
A MODELLING STUDY OF BROILER CHICKEN GROWTH ÀND

BODY COMPOSITION, ESPECIALLY BREAST MEÀT

YIELD, IN RESPONSE TO NUTRTENT INPUTS

BY

DAVID R. HICKLING

.A Thes Is
Submitted to the Faculty of Graduate Studies
in Partial FulfilIment of the Requirements

for the Degree of

DOCTOR OF PHILOSOPHY

Department of AnimaI Science
University of Manitoba

!ùinnipeg, Manitoba

(c) September, 1990



ffi@ffi Ï¡8'*Xå'o*..'
Canadian Theses Service

Ottawa. Canada
KI A ON4

Bibliothèque nationate
du Canada

Service des thèses canadiennes

The author has granted an ¡nevocable non-
exclus¡ve licence allowing the National Library
of Canada to reproduce, ban, distibute orselt
cop¡es of his/her thesis by any means and in
any form or fon&at, mak¡ng ü¡is thesis avaihble
to interested persns.

The author retains ownership of the copyright
in his/her thes¡s. Neither the thesis ñor
substantial exbacts from it may be pr¡nted or
othenruise reproduced without his/her per-
mission.

L'auteur a accordé une licence inévocable et
non exclusive permettant à la Bibliothèque
nat¡onale du Canada de reproduire, prêter,
distribuer ou vendre des copies de sa thèse
de quelque manière et sous quelque forme
que ce soit pour mettre des exemplaires de
cette thèse à la disposition des personnes
intéressées.

Lauteur conserve la propriété du droit d'auteur
quiprotf¡e sa thèse. Nila thèse nides extraits
substantiels de celle-ci ne doivent être
imprimés ou autrement reproduits sans son
autorisation.

ï sBrï Ø-3 i 5-716Ë5-X

Carradä



A MODELLING STIIDY OF BROILER CHICKEN GROWTH AND
BODY COMPOSITION, ESPECIALLY BREAST MEAT YTELD, IN
RESPONSE TO NUTRIENT INPUTS

BY

DAVID R. HICKLING

A thesis subnitted to the Faculty of Graduate studies
of the universíty of Manitoba in partial fulfirlnent of the
reguirements of the degree of

DOCTOR OF PHILOSOPHY

(c) leeo

Permission has been granted to the LTBRARY oF THE uNrvERsrry
OF MANITOBA to lend or sell copies of this thesis, to the
NÀTroNÄL LTBRARY oF CANADA to nicrofiln this thesis and to
lend or seIl copies of the filn, and uNrvERsrry MTCROFTLMS topublish an abstract of this thesis.

The author reserves other publication rights, and neither thethesis nor extensive extiacts fro¡n iC may be printed or
otherwise reproduced without the authorrs written perrnission.



ABSTR.â,CT

A mechanistic model was constructed which predicts

broiler growth and body composition in response to changes

in nutrlent lntake from day-old up to 10 weeks of age. The

model partitions nutrient intake into body processes of

maintenance and tissue growth. The various forms of heat

loss from the body such as fasting heat production, activity
heat, thermoregulation heat and a detailed accounting of

heat increment are accounted for before energy retention by

the bird in the form of body protein and fat is considered.

The model has a priority system of allocating nutrients to

the various metabollc activlties of the bird. Daily growth

is computed as the sum of the gain of feathers, body

protein, fat, ash and water. The model also predicts the

content of breast meat, Ieg meat and abdominal fat in the

broiler. The model was validated using a number of data

sets from the publlshed llterature.

In addition three experiments were conducted to

investlgate the effects of dietary lyslne and methionine on

breast meat yield. These data sets were also used to

validate the model. The results of the experiments

demonstrated that increaslng dietary lysine and methionine

concentration wl11 increase breast tneat yield. Body weight

was found to be an.excellent 1lnear predlctor of breast meat

content up to at least 3.5 kg B!ü ( 9 weeks of age ) "
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1. INTRODUCTION

Broiler chicken production is subject to diminishing
returns - both biotogically and economically. Increasing
inputs of feed, medication, management, environmental

contror and time resurt in a pJ-ateauing response output of

market birds (with a specific composition) and an optimum in
profits. The challenge for the quantitative nutritionist is
to charactexíze the appropriate nutrient response curves so

that broiler production can be biologically and,/or

economically optirnized.

The initial step 1n the process is deciding appropriate

lnputs and outputs. The important nutritionar inputs should

also have economic significance; if not they should be

supplied at l-evels that support maximum biological
performance. For example, the input of dietary protein is
important because it is relatively expensive. Therefore the

response to protein is of major interest. On the other

hand, dietary calcium is an inexpensive nutrient and it
should be supplied at levels that allow the response to

economically lmportant nutrients to optlmlze. The

economically important nutritional inputs are dietary energy

and protein (amino acids). outputs shourd be economically

important and sensitive to inputs" The important outputs

are the body welght of the blrd and lts meat content.

Due to the complex nature of animals, the inputs and
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outputs are best analyzed with the use of computer models.

The main objective of this thesis is to construct a model

which accounts for energy and protein (amino acid) inputs.
Current models will be reviewed and a new model will be

developed and tested. Experiments wirl be conducted to

improve both our general knowledge and the model prediction
accuracy in the ärea of breast meat yield.



2. REVIEW OF THE LITERATURE

2 . O QUANTITÀ,TIVE NUTRITIO$I

Ànimal grov¡th responses to inputs of nutrients are not

Ilnear. There is a nonllnear response to intake of

nutrients up to the point where further inputs will result
in no responsê ie. a prateau. The prateau may have several

causes, two of these ãre: either the genetic potential of

the anlmal for maximum growth may be reached t ox there may

be a primary limitation of some other dietary nutrient. It
is the latter the interaction between nutrients that makes

nutrition such a complex field of study" This is why many

experiments and growth studies are difflcutt to lnterpret -

there may be unaccounted for nutrient limitatlons and

interactions.

The job of the quantltative nutrltionist is to describe

the anlmalrs response to nutrients. The need for such work

ls evldent for both scLentlfic and practlcal reasons. The

sclentist is lnterested in obtaining the clearest possible

description of animal response" The animal industry is

interested in the economic production of meat.

The nutrients of primary economÍc interest to practical
quantitative nutritionists are protein (amino acids) and

energy. These nutrients are expensive" It is important to

know how the an1mal responds to lncremental changes !.n the

dietary concentratlons of these nutrients so that production



cän be economically optlmlzed,

2.0.0 RESPONSE TO DIETARY PROTEIN A,ND A}ITNO ACIDS

Almqulst (1953) demonstrated a Iinear relatlonshlp
betrueen amino acid concentration (1og 10) and broirer
growth. Thls relatlonship coutd be used to predlct response

to dietary amino acidso but was valid only for specific
amlno aclds and to the experlmental conditions used in the

study; nutrient lnteractions h¡ere ignored. combs (1964)

developed a set of murttple regresslon equations which

predicted amlno acid response under a wider set of

condltlons. This added to the empirlcal knowredge base, but

the predlctive value hras still limited "

An alternatlve approach was to do body amlno acid
composftion studles ln order to determlne what barance of

dietary amino acids were optimum for tissue growth. A

series of studies was done (Marks et aI" L945o Holmes et aI.
1963) whlch determlned that the amlno acid compositlon of

broirers is relatlvely constant for dlfferent sexes and

breeds. There ls however, an age effect which can be

accounted for by dlffering feather and meat proportions

(Flsher and scougall, 1982). These amlno acld compositlon

studies represented a major change in thlnkfng to more of a

mechanlstic and less of an empirical approach to
fltrantitatir.¡o ntrl-rif inn Àminn :¡i':l rrli'ì Íø=#inn a€.Fini-n^.'¿ v¡r u ¿q¡¡gJ ,

whlch lncludes dlgestive rosses and tnefffclencles due to
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amlno acid imbarance, k/äs noL accounted for in these earry

studÍes. saunders et ar" (L977 ) determined that lysine had

a 75.6% utilization efficiency. Leclercq ( 19S3 ) determlned

that protein utilization efficiency was greater with lean

strains of birds than fat strains.
Generalry, little specific information is avairabre on

the efflciencies of and the factors that affect amino acid

utilization.

2.O.L RESPONSE TO DIETARY ENERGY

Energy metabolism is difficult to quantify because of

difficulties in accurate measurement of energy value of

diets and the comprex reactions of energy conversion in the

body. Basically increases in energy allow an increased

amount of growth to take place. Flsher and !ùlrson (1974)

determined that, generally, increases in energy

concentratlon result 1n increases in body weight gain and

improvements ln feed efficlency. The nature of this growth

is dependent on the suppry of other nutrients eg. sufficient
amino acids to permit continued muscle growth. It vras long

ago demonstrated (Fraps, 1943) that widening the energy Lo

protein ratlo will result in a fatter carcass.

It is commonly thought that animals witl adjust their
feed intake to meet a constant energy intake - thelr
recftrirement^ Thls m¡w hc l-rrro fnr alrmê .anlm¡lc lrrrl lt- ie
- - l_- s..¡...$-e,

apparently not true for modern-day broilers. The standard
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test of this hypothesis is to dilute a diet løith an inert
substance (sand) and see if the birds increase feed

consumption to maintain a constant energy intake. Most

recent studles show that feed consumption does not fully
adjust to maintaln energy intake (Hsfeh and Rowrand, L9g3;

Onwudlke, 1986 ) although a study by FarJo et aI. ( l_996 )

supported the constant energy lntake hypothesis. rn most

practical situations, broilers are energy intake limited by

gut fill capacity, as influenced by environmental

temperature and access ttme to feed (Barbato et at. 1994;

Forbes, 1988 ) .

The appropriate approach to understandlng broiler
response to energy intake Is to understand how the animal

uses energy Ie. what body functlons does lt need energy for
and what are the priorltles. Energy lntake also needs to be

partitioned according to its form in the diet.
Metabolizable energy, corrected for nitrogen retention, is
based on the assumptfon that all protein ln the feed is
cataborlzed nor energy. rn the practical feeding situation,
most of the dletary amino acids are deposlted dlrectly in
the tlssues and are therefore not catabotized. Also, body

llpid garn may occur via dlrect deposltron of dietary fat oï

through ripogenesis. since these processes have dlfferent
efficlencies, the proportion of fat in the diet and the
:matrnt nf F¡{- ,lonnc i #a¿jl I n {-ha }rn'lr' ^-* - ac^^+ LL^!se qsi,.v¡>¿ L=tj ¿¡¡ L¡¡e L){J(j)¡ í;dfì dEEecC' E'ne Ênerg)r

value of the diet.



2.L BROILER MODELS

The advantage of computer models for predicting broiler
performance is thelr abirity to perform Lhe multitude of

calcurations necessary to account for the many nutrient
interactions. There are two types oÍ. compuLer moders:

empirical models and mechanistic models. Empirical models

are based on a mathematicar description of experimental

data. They are typically derived by picking an output(s) of

interest (dependent variabre) and statisticarly describing
that output response to inputs (independent variabres). The

resulting model is the one that mathematically best

describes the data. By definition, it is confined to the

data from whlch it was derived. Mechanistic models on the

other hand attempt to exprain the underlying mechanisms of

the response, and usually invoLve a model construction of

the animal trf rom the ground up,,. In the case of growing

animals, there ls an attempt to describe the various

components of the anfmal, eg. muscle, bone, organs, fat
etc.. The whole animal is the sum of the components.

Þlechanistic models can be extraporated to novel situations.
It should be noted that there is usuatly an empirical

aspect to mechanistic models in that growth in a portion or

all of a body component is described empirically; eg.

feather weight is often descrlbed as an empirical function

of age . To be exclus lvely mechanlstlc,, a model çrould have

to rely solely on basic blotogical mechanlsms ie. cellular
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biochemistry. Such a comprehensive descriptton of a whole

animal is not currently possible. Therefore the term

mechanistic will be used in this thesis to refer to any

model v¿hlch attempts to partition the anlmal Into components

and create a description of the animal by summing the

components,

2.1.0 EMPIRICAL MODELS - QUADRATIC PROGRÀMMING

There ls one emplrlcal moder for broilers which for two

reasons merits discussion. rt is more comprehensive than

most empirical models in that 1t'addresses response Lo

several inputs, rather than the slngle input of most

empirical moders. rt also addresses the problem of economic

appllcatlon by optlmlzing output to lnputs. Thls model is
commonry known as the Broiler Ouadratic Programming model

and \âras described by Pesti et ar " ( 1985 ) and Miller et al.
(1986)" The model empirically describes the response of

male broiler chlckens in the growing phase (3-Z weeks) to
intakes of dietary energy and protetn. The ouputs of

interest are body weight and feed efficiency. A quadratic

equatlon was used to descrlbe response. The predlction

equatlon for body welght ls:

BW = .042 + 1.458xP + .026x8 - 1"759xP^2 -.0004x8^2 +

ñ ?QvÞvf
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where BW = body weight (kg), P = protein intake (kg) and E =

metabolizable energy intake (MJ)

The predictlon equation is integrated with a feed

ingredient matrix which has specified protein and energy

contents and costs. The output is optimized (usualry a

fixed BW at least input cost) with the use of quadratic

programming,

The animal data from which the model was derived üras

generated in L982. It would be expected that changing

genetics (broilers are 20t heavier at 6 weeks of age today"

in f990, than they hrere in L982) would invalidate the

model. However, the model stil1 accurately predicts the

body weight response of current strains to protein and

energy intake. The genetic changes in the bird since 1982

appear to be in the ability to eat more feed (Forbes,

1988)" There are apparently no changes in how the bird
metabollzes that feed (Leeson, L989); the birds are 20$

bÍgger because they eat almost 20t more feed (the relative
proportion of dletary nutrlents needed for maintenance

decreases with lncreasing feed intake)" The broiler appears

to be limited in its growth potentlal by its ability to

consume feed so that the genetic potential for growth may

never be expressed.

I 1 I ML-r-tt 
^wr 

crtrl rl ráaìr\rrr os . ¡.4 ¡¡UV¡¡ru1 ¡g ¡ ¿V ¡'¡VVÞ!g

Mechanistic models are more interesting than empirical
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models because they are theoretically based" They attempt

to answer Lhe fundamental questions: thowt and twhyt. They

also offer greater long term potential than empÍrica1

models, because they can be extraporated. They dernand a

greater construction effort 1n the early stages than

emplrlcar models but are urtlmatery more usefur. Three

different deductfve moders for broilers wtll be discussed:

1. the Israeli model, 2. the Edinburgh model and 3. the

Japanese model. symbols used in describing these models are

explalned ln the Llst of Abbrevlatlons.

?.1.1.0 TSRAELI (HURWITZ ) MODEL

The Israeli model was first descrtbed by Hurwltz et ar.
(1978) and vras subsequently improved (Hurwrtz et al. 19g0b,

Hurwltz 1988). Of the three deductive models, it is
probably the least useful because it is not driven by

changes in nutrient input. Instead, it starts with an

assumption of what the bird wilr weigh at specific ages and

then assumes a 'typicalr body composition. For example; a

body welght is chosen; the maintenance, feather, body

proLeln, and liptd components of the btrd are then assumed.

Next, the amino acld composltlon of the components is
ascertalned. Finarly, the model descrlbes what nutrlent
levers are needed ln the diet to meet the requirements of
those l-omnonentg nf ll-rrnin.al I m:dni{.rrrla :n¿l hr¡ errmn=+i ^ñ-----F uI ùs¡¡u¡99¡v¡¡,

the animal itself. For example, the lyslne requirement



11

would be:

Eå,Alys = E.ä,Amlys + EA.A,f lys + EAAblys

The model is efficient in determining the optimum

barance of nutrients for a specific level of production but

has difficulty predicting the requirements for changing

revel-s of production. since the model is driven from'top
down! it cannót predict how various nutrients wirr interact
and how the animal will adjust its growth (retative
priorities for tissue component growth) in restricted
nutrient situations. Feed intake is calcul_ated as a
function of ME requirements

The energy requirement per day is broken into a

requirement for maintenance and a requlrement for gain:

Emt = l-.91 x BW^.567 + 2.15 x BtÍg

The energy requirement for maintenance is influenced by

environmental temperature and has been adjusted for 6 week

old male broilers (Hurwltz et al. 1980a) using a

multfplicatlve correcLion factor whlch minimlzes at 27 "s

degrees Celcius:

TH adjustment = 3.9098 - .L42g x T + .0026 x T^z

In the gain portion, the 2.15 coefflcient is adjusted

for the proportion of gain that is fat:
Gain coeff = .6 + 9.2 x Fat

The protein requirement for maintenance is given by:

Þml = n?? v Þf,t^ 
^81

Dietary protein is assumed to have a utilization
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efflclency of 85t.

The model has been tested and adjusted by Fisher (1981_)

and Jackson ( 1987 ) . The model has not recetved r+¡ldesprearl

commerclar use because of the lack of detail and because it

is not sensitive to changes in nutrtent input.

2 .1.1. J. EDINBURGH MODEL

This second of the mechanistic models is the most

comprehenslve model. It was first described by Emmans

(L981) and portions of it were subsequently described by

Emmans (1987), Emmans and Fisher (1986) and Flsher (f988).

rt is an input driven moder, rt predicts performance of the

blrd by determining nutrients consumed, and then by

apportfoning those nutrients to various body functlonsr eg.

maintenance, body proteln accretion, feather growth, body

ash gain, body water gain and fat gain.

The model relies heavily on the genetic arowth potential
of the bird. Several of its parameters such as fasting heat

production, maximum potential protein accretion, maximum

feather growth, are calculated with reference to the weight

and composltlon of the mature blrd and the degree of

maturity It has attained at the age of lnterest. The growth

rate of the blrd is determlned by summlng the growth

components. It is an iterative model which computes gain on

ã rl.ailu lr:cie

The potential body weight gain is driven by potential
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carcass protein gain which is hypothesized to be the primary

genetic driving force of growth in the model. The maximurn

possible protein gain is described (Emmans and Fisher, L9g6)

AS:

Pbg = B x Pb x tn(Pbm,/Pb)

The model also specifies a minimum fat to body protein
ratio in the ánimal to allow for essential fat synthesis

for the mature animar of rtaveragert genetics this is .7 for
the male and l-.1- for the female (Fisher 19gB).

Feather growth is also determined by relative rnaturity
using the data of Hakansen et al. (1978). Àmino acids are

apportioned in a similar manner to the Israeli mode1.

Fasting heat producLion is considered to be a function of

carcass protein content:

FHP = .39 x Pbm^.73 x Pb,/Pbm.

Feed lntake is predicted from dietary energy

concentratlon and the birdrs energy requirements for maximum

growth (Emmans 198?, Fisher 1988) and is limited by gut filt
capacity. The ¡energy requirementr of the bird is defined

(Fisher 1988) as the maintenance energy requirement plus the

energy required for protein and lipid gainso including both

synthesis and retention energies. The teffectiver energy in

the diet is defined as Metabolizable Energy minus v¡ork done

ln proteln and fecal excretlon plus a bonus for the amounL

n4 €=# ùl+r# }l^ ÄÃA^á ¡ +^¡ .:l { -^^.1-1 ,, ¡ - ¿-l^^ s t ^^.-^- ñL^-^v¡ !qL u¡¡qu eq¡r vç ssPvÞ¡uEu ur!EuLrJ tr¡t t-¡tg t IÞÞtIEÐo l¡lEÞg

equations represent the most detalled attempt to partition
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broiler metabolizable energy to date.

