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GENERAL INTRODUCTION

With the worldwide increase in consumption of ppulimeat in recent years, the
production of hatchable eggs from broiler breeditugk has become a critically important
component of the poultry industry. Surprisinglyp@rusal of the literature pertaining to
broiler breeder nutrition leads to the conclusibat tresearch nutritionists have neglected
these birds. It has been assumed in many caseshihatesearch on laying hens is
applicable to broiler breeders. However, fundanietiteerences are apparent between the
two strains that should be investigated more cohenmsively if the potential of broiler

breeder hens is to be achieved.

Commercial laying hens have been selected predomhynfor increased egg production
whereas broilers have been selected for early gqaidth rate. By selecting for improved
growth rate, both food consumption and mature wemhthese birds has increased
(Reddy, 1996), but because of the negative gewetielation between body weight and
egg production (Robinsoet al, 1993) reproductive performance has not been ivgato
Broiler breeder hens differ from commercial layingns, by their non-normal frequency
distribution of egg outputs, their considerabladipeserves, and by the fact that many do
not lay in closed cycle. The practice of restrigtieed intake during both the rearing and
laying periods has become a standard managemenedune in commercial broiler
breeder operations and this differs from the mammexhich commercial hens are fed.
This raises important issues regarding the requrgsnof these birds for energy, amino
acids and other essential nutrients, as the bwdsotl have the opportunity of meeting their
nutrient requirements by adjusting food intake uplsawhen one or more of these
nutrients is deficient in the feed. It is the dofythe nutritionist to provide the correct daily
allowance of each nutrient in order to achieve maxn egg output by the flock, but given
the variation between hens within a flock, suchiglens need to be made on both

biological and economic grounds.

Improved strains are continually being producedbbgeder companies, which exhibit
better growth, feed efficiency and productivity. eTtway in which broiler breeder hens
were fed in the past might not be the most effectiay to feed the latest strains. Getting
the right amount of feed with the right nutrientéés at the right time is the most important

part of feeding broiler breeders, and to succeed tfaily nutrient requirements need to be



known. Information concerning the nutritional regments of broiler breeder hens is
limited in comparison to other types of domestidatpoultry. However, enough
information is available concerning energy and ananid nutrition of this type of poultry
to enable one to develop models useful for constrgi@ccurate feeding programmes. The
most appropriate way of estimating the nutrienunegment of broiler breeder hens during
the laying period, or of optimising a feeding st@t, is by the use of simulation models.

Emmans and Fisher (1986) suggested that a befbeoagh to the problem of describing
requirements and of expressing them quantitativatybe achieved by considering: firstly,
the bird’s characteristics, secondly by definingowgce scales carefully and thirdly by
considering the quantities of each resource nepdednit of function. This approach has
a greater chance of success than attempting to umeasquirements by direct

experimentation. Energy and amino acids are redufe growth of tissues, egg

production, maintaining normal body temperaturealviife functions and activity. For

development of feeding programmes, we are mostetaed with the three primary

components, maintenance, growth and egg outputteTaee a number of factors that
impact on the total nutrient requirement of theeldey. The maintenance component is
affected by body size, environmental temperatweegll of activity (housed in floor pens

vs. cages) and possibly breed. Regarding the graathponent, in the case of broiler
breeders during lay the composition of growth ndedse addressed: whether this is only
lipid gain or also includes protein gain. Lastlgetegg component is influenced by egg
mass and hen age. In order to calculate energyaamdo acid requirements, one must
have knowledge of the requirements per unit of bmaeein weight, growth rate and egg
mass. By continually monitoring the environmentahditions in the broiler breeder house,
as well as body weight, egg weight and egg numbes,possible to estimate the state of
the hens at any time and hence the optimum nutcemtentrations that should be fed the

next day of the laying period by using the Breddedel presented in this thesis.

Optimising the feeding of broiler breeders durirg tlaying period is made difficult
because of the many interacting factors influentiregr performance All the hens are not
the same, they are not housed in the same envirdsmend the costs of feeding and the
revenue derived from the sale of the product diffeom one locality to another. The
solution to this problem lies in the use of simiglat models to describe the causal

relationship between inputs and the predicted mresgm



This thesis explored new concepts and componenta fimulation model to predict the

nutrient requirement and performance of broileedess after sexual maturity.



CHAPTER 1

SOME IMPORTANT THEORETICAL ASPECTS OF NUTRIENT MODE LLING

11 INTRODUCTION

Broiler breeder nutritionists face real problemsewhHormulating feeds for their clients.
Because the nutrient requirements of broiler bneedbange during the laying period
depending on the potential performance of the lardits state, on the feed being offered
and on the environment in which the bird is keptisi extremely difficult to make a
decision about the composition of the feeds andlifgeschedule that will maximise
returns on the varied broiler breeder farms on Wwhie feeds are to be used. Indeed, all
the hens are not the same, they are not housd isaime environments and the costs of
feeding and the revenue derived from the sale @fptloduct differs from one locality to
another. As a result, the published nutrient remqnents expressed as fixed concentration
in the diet, and feeding programmes, that manyitrarirsts use as the basis for their

nutritional decisions are likely to be appropriateler only a very few circumstances.

Emmans (1987) pointed out that the conventionalaaah, of direct experimentation to
determine the requirements for each nutrient aneérggn has two substantial
disadvantages. The first is that a huge numbexpémments would be needed because
there are many nutrients, several sources of enangymany different kinds of birds.
Secondly, each bird is continually changing itdes@during the course of an experiment
and changes take place over time in the genotymesdelves. With a fixed requirement, it
is not possible to determine the effect of incnegsor reducing the concentration of
nutrients in the feed on performance or feed intake whether these requirements should
change with the genotypes available to the induStingre are so many interacting factors
that it is virtually impossible for the human mitalassess accurately the consequences of
alternative management strategies on either theiefty of production or the long-term
profitability of an enterprise (Black, 1993). Withe progress in data processing, and a
better knowledge of biological science, assessmérdnimal production and nutrient
requirements, aided by mathematical modelling, Ibesome a dynamically developing

field of nutrition research.



Mathematical modelling of biological processes bardefined as one of the most efficient
means for determining the nutrients requirementanarhals, and predicting the impact of
feed intake on performance at a given time, or given time interval. In a model, the
biological processes of the animal are describeld avisystem of mathematical equations,
which are based on the knowledge of the genetochamical and physiological processes
as well as the environmental impact. By transfogrine concepts and knowledge into
mathematical equations and integrating them in aderpprograms using simulation
modelling techniques, this vast store of informatc@an be applied directly to improving

the management of commercial animal enterprisesci&it al, 1993).

1.2 MODELLING

1.2.1 Types of models

In science, the purpose of a theory is to alloweaigtion to be made of the response of a
system, in a given state, to a stimulus. In aghical the systems of interest are complex
and several theories may need to be used in cotrdnnaguch a set of theories is called a
model (Emmans, 1981).

Models are broadly described as either static oadyc, either deterministic or stochastic,
either empirical or mechanistic (Zhang and Coor®4)9Time is described explicitly in a
dynamic model, whereas only one instant of timedéscribed in a static model.
Deterministic models have only one outcome repitasgnhe average of the population.
These kinds of models predict the response of amlg animal. Stochastic models,
however, deal not only with the mean but also thgation in the population. A distinction
iIs made between genetic and environmental variaonempirical model describes the
response of an animal to a given set of circumst®rand is usually in the form of a
predictive equation derived from one of more expental data sets using biometric
procedures. Mechanistic models focus more on mbtapoocesses within the animal.
They may operate at the tissue, cellular or mokedelvel. Such models are more flexible
and may be expected to predict responses and eeggits over a wide range of
conditions. Generally, the most desirable modedslamse that are dynamic, stochastic and
mechanistic. Animal simulation models are generdilgamic systems, whose purpose is

to imitate the behavior of animals to differentimtal and external stimuli.

10



1.2.2 Model building

The building of models ranges from the use of eiogirregressions derived from
experimental observations to a deductive approaihgua sequence of mathematical
equations (Whittemore, 1981). Gous (1986) firmlyicnes that the “empirical approach
currently used to determine responses to treatmempsultry feeding should and must
give way to a systems approach for the sake a$inijj research resources more efficiently
and providing a more solid foundation on which tiertdevelopments in both research and
management can be based”. The empirical relatipeshetween responses and their
causes produce regression equations that contaloglmally sound constants and
parameters but are limited to the bounds of thgimal trial. Furthermore, they are static
and inflexible, contributing little to the undensting of the actual nature of the predicted
responses. The use of empirical elements will abAmgyincluded in simulation models due
to the lack of hard facts about the causal foredsral the resultant response. They should,
however, be updated or replaced when further kndydeabout cause-effect relationship
are elucidated (Blackt al, 1993). The deductive approach or factorial mademore
interpretive and flexible and allows prediction beg the circumstances in which the
information was collected. Due to the current gapsutrition theory, the deductive model

may contain a large number of hypotheses.

The ideal model should be a system based on firstiples and quantifying causal forces,
which turns inputs into responses (Brockington,A97This requires an understanding of
the mechanism in which a system operates and alkdgw of the causes of responses so
that new responses can be predicted. Due to thetlmwsfical nature and the current
limitations in knowledge, the best models will mdé both empirical elements and
deductive processes. A model consists of a largessef sequential calculations or text
statements. This predisposes the use of compuearsptdly and accurately calculating,

storing and presenting response data to varyingtsnfBlacket al, 1989).

11



1.2.3 The modelling process

1.2.3.1An overview of the procedure

The major steps of modelling are presented in igud and follow the methodology
suggested by Black (1993).

Physiological
date Quantitative Whole
* Mathematical description of animal
- > [ i »  models [
representation physiological
v svstem
Physiological
concept
data +
Inadequat —
a Validation of <
concepts
Inadequat P concepts
data and data

Figure 1.1 A modelling process (after Black, 1993)

The animal is a physiological system with measw@dbhtures (physiological data) and
biological processes (physiological concepts). fits¢ step in modelling is to complete an

investigation to collect basic data that, in theecaf laying birds, could be weekly body
weights, rate of lay or daily feed intake. The pblmical processes and the control of the
system are then developed from this informatioaditronally in science, these two steps
are repeated many times until the system can beibded at some uniform level of detail.

The system is then represented by mathematicaltiegaahat can be solved rapidly by
computer programs in a quantitative and dynamiaaguh. There are two parts to the
mathematical representation. The first is defirting form of the mathematical equations
used to describe each component of the system winesecond is to establish the
quantitative values for the constants within eaghation (Black, 1993). The next step is

to test the validity of the proposed model witharhto concepts and data, by comparing

12



predictions with experimental results. Wheneverdahg a considerable difference between
the model predictions and experimental observatioesv approaches of concepts and
equation parameters can be devised and testedhlithimodel. When the outcomes from
the model and the experiment agree over a wideeranglifferent circumstances, some
confidence in the understanding of the system isioed and this could be the final

model.

1.2.3.2Testing and evaluating models

The term *“testing” is generally taken to mean tlthé model is mathematically,
numerically and logically correct, and that it red from “bugs” (Black, 1993). Before
making recommendations in feeding programmes, tbhddishould be submitted to strict
evaluation. Model evaluation is concerned with lesthing the appropriateness and
accuracy of predictions over a wide range of sitedaconditions. According to Black
(1995), models can be evaluated in three waysini)lation of experiments reported in
the literature, and comparison of simulated to mess requirements (in the case of
models to predict nutritional requirements); 2) jsabve evaluation of the response of
model predictions to changes in input values (bemavanalysis); 3) testing whether the
predictions made by the model to changes in selquaeameters are sensible. Evaluation
is an ongoing process and often leads to the denwedot of new concepts about the

mechanisms controlling the system (Black, 1993).

1.3 A SYSTEMS APPROACH FOR PREDICTING NUTRIENT
REQUIREMENTS OF LAYING BIRDS

1.3.1 Methodology

The methodology used in the development of the dd»e&odel described here follows a
concept suggested by Emmans (1987) and Emmans ktchrd (1988) for growing
animals. The problem of predicting nutrient reqoiemts of laying birds could be
approached by considering the bird to be a systém avpurpose, namely, attempting to
meet specific reproduction and/or growth charasties. The system will comprise a bird
in some body condition or state having a particgkmotype. Depending on the genotype

and its state, it can be seen as trying to sta aii its current state (maintenance), to gain

13



weight (growth) and to produce eggs (Figure 1.2)atcomplish these functions, the bird
will need a supply of energy and protein, as anmaca, as well as major and minor
minerals and vitamins from its feed. To transfornaimenance, growth and egg
production into quantitative requirements for amamads and energy, the values of a set of
nutritional constants will be needed. Given a sktenvironmental and nutritional
resources, the desired food intake will be that am@f food that satisfies the animal’s
requirements for the limiting nutrient(s) in theefe However, the animal may not be able
to consume its desired intake because of a nunflEEmstraints such as a food that is too
bulky or an unfavorable environment (e.g. an emment too hot for the animal to lose
the amount of heat produced from consuming the faféeted it). The actual food intake
and subsequent performance will depend on whetheobthe animal is able to eat its
desired food intake. Where a fixed daily allowantéeed is offered to the birds, as is the
practice with broiler breeders, any variationserd intake will have a direct effect on the
optimum content of each of the amino acids in #eslf The objective of such a simulation
model would be to determine the optimum contenterargy and amino acids for birds
differing in potential laying performance whilstibg kept under differing environmental

conditions.

A central problem to all simulation models is theed to keep the description of the
system as simple as possible without limiting isefulness (Ferguson, 1996). Models
designed to predict nutrient requirements can bwl#ied by adequately describing the
genotype, its current state and the nutritional stams. For a model to predict
performance, such as egg production by a laying ltemust be able to calculate the
nutritional and environmental requirements of thed hhat are needed for maximum
potential performance, hence a description of #exlfand the environment will also be

necessary.

14
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Figure 1.2 A systems approach to predicting nutrient requaets and performance of

laying birds (as adapted from Emmans and Oldha®8,1fr growing animals)
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1.3.2 Description of the genotype — the potentiafjg output

Emmans (1987) suggested that there are two obwiays in which genotypes vary in
growing birds. The first is what they are like whesature and the second is the path of
development to get there. In the case of a layegrgihwould be necessary, in addition, to
allow for differences in potential age at sexuatunty, rate of laying and egg weight.

1.3.2.1Mature size

It is essential to describe adequately the maiaeeds a laying hen or broiler breeder. This
could be described in terms of body weight and amsitjpn. To avoid problems resulting
from differences in lipid content at maturity brédwigabout, in turn, by different feeding
regimes applied during growth, mature size shoeldneasured, not as total weight, but as
body protein weight. For a bird to maintain its pocbmposition and form it needs a
minimum rate of supply of resources. The problernoiguantify the relationship between
the rate of supply and its state or to provideta fanction that will scale maintenance to
cover all ages or weights on the basis of the atistate of the bird. The body of a bird
may contain appreciable amounts of lipid, which naay as an energy source, and there
may also be some reserve of protein. If its dafjake of protein is sufficient for
maintenance and its potential rate of egg prodoctit its daily intake of energy is
insufficient, it may be expected to deplete itsdigeserves to support maintenance and egg
production (Emmans and Fisher, 1986). The secooblgm is to determine the extent to
which birds could be made to utilise their excesdyblipid reserves whilst maintaining

laying performance.

In hens in lay, the question arises whether they ar need to be, growing and if so,
whether this growth is in lipid, protein or bothy Befinition, egg production is a function
of sexually (but not necessarily somatically) matbirds so the assumption can be made
that, at first egg, the bird stops growing andrafités it may gain or lose lipid or protein
and ash but it would not be expected to show a@aiet of protein or ash (Emmans, 1981).
Laying pullets, fedad libitum do not grow body protein, only lipid, once thegrslaying.
However, protein growth of broiler breeders hasnbesstricted throughout their lives.
Hence, they may still have the capacity to growybptbtein and lipid once they have

started laying.

16



Where growth of protein or lipid takes place, thegess of simulating this and of

subsequently determining the nutrient requiremantsthe desired, constrained and actual
food intakes has been well described by Emmans7(19Bese processes having been
incorporated into a broiler growth model (EFG Saite). Of greater interest in this thesis

are the processes required in predicting the mitresjuirements for egg production.

1.3.2.2Potential egg output

The concept of a potential egg output (rate of¥agg weight) could be described as the
maximum possible egg output that the genotype chieae when given perfect nutritional
and husbandry conditions. The performance stangaoisded by the breeding companies
represent the level of performance to which mostpcers aspire. Emmans and Fisher
(1986) described egg as a mixture of yolk, albumath shell, each of which, in nutritional
terms can be regarded as having a constant congmosgiven this, it may be possible to
solve the problem of predicting the rate of producin three steps: 1) predict the rate of
production of yolk material; 2) predict the paditing of yolk material into individual
yolks; and 3) predict the albumen and shell weidtdm yolk weight. The prediction of
yolk production may be predicted from the equafidh

y =a e exp — (exp (G—bt)) (Equation 1.1)
where the parameters are a scalag decay parametes, the initial state parameter tat

0, &, and a growth parametdr, The form of the prediction obtained is shown iguFe
1.3.

17
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Figure 1.3 Examples of a function to describe the rate okymitput, y (g/d) in terms of
time from first egg, t days (after Emmans and Hish@86)

Mean yolk weight (MYW) is given by yolk output (¢ivided by the rate of ovulation and
lay (R) (Equation 1.2).

MYW =y /R (Equation 1.2)

Emmans and Fisher (1986) pointed out that a givamdt a given time has an internal
cycle of length ICL hours and the environment hasyee, usually defined by light, of
length EXCL hours. Johnston (2004) defined intercytle length as representing the
interval between successive ovulations. This irgteig determined by the synchrony
between the follicle hierarchy and the circadiaythim of LH release. A hen that has a
properly maintained hierarchy containing sufficidatlicles, each capable of maturing
every 24 hours, will have an internal cycle lengtfabout 24 hours and will therefore lay
an egg a day. With advancing age the follicles takger to mature with the result that the
internal cycle length increases. Emmans and Figl#86) proposed that the change in a
hen’s internal cycle length (ICL) over time maydsdculated from the following equation
1.3.

ICL=ICLo - Lag + 1/ ((1/Lag) — kt) (Equatidn3)

18



where ICLo = initial internal cycle length, k = aahy factor and t = time from first egg, in
days. If the internal cycle length is less tharegual to the 24-hour daylength or external
cycle length (EXCL), rate of lay (R) is given byuagion 1.4.

R =24 /EXCL (Equation 1.4)

If the internal cycle length is greater than theeexal cycle length:

R =Lag/ ((ICL - EXCL) (1+ (Lag / (ICL-EXCL)))) (Equation 1.5)

Then, albumen and shell weights may be predictad these allometric functions:

AW =g . YW ™! (Equation 1.6)
and
SW = a . ECW"? (Equation 1.7)

where AW = albumen weight, YW = yolk weight, SW kel weight and ECW = the
weight of the egg contents, yolk plus albumen. Bgight is given by YW + AW+ SW
and mean egg output will be MEW . R.

Johnston (2004), who developed a stochastic modetdadict annual egg production of a
flock of laying hens, pointed out that these fumiesi suggesting by Emmans and Fisher
(1986) allow a decrease in egg production with adiregy hen age, but they do not permit
the simulation of the shorter egg sequences pradbgenany hens at the onset of lay. In
order to reproduce these, the internal cycle lengthds to be longer than 24 hours
initially, before decreasing with advancing timerfr first egg to below the daylength and
subsequently increasing above 24 hours. The retjourevilinear shape may be simulated

with the use of the following quadratic-by-lineajuations of the form:

y=A+B/(1+D.x)+C.x

where y = ICL and x = time from first egg. If eashthe four parameters is assumed to be
normally distributed and is given a mean and stahdaviation then each hen in the flock

may be allocated its own function to predict ingdreycle length at a given time.
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1.2.3 Nutritional constants

To transform maintenance, growth and egg produdtitm quantitative requirements for

amino acids and energy, the values of a set oitioutal constants are needed (Table 1.1).

Table 1.1 Nutritional constants required for determiningrrerit requirements of broiler

breeder hens

Protein amino acid composition of body protein, gootein growth

amino acid composition of yolk and albumen pratén egg production

amino acids required for maintenance

nett efficiencies of utilisation of each aminodafor growth and egg production
Energy energy for maintenance

energy for yolk and albumen production (lipid grdtein)

energy for body protein gain

energy for body lipid retention

The amino acid composition of the body and the@mggponents (yolk and albumen) need
to be known, together with the scaling rules folintemance and egg production and the
quantities of each resource (or nutrient) neededupi of function. The definition of an

energy and protein scales are needed. Egg producao be defined as the rate of
production of whole egg but this description isdequate as the composition of eggs

varies over time in terms of yolk, albumen and lslaeld also in terms of nutrient contents.

1.3.4 Predicting nutrient requirements

Once the values of the nutritional constants a@wm it would be possible to predict the
requirements of any genotype in any state kept itheamoneutral environment. The
problem of predicting requirements is to bring tbge the genetic variables and the values
of the nutritional constants, and then the composibf the feed will determine the desired
feed intake. The desired feed intake is the intaké will allow the potential egg output to
be attained. However, with broiler breeders, thestjon is not how much food the bird
will consume voluntarily, but what the content atments in the feed should be, given that
a fixed amount of food would be allocated to eaeh Haily.
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1.3.5 Negative aspects of feed composition and enoviment

What will happen if an unbalanced food is giverttie bird or if the bird is kept in an
unfavorable environment? In practice, common cao$esyg production failing to reach
the potential rate are temperatures that are o, lor feeds of too low a nutrient: energy
ration, or both in combination, due in both casarnoupper limit to the bird’s capacity to

lose heat in a given environment (Emmans, 1989).

The consequences of deviations from the optimunritimnal and environmental
conditions will have to be predicted. This willgtere an understanding of the heat
generated by the hen in maintaining itself, in pssing the food that has been consumed,
in constructing the yolk, albumen and shell, andtlwé heat lost through panting,
conduction, convection, and through laying an eggis is a critical aspect of a model in
which the nutrient requirements for egg productama predicted, as this is possibly the

most important constraint preventing the hen fratmeving its potential.

14 DEALING WITH POPULATIONS RATHER THAN INDIVIDUAL S

The theories discussed in the early part of theptdr describe events for one animal in
one state, i.e. at one time. However, the requintrokan individual varies with time and
Is described by assigning values to its inheremarpaters (Emmans, 1989). Another
source of variation is that between individualshimta flock. Each bird will have its own
characteristic values for the inherited parametkes describe its potential. Systematic
errors will occur if the average individual in apgutation is used as the basis for generating
individuals from which a population response isbt simulated, although these may be
small in some cases (Emmans and Fisher, 1986; Esym&89). This is due mainly to
variation in the bird characteristics, includingiations in feedstuff utilisation and in nett
efficiencies of nutrient utilisation (Emmans andher, 1986). These authors pointed out
the two stages that require more attention whemligieg a population response: 1)
theories of individuals and 2) theories of popwlatstructures. In the final stage both sets
of theories are used in combination. The problemswfig theories related to a group and
not to individuals is that the relationships betwemutputs and inputs for groups are
curvilinear whilst the reasonable assumption ofstamt efficiencies for nutrient utilisation

leads to curves (Fishet al, 1973). The problem of predicting the nutrientuiegments of

21



a population of birds may be approached by consigeirstly the requirements of an
individual and then the variation between the imdlrals, which comprise the population.

Because broiler breeders are fed a restricted anofudood each day it is likely that there
will be competition for this food at feeding timehich will result in differences in the
amount of food that each hen consumes each day.cdigequences of such variation
should be investigated, this being one of the athges of a stochastic model.

15 OPTIMISING THE FEEDING PROGRAMME OF LAYING BIRD S

Having obtained accurate data of the requireme&nondividual or group of birds, and
being able to quantify the value of egg output, tlext step would be to optimise the
feeding strategy for a flock of birds. The optimémeding programme for a flock of birds
is that which will result in the highest profit fire enterprise (Gous, 2002).

Two optimisers have been produced by the poultougrat the University of KwaZulu-
Natal, one dealing with broilers and the other Wéying hens. The latter is based on the
Reading Model (Fishest al, 1973). This programme optimises the amino adiaks and
balance in the feed for a flock of laying hens, aidultaneously optimises the nutrient
density of the feed, thereby maximising the proiitty of the enterprise. The feeds are
designed according to the characteristics of tgmdaflock, including body size, feather
cover, size and quantity of eggs being laid, areddharacteristic intake of the flock. In
addition, the marginal cost of each amino acidisstdered, as is the marginal revenue for
eggs. This optimiser, fully integrated with a fefmulation programme, performs a
number of functions associated with the amino acid energy nutrition of laying hens: 1)
it predicts the intake of each amino acid that \dolé required to sustain a given egg
output; 2) it calculates the first-limiting aminaid of the feed, based on prevailing
marginal costs of the different amino acids, aralghevailing marginal revenue for eggs,
and hence the economic optimum egg output; 3) ldutates the optimum amino acid
mixture that would sustain performance of the flatkhe economic egg output; and 4) it
calculates the optimum nutrient density of the fogiven the characteristic intake of
energy by the flock and the cost of supplying epénghe food.
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The objective of the simulation model for broileeéders is not to predict voluntary food
intake, as they are given a restricted amount ofl feach day and not allowed to eat
libitum, but to determine the optimum combination of egeagd amino acids in the feed,
as well as the optimum daily allocation of feed pied. Questions such as the ideal energy
to amino acid ratios, the optimum number of feedth wheir length of time that they
should be fed, the optimum nutrient density andydaed allocation for each day of the
laying period need to be addressed, bearing in thi@edost of ingredients and the revenue
derived from the sale of fertile hatching eggs. &ee the major costs are usually obtained
from the breeding farm and the feed supplier, thlg persistent problem in optimisation is
the definition of the bird response (Gous, 2002).

Once the nutritional strategy for any given flodkbards has been optimised, it is then
necessary to investigate the different managemgtérss which may be applied to that
flock with regard to strain of bird and possiblyveaonmental conditions which would
result in maximum economics returns. The nutritiosi@ategy here would imply the
composition of the feed, the daily amount to becated per bird, and the length of time
that each feed should be given before changing tdifi@rent feed composition.
Management strategies might include whether maspebiets are fed, and the feeding
system to be used, both of which would be direete@ducing the variation in the amount

of food consumed by each bird in the population.

1.6 CONCLUSION

In the case of an egg production enterprise, tigual hens are the sub-systems, which
comprise each system (flock) of birds. The indiadtlocks are the components of the
production enterprise as a whole. The major stinagling upon the system of egg
production can be broadly defined under three miagadings: 1) biological stimuli such
as the environment, the genetic characteristicshefbird and the daily allocation of
nutrients to the birds; 2) the economic aspect$ ag the fixed and variable costs of
production and the price which the output will dexhand 3) the influence of time on the
system (Kleyn, 1987). The problem of predictingriaut requirements of a laying hen is
that it involves so many interactive factors, whiocked to be combined to produce a
response to specific conditions. The nutrient negments of a flock have to be determined

in response to its environment, to the feed beiifigred it, as well as to the genotype, so
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the factors to be considered include the poterg@d) output of the genotype, the
differences between individuals at a time and witimdividuals over time, the carcass
composition and the protein gains, the effects ifernces between genotypes in the
amount of excess energy that may be stored as lppdythe effect of constraints placed
by the environment and the feed on the nutrientirements of birds. Sufficient accurate
information on the response of broiler breedersaonous essential nutrients are needed
such that their responses to nutrients can be nealdét is through the development of an
accurate theory, and the use of computers, thastbeen possible to ingrate all of these

factors into a workable form and to create the Beeé/odel..

The following chapter deals with the review of infation necessary to develop such a

theory or model
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CHAPTER 2

MEETING THE ENERGY AND AMINO ACID REQUIREMENTS
OF BROILER BREEDER HENS DURING THE LAYING PERIOD: A REVIEW

2.1 INTRODUCTION

If the daily food intake of broiler breeders we nestricted throughout their lives, these
birds would be able to achieve a mature size dtdblay 24 weeks of age (Heek al,
2004). Such a practice would be highly uneconomasmfood consumption throughout the
growing and the laying periods would be excessithe egg output of the female would
not be near its potential. Egg output would be cedy as well as fertility and hatchability
(Pearson and Herron, 1981). Their welfare would &ls compromised, given that such
large birds would suffer thermal discomfort, a higitidence of lameness, and high
mortality due to skeletal disorder and heart fal(Katanbafet al 1989; Savoryet al
1993). It is therefore essential to control thdydBdod consumption of broiler breeders,
and consequently the management of these bird®is difficult and demanding than of
other types of commercial poultry. Control over flo®d consumed is enforced via a
restricted feeding programme where the daily alloses of energy and protein have to be

adequate but not excessive, in order to attain maxi production.

Poultry require six classes of nutrients. Thesdudwd water, protein/amino acids,
minerals, vitamins, energy and fatty acids. The sleuld ideally be formulated to contain
adequate amounts of 10 amino acids, 12 mineralsjtagins and energy in the exact
proportions to meet the bird’s need for growth, memance and reproduction (Dozier,
2003). The requirement for a given nutrient isrtiniaimum quantity of that nutrient, when
all other nutrients are supplied in adequate qgtiestihat will maintain normal growth and
reproduction and, at the same time, prevent theldpment of symptoms of nutritional
deficiency. The accurate way to express nutriequiirements is in terms of an amount per
day per animal. There are various sources of inftion on nutrient recommendations,
allowance, levels and specifications. These anisenfdata presented in the scientific
literature, in publications on nutrient requirengehby national bodies (ARC, 1975; NRC,
1994), commercial producers of products (aminosoitamins...) for inclusion in diets

and information published by producers of birdéodmation from diet manufacturers and
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integrated companies is highly relevant but almogiossible to access because of the

commercially confidential nature of the information

The nutritional requirements of broiler breederes iafluenced to a considerable extent by
the genotype, the environment and the stage obdegtion (the state) of the bird. The
optimum inclusion of a nutrient should be defingdezonomic factors rather than solely
on the specific requirement for a particular nuitjebut this is not often done. The
majority of researchers working on the nutritionbobiler breeders in the past expressed
the requirement as a fixed concentration in thet, dideal for making tables of
requirements, but it is difficult to apply an acatér cost analysis to such numbers. The
conclusions drawn by those researchers are o Malue in developing a strategy for
determining the optimum economic daily intake otriemts for a given genotype and
enterprise using nutrient responses and margirsas @nd returns. The available literature
on broiler breeder nutrition has been reviewed Wwelith the goal being to obtain
sufficient accurate information on the responsehete birds to various essential nutrients
such that their responses to nutrients can be feolddlhis approach requires information
on the requirement of a broiler breeder for maiatee (mg amino acid or kJ energy/g
body protein) and for egg output (mg amino acidjg eutput), on the mean body protein
weight and egg output, with variances, in a popaadf broiler breeders and the marginal
cost of the nutrients and marginal revenue forhaieehing eggs. With such information it
would be possible to determine the optimum economigke of each nutrient for the
flock. This would also involve determining the aptim nutrient density in the feed, as the
daily allocation of nutrients could be suppliecaimutrient-dense feed, costing more than a
diluted feed, but with the daily allocation of tHeed being less than that of a bulky feed.
It would also be possible to determine at whatestafgproduction the feed composition of
allocation should be changed, on biological anchennc grounds. This approach has not
been used in broiler breeder nutrition, which updav has lacked a comprehensive theory
with which to deal with the above possibilities.eTreview of literature that follows is

aimed at extracting the information necessary i@l such a theory or model.
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2.2 MEETING THE ENERGY REQUIREMENTS

2.2.1 Energy requirements

The recommended energy requirements for strainsaler breeders at 28 weeks by the
respective breeding companies are shown in Talle 2.

Table 2.1Recommended dietary ME concentrations for sixrstraf broiler breeder at 28

weeks (after Leeson and Summers, 2000)

Breed Hubbard Cobb Ross Hybro Abor Acres Shaver
ME (MJ/kg) 1916 1962 2000 1895 1937 1958
Feed intake (g) 160 161 167 165 162 170

The daily nutrient intake is merely a factor ofdeiatake X diet concentration. A fairly
consistent pattern of recommendation for the varistmains is shown taking into account

feed intake together with diet specifications.

In the literature, reports regarding the amounemdrgy required for broiler breeders are
contradictory and vary from 1610 to 2090kJ AME/d feaximum egg production (Table

2.2). The requirement seems to be higher (by 1@¥)irds housed on the floor rather
than those kept in cages, with the exception of Raker (1986) who found an energy
requirement of 2000kJ/d for birds kept in indivitloages.

Table 2.2Recommended dietary ME concentrations for maxinegmproduction

Author(s) Floor or cage Energy requirement (kJ/d)
Bornsteinet al. (1979) Floor 1840-1890

Pearson and Herron (1981) Floor 1730

Pearson and Herron (1982) Cage 1610-1880

Wilson and Harms (1986) Floor 2090

Bowmaker (1986) Cage 2000

Spratt and Leeson (1987) Cage 1610

NRC (1994) Floor 1800-1940

The accurate prediction of energy intake is impurteo formulate diets for broiler
breeders and to make economic decisions. Many eexgend time discussing whether
their hens should receive 150, 165 or 185¢g of femdday at peak. This is a typical non-

sense proposition. In fact, any of these figureg bearight, but at the same time they may
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all be wrong, depending on the specific situatibeaxh flock — body weight, egg output,
house temperature and energy content of the rdhaemy case, there is only one accurate
way of feeding broiler breeders and that is acecaydo their energy requirements. In full-
fed laying hens, birds have the chance to adjwst thdividual feed intakes in order to
meet the specific energy requirements. Howevelh wintrolled feeding of heavy broiler
breeders, meeting the energy requirement of thds logr up to the poultry nutritionist. The
birds eat what they are given and the amount ofggnprovided must be accurately
calculated. For this reason, several models haven bsuggested to predict the

metabolisable energy requirement of broiler breeder
2.2.2 Models predicting energy requirements

The metabolisable energy (ME) partitioning modek Heeen the most promising for
imminent application. Indeed, the energy demangiragesses of the body appear to be
divided into 1) inevitable and primary expenditunesintenance and thermoregulation; 2)
syntheses which are usually performed when fooakais in excess of that required to
meet primary expenditures: egg production and dpsikion of body lipid which occurs
when food is supplied in excess of the needs fiongqy expenditures and egg production
(De Groote, 1974; Emmans, 1974).

The factorial approach has been used to partihenME requirements into maintenance,
growth and production and can be expressed by teemMME = aW(T) + AW + dEM
where MEI is ME daily intake, Wis metabolic body weighttW is body weight change,
EM is egg mass output, T is environmental tempeeata, ¢ and d are the maintenance,
growth and production requirements coefficientspeetively (Sakomura, 2004). These
coefficients are important to elaborate mathembtwadels in order to estimate energy
requirements. The application of predicting dailyrient requirements models can help to
establish better and more profitable feeding pnogrdor poultry. However, for poultry,
basically most models have been developed for ¢ggigns (Emmans, 1974, NRC, 1981;
Peguri and Coon, 1988, as cited by Rabello, ingpr@akomurat al, in press, as cited by
Sakomura, 2004; NRC, 1994). The accuracy of thes#ela depends on the estimation of
the coefficients for maintenance, growth and praidac Unfortunately, they vary greatly

in the literature, as seen in Tables 2.3 and 2d,large variations in the predicted ME
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intakes result when using some of these equatiatis different temperatures and egg
mass output, as noted by Zhang and Coon (1994).

Table 2.3Metabolisable energy intake (kJ/bird d) predictamuations for laying hens

Source Equation
White strains MEI = W(711-9.2T) + 8.4E + 20\%/
Brown strains MEI = W(586-8.4T) + 8.4E + 20/

Emmans (1974)

NRC (1981) MEI = 544%"(4.3)" + 8.7EM + 23.0W

Peguri and Coon (1988) MEI = W(1057 — 7.5T — 6)3¥ PF(-6.2 + 0.06T +
0.004T) + 12.0EM+ 25.AW

NRC (1984, 1994) MEI = W(724 — 8.2T) + 8.7EM+ 230N

Sakomuraet al. (in press) MEI = W5(694 — 9.9T) + 10.0EM+ 28 AW

W = Body weight (kg/bird),AW = Body weight change (g/bird/day), EM = Egg mas®duction
(g/bird/day), T = Environmental temperatu?€) and PF = Percent feather cover (0-100).

Beside the difference in genetics and environmeodaiditions, the limitations in the
methodologies employed also have an influence ewvédhnied estimated coefficients in the
literature (Chwalibog, 1992). The estimated coedfits and their efficiencies are always
obtained under specific environmental and nutraloconditions, and with the different
exponential values for metabolic size, they cootebto the variation. These partition
equations have also been developed from the restiltseding one feead libitum to
birds, whereas it might be expected that birdsitpart energy differently when fed
adequate versus inadequate amino acid levels. Wisequate levels are used, feed
intake is increased to compensate for the defigigiianmans, 1974) with a resultant
wastage of energy. Birds utilise energy more edfitly when feed is restricted rather than
fed ad libitum According to Blaxter (1989), the increment inidigdeposition in mature
birds provided a decrease in ME for maintenanceuse the metabolic ratio in fat tends
to be lower than in other tissues. Hence, body asitipn should be considered when
predicting or measuring the maintenance energyir@gents. For the above reasons,
laying hens models should not be used to definetieegy requirement of broiler breeder
hens due mainly to difference in the basis on whiclintenance requirements are

measured.
Rabello (2001), as cited by Sakomura (2004), artletbRaet al. (in press) determined ME

requirement model for broiler breeder hens keptages and on the floor, respectively,

using the factorial method (Table 2.4).
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Table 2.4 Metabolisable energy intake (kJ/bird d) predictemuations for broiler breeder

hens

Equation
Broiler breeder hen - floor ME = W5(807 — 26.4T + 0.59 + 10.0EM + 31.9WG
Broiler breeder hen - cage ME =W(800 — 34.1T + 0.7% + 10.0EM + 31.9WG

W = Body weight (kg/bird), WG = Body weight changg/bird/day), EM = Egg mass production
(g/bird/day) and T = Environmental temperath@)(

The influence of temperature on ME requirementsf@intenance was determined in
experiments conducted in three environmental rowitistemperature kept constant at 13,
21 and 30°C using the comparative slaughter teakni@he energy requirements for
weigh gain were determined based upon body enesgtent and efficiency of energy
utilisation for weight gain. The energy requirengefdr egg production were determined
based on egg energy content and efficiency of gnéggosition in the eggs.

2.2.3 Energy requirement for maintenance

Most of the energy consumed by a laying bird isdusemeet maintenance requirements;
only about one third is available for productiore@Pson and Herron, 1981). Maintenance
needs of birds include temperature regulationuésepair, feed digestion and to support
normal activity such as breathing, consuming feed aater, moving and breeding
(Dozier, 2003). Energy maintenance requirement (MBas been determined in feeding
trials or by calorimetric measurements, and by gisigression equations of energetic
balance components. The energetic balance commomant be determined by direct
calorimetry (using calorimeters), indirect caloringeand by carcass analysis. The indirect
calorimetry method measures the heat productionldigrmining the © consumed and
CO, produced in respiration chambers, and has beahinsseveral studies (Johnson and
Farrell, 1983; Spratet al, 1990). At 21°C, for caged Hubbard broiler breeldens, the
MEm was 292kJ per kg d (367kJ pefkyd) (Sprattet al, 1990) and for caged Hy Line
broiler breeder hens, 266kJ per kg d (365kJ p&rkd) (Johnson and Farrell, 1983).
Rabello (2001), as cited by Sakomura (2004), antheRa (in press), determined
regression equations of MEm as a function of anitigmperature for broiler breeder hens
kept on the floor and in cages, found that the irequent of breeders raised on the ground
was 20% higher than that in cages (603, 566, 562326, 273, 248kJ/Rd day at 13, 21

and 30°C, respectively). This was explained byhilgger energy spent on activity. These
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results are important because most of the maintenanergy requirements for broiler
breeders have been studies in metabolic chamberagas, which clearly underestimate

the requirements for breeders raised on the ground.

2.2.3.1Temperature

Birds have a zone of thermoneutrality, over whichtabolism is minimal. Within this
zone birds control their heat loss by physical nse&lhen the temperature falls below this
zone the birds maintain their body temperaturenayeasing heat production, mainly by
chemical means, and this increases their requirefoeenergy. The maintenance energy
of cockerels increases by approximately 8.4kJ/KCdwhen the temperature decreases
from 34 °C to 15°C (Emmans, 1974). Measuremenbta theat production includes the
energy required for maintenance, and energy spemsponse to changes in environment.
The major environmental factor that influences hgratiuction is temperature. Regression
equations of MEm as a function of ambient tempeeafor laying hens and broiler breeder
hens are shown in Tables 2 and 3, respectively. difierence observed between the
genotypes is probably due to variation in body Wwemnd body composition. Most of the
models of energy requirement for laying hens caersal linear effect of temperature on
maintenance requirements. Peguri and Coon (198&)ied by Rabello (in press), found a
quadratic effect in energy requirements for layimegs over a range of temperatures from
7.0 to 37.2°C. A quadratic effect was observedbimiler breeder hens (Rabek al, in
press). There was a decrease in MEm when the tatoperincreased to 26°C, and above
that temperature the MEm increased once more. Aguprto Hurwitzet al. (1980), the
effect of temperature on energy metabolism is \e@yplex and the responses are non-
linear. He suggested that the energy requirementintontenance decreases at a constant
rate with an increase in temperature to 24°C. fitiooes to decrease but at a minimal rate
between 24 and 28°C and then it increases to 348€son and Summers (1997) observed
a small variation in heat production in birds kaptemperatures ranging from 19 to 27°C,
but below the lower critical temperature birds neg@roduce heat to maintain their body
temperature, whilst above 27°C they require endogyissipate heat. However, these
temperature limits are not the same for all birdsause body weight, feed intake,

feathering, and activities can affect bird respaosemperature changes.
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2.2.4 Energy requirements for growth and egg produ@n

Energy is required for tissues deposition, egg &rom and embryo development. During
the pre-peak period, when flock egg productionois bnd growth rate is still relatively
high, the energy required for growth may appedrednigh, but if it is assumed that a hen
stops growing the moment it begins to lay eggsetiergy requirement for growth will be
zero after the hen starts laying. This is why inigre accurate to model the requirements
for each hen and then to build up a population friitea mean and variance when
modelling the energy requirements of a flock. Sste ME requirements for growth vary
considerably in the literature: examples are 18B&vis et al., 1972), 20.04 (Leeson and
Lewis, (1973), 20.92 (Emmans, 1974), 23.01 (NRC31)927.95 (Sakomurat al. (in
press), as cited by Sakomura, 2004) for white ldyrs and 31.88kJ/g (Rabe#bal.,in
press) for broiler breeder hens. These valuesrdiifesumably because the tissues being
formed (whether protein or lipid) differ in comptsn, and because of differences in the

efficiency of ME utilisation (see 2.2.4.1).

