
/e4 ut
ls

Feed formulations for laYing hens

K. FILEV, J. SOKABOVSKI
Faculty of Agricultuts. lnstitute of Animal'

University ol SkoPP (Yugoslavia)

M. KON-PO PCIVS KA

Facutty of Science, Universrty ol Skopie (Yugoslavia)

.
r}

l. - Introduction

poultry ptoduction in YLryoslavia is based on fotmui?e tor laYing hens determined by a culventional

method'of linear programming. This method provi&s'ot the besl combinaton with all nutients essental

ioi maintenance, growil1 and egg produciion as wef as operating at minimal cosl. Ihe choice of

leedstutfs is such tial it ens utes good health ot the tircs and high qualily eggs'

Fot thts putpose estrmales arc made betotehand tcr ctemical composition, enetw value and :cst ol

riedstutf ingredienls. All this informatron and data arc ven put into the comouter. Howevet, this method

Jisregards- thcse t?::ats lhal influenc3 nulJ:ilcn rcau|?nenls and tood consumption: live welght,

envronmental temperaturc, laying intensity, physicat activity and individual varlability. under different

conditlons, the rcquiements of nutrienis vary and often Tepend more on economlc than biological tactors'

Several authors have constructed accurate modds bt the exact determination o{ poultry nutrient

requirements and teed intake (Hutwitz et at.. 1977; cottbs, 1968; Emmans, 1984; Leclercq, 1984). They

have developed diflerent equatiot s tot detemining the daly energy rcqurcments of poultry. other authots

have develoiped models for determining the rcquirc,r,erns for dittercnt amino acids. Among them lhe mosl
poputar are the reading model (Fisher et at.. 1973) anc tE lstaeii model (HutwiE et at., 1973)-

our task is to make use of the results descrbed in lE litercturc and of our own experience wlth the

pouttry industry to propose the best teed fomulations iu Yugoslavia-

ll. - Determination of daily energy requirements

Energy requirements in the literature and in practice ale expressed in MJ metaboiic energy. Metabolisable

en"riy coirected for zero N retention is also useq lsee Europoan tabl€ ol energy values tor poullr:''

feeoiLrs. 1986). The catculation ol AMEN in the diiietent leedstuffs is done using regression analysls by

combining chemical compositioo data ol the feedstutfs and calculation factors'

The most variable pan of darly rations for layers is enetgy b€caus€ its roquitem€nt depends on lve werght,

tempeJure in the poultry nouse, Oaity egg output. EoYth and physical activity' Detemination- of daily

"n"igt-r"qrit"..nt" "an 
b" done bi using difierent equations iaken flom several authors' Emmans

reported two equations:

EM = (170-2,2T)W + 5AW + 2E for Legho'n h€tls

EM = (lao -2T) W+ 5AW + 2E for Rhode-lsbnd hens

I

a

Opttons n6dt&,r:andenneg, S&. A, n'7' t990 - t'8ucdtt" €tt t,ddi'er'anas

I

lli
lll
lli

lt



.': a

56

where :

EM = Kcal metabolisable energy required day

w = mean live weight, kg

aW = mean daily garn, g/day

E = e99 output, g/day

T = environmental temperature, "C.

The eouations include the most important factors which inftuence daity energy requirement excepl physical

activity and individual variability.

i-lurwriz ano Bornstein (1978) reponed a diflerent equation :

=M = 145 !{ 0.67 1 2 AW + 1,8 E

In this eouation some important tactors are not included : environmental temperature, physical activity and

inciividual variabihty.

Combs (1968) reponed a more oomplete equation lor the determrnalion o1 daily energy requrrements lor
broiler breeder hens :

514 = (1,78 -0,012T) x 1,45\10'653 + 3,13AW + 3,15 E

Daily energy requirements calculated by this equation, are higher than the empirical results of Bornstein
(2.9"/") because of the use ot a big-oer coeffacient for estimating the energy amount required IoI daily gain

and egg production.

An?!:,sng lne::-J:IUre of these ditferent equations, it appears that in the 
=mmans 

and Combs lormulae,

two factors are absent : physical activity and individuat variability. In lhe Hurwttz equation, the very

important factor of temperature is also absent besides aclivity and variabili',,. Tn; 3mmans equalion uses

temperature In the correction {actors, and mean live eight for calculating the requrrement {or mainlenance
energy. Combs uses I lor determining the cotrection lactor and metabolic live weight (W0.653) for
determining the maantenance energy requirement.

As the Combs equation seems to be more complete than the others, it was used in our investigalions and

incorporated in the program for automatic calculation of daily energy requirements for laying hens.

Assuming constant levels of daily output, live weighl and daily gain, the inlluence of temp€rature on energy

reouirements can be delermined as shown in, Table 1.

Environmental temperature influences on energy requirement lor maintenance can vary from 0,6 lo 1,2

MJ/day/hen. These variations explain the ditlerences in the total energy requirement (ttom vary 1,2 to 1,96

MJ/day/tEn).

The energy requirements also duting the laying cycle as shown in Table 2.