The model can be criticized on a number of points:
1. The data does not support an 'energy requirement' driver

for feed lntake, which means that the energy partitioning
equaLlons have a questionable theoretlcal base.

?. Some Ímportant energy components are overslmplified in

the model. For example, the energy cost of probein

synthesis is assumed to be a constant; irregardless of

protein accretion rate. The amount of dietary fat deposited

dÍrectly ln the body is not related to the total dietary
energy content.

3, The Gompertz equation to predict potentlal growth rate is
not accurate for the first 6 weeks of age (Rogers et al.
L98?).

4. The theoretlcal validity of determining growth rate by a

relative maturity driver as proposed by Taylor (1980) has

not been proven - especially at early stages of growth.

Desplte these deficiencies, the Edlnburgh broiler model

remains the most complete theoretically and the most

comprehenslve model 1n currenÈ use.

2.L.L.2 JAPANESE (ISARIYODOM) MODEL

.4, model was developed recently by Isariyodom et a1.

(L988). It is similar to the Edinburgh model in that it is
ìnn¡rl- ¡lrirran T{- ie eimnlav Èhrn {-lra ErÁi-}r"-^l^ -^.i¡^1 iñ Èl^-¡-¿¡¡È,se sà ¡ YU¡¡. À v ¡9 g ¡¡¡¡Èr¡g! u¡¡q¡¡ u¡¡g ÉuÀ¡¡vq!Y¡¡ ¡t¡vug ¿ ¡¡¡ u¡¡qL

it accounts for only dietary energy and protein there is
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no separate cal-culation of amino acid utilization, only

reference to the biological value of the protein and a

utilizatÍon efficÍency of 80%. rt is based on the Edinburgh

model for growing pigs (Whittemore and Fawcett, L974,

1975)" It differs from the Edinburgh broiler model in that
it does not express the growth of the animal in terms of its
relative maturity. Instead it relies on the empirical

responses observed at various ages. In many respects, this
simplifies model construction. Although body protein and

feather protein are not considered separately, the Japanese

model does have a detailed accourlting of protein retention

and energy utilization. It accounts for energetic

efficiencies of both protein synthesis and degradation. The

energy value of protein in the diet is subtracted from total
energy before it is partitioned, and the energy released

from excess protein is added back.

The model also includes an adjustment for changing

protein turnover rate with age (Muramatsu and Okumura, 1985)

t¿hich is a partial recognition of the effect of increasing

growth rate on increasÍng the energy costs of protein

synthes is:
FSR =.9 x (36.0 "3857 x t) if t (= 30

FSR = "$ x (24.93 - .0107 x t) if t > 30

The Japanese model treats feed intake prediction
cnmar-rh=F À I F6aran{-'l rr Èh=n {-LÃ Er,4 I n}rrrvah ñ^'lâ1 TFw¡¡qv ur!Àv!v¡¡v¡J 9¡¡q¡¡ u¡¡g pg¿¡¡pq!Y¡¡ l¡tvugÀ. ¡u

empirically treats intake as a function of required energy
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intake, which ln turn 1s a function of body weight,

environmental temperaLure and Iighting period.

The model has not been tested by other v¡orkers. The

major drawbacks to the model are:

1. There is no consideration of amino acid balance.

2. Feed lntake ls driven by energy 'requirementr.

2.2 BREÂST MEAT YIELD

The breast meat is the most economicatly important

component of the broller. It makes up almost 50% of the

total meat yield of the blrd and its retail value per unlt
welght ls usually more than twice that of the next most

expensive meat component. There is a limited amount of data

wlth respect to the effects of dletary proteln and energy on

breast meat yield (Salmon et aI. 1983, Summers et aI.
l-988). GeneraIIy, increasing protein while maintaining

energiy levels constant results in a greater relative
proportion of breast meat as a percent of body weight.

In addltion to the need to lncorporate breast meat yield
tnto a mechanlsttc model, there is a need to empirÍcalIy
clraractexLze the breast meat content of the broller over the

commerclal Ilfe of the blrd and to quantlfy lts response to

dffferent nutrient (especially proteln and essential amino

acld) lntakes. The study by Prescott et a1. (1985) supplies

usefuL data ror generating al-1on'retric relationships between

breast meat and age and body weight. They found that breasL
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meat is very closely related to body weight by the equation:

BM = .045 x B!{^l-.148

.A1so, the study of Howlider and Rose (1989) contributes

useful data on the gain of different carcass meaL components

with increasing body weight and age.

2 .3 SUI'IMÀRY

The mechanistic broiler models discussed so far have

some deficiencies and limitations. The Israeli model is

driven by assumptions about the final bird composition which

makes it inapproprlate for economic analysis. Às well,

there is a lack of detail. Likewise, the Japanese model

Iacks detail but has the advantage of being 'response to

inputr driven which makes it useful in economic analysis"

The Edinburgh model has both an input - output structure and

has considerable detall which makes it the most acceptable

model of the three. The limitatlons of the Edinburgh model

arei the questionable theoretical treatment of feed intake

based on energy requirement, the bird requirement basis of

calculating available energy and the reliance on error prone

growth curves to predict maximum growth rate.

In addition, none of the models adequately address meat

yieId, especially breast meat¿ ðs Influenced by growth and

¿líaf>r1r n¡r¡mo{-arq rFhl< ic ¡lrra l-n = 
'l¡nÞ n€ hrel¡ våeê¡r¡ïr-l È,s r

informatlon on the subject,
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3. DEVELOPMENT OF MODEL

A mechanistic rather than an empÍrical approach was

chosen with the view that the model would have more

generä11zed apprication. There ls an abundance of emplrlcal
studies in the llterature but rerativery few aLtempts to

expraln nutritlonal effects and interactions in terms of a

unlffed theory.

3.0 MODEL STRUCTURE

The model has an lnput output structure in whlch a

speclfied or predlcted lntake of nutrlents results ln a

mechanlstlc partltlonlng of nutrlents to body malntenance

and growth processes. Of the three mechanlstlc models

already dlscussed, the model most closely resembles the

Edlnburgh moder. several of the predictive equations ln the

Edinburgh moder are used directry. A subtre but significant
di f f erence in approach betr,reen this model and the Edinburgh

model shourd be noted" The Edlnburgh model starts wlth the

premlse that the blrd at speciflc ages and stages of

development Is driven by its genetic potentlal for growth

and that thls stlmulates the blrd to consume needed

nutrlents" Whlle this ls a IogIcaI theory, the evidence ls
that broller chlckens, 11ke most animals, do not actively
choose between dlfferent dlets or nutrients and do not furly
:,l.irre# ÉaaÀ i¡{-sl¡a '-"¡+l^ -L---^- :- .år^À -.-L-:--! r---:!-- !-ssJsee Àsçu ¡¡¡vq^s wru¡¡ Lrrq¡rYgÞ ¿lt tJl.EL r¡Llt-t lt¡lL t-¡t¡lltILy ¿fl

order to malntaln constant nutrlent intake (Forbes, LgBB),
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Instead" the premise of this model is that the bird eats

what it is given, ie. the level of consumption is not

determlned precisely by its tneedr for nutrients. Rather,

the bird can alter its nutrient utilization to adjust to

changes in nutrient intake in order to maximize metabolic

efficiency. In other words, the mechanism of the model has

little to do with nutrient rrrequirementsrf but has a lot to

do with changing nutrient partitioning in the body as

lnfluenced by nutrient intake.

Some other key dlfferences betr¿een this model and the

Edinburgh model are:

1. Less rellance is placed on exponential growth curves

ln this model.

2. Energy partitioning is more detailed than in the

Edlnburgh modeI. Energy partltloning is strictly determlned

by lntake.

3. Feed lntake in thls model ls predicted from gut

capaclty (BW)n temperature, dietary energy concentration and

photoperiod rather than from energy requirement as in the

Edinburgh modeI.

As with the previously discussed mechanistic models, the

animal is the sum of its parts, We1ght galn¡ cälculated on

a daily basis" is the sum of body tipid, feather and body

protein, bone and water gains. the two major lnputs to the

*^¡^1 -*^ 2t-^-!¡L.'l^ A¡^L ^!^t* I Ât-^-&!Ll^ --t-moc¡ei öre c¡J-gestIDIe sietary pEO-uÊiIì ( gigeSElDIe AmlnO

aclds) and energy.
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A simple impact diagram of the model ls given in Figure

1. The model was programmed in Turbo C (Borland version
2.0) on a mlcrocomputer running ln MS Dos. The pseudocode

is llsted in Figure 2.

3.1 ENERGY PARTITTON

Energy intake (MEI ) o which 1s apparent metabolizable

energy corrected for N retention (AMEn)¡ is either rost as

heat productlon (Hp) or retained tn the body (ER)"

MEI=HP+ER

HP Is comprised of energy used for fasting heat

productlon (FHP), thermoreguratlon (TH), actlvity (AH) and

heat increment (HI)" HI can ln turn be partltloned into
heats of proteln and llpld synthesls (Eps and EIs), heaL of

dlgestlon and defecatlon (DH) and heat cost of nitrogen

excretion (EH). Fermentatlon heat is ignored in the

broiler. ER consists of energy retained as protein (ERp)

and energy retalned as ltpid (ERl),

^AÌ,lEn Is calculated on the basls that all proteln in the

dlet is catabollzed for energy. In fact most of it is
retained in the tj.ssues wlth a hlgher energy retentlon

efflclency than 1f lt was catabollzed. There€ore, the flrst
step is to correct MEI by subtracting the catabollc energy

value of proteln (4.32 kcaL/g) from the total The energy

trãlrrâ ^.8 nvaÈai- i- -å.t^å t---l' 1-!^- tL^1^-- Ê-&vq¡us v! s^LEÐÐ È,!vLg¿t¡ rÞ c¡ultgu t-clull' IctLEÅ \¡-EluÅE IclL

deposltlon).
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Flgure 1. Impact dlagram of broller
See 1lEt of abbrevlatlons
of spnbols.

model sfructure.
for explanatlon
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Input ( initial â9ê¡ final age, initial body weight, initial
body composition (protein, feather, fat, ash and water),
sex, temperature, light hours, genetic adjustment for feed
intake, dietary AMEn, fat, digestible protein, digestible
amino acids (arg, his, Lys, trp, phe+tyr, phe, tsaa, meL,
thr, leu, iIe, val ) )

Start loop of daily body weight gain
CalcuIate daily feed intake
If feed intake unknown use equations in secLion 3.6
If feed intake known use equation in section 4.L

Calculate mainLenance req. for protein and amino acids
(section 3.2:O )

Calculate feather req. for protein and amino acids (section
3.2.1)
Calculate amino acids left over for body protein gain
ie. f irst limiting amino acid (section 3.2.21
CaIculate maximum genetic potential body protein gain
( sect ion 3 .2 .2 )

Compare amino acid llmited body protein gain with genetic
potential and take lower
Start loop of minimum f eather prote in,/body prote in
( Sect ion 3 .2 .2't
Start loop for minimum body fatlbody protein gain
(section 3.1.1.1)
Calcu1ate lipid gain (section 3.1.1.1).
CaIcuIate energy intake (section 3.1)
Subtract fastlng heat production (section 3.1-.0.0)
Subtract thermoregulation heat (section 3.1.0.1)
Subtract activity heat (section 3.1.0.2)
Subtract heat increment (section 3.1.0.3)
.Add heat of defecatlon, heat of nltrogen excretion,
heat of feather synthesis and heat of body protein
synthes is

Subtract energy value of directly deposited fat
(section 3.1.1.1)

Calculate fat deposition from llpogenesls (section
3.1.r,11

Compare ratio of lipid gain to protein gain and adjust
protein gain dovrn by 5E lncrements 1f below minimim
ratio until minimum reached

End loop f or minimum body fat,/body protein gain
Encl loop for feather protein,/body protein

Calculate body ash gain (sectlon 3.3)
Calculate body water gain (section 3.4)
Calculate breast meat, leg meat and abdominal fat (section
3.s)
Sum body components to get body weight (section 3.0)

E..l 1-^- ^C l-11-- L^¡-- --^¡-L! --¡-¡!¡I(l rUUP (Jf (lcrrIy uuu)t wer9frL 9crrr¡
Start next day calculatlon
Do for each day of age interval

Figure 2" Broiler model pseudo code"
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MEI (CHO, fat) = FI x (AllEn - 4.32 x prot) + 4.32 x Pe

3. ]..0 HEAT PRODUCTTON

3.1.0.0 FASTING HEAT PRODUCTION

There are a number of published predictive equations for

maintenance energy and fasting heat productlon (FHP) (Emmans

and Fisher, L986; Hurwitz et aI., L978; Isariyodom et al",
1988; Keller, 1980i Kirkwood and Webster, L984i Robbins and

Ballew, L984; Rogers and Pesti, 1-988). It is remarkable how

much they vary. No doubt this ls in part due to some

estimates also including activity, thermoregulatory and

feedlng effects. For thls model, the equation of Klrkwood

and tlebster (1984) will be used. It is a general equation

for aIl animals which relates FHP to body weight:

FHP = 95.5 x Bttr (kg) ^ "75

The equatlon may be crlticlzed because It does not

account for carcass composition as does the equation of

Emmans and Flsher (1986) and the exponent may not be the

most appropriate one for poultry (Rogers and Pestir i-988).

Nevertheless it Is the preferable equation to use because

its universality gives it credibility"

3 .1.0 .1 THERMOREGUTATION HE^A,T

A cold environmental temperature will cause an increase
!- L--L 

---¡---!t -- 
!- 

--l^- 
L^ l-^^- Ã "-erIfI I¡eëtL PLUqUçUl'(JI¡ r¡l Ul(JEr. Lt AEEP wol¡.lrl. ¿t w€t¡.l]l

envlronment wilI cause an increase in heat production
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through operatlon of heat loss mechanisms such as panting,

vasodilation and perspiration. The data of Hurwitz et â1.,
(1980a) was used to generate a predictive equation for both

males and f emales relative to B!{^.75,

Emt = (4.4570 "l-566xT + .0026xI^2) x B!ù^.75

Thls equatlon ls used to calculate the number of extra

kcal per day by subtracting the value at thermoneutrallty
(30,1 degrees C) from the value at the actual envlronmental

temperature. The llmltatlon of thls equatlon ls that lt was

developed from data on 6 week old blrds. There Is

insufficient data to account for'age effects on TH"

3.1.0.2 ACTIVITY HEAT

There are no studles of actlvlty heat ln broilers. Van

Kampen (1976 a, b) has shown that the energy costs of

locornotion, standing and eating raise FHP by 50%, 40$ and

509 ln laying hens. Damme et al. (1987) shov¡ed that FHP in

laylng hens ls 37S hlgher In the light than ln the dark,

Accordlngly, AH ls glven a value of 50S of FHP wlth the

recognltlon that this is a rough and varlable estimate.

3.1.0.3 HE^A,T INCREMENT

The model uses the Edlnburgh value of "91 kcal,/g of

fecal organlc matter (FOM) for dlgestion heat (DH). DH is
^--:--!^á t-^- !^^l à:-^-!:L:1:&-- --!:--!^á !--- !L-cúlrlr.L\J^r¡ucrLEIJ .¡-rLrlll LEErJ (¡IrJEÞLILTIJ_r Ly ëÞLI¡ttctLctl l.I'Lrltt L¡lc

followlng equatlons which use dletary energy values Èo
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assess carbohydrate digestibility. Dietary protein and fat
ü¡ere given arbitrary digestibility values of 85% and 909

respectlvely. The coefficients 40 and 80 are used to

convert the energy yield of % dietary protein and fat
respectively to kcal,/kg. Diet dry matter is assumed to be

9 5%.

actual CHO energy =

diet fat x .9 x 80

possible CHO energy

x .9 x 40

AMEn - digestible diet prot x 40 +

= (95 - diet prot/.85 - diet f.at/.91

FOM = 1 - (actual cHO energy,/possible CHO energy) +

(dlet prot/.85)x.0015 + diet fat x .001

The value for excretlon heat (EH, energy cost of

nitrogen excretion) is L.LZ kcal/g of protein excreted as

determined by the amount of excess proteln (Fisher, 1988).

The energy requirement for protein synthesls (Eps) is

.85 kcal,/g" Thls corresponds to the cost ln ATP of 5 steps

of protein synthesls (Waterlow et a1., 1978). Increased

growth rate will increase heat production (KeIler, 1980).

This effect is accounted for by increasing protein

fractional synthetic rate (FSR) " FSR is influenced by a

number of factors, especially age (Jones et aI., 1986; Kang

et al., 1985). Normally the energy cost of FSR is measured

as part of FHP. However, studles have shown that growEh

es{-A I ñgl ri^$^Ãr¡ hrr *r't- I t { ¡q- 1 ^+-¿-..- I *C1 ¡.^*^a Ëdb!qug qù ¿¡l!lqg¡¡Uçg 9I ¡¡uu! I LM¡q¿ ÐU€lLUÐ t-ql¡ l¡¡!lUS¡¡UE r ¡Jf\

(Klno and Okumura, L986, 1987i Kltä et aI., 1989). The data
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of Kita et aI. (L989) indlcates that FSR increases by 1.5

for each unit increase Ín % protein gain (% BW) growth

rate. This increase in energy cost of carcass protein

synthesis with protein synthesis rate is In good agreement

with emplrlcal data (Flsher, L988). There ls no ðccounting

for amlno acid converslons so that thls value may

underestlmate total energy costs of protein synthesls. The

cost of feather protein accretlon ls not corrected for FSR.

The energy costs of fat synthesls (Efs) are not added ln at
thls stage because calculatlon of fat synthesls ls done

last, 1ê. the model glves tt lowést prlority.

3.1.1 ENERGY RETENTION

The energy lntake by the anlma1 that ls not lost as heat

productlon ls retained, accordlng to the first law of

thermodynamics" For model1lng purposes, the retained energy

is in the form of protein or lipid - other reserves being

negl 1g1bIe "

3.1.1.0 PROTEIN ENERGY RETENTION

The actual cost of energy retained as protein is not

costed ln the model because lt was subtracted from lnlttal
energy intake. The energy value of retalned proteln is 5.54

kcal/g (Whlttmore and Fawcettt 19741" The actual amount of
----La^ t-^- L-l-- 

--^!^!- --!-L^t 
!-- !-uÞd¡JIc cI¡eL9)t ELullt uuuy Pf.uLËII¡ (jdLd¡JoI¿ltlll I5 c"J¿ KCar,/g

(NRC,1981) due to the loss of the energy ln urlc acld.
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3 " J-. J.. ]- FAT ENERGY RETENTION

It is assumed in the model that body lipid gain is due

to the conversion of energy left over after alI other energy

requirements are met" As t¡elI, the energy value of excess

protein is made available for lipogenesis at this stage. At

low energy intakes, the model could decide that there was

insufficient énergy for any fat synthesis after other

requirements were met. There is an essential fat synthesis

and accordingly the model maintains a minimum lipid to

protein accretion ratio. This minimum ratio starts at .4 at

a day of age and then increases with age up to 1.0 for males

and 1.4 for females (equations developed from the data of

teeson and Summers, 1980):

MaIe min L/Pbg = .4 + .0137 x t until = 1.0

Female m1n L/Pbg = .Q + .0204 x t until = L.4

These ratlos wl1I, irr factu be different for dÍfferent

stralns and the model should be adjusted for these genetic

dlfferences ln practlce.