Energy needs for reproduction are a function olmegents for egg numbers and egg
size. Frequently, this concept is described asggneeeded for egg output. Rabello (2001)
and Sakomurat al (in press), as cited by Sakomura (2004), foumdilar egg energy
content in the broiler breeder’'s (6.44kJ/kg eggd &aying hens’ (6.23kJ/kg) eggs. The
same authors found similar efficiencies of ME gation for energy deposition in eggs of
broiler breeder (64%) and laying hens (62%). Irs thay, the ME requirement for egg
production was similar for broiler breeders andigyhens (10.04kJ/g egg). Thus, the
same coefficient could be used to determine theggrmequirement for egg production for
broiler breeder and laying hens. The energy cordkeggs ranges from 5.56kJ/g (Sibbald,
1979) to 7.49kJ/g (Chwalibog (1992). On the othend) the energy efficiency ranges
from 60 to 85% (Luitinget al, 1990; Chwalibog, 1995) depending upon genotypd,s
age, lighting pattern, egg size, and egg compas{tthwalibog, 1992). Consequently, the
ME requirement ranges from 8.03 to 13.18kJ/g of egg

2.2.5 Efficiencies for growth and egg production

The efficiencies of energy utilisation have beetedained for growth (65 and 47%) and

egg production (62 and 64%) in laying hens and lé&rdbreeder hens, respectively
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(Sakomuraet al, in press; Rabello, 2001, as cited by Sakomur@4p0 However, the

majority of researchers take into account the iefficy for growth and for egg production
together due to the difficulty in determining paltefficiencies for laying and broiler
breeder hens. According to De Groote (1974), tlieiehcies vary from 64 to 86% in
studies with laying hens. On the other hand, Emn{a834) assumed an efficiency of
converting dietary ME to egg and carcass ener@0é6

The differences in efficiency may be due to differes in the proportions of protein and
lipid being deposited in the gain, and to the thet some birds will not be growing (those
who are laying) whilst others will, and the propans will change as more birds begin to
lay. The uniformity in body weight of the flock wiinfluence this, as will the lighting
programme used to bring the birds into lay — angjfiyp stimulatory programme that causes
most birds to start laying simultaneously (resgltin a sharp rise to peak production) will
result in a different rate of growth to that inlack that is un-uniform and which reaches a
lower peak over a longer period of time. Then latiee rate at which the birds go out of
lay will influence the amount of growth that tak@ace, as will the amount of body lipid
that is available for maintenance and egg prodaoctibhere is no wonder that the
efficiencies appear to differ!

2.3 MEETING THE PROTEIN AND AMINO ACID REQUIREMENTS

2.3.1 Protein and amino acid requirements

The NRC (1994) stated that “chickens do not reqaispecific level of crude protein per
se; rather, they have a requirement for specificnanacids plus sufficient protein to
supply either the nonessential amino acids theraselr amino nitrogen for their
synthesis. In the instance of meat-type breedes,lthare is a paucity of research directed
toward determining specific requirements for esaéamino acids. Therefore a minimum
crude protein intake is generally designated tovige adequate amounts of essential
amino acids whose requirements are not adequatelyrk” As in the case of energy, the
suggested (recommended) protein and amino acidreegents differ markedly from one
source to another. Leeson and Summers (2000) shiosvedhe dietary protein and lysine

levels recommended by the various suppliers of tyeneaterial differ (Table 2.5).
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Table 2.5 Dietary protein and lysine recommendations andkes for broiler breeders
(Management Guide Data) (after Leeson and Sumi2eos)

Breed Hubbard Cobb Hybro Ross  Ross Ross
1997 2001
ME (MJ/kg) 12 11.97 115 115 11.97 11.5
Crude Protein (g/kg) 155 160 170 150-160 160 1mM™-17
Lysine Total (g/kg) 7.1 7.8 7.5 7.0 8.3 8.1
Feed intake (g/bird) 160 161 165 174 167 174
Crude protein intake (g/bird d) 24.8 25.76 28.05 .126 26.72 29.58
Lysine intake (mg/bird d) 1136 1256 1238 1218 1336 1409
Lysine (g/kg crude protein) 45.8 48.8 441 46.7 851. 46.6
Lysine (g/MJ ME) 0.59 0.65 0.71 0.61 0.75 0.77

Leeson and Summers (2000) suggested that the etiffes shown above could be true
breed differences but that it would be difficult tationalize this, considering the breed-

nutrition interactions.

Daily crude protein intakes of 18 to 22g per heanseadequate for broiler breeders in
floor-pens receiving a diet without supplementalirmmacids (Waldroup et al., 1976a;

Harms and Russell, 1995), although lower crudeepmantakes of 16g per day may be
satisfactory if additional amino acid supplememtatis practiced (Harms and Russell,
1995; Lopez and Leeson, 1995). Excessive crudeiprattakes are to be avoided. Daily

intakes of 27g per hen had adverse effects on &lildly (Pearson and Herron, 1981,

1982). For individually-caged breeders, proteinakess between 16.5g and 199 were
adequate to maintain reproductive performance tiirqaeak egg production (Pearson and
Herron, 1982; Spratt and Leeson, 1987; respecdively

The NRC (1994) suggested a daily intake of 765,,4810 and 190mg of lysine,
methionine, sulfur amino acids and tryptophan, eespely, with an intake of 19.5g
protein. They previously suggested 765, 450 andngQ0f lysine, methionine and sulfur
amino acids, respectively, with a protein intake2f (NRC, 1984). Few trials have been
conducted to determine specific amino acid requémrein Pearson and Herron (1981)
reported that 19.5g protein per day was adequatebrieeders in floor pens when it
provided 970mg of lysine, 570mg of methionine, 3@0wf cystine and 120mg of
tryptophan. Wilson and Harms (1984) obtained satisiy performance with daily intakes
per hen on litter of 808mg of lysine, 361mg of nmetine, 682mg of sulfur amino acids, 1
226mg of arginine and 223mg of tryptophan, with6g8of crude protein per day. Harms
and Ivey (1992) reported the requirements of breede floor pens for dietary lysine as
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determined from empirical data ranges from 824nrgefgg production, 806mg for egg

weight and 819mg per day for egg mass when thg gadgtein intake was at least 18.6g.
Harms and Russell (1995) re-evaluated the requmm&srfer lysine in order to separate the
effects of lysine and protein intake on egg outpuB2-wk-old breeders on floor-pen.

They determined that 845mg lysine per day was reduior maximum egg production,

egg mass and egg content. The simulated requirefimelysine and methionine using the
response coefficients of Bowmaker and Gous (1981af3kg breeder producing 459 egg
mass per day is 793 and 321mg daily, respectively.

Many past research reports have discussed amide aeeds from empirical data mainly
done with birds in floor-pen without separating tteguirements into components for
maintenance, body weight gain and egg productiooild3 breeders potentially have more
profound changes in these parameters than comrhlerpgais, which enhance the need for
a factorial approach to determining the amino aeguirement of breeding birds.

2.3.2 Models predicting amino acid requirements

Waldroupet al. (1976b) estimated the daily amino acid requiresefitbroiler breeders
using the Model B reported by Hurwitz and Bornstgifi73) as AAR (g/d) = 1.85 W Am
+ 0.21 G At + EM (62Ay + 59A0 + 52At) where W, GAhEM are the body weight (kg),
weight gain (g/d) and egg mass (g/d), respectivalyd Am, At, Ay and Ao are the
fractions of the respective amino acid in protesn faintenance, tissue, egg yolk and
ovomucoid, respectively (Table 2.6). The reseashélised a production model based on
several breeder guides. They developed growth ggdpeoduction curves for different

ages of breeders and the average change in boditweas calculated.
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Table 2.6 Model predicted protein and amino acid needs eeter hens (Leeson and
Summers (1999) as adapted from Waldroup et al.gli)7

Age CP Amino acid

(weeks) (g/d) (mg/hen d)
Lys. Trp. Met. Met. + Cys. Thr.
22 7.2 282 79 258 362 320
24 7.4 282 84 275 382 335
26 9.8 400 110 341 485 428
28 13.2 608 153 450 652 580
30 15.1 742 183 530 770 690
40 15.5 722 187 552 809 695
50 14.4 625 173 528 750 650
60 13.2 542 160 495 698 600
70 12.5 497 152 480 664 570

The main observation made by Leeson (1999) of tlagted data presented by Waldroup
et al. (1976b) is the low calculated amount of proteinureed by the breeders during the
various stages of production. Leeson suggested ithg@iractice, breeders are fed higher
levels of protein as an economical way of providihg necessary amino acids and
reported that most breeder flocks will be over-father than under-fed crude protein
because it is difficult to justify more than 23-2Bigptein per day.

Bornsteinet al. (1979) tested the applicability of the laying Hdadels A and B (Hurwitz
and Bornstein, 1973) for predicting the amino aequirements of broiler breeders. The
researchers completed three feeding trials withO1Bfiler breeders in each trial and
suggested the experiments verified the applicgbdit Model B, developed for laying
hens, for the purpose of predicting amino acid iregquents for the most limiting amino
acids for broiler breeders. They suggested tharavweighing 3.5kg, gaining 4g per day
and producing a daily egg mass of 52.7g had dgg#iné, methionine and sulfur amino
acids requirements of 830, 570 and 830mg per @apectively.

The Reading Model (Fisher, 1973) was designed szrd®e the response of groups of
laying hens to increasing intakes of amino acice odel is based on the assumption that
a bird’s required intake of amino acid is proparbto its body weight and its potential
egg output. It is assumed that each bird has acteaistic maximum egg output (Emax)
and that, for each bird, when E<Emax,

| =aE + bW
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where | = amino acid intake (mg/d); E = egg outf@itl); W = body weight (kg); a =
amount of amino acid in mg required to produce f@gg output and b = amount of

amino acid in mg required to maintain 1 kg of bedsight. After rearrangement,

E=(A—bW)/a

In order to avoid negative rates of egg productwhen A<bW, E is set to zero. The

response curve for a flock of hens has a charatitesigmoid shape (Figure 2.1a).

Egg output, E g/bird day

//
2

Amine acid intake, mg/bird day

Figure 2.1 The model for the response of laying hens to aramd intake (a) the response
of an individual bird (b) individual (-) and mean-{ responses for a small group of birds.

See text from meaning of symbols (Fisher et al73)9

As can be seen from Fig. la, the response of awidio@l is represented by two straight
lines: once the maintenance requirement (bW) haa beet, egg output increases linearly
(aE) until the genetic potential of the hen (Emiaxkeached, whereafter no further increase
in output is possible. The flock response is aegrdated average of a large number of
individual responses (Figure 1b). Based on the mpsan that W and Emax vary
normally among birds in a flock, the performanceadfock can be simulated by defining
the mean maximum outpuErhax) and its variancesfmay, mean body weight (W) and its
variance ), the correlation between E and Wiy and the values of a and b, the
quantities of amino acid associated with each ohiE and W, respectively. Random
sampling can then be used to draw large samplbsds from a flock with experimentally
or otherwise defined values féimax, W and the other five parameters. When this has
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been done, response profiles for each bird candmepated and these data used to
calculate the predicted curvilinear response dbl the flock (Curnow, 1973).

This model allows one to determine the intake @heamino acid that maximises income
over feed cost. By taking account of the margist ©f each amino acid and the marginal
revenue for eggs, the additional amount of eachhanacid worth feeding, above that
required for the mean individual in the populatiacalculated. This is the first model to

address amino acid ‘requirements’ in both biolograd economic terms.

Some estimates of a and b have been outlined flmchs at or near peak output because
at this time minimum amounts of amino acids arendpaliverted for tissue and feather

production, and there is a minimum number of nardpcing hens. Bowmaker and Gous

(1991) used the Reading Model (Fisher, 1973) terdahe the coefficients of response for

lysine and methionine for egg mass and maintenaniomiler breeders (Table 2.7).

Table 2.7 Requirements for lysine and methionine obtainadnfrfitting the Reading
Model (Fisher, 1973) for laying hens (LH) and beoibreeders (BB)

Lysine intake Lysine requirement (mg)
McDonald and Morris (1985) LH 9.99E + 73W 669
Bowmaker and Gous (1991) BB 16.88E + 11.2W 793

Methionine intake Methionine requirement (mg)
McDonald and Morris (1985) LH 4.77E + 31W 306
Bowmaker and Gous (1991) BB 7.03E + 1.52W 321

The researchers reported the coefficients of respéor maintenance and egg output were
significantly different than the coefficients fomao acid requirements for laying hens
(McDonald and Morris, 1985). The coefficients ospense per kg BW for breeder
maintenance amino acid requirements are lower hadcoefficients for egg output are
higher than those for laying hens. Bowmaker andsG@991) suggested the lipid reserve
making up a large portion of breeder body weiglmig @ot requiring amino acids for
maintenance, may cause the coefficient for maimeaao be lower for broiler breeders.
They also noted that broiler breeders have a moohnep rate of laying (more pause days)
than laying hens, i.e. the efficiency of utilisatiof amino acid is poorer and therefore they
appear to require more of the amino acid per grdnegy output. The simulated

requirement for lysine and methionine using the@oese coefficients of Bowmaker and
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Gous (1991) for a 3kg breeder producing 459 eggsrpas day is 793 and 321mg daily,
respectively.

Leeson and Lopez (1994) computed the amino acidinegent of two different types of

breeders using the maintenance requirement estmafiLeveilleet al. (1960) and tissue

gain and egg production requirements from the M&def Hurwitz and Bornstein (1973).

The researchers simulated a peaking breeder vitdg weight of 2.5kg, gaining 100g /7
days and producing 50g egg mass/day and a 40 wedkeeder with a 3.5 body weight,
gaining 30g /7 days and producing 40g egg mass/dag.requirements predicted in this
way do not change much as the breeder ages (T&l)le 2

Table 2.8 Metabolisable amino acid requirements (g/hen djeofiale broiler breeders

(after Leeson and Lopez, 1994)

Breeders at peak production

Maintenance Egg mass Growth Total

(2.5kg BW) (50g/d) (100g/week) (g/d)
CYS 0.100 0.15 0.070 0.32
MET 0.180 0.21 0.070 0.47
THR 0.190 0.31 0.070 0.57
VAL 0.150 0.44 0.110 0.70
ISO 0.180 0.40 0.070 0.65
LEU 0.310 0.52 0.110 0.94
LYS 0.070 0.38 0.130 0.58
ARG 0.300 0.40 0.110 0.81
HIS - 0.15 0.030 0.18
TRP 0.050 0.08 0.010 0.14
PHE 0.150 0.31 0.070 0.53
Breeders at 40 weeks of production

Maintenance Egg mass Growth Total

(3.5kg BW) (40g/d) (30g/week) (g/day)
CYS 0.160 0.17 0.020 0.35
MET 0.240 0.17 0.020 0.43
THR 0.260 0.24 0.020 0.52
VAL 0.210 0.36 0.030 0.60
ISO 0.250 0.32 0.020 0.59
LEU 0.430 0.42 0.030 0.88
LYS 0.100 0.30 0.040 0.44
ARG 0.420 0.32 0.030 0.77
HIS - 0.10 0.010 0.11
TRP 0.070 0.07 - 0.14
PHE 0.210 0.25 0.020 0.48

Although the rate of egg production declines as lheeders’ age, the egg size and
maintenance requirements usually increase. Leasggested the predicted requirements
justify a one feed system because the requirenteage approximately 9.5% for the two
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bird types which coincides with an amino acid regucof 11.6% when reducing feed

intake from 1549 at peak production to 136g towhel end of lay. The predicted lysine
requirements for an average breeding hen usingestex body weights and egg output
(Leeson and Lopez, 1994) that represent a typieakipg (2.5kg BW and 50g egg mass)
and older breeder (3.5kg BW and 40g egg mass) \Bétng/day and 714mg/day,

respectively.

Fisher (1998) predicted the amino acid requiremeftaodern broiler breeders using the
suggested target performance goals for the Ros$eBd@e parent. The main components
of the simple factorial equation utilised by Fiskre:

Raai = aE + bW+ Cow

where Raai = amino acid intake requirement (mg/daB = requirement for egg
production as a function of E (g egg output/d); b¥Wequirement for maintenance as a
function of body or tissue weight andW = requirement for tissue growth as a function

of weight change.

Fisher utilised the composition of eggs, body #sand maintenance value listed in Table

2.9 to predict the amino acid requirements.
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Table 2.9 Amino acid compositions utilised for estimatingiamacid requirements for
breeders (after Fisher, 1998)

Body protein Egg protein Maintenance Egg
A B C D
ARG 6.8 6.036 50 7.387
HIS 2.6 2.228 10 2.739
ILEU 4.0 5.420 50 6.615
LEU 7.1 8.532 32 10.375
LYS 7.5 6.768 73 8.300
MET 2.5 3.367 25 3.959
MET+CYS 3.6 6.106 60 6.889
PHE 4.0 5.110 16 6.308
PHE+TYR 7.1 9.193 32 11.205
THR 4.2 4.650 40 5.727
TRP 1.0 1.892 10 2.175
VAL 4.4 6.493 60 7.387

Derived and used in the calculations as follow:
A: From summary of published data. Utilised for hgmotein growth with an efficiency of 0.80. Assuine
composition of protein maintenance.
B: Based on amino acid composition of egg comptmas listed by Fisher (1994) and assuming 31.2, 57
and 11.0 g/100g weight and 27, 17 and 5.3 g N/kgdtk, albumen and shell, respectively.
C: From Fisher (1983) based on a review of avalaidence. Figure used only in calculation of dtad
deviation of requirement.

D: As for B with additional assumption that egg tons 1.89 gN/100g. Used as C only.

Fisher (1998) determined the maintenance requiresrienamino acids for breeders using
the following equation: MPr = BPff’. BP. X where MPr = maintenance protein
requirement, g/d, expressed as ideal protein; BPfeather-free body protein mass at
maturity (=0.863kg utilised for illustration); BPfeather-free body protein mass and X = a
constant, a value of 8g/kg. Fisher assumed thatdaitt breeder female would have 18%
protein in the body and that the gain would be l@fdtein. He also assumed that the
amino acid composition of ideal protein for mairsteoe was the same as the amino acid
composition of the body. The amino acids requikadgfowth were estimated by using the
body protein composition with a coefficient of w#dtion of 0.8 for all amino acids.
Fisher's equation for predicting amino acid requeats is for the average single bird in
the breeder flock. Indeed, he utilised a correcfimnvariation and added 1.8 standard
deviation in requirement to the mean to establghflock requirements for amino acids.
Fisher suggested that adding 1.8 standard devsatmthe requirements would cover about
97.5% of the flock. This component is the uniquatdee of the Reading Model that was

reported by Fishegt al. (1973) for predicting amino acid requirementsléying hens.
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Fisher (1998) reported that the available lysingur@ment for breeders ranges from
1080mg/d at 28-29 weeks to a slightly lower intaked75mg/d at the end of the laying
period. Since the daily requirement for lysine odécreased 105mg from peak production
to the end of lay and that the normal practice® iretluce feed intake and dietary energy to
control body weight, Fisher suggested that thegrgage of lysine needed in breeder diets
actually increases from 0.65% available lysineestkplay to 0.74% available lysine at the
end of lay. The requirements (as percent of thd)feer a flock being fed and producing as
specified in a commercial manual (Ross Breedersitedn 1995) reached a maximum
requirement at about 55 weeks of age and not & pealuction as commonly supposed.
The finding by Fisher (1998) are very similar te findings of Leeson (1999) in that both
believed that the small reduction in required aman@ls per day during the laying period
do not justify a reduction in amino acid concentratdue to the decrease in feed intake.
Fisher (1998) compared the predicted amino acidiireapents of average individual
breeders and for a flock of 27-33 week-old breederthe NRC (1994) suggested amino
acid requirements. Although, the requirements mrese by Fisher are expressed as
available amino acid requirements and by the NR@94) as total amino acid
requirements, the predicted amino acid requiremehtisher were generally higher than
the NRC requirements, mainly for lysine and histgdidue to the fact that Fisher utilised a
larger maintenance requirement for lysine thanstinggested maintenance requirement of
Leveille and Fisher (1960) and to flock variabilihat were not used in some of the model
calculations that Waldrougt al. (1976b) and Bornsteiet al. (1979) used to develop some
of the NRC (1994) requirements. Fisher (1998) aashetl that questions about amino acid

utilisation and about the lysine requirement fointenance required further investigation.

2.3.3 Maintenance requirement

The amino acids required for maintenance by layiags have been estimated from the
research by Leveille and Fishéi959, 1960) using adult White Leghorn roostersorC
(2004) pointed out that the extrapolation of thesspiirements to deal with broiler breeder
females may not be accurate. Indeed, Caival. (1990) reported that the maintenance
requirement of TSAA for broiler breeder femalesedetined with balance studies was
three times greater per kg body weight than minimumaintenance level of protein-
depleted White Leghorn males predicted by the motiekveille and Fisher (1960). They

also suggested that the difference in maintenargeirements may be related to sex
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differences. McDonald and Morris (1985), using tReading Model to predict the
maintenance requirements of laying hens, repotatl the maintenance requirement of
light and medium weight laying hens was 1.6 time=atgr, when predicted in this way,
than the maintenance requirement of White Leghaatesreported by Ishibashi (1972). It
is more likely that the differences are due to rtiethods of prediction and measurement
than to sex differences. The maintenance requmewie73mg/kg BW/d (McDonald and
Morris, 1985), 11.2mg/kg BW/d (Bowmaker and Gou891) and 0.01mg/kg BW/d
(Goddard, 1997) for lysine, 60mg/kg BW/d (Burnhand &5ous, 1992) and 45.5mg/kg
BW/d (Huyghetaeret al, 1991a) for isoleucine and 44.4mg/kg BW/d (Huygketet al,
1991b) for threonine, either calculated at zerod\bce or by extrapolation of response
curves, are probably considered more robust tharestimated maintenance requirements
of Leveille and Fisher (1959, 1960). Because thenteaance requirements published in
the literature are so variable, and because thehadst used to determine these
requirements are generally subject to criticismy&et al, 1984)there is good reason to
suggest that more accurate measurements shouldalie, rgiven that the maintenance
requirements make up a large proportion of thd totano acid requirement of the broiler

breeder hen.

2.3.4 Efficiency of amino acid utilisation

The efficiency of amino acid utilisation for eggopuction can be determined by
comparing the estimates of the coefficient for eg¢put with the amount of amino acid

deposited in the egg (Table 2.10).

Table 2.10Efficiency of utilisation of amino acids for laygrhens and broiler breeders

Bird Amino acid ‘a’ Egg Efficiency
(mg/g egg) (mg/g)

McDonald and Morris (1985) Layers Lysine 9.99 790 0.79
McDonald and Morris (1985) Layers Methionine 477 351 0.74
Fisher (1980) Layers Methionine 4.36 3.67 0.84
Fisher (1993) Layers Lysine 0.83
Bowmaker and Gous (1991) Breeders Lysine 16.88 7.90 0.47
Bowmaker and Gous (1991) Breeders Methionine 703 513 0.50
Goddard (1997) 26 weeks Breeders Lysine 14.04 30 8. 0.59
Goddard (1997) 37 weeks Breeders Lysine 14.25 30 8. 0.58
Goddard (1997) 48 weeks Breeders Lysine 14.23 30 8. 0.58
Goddard (1997) 60 weeks Breeders lysine 12.19 30 8. 0.68
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The efficiency of conversion of dietary amino atddegg protein for laying hens has been
calculated to range between 0.74 and 0.85 (Fist880; McDonald and Morris, 1985;
Emmans and Fisher, 1986). The efficiency of utilssafor broiler breeders was found to
be much lower and to range between 0.47 and 0.6@&rfiaker and Gous, 1991; Goddard,
1997), but not all the birds were laying at a ratee 50%. In order to test the hypothesis
that broiler breeders laying in closed cycles hdlve same net efficiency for egg
production as laying hens, Bowmaker and Gous (1p@tjormed an analysis in which
birds laying fewer than 14 eggs in the 28 day pkrie. birds laying at less than 50%, were
excluded. For lysine, the coefficient for egg proiitn decreased from 16.88 to 13.9 and
the maintenance coefficient also decreased fron2 1d. 0.56. For methionine, the
coefficient for egg production decreased from #®3.36 and the maintenance coefficient
increased from 1.52 to 1.87. These adjusted casftie give an efficiency of 0.57 for
lysine and 0.65 for methionine, values closer tiséhsuggested above for laying hens but
still considerably lower.

The efficiency of utilisation of the limiting aminacids for egg production appears to be
relatively constant when different breeds of layfogl are compared at the same age. As
laying flocks age, the efficiency of utilisation pfotein for egg production declines (Fisher
and Morris, 1967; Jennings al, 1972; Wethli and Morris, 1978) and in broiler éder
hens (Goddard, 1997). The efficiency of utilisatideclines when the rate of lay drops
below 50% because the deposition of egg albumemoig discontinuous or because yolk
protein synthesis itself becomes phasic (Fishe80L%Evidence that yolk protein synthesis
becomes phasic can be seen by the fact that podugtion in older broiler breeders has
been attributed to birds with fewer developing geilifollicles (Hockinget al, 1987). This

is very important when considering broiler breedmsause they have much lower rates of
egg production than laying hens (Fisher, 1980),ftloel intake is restricted and the food
allowance is manipulated in accordance with thenghy requirements for egg
production. It is therefore imperative to establise amino acid requirements for all stages
of their production cycle because if amino acidslaniting there will be a decrease in the

rate of lay (Bowmaker and Gous, 1991).
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2.3.5 Synthetic amino acids

Proteins are one of the most costly major itembruiler breeder feeds. Therefore, it is
worth trying to maximize the efficiency of proteamd amino acids utilisation in order to
minimise the cost of production whilst achievingximaum performance. In some cases
this could be achieved by reducing the excessivietts of some amino acids, thereby
improving amino acid balance. A simple means ofi@dhg this is to partially replace
some of the standard protein sources (e.g. soybwsat) with purified synthetic amino
acids (Han and Lee, 2000). Nowadays, the use atalline amino acids is widespread in
manufacturing of feed for animals. L-lysine, DL-tmenine and DL-threonine are
commonly used to replace or supplement naturaleprasources of these three amino

acids.

Many researchers have clearly shown the proteinrgpaffect of using synthetic amino
acids to balance low protein diets. In a revieviitefature, Han and Lee (2000) concluded
that the supplementation of limited amounts of Bgtit amino acids (0.1 to 0.3%) to feeds
for swine and poultry could spare 2 to 4 percergageits of dietary protein with no
decrease in weight gain or feed conversion. Wheii%.lysine was added to the diets of
layers, egg mass and efficiency of egg productienewnot affected by a lowering in the
protein level by 2 percentage units. Reducing tlaégn content of broiler breeder feed by
6 percentage units, when supplementing 0.28% nmatieo and 0.68% lysine to
compensate for lowered methionine and lysine cargepplied by protein, had no effect

on performance (Lopez and Leeson, 1995).

The protein-sparing effect originated from the aicof a low-pollution diet. An excess
of dietary protein or deficiency in calories fromarlbohydrates and/or fat will cause a
proportion of proteins to be used for energy. lima case, protein will be broken down
and carbon used for energy, thus nitrogen will kereted as uric acid (in poultry) (Han
and Lee, 2000). Han and Lee (2000) pointed out ridiicing the protein level by more
than 2 percentage units substantially lowered génoexcretion by more than 10% in pigs
and broilers. Feed was supplemented with lysinghim@ne and, in most cases, also with
threonine and tryptophan. In one layer study, Kimd &an (1996), as cited by Han and
Lee (2000), stated that by lowering the crude pmatevel by 2 percentage units, nitrogen

excretion was decreased by 13.6%.
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Supplements of synthetic amino acids to animakdae¢ important not only on nutritional
and economic grounds, but also for environmentajpgees. However, thén vivo
utilization of added free synthetic amino acidssi#l open to considerable discussion.
Possible upper limits to the use of synthetic ammcals to replace protein have been
discussed by Bach-Knudsen and Jorgensen (1986)ce@orarises mainly from the
demonstration by Batterham’s group in Australia t{@ham, 1974; Batterham and
O’Neill, 1978; Batterham and Murison, 1981) thabwing pigs meal-fed once daily utilise
crystalline lysine, added at a level of 2g L-lygkgediet, no better than 43 to 67% of that
achieved by pigs meal-fed six times daily. In thtoggs no improvement in performance
was seen when feeding the control diet six timespared with once daily. In contrast,
Walz (1981; 1983), as cited by Bach-Knudsen andelhsen (1986), could not verify any
improvement in pig performance by frequent admiatgin of free synthetic lysine. The
absorption of free amino acids is more rapid theat of protein-bound amino acids due to
the fact that the added free amino acids pass tinmash together with the easily
hydrolysable nitrogen fraction very shortly afteefling (Bach-Knudsen and Jorgensen,
1986), thereby being available at sites of prowinthesis before the remaining amino
acids from gut protein hydrolysis reach these saites. On the other hand, with frequent
meals, one would assume equilibrium to be estaddisietween gut, blood and tissues with
regard to lysine utilisation for protein synthefaker and Izquierdo, 1985). These latter
authors found that twice-daily feeding of diets emented with 0.08% and 0.16% of
lysine to chicks showed no evidence of diminishgginke utilisation. (63.2% and 64.7%
meal fed versus 67.8% and 66.#d libitum fed). The efficiency of crystalline lysine
supplement was virtually the same whether chicksewaeal fed orad libitum fed. It
would appear that pigs or chicks on meal-feedirggmmens should be fed at least twice
daily, and perhaps thrice daily, in order to masnthe efficiency of lysine and protein
amino acid utilisation. Moreover, it should not besumed that results with lysine-
supplemented diets would parallel those with dsetgplemented with crystalline amino
acids other than lysine (Baker and lzquierdo, 198%)aying hens, Shannon (1981 and
unpublished), as cited by Fisher (2000), used kkrigevels of methionine, lysine and
intact protein in different daily sequences of dappentation. All sequences supplied the
same average amino acid or protein levels in tad.f@/ith both free amino acid and intact
protein, 24 hours variations in supply gave poguesduction than continual levels.
Variations over shorter time periods were not tkstdese results leave open the question

as to whether broiler breeder hens, which are fex er day or, in “skip-a-day” rearing
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systems, even less frequently are likely to shaduced protein or amino acid utilization;

the question seems to merit further investigation.

24 BODY WEIGHT AND BODY COMPOSITION

Feed restriction is used almost universally to wmnihe body weight of immature and
mature broiler breeders. The effect of feed resbricon body weight is well documented.
Birds fed different protein and energy intakes shioareased body weight gain with
increased energy intake. Body weight gain incredse=arly with increased energy
allowance (Pearson and Herron, 1980, 1981, 198&tiSand Leeson, 1987; Attet al,
1995). However, protein intake during lay did ntieet body weight or weight gain in a
trial by Pearson and Herron (1981; 1982).

While the effect of feed restriction on body weightwell documented, much less is
known about its effect on the body compositiontdd taying broiler breeder. When body
composition has been considered, it has been neshduring the rearing period (Bennett
and Leeson, 1990), at the end of the rearing pé€Btadr et al, 1976; Pearson and Herron,
1980, 1981, 1982; Spratt and Leeson, 1987; Reretnad, 1999) or at the end of the
laying period (Blairet al, 1976; Pearson and Herron, 1980, 1981, 1982; SprdtLeeson,
1987, Attiaet al, 1995; Wilsoret al, 1995), but not whilst the laying period progresse

Most of the body weight gain in the breeding peradurs in the early part of lay as food
allowance is increased and prior to the birds cgnimto lay. Pearson and Herron (1980)
studied the effects of increasing or decreasingiritekes of nutrients of broiler breeders
placed on the floor during the laying period. Tlhenparison of the carcass constituents at
34 weeks with those of a sample of pullets kille®2 weeks of age showed significant
growth in all constituents between 22 and 34 wexdlege. The researchers showed that an
increase in carcass protein (281g vs. 362g and)3B&ghad occurred by 34 weeks of age
suggesting that at 22 weeks of age birds restridigihg the rearing had not reached
maximum lipid-free body size but continued to lagweh muscle tissue as well as lipid
during the early part of the breeding period. Hogre\at 22 weeks of age, birds were
probably not laying and so there would have beparend when they continued to grow in
protein before they started to lay. There may Haeen no further growth of protein once
the hens started laying.
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Several authors have shown that the percentageody bpid was affected by energy
restriction and live weight during the growing petj but females were able to achieve
sexual maturity as measured by age at first egg avivide range of body lipid contents. In
contrast, the proportion of protein in the body agmed remarkably constant, not
apparently affected either by age, live weight ge at first egg (Bennett and Leeson,
1990; Solleret al, 1984). During the laying period, the results oldd were quite
contradictory mainly with respect to body proteontent. Not surprisingly, increasing the
energy allowances of broiler breeders during tiggtaperiod increased body weight, with
differences in body weights being due mainly tdedténces in lipid deposition. Blagt al
(1976) showed that regulating the amount of fooddisieve 90, 100 and 110% of a target
weight during the growing period did not influertbe carcass composition at 22 weeks of
age (185, 183 and 190g/kg carcass protein, 162ahd8.64g/kg carcass fat, respectively).
However, at 66 weeks, the carcass composition veakedly influenced by the amount of
food allowed during the laying period (80% or 100%@& set allowance). The carcasses of
the restricted hens contained significantly morestonoe and protein (631 vs. 585g/kg
carcass moisture, 195 vs. 179g/kg carcass praspectively) and significantly less fat
(136 vs. 200g/kg carcass fat, respectively). Peaasal Herron (1981) fed broiler breeders
in floor-pens with 1.88, 1.73 or 1.52MJ AME perdat two protein intakes (27 or 21.3g
crude protein (CP) per bird) or daily protein irgakof 24.6 and 19.4g CP per bird at a
daily energy intake of 1.88MJ AME per bird from ®164 weeks. The differences in live
weight of birds at 64 weeks associated with enatipyance were found to be due mainly
to differences in lipid and water content of theceas. No significant differences in
protein or ash content were observed in these fanErage of 170g/kg protein and 43g/kg
ash). The protein intake during the laying periat mo significant effect on carcass
composition at 64 weeks, which is in agreement Wdarson and Herron (1982) with
birds placed in cages. Attet al. (1995), who determined the effect of reducing dady
energy intake of broiler breeders placed on therflehile maintaining a constant intake of
other nutrients, found a highly significant posttivelationship between daily energy
allotment and carcass lipid at 61 weeks, while asscash and protein were negatively
correlated with energy intakes. Spratt and Lee4887) found that the increase in carcass
fat at 41 weeks, of broiler breeders placed in sadae to the increase in energy intake
occurred at the expense of both carcass proteinnawidture. Carcass fat increased as
protein intake increased. Wils@t al (1995) undertook a study to investigate whether th

growth curve of breeder pullets to 24 weeks infezh subsequent flock performance.
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Pullets were reared to 20 weeks in litter floor pe@md were subjected to one of three
feeding programmes: a standard skip-a-day progaanearly slow’ programme in which
pullets were fed a lower than standard amount efl f® 20 weeks, and an ‘early fast’
treatment, with birds being fed a larger amounteefd to 20 weeks. At this time 25 birds
from each growing treatment were placed in indigidaying cages where they were kept
to 58 weeks of age. Feed was increased for théy/’skow’ birds and decreased for the
‘early fast’ birds in an attempt to have birds whigar body weight at onset of production.
The carcass composition data at 58 weeks sugdegtbreeders, of similar weight at the
onset of lay and subjected to the same feeding-@noghave similar carcass compositions
throughout the reproductive cycle, regardless eftfipe of growth curve to 24 weeks of
age (Table 2.11).

Table 2.11Influence of feed allotment on body compositioghd) of broiler breeders at
25 and 58 weeks of age (as adapted from Wilsoh, t995)

Variable Early slow Standard Early fast
Carcass composition at 25 weeks

Body weight 2652 2690 2684
Carcass moisture 649 645 647
Carcass protein 179 187" 190°
Carcass fat 142 139 130
Carcass composition at 58 weeks

Body weight 3558 3368 3450*
Carcass moisture 555 571 567
Carcass protein 208 190 191
Carcass fat 156 164 164

The changes in body composition during rearing ydare clearly influenced by the
amount of each nutrient, and energy, supplied edoilds, the potential rate of growth and
egg output of each bird, the competition at thel feeugh, which prevents all birds from
consuming the same amount of feed daily, the fatauas in environmental temperature
and many other factors. These factors would allehaad some impact on the results
presented above, making it impossible to understh@dnechanisms involved by reading

the literature.
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2.5 RATE OF LAY AND EGG WEIGHT

The separation of amino acid requirements for egguxction and egg weight (egg mass,
or output, is the product of production and weigig)reported by Harms and Ivey (1992)
may be a difficult approach because it has beenvshihat laying hens and broiler

breeders partition amino acids for egg productiod agg weight depending upon the
severity of the deficiency (Morris and Gous, 198&wmaker and Gous, 1991). These
researchers showed that both rate of lay and egghtvdecreased to the same extend until
the amino acid supply was reduced to 0.9 for layiags and 0.64 for broiler breeders of
that required for maximum output. As amino acid@ypvas reduced further, rate of lay

declined almost linearly to a low of 0.7 and 0.heneas egg weight was 0.9 and 0.8 of its
maximum value for laying hens and broiler breederspectively. It seems that when the

protein and amino acid intakes are low, birds tenddjust first their egg production and
secondly their egg weight (Figure 2.2).

Amino acid intake as a proportion of intake on diet giving the
highest observed egg output
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Figure 2.2 The relationship between intake of limiting amimad and rate of lay (---) or
egg weight (-) (From Morris and Gous, 1988)
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2.6 EGG COMPOSITION

Knowledge of the chemical composition and physimlalgprocesses of yolk and albumen
formation has been obtained mostly from work witmenercial layers. This information
has been applied when interpreting factors influmnpegg composition of broiler breeder
hens. The ratio of yolk to albumen in an egg issaful measure of the change that can
occur in egg composition. Some results indicaté ¢gg weight, shell weight and percent
yolk increase, while albumen and shell percentagéstal egg weight decrease as a result
of increasing bird age (Marion, 1964; Fletckerl, 1981; Fletcheet al, 1983, Rossi and
Pompei, 1995; Viera and Moran, 1998). Increaseoiik weight is usually correlated with
an increase in egg weight (Fletcle¢ral, 1983). The effect of bird age on egg composition
has been described by Wililams and Sharp (1978)p wivestigated the ovarian
development and morphology in both broiler breduems and commercial layers. They
reported that smaller and more numerous yellowyyakarian follicles are observed in
26-week old than in 82-wk-old hens. As laying hges older, the initial decrease in egg
production and increase in egg weight is due tedagction in the rate of recruitment of

yellow-yolky follicles, which grow to a larger sizefore ovulation.

Egg composition is largely determined by the prtiparof yolk, aloumen and shell, and
by the dry matter content of these components €FistD98). As previously reported, the
energy content of eggs ranged from 1.33kcal/g @thhbl979) to 1.7kcal/g (Chwalibog,
1992). A typical egg weighs about 58 to 60g andt@os 7 to 7.59 (11 to 12%) protein.
About 3.1g (42%) is yolk protein, synthesized ie tiver, and about 4g (54%) is albumen
protein synthesized mainly in the magnum regiothefoviduct. The remaining 3 to 4% of
the protein is in the shell and its associated nmamds (Fisher, 1980; McDonald and
Morris, 1985). Lunveret al. (1973) measured the amino acid composition of Shegg,

and the results for lysine and methionine are gimehable 2.12.

Table 2.12Lysine and methionine contents of yolk, albumed egg (mg/g N) (Lunven et
al., 1973)

Variable Yolk Albumen Egg
mg lysine/g N 477 378 439
mg methionine/g N 175 240 195
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Amino acid composition of eggs has been assuméd ttonstant across ages and different
strains (Lunveret al, 1973; Spratt and Leeson, 1987). Much of the rekeeonducted
during the past 50 years confirms the findings ofanoff and Romanoff (1949) in terms
of the proportional changes in the components withheasing egg weight and hen age.
More recently, the emphasis has shifted towardsitifyeng the various relationships.
Linear functions, which predict the yolk:alboumeniodrom egg weight (Husseiat al,
1993; Harms and Hussein, 1993; Yannakopoeloal., 1998); albumen and yolk weight
from egg weight (Husseiet al, 1993); and % albumen and % yolk from egg we{étmn

et al, 1997) have been published. Fletchedr al (1983) produced multiple linear
regression equations to predict component weighinfegg weight and flock age for
Shaver hens. The changes in egg composition tgkae over time in laying hens have
been adequately modelled by Johnston (2004). Hawewest of the work has been done
with commercial layers, and so examining the retathips between yolk, alboumen and
shell weights at different egg weights and agesrofler breeder hens will need to be

investigated.