Throughout the laying cycle, daily energy requirements lor maintenance and egg ptoduction vary because

ol vanations in live weight and daily egg outprrt. The lequlrements lor gain/day are small especially after 30

weeks ol age and could be neglected. From the data ol lotal energy requitement, it can also b€ seen that

in the period trom the peak of production (2&h week) up lo 60 weeks of age (230 days) energy
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requirements/hen are about 1,5 MJ. This shows that, under conditions.-of
temperature, energy requirements do not vary significanuy.

constant environmental

of layers

1. Protein

Protein requirements of 
- 
pouttry are expressed as total protein (N x 6,25). Empirical determinations ofprotein requirements of laying hens have shown highly variable resutts due to oittererrces in live weight,egg weight' laying rate and food consumption wnicfi are caused by breed differences, age, feed, and soon. Protein requirements for poultry can also be quantified.

several authors have worked out methods for predicting protein requirement (Scon, 1969; Fisher, 1967 ;Hurwitz' 1972)' Most of them express protein requiremJni (P) as a sum of maintenance requirements (M),daily egg output (E), live weight gain (G), and, after scott, of iequirement tor reatnerJrowth (F).

p=M+E+6+F

while investigating the factors affecting protein requirements of layers, Fisher (1967) found tharrnanagement and environmental factors are apparently without ei{ect on protern use and that requirernentsis in proportion to output' However' it is interesting io note that efficiency of protein use increases withenergy intake and decreases with increasing agl ,n the first lavino year. under these conditions,requtrements are not only in proportion to output.

Economic factors can also be taken into account by comparing the marginal value of egg output atdrfferent levels of protein intake with the marginal cost;f protein at different levels of di€tary inclusion.

The requirements of daily protein for one laying cycle, calculated according to scott from the peak ofproduction, are shown in Table 3.

ln this table it can be seen that protein requirements per heniday decline with age and depend on eggoutput' This phenomenon is in agreement with the concept that, at different phases of production, nutritiveneeos are different' Fisher's investigations atso showed'that efficiency of protein use decline throughoutthe first laying under year, which means that the concept of phase feeding has to keep thas aspect underconstderation' Similar results were obtained by wethli and Monis, (1977) about tryptophan requirements ;they reported that pullets of 63-73 weeks of age needed rnor"-tryptophan for a given egg ourput.

2 Amino acids

In most published papers, requirements of laying hens for amino acids have been estabtashed using linearregression analysis of empirical data or by deriving partition equations which assume linear relationshipsDetween inputs and outputs (Combs, t96g ; Hurwiti iSZey.

t*-" o,n"t autors (Fisfrer et al., 1973; Moris and Blackburn, 'tgg2 ; Mc Donald and Morris, 1gg5) haveoemonstrated that a linear model may describe the response of an individual bird but a typacal response
ll:'"j"q the average olrtputs ot a group of layers must be curvilinear. Thus there are rwo distinguishablernodels for prediction of daily amino-acid intake for laying hens : lsraeli and Reading-

The response curve for a flock of hens (Reading model) mathematically described by curnow (1973) has acharacteristic sigmoid shape (Graph r). inis cr-e considers the response of an indivkJual hen as asrmple factorial model and then, from the individual models, derives the flock response as an integrated

lll. - Determination of protein and amino acid requirements
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average of a large number of individual responses. Th€ resulting llock response curve is defined by seven
parameters : avsrage maximum output g/day (Emax) ; vatiatim in tnaximum output (a Emax) ; average
bodyweight kg W) ; variation in bodyweight ((r W) ; correlation between output and baldyweight (rew) ; and
two constants representing the amount of amino acid required per unil ot output (a mg i gE) and per unit
of bodyweight (b mg/kgw).

The optimum amino acid intake which yields maximum profit is calculated by the following equation.

A opt. (Mg/day) = a Emax + bW + x

where :

a2-s2 Emax + V.szW + 2 abrEw.oEmax.ow

deviation lrom the msan of standard normal distribution which is exceadod with probabilrry ak in one

K = marginal cost of one llg amino acid input / marginal value of one g! €gg output.

In order to simplify the use of this response model, some estimates of a and b have been outlined from
tlocks al or near peak output because at this time minimum amounts of amino acads are being diverted for
tissue and feather production, and there is a minimum of nonfroducing hens.

The use of this model allows one to determine the optimal level of amino acid intake that gives a maximum
income, in relation to an additional amount of amino acid intake over the average of the flock's
reourrement.

Such an €stimate is very important in practice becauso snabling the responsive amino acid intake go
beyond optimum for the best layers is not always economical.

Thrs model (Reading) is designed lor layers in maximum egg productaon but the level of amino acid intake
cannot be lowered with older hens b€cause the use of amino acid and total protein declines with aqe
especially atter 50 weeks (Wethli, 1978 ; Fisher, 1967). tt is inleresting to note that the relationship
between egg output and tryptophan iniake is the same in moulted hens as in young pullets (Wethii, r978).

lV. - Level of energy and protein in the mixtures

On the above mentioned bases it can b€ concluded that daily energy rBquirement is the most variable part
of the laying ration. lt depends on egg output, liv€ wsight, activity and €nvironm€ntal temperature. The
environmental temp€rature has a signmcant inlluence on th€ rnaintenance requirement and total daily
energy requirement. lt also signilicantly influences daily teed intake. Daily requirements of protein and
amino acads are constant during the laying cycle.

These tindings are imponant lor feed lormulation because laying hens daily require the same amount ol
amino acid and protein antake during the laying cycle, but ditferent amounts of energy in various
temD€rature conditions-

Because of very large temperature oscillations during lhe year in Yugodavia, leed antake decreases during
the summer and increases in winter- This is always lollo$red by dsdnirE egg production, egg weight and
shell strength.

On the basis of this evid€ncs, ssveral typ€s of fe€d mixturos car be r€commended lor ditter€nt
lemperature conditions during the yeat (Table 5).
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Figure 1: The relationship between Ore cabutated amino acid requirement for the average bird
in the flock (indicated thus ; O) and tre'requirement" of the whole flock in economic terms.

The line representing the limit of econornh response has a slope which reflects the optimum ratio
between the cost of the inFrt and tre value of the output (Fisher e, ar., 1973).
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