The conversion of excess energy to body lipid is

complicated by the amount of dietary fat. !Ùhere the extra

energy is ln a nonfat formu there is a lipogenic energy cost

of 3.92 kcal/g fat deposited. Slhere dietary fat is

deposited directly in the tissues then the energy cost is

1.05 kcal,/g. Both these values are used as ln the Edinburgh

-^r-a -r ^-- --t!L ù-a*^'1 rr¡lrra aE A 
^A. 

lq¡=1 /a n€

fat (Emmans and Fisher, L986; Fisher, 1988). The model
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calculates fat utllization on the basis that no dietary fat

is used for any other purpose than fat deposition unless

there is lnsufficlent energy from other sources for hlgher

prÍority processes" Thls is obvlously an oversimpliflcation

as alt three energy sources would be used slmultaneously.

The model wiIl therefore underestimate the true costs of fat

deposition.

There is a theoreticat sltuation where maximum faL

deposttlon capablllty may be reached at very high energy

intakes. There is no mechanism in the model to account for

thls other than to contlnue lncréaslng fat storage. Thls

sltuation is probably not a practlcal concern.

3.2 PROTEIN PARTITION

There ls a prlmary protein requirement for maintenance.

AfÈer this need ts met, protein may be deposited in the

body. Body protein galn can be separated into feather

proteln gatn and the remainder (muscles, skIn, organs).

These two components are best treated separately in the

chlcken because they grow mostly lndependently and because

they have very dlfferent amlno acid composltlons. Dletary

amlno acids wttl be used for body proteln galn up to the

genetlc potential for growth or up to the flrst llmlting

essentlal amino acld. Any excess dietary proteln will be

--!-L^1 
: 

-^: 
f ^-uclLdLrL,rJ.;¿Etl r-ur- sr¡slYJ.

Dietary amino acids have a utilizatlon efficiency which
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is pooï1y quantified" It is most Iikely that different

amino acids have different utilization efficiencies. As

weIl, utilization efficiency will likeIy be affected by such

factors as growth rate and proportion of growth of various

tissues" The Edinburgh model uses a value of 75t

utilization efficiency (Fisher , L988 ) . The Hurwitz model

uses 85S and the Japan model uses 80t. This model uses a

high value of Bst, since amino acid input to the model is

already on a digestible basis.

3.2.O PROTEIN AND AMINO ACIDS USED FOR MAINTENANCE

The protein requirement for maintenance 1s measured as

the endogenous proteln loss. It ls primarily a function of

body weight. The equation of Hurwitz et a}. (1978) is used.

Pmt =.023 xBW^.667

The amino acfd profile for the malntenance requirement

(Table 1) vras taken f rom Hurwltz et al. ( 1978 ) which was

adapted from Leve11le and Flsher (1958)' and from Fisher

(1988).

3"2"]- PROTEIN A$ID AMINO ACIDS USED FOR FEATHER GROT{TH

Feather growth ls considered to be second in priority

after maintenance. Feather growth is prinarily a function

of age rather than body welght. Although dlfferences in

E¡-&raav ^a-nan{--a¡re ¡Ç hndv welchl-- l-¡etween Sexgs and bfgeds
lgqL¡¡g! ÈrçÀvç¡¡us:v vvg/

have been reported (Block and Weiss, L956¡ Edwards et a},
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TabIe 1. Essentlal amlno acid profile
broiler maintenance, feather and body

(% of proteln)" for
protein.

Amino acid Ma i ntenance Feathers Body

Arg
Hls
LyS
Trp
Phe
Phe
Met
Met
Thr
teu
Ile
Val

Tyr

cys

6.8
2.4
6.8
L.1
5.0
3.0
4.8
2.4
4.2
4.8
3.6
3.5

't .2
.'l

1_. 9
.7

9.5
5.1
7.6

.6
4.6
8.1
5.0
7 .7

6.9
3.0
8.0
1.0
7.L
4.0
3.5
2.5
4.2
7.t
4.0
5.4

Hurr¿ltz et al. (1978), Fisher (1988), Block & Welss (1956)
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19?3t Ftsher et aI., 1981; FIsher, 1988; Plavnik änd

Hurwitz, 1983)¿ when actual feather weights at speciflc ages

are compared, the breed and sex differences disappear.

The Plavnlk and Hurwltz (1983) data was subjected to

regresslon anaIysls. Feather wetght galn demonstrated a

quadratlc relationship to age (R^2 = .921 z

F=.103xt-.0009xt^2

Pf=Fx"93
The function maximum of 57 days rnay be premåture and so

feather welghts of blrds older than I rdeeks may be

underestlmated. The reported amlno acld composltlon data of

feathers varles betvreen researchers. The data used 1n thls

rnodel (Table 1) !s derlved, by averaging, from Hurwitz et

aI. (1983), Block and Welss (1956) and Flsher (1988).

3 .2 "2 PROTEI¡¡ AND AMINO ACIDS USED FOR BODY PROTEIS¡

The body vrlll gain protein up to a maximum deposition

allowed by genetlc potential or up to the supply of the

flrst limltlng amlno acld. The maxlmum genetlc potenLlal

for lean tlssue accretlon may be calculated in a number of

ways. The Edlnburgh model uses a growth predlctlng Gompertz

equatlon and a relative maturlty value to determlne maxlmum

potentlal proteln gatn. Thls model follows the Edlnburgh

model approach, The procedure of estlmating parameters for

--r-..,^ r^^år, ñ'a{-ain nnnl-an{-q. ,anrl rates of ootential bOdy
¡llclur¡lc LrvuJ È,!ves¡.¡ vv¡.

protein gain as outlined by Emmans and Fisher (1986) are
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used" Due to a lack of suitable data for different breedso

average values are used in this model (Fisher, 1988):

Pbmax = .044 x Pb x 1.,(t"3/Pb) (males)

Pbmax = .044 x Pb x In(.85/Pb) (females)

The .044 value for B was derived from inserting the

growth data reported by Rogers et aI. (1987) into the

equation of Kirkwood and Iùebster ( 1984 ) .

It is recognized that there is a potential for model

error in carcass protein prediction. The Gompertz equation

(aIong with other exponential equations) does noL, accuraÈely

predict body weights at the young ages which are important

ln comrnercial broiler production (Rogers et al., 1987). The

Gompertz equation overestimates weight and the Logistic

equation underestimates weight by about 50% for the first

four weeks of age" And since commerclal broilers are

typlcally only grown to 10 ureeks of age maximum, there is
questlonable benefit 1n descrlbing the growth curve to

maturlty. As well, the confldence ln empirlcally derlved

maximum protein accretion estimates is low because it is

often uncertain whether an adequate dietary regime was used

to test it" For these reasonsr äh alternative empirfcal

measure of maximum protein accretion based on the data of

Leeson and Summers (1980) is also incorporated into the

model and compared wlth the Edlnburgh model calculatlon:
t)hm=v Etf,t v lAn Ã QR?vÞÎ,t J QElvÞ1,7^?ì lm=laaltv¡l¡q^ 9w ô \Jv w.r¿ rôvw | .J¿-^vtt -, \..¡s¡vv,

Pbmax = BW x (30 L2.07xBW + 2.727x8W^21 (females)
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!ühere there are differences beLween the empirical and

relative maturity value equations, the Iorser value prevails.

The amlno acld composition of body protein (Table 1) was

taken from Plavnlk and Hurwitz (1983) and Flsher (1988).

The level of the first Iimltlng amino acld for carcass

protein accretlon r*as determlned by first supplylng amlno

acids to malntenance requirements, then to feaLher growth

reguirements and finally to body protein requlrements. It
Is clear that malntenance needs have highest prlority, but

that there w111 be both feather and lean body synthesis

simultaneously. It is recognlzed that at moderate proteln

lntakes there may be lnsufflclent sulfur amlno aclds for
maxlmum feather synthesls, and the anlmal will slmply

produce less feathers whlle contlnulng to grov¡" If the

model calculated body proteln gain is less than 309 of its
potential then feather growth is reduced by 25S" This is an

arbltrary correction factor. there is no available data to

test it.

3.3 BODY ASH GAT¡{

The skeleton ls a major portlon of the total blrd" The

Edlnburgh model estlmates body ash content from total

feather-free body proteln wlth which lt ls hlghly

correlated. Thls model uses the same predictlve equatlon
,Ë----- { 

^ôt 
I -[.Ë¡luttõlllii t LJOL t;

fr = .16 x Pb
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3,4 BODY WATER GAIN

The amount of water in the body is also strongly

correlated with feather-free body protein content. The data

of Hakanssen et aI. (1978) as described by Emmans and Fisher

(1985) is used to calculate body water contents:

gf = 5.35 x Pb^.9062

3.5 BODY PART YIELD

The weight yield of conmercially important body

components ls of interest. The obJective ls to maximize

meat yield; therefore breast meat yield and leg meat yield

would be useful components of a model. Conversely, the

objective is to minimize fat content, therefore a prediction

of abdomlnal fat would be useful.

The data of Prescott et aI. (1985) was used to develop

allometrtc relationships between breast meat yield and leg

meat yield to carcass proteln content and abdominal fat

yleJ.d to carcass fat, The data of teeson and Summers (1980)

was used to relate carcass protein and fat to whole body

protein and fat at different ages" The breast meat data of

Prescott et al. (1985) luas derived from sampling only the

Ieft stde of the breast and therefore was adjusted to

correct a 3B heavier left breast muscle than right breast

muscle (AppendIx). The resultlng predlctlon equatlons are!

-a EÍ -- ñL^l a E.t D^'t- oo
JÈtl'!, = "JIJO )t fL, J-.Iut¿ L\ â-'J¿

LM = .L782 x Pb^1.251 R^2=.99
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AF = .18?5 x t^ .91-l- R^2=.93

one question of interest is how much these components

behave independently of thelr dependent varlable. Although

the coefflcients of determlnatlon are uniformly highn the

equatlons were derlved Ërom blrd growth data on a unlform

plane of nutritlon. Excess levels of dletary amino acids

and energy may be stored ln body proteln and fat.

3.6 FEED INTAKE

Feed lntake ls a very crltlcal and inadequately

predlcted aspect of broller models. The Israell, Edlnburgh

and Japanese models all rely primarily on the birds
Irequlrementrr for energy to dlctate feed lntake. As

mentloned prevlouslyo today¡s stralns of brollers clearly do

not adJust thelr feed lntake to futly account f.or energy

differences in the diets (Forbesr 1988). Gut fill seems to

be the primary determlnant of feed intake (Barbato et a1.,

L984) and feed lntake ls slgnlflcantly lnfluenced by

temperature and hours oË Iight (Forbes' L988).

An allometric relatlonship between body weight and feed

consumptlon was derived from NRC (1984) data:

FI= "2 xBW^"9

Àn alternative equation relatlng feed lntake to age Þtas

developed from NRC (1984):

Err 2 Ê.t .l-
[I J.¿t 

^ 
L

The age equatlon recognizes that body welght may lag
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seriously behind genetic potential- and there needs to be a

mechanism whereby the bird will attempt to catch up through

increasing its feed consumptlon. Therefore the model

compares the results of both the BW and age prediction

equations and uses the greater va1ue.

The multiplicatlve lighting period adjustment of the

Japanese model was used with modifications:

Correction factor = .6 + .004 x LH

The equation of Howllder and Rose (1987) was used to

multiplicatively correct feed lntake for temperature:

Correction factor = .973 + .015 x T - .00064 x T^2

As well, the blrd will adjust feed lntake to make a

partial adjustment for dlfferences 1n dletary energy

concentration. The following multiplicative correction

factor was developed from the data of Fisher and llilson

(1974).

Fr = Fr + ((3000 AMEn) x "00015 x Fr)

The lnfluence that erroneous feed lntake predlctlon

could have on total model performance is recognized. Since

the prlmary ratlonale of the model ls that the perfornance

of the bird is predictable once feed has been consumed, the

bulk of valldation work will involve testing of the model

from the point after nutrients are in the bird. The

predictlon of feed lntake and lts validation are entirely

^^----#^ ß,^h +-!Àõ ^rvÞ | *. { an i nn man}rrn I nc aE {-ha mnrlcl an¡lÞEP(r.LG¡t g t!v¡ll L¡lE È/q! u¡ u4v¡¡¿¡¡Y ¡.¡vv¡¡s¡.¡vs

are treated as a secondary lssue ln Èhls thesis.
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4 , I{ODEL VAL I D.AT I ON

Since there are måny critical assumptions and

lndependant features in the model, it is not feaslbte to

conduct sufflclent orlglnal blologlcal experlments 1n order

to fully test the model. Instead¿ êxlstlng data from the

scientific literature w111 be used"

An addltlónal problem ln vattdatlng thls type of model

is that lt ls dlfficult to test the sensitlvity of specific
equatlon coefflclents 1n the model. For any nutrlent effect
of lnterest, there is no one equatlon ln the model whlch

wiIl account for total response to that nutrtent. Rather

several equatlons are used to predict each nutrlent effect.
As such, the model functlons as a whole and ls therefore

best evaluated at a|tmacrot¡level where a broad data set ls
used to point out areas of model weakness.

4.0 CRTTIC.AL .ASSUMPTIONS

There are several crltlcal assumptlons ln the model that
can be tested:

1. .Assumptlon: The bird is input driveno ie. the bird

wl11 respond to dlfferences 1n feed lntake"

Test: Evaluate data where feed lntake of a speclflc
dlet is restrlcted by varylng degrees.

2" Assumptionl The bird will partltion energy lntake

betvreen heat production and energy reieniion in a manner

whlch varies wlth energy lntake.
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Test: Evaluate data where energy retention is
measured over dlfferent energy lntakes,

3. Assumption: Increasing leveIs of dietary fat have an

extra-caloric effect. The moder accounts for this by qiving

body lipid depositlon from dietary fat a higher efficiency
than body Iipid deposition from lipogenesis.

Test: Évaluate data where response to variable fat
Ievels in the diet ls measured at constant dtetary energy

concentration and feed intake"

4" Assumption: Changes in the proteln to energy ratio
will change growth rate and .carcáss composition.

TesL: Evaluate data where proteln and energy

proportions in the diet are varied.

5. AssumpLion: Changes in the essenLial amino acid

levels in the diet from limiting to non-limiting
concentratlons wllI have effects on growth rate and carcass

compos 1t lon .

Test: Evaluate data where lysine and methionine are

fed at different concentratlons from a limlting to

non-I imiting state.
6" Assumption: Envlronmental temperature v¡i11 have an

effect on thermoregulation heat "

Test: Evaluate data where envlronmental temperature

is varled"

7. "Assumption: Males and femaies wiii have dif ferent
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growth raLes and carcass composition.

Test: Evaluate sex output differences under changing

nuLr ient intakes

8. Assumption: Feed intake is primarily a function of

body welght, environmental temperaLure, photoperlod and

dietary energy concentration.

Test: Evaluate data where environmental temperature,

photoperiod and dietary energy concentratlon are varied.

4.1 LITERATURE DATA CRITERIA AND HANDLING

The data $ras derived from thé scientific IiteraEure, and

was limited to published papers in Poultry Science, British
Pourtry science and the canadian Journal of Ànimal science

from 1980 to the present. The following information hras

requlred ln order for the data to be acceptable:

1" Sex

2. Diet composition practical diets only

3. Àge perlod of test

4. Weight of bird at start of test actual or estimate

5. Feed consumptlon over Lest perlod

6. Weight gain over test period

7. Envlronmental condltlons - temperature and Itghting
8. Multiple treatment leve1s

The nutrient compositlon of the diets was calculated

from î.iRC (i982) urriess anaiyzed. ME vaiues for fat were

taken from NRC (1984). Digestible amino acid levels were
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carcurated from coefficients published by Heartrand Lysine
( 1990 ) . .A,n equation to distribute specif ied total f eed

intake over the experimental period was derived from NRC

(l-984) feed intake curves as a function of age:

Percent feed intake increase over previous day

= (93.27 x age^-.969 + l-00)/100

This equation was tested on the feed intake pattern of

current genetic strains of broilers (Àrbor Acres l_9A? ) and

was found to be val-id. rt ls recognlzed that daily changes

in feed intake do not follow a smooth curve (Forbes 1g8B ),
and that use of the above equation witl probably

overestimate the efficiency of nutrient utilization.

4.2 ASSUMPTION TESTS

The difficulty in testing the model is in holding all
other factors, includlng feed intake, constant whlle the

factor of interest is tested" Where it is not possible to
hold feed lntake constant, the test data should lncorporate

enough treatments to allow feed intake differences to be

treated as a covariate.

4.2.O RESPONSE TO CH.ê,NGING FEED INTÄKE

The data of Proudfoot and Hulan (1982) was used to test
the effect of varying inLakes of ä starter ( 0-28 days ) and a

glhi^laae l"õ, 
^ô:-.,^\:¡^L 

^- --^--LL --&- 
rr--!-La-!¡¡¡¿Ð¡¡s! \Lr-aJ uqJÐ, urc:l- ull :l.l-uwul¡ I!dLe. Ycf'f,r€aUIC tI¡LdÁe

ktas accomplished by restricting light to male and female
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Cobb broilers to as little as I hours per day. The

composition of the diets is shown in Table 2. The acLual

feed consumption and the actual and model predicted weight

galns are given ln Table 3. The results show that the model

predicts lower growth rate than actual in both the starter
and finlsher period. The increase in growth rate wtth

increasing feeid intake is the same for both actual and

predicted in the starter phase. The rate of actual growth

increase with lncreasing feed lntake in the flnisher phase

is lower than predlcted. The actual growth rate increase

with increasing feed lntake was llnear in both the starter
and finisher phases but had a hlgher coefficient of

determination in the starter phase (R^2 =.88 vs R^2 = 68 )

4 .2.L ENERGY PARTITIONING

A central mechanism of the model is that energy is
available for tissue growth (retention) only after heat

production ls accounted for. The experiment of Brue and

Latshaw (1985) was used to examlne energy retentlon and heat

productlon under conditions of changlng energy lntake. In

thls experlment three dlfferent dletary fat types and two

dlfferent fat levels (plus a 1ow fat control) were used to

examlne growth rate, carcass fat content and energy

retentlon in mixed sex Cobb broilers from 5 to 28 days of

age. The composiÈion oÉ the diets is shown in Table 4. The

dÍets vrere iso-nitrogenous although essential amino acid
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and Hulan, 1982) used to test
predict response to changing

42

composition
ability of

feed intake.

of diets (Proudfoot
broiler model to

NuLr ient Starter Finisher

AlfEn, kcaL/kq
Crude fat, t
Dig. protein, %

Dig. ãE9r B
Dig. his, g
Dig. lys, t
Dig. trp, t
Dig. phe + tyr,
Dlg. phe, t
Dig. met + cys,
Dig. met, g
Dig. thr, g
Dig. Ieu, g
Dig. ileu t
DIg. vaI, g

3022
4"7

2L .6
L.43

.55
1" L7

.25
i_.80
1.07

.70

.39

.84' 1.84
L "02
1.08

3229
6.0

14.4
.86
.35
.64
.15

1.19
.68
"52
.31
" 53

L.27
.62
.70
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performance in
a¡rd 29- 49 days
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and model predicted
response to changing
old using the data of

broiler growth
feed intake from 0-28
Proudfoot and Hulan

Starter Per lod
Parameter

(0-28 days )

1
Treatment
34

0-28 Feed lnt. ( g I l-277 l-306 1331
Actual BW, 28 days 810 808 857
Pred. BW, 28 days 767 789 808
Act,/Pred B!ü 1.056 L.024 1.061
Sulfur amino acids predicted limiting in

Act,/Pred BW: mean = L.042t SD = .020
Regression analysis: Act/Pred dependent

t377 1397 1443
883 893 898
838 854 889

1.054 1.046 1.01_0
all diets

on Feed intake.
PR>T R^2 = .24

.0030

.3281

Parameter
I ntercept
Feed lnL.