2.7 DISCUSSION

The subject covered in this chapter, dealing with hutrient requirements of broiler

breeders, has suffered from a lack of a systemsoapp to the subject; with some

empirical experiments having been done in somesakehilst in others reliance has been
placed on the information obtained for commercegling hens. This has resulted in a
paucity of information specific to the way in whibhoiler breeders should be fed in order
to maximise performance and profit. Because theqme of this thesis is to model the
performance of broiler breeders with a view to ioyang the basis of making nutritional

decisions, the literature relevant to this goal haen searched for, but found wanting.
Many of the results quoted are contradictory, cemig and, hence, unhelpful. There is no
doubt that by adopting a modelling approach tograblem, a great deal more progress

can be made than has been the case in the pasaf y

Compared with the modelling of meat-type animalg.(éoroilers, pigs and beef), model
development for laying hens is still in its infan@s well as being more complex in some
respects. Not only must body weight gain be comsiieas in the case when modelling

broilers, but so must egg output, which is botltalginuous and accompanied by changes
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in composition with time. But some progress hasnbewde in modelling the laying

patterns of commercial laying hens (Johnston, 2@@4) this same approach can certainly
be applied to broiler breeders. With this knowledbe daily nutrient requirements of each
hen can be determined more precisely, leadingastitcessful modelling of performance

given a daily allocation of nutrients and energy.

There are a limited number of papers describingdhtorial requirements for energy and
amino acids for broiler breeders. Past researabrtepave based the feed requirements of
broiler breeder hens mainly on the principles desilyfor the feeding of commercial
laying hens and have either evaluated dietary gnang protein levels or have discussed
amino acid needs using linear regression analyssnpirical data or by deriving partition
equations, which assume linear relationships betwieputs and outputs. The major
concerns associated with these methods is thatowspn is made to accommodate the
considerable variance associated with genetic rdifiees among breeds and strains,
environmental (including social) effects and eféeof other diet components (fat versus
carbohydrate). Of course, it is necessary to hava available from empirical studies with
specific strains fed specific diets in specific eonments in order to produce a
mechanistic model. However, the point of the abowenments is to emphasize that,
depending on how the experiment has been condubedpefficients resulting from these
trials may have no essential biological meaning amght not be applied to situations
beyond those defined by the data set used to dstitha values of the parameters in the
equation. Examples are the lack of agreement oaganGE value and the use of non-
standardized methods for determining the relatifficiencies of egg output and body
weight change, both of which have lead to differemefficients being used in prediction
models. The requirements suggested by some researchpast research may reflect egg
production that would be less than optimum with fresent breeder hen. Nutrient
requirements for breeders need to be expressedfaataial basis so that data can be
extrapolated for differences in strains, ages, ba#yght, mature protein weight, body
composition, egg size and egg composition. Brdilereders potentially may make more
profound changes in body weight, egg weight andraggs than a commercial-laying hen,
which enhances the need for developing a factoradel.

The Reading Model (Fisher, 1973) is based on sirfgdtorial equations and provides an

excellent method of determining the economic optmamino acid supply for a flock of
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laying hens, resolving the problem of diminishiegurns and variability and characterized
by the ability to combine the results of differemtperiments. One limitation to the
Reading Model is the need for maintaining a nordastribution for production among the
individuals of the flock. If the egg output of adk of broiler breeders followed a normal
frequency distribution, then the nutritionist woudd justified in using the Reading Model
to determine the optimum daily intake of each amamad to be fed to the flock and
because a measured amount of feed is allocatduketbitds daily, it would be a simple
matter to determine the concentration of each aragid to be included in the feed. Gous
(personal communication) pointed out that reseavith broiler breeder hens placed in
individual cages has proved that the frequencyilligion of egg outputs is decidedly non-
normal. There is a large group of birds whose aggud, even on the most generous feeds,
is zero, or up to a maximum of about 10g per day @ne egg every seven days). If these
birds were excluded from the analysis, the meanaceggut of a flock would increase by
about 5g per day, which is a considerable corradfithis variable is used in calculating
the optimum amino acid intake of the flock. A seddimitation in the application of the
Reading Model is that differences in efficiency utilisation of amino acids are not
considered. Birds that are not laying in close eyci.e. those birds that produce fewer
than one egg every two days, have been shown liseutheir dietary nutrients less-
efficiency than do birds that lay in closed cycleésher (1980) demonstrated this with
laying hens and Bowmaker and Gous (1991) founddinee tendency with broiler breeder
hens. There is a significant decline in efficierasythe rate of laying drops below 0.5. A
third limitation of the Reading Model is its statim@ature. The possibility exists that a
portion of individuals in a population will not tsatisfying their need for limiting amino
acid when a flock of hens receives the optimum anaicid requirement as determined by
the Reading Model. The underfed hens may mobilesly protein, which may serve as an
amino acid reserve to maintain the level of egglpation they are capable of. However,
how long can the amino acid reserve sustain tha #vproduction? What production will
be expected after depletion of this reserve? Withdchen go out of production or partition
the limited amino acid intake between egg number egg weight? The Reading Model
appears to be increasingly inappropriate for flookéroiler breeder hens. A mechanistic
approach to the question of feeding broiler breg@éficiently seems to be a more sensible

approach, given the above arguments.
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Another question regarding the amino acid nutritddrbroiler breeder hens that requires
closer scrutiny is the extent to which the maintearequirements are related to body
weight as opposed to body protein content. Bec#lusse birds have considerable lipid
reserves, especially the poor layers in the flacld because it can be argued that there is
no energy cost in maintaining such lipid reservémrans and Oldham, 1989), it is
unlikely that the amino acids required for maintec®a (as defined by the value of the
Reading Model) would be related to the body wedaftthe bird. A more accurate estimate
of the amount required for maintenance, when comgadroiler breeder hens of different
size and body composition, would be that relatethéoprotein content of the body, as has
been suggested by Emmans and Fisher (1986) foetwoWVery little work on the body
composition of broiler breeder hens on a feed imstt programme has been reported. The
body composition of broiler breeders in lay hasnbeeasured mainly at the end of the
laying period. The pattern of changes in body casitfmn over time in the mature broiler
breeder hen has not been rigorously investigatbd. bird’s body composition should be
more studied, because knowledge of the changegakatplace in the protein content of
broiler breeders at different stage of the layiegiqad will be useful when calculating the

maintenance requirement.

In the literature, the response of broiler bredud®rs to protein has often been confounded
by intakes of limiting amino acids. For exampléhalgh some researchers have reported
good egg production by feeding 27.7g CP and 1 2g2flysine per bird d (Bowmaker
and Gous, 1981), others have reported CP needsvaasl 18.6g CP when combined with
808 mg lysine (Wilson and Harms, 1984). This sutgdsat the efficiency of protein
utilisation depends to a large extent upon the anaicid composition of the diet. Thus,
lower protein requirements could only be achievedensuring that the amino acid
requirements of the bird are met. The availaboitgynthetic amino acids now permits the
use of lower dietary crude protein content whileetimgy the amino acid requirements.
However, the general experience with Leghorns, @gd broilers is that such diet
modifications are only partly successful. As natyeotein sources are replaced with
synthetic amino acids, problems such as reduce@egtyction, poor egg size or reduced
growth rate occur with pigs and broilers. The potiisation of synthetic amino acids was
attributed to different rates of delivery of thedramino acids and the amino acids from
intact protein to sites of synthesis. Possible ufipets to the use of synthetic amino acids

to replace protein have been discussed and an wptiatilisation of free synthetic amino

55



acids has been shown when meals were offered sttie@e-daily. If free amino acids are
absorbed and excreted ahead of the intact dietatgip, this could explain why broiler
breeders fed once per day and eating their meatthoies in as little as 10-20 minutes are
likely to show reduced protein utilisation. The gibdity of eliminating synthetic amino

acids from feeds for broiler breeder hens needi® tmvestigated.

The optimum energy intake for a flock of broileeéders cannot be calculated in the same
way as the optimum amino acid supply. Getsal (1992) showed that fattened broilers
can make use of excess body lipid reserves prayidirat their protein intake is
sufficiently high to allow this. Considering theomssive amounts of carcass fat present in
a broiler breeder hen at all stages during thentpyeriod, if these birds are able of
drawing on lipid reserves to supply the body wittergy, it is unlikely that energy is a
limiting factor in egg production, and instead,elk that they are being supplied with
energy in excess of their needs. Alternatively,libiel stores may not be labile reserves of
energy from which the bird can obtain energy whegquired, in which case this energy
source can not be utilised, nor can we make assomspabout the adequacy of dietary
energy supply by observing the carcass fat corgebtoiler breeders. The possibility of
broiler breeder hens being made to utilise thegesx body lipid reserves as an energy
source and the effect on laying performance neete investigated because this may help
to solve some of the difficulties in meeting theacbing energy requirements of broiler

breeder hens.

The daily energy allotments are also difficult tegcribe because the energy requirements
of broiler breeders change according to their eggdyction and with fluctuations in
environmental temperature. Temperature is the nmajeironmental factor that influences
heat production, measured mainly as energy reqdaedaintenance. Because the food
intake of broiler breeders is restricted, they cdnimcrease their food intake if the
environmental temperature falls so the food alloveaneeds to be adjusted accordingly.
Whether heat production is a linear or non-lineguction of temperature remains unsettled
and determining the energy requirement for maimeeas influenced by temperature for
broiler breeder hens during the laying period stéds to be investigated

The question of whether non-laying birds consumenash food as do laying birds was

investigated by Bowmaker (1991), who found that laillds, irrespective of output,
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consumed all the feed that was allocated to thewept if that feed was severely limiting
in some nutrient. Goddard (1997) found that lystoacentration had a significant effect
on food intake, below a concentration of 3g lydigefood, decreasing linearly with
decreasing dietary lysine concentration. It appéaas if a restricted amount of food is
available, the hens will consume as much of thisassible, irrespective of whether or not
they are producing an egg that day. However, adeesise food trough, when a limited
amount of food is supplied, is a function of thelpeg order or position in the hierarchy
of each hen. Whether or not the non-laying hendem® aggressive than those in lay, and
would hence consume less food as a result, is stiqonethat has not been resolved, but
which is vital when simulating the performance gfapulation of breeders.

When predicting nutrient requirements of a brolbeeeder hen the composition of the
products being formed must be known or predictdad protein-containing components of
the egg differ in energy and amino acid contend, e weights of these components and
the ratio between them changes as the hen’s agprdcting egg weight as the sum of
the weights of the three components; yolk, albuarash shell, and using yolk weight as the
driving variable and the allometric relationshipstt exist between these components it
would be possible to predict the weights of thesmmonents even under conditions where

the hen is being undersupplied with nutrients.

The estimates of energy and amino acid requiremeht$roiler breeder hens are
commonly based on single predictions, which canabpisted empirically to specific

genetic stocks, environments and management sgatddowever, the number of internal
and external factors and interactions, which havéd considered for optimum feeding
strategies, is very large. The most appropriatenseh determining the optimum nutrient
intakes for flocks of broiler breeders would theref not be by means of further
experiments with different levels of nutrients, bather by means of simulation modelling.
Because the principles afl libitumfeed intake applied to commercial laying hens oann
be used for broiler breeders, and no consistenhadedf determining the requirements of
broiler breeders exists, it was decided to inveséighe modelling of energy and amino
acid requirements by use of simulation in ordeoptimise a feeding strategy for broiler

breeder hens after sexual maturity.
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The following chapter deals with the determinatidrihe pattern of change in the feathers
and the feather-free body (water, lipid and prgteirthe mature broiler breeder hen.
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CHAPTER 3

BODY COMPOSITION OF BROILER BREEDER HENS:
BODY PROTEIN CONTENT AFTER SEXUAL MATURITY

3.1 INTRODUCTION

When modelling the nutrient requirements of brollezeder hens during the laying period
a large proportion of these requirements are tonta@ the bird. Emmans and Fisher
(1986) and Fisher (1998) indicated that maintenaiecgiirements are more accurately
estimated when based on the protein content obtdy than on body weight, so it is
important to know how the body composition of beoibreeders changes during the laying
period. Feed restriction is used to control theybagight of both immature and mature
broiler breeders. While the effect of feed resinitton body weight is well documented,
much less is known about its effect on body contmsi This has been measured during
the rearing period (Bennett and Leeson, 1990heend of the rearing period (Bl&t al,
1976; Pearson and Herron, 1980, 1981, 1982; SarnattLeeson, 1987; Renerea al,
1999) and at the end of the laying period (Bktiral, 1976; Pearson and Herron, 1980,
1981, 1982; Spratt and Leeson, 1987; Adtial, 1995; Wilsoret al, 1995). However, the
pattern of changes in body composition over timtheamature broiler breeder hen has not
been rigorously investigated. The methodology used analysing the chemical
composition of breeders during rearing and layleen inconsistent, making it even more
difficult to make use of previously published infoation to predict changes in
composition over time. In some cases, for examiglathers were included in the birds

being analysed, whilst in other cases they were not

The present study was undertaken to determine dtterp of change in the feathers and

the feather-free body (water, lipid and proteinjre mature broiler breeder hen.

3.2 MATERIALS AND METHODS

1500 Cobb broiler breeder females were reared am gwowth curves, the first as
recommended by the primary breeder (Cobb 500 brepdde, 2001) designed to achieve
2100g at 20 weeks, while the other was a fast drawtve to achieve the same weight, but
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at 15 weeks. At 20 weeks, 880 pullets were trarsfieto 16 floor pens in an open-sided
house. The lighting program was 8L: 16D to 20 weeksl 16L: 8D (04:00-20:00) during
the laying period.

All birds were fed a 210g CP/kg, 12.4MJ AME/kg chied dietad libitumto three weeks
of age and a 175g CP/kg, 11.9MJ AME/kg pelleted stiattered on the litter to six weeks,
at which stage the feed was again changed to a@PRkp, 11.5MJ AME/kg and finally to
a 145g CP/kg, 11.5MJ AME/kg layer diet from 5 ed@@¢¥ bird d. egg production onwards.
Daily feed allocation was progressively increasedtpeak of 165g/bird d at 30 weeks
before being reduced by 5g/bird for each subseduférfall in rate of lay.

Six birds from each growth curve were sampled at2l% 30, 40, 50 and 60 weeks for
carcass analysis. The birds were killed by cervdislocation prior to feeding so as to
reduce the variation associated with feed in thgestive tract. The carcasses were
defeathered and, after freezing, were sectionedpasded twice through an electric meat
grinder in order to ensure thorough mixing and djrig. Samples (300 g) were freeze-
dried to determine moisture content. The dried maltezas analysed for nitrogen using the
LECO nitrogen analyser (LECO Africa (Pty) LimiteB,O. Box 1439, Kempton Park,

South Africa) and for gross energy (GE) using aiafzatic bomb calorimeter. All results

were converted to g/100g on a wet basis. Proteiriecd was calculated as 6.25 times
nitrogen content. Lipid content (LC) was calculatemm GE using the equation: LC = -

0.8756 + 0.004754 GE, g/g (University of KwaZulutdlaunpublished).

The means for all ages and the two growth curvese vealculated using the general

analysis of variance in Genstat (1997).

3.3 RESULTS

Mean feather-free body weights and composition fidno 60 weeks of age are presented
in Table 3.1. The rearing treatments were desigogaoduce differences in body weight
at 20 weeks, thus the faster-growing birds wereg7B6avier (P<0.001) at 20 weeks
because of a greater proportion of body lipid (81 321g/kg) and feather weight (28 vs.
43g/kg) for the control and fast birds, respectiyelThere was no difference in body

protein content between growth curves at 20 weekenwthis was expressed as a
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proportion of feather-free body weight (186 vs. ¢/k§ for the control and the fast birds,

respectively).

Table 3.1 Mean feather-free body weight and composition afiler breeder females

reared on two growth curves (control = C and faB) from 15 to 60 weeks of age

Age (week) Feather-free body weight (g) Feathegite(g)
C F Mean C F Mean
15 1813 2130 1972 59 77 68
20 1709 2371 2040 50 107 79
30 3142 3727 3435 283 308 295
40 3775 3847 3811 234 274 254
50 3757 4170 3964 95 122 108
60 4079 4008 4043 127 168 147
Mean 3046 3376 141 176
s.ed 145.9 22.5
Age (week) Water weight (g/100g) Protein weightl(§)g) Lipid weight (g/100g)
C Mean C F Mean C F Mean
15 72.5 72.1 72.3 175 18.3 17.9 7.8 9.3 8.5
20 72.2 68.3 70.2 18.6 17.8 18.2 7.1 12.1 9.6
30 66.3 63.8 65.0 17.3 16.9 17.1 14.4 15.8 15.1
40 64.1 62.6 63.4 17.1 16.9 17.0 17.0 18.1 17.5
50 63.8 62.9 63.3 16.2 17.2 16.7 16.7 18.0 17.3
60 59.7 61.9 60.8 16.2 17.5 16.8 20.5 18.6 19.6
Mean 66.4 65.3 17.2 17.4 13.9 15.3
s.ed 1.218 0.412 1.535

There were no interactions in protein, lipid ortfea growth between age and shape of
growth curve, indicating that the pattern of comgangrowth was the same for birds

reared on the control and the fast growth curvems€quently, data from the two growth

curves were pooled to increase the number of ics at each age. The patterns of
change for body protein and lipid contents andphiern of change for feather weight of

broiler breeder hens from 15 to 60 weeks of ageslaogvn in Figure 3.1.
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Figure 3.1. The patterns of change in body protein (solid)liaad lipid (dashed line)
contents and in feather (dotted line) weight ofilerdoreeder hen from 15 to 60 weeks of

age

Initially, the weight of protein was between 354daB68g at 15-20 weeks increasing
(P<0.001) to 648g at 40 weeks and then remainingsteat for the rest of the laying
period. The body lipid content increased (P<0.00an 175g (85g/kg) at 15 weeks to
8059 (196g/kg) at 60 weeks. The proportion of bbpil was inversely proportional to
that of water, the latter decreasing (P<0.001) fit#8g/kg at 15 weeks to 608g/kg at 60
weeks. Feather weight increased from 33 at 15 weeRB8g/kg body weight at 30 weeks.
The three components of the body (g/kg) were regesgainst age, and the resultant

regression coefficients are shown in Table 3.2.

Table 3.2 Linear regression equations relating feather-bbegdy weight and composition

from 15 to 60 weeks of age

Constant term s.e Linear coefficient s.e 2 R
Water (g/kg d) 74171 9.7 -0.324" 0.033 54.3
Fat (g/kg d) 61.7 11.7 0.330" 0.040 45.9
Protein (g/kg d) 1817 3.2 -0.032 0.011 9.0

3.4  DISCUSSION

Knowledge of the changes that take place in bodyposition during the laying period,
particularly those in protein content, may be used the basis for calculating the

maintenance requirements of these birds. Birdsedean the fast growth curve were

62



heavier, with greater amounts of feather, protid and water than birds reared on the
control growth curve. However, there was no sigatfit difference in body protein content
expressed as a proportion of feather-free body hedge to growth curve at 20 weeks,
indicating that pullets on the different growth wes deposited muscle tissue at a similar
rate. This latter observation has been reportediqusly. Blair et al. (1976) fed broiler
breeder pullets 0.9, 1.0 or 1.1 of the feed int@a®mmended by the breeder and observed
that birds on all three treatments had body pratemtents between 200 and 209g/kg at 22
weeks of age. Bennet and Leeson (1990) assignéetpéiom 10 to 24 weeks of age to
one of three diets formulated to contain 150g crpoeein/kg and 10.67 (low-energy),
11.72 (standard) or 12.89 (high-energy) MJ ME/kgey revealed a relatively constant
carcass protein content of 200 to 210g/kg from d424 weeks of age. Renenea al
(2001) grew pullets on one of three growth cun®sD (Standard), LOW (150g lighter
than STD) and HIGH (150g heavier than STD) and fbna difference in carcass protein
content as a proportion of body weight due to ghoatrve at 20 weeks (209, 207, and
208g/kg for the LOW, STD and HIGH birds, respedijye These researchers found a
higher proportion of body protein content arounatplktimulation age because they were
using a different methodology than the one usatienpresent study. In the experiment by
Blair et al (1976), carcasses were plucked and evisceratbile Bennet and Leeson
(1990) used unplucked carcasses, and Rem¢rah (2001) analysed unplucked carcasses

with the exception of liver, making difficult a cgrarison of results.

The increase in body protein content between 204@naeeks suggests that birds continue
to deposit body protein during the early part oé tlaying period. This result is in
agreement with Pearson and Herron (1980) who algondf that feather-free body protein
content continued to increase between 22 and 3&ksaafeage. Part of this increase will be
in the growth of the ovary and oviduct (Bowmaked &wous, 1989). Differences in age at
sexual maturity between birds in the flock will @lsontribute to the variation in the
apparent increase in body weight during this pernmith early maturing birds no longer
growing, and perhaps even losing weight, whilststhmot yet sexually mature would
continue to grow until the first egg was laid. Fetweight continued to increase during
this period also, reaching 0.08 of the body welghB0 weeks. Thereafter the increase in
body weight was due to an increase in lipid weigththe expense of water with protein
content remaining a relatively constant proportérhe feather-free body weight from 30

weeks onward. The equal and opposite regressidfiaeets and the highest®Ralues for
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changes in water and lipid content over time (T&b®) suggest that most of the variation
that occurs in the body of the adult broiler breaden these two components.

The predominant requirement, when determining th&ient requirements of broiler
breeders during lay, is for maintenance followedHhmst for egg output. It is questionable
whether provision should be made for the growttbady tissue. Clearly, the change in
body weight observed during the laying period is independent of nutrient intake but it
could be argued that body protein and lipid dejpmsior utilisation, leading to a change in
body weight, should be regarded as being a consequa the nutrients consumed and not
as an obligatory process. This being the casep#itence of ME intake remaining after
accounting for maintenance and egg production woeladonverted into body lipid with
varying efficiencies depending on whether the dielipid was deposited directly as body
lipid or first converted to C@and HO (Emmans, 1994). Importantly, provision should not
be made for an obligatory gain in body protein dgiay.

Between 30 and 40 weeks of age the mature bird$dathers, indicating either a moulting

process or a progressive wearing away of feathatsnded by 50 weeks of age.

The results of this experiment indicate that bodgtgin content and feather weight
continue to increase during the early part of #ynlg period, so for purposes of modelling
the nutrient requirements of broiler breeders dutime latter part of the growing period
(>20 weeks of age) and through sexual maturity, gfewth of these two components
should be considered when calculating the dailyienit requirement, together with those
for maintenance and egg production. Most of thiswgn can be accounted for by
considering the growth of ovary and oviduct, anddbferences in the age at which sexual
maturity is attained. Consideringpat feathers have a protein content of arour@# O.

(Chandler, 2005and that the feather-free body protein content ¥&3g/kg at 20 weeks

with a feather weight of 80g, a body protein coht@in200-210g/kg may be used as the
basis for calculating the maintenance requiremeftdroiler breeder hens at sexual
maturity, which is in agreement with most of the\pous reports on this subject. The
weight of body protein remains relatively stableotighout the laying period, so it should
not be necessary to assume that protein growtlbligabory when determining nutrient

requirements of broiler breeder hens. The chandeaitiher weight, however, is of such a
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magnitude that this should be considered when lziog amino acid requirements of

these birds during the laying period.

The following chapter deals with the measurementhef maintenance requirements for

threonine and lysine in poultry.

65



CHAPTER 4

THREONINE AND LYSINE REQUIREMENTS FOR MAINTENANCE
IN ADULT BROILER BREEDERS

4.1 INTRODUCTION

In order to develop an effective model for the edeeding of broilers during growth and
of broiler breeder hens after sexual maturity, thaintenance requirement for each
essential amino acid must be known, particularlyhasmaintenance requirement becomes
the major proportion of the total requirement asidiage. One method of determining
these requirements is to use a factorial appraacth as that applied in the Reading Model
(Fisheret al, 1973). Where this has been used for broiler deez the maintenance
coefficients for lysine and methionine calculated Bowmaker and Gous (1991) were
11.2W and 1.52W respectively, where W is body weigkg. These values are
considerably lower than those derived for layingih€73W and 31W for lysine and
methionine, respectively) (McDonald and Morris, %98 Such differences are
unacceptably high, so a more satisfactory methodedérmining these requirements is

needed.

Maintenance amino acid requirements are normalfinel@é at nitrogen equilibrium, the
state in which nitrogen intake exactly equals i@ ®f nitrogen losses so that the nitrogen
content of the body remains constant (SakomuraGoaoh, 2003). Ideally such studies
should be conducted on adult male fowl, as thesds ldre most likely to be in a steady
state thereby avoiding the confounding effect, wheterpreting the results of trials
conducted on growing birds, of partitioning the amiacids consumed between growth
and maintenance. Nevertheless, most authors hgreaghed the problem of estimating
the amounts of an amino acid required for mainteeansing response trials with
populations of laying hens or growing birds. Fisherl. (1973) developed the so-called
Reading Model to estimate the coefficients of resgo(mg amino acid required per g egg
output and per kg body weight) to amino acid intekkying hens, and this technique was
subsequently used relatively successfully with gnovwbirds (Clarket al, 1982; Boorman
and Burgess, 1986) even though the Reading Mogileaponly to populations that are in
a steady state, which is not the case with growimgials. No attempt was made in these
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latter trials to reduce growth rate to zero wheterapting to determine the maintenance
requirements of the birds. Instead, the growth ma#s extrapolated to zero and the
intercept on the X-axis (amino acid intake/bird/ky) produced the required coefficient.
The technique used by Edwarelsal (1997; 1999) and Sakomura and Coon (2003), who
used growing broilers and broiler breeder pullespectively, differed considerably from
the above technique. They used feeds that contanteglasing amounts of the test amino
acid as the only protein source and measured amtret that amino acid by whole body
analysis. This begs the question of whether growvbings would use a single amino acid
for maintenance in the absence of any others, aneth&r this technique adequately
addresses the problem of some birds losing weidtlsivothers gain weight during the

balance period of three weeks.

An alternative approach to estimating the mainteaatoefficient is to measure this in the
absence of growth using adult roosters (Leveille Risher, 1958; Goust al, 1984; Gous,
1986). The maintenance requirement for a numbanoho acids including threonine and
lysine by adult roosters has been determined byillevand Fisher (1959, 1960) in which
the nitrogen source used was a whole egg diet dreamino acid mixture containing 13
amino acids, supplied at the same level as found/hole egg protein. The resultant
curvilinear response for isoleucine in that triafjgested that an amino acid other than the
one under test was probably first-limiting, and tieserved food refusal of birds eating
pelleted food first-limiting in threonine cast dasibas to the validity of the results
obtained. A method of measuring maintenance reougineés using adult male cockerels
was suggested by Goes al (1984) and was applied successfully by Burnhaoh @aus

(1992) for measuring the isoleucine required fomtesmance of broilers.

The present two studies were designed to elimitietgroblems that have been identified
in earlier attempts to measure the maintenanceiresgents for threonine and lysine in

poultry, by measuring the nitrogen balance of neattwckerels subjected to a range of
intakes of a feed known to be first limiting in élonine or lysine. A technique similar to

that suggested by Goes al (1984) was applied in these trials to measurerthmtenance

requirements for threonine and lysine.
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4.2 MATERIALS AND METHODS

24 adult cockerels of a laying strain were housethdividual cages in both studies. Each
cage was supplied with one nipple drinker and dtip, and one feeder. The house was
cross-ventilated using up to six fans. The lightipgpgram used throughout the
experimental period was 16L: 8D (04:00-20:00).

For the threonine study only, the birds were subpbd¢o a surgical procedure two days
before the beginning of the trial where a plastig was sutured around the vent in order
to attach a colostomy bag for collecting excretatkers around the cloaca were removed
the day before the surgical procedure, to allovtebetdhesion of the ring to that area and
also for sanitary reasons. In the lysine studyrag tovered with foil was suspended
beneath each cage to catch the excreta, and feattemd the cloaca were also removed.
In both studies, a protein-free basal diet was naa@éable to the birdad libitumto allow
each bird to meet its daily energy, vitamin and erah needs. A summit diet was
formulated to contain all the essential amino adrdshe balance assumed to meet the
maintenance requirement of a bird, but with threeror lysine at a lower concentration
than required, thereby making one of these thetiigniamino acid in each feed. The
composition of the protein-free and summit dietsdug the threonine (PRDand SR})
and lysine (PFD and SD) studies are presented in Table 4.1. Quantitieh@fsummit
diet were weighed out (0, 10, 20, 30, 40 and 56gtHe threonine study and O, 2, 4, 6, 8
and 10g for the lysine study) giving a series ¢édlwes of threonine and lysine (unbalanced
series) ranging from 0 to 239mg/kg and 0 to 40mdp&dy weight day, respectively. The
range of intakes was chosen to ensure that thkeim&sulting in zero N balance would lie
somewhere between the two extremes. N-free diettiaas added to the summit diet to
make the amount of food allocated to the bird edair by intubations up to 50g. To
confirm that threonine or lysine was the limitingniao acid in the summit feed, and that
the response obtained was to threonine or lysirte rast to protein, a second series
(balanced series) was prepared by adding to thenstuimed either 2g threonine /kg or 4g
lysine /kg diet, respectively. The same allocatiofdeeds in the balanced series were
weighed out, and N-free diet was also added tcetfeds to make the daily allocation by
intubations up to 50g per day. Each feeding treatmas replicated twice. The threonine
trial ran for three periods of 6d, the treatmerdgs randomly allocated to the roosters in

each period, i.e. each feeding treatment was @phic6 times. The lysine trial ran for 6d.
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All food was removed from feed troughs the day befiarting the 6d experimental period
in order to clear the digestive tract of proteimizoning material. This feed was replaced,
on the first day of the 6d trial period (24-houteatthe start of the fasting period), with the
N-free diet, which was made availalald libitumthroughout the trial. On the second day
(48-hour after the start of the fasting periodg tbst feeds were given by intubations, and
this was repeated at the same time each day fadAdhe morning of the third day (first
day of the 3d balance period) the body weight chdaird was measured, and after being
force fed, for the threonine study only, each huas fitted with a colostomy bag, which
was attached over its cloaca, after which the bvab returned to its cage. On each
subsequent day the bag or the tray from the prewvilay was removed before the bird was
fed, and another bag was attached and tray (coweitbda new piece of foil) replaced
before the bird was returned to the cage. Thres baghree pieces of foil of excreta, each
representing the daily output from the previous, degre thus collected for each bird. Each
bag was cleaned with water, and the excreta warsferred into pre-weighed aluminium
dishes and placed in an oven kept at 60C to dry8r. Each piece of foil was directly
placed in the oven. Subsequently, each aluminiwsh dr piece of foil plus contents was
weighed, to determine the weight of dry excretadifference, and the dry faeces were
milled. The nitrogen content of the dry sample wagermined using a Leco N analyser

and thus the nitrogen output of each bird was ¢aied.

A linear regression of nitrogen retention on thieaerand lysine intakes was fitted to the
data from each replication, and a test of signiftea (linear regression with groups) was
performed on the regression equations to estabiisiher they differed significantly from

one another, using Genstat (1997).

69



Table 4.1 Composition (g/kg) of the protein-free diet an@ tstummit diet used in the

threonine (PFBP and SI?) and lysine (PFD and SD) experiments. Amino acid contents

are given as digestible

Ingredients SDy SD, PFD; PFD.
Maize gluten 60 998.8

Maize 231.0

Soybean 48 376.0

Soybean full fat 53.0

Sunflower 37 173.0

Fishmeal 20.0

L-lysine HCL 7.0

DL-methionine 3.4

DL-tryptophan 1.2

Starch 280.0 282.0
Sucrose 300.0 281.0
Cellulose 313.7 156.9
Sand 156.9
Limestone 14.3 10.7 10.7
Monocalcium phosphate 14.3 23.5 23.5
Sodium chloride 5.6 5.6
Salt 0.1

Sodium bicarbonate 6.0

Oil sunflower 99.4 60.0 80.0
Choline chloride 1.2 1.2
Vitamin/mineral premix 2.5 2.5 2.5
Nutrient

AME (MJ/kg) 13.0 15.4 11.6 10.8
Crude protein 314.0 657.8 7.8 1.8
Lysine 18.9 10.4

Threonine 9.5 20.6

Arginine 19.9 19.4

Histidine 5.6 -

Isoleucine 11.6 25.1

Phenylalanine 12.8 41.2

Valine 13.6 33.0

Calcium 9.9 0.2 9.9 9.0
Available phosphorus 4.5 4.9 4.5 5.4

4.3 RESULTS

For the threonine study only, four of the 24 bidied on the first day of force-feeding.

Four of the 20 remaining birds lost their colostomryg one day after the surgical

procedure and were consequently removed from tae Trhe remaining 16 birds were

used in the first 6d trial period. Three birds ltgstir colostomy ring during the second 6d

trial period and 1 bird lost its ring during therthperiod, resulting in 13 birds and 12 birds

being used during the second and the third triebps, respectively.
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It became clear from the threonine study resulis tie nitrogen balance of birds receiving
more than 180mg/kg body weight varied consider#iyeby increasing the standard error
of the regression equation. Given that the requergmf threonine for maintenance was in
the region of 60mg/kg, it was decided to use inahalysis only data from birds fed up to

180mg threonine/kg body weight day.
The body weights of the cockerels at the starthaf balance periods, the intakes of
threonine or lysine and the nitrogen retention dach of the remaining replications are

presented in Table 4.2 and 4.3.

Table 4.2Results of the nitrogen balance from the threostody

Threonine intake Number of Initial body weight Nitrogen
(mg/kg d) replications (9) Intake Excretion Retention
(mg/kgd)  (mglkg d) (mg/kg d)

First trial period
Unbalanced series

0 1 2304 12 354 -342
39 2 2555 214 330 -116
126 2 2389 663 427 236
171 1 2340 895 385 510
Balanced series

0 1 2512 11 249 -238
51 1 2347 227 179 49
100 2 2396 434 288 147
Second trial period

Unbalanced series

0 2 2333 12 112 -101
47 1 2109 258 324 -66
87 1 2289 464 214 249
128 2 2345 673 383 290
160 2 2511 838 402 436
Balanced series

94 1 2543 409 251 158
147 1 2443 633 339 294
Third trial period

Unbalanced series

42 1 2400 182 214 -32
85 1 2420 367 156 211
166 1 2480 721 175 546
Balanced series

0 1 2800 12 288 -288
47 1 2510 177 184 -7
107 1 2240 403 281 122
143 1 2430 535 231 305
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Table 4.3Results of the nitrogen balance for the lysinegtu

Lysine intake Number of Initial body weight Nitrogen
(mg/kg d) replications (9) Intake Excretion Retention
(mg/kg d) (mg/kg d) (mg/kg d)

Unbalanced series

0 2 2542 6 204 -198
7 2 3124 73 225 -152
14 2 3040 145 252 -107
25 2 2496 264 312 -47
33 2 2499 343 391 -47
43 2 2394 447 396 51
Balanced series

0 2 2605 6 328 -323
12 2 2501 91 258 -167
22 2 2567 170 421 -251
34 2 2493 259 330 -71
41 2 2754 310 308 2
52 2 2781 387 322 66

The resultant regression equations for the balanoéldthe unbalanced series are given in

Table 4.4 for the threonine study and Table 4.5Herlysine study.

Table 4.4 Responses in nitrogen retention (mg/kg body wedjhto threonine intake
(mg/kg body weight d), as determined by regresaitalysis

Constant term s.e Linear coefficient s.e R
Unbalanced series 2273 40.3 4.3 0.4 92.1
Balanced series -22379 29.7 3.7 0.3 94.3

¥»* P<0.001

Table 4.5Responses in nitrogen retention (mg/kg body wedjio lysine intake (mg/kg

body weight d), as determined by regression arslysi

Constant term s.e Linear coefficient s.e 2R
Unbalanced series -190.7 24.2 53 1.0 72.9
Balanced series -234.9 62.6 5.5 1.7 59.4

*** P<0.001 ** P<0.01

The slopes and intercepts of the two series didiffgr significantly one from the other in
either study. Consequently, data from both serieeevpooled to increase the number of
replications of each feeding treatment. The restltegression equation for the threonine
and lysine studies were: N retention = -230.4 (R#6.134 (0.274) | (R91.9) and N
retention = -198.3 (+ 15.3) + 5.03(+ 0.50) PR1.8), respectively, where | is the intake of
threonine or lysine in mg/kg body weight day (Figdrl and 4.2).
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Figure 4.1 Response in nitrogen retention to threonine intake
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Figure 4.2Response in nitrogen retention to lysine intake

The maintenance requirement for threonine and dysoalculated as the threonine and
lysine intake required to maintain the body of danlacockerel at zero nitrogen retention,
was estimated to be 56mg threonine and 39mg lymné&g body weight day.

4.4  DISCUSSION

When modelling amino acid requirements for mainteeaof broiler breeders after sexual
maturity, an important concern is to determine dheunt of each amino acid required to
maintain a hen in a functioning state at zero egglyction. The maintenance requirements

for threonine have been estimated for cockerelsdmeille and Fisher (1960) as 74 and
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55mg/kg for what they termed the maintenance anel mhinimum maintenance
requirements, respectively. The maintenance reopginé was defined as the lowest
amount of dietary amino acid that maintained theesaitrogen balance as observed on a
whole egg protein diet or an amino acid mixturetaoning all the essential amino acids in
the same composition as whole egg protein. Thermim maintenance requirement was
defined as the lowest dietary inclusion rate of amino acid which maintained zero
nitrogen balance and was equivalent to the dedimitised in the present study. The
requirement for lysine was found not to exceed 28mgl and no minimal maintenance
level could be demonstrated (Leveille and Fish®&59). Bowmaker and Gous (1991),
using a factorial approach, estimated that theng/sequirement for maintenance in broiler
breeders was 11.2mg/kg body weight, these valueg lsensiderably lower than 73mg/kg
estimated using laying hens (McDonald and Morré85). The result obtained here for the
threonine requirement is the same as the minimumtereance requirement suggested by
Leveille and Fisher (1960). Indeed, as suggesteBusgham and Gous (1992), there are a
number of points in favour of the technique userkhehich are likely to provide good
estimates of the maintenance requirements of thesks. For example, the technique
ensures that a known daily amount of the firstding amino acid is consumed, that the
birds do not need to mobilise body protein resereesneet their maintenance energy
requirements, and the collection of excreta diyedtito colostomy bags prevents
contamination of faeces by feathers, skin, feed @heér debris, rich in nitrogen, which
would otherwise increase the apparent nitrogenututpsulting in a lower estimate of the
maintenance requirement for that amino acid. Weebelthat the experimental procedure
employed in the threonine study is the most seasipiproach for determining the daily
requirement of each amino acid for maintenanceooidtpy: the results between the three
trial periods were uniform, the slopes of the remes to the unbalanced and balanced
series of diets were the same, and so the respirtaged was to threonine and not to
protein.

The lysine requirement for maintenance obtainethis study (39mg/kg body weight) is
higher than that estimated for broiler breeder8bwmaker and Gous (1991) (11mg/kg)
but considerably lower than the estimate for laymegs by McDonald and Morris (1985)
(73mg/kg). It is unlikely that the result would gatbeen much different from this if the
excreta had not been collected directly into traysll visible debris was removed prior to

N analysis.
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A guestion regarding the amino acid nutrition oh&ehat requires closer scrutiny is the
extent to which the maintenance requirements dederkto body weight as opposed to
body protein content. Because adult birds genetale considerable lipid reserves (the
lipid content of carcasses of broiler breeders\ay from 151 to 196g/kg from 30 to 60
weeks of age, respectively) (Chapter 3) and bedagse be argued that there is no energy
cost in maintaining such lipid reserves (Emmans @latham, 1988), it is unlikely that the
amino acids required for maintenance would be edlairectly to the body weight of the
bird. A more accurate estimate of the amount regluior maintenance, when comparing
adults of different size and body composition, vdole that related to the protein content
of the body. To this end, Emmans and Fisher (1886)ed the maintenance requirement
according to the feather-free body protein conterd its degree of maturity by in their
adaptation of Taylor's (1980) size scaling ruleeTdguation suggested by Emmans and
Fisher (1986) is: MP = g "u, where MP = maintenance protein requirement ¢J/da
mp = 0.008kg ideal protein/unit day,P= mature protein weight (kg) and u = degree of
protein maturity (P/R), equal to 1 in this study. Assuming a mean faafite® body
protein content of 160g/kg body weight and a boayght of 2.5kg for the birds used in
this trial, the body protein weight would be 0.40kgom the result of both studies, the
maintenance requirement can be expressed as ($6*280mg threonine and (39*2.5) =
98mg lysine /bird day and because the birds wereinmaas (140/0.40% = 273 mg
threonine and (98/0.43% = 191mg lysine /unit §"® day. Using the above equation of
Emmans and Fisher (1986), the threonine and lysaméents are thus 273/8 = 34g/kg and
191/8 = 24g/kg protein respectively, which is lowkan the coefficient of 42g/kg and
75g/kg protein suggested by Emmans (1989). Howduamans and Fisher (1986) used
the amino acid composition of the body to predime amino acid requirements for

maintenance, and this may not be accurate.

