  p er c ent . 

This chemos tatic c ontrol of  feed intake oc curs when the bulk 

of the ration do es not aff e c t  a phys iological limit to daily 

feed intake . The c ontrol of  feed intake is  not perfect  and 

over c onsumption of �nergy occurs when dietary energy c on­

c entration is high . 

Morris ( 1 967 ) revi ewed experiments that related daily 

metabolisable  energy intake t o  di etary metabolisable  energy 

c onc entration .  H e  rec o gnis ed that variati on exis t ed i n  the 

det ermination of energy values of individual f eeds tuffs and 

the s e  values were standardis ed in his study . Morris  c on­

c luded that birds which had an inherently l arge daily meta­

bolisab l e  energy intake , adj ust ed their intake on high energy 

rations l ess  effectively than birds whose daily metabolisab l e  

intake was lower . A ''charact eristic cal orie  intake "  was 

obtaine d  for birds, on each treatment , being fed a ration 

of 2, 700 k .  cal . M . E .  per_kg . k� equati on was fitted whi ch 

predic ted the d aily energy intake for vari ous di etary energy 

levels . Not only did e ach strain of  bird have different 
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" charact eris tic .calorie intakes " ,  but their adj us tment of 

feed  intake to vary ing di etary energy c onc entration differed .  

Birds whos e " characteris tic daily c alori e intake " is  around 

320 k .  cal . M . E .  will  " overc onsume " energy by 2 to  3 per 

c ent for each 10 p erc ent increas e  in the di etary energy 

l evel . Birds whos e  daily "charac teris tic c alorie intake"  

i s  great er than 3 20 k .  c al .  M . E . wil l  overc onsume  energy by 

a great er amount . 

y 

y 

X 

y2700 

Morris ' s  equation is : 

::: 

::: 

= 

Y2700 + ( 0 . 0005465 y2700 - 0 . 1466 ) ( x  - 2700 ) 

energy intake ( k .  c al .  M . E .  per bird day) 

dietary energy c onc entrati on ( k .  c al .  M . E .  per kg . )  

"charac t eris tic c al orie intake" of each strain on 

a diet of 2700 k .  c al . M . E .  per kg . 

De  Groote ( 1 972 ) working with ·�it e Leghorn hens of 

' 'che.rac t eris tic c al orie intake " of 31 7 to 3 20 k .  cal . per 

hen for a ration o f  2700 k .  c al . M . E .  per kg . showed that 

there was an increas e in daily calorie intake o f  

3 . 1 4  ± 0.59 k .  cal . for each 1 00 k .  c al .  per kg . increas e 

in dietary metabolisabl e energy .  

y = ( 3 . 1 4  ± 0 .  59 ) X + 236 . 53 

r = + 0 . 858 ( p  < 0 . 01 )  

y = M . E .  intake ( k .  c al . per hen per day) 

X = dietary energy c onc entration ( k .  c al . M.  E .  per kg . ) 

The s light differenc es between De Groot e ' s  figures 

and tho s e of Morris were s uspected to  be due to differenc es 

in environment and di et . 
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Hil l  et al . ( 1 96 5 )  had earlier c onc luded that White 

Leghorn hens adj us t ed their food intake to ob tain a c ons tant 

daily energy intake when rati ons varying in energy c onc entra-

t i on were fed  ad l ibitum . Hill ( 1 962)  in discuss ing thes e 

r esults overlooked the reduc ed calori e intake when hens were 

f ed a l ow energy diet of  231 4 k. c al. M . E . per kg . His 

c onc lus i ons were b as ed on the analys is of r es ults  from a 

higher , but narrow , energy range . 

2 . 4  The relati onship b etwe en energy intake and-produc tion 

r espons es 

Produc tion respons es have b e en noted t o  changes in 

dietary energy c onc entrati on . Santana and Quis enb erry ( 1 967 ) 

s howed that an increas e in dietary energy from 947 t o  1 003 k .  

c al .  P . E .  per kg . r esulted  in an increas e in egg s i z e  and 

b ody weight gain when methionine , lys ine and tryptophan 

were inc l uded to N . R . C . rec ommendations . De  Groote  ( 1970 , 

1972)  quantifi ed thes e relationships using White  Leghorn 

:lens and fe eding rations with a dietary energy range from 

2500 to 3 200 k .  c al .  M . E .  p er kg . for a forty week peri od 

( starting when the hens were  27 we eks old ) . Thes e r elation-

ships are pres ent ed 

Y1 = ( 0 . 213 ± 0 . 04 )  X + 53 . 86 

r = 0 . 859 ( �< 0 . 01) 

Y2 = ( 38 . 85 ± 1 0 . 7 ) X - 840.13 

r = 0 .  90 3 ( p < 0 • 01 ) 

Where y1 = egg weight ( grams per egg) 

y2 = body weight gain ( grams per hen per 40 weeks ) 

x = dietary energy c onc entration (k. c als . M.E. 

per kg). 
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De Groote not ed that part of the respons e to  egg s i z e  

could b e  attribut ed  t o  increas ed linol eic acid  c onsumption , 

( C ombs , 1 961 ; Shutz and J ens en , 1 963 ; Ed\,rards and Morris , 

1 966 ;  Bray , 1 967 ) . 

Earlier work by Heywang ( 1 939 ) had shov-'11 that there 

was a pos itivn respons e in e gg numb er to an increas e in 

di etary energy c onc entration but no respons e in e gg siz e or 

body weight gain . Lillie and Denton ( 1 964) found no produc ­

tion respons e to variation in di etary energy c onc entrati on .  

The level of respons e is no doubt rel ated t o  other nutri ent 

factors not analys ed by Li l l i e  and Dent on.  Tonkins on e t  

a l . ( 1 965 ) analys ed the respons e to energy intake in c onjunc­

tion with protein intake ( s e e 2 . 6 ) . 

I t  has b e en shown ( 2 . 3 )  that hens wil l  " overc onsume " 

energy when fed high energy c onc entration fe eds . Should 

the intake of energy be  ab ove the requirement for main­

tenanc e and produc tion the effec t on produc tion will  b e  

d ependent upon the intake o f  other nutri ents 1 ·.1otably protein 

and amino ac ids . To ensure maximum produc tion at any time a 

balanc ed energy/prot ein rati o  mus t b e  maintained .  C ombs 

( 1 962) and Sibbald ( 1 964) s tate that this ratio  must b e  

modifi ed t o  take  acc ount o f  protein quality , l evel o f  egg 

production and egg siz e .  As protein quality i s  a function 

of amino acid l evels and balanc e, the energy/prot ein ratio  

must be  modifi ed t o  acc ount for variation in the amino acid 

c ontent o f  the protein .  The effect o f  prot ein and amino 

acid on l ayer performanc e are now discuss ed . 
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2.5 Prot ein uti l i z ation �r laying h ens and its relation 

to voluntary f eed c onsumption 

Much has b e en writt en by nutritionists  on the prot e in 

r equirements of laying hens . Nutrit i onists  define a 

11requir ement" for a nutrient , at a t ime in the laying c yc l e , 

as the intake of that nutri ent which will support maximum 

production ,  given that other nutri ent s  are not limiting . 

Nutritional res earch has r esulted in tables of r ec ommenda-

t i ons for the pro t e in "requirements "  o f  layers . 

expres s ed in s everal ways : 

( a )  grams �er hen per day 

( b )  grams per 1 000 k .  c al . M.E. 

( c )  perc entage of the d i e t . 

Thes e  are 

The need for thes e rec ommendati ons recognis es that 

there is a relati onship b etween prot e in c onsumpt ion and 

produc ti on respons es . 

Early work on the prot ein rec ommendation for l aying 

hens did not recognis e the relationship b etwe en feed intake 

and di etary energy c onc entration .  Recommendations for 

protein were expr e s s ed as a perc entage of the di et , 

independent of the dietary energy c onc entration . Thi s  

r esulted in a c onfusing variation i n  the nutrient r ec om-

mendati ons of var i ous r es earchers . 

r ec ogni s ed by Chi l ds ('1963 ) :  

Thes e variati ons were 

1'The probl em of prot ein requir ements for 

layers is b oth a confus ing and controvers ial 

one . Reports in the lit erature from various 
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experimentations list  a range of 1 2-1 8 percent 

as the minimal requirement . Some of the 

reas ons for this variability are : geographic 

locat i on ,  s train of  birds us ed , c aloric 

c ont ent of  the di et  and whether or not the 

basal rat i on is suppl ement ed �.·:ith any amino 

acids.1' 

Prot ein i s  required by laying hens for maint enanc e 

and produc ti on . The maint enanc e r equirement is · a function 

of the breed and s i z e  of the hen , t ogether with environ-

mental factors which may affect the hens metabolic  rate . 

Under normal c onditions, White Leghorn hens require s ome  

thre e  grams of  prot ein daily for the maint enanc e of b o dy 

tis sues . Exc e s s  to maint enanc e ,  the level of pro t e in 

intake will  affect  both egg s i z e  and rat e of lay .  During 

maximum e gg produc tion the daily output of egg protein is 

approximat ely s ix grams . In addition there wil l  b e  a 

minimal requirement for feather growth . Results o f  

experiments on the uti l i z ation of protein from c orn and s oya­

bean diets ( 1 ) suggests that 1 7 . 5  t o  1 8 . 5  grams of prot ein per 

hen per day i s  r equired for overall maximum product i on .  This  

suggests t�at the  effic i ency of utilization of prot ein at the 

point of maximum egg output is only around 55 perc ent . 

There i s  evidenc e ( Sharpe and Morri s ,  1 964 ; Santana 

and Quis enb erry , 1 967 ) that layers wil l  adj us t  their daily 

( 1 ) Rations with corn and s oya-b ean meal as the maj or 
ingredi ents are c ommon in U . S . layer produc ti on and 
have b e en us ed ext ens ively in U . S . layer produc tion 
res earch .  

. ' 
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f eed intake  to  increas e  prot ein c on.sumption when dietary 

prot ein c onc entrati on was as low as 10 . 5  and 1 2 . 0  perc ent 

r espec tively. However , Thornton et  al . ( 1 957 ) , Dewan 

and Gl eaves ( 1 969 ) and Swan ( 1 970 ) do not support this on 

the evidenc e from feeding 1 1 . 0 ,  13 . 0  and 1 1 . 8  ferc ent prot ein 

rations r espectively . 

2 . 6  The relati onship b etween protein intake and 

production respons es 

Thornton et al . ( 1 957 ) studi e d  the respons e t o  

increas ing di etary prot ein l evels of 11 , 1 3 ,  15 and 1 7  p er-

c ent . Egg produc tion and b ody weight gain wer<� not s i gni-

ficantly different . A reduc ed egg weight for the hens fed  

the 11 percent pro t ein rati on l ed the authors t o  the c onc lu-

s i on that 1 3  perc ent di etary prot ein was requir ed for maximum 

performanc e . Quis enb erry et  al . ( 1962)  c onfirmed thes e 

r esults although they exc luded the 11 perc ent protein ration . 

They als o not ed that the f e eding of a 1 7  perc ent prot ein di et 

r educ ed the numb er of  unders iz e eggs early in the produc tion 

period . 

Sharpe and Morris ( 1964) found that a c omparis on o f  

10 . 5 ,  12 . 5 , 1 4 . 5 and 1 6 . 5  perc ent pro t ein diets ( 2765 k .  

c als . M . Ec per kg . ) showed that for a light s train of b ird , 

all production aspects were the s ame . However , they found 

a reduc tion in egg siz e when a 1 0 . 5  p erc ent prot ein di e t  was 

fed to a heavy s train of l ayer . The s e authors c onc luded  

that a di et which  is  too  low in  prote in to  support peak egg 

produc tion wil l  also  fai l  t o  s upport normal egg produc t i on 

at a later stage in the l aying cyc l e . Santana and 
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Quis enb erry ( 1 967 ) showed that there was an increas e in e gg 

numb er and egg siz e when di etary prot ein conc entration was 

increas ed from 1 2  to 1 4  perc ent . 

Lill i e  and Denton ( 1 967 ) found that for daily in­

t akes  of 1 4 . 4  and 1 6 . 2 grams of prot ein per hen there was no 

diff erenc e in. sgg numb er ,  however 1 6 . 2 grams of prot ein per 

day was r equired for the maint enanc e of  body weight . This 

experiment c ompared oats , corn , wheat and barley as the s o l e  

grain a t  vari ous protein l evel s . Regardl ess of the  protein 

l evel there was a grain e ffect on egg numb er . This suggests 

that there was a respons e to the differenc e amino acid 

c ontent of the grains . 

Swan ( 1 970 ) at the Mas s ey University Poultry Res earch 

C entre found no respons e in egg produc tion when isocal oric 

( 2425 k.  c al s . M . E .  per kg . ) diets were fed with prot ein 

variation from 1 1 . 8  to  �6 . 7  perc ent of the ration .  There 

was no respons e in feed intake and daily protein c onsumpti on 

increas ed as a function of the di etary pro-tei!.'. conc entrati on .  

Daily prot ein c onsumpt ion ranged from 15. 1 to  21 . 6  grams per 

h en .  

Quantitative estimat es o f  the r elationships b etween 

e gg produc t i on respons es and protein c onsumpti on have b een 

limit ed . Least s quares regress ion was us ed by Tonkins on 

e t  al . ( 1965 ) to obtain product i on respons es to  energy and 

protein c onsumption for laying hens from 22 to  54 weeks of  

age . 
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The form o f  the mode l was : 

y 

y = 

y1 
y2 

= 

y3 
= 

x1 = 

= f3 + � b .X. + �.x.x. + e l l l lJ l J 

l = 1 , 2 .  

j = 1 , 2 .  

prod uction respons e 

bod y weight gain 

n umb er of eggs 

average egg weight 

grams of  protein intake p er bird per da y 

x2 = ( ca lories of  energ y intake per b ird per da y) /1 0  

J3, b .  and a .. are unkno wn reg ression paramet ers . l lJ 
e is a random error that is a s s umed to b e  normal ly 

and independent ly dis trib uted with zero me an and 

c onstant v arianc e . 

Thes e res earchers fo und no r espons e in bod y weight 

gain ( y1 ) for variation in protein intake , either l inear or 

quadratic . There was ho wever a s ignificant ( p  < 0 . 0 5 )  

linea r effect of  energ y intake on b od y  weight gain . 

y1 = -1 1 34 . 91 + 

-0. '1 9 7x1 x2 

22 . 89 x1 41 . 4 7  x2 
2 

+ 0. 235x1 - 0. 20 3 

"When the quad ratic model for egg prod uc tion ( numb er )  was 

fitt ed t o  the data , the par ameters : prot ein linear , energ y 

linear , prot ein quadratic and energ y quadratic , were  s i gni -

fic ant l y different from z ero at the p <  0.1 l evel . The 

estimat ed f unc ti on was :  
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y2 = -205 . 69 + 22 . 49 x1 + 10 . 15 x
2 

+ 0 . 033  x
1 x2 

·2 2 -0 . 673 x1 · -0 . 156 x2 

The es t imat es of the param et ers of the e gg weight 

regres s i on wer e : 

y3 = 49.�� + 1 . 079 x1 - 0 . 47 x2 + 0 . 0009 x1 x2 

2 2 - 0 . 029 x
1 + 0 . 011 x

2 

The paramet ers for prot ein linear and prot e in quad-

ratic were s i gnificantly diff erent from z ero at the p< 0 . 01 

l evel . Energy quadratic is  s igni ficant ly different from 

zero at the p < 0 . 05 l evel . 

Although res earch has continued on determining produc-

t i on respons es to prot ein intake it has b e en shown by Chi l ds 

( 1963 ) and Bie ly and .March ( 1 963) that s uppl,?menting pro tein 

levels with lys ine and methionine gave a respons e which 

s uggests that amino acid l eve l s  are as important as prot ein 

l evels . 

With the availability o f  synthetic amino acids i t  i s  

p o s s ib l e  t o  s uppl ement rations s o  that thes e amino acids are 

not limiting . This method was us ed by Childs ( 1 963 ) who 

s upplement ed 2860-3025 k .  cal • .M . E .  per kg rations with 

methionine and concluded that 13 . 7  percent prot ein supported  

satis factory p erformance .  An increas ed feed intake for a 

dietary pro t e in concentrati on of 12 . 8  percent suggested that 

a s econd amino acid became l imit ing and there was comp ens atory 

feed intake . This experiment stress es the importance of 

considerati o n  of pro tein quality .  Amino acid nutri t i on in 

layer production will now be discus s ed. 
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2 .7 Amino ac id relati onships in layer nutriti on 

Unlike :plants , h ens are incapab l e  of synthes i s ing all 

the amino acids required for maint enanc e of body func tions . 

Amino ac ids that cannot b e  synthesis ed by the hen mus t b e  

f e d  in the diet . Thes e are known as the "ess ential " amino 

ac ids . The t en " es s ential " amino ac ids are l i s t ed in 

Fi gure 2 . 2 .  In addit i on ther e are thre e  amino ac ids which 

can b e  synthes ised only from l imited sub s tanc es . 

Figure 2 .2 :  Es s ential Amino Ac ids 

Es s ential Amino Ac ids 

Arginine 

Lys ine 

His tidine 

Leucine 

I s o l euc ine 

Valine 

Methinionine 

Threonine 

Tryptophan 

Phenylalanine 

Amino Acids synthesis ed from 
limit ed subs tanc es (1) 

Tyrosine 

Cys t ine 

Hydroxy lys ine 

( 1 ) Tyr o s ine is synthes is ed from :ph enylalanine , cys tine 
from methionine and hydroxylys ine from lys ine . 

The inclus i on o f  tyrosine , cystine and hydroxylysine 

in the rati on can exert a sparing acti on on the es s ential 

amino acids . Sho ul d  cys t
_
ine be J:res ent in the diet the 

convers i on o f  methionine to  cyst ine i s  diminished and the 

methionine requir ement is  reduced. 
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Amino ac1d r ecommendati ons for l ayers can be 

expres s ed in s everal ways : 

( a ) grams p er hen per day 

(D) grams p er 1000 k. cal . M.E. 

( c) percentage of the di e t  

( d) percentage of the dietar:. protein . 

The expres s i on of amino acid recommendations in 

r elation t o  the di etary energy concentrati on recognis es the 

r e l ationship b etwe en feed intake and d i etary energy con­

centration .  Only r ecently nave amino acid recoilllllendatlons 

b e en express ed in this way • 

.Amino acid recommenaations havE.· traditionally b een 

expres s ed as a percentage of the d i et . Summers ( 1 967 ) and 

C omb s ( 1 967)  both noted that the di etary percentage r ecom­

m endati on was modi f i ed by the voluntary feed intake . They 

concluded that the p ercentage recommendation of an amino ac id 

s hould be relat ed to the dietary energy and protein level , 

amino acid  balance and factors of environment and animal 

growth . 

As with res e arch in protein nutrition , r ecommendat ions 

for dietary amino acid inclus i on are b as ed on the nut�i­

·t i onists  understanding of the laying h ens " requir ement" for 

amino acids . Thi s  "requirement" of an amino acid for any 

p eriod in the laying cycl e ,  is  bas ed on the intake o f  that 

amino acid which wil l  s upport maximum production of that 

period, dependent on other nutri ents  not limiting performance . 
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Grau ( 1 9 48 )  and Almquis t  ( 1 9 L�9 ) showed that as the 

di etary crude p�otein p ercentage was increas ed a resultant 

increas e in the growth rat e of hens demanded that amino 

aci d  intake had to b e  increas ed if maximum producti on was 

to b e  maintained . Thi s  was explained by Fish8� et al . 

( 1 970 ) who pJ�o:nos ed that the amino acid requirement was 

repr es ent ed by 

Whe r e  R amino acid requir ement 

E = e gg producti on 

W = mean b ody weight 

6 W = change in b ody weight . 

Should the increas e in di etary protein concentrati on 

s upport an increas e in body weight then the Qaily amino 

aci d  requirement for maint enance will increas e .  

C ombs ( 1 967 ) s t at ed that it was necess ary t o  modi fy 

di etary percentage r ecommendati ons to account .cor 

( a ) factors which influence the daily int�ke 

of an amino acid 

(b ) differences in the availab i l i ty of amino 

acids , p o s t  consumption 

( c ) differences in the metab ol ic efficiency 

with which amino acids are uti lized . 

Where feed intake was depres s ed due t o  an amino acid 

imbalance , Fisher and Shapiro ( 1 961 ) and Fisher et al . 

( 1 960) showed that the depres s ed feed intake actually 

cre at es a deficiency in at l east  the f irs t l imiting amino 
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acid. This c an b e  overc ome by supplementing the ·ration 

with the l imiting amino a c i ds or by balancing the amino ac id 

c omposit i on of the rati on t o  overc ome the depres s i on in f e ed 

intake . 

Early res earchers did not apprec iat e the fac t ors 

which influenc e the amino ac id intake ::· nd uti l i zation . · 

Little r egard was direc t ed t owards amino ac i d  balanc e and 

each amino ac id was studied in iso lation .  Should the amino 

ac id b al anc e not support maximum produc tion then-addit i ons 

of the most  limiting amino acid may not support improved 

performanc e, should the addition high-light a defic i ency in 

the s ec ond most limiting amino ac id . 

2 . 8  The relati onship b etween amino acid intake and 

pro duction responses 

It is c ommon to not e in the literature a respons e in 

egg numb er to  lys ine and m ethionine intake . This is b ec aus e 

most Uni t ed Stat es att enti on has b e en focus e d  on the rela­

tionship b etween layer produc tion and the intake of thes e 

two amino ac idE , which are the mos t limiting in c orn and 

s oya-b ean di ets . 

The c ommon method o f  determining the amino aci d  intake 

that s upport ed maximum rat e of lay in any peri od  was that 

us ed by N ovac ek and Carls on ( 1 969) . Us ing a basal diet  of 

3340 k.  c als . M. E .  per kg . and 9 . 4  perc ent pro tein , they 

studi ed the eff e c t  of increasing the amino ac id c onc entra­

tion o f  the diet . The addition o f  methionine and lys ine 

increas e d  egg number ,  egg weight and improved the f e e d  c on­

vers i on rat e .  They c onc luded that methionine and lysine 
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were limiting in the basal ration . The addition of 

tryptophan) isoleuc ine , arginine and valine had no effec t 

on layer performanc e . 

C ombs ( 1962 ) us ing rations of 1 0 . 5  and 1 3 . 7  p erc ent 

crude prot ein not ed  that there was an improvement in rat e of  

lay ,  body weit:,�-·t gain and f e ed effic iency when DL-methionine 

was suppl emented in the ration .  C ombs ( 1964) related egg 

produc tion to methi-onine intake for pull ets early in the 

laying period . 

y = 0 . 1 05 X + 1 5 .7 

Where y = grams o f  egg produc ed per day 

X =  availab l e  methionine c onsumed per day (milligrams ) . 

C ombs ( 1960 ) had earlier des cribed the methi onine 

requirement of laying hens as a function of egg produc t i on , 

body weight and rate  of weight gain . 

M = 0 . 05 W ± 6 . 2  6. W + 5 E 

Where M methionine requirement ( mg . per hen per day ) 

W = average  body wei ght ( grams) 
E = average egg produc t ( grams per hen per day) 

6.W = average  daily change in b ody weight ( grams ) . 

Combs made the c omment that the methionine l evel 

which will  support maximum produc tion in any peri od c an vary 

c onsiderably when expr essed as a perc entage of the di et  due 

to variation in b ird si z e ,  rate of  lay and the energy c on­

t ent o f  the feed . A c orrection factor inc luding the diet­

ary energy p erc entage was given : 
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A _ _ (0 . 2204 . E . 1'1 
- --r1ooo . c T 

dietary methi onine recommendation (%) 
E = di etary energy conc entra t i on ( cal . p er pound) 

M = methionine rscommenda.tion ( mg . per hen per day) 

C = energy recommendati on ( cals . per hen p er day) 

T = t emperature conver s i on factor . 

C ombs ( 1 968 ) quoted the modi fication o f  his 1 960 

methionine recomm endation as pres ent ed by Shank as : 

1'1 = 0 . 037 W ± 4 . 50 [;.,. W + 5 . 39 E .  

This equation was obtained from individual h en data , 

whereas C ombs ' 1 960 equati on was bas ed on f lock averages . 

The two e quations provide s imilar estimat es for the 

methionine recommendations for laying hens . 

Bray ( 1 965)  als o r elated layer production t o  methio-

nine intake for young laying pul l e t s . He es tab lished that 

the methi onine intake which s upport ed maximum egg production 

was 223 mg . per hen per day. This , he admitt e d , was con-

s idered t o  b e  low . The reason for this , as later shown by 

Fisher and Morris  ( 1 970 ) was that the mathemat ical function 

was in error . Bray fitt ed two l inear regres s i on l ines  which 

int ers ect ed such that e gg yi e ld was constant when methionine 

intake was great er than 223 mg . p er hen per day . 

y = 40 . 58 for x � 223 . 5  

y = 40 . 58 + 0 . 1004 ( x-223 . 5) for x< 223 . 5  

Where y = egg yield ( grams per bird per day) 

x = methi onine intake ( mg . p er bird p er day) . 
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Relating egg yi eld to  dieta�y methionine c onc entra-

tion , the r egression equation was modified to : 

y = 40 . 58 + 1 33 . 2  ( x-0 . 21 6) 

Where x dietary m ethionine c onc entration (%) .  

Fisher and Morris ( 1 970 ) not ed the re lationship 

b etween egg yi eld and methi onine intake and fitted Bray ' s  

data to  the form : 

y = 1 2 . 66 + 1 8 . 1 1 01 X - 2 . 8441 2 
X 

�ere y = egg yi eld ( grams per bird per day) 

x = methionine intake ( mg .  x 1 0- 2  per bird per day) . 

This increased to daily methionine intake which supported 

maximum egg produc tion to  318  mg . per hen . 

Fisher and Morris ( 1 970 ) examined methionine relation­

ships in layer production using a dilution technique . The 

r esponse to the di lution of one amino ac id is int erpr eted  

as the r esponse t o  that amino ac id . The experiment was 

designed to study the response to methionine intake when the 

dietary prot ein was both "balanc ed11 and "unbalanc ed" . The 

"unbalanc ed" pro t e in rations c ontai:aed less methionine as a 

perc entage of the dietary prot ein . The response was 

analysed for birds from 3 5  to  38 weeks of age . Although 

there was a significant ( p < 0 . 05)  effect  of prot ein in the 

response to methionine intake , this differenc e was trivial 

when c ompared with the main effect of  methionine intak e . 

The quadratic regression l ines fitted for "balanc ed"  

and "unbalanc ed" prot ein were respectively : 
• I 
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y = -38 . 6778 + 52 . 3891 X - 8 . 5545 x2 

y = -1 4 . 6836 + 36 . 9573 X - 6 . 2451 x2 

Where y = egg yi eld ( grams p er bird per day ) 

X methionine intake (mg.  X 1 0-2  per b ird per day) . 

Thes e func tions ar e maximis ed v :. .th a daily methionine 

intake of 306 and 295 mg . respectively . However , the 

experimental results show that maximum egg yi eld was sup-

port ed by an intake of 278 mg . of  methionine per · hen per 

day . 

The results  of  Fisher and Morris ( 1 970 ) , C ombs ( 1 962 ) , 

( 1 964) and Bray ( 1 965 ) are shown in Figure 2 . 3  ( aft er Fisher 

and Morris ,  1 970 ) . 

Taken together the results o f  C ombs ( 1 962 , 1 964) , 

Bray ( 1 965)  and Fisher and Morris ( 1 970 ) ar e in good agree-

ment . They c onc lude that for young pullets at the b egin-

ning of their laying period approximat ely 275 mg . methionine 

per bird per day will support maximum egg yield . 

Tayl or et al . ( 1 966 ) s uppl ementing 1 0 . 5 , 1 2 . 5  and 

1 4 . 5 perc ent protein di ets , showed that the first  limiting 

amino ac id was lys ine for rations of 1 0. 5  perc ent prot ein . 

I s o l euc ine became the firs t limiting amino ac id at 1 2 . 5  per­

·C ent prot ein and tryptophan at 1 4 . 5 per c ent prot ein . The 

addition of is oleuc ine reduc ed r espons es t o  other amino 

acids . This was attribut ed t o  pos sible  amino ac id 

imbalanc e s  with is oleuc ine . Performanc e was measured by 

rate o f  egg lay . There was no respons e in food intake to 

variation in di etary prot e in or amino ac ids . 
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Figure 2 . 3 : The respons e of  egg yi eld  to  methionine 
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"Pres ent work1' referred t o  in Fig ur e  2 .3 are the 

res ults of Fisher and Morris ( 1970 ) . 

Due to the res earch effort into c orn and s o ya-b ean 

di ets there is litt l e  work that has s t udied the respons e t o  

i s ole uc ine intake , an amino ac id defic i ent in New Z ealand 

type di ets re lying on meat meals as a prot ein s o urc e .  I t  

is  reas onable  to  assume tho ugh that the respons e to 

supplementation with the firs t limiting amino ac id will  

follo w the _· pattern as describ ed b y  Fisher and Morris ( 1 970) . 
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Scott et al . ( 1 969 ) us ed  the " efficiency of dep o s i­

t i on "  of amino ac ids a s  the s ame for egg produc tion as it  

is  for growth . Daily amino ac id intakes which wil l  support 

maximum produc tion for three  phas es in the laying cyc l e  are 

then estimat ed , given a� amino acid produc tion from egg 

yi e ld ru1d tissue gr owth . Thes e rec ommendations for high 

produc ing �fuite Leghorn hens are given in Table  2 . 1  ( after 

Sc ott et al . 1 969 ) . 

Table 2 . 1 : Amino ac id rec ommendations for laying hens 

dai ly requirement ( gms . ) 

.Amino ac id  Phas e I Phas e II  Phas e Ill  

.Methionine 0 . 343 0 . 320 0 . 290 
Lys ine 0 . 670 0 . 585 0 . 595 
I s oleuc ine 0 . 730 0 . 680 O o 603 
Valine 0 . 520 0 . 523 0 . 463 

Thes e amino ac id l evels c ru1  b e  met by providing a 

1 1minimum" l evel of di etary protein ru1d s uppl ementing with 

l imiting amino ac ias or �y us ing high di etary protein l evels  

which wil l  provide adequate supplies of  the es s ential amino 

acids . In addition a c ombinat ion of prot ein s ourc es c an 

b e  us ed which will  overc ome the amino ac id deficienc i e s  of  

individual ingredi ent s .  

2 . 9  Calc ium and phosphorus utiliz ation by laying hens 

There is a daily c alc ium o utp ut of s ome two grams by 

l a ying hens in the form of egg shell . As the effic i ency 

o f  calc ium abs orption is Qnly 50-oO perc ent the dai ly 

intake required to s upport egg prod uction is s ome what 

higher than t wo grams . Sc ott et al . ( 1 969 ) have summaris ed 
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the daily calc ium r ec ommendations for different ages o f  

hens at vari ous rat es o f  lay .  Their summary i s  pres ent ed  

in Tab l e  2 . 2 .  

Tab l e  2 . 2 :  Cal c ium rec ommendations for laying hens 

Production perc ent 
Dietary c al c i-tWl per day ( grams ) 

Age of  :!:H-:i : S  (weeks ) 
22-L!-0 40+ 

1 00 3 - 3 3.7 
90 3. 0 3 - 3 
80 2 . 7  3. 0 
70 2 .3 2 . 6  

An increase ln egg slz e  during the laying peri od 

increases the dai ly  intake of c alc ium required to support 

maximum egg produc tion during the l at er stages of the l aying 

period . 

The ratio o f  calcium to phosphorus may be  vari ed 

over a range b efor e produc tion responses are noted .  An 

8xc ess of one of  the e l ements retards the absorption of the 

other . Combs ( 1 964)  however found no adverse effect  in 

egg production to the feeding of c alc ium at 6 . 8  grams p er 

hen per day. This intake was from a dietary calc ium l evel 

of 3 . 66 perc ent p lus fre e  fed grit . When total daily 

calcium intake was from mash , C ombs ( 1 962 ) found that a 

daily intake of 4 . 8  grams per hen had no adverse eff ect  on 

produc t ion . 

Scott et a l . ( 1 969 ) rec ommend that the availab l e  

phosphorus l evel for laying hens b e  0. 55 perc ent o f  the 

ration . Large differenc es exist in the literature as t o  
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the phosphorus r e c ommendati on .  Thes e differenc es c an b e  

explained by environmental t emperature , rat e o f  produc t ion , 

duration of the laying peri od and the s train of layer . 

Total phosphorus r ec ommendations for layers vary from 0 . 28 

t o  0 . 42 perc ent ( Crowl ey , 1 961 ) to  0 . 60 perc ent ( Sings en 

et al . 1 961 ; Marr et al . 1 961 ) .  The inc lus ion of 0 . 6  p er-

c ent of the rati on for total phosphorus repres ents an 

inc lus i on of 0 . 50 t o  0 . 55 perc ent for availab l e  phosphorus . 

Utiliz ation is aff ec ted  by the l evels of calc ium and vitamin 

D in the diet and _ the pr es enc e of plant sourc e . phosphorus . 

The wide range of rat ion inc lus ion for calc ium quoted 

and the abs enc e o f  s evere t oxic effects  makes the det erm ina­

tion o f  c alc ium c onc entrat i on in the ration of s ec ondary 

importanc e to other nutriti onal fac tors . 

2 . 1 0  Fact ors affecting egg siz e 

The ec onomic importanc e of e gg s i z e  under the N ew 

Zealand grading s ys t em is  s tres s ed in the profit func t i on 

describ ed by Swan ( 1 970 ) . As suming c ons istancy in fac t ors 

s uch as s train and age of b ird the most important nutri­

tional fac tors affecting e gg s i z e  are the amino ac id 

adequacy of the diet and the intak� of energy and l in o le ic 

acid . 

Scott et al . ( 1 969 ) s tat e that striking reduc t i ons 

in egg s i z e  can be achi eved by l imiting the l inoleic ac id  

intake . Reduc t ions of 20 grams weight per egg have b e en 

notic e d .  I t  i s  noted that the main sourc e of lino l e i c  acid  

in  c orn soy die t s  is  from yellow c orn and added fat . 

Additions of  linol eic ac id  to bar l ey and wheat di ets  has 
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incr eased egg siz e .  Sc ott e t  al . thus c onc lude that 

b arl ey and whe at di ets may be limit ing in l inol eic acid 

levels . This may be  overc ome by supplementation with high 

fatty ac id conc entrat ed fats . Should suppl ementation take 

plac e then care  must b e  t aken to  avoid rapid oxidation of  

linol eic ac id by exposur e to  air . 