Est lmate
1.2588
-.0002

SE
.19 51
i 0001

Flnlsher Perlod
Parameter

(29-49 days )
1

Treatment
34

29-49 Feed int. (g) 25L4 2574 266t 2797 2791 2856
Actual Bw galn (g) LL32 LZL6 L207 1149 LL77 L228
Pred. Bw gain (g) 969 1001 l-033 1095 1089 LIZ]-
Àct,/Pred BW gain 1.168 L"2L5 1.1-68 1.049 1.081 1"095
SuIfur amino acids predicted limiting in all diets

Act,/Pred B&tr gain: mean = 1.L29, SD = .064
Regression analysis: Àct,/Pred dependent on Feed intake"
Parameter Estlmate SE PR>T R^2 = .72
Intercept 2 "7927 "3327 .0027
Feed lnt. -.000 4 .0001 .0329
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nutrient composition of diets (Brue and
to tesL ability of broiler model to
and partition changing energy intake "

Nutr i ent Diet 1 Diets 2-4 Diets 5-7

Díet 1AMEn, kcal,/kg
Diet 2 AMEn, kcaL/kg
Diet 3 AMEn, kcal/kg
Diet 4 AMEn, kcaL/kg
Diet 5 ÀMEn" kcal/kg
Diet 6 AMEn, kcal/kg
Diet 7.A|,lEn, kcal/kg
Crude fat, q
Dig. protein, t
Dig. ârg, t
Dig" his, t
Dig. 1ys, g
Dig. trp, t
Dlg. phe + tyr, S
Dig. phe, S
Dig. met + cys, t
Dig. met, t
Dlg. thr, %

Dig. 1eu, t
Dig. i le, I
Dig. val, g

2909
3036
3021
3024

2.8
20 .7

L.42
.56

L.t2
.24

1.83
1.10

.77
.47
.83

1.87
1.03
l_.05

5.2
20.5
t.42

.56
1. 13

.24
L.82
r_.10

,76
.47
.83

i-.86
1.03
1.06

3299
3254
326r

10.0
20.7
1.43

.55
1.16

.24
L.82
1.10

.77
.48
.84

1.85
t.0{
1.07
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composition varÍed slightly between different fat Ievel
diets. Dietary AMEn varled with fat level and fat type.

The actual and predicted outputs are shown in Table 5.

The results show that both actual and predicted growth

rate increased v¡ith increasing fat but that predicted growth

was numerically but not significantly (p=.24) closer to

actual at the highest fat (ME) leveIs. Within each fat
level there was no effect of fat type on the pattern of

residuals. Actual carcass fat increased with increasing

dietary fat level in the same manner that whole body

predicted fat content increased. There bras no variance

pattern of actual,/predicted res lduals with increas ing f at

level (P=.62). Percentage heat production decreased with

increasing fat level as would be expected from the higher

growth rate and the lor¿er level of heat increment from

dletary fat. Agaln, there rdas no pattern of residual

variance (P=.19). The close agreement of actual and

predlcted percentage energy retentlon and growth rates

suggest that the model operates well under these test
conditions.

4.2 "2 EXTR.A,-C.ALORIC VÀLUE OF FAT

The addition of fat to the diet while maintaining total
energy constant often results in an unexpected improvement

in performanee. The modeJ. ineorporates a mechanism for ihis
in that body lipid deposition from dietary fat is more
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TabIe 5. ActuaI and model predicted
and energy retentÍon in response to
from 6-28 days of age using the data
(198s).

broiler growth, body fat
changing energy intake
of Brue and Latshaw

Parameter Diet
4

6-28 Feed int. (g) 1023 964
Äct. BW gain (g) 592 607
Act. Carcfat (% DM) 32.7 34.0
Energy int. ( kcal ) 2976 2927
Act. ER (kcall LL24 1195
Act ER g MEI 37.8 40.8

Pred. Btt gain (g ) 535 535
Pred. Carcfat 32.2 34 .5
Pred. ER (kcal) 1003 1050
Pred. ER g MEI 33.7 36.2

Act,/Pred Carcf at 1.016
Mean = 1.030 SD =
ANOVAz A/P = Fatt

Act,/Pred ER g MEI L.L22
Mean = 1.117 SD =
ANOVÀ: A/P = Fatt

986 l_008 955
605 623 647

35. i_ 37.3 39.6
2979 3048 3151
L225 L278 1390
41.1 41.9 44.r

550 s55 586
34.1 34.3 39.s
1073 1084 L284
36.0 35.6 40.7

1016 1-014
664 640

38.9 39.9
3306 3307
\452 1384
43.9 41.9

629 630
38.2 38.4
L290 1328
39.0 40.2

Sulfur amino acids predicted limiting in all diets

Act,/Pred BW gain 1.107 1.135 1.100 L.103 1.104 1.056 1.0L6
Hean = 1.089 SD = .040
ANOVAI A/P = Fat% PR>F = .24

.985 1.059 1.087 1.003 1.01_8 1.039

.035
PR>F = "62

L.L27 t.L42 L.I77 1.084 L.L26 1.043
.043

PR>F = .19
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efficlent than fat derived from lipogenesis. The study of

Bartov (1987) was used to quantify this mechanism. In this
study, male White Rock broiler chicks were tested from B to

27 days of age on lso-caloric dlets containing either .5% or

3.5q supplemental fat (soybean oil or tallow at each

Ievel). The composltlon of the diets is shown ln Table 6.

Feed intakes \r/ere equal (1130 g) f or each of the two fat
IeveIs. The actual and predicted weight gains along with

actual/pxedicted ratio are shown in Table 7.

The results show that the model accurately predicted

weight gain within 3t for all diétary treatments and ages

except the I to t4 day perlod. The short tlme period of

this interval may have contributed to the experimental

ey,yor. There was an actual and predlcted lncrease ln welght

gain wlth increaslng fat. The actual welght gain was

greater than the predicted weight gain to the extent that

85t of the total extra-caloric effect was not accounted for

by the modeI. Mateos and SelI (1981) have suggested that

increasing fat levels slows down feed passage rate in the

digestlve tract which may allow for Increased nutrient
breakdown and utlllzation. This effect 1s not accounted for

in the model,

4 "2.3 ENERGY PROTEIN EFFECTS

r! : 
- 

:----L--! LL-L LLIi is imporcanc EnaE Ene model account for changing

proportions of dletary energy and proteln" These nutrlents
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Tab1e 6. Calculated nutrient composition of
1987) used to test ability of broiler model
extra-caloric effect of dietary fat.

diets (Bartov,
to predict

Nutr ient Diet l- Diet 2 Diet 3

.AMEn, kcal,zkg
Crude fat, t
Dig, protein, g
Dig. argr t
Dig. his, t
Dig. lys, %

Dig. trp, t
Dig. phe + tyx,
Dig. phe, t
Dig. met + cys,
Dig" met, t
Dlg. thr, t
Dig. 1eu, t
Dig. 1Ie, S
Dig" va1, È

3034
3.2

16 " I
1.13

.45

.89
"19

1.51
.90
.66
"42
.68

l-"55
.83
.87

3029
3.2

l_6.8
1.13

.45

.89

.19
1.51

.90

.66
"42
.68

1.56
.83
.87

3030
6.2

i_6.8
t.l3

.45

.89
. l_9

1.51
.90
.66
.42
.68

1.55
.83
.87
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Tab1e 7. Actual and model predicted broiler growth from I to
27 days of age in response to increased dietary fat
concentration when feed intake and energy concentration are
egualized, using the data of Bartov (1987)"

Parameter Dlet
2 Avg I+2

8-14 Feed lnt"
8-?! Feed lnt.
8-27 Feed Int.
Act. BW gain (g)
8-14
8-2L
8-27

Pred. BW gain (g)
B-14
I -21
8-27

Acb,/Pred BSù galn
8-14
8-2L
B-27

242
670

114 0

153
378
600

]-32
367
6L2

1.159
1.030

.980

244
656

112 0

148
367
582

134
358
599

1"104
1.025

.97 2

243
663

113 0

151
373
591

133
363
605

1.135
1.028

.97 5

243
666

113 0

158
393
620

134
366
609

L "]-79
1.0?{
1.018
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are expensive and small changes can result in large

profitability differences. Two studies were used to

validate the model in this area (Pesti and Fletcher, 1983;

Pesti et al. l-986). These studies were chosen from the many

available studies on protein - energy combinations because

the central composite design of the experiments make thern

especially uséfuI in determining quantitative protein,

energy and protein - energy interaction effects and in

equalizing possible feed intake differences. the

composition of the Pestl and Fletcher (1983) diets is shown

in Table 8. The actual and predfcted body weight gain

responses are shown in Table 9. The results show that the

model estimated average weight gain wlthin 4g of actual in

Lhe first trial and within 18 in the second trial. There

was no effect of energy on the pattern of residuals but the

model did overestlmate weight galn at high protein

concentrations. Some possible reasons for this are:

1. The assumptlon of 85t amino acld utlllzation

efficiency may be wrong and therefore the model may

incorrectly estimate body proLein gain.

2" The estimate of amino acid content of body proteín

may be low"

3. The estimate of energy release from excess protein

may be hlgh.

Glven the uneertalnty of estj.mates oÍ amlno acid

utilization efficiency, that is likely the main reason that



Table B. Calculated nutrient
F1-etcher, l9I3 ) used to test
predict effects of energy and
from 22 to 49 days of age.
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composition
abi I ity of
protein on

of diets (Pesti and
broiler model to
broiler BW gain

Nutr ient Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Aì,fEn, kcaL/kg
Crude fat, t
Dig. protein, I
Dí9. argr %

Dig. his, I
Dig. lys, t
Dig. trp, %

Dig. phe + tyr,
Dig. Þhe, t
Dig. met + cys,
Dig. met, t
DÍ9. thr, t
Dig. leu, t
Dig. iIe, t
Dig. va1, &

3L44
6 .1_

L9 .2
1.31

.49

.99

.2L
L .62

.97

.55

.39

.75
L.7 4

.93

.99

3080
5.6

18.1
L .22

.46

.91

.20
1.50

.90
"62
.37

'.70
1.63

.86

.93

3269
8.3

18.3
L.24

.47

.93

.20
L.54

.92

.63

.38

.72
1.66

.88

.94

3 015
5.0

17.0
t_. l_3

.42

.83

.18
1.38

.83
.58
.34
.64

1.51
.79
.86

317 B

6.7
L7 .2
1.1s

.43
.85
.19

l-.43
.86
.59
.35
.67

1.57
.81
.88

Nutr ient Diet 6 Diet 7 Diet I Dlet 9

AMEn, kcaL/kg
Crude fat, B
Dlg. proteln, %

Dig. êrg¡ t
Dlg. hls, t
Dig. Iys, t
Dig. trp, t
Dig. phe + tyr,
Dig. phe, t
DÍ9. met + cysr
Dig. met, %

Dig. thr, %

Dig. 1eu, g
Dig. ileu %

Dig. vaI, g

E

3394
10.4
17.3
1. r_7

.44

.87

.19
1.45

. B7

.60

.36

.68
l_.58

.82

.89

3087
5.1

L6 .2
1.07

.40
.78
.t7

i_.33
.79
.56
.33
.62

1.48
.75
.82

327 6
7.8

16.3
1.09

. 41_

.80

.18
r.37

.81

.57

.34

.64
1. 51

.76

.84

315 8

5"2
15.3
1.00

.37
.73
.16

7.28
.75
.53
.31
.59

L.44
.70
.78
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Table 9. Actual and model predicted
to 49 days of age as a function of
and energy concentration, using the
Fletcher (l-983).

broiler BW gain from 22
varying dietary protein
data of Pesti and

Diet Trlal 1 Trial 2

Àct Pred Act Pred

L 2864 L270 L420 29]-4 1310 1458
2 287 4 1230 1337 29L4 1270 1366
3 2844 L290 l_391 2864 1340 l_406
4 2964 L230 L277 2854 L220 ]-2o]-
5 29L4 t2s0 1316 2864 1350 i-31S
6 2864 1280 1364 2804 1350 l_318
7 283 4 117 0 I L 5l_ 283 4 L220 1- 151
8 2814 !220 L2L5 2894 1350 L272
9 2894 1180 1131 2874 1230 111_8
Lysine and sulfur amino acids predicted equally limiting in
aIl diets

Actual,/Predicted (A/P) :

FIFI

Crude
Prote in

22

20.9

19.8

18.6

17.5

2900

D let
\/P Trial
A/P Tr ia I

Comblned trlal stepwlse
on protein and energy (

interaction).
Parameter Estimate
Intercept L.7944

ñ- - ! 
- 

: ^-TI,OLEIII -"U{l /I

3030
AMEn
315 0

1
.894
.898

2
.926
"930

5
.950

1.015
7

1.017
1.050

9

1.043
1.100

regresslon analysis:
ful1 quadratic model

SE
.1009
.0û59

PR>T
.0001
. û001

3280 3400

3
.92'l
.953

6

.938
1.024

I
t .004
L.061

A,/P dependent
wi th

R^2 = .80

1
2

4

.95 3
1.016
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growth rate 1s overestimated at high protein intakes.

The second study of Pesti et aI. (1986) which was

basically a replication of the previous study (additional

diets shown in Tab1e 10) gave similar results (Table 11).

Here the model overestimated weight gain from 22 to 42 days

by 6t. .A,gain, the overestimation was greatest at high

protein concentratlons. In order to test whether the 85t

coefflcient for amino acid utllization efficiency
contributed to the overestimation at high protein levels, a

sensitlvity analysis vtas performed where amino acid

utilization efflciency coefficiertts of 80% and 90t were used

to test the Pesti et aI. (1986) data. The results are shown

in Tab1e 11. In both cases, predicted weight gain was still
overestlmated at the hlghest protein leveIs, but the proteln

effect was less at the 908 efftclency level. On the other

hand, total model accuracy i*as best at the 809 level ( less

than lt difference beLween average predicted and actual).

4.2.4 RESPONSE TO AMINO ACIDS

Slnce amlno acld partitloning Is a central mechanism in

the model, lt ls approprlate to examine data where essential

amlno aclds are fed In varylng amounts from a llm1tlng to a

non-Ilmlt lng state . Two stud ies rr¡ere chosen; the study of

Gous and Morris (1985) which Investigated response to

lysine, and the study of Mendonca and Jensen (1989) which

investigated response to sulfur amino aclds.



54

TabIe l-0. Calculated nutrient composition of diets (Pesti et
a1., 1986) used to test ability of broiler model to predict
effects of energy and protein on broiler BW gain f.rom 22 to
42 days of age.

Nutr ient Diet I Diet 11

AMEn, kcal/kq
Crude fat, t
Dig. protein, %

Dig. êrg, %

Dig. his, g
Dig. Iys" %

Dig. trp, q
Dig. phe + tyx,
Dig. phe, t
Dig. met + cys,
Dlg. met" g
Dig. thr, B
Dig. leun g
Dig. i1e, %

Dlg. vaI, g

2996
4.9

19 .0
1 .28

.48
.97
,2L

l_. 56
.94
.75
.49
.73

L .67
.90
.96

3394
9.4

L5. 3

i-.01
.38
.76
.16

1- .28
.75
.51
.40
.59

1.43
.7L
.78

Diets 2 - 10 are the same as diets L - 9 in Table I (Pesti
and Fletcher, L983).
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Table 11. AcLual and model predicbed broiler BW gain f.rom 22
to 42 days of age as a function of varying dietary protein
and energy concentration, using the data of Pesti et al.
(1986). Model tested at 80% and 90t amino acid utilization
efficiency in addition to standard 85%.

Dlet FT Act Pred 80q Pred 90% Pred Limit AÀ

I
2
3
4
5
6
7
I
9

10
11

24L4
24L6
2500
2446
2527
25L0
2509
25]-4
2462
2488
2532

Crude
Prote 1n

22.0 Dlet
A/P 85
A/P 80
AlP 90

20.9

19.8

18.6

L7 .5

115 2
115 5
117 0
L?55
rl07
l-l_73
119 5
L105
114 4
1079
1r56

L242
1334
L284
1319
119 3
L27 0
1308
LLA4
117 3
1073
1171

121- 5
L263
L2L7
7245
112I
l_208
1230
1079
1099
998

'109 I

L246
1384
1345
1382
1250
1330
1373
12 01
t235
113 5
L238

tys
M+C, Lys
M+C, Lys
M+C, Lys
M+C, Lys
M+C, Lys
M+C, tys
M+C, Lys
M+C, Lys
M+C, Lys
Lys

ActuaI,/Predicted (A/P )

2900

I
.927
.948
"925

5
.928
.981
" 886

3030

3
. 911
.961
.8?0

I
.966

r.024
.920

AHEn
3150

2

.866

.91-4

.835

6

"924
.97 L
.882

10
1" 001
1.081

"951

3280

4

.951
1.008

.908

9

.975
1"041
.926

3400

7

.91_4
.97 Z

.870

i-1
.987

1.053
.934
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Table 11. conLinued

StatÌstics:
A/P
A/P
AlP

B5%): mean = .941- S.D. = .039
B0%): mean = .996 S.D. = .050
90%): mean = .901 S.D. = .035

Stepwise regression analysis: A/P dependent on protein and
energy (fu11 quadratic model with interaction).
85 g Amino acid utilization efficiency
Parameter Estimate SE PR>T R^2 = .71,
Intercept 1. 3613 . 0905 .0001
Prote in - .0244 .0052 .00L2

80 * Àmino acid utilization efficiency
Parameter Estimate SE PR>T R^2 = .80
Intercept 1.5645 .0955 .0001
ProteÍn -.0331 .0055 .0002

90 ts Amino acid utilization efficiency
Parameter Estimate SE PR>T R^2 = .43
Intercept 1.1898 . 1L14 .0001
Proteín -.0158 " 0065 .0286
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The composition of the diets in the lysine study is

given in Table L2. The actual and predicted performance

resulLs are given in Table 13. The results show that the

actual performance is greater than the predicted performance

by a wide margin (359 on average). Feed intakes were very

Low in this study. The animal may compensate for low feed

intakes by making changes in metabolism that the model does

not account for. The pattern of actual/predicted growth

rate change with changing lysine concentrations shows a

quadratic relationship which minimizes at 1.17% digestible

lysine.

The sulfur amino acid study diets are summarized in

Table 14. The performance results are given in Table 15.

The results show that actual and predicted performance are

in close agreement. Again, actual and predicted BW gains

are closest to each other at intermediate sulfur amino acid

leve ls .

4.2.5 ENVIRONMENTAL TEMPERATURE EFFECT

The study of Charles et al. (1981) was used to

investigate the effects of environmental temperature

from 18 to 27 degrees Celcius on broiler performance.

composition of the diets is given in Table l-5. The

performance results are glven in Table L7, The resul
!!--!-r 

-----!L --: !L-+ LL^EnaE f,ne mooel unoere5lLl¡¡t€rucL¡ gluwL¡¡ cr¡¡L¡ u¡rcrL L¡¡s

rangi ng

The

ts show

underestimation r+as greatest at the Iowest temperatures. AI
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TabIe L2. Calculated nutrient composition of diets (Gous and
Morris, 1985) used to test ability of broiler model to
predict response to different levels of dietary lysine.