The maintenance requirement for amino acids israa af nutrition presenting many
problems because the concept is not well definedwdver, the improved method
suggested by Gowet al (1984) has proved to be of value in determinhmg maintenance
requirements for amino acids in mature birds (Bamtand Gous, 1992; the present study)
and thus further experiments of this nature areamded, in which the requirements of all
of the essential amino acids for maintenance arasured, as these values will improve

the accuracy of models of amino acid requirememt$ifoiler breeders.
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The following chapter deals with the evaluationtlod efficiency of use of two synthetic
amino acids in broiler breeder hens during the galuction period.
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CHAPTER 5

UTILISATION OF SYNTHETIC AMINO ACIDS BY BROILER BRE EDER HENS

5.1 INTRODUCTION

Crystalline amino acids are used increasingly tetntiee lysine, methionine and threonine
requirements of poultry. Initially this was on eoomc grounds but increasingly their use
is being encouraged by concerns over N-pollutioish@, 2000). When modelling the
amino acid requirements of broiler breeder herggjestion that requires closer scrutiny is
the efficiency with whicksynthetic amino acids are used for egg productiospite of the
benefits brought about by the use of synthetic anaitids in poultry feeds, there are still
some unresolved issues about their utilisation. Tsgoes, considered here, are whether
egg production would be affected when these ingradiare included at high levels, and
whether their use could affect egg production wieexl is provided for only a short period
each day, such as in feed-restricted broiler brekdes. Previous experiments conducted
with pigs and broilers fed one meal a day haveceted a significantly lower utilisation of
free synthetic amino acids than of those boundatep (Batterham, 1974; Batterham and
O’Neill, 1978; Batterham and Murison, 1981; Bakerdalzquierdo, 1985}his being
overcome when meals were offered at least twich ¢Batterham and Murison, 1981).
Because broiler breeders throughout the world eed-festricted, fed once a day and may
eat their meal in as little as 10-20 minutes, tlossbility arises that supplemental
crystalline amino acids may be used less efficjerty these birds under such

circumstances.

The objective of this experiment was to evaluate dfficiency of use of DL-Methionine

and L-Lysine HCI in broiler breeder hens during geak production period. In order to
balance the arrival of the protein-bound amino @dd free amino acids at the site of
absorption by delaying the rate of absorption eéfamino acids, the effect of frequency of

feeding on the utilisation of synthetic methionarel lysine was also studied.
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5.2 MATERIALS AND METHODS

240 Cobb broiler breeder hens aged 27 weeks wergedan individual cages. The birds
had been reared on two different growth curves fitseas recommended by the primary
breeder (Cobb 500 breeding guide, 2001) designadtieve 2100g at 20 weeks, while the
other was a fast growth curve to achieve the samighty but at 15 weeks. 120 broiler
breeder females from each growth curve were rangl@atbcated to individual cages
arranged in six rows, back to back, each row hatwwlevels of 48 cages. Each cage was
supplied with one nipple drinker and drip cup, amnk feeder. The house was cross-
ventilated using six fans. The lighting program wéé&: 8D (04:00-20:00) throughout the

experimental period.

Throughout the ten-week experiment, each hen wadsofee of five dietary treatments

obtained by blending two basal feeds (BO and Bap@yopriately (Table 5.1). These feeds
were formulated to contain no synthetic amino a¢gf¥) or with the maximum amount of

synthetic lysine and methionine whilst maintainagninimum of 150g protein/kg in the

feed. In formulating these basal feeds, minimumteats of all essential amino acids for
broiler breeders laying at their maximum outputsfiérr, 1998) were specified, thereby
ensuring that no amino acids were more limitinghthaine or methionine in either of the

basal feeds. Treatments involved feeding five kewaélcrude protein (183, 175, 167, 158
and 150g/kg feed), supplemented with synthetimbyg0, 0.43, 0.85, 1.28 and 1.70g/kg)
and methionine (0, 0.15, 0.30, 0.45 and 0.60g/M&grder to maintain constant lysine and
TSAA levels, respectively. Diets were isoenergatic all birds received 160g daily. The
feeds were given in mash form either once or twiay. The once-daily feeding was at
07h00 and the twice-daily feeds (80g per feedinghewgiven at 07h00 and 13h00.
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Table 5.1 Composition (g/kg) of the two basal feeds. Amirmadacontents are given as

digestible
Ingredient BO B100
Maize 491.0 509.4
Wheat bran 118.7 197.5
Soybean full fat 177.7 128.5
Sunflower 37 129.0 70.7
L-lysine HCL* 1.7
DL-methionine 0.6
Vit + min premix 15 15
Limestone 71.1 72.2
Salt 3.1 3.2
Monocalcium phosphate 7.9 6.6
Qil-sunflower 7.9
Nutrient Requiremeht
AME (MJ/kg) 11.3 114
Crude protein 183.0 150.0
Lysine 6.9 7.0 7.0
Methionine 2.8 29 2.9
Methionine + Cystine 5.4 5.3 5.0
Threonine 5.5 5.1 4.4
Arginine 10.5 9.7 6.2
Tryptophan 1.7 15 15
Isoleucine 6.4 5.5 4.8
Phenylalanine + tyrosine 11.9 10.0 8.2
Valine 7.6 6.5 5.5

! Activity of L-lysine HCI = 78.4g lys/100g.
2 Fisher (1998), for a bird consuming 160g feed/d

Bodyweight was recorded at the beginning of thal,tafter six weeks and finally at the
end of the trial (after 10 weeks). Weekly food k#avas calculated by subtracting the
amount remaining at the end of each week from theuat fed. Egg weight was recorded

on three days of each week and egg productiorhordmaining four days.

The means for all treatments were calculated, uteggeneral analysis of variance in
Genstat (1997), for the final four weeks of the erkpent, on the assumption that by this
time the responses of birds would have stabilise@ach treatment. A linear regression
analysis was performed, to determine the effeclietary synthetic amino acid content on
rate of lay, egg output, egg weight, bodyweightng® feed intake and efficiency of
utilisation of protein, lysine and methionine. Té#iciency of utilisation of protein was
calculated for each individual bird in the expenrhes follows: efficiency = protein
content in eggs / protein available for egg promunctThe value for the protein content of
egg was obtained from unpublished data (UnivermsitikKwaZulu-Natal, 2004) assuming

that the proportions of yolk, aloumen and shelamegg were 27.3, 63.6, and 9.1g/100g
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weight respectively at 35 weeks of age and, froghé&ii (1994), that the N content of these
components was 27, 17 and 5.3g/kg, respectivelg.pratein available for egg production
was calculated as protein intake — protein requildmaintenance. The maintenance
protein requirement is related to feather-free bpibtein weight as suggested by Emmans
and Fisher (1986). The expression used was MPr =B®m”"0.73 u where MPr =
maintenance protein requirement, kg/day, BPm =htafree body protein weight at
maturity, kg, u = BP/BPm and BP = body protein widcg. In this case u = 1, as the birds
were mature. The constant, Mp, has been estima&ty/anit day (Emmans and Fisher,
1986). For the calculation of body protein weight bodyweight was assumed to contain
180g protein/kg (Wilsoret al, 1995; Fisher, 1998). The efficiency of utilisatiof lysine
and methionine was calculated for each bird inekgeriment in the same way as was the
efficiency of utilisation of protein. The valuesrfthe lysine and methionine contents of
whole egg (Table 5.2) were based on the amino esmdposition of egg components
(Lunvenet al.,1973). The lysine and methionine required for memance was given by
the same maintenance scaling rule used for prdwlys or Mmet = Mp BPmM”0.73 u. The
amino acid composition of ideal protein for maireoe was assumed to be the same as
that of body protein. So, the lysine and methiorgoatent of the body were estimated as
75 and 25g/kg of body protein (Emmans, 1989; Fish@98).

Table 5.2Lysine and methionine content of whole egg (Lunetal, 1973)

Lysine Methionine
mg/g N 439 195
mg/g egg 8.209 3.646

Those hens that laid for not more than one weekiguhe final four weeks of the trial
were excluded from the analysis because theirieffites of utilisation of protein and
amino acids would be extremely low (Fisher, 1986ading to discontinuous protein

synthesis and hence large differences in protainaamno acid utilisations between birds.
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5.3 RESULTS

The mean responses in laying performance, foodentaody weight, gain in weight, and

efficiencies of utilisation of protein, methionied lysine, to the five dietary treatments
and two feeding frequencies, over the final fouekgof the trial, are presented in Table
5.3. The interactions between the dietary synthatino acid content and the shape of the
growth curve were not significant for the responseperformance and also in efficiency

of utilisation of protein, lysine and methioninadicating that the response to the dietary
synthetic amino acid content was the same for hiedgsed on the control and the fast
growth curves. Consequently, data from the two ¢inaxurves were pooled to increase the
number of replications of each dietary treatmerte Tesultant regression equations for

each dependent variable that were obtained byrlmegmession are presented in Table 5.4.

A number of hens did not lay for more than a weelnd) the final four weeks of the trial,
the numbers being 1, 3, 1, 4 and 3 on feed treatrieto 5 respectively. A Chi Square test
revealed that the treatments imposed did not inlteehese numbers, the Chi Square value

for such observations being 2.867, which was radtssically significant.
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Table 5.3Mean responses, in performance and efficiency tfemi utilisation, to dietary treatments over fimal four weeks of the trial

Rate of lay (%) Egg weight (g) Egg output (g/d)

Frequency of feeding (/d) 1 2 Mean 1 2 Mean 1 2 Mea
Synthetic amino acid (g/d)

0.0 74.9 76.2 75.6 66.0 67.7 66.8 48.8 51.1 50.0

0.6 71.5 76.4 74.0 64.0 65.4 64.7 44.8 49.5 47.2

1.2 74.0 75.6 75.0 64.3 66.9 65.6 47.3 50.2 48.8

1.7 72.0 75.2 73.6 66.5 65.9 66.2 46.2 49.3 47.8

2.3 67.1 71.1 67.1 65.5 64.9 65.2 39.9 45.1 42.5
Mean 72.0 74.9 73.1 65.2 66.2 65.7 45.4 49.0 47.2
s.e.d 5.2 1.7 3.9

Body weight (g) Body weight change (g/d) Feed iptédyd)

Frequency of feeding (/d) 1 2 Mean 1 2 Mean 1 2 Mea
Synthetic amino acid (g/d)

0.0 3533 3722 3628 -0.3 -3.6 -1.9 159.9 159.8 159.8

0.6 3617 3694 3655 -1.2 -4.6 -2.9 159.9 159.9 159.9

1.2 3504 3607 3555 -2.4 -1.7 -2.0 159.7 159.4 159.5

1.7 3515 3541 3528 -3.3 -2.8 -3.0 160.0 160.0 160.0

2.3 3434 3521 3478 -0.6 -0.4 -0.5 158.9 160.0 159.4
Mean 3521 3617 3569 -1.5 -2.6 2.1 159.7 159.8 7159.
s.e.d 100.4 2.0 0.8

Efficiency of utilisation Efficiency of utilisation Efficiency of utilisation
of protein of lysine of methionine

Frequency of feeding (/d) 1 2 Mean 1 2 Mean 1 2 Mea
Synthetic amino acid (g/d)

0.0 0.245 0.264 0.254 0.527 0.574 0.551 0.591 0.641 0.616

0.6 0.242 0.251 0.246 0.496 0.517 0.507 0.525 0.546  0.535

1.2 0.280 0.281 0.280 0.539 0.545 0.542 0.569 0.574 0.571

1.7 0.294 0.288 0.291 0.535 0.523 0.529 0.561 0.549 0.555

2.3 0.298 0.301 0.299 0.506 0.513 0.510 0.527 0.536  0.532
Mean 0.272 0.277 0.274 0.521 0.534 0.528 0.555 90.56 0.562
s.e.d 0.039 0.038 0.030
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Table 5.4Responses in feed intake, average daily gain (ALXging performance (rate of
lay, egg weight and egg output) and efficiency tifsation of protein €p), lysine ¢lys)
and methioninegmet) to synthetic amino acid content (g/kg), aseined by linear

regression analysis

Linear coefficient s.e
Feed intake (g/d) -0.152 0.161
ADG (g/d) 0.453 0.437
Rate of lay (%) -2.950 1.100
Egg weight (g) -0.318 0.360
Egg output (g/ d) - 2.507 0.820
ep 0.024" 0.004
elys -0.010 0.008
emet -0.026” 0.009
** P < 0.001 **P < 0.01 *P < 0.05

The replacement of lysine and methionine in infactein with the synthetic form, up to
2.3g/kg feed, had no effect on feed intake, bodgttegain, egg weight or efficiency of
lysine utilisation. The regression analysisegf on dietary synthetic amino acid content
showed that a significant linear relationship eedsbetween the twaep increased with
increasing concentrations of synthetic amino aardgextra gram of synthetic amino acid
/kg diet resulting in an increase of 2.4%edp. Moreover, increasing levels of synthetic
amino acids reduced nitrogen excretion by 24.4%bl@&®.5). Supplements of 2.3g/kg
synthetic amino acids showed protein-sparing efté@®.3 percentage units with a better
utilisation of protein and a reduction in N excoeti

Table 5.5Effect of reducing dietary crude protein and seppnting with synthetic amino

acids on nitrogen excretion

Diets
150 g CP kg
183 g CP kg +1.7 g Lys ki
+ 0.6 g Met ki
N intake (g/d) 29.3 24.0
Efficiency of utilisation of protein (%) 24.7 30.2
N retained (g/d) 7.2 7.3
N excreted (g/d) 22.1 16.7
Reduction in N excretion (%) - 24.4

However, the relationships between rate of lay, eggput,emet and dietary synthetic

amino acid content were linear (P<0.01, P<0.01 R«@.001, respectively), with rate of
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lay, egg output anémet decreasing by 3.0%, 2.5g/d (Figure 5.1) ané&o2Bigure 5.2)

with each additional gram of free amino acid contkg diet.

Feeding twice-daily vs. daily resulted in increasesate of lay and egg output (P<0.05
and P<0.01, respectively) over all feeds used,nbudifferences in egg weight, or in the
slopes of the three responses when regressed agambetic amino acid inclusion.
Although the efficiencies of utilisation of proteitysine and methionine were all
numerically higher when birds were fed twice-ddiigse differences were not significant,
nor was there an interaction between frequencgedihg and amino acid supplementation

for any of these variables.
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Egg output (g/d)
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0.0 0.5 0.9 1.4 1.8 2.3
Dietary synthetic amino acid content (g/kg)

Figure 5.1 Observed and fitted relationships between rateyp{%), egg output (g/d) and dietary
synthetic amino acid content (g/kg feed). Obsemwedn rate of lay &), egg output &) and the
fitted equations== == rate of lay= egg output)
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Figure 5.2 Observed and fitted relationship between efficjeoicutilisation of methionine

and dietary synthetic amino acid content (g/kg feed

5.4  DISCUSSION

Supplementing animal feeds with synthetic aminadsds of importance not only on
nutritional and economic grounds, but also becadfisvironmental considerations (Han
and Lee, 2000). This study showed a protein spaeffert of 3.3 percentage units with a
better utilisation of protein and a reduction irektretion when synthetic amino acids were
used. A reduction in nitrogen excretion of 24.4%swatained with an “ideal amino acid
balance”, which is of considerable consequence aunties where N pollution is a
problem. However, it appeared not possible to obtae same performance with lower
protein diets supplemented with synthetic lysind arethionine. For each extra gram of
dietary free amino acid content per kg diet, the @& lay and egg output decreased by
3.0% and 2.5g per day, respectively. This meansagreement with Batterham and
Murison (1981) in pigs, that synthetic amino acale not utilised as well as the protein-
bound amino acids when birds were fed a restriatadunt of food once a day. Th&y/s
had no relationship with the dietary synthetic amawcid content, probably because lysine
was not the first-limiting amino acid in the feeffieoed. Because the methionine efficiency
ratio declined in a linear (P<0.01) fashion as $ammental synthetic amino acids increased
from 0 to 2.3g/kg diet, it is likely that methiominvas first-limiting in the feed. It is likely

that under restricted feeding conditions, optimatfgrmance cannot be achieved when
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extensive amino acid supplementation is used tlacepessential amino acid from intact

protein.

There have been many reports of a depression wtigror performance when low protein
feeds, supplemented with amino acids to the savet &s those in intact protein, are fed to
poultry (e.g. Ferguson et al., 1998; Kerr and Kitil99a and b; Waibel et al., 2000). One
reason given for this is that one of the amino f¢idt normally considered in a feed
formulation program may inadvertently be first-ltmg in such a feed. To ensure that this
was not the case here, all essential amino acide w@nsidered when formulating feed
B100, making use of the requirements specified isidt (1998), thus taking care that the
amino acid balance in the two basal feeds wasivelgtconstant. Of the non-test amino
acids only tryptophan was not in excess of requer@mHowever, the small difference in
tryptophan content between the two basal feedsestigighat it is unlikely that the large
differences in response measured here could haare &@eesponse to tryptophan or indeed
to any of the other non-test amino acids, espgcasdlthe same ingredients were used to

supply these amino acids in both basal feeds.

It is more likely that the observed response was tduthe more rapid absorption of the
synthetic amino acids once digested compared Wwithamino acids from intact protein.
This phenomenon, which has been measured in gropigg (Yen et al., 2004), would
result in an unbalanced amino acid mixture beinglalle for incorporation into protein
once the intact proteins had been digested andladubolt is for this reason that frequent

feeding of low-protein feeds has been successfill griowing pigs (Cook et al., 1983).

With frequent meals, one would assume an equilibnwould be established between gut,
blood and tissues with regard to amino acid utiisafor protein synthesis (Baker and
Izquierdo, 1985). However, our results with twicahg feeding showed that there was no
interaction between frequency of feeding and anaicid supplementation. This finding is
not in general agreement with Batterham’s morenewerk with pigs (1974, 1978 and
1981) where he showed that growing pigs meal-fex @aily utilised crystalline lysine no
better than 50 to 67% of that achieved by pigs ffeghlsix times daily. Although
differences in efficiency of utilisation of proteiand the test amino acids were not
significant when comparing once- and twice-dailgdmg, they were numerically greater

where intact protein was fed than at the other @nthe scale. This is contrary to the
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theory that more frequent feeding would result ieager efficiency of utilisation of free
amino acids. But given that the synthetic aminalsevere utilised less efficiently by the
hens (see below) one could expect less variatigrerformance between birds fed lower
amounts of the limiting amino acid, as performanaild be equally constrained in all
birds. It is possible that feeding more frequetitign twice-daily may overcome the poorer
efficiency of utilisation of synthetic amino acidsuyt this was not tested in the present

experiment.

In practical applications of the Reading Model [féiset al, 1973) and in subsequent
publications pertaining to this model (Pilbrow akidrris, 1974; Morris and Blackburn,
1982 and McDonald and Morris, 1985) the assumgiasbeen, for the sake of simplicity,
that all amino acids are utilised by laying henshwan efficiency of between 0.80 and
0.85. However, this applies to laying hens fadl libitum The efficiency of utilising
methionine from bound protein in this trial was D.6Table 3) but only 0.532 with
maximum inclusion of synthetic methionine. With D&f the methionine in feed 5 (B100)
being in the synthetic form and the remainder (D&ng bound, the utilisation of free
methionine in this feed was 0.276 (calculated a®$3®-(0.79*0.6)]/0.21), effectively
reducing the methionine content to only (0.79*2:92.3g/kg, which would adequately
explain the decrease in performance on this f8éds has important consequences both in
designing feeds for broiler breeders and when ntiodetheir responses to amino acids
during the laying period. It would appear that fegeino acids should not be used in feeds
for broiler breeders.

When modelling the utilisation of synthetic amincids in broiler breeder feeds, three
situations need to be considered: 1) if none ade tfee first-limiting amino acids in the
feed may be utilised at a maximum rate of 0.60-0.8D if all amino acids are
(theoretically) supplied in the synthetic form, thiéciency will also be maximal because
all free amino acids will be available for proteiynthesis at the same time, 3) if a portion
of the amino acid requirement is supplied in thatlsgtic form, the efficiency will
decrease in relation to the ratio of synthetic totgin-bound amino acids. This decrease
may be calculated by assuming that the free amuibia utilised less efficiently: thus in
this study the efficiency of methionine utilisatidecreased by 3g/kg for each 1g of free

methionine added per kg feed.
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When laying in closed cycles, broiler breeders &hdne as efficient as laying hens in
converting dietary amino acids to egg output (Fish880): an efficiency of between 0.75
and 0.85 has been suggested by McDonald and Ma985) and by Emmans and Fisher
(1986). Broiler breeders fed intact protein hergised lysine and methionine for egg
production with mean efficiencies of 0.55 and 0.@&pectively, these being lower than
the equivalent values estimated for laying hensshmilar to those reported by Bowmaker
and Gous (1991) (0.47 for lysine and 0.50 for nwetime) and Goddard (1997) (between
0.58 and 0.68 for lysine) in their studies with ilmobreeders. It is likely that lysine was
not first-limiting in the present trial, given itswer efficiency compared with that for
methionine. The range in efficiencies of utilisatiof lysine fell between 0.11 and 0.73
and between 0.12 and 0.82 for methionine, with @hfge birds having an efficiency of
utilisation of methionine greater than 0.75. Thuw lefficiency could be accounted for in
some birds as being the result of making use @vanage protein content in the carcass of
180g/kg when calculating maintenance requirementpfohens being inefficient egg
producers. A subsequent analysis was performedhichwthe carcass protein contents
were assumed to be either 160 or 200g/kg. This wadge of protein contents had little
effect on the resultant efficiencies, being 0.5@ arb5 for lysine, and 0.53 and 0.57 for
methionine, for the two body protein contents retigely. Not all the birds were laying at
a rate greater than 0.5. Their rate of lay varietiveen 20 and 100%. A subsequent
analysis was performed in which data from birdsingyat not more than 50% were
excluded from the analysis. The resultant efficjerod utilisation of lysine for egg
production was 0.54 and of methionine 0.56; valtlest are no different from the
efficiencies calculated using data from those bildd laid not more than one week during
the final four weeks of the trial. Two possibilgieexist that might explain the lower
efficiency of utilisation of the limiting amino ats by broiler breeder hens, although
neither is very convincing: one possibility is thtaese birds have higher maintenance
requirements per kg of body protein than layingsheand the other is that amino acids
may be wasted in the processes of yolk formatiahsarbsequent reabsorption or through
internal laying, both of which occur to a greatgteat in broiler breeders than in laying
hens. The question of lower efficiency in convegtolietary amino acid in egg output in
broiler breeders compared with laying hens needbduinvestigation.

Whereas crystalline amino acids may enable nutigte to comply better with constraints

in linear programming (least cost formulation) wlemmulating feeds for broiler breeders,
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by lowering the cost of the feed and contributingat reduced nitrogen excretion, the
results of the trial reported here suggest thadlsynthetic amino acids should not be used
in such feeds. It is evident that these free amartids are utilised less efficiently by broiler
breeders, resulting in a reduced rate of lay coetpavith birds fed intact protein. It is
likely that these amino acids are rapidly absorded metabolised before the intact protein
has been digested and absorbed, resulting in aalamded mixture being available for

incorporation into egg protein.

The following chapter deals with the extent to Whiroiler breeder hens could make use
of excess body lipid reserves as a means of maintalaying performance.
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CHAPTER 6

UTILISATION OF BODY LIPID AS AN ENERGY SOURCE
IN BROILER BREEDERS

6.1 INTRODUCTION

Regulation of food intake of broiler breeders dgrihe laying period is a potential means
of reducing costs and improving the efficiency afiler chick production. Food
allowances for breeder hens are manipulated actptdi the pattern of egg production.
Thus, birds are fed a generous allowance earlyaynfollowed by a period of mild
regulation over peak production and a subsequentt®n in allowance as egg production
declines in the latter part of lay. It is accepthdt if broiler breeders are overfed they
deposit the excess energy as carcass fat and Hydead to a marked reduction in egg
production, fertility and hatchability (Pearson afddrron, 1981; McDaniedt al, 1981b).
However, it has been shown that fattened broilghseilipid reserves as an energy source
provided the dietary protein intake is sufficientdllow this (Gouset al., 1992). Thus,
contrary to the way in which amino acid requirerseate calculated, when the optimum
energy intake of a broiler breeder is calculatedpant should be taken of the possibility
that excess energy may be stored and later utibgetthe hen. If broiler breeder hens are
able to draw on lipid reserves to supply the body wnergy, it is less likely that energy
will be the limiting factor in egg production, uskefood intake is severely restricted, as
lipid reserves would be built up on non-egg formdays, to be available when required.
However, if the lipid stores are not labile ressreé energy, or if the hen can utilise only a
fraction of these stores, no assumptions could bdemabout the adequacy of dietary
energy supply by observing the carcass fat comtelntoiler breeders. In the unlikely event
that broiler breeder hens were unable to makeuidl of lipid reserves, there would be no
advantage in allowing the accumulation of suchmese and the way in which the energy

requirements are calculated would become more @agid critical.

The present study was designed to determine tlemett which broiler breeder hens could

make use of excess body lipid reserves as a méanagigtaining laying performance.
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6.2 MATERIALS AND METHODS

352 Cobb broiler breeder hens aged 37 weeks wergekan individual cages. The birds
had been reared on two different growth curves fitseas recommended by the primary
breeder (Cobb 500 breeding guide, 2001) designadtieve 2100g at 20 weeks, while the
other was a fast growth curve to achieve the samighty but at 15 weeks. 176 broiler
breeder females from each growth curve were rangl@atbcated to individual cages
arranged in 6 rows, back to back, each row hawwlévels of 48 cages. Each cage was
supplied with one nipple drinker and drip cup, amnt feeder. The house was cross-
ventilated using six fans. The lighting program wé&: 8D (04:00-20:00) throughout the

experimental period.

The experiment was divided into two phases. Infits¢ phase, the birds were allocated
one of four daily allowances: 160, 175, 190 or 205@ commercial broiler breeder feed
(11.9 MJ ME/kg, 159¢g protein/kg, and 24g calciunm/iay a period of four weeks in order
to achieve four levels of fatness in the hens. mythe second phase, also lasting four
weeks, the birds were given a high protein, lowrgndeed (Table 6.1) at three rates of
allocation (120, 100 or 80g/hen.d). A high dietprgtein content was used to ensure that
the amino acid supply was adequate at these lod iftakes, i.e. dietary energy, and not
other nutrients, was likely to be limiting. The B€atments (2 initial growth curves, 4
initial levels of fatness, 3 final feed allocatipnsere replicated using seven hens per
treatment (Table 6.2). The basal diet was analysedAME, protein, digestible amino
acids, calcium and phosphorus content. AME was uredsusing the method of Fisher
(1982) in which 50g of the diet is given by tubebfld, 1976) following a 48 h fasting
period, and excreta are collected over the follgB8 h. The AME value was corrected to
zero N retention and to reflect an intake of 80MVEngp). Protein was measured as
nitrogen x 6.25 using a LECON analyser; amino adgisthe method described by
Dennison and Gous (1980); and calcium and phosphasing the AOAC (1975) methods

of analysis.
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Table 6.1 Composition (g/kg) of the feed used in Phase theftrial. Amino acid contents
are given as digestible

Ingredient Basal feed
Maize 472.0
Soybean 48 317.6
Sunflower 37 31.3
Wheat bran 86.5
DL methionine 1.7
Vit + min premix 15
Limestone 76.1
Salt 4.5
Monocalcium phosphate 8.8
Nutrient

AME (MJ/kg) 10.1
Crude protein 211.0
Lysine 9.5
Methionine -
Threonine 5.1
Arginine 8.4
Histidine 5.1
Isoleucine 7.7
Phe + Tyr 13.4
Valine 9.2
Calcium 36.9

Available phosphorus -

Table 6.2A description of the dietary treatments used attial

Treatment Food allocation Food allocation Protein intake Energy intake
Phasel Phase 2 Phase 2 Phase 2
(g/bird d) (g/bird d) (g/d) (kJ AME/d)
1 160 80 16.8 805
2 160 100 21.1 1006
3 160 120 25.3 1208
4 175 80 16.8 805
5 175 100 21.1 1006
6 175 120 25.3 1208
7 190 80 16.8 805
8 190 100 21.1 1006
9 190 120 25.3 1208
10 205 80 16.8 805
11 205 100 211 1006
12 205 120 25.3 1208

Bodyweight was recorded at the beginning of thal,tafter four weeks and then weekly
until the end of the trial (after eight weeks). Wigefood intake was calculated by
subtracting the amount remaining at the end of eamebk from the amount fed. Egg
weight was recorded on three days of each weekeggdproduction for the remaining

four. At the end of the first phase of the expeniméwo birds fromeach daily allowance
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and from each growth curve (a total of 16 birdsyaveacrificed and their carcasses,
excluding feathers were minced and then analyse@Eg protein, moisture and ash. Then,
two of the seven birds in each treatment were el at weeks 5, another two at week 6
and the remaining three at the end of the triak &bhdominal fat pad was removed from
each bird and weighed and ten birds were chosenal@ass analysis on the basis of the
distribution of the weights of their abdominal faads. All results were converted to
percentages on a wet basis. The lipid content @Che body was calculated from the
gross energy using the following equation (Uniwgref KwaZulu-Natal, unpublished
data): LC =-0.8756 + 0.004754 GE

The mean response over the final two weeks of Phagas used to calculate rate of lay,
egg weight, egg output, body weight and changedylweight, using the general analysis
of variance in Genstat (1997). It was assumeddfiat two weeks of restriction in energy
all birds would have reached a “steady state”. dienges in body weight, rate of lay, egg
weight and egg output over time were analysed thipdi a polynomial regression model to
the data, using Genstat. For the sixteen birdswieae sacrificed at the end of the first
phase of the trial, a regression of carcass fétoaly weight was performed. The body lipid
content (g/kg body weight) was calculated for etrelatment and used to calculate the
body lipid content of all the remaining birds aethnd of the first phase. A regression
analysis was performed of carcass fat content (gddyweight) on abdominal fat content
(g/kg bodyweight) for the ten birds sacrificed atek 5, 6 and 8. These regression
equations were used to calculate the carcass admemthe abdominal fat contents of the
remaining 86 birds at week 5 and 6 and 134 birdsesk 8. The body lipid content for

each treatment was then used to calculate the lgmdycontent of all the remaining birds

over the four-week period of the Phase 2. An amalysvariance was then performed on

these body lipid contents.

6.3 RESULTS

The individual results were grouped according &atiment. Three birds, which stopped
laying during the trial and looked sick, were exidd from the analysis. No significant
differences between birds on the two growth cue®ss treatments and within phase
were observed; hence these data were pooled teaserthe number of replications. The

effect of feeding four daily allowances (160, 1190 and 205g/bird d) on body weight
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gain over the four weeks and performance in thewagk of phase 1 of the trial is shown
in Table 6.3. There were no significant differenoesate of lay, egg weight or egg output
between birds fed these allocations during phas¢ofvever, the body weights at the end
of the period were significantly different. As wiasended, birds fed the highest allocation
were heavier and birds fed the lowest allocatioreviighter at the end of the first phase of
the trial. The chemical composition of the slaugtdehens at the end of Phase 1 is shown
in Table 6.4. There was no significant differencecarcass composition of the birds that
were sacrificed and analysed at the end of thegdhiase. The relationship between carcass
fat and body weight was not statistically signifitacarcass fat = 101.4 + 0.017 body
weight (R=3.5%).

The responses in rate of lay, egg output and chianigedy weight over the last four weeks
(Phase 2) of the trial, whether linear or quadratie presented in Table 6.5. The mean
responses in laying performance, body weight anid ga weight to the daily feed
allowance allocated in Phase 1 and Phase 2 ovefithetwo weeks of the trial are
presented in Table 6.6. The body weight of the deeeincreased significantly with feed
allocation in both periods. However, body weighgdaluring the final four weeks of the
trial increased with FA1 (the heaviest birds at stert of Phase 2 lost the greatest amount
of body weight), but decreased with increasing FARere was a significant interaction
between FA1 and FA2 during the last two weeks eftttal. The body weight of birds fed
100 and 120g/d in Phase 2, following 160, 175 a®@@gM in Phase 1, decreased linearly
over time. On 160 and 175g/d in Phase 1, the boeigiw between birds fed 100 and
120g/d in Phase 2 decreased over time and the boelnweight over the final two weeks
was not significantly different. Birds fed 190g/id Phase 1 and 100g/d in Phase 2 had
body weights that decreased more rapidly (-280.8—1<l0.7g/week) and were lighter
(3468 vs. 3715q) over the last two weeks than Heds120g/d. The mean body weight
over the final two weeks was the same between beadid00g/d in Phase 2 and 160, 175
and 190g/d in Phase 1. Birds fed 120g/d in Phasan@® 190g/d in Phase 1 were
significantly heavier than those fed 120g/d in Bh2sand either 160 or 175g/d in Phase 1
(3715 vs. 3463 vs. 3499q, respectively). Body wedgcreased quadratically with age
(rapidly at first, and slowing down thereafter)ath birds fed 80g/d and in those fed either
100 or 120g/d in Phase 2 following 205g/d in PHase
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Table 6.3Mean body weight and performance of broiler bregdethe last week of phase 1

Food allocation Body weight Rate of lay Egg weight Egg output
(9/d) ) (%) (9 (g/bird d)
Phase 1 Mean SEM Mean SEM Mean SEM Mean SEM
160 37760 29 69.0 2.0 70.1 0.5 49.4 14
175 3884 26 69.8 2.3 69.0 0.6 50.7 14
190 3946 29 70.6 2.2 70.0 0.5 52.4 1.2
205 4046 27 68.3 2.2 69.5 0.5 49.4 1.4
a@Means with different superscripts are significalifferent.
! Standard error of mean
Table 6.4Mean carcass composition (g/kg) of the broileelders sampled at the end of phase 1
Food allocation Carcass weight Water Fat Protein Ash
(9/d) (9 (9/kg) (9/kg) (9/kg) (9/kg)
Phase 1 Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
160 3784 85 650.9 14.9 151.0 18.9 147.7 6.2 23.3 4 1.
175 3876 168 621.0 7.4 185.6 5.7 196.3 16.5 21.0 6 1.
190 3553 254 632.6 17.3 168.9 20.8 206.1 21.6 23.6 3.7
205 3877 182 637.3 14.5 167.5 15.1 170.5 3.9 20.3 A 1

1 Standard error of mean
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Table 6.5Rate of change in performance (rate of lay andaggut) and in body weight over the last four week#he trial as influenced by
the feed allocated in Phase 1 and Phase 2, asmileder by regression analyses

Food allocation (g/d) Rate of lay (%/d) Egg outfmibird d/d)

Phase 1 Phase 2 Linear coefficient s.e. Lineafficaaft s.e.
160 80 15 1.4 1.3 0.2
160 100 05 1.1 0.3 0.1
160 120 0.2 0.1
175 80 1.5 1.7 1.1 0.2
175 100 0.7 1.3 -0.5" 0.1
175 120 -0.4 1.4 -0.2
190 80 1.4 1.3 -1.07 0.1
190 100 05 1.2 0.4 0.1
190 120 -0.1 -0.1
205 80 1.0 1.5 0.6 0.1
205 100 0.8 1.4 -0.6" 0.1
205 120 0.2 0.01

Food allocation (g/d) Body weight loss (g/bird/d)

Phase 1 Phase 2 Linear coefficient s.e. Quadrifgicte s.e.
160 80 -34.7 7.1 0.584 0.259
160 100 -14.8 3.26
160 120 8.4 2.4
175 80 -40.0° 7.9 0.741 0.286
175 100 17T 2.2
175 120 155 2.5
190 80 -40.1 8.5 0.700 0.306
190 100 201 2.3
190 120 -10.3 3.4
205 80 -44.9 10.0 0.863 0.363
205 100 418 7.8 0.710 0.282
205 120 -35.1 7.1 0.918" 0.259

™ P<0.001 ¥ P<0.01 " P<0.05
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There were no significant differences in rate of ¢ egg output at the end of the first

phase of the trial, i.e. food intakes ranging fra60 to 205g/d produced the same egg
output. However, the amount of food allocated dyphase 1 significantly influenced both

rate of lay and egg output of some birds in phasieése measures of performance both
increased with FAL1 at a rate of 3.5% and 4.0g/sheetively, for every additional 10g of

food given in period 1, in hens fed only 80g/d impe 2. However, rate of lay and egg
output remained the same over the last two weeksnwiirds were fed either 100 or

120g/d, irrespective of FALl. The result is presérgephically in Figure 6.1. Rate of lay

and egg output both increased significantly (P<pw@h increasing FA2. There was also

a significant (P<0.001) linear decline in rate &@f bnd egg output over time. Mean rate of
lay and egg output over the last two weeks of Pl2as# all hens fed 80g/d in Phase 2
other than those fed 205g/d in Phase 1, were signity (P<0.001) lower, and declined

more rapidly, than those fed 100g/d in phase 2. &/hens were fed 120g/d in Phase 2,
rate of lay and egg output remained the same thimutghe four-week period.

The relationship between carcass fat and abdonfatatontent of the ten carcasses
analysed at week 5, 6 and 8 was found to be hsgjghjificant (P<0.001) (Table 6.7) which
enabled the carcass fat content of the remainirts b0 be estimated. The mean responses
at weeks 5, 6 and 8 for abdominal fat and carcassadntent of the body are presented in
Table 6.8 together with their standard errors. matire of the responses in abdominal fat
pad and body lipid content over time are presemtelhble 6.9. Treatments had no effect
on abdominal fat and carcass fat content of thedsbat week 5. At week 6 and 8,
abdominal fat pad and carcass fat increased wdleasing FA2. Numerically, the mean
abdominal fat pad and body lipid content of birdd BOg/d in Phase 2 decreased linearly
more rapidly followed by those fed 100g/d and ti@9g/d on 160, 175 and 190g/d in
Phase 1. Birds fed 205g/d in Phase 1 showed a sstimef decline in abdominal fat and
body lipid content.
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Table 6.6 The response in rate of lay (ROL), egg weight (E¥fg output (EO), body
weight (BW) and change in body weight (ADG) of eoibreeders to feed allowances in

Phase 1 and Phase 2 over the last two weeks ekffezimental period

Food allocation (g/d) EP (%) EW (g) EO (g/d) BW (g) ADG (g/d)
Phase 1 Phase 2
160 80 39.6 68.6 19.6 3281 -9.3
160 100 58.9 69.7 41.0 3470 -11.5
160 120 69.6 69.5 48.2 3463 -4.0
175 80 334 67.8 21.9 3368 -8.6
175 100 55.4 70.2 39.0 3411 -11.2
175 120 64.3 68.2 45.8 3499 -6.6
190 80 41.2 68.0 27.8 3343 -11.8
190 100 61.3 69.9 42.8 3468 -14.6
190 120 63.7 70.7 47.0 3715 -6.7
205 80 49.4 68.4 37.1 3452 -14.6
205 100 51.2 68.5 36.2 3461 -9.4
205 120 66.1 69.4 45.9 3780 -6.0
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Figure 6.1 Rate of lay of broiler breeder hens over the fimad-week period of the trial
according to their daily feed allowances in phateand 2. Solid line an@® represents
80g/d in phase 2, dashed line akdepresents 100g/d, and dotted line andepresent
120g/d

Table 6.7 The relationship between carcass fat (g/kg) ambbaiinal fat content (g/kg) of
the ten carcasses analysed at 42, 43 and 45 wkage o

Age (week) Constant term S.e. Linear coefficient e.s. R (%)
42 103.3" 11.8 3.3 0.417 87.3
43 76.5" 8.1 49" 0.383 94.8
45 63.3" 75 4.6" 0.325 95.6
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Table 6.8 Abdominal fat pad weight (g/kg body weight) and pdghid content (g/kg body weight) of broiler breszd at week 5, 6 and 8,
according to the feed allowances in Phase 1 (FAd)Rhase 2 (FA2)

FA1 (g/d) Week 5 Week 6 Week 8
Fat Pad Body lipid Fat Pad Body lipid Fat Pad B byl
Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e.
160 18.0 1.6 158.6 5.2 161 1.4 151.8 7.0 14.5 1.0 126.3 4.6
175 20.0 1.9 165.4 6.4 18.0 1.5 166.8 7.2 15.3 1.3 130.5 5.9
190 19.0 1.6 162.3 54 14.3 1.2 143.3 5.6 17.1 1.7 138.3 7.9
205 22.2 1.8 172.6 6.0 19.1 1.4 166.9 6.9 14.8 1.2 127.9 5.7
FA2 (g/d) Week 5 Week 6 Week 8
Fat Pad Body lipid Fat Pad Body lipid Fat Pad B byl
Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e. Mean s.e.
80 19.3 1.7 162.9 5.7 15.0 1.3 146.6 6.2 12.8 0.9 118.6 4.1
100 19.7 1.5 164.3 5.0 16.7 1.0 155.5 5.1 14.6 0.9 127.6 4.2
120 20.5 1.3 166.7 4.4 19.7 1.3 169.7 6.2 19.6 1.4 146.6 6.5

#¢Means with different superscripts are significaulifferent (P<0.05).