The effect that l inol eic ac id had on egg weight was 

originally c onsidered to  b e  an unidentified substanc e in 

c orn oil . Combs ( 1 961 ) and Bray ( 1 967 ) c onduc ted experi-

ments where the positive response in egg weight to c orn oil  

addition was noted.  This was c onsidered to  be  due to an 

incr eased caloric intake , sinc e and increase  in egg siz e was 

not observed when the c aloric intake was r estri c t ed for birds 

fed  a high c orn oil di et . Edwards and Morris ( 1 966 ) 

demonstrat ed that th ere was an increase in egg siz e  due to 

an increased maiz e oil  l evel , independent of  energy l evel . 

Shutz e  and Jensen ( 1 963 ) identified linol e ic ac id  as 

the c onstituent of vege table  oils which increased egg 

weight . This was c onfirmed by Menge et al . ( 1 963 ) . 

Experiments by Chi lds ( 1 963 ) and Blamb erg ( 1 964) to  quantify 

the linoleic  ac id requirement have c onfusing results . A 

third fac tor other than c aloric and linoleic acid  intake 

was c onsidered to affe c t  egg siz e .  B lamb erg speculated  

that this may be  a rati o  of saturat ed to  unsaturated fatty 

ac i ds . 
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CHAPTER THREE 

LAYER NUTRITI ON TRIAL 32 - EXPERIMENTAL DETAILS 

Aims 

Layer Nutrition Trial 32 ( LN/32)  was designed t o  

s tudy the effects  of di etary nutri ent ·� onc entration upon 

feed c onsumpti on and the product i on respons es  of egg number , 

egg weight and grade and b ody weight change of thr e e  s trains 

of laying hens fed  under ad libitum c onditions . 

The experiment was c onduc t e d  by the Mass ey University 

Eoultry Res earch C entre ( P . R . C . ) .  

3 . 2  Experimental des ign 

Five · die t ary energy concentrat ions were chos en , each 

with three di e t ary protein levels . Three additi onal treat-

ments plus the c ontrol treatment increas ed the total nlimb er 

to ninet een .  The dietary nutri ent c onc entrations chos en 

are discuss ed in s ec tion 3 . 5 .  

The breeding work c ommi tment for the three laying 

s trains us ed in this experiment nec essitat ed a non-random 

arrangemenJ,: of s trains in the laying shed us ed . Treatments 

were randomly allocated to locations so that all thr e e  s trains 

in a given posi t i on rec e ived the s ame treatment . Ec onomic 

c ons iderations determined that each treatment c ould b e  

replic ated only onc e .  

3 . 3  Mat eri als and methods 

The s t ock us ed were s train cros s Whit e  Leghorn 

pul l ets from the P .R . C .  Whit e Bas e ( a) , Whit e Bas e ( b ) and 

M-Line s trains . 
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Pul l ets were hous ed in the laying shed at 1 9  weeks o f  

age  ( 1 9  April ,  1 971 ) ,  one per 1 1  inch c age , in 3 tiered , 504 

c age b att eries ( C ope and Cope Ltd . , England) . Twenty- eight 

b irds were assigned per s train with eighty-four per treat­

ment ( the cage length of the battery) . During the first  

two  we eks of i�e trial  the b irds were fed  the P . R . C .  Random 

Sample Test  rat ion which was also us ed as  the control r ati on .  

The experiment b egan on May 5 ,  1 971 and ended on March 1 5 ,  

1 972 . Henc e peak production occurred in the middle of 

winter and the gradual dec line in lay was as s ociated  with 

increas ing mean daily temperatures ln the shed with the 

approach of  spring and summer . 

Dividers were ins erted in the f e ed troughs b etwe en 

e ach s train so that intake data per s train c ould b e  c ol l ec t ed 

for each treatment . 

A s emi-c ontrolled environment shed was us ed with no 

windows . An oil burner was s et to operat e if the ins ide 

t emperature dropp ed to  52°F .  

The light patt ern was 1 2  hours per day at t ous ing , 

increas ing to 1 4  hours per day at 21 we eks . The int ens ity 

of light was controll ed at 5 lux at the food trough l evel  o f  

. the middle row o f  each batt ery . 

3 . 4 Prel iminary res earch 

At the time LN/32 was b eing desi gned ( early 1 971 ) 

there was an increas ing supply of stockfeed maiz e .  At the 

then current pric es  for avai lable  feeds tuffs , mai z e  was 

inc luded in least c os t  rati ons formulated  to  medium ( 2800 k .  

c al .  M . E .  per kg . )  and high( 3 200 k .  c al . M . E. per kg . ) energy 

l evels . 
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Although cost  per kilogram of feed increas ei with 

increasing energy dens ity it is  well rec ognis ed ( Morris , 

1 968 ; De Groot e ,  1 972 ) that dai ly feed c onsumpti on per hen 

decreas es with increas ing energy dens ity of the rat ion .  A 

preliminary ec onomic analysis , b as ed on the as sumpti on of 

a c ons tant dai ly ad libi turn energy int�:ke of 305 k . c al . - -----
M . E . , sugges t e d  that daily feed c os t  per hen reached a mini-

mum when high energy dens ity rations were fed . This  

preliminary e c onomic analys is highlight ed the fact that , 

given the then current feed s upply and price  s ituat i on ,  high 

energy densi ty rati ons were of c ons iderab ly more int eres t in 

New Zealand than they had b e en in the pas t .  Previ ous t o  

1 971 , much o f  the layer nutrit ion res earch in New Zealand 

had been bas ed on relative ly l ow energy dens ity rat ions 

( around 2600 k .  cal . M . E .  per kg . ) .  Sinc e futur e pric e/ 

supply s ituations c ould j ust  as eas i ly revers e the position 

again , this trial was des igned t o  study a wide range of  

rati on energy density levels ( 231 5-31 97 k .  c al . M . E .  per kg . ) .  

As discus s ed in Chapter Two , nutrient requirements of  

laying hens are best  expres s ed in  terms of daily intake per 

hen ( at various s tages of lay ) . Sinc e it was propos ed t o  

study a wide  range of energy dens ity levels , and recognis ­

ing that as a result daily ration intake per hen would vary , 

it  was nec es s ary to c ons ider in as much detail as p o s s ib l e  

the likely quantitative nature of  this relationship before 

att empting to formulate final rations for this trial . I f  

we c ons ider formulating a rat ion of energy dens ity 3000 k .  

c al .  M. E .  p er kg . with an M . E .  intake o f  305 k .  c a l . p er 

h en per day and a prot ein intake of 1 7  grams per hen per 



- 35  -

day then over or under-c onsumption of energy in r elation 

t o  305 k .  c al .  M . E .  per day will result in a c orr esponding 

over or under-c onsumption of prot ein in relation to 1 7  grams 

p er day . 

Previous trials for l ayers at P . R . C . had us ed 

rations in the range 2425-2645 k. c al . M . E .  per kg . Hen 

day metab o lisab l e  energy intake on rati ons with a di etary 

energy c onc entrat i on of 2425 k .  cal . M . E .  per kg . were of  

the order of 306 k .  cal . ( Swan , 1 970 ) . This c ompared with 

the predi c t ed metab o lisab l e  energy intake of 305 k. cal . p er 

h en day of  Scott et al . ( 1 969) . 

Although it was not c ons idered likely that daily 

metabolis aole energy intake would remain cons tant over the 

range of energy dens ities t o  b e  us ed in this trial , the 

degree of over or under-c onsumption that would in fac t occur 

was open t o  speculation . 

Given the l imited information relating to  voluntary 

energy c onswnption levels under New Z e aland produc tion c on­

ditions , i t  was deci ded to  b as e  daily intakes of  nutrients 

other than metab o li s ab l e  energy on the simpl e  as slli�ption : 

M . E .  intake = 305 k .  cal . per day . T o  the extent that over 

or under c onsumption of nutri ents occurred in relation t o  

daily r equirements , the respons e data would b e  examined with 

a view to  generat ing hypothes es about the possib l e  rela.tion­

ships b e tween nutrient int akes  and respons e level s . · 

Where energy dens ity was c ons idered to b e  the nutri ent 

mos t  likely to influenc e f e ed c onsumption ,  crude prot ein 

intake was cons idered most likely to  influenc e layer 
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produc t i on .  Although Swan ( '1 970 ) had found no egg produc -

tion respons e with relatively high l evels of  crude pro t e in 

intake ( '1 5 . '1  t o  2'1 . 6  grams per hen per day) with a dietary 

energy dens ity of 2425 k .  c al . M . E .  per kg . , s taff at P . R . C .  

c ons idered that there m,iy b e  a r espons e to  protein when the 

dietary energy dens ity was increns ed . 

3 . 5  Rat i on formulati on 

C onstrained by res earch res ourc es it was pos s ib l e  t o  

formulate rati ons for five dietary energy dens iti es ( 23'1 5 ,  

2535 , 2756 , 2976 , 3 '1 97 k .  c a l . M . E .  p er kg . ) ( '1 ) ru1d as sum-

ing one l evel of metabolisable  energy intake ( 305 k .  c al . ) ,  

for three  daily protein in take l evels ( '1 6 ,  '1 7  and '1 8  grams ) . 

This r esulted in fifteen rati ons t o  b e  fed ad libitum 

( Treatments '1 -'1 5 ) . 

When the range of energy dens i ties was c ons ider ed it  

was thought that over c onsumption of energy ( and henc e 

prot ein and other nutri ent s )  would most  likely occur at high 

energy dens ity l evels ( Morris , '1 967 ) . Although thes e l eve ls 

were ec onomic ally efficier: t; in terms of minimum feed c o s t  

per day at an energy intake of 305 k .  cal . M . E .  per day over 

c onsumption might r evers e this result . I t  was thought 

. int eresting therefore to l imit intake on a higher energy 

rati on s o  that metabolis ab l e  energy intake of 305 k .  c al . 

per day was ac tual ly achi eved.  A c omparis on of produc t i on 

levels would then enab l e  an investigation of any produc t i on 

( 1 ) Thes e c orr espond . t o . '1 050 , 1 ·1 50 ,  '1 250 , '1 350 and '1 450 k .  
c al .  M . E .  p er lb . - the unit o f  energy c onc entrati on 
c ommonly in us e in N ew Zealand at the time o f  rati on 
formulati on .  
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respons e to " over c onsump t i on "  of energy and other nutri ents .  

This c ould b e  f o l l owed by a pre l iminary inves t igat i on of 

likely ec onomic b enefits from restric ted feeding of high 

energy rat i ons . Given the limit e d  experimental r e s ourc es 

avai lab l e , only one rat i on ( 31 97 k .  c al .  1"1 . E . p er k g . , '1 7  

grams prot ein p er day) was fed on th i s  r e s tricted bas i s  

( Treatment '1 6 ) . 

The hypothesi s was frequently propos ed  that ingredients 

( espec i ally pro t e in sourc es ) c an b e  important variab l es 

affe c t ing produc tion respons es under New Z eal and c onditions . 

In order to obt ain a small  amount of informat i on on this hypo ­

thesi s , the 3'1 9 7  k .  cal . M . E .  per kg . , '1 7  gram prot ein per day 

rati on was ref ormulated t o  l east c ost  after adding the c on­

s traints that i t  should c ontain a m inimum o f  '1 . 5 perc ent 

butt ermilk pmvder and 1 0 . 0  perc ent pollard ( Tr eatment 1 7 ) . 

This rat i on was also fed on a res tric ted bas i s  to achieve a 

dai ly metabolisab l e  energy intake of .?05 k .  c al .  per b ird 

(Treatment 1 8 ) . 

The P . R . C .  Random S ample T e s t  ration ( '1 971 ) , of  proven 

quality , used as the c ontrol ration , was als o  fed ad l ibitum 

(Treatment '1 9 ) . 

The dietary energy dens i t i es and the daily crude 

protein intakes to b e  c onstrained in the ration formulation 

have b e en discussed.  These are presented in Tabl e  3 . 1  and 

Figure 3 . 1 . For a given nutri ent intake , it  is a simpl e 

matt er to expr ess the nutrient intake on a perc entage of  

the ration basis given the  di etary M . E .  c onc entrat ion ( M) 

and M. E .  intake (E)  s inc e daily r ation intake (I ) is given 



Tabl e  3 . 1 : Energy and pr ot ein c ons trains us ed in rati on 

formul a t i on for LN/3 2 .  

Treatment Rati on M . E . Crude protei( Crude prot ein 
( k .  c al . /kg . ) ( �s/hen/day) 4) (% o f  rati ons ) 

1 1 231 5 1 6  1 2 . 1 4  
2 2 231 5 1 7  1 2 . 90 

3 3 231 5  1 8  1 3 . 66 
4 4 2535 1 6  1 3 . 30 
5 5 2535 1 7  1 4 . 1 3 
6 6 2535 1 8  1 4 . 96 \.N 
7 7 2756 1 6  1 4 . 45 CO 

8 8 2756 1 7  1 5 . 36 

9 9 2756 1 8  1 6 . 26 
1 0  1 0  2976 1 6  1 5 . 61 
1 1  1 1  2976 1 7  1 6 . 59 
1 2  1 2  2976 1 8  1 7 . 56 
1 3  1 3  31 97 1 6  1 6 . 77 
1 4  1 4  31 97 1 7  1 7 . 81 
1 5  1 5  3 1 97 1 8  1 8 . 86 



Tab l e  3 - �  (Contd . ) .  

Rati on M. E .  Crude protei( 
( k .  cal . /kg . ) ( gms/hen/day) 4 ) Treatment 

1 6  
1 7  
� 8  
� 9  

1 4R( � ) 31 97 1 7  
1 4 !( 2 ) 31 97 1 7  
1 4IR 31 97 1 7  

1 9 ( 3 )  2586 1 8  

R = restricted int ake 

I = ingredi ent inc lus i on c onstrained 

CONTROL RATION - not formulat ed to  l eas t c os t  

Crude proteln 
(% of  rations ) 

� 7  . 8� 
1 7 . 81 
1 7 . 81 
1 5 . 41 

( � ) 
(2) 

(3)  
( 4) B as ed on an assumed M . E .  intake of  305 k .  cal . /hen/day. 

\..'J 
'-.0 
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Figure 3 . 1 
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E I = I1 

Sinc e metab olisable  energy intake may not ac tually 

equal 305 k.  c als . per day and henc e nutrient intakes may 

vary , actual di etary protein perc en tagPs are used t o  des-

cribe  rations hereafter . 

I t  is r ec ognised that there are other nutri ents ,  

apart from energy and prot ein , which will affect layer 

performanc e .  The most c ommon of  these , calcium and phos-

phorus , were c onstrained t o  levels within the rati on such 

that it  was expec t ed that layer performanc e would not b e  

affect e d .  For all  rations calc ium was c onstrained within 

the range 3 . 3  t o  4 . 0  grams per hen per day on the b asis of 

305 k.  c al . :M . E .  intake . Phosphorus was c onstrained f or 

all rat ions betwe en 0 . 60 and 2 . 0  dietary perc ent . 

Research at P . R . C .  had not highlight ed any layer 

response to defic ient amino ac ids in prac tical N ew Z e aland 

layer formulati ons henc e amino aci d  l evels were not - . . , , r. 

c onstrained during ration formulation for LN/32 .  However , 

the importanc e o f  amino ac id intake in layer nutriti on is 

recognised ( Chapt er Two ) and this wil l  b e  examined with a 

view t o  generating hypotheses about the possib l e  relation-

ships b etween nutri ent intakes and response l evels . 

I t  has already b e en stated that ingredi ents c an b e  

important variabl es in aff ec ting f e e d  c onsumption and 

produc tion resp onses . Ingredient inc lusions were c on-

strained to levels rec ommended by P . R . C . staff . I t  was 
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thought that pollard and bran inc lusion at high l evels would 

decreas e the dens ity of the ration to a level where feed 

c onsumption would b e  affected by phys iologic al fac tors . 

Ingredi ents containing unc ommon amino ac id balanc es (b lo od­

meal , livermeal and fishmeal ) were res tricted s o  that 

recomm ended amino ac id balanc es  for 1e �rers c ould be main­

tained . The inc lus ion of maiz e  was r estricted to  a maximum 

of  65 . 0  perc ent becaus e of  the limited knowledge of its 

effec t on l ayer respons e under N ew Zealand c onditions . 

Other nutri ents were res tric t ed b ecaus e of the effect they 

have on yolk c olour ( luc erne ) and feed milling ( tallow ) . 

During ration formulation it was noted that when 

high di etary protein levels were inc luded there was me atmeal 

inc lus i on of  up to 23 perc ent . T o  overc ome pos s ible  s ide 

effects ( amino ac id imbalanc e ) from relianc e on high meat­

meal levels  for protein , di etary meatmeal inc lus i on was 

c ons traine d  to a maximum of 1 8  perc ent . The c ompl et e list  

of ingredi ent c ons traints are c ontained in Tab l e  3 . 2 . 

The feeds tuffs c ons idered for inc lus i on in the 

rati ons were thos e readily availab l e  in the Manawatu early 

in 1 971 . The nutri ent c ompo s itions of thes e fe eds tuffs 

were bas ed on analys es c arri ed  out by P . R . C . and on 

established overs eas feeds tuff analys es . The f eeds tuffs 

c ons idered in rati on formulation and their nutri ent c ompos i­

tion are present ed in Tab l e  3 . 3 .  

All rations , exc epting the P . R . C .  Random Sampl e 

Test rat i on ,  were formulat ed to  l east-c ost us ing the I. B . M .  

1 620-1 31 1 Linear Programming Sys t em .  The results o f  thes e 

formulations are pres ent ed in Tab l e  3 . 4 .  
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Tab l e  3 . 2 :  Fixed nutri ent and ingredi ent c ons trains 

us ed in rati on formulati on for LN/32 

Nutrient/Ingredi ent Units 

Calcium gms/hen/day 

Pho s�horus % 
Crude fibre % 
I odis ed s al t  % 
Premix % 
Meatmeals % 
Bran % 
Luc ernemeal % 
Butt ermilk powder % 
Pollard % 
Mai z emeal % 
Limes tone % 
Tal l ow % 
Fishmeal % 
Bloodmeal % 
Livermeal % 
Molas s es % 
Animal prot ein( � ) % 
Pollard % 
Butt ermilk powder % 

Cons traint Value 

Range 3 . 3-4 . 0  
Range 0 . 6-2 . 0  
.M:_j_ximum 8 .  0 
Equality 0 . 25 
Equality 0 . 25 
Maximum � 8 . 0  
Maximum ·2 . 0  
Maximum 8 . 0  
Maximum 25 . 0  
Maximum 50 . 0 
Maximum 65 . 0  
Maximum 6 . 5  
Maximum 3 . 0 
.Maximum � 5 .  0 
Maximum 3 . 0  
Maximum 3 • 0 
.Maximum ·1 0 .  0 
.Minimum 3 . 0 
.Minimum � o . oC 2 )  

Minimum � - 5( 2 ) 

( � ) Animal protein c an b e  c ontribut ed t o  by one or 
a c ombination of : meatmeals , meat and b one 
meal s , buttermilk powder , bloodmeal , livermeal 
and fishmeal . 

( 2 )  Only applicab l e  t o  rations � 4I and 1 4IR .  



Tab l e  3 . 3 :  F e eds tuffs us e d  and their nutri ent c om�o s i t i on 

C o s t/k� M. E .  C rude C a l c ium Pho s phorus Crude Ash Fat 
( c ents ( k . c al/kg ) pro t e in (%) (%) f ib r e  (%) (%) (%) (%) 

Barl eymeal 8 . 38 2646 '1 '1 . 0 0 . 3  0 .  '1 7  2 . 9 '1 . 6  '1 . 4 
Wh e atmeal '1 0 . 76 3307 '1 '1. 9 0 . 04 0 .  '1 3  2 . L: '1 . 5  '1 .  4 
Po l l ard 7 . 50 2425 '1 5 . 0 0 .  '1 5  0 . 23 5 . 6 3 . 8  4 . 7  
Luc ern em e a l  '1 0 . 58 '1 3 23 '1 9 . 6  '1 .  43 0 . 24 '1 4 . 3 '1 0 . 2  4 . 3  
Blo odm eal 22 . 93 2866 79 . 6  0 . 28 0 . 22 3 . 4  2 . 5  '1 . 2 
But t ermi lk powder 23 . 81 2646 28 . 9  0 . 9  0 . 9  0 6 . 4  8 . 8  
Livermeal 28 . 66 2866 75 - 5  0 . 3  1 . 1 1 . 0 2 . 9  1 6 . 1  +=-
Bone Fl our 5 . 29 0 0 27 . 6  1 1 . 9  8 66 . 7 0 . 5 +=-

Bran 7 - 50 1 3 23 '1 7 . 5  0 .  '1 4 0 . 33 8 . 7 4 . 5 4 . 75 
Mo las s es 9 . 3 5 '1 984 '1 0 . 3  9 . 0  0 . 2  0 37 . 3  0 . 4  
Mai z emeal 8 . 71 3 527 9 . 0  0 . 03 0 . 1  1 . 3 1 . 1 3 . 6  
F i s hmeal 1 8 . 74 2006 55 . 0  9 . 0  5 . 0  1 . 0 20 . 0  4 . 0  
Lins e ed meal 1 2 . 3 5 1 720 32 . 0  0 . 4  0 . 8  9 . 5  6 . 0  3 . 5  
Meat and b on e  meal 

( Walk ers , Hawera ) 1 2 . 35 27S6 45 . 92 1 0 . 5  1 . 94 2 . 0  27 . 5  1 2 . 7  

Meat and b on e  meal 
( Borthwicks ) 1 2 . 79 2776 50 . 66 1 0 . 33 2 . 06 2 . 0  27 . 5  1 2 . 7  

Fort i f i e d  m e atmeal 
( Pat e a ) 1 4 . 33 2756 56 . 1 7  8 . 6  1 . 5 2 . 0  24 . 5  1 2 . 5  



Tab l e  3.3  (Contd . ) .  

Meatmeal (Wainaro , 
Mast erton)  

Meatmeal (Whakatu , 
Hawkes Bay) 

Tall ow 
Limestone 
Dic afcium phosphat e 
Oyst er shell  
I odised salt 
Premix ( '1 ) 

Cost/kg 
( c ents ) 

'1 3 . 45 

'1 7 . 42 
'1 7 . 42 
'1 5 . 43 
66 . '1 4  

5 . 84 
7 . 05  

'1 '1 5 . 52 

M. E .  
( k . c al/kg) 

2866 

2866 
7055 

C rud e 
pr o t e in 

(%) 

65 . 0  

6786 

Calc ium Phosphorus 
(%) (%) 

'1 . 05  0 . 7  

'1 . 05 0 . 7  

33 . 0  

24 . 0  '1 8 . 0  
3 7 . 0  

Carophyll red as used in rations '1 ,  2 and 3 c osted 8 . 828 c/gm .  

( '1 ) The premix analysis is given in Appendix D .  

C rud e 
fibre 

( 3 ) 

2 . 5  

2 . 5  

Ash 
(%) 

Fat 
(%) 

2'1 . 0 8 .  0 

21 . 0  8 . 0  
96 . 0  

I 

..j::­
\51 



Table 3 . 4 :  Summar� of the ration c om�o s i tion2 nutri ent anal�s es and c o s t  

( All ingredients expr es s ed as a perc entage o f  the rat i on ) 

Trec:.tment No . 1 2 3 4 5 6 7 8. 9 

Rati on No . 1 2 3 4 5 6 7 8 9 
Pollard 30 . 05 44 . 46 50 . 00 50 . 00 50 . 00 50 . 00 31 . 44 30 . 67 29 . 91 
Barl eymeal 55 . 88 43 . 39 28 . 86 

Maizemeal - - 6 . 27 33 - 73 32 . 61 31 . 50 49 . 97 49 . 1 2  48 . 28 

Wheatmeal 

Bran 2 . 0  0 . 46 2 . 00 2 . 00 1 . 72 1 . 38 
Butt ermilk powder 1 . 37  
Meatmeal +::-

(Wainaro , Mas t erton) 3 . 1 9  3 - 71 5 . 22 6 . 75 8 . 06 9 - 75 1 1 . 43 
m 

- -

Meat and bonemeal 
( Walkers , Hawera ) 1 . 63 3 . 00 

Meat and bonemeal 
(Borthwicks ) 

Bloodmeal 

Limestone 5 - 33 5 . 1 3  5 . 82 6 . 50 6 . 50 6 . 50 6 . 50 6 . 50 6 . 50 
Bone flour 3 . 34 3 . 06 3 - 37 3 - 55 3 . 45 3 . 38 3 - 54 3 . 46 3 - 39 
Tallow 

I odis ed s al t  0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 
Premix 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 
C arophyll Red ( gms . ) 0 . 25 0 . 25 0 . 25 



Tab l e  3 . 4 : �C ontd . 2 . 

( Al l  ingredi ent s expres s ed as a p erc entage of  the ration )  

M . E .  ( k . cal/kg . ) 231 5 231 5 231 5 2535 253 5 253 5 2756 2756 2756 

Crude prot ein % 1 2 . 1 5  1 2 . 9  1 3 . 66 1 3 . 3  1 4 . 1 3  1 4 . 96 1 4 . 45 1 5 . 36 1 6 . 26 
C alc ium % 3 . 05 3 . 05 3 . 05 3 . 25 3 . 24 3 . 23 3 - 27 ) . 26 3 . 26 
Phosphorus 0 . 6  0 . 6 0 . 6  0 . 6  0 . 6  0 . 6 0 . 6  0 . 6 0 . 6 
Crude fibre % 3 - 5  3 . 84 4 . 0  3 - 53 3 - 53 3 . 52 2 . 64 2 . 63 2 . 62 

.Ash % 5 - 77 5 - 1 7  5 . 44 5 .  51 5 - 73 5 - 98 5 . 80 6 . 06 6 . 33 

Fat % 2 . 68 3 . 1 2  3 . 39 4 . 02 4 . 08 4 . 1 4  3 . 94 4 . 01 4 . 07 
Cost/kg ( c )  8 . 22 7 - 97 7 . 92 7 - 93 8 . 01 8 . 09 8 . 38 8 . 48 8 . 57 

..;:::-
Treatment N o . 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  

--..] 

Ration No . 1 0  1 1  1 2  1 3  1 4  1 5  1 4R 1 4I 1 4I R  1 9  
.Pollard 1 1 . 68 1 0 . 08 8 . 50 7 - 43 5 . 67 0 . 55 5 . 67 1 0 . 00 1 0 . 00 1 0 . 00 
Barleymeal - - - - - - - - - 48 . 00 

Maiz emeal 65 . 00 65 . 00 65 . 00 65 . 00 65 . 00 65 . 00 65 . 00 59 . 85 59 . 85 20 . 00 
Wheatmeal - - - - - 2 . 67 
Bran 
Butt ermilk powder - ·- - - - - - 1 . 50 1 . 50 1 . 50 

Meatmeal - ' 

(Wainaro ,  Mas t erton ) 1 2 � 32 1 4 . 20 1 6 . 05 2 . 1 3  3 . 1 8  7 . 69 3 . 1 8  
Meat and Bonemeal 

(Walkers , Hawera )  - - - - - - - 8 . 20 8 . 20 



Table 3 . 4 :  ( C ontd . ) .  

(All ingredients expr es s ed as a perc entage of the ration)  

Meat and b onemeal 
(Borthwicks ) - - - '1 5 . 87 '1 4 .  82 '1 0 . 3'1 '1 4 . 82 '1 3 . 27 '1 3 . 27 

Fortified meatmeal 
( Pat ea)  - - - - - - - - - 1 0 . 00 

Bloodmeal - - - 0 . 48 1 . 93 3 . 00 1 . 93 
Limestone 6 . 29 6 . 30 6 . 32 4 .  '1 2  4 . 3'1 5 . '1 '1  4 . 3'1 3 . 08 3 . 08 4 . 00 . 

Bone flour 3 - 55 3 . 47 3 . 39 '1 . 47 '1 . 60 2 .  '1 6  '1 .  60 0 . 60 0 . 60 2 . 00 
Tallow 0 . 67 0 . 46 0 . 24 3 . 00 3 . 00 3 . 00 3 . 00 3 . 00 3 . 00 
I odis ed s alt  0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 
Premix 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25  0 . 25 0 . 25 0 . 25 0 . 25 

+:-
CO 

Luc erne - - - - - - - - - 4 . 00 
M . E .  ( k . c al/kg . ) 2976 2976 2976 31 9 7  31 97 31 97 31 97 31 97 31 97 2586 
Crude pro t e in % 1 5 . 61 1 6 . 59 1 7 . 59 1 6 . 77 1 7 . 81 1 8 . 86 1 7 . 81 1 7 . 81 1 7 . 81 1 5 . 41 
C alcium % 3 . 22 3 . 22 3 . 22 3 . 46 3 . 46 3 . 46 3 . 46 3 . 46 3 . 46 2 . 97 
Phosphorus % 0 . 6  0 . 6 0 . 6 0 . 6  0 . 6  0 . 6  0 . 6  0 . 6  0 . 6  0 . 54 
Crude fibre  % 1 . 84 1 . 79 1 . 75 1 . 66 1 . 62 1 . 46 1 . 62 1 . 69 1 . 69 2 . 98 
.Ash % 6 . 1 1  6 . 39 6 . 67 6 . 80 6 . 79 6 . 74 6 . 79 7 . 1 7  7 . 1 7  5 . 66 
Fat % 4 . 53 4 . 41 4 . 27 7 - 77 7 . S5 7 . 25 7 - 65 8 . 3 :::; 8 . 3 5  3 . 36 
C os t/kg ( c )  8 . SO 8 � 99 9 . 08 9 . 61 9 . 83 1 0 . 05 9 . 83 9 . 91+ 9 . 94 9 . 20 
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3 . 6 - Changes in trial des ign 

Examination of  egg pro duction figures for the first  

five months of the laying p eriod of LN/32 showed that produc ­

t ion l evels on treatments 1 ,  3 ,  4 ,  5 ru1d 6 ( Tabl e 3 . 1 ) wer e  

l ower than thos e for other treatments ( s e e Appendix B ,  

Table  B . 2 ) . In addition ther e was a decreas ed pr oduc tion 

in  month 5 c ompared with month 4 .  I t  was dec ided t o  alter 

the nutri ent compos ition of thes e rations in the hope of  

maintaining ,  or  even rais ing , egg produc tion . Although 

treatment 2 was performing b el ow the l evel of treatments on 

higher energy dens ity rati ons , it was dec ided t o  r etain this 

treatment , to gain s ome information on layer respons e to a 

l ow energy dens ity ration during the remainder o f  the laying 

period . 

As the drop in rat e o f  egg lay was caus ing immediate 

c onc ern to P . R . C .  s t aff treatments 1 ,  3 ,  4,  5 and 6 were 

alloc at ed rations 7 ,  9 ,  7 , 8 and 9 respectively for one 

month b eginning Sept emb er 22 , 1 971 . To c orrespond a change 

in rations with the impending  monthly feed weighb ack , it was 

nec essary to  feed rations in s tock as there was not time to  

order new formulations . The  stoc ks of rations 7 ,  8 and 9 

determined what c ould b e  fed . To  try and pin-point the 

r eas on for reduc ed egg produc tion on treatments 1 ,  3-6 , 

nutrient intakes ( Appendix B ,  Tab l e  B4) and rat i on ingredient 

inc lus ions ( Tabl e  3 . 4) were examined( 1 ) . 

( 1 )  For a detail ed dis cus s i on o f  the analys i s  of treat­
ments 1 -6 for the fir s t  140 days of the  laying period 
and effec t of ration r eformul ation of sub s equent 
pro duction r efer to Appendix E .  
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On the bas is of this analys i s , it was dec ided to  

reformulat e rations for treatments '1 , 3-6 for the period 

b eginning Octob er 20 , '1 97'1 , i . e . for the s eventh month of  

the l aying peri od . 

Rations were reformulat ed f or treatments '1 ,  3-6 with 

the f o l l owing additional c ons traints . 

( i )  Rations o f  23'1 5 k .  cal . M . E .  per kg . were eliminated 

becaus e of the l m·T intake of nutri ents at this energy 

dens ity . 

( ii ) Rations formulat ed to  253 5  k .  cal .  M . E .  per kg . had 

ingredi ent inc lw; i on c onstrained : 

( a )  Bran was exc luded .  

(b )  Pollard in c l us i on was not t o  b e  great er 

than 40 perc ent . 

( c )  Fortifi ed meatmeal ( Patea) was t o  b e  the 

only meatmeal s ourc e ,  becaus e of  its  proven 

quality in past P . R . C .  res earch . 

The reallocation o f  rat ions to  treatments '1 ,  3-6 was 

performed in such a way that s ome information c ould b e  gained 

on the respons e to  ingredient and/or nutri ent changes . The 

reall o c at i on o f  nutrient and ingre�ient c onstraints for 

treatment '1 ,  3-6 is shown in Tab l e  3 . 5 .  

( i )  Treatment '1 has an increas e in energy dens ity from 

23'1 5 t o  2756( '1 ) k .  cal . M . E .  per kg . 

( '1 )  As layer performanc e on rations o f  2756 k .  cal . M . E .  
per kg . was c ons idered to  b e  satis fact ory i t  was not 
nec essary to  c ons train ingredient inc lusi on as for 
rations o f  2535  k .  c al . M . E .  per kg . 



Tab l e  3 . 5 :  Reall ocation of nutri ent cons traints for treatments � '  3-6 . 

Treatment 1 3 4 5 6 

Ration (May 5-Se�t 22 ) � 3 4 5 6 
Energy ( k . c al .  M . E . /kg . ) 23� 5 23� 5  2 53 5 253 5 253 5 
Protein intake ( gms ) 1 6  � 8  � 6  � 7  � 8  
Prot ein ( p erc ent ) � 2 . 1 5 1 3 . 66 1 3 . 30 1 4 . 1 3 � 4 . 96 

Ration ( Sept 22-0ct 20 ) 7 9 7 8 9 
Energy ( k . c al .  M. E . /kg . ) 2756 2756 2756 2756 2756 
Prot ein intake ( gms ) � 6  � 8  1 6  � 7  1 8  \J1 

Protein ( perc ent ) � 4 . 45 1 6 . 26 � 4 . 45 
� 

� 5 - 36 � 6 . 26 

Ration ( Oc t  20-March � 5 ) 23 21 20 24 22 
Energy ( k . cal . M . E . /kg . ) 2756 253 5 253 5 2756 2�35 
Protein intake ( gms ) � 7 1 7  '1 6 '1 7 '1 8 
Protein ( perc ent ) '1 5 .  36 '1 4 . '1 3  � 3 - 30 1 5 . 36 1 4 . 96 



Tab l e  3 . 6 :  Summary o f  ration c omposition (perc ent o f  the ration ) , 

nutri ent analys is and c o s t  for the new rations spec ified for 

treatments 1 ,  3 ,  4, 5 and 6 .  