Nutr i ent Diet I Dlet 2 Diet 3 Diet 4

AMEn, kcaL/kq
Crude fat, %

Dig. proteln, t
DÍ9. âtg, g
Dig. his, %

Dig. Iys, t
Dig. trp, %

Dig. phe + tyr,
Dig. phe, %

Dig" met + cys¿
Dig. met, %

Dig, thr, %

Dig. Ieu, %

Dig" ile, ts

Dig. va1, t

319 6
8"6

31.0
L .97

. B1
1.49

.32
2.95
L.76
1.39

.91
L.27
3.27
L.52
r.60

319 6
8.0

27 .9
L.77

.73
1.34

.29
2.66
1.58
r.25

.82
1.09
2"94
1.37
L.44

319 5
7.4

24 .8
1. s8

.65
1.19

.26
2 .36
1.41
1.lL

.73
.97

2.62
L.22
L.28

319 5

5.8
2L.7
l-.04

.57
l-.04

.22
2 .07
L.23

.97
.64
.85

2.29
1.06
L.L2

Nutr lent Dlet 5 Dlet 6 Dlet 7 Diet l-4

AMEn, kca 1,/kg
Crude fat, B
Dig. protein, g
Dig. åEgr t
Dig. his, g
DÍ9. Iys, g
Dig. trp, g
Dig. phe + tyx,
Dlg. phe, g
Dig. met + cys¿
Dig. met, g
Dig. thr, t
Dig. leu, B
Dig, 1le, q
Dig. va1, %

ô
Õ

o¡b

319 4
6"2

18 .6
1.l-8

.49
.89
.19

L.77
1.06

.83
.55
"73

1.96
"91
.96

319 4

5.6
15.5

.99
.4L
.75
.16

1.48
.88
.70
'46
.61

L.64
.76
.80

319 4
4.9

L2 .4
"79
.32
.50
.13

1" 1B
.70
.56
.36
.48

1.31
.61
.64

319 3

4.3
9.3

.59
.24
.61_
.10
.89
.53
.42
.27
.36
.98
.46
.48

Dlets I - 13 are the same as
dlgestible lysine Ievels are
.77* respectively.

dlets 2 - 7

1" 51 , L.36,
except that
1.2L, 1.06, .92 and



Table 13
reSponse
dietary

. Actual and model
from 8 to 2L days

Iys ine, us ing the

59

predicted broiler BW gain
of äg€¡ to different leveIs of

data of Gous and Morris (f985) '

Diet FI Act. Pred Àct,/Pred L imit A.â,

L 464
2 476
3 490
4 495
5 494
6 450
7 439
8 467
9 462

t_0 489
11 491
L2 493
13 466
14 440

Act,/Pred: mean = 1.351

Parameter
I ntercept
tys i ne
Lys ine ^ 2

Est imate
4.2818

-5.3970
2.2984

Stepwise regression analYsis
(quadratic model ) .

of Act/Pred dependent on IYsine

356
375
354
350
335
281,
2L6
362
364
349
336
315
250
186

270
289
314
302
266
2LL
135
28t
287
322
303
250
L57

84

1.319
1.298
1.159
1.159
L .259
L.332
1.600
L.288
L.268
1.051
1.109
1.260
1.592
2.2t4

f.V"
Lys
M+C, Lysrl'

*,r r, ,
mult i
H+C
M+C

SD =.293

SE
.6004

L.2022
. s663

PR>T R^2 = .7 4

.0001
.0009
.0019
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Table L4. Catculated nutrient composition of dÍets (Mendonca

and Jensen, 1989) used to test ability of broiler model to
predict response to different Ieve1s of dietary methionine'

Expt. I
Nutr ient Diet l- Diet 5 Diet 9

Ã,l1En" kcal/kg
Crude fat, I
Dig" proteln, t
Dig. àxgt %

Dig. his, ts

Dig. Iys, I
Dig. trp, %

Dig. phe + Eyr,
Dig. phe, g
DIg. met + cYsl
Dig. met, B
Dig. thr, t
Dig. leu, %

Dig. i1e, g
Dig. va1, %

Diets 2-4r 6-8 and 10-12 differ from 1, 5 and 9 in the
levels of met + cys ,/ met z .58/ -33, -63/ "38, .68/ '43,
.66/.37, .7L/.42, .76/.47, .74/.4L, .79/.46, .84/ -5L-

3]-26
5.0

L7 .3
1.16

.44
.85
. L8

1.46
.87
.53
.28
.68

1.60
.82
.89

3129
6.6

20.8
1.43

.54
L,12

.23
L.7 6
1.06

.51

.32

.83
1.86
L.02
1.07

3119
8.2

24.3
L.7L

.63
L.38

.28
2,O5
t.26

.69
.36
.97

2.LT
L.22
L.26

Expt. 2

Nutr ient Diet 1 Diet 5 Diet 9

.AMEn, kcal,/kg
Crude fat, t
Dig" protein, q
DIg. är9r g
Dig. his" g
Dig. lys, %

Dig. trp, I
Dig. phe + tyr, I
Dig" pheo g

Dlg. met + cYsr &
Dig" met, g
Dlg. thr, I
Dig, 1eu, b
Dig . 1Ie, g
Dig. vaI, t

318 4
5.1

14. 3
.92
.37
.87
.15

L .27
"74
.46
.25
.56

1.38
.66
.72

31,81
6.0

16.0
1.07

.43
.85
.18

1.43
.84
.48
"25
.64

L "s2
.77
.82

3l_83
6.8

L7 .7
L,2L

.48
.93
.20

1.58
.94
.53
"27
.72

1.55
.87
.92

LL.ITT LfTEDlets 2 - 4t 6 - I and 10 - LZ difier from 1, 5 and 9

levels of met + cys / met: "52/ "3I, .58/ "37 , '63/ ' 43-'
,54/.3L, .60/ .39, .66/ .43, .59/ .33, .65/ .39, .7L/ .45-



Table 15. .A,ctua1 and model
response txom 22 to 42 daYs
dÍetary sulfur amino acids,
Jensen (1989).

6L

predicted broiler BW gain
of ä9er to different levels of
using the data of Mendonca and

Expt
Di et FI Act. Pred " Àct,/Pred Limit A.A,

1
2
3
4
5
6
7
I
9

10
11
L2
Act/Pred:

2776
27 85
2809
27 33
2699
2699
27 43
266L
2640
2597
2656
27 35

mean =

l.327
133?
L39 6
1383
L352
L352
L42L
1-389
13 57
1335
1336
L422

"932 SD =

r_ 3L6
139 4
1408
t364
1465
1 569
L628
155 3

147 0
1438
L49 4
1546

051

1.008
.959
" 991

1.014
.922
.862
.873
.889
.923
.928
.894
.920

M+C
Lys, M+C
Lys
Lys
M+C
M+C
Lys

':"

Expt. 2
Di et FI .å,ct. Pred. Àct,/Pred Limit .AA

1 2700 1196
2 2679 L2L9
3 2630 r2s2
4 26LL L23s
5 2899 1348
6 2759 1316
't 2653 L324
8 2603 L29L
9 2570 1290

10 2644 1346
l-1 251,5 1341
L2 2472 1283
^â,ct,/Pred: mean = .996 SD =

109 I
L244
L344
1338
t282
13 51
1337
130 8
118 7
139 4
1346
1319

.054

1.089 M+c
.980 M+c
.931 M+c, Lys
.923 tys

1.051 M+c
.97 4 H+c
.990 Lys
.987 Lys

l_.087 M+C
.966 H+C
.996 Lys
.97 3 Lys

Combined experiments stepwise regresslon analysis: A'/P

dependent oñ meth + cys (quadratic model)'
Parameter Estimate SE PR>T R^2 =

Intercept 1.2353 .0613 ' 000L
Meth + èys - .4296 .09 59 ' 0002

48



Table 16
et aI.,
pred ict
response

62

. calculated nutrient composition of diets (charles
l-98f) used to test ability of broiler model to
temperature and sex effects on broiler BW gain

from 43 to 49 daYs of age,

Nutr lent Dlet 1 Dlet 2

AMEn, kcaL/Rg
Crude fat, ts

Dtg. proteln, q
Dig. argt t
Dig. hls, ts

Dig" 1ys, q
Dig. trp, %

Dig. phe + tyrn
Dtg. phe, %

Dig. met + cYs¿
Dig. met, b
Dig" thr, B
Dlg. 1eu, g
Dig. 1le, q
Dig. val, %

3r42
9.3

t9 .9
L.2L

,49
l-.01

.23
1. 58

.97
.62
.32
.72

L "52
.89
.95

3063
7.6

19.7
1.1-9

.48
.98
.22

1.55
.96
.62
.32
.70

1. 49
.88
.93
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Table L7. Actual and model predicted male and female broiler
BWgainresponsefrom43to49daysofageinresponseto
different environmenLal temperatures, using the data of
Charles et al. ( 1981 ) .

Temperatur e

Pa rame Le r 21TB 2I 24

Hales, Diet l:
Feed int. (g)
Act BW gain (g)
Pred BW gain (g)
Act/Pred

Males, Diet 2:
Feed lnt. (g)
Act BW gain (g)
Pred Btü gain (g)
Act,/Pred

Females, Diet 1:
Feed int. (g)
Act Bt{ gain (g)
Pred BW gain (g)
Act,/Pred

Females, Diet 2:
Feed int. (g)
Act BW gain (g)
Pred BW gain (g)
Act,/Pred

Act/Pred
r.26
L.08

.97
1.09

Act/Pred
1.05
1. r_5

Act,/Pred
1.14
r..06

ANOVA PR>F = .06

ANOVA PR>F = .23

950
300
3 71_

. 810

1010
370
427

.867

820
3 r-0
274

1.131

840
310
274

1.050

Tota1 df
Temp df

Total df
Sex df =

Total df
Diet df

1030
420
377

t.110

1040
500
378

1.320

870
330
23L

L.429

920
330
23r

1.183

990
400
379

1.056

i-060
430
445

.966

840
3L0
26L

1.188

870
310
26L

1.099

850
400
308

1.298

900
340
354

.960

740
260
240

1.083

790
260
240

l. 016

=15
-aTemp

18
2T
24
27

Sex
Ma le
Female

D iet
1
2

SD
.14
.09
.15
"15

SD
.L7
.L3

SD
.18
.14

=15
1

=15
-2ANOVA PR>F = .35
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21 degrees and above there waS no slgnlflcant effect

temperature on the actual/predicted BW gain'

4.2.6 SEX EFFECT

The data of Charles et al" (19S1) was also used

at sex dlfferences. The performance data ls shown

17. The resuits indicate that model predlcts male

performance better than female performance but Lhat

di fferences \rlere not s lgnl f icant ( P=. 23 ) "

of

to look

1n Table

the

4.?.7 FEED INTAKE PREDICTIO¡I

The data of Proudfoot and Hulan (1982) was used to

Investigate the effect of photoperlod on feed intake' The

results are shown ln Table 1-8. The modet predlcted a

greater depresston In feed lntake from decreaslng llghL

hours than was actually observed. In the finisher period,

the nature of the decrease was curvilinear rvhereas the model

predlcted a llnear decrease.

The effect of dletary energy concentration and sex on

feed tntake ktas investtgated uslng the data of Charles et

aI. (1981). The results are shown ln Tabte 19. The results

show no dtfference ln the modelts abtlity to predlct feed

lntake as lnfluenced by either varlable"

4"3 DTSCUSSÏOô¡

The model generally does a good Job of predlctlng



Table L8. ActuaI and
response to changing
old using the data of
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model predicted broiler feed intake in
photoperiod from 0-28 and 29-49 days
Proudfoot and Hulan (1982).

Starter Period
Parame te r

(0-28 days )

I
Light hrs

L2 14 24l610

Act. Feed int. (g) L277 1306 1331
Pred . Feed int. ( g ) 1011- 1059 l-l-07
Act,/Pred Feed L.263 1.233 L.202

Act/Pred Feed: mean
Stepwise regression
(quadratic model ) .
Parameter
I ntercept
L iqht

L37 7
115 4

1.193

= L.183, SD = .077
analysis : ActlPred dePendent

1 39 7 L443
1l-99 l-385

1.166 r.042

on light

R^2 = .99Est imate
L .37 23
-.0135

SE
.010s
.0007

PR>T
.0001
.0001

Finisher PerÍod
Parame te r

(29-49 days )

I 10
Light hrs

L2 L4 2416

Act. Feed int. (g) 25L4
Pred. Feed int. (g) 2022
Act/Pred Feed L.243

Act/Pred Feed: mean
Stepwlse regression
(quadratlc model ) .

= 1.178, SD = .O77
analysls: Act,/Pred dependent on tight

257 4 266L
2LL7 2215

L.2L6 1.201

SE
.0099
.0000

279L 2855
2398 2769

1.164 1.031

2797
2304

L,2L4

Parameter
I ntercept
Llght^2

Est imate
t.2684
-.0004

PR>T R^2 = .97
.0001.
.0003
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Table 19. Actual and model predicted male and female broiler
feed intake from 43 to 49 days of age in response to
different dietary energy concentrations, using the data of
Charles et al. (1981) (Temperature = 27 degrees C).

Parameter 3L42
Diet

306 3
AMEn (kca1,/kg )

2957 2't 67

Hales:
Act Feed
Pred Feed
Act/Pred

Females:
A,ct Feed
Pred Feed
Act,/Pred

int. (g)
int. (g)

int. (g)
int. (g)

900
110 ?
.813

790
1028
.768

ANOVÀ PR>F = "04

ANOVA PR>F = .44

900
tls5
.779

800
1076
.7 43

Total df - 7

Sexdf=1

Total df = 7
Diet df - 3

850
LT2L
.758

740
1013
.731

890
LLz4
.7 92

790
1046
.755

Statistics:

Sex
Ma Ie
FemaIe

D iet
3L42
3053
2957
27 67

Act/Pred
.7 86
.7 49

Act,/Pred
.7 45
. 791
.77 4

.761_

SD
.02
.02

SD
.o2
.03
.03
.03
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performance. When the eleven data sets used in the

validation study are averaged, actual Bt{ gain was greater

than predicted BW gain by only 4.8%.

The model does overpredict growth rate at high protein

levels which may be due to the amino acid utilization
efficiency of 859 belng too low. Testlng of a 908

coefficient slightly reduced the variability of model

accuracy over a protein range. It is unclear what the

proper coefficient for amino acid utilization efficiency
should be. Perhaps the coefflcient should vary with protein

intake and possibly with age.

It ls lnterestlng to note that the model does a better
job of predictlng performance under rraverage practicalrl

conditions than it does at extremes t e9. extreme lysine,

sulfur amlno acidu protein and temperature levels. This is
not surprislng because the data used to derive the

predlctlve equatlons in the model was mainly derived from

experiments conducted ln average condltlons. These results

suggest that the blrd, when faced wlth extremes ln lnput can

vary lts intermediary metabollsm to adJust lts prlorltles of

partltioning nutrÍents.

Overall, the model appears to work well. Some

adjustments in the areas of amino acid utilization

efficiency and feed intake adjustment for differences in

photoperiod are warranted,
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An lmportant area of the model that needs valldatlon is
the prediction of meat yierd, especially breast meat. There

are no suitable studies in the scientific rlterature,
Consequently, the next step was to conduct blologlcal
experiments 1n order to valldate and enhance the abirlty of

the model to predict breast meat yieId"
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5. EXPERIMENT I. THE EFFECTS OF DIETARY METHIONINE AND

LYSINE ON BROILER CHICKEN PERFORMANCE AND BREAST MEAT YIELD.

5.0 INTRODUCTION

The carcass compositlon of broller chickens is receiving

conslderable attentlon as a result of t'further processingtt

by the industry. There is an emphasis on increasing the

meat yieId, especially breast meat, and decreaslng the fat
content of the broller carcass. It has been well

demonstrated thaL decreasing the'energy to proteln ratio in

the feed will accomplish these objectives (Salmon et a1.,

1983). However, 1t remains to be determlned whether

lnc¡easing the leveI of essentlal amlno acids rather than

total proteln wlII produce the same effects and do so more

economical Iy.

Increasing the essential to nonessential amino acid

ratlo 1n the dlet will lncrease carcass proteln and decrease

carcass fat (Bedford and Summers, 1985). SimllarIy,
lncreaslng dietary lysine content causes an increase 1n

broller carcass protein retention and a decrease in fat
retentlon (SlbbaId and WoIynetz, 1986). Slnce lyslne is

present in high 1evels in poultry muscle (Scott et al",
L969 ), it vrould be useful to know the effects of dietary
lysine on meat yield especially breasi meai. The extent

to which dietary lysine will increase breast meat yleld ñây,
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in part, depend on the level of other amino acidsi ie. there

may be an interaction between amino acids.

The main objective of this study was, therefore, to test

and quantify the hypothesized breast meat yield response to

increasing dietary lysine, at two methionine levels.

Dietary amino acid levels in excess of NRC (1984) were used

to allow the genetic potential for body protein accretion to

be approached. For the same reason, a relatively high

energy diet (corn based) was used to allow sufficient energy

for protein accretion. The second objective of the study

vÍas to provide data for vali.datión of the broiler model.

5.1 MATERIALS AND METHODS

Feather sexed male, day old comrnercial broiler chicks

(Ross x Arbor Acres) were used. The birds were grown in

floor pens measuring 1-.54 x 4.31 meters in a windowless

environmentally controlled house which was divided into Lwo

rooms contalning 32 pens each. Fresh r¿ater was available ad

libitum.
The experimental design was a completely randomized

design with a 2 x 2 x 4 factorial arrangement of treatments:

two rooms (one continuous lighting and the other a 16 hour

light, I hour dark regime), Èwo levels of dietary methionine

{NRC and LL?% NRC) and four levels of dietary lysine (NRC,

1û6t NRc, LL?R NRG and 1i.8% NRC). The dieis were available

ad libitum in both the starter (0-3 weeks) and finisher (3-6
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weeks) phases. The methionine and lysine contents of the

diets were as follows: starter/ finisher methionine,

.50%/.38t and .56t/.439, starter/finisher lysine;
L.20%/L.00t, L.27%/L.06t, L.34?/L.12t and L.42%/L.18e".

There were 4 pen replications per treatment and 60 birds per

pen for a total of 64 pens and 3840 birds.

The composition of the diets is given in Table 20.

Prlor to the experiment, the Ingredlents corn, wheat and

soybean meal were analyzed for crude protein and amino acids

and the experimental dlets were formulated on that basls.

The mixed diets were also analyzed and the results were in
close agreement with calculated values except that lysine in

the starter diet was higher (P<0.01) than expected. The

starter diet vùas fed crumbled and the flnlsher dlet was fed

as a short peIlet (.5 cm maximum length and diameter).

The birds were weighed, after fasting LZ hours, on days

It 2L and 42. Feed consumption was measured for the periods

1 to 2L and 22 to 42 days. At 42 days, I randomly selected

birds from each pen rdere individually weighed, double

wing-banded and commercially processed. Carcasses vrere

retrleved from the processor and weighed. The breast meat

(pectoralls maJor and mlnor muscles) was exclsed and

welghed. Unfortunately, there was only 558 bird retrieval
from the processor because of missing wing bands, incomplete

carcasses and bird condemnations" Flowever, the bird numbers
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Table 20. Composition of diets used in Experiment 1.