99



Table 6.9Rate of change in body lipid content (g/kg bodygid) of broiler breeders over
the last four weeks of the experiment accordinthéofeed allowance allocated in Phase 1

and Phase 2, as determined by regression analyses

Food allocation (g/d) Body lipid (g/kg body weight
Phase 1 Phase 2 Linear coefficient s.e.
160 80 2.1 0.57
160 100 1.7 0.57
160 120 -1.0
175 80 2.2 0.73
175 100 2.0 0.54
175 120 -1.3
190 80 -1.9 0.69
190 100 -0.8
190 120 -0.3
205 80 2.1 0.66
205 100 2.9 0.60
205 120 -1.8 0.79
™ P<0.001 ~ P<0.01 " P<0.05

6.4  DISCUSSION

Meeting the energy requirement of broiler breedsrshthroughout their various stages of
production is difficult because their food intaleserestricted. The problem of overfeeding
broiler breeders is a real concern to any broileebter manager, because it leads to the
deposition of body lipid which has a negative dff@t reproductive performance (Pearson
and Herron, 1981; McDanigdt al, 1981). Underfeeding these birds is also a concern
especially with day-to-day fluctuations in temparaet If broiler breeder hens were found
to utilise their body lipid reserves as an enemgyree, it would certainly go a long way in
alleviating these difficulties. It appears from tlesults of this trial that they are capable of

doing so.

The intention of allocating a range of feed intatethe breeder hens during phase 1 of the
trial was to create four groups of birds with vagylevels of body lipid. However, whereas
body weight at the end of this period was direotlfated to food allocation and to energy
intake, there appeared to be no relationship betvbeely weight and carcass fat content
among the birds sampled. The heaviest birds samyee no fatter than the lightest birds,
implying that the excess food consumed was not gleggbonly as carcass fat. Because of
the large variation in weight and carcass compmsitietween birds it is possible that the

sample size was too small to make meaningful deshgabout the relationship between
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body weight and lipid content. Because weight gafinbreeders during lay has been
reported to be primarily related to excessive epengake (Pearson and Herron, 1980,
1982; Wilson and Harms, 1986) it is likely that thed reserves in the heaviest birds were
greater than in the lighter birds at the end ofsgh. This is borne out by the subsequent
laying performance of hens in the second phaseshwissentially followed expectations

based on feed allocations in phases 1 and 2.

All birds lost weight during phase 2 reflecting th@v nutrient intake in relation to
requirement during this period. The amount of weigkt appeared to be unrelated to the
food allocation in phase 1, but was least with hiighest allocation in phase 2. It can be

assumed that the loss in weight was predominaipily, lfor the reasons given above.

Hens fed either 100 or 120g/d in phase 2 were tabheaintain their performance over the
four weeks of this phase, with mean rates of layoofand 66 eggs/100 birds per d,
respectively, over the final two weeks of the trRirds from the same flock were kept on
the floor and restricted according to the Cobb Mdmusing a commercial broiler breeder
feed (11.9MJ ME/Kkg, 159g protein/kg), and theireraif lay over this period was 63
eggs/100 birds per d, thus confirming that the qrerbnce of birds on these two feed
allocations was acceptable. Rate of lay of birds 88g/d was directly related to daily
energy intake in Phase 1, and clearly demonstthagtdegg production could be sustained
for a short period of time if lipid reserves wensmiable, and the daily food allocation

provided sufficient nutrients (other than energy).

Egg weight was not affected by any of the feedcallions until the third week of phase 2.
At this stage, eggs laid by hens given 80g/d (808ME/d, 16.8g CP/d) reduced in size.
Protein intake would have been marginally limitifag reproductive performance at this
daily feed allowance, but this would also have beaa to a shortage of energgr se.As
suggested by Miller and Payne (1961) and Pearsah ldarron (1980), energy
requirements might be satisfied preferentially twt@n requirements, reflecting an
increase in the utilisation of protein as an enagyrce. This would result in a decrease in

protein available for egg formation.

This trial was not designed to determine the eneegyirements of broiler breeder hens,

but rather to ascertain whether, for a short peabtime, these hens could maintain their
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egg production at an energy intake that is lowanttecommended. Energy intake on each
of the three treatments in phase 2 of this triab waly 805, 1006 and 1208kJ/bird d,
respectively, whereas recommended energy intakege iom 1730 (Pearson and Herron,
1981) through 1840 and 1955 (Cobb, 2005) to 2000EMird d (Bowmaker and Gous,
1991). The birds in this study clearly obtained beance of energy required for egg
production from body lipid reserves, the birds reicgg 80, 100 and 120g/d in Phase 2 lost
body weight at a rate of 2.3, 1.9 and 1.1g/d rebpsy.

As was expected, the use of body lipid reservesased with decreasing feed allocations
in Phase 2. Assuming that 8.4kJ ME is required gp@gg output (Emmans, 1974), an
output of 48g/d would require 403kJ ME/d. The d#fece in intake between birds given
80g and those given 100g/d is 201kJ ME, half thewarhrequired for 48g egg output/d,
and the difference between the intakes of 80 afd) 12403kJ, the equivalent of one egg.
Consequently, the additional energy provided tdsimn 120g/d was sufficient to enable
them to lay at the given rate throughout the sequmakse of the trial compared with the
birds given 80g/d. It is assumed that the energuired for maintenance was essentially
the same for hens on all treatments, as thisasa@lto the body protein content and not the
energy content of the body, and it was assumed libdly protein content remained

constant in all treatments.

Broiler breeder hens would be unable to make ussl their lipid reserves to enable them
to continue to lay when food intake is severelyrret®d because a minimum amount of
body lipid is needed to maintain the birds (Wellatkal, 2003). This trial suggests that
the minimum lipid content would be around 110g/kgly weight, given that the amount in
the hens fed 80g/d was close to this concentralibrs concentration of lipid in the body
could be used as the minimum lipid content when eliod) energy utilisation of broiler
breeders after sexual maturity. The results oféR@eriment may be used as a reference to

test the broiler breeder model being developed.

The following chapter deals with an investigatidnhow broiler breeders partition their
dietary ME at low temperatures.
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CHAPTER 7

ENERGY PARTITIONING AT LOW TEMPERATURES
IN BROILER BREEDERS

7.1 INTRODUCTION

The amount of energy to be allocated daily to brobreeders is difficult to prescribe
because their daily energy requirements change egthproduction and with fluctuations
in environmental temperature. The effect of temjpeeaon apparent metabolisable energy
(AME) intake has been widely investigated in layimens but not in broiler breeder hens.
Emmans (1974) reviewed the effect of temperaturemergy intake of laying hens and
partitioned energy between maintenance, egg primtiueind growth: MEin = aW(T) +
cAW + dE, where MEin is daily intake of ME, W is boayeight, AW is body weight
change, E is egg output (g/bird d), T is environtaktemperature, and a, ¢ and d are the
coefficients for maintenance, growth and producti@spectively. He found that weight
gain and egg output in birds fed equal amountsutfients were virtually unaffected by
temperature over a wide range, as were the connposit the eggs produced and weight

gained.

Temperature is the major environmental factor thftiences the maintenance energy
requirement of birds, which has been reported twedse both linearly (Emmans, 1974;
NRC, 1994) and quadratically (Peguri and Coon, 1888cited by Sakomura, 2004) with
increasing temperature. Broiler breeders, beingirobfed, do not have the option of
increasing feed intake as temperature decreases,nasans of meeting their increased
energy requirements, so meeting the energy regainerof these birds is partly under
control of the poultry nutritionist who allocatediged daily amount of food to the flock.
When the environmental temperature falls the amadirfbod or energy provided must
therefore be adjusted, so full-fed laying hen medate not appropriate for broiler

breeders.

Very few studies have been conducted to model gneguirements of broiler breeders.
Energy required for maintenance was found to dseréaearly in broiler breeder pullets 4

weeks of age (Sakomuet al, 2003) and quadratically in broiler breeder hegsda31l
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weeks (Rabello, 2001; Rabello, in press, as citgdsdkomura, 2004), as temperature
increased, using the comparative slaughter teckenaju~arrell (1974). Such studies are
relatively unhelpful as it is not clear how the duter hen will partition dietary energy
when feed intake is restricted and the temperatalts. The present experiment was
designed to study the simultaneous effects of teatpes and dietary energy intake on the
performance of broiler breeder hens fed fixed dajlantities of nutrients (other than
energy), and to investigate how these hens paréitiotheir dietary ME as the

environmental temperature decreased.

7.2 MATERIALS AND METHODS

288 Cobb broiler breeder females were housed iemmixronmentally controlled chambers
at 44weeks of age for a twelve-week period. Each charmbased 48 hens in individual
cages arranged in four rows, two on either sida ofntral passageway, and with each row
consisting of 12 cages. Each cage was supplied améhnipple drinker and drip cup, and
one feed container. Temperatures in the chambers kept constant at 10, 12, 15 (two
chambers), 17.5 and 2C for two six-week periods. Data were collecteatighout each
period but only those from the final three weeksath period were used in the analysis.

The lighting programme was 16L: 8D (04:00-20:00btlghout the experimental period.

Each hen was allocated 160g daily of one of foed$econtaining 12.9, 11.9, 10.5 or
9.7MJ AME/kg. The amino acid contents were formulated tovide® the same daily
intakes for each of the four experimental feeds oaling to the breeder’s
recommendations (Cobb Production Manual, 2005).dsesere analysed for AME,
protein, digestible amino acids and calcium con{@able 7.1). AME was measured using
the method of Fisher (1982) in which 50g of thet déegiven by tube (Sibbald, 1976)
following a 48 h fasting period, and excreta arected over the following 48 h. The
AME value was corrected to zero N retention andeftect an intake of 80g/d (AMEY).
Protein was measured as nitrogen x 6.25 using adLECanalyser; amino acids by the
method described by Dennison and Gous (1980); ahciumm and phosphorus were
analysed using the AOAC (1975) methods of analysis.
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Table 7.1 Composition (g/kg) of the feeds used in he tiahino acid contents are given

as digestible
Ingredient F1 F2 F3 F4
Maize 263.9 263.9 263.9 263.9
Soybean full fat 213.3 213.3 213.3 213.3
Wheat bran 163.3 163.3 163.3 163.3
Maize gluten 60 28.8 28.8 28.8 28.8
Sunflower 37 13.3 13.3 13.3 13.3
DL-methionine 1.0 1.0 1.0 1.0
Vit + min premix 15 15 15 15
Limestone 76.3 76.3 76.3 76.3
Salt 3.4 3.4 3.4 3.4
Monocalcium phosphate 0.5 0.5 0.5 0.5
Starch 97.4 65.3 32.1 0.0
Filler 79.2 131.1 184.7 236.6
Oil-sunflower 60.0 40.2 19.8 0.0
Nutrient (analysed)
AME (MJ/kg) 12.9 11.9 10.5 9.7
Crude protein 157.0 158.6 158.9 160.5
Lysine 7.7 8.1 8.2 7.6
Threonine 4.9 4.6 4.5 5.4
Arginine 8.9 8.3 8.3 8.5
Histidine 3.8 3.5 3.6 3.6
Isoleucine 6.5 6.2 6.1 6.0
Valine 7.5 7.1 6.9 6.9
Calcium 29.3 26.3 25.5 32.0
Phosphorus 3.8 3.9 3.8 3.9

Body weight was recorded bi-weekly. Food remainimghe trough was discarded at the
end of each week, after being weighed, from whiatlydood intake was calculated. Egg
production was recorded daily, and egg weight oedldays each week. Temperature was
recorded every five minutes throughout the triating Hobo data loggergOnset
Computer, 470 MacArthur Blvd., Bourne, MA 0253Z)om which a weighted mean
temperature over the final three weeks of eachogdenias calculated. Twelve birds were
sacrificed at the beginning of the trial, and & #&mnd of each six-week period three birds
from each feed and temperature (a total of 36 lpetsperiod) were sacrificed for carcass
analyses. At the end of the first six-week perittedt sampled birds were replaced with
birds from the same flock. Defeathered carcassee waealysed for gross energy (GE),
protein, moisture and ash. All results were coracetb percentages on a wet basis. The
lipid content (LC) of the body was estimated frohe tGE concentration using the
equation: LC = -0.8756 + 0.004754 GE (UniversityKefaZulu-Natal, unpublished).

As a means of predicting the chemical compositibmlbbirds in the trial a regression

analysis was first performed of carcass weight odybweight using the carcass analysis
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data collected at the end of each six-week pefibé. carcass water, protein, lipid and ash
contents of birds on each treatment were then gietlifrom the relevant regression
equations relating these components to carcasshtydigm which daily gains in these

components were calculated.

Treatment means were calculated, using the geaeadysis of variance in Genstat (1997),
from the results collected during the final threeeks of each period, on the assumption
that by this time the responses would have stabilen each treatment. A multiple linear
regression analysis was performed using Gen&t&dition (2005) to determine the effect
of dietary energy intake and temperature on fooer@y) intake, rate of lay, egg output,
egg weight, change in bodyweight and all chemicahgonents of the body. Linear and
quadratic terms for energy intake were fitted, qhadratic term then being dropped if this

proved not to be significant.
7.3 RESULTS

Mean environmental temperatures in the rooms wiaigedo those set, being 9.9 (£1.9),
12.2 (£1.0), 14.8 (£2.0), 17.0 (£2.0) and 19.5 @3°C respectively during the final three

weeks of each test period.

The effects of temperature and dietary energy aflon on mean rate of lay, egg weight
and egg output are given in Table 7.2. Multipleeéin regression analyses (Table 7.3)
identified an interaction between energy intake aewhperature, in both rate of lay

(P<0.005) and egg output (P<0.01), with these b&gbeing unaffected by the range of
temperatures used when hens were given the hignesgy allocation, but with laying

performance decreasing increasingly as the temperand energy intakes were reduced.
Rate of lay decreased at the rate of 2.05 eggdiit@ad for each 1°C drop in temperature
on the lowest AME feed, at 1.59 and 1.24 for thet ighest AME feeds, and at -0.05 on
the highest energy feed. Egg weight increasecerapdrature declined, on all but the 10.5
MJ/kg feed, the rates being 0.205, -0.194, 0.699 @A88g/°C. The interaction between
temperature and energy allocation proved not teitmeificant for egg weight (Table 7.3).

The responses in egg output on the four feedg)imamental temperature, are illustrated

in Figure 7.1.
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Table 7.2Mean responses in rate of lay, egg weight and egjgubto temperature (T) and dietary energy aliocafME) over the final three

weeks of the two six-week periods

Rate of lay (eggs/100 bird d) Egg weight (g) Egtpat (g/ bird d)
ME (MJ/kg) 9.7 10.5 11.9 12.9 Mean 9.7 10.5 11.9 912 Mean 9.7 10.5 11.9 12.9 Mean
T (°C)
9.9 31.6 47.0 44.3 52.2 43.8 71.3 69.4 73.4 734 971 196 32.3 32.1 37.7 30.4
12.2 42.9 55.5 51.3 53.4 50.8 72.7 70.0 72.2 720 177 29.4 38.2 40.4 38.3 36.6
14.8 46.6 50.2 61.3 59.4 54.4 69.4 69.9 68.9 716 996 32.0 34.0 42.2 43.5 37.9
17.0 49.2 58.1 49.8 47.2 51.1 70.7 71.1 63.5 719 936 35.8 41.5 38.6 34.9 37.7
19.5 53.1 65.0 59.6 54.4 58.0 69.9 71.2 69.3 70.0 017 38.5 47.8 41.9 38.6 41.7
Mean 44.7 55.2 53.3 53.3 70.8 70.3 69.5 71.8 31.1 38.7 39.0 38.6
r.m.s. 496.0 (398 d.f.) 41.31 (357 d.f.) 269.2041.1.)
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Table 7.3Multiple linear regression coefficierité standard errors) describing the responses
in rate of lay, egg weight, egg output, weight aadcass component gains to AME intake

(MJ/d), environmental temperatuf&)) and their interaction

Variate Constantterm  AME in AME in T AME x T R (%)
Rate of lay -249.9 236.2 -0.0418 8.3 -4.06 11.3
(/200 bird d) +61.4 +57.0 +0.0143 +2.49 +1.4 '
Egg output -308 309.0 0.0675 5.86 -2.84 15.3
(g/bird d) +64.9 +69.0 +0.0193 +1.99 +1.11 '
Egg weight 74.15 -0.247 13
(9) +1.59 +0.103 ‘
Weight gain -99.3 108.3 -0.02634 -0.3287 29.1
(g/d) +12.2 +13.9 +0.00397 +0.0787 '
Protein gain -12.11 15.07 -0.00414 -0.284 0.1306 277
(g/d) +2.86 +2.66 +0.000665 +0.116 +0.0654 '
Lipid gain -13.31 13.98 -0.003088 -0.0596 28.2
(g/d) +2.28 +2.60 +0.000741 +0.0147 '
Water gain -43.1 53.69 -0.01476 -1.041 0.48 276
(g/d) +10.4 +9.66 +0.00242 +0.423 +0.238 '
Ash gain 0.5031 -0.1248 0.05948 220
(g/d) +0.0729 +0.01 +0.00496 '
! Only coefficients with P<0.05 are included in ttable
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Figure 7.1 Observed and fitted relationship between egg dyipd) and temperaturéQ) at
four daily energy allocations(= 12.9; A = 11.9;e = 10.5; x = 9.7) with fitted equations
(solid line = 12.9; dotted line = 11.9; dashed l##0.5; dotted and dashed line = 9.7). The

slopes of the four regressions were -0.05, 0.7& and 1.84 respectively
Mean energy intakes and body weight gains, aseanfied by dietary energy allocation and

environmental temperature, are given in Table Mgk all the energy allocated to the birds

was consumed each day, the difference being 19421and 64kJ/d for hens on the lowest to
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the highest AME allocations respectively. Weightingaincreased curvilinearly with
increasing AME allocation (means over all tempeaegibeing -0.6, 3.2, 5.6 and 7.2g/d for the
four energy allocations) but decreased with ingrepgemperature (Table 7.3), the decrease
being proportional to the ME intake. Each additial@0kJ of energy intake resulted, overall,
in an increase of 0.1g in body weight.

Table 7.4 Mean responses in energy intake and body weight gaitemperature (T) and

dietary energy allocation (ME) over the final thigeeks of the two six-week periods

Energy intake (MJ/d) Body weight gain (g/bird d)
ME 9.7 10.5 11.9 12.9 Mean 9.7 10.5 11.9 12.9 Mean
(MJ/kg)
T (°C)
9.9 1551 1668 1832 1963 1754 2.1 5.6 7.2 9.3 6.1
12.2 1533 1671 1875 2044 1781 -0.7 3.6 5.9 5.5 3.6
14.8 1550 1655 1861 2018 1771 0.2 2.3 5.4 7.0 3.7
17.0 1483 1662 1859 1952 1739 -2.8 3.7 7.1 10.3 4.6
19.5 1547 1677 1883 2022 1782 -1.9 0.8 2.2 3.6 1.2
Mean 1533 1667 1862 2000 -0.6 3.2 5.6 7.2
r.m.s 10382 (401 d.f.) 42.69 (400 d.f.)

Defeathered carcasses at 44 and 50 weeks con&f2@etl24 and 605 + 37g/kg moisture, 167
+ 8 and 169 £ 10g/kg protein, 178 + 29 and 193 /88 lipid and 59 + 7 and 59 + 8g/kg ash,
respectively (mean + standard deviatio@hanges in carcass composition during the
experimental periods are given in Table 7.5. Incabes other than ash gain, carcass gains
increased curvilinearly with energy consumption badgcreased with environmental
temperature (Table 7.3). Ash gain also decreasd¢d temperature (P<0.01), but energy
intake influenced this only through its interactiaith temperature (P<0.01). Significant
interactions (P<0.05) between energy intake andoéeature occurred in the case of both
body protein gain and body water gain, but notody lipid gain.
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Table 7.5Mean water, protein, lipid and ash gains in respdngemperature (T) and dietary
energy allocation (ME) over the final three weekghe two six-week periods

Water gain (g/d) Protein gain (g/d)
ME (MJ/kg) 9.7 10.5 11.9 12.9 Mean 9.7 10.5 119 291 Mean
T (°C)

9.9 1.2 3.2 4.0 5.0 3.4 0.3 0.9 11 14 0.9
12.2 -0.5 2.2 3.8 3.3 2.2 -0.1 0.6 11 0.9 0.6
14.8 0.1 15 3.1 4.0 2.2 0.0 0.4 0.9 11 0.6
17.0 -1.6 2.1 3.9 5.6 25 -0.5 0.6 11 15 0.7
19.5 -1.3 0.4 1.3 2.2 0.7 -0.4 0.1 0.4 0.6 0.2
Mean -0.4 1.9 3.2 4.0 -0.1 0.5 0.9 1.1

r.m.s 15.64 (401 d.f.) 1.18 (401 d.f)

Lipid gain (g/d) Ash gain (g/d)

ME (MJ/kg) 97 105 119 129 Mean 9.7 105  11.9 291 Mean
T (°C)

9.9 0.3 0.9 1.4 1.9 1.1 01 03 0.4 05 0.3
12.2 01 06 1.2 1.1 0.7 01 02 0.4 0.3 0.2
14.8 0.0 0.4 1.0 1.5 0.7 00 02 0.3 0.4 0.2
17.0 04 06 1.3 2.1 0.9 02 02 0.4 0.5 0.2
19.5 04 01 0.4 0.8 0.2 01 0.0 0.1 0.2 0.1
Mean 01 05 1.1 1.5 00 0.2 0.3 0.4

r.m.s 1.407 (401 d.f.) 0.149 (401 d.f.)

The initial regression equation that was fitted, geedicting ME intake (kJ/d) as a function of
body weight (W, kg), egg output (EO, g/d), averdgdy gain AW, g/d) and temperature (T,
°C), predicted the ME requirements for egg outma weight gain to be 6.4 and 9.9kJ/g d,
respectively, but suggested that temperature haffact on maintenance requirements of the
birds. Consequently a different approach was usedetermine this effect, in which the
calculated requirements for egg production and frowere first subtracted from the ME
consumed, using the above coefficients, and thairetar was then regressed against W and
W.T. The resultant equation, whex#/ was used, was:

ME = W [379+8.71)-T] + 6.4+0.38) EO + 9.9+1.05) AW (P<0.001, R=50.4%)
and whereAL (g lipid gain/d) was used in place &YV the equation was:

ME = W [379+8.59)—T] + 6.4+0.374)EO + 53.%+5.42) AL (P<0.001, R= 51.3%).
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Temperature had a linear (P<0.001) effect on enexgyired for maintenance, increasing by
1.0kJ AME/d. kg W.°C from 19.5°C to 9.9°C. The ME requirements for eg¢put and
weight gain were 6.4 and 9.9kJ/g d, respectively.

7.4  DISCUSSION

The objective of this trial was to determine howilar breeder females partitioned a fixed
daily allocation of dietary energy between maintere egg production and body growth as

the environmental temperature was decreased be@ 2

Egg production declined linearly throughout thegeunf temperatures used when hens were
fed 11.9, 10.5 and 9.7MJ /kg indicating that theddiwere using increasing amounts of
dietary energy for maintenance as the temperatedingéd, leaving less available for
production, while birds fed 12.9MJ/kg (2000kJ/d) imained their performance at all
temperatures. Low temperatures have no effect gnpegduction in hens fedd libitum
(Emmans, 197y but where energy intake is restricted, as wasdse with hens on the lower
energy allocations, energy would need to be pant#tl differently, the most likely scenario
being that rate of laying would be reduced to acoowhate the higher maintenance
requirement. When fitting a multiple linear regiess to the data the maintenance
requirement appeared unaffected by temperaturadthe WT was not significant), this being
the reason for utilising an alternative approachfitaling the effect of temperature on
maintenance. Once the requirements for egg pramtuetnd growth had been subtracted from
the energy consumed, the remainder was regressaastayyy and WT, and both terms then
yielded regression coefficients that were highggngicant. The decrease in temperature from
19.5°C to 9.9°C increased the daily maintenancainagent by 1.0kJ AME / kg W°C.
Consequences of the reduced rate of laying wereases in lipid reserves and egg weight,
the latter possibly being due to the additionaktitmat the yolk spent in the ovary resulting in
concomitant increases in yolk, albumen and sheaktddy protein consumed in excess of
requirement, resulting from the lower productiompuhd have had to be deaminated and
converted to body lipid, which would explain theselved increase in lipid reserves at the
lower temperatures. It is anomalous that when digieotein intake is adequate but energy is
limiting, egg production ceases, which then resultan overabundance of energy that must

be stored in the body. We have evidence that tkeggrstored in this way is available to the
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bird for later use (Chapter 6) thus egg productr@y continue on low energy intakes, but in

an erratic manner.

The ME requirement for maintenance obtained in #tigly was 364kJ/kg W, or 505kJ/kg
W™ (mean body weight of 3.7kg) at 19.5°C, which wsseetially similar to the value of
534kJ/kg W reported by Balnave (1978b) using caged broileedee hens in respiration
chambers held at 22°C and aged 45 weeks. Howewatuew lower than this have been
reported by Johnson and Farrell (1983) (367kJ/KyWeor 292kJ/kg d) and Spraét al.
(1990) (365kJ/kg W d or 266kJ/kg d) for broiler breeder hens in nestjmin calorimeters at
21°C. Equivalent values published by Rabello (20@%) cited by Sakumora (2004), were
380kJ/kg W' for broiler breeder hens in cage, and 472kJ/Kf WRabelloet al. in press)
with breeders raised on the floor at 21°C. Thergtirement for maintenance of two strains
of laying hen was estimated to be 518kJ/kg W foitevktrains and 410kJ/kg W for brown
strain at 21°C (Emmans, 1974). The higher maintamagquirement found in our study could
be explained by the difference in body compositidrthe birds used. According to Blaxter
(1989), the increment in lipid deposition in matueds provided a decrease in ME for
maintenance because the metabolic ratio in lipidldeto be lower than in other tissues. The
hens used in this experiment had a lower propodifdass metabolically active adipose tissue
relative to metabolically active lean tissue, whichuld explain the higher value of
maintenance ME requirement than in laying hens.aBse of the lack of information about
the body composition of birds used in previous i&sithis could not be tested with previous
data. Another explanation is that birds temporawily of lay will continue to synthesize egg
yolk in ovarian follicles and this will result imaelevated maintenance energy requirement
(Balnave, 1978b). Because broiler breeder henpa@weer layers than egg-type hens, having
shorter prime sequence lengths and therefore naargepintervals (Robinsat al, 1993), the
maintenance ME requirement of broiler breedersikislyf to appear higher than in good
layers. A corollary is that the ME apparently need@er egg production in broiler breeders
may appear to be lower per g of egg output thalaymg hens because part of the energy

incorporated into yolk material may be seen to & @f the maintenance requirement.

The ME required for egg output in the current stueés 6.4kJ/g, which is lower than values
of 8.0 to 13.2kJ/g quoted in the literature, thitedence possibly being due to differences in
apparent efficiency of energy utilisation for egoguction (see above): the energy content of
eggs ranges from 5.6kJ/g (Sibbald, 1979) to 7.5K@pwalibog, 1992), while energy
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efficiencies quoted in the literature range fromt6B5% (Luitinget al, 1990; Chwalibog,
1995) depending upon genotype, bird age, lightiagjepn, egg size and egg composition
(Chwalibog, 1992). Maximum egg output in this tneds about 45g/bird d, which is on target
for breeder flocks of 45 weeks, whereas at peakedwmiler breeders may achieve a mean of
50g egg output/d. The additional ME required fog 8y higher egg output (32.5kJ) would
increase the requirement for egg production to 3&%id d, so for a 3.5kg broiler breeder
laying at this rate and kept at a temperature outl20°C, her ME requirement would be
1275 + 325 = 1600kJ/d.

The results of this research show that at tempestbetween 15 and 20°C broiler breeders
are capable of maintaining egg production on amggniatake as low as 1667kJ ME/d, which
is considerably lower than that recommended by Gabb5)(1840 to 1955kJ ME/bird d). At
energy intakes higher than this, breeders gainedgnivenplying that they were being fed in
excess of requirement, whereas an ME intake of Kb3@E/d depressed performance
significantly, with a concomitant loss in body weig The housing conditions in this trial
make comparisons of maintenance requirements wliffecs birds kept in cages are not as
active as those housed in groups on the floorthmge on the floor are able to keep warm by
huddling together with others. However, the line@rease in maintenance requirement with
a decrease in environmental temperature is likelipd sufficiently accurate for purposes of

modelling the requirements of broiler breederscfad thermogenesis.

It could be argued that body protein and lipid d&fpan, or utilisation, leading to a change in
body weight, should be regarded as being a consequa the nutrients consumed and not as
an obligatory daily process. This being the calke,dalance of ME intake remaining after
accounting for maintenance and egg production wdddconverted into body lipid with
varying efficiencies depending on whether the dietgid was deposited directly as body
lipid or first converted to C@and HO (Emmans, 1994). Changes in the body weight o$ hen
in this trial were measurable, the ME used for Wweigain (9.9kJ/g) being less than that
quoted for laying hens of 18.5, (Dawsal. 1972), 20.9, Emmans (1974) and 23.0kJ/g (NRC,
1994) or for broiler breeders of 31.9kJ/g (Rabe2l@)1). These values differ presumably with
the tissue being formed and because of differeimctse efficiency of ME utilisation for their
growth. The efficiency of energy deposition hasrbesported to be 47% for broiler breeders
and 65% for laying hens (Sakomuea al., in press, cited by Sakomura, 2004) whereas
Emmans (1974) assumed an efficiency of 80% in adimgedietary ME to egg and carcass
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energy. It is unlikely that any body protein is dsped in productive hens; hence gain in
weight in this trial was assumed to be lipid onfhe ME used in depositing lipid was
53.6kJ/g, which was higher than the value of 40@kéported by Spratt al. (1990) for

broiler breeders and 37.8kJ/g reported by Sakorsural. (2003) for breeder pullets, but
similar to the value of 56.6kJ/g found by Sakomataal. (2005) for broilers. Tesst al.

(1984) reported a wide range of values for the ggneost of lipid synthesis (40 to 68kJ/g) in
pigs. The energy cost of lipid deposition depenaghe composition (protein, carbohydrate
and lipid) of the experimental feed and is not astant value; also, lipid from body reserves

may have influenced the energetic cost of lipidadgtmon (Spratet al, 1990).

It appears from this study that broiler breedersadixed daily allocation of dietary energy,
will reduce egg output when faced with an energficacy, which has the result of
increasing lipid reserves when the feed is adeqguapeotein content due to the deamination
of the protein not used for egg production. Thisi#es the hen to build up a reserve of
energy so that egg production can be sustaine@jtadoratically. The additional energy
required for cold thermogenesis amounts to 1.0k EAG W. °C, which should be added to
the maintenance requirement of broiler breedergfeironmental temperatures below about
18°C.

The following chapter deals with the modelling dktchanges in the proportions of the

breeder egg components during the laying period.
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CHAPTER 8

MODELLING CHANGES IN EGG COMPONENT PROPORTIONS
IN BROILER BREEDERS OVER TIME

8.1 INTRODUCTION

Knowledge of the chemical composition of eggs ahgsmlogical processes involved in
yolk and albumen production has mostly been obtaiftem research conducted on
commercial layers. Much of the relevant researahdaoted over the past 50 years has
confirmed the findings of Romanoff and Romanoff 429 in terms of chemical
composition and proportional changes in the compteneith increasing egg weight and
hen age. At a fixed hen age and over a range ofwezights, the weights of all three
components (yolk, albumen and shell) increase gty weight, but albumen increases at
the expense of yolk and shell. As the laying pepaajyresses the component weights also
increase, but in this case the yolk increaseseaexipense of aloumen and shell (Anderson
et al, 1978; Fletcheet al, 1981; Fletcheet al, 1983; Ahnet al, 1997). Because the
nutrient requirements of the hen for egg productimmbased on the amount and chemical
composition of the products being formed, and as ¢dhemical composition of yolk,
albumen and shell differs substantially one from dither, it is essential, when modelling
the response to nutrient intake in the broiler deeehen, to know how the relative
proportions of the components of the egg changb etg size and breeder age. Such
measurements need to be specific to the straiayoid hen being modelled, as significant
strain variation exists with respect to egg comgpmsi(Johnston, 2004). As a result of the
changes that take place in the relative proportadrike three egg components with time, it
is preferable to predict egg weight as the sumhefweights of these three components
rather than predicting egg weight as an entitysTihay be accomplished by predicting
both rate of yolk production and mean yolk weighthwime, and then relating the weights
of the other components allometrically to yolk weigs suggested by Emmans and Fisher
(1986).

Johnston (2004) measured the allometric coeffisianand b for three strains of laying
hen, and then predicted changes in the proporbresyg components during the laying

cycle, using the above theory. Because large éifiggs were apparent in these coefficients
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between laying strains it is likely that even geeatifferences might occur between laying
hens and broiler breeders. Consequently, the abgeot the present study was to predict
yolk weight, to derive suitable values for the dméEnts a and b in the allometric
functions relating albumen weight to yolk weighhdayolk plus albumen weight to shell
weight, and to examine the relationships betweek, y@bumen and shell weights at
different egg weights and hen ages in broiler beeedith the use of a population model.

8.2 MATERIALS AND METHODS

363 and 404 fresh eggs were collected from a fdck200 Cobb and Ross broiler breeder
hens, respectively, housed in floor pens in an dpmrse. Collections were made on two
occasions before 30 weeks, and then every five svidedreafter to 60 weeks of age. All
the eggs were chosen at random from those laicepeXor obviously dirty or cracked

eggs, to avoid possible sampling bias, and stovedhaght at 16°C before the components

were measured.

The method used to determine the weights of theceggponents was that described by
Cotterill et al. (1962), which was reported by Fletcher al. (1981) to reflect low
coefficients of variation and high’Ralues, as well as being easier and faster toperin
the laboratory. The eggs were weighed prior todperoken open. The yolk was separated
from the albumen using a domestic egg separateralttumen was discarded and the yolk
rolled on damp paper towel. Any adhering chalazaeewemoved from the yolk with the
aid of tweezers. Some yolk membranes ruptured duhie procedure and these eggs were
discarded. Only intact yolks were weighed. The tvaives of the shell were carefully
washed to remove the albumen then were left toatlr®l °C for 48 hr prior to being
weighed. The albumen weight was determined by aotiig the yolk and dry shell
weights from the initial whole egg weight. Gengt197) was used for statistical analysis.

8.3 RESULTS
The number of eggs sampled on each occasion oe€&Qthweek period, together with the

mean and standard deviation of each component tyeighin Table 8.1. The proportions

of each component in the whole egg, and the ydikraken ratio, are given in Table 8.2.
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Table 8.1.Mean weights of components of eggs from Cobb apssRroiler breeder hens

over a period of 35 weeks (n=sample size)

Ross

Age Egg weight (g) Yolk weight (g) Albumen weidla) Shell weight (g)
(week) Cobb Ross Cobb Ross Cobb Ross Cobb

25 Mean 50.5 51.5 12.9 12.6 32.9 33.8 4.8 5.0
SD 2.1 4.2 0.9 1.2 1.8 3.2 0.4 0.6
n 30 54

27 Mean 54.6 14.3 35.5 4.9
SD 3.1 0.9 25 0.4
n 49

28 Mean 55.1 14.6 35.4 5.0
SD 2.6 0.8 2.4 0.5
n 30

30 Mean 61.2 57.7 16.5 155 39.2 37.5 5.6 4.7
SD 4.7 4.2 1.1 1.2 3.8 3.4 0.6 0.6
n 13 37

35 Mean 67.8 60.6 18.5 18.8 43.1 36.1 6.2 5.6
SD 3.2 3.7 1.1 1.8 25 2.7 0.4 0.6
n 47 55

40 Mean 71.4 64.7 19.7 19.3 45.2 394 6.5 6.0
SD 4.6 3.0 1.6 1.7 3.4 2.2 0.5 0.5
n 50 56

45 Mean 71.5 67.1 21.6 20.7 43.5 40.5 6.5 6.0
SD 5.6 4.7 2.0 1.9 3.9 3.1 0.5 0.7
n 43 52

50 Mean 73.2 70.4 21.9 21.7 44.7 42.2 6.6 6.5
SD 4.4 6.0 15 1.7 3.8 4.6 0.6 0.7
n 51 58 51

55 Mean 73.6 70.0 22.3 22.8 44.6 41.0 6.7 6.3
SD 3.6 4.8 1.6 2.1 2.9 3.9 0.5 0.5
n 57 43

60 Mean 74.5 22.7 45.1 6.7
SD 5.0 1.6 4.0 0.5
n 42
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Table 8.2. Proportions of components of eggs from Cobb angsRwoiler breeder hens
over a period of 35 weeks (n=sample size)

Age Yolk (%) Albumen (%) Shell (%) Y:A ratio
(week) Cobb Ross Cobb Ross Cobb Ross Cobb Ross

25 Mean 25.5 24.5 65.0 65.7 9.5 9.8 0.393 0.374
n 30 54

27 Mean 26.1 64.9 8.9 0.403
n 49

28 Mean 26.6 64.3 9.1 0.414
n 30

30 Mean 27.0 26.9 63.9 64.9 9.2 8.1 0.423 0.416
n 13 37

35 Mean 27.3 31.1 63.6 59.7 9.1 9.2 0.430 0.523
n 47 55

40 Mean 27.6 290.8 63.2 61.0 9.1 9.2 0.438 0.490
n 50 56

45 Mean 30.2 30.8 60.7 60.3 9.1 8.9 0.499 0.512
n 43 52

50 Mean 30.0 30.9 61.0 59.9 9.0 9.2 0.494 0.518
n 51 58 51

55 Mean 30.3 325 60.6 58.5 9.1 9.0 0.502 0.560
n 57 43

60 Mean 30.5 60.5 9.0 0.505
n 42

Predicting yolk weight

Logistic functions were used to predict yolk weighW, g) from hen age (HA, d) for
Cobb (P<0.001; &81.8%) and Ross (P<0.001%H9.1%) strains, respectively:

YW =-6.227 + 29.3/ (1 + exp (-0.01479(HA - 132)8) (Equation 8.1)

YW =-193.1 + 216.6 / (1 + exp (-0.01121 (HA + 888 (Equation 8.2)
These two equations did not differ significantlyeofiom the other. Consequently, data
were pooled to increase the number of replicatibimyever, once pooled, the logistic
equation gave a poorer fit (74.9%) than a lineafifiyar equation (P<0.001,%882.2%)

so the latter was used to describe this relatign@bguation 8.3), which can thus be used

to predict yolk weight from hen age for the fulyilag cycle for broiler breeder hens.

YW =28.083 + 34.2 / (1-0.01836 * HA) (Equatidrs)
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Figure 8.1 illustrates the actual and predictedti@hships between yolk weight and hen
age for the two strains.
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Figure 8.1 Mean yolk weights for Cobb (O) and Ros8 fiens over a period of 36 weeks,
together with the predicted weight (solid line)

Predicting albumen weight from yolk weight

Using individual egg data, linear regression aredysvere performed ol albumen
weightvs In yolk weight. The resultant allometric coefficieraie shown in Table 8.3 for
Cobb and Ross strains, respectively.
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Table 8.3. Allometric coefficients describing In albumen weatigg) in terms of In yolk
weight (g) (= S.E.) at different ages for eggs et by Cobb and Ross breeders

Age a coefficient b coefficient
(weeks) Cobb Ross Cobb Ross
25 35 2.6 -0.009 0.381
+0.346 +0.321 +0.127
27 2.8" 0.303
+0.421
28 4.1" -0.190
+0.622
30 2.5 3.0 0.417 0.236
+0.526
35 2.9" 3.2" 0.281 0.137
+0.399 +0.324 +0.137
40 2.77 3.7" 0.388" -0.021
+0.365 +0.271 +0.123
45 2.17 27" 0.538" 0.339
+0.412 +0.339 +0.134 +0.112
50 3.6 1.97 0.057 0.588"
+0.524 +0.532 +0.173
55 36" 29" 0.074 0.254
+0.383 +0.493
60 2.17 0.564
+0.574 +0.184
**x P<(0.001 **P<0.01 *P<0.05

The correlation coefficients ranged from 0 to 26.86@ 0 to 17.5% for Cobb and Ross
strains, respectively, indicating weak to moderatationships between the variables. At a
fixed age, there appears to be no consistentaakdtip between albumen weight and yolk
weight, nor was there a significant difference he tesponse in albumen weight to yolk
weight between the various ages. Consequentlyydheand albumen weights for all eggs
measured were pooled per strain and, over the rahgges from 25 to 60 weeks, highly
significant allometric functions for Cobb (P<0.00%=58.0%) (Equation 8.4) and Ross
(P<0.001, R=38.7%) (Equation 8.5) birds, respectively resultgelen regressingn
albumen weight o yolk weight:

In AW = 2.2584 + 0.500th YW (Equation 8.4)
In AW = 2.6998 + 0.325( YW (Equation 8.5)
The slopes and the intercepts of these regressiiffiesed significantly between the two

strains, justifying the use of a different equatfon each strain when predicting albumen

weight from yolk weight.
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Substituting the exponential of constan{2.2584 and 2.6998) and the value of slbpe
(0.5002 and 0.3250) in the following allometric étion y = a.x °, the relationship

becomes
AW = 9.5257 YWP->02 (Equation 8.6)
AW = 14.8768 YWP32°0 (Equation 8.7)

Albumen weight may thus be predicted from yolk vifpr the full laying cycle for Cobb
and Ross hens using Equations 8.6 and 8.7 reselctiv

As yolk weight increased the albumen content insdggl by Ross breeders increased at a
slower rate, and the range in albumen weights wagerd, compared with Cobb eggs
(Figure 8.2).
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In albumen weight
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In yolk weight

Figure 8.2 Allometric relationship between In albumen weigind In yolk weight for
Cobb (solid line) and Ross (dotted line) strainbrailer breeder

Predicting shell weight from egg components weight
Linear regression analyses were performed of I sleght vs.In egg content weight for

the different ages within strains. The resultagressions equations are given in Table 8.4
for the two strains.
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Table 8.4 Allometric coefficients (+ standard error) desantdpIn shell weight (g) in terms
of In egg content weight (g) at different ages@abb and Ross breeders

Age a coefficient b coefficient
(weeks) Cobb Ross Cobb Ross
25 -1.0 1.4 0.663 0.775

+0.660 +0.172
27 -0.6 0.558
+0.213
28 -1.0 0.669
30 -0.7 3.0 0.607 1.1417
+1.07 +0.256 +0.270
35 0.1 -0.5 0.408 0.542
+0.198 +0.220
40 -0.1 -0.8 0.487 0.627
+0.137 +0.258
45 -0.6 2.8 0.587" 1.1117
+0.683 +0.126 +0.166
50 -1.2 1.1 0.730 0.723"
+0.179 +0.137
55 -0.7 -0.02 0.619 0.446
+0.186 +0.163
60 0.5 0.339
+0.156
**x P<(0.001 **P<0.01 *P<0.05

Correlation coefficients ranged from 7.7 to 32.36@ drom 9.4 to 43.7% for Cobb and
Ross strains, respectively, indicating weak to maigerelationships between the variables.
As there were no consistent relationship betweesll sind egg content weights either
within or between ages, the values were pooled avet, the range of ages from 25 to 60
weeks, highly significant allometric functions f@obb (P<0.001, #&70.4%) (Equation
8.8) and Ross (P<0.001%#52.4%) (Equation 8.9) birds, respectively, wereadted:

In SW =-1.610 + 0.832h ECW (Equation 8.8)
In SW =-1.690 + 0.848lh ECW (Equation 8.9)
The slopes and the intercepts of the two straidsndt differ significantly one from the
other. Consequently, data from both strains werelgah the resultant linear function

(P<0.001, R=70.4%) being

In SW =-1.7681 + 0.868k ECW (Equation 8.10)
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Substituting the exponential of the constan{-1.7681) and the value of the slope

(0.8686) in the allometric function y = a®xthe relationship becomes
SW = 0.1707 EC\R/F°8° (Equation 8.11)

Equation 8.11 may therefore be used to predictl steght from the weight of the egg

contents for broiler breeder hens over the fuliigycycle.
Predicting egg weight

Mean potential egg weight (EW, g) may be estiméde@ach genotype by adding together
the predicted yolk, aloumen and shell weights (EquaB.12).