Tr eatment N o . (May 5-0ct 1 9 ) 1 3 4 5 6 
Rati on ( S 2pt 23-0ct 1 9 )  7 9 7 8 9 
Ration/Treatment No . ( Oc t  20/ 

March 1 5 ) 1 I 3 '  4 '  5 ' 6 '  
Pollard 30 . 67 40 . 00 40 . 00 30 . 67 40 . 00 

Barley meal - 21 . 00 20 . 60 - 21 . 45 
Maiz emeal 49 . 1 2  23 . 45 2 5 . 05 49 . 1 2  21 . 85 

\J1 
Fortifi ed meatmeal ( Pat ea) - 6 . 60 49 . 50 - 8 . 25 1\) 

Meatmeal ( Wainaro 9 - 75 9 - 75 I 
- -

Limes t one 6 . 50 5 - 50 5 - 7 5 6 . 50 5 . 20 
Bone fl our 3 . 46 2 . 95 3 . 1 5  3 . 46 2 . 75 

I odis ed s alt 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 

Premix 0 . 25 0 . 25 0 . 25 0 . 25 0 . 25 
M . E .  ( k . c al/kg . ) 27 56 2535 253 5  2756 253 5 

Crude pro t ein % 1 5 . 36 1 4 . 1 3  1 3 . 3  1 5 . 36 1 4 . 96 

Calcium % 3 . 26 3 . 3 2  3 . 3 2 3 . 26 3 . 3 2  

Phosphorus % 0 . 6  0 . 6  0 . 6  0 . 6  0 . 6 

Crude fibre % 2 . 63 3 . 24 3 . 24 2 . 63 3 ."25 

Ash % 6 . 06 5 . 67 5 . 42 6 . 06 5 - 93 

Fat % 4 . 01 3 . 86 3 . 70 4 . 01 4 . 01 

C o s t  per kg ( c )  8 . 48 8 . 29 8 . 1 8  8 . 48 8 . 41 



( ii )  

( iii )  
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Treatment 3 has a single incr ement in energy 

density to  2535 k .  c al .  M. E .  per kg . 

The prot ein intake for treatments 1 and 3 were 

b oth set at 1 7  grams per day ( 30 5  k .  cal . M . E .  

per day basis) . 

( iv)  Treatment 4 and 6 wer e r etained at the sam e 

energy densi ty and protein intake but the 

r eformulati on of rati ons is sub j ect to the 

ingredient c onstraints . 

(v)  Whi le the intake of  prot ein l S  r etained at 

1 7  grams per day for treatment 5 , the energy 

density is incr�ased to  2756 k .  cal . M . E .  per 

kg . 

(vi )  As ingredient c onstraints were not superimposed 

on rati ons of 2756 k .  cal . M . E .  per kg . rati ons 

formulated for treatments 1 and 5 are identic al  

t o  rati on 8 • 

. Although LN/32 was initially c onc erned with the 

effec t o f  di etary nutrient density on feed intake and 

product i on r espons es it was r ecognised that other di etary 

fac tors ( ingredi ent inc lusi on ) may aff ect produc tion 

responses ( henc e the logic treatme1;.ts 1 7 ,  1 8 ) . The 

results for treatments 1 -6 for the first 1 40 days of the 

laying period highlight ed the presenc e of other dietary 

factors . We have att empted t o  iso lat e these fac tors �y 

c onstraining nutri ent inc lusion . Until  we isolat e these  

factors we cannot satisfact orily express produc t i on 

responses in terms o f  nutri ent c onc entrati on alone . 
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Should hens on treatments 4 and 6 r espond to  ingred­

i ent c hanges then we may b e  satisfi ed that we have is olated 

dietary ingredi ent fac tors affecting a produc t i on r espons e . 

We c an j udge the r espons e t o  treatments 4 and 6 by c omparing 

thes e treatments with t:..' eatment 5 which was plac ed on a 

proven ration ( 8 ) . Simi lar ly we may judge the respons e of  

treatment 3 to a change in ration nutrient and ingredi ent 

inc lus i on by c omparing this treatment with treatment 1 als o 

plac ed on a proven rat ion ( 8 ) . Should we b e  s atis fi ed 

that tre atments 1 ,  3-6 have responded to the di etary nutri ent 

and ingredi ent change then we may us e thes e tr eatment s when 

express ing produc tion rsspons es in t erms of the di etary 

nutri ent dens ity aft er Oc t ob er 20 . Rati ons r eformul at ed 

for treatments 1 ,  3-6 are pres ented in Tab l e  3 . 6 together 

with their c os t  and nutri ent analys is . For the peri od 

Oc tob er 20 , 1 971  until  the end of  the laying p eriod , treat­

ments 1 ,  3-6 wi l l  b e  known as treatm ents 1 ' ,  3 ' -6 ' 

r espec t ively . 

3 . 7  Measur ements 

3 . 7 . 1  Body weight 

Hens wer e  weighed individua�ly at 21 weeks and 56 

weeks o f  age to provide information on weight gain during 

the laying period . Wei ght gain was not avai lab l e  for hens 

which did not s urvive the t otal l aying period . 

3 . 7 . 2  Feed c onsumption 

Hens were fed thre e  t imes we ekly on an ad libitum 

bas is . For treatments 1 6  and 1 8 , the food was initially 
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weighed s o  that b irds would r ec eive 305 k .  cal . M . E .  per 

b ird per day .  Early indications showed that e g g  produc -

tion was s uffering at this intake  l evel and adj us tments 

were made s o  that energy c onsumption increas ed t o  31 5-

320 k .  cal . M . E .  per bird p er day . 

At the end of each 28 day period , refus als  were 

weighed b ack and 28-day food c onsumption calculated .  From 

this , 28 day nutri ent intake s  could b e  estimat e d . 

Mor tality 

All deaths or obvi ous l y  s ick hens wer e  r e c orded and 

s ent to Wallac evi l l e  for diagnos is . 

Egg numb er 

Each cage was equippe d  with a moveab l e  c ount er which 

recorded individual hen produc tion for a 14 day period . 

This rec ord was transferred t o  mas t er cards every 1 4  days 

and the c ounter z eroed . 

3 . 7 . 5 Egg weight and grading 

A s ingl e days egg c ol l ection ( taken on the 1 4th day 

of each intake and egg produc tion � eriod) was weighed and 

graded . From this , the months average egg weight and grade 

was estab l ishe d .  The t otal  egg weight and eggs within each 

grade per month were es timat e d  with referenc e to the monthly 

egg produc tion .  

3 . 8  Experimental results 

As LN/32 was designed in an endeavour to  quantify the 

phys ic al input/output relati onships o f  layer production the 
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analys is of data includes  produc tion func tion estimations . 

The input/output relat i onships that are of  direct int erest  

t o  the e c onomis t  ar e those  that predic t the r espons es that 

are inc luded in the ec onomic model . Swan ( 1 970 ) has 

pre s ent ed an ec onomic model which can b e  us ed for layer 

production under N ew Z ealand c ondit ions . Although this 

mod e l  can b e  us ed for any length of laying period this 

s tudy is primari ly int er ested in its applic ation t o  the 

t otal laying p eriod .  For hens fed under ad  libitum c ondi­

t i ons we are limi ted to  the r esults ob tained from treatments 

7 -1 5 ,  1 7 ,  1 9  in LN/3 2 .  Results applic ab le  to the  estima­

ti on of produc tion func t i ons for the total laying p eriod are 

pres ent ed in Tables 3 . 7-3 . 1 5 .  Produc ti on function estima­

t i on for the dependent variab l e s  inc luded in the ec onomic 

mod e l  for the total laying period is analys ed in Chapter 

Five . The probl ems as s oc iat ed with produc tion func tion 

estimation are discus s ed in Chapt er Four . Onc e the produc ­

t i on func tions have b e en es timat ed it wi l l  b e  pos s ib l e  t o  

<:·nalys e our ec onomic model  ( Chapt er Six ) . 

Inc luded in LN/32  were treatments 1 6 , 1 7 and 1 8  to  

s tudy the effect  of feed  res tric tion and ingredi ent changes 

on r ation � 4 .  An ana lys is o f  these  treatments will b e  

pres ented in Chapt er S even . 

Although LN/32 was not des igned t o  s tudy the effect  

of phas e f e eding ( changing the nutri ent c ont ent of  the 

rati on throughout the l aying p eriod ) it wil l  be  pos s ible  

t o  analys e the  results o f  LN/3 2 for two periods within the 

t otal  laying p eriod.  
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Table  3 . 7 :  H . D .  food c onsumpti on per bird per day for 
each treatment strain for the t otal 31 5 days of  the 

laying perio d .  

Treat- Rat i on M . E. C . P .  
m ent ( k . c al . /kg . ) (%) 

1 
2 

3 
4 
5 
6 
7 
8 

9 
1 0  
1 1  
1 2  
1 3  
14 
1 5  
1 6  
1 7  
1 8  
1 9  

+ 

2 
+ 

+ 

+ 

+ 

7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 4R 
1 41 
1 4IR 
1 9  

+ 

231 5 
+ 

+ 

+ 

+ 

2756 
2756 
2756 
2976 
2976 
2976 
3 1 9 7  
31 97 
31 97 
31 97  
31 97 
3 1 97 
2586 

+ 

1 2 . 9  
+ 

+ 

+ . 

+ 

1 4 . 45 
1 5 . 36 
1 6 . 26 
1 5 . 61 
1 6 . 59 
1 7 . 59 
1 6 . 77 
1 7 . 81 
1 8 . 86 
1 7 . 81 
1 7 . 81 
1 7 . 81 
1 5 . 41 

C onsumption ( gms/day) 
s train 

W. B . ( a ) W . B . ( b )  M . L .  

1 1 6 . 3  
1 27 . 6  
1 1 5 . 9  
1 22 . 2  
1 1 1 . 0  
1 33 . 4  
1 1 5 . 6  
1 1 8 . 5 
1 1 7 . 1  
1 1 2 . 0  
1 09 . 7  
1 05 . 8  
1 00 . 2  
1 1 6 . 1  
1 03 . 0  

97 . 2  
1 01 . 2 

97 . 4  
1 06 . 0  

1 23 . 4 
1 31 . 3 
1 34 . 9 
1 23 . 5  
1 1 8 . 1  
1 26 . 0  
1 1 4 . 6  
1 22 . 3 
1 1  ri • 8 
1 1 0 . 6  
1 1 6 . 2  
1 22 . 1  
1 03 . 9 
1 1 6 . 1  
1 1 2 . 2 
1 03 . 2  
1 1 5 . 7  

99 . )  
1 21 . 7 

1 24 . 3  
1 26 .  '+ 
1 23 . 1 
1 27 . 6  
1 1 8 . 6  
1 28 . 4  
1 1 7 . 6  
1 •1 8 . 0  
1 25 . 3  
1 1 5 . 6  
1 1 6 . 1  
1 1 3 . 8  
1 1 1 . 8  
1 1 3 . 4  
1 1 1 . 3  
1 01 . 3  
1 1 1 . 3  

99 . 1  
1 1 5 . 9  

+ Ration changes after 1 40 days result e d  in a change in 
energy and prot ein c onc entrati on . 
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Tab l e  3 . 8 :  H . D .  egg numb er �er bird for each treatment 

strain for the total 31 2 da� la�ing �eriod 

H . D .  egg numb er 
Tre at - Ration I1 . E .  C . P .  strain 

ment ( k . c al . /kg . ) -c%) . \-J . B . ( a ) ltl . B . ( b ) I1. L .  

1 + + + 1 76 . 53 1 66 . 31 2C0 . 53 
2 2 231 5 1 2 . 90 1 73 . 30 1 83 . 00 1 80 . 39 
3 + + + 1 79 . 1 3 1 93 . 76 1 93 . 36 
4 + + + 1 77 . 89 1 81 . 50 21 1 . 23 
5 + + + 1 88 . 1 8  1 58 . 87 1 98 . 23 

6 + + + 1 89 . 93 1 80 . 89 200 . 44 

7 7 2756 1 4 . 45 1 83 . 36 1 83 . 93 21 9 . 1 8  
8 8 2756 1 5 , 36 1 98 . 91 1 98 . 1 8  205 . 50 
9 9 2756 1 6 . 26 1 76 . 99 1 93 . 25 201 . 39 

1 0  1 0  2976 1 5 . 61 200 . 73 201 . L�2 223 . 46 
1 1  1 1  2976 1 6 . 59 1 78 . 1 4  205 . 1 5  221 . 1 8  
1 2  1 2  2976 1 7 . 59 21 8 . 50 220 . 49 209 . 40 
1 3  1 3  31 97 1 6 . 77 1 94 . 40 1 86 . 56 220 . 68 
1 4  1 4  31 97 1 7 . 81 21 6 . 57 207 . 42 21 6 . 94 
1 5  1 5  31 97 1 8 . 86 1 88 . 21 209 . 1 2  226 . 1 2  
1 6  1 4R 31 97 1 7 . 81 1 80 . 53 1 80 . 62 225 . 55 
1 7  1 4I 31 97 1 7 . 81 200 . 03 206 . 3 2  21 4 . 74 
1 8  1 4I R  31 97 1 7 . 81 1 77 . 89 1 99 . 68 2•1 0 . 99 
1 9  1 9  2586 1 5 . 41 1 90 . 1 1  1 84 . /, 1  21 9 . 43 

I .  
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Table  3 . 9 :  H . D .  perc entage egg numb er for each 
treatment s train for the t otal  315 day laying 

period 

Treatment 

1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

Ration 

+ 
2 
+ 

" + 
+ 
+ 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 4R 
1 4I 
1 4I R  
1 9  

W . B . ( a )  

56 • OLt. 
' 

55 . 02 
56 . 87 
56 . 47 
59 - 74 
60 . 30 
58 . 21 

63 . 1 5  
56 . 1 9  
63 . 72 
56 . 55 
69 . 37 
61 . 73 
68 . 75 
59 - 75 
57 - 31 
63 . 50 
56 . 47 
60 . 3 5 

Strain 
W . B . ( b ) 

52 . 80 
58 . 1 0  
61 . 51 
57 . 65 
50 . 44 
57 . 43 
58 . 39 

62 . 91 
61 . 3 5 

63 . 94 

65 . 1 3  
70 .00 

59 . 23 

65 . 85 
66 . 39 

57 - 34 

65 . 50 

63 . 39 

58 . 45 

.I"'. Line 

63 . 66 
57 . 27 
61 . 38 
67 . 06 
62 . 93 
63 . 63 
6 5 . 58 
65 . 24 
63 . 94 
70 . 94 
70 . 22 
66 . 48 
70 . 06 
68 . 87 
71 . 79 
71 . 60 
68 . 1 7  
66 . 98 
69 . 66 
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Tab l e  3 . 1 0 :  .Average egg weight 12er s train 12er 

treatment for the 31 5 day laying J2eriod (grams )  

Treatment Ration Strain 
W . B . ( a ) W . B . (b )  M . Line 

1 + 53 . 62 55 . 44 55 . 08 
2 2 53 . 1 8  55 . 63 51+ .  94 
3 + 53 - 3 3  5 ; i . 62 53 . 08 
4 + 56 . 93 56 . 1 1  54 . 68 
5 + 54 . 01 55 . 40 54 . 46 
6 + 56 . 69 58 . 50 54 . 49 
7 7 56 . 23  55 - 50 53· . 43 
8 8 53 . 96 56 . 66 52 . 66 
9 9 55 . 08 55 . 43 54 . 00 

1 0  1 0  55 . 66 57 - 54 5 5 . 48 
1 1  1 1  53 . 86 57 - 38 53 - 9 5  
1 2  1 2  54 . 1 9  55 . 09 53 . 85 
1 3  1 3  52 . 88 57 . 63 55 . 20 
1 4  1 4  55 . 29 58 . 54 54 . 49 
1 5  1 5 57 . 64 55 - 75 52 . 31 
1 6  14R 53 - 3 3  54 . 52 52 . 64 
1 7  1 41 54. 09 58 . 06 51+ . 30  
1 8  1 4IR 54 . 67 56 . 55 52 . 23 
1 9 1 9  55 - 64 56 . 36 51� - 5 5  
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Table  3 . 1 1" :  Egg grades  for the J2erio d  1 -312 days 
�by treatment strains ) 

Treatment Large Standard 1'1edium 

Whit e bas e �a2 

1 1 1 . 59 56 . 34 25 . 57 
2 7 . 56 50 . 85 38 . 27 
3 6 . 75 64 . 24 23 . 79 
4 22 . 98 64 . 06 1 0 . 40 
5 8 . 81+ 57 - 54 30 . 56 
6 '1 6 . 02 66 . 65 1 2 . 24 
7 23 . 73 58 . 51 1 3 . 43 
8 1 0 . 64 56 . 84 25 . L�O 
9 1 4 . 1 2  6'1 . 33  22 . 88 

•1 0 1 6 . 93 54 . 46 23 . 03 
1 1  8 . 69 66 . 34 20 . 29 
1 2  5 . 26 70 . 76 21 . 1 7  
1 3  5 - 77 59 . 43 31 . 25 
1 4  1 0 . 91 61 . 52 22 . 40 
1 5  25 . 1 8  61 . 91 1 1 . 06 
1 6  7 . 66 63 . 54 21 . 88 
1 7  7 . 69 61 . 09 28 . 02 
1 8  1 4 . 1 5  62 . 54 1 9 . 1 3  
1 9  '1 6 . 39 63 . 31 1 8 . 07 

Average 1 2 . 68 61 . 1 2 22 . 04 

.Whit e bas e (b2 
1 '1 2 .  59 63 . 1 4  20 . 97  
2 1 8 . 92 49 . 82 26 . 72 
3 '1 1  • 71 59 . 56 22 . 1+9 
4 22 . 52 56 . 45 1 7 . 3 5 
5 23 . '1 7  49 . 95 23 . 01 
6 30 . 1 9  57 - 30 1 0 . 05 
7 1 7 . 80 56 . 1 3  21 . 70 
8 1 4 . 29 60 . 81 23 . 56 
9 1 8 . 65 58 . 20 1 8 . 1 9  

1 0  23 . '1 1  61 . 1 5  1 3 . 29 
1 '1  26 . 60 63 . 00 8 . 87 
1 2  1 5 . 81 59 . 1 4  22 . 1 0  
1 3  1 8 . 49 61 . 55 1 7 . 07 

�"--- � 

Pullet  

5 . 41 
3 . 32 
4 . 53 
1 . 22 
1 . 83 
1 . 48 
2 . 57 
4 . 75 
1 . 67 
3 . 43 
3 . 58 
2 . 32 
3 . 56 
3 - 79 
1 . 23 
5 . 38 
2 . 63 
3 . 69 
1 .  73 
3 . 06 

3 . 30 
4 . 06 
4 . 23 
2 . 38 
3 - 87 
0 . 79 
3 . 26 
1 . 34 
2 . 61 
1 . 46 
2 . 1 9  
2 . 95 
2 . 89 

Other('! )  

1 . 09 

0 . 69 
1 . 43 
'1 • 23 
3 . 61 
·1 .  76 
1 . 77 

2 . 1 5  
1 . 09 
0 . L�9 

1 . 3 7  
0 . 61 
1 .  56 
0 . 56 
0 . 48 
0 . 51 
1 . '1 0  

0 . 49 
2 . 00 
1 . 30 

1 . 80 
1 . 1 1  

2 . 37 
0 . 98 
1 . 09 
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Table 3 . 1 1 : (C ontd . ) . 

Treatment Large Standard Medium Pull et 0ther(1 ) 

1 4  33 . 06 53 . 1 1  9 . 79 0 . 66 3 . 38 
1 5  20 . 68 58 . 49 1 7 . 48 1 . 86 1 . 50 
1 6  1 5 . 98 57 . 66 22 . 51 2 . 51 1 . 35  
1 7  27 . 36 5 5 - 79 1 3 . 91 2 . 45 0 . 52 
1 8  21 . 1 5  6 5 . 37 9 - 33 2 . 41 1 . 1 5  
1 9  22 . 68 59 . 1 7  1 4 . 01 2 . L�8 1 . 67 

Averag e 20 . 78 58 . 20 1 7 . 49 2 . 51 1 . 02 

1'1 .  Line 

1 1 6 . 21 59 . 27 1 8 . 23 3 . 96 1 . 64 
2 1 7 . 46 42 . 45 37 . 06 1 . 68 1 . 3 5  
3 8 . 85 53 . 29 29 . 09 1 . <j7 1 . 00 
4 1 9 . 62 57 - 90 1 8 . 40 3 . 67 0 . 41 
5 7 . 28 62 . 71 23 . 52 5 . 22 1 . 24 
6 3 . 46 6 5 . 43 24 . 94 4 . 29 1 . 88 
7 6 . 47 54 . 46 33 - 79 4 . 21 1 . 05 
8 7 . 04 49 . 58 39 - 71 3 . 1 3  0 . 54 
9 1 0 . 54 58 . 22 23 . 56 4 . 69 2 . 99 

1 0  1 3 . 05 60 . 32 21 . 93 '1 . 88 2 . 82 
1 1  6 . 94 61 . 59 24 . 69 3 . 52 3 . 26 
1 2  1 3 . 21 64 . 37 20 . 25 1 . 74 0 . 43 
1 3  1 1 . 33 66 . 71 20 . 60 0 . 89 0 . 47 
1 4  1 3 . 3 5 53 - 91 30 . 35 0 . 97 1 . 41 
1 5  5 . 68 54 . 30 30 . 61 5 . 1 9  4 . 22 
1 6  5 . 00 54. 96 33 . 41 3 . 27 3 . 36 
1 7  8 . 98 57 . 07 29 . 07 3 . 63 1 . 24 
1 8  5 - 53 59 . 42 30 . 22 4 . 83 
1 9  8 . 97 67 . 58 1 9 . 63 2 . 36 1 - 1�7 

.Average 9 - 95 58 . 08 26 . 83 3 . 22 1 . 92 
( 1 ) Other : Inc ludes all eggs that were broken , 

cracked , dirty , s oft shelled or unders iz e .  
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Table  3 . '1 2 :  Initial body weight (grams ( '1 ) per 
hen liveweight) 

Strain 
Treatment White bas e ( a ) White bas e (b ) 1'1 .  Line 

( '1 ) 

'1 '1 433  
2 '1 474 
3 '1 325  
4 '1 538 
5 '1 4'1 '1 
6 1 574 
7 '1 424 
8 '1 49 2  
9 '1 49 2  

'1 0 '1 492 

'1 '1 '1 379 
'1 2 '1 4'1 '1 
'1 3 '1 3'1 5 
'1 4 '1 547 
'1 5  '1 492 
'1 6  '1 388 
'1 7 '1 452 
'1 8  '1 361 
'1 9  '1 379 

'1 569 
'1 50'1 
'1 637 
'1 6'1 0 
'1 529 
'1 6'1 0 
'1 483 
'1 5'1 5 
'1 628 
'1 442 
'1 50'1 
'1 642 
'1 50'1 
'1 489 
'1 678 
'1465 
'1 656 
'1 5'1 0 
'1 579 

'1 547 
'1 438  
'1 569 
'1 5  5'1 
'1 3'1 5  
'1 420 
'1 365 
'1 4'1 '1 

'1 506 
'1 420 
'1 479 
'1 569 
'1 438 
'1 433  
'1 569 
'1 397 
'1 447 
'1 488 
'1 438 

Hens were wei ghed in pounds per hen , to two 
dec imal plac es , and the c onvers i on to grams 
was made . 
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Tab l e  3 . 1 3 : Livevreight gain per hen (grams per 
hen per 315 days ) . 

Treatment Whit e bas e ( a )  

1 11-35 
2 3 54 
3 327 
4 485 
5 320 
6 523 
7 444 
8 390 
9 458 

1 0  698 
1 1  653 
1 2  303 
1 3  535 
1 4  752 
1 5  703 
1 6  640 
1 7  557 
1 8  699 
1 9  430 

Strain 
Whit e bas e (b ) M .  Line 

63 5 340 

458 281 

658 3 54 
481 3 54 
51 3 381 
472 41 7 
553 344 
571 362 

408 31 7 

71 7 589 
798 462 

589 435 
721 548 
879 449 
793 467 

1 070 685 
984 589 
764 472 
775 489 
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Tab l e  3 . 1 4 :  Mortality 

Strain 
Treatment White bas e ( a ) White bas e ( b )  1'1 .  Line 

1 1 1 1 
2 1 2 0 

3 1 6 2 
4 1 /. 2 i 

5 1 3 3 
6 3 0 1 
7 3 1 3 
8 1 2 0 
9 1 0 2 

1 0 2 1 1 
1 1  3 1 0 

1 2  0 2 1 
1 3  1 8 0 

1 4  2 3 1 
1 5  3 2 1 
1 6  0 2 4 
1 7  4 2 1 
1 8  0 1 3 
1 9  1 0 0 

Total 29 38 26 
Perc entage 5 . 45 7 . 1 4  4 . 89 



Table 3 . 1 5 :  Daily nutri e:n.t intake per hen for the _total laying period 
( for treatments 2-1 2) 

Tre atm ent M.  E.  C . P .  C alc ium Methi onine . I s o l euc ine Lys ine 
( k . c als . )  ( grams ) ( grams ) ( gms ) ( gms ) ( gms )  

7 31 9 1 6 . 76 3 - 79 0 . 259 0 . 545 0 . 61 9 

8 329 1 8 . 38 3 . 90 0 . 287 0 . 600 0 . 688 

9 · 331 1 9 . 52 3 .  91 0 . 308 0 . 640 0 . 741 

1 0  3 3 5  1 7 . 61 3 . 63 0 . 298 0 . 606 0 . 657 

1 1  339 1 8 . 94 3 . 68 0 . 3 23 O ft 654 0 . 71 6 

1 2 338 20 . 04 3 . 67 0 . 344 0 . 692 0 . 764 

1 3 337  1 7 . 69 3 . 6 5  0 . 249 0 . 5'1 1  0 . 682 m 

1 4  368 20 . 53 3 . 99 0 . 292 0 . 585 0 . 850 
m 

1 5  348 20 . 55  3 . 77 0 . 31 1  0 . 598 0 . 887 

1 6  32'1 '1 7 .  9'1 3 . 48 0 . 255 0 . 51 0  o .  741 

1 7  349 1 9 . 51 3 . 79 0 . 286 0 . 631 0 . 049 

'1 8  31 6 1 7  . 6'1 3 . 42 0 . 258 0 . 569 C . 767 

1 9  296 1 7 . 67 3 . 41 0 . 23 5  0 . 631 0 . 804 

------
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( i )  Analysis o f  the data for the first 1 40 days o f  the 

l aying period for tho s e  treatments fed ad libitum 

who s e  performanc e was j udged as satis fact ory . 

( ii ) Analys is o f  the data for the final 1 68 days of the 

laying p eriod for thos e treatments fed 'lri libitum 

who s e  parfor_'manc e was j udged as  satis fac tory . 

The an�lys is  of thes e two periods wil l  inc lude produc-

t i on func t i on estimations t o  det ermine what variab l es are 

respons ibl e  for affecting a c hange in layer produc t i on 

r espons es . By a c omparis on of  thes e models with thos e for 

1 -31 5 days it wil l  be  pos s ib l e  to hypothes is e on the effec t  

o f  different nutrients on layer produc tion at different 

s tages in the laying cyc l e . This analys is wil l  als o  b e  

pres ent ed in Chapt er Seven . 

Experimental results  for LN/32 for the f irs t 1 40 days 

of the laying cyc le are pres ented in Appendix B which also  

c ontains the results rel evant to  the final 1 68 days of  the 

laying period . 

3 . 8 . 1 Results 1 -31 5 days 

Experimental resul ts  from LN/32 for the total 31 5 

days laying period are pre s ent ed here . 

pres ent ed on a hen day bas is ( 1 ) . 

Thes e results are 

( 1 )  One hen day is alloc ated for every day that each hen 
lives . Therefore hen day production equal s total 
eggs laid , divided by the t otal hen days . 
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CHAPTER FOUR . 

DATA MiALYSIS , ESTIMATI ON PROCEDURES AND PROBLEMS 

4 . 1 Introduc t i on 

I t  is as sumed that the biol ogical relat i onships . we 

are int er ested in quantifying c an b e  express ed  in the form 

of a model  ( usual ly mathematic al ) . The mathematic al model 

of the r e l ati onships in b i o l ogical systems c ons ists  of  a 

s et of equations known as produc ti on func ti ons . Thes e 

equati ons express  the int erdependenc i es among defined vari-

ab les  within the produc tion proc ess . 

The expec t ed value of  one variable ( output ) is defined 

as a func tion of the obs erve d  values of other variab l e s . 

This is  c ommonly expres s ed :  

Where E ( Y) is the expec ted  value o f  the output , for given 

l evels o f  the variables x1 , x2 , . . . ' 
X • n 

Es timation of the production function has usually b e en 

by the s ingle equation approach. The methodo l ogy for this 

is c ontained in the technique of l e as t  s quares multipl e 

· regres s ion . Implicit in the applicat ion of multipl e 

regres s i on is a knowledge o f  the form of the product i on func-

tion and the variab l es whi ch c onst i tute the r elationship , 

as well as  other as sumpti ons dis c us s ed in Section 4 � 4 .  

4. 2  Spec ific ation of the model 

The ini tial prob l em i o  one of specifi c a t i on of the 

mode l  which mos t  adequat ely express es the relat i onships . I 
I 
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with which the res earch er is c onc erned .  In biolo"gical 

proc es s es there exists an unders tanding ( either c omple t e  

or inc omplete ) of  the phys ical and biological logic under­

lying a produc tion relat i onship . The more c ompl et e  the 

knowl edge of the system , the great er ab ility the res earcher 

has in formulating a mathematical mod s�  to adequat ely 

expr e s s  the production r e lat ionships . Formulation o f  the 

model  involves two c ons iderations : 

( i ) Choic e o f  the  algebraic form o f  the model  

( ii ) Choic e of  the variabl es to be  inc luded 

within the model . 

Appropriate algebraic forms can initially b e  pos tu­

l at ed by the pure res earcher who s e  m1ders tanding of the 

sys t em is more c omplete  than that of the applied r es earcher . 

Not only wil l  previous experimentation b e  of us e in the 

formulation of  the typ e  o f  model to  be spec i fied but a 

guide may b e  given as t o  the variab les which mos t adequately 

expr e s s  the produc ti on proc ess . Car e  mus t be  taken to  

inc lude all rel evant variables  to  avoid bias in fitting the 

mode l . The models chos en mus t b e  cons i s t ent with phys ical 

and b i ological  l ogic . However , when knowl e dge of  the 

produc t ion relat ionships is inc omplete  it may b e  nec essary 

to d ec ide the r e levant variabl es by trial and error . 

The nutritional r e lationships of feed intake and egg­

produc tion of the laying hen have b e en discus s ed in Chapt er 

Two . This knowledge wil l  b e  us ed in s el ecting the 

particular form of , and variab l es t o  b e  included in , the 

produc t i on func t i ons to b e  e s t imat e d . 
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4 . 3  Analys is o f  varianc e 

As a first  step in analys ing the data , we c an post­

pone the mat t er of the appropriat e func tional mod e l  

( production func tion) and sub j ec t  the data to a c las s i fica­

tion model ( analysis of  varianc e ) . This wi ll  help us to � 

( 1 ) det ermine any treatment di ff erenc es in the 

dependent variab l e . 

( 2) explore the general nature  of  the int er­

relationships which might ac c ount for this 

variat i on . 

The experimental design of  LN/32 c an b e  treat ed  as a 

sys t ematic split-plot ( C ochrane and C ox ,  1 957 ) . I n  this 

cas e ,  whole plot  treatments ( rati ons ) wer e randomly assigned 

to  rows of a battery within the l aying shed . Within each 

treatment ( and row) strains of b irds  ( spl it-plot treatments ) 

were systematic ally as s igned to  c ages 1 -28 , 29- 56 , 57-84 . 

C ons ider the general form o f  the analys is o f  varianc e 

for five energy c onc entrations by three prot ein intakes 

( 5  x 3 )  as a whol e-plot treatments and three strains of layer 

as s plit-p} o t  treatments , without treatment r eplic ati on .  

The appropriat e analys is  o f  varianc e is  pres ented  in Tab l e  

4 . 1 . 

In the abs enc e o f  treatment r eplic ati on we are unabl e  

t o  es timat e whole-plo t or split-plot error varianc e with­

out additi onal assumpti ons . I f  we were to assume that the 

Energy x Pro t e in interaction is z ero , then the mean s quare 

as s oc i a t e d  with this s ourc e of variat i on in the analys i s  o f  



- 71 -

varianc e would estimat e the whol e-plot error varianc e and 

c ould b e  us ed for t ests o f  significanc e ab out differenc es 

in Energy and Protein l evels . I f , in fac t , Energy x 

Pro t e in int erac tion do es  not equal z ero , the error mean 

s quare will  over estimat e the whol e-plot error varianc e ,  

thus underestimating the value of th2 F-s tatistic . In 

this s ituation differenc e s  that are judged s i gnific ant 

are n o t  a prob l em .  Differenc es that are j udged t o  b e  not 

s ignificant at s ay the t en perc ent level (p > 0 . 1.0 ) , may 

in fac t b e  s i gnific ant at this l evel given an unb ias ed 

estimat e  of error varianc e .  

· Tab l e 4 . 1 : Analys is of varianc e 

Sourc e of variation 

Mean 
Whole-plot treatments 

Energy levels 
Prot ein levels 
Energy x prot ein 

Split-plot  treatments ( s trains ) 
Strain x whole  plot int erac t ions 

Strain x Energy 
Strain x Prot ein 
Strain x Energy x Protein 

TOTAL 

4 
2 
8 

8 
4 

1 6  

d . f .  

1 
1 4  

2 
28 

45 

If  we were t o  as sume that the Strain x Energy x 

Prot e in interac tion is z ero , the mean s quare as s oc iat ed 

with this sourc e of variation in the  analysis  of varianc e 

would estimat e the split-plot error varianc e .  Sinc e split-

plot treatments ( strains ) are sys tematic in this experiment , 

we do not have a valid t e s t  of significanc e for s train 
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differenc es . However , given an independent es timat e of  the 

s plit-pl ot error varianc e we  c ould test  for Strain x Energy 

and Strain x Protein int erac tions ( C ochrane and C ox ,  1 957 ) . 