Ingredient Basal Starter (ts) Basat Finisher (%)

Corn
Wheat
Soybean meal ( 45.5 )

Sunflower oi1
DL-methionine
Limestone
Monocal Phosphate
Salt
Other *

40.6
L4 .4
36 .4

4"6
. l_8

1.5
1.4

.3
.62

62.4

29 .2
5.0

.08
1.3
L.4

.3

.32

Nutr ient Calculated
Str Fin

Analyzed
Str

tsD
Fin

Crude Protein, %

Dig. Protein, %

Crude Fat, g
ME, kcaI,/kg
Calcium, S
Phosphorus, t
Lysine, %

Met + Cys, %

Met, g
Dlg. drg¿ I
Dlg. hÍs, t
Dig. lys, g
DÍ9. trp, g
Dlg. phe + tyr, %

Dig. phe" I
DIg. met + cys, t
Dig. met, S
Dlg. thr, g
Dig. leu, t
Dlg. ilen q
Dig" vaI, t

22.O
20.7
6.9

3075
1.00

.75
L .20

.93

.50
1.39

.55
1.11

"24
L.79
1.09

.78

.46

.81
t.79
1.01
1.04

l_9 .0
1?.5
7.8

3225
.90
.72

1.00
.7 4

.38
I .19

.47

.91

.20
1.56

.93

.60
.34
.70

1.63
.86
.90

23 "6+0 "20 20.3i0. i.6

l_.28+0.03 1_.02+0.04
.90+0.05 .75+0.05
.52+0 .02 . 39+0 .04

:{ To supply,zkg f eed: Vitamih A, 8000 IU; vitamin D3, 2000
IU; vitamin E, 15 IU; vitamin BLzt 10 ugi vitamln K, 1.5 mgi
riboflavin, 5 mg; pantothenate, 10 mg¡ niacin, 50 mg;
folacln, .75 mgt biotlnt .25 mg; chollne, 425 mgi manganese,
6û mg; ferrous Fê" 8û mgi iodlne, .4 mg; copper, 10 mg;
zlnc, 60 mg; selenium, .1 mg; ethoxyqulnr l.lT gi pen strep,
.l- g, amprol Hl E, .5 g.
Synthetic L-lysine HC1 and Dl,-methlonine vrere added to the
basal diets to make the various treatment diets,
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\dere well distributed across treatments and sufficient for
analys is.

Full- statistical models, containing room, methionine and

lysine independent variables and their interactions were fit
to the data. The models were analyzed using the General

Linear ModeIs procedure of SAS (f987). The effects of

graded lysine'leveIs on the dependent variables were

investigated with orthogonal polynomials. Mulbiple

regression analysis vras performed on breast meat yield
response to methionine and lysine intake per bird. The

experimental unit was a pen of bfrds and the analysis was

weighted for differences in the number of bird observations

per pen. The full model, containing linear, interaction,
quadratic and cubic terms was analyzed with Forward,

Backward and Stepwise procedures of SAS. The simplest model

with the most improved coefficient of determination was

chosen.

The data r¿as also used to validation-test the broiler

model using actual feed intakes.

5.2 RESULTS

AL 5 weeks of ä9€¿ the birds weighed 2.23 kg, had a feed

conversion efficiency (FCE) of 1.80 and a total mortality of

1"55%. There were significant room differences in most

measurements (nreans not reported due to confounding of roonr

and photoperiod). The birds ln the contlnuous lighting
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environment were heavier, had a poorer FCE, had greater

breast meat yield and had higher mortality than the birds in
the 1ight,/dark environment. Room x dietary treatment

Interactions r.rere not slgnificant wlth the exceptlon thaL

FCE from 3 to 6 weeks exhibited a room x methionlne

interactlon (P<0.05). rncreasing the level of methionine in

the dlet lmprcived FcE from 1.99 to 1.93 ln the contlnuous

I ight ing room ( P<0 . 01 ) . There was no d i fference ln FCE in

the restricted lighting room: FCE was 1.91 and I.92 for
dletary methionlne levels of NRC and 112t NRC respectlvely.
The effects of dietary treatment'on body weight and feed

converslon are glven ln Tabre 2L. Body weight increased

with increaslng methionine at 6 weeks but not at 3 weeks.

Three week body welght decreased sllghtly with increasing

lysfne lever but there was no difference in body weight due

to lysine at 6 weeks. There were no effects of 1ysine on

FCE,

Carcass results are presented in Table 2?a. A

significant methlonlne x lyslne lnteraction whtch accounted

for 358 of the totar treatment sums of squares, was observed

for dresslng percentage. At the NRC leveI of methlonine

there was no lyslne effect, but at the 112t NRC level of

methionine there was a slgnlflcant (P<0.01) quadratlc effect
on dressing percentage. .4, positive response in breast meat

yield idas achieved by increasing methionine. There v,ras a

significant cubic response in breast meat yield to



TabIe 2L. Experiment I
lysine on male broiler
efficiency (FCE) .
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. Effects of
body weight

dietary methionine and
gaÍn and feed conversion

Diet
Body weiqht (q)

3 week
FCE

6 week 0-3 wk 3-6 wk 0-6 wk

Methlonlne:
h{Rc
112% NRC

tys ine:
NRC
106t NRC
1l_2% NRC
118q NRC

Statlstlcs:

SEM

Source of
Methl on ine
Lys I ne

665
663

668
664
666
657

3.2

Var lat I on :

Means

2 ,22L
2 ,248

2 r227
2r234
2t239
2 ,240

5.6

0.009
0.800

0.007 0.005

0.083 0.005
0.321 0.349

0"690 o .6'12

L.47
1.46

L.47
1.48
1.46
1.46

0.003

0.762
0.466

r_.95
L.92

l_.95
1.94
L.94
1.91

1.81
1. ?9

l_.81
1.81
1.80
1. ?9

Lys linear
Lys quadratic
Lys cubic

Met x tys

0.495 *
0.033
0.012
0.455
0.L59
0.360 0.408 0"119

* Hypothesls probabllity
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Table 22a. Experiment l. Effects of dietary methionine and
lysine on male broiler carcass and breast meat yield (least
square means + sE) at 6 weeks of age

Methionine Lysine n Carcass %B$¡ BreasL meat gBW

NRC

Means

NRC 35 64.27+.48 13,78+.2L
1068 NRC 29 63 .60+. 5 4 L3 . 16+ .23
1129 NRC 35 55 . 00+. 50 13 .9 6+ .22
118t b¡RC 36 65.30+.47 L3.78+.20

112% NRC NRC 41 64.67+.43 13.72+.L9
1069 NRc 36 56 . 32+. 50 L4 .l_ 6+ .22
1128 NRc 30 65.66+. 50 14 .4 6+ ,22
1189 NRc 40 65.08+. 44 14 .15+.19

Stat istics:

Source of Varlation
Methionine 0.010 * 0.002
tysine 0.270 0.053
tys 1 inear 0. 055- 0.754# 0. 058
Lys quadrat ic 0 . 370 0 . 010 0.6?0
Lys cubic 0.205 0.236 0.039

Met x lys 0.021 0"098

* Hypothesls probabillty
- at methlonlne = NRC
S at methionlne = 1129 NRC

Table 22b. Experiment 1. Regression analysis of lysine and
methionine intake (g/bird) on breast meat yield (t BW),
forward method

Parameter Coefficient SE PR>T R^2 = .24
Intercept -35. 3205 24.0592 .138
Lys intake 2.1085 1.0?83 .056
(Lys lntake ) ^2 -.0238 .0120 .053
Lys x met .0049 .0020 .017
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increasing lysine (P<0.05). The results of the multiple
regression analysis of breasL meat yield on methionine and

lysine intake are given in Table 22b and Figure 3. The

model chosen contained rinear and quadratic terms for rysine

and a lysine x methionine interaction.

5.3 DISCUSSTOB{

The results in Table 2L indicate that the NRC (l_984)

requirement for methionine is probably too low for the

period from 3-5 weeks both in terms of growth rate and feed

efficiency. The fact that increásed methionine improved

feed conversion only with the continuously lighted group hras

somewhat surprising. One could speculate that the higher

growth associated with the continuously lighted birds

resulted in a concomltant increase in methionine

requirement. The topic of lighting regimens and their
effect on amino acid requirements warrants further research.

The small negative effect of lysine on 2l day body

weight had disappeared by 42 days. Analysis of the starter
feed for lysine indicated that the highest concentration was

1.518. This concentration is enough to depress feed

consumption (Gous and Morris, 1985).

The effects of lysine on breast meat yield are

inconclusive. The analysis of variance hypothesis

probability (P=0,053) does not allow us to clearly accepL or

reject the nuIl hypothesis. MuItiple regression analysis



78

lJl
E
Þ
Ø

I¡J
CE
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f 6.o

Flgure 3. Experlment 1. Effect of dletary lyslne and
methlonine lntake (g/blrd) on broller breast meat yleld (8
body weight).

41.O
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supports a classical dose-response relationship between

dietary lysine and breast meat yield a1-though it should be

noted that the coefficient of determination is 1ow. On

balance, the data supports the orlginal hypothesis that

essential amino acids at IeveIs higher than those reguired

f.or maxlmum growth wiIl improve meat yield. This result is

ln agreement with a recent study (Moran, 19BB) in which it

wäs reported that increasing lysine in the gro&ter diet

increased cooked breast meat yield. However, in another

recent study Sumrners et aI. (1988) found no dlfference in

broil-er breast meat yield v¡hen diets vtere supplemented with

methlonlne and lysIne.

The interaction between methionine and lysine effects on

dresslng percentage supports the hypothesis that dletary

methlonine levels do influence the response to lysine.

An increasing muscle mass with no increase in growth

suggests a decrease in fat content and an anticipated

lmprovement In feed efficiency. Since a breast meat

response to lyslne bras demonstrated while a feed conversion

response was not, it is likeIy that feed conversion is a

cruder measurement of response than meat yleId.

It ls clear that these responses to dlet are relatlvely

small (<sts) and that fndlvldual blrd yleld varlablltty is

fairty large (breast meat as a q of live body weight had a

CV oi >SÈ). Large numbers of birds are needed to

demonstrate statlstical significance in these types of
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exper iments,

5"4 MODEL VALIDATION

The model validation results are presented in Table 23.

The results indicate that the thesis model predlcts a

methionine plus cystine limitation at the lower dietary

methionine level which the data confirms. The model

slightly overestimated 3 and 6 week body weight. The model

did not predict the observed depression in 3 week body

weight with increasing dietary lysine.

The model underestimated breást meat yield but the model

did predict the same degree of breast meat increase with

increasing lysine or methionine that was actually observed.



Table 23" Experiment 1.
weights (g) and breast

81.

ActuaI and
meat yie lds

model predicted body
(% BSr).

D iet
Met Lys

Act. BW

3 t¿k
Pred BW

3wk
Act,/Pred

(A/P )

Limit AA

NRC

1l-2q NRC

NRC
106t NRC
11_2t NRC
1188 NRC
NRC
1068 NRC
112S NRC
118t NRC

1.01?
.982
.97 3
.984

7.029
.982
.9 86
.97 0

Iys,/tsaa
I ys,/t saa
tsaa
Lsaa
lys
rys
lys

670
660
670
660
670
660
670
650

659
672
688
67L
551
672
679
6'to

Dl et
6 week

Bodv welqht Breast meat
Act Pred A/P ^A,ct Pred A/P

Limit A-A

NRC

1l-2% NRC

Het

tys

2220 2304
NRc 22L0 2376
NRC 2230 2388
NRC 2230 2366

2230 2297
NRc 2260 2399
NRC 2250 2477
NRC 2250 2544

.96 13.78

.93 13.16

.93 13.96

.94 13.?8

.97 t3.72
.9 4 14 .16
" 91 14.46
" 88 14.15

NRC
10 6t
1l_ 2t
1188
NRC
10 6S
112S
1 18s

11.8?
12.15
L2.79
L2.T5
11.87
L2.20
12.51
L2 "75

1.161
1.083
1.145
1.134
1.156
1.161
1.156
1.110

lys
tsaa,/ lys
tsaa
tsaa
1ys
lys
1ys
tsaa/ lys

A/P Hypothesis probabilitY that

BW3wk

" 870

.0L2

BW6wk

treatment effect = 0

Breast meat

.496

.534

" 452

.243
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6. EXPERIMENT 2, THE EFFECTS OF DIETARY METHIONINE AND

LYSIÊ{E ON BROILER BREAST MEAT YIELD UP TO 7 }IEEKS OF AGE.

6.0 INTRODUCTION

The results of the first experiment indicated that

dietary amlno actds above NRC (1984) had a posltlve effect

on breast meai yield. once the baslc ef fect \^tas

demonstrated, a fuller quantltative descrlption of the

ef fect raras warranted if a practical use is to be made of the

results. Several questlons remain. 1. The response to

methionine intake was linear. !{ou1d a curvilinear effect be

noted if a greater number of methionine levels rdere used?

2. Wou1d the response be evident on a lower plane of

nutrttlon ie. when there may not be enough energy to support

high leve1s of protein accretlon? 3. lfhat is the effect at

different ages? Information on age and body weighL effects

r¡ould facilitate economic optimization of breast meat

yield. 4. What happens to other carcass components e9.

abdominal fat, feathers?

with these questions in mind, a second study was

undertaken. The resulting data would also be used for

validation of the broiler model.

5.1 MATERIALS AND METHODS

The trial was conducted in the same faciiities that were

used f or experiment l-. The design vras a central composiEe
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design where 9 different combinations of dietary methionine

and lysine were fed in the grower phase (3-7 weeks). The

birds were fed a common starter diet for the first 2L days.

The composition of the starter (crumbled) and the basal

grower (pelleted) diets is given in TabIe 24. Synthetic

L-lysine and Dl-rnethionine ttere added to the basal grower

diet to make the treatment diets. The analyzed amino acid

levels in the basal adjusted gro$ter diets !{ere; mean (SD):

lys 1.05 (.06)r Rêt.40 (.04) and met + cys .82 (.04).

Feather-sexed male broilers from a commercial Ross x

Arbor Acres cross were used. Thére were L620 day-old birds

placed in 27 pens wlth 60 blrds per pen. Water was provided

ad Iibitum and the birds 'dere under continuous light. At 2l

days, treatments were assigned to pens so that each diet was

fed to 3 pens. The birds in each pen were group weighed on

days L, 2l- and 42 (after overnight fasting)" Pen feed

consumption was measured for the periods L'zL and 22-42

days. Starting at day 30, randomly selected birds (with

body weights within t SD of the room mean) were removed from

each pen and were processed in the following manner (after

an overnight fast). They vtere individually weighed, pithed

and jugular bled, rev¿eighed, PIucked, reüteighed, abdominal

fat pad removed and weighed, €vicerated and cut to dress,

rehreighed, water chi1led, breast removed and weighed, and

pectoralis muscles removed and weighed. This procedure wäs

conducted on days 30, 31, 32r 35, 36r 38, 43r 45 and 49 of
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Table 24. CompositÍon of diets used in Experiment 2

I ngred i ent Starter ( % ) Grower ( % )

Wheat
Soybean meal ( 46.5)
Sunflower oi I
L-Iysine
DL-methionine
Limestone
Ffonocal Phosphate
Sa 1t
Other *

61.0
31.0
3.2

.18
.05

1.6
L.4

.3
L .27

66.0
26.0
4"5

1.3
L.4

.3

.50

Nutr i ent Calculated Analysis
Starter Grower

Crude Proteln, t
Dig. Protein, t
Crude Fat, S

HE, kcaI,/kg
Calcium, t
Phosphorus, g
Lys ine, B
Met + cys, t
Met, t
Dig" ärg, S
Dlg, hls, I
Dig. Iys, %

Dig. trp, g
Dlg. phe + tyr, t
Dig. phe, g
Dig. met + cysr %

DIg. met, E
Dig" thr, t
Dig. 1eu, q
Dig. i1e, t
Dig. va1, t

23.7
2t.L

4.8
2898

1.02
.73

L.2L
.91
.50

L .28
.52

1.09
.24

1.84
1.15

.78

.43
.74

L.57
.95
.99

2L.9
19.4

6.1
3029

.90

.7I
.95
.77
.38

1.15
.48
.84
.22

1.56
.97
.56
,33
.66

1.44
" 86
.90

* To supply/kg feed the same levels of micronutrients as in
Experiment 1 "

Synthetic L-lys1ne HCI and Dl-methionlne were added to the
bãsal grower dlet to make the varlous treatment dlets'
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the experiment. For the first 5 test periods, i- bird from

each pen was sampled. For the last 4 periods, 3 birds from

each pen were sampled. A total of 459 birds were thus

individually sampled.

The data vras analyzed usíng Forward, Backward, Stepwise

and Response surface regression techniques (SAS 198?). The

models contairied lysine, methionine and age or Bw (where

appropriate) independent variables, their quadratic terms

and interactions. tlhere different techniques resulted in

dlfferent predictlon equatlons, the simplest model with the

most improved coefflcient of determination was selected.

Further analysis of abdomlnal fat and breast meat was done

with age or Btü as a covariate.

The broller model was valldatlon-tested using the actual

3-6 week feed intake to estimate output at 42 days -

6.2 RESULTS

Àfter 3 weeks on the basal starter diet the birds had an

average welght of 504 g and a FCE of 1.31. The effects of

dietary methlonine and lysine on 6 r¡eek body weight, 3-6

ldeek BW gain, 3-6 l*eek feed efflclency and SDS mortality are

given ln Table ?5. There was a 3.9t decrease (P<0.05) in 3

to 6 week body wetght gatn wlth increaslng lyslne. There

were no dietary effects on feed efficiency. There was a

decrease (P<0.01) in SDS mortality i¡iiÈh increasing lysine

and methionine.
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Table 25. Experiment 2. Effects of dietary lysine and
methionine on 6 week body weight (g) (1), 3-5 week body
weight gain (g) (2'), 3-6 week feed efficiency (3) and sDs
mortality (q) (4). Numbers in parentheses are Standard
Er rors .

Lysine (%)
.9 5 1.00 1.05 1. r_0 r-.15

Methlonine
(r)

.46

.44

.42 L825
t 308
1.94
5.0

.40

.38

Mean

I 1807 (17)
2 l_31_1 ( 15 )
3 1.93 (.02)
4 2.2 ( 1.1)

L823 ( 13 )

1309 ( 18 )

1.96 (.04)
3.9 (,6)

20') L7 67 (25',t
20t L271 (26)
.ozt 1.99 ( .04 )
1.0) 2.2 (.6)

1798 ( 49 )
L288 (35)
1"94 (.01)
3"3 (2"s\

LT'L ( ls )

1260 (8)
1.93 (.0s)
2.2 (1.s)

L7 72
L264
2.00
L.7

1L)
2t
.05)
r.7l

L776 ( 11)
L274 (16)
1.96 (.02)
3"9 (1.1)

L7 66
l.269
1.95
7.2 (

45)
271
. 03 )

1.1)

Regresslon analysls:

1" BW gain (3-6 weeks) dependent on lysine and methlonine
(fuIl quadratlc model wlth lnteractlon).

Parameter Estlmate SE PR>T R^2 = "17Intercept 1549 .484 116.6375 .0001
Lys -253 .t4L 110.9158 .0312

2, SDS mortality (t) dependent on lyslne and methionine
(ful1 guadratic model with interaction).