EW=YW + AW + SW (Equation 8.12)

Cobb eggs were larger and contained more albumdnems yolk than Ross eggs (see
Figure 8.3), but eggs of the same size from eadinshad similar amounts of shell
deposited around the eggs. The proportion of yolkhe egg increased by 0.20 and 0.33
over the 35-week laying period whereas the albuamehshell contents decreased by 0.07
and 0.11 and 0.05 and 0.08 for the Cobb and Rassstrespectively.

33 T
32 ~
31 ~
30 ~
29 ~
28
27 A
26 -
25 A
24 \ \ \ \ \ \
150 200 250 300 350 400 450
Age (days)

Yolk (%)

Figure 8.3 Mean observed and predicted yolk proportions igsegf Cobb ¢, solid line)
and Rossk, dotted line) hens over a period of 36 weeks. ieted values obtained from
exponential functions for Cobb (31.709 — 23.2292%0 ~ HA), R = 50.0) and Ross (33.8
— 34.44 (0.99237 " HA), 64.0), respectively
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Using the predicted egg weight and component progos in a population model

The mechanistic, stochastic population model of pggduction designed by Johnston
(2004) for laying hens was adapted for broiler ezehens (unpublished data, 2006). This
model may be utilised to predict, stochasticallglky aloumen and shell weights, and

hence egg weights for hens of different strainsagek.

Using the parameter estimates and CV’s in Tabler&Bmnally distributed values of yolk,
albumen and shell for 100 broiler breeder hensachestrain over a period of 35 weeks of

lay were simulated.

Table 8.5Parameter estimates and CV’s used in the popolatimdel

Parameters Value CV
Age at photostimulation (APS, d) 140 -
Length of final photoperiod (P, h) 16 -
BW at photostimulation (BWPS, g) 2200 -
BW at 20 weeks (BW20, g) 2200 -
Time the lights are turn off (h) 22 -
Age at first egg (d) after Lewis and Morris ~ 440.5 — 1.256 APS + 2.18RPS — 9.229" 0.04
(2006b) APS’ — 0.0402 BWPS + 1.208BWPS - 0.035
BW20 - 1.616 P

Double yolk -

Less than 2% to 30 weeks -0.00291 + 75438 (0.946532%) -

More than 2% to 30 weeks 0.576 + 3734 (0.96 2942 -
Soft shell -

Less than 3% to 30 weeks  -6.36 - 4.509 /(1- 0.08%4én Age) + 0.01607 -

Hen Age
More than 3% to 30 weeks -10.55 - 8.45/ (1- 0.980den Age) + 0.02544 -
Hen Age
Yolk weight (YW, g) 28.083 + 34.2 / (1-0.01836 * hAge) 0.05
Albumen weight (AW, g)
Cobb 9.5257 YW 0.05
Ross 14.8768 YW 0.05

Shell weight 0.1707 EC\W®%® 0.02

Values obtained for the proportions of yolk, albunaad shell in eggs at 40 weeks of age

are illustrated in Figures 8.4 to 8.6.
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Figure 8.5 The positive relationship between proportion dfuahen and egg weight for a
simulated flock of 100 Coblm} and Ross (x) hens at 40 weeks
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Figure 8.6 The relationship between the proportion of shrethie egg and egg weight for a
simulated flock of 100 Cobm} and Ross (x) hens at 40 weeks

Using hen age as the basis, the yolk, alboumen hell weights for both strains were
predicted over the entire laying period and themrsed to obtain a predicted egg weight
for age for both the Cobb and Ross strains. Theedigted weights are illustrated in

Figure 8.7 together with the mean weights measured.
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Figure 8.7 Mean observed and predicted egg weights for Cabbdlid line) and Ross(

dotted line) hens over the laying period
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8.4  DISCUSSION

This exercise forms part of a project to model #fect of nutrient intake on egg
production of broiler breeders. Because the commisnef the egg differ in nutrient
content, and because the proportion of these coemerchange over time, the daily intake
of nutrients required to produce an egg will albargge with time. Such information is
essential when attempting to determine the nutresirements of a broiler breeder hen at
different stages of lay, and in predicting perfont@when the hen is supplied with a given
amount of feed of a given nutrient composition. Than objective of this exercise was
thus to produce some means of predicting the clsatinge occur in the weights of the egg

components in broiler breeders over the layingqokri

The curvilinear relationship between albumen wemyd yolk weight for Cobb and Ross
strains means that as hens age and yolk weigheases, albumen weight also increases
but at a decreasing rate. Similarly the curvilinedationship between shell weight and the
weight of the egg contents means that with advanege and increasing yolk plus
albumen weight, shells gradually become thinnerabse shell weight also increases at a

decreasing rate.

Whereas the relationship between yolk and albureeeasonably strong when data from
the entire laying period are pooled, at a fixed #gere appears to be no consistent
relationship between these two components. Yollglatas known to vary according to the
position of the egg in a sequence; the first oosdceggs usually containing the largest
yolks (Gilbert, 1972). The amount of albumen semtetround the yolk during egg
formation presumably varies between individuals fioth egg to egg. It is not surprising,
therefore, that the proportions of the two compdsere inconsistent at a given age.
Similar results have been found for laying hendigdton, 2004). Both albumen weight
and shell weight may be predicted using allomefinicctions (such as those given by
Equations 8.6 and 8.8 for Cobb hens, and 8.7 a&do8.the Ross strain). Equation 8.3
may be used to predict yolk weight from broiler dier hen age so that yolk weight
increases with age, and some degree of variation meaintroduced when modelling a
population of hens, the result of which is welligtrated in Figures 8.4 to 8.6. These results
present convincing evidence that the proportionyadk, aloumen and shell of the egg

change with egg weight and hen age.
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The population model appears to be capable of giadiboth the weights of the three
components and their relative proportions at eaghas well as changes in the weights,
when the allometric functions are used to predictimen weight from yolk weight and

shell weight from the weight of the egg contentsaAixed age, the absolute weights of all
three components, yolk, albumen and shell increesesgg weight increase and the
proportion of aloumen increases (Figure 8.5) atetkgense of yolk (Figure 8.4) and shell
(Figure 8.6); i.e. amongst the eggs collected fhwaoiler breeder flocks on a given day the
larger eggs are likely to have proportionally maumen. However, as the hens
proceeded further into the laying period, the yallbumen ratio increased steadily,

indicating the greater proportion of yolk containedhe eggs from older hens.

When yolk weight is low, Cobb eggs contain lessualbn than do Ross eggs, but as yolk
weight increases, eggs from Cobb breeders contaigher proportion of albumen. This
may have implications for the growth of embryosthe egg. From the large differences
apparent between the two strains it would appebetessential that the parametendb

are established for each strain in order to imprtwe accuracy of model prediction

between strains.

An egg component analysis similar to that condudtetk was performed by Johnston
(2004) using three commercial laying strains, ngmAmber-Link, Hy-Line Silver and
Hy-Line Brown. Eggs from broiler breeder hens asasiderably larger, with heavier yolk
weights than those from these laying strains (188dproiler breederss 16.9, 15.5 and
14.6g for Amber-Link, Hy-Line Sylver and Hy-Line &w~n, respectively, at 40 weeks) but
allometric functions with appropriate parameteruesl are as effective in estimating egg
component weights in the laying strains as in thaldr breeder strains used in this
exercise. It is interesting to note the similamtyshell weight between broiler breeder hens
and laying hens over the laying period.

The simulation model reflects realistic egg and ponent weights for breeders of a given
age and over the laying period, which may thus $eduwith confidence to predict the
nutrient requirements of hens of a given straire thallenge that remains is to predict the

consequences of an inadequate nutrient intake @mweght and rate of lay.

The following chapter deals with the developmenthef Breeder Model.
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CHAPTER 9

MODELLING THE NUTRIENT REQUIREMENTS AND PERFORMANCE OF
BROILER BREEDERS AFTER SEXUAL MATURITY: A DESCRIPTI ON

9.1 INTRODUCTION

The requirement of a broiler breeder during thenigyperiod for energy and each of the
essential nutrients is a function of the poteneg@roductive performance of the bird, of its
state, and of the environment in which the birkept. These requirements will differ
among the birds in a flock, as will their daily tbintakes, and consequently the task of
designing feeds, feed allocations and feeding sdhedhat will maximise profit on the
varied broiler breeder farms on which the feedstaree used, is extremely difficult. The
Breeder Model described in this chapter is a coemnméd, mechanistic, stochastic and
dynamic approach to the evaluation of the effetgemotype, environment and feed on
both the requirements and performance of broileetbers during lay, designed to assist in
achieving more efficient feeding of these birds.

Simulation modelling is used here to support thedewstanding of the nutrient
requirements and performance of broiler breedersgluhe laying period. The factors of
consequence in determining nutrient requirements hody protein weight, for
maintenance, and egg output. The obligatory grawthody protein weight of hens after
laying their first egg is assumed to be negligilalied, in relation to the resources needed
for maintenance and egg production, can probabigtheed (Emmans and Fisher, 1986).
Daily requirements for maintenance and egg prodocéire simulated using information
about the environment (mean daily temperature) atiee at sexual maturity, body protein
and lipid weights at the start of lay, the pattefnlaying including mean clutch length,
prime sequence length and the rate of decay iratieul rate, and the relationship between
yolk weight and age. Daily nutrient intake is definin terms of dietary protein and
digestible amino acid content, dietary effectivergy and daily food allocation. Outputs
provide information on potential and actual eggpatt(rate of laying and egg weight),
both daily and weekly, for individuals and for flkecof breeders, with respect to yolk,
albumen and shell weights, body lipid depositiod #re current state of body protein and
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lipid. Outputs also include daily body weight, tlmiting amino acid in the feed, actual
food consumption, heat production, income, expeneliand margin.

This chapter describes how the Breeder Model fanstiand the processes and algorithms
employed. The model was initially developed in M&oft Excel 2000 for one bird over a
seven day period, and later it was rewritten in BHL C++ to simulate any number of
birds over a defined period of up to 30 weeks yn ehe programming language DELPHI
was used to facilitate model operation, especsiged, through a user-friendly interface.
The Breeder Model is available on the CD at thekbafcthe thesis, together with a
description of how to load the programme. This mgrsvill be available to you for a one-
year period. For any further information, pleasataot the programmers through the EFG

Software web site (www.efgsoftware.net).

9.2 DESCRIPTION OF THE GENOTYPE - POTENTIAL EGG OUT PUT

A laying bird may be characterised genetically ibg parameters, namely, mature size and
mature body lipid content, potential age at sexuoalurity, potential rate of laying and egg
weight over a given laying period. Potential eg¢pati (rate of lay x egg weight), which is
expected to change over time, is defined as theimam® egg output that the hen can
achieve when given perfect nutritional and husbadnditions. An egg is described as a
mixture of yolk, aloumen and shell, the compositadrwhich will change with time and
genotype, but which may be predicted from allonsetglationships with yolk weight.
Hens lay an egg daily for a number of consecutiagsdefore pausing for one or more
days,i.e. hens lay in sequences or clutches. A number of ldeydlk and soft-shell eggs
may be laid during the laying period, reducing thial number of settable eggs. Internal

ovulations take place randomly, disrupting ovipiosit

9.2.1 Mature size

The mature size of a broiler breeder should berdestin terms of body protein weight.
Model inputs required to determine the state ofing at the start of the simulation period

(body protein weight, B§ g) are initial body weight (BYV g) and initial body protein
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content (BPG %). Similarly, initial body lipid weight (BL. g) is calculated from BWand
the initial body lipid content (BLG %) (model input), (Equations 9.1 and 9.2).

BP, = (BPG * BW;) / 100 (Equation 9.1)

BL; = (BLC; * BW;) / 100 (Equation 9.2)

There is a need to ensure that, during the layargpg, body lipid weight is not depleted
below some realistic value. The Breeder Model agsuthat birds need a minimum body
lipid weight (MBL, g) equivalent to a certain pration of body weight (@GgL, %),

(Equation 9.3). The default\g. value is 11% (see Chapter 6) and may be changéakeby

user.

MBL = (CygL * BW) / 100 (Equation 9.3)

It is assumed in the Model that lipid in excessMBL may be used as an energy source,
and that the bird will attempt to use this excespreference to dietary energy as a means
of returning to the genetically determined lipidpi@tein ratio in the body. The body lipid
in excess of MBL is termed a lipid reserve (BLR,)Mad is calculated using MBL, BLR
and the gross energy content of lipid (Q#&J/kg), (Equation 9.4).

BLR = (BL — MBL) * GE (Equation 9.4)

where GE= 39.6 MJ/kg (Emmans, 1994).

If body lipid weight is equal to, or less than, téeimum body lipid weight then the lipid

reserve is zero (Equation 9.5).

If (BL-MBL) *GE <0
then BLR =0 (Equation 9.5)

It is assumed that there is no obligatory incrdasieody protein weight once the broiler
breeder pullet has reached sexual maturity, eveheifbird has not yet reached somatic
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maturity, and that any increase in body weight thaturs thereafter is due to an increase
in body lipid content. Changes in body lipid conteare assumed to occur almost
continuously, due to the need to deal with exceasdsshortages of dietary energy brought

about by differences in energy intake and energyirements for egg production.

9.2.2 Predicting age at sexual maturity

The starting point when modelling egg productionwti be the prediction of mean age at
first egg, based on the treatment applied durigimg (Johnston and Gous, in press). A
model for the prediction of age at sexual matu(®yE, days) following a constant

photoperiod or a single change in photoperiod f&to 16h for broiler breeders has been
proposed by Lewis and Gous (personal communicatiopress), and this model is used

here to predict AFE.

AFE for birds maintained on a constant photopefioth hatching may be calculated from

the following equations (Lewis and Gous, in press):

P<10h y = (202.5 - 1.15 P) — (BW — 2100) * 0.02)  (Equation 9.6)
10h<P<13h y = (191 + 23.7 P) — (BW — 2100) * 0.02 (Equation 9.7)
P>13h y = (214.7 - 0.76 P) — (BW — 2100) * 0.02)  (Equation 9.8)

where P = photoperiod (h) and BW = body weightGaiv2eks.

When broiler breeders are exposed to a constartopéieod from hatching they reach
sexual maturity about 1d earlier for each 1-h longeotoperiod up to 10h (Figure 9.1),
and this rate is similar to that observed in egedynotypes of egg-type hybrids (Levés
al., 1998), but only a quarter of that reported fardern egg-type stock, where selection
for egg numbers has accelerated sexual maturpuliets reared on 8 to 10-h days but not
in those reared on very short days (Lewis and MpR005).
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Figure 9.1. Mean age at first egg for broiler breeders weighvegween 1.9 and 2.4 kg
body weight at 20 weeks of age and maintained aisteot photoperiods from 2d of age
(o, A, A Lewis et al.,, 20031, m Lewis et al., 2004a) and mean age at initial semen
production for broiler breeder males weighing 2g9ak 24 weeks of age (Renden et al.,
1991). Differences among trials were removed bgtleguares analysis. The broken line
shows the response of early egg-type hybrids (Letved., 1998a) and the dotted line the
response of modern egg-type hybrids to constantopkeaods (Lewis & Morris, 2005)
(Lewis, 2006a).

When broiler breeders are given photoperiods betvi€eand 13 h, age at sexual maturity
(ASM) is markedly delayed, with birds maintained ® h maturing between three and
four weeks later than birds held on 10 h. Thereaftaturity is advanced by about 0.8 d
per 1-h of photoperiod (Lewi al., 2004). The responses to photoperiods longer 16an

are in complete contrast to those of egg-type kiylamd show that broiler breeders exhibit
photorefractoriness, which is a natural phenometi@t prevents animals becoming

sexually acive when the ensuing environmental dmrdi are inopportune for successfully
raising offspring.

AFE for birds transferred from 8 to 16h may be gkited by Equation 9.9.
y = (177.87 — 0.0152 BW) + 0.360 t (Equatio®)9

where BW = body weight at 20 (g) weeks and t =atgeansfert (days).
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The model in Figure 9.2, created using data frombiRsonet al (1996), Joseplet al
(2002), Lewiset al (2003), Ciacciariello and Gous (2005), and unigshield data from the
University of KwaZulu-Natal that had been adjusteddifferences among trials by least
squares analysis, shows that broiler breedersféraad from 8 to 16 h before nine weeks
of age respond as if they have been reared onamin$6-h days and so mature three
weeks later than birds maintained on 8 h. The maldel predicts that a flock will be about
19 weeks of age before all individuals are respant an increase in daylength, though
the earliest mean ASM following photostimulationllwoccur at about 18 weeks.
Thereatfter, the stimulatory effect of a transfertlé h decreases by 0.36 d for each 1 d
delay in photostimulation until, about 10 d befahe latest maturing birds of a flock
spontaneously starts egg productien30 weeks), none of the birds is responsive. It is
asumed that the age at which individuals dissigattetorefractoriness and become
responsive to an increment in photoperiod formsoamal distribution, and that the
proportion of sensitive birds may be calculatedhgsa mean of 98 d and a standard
deviation of 13.2 d. The proportion of birds matgrispontaneously in response to an 8-h
photoperiod forms a normal distribution with a mean221 d and a SD of 9 d, and
constant 16-h birds mature 19 d later than con&dmbirds.
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Figure 9.2 A model for mean age at 50% egg production forlerdireeders weighing
about 2.1-kg body weight at 20 weeks of age antstesred at various ages from 8- to 16-
h photoperiodsa [Shaver Starbro] Robinson et al., 199§Ross] Joseph et al., 20024;
[Cobb 500] Lewis et al., 20033, o [Ross] Ciacciariello & Gous, 200%; [Cobb 500]
unpublished data, University of KwaZulu-Natal)(Lew2006a)
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9.2.3 Potential rate of laying

Compared with laying hens, broiler breeders layaximately half as many eggs and have
a higher instance of defective eggs (@tual, 1992). As the demand for growth potential
increases, it becomes more difficult for parenclktto reproduce effectively. A critical
time in the life of a broiler breeder hen is theipa from photostimulation to its peak of
production. During this time the number of largdow follicles may be affected by age at
photostimulation, feeding levels and body weighog¢king, 1996; Renemat al, 1999).
Hens that lay earlier than desired or are overdadsing excessive follicular development,
would show reproductive anomalies that includeptaduction of defective eggs (double-

yolked and poor shell quality) and internal ovidas.

The mechanistic, stochastic population model of pgmduction designed by Johnston
(2004) for laying hens was adapted here for brditeeder hens to predict the rate of egg
production of an individual or a theoretical flook broiler breeders during the laying
period, including occurences of double-yolked araft-shelled eggs and internal
ovulations. The rate of egg production in a hendéermined by the length of her

oviposition sequences and by the number and duarafithe pauses.

9.2.3.1Internal cyclelength

Internal cycle length is described as the lag bebhnsiccessive ovulations and is predicted

from the function given by Emmans and Fisher (19@5juation 9.10).

ICL =ICLo— Lag + 1/ ((1/Lag) — kt) (Equation 9.10)

where IClg = internal cycle length at first egg, k = a de¢agtor,and t = time from first

egg, in days.
Hens that lay very long sequences usually have steoyt follicular maturation rates of 24

hours or less, while hens that have slow ratesobictilar maturation, between 26-28

hours, lay short sequences of 2 to 3 days in durditches, 1990).
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If the bird’s internal cycle length is less thae #xternal cycle length (EXCL) (usually 24
hr), rate of lay (R) is given by Equation 9.11.

R =24 /EXCL (Equation 9.11)

If the internal cycle length is greater than exééroycle length, rate of lay is given by
Equation 9.12.

R=Lag/ ((ICL-EXCL) (1 + (Lag/ (ICL — EXCL)))) (Equation 9.12)

Johnston (2004) pointed out that these functioggested by Emmans and Fisher (1986)
allow a decrease in egg production with advancieg age, but they do not permit the
simulation of shorter egg sequences produced byyrhans at onset of lay. In order to
reproduce these, the internal cycle length neethe tonger than 24 hours initially, before
decreasing with advancing time from first egg téobethe daylength and subsequently
increasing above 24 hours. The required curvilisbape may be adequately simulated for

broiler breeders with the use of the following Hpleis-exponential equation:

ICL = 23.05 + 2.485 (0.98082 " t) + 0.0222 t qu&tion 9.13)

where t = time from first egg, in days.

The trend given by these functions is shown in Fagu3.

0 30 60 90 120 150 180 210
Time from first egg (days)

Figure 9.3 The change in internal cycle length over timedpmted from Equation 9.10
(dashed line, ICy.= 23.5 h, lag = 8.5 h, k = 0.0001) and EquatidiB89solid line). The
bold line represents the 24-hour daylength.
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To introduce variation in the rate of change ireinal cycle length within a population,
coefficients of variation of 0.5% and 1% are usedénerate normal distributions for each
parameter in Equations 9.Hhd 9.13, respectively. The rate of ovulation afividual

hens within a population will then differ. The rateovulation for breeder hens using the

internal cycle length illustrated in Figure 9.3 ah®wn in Figure 9.4.
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Figure 9.4 Predicted ovulation rate for breeder hens usirg ititernal cycle length
illustrated in Figure 9.3. The bold line represeatsate of lay of 100%. Because the
internal cycle length in each case is longer tharh@urs, the ovulation rate is less than

100%.

9.2.3.2Predicting time of lay

Time of lay, oviposition time, is predicted as fayers (Johnston, 2004). It is assumed that
oviposition occurs roughly half an hour before tiext ovulation, with a range of seven to
75 min (Fraps, 1955). A normal distribution of owgition-to-ovulation intervals is
produced, for example with a mean of 30 minutes amdefficient of variation of 30%,
which would result in a range of intervals froma@rto 57 minutes. A different method is
used for predicting the time of lay for the lastgegf a sequence, since there is no
associated ovulation. A lag value is added to thpasition time of the penultimate egg.
The lag is influenced by the sequence length: tiweter the sequence, the greater the lag

value, and is calculated from a linear-by linearction (Equation 9.14).

y=175-0.9/(1-1.969 x) (Equation 9.14
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where y = lag between the last two ovipositiong gequence, in hours, and x = ovulation
rate.

9.2.3.3Double-yolked eggs

Double-yolked eggs, as simulated here, are thdtrefsiine simultaneaous ovulation of two
follicles in the hierarchy. The proportion of adloexpected to lay double-yolked eggs is
assumed to be 36% for all strains, being the véduad by Johnston (2004) for laying
hens. The user may select one of three rates aluption of double-yolked eggs: zero,
low (less than 2% to 30 weeks of age) or mediumrénioban 2% to 30 weeks of age), the
latter two being represented by exponential fumstioEquations 9.15 and 9.16,
respectively). It is assumed in the model thatlerdireeders produce a maximum of 2.3%
double-yolked from 19 to 29 weeks of age @fwal, 1992)

DY = -0.00291 + 75438 (0.940345 ~ HA) (Equation 9.15)

DY = 0.576 + 3734 (0.962421 " HA) (Equation).

where DY = % double-yolked eggs and HA = hen ageéaiys.

The trends given by these functions are illustratefeigure 9.5.

Double yolk (%)

25 30 35 40 45 50 55 60
Age (weeks)

Figure 9.5 An illustration of the relationship between thepegted occurrence of double

yolked eggs (low , medium ------ ) and brobeeeder hen age
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9.2.3.4Soft-shelled eggs

Soft-shelled eggs occur in young hens, especiaignyphotostimulated early, and in older
birds as the absorption of dietary calcium andiiigsation for shell formation become less
efficient (Hansenret al., 2003). In the model it is assumed that 32% of toekf will
produce soft-shelled eggs at some stage of thedageriod, this value having been
obtained from experimental trials done with layimgns (Johnston, 2004). Two quadratic
by linear functions are used to predict the peragatof soft shells for broiler breeders of
all strains. The user can select between low (lems 3% to 30 weeks) (Equation 9.17) or
medium (more than 3% to 30 weeks) (Equation 9.a®srof soft shell production for the
simulated flock. It is assumed that broiler bresdamoduce 4.5% soft shells from 19-29
weeks of age (Yet al, 1992).

SE = -6.36 - 4.509 /(1- 0.009463 HA) + 0.01607 HA (Equation 9.17)

SE =-10.55 — 8.45 / (1- 0.010099 HA) + 0.02544 HA (Equation 9.18)

where SE = % soft-shelled eggs and HA = hen aggays.

The trend given by these functions are shown infe®.6.
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Figure 9.6 Relationship between the expected proportion fifsdeelled eggs (low :

medium ----- ) and broiler breeder hen age
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9.2.3.5Internal ovulations

Internal ovulations occur when the hen ovulates #ed yolk, instead of entering the
infundibulum, falls into the body cavity. The freepcy of internal ovulation has been
estimated in laying hens by studying sequence atadaoviposition times (Johnston, 2004).
A similar trend was adapted here for broiler bregdand it assumeasat more internal

ovulations occur at onset of sexual maturity andatols the end of lay, due to some
asynchrony between ovary and oviduct. The propomioeggs ovulated internally at each

age is estimated using a linear plus exponentizton, (Equation 9.19).

IO =-189.7 + 200 (0.99899 * HA) + 0.142 HA (Etjon 9.19)

where 10 = % internal ovulation and HA = hen agedays.

While the proposed functions are useful for modgllpurposes, it must be remembered
that strain, nutrition, lighting programme and atfators influence the frequency of these
irregularities in egg production (Johnston, 20@2jle Model has been designed to enable

the user to adjust these frequencies.

9.2.3.6Sequence length

Eggs are laid in sequences of one or more eggsglesice is defined as consecutive daily
ovipositions separated by a pause of one day oe nmoduration (Etches, 1990). As a
starting point the model assumes that 0.65 of lttek fhave one pause 78% of the time, or
two pauses 22% of the time, that 0.23 of the flbeke two or three pauses, 0.09 of the
flock have three or four pauses, and that 0.0Jeffiock have four or five pauses. This
gives a mean pause length of about 1.6 d, whidn igccordance with the finding of
Robinsonet al (1990). The method creates a small number of govducing hens with

frequent long pauses.

Egg production rates are positively correlatechilength of the prime sequence, i.e. hens
that are laying at high rates lay long sequencesbifi®on, 1993). The predicted mean
sequence length is initially short at onset of lagught about by the quadratic-by-linear
function used to predict changes in internal cyelgth. The longest sequence, or prime
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sequence, is seen in broiler breeders at aboutegkswof age and is nine eggs in length
(University of KwaZulu-Natal),which is less than the 20 eggs sequences found by
Robinson (1992) (Figure 9.7).

10

Mean sequence length
(days)
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Time from first egg (weeks)

Figure 9.7 The predicted mean sequence length for a theatdtark of broiler breeder

hens photostimulated at 20 weeks.

This graph does not reveal the considerable vanaimong individuals. Figure 9.8

illustrates that a stochastic model may succegsiattoduce the required variation. The
top third of the flock in terms of performance lmasnaximum mean sequence length of
12.8 eggs, compared to 5.3 and 7.7 for the midaliiebattom thirds, respectively.

Mean sequence length
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Figure 9.8 The predicted mean sequence lengths for a theakdlock split into thirds

according to their performance; top third (soliekel, middle third (dotted line) and bottom
third (bold line).
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9.2.4 Predicting potential egg weight

Egg weight in the model is predicted as the surthafe components; yolk, alboumen and
shell. This is done for two reasons: because thapooent proportions change with
increasing age (eggs contain proportionally mork ymd less albumen as the hen ages,
see Chapter 8), and because the amino acid andyenentents of yolk and albumen
differ, thus altering the amino acid and energyunegfl per g egg. The parameters for
Cobb and Ross breeders (Chapter 8) were used dciptiee potential yolk, albumen and
shell weights in the Breeder Model.

Potential yolk weight (YWo, g) is predicted from hen age (HA, d) using thkofeing

linear-by-linear function:

YW ot = 28.083 + 34.2 / (1 — 0.01836 * HA) (Equatmao)

Potential aloumen (AW, g) and shell (SWy, g) weights are then predicted using the
allometric functions defined by Emmans and Fisié86):

AW ot = @ YWt ™ (Equation 9.21)
SWhot = & ECW"? (Equation 9.22)

where ECW = the weight of the egg contents, yolksphlbumen (g). Table 9.1 gives
suggested values for the parameteasidb in equations 9.21 and 9.22.

Table 9.1Estimates of the parameter values used in thenatiac functions for predicting

potential albumen from potential yolk weight an@lskveight from egg content weight.

Strain & b1l
Cobb 9.5257 0.5002
ROSS 14.8768 0.3250

a b2
Cobb 0.1707 0.8686
Ross

Mean potential egg weight (EW, g) is then estimdteth Equation 9.23.
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EWpot = YWpot + AWpot + SWhot (Equation 9.23)

80

Egg weight ()

50 — ‘ ‘ ‘ ‘
0 10 20 30 40
Time from first egg (weeks)

Figure 9.9 The predicted mean egg weight for a theoreticakflof Cobb (solid line) and

Ross (dotted line) birds photostimulated at 20 week
9.3 PREDICTING NUTRIENT REQUIREMENTS

The previous sections have shown that from a dagmmi of the genotype and state of the
bird, the rate of egg production can be predictdte next problem is to calculate the
energy and amino acid requirements of the birckeims similar to those used to describe
the feed, in order to predict the desired and aéted intakes.

9.3.1 Effective energy system

Emmans (1994) showed that the metabolisable en@if) scale is not a sufficiently
accurate means of describing the energy contena déedstuff, as it is unable to
differentiate between the efficiency of utilisatiohthe energy emanating from the three
digestible components of protein, lipid and carlblaye, nor does it take account of the
effect of indigestible organic matter on the eneaggilable to the animal from the feed.
The energy scale proposed by Emmans (1994), whicbuats for the above deficiencies,
is known as the effective energy (EE) scale arittésenergy system used in the Breeder
Model.
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9.3.2 Effective energy content of a feed

The effective energy content of a feed is derivennfthe following equation (Emmans,
1994):

EEC = ME,— Wg. FOM — 0.16. w. DCP + k. DLIP. (w— w) (Equation 9.24)

where EEC = effective energy content (kJ/g), ME ME corrected to zero nitrogen
retention, i.e. ME — a. DCP (kJ/g), FOM = faecaldigested) organic matter (g/d), DCP =
digestible crude protein, (g/d), DLIP = dietaryidigg/kg), wy = work done in defecation,
w, = work done in excreting nitrogen, wwork done in depositing lipid from feed protein
and carbohydrate, W= work done in depositing lipid directly from feégdid, and k = w

as a proportion of total body lipid deposition, v&/(w; + wy). Substituting values from

Table 9.2 gives:

EEC = ME,— 3.8. FOM — 4.67. DCP + 12. k. DLIP (EquatioR)

Table 9.2 Estimated values of coefficients used in the Beeddodel (after Emmans,
1994)

Description Value Unit
a 34.4 kJ/g nitrogen
Wy 3.8 kJ/g FOM
Wy 29.2 kJ/ (g 0.16. DCP)
w 16.4 kJ/g lipid deposited
Wi 4.4 kJ/g lipid deposited
k 0.3 -

The variable k varies between zero, when thereoisipid deposited directly from feed
lipid, to one, when all dietary lipid is deposited body lipid. The value will vary
according to the composition of the feed and thgéesdf the animal. A constant value of

0.3 was assumed here.

The Breeder Model is linked directly to the feednfalation program, WinFeed, which
uses the above equation to determine the EE coofeatformulated feed. Examples of
values for ME, DCP, DLIP, FOM, and hence EE, iy@idal broiler breeder feed used in

South Africa at present are given in Table 9.3.
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Table 9.3 Suitable parameters assigned for a typical brdileeder diet fed during the

laying period
Parameters Value Unit
Metabolizable Energy (ME) 11.2 MJ/kg
Digestible Crude Protein (DCP) 129 o/kg
Dietary Lipid (DLIPID) 25 o/kg
Faecal Organic Matter (FOM) 216 o/kg
Effective energy (EE) 9.7 MJ/kg

The energy scale used to determine the energyrooitéhe feed is also used to calculate

the energy requirements of a breeder for maintemand egg production.

9.3.3 Effective protein and digestible amino acids

The scale on which the protein and amino acidsireduy the bird are measured, and on
which the protein and amino acids in the feed ascdbed, must be the same. The
Breeder Model expresses these in terms of digbtibA certain amount of inefficiency
exists when dietary digestible amino acids are eded into egg protein, with the result
that ideal protein requirements need to be adjudiefbre being stated as actual
requirements. The efficiency of conversion of digtamino acid to egg protein for laying
birds has been calculated to range between 0.40&%(McDonald and Morris, 1985;
Bowmaker and Gous, 1991). In this model allowarscenade for possible differences in
net effciency between amino acids for egg producdaod maintenance by allowing the
user to change these values. The default efficisatyes are 0.85 for egg production and
1.00 for maintenance (Fisher, 1998). Digestibleranacid requirements are calculated for
arginine (arg), histidine (his), isoleucine (il8ucine (leu), lysine (lys), methionine (met),
phenylalanine (phe), threonine (thr), valine (vafjethionine + cystine (met+cys),

phenylalanine + tyrosine (phe+tyr) and tryptophap)(

Feeds are defined in terms of their contents afcéiffe energy, digestible (or effective)

protein and digestible amino acid contents.
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9.3.4 Predicting maintenance requirements

Energy, protein and amino acids are required t@lgupe mechanisms and functions that
maintain a bird in its current state. The problenoi quantify the rate at which a bird needs
to be supplied with each of these nutrients comsiddts existing state and its genotype.
These considerations are taken into account by Hrenznd Fisher (1986) in their
adaptation of Taylor's (1980) size scaling rule,ichhgives the following equation to
predict effective energy (EE MJ) (Equation 9.26), effective protein (§Rj) (Equation
9.27) and digestible amino acids (AAmg) (Equation 9.28) requirements for maintenance
of the feather-free body protein weight:

EE,=m *BPnf"**u (Equation 9.26)
EPn=m*BPnf"3*y (Equation 9.27)
AAn=(a*m*BPn"3*u)/ e, (Equation 9.28)

where m = nutrient requirement per maintenance (Mi/’kg, g/kg or mg/kg), BPm =
mature body protein weight (g/kg), u = P/Pm = degoé maturity in body protein, a =
coefficient of amino acid for maintenance (mg/kgidag, = efficiency of amino acid
utilisation for maintenance. For simplicity the béder hen is considered to be at its mature
size so that u is equal 1. The estimated valuem afre 1.63 MJ/(PRT? for effective
energy and 0.008 kg/(Prf) for effective protein (Emmans, 1988). The amirmda
composition of ideal protein for maintenance isuassd to be the same as body protein
(Fisher, 1998) and,gs assumed to be equal to 1.

Measurement of total heat production includes thergy required for maintenance, and
the energy spent in response to changes in enveonniihe major environmental factor
that influences heat production is temperature aBse of a lack of literature on the effect
of high temperatures in restricted laying birdg Breeder Model is not programmed yet to
evaluate the effect of high temperatures on eitiier nutrient requirements or the
performance of broiler breeders. Under cold coodd#j when heat production is
insufficient to match the demand of the environm#m bird increases its heat production

and less energy is available for productive purpo$ée restricted bird needs to partition
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energy differently,reducing rate of laying to accommodate the higheaintenance
requirement (Chapter 7). A decrease in temperdtane 19.5°C to 9.9°C will increase the
daily maintenance requirement by 1.0 kJ AME /kg yoadeight per degree Celsius
(Equation 9.29).

f9.9<T<19.5
then ER, = EE, + ((T * BW) * 10"-3) (Equation 9.29)

with T = 19.5 —T in degree celsius,andy F actual room temperature, in degree Celsius.

The maintenance requirement for energy, proteira atigestible amino acid is given

priority over these requirements for egg production

9.3.5 Predicting the requirements for yolk and albmen production

The amount of energy required to produce yolk (B#J) and albumen (Ef, MJ) is
calculated as the product of the energy containeshch of these components (GBEd
CEEun, MJ/kg) and their respective weights (YW and AW, (&quations 9.30 and 9.31).
EE, = CEE * YW /1000 (Equation 9.30)
EEap = CEER * AW / 1000 (Equation 9.31)
where CEE = 25MJ/kg yolk and CEf = 3.6MJ/kg albumen (Emmans and Fisher, 1986).
The protein required for yolk (§Pg) and albumen (ER, g) production is calculated as
with the energy required, namely, as the produt¢hefamounts of protein required (GEP
and CERp, kg/kg) and their respective weights (YW and AW, @Equation 9.32 and
9.33).

ER =CER * YW (Equation 9.32)

EPap = CERp * AW (Equation 9.33)
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where CER = 0.21 kg/kg yolk and CER = 0.13 kg/kg albumen (Emmans and Fisher,
1986).

The amounts of each digestible amino acid requioedyolk (AAy, mg) and albumen
(AAab, mg) production are calculated from the nitrogentent of the yolk (N¢; g N) and

albumen (NG, g N) produced, the amino acid composition of yalk (CAAy, mg/g N)

and albumen (CA&, mg/g N) and the efficiciency of amino acid uali®n for egg
production (g), (Equation 9.34 and 9.35).

AAy = (NC, *CAA)) / & (Equation 9.34)

AAab= (NCap * CAAa) / & (Equation 9.35)

Based on the assumption that yolk and albumen ico@fa and 17 g N/kg respectively,
(Fisher, 1998) N¢Cand NGy, are calculated according to Equations 9.36 and. 9.3

NC, = (YW * 27) / 1000 (Equation 9.36)

NCap = (AW *17) / 1000 (Equation 9.37)

The amino acid compositions of yolk and albumenam®imed to be constant across ages
and strains (Lunven, 1973).

The Breeder Model assumes that yolk production ¢®rinuous process as long as an
adequate supply of the essential nutrients is avial Alboumen formation will only take
place if there is sufficient of each amino acid ameérgy in the ‘albumen pool’ prior to

ovulation, and that a successful ovulation takasel

If there is no production of yolk or albumen on tbday (YW = 0 and AW = 0,
respectively), there is no nutrient requirement égg production (Equations 9.38 and
9.39).

If YW =0
thenEE =0, ER=0and AA=0 (Equation 9.38)
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If AW =0
then EEp =0, ERp=0 and AA,=0 (Equation 9.39)

The energy (EER, MJ), protein (EPR, g) and amind AR, mg) requirements of a
breeder are determined for each day of the layargpg (Equation 9.40, 9.41 and 9.42).

EER = ER, + EE + EEp (Equation 9.40)
EPR = ER, + ER + ERyp (Equation 9.41)
AAR = AAn, + AAy + AAap (Equation 9.42)

The problem of predicting requirements is to briagether the genetic variables and the
values of nutritional constants, and then the casitjpm of the feed will determine the

desired feed intake.

9.3.6 Desired and actual feed intakes

The desired feed intake (DFI, g/d) is the amounthef given feed needed to satisfy the
requirement (RQ, MJ/d or g/d) for the most limitingtrient (Equation 9.43). It is assumed
that minerals and vitamins are provided in suffitiamounts as so not to be considered
limiting.

DFI =RQ / CFlyg (Equation 9.43)

where CFly = concentration of first limiting nutrient in tiieed (MJ/g or g/g).

If energy is most limiting, the desired feed intake thermally neutral environment is that

required to satisfy energy (Dfl g/d), (Equation 9.44).

DFlee = (EER / EEC) * 1000 (Equation 9.44)
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On the other hand, if an amino acid is the finstiting nutrient then the desired feed intake
(DFlaa, ) is based on the digestible amino acid requergsm and the concentration of
dietary digestible amino acids (AAC, g/kg), (Eqoatb.45).