As for the whol e-plot c as e ,  should the Strain x Energy x 

Prot ein int erac t i on not equal z ero , then the appropriate F­

s tatis tic  will  b e  overestimat ed and signi fic anc e l evels wil l  

als o b e  over estimat ed ( di fferenc es  " s ignific ant " a t  the 

t en perc ent l evel may in fac t be s i gnific ant at the five 

p erc ent l evel). 

4 . 4  Es timation procedur e 

L east Squares mu1tipl e regr e s s ion is an appropriat e  

m ethod o f  estimating the s ingl e  equation model . C onditional 

upon c ertain as s umptions holding true , there are s ituations 

when L eas t Squares yi elds the best  and unbias ed prediction 

o f  the exp ected value of the dependent variab l e  E ( Y )  and 

als o the b es t  unb ias ed linear estimat es of the r egres s ion 

c o effic i ents . These  as s umptions are : 

( i )  the expec t ed value o f  the error i s  z ero 

( ii )  the c ovarianc e b etwe en the error 

as s oc iat ed with one value of Y and that 

as s oc iated with any o -�:her value of Y is  

z ero 

( ii i )  

( iv)  

the varianc e o f  the e rror as s oc iated 

with one value of Y i s  the s ame  as the 

varianc e  of the error ass ociated with 

any other value of Y 

the c ovarianc e b etwe en the error and 

each of the independent variab l es is  

z ero 
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(v) the obs ervations of  the independent 

variables  are measured without error . 

I f  we are int eres ted in predic ting Y ,  and we are not 

c onc erned with the propert ies of the estimat ed paramet ers 

of the r egres s ion equation ,  then Least Squar es may b e  

appropriat e even though some of the s e  �ssumptions ar e 

violated .  

4 . 5 Go odnes s  of fit 

We require a measure  of how c los ely the pr edic t ed 

s eries  c oinc ides  with obs erved values of the dependent 

variable . This is known as the "goodness of fit 11 of  the 

estimat ed regr ession equation ( Heady and Dil lon , 1 961 ) . 

The p erc entage of the variation in the n obs erved 

values of Y that is explained by the fitt ed regress i on 

equation is known as the c oeffic i ent of multipl e det ermina­

t i on , R2 • H enc e ,  R2 l S  defined as the ratio :· 

Varianc e of  obs erved values - Varianc e of res iduals  

Varianc e of obs erved values 

The R2 is of us e in choos ing b etwe en alt ernative 

s ingle equation models  of a produc tion proc ess  in the 

abs enc e of s trong a pri ori evidenc e as to what form the 

model should t ake . 

In two cas es  there is  a t endency for R2 to  b e  

overestimat e d :  

( 1 ) When there is  a large numb er of parameters ( k ) t o  

b e  estimat ed 
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( 2 )  When the nunib er of obs ervat ion s ets (n ) i s  smal l . 

In thes e c as es a " c orrected"  c o effici ent of  multipl e 

det ermination ,  R2 , may b e  us ed , where 

4 . 6  Testing �orms of  the produc tion func tion 

Oft en the inc ompl e t e  knowl edge of biologic al  sys t ems 

makes descripti on of the proc e s s  under study difficult . N ot 

only is the form of the func t i on subj ect  to debat e but s o  

also  are the variab l es inc luded wi thin it . Stat i s tical 

t ests of s i gnificanc e can be us ed as an aid in ::.eciding the 

func tion which describes the production proc ess  most 

adequat ely . 

When there is  replic ati on o f  treatmen.-�s an analys is 

of  varianc e will  produc e an e s timat e of  the experimental 

error . Least Squares regres s i on minimis es the s ums of 

s quared deviations b etween the ob s erved Y values and the 
.... 

e s timated values Y .  The treatment sums of s quares  wil l  b e  

divided into sums of  square due t o  the regres s i on and devia­

t i ons of the treatment means from the regres s i on ( lack of  

fit ) s ums o f  s quares  as shown in Table  4 . 2  (Heady and 

Dill on , '1 96'1 ) .  

Experimental designs c ontaining no treatment replica-

t i on requir e special attent i on .  In the abs enc e of  

r eplic ati on it may not be  pos s ible  to obtain an e s t imat e 

o f  the experimental error . I f  s imilar res earch has b e en 

analys ed , an a priori estimat e of the error can be sub-

s titut ed (Heady and Dillon , '1 96'1 ) .  In its abs enc e it is  
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not pos s ib l e  to  c ompare func tions for their " goodriess  of  

fit " b ecaus e it is  not  pos s ib l e  t o  differ entiate b etwe en 

experimental error and deviati ons from r e gres sion attribut­

abl e  to the func tion b eing t es t ed . 

Table  LJ- .  2 :  Analys is of vari anc e for multi� 

regress ion bas ed on a replic atea experiment 

Sourc e of variation 

Replications 
Treatments 

Regression 
Deviations from r egress i on 

Experimental error 

TOTAL 

r-'1 
t-'1 

d . f .  

k 
t-k-'1 

( t-'1 ) (r-'1 ) 
tr-'1 

The abs enc e o f  replicat i on in LN/3 2 prec luded an 

e s t imate  of experimental  error henc e deviati ons from regres-

s ion c annot  be  subdivided to  obtain error sums of  s quares . 

Despite  this , an att empt can b e  made to  analys e various 

func tions . 

When various fllllCtional forms are estimat ed there i s  

c ons istency in total , replicat e ,  treatment and error mean 

s quares . Changes only occur in regres s i on and lack of  fit 

mean s quares . 

The standard analys is of  varianc e can b e  us ed t o  

c ompare  two regres s i on equati ons . 

the two regress ions is  then : 

The t est us ed b etween 
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R . S . S . 1 � R . S . 8 . 2  ( T . 8 . S .  - E . 8 . S . ) 1 - ( T . 8 . 8 .  - E . 8 . 8 . ) 2 

d .  f .  = 

= E . S . s . 2 - E . 8 . S . 1 

d .  f .  

E . l'1 . 8 . 1 

This statis tic f o l l ows the F distribution with d . f . 1 

( differenc e ) and d . f . 2 ( E . l'1 . S . ) .  

In the abs enc e of  r eplicat i on there is  no error term 

henc e the error sums of s quares is  inc luded in the deviati on 

s ums of s quares . From this : 

DEVIATION 8 . S .  
> 1 

ERROR 8 . 8 .  

When treatment s t® s  of s quares are divided into sum s  

of s quares due to  each individual regress ion and sums of 

s quares  due to  the differ enc e we know 

Differenc e l'1 . S .  

Deviation l'1 . S .  
< 

Differenc e 1'1 . 8 .  

Error 1'1 . 8 .  

The F dis tribution is such that the us e of  Differenc e 

1'1 . 8 . /D eviation 1'1. S .  as the t e s t  s tatistic will  "underes timat e "  

the s i gnific anc e of the t es t .  

In the abs enc e o f  degrees o f  freedom ass ociated with 

the differenc e b etween r e gress ion s ums of s quares the analys is 

of varianc e as outlined i s  invalid as there is  no t es t  
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s tatistic . An analys is o f  varianc e can be  c omput ed for 

each regres s i on to test whether the r egress ion is " s at i s ­

fac tory " . There is  limi t ed us e for this test  becaus e o f  

the abs enc e o f  an es timat e of what is  "satis fac tory " . 

lhe only s t atistical analys is  of regress ions 

applic ab l e  to the design of LN/3 2 is  uL ... .:; of ''ranking " us ing 

the error mean s quare of each regr e s s ion as the t e s t  

s tatistic  for c omparis on .  The regressions c an be  " ranked "  

for their individual " goodness  o f  fit " , but an es.timation 

of which are satis factory is an arb i trary judgement . 

4 . 7  Multic ollinearity 

In the s ingl e equation mode l , multicollinearity is  

when two or more of  the independent variables are s o  highly 

c orrelat ed that there exis ts one or more linear relat i onships 

b etwe en some or all  of the independent variabl es . I t  i s  

pos s ib l e  in this s tudy , that due to  the linear relationship 

betwe en protein intake and di etary energy c onc entrati on that 

there will be  a high c orrelation b e tween the two . 

The inc lus ion of variables into a model mus t b e  

c ons ist ent with nutritional theory . Should any of thes e 

variab les be highly c orrelated then multicollinearity exis ts . 

Should two independent variables  b e  perfectly c orre lated  

then the value of  their partial r egres sion c o effic i ents 

c ould be anywhere between + OC  and -CC provided an adj ust­

ment is made to the other co effic i ent . Should a model 

c ontain two or more highly c orrelat ed variab l es then the 
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es timates of their s tructural c o effic i ents should b e  

treat ed with c aution ( Heady and Di l lon , 1 961 ) .  

Multic ollinearity does not reduc e the predic t ive  

power of the r egression equati on , but this equati on may only 

be of us e if the struc tural c o effi c i ents ar e c orrec t . 

Before we b ec ome  c onc erned with the effect of 

mul t i c o llinearity in our regres s i on analys is we wil l  analys e 

the regres s ion equations with respect to  their "goodn e s s  of 

fit " . Should the equati ons whos e  "goodness of fit " is  b es t , 

not c ontain highly c orrelated variables ( r  = 0 . 8 )  then we do 

not have a probl em of multicollinearity (Heady Rnd Dillon ,  

1 961 ) .  

Should we dec ide that multic ollinearity is pre s ent 

b etween two or more of the independent variables we are 

pos ed  with the question of which variab l e  ( s )  to omit from 

the regres s i on analysis . The dropping of one of two highly 

c orr elated variables results in the effec t of the omit t ed 

variab l e  b eing "credit ed"  to the r emaining variab l e . The 

variab l e  that i s  t o  be omitted wi l l  depend on the natur e 

of the model  we are int er ested in . 

4 . 8  General nature  o f  the produc tion model 

We ' c an describ e  any ration ( input to a produc t i on 

proc e s s )  in t erms of nutri ent c omposition and qualitative 

fact ors ( such as palatabi lity and dens ity) . 

The vec t or 
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c ompl etely describes the rat i on where xd is the l evel of 

the dth nutri ent in the ration and qk i s  the kth qualitat ive 

fac tor in the rati on . 

I f  we feed any rati on ad libitum t o  laying b irds , 

( s ay from the s tart of lay) with given physiologic al 

charac teris tics , we c an obs erve produc t i on respons es ( Y) and 

t otal feed c onsumption ( I )  for s ome production period ( t ) . 

In layer produc tion we are c onc erned with a numb er o f  

production respons e functi ons . For example , Y would b e  a 

vector of r espons e variables : egg numb er , egg wei ght ( grade 

dis tribut i on) , and l iveweight change of birds d"Lrring the 

production period . This model corresponds c los ely t o  that 

o f  Towns l ey ( 1 969 ) . 

As sume that for any given nutrient spec ific ation the 

qualitative  fac tors ar e c ons trained s o  that thes e do not 

advers e ly affect the product i on respons es  • •  We as sume that 

the c onstraints on the qualitative fac t ors cmj be writ t en as 

l inear functions of the individual feeds tuffs in the rat ion . 

Given thes e c ons traints on the l evels of  individu�l fe ed-

s tuffs in the rati on ( as discus s ed in Chapt er Three ) , 

rati ons c an b e  describ ed by the vector o f  nutrient l evels : 

(X1 ' • • • ' Xm) 

We c an now writ e  the model describ ing the produc t i on 

r es pons es ( Y )  and feed  c onsumption ( I ) for given b irds for 

s ome  production period ( t ) , as 

t )  ( 4 . 1 )  
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. th where the k production respons e ( Y) is  a func t i on of 

nutrient intake (x1 , • • •  , xm) ' and phys i ological charact er­

i s t ics (v1 , • • •  , vn ) during the tth produc tion per i o d .  

u� . 2 )  

where feed c on.sumption ( I )  i s  a func tion o f  the nutri ent 

c onc entrati ons (X1 , • • •  , Xm ) and phys iological charac teris tics  

( v1 , • • •  , v )  during the tth produc tion period . n . 

The vector ( v1 , • • •  , v )  des cribes the phys i ologic al n . 
charac t er i s t ics  of the bird such as strain and weight . 

In equati on ( 4 . 1 ) the intake o f  the dth nutri ent 

( xd) is a func tion of the feed  intake ( I )  and dietary nutr ient 

c onc entrati on (Xd) .  

T aken t ogether , equations ( 4 . 1 ) ,  ( 4 . 2 ) and (4 . 3 )  wi ll b e  

c alled 1'1od e l  I .  

(4 . 3 )  

Sub s t ituting for xd in ( 4 . 1 ) ,  as defined in ( 4 . 3 )  

we obtain : 

t )  

and s inc e I is a function of  

and t , we  have 

t )  

· I =  I (x1 , • • •  , Xm ; v1 , • • •  , vn ; t )  

Equati ons ( 4 . 5 ) and (4. 6 )  c ons titute .Model II . 

( 4 . 4 )  

(4 . 5 

( 4 . 6 )  
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Although Model  I is  in the form c ons istent with 

nutritional theory , s inc e xd is a random variab l e  under ad 

lib i  tt.un feeding one c annot obtain unbi as ed or c ons i s t ent 

estimat es for the paramet ers of  equati on ( 4 . 1 ) hy applying 

Leas t Squar es to the o� .i erved xd values . In this s ituat i on 

one mus t either us e methods such as Two-stage Least Squares 

to estimat e ( 4 . 1 ) or s imply es timat e the reduc ed form of 

Model  I ,  that is , es timate Model II . This is r ec ogni s ed 

in a statement made by Tonkins on et al . ( 1 968 ) , 

l l  if there is s ome direc t effec t of the 

di etary l evel o f  the dietary fac t ors upon 

produc tion respons es , then it would be 

invalid from a s tatis tic al stru1dpo int to  

s tudy ac tual nutrient intake in relation t o  

produc tion re�pons es ,  independent o f  the 

di etary l evel of the dietary fac t ors . " 

Battese  et al . ( 1 968 ) criticis e produc tion func ti ons - -
that are not express ed in t erms o.f the experimentally c on-

trolled variables . They point out that us ing the ac tual 

quantities of nutrients c onsumed as " independent " variab l e s  

i n  the regr ession anal ysis l e ads t o  s imultaneous equati ons 

b ias in paramet er estimates . Valid est imations of  the 

r es pons e functions mus t us e " independent " variables  which , 

in our cas e ,  are 1 'predicted nutri ent int ake"  (Model I by 

Two-Stage Least  Squar e s )  or nutri ent c onc entrations (Model 

I I ).  

The actual estimation method us ed  will depend on 

whe ther or not equation ( 4 . 1 ) i s  j us t  identified and whether 

one wishes to es timate the paramet ers of equati on ( 4 . 1 ) or 
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s imply pr edict production r e spons e l evels as a func tion of 

the independent variabl es that appear in the reduc ed form 

equati ons . In addition we should note  that the mathematic al 

form of the reduc ed form e quation ( 4 . 5 )  is  governed by the 

mathemati c al form of e(]_'�at i ons ( 4 . "1 )  and ( 4 . 2 ) . For an 

exampl e  s e e Appendix F .  

A s  far as the e c onom i c  analys is  i s  conc erned it  does 

not mat t er whether we spec i fy rati ons in t erms of nutri ent 

l evels  in the rations or in t erms o f  ( daily) intake of 

nutri ents by the birds as c ontrolled by the ad lib itum 

intake  func tion . We there fore have a ch oic e b etwe en Model s 

I and II . It  i s  apparert that , at l east in this s tudy , the 

reduc ed f orm equation may b e  relatively c ompl ex ( Appendix F ) 

and b ec aus e of the relatively s impl e nature o f  the exp eri­

ment ( few treatm ents , lack of repli c ation) prefer enc e has 

b e en given to estimating the struc tural equat i on ( 4 . 1 ) by 

Two-Stage Leas t  Squares rather than es timating the reduc ed 

form equation by ordin�ry Least Squares . 
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CHAPTER FIVE 

PRODUCTION FUNCTIOK ANALYSIS FOR TirE TO'l'AL 

LAYING PERI OD 

5 . 1  I ntroduc t i on 

Swan ( 1 970 ) identified the produc tion respons e vari-

ables  of  int eres t  in the e c onomic model : 

N .  = 

J 
total numb er o f  eggs l aid  on  the . th 

J 

rat i on 

G ij = proporti on of  eggs lai d  the . th ln l 

· grade for the . th rat i on J 

I .  = 

J 
feed  in take on the . th ration J 

[YW .  wei ght change on the . th ration . 
J J 

we are therefor e int eres t ed in es t imating respons e func t ions 

for thes e variab l e s  from LN/3 2 . Sinc e LN/32 primari ly 

involved the us e of  rations over the �otal peri od of  l ay 

( 45 we eks ) , es t imated produc tion f1mctions must relat e t o  

this p eriod . 

5 . 2 Feed c onsumption 

Feed c onsumption for the t o t al laying period f or 

treatments 7-1 5 , 1 7 , 1 9  are graphe d  agains t the di etary 

energy c onc entrat i on for each s train of laying hen in Figure 

5 . 1 ( 1 ) .  It  c an b e  s e en that feed  intake is reduc ed  as · the 

di etary energy c onc entrat i on is inc reas ed . This reduc tion 

( 1 ) In Figure s  5 . 1 , 5 . 2 , 5 . 3 ,  5 . 9 , 5 . 1 0 , the graphs 
subscript ed  1 , 2 ,  3 c orrespond to the low , medium 
and high prot ein treatments r espectively.  
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Figur e  5 . 1 

FEED CONSUMPT I ON VS DI ETAJ.""ZY ENERGY CONCENTRAT I ON 
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Figur e  5 . 2  
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in feed  intake does  not r esult in a c ons tant daily energy 

c onsumption ( Figur e 5 . 2 ) as was as sumed when LN/32 was 

designed . There is an increas e in the daily energy intake 

p er hen as the dietary energy c onc entrati on is in creas ed . 

This aut omatic ally results  in hens c onsuming protein in 

exc ess  of 1 6 ,  1 7 ,  1 8  grams per day f;;r each protein treat-

ment respectivel y .  In general , the degree of  overc onsu�p-

t i on o f  prot ein wil l  1ncreas e as the di etary energy 

c onc entrati on is increas e d .  

Figure 5 . 1  als o demons trat es that there i s  n o  obvious 

r espons e patt ern t o  the dietary protein c onc entrat ion . 

An analys is  of varianc e for feed c onsumpti on inc luding 

treatments 7-1 5 ( three di etary eLergy conc entrat ion l evels by 

three prot ein intake l evels ) is pr es ent ed in Tab l e  5 . 1 . 

Tab l e  5 . 1 : Analys is o f  varianc e .  Feed c onsumpti on 

Sourc e d . f .  

.Mean 1 
Energy 2 
Prot ein 2 
·who l e  plot 

error 4 
Strain 2 

S X E 4 
S X p 4 

Split plot 
error 8 

s . s .  

1 . 69 X 1 05 

1 67 . 1 2  
54 . 00 

3 5 - 37 
62 . 46 
1 3 . 41 
45 . 06 

51 . 01 

M . S .  

1 . 69 X 1 05 

83 . 56 
27 . 00 

8 . 84 
31 . 23 

3 - 3 5 
1 1 . 26 

6 . 38 

F .  

2651 1 
9 . 45 �'1 ) 
3 . 05 N . S .  

4 . 89 X 

0 . 53 N . S .  
1 . 77 N . S .  

This analysis of varianc e detects signific ant dif-

f erenc es  in feed intake ass ociated with differenc es in energy · 

( 1 )  � s� e  Appe�dix_ G for s i gnificanc e l evels us e d . 
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l evels ( p  < 0 . 05 ) but is  unabl e  to detect  significant dif­

f erenc es as s oc iat e d  with protein l evel s  ( p > 0 . 1 0 ) . 

The analys i s  of  varianc e indic ates signific anc e 

b e tween s train diff erenc es in feed consumption ( p < 0 . 05 ) 

though this test  is  not vali d  s inc e the split-piot treatment 

( s train ) was L;_-�,pli e d  sys t ematically over the whole  plot 

treatments . 

We c an pos tulate variab les t o  b e  inc luded in the 

f eed  c onsumption model . 

( 1 ) Strain variab l es 

The inc lus ion of strain variab l e s  may b e  of  thr e e  

f orms : 

( a )  different interc ept const ants 

( b )  different transformati on c onstants 

( c )  both . 

There is no evidenc e of  a s ignificant Strain x 

Energy effect on f e ed c onsumption ( p  > 0 . 1 0 ) . Thi s  all ows 

us to c onc entrat e on di fferent int erc ept c ons tants ( aj ' for 

th . th t . ) e J s raln • 

( 2 ) Di etary energy conc entration 

Di etary energy c onc entrati on ( E )  has b e en shown t o  

b e  the fac t or that acc ounts f o r  most o f  the variati on in 

f eed c onsumption ( Morris , 1 968 ; De  Gro o t e , 1 972 ) . This i s  

c onfirmed by an examination o f  the c orre l ation matrix 

( Table  5 . 2 ) . 
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I !J. W  
I 1 - . 09 

llW 1 
N 

w 
ISO 
MTH 
CA 
p 
E 

The code for 
pres ent ed in 
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C orrelation matrix for variables c onsidered 
in regres s i on models 

N 1{ ISO r1TH CA. p .E  

. 1 5  . 40 - . 1 0  - . 1 1  - . 3 5 - . 36 - . 51 
- . 1 2  . 41 . 1 2  . 1 1  . 28 - 33 . 46 

1 . 08 . 24 . 31 . 1 7  • .)3 - 33 
1 - 33 - 35 . 1 3  . 41 . 1 3  

1 . 66 - . 1 2  . 50 . 1 5 
1 . 3 2 . 67 . 52 

1 . 64 . 87 
1 . 80 

1 

variables inc luded in regression models is  
Appendix .A .  

( 3-) Other controlled variab l es 

For each dietary energy c onc entration the protein ( P )  

levels wer e c ontro lled o n  the bas is o f  an as 2umed energy 

intake of 305 k .  c als . !'1 . E .  per day . The calci  urn ( CA )  

l evels  were similarly c ontro l l ed . The range o f  di etary 

c alc ium l evels was 3 . 04-3 . 46 perc ent . This range was chos en 

s o  that c alc ium intake would not limit performanc e .  The 

range of  c alcium l evels was c ons idered to b e  t o o  smal l t o  

affect ei ther f e e d  intake or egg produc tion • 

.Although phosphorus was c ontrolled within a di etary 

perc entage range , all the rations c ontained phosphorus at 

,0 . 6 perc ent . The abs enc e o f  variation in the di etary 

phosphorus level rules out its  c ons ideration as an explana­

tory variable  in feed c ons umpti on . 
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( 4) Initial liveweight 

The respons e models dis cus s ed in Chapt er Four c on-

t ained phys iologi c al fac tors . Strain variation is one of 

thes e fac t ors , another is in itial liveweight ( W) of the 

l ayer . A differenc e in the l iveweight of the b ird wil l  

e ffect a differenc e in the nutri ent requirement for 

maint enanc e of body functions . 

( 5 ) Unc ontrolled dietary fac tors 

We have recognis ed ( Chapt er Two ) that amino ac ids 

are important in affecting produc tion respons es . Should 

the intake of amino ac ids affect  a pos itive produc tion 

respons e then we may expect a resultant increas e in feed  

intake to b alanc e the energy e quilibrium l evel of  the 

l ayer . Amino ac ids mos t limiting in LN/32 ( and henc e most  

l ikely to  affec t a produc tion respons e ) are is ol euc ine ( ISO ) 

and methionine (MTH ) . 

B e c aus e of the lim:;_t e d  nature of the data ( 1 1 exp eri­

m ental points for each strain ) we wil l  limit the models for 

f e ed intake to linear forms inc luding the variab l e s  discus s ed 

above . The models propos ed for feed c onsumption , I ,  ( with 

their error meru1 s quare ) are pres ent ed in Table  5 . 3 ( 1 ) . 

The models for feed c onsumption propos ed by Morri s  

( 1 968 ) and D e  Groote  ( 1 97 2 )  were express ed in t erms of  daily 

energy c onsumpt ion ( e ) . 

( 1 )  All r egres s i on models were es timat ed us ing the 
I BM 1 620 s t atis tical program BAR 3 . 
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ej = <Xj + J3 j E for the j th s train 

S inc e I the intake func t i on bas ed on the energy 

c onsumption equati on becomes : 

An analys is  o f  varianc e for en ergy consumption 

( treatments 7-'1 5 )  is  pr es ented in Tab l e  5 . 4 . 

Tab l e  5 . 3 :  Regression models . 
Feed c onsumption .  

Regres s i on model E . l'1 . S .  

I = a .  
J 

+ bE 21 . 0  
I = a .  

J 
+ bE +  cW '1 6 .  2 

I = a .  + bE +  cP 2'1 . 4  
J 

I = a .  
J 

+ bE + cC .A 20 . 3 
I = a .  

J 
+ bE +  cl'1TH 20 . 3  

I = a .  + bE + ciSO 21 . 7  
J 

I = a .  + bE +  cP + dW '1 5 . 2 
J 

I = a .  + bE + cC.A + dW '1 5 . 6 
J 

I a .  + bE + 
J 

cMTH + dW '1 6 .  8 
I = a .  

J 
+ oE + ciSO + dW '1 5 . 3 

This analys is of varianc e det ects  signific ant dif -

f erenc es in energy intake  as sociat ed with differenc es in 

energy l evels ( p  < 0 . 05 )  but is  unab l e  to detect significant  

differenc es as s ociated with prot ein l evels (p  > 0 . '1 0 ) . The 

analysis  of varianc e als o indicates s i gnificant betwe en 

s train differenc es in energy intake ( p  < 0 . 1 0 ) , this t e s t  

however is  not valid  becaus e of the sys tematic plac ement o f  

s plit p l o t  treatments .  
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Tab l e  5 . 4 :  Analys is o f  varianc e . Energy c onsumpt iqg 

Sourc e d . f .  s . s .  M . S .  F .  

Mean 1 3 . 09 X 1 06 3 . 09 X 1 06 259 57 

Energy 2 2661 . 1  1 330 . 5  7 . 01 X 

Pro t ein 2 1 049 . 7  524 . 8  2 . 76 N . S .  

Who le  plot error 4 759 . 3  1 89 . 8 
Strain 2 1 1 79 . 8  �)39 9  . 0  4 . 94 1 0% 
s X E 4 265 . 3 66 . 3  0 . 55 N . S .  
S X p 4 858 . 7  21 4 . 6  1 .  80 N .  S .  
Spl it plot error 8 953 . 4  1 1 9 . 2  

There is no evidenc e of a signific ant Strain x Energy 

effect on energy intake ( p  > 0 . 1 0 ) . We c an therefore 

reduc e the model  propos ed by Morris to : 

e = D<j +J3 E 

or I = C2Si + )3 
E 

Inc luding the variables  c ons idered in the models  for 

f e ed c onsumption we may propos e linear models for meta-

h o l i s able  energy c onsumption . Thes e models may b e  modi fi ed  

s uch that feed  intake i s  the dep endent variable  ( s e e  ab ove ) .  

The models propos ed ( wi th their error mean square ) are 

pre s ented in Tab l e  5 . 5 .  

5 . 2 . 1  Dis cussion 

Features of the results for the linear models  for 

feed  intake and energy intake are : 

( 1 ) the l inear form of  the feed intake model 

I = a .  + bE J 
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has a lower error mean s quare than the l inear form of the 

energy intak e  model 

C>< .  I = =}f + J3 

For b oth models the energy paramet er is Yighly s i gn i -

fic ant as j ud � r d  by the t-test · ( p < 0 . 01 ) .  

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Table  5 . 5 :  Regr e s s i on m o d e l s  for 

f eed c onsumpt i on bas ed on l in e ar 

en ergy c onsu�pt i on m o d e l s . 

Regres s i on model 

ex ·  = �  + f3 E 
ex ·  = � 

E + j3 + 
ex ·  = ::::2 + J3 + E 
()( ·  = :::J. + J3 + E 
ex· = � + J3 + E 
()( ·  = � 

E + f3 + 
ex ·  = :::Jl + J3 + E 
()( ·  

- :::J.. + p + - E 
()(· = :::J.. + f3 + E 

= <?li  
E + f3 + 

o "'  E 

cs P 
E 

0 C a  
E 

0 MTH 
E 

O I�O 

0 p + 'A"'  
E E 

0 Ca  + A W 
E E 

0 MTH + A w 
E E 

0 ISO + A w 
E E 

E . M . S .  

21 . 6  

1 6 . 8 

22 . 2  

20 . [', 

20 . 4  

22 . 3  

1 5 . 4  

1 5 . 9  

1 7 . 1  

1 5 . 7  

( 2 )  A. c omparison of the linear models  f or energy intake and 

f e e d  intake shows that over the c ompl ete  range of variable  

inc l us i on the linear model  for f e ed intak e has a l ower error 

mean square  than the equivalent l inear model for energy 
- ·  
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intak e . For this experiment we c an t entatively( 1 ) c onclude · 

that the linear models for feed int ake afford a · b et t er fit 

t o  the data than do the linear models for energy intake as 

us ed by Morris ( 1 968 ) and De Gro o t e  ( 1 97 2 ) . 

To acc ept that feed int ake is  a linear model we 

acc ept that the energy intake model  l S  quadratic . 

Sinc e I = a .  + bE 
J 

�d e = E . I . 

e = a .  E + bE2 
J 

( 3 )  The inc lus ion of an initial weight variable  ( W) in 

c onj unc tion with energy is s i gnific ant as judged by the t-

test  ( p  < 0 . 0 5 ) . In addition , there is a dramatic reduc t i on 

in the error m e an squar e when W is  inc luded in models . 

(�.) The inc lus ion of prot ein , calcium , methionine or 

is ol euc ine variables ir1 c onj unc t i on with energy are not 

signific antly different from z ero at the t en perc ent l evel . 

( 5 )  The model  with the lowes t error mean square is  

I =  a .  + bE +  cP + dW 
J 

The inc lus ion of the prot �in variable  r educ e s  the 

signific�c e of the energy paramet er to  22 perc ent as 

j udged by the t-tes t .  The prot ein parameter i s  s i gnificant 

at the 10 . 2  perc ent level . This r epres ents a c as e  o f  

multicolliniarity wher e the c orre l ation b etween energy �d 

( 1 ) We us e the word t entative t o  des crib e our c onc lus i on 
sinc e a l imited energy r�ge ( 2756-31 97 k .  cal . M . E .  
per kg . ) has been us ed �d the experimental  des i gn 
was such that lack of fit t e s ts of s ignific anc e c ould 
not b e  applied . 
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protein ( r  = 0 . 80 )  results in part of the effect due t o  

energy being 1 1credit ed1 1  t o  the prot ein paramet er . To 

overc om e multicollinearity one variab l e  mus t be  dropp ed 

from the model . Where one variable  is  dropped the r es ult -

ant equati on wil l  only hold where prot ein and energy l evels 

c ontinue t o  be highly correlat e d .  

( 6 )  The model with the s ec ond lowes t error mean s quare 

i s : 

I = a .  + bE + ciSO + dW 
J 

The is oleuc ine param e t er is significant at the 

1 1 . 7  perc ent level , as judged by the t-t est . �he 

c o effic ient of the i s o l euc ine parameter i's negative . An 

increas e in the i s o l euc ine perc entage of  the diet wi l l  

r esult in a decreas e in feed c onsumption . ll..lt ernatively , 

this may b e  int erpreted as a positive res pons e in feed in-

t ake to l ow di etary is oleuc ine l evels . 

Where the isoleuc ine c onc entrat ion o :l' a ration is 

l ow ( as in LN/32)  we c an expect  a low is oleuc ine intak e and 

a pos sib l e  amino ac id imbalanc e .  Both of thes e fac tors 

wi ll  c aus e a reduction in egg production .  Only an increas e 

in egg pro duction wil l  resul t  in an increas e  in f e ed intak e . 

A reduct i on in egg produc tion will caus e a depres s ed feed 

intake (Fisher et  al . ,  1 960 ; Fisher and Shapiro ,  1 961 ; 

Smith , 1 973 ) . The s ignificant inc lus i on of a negative 

i s ol euc ine parameter is not c ons istent with nutrit i onal 

theory . 

Smith , W K :  pers . c omm . , Mas s ey Univers ity,  P . R . C .  ( 1 973 ) 
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( 7 ) The model with the lowe s t  error mean s quare that is  

c ons istent with nutriti onal theory is : 

I =  a .  + bE . + cW  
J 

The regres s i on c o e ffic i ents for this model are pres ent ed 

in Tab l e  5 . 6 .  

Tab l e  5 . 6 :  Regression c o effic i ents . Feed c onsumption 

Regres s i on Students R2 
Term c o effic i ent t-statis tic Px'1 00 CR2)  

I'1 . L .  CONSTANT '1 '1 6 . 656 • 6'1 5 
V . B . a CONSTANT '1 '1 '1 . 336  . 560 
V . B . b C ONSTANT '1 '1 3 . 924 
E -0 . '1 6'1 4 . 78 0 . 005 
-w 0 . 03 2  3 . 08 0 . 462 

Where I feed c onsumption ( grams per hen per hen day 

are :  

. ( -'1 M E E = di etary energy c onc entrat1on k .  cals . x '1 0  n • •  

per kg . )  

W = initial body weight ( grams J iveweight p er hen) . 

Features of the regres s ion c o e fficients in Tab l e  5 . 6  

( i )  The s i gnific anc e of all  parameters as  

j udged by the t-t es t .  

( i i ) The c oeffic i ent for the di etary energy 

param eter is negative , s upporting the 

earli er obs ervation that as the dietary 

energy c onc entration is  increas ed the 

daily feed intake decreas es . 

• J • . \ 
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The c o e ffic i ent for the init ial weight 

parameter is pos i t ive , indic ating that 

an increas e in the initial body weight 

results in an increas e in f e ed intak e . 

( iv)  Analys is  of the R2 value as a guide t o  

the " go odnes s of  fit 1 1  o f  the regres s i on ,  

shows that 61 . 5  p erc ent o f  the variat i on 

in f eed c onsumption is explained by the 

model pres ent ed in Table  5 . 6 .  

5 . 3  Egg numb er 

Egg numb er for the total laying period for treatments 

7-1 5 ,  1 7 ,  1 9  are graphed against  th e di etary energy c onc entra­

t i on for each strain of laying hen in Figure 5 . 3 .  Egg 

numb er reaches a maximum for two prot ein treatment s , at a 

dietary energy l evel of  2976 k .  c al . M. E.  per kg . Over the 

whole  energy range there is  no obvious respons e in egg numb er 

b etween pro t ein treatments . 