Parameter Estimate SE PR>T R^2 = ,26
Intercept 20.133 5.6376 .0015
Lys x met -37.674 L2.745L .0067
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The effects of dietary lysine and methionine on

abdominal fat pad, feather and breast meat yield (% live BW)

are shown in Tabre 26. These resurts are the average of arl
the ages. They are presented in this forrnat to permit

convenient viewing, although it should be noted that there

are age x nutrient effects. The results indicate an

increasing abdominal fat pad with increasing methionine and

age. Feather content also increased with increasing

methionine concentration. Regression analysis (Table 271

indicates that breast meat percentage increases linearly due

to age x lysine and age x methionine effects. Over the data

range, there is a L6.79 increase in breast meat with ägê¿ a

2.8t increase with lysine and a 3.58 lncrease with

nethionine (at average values of remaining independent

var iables ) .

The effect of age on breast meat yield is shown in

Flgure 4 (agaln ignoring age x nutrient interactions).
Breast meat yleld increases with age in a linear fashion.

Covarlate-adjusted regresslon analysis conflrmed the

positive lysine and methionine effect on breast meat yieId.

6.3 DISCUSSION

It should be noted that the environmental temperatures

were very high during this experiment; barn temperature was

regularly greater than 32 degrees Gel-cius. Às a

consequence, body weight galn was poor durlng the grower
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Table 26. Experiment 2. Effects of dietary lysine and
methionine on abdominal fat pad (g Btd) (t), feathers (g BW)(21 and breast meat (8 ew) (3). Numbers in parentheses are
Standard Errors.

Meth ioni ne
(s)

.46

Lysine (%)
.9 5 1.00 1.05 1.10 l_.15

Mean

1 1.64 (.17)
2 6.67 (.10)
3 L2.67 ( .16 )

.44

.42 L ,26
6.72

L2 ,4L

.40

r_.44 (.13
6. sl ( .10

L2.s2 ( .14

1.34 (.07
6.s3 (.11

L2.43 (.16

r_.48
6.62

L2.76

.08 )

.151

.ls )

"07) 1.53 (.09) 1.31
.09) 6;28 (.13) 6.41-
.15) L2.52 ("L9) 12.66

.07)
.11)
.17 )

i..34 ("07)
6.34 (.101

12. s6 ( .17 )

.38 L.23 ( .06 )

6.2s (.13)
L2.23 ( .14l

Regresslon analysls: experlmental unit = pen

1. Ã,bdominal Fat (t BW) dependent on lysine, methionine and
age (full quadratic model with interactions).

Parameter Estimate SE PR>T R^2 = .16
Intercept .2368 .L7 42 .L752
Age x met .0681 .0101 .0001

2. Feathers (q Bw) dependent on lysine, methionine and age(full quadratic model with interactions).
Parameter Estimate SE PR>T R^2 = .03
Intercept 4.7075 .7035 .0001
Met 4,2298 L.6722 .01?1



Table 27 , Exper iment 2 .

yield on dietary lysine
ExperimenLal unit - pen.

89

Regression analysis
and me th i on ilte to 6

of breast meat
weeks of age.

1. Breast meat
Parameter
I nte rce pt
Age

2, Breast meat
Parameter
I ntercepL
BW

(% BW) dePendent on age
Estimate SE

8.3?91 .28L7
.L024 .0074

(guadratic model).
PR>T R^2 = .44

.0001

.0001

PR>T R^2 = .93
.0001
.0001

PR>T R^2 = "04
.0012
.0011

PR>T R^2 = .04
.0010
.0009

(g) dependent
Est imate
-37.0507

.r492

on BW (quadratlc model).

Estimate
-8.0L99

.0900
BW .047L

.00001

Est imate
-1.7595
3.9943

Est imate
-29.8357

67.7L78

SE
3.3772

.0020

SE
.5355

L.2L25

SE
8.9470

20.2L83

3. Breast meat (g BW) dependent on lysine, methionine and
age (fuI1 quadratic model with interactions).

Parameter
I ntercept
Age x lys
Age x met

4. Breast meat
( fu11 quadratic

Parameter
I ntercept
Bw
Lys x met x
BW^ 2

5. Breast meat
( fult quadratic

Parameter
I ntercept
tys x met

6. Breast meat
quadratic model

Parameter
I ntercept
Lys x met

Est imate
8.4294

.o437

.1318

SE PR>T R^2 = .50
.2696 .0001
.0128 .0008
.0321 .0001

(g) dependent on lysine, methionine and Bt{
mode I wi th i nteract i ons ) ,/

SE PR>T R^2 =.97
11.0238 .4676

.0151 .0001

.01_r_6 .0001

.000004 .0054

(g BVf) dependent on lysine and methionine
model with interaction), age as covariate.

(q) dependent on lysine and methionine (fuIi
with lnteraction), BW as covariate.
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Flgure 4. Experlment 2, Effect of age on brofler breast meatyield (S body weight).
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period.

The positive effect of lysine and methionine on reducing

SDS mortality was not anticipated. There have been no

prevÍ ous reports I ink Í ng these ami no ac lds r¿1th SDS .

The positive effect of methionlne on lncreasing

abdominal fat pad is surprising. An increase in amino acid

supplementatión should decrease fat deposition as long as

they are not in excess.

The positlve effects of lysine and methionine on breast

meat yleld conflrm the results of Experiment L, although the

increase in yield was less than the sts improvement noted in

the flrst experiment for sirnilar amino acld levels. This

may be in part due to the lower energy diets and in part due

to supplementatlon only ln the grower phase ln thls
experlment. The hlgh temperature effect on performance Ín

this experiment may have prevented fu11 potential dietary
treatment effects from expressing themselves" Contrary to

the anticlpated curvllinear effect of methlonlne, a linear
ef f ect r{as observed f or both amino acids.

The large positlve effect of age on breast meat yield is

lnterestlng. The data of Leeson and Summers (l-980)

lndlcates that breast (bone ln) as a percent of Ilve BW

increases about 109 from age 28 to 49 days and then levels

off. Leeson and Summers found that there was a signifÍcant
quadratic effeci of age on breast as a percent of carcass

from 0 to 70 days of age. This experiment looks at the
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period from 30 to 49 days of age in detail and finds a

strong linear relationship between age and breast meat

yieId. An even stronger relationship exits between body

weight and breast meat yield" which is to be expected from

their functional relationship.

6.4 MODEL VALIDATION

The broiler model validation results are presented in

Tables 28 and 29. the model overestimated body weight gain

and the overestimate vras greater at the highest lysine

Ievels. This is in agreement with the previous validation
of the Pesti experiments (Pesti and Fletcher l-983, Pesti et

aI. 1986) which found the greatest body weight

overestimation at hiqh protein 1eve1s.

The model underestimated abdominal fat E and the

underestimation was greatest at high methionine leveIs. The

high fat at high rnethionine levels observed in this

experi.ment was not predicted by the model, although the

model predicted that dietary methionine was not limiting.

It would therefore be available for catabolism and

I ipogenes is .

Breast meat was also underestimated by the model and it

may be underestimated by a greater amount at high methionine

leve1s (P=.056 ) .
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Table 28. Experiment 2. Actual and model predicted body
weight gain (g) from 3-6 weeks of age.

Lysine (e )

Methionine (t) .95 1.00 1.05 1.10 f.l5

.46 Act Btl gain 1311
Pred BW gain 1403
Act/Pred .934
Limit AA lyslthr

.44 1309 j.260

i33; i;i;
lys thr

.42 l-308 L27L L264
1344 L402 1396
.973 .907 .905
lys lys,/thr thr

.40 1288 L27 41;;; :31¿
lys thr

.38 L269
1 361
.932

1ys,/thr

Regression analysis: Act/Pred BW gain dependent on lysine
and methionine (fu]t quadratic model with interaction).
Parameter Estlmate SE PR>T R^2 = .52
Intercept I.L924 " 0940 .0001
Lys -.2467 .0894 .0281
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Table 29. Experiment 2. Actual and model predicted abdominal
f at (t Bw) and breasL meat ( % BI{t) f rom 3-6 weeks of age .

Lysine (g)
Methionine (%) .95 1.00 1.05 1.10 t.ls

.46 Act .Abd. Fat (AF) 1.64
Pred AF 1.31
Act,/Pred AF I .252
Act Breast meat ( BM ) LZ .6'l
Pred BM i-1 . 9 7
Act,/Pred BM 1.058

.44 1.44 l-.48
1.34 1.30

1.075 l_.138
12 .52 L2 .7 6
1r_.93 11.85
I .049 L.O77

.42 L.26 1. 53 L. 31
1.40 1.31 l-.30
.900 1. r-68 l-.008

L2.41 12.52 L2 .66
11. 70 11.97 11.98
1.061 1.046 l-.057

"40 1.34 1.34
i-.33 1.30

1.008 1.031-
L2 . 43 12 .56
1l_.8s 11.94
1.049 1.052

.38 L.23
1.30
.946

L2.23
11.89
1" 029

Regresslon analysls: Act,/Pred dependent on Iysine and
methionine (fu11 quadratic model with interaction).

1" Act,/Pred Abdomlnal Fat (S Bw).
Parameter Estimate SE PR>T R^2 = .53
Intercept .362L .2509 .L922
Met^z 3.9356 1.4096 .0268

2. Act,/Pred Breast meat ( g BW) ,
Parameter Estimate SE PR>T R^2 = .43
Intercept ,9t79 .0635 .0001
Met .3458 .1-509 .0555



95

7 , EXPERIMENT 3. THE EFFECTS OF DIETARY METHIONINE AND

LYSINE ON BROILER BREAST MEAT YIELD UP TO 9 TüEEKS OF AGE

7,0 INTRODUCTION

The results of the second experiment again demonstrated

a positive effect of dletary lysine and methionine on breast

meat yieId. Thls final experiment was conducted with the

objective of providing further quantification of the

effect. In addition, several polnts arising from the second

experiment needed conflrmation: the Iower lncidence of SDS

mortality at low methionine leveIs, the higher proportlon of

abdominal fat at high methlonine leveIs. Also, the

relationship between breast meat yield and age $¡as linear in

the second experlment from 30 to 49 days. An objectlve of

this experiment was to extend the experimental period to 9

weeks of age (to achieve ä typical roaster market weight) to

determine if the effect remained linear.

7,L MATERIALS AND METHODS

The trial was conducted in the same room of the broiler

barn as Experiment 2. The design was agaln a central

composlte deslgn where 9 dtfferent combinatlons of dietary

lysine and methionlne were fed in the gro!íer ( 3-6 weeks ) and

the roaster ( 6-9 weeks ) phases. The birds vrere fed a common

starter diet for the first 2L days. The composition of the

starter (crumbled) and the basal grower and roaster
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(pelIeted) diets is given in Table 30. Synthetic L-lysine

and Dl-methionine were added to the basal diets to make the

treatment diets. The amino acid analysis results of the

basal adjusted grower and finisher diets are; mean (SD):

grower: lys l-.04 ( .09 ), met .37 ( .04 ) and met + cys .72

(.04), flnisher: lys .80 (.05), met .32 (.02) and met + cys

.65 (.03)

Feather-sexed male broilers from a commercial Ross x

Arbor-Acres cross were used. There were l-920 day old birds

placed in 32 pens with 50 birds per pen" Feed and water

were provided ad libitum and the'birds were under continuous

lÍght. At 27 days, treatments ldere assigned to pens so that

the corner and center diets of the design were fed to 4 pens

and the remaining 4 intermediate treatment diets were fed to

3 pens each. The birds in each pen were group weighed

(after an overnight fast) on days t, 21, 42 and 63. Pen

feed consumption was measured for the periods L-zLt 22-42

and 43-63 days. Starting at day 29, randomly selected birds

were removed from each pen and were processed in the

folloraring manner (after overnight fasting). They htere

individually weighed, pithed and jugular bled, plucked,

abdominal fat pad removed and weighed, evicerated and cut to

dress, revreighed, water chilled, and pectoralis muscles

removed and weighed" this procedure htas conducted on days

29r 361 43, 50, 57 and 64. For ihe first test day 2 birds

from each pen were sampled. For the remaining 5 test days'
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Tab1e 30. Composition of diets used ln Experiment 3

I ngred i ent Starter (t) Grower (%) Finisher (ts)

Wheat
Soybean meal (46"5)
Sunflower oi I
L imestone
Monocal Phosphate
Sa1 t
L- lys i ne
DL-methionine
Other *

63.0
30.0

3.0
1.5
L,4

.3

.07

.14

.89

69 .0
23 .5

4.0
1.4
1.4

.3

74.0
18.0

4.5
L.4
1.4

:3

.4.4

Nutr ient Calculated Analysis
GrowerStarter Finisher

Crude Protein, t
Dig. Protein, g
Crude Fat, g
ME, kcaI,/kg
Calcium, %

Phosphorus, t
Lysine, B
Met + Cys, t
Het, t
Dig. äËgr ts

Dtg. hls, ts

Dig. lys, %

Dig. trp, S
Dlg. phe + tyr, $
Dí9. phe, t
Dig. met + cys, %

Dig. met" t
Dlg. thr, t
Dig. leu, %

Dig. i le, %

Dig. va1, %

22 .8
20.5
4.6

2909
1.00

.74
L .20

.84

.43
L.26

.52
1.07

.24
1.68
1.05

.75

.40

.73
1.55

.94
"98

20 .4
18.3
5.6

3 015
.91
.70
.97
.68
" 35

1.09
.46
.85
"2!

1.49
.93
.61
.33
.63

1.37
.82
.85

l_8.1
16.3
6.1

3075
.89
.68
.78
.59
.29
.91
.40
.70
"19

1.31
.82
.51
.27
.54

1.19
.70
"75

* To supply/kg feed the same levels of micronutrients as in
Exper lment 1.

Synthetic L-lyslne HCI and Dt-methionine were added to the
basal grower and flnlsher dlets to make the various
treatment dIets.
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3 birds from each pen were sampled. A total of 544 birds

were thus individually sampled.

The data was analyzed using Forward, Backward, Stepwise

and Response surface regression techniques (SAS, L987). The

models contained lysine, methionine and age or BW (where

appropriate ) independent variables, their quadratic terms

and interacticjns. Þlhere di f f erent techniques resulted in

different predlction equations, the simplest model with the

most improved coefficient of determination was selected.

Further analysis of abdominal fat and breast meat yield was

done with age as a covariate

The broller model was validatlon-tested. The data for

3-6 week and 6-9 week feed intake rdas used as input to the

model to estlmate output at 6 and 9 weeks of age.

7 "2 RESULTS

The mean for 3 week body weight was 585 g and the mean

for 0-3 FCE was 1.61. Body weight and feed efficiency

results are presented in Tables 31 and 32. There were no

significant effects of dietary treatment on either 6 or 9

week body welght gain or feed efficiency" Total SDS

mortallty to 9 weeks of age was not lnfluenced by dietary
treatment.

.Abdominal fat and breast meat yield results are

presented in Table 33, Abdominal fai showed a curvilinear

increase with age but was not influenced by dietary
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TabIe 31. Experlment 3. Effects of dietary Iysine and
methionine on 6 week body weight (g) (1), 3-6 week body
weight gain (gl (21 and 3-5 week feed efficiency (3).
Numbers in parentheses are Standard Errors.

tysine (t)
.97 L.02 1.07 L.Lz L.L1

Methionine
(%)

.45

.425

.40 2088
1 511
2.06

.375

2. FCE (3-6 weeks)
Parameter
I ntercept
Lys x met

Mean

L 2L07 (14)
2 1,524 (14)
3 1.99 (.02)

ztor (zLl
1521 ( 17 )

2.00 (.01)

L?l 2080 (4s)
14 ) r_50r_ ( 33 )
.01) 1.99 (.04)

2043 ( 17 )

L472 ( 1? )

1.97 (.03)

?LOL ( 20 )

1513 ( 17 )

1.99 ("01)

2075 ( 14 )

1s0s ( 14 )
1.96 (.01)

R^2 = .11-

2042
1485
1.97

1s )
13 )

.02)

.35 209L ( 18 )
1sl4 ( 10 )

2.08 (.07)

Regresslon analysis: Variable dependent on lysine and
methionine (fulI quadratic model with interaction).
1. BW galn (3-6 weeks).

Parameter Estimate SE PR>T R^2 = .01
Intercept 1488 .769 A 36 .6511 .0001
Met^2 133.7696 277 .8630 .6337

Estlmate SE PR>T
2.2709 .1406 .0001
-"7723 .4044 .0558
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Table 32" Experiment 3. Effects of dietary lysine and
methionlne on 9 week body weight (g) (l), 6-9 ç¿eek body
weight gain (g) (2') , 6-9 v¡eek f eed ef f iciency ( 3 ) and SDS
mortality (t) (4). btrumbers in parentheses are Standard
Err ors .

.78 .82

3436
133 6
3.18
?.8 (

1 3440
2 1333
3 3.25
4 6.7 (

50 )

40)
.05)
2"2t'

3410 (

l_331 (

3.32 (

5.3 (

3344 ( 37 )

1301 ( 25 )

3.04 (.06)
5.6 (1.7)

Lysine (%)
.86 .90 .94

Mean
Meth i on ine

(q)

.37

.35

.33 3359
L27 L
3.20
7.9

2?)
16)
.01)
L.7 )

2Lt
17 )

.201
2.4)

s4)
32)
.1? )

3374 (4r)
1273 (321
3. 13 ( .04 )

1.0 ) r-0.4 ( 1.0 )

" 31

.29

Regression analysis: Variable dependent on lysine and
methionine (fuII quadratic model with interaction).

1. B[d gain (6-9 weeks).
Parameter Estimate SE PR>T R^2 = .002
Intercept 1344.8545 90.7752 .0001
Lys^z -25 " 469L 96 " 6155 . ?939

2. FcE (6-9) weeks).
Parameter Estimate SE PR>T R^2 = "05
Intercept 2.5599 . 4269 .0001
Met 1.6566 1.1836 .1719

3390 (2L)
t347 ( 10 )

3.11 (.13)
7 .7, (2.41

3446 ( 23 )
13ss (3s)
3.01 ( .0s )

6"7 (2.0)

3431 (8)
13ss ( 11 )

3.1r. (.0s)
s.6 (2.0)
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Table 33. Experiment 3. Effects of dietary lysine and
methionine on abdominal fat pad (% B!ü) (1) and breast meat
( ã BW) (2), Numbers in parentheses are Standard Errors.

Lysine (B)
.875 "92 .965 l_.01_ 1.055

Methionine
(S) Mean

.41 I 1.50 (.07)
2 L3.2L (.1s)

.38?s 1. s3 ( .08 ) 1.38 (.06 )

13.22 (.18) 13.12 (.201

.36s r.60 ( .07 ) 1. s3 ( .06 ) 1.55 ( .06 )

r_3.09 ("17) 1_3.33 ("15) l_3.35 (.17)

.3425 L.52 (.07) 1.50 (.07)
13. 38 ( .18 ) ' 13.00 ( .18 )

.32 L.52 (.14)
13.38 (.L4)

Regresslon analysls: Abdomlnal Fat (t BW) dependent on
lysine, methionlne and age (fuI1 quadratic model wÍth
lnteractlons ) ,

Parameter Estlmate SE PR>T R^2 = .32
Intercept -.4352 .4640 .3494
Age .0648 .O2O4 .0017
Age^z -.0005 .0002 .0292
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treaLment. Breast meat yield regression analysis results
are presented in Table 34. There was no positive effect of

Iysine or methionine on breast meat yield. In fact there is
some indication that breast meat yield decreased with

increasing methionine. There is a strong effect of age and

body weight on breast meat yieId, with body weight having

the greater influence as observed in experiment 2.