DFlaa = AAR / AAC (Equation 9.45)

In the case of broiler breeders food is not magelavead libitum therefore the bird will
seldom consume its desired amount, the actual eniiakmost cases being that decided
upon by the farm manager. Other factors that noagtcain food intake are the bulkiness
of the feed and the inability to lose the heat gateel, as a result of the processes of
maintenance, food intake and digestion, and egghdton and production, to the

environment, especially in hot conditions (Emmamg Bisher, 1986).

An important assumption made in the model is thdiird will attempt to consume
sufficient of the given feed to meet its requiremien the first-limiting nutrient, and that it
will stop eating once its requirement for this mrt has been met (Emmans, 1987).
However, because the amount of feed allocated taidybroiler breeder is controlled, the
birds with the greatest potential egg output magrobe forced to consume less than the
amount required. Depending on the amount of fotmtaled daily, it is possible that there
will be hens whose requirements are lower thanatheunt of feed allocated, leading to
some reasonable distribution of food among thekfloBut the social hierarchy prevalent
in all bird species may not be correlated with po& egg output and this aggressive
characteristic, when displayed at the feed trougylikely to prevent hens from accessing
equal quantities of food each day. This charastierihas been incorporated into the
model: an aggressiveness valuegC») is randomly specified for each hen at sexual
maturity, the correlation between this value anteptial egg output being specified by the
user, and this value is kept constant for eachdwven the laying period. The constrained
feed intake (CFlI, g) for each hen is calculatethagproduct of daily allocation of food (FlI,

g) specified by the user anddgc (Equation 9.46).

CFl = FI * Cyagr (Equation 9.46)

The actual feed intake (AFI, g/d) of the bird via# the lesser of DFI and CFI.
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For the Breeder Model to be successful it mustlide & predict the daily response of a
flock of breeder hens over the entire laying petmthe daily nutrient allocation, under the
prevailing environmental conditions. To accomplibls successfully, the response of an
individual must be accurately predicted under scicbumstances, before the population

response can be predicted.

9.4 RESPONSE OF AN INDIVIDUAL TO A DAILY ALLOWANCE

The Breeder Model is embedded in the windows-bafsedl formulation program,

WinFeed (EFG Software). Feed specifications areupein the usual way, after which

WinFeed determines the least-cost feed that woulktnthese specifications. The
characteristics of this formulated feed are thesspd, as input, to the Breeder Model. A
daily intake of this feed and the number of daysrowvhich the feed is to be offered are
specified by the user. It is possible to use amitdd number of feeds, each of which may
be fed over an unlimited number of days, therehyirayl considerable flexibility to the

manner in which the birds are fed during the laypegiod. The performance expected
from this feed when given to a defined flock ofileobreeders in a given environment is
then predicted by the model as the mean performaneethat of each individual in the

flock. Assuming that the environment is not a caaistng factor, a hen that consumes
sufficient of the most limiting amino acid (or egg), will produce an egg of its potential
weight. The hen will fail to perform at its poteaitif the intake of one or more amino acids
is less than required, or if insufficient energypi®vided either in the feed or from body

lipid reserves.

The Breeder Model assumes that feed is consumédiedhe morning to meet the hen’s
requirements for body maintenance and daily yotidpction, and to fill the albumen pool
for use the following day. At the start of the déne (effective) energy available for
maintenance and egg production {EBVJ) is provided by the feed (EEC, MJ), the
albumen pool (ERwroor MJ) and body lipid reserves (B, MJ). The available protein
(EP., g) and amino acids (A# mg) are provided by the feed (EEP, g and AAC, amg)
the albumen pool (ERBrooi 9 and AAibroos MQ) (Equation 9.47, 9.48 and 9.49).

EEw = EEC + ERibpooi+ EBsLr (Equation 9.47)
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EPa = EPC + ERbpool (Equation 9.48)

AAay = AAC + AAapool (Equation 9.49)

The energy (Ekppoos MJ), protein (ERuwpoor g) and amino acids (Aéhpoos Mg) stored in
the albumen pool will be the energy (&k&ib+1 MJ), protein (EPotain+1 g) and amino acids

(AApotaib+z M) required for potential albumen productionfiiiowing day.

The assumption is made that the bird is fed ondayaearly in the morning. Egg output is
dependent on the remainder of the nutrients condwonee the maintenance requirements
have been met. Yolk is assumed to be producednmrtly at its potential, except when
the bird lays the last egg of a clutch, in whiclsegayolk will be produced for a defined
number of days before stopping until the next tidtarts. This number is specified by the
user, with the default being two days. The reasorhis constraint on yolk growth is that,
if not applied, yolk size would be considerably geg than the potential of the bird if
ovulation ceased for periods exceeding three or fiays before resuming. It is assumed
that both energy and protein consumed in excessqufirement will be retained as body
lipid.

Case 1: Supply of energy or amino acid is in excéslaily requirement.
If the intake of nutrients is in excess of the Iseréquirements, as defined above, this
excess is calculated as the balance of energy,(BE), protein (EFy, g) and amino acids

(AApa, Mmg) at the end of the day (Equations 9.50, 9rillR52).

If (EEa - EER) > Epotaib+1
then EBibpooi= EBpotaib+1and Ela = EEy - EER — EBjppool (Equation 9.50)

If (EPay - EPR) > EBotap+1
then ERppooi= ERbotain+1@and ERBa = ERy - EPR — ERppool (Equation 9.51)

|f (AA av ~ AAR) > AAPotaIb+l
then APpotain= AApotab+1aNd Alpa = AAyy - AAR — AAaibpool (Equation 9.52)
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In this case the bird will lay an egg at its poignthe egg weight will be the potential for
the age of bird, and the energy and protein abloaeused for maintenance and egg output
will be deposited as lipid. Body lipid gain is calated from the excess energy (gk—
EEsr1, MJ) and protein (ER.1, 9) intakes, the energetic cost of body lipid defian
(CE, MJ/g), and the gross energy content of protei,(®J/g). The gain in lipid weight

is added to the body lipid weight of the previoay dBL ;, g) to determine the new body
lipid weight. The hen may deposit body lipid ur@imaximum, user-defined, daily rate of
body lipid is reached (§&p). The default G p value is 10g/d (Equations 9.53 and 9.54).

If [(EEpar1— EBsLr-1)/CE] + [(EPba-1 * GEp) / CE] > Caip
then BL = BL; + Cg1p (Equation 9.53)

If [(EEbar-1— EBsLr-1)/CE] + [(EPoar1* GEp) / CE] < Cgip
then BL = BL; + [(EByar1 — EBs1r-1)/CE] + [(EPvar1 * GEp) / CE] (Equation 9.54)

where CE= 0.055MJ/g and GE= 0.0238MJ/g (Emmans, 1994).

Case 2: Supply of energy or an amino acid is iidaht to meet daily requirement

If the bird does not have sufficient nutrient ressr to satisfy the potential albumen
production for the following day then the nutrientpply stored in the albumen pool will

be equal to those in the balance (Equations 9.556, @nd 9.57).

If (EEav' EER) < Elpotaib+1
then Eka = EEy — EER and ERppoo= EBal (Equation 9.55)

If (EPay - EPR) < EBotaib+1
then ERBa = ERy — EPR and Efppooi= EBal (Equation 9.56)

If (AA oy - AAR) < AApotaib+1
then AAya = AAL — AAR and EEBppooi= EBal (Equation 9.57)

In all cases, the bird is made to use its bodydligiserves as an energy source before

relying on the energy from the feed on the asswnptiat it has a genetically-determined
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body lipid:protein ratio that it strives to maimajEquation 9.58). The hen may use body
lipid in this way until the minimum body lipid weng) (MBL) is reached (Equation 9.59).

If (EEpar-1 — EBsir1 < 0 and BLy + [(EBvar-1 — EBsir-1) / CE] + [(EPbar1 * GEp) / CE] >
MBL) then BL = BL; + [(ERya-1— EBr-1) / CE] + [(EPvar1 * GEp) / CE] (Equation 9.58)

If (EEpar-1 — EBsir1 < 0 and Bl + [(EBvar-1 — EBsir-1) / CE] + [(EPbar1 * GEp) / CE] <
MBL) then BL = MBL (Equation 9.59)

Where the feed and body lipid reserves are ingafftdo meet the required energy intake
for potential egg output, the hen will respond bgucing its egg size, and will continue to
lay smaller eggs as long as sufficient energy carsupplied from the albumen pool to
meet albumen formation. If not, it will stop layinggg weight may only decrease to a
(user-defined) proportion () of the potential egg weight, the default being0(Morris
and Gous, 1988; Bowmaker and Gous, 1991), andltsillated using the potential egg
weight (EWso, 9), the amount of limiting energy stored in tiieuanen pool(E&ppog), the
amount of limiting energy needed to produce theiraken at its potential (EBpooy MQ)
and Gw (Equations 9.60 and 9.61).

If [EWpot - (EEaIbPool* EWpot/ EEDOtaIl)] < CEW * EWpot

If [EWpot - (EEaIbPool* EWpot/ EEDOtaIl)] > CEW * EWpot
thenEW =0 (Equation 9.61)

The hen will start a new clutch once it has a sidfit energy supply from the albumen

pool to lay an egg.

Where there is sufficient energy, but protein, oorenspecifically an amino acid, is
limiting, the bird will respond in a similar way dgscribed above, according to the degree
of deficiency of the limiting amino acid. In calating the DFI the most limiting amino
acid(AAim, mg) would have been identified (Equation 9.62).

AAiim = LARGEST (DFI) (Equation 9.62)
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The hen will continue to lay eggs according toowsilatory cycle, although these will be
smaller than the potential, as long as there isifaicent amino acid supply from the
albumen pool to meet albumen formation. Egg weigltalculated from EW, AAaibpool
AA abrooiand Gw (Equations 9.63 and 9.64).

If [EWpot - (AAaIbPool* EWpot/ AAPotaIQ] < CEW * EV\/pot
then EW = AAibpool* EWpot / AApotalb (Equation 9.63)

If [EWpot - (AAaIbPool* EWpot/ AAPotaIQ] = CEW * EV\/pot
then EW =0 (Equation 9.64)

When there is no egg production, yolk is produced tivo days before stopping as

albumen and shell productions do until the nextctlstarts (Equation 9.65).

IfEW=0
then YW = YWy 0r 0, AW =0, SW =0 (Equation 9.65)

When energy or one or more amino acids are limitagg weight decreases by (W -
EWiniia ) / EWhitiar , @nd so yolk, aloumen and shell will need to berdased to the same

extent (Equations 9.66, 9.67 and 9.68).

IF EW = ERibpool* EWpot / EBpotain O EW = AAaibpoot™ EWpot / AApotain

then YW = YV\{)ot— [(EVVﬁna| - EWinitial ) / EVVmitia|] (Equation 9.66)
AW = AW ot - [(EWhinal - EWinitiar ) / EWhnitial] (Equation 9.67)
and SW = SWot - [(EWﬁna| - EWhitial ) / E\Nmitial] (Equation 9.68)

This is accomplished by reducing the potential ye#ight by the required amount, which

results in the allometric reduction in the weigbtslbumen and shell.

On pause days, dictated by the hen’s ovulatoryegytble hen has an opportunity to build
up nutrient reserves, such as body lipid and allbupwol, which may be sufficient to

allow her to lay an egg of a normal size once mdkker a pause in production caused by
an insufficient supply of nutrients the hen is ased to start laying a new clutch once it

again has a sufficient supply of the limiting amamd.
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Body protein (BPD, g) and lipid (BLD, g/d) deposiis are calculated from Equations 9.69
and 9.70.

BPD = BP - BR (Equation 9.69)

BLD = BL-BL; (Equation 9.70)

Body weight (BW, @) is calculated from the body gl&i of the previous day (BW Q),
and the body protein and lipid depositions (Equafd/1).

BW = BW.; + BPD + BLD (Equation 9.71)

Body protein (BPC, %) and lipid (BLC, %) contents &alculated from body protein and
lipid weights and body weight, (Equation 9.72 anti3).

BPC = (BP / BW) * 100 (Equation 9.72)
BLC = (BL/BW) * 100 (Equation 9.73)
Body protein weight (BP, g) is calculated from thely protein weight of the previous day
(BP.1, G) and the difference between the amount of pratethe alboumen pool on this and
the following morning (Equation 9.74).

BP =BP; + EI:)albpool— EF%lIbpooHl (Equation 9'74)

The amount of heat produced (HP, kJ/d) is estimaedhe difference between the
metabolisable energy (MEC, MJ) and effective en€EyC, MJ) intakes (Equation 9.75).

HP = (MEC * AFI) — (EEC * AFI) (Equation 9.75)

Up to this point the Breeder Model has assumedttienon-nutritional environment has
had no constraint on egg production. The climaticienment does, however, have an
important effect on egg output (Chapter 8). Whak mappen if the environment is too hot

for the bird to rid itself of excess energy throdgat dissipation? Similarly, how does the
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bird partition energy when faced with low temperas? These questions need to be
answered if any relationship between the enviroringed egg production in broiler
breeders is to be established. The Breeder Modebtisiet programmed to evaluate the
effect of high temperatures on performance of brdireeders, as this will require further
experimentation to quantify these effects. Howefrem Chapter 8 it is known that when
the temperature decreases below 19.5°C, the daigtemance requirement increases by
1.0kJ AME / kg body weight per degree Celsius.hi¢ bird has sufficient body lipid
reserves, it will lay an egg at its potential; @tnthe hen will respond by reducing egg size.
The hen will continue to lay smaller eggs(¢ as long as it has sufficient energy supply
from the albumen pool to meet albumen formationndt, it will stop laying. The
principles applied here are the same as thoseeapaliove when the daily energy supply is

limiting.

9.5 DEALING WITH A POPULATION

The description of the Breeder Model in the eadyt pf this chapter describes events for
one animal. However, the requirements for energy each of the amino acid will vary
between individuals within a flock. Each bird whive its own characteristic values for the
inherited parameters that describe its potentials the response to a given daily nutrient
supply will differ between these birds. The gengctameters describing birds within the
same population are assumed to be normally diséthuthe default coefficients of
variation for the various parameter estimates usdtie Breeder Model being shown in

Table 9.4. These coefficients of variation may banged by the user.

Within a population of broiler breeders whose fegdke is restricted there is likely to be a
distribution of feed intakes depending on the aggxeness of each bird, and thus daily
food intakes in the population have been made asiwhby allocating an agressiveness
value to each hen at sexual maturity, the sameevl&ing kept for each hen over the

laying period.

157



Table 9.4Parameter estimates used in the Breeder Model

Parameter CV (%)
Body weight at the start of the simulation 10
Initial body lipid weight 10
Initial body protein weight 3
Age at first egg 10
Yolk weight constant (a) 7
Agressiveness 10

9.6 FINANCIAL REPORT

For the Breeder Model to have any practical value@e@onomic analysis of the inputs and
outputs is necessary. The model does not yet gradioptimum economic solution, but
instead shows the cumulative income, expenditurd arargin from the predicted
performance for a given set of nutritional and emwnental conditions.

Income may be divided into hatching and unsettabterevenues. Hatching eggs are those
of acceptable size for the hatchery. A minimum 0§ &nd a maximum of 75g are the
default hatching weight values (HW and HW;ax g, respectively). Any eggs smaller or
larger than those acceptable for hatching, inclgidiouble-yolked and soft-shelled eggs,
are termed unsettable eggs. The daily income (INEQR/hen d) is calculated as the
product of the number of hatching (Efp and unsettable (EGf) eggs and their
respective values (VAdschatand VAlLeceuns R/€gg, respectively). The default value for a
dozen hatching eggs is R 15.50 and a dozen unkeetghs is R 2.40. On a pause day,
there is no income. Cumulative income (CUMINCOMEhé&h d) is calculting from the
cumulative income of the previous day (CUMINCONER/hen) and the income of the

day. All the above values may be altered by thez.us

INCOME = EGGat* VAL ecchat (Equation 9.76)
or

INCOME = EGGins* VAL ccuns (Equation 9.77)
or

INCOME =0 (Equation 9.78)
and
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CUMINCOME = CUMINCOME; + INCOME (Equation 9.79)

Feed costs are calculated by linear programmingni®®d) taking into account feed
ingredient availability, analysis and costs. Fegdinst (COS%.q R/hen d) is calculated
on a daily basis from the actual feed intake arel dbst of feed per kg (CO&dunxg
R/kg),(Equation 9.80). The cumulative feed cost MELOSTeeq R/hen) is calculated from
the cumulative feed cost of the previous day (CUMBIR.s.,, R/hen) and the feed cost of
the day (Equation 9.81)

COSTeed = (AFI * COSTreedg / 1000 (Equation 9.80)

CUMCOSTteed = CUMCOS Feeg-1+ COSkeed (Equation 9.81)

The cumulative margin (CUMMARGIN, R/hen) is the sofmthe cumulative income and
feed cost (Equation 9.82).

CUMMARGIN = CUMINCOME + CUMCOSTeq (Equation 9.82)

The cumulative margin with hen depreciation (CUMMBRI4ep; R/hen) is calculated
from the value of the hen at the start of lay (CQSR), the value of the culled (spent)
hen (VALUE.yedhen R) and the cumulative margin on the day (Equai&3).

CUMMARGIN = VALUE ¢yjiedhen- COShen+ CUMMARGIN (Equation 9.83)

9.7 CONCLUSION

The model described here is a mechanistic populanodel designed to evaluate the
effects of nutrient intake on the performance abiler breeders varying in potential
performance, and housed in varying environmentatitimns. Many interactions between
the feed, the bird and the environment have hadbdoaccounted for, and many
physiological processes involved in egg produckiawe been defined, some of which have
not yet been fully described for broiler breeddfer example, as with laying hens
(Johnston 2004), some of the top producing hensolay egg sequences throughout their

laying cycle, with few double-yolked or soft-shelleggs, while others produce short egg
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sequences even at peak production, with internalattens or gaps in the follicular
hierarchy causing prolonged inter-sequence paugss.it is not known whether and for
how long yolk growth continues after the bird hasl lthe last egg of a clutch, and what
effect high temperatures have on egg productioardtian directly through a reduction in
food intake. As a result, many assumptions havedée made in constructing this model,
which will need to be tested and corroboratedefrtiodel is to be developed further.

In the following chapter the model described abaweised to simulate a number of

scenarios as a means of demonstrating some pescgdl nutrient partitioning for egg

production in broiler breeders.

160



CHAPTER 10

DEMONSTRATION OF SOME PRINCIPLES OF NUTRIENT PARTIT IONING
FOR EGG PRODUCTION IN BROILER BREEDERS USING THE MO DEL

10.1 INTRODUCTION

The Breeder Model described in the previous chapter be used to demonstrate potential
interactions between model inputs and nutrientitgaring. Some illustrations are given

below of the use of the programme described in @&n&p

Default values for the parameters used to prediltt, yalbumen and shell weights for Cobb
and Ross broiler breeders are given in the modheset having been determined as
described in Chapter 8. Default values are alsergifor ovulation time, internal cycle
length, the proportions of double-yolked and sbftled eggs and internal ovulations, with
options being offered for different rates of thdétda three abnormalities. Initial body
weight and the proportions of body protein anddliat the start of the simulation must also
be defined. Because the model for the predictioagef at sexual maturity (AFE) following
a constant photoperiod or a single change in pleotog from 8 to 16h for broiler
breeders, proposed by Lewis and Gous, is still uddgelopment, AFE is defined by the
user in the current model and not the rearing grestod and body weight at 20 weeks.

The genotype used in all simulations presentedvwbedalescribed in Table 10.1. The feed
composition/type, the daily allocation and the nembf days over which the feed is to be
offered are specified as feeding schedules, thebeurof which are defined by the user,
while the daily temperature, the external cyclegten(usually 24 hr) and the timing of

dusk are inputs used to describe the environmehtcd@nstants, such as amino acid
composition of yolk, albumen and body protein, thefficiencies of utilisation, minimum

body lipid, Cew, and the nutritional constants tansform maintenance and egg
production into quantitative requirements, are @nésd as defaults, but may also be
changed by the user. Values of the constants usé#teisimulations presented below are

given in Table 10.2.
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Table 10.1Description of the genotype used at the starbohesimulation

Strain Cobb
Initial body weight (g) 3310
Initial body protein content (%) 18
Initial body lipid content (%) 14
Mean age at first egg (d) 210
Yolk weight (g) =a + b /(1 + c * hen age)
a 28.083
b 34.2
c -0.01836
Albumen weight (g) = e YW
e 9.5257
f 0.5002
Shell weight (g) = g ECW
g 0.1707
h 0.8686
Ovulation time (h)
follicle maturation 28
open period 8
Internal cycle length
Lag period 8.5
A 23.05
B 2.485
C 0.0222
D 0.98082
Doubled-yolked eggs (%) = a + b #&2¢
proportion 0.36
a -0.00291
b 74438
c 0.940345
Soft-shelled eggs (%) =a + b/ (1 + ¢ * hen age) *hen
age
Proportion 0.32
a -6.36
b -4.509
c -0.009463
d 0.01607
Internal ovulation (%) = a + b *%"% + d * hen age
Proportion 0.40
a -189.7
b 200.0
c 0.99899
d 0.142

Once all inputs have been specified, the user adadusimulated experiment by choosing
one or more ‘levels’ from the genotype, feed schedund environment. The simulation
window (an example is given in Figure 10.1) enalthesuser to define the age of the flock
at the start of the simulation, the number of daysr which the simulation is to run, the
population size, coefficients of variation, the dén of time (d) that yolk material is

deposited between the end of a clutch and the aftéine next, and all the financial inputs.

Using the means and coefficients of variation djetior initial body weight (BW), body
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protein (BR) and body lipid (Bk), for the yolk weight constant ‘a’, for AFE andrfo
aggressiveness, the model creates a populationird$ lof the stipulated size. This
population may be saved and used repeatedly, taceg with a different population by
re-randomization. Once the population has beertextehe simulation process is initiated
and the outputs, in the form of tables of both vwidlial and population mean
performances, and graphs, are created.

Three simulation exercises follow: The first simakathe response of a flock of 100 broiler
breeder hens to dietary lysine, while the seconuilsites the response of such a flock to
an increment in food allocation. In the third exsecthe effect of low temperatures is
evaluated. These were chosen to demonstrate teetagtwhich the Breeder Model could
simulate the results of similar trials that hadrbeenducted previously at this University,
and to test various aspects of the model, suchegftect of initial lipid content on the
response under adverse conditions, and the effeggvession at the feed trough on flock
performance.

Simulation

aFun LB ) f Solve

f Create Birds
Bird No A |Bwi BodyProteini “'olk W't Constant [a] Body Fatd Bird&ggressiveness Bird&FE

1 3845.55 18.29 3013 15.84 115 243
2 I17.42 1819 28.85 1391 0.96 181
3 3340.95 1812 24.97 14.05 0.95 213
4 345389 18.00 31.53 1452 112 221
5 3643.91 18.33 2761 1298 1.09 167
5 26842.66 1203 2638 16.90 101 221
7 3021.24 18.25 28.08 13.01 0.86 208
8 3536.75 17.27 28.42 1474 1.04 217
g 4217.28 18.54 28.61 1377 1.00 205
10 329097 17.67 2873 1364 111 185
11 3911.74 16.76 27.66 15.03 119 211
12 324651 19.41 30.08 11.49 0.86 207
13 2852.09 17.75 29.07 16.24 0.97 210
| #vG=330259|| £YG=17.91| | £VE=2841|) AVG=13.97|| £5=093) | 210

Figure 10.1An example of the simulation window from the Breetflodel
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Table 10.2Constants used in each simulation

Minimum body lipid (%) 11 Amino acid composition
Maximum decrease in egg weight (Cew, g) 14 Aminid ac Body protein yolk albumen Efficiency of
utilisation
Protein Arginine 68 434 330 0.85
Requirement for maintenance (kg/8H 0.008 Histidine 26 148 132 0.85
Requirement for yolk production (kg/kg yolk) 0.21 soleucine 40 348 331 0.85
Requirement for albumen production (kg/kg albumen)0.13 Leucine 71 548 521 0.85
Requirement for shell production (kg/kg shell) G100 Lysine 75 477 378 0.85
Energy Methionine 25 175 240 0.85
Requirement for maintenance (MJ/BH 1.63 Phenylalanine 40 261 368 0.85
Requirement for yolk production (MJ/kg yolk) 25.0 hréonine 42 313 272 0.85
Requirement for albumen production (MJ/kg albumen}g.6 Valine 44 378 429 0.85
Requirement for shell production (MJ/kg shell) 1.2 Methinine+cystine 36 338 418 0.85
Nitrogen Phenylalanine+tyrosine 71 514 625 0.85
Nitrogen content in yolk (g N/kg yolk) 27.0 Tryptogn 10 121 116 0.85
Nitrogen content in albumen (g N/kg albumen) 17.0 spdrtic acid 613 628 0.85
Nitrogen content in shell (g N/kg shell) 5.3 Serine 499 429 0.85
Glutamic acid 780 869 0.85
Eem coefficient at low temperature (kJ/kg/°C) 1.0 roliRe 247 209 0.85
Maximum body lipid deposition (g/d) 10 Glycine 170 205 0.85
Alanine 313 367 0.85
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10.2 THE RESPONSE OF BROILER BREEDERS TO DIETARY LYSINE
10.2.1 Materials and methods

A simulated flock of 100 Cobb broiler breeder heaged 30 weeks, was used in two
simulated trials, one running from 30 to 40 weeksage, and the other from 50 to 60
weeks. The lighting regime used was 16L: 8D and rttean daily temperature were

maintained at 22°C.

In each trial the hens were offered 1609 daily é of seven lysine-limiting feeds (Table
10.3). The summit feed (F1) was designed to suppproximately 1248 and the dilution
feed (F7) 368mg lysine/bird d at an intake of 160¢e highest lysine intake was
calculated to provide 1.2 times the mean lysinaliregqent for a flock of broiler breeders
aged 30 weeks, as suggested by Fisher (1998). dritent of all other amino acids were
calculated in a similar manner, the amounts in Féegroviding 1.4 times these
requirements, thus ensuring that lysine was ligitBy diluting the summit feed with feed
7 (2.3g lysine/kg feed) in appropriate proportiosesyen feeds containing 7.8, 6.2, 5.5, 4.7,
3.9 and 2.3g lysine/kg feed were produced. In Isatiulations, the birds were ‘offered’
160g/d of a standard broiler breeder feed (11.5MIEAg, 138.9g/kg CP, 28g/kg €2

until the start of the experimental period.
10.2.2 Results

The effects of the feeds on desired (DFI) and &cfead intakes (AFI), and on
performance (rate of lay, egg weight and egg olitfutthe final four weeks of each trial
are shown in Tables 10.4 and 10.5. Body weightylwoeight gain, body lipid deposition,
body protein and lipid contents for the final fomeeks of each trial are shown in Tables
10.6 and 10.7.

The maximum rates of laying and egg output wereeaeld on the highest concentration
of lysine, being 65.7%, and 44.4g/d, respectivaty Trial 1, and 46.1%, and 34.3g/d,
respectively, in Trial 2. Rate of laying and eggput virtually ceased on the lowest lysine

content in both trials.
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Table 10.3Composition (g/kg) of the summit and dilution fegbsth limiting in lysine.

Amino acid contents are given as digestible.

Ingredient F1 F7
Summit Dilution
Maize 346.4 586.7
Sunflower 37 257.4
Soybean full fat 99.3
Wheat bran 80.1 202.3
Fish meal 65 39.6
DL-methionine 0.2
Vit + min premix 15 15
Monocalcium phosphate 54 7.3
Filler 25.7
Limestone 67.8 73.2
Salt 2.3 3.4
Oil-sunflower 100.0 100.0
Nutrient content (calculated)
AME (MJ/kg) 13.0 13.0
Crude protein 174.1 6.3
Lysine 7.8 2.3
Methionine 3.9 1.3
Methionine + cysteine 6.7 2.8
Threonine 6.3 2.2
Tryptophan 2.0 0.7
Arginine 12.3 3.8
Isoleucine 7.5 2.2
Leucine 14.0 7.0
Histidine 4.6 2.2
Phenylalanine + tyrosine 12.9 5.2
Valine 8.9 3.2
Calcium 28.0 28.0
Phosphorus 3.5 3.5

Mean egg weights at the highest concentration gihéywere 67.3 and 74.5g for period 1
and 2, respectively. Egg weight declined as thenéysupply was reduced, but not to the
same extent as did rate of lay (Figure 10.2).

The DFI increased in both periods as the dietasing/ content decreased, reaching 448
and 481g at the lowest concentration of lysine rials 1 and 2, respectively. The
constrained feed intake (CFIl) on each feed in Ia#fs is similar to the amount of food
allocated to the birds each day, being 160g. Theikdfeased from a minimum of 131 and
140g on feed 1 in Trials 1 and 2, respectivelyaiourvilinear fashion, as illustrated in
Figure 10.3, to a maximum of 159 and 160g on feadbbth trials.
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Figure 10.2The relative effects on egg weight (dashed ling) i@te of laying (solid line)
of a decrease in the lysine intake of broiler bezddens during the last four weeks of Trial
1. Egg weight and rate of laying are expressed@soptions of the maximum egg weight
and rate of laying achieved in period 1; and lysimtake is expressed as a proportion of

that required for maximum egg output.
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Table 10.4Mean desired and actual feed intakes, and layinigimeance, of broiler breeders over the last foeeks of a lysine response trial

simulated over the period 30 — 40 weeks of agel<Bivere allocated 160g of feed daily.

Feed Dietary lysine content Lysine intake Desired feed intake Actual feed intake Rate of lay Egg weight Egg output
(g/kg feed) (mg/bird d) (g/bird d) (g/bird d) (/200 bird d) (9) (g/bird d)
F1 7.8 1022 132 131 65.7 67.6 44.4
F2 7.0 1015 144 145 65.5 67.3 44.1
F3 6.2 961 166 155 57.8 66.8 38.6
F4 5.5 880 187 160 47.5 66.9 31.8
F5 4.7 752 217 160 38.3 66.8 25.6
F6 3.9 628 264 161 27.8 66.9 18.5
F7 2.3 366 448 159 1.0 62.8 0.6

Table 10.5Mean responses in desired and actual feed intakesin laying performance of broiler breeders dherlast four weeks of a lysine

response trial simulated over the period 50 — 66ka®f age. Birds were allocated 160g of feed daily

Feed Dietary lysine content Lysine intake Desired feed intake  Actual feed intake Rate of lay Egg weight Egg output
(g/kg feed) (mg/bird d) (g/bird d) (g/bird d) (/100 bird d) (9) (g/bird d)
F1 7.8 1092 141 140 46.1 74.5 34.3
F2 7.0 1057 157 151 45.7 74.2 33.9
F3 6.2 986 180 159 394 75.4 29.7
F4 5.5 886 202 161 37.3 75.6 28.2
F5 4.7 752 235 160 34.1 74.8 25.5
F6 3.9 628 283 161 23.2 74.3 17.2
F7 2.3 368 481 160 0.6 73.3 0.4

168



Table 10.6Mean final body weight, weight gain, body lipid @sgion, and body protein and lipid contents ofilerobreeders over the last four

weeks of a lysine response trial simulated oveptreod 30 — 40 weeks of age. Birds were alloca&@p of feed daily.

Feed Lysine intake Final body weight Body weight gain Body lipid deposition  Body protein content  Body lipid content
(mg/bird d (9) (g/bird d) (g/bird d) (g/kg) (g/kg)
F1 1022 3361 0.0 0.0 178.0 149.0
F2 1015 3560 3.4 3.4 168.5 199.5
F3 961 3744 6.1 6.4 159.5 237.5
F4 880 3810 7.0 7.5 157.0 253.3
F5 752 3819 7.4 7.7 156.0 253.0
F6 628 3854 8.0 8.5 154.8 261.8
F7 366 3932 9.4 9.9 152.3 276.3

Table 10.7Mean final body weight, weight gain, body lipid desjtion, and body protein and lipid contents ofilerobreeders over the last four

weeks of a lysine response trial simulated oveptreod 50 — 60 weeks of age. Birds were allocatft of feed daily.

Feed Lysine intake Final body weight Body weight gain Body lipid deposition ~ Body protein content  Body lipid content
(mg/bird d (9) (g/bird d) (g/bird d) (g/kqg) (g/kqg)
F1 1092 3688 1.8 1.8 162.5 227.5
F2 1057 3901 5.0 5.1 153.8 270.0
F3 986 4079 6.8 6.7 148.8 297.8
F4 886 4059 7.0 6.9 148.5 297.8
F5 752 4074 7.4 7.4 147.0 304.5
F6 628 4135 8.4 8.4 144.3 314.3
F7 368 4247 10.0 9.9 141.0 332.3
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Figure 10.3 The effect of lysine concentration (g/kg) on thduat food intake (g) of

broiler breeder hens in trials &, (solid line) and 2 &, dashed line)

The mean body weight of birds at the start of theveek trial period was 3331g in Trial 1
and 3637g in Trial 2. The change in body weightirdufTrial 1 is illustrated in Figure

10.4. This trend was similar in Trial 2.
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Figure 10.4 The change in body weight (g) of broiler breedemsfeed 1 (bold line), 2
(dashed line), 3 (dotted line), 4 (1 dashed andtfed line), 5 (1 dashed 2 dotted line), 6
(bold dashed line) and 7 (solid line) from 30 towd€eks of age.

Body weights of birds given feeds 1 to 7 increasg@.0, 3.4, 6.1, 7.0, 7.4, 8.0 and 9.4g/d

in Trial 1, and by 1.8, 5.0, 6.8, 7.0, 7.4, 8.4 a@0g/d in Trial 2, respectively, the

increase being related to the concentration of ltheting lysine in the feed. The
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composition of the weight gain was mainly lipid.eTimean body lipid and protein contents
at the start of the two trial periods were 145gdlipnd 1799 protein in Trial 1, and 218g
lipid and 165g protein/kg body weight in Trial 20@y lipid content increased as lysine
concentration in the feed decreased, reaching 8d@3a2g lipid/kg body weight in trials 1
and 2, respectively. This increase in body lipidulted in a decrease in body protein
concentration, from 178 to 152 in Trial 1 and frd®3 to 141g/kg protein in Trial 2,
although the weight of body protein remained camtsthroughout both trials, at around
600g/bird.

10.2.3 Discussion

The laying performance of birds in the two triale @enerally in accordance with the
findings of Morris and Gous (1988), Bowmaker andu&¢1991) and Goddard (1997),
with rate of laying, egg output and egg weight dasmg with dietary lysine content. Rate
of laying and egg weight were not affected to tama extent by the decrease in lysine
intake: rate of lay declined almost linearly to D& the maximum, while egg weight, at
the lowest point, was about 0.9 of the maximum. sehgalues are similar to those
published by Bowmaker and Gous (1991) for broilexebers (0.2 for rate of laying and
0.8 for egg weight), except that the two variablese affected to the same extent until the
amino acid supply was reduced to 0.64 of that requfor maximum output. In the
Breeder Model the user has the option to spec#yntlaximum loss in weight that may be
tolerated for an egg, and in this example the marinwas set at 14 %, but on average the
egg weight did not decrease to this extent. Thig beathe reason that rate of lay decreased

linearly and not at the same rate as egg weigli @p64 of the maximum requirement.

In the Breeder Model, AFI in a thermally neutra/eanment is taken as the lesser of the
DFI and CFl. In a number of cases the mean AFI agr than both the DFI and CFI

(e.g. on feed 3 in Trial 1 the AFI was 155g whertb@sCFI was 160g. This is explained by
the fact that AFI varies depending on whether apigdaid on the day or not. Not all birds

of a population are constrained on a day, someeaathe DFI, while others may eat their
CFl, giving a mean AFI smaller than the desireccamnstrained. An example of such is
given in Table 10.8, where the mean of AFl is ks the means of either the CFI or DFI.
This would happen only in a population of birdsdas not dependent on the degree of

aggressiveness, where some birds consume mordhaondathers.
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Table 10.8Constrained, desired and actual feed intakes ofirdiwidual birds.

BIRD CFlI DFI AFI

1 160 168 160
2 160 142 142
Mean 160 155 151

In both trials simulated here the food intake @tibion the highest concentrations of lysine
was less than the feed allocated. This confornteédheory that hens will consume only
the amount of food required to meet their potengglg output after meeting the

requirement for maintenance.

Whereas the maximum amount of food allocated tdottds each day is 160g, birds fed on
the highest concentrations of lysine eat less fbedause most of them eat their DFI,
decreasing as lysine concentration increases infabd. The theory of food intake
regulation proposed by Emmans (1981) suggestingattmrd will increase its voluntary
food intake when the concentration of a nutrientam otherwise well balanced diet is
decreased, explains the results of AFI and DFlath lsimulation. Because broiler breeder
hens are restricted, they increased their AFI uatithing their CFl. However, Bowmaker
and Gous (1991) observed a decrease in food inteike decreasing amino acid
concentration of the diet using lysine and metimenas the first limiting amino acids.
Goddard (1997) found that as the lysine concepmatf the diet decreased to below 3g/kg
food the food intake decreased. The reason fordéusease in food intake with decreasing
first-limiting amino acid concentration was the defer the bird to remain in thermal
balance with its environment (Emmans, 1981). Thetsdcontaining the lowest lysine
concentrations have similar energy concentratiangeéd 1, so the amount of energy
consumed by the birds on these diets is far in sxa# the amount required for egg
production, considering the low egg output on dieith such low lysine concentrations.
Only a small amount of energy would have been requio sustain such a low egg ouput
and so the energy consumed in excess of this anfmmbeen stored in body lipid, the
body lipid content increasing as the lysine coneins in the feed is reduced. However,
Bowmaker and Gous (1991) and Goddard (1997) shdhatdbroiler breeders consume
less as first-limiting amino acid is reduced beeaofthe imbalance that would be created
by continuing to eat large amounts of a diet withhslow amino acid concentrations. One
of the limitations of the Breeder Model is thatides not show the decrease in AFI as first-
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limiting amino acid in the diet is reduced. A fugtimprovement of the model would be to
add a biological mechanism that would allow birdslecrease their AFI, and for this we
tried to decrease the maximum body lipid depositiader 10g/d, but without success as
AFI stayed unchanged. The biological mechanism dlatvs the decrease in food intake
as first-amino acid in the diet is reduced stikdeo be understood. The food intake aspect
as first-limiting amino acid is reduced should beher pursued.

10.3 THE RESPONSE OF BROILER BREEDER HENS TO AN INCREMENT IN
FOOD ALLOCATION

10.3.1 Materials and methods

100 Cobb broiler breeder hens were used in twolatioas using the Breeder Model, the
first from 30 to 40 weeks (Period 1), and the qtlRariod 2, from 50 to 60 weeks of age.
The lighting regime used was 16L: 8D and the mealy demperature was maintained at
22°C.

In both periods the hens were offered 200, 180, 180, 120 or 100g daily of a standard
broiler breeder feed (Table 10.8). Measures of gperdnce were rate of laying, egg
weight, egg output (g/bird d), food intake, bodyigi® and body lipid gain, and the
contents of protein and lipid in the body at thd eheach trial period.
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Table 10.9Composition (g/kg) of the broiler breeder feed. Amacid contents are given

as digestible.

Ingredient Broiler breeder feed
Wheat bran 387.6
Maize 221.7
Sunflower 37 110.7
Soybean full fat 71.2
Fish meal 65 33.8
Vit + min premix 15
Limestone 71.0
Salt 2.4
Oil-sunflower 100.0

Nutrient content (calculated)

AME (MJ/kg) 11.5
Crude protein 138.9
Lysine 6.5
Methionine 2.8
Methionine+cystine 5.2
Threonine 5.0
Tryptophane 1.7
Arginine 9.6
Isoleucine 5.6
Leucine 11.0
Histidine 4.0
Phenylalanine+tyrosine 10.5
Valine 6.9
Calcium 28.0
Phosphorus 3.5

10.3.2 Results

The effect of food allocation on CFI, DFI and AR performance (rate of lay, egg weight
and egg output), for the final four weeks of eaehiqal, is summarised in Tables 10.10 and
10.11. By definition, the CFI was similar to tbaily food allocation in both periods. The
small differences that occurred in some casesfoagxample 202 g instead of 200g in
Period 1, and 1819 instead of 180 \g in Period &y ime explained by the mean of the
aggressiveness value being 1.02 and 1.01, respbgtinstead of 1.00, this being a
consequence of the random allocation of such valoesach hen when generating the

initial populations.

DFI was lowest (161 and 172g in Period 1 and 2 getpyely) on the highest feed
allocations, but increased to a maximum of 180g/#hath periods as the food allocation
decreased below 140g/d. The AFI consumed, beintetiser of the DFI and DFI, equaled

the food allocation up to 140g/d in both periods, increased to a maximum of only 161
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and 171g/d in Periods 1 and 2, respectively, elkengh the amounts offered were greater
than this.

Rate of laying and egg output increased curvilitye@fig. 10.6) with food allocation in
both periods, the magnitude of difference beingdswbetween the two highest food
allocations in both periods. Figure 10.6 showstthad for rate of laying. The maximum
rate of laying and egg output achieved on the tagfeod allocation are 68 % and 46g/d,
respectively, in Period 1, and 48% and 36g/d, respay, in Period 2. Rate of laying and
egg output declined considerably at the lower falbolcations, being only 6 % and 4 g/d,
respectively, in Period 1, and 21 % and 15 g/qeesvely, in Period 2.
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Figure 10.6 The response in rate of laying of broiler breedarshto daily food allocation
in Periods 14, solid line) and 2 &, dashed line).