An ana lys is o f  varianc e for egg numb er inc l uding 

treatments 7-1 5 ( thre e  dietary energy c onc entrati on l evels 

by  three pro t ein intake l evel s ) is pres ent ed in Tab l e  5 . 7 .  

The analys is of varianc e does not detect any dif­

f erenc es in egg numb er as sociated  with differenc es  in energy 

l evels ( p  > 0 . 1 0 )  or differenc e in prot ein levels ( p > 0 . 1 0 ) . 

The analys i s  of varianc e indi c ates  significanc e b e tween 

s train differ enc es in egg numb er ( p < 0 . 05)  although this 

t est  is  not valid ( s ee Chapt er 4. 3 ) . There is  no evidenc e 

of  a significant Strain x Energy effect on egg numb er 

( p  > 0 . 1 0 ) . 
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Figure 5 - 3 

EGG NUMBER vs DIETA F<Y ENERGY CONCENTRAT ION 
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Tab l e  5 . ? : A...YJ.alysis of varianc e . Egg numb er . 

Sourc e d . f .  s . s .  M. S .  F .  

Mean 1 1 . 1 2  X 1 06 1 . 1 2  X 1 06 7663 
Energy 2 930 . LQ 465 . 21 2 . 81 N . S .  
Prot ein 2 77 . 03 38 . 52 o . �? N . S .  
Whol e  p l o t  

error 4 662 . 78 1 65 . 69 
Strain 2 21 09 . 83 1 054 . 91 7 . 20 X 

s X E 4 1 09 . 70 27 . 43 0 . 1 9  N . S . 
S X p 4 560 . 3 2 1 40 . 07 0 . 96 N . S .  
Split plot  

error 8 1 1 71 . 71 1 46 .  LJ-6 

Nutritional theory ( Chapt er Two ) sugges ts  that egg 

numb er and o ther layer respons es  will be affected  by dai ly 

nutri ent intakes . The relati onship b etween egg numb er and 

dai ly energy intake l S  graphe d  in Figur e 5 . 4( 1 ) . There lS 

a positive r espons e in egg numb er to increas :�_ng energy 

intake , particularly for Whit e  Bas e b layers . Whi t e  Bas e 

b layers als o demons trat e a pos itive respons e in e gg numb er 

t o  increas ing methionine int ake (Figure 5 . 5 ) . Due to the 

c orrelati on b etwe en isol euc ine and methionine c ont ent of 

the rati ons ( r = 0 . 66 )  the s am e  result c an be shown for 

i s oleuc ine intake . There is  no obvious respons e by Whit e  

Bas e a layers to methionine intake . I f  anything , M Lin e  

_l ayers show a negative respons e in egg numb er t o  an increas e 

in methionine intak e . 

I f  we  are to us e Model I (Chapt er Four ) in the 

e c onomic ana lys is , and given that the ec onomic c ontrol  

( 1 )  In Figures 5 . 4 ,  5 . 5 ,  5 . 7 ,  5 . 8 treatments with the 
s ame dietary energy c onc entration are j oined by 
straight line s . In Figur e  5 . 5  differenc es  in the 
respons e t o  methionine intak e  are due to  the 
respons e to  energy intak e . 
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variab les are nutri ent l evels in the ration ,  we will need 

to  pr edic t nutrient intakes and analys e the r e lati onships 

b e tween productive variab l es and predicted nutri ent intake 

l evels . 

The relati onship b etwe en egg numb er and predic tGd  

energy int akt:. � s  pr es ent ed in Figure 5 . 7 .  The r espons e 

of Whit e  Bas e  b layers to pr edicted en ergy inte.ke is  not as 

good as the respons e to  ob s erved energy intake ( Figure 5 . 4 )  

b ecaus e our feed intake model  only explains 61 . 5  p erc ent 

of the variati on in feed intake and henc e energy intake 

( Figure 5 . 6 ) . In general the s lope o f  the respons e in 

e gg numb er to predicted energy intake is the s am e  for each 

s train . 

The relationship b etwe en egg numb er and predic ted  

methionine intake is  pres ent ed in  Figure 5 . 8 .  Again , 

White Bas e b layers show a r e sp ons e in egg numb er to 

methionine intake . The l ack o f  obvi ous respons e by Whit e  

Bas e a and 1'1 Line layers c ould be  due t o  two tnir ... gs . 

( 1 )  LN/3 2 was not s ens itive  enough to  detec t any 

respons es . 

( 2 )  Whit e Bas e a and · .M  Line - l ayers may not respond t o  

the l evels o f  methionine intake in LN/32 .  

We have discus s ed (Chapt er Four ) the s tatis tic al 

implications of us ing obs erved nutrient intakes as the 

independent variab l es under ad lib itum fe eding where 

nutri ent intake is a random variabl e .  We have chos en fo� 

this study the alternative of  Two-Stage Leas t Squares for 

estimation of the production respons e equations in .Model I .  

L I B R,-. . . 
MASSEY UNIVtRSI  fY 
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Figure 5 . 4  

EGG NUMBE R  VS OBSERVED ENERGY INTN<E 
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Figure 5 . 5 

EGG NUMBER VS OBS ERVED METHION INE I NTAKE 
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Figure 5 . 6  

PRE D I CTED EN ERGY INTAKE VS OBSSRVED ENERGY INTAKE 
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Figure 5 . 7  

EGG NUMBER VS PRED I CTED ENERGY INTAKE 
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Figure 5 . 8  

EGG NUMBER VS PRED ICTED METH ION INE INTAKE 
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For Yk = Yk . ( x1 ' • • •  ' X v1 ' � • •  
vn t ) ( 5 . 1 ) m 

we have I = I (X1 ' • • •  ' X v1 , • • • vn t ) ( 5 . 2 ) m 
" " 

( 5 . 3 )  xd 
= xd . I  

W e  e s t imate  equati on ( 5 . 2 ) by Ordinary Least Sqnares ( s inc e 

all  variab l e2 are c ontrolled) , then we predict id by equati on 

( 5 . 3 ) . 

The paramet ers o f  equati on ( 5 . 1 ) are then es timat ed 

by application of Leas t Squares direc tly t o : 

V · t )  n ' ( 5 . 4 ) 

Equation ( 5 . 2 ) is  Stage One and equation ( 5 . 4) l S  

Stage Two of Two-Stage L east Squares . 

We can pos tulat e forms o f  equation ( 5 . 4) for the total 

l aying peri od ( t ) . The independent variab l es are the 

pr edi c ted nutrient intakes : 

C x1 ' • . .  ' xm) 

Where 
" 

is  given by equation ( 5 . 3 ) , and X 
" d 
I (WBa ) = 1 1 1  • 3 36-0 . 1 61 E + 0 .032 w 
" 
I ( WBb ) 1 1 3 . 924-0 . 1 61 E + 0 . 032 w 
" 
I ( ML )  1 1 6 . 656-0 . 1 61 E + 0 .032 w 

The l ogic us ed in s electing variab l es for the egg 

numb er func tion is the s ame as that us ed in s elec t ing 

variab l es for the feed intake function . In addition model s  

with different strain s l opes for the methionine and i s o l eu-

c ine variab l es were c ons idered . Various forms o f  the egg 

numb er (N ) function ( wi th their error mean square ) are 

pres ent ed in Table  5 . 8 .  
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Tab l e  5 . 8 : .  Egg numb er 

Form o f  
" 

ex .  
J 

+ f3 e 
" 

ex .  
J 

+ f3 e 
" 

()( .  + f3 e 
J 

" 
ex .  + J3 e 

J 
ex .  

J + f3 e 
" 

ex .  
J 

+ J3 e 

ex . 
J 

+ J3 e 
" 

0< .  + J3 e 
J 

+ p e ex . 
J 

" 

CJ + J3 e 
" 

()( .  + J3 e 
J 

" 
ex .  + J3 e 

J 
" 

ex .  
J 

+ J3 e 
" 

()( .  + p e 
J 

the mode l 

+ O W 

+ o :P 
+ o c"a 

+ o mth 

+ o is o 

+ o :P  + /-.W 

+ (5 c"a + AW 
1\ 

"Aw + o mth + 
+ 6 iso  + AW 

+ 6 . i s o  
J 

+ 6 . mth 
J 

+ 6 iso  + A mth 
+ o . is o  + )\ . mth 

J J 

Features of thes e results ar e : 

models  

E . M . S .  

1 04. 5 

1 08 . 2  

1 08 . 2  

98 . 8  

1 06 . 1  

1 05 . 3  

1 1 1 . 7 

99 . 9  

1 09 . 1  

1 06 . 4  

1 04 . 0  

90 . 1  

1 09 . 1  

99 . 7 

( 1 ) The inc lus ion o f  an initial weight variab l e  (W)  does 

not result in a reduction in the error mean s quare for 

any of  the models . 

( 2 ) The model with the lowest  error mean square ( 90 . 1 ) 

is : 

" }(. ,. 
N = ex. + j3 e + u .mth 

J J 

The r e gres s i on c oeffic i ents for this  model are 

pres ented in Tab l e  5 . 9 .  
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Tab l e  5 . 9 :  Regression c o effic i ents 

Term Regres s i on Students p X 1 00 R2 
c o e ffic ient t-statistic (:R2 ) 

I1 . L .  C ONSTANT 1 58 . 945 . 644 
W . B . a C ONSTANT 1 01 . 407 . 562 
W . B . b C ONSTANT 43 . 890 

" 
0 . 259 2 . 23 3 . 430 e . 

,.. 
I1 . L . mth -1 05 . 842 1 . 1 2 27 . 1 20 

,.. W . B . a mtr: 34 . 880 0 . 33 74 . 360 
IJ � B . b  mth 226 . 903 2 . 36 2 . 590 

Where N = hen day egg numb er per hen per 31 5 days 

e = predi c t ed energy c onsumption ( k .  cal . s  per hen 

per day) 

mth predicted methi onine c onsumption ( grams per 

· hen per day) 

5 . 3 . 1  Discus s i on 

The coeffic ient for the energy paramet er ( s ignificant 

at the 3 . 34 perc ent level ) is positive . An increas e in 

energy intake results in an increas e in egg number .  

The c o efficient of  the IJ. B . b  methionine parameter 

( s ignific ant at the 2 . 59 p erc ent level )  is  pos itive . An 

increas e in me thionine intake results in an increas e in egg 

numb er .  This  r esult als o holds for the W . B . a methionine 

paramet er although this is only " s i gnifi 0 ant " at the 74. 36 

perc ent l evel . The c o effic ient o f  the M . L .  methionine 

parameter ( s ignificant at the 27 . 1 2  perc ent l evel ) is 

negative . An increas e in methionine intake results in a 

decreas e in egg number for I1 . L .  layers . 
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Only  the result for W . B . b layers can b e  treated with 

c onfidenc e . There is  a positive respons e in egg numb er to  

increas es in  methionine intake . Although this r esul t  was 

not significant for the other s trains ( p  > 0 . 1 0 ) it  do es 

not rule out the possibility that this would ha�e been 

s ignific ant ;. ,_c-t :J  the experiment been des igned to  s tudy the 

respons e of laying hens to amino ac id intakes . As the 

predic ted m ethionine intakes in LN/32 wer e low ( 0 . 24-0 . 36 

grams per hen per day)  we c ould expec t a respons e in egg 

numb er to an increas e in a l imiting amino ac id ( Fi sher and 

Iiorris , 1 970 ) • There is t�1ough , the possibility that this 

experiment was s ens itive enough to det ec t pot en�ial  respons es 

to amino ac id intake and that W . B . a and Ii . L .  layers in fac t 

did not respond to  the methionine intake levels experienc ed 

in LN/32 .  

As a guide t o  the " goodness  of fit " o f  the r egres s i on ,  

the R2 shows that 64 . 4 . perc ent of the variati on 1n live­

weight gain is explained by the model pr es ent ed in 

Table  5 . 9 .  

The opportunity was taken t o  analys e s ec ond order 

polynomial models f or energy , energy and methionine ,  energy 

and isol euc ine , energy and prot ein and energy and c alc ium . 

Thes e model s  did not repres ent a b etter fit t o  the data 

than the l inear forms . N o  quadratic t erm was s i gnific ant 

as j udged by the t-test  (p > 0 . 1 0 ) � 

5 . 4 Egg weight 

Average egg weight for the total laying period for 

treatments 7-1 5 ,  1 7 ,  19 are graphed against the dietary 

energy conc entrati on in Figur e  5 . 9 .  
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Figure 5 . 9  

AVERAGE EGG WEI GHT VS DIETARY ENERGY CONCENTRAT ION 
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An analys is of  varianc e for average egg weight 

inc luding treatments 7-1 5 ( thre e  di etary energy c onc entrati on 

levels by thr e e  protein intake l evels ) is  pres ent ed in 

Tab l e  5 . 1 0 .  

Tab l e  5 . 1 0 :  Analysis  o f  varianc e .  Average egg 1-.reight 

Sourc e d .  f .  s . s .  M . S .  F .  

Mean 1 8 .  21 X 1 04 8 . 21 X 1 04 46492 
Energy 2 2 . 58 1 .  29 0 . 98 N . S . 
Protein 2 2 . 1 5 1 . 07 0 .. 8 2  N . S .  
Whole  plot error 4 5 . 22  1 .  31 
S train 2 32 . 92 1 6 . 46 9 . 32 XX 

S x E 4 3 . 06 0 . 77 0 . 43 N . S . 
S X p 4 1 0 . 09 2 . 52 1 .  42 N . S .  
Split plot error 8 1 4 . 1 4  1 . 77 

This  analys is of varianc e does not detect any s i gnifi-

c ant differnenc es ln average e gg weight associat ed  with dif­

ferenc e in energy or protein l evels  (p > 0 . 1 0 ) . 

The analys is of  varianc e indic ates  sign5 fir� anc e b etween 

s train differenc es in average egg weight ( p < 0 . 01 )  though 

this test  i s  not valid ( s ee Chapter 4 . 3 ) . 

The abs enc e of  s ignificant respons es to  di etary ener;y 

and protein l evels do es not rul e out the possibility of  

s i gnificant respons es t o  nutri ent intakes or phys i o l ogical 

factors . 

The opportunity was tak en to analys e the functions 

pres ent ed in Table 5 . 8  with average egg weight as the 

dependent variable . 

- , . .  ' - � 

The s train paramet ers were highly 

r. 
- - ' 

• .  - . !  

- 1'. 
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s ignificant for all models . The nutrient intake and 

initial weight paramet ers were not significant in any of 

the models ( p > 0 . � 5 ) . 

Egg weight is inc orporated in the economic model  in 

the form of egg grade dis tributi on . Egg grade is a fu.:':lc tion 

of  egg weight  ( van Mo er , 1 968 , 1 969 ; c ited De Gro o t e , 

� 972 ) . 

Onc e  we have established that nutri ent intake does  

not  acc ount for any differenc es in egg weight we mus t acc ept 

that nutri ent intake does not acc ount for any differenc es in 

egg grade distribution . 

Should a s eparat e ec onomic analys is be made for each 

s train of b ird then the average e gg grade dis tribution for 

each s train of l ayer would be us ed sinc e we have e s t ab lished 

that there are s train differenc es in average egg weight . 

5 . 5  Body weight gain 

Body weight gain for the t o tal laying period for 

treatments 7-1 5 ,  1 7 ,  � 9  are graphed  agains t the di etary energy 

c onc entrati on for each strain of  l aying hen in Figure 5 . � 0 .  

In g eneral , there appears t o  b e  an increas e in b ody 

weight gain as the dietary energy c onc entration is increas e d .  

There i s  n o  evidenc e o f  a c ons ist ent effec t of  dietary 

prot ein c onc entration on body weight gain . 
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Figure 5 . 1 0  
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An analys is  of  varianc e for body weight gain 

inc luding treatment s  7�'1 5 ( thre e  di etary energy c onc entra� 

t i on levels by three protein intake levels ) is pres ented in 

Tab l e  5 . '1 '1 .  

Table  5 . '1 '1 :  Ana1;ys is  of  vari anc e .  Body we ight gain 

Sourc e d. .  f .  s . s .  M. S . F .  

.Mean '1 8 . 26 X '1 06 8 . 26 X '1 06 '1 055  
Energy 2 2 . 34 X 1 05 1 . 1 7  X 1 05 7 - 37 X 

Protein 2 4 . 42 X 1 04 2 .  2'1 X 1 04 1 . 39 N . S .  
Whole plot  

1 04 '1 04 error 4 6 . 35 X 1 . 59 X 

Strain 2 2 . 35 X 1 05 1 . 76 X '1 05 1 5 . 01 XX 

s X E 4 2 . 08 X 1 04 5 . 21 X 1 03 0 . 66 N . S .  
S X p 4 2 . 24 X 1 04 5 - 59 X 1 03 0 .  71 N . S .  
Split plot 

1 04 1 03 error 8 6 . 27 X 7 . 83 X 

There is a s ignificant differenc e in body 'tJeight gain 

as s oc iat ed with differenc es in energy l evels ( p < 0 . 05 ) but 

there are no s ignific ant differenc es as s oc iated with protein 

l evels ( p > 0 . 1 0 ) . 

The analys is of  varianc e indicates s ignificant b e tween 

s train di fferenc es in body weight gain ( p <  0 . 05 )  though this 

t es t  is not valid ( s e e  Chapter 4 . 3 ) . 

In determining the model which wil l  express the varia-

t i on in body weight gain we follmv the l ogic us ed in s el ec t ing 

the models for egg numb er .  Nutritional theory does not 

s uggest that any other fac tors will affec t the liveweight 

gain of laying hens . 
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Models for liveweight gain during the total produc­

tion period ( c ons istent with thos e in Tab l e  5 . 8 )  were 

es timated by Two-Stage Leas t Squares . 

Thes e  models , wi th their error mean square are 

pres ent ed in Tab l e  5 . 1 2 .  

Tab l e  5 . 1 2 :  Liveweight gain models 

Form of the model  E. I'1. S .  

£:.:. "vJ = ()( . 
J 

+ f3 e 1 3855 

6\J = ex . + J3 8 + o w  1 361 4 
J 

D:, W  + J3 e  /\ 
1 33 50 = ex. + o P  J 

/jW  + J3 e " 
1 1 498 = 0<. + 6 c a 

J 
t::. w = ()(. 

J 
+ J3 8 + o mth 1 21 41+ 

6W = � + J3 8 + 6 is o 14239 

6 'vl + J3 e  " AW = ()(. + o p  + 1 3 775 
J 

[j_W = ex . 
J 

+ J3 e  + cs c"a + \w 1 1 923 

6W + fo 8 ,.. + AW  = e>j + C> mth 1 2529 

6 W = ex .  
J 

+ fi e + o is o  + AW 1 4063 

6W + J3 8  + 6 .  
" 

1 51 76 = ex .  is o 
J J 

" 6,W  = ()< .  
J 

+ p e  + CS . mth 
J 

1 2735 

[j_W = ex . 
J 

+ J3 e + O i� o + A mth 1 1 493 

[j_ W  + .J3 e + 6 .  
" + A .  mth = ex . is o 1 21 63 

J J J 

Features of  thes e resul ts are : 

( 1 ) The initial weight parameter (W)  is  not significant 

in any o f  the models as j udged by the t-tes t ( p > 0 . 20 ) . 

For LN/3 2  layers whos e  initial weight is l ow do  not 

reach the final weight of h eavier layers . There is  

. 1_  � ;  
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no c ompens a t ory growth and e ach hen reaches its  

individual l iveweight potent ial under a given 

feeding regime . 

( 2 )  The model v-ri th the l owest  error mean square 

( 1 1 493 ) is : 

The regress ion c o efficients f or this model are 

pres ent ed in Tab l e  5 . 1 3 .  

M . L .  

W . B . a  
W . B . b 
1\ 
e 

{\ 
mth 

. " lS O  

"Where 

Table 5 . 1 3 :  Regress ion c o effic ients 

T erm R egres s i on Students p X 1 00 R2 
c o effici ent t-s tat i s tic ( R2 ) 

CONSTAN'I' -1 586 -·992 0 . 666 
CONSTANT -1 402 . 767 0 . 605 
CONSTANT -1 ?.">43 . 1 05 

6 . 846 4 . 78 0 . 005 
-2771 . 088 2 . 77 0 . 995 

851 . 637 1 . 61 1 1 . 943 

6 'y.J -· liveweight gain per hen per 31 5 days ( grams ) 
1\ 

es timated enere:;y consumption e = ( k .  cals . M .  E .  

per hen per hen day ) 
1\ 

mth = estimated methionine c o.:1sumption ( grams per 

hen p er hen day) 

is o estimated isol euc ine c onsumpti on ( grams per 

hen per hen day . ) 

Features o f  the c o efficients in Table 5 . 1 3  are : 

( 1 ) The c o effic i ent of  the energy parameter is pos itive . 

An inc reas e in the energy intake of a bird results  
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in an inc reas e in the b ird,s liveweight gain 

( p <  0 . 01 ) due to an increas e in the total body­

weight gain ( fat ) . 

( 2 )  The co effic ient of the methionine para@eter is  

negative . An increas e in the methionin e intake 

of a b � rd results in a decrease in the b irds live-

weight gain ( p < 0 . 1 0 ) . As an increas e in the 

methionine intake resulted in an increas e in egg 

numb er ,  for a given intake o f  nutri ents , we c an 

expect a decreas e in one produc t  (weight gain ) 

where there is an increas e in the other product 

( egg numb er ) • This  has occurred . 

( 3 )  The c o effic ient o f  the isoleucine parameter is 

( 4) 

pos itive . An increas e in the i s ol euc ine intake of  

a bird results in an increas e in  the birds l ive-

weight gain ( p < 0 . 1 2 ) . As di etary methionine and 

i s o l euc ine c onc entrati on were positively c orr elated 

( 0 . 66 )  the methionine and is oleucine intake wil l  

increas e t o gether . \lliere the incre2s ed methionine 

intake r e s ulted in an increas e in egg numb er and a 

decreas e in bodyweight gain the increas ed i s o leuc ine 

intake may have resulted in an amino ac id balanc e 

which result ed in an increas e in body weight gain 

due to an increas e in the l ean b odyweight gain 

( prot ein and water ) . 

As a guide  to  the "goodness  of  fit " of th e regr e s -

s i  on the R2 shows that 66 . 6  perc ent of the varia-

t i on in l iveweie;ht gain is  explained by the model 

pres ent ed in Tab l e  5 . '1 3 . 
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C HAPTER SIX 

ECONOMIC ANALYSIS 

6 . 1  Outlin e o f  the ec onomic model 

Egg produc tion i s  a c ontinuous output proc ess  which 

has b e en c ompared to  milk produc t i on ( Heady , 1 947 ) . Amongs t 

other things , egg output from a laying flock vlil l  be  sub j ec t  

t o  phys iological  factors . Given a strain of  laying hen o f  

known maturity a t  start o f  lay , produc ing under given hous ­

ing c onditi ons , the fac t or which will mos t  affec t l evel of 

produc tion under a given level of management wil l  be ration 

c ompos ition .  I n  this s ituati on we will c ons ider the ec onomic 

c ontr o l  variables  to  be  the nutri ent c onc entrati ons o f  the 

rati on subj ect  to c ertain c ons traints on the levels of 

vari ous fe eds tuffs in th e ration . 

In this Chapter produc tion ec onomic s  princ iples wil l  

b e  us ed  to  examine the effect o f  various nutrient c onc entra­

t i ons on the net reve:u.ue from a laying flock . 1m ec onomic 

analys is of a laying flock  mus t be relat ed to s ome s tat ed 

produc tion peri od , or s et of produc tion periods . 

In this  analysi s  we  wil l  as s ·Ullle that the c o s t  of  

pro duc tion ( or purchas e )  of  the replac ement pullets  is  

fixe d , and henc e c an  b e  i gnored in  the ec onomic analys is o f  

layer rations . In prac t ic e this as sumpti on c ould be 

r e l axed where the relati onships b etween vari ous grower 

rati ons , or pul l ets of different maturities , and egg output , 

grade dis tribution of e ggs· produc ed and feed c onsumpti on 

during lay have been quantifi e d . 



- '1 1 8  -

The firs t s t ep of an ec onomic analys is is  spec ifica-

t i on of  the inc ome and c ost  c omponents of n et revenue from 

the produc t i on ent erpris e  under s tudy . 

Inc ome is  derived from the s ale  of eggs during the 

production period and the value of the hen at the end of 

the produc tion period . In New Z ealand , the pric e rec eived 

for e ggs of different grades is  s et by a Pric e Tribunal 

following c onsultation with the Egg Marketing Authority. 

The inc ome rec eived from eggs then is a function of both 

egg w eight and egg quality , though in this study we have 

as s um ed no quality differenc es b e tween eggs produc ed from 

the various rations analys ed . The pric e per doz en eggs 

within any given grade will usually fluctuate during the 

year . 

Fol lowing Swan ( 1 970 ) we can write  an equation for 

egg r evenue rec eived during the tth production period for 

hens rec eiving the j th ration . 

5 
R . t = ( ( �/1 P .  G . .  ) N .  ) t J l= i l l J  J (6 . '1 ) 

wher e , Rj t  r evenue rec eived from eggs ( p er hen ) for the 

j th ration during the tth produc tion period .  

( '1 ) 

P .  = 
l 

G . .  = l J  

pric e rec eived 

grade ('1 ) 
f . th . th per egg or eggs ln e l 

the proportion of e ggs laid for the j th 

ration tha � are in the ith grade . 

Nj = the total numb er o f  eggs laid per hen on the 

i=1 
i= 2 
i=3 
i=4 
i= 5 

. th t . ( ) J ra l on , measured on a hen day basis • 

Large grade = 62+ grams 
Standard grade = 53-62 grams 
Medium grade = 44-53 grams 
Pullet grade = 3 5-44 grams 
Undersi z e  grade = l e s s  than 3 5  grams . 
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Where the ec onomic analys is involves a s eries of 

t ime periods , the e gg revenue per hen from the j th rati on 

i s  given by :: 

( 6 . 2 )  

wher e Rj t  is  E ttiilllled over the numb er of " pric e periods " and/ 

o r  " produc tion periods " ( T )  that make up the totEJ. l  produc-

t i ori period . This · equati on c ould als o b e  modifi ed to allow 

for different rations to  be  fed  during the total product i on 

p eri od .  

For the range o f  rations us ed in  LN/32 it  was found 

that , within s trains o f  hen us ed , there were no differenc es 

in grade dis tribution between rati ons . This means that , 

within a s train , a weighted average egg pric e c ould be us ed 

for the total laying peri od . In addi t i on ,  the ration treat-

ment s us ed in LN/32 were des i gned to be  c ons tant throughout 

the peri od of lay which began when the pullets were 22 we ek s  

o f  age and ended 4 5  weeks later . For this s t uC.;y then we 

have a singl e produc tion peri od : the t o tal period of lay ,  

s o  that T = t = 1 .  

c an be written :  

5 

For this s tudy then , equati on ( 6 . 2 )  

= p N .  e J 

where , � P .  G . .  
i=1 l l J = a weight ed average egg pric e over 

. all grades and over the total 

produc t i on period 

( 6 . 3 )  
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The value of  the hen at the end of the produc tion 

p eri od in this study is as sumed to b e  the value of a c ul l  

hen . Cul l ed hen r evenue is  a func tion of the final l ive­

weight of hens on the j th ration and of the pric e p er 

kilogram l ivevJeight for c ull  hens . 

where , V . = cull hen revenue per hen for the j th ration 
J 

Pb = pric e per kilogram livewe ight 

( 6 . 4) 

W 1 • = li veweight ( kgrams ) per hen at the end of the 
J 

laying period for birds on the j th ration . 

In Chapt er Five we estimated the produc tion func tion 

for livewe ight gain (6Wj ) during the t otal produc tion period . 

we have : 

W '  . == W .  + 6 W . 
J J J 

s o  that equation ( 6 . 4) b ec omes : 

( 6 . 5 ) 

where we as sume that , within strains , the average initial 

l iveweight of hens is the s ame for all rations . 

In  the c ont ext of  this study the only c o s t  c omponent 

of net revenue is feed c o s t  ( F . ) . 

wher e , E .  pri c e  = 
J 

I j 
= total 

hen . 

per 

J 

F . -- E . I . J J J 

kgm of  the . th J 

c onsumption (kgm) 

ration 

of  the j th 

( 6 . 6 )  

rat ion per 
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Equations ( 6 . 3 ) , ( 6 . 5 )  and ( 6 . 6 ) can now be  c omb ined 

to express the net· revenue p er hen on the j th ration for the 

t otal 45 vTeek period of lay :: 

Z = R . + V . - F . 
J J J 

( 6 . 7 )  

In equati on ( 6 . 7 ) the c ontro l  variables , levels o f  

nutri ents in the ration , wi ll  affect  directly or indirec tly :: 

N . J 
== the numb er of e ggs produc ed per hen 

[). w .  the l iveweight gain ( or loss ) during lay 
J 

P .  
J 

the price  per kgm of rat i on 

I .  = feed c onsumption per hen . 
J 

Having e s t imat ed the phys ical  produc tion func ti ons 

for the variables  N ,  6 W ,  I and given that Linear Programming 

wi ll  be us ed t o  minimis e  P .  for any s tated levels of the 
J 

c ontrol variab l es , we c an examine net revenue as a func t ion 

of our economic c ontrol variables . The variaoles  P , E ,  e 
Pb and the pric e per kilogram of the various possib l e  

rati on ingredi ents are taken a s  given by the produc er s e eking 

to maximis e  net r evenue per hen over the period of l ay .  

W e  wil l  refer t o  this s et o f  variab l es as exogenous as 

oppos ed to thos e whos e value is affected by the l evels of  

the c ontrol  variables . We wil l  r efer t o  this latter s et 

of variables as endogenous . 

6 . 2  Method of  a..YJ.a l.ys is 

Using produc tion func tions describ ed in Chapter Five , 

and given values for the set  of exogenous variables , it  is 

·,: r 
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pos s ib l e  to e s t imate the net revenue c orresponding t o  any 

given rati on , ( specifi ed in terms o f  the c ontr o l  variab l es : 

nutri ent c onc entrat ion c ombination ) . The aim of  the 

ec onomic analys i s  is to  estimat e the level s  of the c ontrol  

variab l es that maximis = net  revenue and to  examine the 

s ens i t ivity of net revenue to changes in the values of the 

c ontrol  variab l e s , for any given values for the s et of  

exogenous variab l es . 

An examination of  the net revenue equation ( 6 . 7 ) in 

c onj unc tion with the estimat ed production func ti ons , for 

the endogenous variables  (N . , � \J . ,  I . ) ,  that inc lude various 
J J J 

nutri ent dens it i es as independent ( c ontrol )  variab l es , l eads 

to the conc lus i on that we have a non-linear programming 

prob l em .  Given an appropriat e c omput er programme it  would 

be  p o s s ib l e  t o  s olve the probl em analytically. However , 

s impl er and l e s s  cos tly , though approximat e ,  methods of  

analys is ar e available . Candler and Cartwright ( 1 969 ) 

describe a method whereby the variab l e  of  int erest , ( net 

revenue in this analys is ) , c an b e  estimat ed as a function 

of  the c ontrol variables ; the estimat ea func tion c an then 

be  us ed to  c onduc t the des ired economic  analys is . 

We c an adopt the proc edure describ ed by Candl er and 

Cartwright as f ollows : 

( 1 ) Construc t an appropriate experimental design in 

terms o f  various l evels o f  the c ontrol variables . 

In our analys is this implies  a s et of nutri ent 

l evels ( treatments ) , · each c orresponding to a 

ration .  
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( 2 ) For the j th experimental treatment : 

( a ) Us e Linear Programming to find the l eas t-

c os t  feed mix and henc e P . •  

J 
(b ) Cho ose  the appropriat e feed intake func t i on 

( c )  

( d) 

and estimat e  total feed  intake for the j th 

experimental treatment , 

Es t imat e t otal feed  c os t : P . I .  
J J 

Choos e the appropriat e egg numb er produc tion 

function and es timat e N . ,  and henc e e s t imat e 
J 

egg revenue P N . •  e J 
( e )  Choos e the appropriat e liveweight gain func tion 

and es timate  6 Wj and henc e 6  Wj Pb + WPb == W ' Pb . 

Sinc e we as sume 1J is c ons tant acros s a l l  

. treatments within a s train , w e  c ould i n  fac t 

i gnore the t erm WPb . )  

( f ) Es t imat e net  revenue per hen ( �j )  for the 

produc tion period of interes t ,  equati on ( 6 . 7 ) . 

( 3 )  Repeat this proc edure for a l l  o f  the experimental 

treatments spec ified in ( 1 ) ,  so as to obtain an 

estimat ed  value for 6j c orresponding to each s et of  

nutri ent l evels ( treatment s ) .  

( 4 )  Us e the estimat ed 6j values to  estimate an explic i t  

func t i on for net revenue i n  t erms of  the c ontro l  

variab l es , ( nutri ent level s ) .  A s  mentioned above , 

this e s t imat ed function c an then b e  us ed to  c onduc t 

the des ired ec onomic analys is . 
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Examination of  the func t i onal relationships 

pr es ent ed in Chapt er Five l eads to the following choic e of  

c ontrol variables  for this ec onomic analys is : 

x
1 

�j �tary metabolisab l e  energy c onc entrati on 

x
2 = Di etary i s o l euc ine c onc entration 

x
3 

= Dietary methionine c onc entration 

We wish to es timat e net r evenue ( 6 ) as a function 

o f  thes e c ontrol variables : 

I 

( 6 . 8 )  

The form of this func tion lS not known but we c an 

often make us e of the properti es of  a Taylor s eri es 

expans ion t o  approximat e a func tion in s ome small regi on , 

A l l en ( 1 938 ) , Heady and Dillon ( 1 961 ) .  The first- order 

Tayl or s eries  approximation is a linear function , the 

s econd-order approximation a quadratic functic� , and s o  on . 

In this s tudy we have chos en t o  approximate equati on ( 6 . 8 )  

by a quadrat ic func t i on :  

2 
6 = bo + b1 

x
1 + b 2 

x
2 + b3 

x
3 + b11  

x
1 

+ b22 
x

2
2 

+ b
33 

x
3

2 
+ b1 2 

x
1 

x
2 

( 6 . 9 )  

From equation ( 6 . 9 )  we need to estimat e t en regres­

s i on c o effi c i ents and henc e the experimental des ign us ed  

wil l  need t o  inc lude at least t en treatments . 