Breast meat (t BW) as a function of age is plotted in

Figure 5. There is a greater curvilinear relationship
apparenL than was found in experiment 2.

? .3 DISCUSSION

The carcass yield results of this experiment do not

confirm those of the previous experiment with respect to

positive effects of lysine and methionine on breast meat

yieId. It may be that unexplained differences in feed

intake between the different treatments clouded any

treatment effect on breast meat yieId. This will be

discussed further in the next section on model validation.

This experiment dld confirm the relationships between

breast meat yield and age and body weight observed in

experiment ?"

7 .4 MODEL V^ALIDATION

The modei- vai-idation resulis are shown in Tables 35-38.

The model overestimated 3-6 week BW gain, and underestimated



Table 34" Experiment 3.
yield on dietary lysine
age " Experimental unit

103

Regression analysis
and methionine to 5

= pen

of breast meat
and 9 weeks of

1"

2.

Breast meat
Parameter
I ntercept
Age
Age ^2

Breast meat
Parameter
I ntercept
BçI

(g) dependent on
Est imate
-45.LL47

.153?

( % BI¡ü) dependent on age ( quadratic model ) .
Est imate SE PR>T R^ 2 = . 6 1

7 .3L29 .8310 .0001
.1886 .0356 .0001

-.0013 .000 4 .0010

B!{ ( quadrat ic mode I ) .

SE PR>T R^2 = .98
3.5010

.0014
.0001
.0001

3. Breast meat (q BW) dependent
age ( full quadratic model with

on lysine, methionine
interactions ) .

SE PR>T R^2
.8310 .0001
.0366 .0001
.000 4 .0010

Parameter
Intercept
Age
Age^2

5. Breast meat
(fuIl quadratlc

Parameter
Intercept
Lys

6 " Breast meat
quadratlc model

Parameter
I ntercept
l{et

7. Breast meat
combined" Mean
unit.

Parameter
I nte rce pt
B!l

(g) dependenL on lysine
with lnteraction), Blü

Estimate sE

PR>T R^2 = .01-
.2808
.2443

and methionine (fu11
as covar iate.

PR>T
.0494
.o477

R^2 = .02

PR>T R^2 = .99
.0001
.0001

Est lmate
7.3129

.1886
-.0013

Est imate
-.8881

.992L

18 . 1412
-50.0040

Estimate
-4L,0324

.1520

and

= .61

BW

= .98

4. Breast meat (g) dependent on lyslne, methlonlne and
(fuIl quadratic model with interactions).

Parameter Estimate SE PR>T R^2
Intercept -39.876? 4.3769 .0001
Br{ .1515 .0042 .0001
Het x BW -.0282 .0143 .0505

(% B!ü) dependent on lysine and methlonine
model wlth lnteractlon), age as covariate.

(g) dependent on Btt. Experiments 2 e. 3

at each sampling period as experimental

SE
.8210
.8495

9 . 1718
2s"0888

SE
2 .4506

.001_3
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Table 35. Experiment 3. ÀcLual and model predicted body
weight gain (q) from 3-6 weeks of age.

Meth ion ine
(q)

.45 Act BW
Pred Blt
Act,/Pred
Limit AÀ

.425

.40

Lysine ( g )

.97 L.Oz 1.07 L.Lz 1.17

L524
I726
.883
rys

L52T
1655
.91_4
lys

1484
L67 4

.886
thr

l_ 5l_1
16 39
.922
lys

L501
169 4
.886
rys

1s13
L727
.87 6
thr

.375 r472
1581
.931
lys

r-505
169 0
.891
thr

.35 r 514
1801
.841
lys

Stepwise regression analysis: Act,/Pred BFü gain dependent on
lysine and methionine ( fuI1 quadratic model with
interaction).
Parameter Estimate SE PR>T R^2 = .35
InterceBt L.L776 .L438 .0001
Lys - "2667 .l.342 " 0873
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TabIe 36. Experiment 3. Actual and model predicted abdominal
fat (% BVf,) and breast meat (t BW) from 3-6 weeks of age.

Lysine (t)
Methionine ( g ) .9'1 L.02 1.07 L,LZ I .l?

.45 Act AF
Pred AF
Act/Pred AF
Àct BM
Pred BM
Act,/Pred BM

.425

.40 7 .67
L .57

1.064
L2 .56
12.16
1.033

.375

1.38
L.46
.945

13.09
L2 .39
1.056

1. 51
L.44

1.049
L2.70
L2 .28
l_.034

l-. 51
L .37

1.102
13.54
t2 .67
1.069

1.58' 1.3?
L.226
L2 .63
L2.6L
1.002

r.37
1.35

1.015
12.18
1_2 .6L

.966

r .52
1.35

t.L26
t2 .49
12.64

.988

l_.45
1.34

1.082
13.33
L2.72
1.048

.35 1.54
1.40
1.10

L3.26
L2.7 4

1.041

Stepwlse regress lon analys is : Act,/Pred dependent on Iys ine
and methlonine (full quadratic model with interaction).
1. Act,/Pred Abdomlnal Fat (% BW).
Parameter Estlmate SE PR>T R^2 = .08
Intercept 1.3601 .3682 .0077
Met -.7033 .9182 .468?

2. Act/Pred Breast meat ( S BW) .
Parameter Estimate SE PR>T R^2 = .L0
Intercept L.2L55 .2128 .0001
Lys - .L767 .1986 .4032
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Table 37. Experiment 3. ActuaI and model predicted body
weight gain (gl from 6-9 weeks of age.

Lysine ( 8)
Methionine (t) .78 .82 .86 .90 .94

.37 Act BÍl gain 1333
Pred BW gain Lg}Z
Act,/Pred .740
L lmi t ÀA lys

.35 133s 1301:ï? :113
lys lys

.33 L27L 1330 L273
1514 1849 1718
.839 .719 .7 4L
Ìys lys m+c/lys

.31 1,347 1355:8fi :i3Í
lys m+c/Iys

.29 135s
1639
.827

m+c/1ys

Stepwise regression analysis z A/P BW gain dependent on
lysine and methionine (ful1 quadratic model with
interaction).
Parameter Estimate SE PR>T R^2 = .51
Intercept 1.1013 . LZL5 .0001
Lys x met -1.1403 .4266 .0319
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Table 38. Experlment 3. ActuaI and model predicted abdominal
fat (% BW) and breast meat (% BW) from 6-9 weeks of age.

Lysine (g)
Methionine (8) .'18 .82 .86 .90 .94

.37 Act ÀF L.99
Pred AF L.57
ActlPred ÀF 7.268
Act BM 13.97
Pred BM 13.35
Act/Pred BM l-.046

.35 1.78 1.81
1.61 1.45

1.106 1,.248
14.08 14.37
13.13 14.43
1.072 L.070

. 33 1.88 L.7 4 1.9 4
1.65 1.59 1.41

1.139 1.094 1.375
14.52 L4.10 L4.25
L2.88 13.35 13.59

.31 
L'Lz' 

,.r, 
1'056 

r.14 
l-'049

L.62 1.51
r. re5 1 .752
13.88 14.30
t-3.07 1,3.46
1.062 r.062

.29 1.46
1.56
.936

13.95
L3,2L
1.056

Stepwlse regression analysis: Act/Pred dependent on Lysine
and methionine (ful1 quadratic model wlth interaction).
1. Act/Pred Abdomlnal Fat (t BW).
Parameter Estlmate SE PR>T R^2 = .55
Intercept .1840 .3406 .6057
Lys x met 3.4639 1"1956 .0231

2. Act/Pred Breast meat (ts BW).
Parameter Estimate SE PR>T R^2 = .75
Intercept 5.2675 1.4385 .0106
Lys -9 .466? 3.3505 .0301
tys^z 5.3125 L.947L .0343
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3-6 week abdominal fat and breast meat yield. There was no

i¡rfluence of dietary treatment on the degree of over or

underestimation. It is interesting to note that the model

predicted a positive response 1n breast meat yield to

increasing lysine and methionine in experimenL 2 whÍch wäs

actually observed. The model predicted only a lysine effect
in thls experÌment but no effect r¡das observed. Examination

of the feed intake data reveals high variability which may

reflect a large .exper imental error .

I¡r the 6-9 week period, the model severely overestimated

growth. The model apparently is'Iess accurate at older

ages. This may be due to an overestimate of nutrient
utilizatlon efficiency (both amino acids and energy) at oId

ages. There was a small effect of dletary treatments on the

actuaL/predlcted reslduals 1n this 6-9 week perlod.
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B. MODEL ECONOMIC EVALUATION

There are two basic economic objectives of commercÍa1

broiler production that the model can herp resorve. For the
nwhole birdrrmarket, the objective is to produce a bird of

specified body weight at least cost. For the "further
processingtt market, the objective is to determÍne when the

increased meat production from increasing age and feed

consumption is economically offset by increasing input

costs. Both of these objectives will be addressed.

A whole bird body weight objective of 1.8 kg was chosen

as a typical bird size used by fást food chicken piece

retail operations. .4, typical starter diet (Tab1e 39) \das

offered to the model which resulted in a bird weight of 600

g at 2L days. Grower diets containing various protein
(proportional amino acids) and energy levels (TabIe 40) were

offered to the model from 3 weeks onward. The age at which

the model predicted a BW of 1.8 kg and groþrer f eed

consumption were recorded. The various diets were also

least-costed wlth Ilnear programming using the ingredient

costs in Table 39. The results are shown in Table 40.

Performance continued to improve with increaslng protein and

energy but the lowest feed cost was within the diet matrix.

The grower feed cost ($/bird) was subjected to response

surface regressfon analysis (SÀS, L986). The model had a

mlnlmum of #.{LZ/bLrð at a protein concentration of 20.6S

and a ME of 3163 kcal,zkg (Figure 6). ThIs is close to both
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Table 39. Feed ingredients and nutrient composition of dieLs
used in economic evaluation of broiler model

I ngred ient Cost/T ( S )

Bar ley
Corn
Wheat
Soybean meal
Ta1 Iow
L- lys i ne
DL-methionine

l_l_ 0
160
130
250
350

4000
3000

Nutr ient
Star te r

Composition
Grower Finisher

Cost,/T ( S )

Crude Protein, t
Dlg. Protein, g
Crude Fat" S
ME, kcal,/kg
Dig. ärg¡ t
Dig. his, q
Dig. Iys, %

Dlg. trp, g
Dig. phe + tyr, %

Dig. phe, S
Dig. met + cys¡ t
Dlg. met, q
Dig. thr, B
Dig. 1eu, S
Dig. 1le, t
Dig. val, g

23 .0
20 .6
6.5

310 0
T.2L

.50
1.17

.23
L "64
L.02

.88

.54

.70
1.51

.91

.95

L97

21.0
18.4
7.L

3200
l_.10

.46

.99
,2L

1. 50
.92
.71
.41
.67

1.44
.82
.87

184

l_9.0
L7 .4
6.9

3200
1.00

.42
.85
.20

1.40
.85
.64
.35
.59

L.32
.75
.80
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Table 40" Broiler model predicted grower feed requirement
and cost to attain 1"8 kq Bw

1
?

3

4

Age at l-.8 kg BW (market age, days)
Feed intake (kg/Zt - market age)
Feed cost ( $/kg )

Feed cost,/bi rd ( $ grower f eed )

Proteln (%)
20 2L19

ME (kcaL/kql

3000 1_ 43.0
2 2.388
3 .178
4 .425

42.5
2.304

.183

.422

42"5
2.268

.190

.431

42.5
2.244

.199

.447

42 .5
2.376

.l_80

.428

42.0
2 .220

.1855

.4L2

41.5
2.L72

.193

.4L9

41. 5
2.L48

.2025

.435

42 .5
2.400

.183

.439

41.5
2.208' .189

.4L7

41.0
2.088

.197

. 411

41.0
2.064

.207

.427

22

43 " 0
2 .4L2

.l_87

.451

41.5
2.208

.1935

.427

41" 0
2.064

.202

.4L7

40.5
L.992

.2L25

.423

23

43.0
2.460

.L92
,472

42.O
2 .232

. t_99

.444

41.0
2 .064

.208

.429

40.0
1.944

.2L9

.426

3l_0 0

3200

3300



.474

.455

.435

.415
3300

Flgure 6. Brol Ier grovrer f eed
body welghtr ðs a functlon of
(kcaL/kg) and proEeln (t).

1l_ 3

cost ($/btrd) to reach 1.8 kg
dletary metabollzable energy

ts
Ø
o
o

21.7

PROTEIN

3200

19.O
3000
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recommended NRC (1984) nutrient concentrations (2L% protein

and 3200 kcal,/kg) and conmercial feed specif ications. This

agreement Índirectly supports the model's validity and

capabttity of optimizLng rrwhole blrd" production economics,

The "further processing" exercise involved offering the

model a standard finisher diet (Table 39) from 43 to 70 days

of age and moriitoring breast meat yleld and feed

consumption. The results are presented in Table 4L. UnIike

the first example, age is an important variable in this
exercise. Mortarity increases with age and there are other

fixed costs from keeping birds ldnger. Accordingly the

proflt objectlve functlon was adjusted for a mortality rate

of , Z$./day and a f ixed cost of $ . 01/bi rd/day. A Ëevenue

value of $s/kg was assumed for breast meat. UnIike the

fírst exampler ho function maximum was reached. profit

continued to increase to 10 çreeks of age. This is
consistent with the current (and relatively recent) practice

of the industry to grow broilers to 11 - LZ weeks of age if
they are to be used for further processing. Unfortunately,

the model is only callbrated to 10 weeks of age and is

therefore not capable of evaluating the lndustry practice.
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Table 41. Model predicted breast meat yield, finisher feed
utilization and profit from 6 to 10 weeks of age

Age (days )

42 45 50 55 60 65 70

BW (g) 1800 1986 2325 2697 3102 3540 401_0

Breast
meat (gl 207 236 284 338 399 467 544

Extra meat (g) O 29 7? l3L LgZ 260 33?

Mortality adj " ( "2%/day)extra meat 0 28 75 ]-27 184 247 3L7

Extra revenue
($5/kg meat) 0 .140 .375 "635 .920 I.235 1.585

Feed int. (kg) 0 .411 1.166 2.000 2.916 3.915 4.995

Feed cost
( $.l-8 A/kg ) 0 .076 "215 .368 " 537 "720 .919

Extra Fixed costs
( $.01/bixd/day ) 0 .03 .08 .13 .18 .23 .28

Extra prof it ( S ) 0 .034 .080 .L37 .203 .285 . 386
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9. DISCUSSION

9.L BREAST MEAT YIELD

The breast meat yield data from experlments 2 and 3 were

combined and a linear moder relating mean breast meat yierd
(weight) at different sampling tlmes to body welght was

flt. The results are shown in Figure 7 and Table 34. It is

evident that body weight is an excellent predictor of breast

meat yieId.

It is very interesting that breast meat yield continues

to increase linearly with increaéing BW up to at least 3500

g B!ü. Thls would suggest that broiler processors interested

in maxlmizing breast meat yleld should process birds that
are at least 9 weeks old. Thls ls conflrmed ln the economic

evaluation of the model.

Therefore, both the model and the empirical predictions

of breast meat yield can be used to predict breast meat

yield. The use of the model ls preferable because the

nutrlent effects are lncorporated into it. Some of the

empirlcal predlctive equations, especially those derived

from the data ln experlment 2 could be used to account for

dletary lyslne and methlonlne effects on breast meat yleld.

9.2 MODEL

A final validation of the model is illustrated in Figure

8. A scatter plot of actual versus predicted body welght
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averäge daily gain (ADG) shows a strong relationshipe (R^2 =

.89) for the linear model. The linear model has a slope of

.76 as compared with the ideal value of 1.0. The intercept
vras 1-1.2983 which was signif icantly dif f erent f rom zexo

(P=.0001-). Interestingly, a quadratic model gave a slightly
better f it.

ADG (g/day) = -.8881- + L.3365 x Pred .0058 x pred^2)

PR>T = .7L01 .0001 .0001

R^2 = .91

The results indicate that the model overestimates daily
galn above 60 grams which corresponds to ages older than 7

weeks. The model has a limitation of basic data at these

ages which should be addressed.

Nevertheless, the broiler model is capable of predicting

broiler performance over a wide varlety of ages and

nutrltional regimes. It is mechanistically based and should

therefore have wlde applicatlon. Future improvements ln the

model are anticipated in many areas" Improved knowledge in

the areas of amlno acld utilization efficiency, fasting heat

production, activity heat, protein fractional synthetic

rate, thermoregulation heat as influenced by age and body

weighto amino acid profile of maintenance and feed intake

prediction, to name a few topics, will improve model

accuracy. The advantage of this type of mechanistlc model

1s that once the tnltlal structure ls establlshed, then any

improvement to any component of the model w111 always
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improve the modelrs accuracy.

Practical application of the model would be facilitated
by Iinking it with a least cost feed formulation system and

by putting the whole system in an iterative loop with the

objectlve of maximlzLng profit relative to the responses of

economlc interest¡ eg. fixed body weight, meat yteld.
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APPENDI X

COMPARISON OF LEFT AND RIGHT MUSCLE WEIGHTS OF BROILERS

Prior Lo conducting the experiments on breast meat

yieId, a study was done to practice meat dissection
techniques and to evaruate potentiar variability between

different operators. Twenty chirred carcasses of 42 day o1d

male broilers v/ere obtained from a commercial processor.

The carcasses were wetghed (neck removed), and the

pectoralls muscres were removed (manual cuttlng) and

weighed. Two operators each removed the breast meat from 10

blrds.

The resurts are shown in Tabre 42. The pectoralÍs major

muscles rÀrere 3 .0t heavler ( p< .0L ) and the pectoral ts mÍnor

muscles v¡ere 4.8t heavier (p<.0s) and the total 3.39 heavier
(P<.001) on the left side than on the right side of the

bird. There was an operator effect on the demonstratlon of

differences. Both the pectoralis major and minor muscres

removed by the flrst operator were heavier on the reft side,
while onry the total pectoralls muscres removed by the

second operator were signlflcantly heavler on the reft side.



Table 42" Appendlx. Mean
welght dlfferences of 42
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left versus
day old male

right pectoralis muscl-e
broi lers

Parame te rs

t{umber of bro l lers
Carcass weight (g)

Left
P. major (g)
P. minor (g)
lotal (g)

Right
P. major (g)
P. mlnor (g')
Total (g)

Difference (g)
P. major
P. minor
TotaI

Operator I

10

1280

110.4
34.8

L45.2

106. 5
32 .3

138.8

Operator 2

10

L27 5

1i-0 . 3
33.4

L43.7

108.1
33.0

141.1

Comb I ned

20

L277

110.4
34.1

744 .4

107.3
32.7

140.0

3.0
4.8
3.3

SE

3.8
8.1
4.6

2.2
1.4
1.9

11

2.0
.6

2.4

2.2
.7

2.4

.9
2.L

.8

Statlstlcs:
Palred t test

(Left)Right )

P. major
P. minor
TotaI

x Hypothesls probability

.0243*

.0115

.0031

"0632
.7 257
.0352

.0028

.0487

.0003