Egg weights increased curvilinearly with food adton, but the increase was only 2.9 and
2.5% in Periods 1 and 2 respectively. Mean egg temgPeriod 1 was 67.2g and in Period
2, 74.5¢.
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Table 10.10Mean responses in constrained, desired and adedliftakes, and in performance to food allocatmres the last four weeks of

period 1.
Food allocation Energy Protein Constrained feed intake Desired feed intake Actual feed intake  Rate of lay Egg weight  Egg output
(g/bird d) (MJ/d) (g/d) (g/bird d) (g/bird d) (g/bird d) (/100 bird d) (9) (g/bird d)
100 1150 13.9 100 180 100 5.9 65.8 3.8
120 1369 16.5 119 169 119 30.1 67.2 20.2
140 1599 19.3 139 163 139 48.6 67.1 32.6
160 1771 21.4 161 161 154 58.6 67.4 39.5
180 1840 22.2 181 161 160 66.0 67.9 44.9
200 1852 22.4 202 161 161 67.9 67.7 46.0

Table 10.11Mean responses in constrained, desired and aedliftakes, and in performance to food allocatmres the last four weeks of

period 2.
Food allocation Energy Protein Constrained feed intake Desired feed intake Actual feed intake  Rate of lay Egg weight  Egg output
(g/bird d) (MJ/d) (g/d) (g/bird d) (g/bird d) (g/bird d) (/100 bird d) (9) (g/bird d)

100 1150 13.9 100 180 100 21.0 73.0 15.3
120 1380 16.7 120 175 120 34.0 74.5 25.3
140 1610 19.5 140 173 140 37.9 74.7 28.3
160 1817 21.9 160 174 158 42.7 74.7 31.9
180 1932 23.3 181 173 168 46.6 75.2 35.1
200 1967 23.8 200 172 171 48.0 74.8 35.9
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Table 10.12Mean responses in body weight, body weight gainlydgpid deposition and body protein and lipid cemis to food allocations

over the last four weeks of period 1.

Food allocation Energy Protein Body weight Body weight gain  Body lipid deposition  Body protein content  Body lipid content
(g/bird d) (MJ/d) (g/d) (9) (g/bird d) (o/ bird d) (g/kg) (g/kg)
100 1150 13.9 3205 -0.4 -0.4 186.0 112.0
120 1369 16.5 3315 -0.1 -0.2 181.8 139.0
140 1599 19.3 3480 1.2 1.2 175.5 166.8
160 1771 21.4 3424 14 1.7 1745 172.5
180 1840 22.2 3434 1.2 11 175.5 169.0
200 1852 22.4 3449 0.8 0.9 174.3 170.8

Table 10.13Mean responses in body weight, body weight gaidylat deposition, and body protein and fat corgeatfood allocations over

the last four weeks of period 2.

Food allocation Energy Protein Body weight Body weight gain  Body lipid deposition  Body protein content Body lipid content
(g/bird d) (MJ/d) (g/d) (9) (g/bird d) (o/ bird d) (g/kg) (g/kg)
100 1150 13.9 3389 2.1 2.2 177.0 161.8
120 1380 16.7 3555 -0.8 -0.8 169.5 196.5
140 1610 19.5 3739 25 2.3 159.3 240.3
160 1817 21.9 3857 3.6 3.6 155.5 258.0
180 1932 23.3 3799 3.2 3.1 158.5 247.0
200 1967 23.8 3780 2.8 2.9 158.5 244.3
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The effect of food allocations on body weight, baggight gain, body lipid deposition,
and body protein and lipid contents for the finalif weeks of each period is shown in
Table 10.12 and 10.13. The mean body weight ofskatcthe start of each trial period was
3327 + 332.7g and 3617 £ 361.7g. The change in heeight during the 10-weeks of
Period 1 is illustrated in Fig. 10.7, the trendcbiinge in body weight during the second
period being essentially similar. Birds fed eith®0 or 120g lost weight in both Period 1 (-
0.4 and -0.2g/d, respectively) and 2 (-2.1 and g/d,8espectively), while body weights of
birds fed 140, 160, 180 and 200g increased by 1.2, 1.2 and 0.8g/d in Period 1,
respectively, and by 2.5, 3.6, 3.2 and 2.8g/d indde2. The composition of the weight lost
and gained was almost entirely lipid. The mean bHgugl and protein contents at the start
of the two ten-week trial periods were 141g liprlal80g protein, and 143g lipid and
180g protein/kg body weight, respectively. Bodyidipcontent increased with food
allocation, reaching 171 and 244qg lipid /kg bodyighe in the two periods, respectively.
Although body protein content decreased from 186 7dg and from 177 to 159g/kg
protein in the two periods as food allocation waduced, the weight of body protein

remained approximately 600g/bird throughout theweek period on all treatments in
both trials.
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Figure 10.7The change in body weight (g) of broiler breedevemy a daily feed allocation
of 100g (bold line), 120 (dashed line), 140 (dotied), 160 (1 dashed and 1 dotted line),
180 (1 dashed 2 dotted line) or 2009 (solid limepT 30 to 40 weeks of age.
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10.3.3 Discussion

The objective of these simulations was to complaeerésponses of broiler breeders to an
increment in food allocation with those describedChapter 6 and the Cobb Production
Manual (2005).

The theory of food intake in the model limits theod intake to that required to meet
potential requirements; thus the hens offered eggafireater than 160g in Period 1 and
170g in Period 2 did not consume all that was alied to them. DFI reached a maximum
of 161 and 172g in Periods 1 and 2 on the highesd fallocations suggests that these
intakes provided the birds with all the nutrienteyt required in order to lay at their
potential. Of considerable interest was the obgienvahat DFI increased to a maximum of
180g/d in both periods when the food allocation Wwakw 140g/d. This is explained by
the loss of body lipid on the lower feed allocaipresulting in less energy being available
to the bird from lipid reserves. These extremethhiood intakes would have been to meet
the requirement for energy for maintenance, for egtput and to replenish the lipid
reserves that were rapidly being depleted duedadaW intakes of energy. Clearly, the CFlI
of 120 and 1409 food/bird d were too low to alldwe birds to meet these requirements, so
body lipid content diminished over the ten-weekiqus. However, in the second period,
when the birds were older and had higher lipid mese although the DFI on the lowest
feed allocation was the same as in the earlieogedgg production could be sustained for
a longer period, resulting in an increased egg wutp over 11g/bird d. This result is in
accordance with the results of the trial reporte@€hapter 6, which demonstrated that egg
production in breeders could be maintained foraughtee weeks as long as sufficient body
lipid reserves were present, and that sufficierdtadty protein was fed to meet the

requirements for amino acids during this time.

On the higher daily intakes the increase in bodightewas due entirely to an increase in
body lipid, which is in agreement with the findingé Pearson and Herron (1982) and
Spratt and Leeson (1987). Although body proteinteain(in g/kg body weight) appeared
to decrease as lipid content increased, the aateight of body protein remained the same
on all feed allocations. The theory incorporated ime model in this regard was that body
protein content remained constant after the attaminof sexual maturityBennett and

Leeson, 1990; Solleet al, 1984) and that any changes that occurred woulth lmdy
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lipid only. This is very difficult to measure in @it broiler breeders; as to date there are no
facilities or mechanisms available for measuring themical composition of a live

breeder hen.

Breeding companies recommend that food intake shbelreduced as the laying period
progresses (Cobb Production Manual, 2005), on thengls that egg production is falling
and therefore the nutrient requirements of the $teould also be diminishing. However,
the DFI in the second period in these simulatiovisere the feed allocations were very
high, were more than 10g/d higher than those inythunger flock even though egg output
was 10g/bird d lower in the second period. The &idDFI in the older hens is not because
egg output is higher, nor because of a higher rement for energy (as these hens would
have considerable body lipid reserves from whickdtaw) so it is likely that this is a
reflection of the observation of Wethli and Mor(#978) who found that laying hens
required the same daily intakes of amino acidsatlder age even though the egg output
was much lower because the efficiency of utilisatad these amino acids is essentially

reduced because of the large number of pause dasts mo egg is laid.

Maximum rates of lay in these simulations were 68f@ 48% in Periods 1 and 2,
respectively, which is too low for broiler breedarsund 38 weeks of age but on target for
breeder flocks around 58 weeks. According to thékC&roduction Manual (2005),
breeder flocks of 38 weeks should reach a rateaypfof 75%, and peak rates of lay in
excess of 80% are becoming more common. The IClatexyu used in the population
model of egg production, described in Chapter &gdtore needs to be modifiedorder to
increase the performance at peak production tonar@0-85%. A later version of the
model will allow users to choose a peak rate oinigyand a rate of decline thereafter, but

this has not been implemented at this stage.

Egg weight was reduced in size at an intake of AD@gpcause the protein intake of
13.99/d is not enough to sustain the yolk, and @eegg weight. This result is in
accordance with the findings of Chapter 6, whergsdgid by hens given 80g/d (805kJ
AME/d, 16.8g CP/d) were smaller than those laichbgis receiving adequate quantities of
nutrients each dayflhe mean egg weights are lower than those suggéstdte Cobb
Production Manual (2005), but they are in accordawith the results of experimental
conditions described in Chapter 8 (67.8g and 78t&5 and 55 weeks of age).
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It appears from these simulations that the Breddedel gives satisfactory results
regarding the responses of broiler breeders to fioo@ments.

104 THE RESPONSES OF BROILER BREEDER HENS TO DIETARY
ENERGY ALLOCATION AND ENVIRONMENTAL TEMPERATURE

10.4.1 Materials and methods

100 Cobb broiler breeder hens aged 30 weeks wee insfour simulated trials running
for ten weeks. Two body lipid contents (7 and 2E¥)l two coefficients representing the
energy required for maintenance (GfKa value of 1.0kJ AME/d. kg WC, determined

in Chapter 7, and one of 8.0, a value close toghggested by Emmans (1974) for laying
hens) were compared. The lighting regime used Wwas 8D. Daily temperatures were set
at 10, 12, 15, 18 and 20°C. Each hen was alloca®®d) daily of one of four feeds
containing 12.5, 11.5, 10.5 or 9.5MJ AMKg. The four feeds were formulated to provide
the same minimum daily intakes of all essentialramacids according to the breeder’s
recommendations (Cobb Production Manual, 2005) I€Tdl®.14). The aggressiveness

value for each hen was set to zero.
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Table 10.14 Composition (g/kg) of the four feeds used in thedation. Amino acid

contents are given as digestible.

Ingredient F1 F2 F3 F4
Maize 378.0 249.5 83.2 78.0
Sunflower 37 216.4 202.7 174.7 172.2
Wheat bran 175.3 319.8 472.4 506.4
Fish meal 56.6 47.6 9.8

Soybean full fat 7.3 82.8 96.9
Vit + min premix 15 15 15 15
Monocalcium phosphate 2.2

Limestone 68.0 69.6 72.9 73.8
Salt 1.9 2.0 2.7 2.9
Qil-sunflower 100.0 100.0 100.0 68.4

Nutrient content (calculated)

AME (MJ/kg) 125 11.5 10.5 9.5
Crude protein 150.0 150.0 150.0 151.8
Lysine 6.5 6.5 6.5 6.5
Methionine 3.5 3.3 2.9 2.8
Methionine+cysteine 6.0 5.9 5.4 5.4
Threonine 5.4 5.4 5.3 5.3
Tryptophan 1.7 1.8 1.9 2.0
Arginine 10.2 10.4 10.9 11.1
Isoleucine 6.2 6.1 6.1 6.1
Leucine 125 11.7 10.8 10.9
Histidine 4.1 4.2 4.3 4.4
Phenylalanine+tyrosine 11.0 11.0 11.3 11.6
Valine 7.7 7.6 7.4 7.5
Calcium 28.0 28.0 28.0 28.0
Phosphorus 3.5 3.5 3.5 3.5

10.4.2 Results

The effects of temperature, dietary energy allocatind initial body lipid content on DFI
and AFI over the final four weeks of each trial green for CER, values of 1.0 and 8.0 in
Table 10.15. With a CEfof 1.0kJ AME/d. kg W’C, DFI increased from 197 to 215g/d
on the 9.5MJ feed, and from 162 to 167g/d on th&NI0 feed, as temperature decreased
from 20 to 16C when the initial body lipid content was 7%, bemained the same
(159g/d) on the two higher AME feeds. With an mitbody lipid content of 21% the
increases in DFI were less pronounced on the l@vggnfeeds, increasing by only 3g/d on
the 9.5MJ feed and remaining at 159g/d on all otfeatments. With a CEE= 8.0, the
effect of temperature on DFI was far greater th#th ®EE;, = 1.0, increasing from 198 to
283g/d on the lowest energy feed when initial ligohtent was 7%, and from 166 to
239g/d with an initial lipid content of 21%. As tME of the feed increased, the difference
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in DFI between the highest and lowest temperatdeeseased, as with a CEBf 1.0, but
was evident up to the 11.5MJ feed with an iniiaild content of 7% (a difference of 8g/d).

AFI was largely unaffected by temperature becaasté éen was constrained to an intake
of 160g/d. There was a tendency for AFI to be nmaily higher with the higher CEE
but the differences were only 1 or 2g/d.

The effects of temperature, dietary energy conieittal body lipid content and the value
of CEE;, on performance (rate of lay, egg weight and egguiyover the final four weeks

of each trial are shown in Table 10.16. With a GEBEE1.0 and an initial body lipid content
of 7%, rate of lay, and hence egg output, decreasedl energy levels with environmental
temperature. On the lowest ME feed the differemceate of lay was 9.4 eggs/100 bird d
(and 6.3g egg output/bird d), reducing to 1.0 egd @.6g/bird d on the highest ME feed.
The rate of decline in egg production and outpud {gas when the initial lipid content was
21%, whilst the means of these variables were awagher at all energy levels at the

higher initial lipid content.

With a CEE, of 8.0, production remained essentially the satm@ehighest temperature
as when the coefficient was 1.0, but rate of lay @gg output were more severely affected
by a decrease in temperature than at the lowerGfakie. The responses in egg output to
environmental temperature, on the four energy &vale illustrated in Figure 10.7.
Comparative decreases in production on the highergy feeds were similar for both
CEE, coefficients.
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Figure 10.7 Observed relationship between egg output (g/d)tanmgperature°C) using a
CEE, of 8.0kJ AME/d. kg W°C and an initial body lipid content of 21% at fomily
energy allocations(= 12.5; A = 11.5;e = 10.5; x = 9.5MJ ME/kg) with fitted equations
(solid line = 12.5; dotted line = 11.5; dashed i€.5; dotted and dashed line = 9.5). The
slopes of the four regressions were -0(8%.33), 0.39 (+1.66), 0.78 (+3.49) and 2.38
(£9.96) respectively.

Egg weight was unaffected by temperature, dietargrgy content, initial body lipid
content or value of CEkexcept for a linear increase of 0.4g/egg on theest energy
feed, when initial body lipid content was 7% andEzEvas 8.0. In this isolated case, egg

weight increased as the environmental temperaereedsed.

The mean daily changes in body weight and bodyl lguntent, as influenced by dietary
energy allocation, environmental temperature,ahitiody lipid content and two values of
the coefficient CER, over the final four weeks of each trial, are giwve Table 10.17. The
changes in body weight were similar to changesoidydipid content in all cases. Birds
lost more weight on the lower energy feeds wheniritil lipid content was 21% than at
the lower content, and to a greater extent with @EB.O than 1.0. At the highest energy
level, weight gain was the similar for both initigdid contents at both CEEvalues, but

with higher gains at low temperatures when GEEs 1.0 than 8.0.
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Table 10.15Mean responses in desired and actual feed intakisriperature (T) and dietary energy allocation \M¥er the final four weeks

of the ten-week simulation period, according todbefficient of energy requirement for maintenafCEE;, kJ).

CEE.=1.0 Desired feed intake (g) Actual feed intake (g)

ME (MJ/kg) 9.5 10.5 11.5 12.5 9.5 10.5 11.5 12.5
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21

10 215 169 167 159 159 159 159 159 160 158 158 156156 156 156 157

12 209 170 164 159 158 158 159 159 159 158 158 156156 156 156 156

15 206 169 163 159 159 159 159 159 159 158 157 156156 157 155 156

18 201 166 162 159 159 159 158 159 159 158 158 156156 156 156 156

20 197 166 162 159 159 159 159 159 159 158 157 156156 156 156 156

CEE.=8.0 Desired feed intake (g) Actual feed intake (g)

ME (MJ/kg) 9.5 10.5 11.5 12.5 9.5 10.5 11.5 12.5
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21

10 283 239 216 172 167 159 159 159 160 159 159 158157 156 157 156

12 273 219 198 164 164 158 159 158 160 159 159 157157 156 157 156

15 246 189 180 160 161 158 158 159 160 158 158 157157 155 156 156

18 217 173 165 159 159 158 159 158 159 159 157 156156 155 156 156

20 198 166 162 159 159 159 159 158 159 158 157 156156 156 156 156
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Table 10.16Mean responses in rate of lay, egg weight and egjgubto temperature (T) and dietary energy aliocafME) over the final four

weeks of the ten-week simulation period, accordmtipe coefficient of energy requirement for manatece (CEE, kJ).

CEE.=1.0 Rate of lay (eggs/100 bird d) Egg weight (g)
ME (MJ/kg) 9.5 10.5 11.5 12.5 9.5 10.5 11.5 12.5
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21
10 28.5 56.8 55.1 65.0 62.0 64.8 62.8 66.2 67.6 067.67.3 66.9 67.0 67.4 67.2 67.0
12 324 57.4 56.9 63.7 62.5 63.8 63.2 66.6 67.1 367.66.8 67.3 67.1 67.1 67.1 67.0
15 34.4 58.5 57.7 63.9 63.6 65.7 62.3 64.1 66.9 167.67.2 67.2 67.0 67.4 67.1 67.3
18 35.8 58.6 57.8 64.8 63.0 64.8 64.1 65.2 67.6 067.67.3 66.9 67.3 67.3 67.2 66.6
20 37.9 60.2 60.4 66.0 64.5 65.3 63.8 64.7 67.5 9 66. 66.8 67.1 66.9 67.2 67.0 67.2
CEE=1.0 Egg output (g/ bird d)
ME (MJ/kg) 9.5 10.5 11.5 12.5

Initial body lipid (%)
T (°C) 7 21 7 21 7 21 7 21
10 19.3 38.0 38.0 435 415 437 42.2 44.4
12 21.7 387 38.1 429 419 428 42.4 44.6
15 23.0 39.2 38.8 429 426 443 41.8 43.2
18 242  39.2 38.9 43.4 424 436 43.1 43.5
20 25.6  40.2 40.3 443 432 43.9 42.8 43.5

186



Table 10.16 (continued)Mean responses in rate of lay, egg weight and etjgubto temperature (T), dietary energy allocafigi) and body
lipid content (%) over the final four weeks of ttem-week simulation period, according to the caeedfit of energy requirement for maintenance
(CEEn, kJ AME/d. kg W.°C).

CEE.=8.0 Rate of lay (eggs/100 bird d) Egg weight (g)
ME (MJ/kg) 9.5 10.5 115 125 9.5 10.5 115 125
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21
10 3.3 23.4 25.1 51.5 54.8 59.8 63.3 64.8 67.2 67.166.7 67.3 66.9 66.8 67.1 67.0
12 6.7 32.1 34.1 57.6 57.7 62.1 63.6 65.6 67.2 66.867.1 67.1 66.8 66.7 67.5 66.8
15 14.6 46.3 46.5 62.8 61.3 62.2 62.7 64.3 67.0 866.67.4 66.9 67.5 66.7 66.9 66.9
18 28.5 55.9 56.1 63.1 62.2 65.1 63.1 64.6 66.9 067.66.7 66.8 66.9 66.6 67.1 67.1
20 37.4 57.9 59.3 64.4 65.2 65.6 65.2 64.0 66.8 366.67.1 67.0 67.0 67.1 67.1 66.8
CEE.=8.0 Egg output (g/ bird d)
ME (MJ/kg) 9.5 10.5 11.5 12.5

Initial body lipid (%)
T (°C) 7 21 7 21 7 21 7 21
10 2.2 15.7 16.7 34.7 36.7 39.9 42.5 43.4
12 4.5 21.4 22.9 38.6 385 414 43.0 43.8
15 9.8 30.9 314 420 414 415 42.0 43.0
18 19.0 374 37.4 421 416 434 42.3 43.3
20 250 384 39.8 43.2 437 440 43.8 42.7
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Table 10.17Mean responses in body weight, body weight gaintaudy lipid deposition to temperature (T), dietanergy allocation (ME) and
body lipid content (%) over the final four weeks tbk ten-week simulation period, according to tbefitcient of energy requirement for
maintenance (CEE kJ AME/d. kg W°C).

CEE.=8.0 Body weight gain (g/bird d) Body lipid content (g/kg)

ME (MJ/kg) 9.5 10.5 11.5 12.5 9.5 10.5 11.5 12.5
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21

10 0.1 -2.4 0.5 -1.5 15 1.0 3.8 3.4 1140 1495 0.02 1928 1293 232.3 155.0 2685

12 -0.2 -2.4 0.4 -1.2 15 1.2 3.7 35 1148 158.819.3 191.3 130.3 231.3 1540 266.8

15 -0.3 2.2 0.5 -1.2 15 14 3.9 3.8 115.0 152.020.a 199.3 130.8 2323 155.3 272.0

18 -0.1 -2.6 0.6 -1.2 1.8 14 4.2 4.0 116.0 155.821.a 191.8 1335 239.0 1555 270.0

20 -0.2 -2.3 0.1 -1.2 1.3 1.3 4.0 3.9 115.0 159.318.38 199.3 132.0 2348 156.5 272.0

CEE.=8.0 Body weight gain (g/bird d) Body lipid content (g/kg)

ME (MJ/kg) 9.5 10.5 11.5 12.5 9.5 10.5 11.5 12.5
Initial body lipid (%)

T (°C) 7 21 7 21 7 21 7 21 7 21 7 21 7 21 7 21

10 0.0 -1.2 -0.2 2.1 -0.1 -1.7 0.6 0.5 110.8 120.013.0 140.3 119.0 180.3 125.0 2222

12 0.0 -1.7 0.1 -2.4 0.2 -1.2 14 14 111.0 126.014.a 149.0 118.0 1943 130.0 233.0

15 0.1 -2.0 0.1 -2.4 0.8 0.0 2.4 2.6 112.0 1355 4.01 1645 123.0 213.3 140.0 246.8

18 -0.1 -2.4 0.2 -1.5 14 0.8 35 3.3 113.0 145.018.a 185.0 129.8 2245 1520 262.8

20 -0.1 -2.4 0.3 -1.2 1.7 1.3 4.1 3.8 116.0 154.822.a 196.3 1305 2373 156.5 272.0

188



10.4.3 Discussion

The objective of these four simulated trials wasctmmpare the responses of broiler
breeders to dietary energy allocation over a ramigenvironmental temperatures with
those described in the chamber trial in Chaptd&efore the exercise was attempted it had
been ascertained that the body lipid content oédees at the start of such a trial would
have a bearing on the response to feeds differingk content, so this initial condition
was introduced into the exercise, as was the efti of energy required for
maintenance, CEE which had been determined in Chapter 7 to be ANkE/d. kg W.°C.

The feeds used in the exercise were designed tidgradequate quantities of the essential
amino acids when fed at 160g/bird d, and as atldemntained the same amounts of these
amino acids, the responses measured in rate adridyegg output would have been the

result of differences in dietary energy intakepaby the energy contents of the feeds were

made to vary between dietary treatments.

In Chapter 7 it was shown that breeders utiliseydgud as an energy source when the
feed energy is inadequate to meet the requirenfientsaintenance and production, and in
this exercise the additional body lipid stores {817%) reduced the need of the birds to
increase their DFI as the environmental temperatvae reduced. Similarly, the lower
CEE, coefficient reduced the need for DFI to increasethe® lowest temperatures.
However, because birds were allocated only 160d/fedirds were unable to meet their
requirement for energy on the lowest energy fetdusconsequence of which is that egg
production decreased to a lesser extent at thegeetatures when the initial body lipid

content was high, and CERvas low.

Rate of lay and egg output declined linearly inheddal throughout the range of
temperatures used when hens were fed 11.5, 10.2&MJ /kg, as was described in
Chapter 7, indicating that the birds were usingeasing amounts of dietary energy for
maintenance as the temperature declined, leavesgdeailable for production, while birds
fed 12.5MJ/kg (2000kJ/d) maintained their perforoeat all temperatures. The decline in
performance was greater on the low ME feeds. Howetlee rate of decline in

performance using a CREof 1 was lower compared to the results found & ¢hamber

trial described in Chapter 7. This could be exmdity the lower potential performance
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simulated by the model. If the potential performamere higher, then the requirement for
energy and the desired feed intake would be higiret,the effect of the low temperature
would be greater. Thus, an improvement to the iin@dald be to find the set of constants
ICL A, B, C and D that represents a peak of pradacaround 80-85% or enabling the

user to choose the peak rate of lay and the radedine after peak.

The reduced rate of laying was accompanied by eedee in body lipid content but with
no change in egg weight, which is different comgatiee the results of the chamber trial.
The response in egg weight is acceptable, as pretas not limiting. The response in
body lipid content may be explained by the amodriipad reserve available to the birds.
The body protein and lipid deposition, or utilisatj leading to a change in body weight, is
regarded as being a consequence of the nutriensugted. Dietary protein consumed in
excess of requirement, resulting from the lowedpation, is deaminated and converted to
body lipid, but because the birds use lipid res@av@n energy source, there is no increase
in body lipid content at the lower temperaturese Tate of lipid utilisation as an energy

source was greater with the higher initial bodydlipontents.

The results of these trials also show that at teatpees between 15 and 20°C broiler
breeders are capable of maintaining egg productioan energy intake as low as 1760kJ
AME/d, as long as sufficient body lipid reserves aresent. These lipid reserves would
eventually become depleted, if the birds were naaied at these low temperatures. At
energy intakes lower than 1760kJ, laying perforream@s depressed, as in the trial

reported in Chapter 7, with a concomitant lossadybweight.

The results of simulations conducted here are,sngprisingly, in line with the theory
incorporated into the Breeder Model, and in genaralsimilar to those obtained from the
trial reported in Chapter 7. Differences betwees shmulated and actual results provide
opportunities for improving the accuracy of the Mbthrough modifications in the theory.
These modifications would need to include the Bbito alter the potential laying
performance of the hens, the choice of the mostogpate value of CEE and the

maximum daily rate at which body lipid may be ussdn energy source.
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GENERAL DISCUSSION

In this PhD project, different approaches were usedncrease the knowledge of the
physiological responses of broiler breeders toientrintake and environment. Data were
obtained by performing a comprehensive review @& #&vailable literature on nutrient

requirements of breeders during the laying peribchugh the development and testing of
a model designed to simulate the response of bimigz=der hens to daily intakes of amino
acids and energy, and by carrying out targeted rerpats, designed to provide specific

answers to questions raised during the modellioggss.

The studies presented in Chapters 3 and 4 assdbsedjuestion regarding the
determination of maintenance requirements, asraatlin Chapters 1 and 2. Emmans and
Fisher (1986) and Fisher (1998) indicated that teagnce requirements for amino acids
would be more accurately estimated if based onptéein content of the body than on
body weight, so it was important to know how thelyp@omposition of broiler breeders
changed during the laying period before calculathrgymaintenance requirement for each
essential amino acid. The weight of body protein260-210 g/kg remained relatively
stable throughout the laying period, so this val@s used as the basis for calculating the
maintenance requirements of broiler breeder hessxatal maturity, which is in agreement
with most of the previous reports on this subjatthese studies, it was also demonstrated
that it should not be necessary to assume thateiprajrowth is obligatory when
determining nutrient requirements of broiler braeldens, but that the change in feather
weight is of such a magnitude that this should dresitlered when calculating amino acid
requirements of these birds during the laying mkrend that the improved method for
determining maintenance requirements for aminosaicigmature birds, suggested by Gous

et al (1984), has proved to be satisfactory for thigppse.

The study presented in Chapter 5 elucidated thatigmeregarding the use of synthetic
amino acids by restricted broiler breeders, ag pnformation had been available only for
birds and animals fed at least twice-dailyadrlibitum The availability of synthetic amino

acids permits nutritionists to comply better withnstraints in linear programming (least
cost formulation) when formulating feeds for broitkeeeders, by lowering the cost of the
feed and contributing to a reduced nitrogen exanetHowever, the study indicated that

synthetic amino acids should not be used in feed$roiler breeders fed once or twice a

191



day as they appear to be utilised less efficiem#gulting in a reduced rate of lay compared
with birds fed intact protein. It is likely thateabe amino acids are rapidly absorbed and
metabolised before the intact protein has beenstigeand absorbed, resulting in an

unbalanced mixture being available for incorporaiito egg protein.

The studies presented in Chapters 6 and 7 focuseth® determination of energy
requirements, related specifically to the use afess body lipid reserves as a means of
maintaining laying performance. As outlined in Cleay®, fattened broilers can make use
of excess body lipid reserves providing that tipeatein intake is sufficiently high to allow
this (Gouset al, 1992), and now evidence has been presented o thlad broiler breeders
are capable of maintaining egg production at amggnmtake that is much lower than is
recommended, by making use of their body lipid ies®as an energy source. A minimum
amount of body lipid, of around 110g/kg body wejgist needed to maintain the birds
(Wellock et al, 2003), which would provide the lower limit whealculating the extent to
which lipid reserves are available. It was also destrated in Chapter 7 that 1.0kJ
AME/kg W. °C should be added to the maintenanceirement of broiler breeders to
account for the additional energy required for céheermogenesis at environmental

temperatures below about 18°C.

The Breeder Model functions and the processes kgadithms employed are described in
Chapter 9. The model was initially developed in idgoft Excel 2000 for one bird over a

seven day period, and later it was rewritten in BHL C++ to simulate any number of

birds over a defined period of up to 30 weeks yn ehe programming language DELPHI

was used to facilitate model operation, especsiged, through a user-friendly interface.
The Breeder Model is available on the CD at thekbaicthe thesis, together with a

description of how to load the programme. This wgrsvill be available to you for a one-

year period. For any further information, pleasataot the programmers through the EFG
Software web sitewfww.efgsoftware.nét

Modelling the nutrient partitioning of broiler bigers between maintenance, yolk and
albumen production and obligatory growth of bodssties is complex, but an essential
element in predicting the response of these bdsutrient supply. In the present model
this was simplified by assuming that there was hligatory growth of body protein or

lipid, and that changes in body lipid weight wereoaisequence of the way in which birds
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were fed. The Reading Model (Fishedral,, 1973) is a partitioning model commonly used
to determine optimum economic amino acid intakes g@opulation of laying hens, but
being an empirical model, suffers from a numbesiobricomings. Mechanistic models,
such as the Breeder Model developed here, arerbatle to account for the many
interactions and interdependencies between nutingsite, environmental conditions, and
performance, thereby prioritising the physiologicedponse of breeders to nutrient intake.
Some progress has been made in modelling the Igpattgrns of commercial laying hens
(Johnston, 2004) and this same approach has beéadapere to broiler breeders (Chapter
8), reflecting realistic egg and component weidbtdbreeders of a given age and over the
laying period, which may be used with confidencetedict the nutrient requirements of
individual hens of a given strain. A necessary rication to this part of the model is that
the ICL equation needs to be adjustable to obtgieak production around 80-85%. The
model developed here (Chapter 9) evaluates theteftd genotype, environment and feed
composition and allocation on both the requiremants performance of a broiler breeder
hen, and is the first comprehensive computerisegthanistic, stochastic and dynamic
breeder model of its kind to have been developed tapable of simulating the daily
requirements for maintenance and egg productiomgusiodel parameters such as age at
maturity, initial live weight, initial body proteiand lipid contents, mean clutch length,
daily temperature, number of days over which tlesl fis to be offered, protein and amino
acid contents of the feed, dietary effective eneagyl daily food allocation. Outputs
provide information on a daily and weekly basis dorindividual and a flock of breeders,
with respect to potential and actual performanceluging yolk, albumen and shell
weights, body lipid deposition and the current estat body protein and lipid. Also
simulated are live weight, proportions of body pmtand lipid, minimum body lipid
weight, amount of body lipid reserves, egg weidjhtjting amino acid in the feed, actual
food consumption, heat production, income, expeneliand margin. The model simulates
the above for an individual, but makes provisiontfe generation of a population of hens,
using means and standard deviations of most op#nameters involved in describing an
individual, and then simulates the response of @adiiidual after which it calculates the
mean response of the individuals making up the labpn. This is a more accurate
method of simulating a population response thanimgakse of empirical equations to

predict responses.

193



The model has not been comprehensively testedrdirede but preliminary tests indicate
that a good degree of conformity to observed resalibbtained in the practical range of
nutrient and environmental inputs. Before making akthe model as a means of making
recommendations for feeds and feeding programrhesnbdel needs to be tested further.
While the general structure of this model seemsgblin its calculations, a number of
improvements still need to be made. These arallistéow.

An improvement to the model would be to predict #ye at sexual maturity using the
model developed by Lewist al. (2007, in press), which takes account of the iight
programme used during rearing, and the 20-week hadght of the birds. At present, the
user inputs a mean age at sexual maturity, whictoisas satisfactory, but is nevertheless

acceptable as a means of specifying this variable.

Many physiological processes are involved in eggpction, some of which have not yet
been fully described, as suggested by Johnstord{200 laying hens. One of the most
uncertain elements in the model concerns the ceetsy surrounding whether or not yolk
production continues after the bird lays the lagy ef a clutch. If yolk production does
continue, the question is how many days does thecgmtinue to be deposited, leading to
an additional question of what the rate of produrctis for each ovum of a sequence?
These elements merit further consideration andysituerder to improve the accuracy in

calculating nutrient requirements for yolk prodoati

The most difficult theoretical problem in the apgech used here to calculate actual feed
intake arises from variations between birds in fie¢ake. Access to the food trough, when
a limited amount of food is supplied, is a functiwinthe pecking order or position in the
hierarchy of each hen that may prevent birds frogessing equal quantities of food each
day. An aggressiveness value is attributed to &achin order to alleviate this problem,
which constitutes real progress in terms of modeglirariation in feed intake in breeders,
but this method may still lead to over- or undetireation of the correct dietary levels of
nutrients in case the desired feed intake is ledsevould be essential to incorporate a
variance/covariance matrix into the model to inigede the consequences of correlations

between aggressiveness and potential rate of lafjgngxample.
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There is still much that is not understood abostghysiological mechanisms involved in
regulation of food intake in laying hens. At highncentrations of the limiting amino acid,
when adequate amounts of ME are present in the food intake is predicted to decline,
but in practice this does not appear to happenvé@sely, when the limiting amino acid is
severely deficient in the feed, in practice foothke decreases significantly (Bowmaker
and Gous, 1991; Goddard, 1997), yet the model giedhat desired food intake will
increase under these circumstances. The former wese be explained by essential
nutrients other than amino acids, such as tracenali or vitamins, becoming limiting and
hence increasing the DFI. The present model corss@®ino acids and energy only, and
may need to address the requirements for otherentgrin the future, if such anomalies
are to be prevented. It is far more difficult tanth of a mechanism that will reduce food
intake on a reasonably well-balanced feed thatgkly deficient in all amino acids. This
decrease in food intake could not be explainednypking the theory that unbalanced
feeds cause a reduction in food intake (Hagtaal, 1970) as these feeds are not severely
unbalanced. No attempt was made in the model @nbalheat production and loss to the
environment, but this is unlikely to be lead toodution of this problem. It would perhaps
be fruitful to consider that in such feeds it ispmmssible to sustain reproductive
performance, and hence the bird’s requirementedg production are reduced, thereby

reducing DFI.

The interaction with the environment is a partidylaifficult area to describe and to
guantify, and has not been adequately quantified. Adhe effect of cold thermogenesis on
maintenance energy requirements has been addrebsédnot the effect of high
temperatures on nutrient requirements and perfocenalm the broiler growth model of
Emmans (1981) one of the most important criteria donstraining the food intake of
broilers is the inability of birds to lose sufficieheat to the environment. Heat is generated
by the processes of maintenance, feeding, feespsory, growth and excretion (Emmans,
1994), these being essentially the same in thadgalyen, except that growth processes are
replaced with the process of yolk and albumen prtdo; the main difference being that
hens package this energy in the form of an eggtlaexl avoid this, so there is no need to
store the products of this process. This has irmapbas when balancing heat production
and heat loss, which will have an effect on thest@ined feed intake. Many unanswered

questions still remain and need to be addressed fmore complete understanding of the
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interaction between the breeder hen and its enwieonh. Until such time as these effects
are properly quantified environmental effects Ww#l inaccurately estimated in the model.

While environmental temperature has a significaffece on maintenance energy
requirement, the feather condition of the hen hss laeen shown to influence the extent to
which the bird responds to environmental tempeeaf{tlemeet al, 2005). However, the
effect of feather cover on ME requirement and iatakay not be identical for all
environmental temperatures. Several studies hawsvrshthat feathering affects heat
production. O’Neilet al (1971) found that the energy for maintenance aattfered
roosters declined by 8.4 kJ/kg/day/°C, while in 4iesthered roosters the rate of decline
was 26.3 kJ/kg/day/°C between 15 to 34°C. Studyekde et al (1983) showed higher
heat production (514J/kg ¥¥¥/min) in poorly-feathered chicken compared to ndilyna
feathered (484J/kg Wmin). Peguri and Coon (1993) reported a signifidateraction
between feather cover and temperature on maintenisiic requirement. Feather loss is
not a well-defined term, and is difficult to measun a flock. Also, it is not known
whether the feather loss from different parts of thody should be valued the same.
Further study is needed in this regard before thtcing a feather correction factor when
estimating the calorie needs of a flock for maiateze. However, as discussed in Chapter
3, the change in feather weight is of such a magnithdethis should be considered when
calculating amino acid requirements of these bihdisng the laying period, knowing the

amount of each amino acid needed for 1kg of fegihwein retained.

An aspects of the non-thermal environment that been largely ignored is the disease
aspect, which is an area where modelling couldubthér pursued. Two approaches to the
effect of disease challenges on food intake haea Ipeoposed recently, both dealing with
pigs: Wellocket al (2006) reduced the rate of maturing parameteriiBhe Gompertz
growth equation to simulate the resultant down-f&gn of lean tissue growth brought
about by a disease challenge, and Sandberg. (2006) predicted the effects of sub-
clinical pathogen challenges of different doses angence on the relative food intake of
animals by modelling the rate of reduction in foothke as a disease challenge progresses
through the animal, enabling actual food intakeb& predicted from the relative food
intake and animal state. It may be worthwhile ie tature to introduce such an option in

the breeder model.
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Despite the fact that a number of improvements rstéd to be made, the current Breeder
Model may be useful to the poultry community. Adeaching aid to poultry science
students, it may be used to illustrate the complexd interactions between genotype, feed
and environment, and also to draw attention toetttent of variation within a population.
Broiler breeder producers may change various inguatssee the responses of their birds to
their specific environment. The model may assidrithonists to demonstrate potential
interactions between model inputs and nutrientii@ring in order to optimise nutrient
requirements of specific genotypes. It has theni@keto be used as an optimisation tool to
assist nutritionists to feed broiler breeders meffeciently by: determining the optimum
ratio between amino acids and energy; when (or hémgtto switch from one feed
composition to the next; what the optimum combwratof nutrient density and feed
allocation would be for different ingredient pricetc. This simulation model may serve
many purposes, including the development of idedstpretation of real life, prediction of
responses, transfer of information, scrutinisabbexisting knowledge, and formulation of

experimental programmes.

In practice, model building is an iterative processl, in this sense, model building can
never been completed (Ponwral, 1991). However, in spite of all the shortcomirds
the model described in this thesis and the suggestior further improvements, it is
believed that the Breeder Model provides a goode bfis modelling the nutrient

requirements and performance of broiler breederginglu the laying period.
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ABSTRACT

Because the nutrient requirements of broiler breedee dependent on the potential
performance and state of the birds, which chandgk age, and on the environment in
which the birds are kept, it is difficult to detarma the composition and amount of feed to
be allocated daily that will maximise returns oe tfaried broiler breeder farms on which

the feeds are to be used.

Factors to be considered when optimising the d@éd allocation for a flock include,

among others, the potential egg output of indivisie a time and over time, differences
between genotypes in the amount of excess eneggyrthy be stored as body lipid and
utilised as an energy source, possible constrplated on both food intake and egg output
by the environment, and the aggressiveness ofl@atlat the feed trough. In attempting to
model the performance of broiler breeders durirg ldying period it became clear that
certain critical information was lacking on the pesse of broiler breeders to essential
nutrients, under both ideal and constraining caomalt The first part of this thesis

describes a series of experiments that were debsitgnebtain such information.

A computerised, mechanistic, stochastic and dynabmaler breeder model, which
evaluates the effects of genotype, environment faed on both the requirements and
performance of broiler breeders, is then descrildddan age at first egg, following a
constant photoperiod or a single change in photoggdrom 8 to 16h is predicted from
photoperiod, body weight at 20 weeks of age orageansfer as suggested by Lewis (in
press b). Egg production is predicted for a fulying period, including random
occurrences of double-yolked and soft-shelled eggd internal ovulations, using the
population model of egg production developed foying hens (Johnston, 2004) and
adapted for broiler breeders. Yolk weight is pregticfrom hen age using an empirical
equation appropriate for the genotype. Allometuadtions are used to predict albumen
weight from yolk weight, and shell weight from tiveight of the egg contents. Egg weight
Is given by the sum of the three components. Thectsf of genotype, environment and
feed on both the requirements and performanceaiebibreeders during the laying period
are simulated, and the over- and undersupply aiemis are both addressed. The model
will eventually prove useful to nutritionists wislg to optimise the feeding of flocks of

broiler breeders during lay.
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