- 125 -

The experimental treatments us ed in this analys is  

were  chos en aft er ·careful c ons iderati on of the range of  

dietary nutri ent c onc entrations us ed in  LN/32 . Three 

energy dens ity l evels were us ed  to  estimate  the produc t i on 

r elationships pres ented in Chapt er Five . Th6 ac tual range 

of  methi onin 2 �nd isoleuc ine c onc entrati ons varied between 

the three  energy l evels . For each energy level , ( 2756 , 

2976 and 3 1 97 k .  cal . M . E .  per kg . ) , three methi onine and 

thr e e  is o l eucine l evels were s elected t o  give a ( 3  x 3 )  

fact orial arrangement of treatments that c overed the ac tual 

methionine and i s o l euc ine range for LN/32 .  The resulting 

27 treatments , ( c ombinati ons of values for x
1

, �c2 and x3 ) ,  

however do not exac tly conform to  a ( 3  x 3 x 3 ) fac torial 

arrangement sinc e the ac tual range of values for methionine 

(x3 ) and i s oleuc ine (X2
) vari ed between energy l evels ( X1

) . 

Crude pro t e in ,  calcium and phosphorus were als o  c ontained 

within the limits us ed in LN/32 . 

The experimental treatments cho s en for our ec onomic 

analys is are pres ented in Tab l e  6 . 1 . 

The results pres ent ed in Chapt er Five indic ated 

differenc es betwe en strains us ed for LN/32 , for the feed 

intake , e gg numb er and liveweight gain functions . This 

ec onomic analys is c ons iders only the results for Whit e  

Bas e (b ) layers and as sumes that the initial l iveweight 

of thes e b irds in 1556 grams at s tart of lay , ( 22 we eks 

of age ) , i . e . W = 1556 . 



Tab l e  6 .  '1 :: Ex�erimental treatments for the ec onomic anal�s is 

Di etary D i e tary Di etary 
Di etary Dietary M . E .  I s o l euc ine Methi onine 

Treatment (k . c al/kg ) (%)  (%)  C . P .  Calc ium 

(X'1
) (X2 ) ( X ,, ) (%)  (%)  

? 

'1 2756 0 . 47 0 . 22 '1 4 . 45-'1 6 . 26 2 . 85.-3 . 3 5  

2 0 . 24 

3 0 . 26 
4 0 . 50 0 . 22 
5 0 . 24 
6 0 . 26 

7 0 . 53 0 . 22 
� 
I\) 
()) 

8 0 . 24 
9-

--
0 . 26 

1 0  2976 0 . 54 0 . 26 '1 5 .  61 -'1 7 . 59 2 . 94-3 . 45 
'1 '1  0 . 28 
'1 2  0 . 30 
1 3  0 . 57 0 . 26 
1 4  0 . 28 
1 5 0 . 30 
1 6  0 . 60 0 . 26 
1 7 0 . 28 
1 8  0 . 30 



T 3.b l e  6 . 1  : ( C ontd . ) :  

-

Di etary Dietary Dietary Dietary Di etary 1'1. E . I s ol euc ine Methi onine Treatment (k . c al/kg ) (%) (%) C . P .  Calc ium 
( X1 ) ( X2 ) ( X3 ) (%) (%) 

-

1 9  31 97 0 . 50 0 . 24 1 6 . 77-1 8 . 86 3 . 03-3 . 56 
20 0 . 26 
21 0 . 28 
22 0 . 52 0 . 24 
23 0 . 26 

24 0 . 28 � 

25  0 . 54 0 . 24 I\) 
� 

26 0 . 26 
27 0 . 28 

-



6 . 4  Rati on formulati on 

- '1 28 -

Rati ons were formulated t o  l eas t-c o s t  for each of the 

experimental  treatments pr es ent ed  in Tab l e  6 . '1 . A numb er 

of the ingredi ents us ed t o  formulate  rati ons for IJN/3 2  were 

not availab l e  and thes e w ere not c ons idered . As methi 'Jnine 

is  one of the experimenta l  variab l es , synthetic methi onine 

was c ons idered in rati o� formulation as it was sus p e c t e d  

tha t rati ons may have b e c ome  artificially exp ens ive had the 

methi onine c onc entrati on only b e en met by the original 

ingr e d i ents . 

The ingr edients c ons idered in rat i on formulat ion , with 

their c os t ( 1 ) , are pres ent ed in Tab l e  6 . 2 .  

6 . 5 Egg an d cul J ed hen pric e s  

Egg and cul l e d  h en pric es were th os e current i n  the 

Manawatu on 23 Dec emb er ,  1 973 . 

( a ) � 

( 1 )  

Eggs were graded unQer the s ys t em us ed in 1 971 . The 

weight dis tribut i on per grade , then current was : 

Grade Weight 

Large + 62 grams 

Standard 53-62 grams 

Medium 44- 53 grams 

Pullet 3 5-44 grams 

Und.ersi z e  l e s s  than 3 5  

The c os t  o f  ingredients us e d  vias the c os t  of 
ingredients to  the  P . R . C .  as at 21 . 1 2 . 73 .  

grams 
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Tab l e  6 . 2 :  Ingredi ent c o s t  for economic analys is 

Ingredi ent C ent s per kilogram 

Barl eymeal 7 . 275 
Wheatmeal 9 . 991 
Pollard 6 . 938 

Luc ernemeal 1 0 . 1 38 
Bloodmeal  39 . 397 
Butt ermilk 44 . 433 
Boneflour 5 . 228 
Bran 7 . 383 
Mai z emeal 5 . 431 
L ins e edmeal 1 2 . 503 
Meat and bone meal ( Borthwicks ) 28 . 652 
Tallow 28 . 652 

L imestone  1 . 1 24 

Dicalc ium phosphat e 66 . 1 20 
Oys tershell  4. 634 
I odis ed s alt 7 . 674 

Premix 1 39 . 403 
Synthet ic  methionine 1 80 . 728 

The pric e schedul e for eggs at the time of the 

e c onomic analys is ( Dec e�b er , 1 973 ) was for the fol lowing 

grading sys t em . 

Grade Minimum 'Weight C ents pe r doz en 

? 744 grams per doz en 51 

6 636 grams p er doz en 48 

5 528 grams p er do z en 41 

4 420 grams p er do z en 33 

Unders iz e Les s than 420 grams 21 
per doz en 

C o:mm.ercial 41 
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The weights f or the two sys t ems o f  grading are almos t  

identical . We can therefore us e the Dec emb er 1 973 pric e 

s chedul e for the 1 971 gradings . 

For the ec onomic analys is  all unders iz e ,  c ommerc ial 

and pull et ef.ss are grouped ( pric e = 33 c ents p er do z en) . 

The average grade distribution of  eggs for Whit e  

Bas e ( b )  layers was · us ed in the ec onomic analys is : 

Grade Perc ent eggs 12er grade 

7 20 . 78 

6 58 . 20 

5 1 7 . 49 

4 ( plus others ) 3 - 53 

Total 1 00 . 00 

Thus the weight ed average egg pric e ( Pe ) us ed in this 

analys is is : 

p = 51 ( . 2078 ) + 48 ( . 5820 ) + 41 ( . 1 749 ) + 3 3  ( . 0353 ) e 
= 46 . 9  c ents p er do7J en .  

6 . G  Ex12erimental r esults 

The experimental results for each treatment ( Tab l e  6 . 1 ) 
I 

· in the ec onomic analysis  are pres ente d  in Tab l es 6 . 3-6 . 6 .  

Endogenous variab l es I j ' Nj and �Wj are predicted 

from the estimated func tions - for Whit e  Bas e (b ) layers 

pres ented in Chapt er Five . Where dai ly metabolisab l e  energy , 

methionine or i s o l eucine intakes are variables  in thes e  

equati ons , predic t e d  values are obtained from the 

relationship : 



Treatment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 

- 1 31 -

Table  6 . 3 : Feed c onsumpt ion and cost  

Feed c onsumption Cost  p er kg . Total c o s t/ 
( gms . /hen/day) ( c ents ) hen/31 5 days 

(I . )  ( p . ) ( $ ) 
J J (F . )  

1 1 9 .  3 4· 8 . 97 3 - 37 
9 . 01 3 . 39 
9 . 05 3 . 40 
8 . 93 3 . 36 
8 . 88 3 . 34 
8 . 91 3 - 3 5 
8 . 89 3 . 34 
8 . 74 3 . 29 
8 . 78 3 . 30 

1 1 5 . 80 1 0 . 00 3 . 65 
1 0 . 04 3 . 66 
1 0 . 08 3 . 68 
1 0 . 01 3 . 65 
1 0 . 05 3 . 67 
1 0 . 09 3 . 68 
1 0 . 39 3 - 79 
1 0 . 43 3 . 80 
1 0 . 47 3 . 81 

1 1 2 . 24 1 3 . 07 4 . 62 
1 2 . 84 4 . 54 
1 2 . 89 4 . 56 
1 3 . 56 4 . 79 
1 1 . 91 4 . 21 
1 1 . 9 5 4 . 23 
INF E..I\.SIBLE RATION 
1 1 . 99 4 . 24 
1 2 . 03 4 . 26 
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Tab l e  6 . 4 :  Egg nvmb er and revenue 

Eggs p er Eggs per grade Egg revenue per hen Treat- hen p er Grade p er 31 5 days ( $ )  ment 31 5 days 7 6 5 4 ( R . ) (N . ) J J 

1 1 89 39 1 1 0  . 33 7 7 . 38 

2 1 94 40 1 1 3  3Lj. 7 7 . 58 

3 1 99 Lj.1 1 1 6  35 .  7 7 - 77 
4 1 89 39 1 1 0  33 7 7 . 38 
5 1 94 40 1 1 3  34 7 7 - 58 
6 1 99 41 1 1 6  35  7 7 - 77 
7 1 89 39 1 1 0  33 7 7 . 38 

8 1 94 40 1 1 3  34 7 7 - 58 
9 1 1 9  41 1 1 6  35  7 7 - 77 

1 0  202 42 -'1 1 8  35  7 7 . 89 
1 1  207 43 1 21 36 7 8 . 09 
1 2  21 2 44 1 24 37 7 8 . 29 
1 3  202 42 1 1 8  3 5  7 7 . 89 
1 4  207 43 1 21 36 7 8 . 09 
1 5  21 2 44 1 24 37 7 8 . 29 
1 6  202 42 1 1 8  35  7 7 . 89 
1 7  207 43 1 21 36 7 8 . 09 
1 8  21 2 44 1 24 37 7 8 . 29 
1 9  1 98 41 1 '1 5  35  7 7 - 73 
20 203 42 1 1 8  36 7 7 - 93 
21 208 43 1 22 36 7 8 . 1 3  
22  1 98 41 1 1 5  3 5  7 7 - 73 
23 203 42 1 1 8  36 7 7 - 93 
24 208 43 1 22 36 7 8 . 1 3  
2 5  INFEASIBLE RATI ON 
26 203 42 1 1 8  36 7 7 - 93 
27  208 43 1 22 36 7 8 . 1 3  
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Tab l e  6 . 5 :  Bod;y we ight gain and culled hen revenue 

Weight gain Final l iveweight Culled h en 
1.'re a  tment ( gms/hen/ ( gms/hen ) revenue 

31 5 da)s )  (\.J I . ) ( $  per hen ) 
(6W . J ( V . )  

J J 

1 658 221 4 0 . 78 
2 595 21 51  0 . 76 
3 528 2084 0 .  7Lt 

4 673 2229 0 . 79 
5 61 0 21 66 0 . 76 
6 543 2099 0 . 74 
7 71 9 2275  0 . 80 
8 656 221 2 0 . 78 
9 589 21 45  0 . 76 

1 0  71 6 2272 0 . 80 
1 1  652 2208 0 . 78 
1 2  588 21 44 0 . 76 
1 3  746 2302 0 . 81 
1 4  682 2238 0 . 79 
1 5  61 8 21 74 0 . 77 
1 6  7?6 233 2  0 . 82 
1 7  71 2 2269 0 . 80 
1 8  648 2204 0 . 78 
1 9  847 2403 0 . 85 
20 783 2339 0 . 83 
21 722 2278 0 . 80 
22 866 2422 0 . 85 
2 3  802 2358 0 . 83 
24 741 229r/ 0 . 81 
2 5  INFEASIBLE RATION 
26 821 2377 0 . 84 
27 760 231 6 0 . 8 2  
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Tab l e  6 . 6 : . Income�  cost  and net revenue �$ :Qer h en 

for the total laying�i od, 3'1 2 da;y:s2 

Egg Culled hen Feed Net  revenue Treatment r evenue r evenue cost  ( :6 . ) ( R . )  ( V . )  (F . )  J J J J 

'1 7 . 38 0 . 78 3 - 37 4 . 79 
2 ? . 58 0 . 76 3 c 3D 4 . 95 
3 7 - 77 0 . 74 3 . 40 5 . '1 '1  
4 7 . 38 0 . 79 3 . 36 4 . 8'1 
5 7 - 58 0 . 76 3 . 34 5 . 00 
6 7 - 77 0 . 74 3 - 3 5  5 .  '1 6· 
7 7 . 38 0 . 80 3 . 34 4 . 81+ 
8 7 . 58 0 . 78 3 . 29 5 . 07 
9 7 - 77 0 . 76 3 . 30 5 . 23 

'1 0  7 . 89 0 . 80 3 . 65 5 . 04 
'1 '1  8 . 09 0 . 78 3 . 60 5 .  2'1 
'1 2  8 . 29 0 . 76 3 . 68 5 - 37 
'1 3  7 . 89 0 .  8'1 3 . 65 5 . 05 
'1 4  8 . 09 0 . 79 3 . 67 5 .  2'1 
'1 5  8 . 29 0 . 77 3 . 68 5 . 38 

1 6  7 . 89 0 . 82 3 - 79 4 . 92 
1 7 8 . 09 0 . 80 3 . 80 5 . 09 
'1 8  8 . 29 0 . 78 3 . 8'1 5 . 26 
'1 9  7 - 73 0 . 85 4 . 62 3 . 96 
20 7 - 93 0 . 83 4 . 54 4 . 22 
2'1 8 . 1 3  0 . 80 4 . 56 4 . 37 
22 7 - 73 0 . 85 4 . 79 3 - 79 
23 7 - 93 0 . 83 4 . 21 4 . 55 
24 8 . 1 3  0 . 81 4 . 23 4 . 71 
25 INFEASIBLE RATION 
26 7 . 93 0 . 84 4 . 24 4 . 53 
27 8.  '1 3  0 . 82 4 . 26 4 . 69 
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" 
X = X . I  ( 6 . '1 0 )  

where X l S  the perc entage ( dens ity) o f  the nutrient ln the 
" 

rat i on and I i s  predic t ed ration intake . 

6 .  7 Net  Revenue Func ·c �·_ on 

Leas t Squares regres s i on was us ed t o  es timate 

equation ( 6 . 9 )  and henc e express  net revenue ( Z )  as a 

func tion of  the control  variab l e s : 

x'1 = metabolis ab l e  energy ( k . cal . per kg .  o f  rat i on )  

x2 
= i s o l euc ine (perc ent o f  ration) 

x3 
= methionine (perc ent of  ration) . 

The e s t imat ed equati on is pre s ent ed in Tab l e  6 . 7 .  

Tab l e  6 . 7 :  Es timat ed net revenue 
eguat i on 

Variab l e  Regres s i on c o effic i ent 

C ONSrrANT bo 
= 30 . 61 3  

x'1 b1 
= -1 6 . 045 

x2 b2 
= 2 . 1 88 

x3 b3 
= -1 7 . 375 

x1 b1 '1 = _ (  '1 )  

x2 b22 
= - 55 . 387 

x3 b3 3  
= -83 . 601 

x1 x2 b'1 2  
= 1 7 . 482 

x1 x3 b'1 3  
= 1 8 . 871 

x2 x3 b 23 
= 3 2 . 031 

R2 = . 957 

( 1 ) Variab l e  X1
2 was " expelled"  from the regress i on due t o  

a near linear relationship b etween this variab l e  and 
the o ther variables in the - equation . Give� the " good  
fit " o f  this equation , as  measur ed by the R value we 
hav� assumed b1 1  = 0 in the subs equent analys is . 
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For c onveni enc e and eas e of  exposition we c an 

write  the e s t imat ed net revenue equation in terms o f  x2 

( isoleuc ine p erc ent ) and x3 ( methionine perc ent ) for any 

l evel of metabolisab l e  energy in the rat ion (X1
) : 

� = ( 30 . 61 3  - 1 6 . 0�5 X1
) + X2 

( 2 . 1 88 + 1 7 . 482 X1
) 

2 
+ x

3 
( -1 7 . 375 + 1 8 . 871 x

1
) - 55 . 3 .�; 7 x

2 
2 - 83 . 601 x

3 + 32 . 031 x2 x3 ( 6 . 1 1 ) 

For values of metab o lisab l e  energy dens ity (X1
) 

in the range us ed in LN/3 2 we c an us e c alculus t o  calculat e 

values for (X2 , x
3

) that maximis e es timat ed net revenue ( 6 ) . 
Thes e  values are tabulat ed for s elected metabolisab l e  energy 

values in Tab l e  6 . 8 , and the r elationship between es timat ed 

net  revenue (maxi�is ed ) and metabolisab l e  energy is graphed 

in Figure 6 . 1 . 

I t  is important to  not e that , for each o f  the 

energy l evel s  us ed in LN/3 2 , the es timat ed is ol euc ine and 

methionine ration l evels that maximis e net revenue ( Tab l e  6 . 8 ) 

are out s ide the range of i s o l euc ine and methionine rati on 

l e vels ac tually us ed in LN/3 2 , ( Tab l e  6 . 1 ) . I t  is  l ikely 

that the energy , i s o l euc ine and methionine l evels in Tab l e  

6 . 8  would �ot in practic e b e  f eas ible  in a ration ; or that 

ration c os t  would b e  greatly increas ed ; or that predic t ed 

produc tion respons e from the implied nutrient intakes would 

not eventuate in prac tic e .  For example , in Chapt er Five , 

the respons e in egg numb er to  increasing methionine intake 

was es t imat ed as a linear relationship . As methionine intake 

increas ed , egg numb ers were predic t ed to inc reas e linearly . 

Sinc e rati on intake was predi c t ed as a func tion o f  di etary 
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Figure 6 . 1  

RELAT I ON BET\vEEN E S T J!'.'IATED NET REVENUE AND ENERGY 
DENS I TY OF LAYER RAT I ONS 

Uncons trained max . 

Max . LN / 3 2  

2700 2800 2900 3000 31 00 

D IETARY ENERGY ( k .  ca l .  M . E .  per Kg . )  

2200 
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energy c onc entration ,  an increas e in methi onine c onc entra-

tion at any given energy conc entration wil l  result in 

increas ed methi onine intake . Predict ed methionine  intake 

for a ration c ontaining 2756 k.  c a l . M . E .  per kg . and 0 . 30 

perc ent methionine is 0 . 3 58 grams p er hen per day . This 

l evel  is higher than ac tually achi eved on any rati on in 

LN/32 . Fisher and Morris ( 1 970 ) have demons trat ed that 

for high l evels of methi onine intake , the egg respons e is  

non-l inear . In this s i tuation further res earch would b e  

required b efore one could rec ommend layer rations bas ed on 

the results pr e s ent ed in Tab l e  6 . 8 .  

Table  6 . 8 :  Es timat ed isol euc ine and methi onine 
ration l evels  for maximlill1 net r ev enue 

I'1 . E .  (X1 )  I s ol euc ine Methi onine Net revenue 
(XJ) (X) ) ( 6 )  ( k . c al/kg . ) (% (% ( $/hen) 

2700 0 . 534 0 . 303 5 - 55 

2756 
( 1 ) 

0 . 545 0 . 31 2  5 - 51 

2800 0 . 554 0 . 31 8  5 . 4-8 

2900 0 . 7'?4 0 . 333 5 . 48 

2976
( '1 ) 

0 . 589 0 . 3 45 5 - 52 

31 00 0 . 61 4  0 . 364 5 . 66 

31 97
( 1 ) 

0 . 621 0 . 3 78 5 . 83 

( 1 ) Energy l evels  us ed in LN/32 

In order to  overc ome the prob l em o f  extrapolating 

b eyond the experimental range o f  i s o l euc ine and methionine 

l evels ( perc ent ) , the values for ( X2 , x
3

) that maximis e  and 

minimis e est imat ed net revenue ( 6 )  within the experimental 

range , for the metabolisable  energy l evels of LN/32 , were 

c alculat ed .  Thes e values are pre s ented in Tab l e  6 . 9  and 

graphed in Figlire 6 . 1 . The shaded area in Figure  6 . 1  
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r epres ents the es timated net revenue range for the range 

o f  isol euc ine and methionine l evels c orresponding to each 

energy l evel in LN/32 .  

Tab l e  6 . 9 :  Maximum and minimum estimat ed net 

_r_e_v_�P:..:c u=-.:e:..::s=---.:f::...o::...:r=-....:L:..:N:..:..../:._3�2 

Level M.  E .  I s ol euc ine Methionine Net Revenue 
(X1 ) (X2 ) (X3 ) ( $/hen) 

max 2756 0 . 530 0 . 260 5 . 30 
m in 2756 0 . 470 0 . 220 4 . 72  

max 2976 0 . 580 0 . 30 5 . 36 
m in 2976 0 . 540 0 . 26 4 . 92 

max 31 97 0 . 540 0 . 280 4 . 84 
m in 31 97 0 . 500 0 . 240 3 . 85  

S everal features of  Figure 6 . 1  are worthy o f  c omment . 

Maximum es timat ed ne-e r evenue for LN/32 c los ely approximate s  

the unc ons trained maximum es timated net revenue over the 

lower energy dens ity l evels  ( 2756 , 2976 k .  cal . M . E . per kg . ) 

but there is a wide discrepancy at the high energy l evel , 

( 31 97 k .  cal . M . E .  per kg . ) .  There is litt l e  t o  choo s e  

b etwe en the b es t  ration of  each of  the l ower energy dens ity 

l evels but maximum es tima.t ed net r evenue for LN/3 2 dec lines 

rapidly as energy dens ity inc reas e s  ab ove 3000 k .  c al . M . E .  

- per kg . Als o , there is  great er variability in estimat ed 

net revenue of the high c ompared with the l ower energy l evels 

within the isol eucine and methionine ranges o f  LN/32 .  

The shape of the unc onstrained maximum es timated net 

r evenue curve in Figure 6 . 1  is not what one might have 

exp ec t ed .  However , a s  m enti oned previous ly , w e  should have 

'\ 
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s eri ous res ervations ab out predic ting net revenue much 

out s ide the bounds of an experimental region .  

W e  c an now turn our att enti on to the effect  o f  varia-

t i on in isol euc ine and methi onine l eve ls , from LN/3 2 ,  on 

estimat ed net revenue . We wil�  initially limit thi s  dis-

cus s ion t o  rat ions with energy d ens iti es o f  2756 amd 2976 k .  

c a l . M . E .  per kg . Tab 1 es 6 . 1 0  and 6 . 1 1  have b e en 

c ons truc t ed from Tab les  6 . 1  and 6 . 6 .  

Tab l e  6 . 1 0 :  Es t imated net revenues  ( $/hen ) 
f or rat ions of  2756 k .  cal . M . E ./kg . 

Methi onine leve l 
(% ) Range 

0 . 22 0 . 24 0 . 26 

0 . 47 0 . 79 4 . 95 5 . 1 1  0 . 3 2 
I s ol euc ine 0 . 50 4 . 81 5 . 00 5 . 1 6  0 . 3 5 l evel  (%) 

0 . 53 4 . 84 5 . 07 5 - 23 0 . 39 

Range 0 . 05 0 . 1 2  0 . 1 2  

Tab l e  6 . 1 1 : Es t ::.ma G-ed net revenue ( $Lhen2 
for rat ions o f  2926 k .  cal . M . E . Lkg . 

Methi onine l evel 
(%) Range 

0 . 26 0 . 28 0 . 30 

0 . 54 5 . 04 5 - 21 5 - 37 0 . 33 
I s ol eucine  0 . 57 5 - 05 5 . 21 5 . 38 0 . 33 l ev e l  (%)  

0 . 60 4 . 92 5 . 09 5 . 26 0 . 34 

Range 0 . 1 2  0 . 1 2  0 . 1 1  

From Tables 6 . 1 0  and 6 . 1 1  it would appear that changes 

in dietary methionine level have a greater effec t on n e t  

r evenue than changes  in di etary isoleuc ine level . Again 
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however , this r esult shoul d b e  treated with some  c auti on . 

I s o l euc ine intake was no t found to b e  a s ignific ant vari­

abl e  in the egg numb er produc tion func tion whereas 

methionine intake was found to be s ignificant . This 

result c ould well  have t e en due to defic i encies  in the 

design of experim ent LN/3 2  s inc e is o l euc ine and methionine 

l evels were not s ub j ec t  to c ontrol . We can put forward 

the t entative hypothes i s  that ne t r evenue is more s ens itive 

to methionine l evel  than i s o l euc ine l evel but this hypothes is  

should be  t ested by further res earch . 

The es t imat ed func ti ons c an also  b e  us ed to  investi­

gate  the relati onship b etwe en net inc ome and daily intak e  

l evels of  s el ec t e d  nutri ents . For example , we may b e  

interested in the es timat ed relati onship b etween average 

daily methionine intnke for rati ons c ontaining 0 . 55  p erc ent 

isol euc ine and various energy dens ity levels . Sinc e we 

have e s timat ed f e ed consumption for rati ons of different 

energy densities  ( Tab l e  6 . 3 ) , we c an eas ily c alculate  c or­

r esponding methionine daily  intake l evels ( gms per hen per 

day) and methionine rati on l evels ( p erc ent ) . Thes e figures  

are pres ent ed in  Table  6 . 1 2 for s e l e c t ed methionine intake 

values . 

Substituting for x2 = 0 . 55 ( isol euc ine ) , equation 

6 . 1 1  b e c omes : 

This e quation c an then b e  us ed to relate  es timat ed net  

revenue and energy dens ity of different average daily  

methionine intake l evel s  for the t otal period of  lay . 
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Thes e r e l ati onships are pr es ent ed in Figure 6 . 2 .  We c an 

note , that i f  our estimat ed func tions were as sumed to  hold 

true for a dai ly methi onine intake of 0 . 35  grams/b ird/day , 

there would b e  little  to choos e ,  in t erms of net revenue , 

b etwe en rati ons of  different energy dens ities , formul at ed 

to meet this methionine intake . Ho�ever , we c an also  

note that this c onc lus i on involves an extrapolation b eyond 

the limits of LN/3 2 for the 2756 and 31 97 k .  c a l . M . E .  p er kg 

r ations . 

Tab l e  6 . 1 2 :  Methionine ration levels ( %) 
c orresponding to  differen t methi onine 

intake l evels 

Methi onine intake 
( gms/hen/day ) 

. 25 
• 27 
• 29 
• 31 
. 33 

- 35 

6 . 8  C onc l us i on 

M .  E .  
( Feed 
27 56 

( 1 1 9 . 34)  

0 . 2095 
0 . 2262 
0 . 2430 
0 . 2598 
0 . 2765 
0 . 2933 

( k . c al/kg rat i on ) 
int ak e , gms/hen/day ) 

2976 31 97 
( 1 1 5 . 80 )  ( 1 1 2 . 24)  

( X3 ) 
0 .  21 59 0 . 2227 
0 . 2332 0 . 2406 
0 . 2504 0 . 2584 
0 . 2677 0 . 2762 
0 . 2850 0 . 2940 
0 . 3022 0 .  31 1 8  

The e c onomic analys i s  pres ent ed in thi s  Chapt er 

sugges ts  that , for the nutri ent dens ities us ed  in LN/3 2 ,  

a rat i on formulat ed to c ontain : 2976 k .  c al .  M . E .  per kg , 

0 . 30 p erc ent me thionine and 0 . 58 p erc ent isol euc ine 

( Tab l e  6 . 9 )  wil l  maximis e net revenue under the given pric e 

s truc ture . 



Q) ;::l I:: Q) > Q) � 

+-l 
Q) 
z 

6 . 0  

5 . 5  

5 . 0  

4 . 5 

4 . 0  

3 . 5  

1 43 -

Figur e 6 . 2  

RELAT I ONS H I P BETWEEN E S T H1A ��E l' N ET R E V EN UE AND 
ENE E GY DENS I TY AT D I FFE l�ENT DA I LY M ET l ! I ON I N E  

I N TAKES ( GMS ) ;  I S OLEUCI N E  A T  0 .  5 5  PERCENT . 

- - - - - - - - - .. .. .. ... . - -- 0 . 35 - -

..... .... ...... ..... ..... ... 

2 700 

.. _ ­ -

- - - - ... -

- - -

- - - - - - - - -
- -

... ... ... 
.. ... _ - ... ... .. .... ... ... .... ... ..... ... - - - - -

... _ 

...... ... .... 
...... .... ... ... ... ... 

... ... 
.... ... 

2 800 2900 

- - - ... 0 . 3 3 

- - -

... _ _  ... ... - - ... .. o .  2 9  

- ... -
- ... .... .... .. 0 . 2 7 

.... ... 
.......... ... - .... ..... 

0 . 25 

3000 31 00 

).) ! ETAHY ENE I<GY ( k .  cal . M . E .  p e r  Kg ) 



- 1 44 -

We should stress that thes e  results  are depend ent 

on the l evels of the exogenous variab l es , espec ially pro -

duc t ( eggs and culled hen ) and fe eds tuff pric es . The 

analys i s  pr es ent ed applies  t o  pric es current in Dec emb er ,  

1 973 . Should the pric e o f  high energy f e eds tuffs ( maiz e ,  

wheat ) decrea� r· in relat i on to  the pric e of  low energy 

f e eds tuffs ( pol lard , barl ey ) then high energy dens ity 

rations c ould r esult in maximum net revenue . 

The ec onomic analys is of values for the c ontrol 

variab l e s , methi onine l evel and i s o l eucine level in the 

ration , that fal l  outside  the range of thos e us ed in LN/32 

should b e  treat ed with a great deal of caut ion . At b es t  

this analys is c an b e  us ed t o  estimat e the pot ent ial b enefit 

from further res earch us ing levels outside the range of 

thos e us ed in LN/32 ; but even her e it is likely that rati on 

c os t  or rat ion infeas ibi lity should be investigat ed further 

b efore ac tual experimentat i on is c ont emplated ( Towns l ey ,  

1 971 ) .  

The ec onomic analys is has b een limited to  th e case  

where given rati ons are f e d  ad lib itum during the ent ir e  

peri od of  lay . LN/32 was not des igned t o  inves tigat e the 

e c onomics  of phas e feeding though s ome att ention is given t o  

this t o pic in Chapt er S even . Als o , LN/32 was not designed 

spec ifically to estimate  produc tion respons es to different 

i s o l euc ine and methionine l evels and future r es earch r esults 

from P . R . C .  should enabl e  the est imation of thes e relati on-

ships with greater c onfidenc e .  The primary aim o f  this  

Chapt er has b e en to illus trat e one approach t o  the economic 

•' . . ' I • 

. , ,  I ) I  
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analys is o f  layer rati ons inc orporat ing respons e func t i ons 

for the endogenous variab l es o f  the production s ys t em 

under study . 
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CHAPTER SEVEN 

ASPECTS OF LAYER RESPONSES 

7 . 1  Introduc ti on 

LN/3 2 was originally des i gned t o  ob tain quantitative 
• 

e s t imat es o f  layer respons es that we�e of economic s i gnifi­

c anc e .  This analys is  _was the b as is  o f  Chapt er Five . LN/3 2  

however provided information on  other as pects of layer 

r espons es .  

Inc luded ln LN/32 was treatment '1 7 t o  study the 

e ffects of prot ein s ourc e on layer respons es . Tre atments 

'1 6  and '1 8  were des igned to study the effects of r e s tric t ed 

fe eding on layer respons es . 

Although LN/32 was not des igned to  study aspects  of 

phas e fe eding of layers we c an analys e the r esul t s  for 

p eriods within the laying cyc l e  in an endeavour to det ermine 

i f  respons e s  are affected by di fferent nutri ents at dif-

f erenc e peri ods in the laying cyc l e . We can cho os e two 

p eriods ( '1 -'1 40 ,  '1 68-3'1 5 days ) for this  analys is as they 

c orrespond with changes in rati on c ompos it ion for treatments 

'1 ,  3-6 . : : t mus t b e  stres s ed that this  analys is  does  not 

t ake ac c ount of changes in the ration as is inferred by 

phas e feeding. 

In this Chapt er we wi l l  analys e the following asp ec ts 

o f  LN/3 2 : 

( 1 ) Treatment 1 7 .  

( 2 ) Treatments '1 6 ,  '1 8 .  

( 3 ) Perio ds 1 -'1 40 ,  '1 68-31 5 days . 
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7 . 2  Treatment 17 

Ration 1 7  was formulat ed to the s ame energy and 

prot ein d ens ity as rat ion 1 4  ( 31 97 k .  cal . M . E .  per kg . ,  

1 7  grams prot ein intak e bas ed on an intake of 305 k .  c al . 

M . E . p er day) . In addit ion , ingredient c ons traints were 

impos ed . 

1 .  A minimum inc lus ion rat e of  1 . 5 perc ent 

butt ermilk powder . 

2 .  A minimum inc lus ion rat e of 1 0 . 0 perc ent 

pollard . 

This ration was formulated to  inc lude prot ein s ourc e s  

o f  proven qual ity . It  had b e en suspec t ed that the high 

meatmeal inc lus ion rate in rat ions of 31 97 k . cal . M . E . per 

kg . would reduc e the range of  prot ein s ourc es to  virtually 

meatmeal alone . Should the n1eatmeal have an imbalanc e of 

amino ac ids then i t  was suspected there may have b e en a 

r educ ed egg output . To t es t  for any r espons e t o  the 

ingredi ent inc lus ion we c an c ompar e treatments 1 7  and 1 4 .  

7 . 2 . 1  Feed intake  

Treatment 1 7  ( like treatment 1 4) was fed ad libitum . 

F eed intake for treatments 1 4  and 1 7  for the 31 5 days of 

the laying cyc l e  are pres ented in Tab l e  7 . 1  • 

. .  

Apart from White Bas e ( a ) l ayers the £.eed ' intake is 

s imilar for both treatm ents . An examination of the feed  

intake of  Whit e  Bas e ( a) layers for all  treatments shows 

that intake for this strain was greater on treatment 1 4  than 

on treatments of a s imil ar energy c onc entrati on ( 31 97 k .  c al .  

M . E.  per kg . ) .  
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Tab l e  7 . 1  : . H . D .  feed intake . Treatments 
· � 17 (grams/hen/day) . 

Treatment 

1 4  
1 7  

w . B . ( a )  

1 1 6 . 1  
1 0'1 • 2 

Egg nw:nb er 

Strain 
1-l . B . ( b )  

'1 '1 6 . '1  
'1 '1 5 . 7  

l"' . L .  

'1 '1 3 . 4 
'1 '1 '1 . 3  

Total 

345 . 6  
328 . 2  

Egg numb er for tr eatments '1 4 , 1 7  for the t o tal  laying 

peri od are pre s ent ed in Table  7 . 2 . 

Tab l e  7 . 2 :  H . D .  egg numb er .  Treatments 

1 4, '1 7 ( eggs/hen/3'1 5  days ) 

Treatment Strain Total W . B . ( a ) W . B . ( b )  M . L . 

'1 4  2'1 6 . 6  207 . 4 2'1 6 .  9 640 . 9 
1 7  200 . 0 206 . 3 21 4. 7 62'1 . 0 

Again , Whit e  Bas e ( a) layers are the only s train 

wher e there ar e respons e diff erenc es . There is  a posi tive 

c orrelation b etwe en f e e d  intake ( and henc e nutri ent intakes )  

and egg numb er for all s trains o f  layers . Although 1-lhit e  

Bas e ( a ) layers on treatment 1 7  did not p erform t o  the l evel  

o f  that s train on  treatment '14  they did p erform b e tt er than 

l ayers on treatment '1 3 and '1 5 ( al s o  3'1 97 k .  cal . M . E .  p er 

kg . ) .  We can only hypothes i s e  that 1-lhit e  Bas e ( a )  lay ers 

on treatm ent '1 4  responded to an increas e in feed intake 

which resul t e d  in an increas ed energy intake . We c annot 

explain why this differenc e in f eed intake occurr ed .  

In general , we c an say that there was no diff erenc e 

in the respons e b etween treatments 1 4  and 1 7 .  As hens 
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c onsumed in exc ess  of 1 7  grams o f  protein ( treatment 1 4  = 

20 . 53 grams , treatment 1 7  = 1 9 . 51 grams ) the hypothesis  

that pro t ein quality may b e  suspect c ould not  b e  t es t ed in 

the light of overc onsumption of prot ein . 

7 . 3 Treatments 1 6 ,  1 8  

I t  was suspected that hens fed a die t  of  31 97 k .  cal . 

M . E . per kg . may c onsume in exc ess of 305 k .  c al . M . E .  p er 

day . Should thi s occur , i t  was decided to  r e s tric t the 

energy intake of l ayers t o  305  k. c al . M . E .  per day to  det er-

mine what effect res tric t ed nutrient intake would have on 

l ayer produc tion . Two treatments (1 6 ,  1 8 )  were as s ign ed t o  

a restric t ed feeding regime . 

\ 
Treatments 1 6  and 1 8  were formulat ed t o  the s am e  

energy and prot e in dens ity as  ration 1 4  ( 31 9� k . c a l . M . E . 

per kg . ; 1 7  grams protein intake bas ed on an intake o f  

305 k .  c al . M . E .  per day ) . In addition the ingredi ent 

c onstraints for treatm ent 1 7  were impos ed on treatm ent 1 8 . 

Treatments 1 6  and 1 8  were initially fed at the r ate  

of 305  k .  cal . M . E .  per hen per day. Treatments 1 4  and 1 7  

are us ed  as the c ontrols  in the c omparis ons that fol l ow . 

Feed intake 

It was originally intended to feed treatments 1 6 , 1 8  

such that hens would r ec eive 305 k .  c al . M . E .  rer kg . Egg 

numb er in the first thr e e  months of treatments 1 6 ,  1 8  show e d  

that hens were n o t  performing to  the l evel o f  hens on 

· treatments 1 4  and 1 7 .  The H . D .  egg numb er for treatments 

1 4 ,  1 6 , 1 7 ,  18 for the third month of lay are pres ent ed in 

Tab l e  7 . 3 .  

. I 
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Tab l e  7 . 3 :  H . TI .  egg numb er .  Tr eatments 
1 Lj. 2 1 6 2 122 18 . Month 3 .  �Eggs :2er 

treatm ent s train ) 

Treatment Strain Total W . B . ( a ) w . B . (b ) I'1 . L .  

1 4  607 641+ 604 1 855 
1 6  505 552 636 1 693 
1 7  61 5 599 649 1 863 
1 8  584 577 600 1 761 

Although M .  Line layers were produc ing at the s ame  

l evel for a l l  treatments for  month 3 of the laying peri o d ,  

the Whit e Bas e ( a ) and Whit e  Bas e ( b )  layers produc ed l eas t 

eggs on treatments 1 6  and 1 8 .  I t  was dec ided t o  inc reas e 

the energy intake for treatments 1 6  and 1 8 .  This r esulted 

in the daily en ergy intakes for the total laying period as 

shown in Tab l e  7 . 4 .  Treatments 1 4  and 1 7  are us ed as the 

c omparis on . 

T ab l e  7 . 4 :  Dai l;y energ;y intake for 

the t otal la�· ing 12eri o d  �k . c al . 

M .  E .  per hen :Qer day) 

Strain Tr eatment W . B . ( a)  w . B . ( b )  M . L .  

1 6  31 1 330 324 
1 8  31 1 31 9 31 7 
1 4  371 371 363 
1 7  3 24 370 3 56 

7 . 3 . 2  Egg numb er 

H . D .  egg numb er for· the total laying period for treat­

ments 1 4 ,  1 6-1 8 are pr es ented in Table 7 . 5 .  
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Tab l e  7 .  5 :  H . D .  egg numb er . Treatments 
1 L� ' 1 6 , 17, . 1 8 . (Eggs per hen per 

31 2 days ) . 

Treatment S train Total W . B . ( a ) W . B . (b )  I'1 . L .  

1 4  21 6 . 6  207 . 4  21 6 . 9 640 . 9 
1 6  1 80 . 5  1 80 . 6  � � � . 6 586 . 7  
1 7  200 . 0  206 . 3 21 4 . 7  621 . 1  
1 8  1 77 - 9  1 99 - 7 21 1 . 0  588 . 6 

A c omparison of the egg numb er res ults for . treatments 

1 4  and 16 shows that for Whi t e  Bas e ( a ) and Whit e Bas e (b ) 

layers produc t i on is s i gni fic antly higher for treatment 1 4 .  

1'1 .  Line layers produc ed b es t  on treatment 1 6 .  Thus , for two 

s trains of l ayers the r e duc ed nutrient intake resul ted  in a 

negative response in egg numb er . 

For a l l  s trains , egg numb er was higher on treatment 1 7  

than 1 8  although only marginal ly s o  for White Bas e ( b )  and 

1'1 . Line layers . Again , there i s  a negative respons e in egg 

nJIDb er t o  a reduc ed nutrient intake . 

Although there are s train differenc es , treatments 1 6  

and 1 8 ,  in g en eral , pro duc ed the s ame numb er o f  eggs . The 

ingredi ent J ons traints in the ration fed to treatment 1 8  had 

no effect on e gg numb er . 

Us ing the egg numb er func t i on pres ented in Chapt er 

Five (realis ing that i t  applied t o  treatments fed ad lib i t um )  

w e  c an es tima t e  the expected egg numb er for treatments 1 6  

and 1 8  given the intake  of energy and methionine . The 

predic t ed ( and ac tual ) egg numb er for treatments 1 6  and 1 8  

are pres ent ed  in Tab l e  7 . 6 .  
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Tab l e  7 . 6 : Predic t ed H . D .  egg numb er . 
Treatm ents 1 6 , 1 8  (Ac tual H . D .  egg 
numb er in b rackets ) . (Eggs per hen 

per 31 5 days) . 

Treatment Strain Total W . B . ( a ) W . B . (b ) M . L .  

1 6  1 90 . 5  1 88 . 8  2'1 5 .  7 59 5 . 0  
( 1 80 .  5 )  ( 1 80 . 6 ) ( 225 . 6 )  ( 586 . 7 )  

1 8  1 90 . 8  1 8 5 . 5 21 3 . 6  589 . 9  
( 1 77 - 9 ) ( 1 99 . 7 )  ( 21 1 . 0 )  ( 588 . 6 

Although there are s train di fferenc es there is 

exc e l l ent a greement b e tween the predic t ed and ac tual egg 

numb er totals . 

7 . 4  Analys is of  th e peri ods 1 -1 40 ,  1 68-315 days in th e 

l aying cyc l e  

The laying peri od for LN/32 can b e  divided int o two 

peri ods 1 -1 40 ,  1 68-31 5 days , as a result of ration changes 

on five treatments ( 1 , 3-6 ) after 1 40 days . 

I t  has been shown ( Chap t er Thre e ) that the reduc ed 

egg numb er for treatments 1 -6 was due to ingredi ent fac t ors 

in the rat i ons . We c annot quanti fy layer respons es in 

t erms of the di etary nutri ent c onc entrati on unti l  ingredie1�t 

factors are c onstrained such that they wi ll not affect layer 

production . Rat ions 1 -6 mus t therefore be exc luded from 

any produc tion func t i on analys is for the fir s t  1 40 days o f  

t h e  laying c yc l e . 

There  was improved layer produc t i on on treatments 1 ' , 

3 ' -6 ' foll owing the ration changes aft er 1 40 days ( s e e  

Appendix E} An att empt t o  c onstrain ingred i ent inc lus i on 
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in the rati ons , s uch that layer produc tion would not b e  

affec t ed , was suc c essful . For any produc tion func tion 

analys is  for the final 1 47 day s of  the  laying cyc l e  we  can 

inc lude treatments 1 ' ,  3 ' -6 ' . 

For each period ( 1 -1 40 ,  · 1 68-31 5  days ) we can analys e 

the f e ed intake and egg numb er _ resul.t s  with the vi ew of  

generat ing hypothes es ab out the fac t ors affecting thes� 

layer respons es in differ ent periods during the laying 

cyc l e . Although this analys is  may highlight fac tors which 

c ould b e  c ons ider ed if phas e feeding was practis ed ,  it is 

emphas i s ed that LN/3 2 was not des ign ed to study aspec ts  of 

phas e f eeding . There i s  no information on the effects  of 

a change in rat i on nutri ent c onc entration which is the bas i s  

o f  phas e feeding . 

7 - 5 Feed cons umption 

7 . 5 . 1  1 -1 40 days 

Feed c onsumptim.1 f or the first 1 40 days of  the laying 

peri od for treatments 7-1 5 are graphed agains t the di etary 

energy conc entration for each strain of laying hen in 

Figure 7 . 1 . .A dis tinc t i on is made b etwe en the pro t e in 

c onc entrations o f  the rations , where estimat ed intake of  

prot ein p er day , bas ed on an intake of  305 k.  c al . s  M . E . was 

1 6 ( 1 ) ,  1 7 ( 2 ) , 1 8 ( 3 )  grams . There i s  a reduc tion in f e ed 

intake as the dietary energy c onc entration is increas e d .  

There i s  n o  obvious respons e to  t h e  dietary protein 

c onc entrati on .  
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Figure 7 . 1 
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An analys is of varianc e for feed  intake for treat-

ments 7-1 5 for the firs t 1 L�O days of  the laying period is  

pr e s ent ed in  Tab l e  7 . 7 .  

Table  7 . 7 :  Analys is  of  varianc e . Feed C OnSUID}2t ion 

Sourc e d . f .  s . s .  M. S .  F .  

Mean 1 3 . 22 X 1 04 3 . 22 X 1 04 3661 7 
Energy 2 1 8 . 48 9 . 24 5 . 70 1 0% 
Prot ein 2 1 0 . 09 5 - 05 3 . 1 1  NS 

Whol e  p l ot 
error 4 6 . 48 1 . 62 

Strain 2 1 0 . 49 5 . 24 5 . 96 X 

s X E 4 0 . 99 0 . 25 0 . 28 NS 
S X p 4 1 2 . 34 3 . 09 3 .  ::·1 1 0% 
Split plot  

error 8 7 . 04 0 . 88 

The analys i s  of varianc e indicat e s  signific ant b etwe en 

s train differenc es in feed c onsumption ( p <  0 . 05 ) though this 

t est is not valid ( s e e  Chapt er 4 . 3 ) . The Strain x Prot ein 

int erac t i on is s igni ficant at the 1 0  perc ent l evel . This 

indicates that models for f e ed intake for the fi1·s t 1 40 days 

o f  the laying peri od should c ontain prot ein ( or perhaps amino 

acid ) variables for each s train . 

As with other analys es  of varianc e for fe ed int ake 

there is  a signific ant respons e in feed  intake for dif­

f erenc es in the di etary energy conc entration ( p <  0 . 1 0 ) . 

The linear f e ed intake model us e d  in Ch�pter Five 

was analys ed for the period 1 -1 40 days . This model had an 

error mean square o f  1 5 . 23 .  The regres s ion c oeffi c i ents for 

this mod el  are pres ent ed in Tab l e  7 . 8 .  
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Table  7 . 8 :  Regres s i on c o effi c i ents . Linear f e ed 
intake model 1 -1 40 days 

Term Regr e s s ion Students r.&1 00 R2 
c oeffic ients t-s tatistic Cn2 )  

JVI. L .  CONSTANT 1 04 . 899 - 570 
W . B . a CONST.AWI' 9 9 . 81 8  . 509 
W . B . b. CONS·�· t.�JT 1 01 . 722 
E -0 . 1 28 . 393 . 050 
w 0 . 032 . 320 - 33·9 

Where I = feed  c onsumption ( grams per hen per hen day) 

E = di etary energy conc entration ( k .  cal . x1 0-1 

JVI. E .  per kg . ) 

W = init ial body weight ( grams l iveweight per hen )  

7 . 5 . 2  1 68-31 5 days 

Feed c onsumption for the p eriod 1 68-31 5 days ( the 

final 147 days of the laying period of LN/32) for treatments 

3 ' , 4 ' , 6 ' , 7-1 5 are graphed agains t the dietary energy 

c onc entrati on for each strain o f  layer in Figure 7 . 2 .  

C ons is tent with the r esult s for 1 -1 40 ,  1 -31 5 days there is 

a reduction in feed int ake as the di etary energy c onc entra-

t i on is increas ed . 

An analys is of  varianc e for feed intake for treat-

ments 3 ' , 4 ' , 6 ' , 7-1 5 for the final 1 47 days of  the laying 

p eriod is pr es ent ed in Tab l e  7 . 9 .  

There are significant differenc es  in feed intake 

as s ociat ed with differenc es in energy l evels ( p <  0 . 01 )  but 

the experiment is unab l e  to detect  signi ficant differenc es  

as s ociated with prot ein levels ( p > 0 . 1 0 ) . 
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Figure 7 . 2  

1 3  

1 1  

1 4  

1 2  

FEED CONSUMPT I ON VS DIETARY ENERGY CONCENTRAT I ON 

( 1 68 - 135 DAYS ) 

{WBa ) 

(ML )  

2535 2756 2976 

2 

3 

1 

: 
1 

3 1 97 

DIETARY ENERGY CONCENTRAT ION ( k .  cal . M . E .  per kg . )  
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Tab l e  7 . 9 :  Analys is of  varianc e . Feed c onsum:Qt ion 

S ourc e d . f . s . s .  M . S .  F .  

Mean 1 5 . 38 X 1 04 5 . 38 X 1 04 1 '1 873 
Energy 3 223 . 52 ?4 . 51 30 . 20 XX 

Prot ein 2 7 - 53 3 . 76 1 .  62 N .  S .  
W'.no l e  plot 

error 6 1 3 . 93 i-� �. -�2 
Strain 2 2 3 . 26 1 1 . 63 2 . 57 1 0% 
s X E 6 9 . 43 1 .  57 0 . 3 5 N . S .  
S X p 4 1 7 . 78 4 . 45 0 . 98 N . S .  
Spl it plot 

error 1 2  5LJ- . 41 4 . 53 

The analys is of varianc e indic ates s i gnific ant b etwe en 

strain diff er enc es in f e e d  c onswnption ( p < 0 . 1 0 )  though 

this t est is  not valid ( s e e Chapter 4 . 3 ) . 

The l inear feed intake mode l  us ed in Chapt er Five was 

analys ed for the period 1 68-31 5 days . This model had an 

error mean square of  26 . 9 .  The r egre s s i on c o effic i ents for 

this model ar e pr es ented  in Tab l e  7 . 1 0 .  

Tab l e  7 . 1 0 :  Regr e s sion c o effic i ents . Linear 
f e ed intake model  1 68-312 days 

Term Regr e s s ion Students Px1 00 R2 
c o effic ients t-s tatis t ic (R_2 )  

M. L .  CONSTANT 1 31 . 662 . 71 2  
W. B . a  CONSTANT 1 26 . 733 . 686 
1-l . B . b  CONSTANT 1 29 . 277 
E -0 . 255 8 . 22 0 . 000 
w 0 . 041 4 . 03 0 . 022 

Where I = feed cons umpti on ( grams per hen per hen day) 
E = di etary energy conc entration ( k .  c al . X 1 0-1 

M .  E .  per kg . ) 
w = initial body weight ( grams liveweight per hen) . 
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7 - 5 - 3  Discus s i on 

Features o f  the l inear feed intake models  for the 

p eri ods 1 -140 ,  1 68-31 5 days are :  

( 1 ) For both peri ods ( as for 1 -31 5 days ) ther e is  a 

decreas e in feed intake as the dietary energy 

c onc entration is increasBd . 

( 2 ) There is a pos itive r espons e in feed intake to  an 

increas e in the initial liveweight o f  the hen . 

I t  may b e  surpris ing to  find that initial l ive­

weight explains variation in f e ed intake in the 

final 1 47 days of the laying p eriod ( 1 68 days 

aft er the initial weight was recorded) . However , 

the livewe ight gain models pres ent ed in Chapt er 

Five show that liveweight gain is not affected  by 

the initial liveweight of the hen and henc e there 

is  no comp ens atory growth . Heavy pullets  maintain 

their weight advantage over light er pu l l e t s  through­

out the laying period . 

( 3 )  The energy paramet er for the linear feed int ake 

models for 1 -31 5 ,  1 -1 40 ,  1 68-31 5 days are pre s ent e d :  

( a )  

( b )  

( c )  

1 -31 5 days 

1 -1 40 days 

1 68-31 5 days 

-0 . 1 61 

-0 . 1 28 

-0 . 255  

Although the model for 1 68-31 5 days c overs a greater 

energy range ( 253 5-31 97 k .  cal . M . E . - per kg . )  the magnitude  

of  the energy parameter is  twic e that for the model for 

1 -1 40 days . There is a great er decreas e in feed intake for 

a given increas e in the di etary energy c onc entrati on for the 
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p eri od 1 68-31 5 days than for the peri od 1 -1 40 days of the 

laying cycle . This may b e  explained by an increas e in 

feed c onsumption by thos e birds fed a di etary energy c on­

c entration of 253 5 k .  cal . M . E .  per k g .  This increas e in 

feed intake may have been nec essary t o  maintain an energy 

balanc e as a result  of increas ed egg produc tion for the 

peri od 1 68-31 5 days ( s e e Chapt er 7 . 6 . 2 ) . 

7 . 6  Egg numb er 

7 . 6 . 1  1 -1 40 days 

Egg numb er for the firs t 1 40 days of LN/32 for treat­

ments 7-1 5 are graphed agains t the di etary energy c onc entra-

tion for each s train of layer in Figure 7 . 3 .  There i s  no 

obvi ous trend ln egg numb er with dietary energy c onc entra­

tion .  As with e gg numb er for the t otal laying peri o d ,  there 

is a pos itive production respons e on a di etary energy 

c onc entrati on o f  2976 k . c al .  M . E . p er kg . This c orresponds 

with the maximum daily intake of is oleuc ine and methionine 

( as discus s ed in Chapter Five ) . 

An analys is  of varianc e for egg numb er for treatments 

7-1 5 for the first  1 40 days of the laying period is  pres ented 

in Tab l e  7 . 1 1 . 

There are no s ignific ant diff erenc es in egg numb er 

ass oc iated with differenc es in energy levels ( p  > 0 . 1 0 )  or 

differenc es _ in protein l evels ( p  > 0 . 1 0 ) . 

The analys is of varianc e in.dicates signific ant 

between · strain differenc es  in egg numb er ( p  < 0 . 05 )  though 

this test is not val id ( s e e  Chapter 4 . 3 ) . 
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Tab l e  7 . 1 1  : Analys is of  vari anc e . Egg numb er 

S ourc e d .  f .  s . s .  I"' . S .  F .  

Mean 1 2 . 43 X 1 05 - 2 .  LJ-3 X 1 05 71 08 
Energy 2 1 65 . 44 82 . 72 2 . 54 N . S .  

Prot ein 2 1 09 . 25 5L� • 63 1 . 68 N . S .  
Whol e  plot 

error ;� 1 30 . 47 3 2 . 61 
Strain 2 870 . 1 7  43 5 . 08 1 2 . 74 X 

s X E 4 34 . 52 8 . 63 0 . 25 N . S .  
S X p 4 1 76 . 1 7  44 . 04 1 .  29 N .  S .  
Split  plot  

error 8 273 . 1 5  34 . 1 4 

The abs enc e of  significant respons es in egg numb er 

t o  di e t ary nutri ent c onc entration does not rule out the 

pr es enc e of significant respons es to nutri ent intake . 

Two-Stage Least Squares was us ed to es timat e produc -

tion respons e models for e gg numb er ( s e e Chapt er 5 . 3 ) . 

Es timat ed nutri ent intakes were ob tained from the feed 

intake model pres ented in Tab l e  7 . 8 .  The model with the 

l owes t  error mean square ( 26 . 45 ) c ontained �� energy and 

c alc ium variab l e . As discus s ed in Chapt er Five , the 

c alcium intakes  for LN/32 should have had no effec t on egg 

numb er . The model with the s ec ond lowes t  error mean square 

( 26 . 78 )  was of  the form : 

N = cxj + J3 e .  

Regres s ion c oeffic i ents for this model are pres ent ed 

in Tab l e  7 . 1 2 .  
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Figure 7 . 3  

EGG NUMBER VS DIETARY ENERGY CONCENTRATION 

1 - 1 40 DAYS 

( WBa ) 

(WBb ) 

(ML )  
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3 
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----- 1 
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1 
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2756 2976 3197 

DIETARY ENERGY ( k .  cal . M . E . per kg ) 
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Tab l e  7 . 1 2 :  . Regres s i on c o effic i en ts . Egg numb er 
1 -1 40 days 

T erm Regr e s s i on Students Px1 00 R2 
c o effic i ents t-statis t ic C R2 ) 

I'1 . L .  CONSTANT 64 . 987 - 599 
W . B . a  CONSTANT 53 . 1 90 - 557 
W . B . b  CONSTANT 57 . 294 
" 
e 0 . 1 1 0  2 . 20 3 . 586 

Wher e N h en day egg numb er p er hen for the fir s t  '1 40 days 

of the laying period 
" 
e = e s t imat ed  energy c onsumption ( k .  c als . per hen 

per day ) . 

The model pres ent ed in Tab l e  7 . 1 2  differs from the 

egg numb er model for the t o t a l  laying period in that it  

does  not  c ontain methionine variab l es . Whit e  Bas e ( b ) 

l ayers did not respond t o  incr eas ed methi onine intake for 

the initial  1 40 days of  the l aying p eriod . This result may 

b e  surpris ing as it could b e  expec t ed that any r espons e t o  

increas ed amino a c i d  intake would occur during the peak of 

the laying period . LN/32 was not s ens it ive enough t o  det e c t  

this , had it  in fac t occurred . 

7 . 6 . 2  1 68-31 5 days 

Egg numb er for the final 1 47 days of the laying 

period ( 1 68-31 5 days ) for treatments 3 ' , 4 ' , 6 ' , 7-1 5 are 

graphed agains t the diet ary energy c onc entrat i on for each 

s train of layer in Figur e  7 . 4 . In general , there is an 

egg numb er maximum at an energy c onc entration o f  2976 k .  

c al . I'1. E .  per kg . Again this  c orresponds with the maximum 

daily intake of i s oleuc ine and methionine ( as dis cus s ed in 

Chapt er Five ) . 
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Figure 7 . 4  

EGG ��MBER VS DIETARY ENERGY CONCENTRATI ON 
( 1 6 8  - 3 1 5  DA YS ) 

"' 

(WBa ) 

( WBb )  

( ML }  
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DIETARY E��RGY ( k .  cal . M . E . per kg . ) 
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An analys is of varianc e for e gg numb er for treatments 

3 1 , 4 1 , 6 1 , 7-1 5 for the f inal 1 L�7 days of th e laying peri o d  

is  pres ent ed i n  Tab l e  7 . 1 3 .  

T ab l e  7 . 1 3  : _ Analys i s  of  varianc e .  Egg numb er 

Sou.rc e d .  f .  s . s .  1'1 . S .  F .  

Mean 1 3 . 01 X 1 05 . 3 . 01 X 1 05 81 64 
Energy 3 336 . 48 1 1 2 . 1 6  1 . 80 N . S .  
Prot ein 2 2 . 98 1 • L�9 0 . 02 N . S .  
Who l e  plot 

error 6 3 9 5 - 70 65 . 95 
Strain 2 1 66 . 64 83 . 32  2 . 26 1 0% 
s X E 6 1 1 5 . 75 1 9 . 29 0 . 52 N . S .  
S X p 4 1 28 . 1 7  32 . 04 0 . 87 N . S .  
Spl i t  plot 

error 1 2  442 . 05 36 . 84 

This analysis o f  varianc e detects  signific ant 

b etween s train differenc e s  in egg numb er ( p  < 0 . 1 0 ) though 

this t est is not val id ( s ee Chapt er 4 . 3 ) . The s i gnificanc e 

of  s train variation is reduc ed from the analys is of  varianc e 

for 1 -1 40 days . For the final 1 47 days of  the laying 

p er i o d  there is less  variation in egg numb er b etween strains . 

Two Stage Leas t  Squares was us ed t o  estimat e e gg 

numb er models ( s ee Chapt er Five ) where pr edi c t ed nutri ent 

intakes were obtained from the f e e d  intak e model  pres ent ed 

in T ab l e  7 . 1 0 .  

The model with the l owest  error mean square ( 50 . 33 )  

was o f  the form : 
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The c o effic i en t  of  the methionine parameter in this 

model i s  negative . An increas e in the methi onine intake 

results in a decreas e in egg nmnb er . This is not c ons is t ent 

with the model pre s ent ed by Fisher and Morris ( s e e Chapt er 

Two )  for the l evel s  of methi onine intake in LN/3 2 .  

The mod � !  with the s ec ond l owes t  error mean s quar e  

( 50 . 81 ) was of the form : 

N = o<. + p e .  
J . 

Regress i on c o effic i ents for this model are pres ent e d  

in Tab l e  7 • 1 4 . 

Tab l e  7 . V� :  Regres s i on c oeffic i ents . Egg numb er 
1 68-3 1 5  days . 

T erm Regres s i on Students Px1 00 R2 
c o effic i ents t-statistic  ( 'R2 ) 

M . L .  C ONSTANT 47 . 625 . 1 79 
W . B . a C ONSTANT 44 . 546 . 1 22 
W . B . b CONSTANT 41 . 1 93 
" 

0 . 1 36 1 . 75 8 . 72 e 

Where N = hen day egg numb er per h en for the final 1 47 days 

of the laying p eriod 

e = estimat ed energy c onsumpt i on ( k .  c als . per h en 

p er day ) . 

Feature s  of  the model pres en t ed in Tab l e  7 . 1 4  are : . 

( 1 ) The reduc ed  s ignific anc e of  the energy param e t er , 

c ompared with the model for 1 -1 40 days , as j udge d  

by the t - t es t . 
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( 2 ) The 11 goocl...n ess  of  fit 11 as j udged by the R2 value 

shows that only 1 7 . 9 p erc ent of the variation in 

egg numb er is explained by the mode l . 

Dis cussion 

Feature3 of the models f or egg production for the 

peri ods 1 -1 �D ,  1 68-31 5 days ar e :  

( 1 ) For the period 1 -1 40 days the inc lusion of  a 

methi onine variab l e  does  not r emove a s ignific ant 

sums of squares . This may b e  surprising as it 

c ould be  expec ted  that the amino ac id intake 

would have a greater effect on egg produc tion 

early in the laying peri od .  LN/3 2 was not  s ens i­

tive enough t o  detect  this . 

( 2 )  The model pres ent ed in Table 7 . 1 4  for the period 

1 68-31 5 days only ac c ounts for 1 7 . 9  perc ent of the 

variation in e gg numb er . Strain respons es and 

res pons es in e gg numb er t o  nutri ent into.ke are not 

as marked in the later s tages o f  the laying p eriod . 

( 3 )  An examination of Figure 7 . 4  shows that egg .l1umb er 

is great er on treatments of a di etary energy 

c onc entration o f  2535 k .  cal . M . E .  per kg . than 

they are for a di etary energy c onc entration of 

2756 k .  c al . M . E .  per kg . An explanation for 

this could b e  that there  was 1 1c ompens atory 11 egg 

pro duction following the poor layer performanc e on 

treatments 1 -6 during the initial 140 days of the 

laying period . 
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CHAPTER EI GHT 

CONCLUSION 

LN/3 2  was des igne d  as part of a c ontinuing inves ti­

gat i on of tb e input/output relationships of lay er 

pro duc tion . � �e input/output re lat i onships s tudi ed were 

thos e which were inc luded in an e c onomic model  for l aying 

h ens under N ew Z ealand produc t i on c onditi ons . 

An att empt was made t o  quant i fy the relationship 

b etween dietary energy c onc entrat ion and ad libitum f e ed 

c onsumption . Nutriti onal the ory had sugg ested that di etary 

energy c onc entrati on i s  the variab l e  acc ounting for most of 

the variati on in f e ed c onsumption . The results of LN/32 

s upport this . Apart from di etary energy conc entrat i on 

other endogenous variab les  ( dietary nutri ent c onc entrati ons 

and phys i o lo gic al fac t ors ) were examined t o  det ermine what 

effect  they had on ad l ib itum f e ed c onsumption . I t  was 

f ound that di fferenc es  in the init ial l ivevrei ght of  the bird 

a c c ount ed for variat i on in feed  c onsumpti on .  The e ff e c t  

o f  initial l ive weight on f e ed c onsumption c ontinu :;d 

throughout the laying period . This was becaus e relative 

differenc es b etwe en the  b irds initial l iveweights were 

maintained throughout the laying peri od . 

Under New Z ealand layer produc t i on c onditi ons the 

produc tion r espons es from which inc ome is derived are e gg 

numb er ,  egg grade dis tribut i on and liveweight gain . As 

t h e  c ontr o l l ed endogenous var i ab l es of LN/3 2  were dietary 

energy and prot ein c onc entration an a t t empt vms made t o  

quanti fy t h e  rel at i onships b etween energy and pro t e in intake s  

and thes e layer r e s pons es .  



- 1 68 -

Predicted nutri ent intak es were us ed as the 

independent variab l e s  in the e s t imati on of  the e gg numb er 

and l ivewe ight gain func tions as statistic al prob l ems were 
> 

enc ount er e d  when obs erved nutri ent intakes were us e d .  

Two-s tage L eas t Squares regr e s s ion was us ed t o  obtain 

e s t imat es of the produc t i on func ti ons . 

I t  was found that although energy intake ac c ount ed 

for diff er enc es in egg numb er , prot ein intake did not . 

The intake of  other nutri ents ,  not c ontrolled in LN/3 2 

were examined in an att empt t o  generat e hypothes es  about 

th e relati onships that should b e  examined in future 

s tudies . I t  was found that the intake of methionine 

affec t ed a respons e in egg numb er , particularly for Whit e  

Bas e (b ) l ayers . 

The nutri ent intakes that affe c t ed a r e s p ons e in 

l iveweight gain and henc e the final weight of  the c ul l e d  

hen were : .  energy , methionine and i s o l euc ine intake . 

There were no s ignific ant differenc es b etween 

average e gg we ight and henc e the grade distribut i on o f  the 

eggs . 

As LN/32 was not d e s i gned t o  e s t imat e the produc tion 

res pons e s  t o  amino acid l ev e l s , only t entative c onc lus i ons 

c ould b e  drawn as to the effe c t  they had on layer produc tion 

respons es . 

Thr e e  s trains o f  taying hens were us ed t o  e s t imat e 

the input/output r espons es in  LN/3 2 . I t  was found that 

there wer e significant s train differ enc es in ad lib itum 
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feed c onsumpti on , egg numb er , average egg weight and l ive­

weight gain . .As 1J.hit e Bas e (b ) l ay ers showed a p o s i t ive 

respons e in ecg numb er t o  methionine intake , an ec onomic 

analys is was appli ed to this s train al one , to demons trat e 

an approach t o  the ec onomic analys is of l ayer rat i cns 

inc orporat ing r espons e func ti ons • 

.A net r evenue func t ion was estimat ed in t erms of  

the  endogenous vari ab l es ( di etary nutri ent c onc entrations ) 

which were inc luded in the layer respons e func t i ons . This 

func t ion is of limit ed prac tic al us e due t o : 

( 1 ) The estimates of  the input/output r elationships 

were ob tained from an experiment which was not 

des igned  to s tudy the ve.riab l es which ultimat ely 

acc ount e d  for much of th e variation in the 

produc t i on r espons es ( amino ac id intakes ) . 

( 2 ) Only one s et of pric es ( the exogenous variab l e )  

was us e d . T o  obtain ec onomic analys es under 

different pric e s ituations , us ing the method 

describ ed in Chapt er Six , would b e  expen s iv e  in 

t erms o f  calculation t ime . 

Before the proc edure for the econ Jmic analys is  out­

lined in thi s  the s i s  can b e  adopted t o  the produ c t i on 

s i tuat ion , where the obj ec t ive is  t o  maximis e  net r evenue 

under a dynamic pric e s ituat i on , the limitations o f  th e 

data and the analys is mus t b e  overc ome .  That i s : 

( i )  Future res earch mus t b e  aimed at obtain ing quant ifi e d  

estimat es o f  the input/output relationships of layer 

production .  .Although LN/32 only c ons idered  few 
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c ontro l l e d  endogenous variab l e s , over a l imit e d  

range , the experiment ident i f i e d  a regi on for 

futur e  res e arch . 

I t  is  r ec ognis ed that from an ec onomic viewpoint , 

the ideal s ituation would b e  t o  have a complete  

unders t. 9nding of al l the phys i c al input/output 

r e lationships of layer produc t i on . I deali s t i c  as  

this may b e , we  can a t  least  make s ome att empt t o  

obtain knowl edge o f  the r e la t i onships that are o f  

maj or ec onomic s ignificanc e .  Res earch has high­

light ed the relati onship b etwe en f e ed c onsumption 

and dietary energy c onc entration .  More res earch 

is r equir e d  to det ermine what eff ec t  other nutri ents 

have on f e ed c onsumpt ion , particularly if  they are 

l imiting performanc e and henc e have s 0me affect 

on the energy b alanc e of the layer . 

His tori c a l l y ,  many l ayer rat i ons have b e en formulat­

ed such that hens rec eived an exc es s i11take of 

prot ein ( this s tudy was no exc eption) and henc e 

amino ac ids . As pro t ein b e c omes an expens i·iTe 

nutri ent in layer rations it may b e  ec onomic al ly 

advis ab l e  t o  decreas e the die t ary prot ein c onc entra-

t i on .  T o  reduc e the dietary protein c onc entrat i on 

to  a l evel  that w i l l  maximis e  net revenue not only 

require s  knowledge of layer r e s pons e to t otal 

protein but als o knowledge o f  the respons e to 

individual amino ac ids . The respons e to  an 

individual amino ac id wil l  d epend on the l evel o f  
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other nutri ent s . To  obtain knowledge of  layer 

respons e to  al l nutri ents  at different l ev e l s , 

in c omb inati on with all other nutri ents , at 

differ ent l evels , requires a mas s ive res earch 

programme . However , we d o  requir e this informat i on 

shoulJ �he cho ic e  of rat i on nutri ent levels b e  an 

ec onomic one . Nutri ent l evel rec ommendat i ons in 

the past have b e en made to maximis e layer perfor­

manc e .  Thes e nutri ent l evels may not result in 

maximum net revenue . 

To ob tain knowl edge of the phys i c a l  input/output 

relationships of layers , c o operat ion is required  

b etwe en the production ec onomis t  and the animal 

nutrit ioni s t  in det ermining wh ere the res earch 

effort should be plac ed . Onc e these �elati onships 

have b e en identified the correct  form of  the 

mathematical produc t i on function mus t b e  det ermined . 

Thi s  s tudy was only pr e liminary in that LN/32 was 

not s ensitive enough to det ermine what the c orrec t 

' mathematical form of the input/output r e l at ionships 

wer e . 

A m e thod mus t b e  obtained . whereby the c alculating 

c o s t  c an b e  reduc ed . 

The method us ed for the ec onomic analys es in thi s  

the s is was a sys t emat ic s eries o f  calculations 

inc orporating linear programming and regr e s s ion 

ana lys i s . With the avai lability of c omput er 

fac i li t i es which c an uti l i z e  s everal programmes 
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s imultaneous ly ,  i t  is  pos s ib l e  t o  undertake the 

economic analys is us ing thes e fac i lities entir e l y .  

A programme c ould b e  v.Jri t t en t o  analys e the 

economic al model cons i s t ent with the analys is 

pres ent c�  in Chapt ers Five and Six . Inc orporat e d  

in such a programme would b e  the phys ic al input/ 

output r el ationships of layer produc tion , a 

programme for the ec onomic analys i s , a l inear 

programme to es timat e rati on c o s t , a regr es s i on 

programme to  est imat e the net revenue func t i on and 

plotting fac il it i es to draw pric e maps . The onl y  

exogenous variab l e s  ar e pric es . 

Utiliz ing such a c omput er programm e , it would b e  

pos s ib l e  t o  have immediat e ac c ess  t o  the rat i on 

which would maximis e  net revenue under any given 

pric e s ituation . 
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APPENDIX A 

VARIABLES USED AND THEIR NOTATION 

F e e d  c onsumption 
Egg numb er 
Liveweight gain 
Ini t i al l iveweight 

Variab l e  

Die t ary energy c 6nc entrat i on 
Dietary crude prot ein c onc entrati on 
Di etary c alc ium c onc entrati on 
Di e t ary methi onine c onc entration 
Di etary i s o l euc ine c onc entration 
Energy c onsumpti on 
Crude prot e in c onsumpti on 
Cal c i um c onsumption 
Methi onine c onsumpti on 
I s o leuc ine c onsumption 
Const ant c orr ection for Whi t e  Bas e a s train 
C onst ant c orrection for Whit e Bas e b s train 
Pr edi c t ed variabl e  ( x )  

N o tation 

I 
N 

� vJ 
VJ 
E 
p 
CA 
MTH 
ISO 
e 
p 
e a  
mth 
i s o  
WBa 
WBb 
" 
X 

N o t e : .  Uni ts  are not c onsi s t ent b etwe en func t i ons , and 
are pres ent ed aft er each func tion . 
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.APPENDIX . B 

EXPERIMENTAL R.ESUT.JTS 1 -1 11-0 , 1 68-31 5 DAYS 

T ab l e  B . 1 : H . TI .  f o o d  c onsumpt ion .per b ird per da;y 
for each tr eatment s train for the firs t 140 days of  

the laying period . 

T at- · M . E .  r e  
t Ration ( k . ca l/ men 

· k ) g 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 4R 
1 41 
1 4IR 
1 9  

231 5 
231 5 
231 5 
253 5 
253 5 
253 5 
2756 
2756 
2756 
2976 
2976 
2976 
31 97 
31 97 
3"1 97 
31 97 
31 97 
31 97 
2 586 

C . P .  
(%) 

1 2 . 1 5  
1 2 . 90 
1 3 . 66 
1 3 . 30 
1 4 . 1 3  
1 4 . 96 
1 4 . 45 
1 5 . 36 
1 6 . 26 
1 5 . 61 
1 6 . 59 
1 7 . 59 
1 6 . 77 
1 7 . 81 
1 8 . 86 
1 7 . 81 
1 7 . 81 
1 7 . 81 
1 5 . 41 

C onsumpti on ( gms/day) 
s train 

W . B . ( a) W . B . ( b )  M . L .  

1 22 . 0 
1 24 . 3  
1 1 3 . 7  
1 1 7 . 1  
1 1 3 . 4  
1 32 . 1  
1 1 4 . 0 
1 1 7 . 2  
1 1 0 . 1  
1 08 . 0  
1 07 . 0  
1 05 . 5  
1 01 . 7  
1 1 6 . 0  
1 03 . 5  

97 . 5  
1 02 . 5 

94 . 3  
1 23 . 0  

1 25 . 5 
1 25 . 5 
1 23 . 6  
1 1 7 . 1  
1 1 3 . 8  
'1 24 . 7 
'1 1 1 . 6  
'1 '1 9 . 2 
1 '1 6 . 7  
1 06 . 7 
'1 '1 1 . 7  
1 1 7 . 3  
1 01 . 7  
1 1 4 . 1  
1 '1 3 . 3  
1 04 . 2  
1 1 4 . 5 

97 . 3  
'1 1 5 . 3  

1 28 . 1  
1 22 . 5 
'1 1 7 . 4 
1 21 . 1  
1 1 8 . 6 
1 28 . 3 
1 1 5 . 1 
1 1 5 . 2 
1 22 . 0 
1 1 4 . 0 
1 1 2 . 6  
1 1 0 . 0 
'1 1 1 . 5  
1 1 5 . 7  
1 1 1 . 4  
1 01 . 6  
1 09 . 6 

97 - 9  
1 03 . 8  
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Tab l e  B . 2 :  H . :O . _§_gg numb er �er bird for each 
treatment stTain for the -firs t  1 40 da�of the 

l aying J2eri od . 

1'1 . E .  C . P .  
H . D .  egg numb er 

Treat- Ration s train 
ment ( k . cal/ (%) 

kg ) 'W . B . ( a )  '\r! . B .  (b ) JVI . L .  

1 1 231 5 1 2 . 1 5  83 . 06 78 . 45 91 . 91 

2 2 231 5 1 2 . 90 80 . 39 88 . 58 92 . 71 

3 3 231 5 1 3 . 66 71 . 78 77 - 70 84 . 33  
4 4 253 5  1 3 . 30 70 . 76 70 . 43 92 . 1 1  
5 5 2535 1 1�- . 1 3  7 5 . 05 63 . 89 "91 . 65  
6 6 253 5 1 4 . 96 77 . 1 5  73 - 57 84 . 58 
7 7 2756 1 4 . 45 80 . 80 90 . 36 1 03 . 1 9  
8 8 2756 1 5 . 36 90 . 79 92 . 04 9 7 . 43 
9 9 2756 1 6 . 26 80 . 43 92 . 90 9 5 . 25  

1 0  1 0  2976 1 5 . 61 91 . 25 88 . 26 1 05 . 1 0 
1 1  1 1  2976 1 6 . 59 87 . 96 93 - 50 1 0 5 . 00 
1 2  1 2  2976 1 7 . 59 93 . 93 99 . 1 0  96 . 1 0  
1 3  1 3  31 97 1 6 . 77 86 . 43 85 . 1 9  1 04 . 07 
1 L� 1 4  31 97  1 7 . 81 96 . 36 94. 25 1 02 . 80 
1 5  1 5  31 97 1 8 . 86 81+ . 82 96 . 1 6  1 08 . 42 
1 6  1 4R 31 97 1 7 . 81 84 . 96 80 . 90 10 7 . 90 
'1 7  1 4I 31 97  '1 7 . 81 90 . 68 96 . 1 2  '1 01 • 2'1 
'1 8  '1 4I R  31 97 '1 7 . 8'1 80 . 30 89 . 00 97 . 80 
'1 9  '1 9  2586 '1 5 . 4'1 87 . 43 91 . 21 '1 02 . 03 
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Tab l e  B . 3 :  Average 'egg weight per s train per 
treatment for . the firs t 1 40 davs of the laying 

peri o d  (gramsl:_ 

Treatment Rati on 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 4R 
1 41 
1 4I R  
1 9  

Whi t e  Bas e 
( a )  

49 . 29 
49 . 31 
48 . 09 
52 . 81 
49 . 36 
52 . 59 
52 . 27 
50 . 91 
50 . 21 
51 . 73 
50 . 25 
50 . 49 
49 . 0 7  
51 . 43 
53 . 9 5  
49 . 3 3 
50 . 34 
50 . 65 
52 . 83 

Strain 
Whit e  Base  

( b )  

50 . 1 0  
5 1  . 1 1  
50 . 24 
50 . 39 
50 . 02 
54 . 52 
�1 . 45 
51 . 97 
52 . 02 
53 . 40 
53 - 30 
50 . 3 5 
51 . 67 
55 . 08 
52 . 30 
49 . 61 
53 . 24 
52 . 08 
52 . 67 

M .  Line 

50 . 56 
51 . 22 
47 . 71 
50 . 60 
50 � 27 
49 . 64 
L�9 • 98 
49 . 76 
49 . 76 
51 . 57 
49 . 97 
51 . 09 
51 . 98 
50 . 44 
50 . 49 
50 . 32 
50 . 1 4  
47 . 98 
50 . 06 
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Tab l e  B . 4 :  Daily nutri ent intake 12er hen for the 
first '1 40 days o f  t h e  laying period . 

., . Methio- I s o l eu-
Treat- 1'1 . E .  C . P .  nine c in e  Lys in e 

ment ( k . c al s )  ( grams ) ( mg )  . ( mg)  ( mg )  

'1 290 '1 5 " 23 '1 7'1 474 578 
2 288 '1 6 .  03 '1 77 45'1 607 
3 273 '1 6 . '1 5  1 92 461 557 
4 300 '1 5 . 75 2'1 4 473 572 
5 292 1 6 . 29 226 491 602 
6 3.25 1 9 . 21 27'1 586 71 9 
7 3'1 3 1 6 .  4'1 253 533 606 
8 323 1 8 . 02 28'1 588 67 5 
9 320 1 8 . 89 298 6'1 9 71 7 

1 0  324 1 7 .  0'1 288 585 635  
'1 '1  329 1 8 . 34 31 3 633 694 
1 2  323 1 9 . 1 1  328 660 729 
1 3  336 1 7 . 62 248 5'1 9 679 
'1 4  367 20 . 48 292 583 848 
'1 5  349 20 . 66 Y1 3 60'1 892 
'1 6  323 1 8 . 33 256 51 3 745 
1 7  348 1 9 . 40 285 627 845 
'1 8  309 1 7 . 1 7  252 556 749 
1 9  295 '1 7 . 59 232 629 800 
Rec ommendation : 

Sc o t t  et al . ( 1 969 ) 343 730 670 
( Phas e One) 



Table  B . 5 :  H . D .  

. each tr eatment 
. . . 

Treat -

ment 

1 '  
2 . 
3 '  
4 '  
5 ' 
6 '  
7 
8 
9 

1 0  
1 1  
1 2  
'1 3  
'1 4  
1 5  
'1 6  
'1 7  

1 8  
1 9  

. . 

Ration 

/! ! ' 

2 

3 '  
4 '  
5 '  
6 '  
7 
8 
9 

1 0  
1 1  
1 2 
'1 3  
'1 4  
'1 5  
'1 4R 
1 4I 

'1 4IR 

'1 9 
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food c onsum12t i on 12er bird 12er da;y- for 

s train . for the final 1 42 days o f  the 

. la;ying 12eri od • 

1'1 . E .  C . P .  C onsump t i on ( gms/day) 
( k . cal/ (%) s train 
kg) W . B . ( a ) 1.J . B . (b ) I'1. L .  

2756 1 5 . 36 1 1 0 . 2  1 21 . 6 1 1 9 . 9  

231 5 1 2 . 90 1 29 . 0  1 36 . 9  1 30 . 5  

2 535 1 4 . 1 3  1 1 8 . 0  1 46 . 6  1 28 . 3 

2535 1 3 . 30 1 27 . 1  1 30 . 2  1 3 5 . 0  

2756 1 5 . 36 . 1 1 0 . 9  1 20 . 8  1 1 6 . 1  

2535 1 4 . 96 1 35 . 4  1 27 . 3 1 28 . 3 

2756 1 4 .  L�5 1 1 8 . 2  1 1 7 . 2  1 20 . 2  

2756 1 5 . 36 1 1 8 . 7  1 25 . 2  1 1 9 . 0  

2756 1 6 . 26 1 24 . 1  1 1 7 . 5  1 28 . 1  

2976 1 5 . 61 1 1 5 . 6  1 1 LI . •  1 1 1 6 . 6  

2976 1 6 . 59 1 1 2 . 0  1 1 9 . 9  1 1 8 . 2 

2976 1 7 . 59 '1 05 . 6  1 26 . 0  1 1 6 . 7  

3 1 97 1 6 . 77 97 - 5  1 07 . 6  1 1 2 . 0  

3'1 97 '1 7 .  81  '1 1 6 . 3  1 '1 8 . 5  '1 '1 2 . 1  

31 97 1 8 . 86 1 02 . 2  '1 09 . 9 1 1 0 . 3 

3'1 97 1 7 . 81 97 . '1  1 02 . 6 1 01 . '1 

31 97 1 7 . 81 99 . 5  '1 1 5 . 4  1 1 1 . 7  

3'1 97 1 7 . 81 99 . 9  1 0j . 1  1 0'1 .  2 

2586 '1 5 . 41 1 08 . '1 '1 2'1 • 2 '1 1 9 . 1  
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Tab l e  B . 6 : H . D .  egg numb er �er bird for each 
treatment s train for th e final 1 47 days of the 

l a;ying 12eriod . 

Treat- M . E . C . P .  H . D .  egg numb er 
m ent Rat i on ( k . c al /  (%)  s train 

kg ) W. B . ( a) \J. B .  (b ) M . L .  

1 '  1 I 2756 1 5 . 36 76 . ! �  59 . 96 90 . 1 9  
2 - 2 231 5 1 2 . 90 76 . 52 74 . 65 71 . 1 1  
3 '  3 '  253 5 1 4 . 1 3  87 . 70 98 . 67 89 . 21 
4 '  4 '  253 5 1 3 . 30 89 . 1 9 9L� . 89 99 . 1 9  
5 ' 5 '  2756 1 5 . 36 94 . 85 79 . 27 87 . 79 
6 ! 6 '  253 5 1 4 . 96 93 . 76 89 . 79 95 . 63 
7 - 7 2756 1 4 . 45 84 . 39 76 . 1 5  95 - 71 
8 8 2756 1 5 . 36 89 . 81 89 . 60 90 . 57 
9 9 2756 1 6 . 26 79 . 07 81 . 54 88 . 27 

1 0  1 0  2976 1 5 . 61 90 . 1 5  95 . 04 97 . 26 
1 1  1 1  2976 1 6 . 59 74 . 50 92 . 1 0  94 . 82 
1 2  1 2  2976 1 7 . 59 1 03 . 75 100 . 39 93 . 63 
1 3  1 3  31 97 1 6 . 77 89 . 67 8LJ- . 98 95 . 36 
1 4  1 4  31 97 1 7 . 81 1 01 . 58 95 . 40 94 . 85 
1 5  1 5  31 97 1 8 . 86 84 . 78 92 . 75 96 . 37 

1 6  1 4R 31 97  1 7 . 81 79 . 1 4  83 . 27 95 . 93 

1 7  1 41 31 97 1 7 . 81 90 . 01 91 . 08 93 . 37 

1 8  1 4IR 31 97 1 7 . 81 76 . 68 91 . 1 9  93 . 83 

1 9  1 9  2586 1 5 . 41 84 . 29 74 . 57 96 . 53 
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Tab l e  B . 7 :  Average egg weight per s train per 
treatm ent for th e final 1 47 days o f  the 

laying period (grams )  

Treatment 

'1 I 

2 
3 ' 
4 ' 
5 ' 
6 ' 
7 
8 
9 

'1 0  
'1 '1  
1 2  
1 3  
'1 4  
'1 5  
'1 6  
'1 7  
1 8  
'1 9  

Ration 

'1 '  
2 
3 ' 
4 ' . 
5 '  
6 ' 
7 
8 
9 

1 0  
1 1  
'1 2  
'1 3  
'1 4  
'1 5 
'1 4R 
1 4I 
1 4IR 
'1 9  

Whi t e  Bas e 
( a) 

58 . 31 

57 . 48 
57 - 30 

59 . 96 
57 . 59 
57 . 46 

59 . 98 

57 - 34 
59 - 77 
59 . 63 
57 . 83 
57 - 3 5 
56 . 48 
58 . 82 
60 . 90 
57 . 49 
57 - 78 
58 . 66 
58 . 62 

Strain 
Whi t e  Bas e 

(b ) 

61 . 22 
61 . 1 5  
58 . 1 7  
60 . '1 8 
60 . 1 6  
61 . 27 
60 . 1 1  
61 � 54 
58 . 88 
60 . 68 
61 . 30 
59 . 54 
65 . 1 0  
62 . 1 2  
59 . 04 
59 . 26 
63 . '1 1  
60 . 57 
60 . 1 6  

M .  Line 

59 . 49 
59 . 20 
58 . 00  
58 . 38 
59 . 1 1  
58 . ·59 
57 - 36 
55 - 58 
58 . 45  
59 . 28 
57 - 92 
56 . lj-7 
58 . L�2 
58 . 49 
55 - 36  
55 . 1 8  
58 . 79 
56 . 65 
59 . 1 1  
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APPENDIX C 

AMIN O ACI D  ANALYSES 

Tab l e  C . 1 : Amino ac id analys i s  o f  ingredi ents 
inc luded in LN/32 rat i ons . (% o f  air dry 

s ampl e ) . 

Ingredi ent Lys ine Methionin e I s o leuc in e 

Pollard 0 . 56 0 . 1 6  0 . 39 
Barl ey 0 . 35 0 . 1 1  0 . 33 
Mai z e  0 . 26 0 . 1 6 0 . 34 
lJ.h eat 0 . 27 0 . 1 4  0 . 38 
Bran o .  53 0 . 1 9  0 . 39 
B . M . P .  2 . 95 0 . 78 3 . 30 
Wainaro m eatmeal 2 . 83 1 . 1 5  2 . 20 
Walkers meatmeal 2 . 85 0 . 76 1 . 49 
Borthwicks 

meatmeal 2 . 1 6  0 . 57 1 . 22 
Pat ea meatmeal 3 . 56 0 . 87 2 . 07 
Bloodmeal  G . 47 0 . 99 0 . 68 
B onemeal 0 . 27 0 . 1 0  0 . 20 
Luc ernem eal 0 . 62 0 . 1 4  0 . 72 
Livermeal 8 . 1 0  1 . 20 3 . 30 
Lins eed 0 . 40 1 . 30 

Val ine 

0 . 69-
0 . 55 
0 . 49 
0 . 53 
0 . 58 
2 . 20 
2 . 99 
2 . 40 

1 . 49 
3 . 04 
6 . 69 
0 . 40 
0 . 81 
4 . 20 
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Tab l e  C . 2 :  .Amino acid  c onc entration of  LNi22 
rati ons �� of air dr� s am£l e2 . 

Rat i on Lys ine Methi onine I s o l euc in e Val ine 

1 . 461 2 . 1 364 - 3784 • 5954-
2 . 4887 . 1 425 . 3630 . 6200 
3 . 471 5 . 1 624 . �898 . 64"1 8 
4 . 481 3 . 1 80L� • 3 9 �; �) . 63 26 
5 . 5223 . 1 9 58 . 4260 . 671 6 
6 . 5603 . 21 07 • L�561 . 7093 
7 - 5338  . 2228 . 4696 . 70 2 5  
8 - 5754 . 2398 . 501 1 . 7438 
9 . 61 69 . 2567 - 5326 • 7851 

1 0  . 5826 . 2642 - 5372 . 7670 
1 1  . 6274 . 283 5 - 5728 . 81 28 
1 2  . 6708 . 3022 . 6073 . 8570 
1 3  . 6464 . 23 59 • 491+1 . 7038 
1 4  - 7374 . 253 5 . 5071 . 8041 
1 5  . 81 45 . 2856 . 5489 . 921 0 
1 6  - 7374 . 253 5 . 5073 . 8041 
1 7  - 7758 . 261 3  - 5758 . 7895 
1 8  - 7758 . 261 3 • 5758 . 7895 
1 9  . 701 1 . 2051 - 5507 . 8004 

4 '  - 53 74 . 1 698  . 41 1 6  . 6625 
3 '  - 5934 . 1 820 . 441 7 . 7070 
6 '  . 6496 . 1 943 . 471 9  • 7 51 8 
1 '  - 5754 . 2398 • 501 1 . 7438 
5 '  - 57 54 . 2398 . 501 1 . 7438 



- 1 83 -

.APPENDIX D 

ANALYSIS OF MI1�L AND VITAMIN ADDITIVE 

Vi tamin A_ 

Ribo flavin 

Vit amin B
1 2  

Calc ium Pant othenate 

Nic otinic Ac id 

Folic Ac id 

Cho l ine Chloride 

Menadione Sodium Bisulphat e 

S e l enium 

Z inc Oxide 

Ferrous Fumarat e 

Potass ium I odat e 

C opp er C arb ona t e  

C ob alt Carb onate 

Manganes e Sulphat e 

iu 

mg 

5000 

625 

1 .  25 

2 . 0  

. 00025 

. 4 . 0  

1 0 . 0  

0 . 25 

80 . 0  

1 . 0 

0 . 068 

1 5 . 2  

1 0 . 0  

0 . 65 

2 . 25 

0 . 30 

1 1 0 . 60 

( 
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APPENDIX E 

.ANALYSIS OF TREATMENTS 1 -6 

Analys is o f  treatments 1 -6 c an b e  divided into thre e  

periods :: 

( i ) The fi:: ·s t ·1 40 days of the l ayin g period when 

rat ions 1 -6 were f e d .  

( ii ) 

( iii ) 

The month when rat i ons 7 ,  8 ,  9 were fed to  

treatment s 1 ,  3-6 . 

The final 1 68 days of the l aying peri od when 

rations 1 ' ,  2 ,  3 ' -6 ' were f e d . 

An analys i s  of nutr i ent intakes and ration ingr edi ent 

inc lus i ons for the first 1 40 days of the layin g period for 

treatm ents 1 -6 highlight ed s everal fac tors ; 

( i ) The daily intak e of metab o l i s able  energy rang e d  

from 273 to 3 2 5  k .  cals . ( Treatment 2 = 228 k .  

( ii ) 

( iii ) 

( iv)  

(v)  

c als . ) . For five treatments there was "under-

c onsumpti on " of energy and henc e prot ein . 

The intake of crude protein ranged from 1 5 . 23 t o  

1 9 . 21 grams per day (Treatment 2 = 1 6 . 03 grams ) . 

The intake of methionine ranged from 1 71 t o  271 m� ' 

day . ( Tr eatment 2 = 1 77 mg . ) .  

The intak e  of i s o l eucine ranged from 451 t o  586 mg 

per day. ( Treatment 2 ·= 451 mg. ) .  

The level of animal pro t e in s ourc es in the rati ons 

was l ow ( 3 . 0 t o  6 . 75 perc ent ) henc e there was a 

.- +- -



(vi ) 

( vii ) 
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high r e lianc e on plant pro�ein s ourc es , 

particularly p o llard whic h  had an inc lus i on 

rat e o f  up to  50 perc ent of thes e rati ons . 

Bran inc lus ion was l owes t for treatment 2 

( 0 . 46 perc ent c ompared with a minimum of 1 . 38 

perc ent o f  the other treatments ) .  

Tr eatment 2 had an inclus i on of 3 . 0 perc ent 

Walkers meat and bone m e al ( c ompared with 1 . 63 

p erc ent for treatment 1 and no inc lus i on in 

treatments 3-6 ) . 

I t  was c onc luded from the s e  obs ervati ons that i f  

nutrient int akes were l lmiting p erformanc e then the 

p erformanc e of  hens on treatment 2 should have b e en much 

lower . The fac t that treatment 2 was performing b es t  of  

treatments 1 -6 c ould only b e  attribut ed to  thr e e  fac tors : 

( i )  

( ii )  

( ii i )  

The l ow inclus i on rat e o f  bran in the rat i on .  

The r elatively lower die tary inc lusion rat e of  

p o ll ard ( c ompared with treatments 3-6 ) . 

The r e lianc e on Walkers meat and b one meal  as 

a pro t ein s ourc e ( although treatment 1 had this 

in c onj unc t i on with butt ermilk powder , r egarded  

as a high quality pro t e in s ourc e )  • 

. I t  i s  also  s uspected that the intake o f  nutrient s , 

particularly amino acids , may have b e en limiting p erformanc e ,  

especially as treatment 2 was not p erforming t o  the . l evel  

o f  s om e  o f  the  high er energy d en s i ty treatments .  Furth er 

evidenc e o f  this was that · apart from treatment 2 the highes t  
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e gg produc tion in month 5 ( Tab l e  F . 1 ) was on treatment 6 .­

This c orres ponded with treatment 6 -having the highest intake 

of methi on ine and isoleuc ine for 1 -1 40 days on treatments 

1 -6 .  Staff at the P . R . C .  not ed in the s ec ond month of  

LN/32 that hens on  treatment 6 were c onsuming feed  at  such 

a rat e that troughs were emptied prior to  each fe eding . 

To ens ur e ad l ib itum fe eding thes e hens were fed four times 

per w e ek .  This resulted  in an inc reas e in f eed intak e and 

c ons equently an increas e in nutri ent c onsumpti ons . The 

incr eas e in f e e d  intake c ould be due to two factors : 

( i ) A nutri ent defic i ency in ration 6 .  An examination 

of the nutri ent and ingredi ent c ont ent of the 

ration , relative t o  rati ons 1 -9 ,  did not es tablish 

this . .Any feed intake respons e t o  l ow dietary 

methionine and i s o l euc ine c onc entrat i ons in rati on 

6 was not c ons is t ent with the intake patt ern for 

other rations a l s o  low in thes e amino ac ids . That 

is , should the respons e in feed intake be to meet 

an amino ac id  requirement then treatments 1 - 5 

should have als o r esponded . This l e ads us to  the 

next as sumpti on . 

( ii ) Biris on low energy rations ( 231 5-253 5 k .  c al . M . E. 

per kg . ) c ould not  respond to  low di etary nutri ent 

levels b ecaus e they were not  being f e d  an l ibitum .  

An increas e in the amount o f  ration 6 fed t o  hens 

resul t ed in an increas e in the daily feed intake . 

It  is  questioned whether a similar result would 

have ·oc c urred had hens on treatments 1 -5 als o  b e en 

fed more lib erally.  
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M onth 6 

As has b e en shown in Chapter Three , treatments 1 ,  3-6 

were alloc ated rations 7 ,  8 ,  9 on S ept emb er 22 , 1 971 . Thes e 

rations were chos en becaus e o f  the th en current s tock 

s ituation . 

Egg numb ers for month 6 · (b eginning Sept emb er 22 ) are 

pres ent ed  for treatments 1 -6 in Tab l e  1 .  For t r eatments 1 ,  

3 -6 which underwent a rati on change there is an inc reas e in 

egg numb er . This occurred at a t ime when egg numb er should 

have b een dec lining fol l owing maximum egg output ( c ompar e 

treatment 1 9 ) . We c an c onc lude that treatments 1 ,  3-6 

responded  to the nutri ent and ingredi ent changes . Treatment 

2 egg numb er however c ontinued t o  dec l ine and in fact was 

inferior t o  treatments 1 ,  3 ,  4 ,  6 .  Having demons trat ed the 

abi lity o f  hens t o  respond t o  rat i on changes we ar e now 

interes t e d  in layer performanc e on the rati ons s ubs equent ly 

fed ( Oc t ob er 20 until the end of the laying per i od ) . 

Tab l e  E . 1 : Egg numb er 12er treatment . 

Treatments 1 -6 . Peri o d  4-6 months 

Treatment Month 4 Month 5 Month 6 

1 1 493 '1 394 1 451 

2 1 703 1 562 1 43 7  

3 1 335 1 372  1 500 

4 1 43 4  1 245 1 466 

5 1 31 9  .1 1 68 1 41 8  

6 1 543 1 455 1 5 24 

1 9  (Control )  1 704 1 695 1 637 

. . .  : 
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Months 7-1 2 

The treatment allocat ion of rat i ons from Octob er 20 , 

'1 971 rmti l  the end of the laying period has b e en dis cus s ed 

in Chapt er Thr ee . 

Egg numb er for the f inal 1 47 days of the l aying p er i od 

for treatments  1 ' - 6 ' , 8 ,  1 9  are pres snt ed in Tab l e  E . 2 .  

Tab l e  E . 2 :  Egg numb er , period 1 68-31 5 days 

Treatment 
H . D .  egg numb er 

W . B . ( a ) W . B . (b ) M . L .  

1 '  76 . 1 5  69 . 96 90 . 1 9  
2 76 . 52 7L� . 65  71 . 1 1  
3 '  87 . 70 98 . 89 89 . 21 

4 '  89 . 1 9  94- . 89 99 . 1 9  

5 '  94 . 85 79 . 27 87 . 79 

6 '  93 . 76 . 89 . 79 9 5 . 63 
8 89 . 81 89 . 60 90 . 57 

1 9  ( C ontrol ) 84 . 29 7L� . 57 96 . 53 

Features of thes e  figures are : 

( i )  Apart from strain differenc es (W . B . a ,  W . B . b  on 

treatment 1 )  the inc reas ed production for all  

t reatments when c ompared with treatment 2 .  

( ii )  Treatments 1 ' and 5 '  were f ed ration 8 t o  t e s t  

the abi l i ty o f  hens fed rations o f  231 5 and 253 5 

k .  c al . l'1 . E .  p er kg . respectively , t o  respond t o  

a proven ration . Treatment 5 '  shows a defini t e  

r espons e and c ompare s  favourab ly with treatment 8 .  

�reatm ent 1 '  in general , does  not match the 

produc t i on level o f  treatment 8 .  Although 
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treatment 1 '  did not p erform t o  the l evel of 

treatment 8 - for W . B . a  and W . B . b , the p erformanc e 

o f  1-/ . B .  b may b e  c on.s i d ered satis factory when 

c ompar ed with treatment 1 9 .  

Having shown that rati ons of 2535 k .  c a l . M . E .  

p er k � - have the abi lity t o  r e spond t o  rati on 

ch�nges ( Treatment 5 '  c ompared  with treatment 8 )  

we can examine treatments 4 '  and 6 '  t o  t es t  for 

a respons e to ingredi ent variation for rati ons of 

2535 k .  c al . M . E .  p er kg . Disregarding s train 

differenc e s  both treatments 4 '  and 6 '  have great er 

produc t i on than treatments 5 ' and 8 indi c ating a 

pos itive r e spons e in egg numb er to  ration 

ingredi ent changes . 

( iv ) Treatment 1 '  did not produc e as high as treatment 

8 when fed ration 8 .  Treatment 3 '  however produc ed 

on a par with treatment 8 when fed rati on 8 .  This 

shows that at l eas t treatments fed rati ons of 

231 5 k . c al . M . E .  p er kg . have the abi lity to 

r espond to a rati on change . The abi l ity of treat­

ment 1 '  to respond may have only been a random 

effec t . 
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APPEN"DIX F 

.AN EXAMPLE OF THE RELATIONSHIP BETWEEN STRUCTURAL 

AND REDUCED - FORM - EQUATIONS 

N == ex .  + J3 1  e + J3 2 i so  + p 3w 
J 

I == a .  
J 

+ b E + c w + cl_ ISO 

e == I . E .  

is o == I . ISO 

where e == energy intake 

iso isol euc ine intake 

w == initial body weight 

E dietary energy c onc entrati on 

ISO = di etary is oleucine c onc entration 

I = feed c onsumpti on 

N = egg number 

(l!' . 1 ) 

( F . 2 ) 

( F . 3 )  

( F . 4) 

Reduc ed form equation for egg number (N ) is obtained 

by substituting for e and iso in equation ( F . 1 )  

N = o<j + J3 1 aj (E )  + J3 1b (E2 ) + J3 1 c (W . E . ) 

+ j3 1 cl ( ISO . E) + j3 2aj ( ISO ) 

+ J3 2b ( E . ISO) + j3 2c (W . ISO ) 

- t- f3 2d ( IS02) + j3 3 (W) 

( F . 5 )  
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APPENDIX G . 

SIGNIFICANCE LEVELS 

The signific anc e l ev e l s  us ed in this the s i s  are : 

Signific ant a t  the 1 perc ent l eve l : XX 

SignifJ.=: ;: .. nt at the 5 perc ent l eve l : X 

Significant a t  the 1 0  perc ent l eve l : 1 0% 

N o t  s ignific ant at the 1 0  perc ent l eve l : N . S .  
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