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STELLINGEN

Selektie tegen vetaanzet via de vaderlijn is bij braadkuikens uitvoer-
baar en verantwoord.

Dit proefschrift.

Individuele selektie op een gunstige voederconversie in de vaderlijn
van braadkuikens is door direkte en gecorreleerde effekten méér dan de
moeite waard.

Dit proefschrift.

Selektie op gewlcht, bereikt blj beperkte voedering en groepshuisves-
ting, 1s niet brulkbaar om kuikens te wverkrijgen, die ©bij ad 1libitum
voedering minder vet zijin, dan wel hun voer efficiénter benutten.
Sgrensen, P., 1986. Study of the effects of selection for growth in
meat type chickens, Thesis, Kopenhagen.
Dit proefschrift.

De kennis over de wijze waarop kuiken en kip hun voeropname regelen, is
niet toereikend om bij ad libitum voedering de resultaten van voedings-

en klimaatsonderzoek in modellen te beschrijven.

Voedernormen zijn afhankelijk van het genetlsch potentieel van de popu-
latie waarvoor ze worden gebruikt.
t
Emmans, G,, 1986. Proc. 27 British Poultry Breeders Roundtable Gon-

ference, Edinburgh,

Selektieéxperimenten moeten worden uitgevoerd met diermateriaal, dat
wat produktieniveau betreft, vergelijkbaar is met het materiaal waar-

voor de onderzoeksresultaten moeten gelden.

De wensen van de conhsument ten aanzien van de vetheid van kip zijn on-
bekend en alleen al daarom ondergeschikt aan de belangen, die kuiken-

mester en slachterij bij de produktle van minder vette kuikens hebben,
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Het 1s te betreuren, dat in de humane woedingsvoorlichting de nadruk
eenzijdig op het cholesterolgehalte van eieren wordt gelegd, terwijl
een el wat betreft overige nutriénten en de verteerbaarheid daarvan een
vrijwel ideaal voedingsmiddel is en tevens uitstekende culinaire eigen-
schappen heeft.
Moore, J.H., 1987. pp. 27-56 in: Egg quality - current problems and
recent advances. Wells, R.G. and C.G. Belyavin, eds., Butterworth,

Londen.

Gezien de Interne belangentegenstellingen kan de Nederlandse landbouw

niet meer als één hedrijfstak beschouwd worden,

De neiging wvan de Nederlandse overheid te bezuinigen op onderzoek en
tegelijkertijd strukturele financlering te vervangen door programma-
tische, miskent de waarde van onderzoek als fundamenteel onderdeel wan

onze cultuur en als investering in de toekomst.

Het onderzoeksmanagement houdt te welnig rekening met het feit, dat bij
onderzoekers de drang tot het beter willen weten meestal niet bij de

grenzen van het eigen vakgebied ophoudt.

Het begrip "bedrijfssynthese” is een voorbeeld wvan Ambtelijk Beleids
Nederlands: wvoor diegenen, die slechts het Algemeen Beschaafd Neder-
lands machtig zijn, volstrekt onbegrijpelijk.

Denken aan stellingen leidt tot het denken in stellingen.

Proefschrift "Fat deposition in a broiler sire strain"

van F.R. Leenstra.

Wageningen, 26 mei 1987.




VOORWOORD

Een proefschrift kan veelal alleen tot stand komen met de medewerking van
veel mensen. Dat geldt zeker voor dit proefschrift, waarin de resultaten
beschreven worden van een selektie®xperiment bij pluimvee. Het onderzoek
werd uitgevoerd op het Centrum voor Onderzoek en Voorlichting voor de
Pluimveehouderij "Het Spelderholt”. De direktie en het bestuur van Het
Spelderholt ben ik zeer erkentelijk voor alle ruimte (ock letterlijk) en de
vrijheid, die ik heb gekregen om het onderzoek en dit proefschrift af te
ronden.

De werkzaamheden, die voor het onderzoek noodzakelijk waren, varieerden
zeer. Zo werd individuele huisvesting veoor jonge kuikens gecrederd, moesten
hokken vaak 1in recordtempo worden schoongemaakt, werden duizenden kuikens
en volwassen dieren verzorgd, broederij- en plaatsingsgegevens ingevoerd,
selekticoverzichten gedraaid, hanen gemolken, hennen geinsemineerd, kuikens
geknopt en slachtrendementen en chemische samenstelling wvan kuikens
bepaald. Er zijn dan ook maar weinig Spelderholt medewerkers die nlet
direkt of indirekt bij het onderzoek betrokken zijn geweest. Al die mensen
wil ik graag bedanken voor hun medewerking, idee¥n en steun.

Pieter Vereijken, wvan ITI-TNO, de discussies met jou over proefopzet,
modelkeuze en toetsen en de hulp bij de uitvoering daarvan, heb ik zeer op
prijs gesteld.

Prof. dr. ir. R.D. Politiek, prof. dr. ir. E.H. Ketelaars, Wiebe Koops,
Ella Luiting, Egbert Kanis en prof. dr. M. Grossman, de belangstelling,
bijzonder opbouwende kritiek en de intensieve en plezierige discussies
waren voor mij onmisbaar bij het verwerken van de onderzoeksresultaten tot
wetenschappeli jke artikelen.

Bij de opzet en het verloop van het gehele onderzoek heeft Reint Pit een
grote rol gespeeld. Reint, door jouw meedenken, inzet en oarganisatorisch
vermogen werd het mogelijk het projekt Vetaanzet bij slachtkuikens tegeli jk
met de andere fokkerijprojekten uit te voeren en tot een goed einde te
brengen. Heel hartelijk bedankt voor de plezierige samenwerking gedurende

de afgelopen jaren.

Ferry Leenstra
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INTRODUCTION

Poultry meat production is a relatively new branch in agriculture. Before
1950 poultry meat was not much more than a byproduct of egg production. It
was produced from culled and spent hens and roosters. On a small scale,
chickens of the breeds Mechelse Koekoek, Breda Hoen and Noord Hollandse
Blauwe were "fattened" by skillled farmers in the Netherlands on a diet of
barley and skimmed milk. This diet often had to be forced fed. One con-
sidered these chickens a delicacy. Incidentally, dual-purpose hens were
mated to cocks of a heavy breed to produce chickens suited better for meat
production. The low importance of poultry meat production in the first half
of this century Is illustrated by Hutt (1949). In his chapter "Genetics in
practice” selection methods for egg production and disease resistance are
mentioned, but not those for meat production.

The demand for poultry meat increased, however, at a fast and constant rate
(Figure 1). Therefare, from 19530 onwards specific meat stralns were deve-
loped to improve poultry meat production. These strains were also availahle
in the Netherlands. In 1958, however, the Dutch Commodity Board for Poultry

and Eggs (PPE) still had to warn that dual purpose hens were not sulted as
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Figure 1: Annual poultry meat consumption in the Wetherlands and the USA.

{source: Annual reports PPE and Trade et al., 1986).




dam stock for meat-type chickens. More research to develop specfalized meat
strains was required. In 1959, separate registration of meat- and egg-type
stock was started. Since that time, poultry meat production has developed
rapldly. The number of chickens reared for wmeat production and the totél
weight slaughtered of broiler-type birds Increased greatly (Figure 2}. The
same developments occurred in other countries. In the United States, for
instance, the total production/year of ready-to—cook poultry meat inc¢reased
with more than 300% from 672 million kg between 1955 and 1959 to 2881
million kg between 1980 and 1985.

G
N or KG X 10

N-NL 500

N-EXPORT  4qp

KG-BROILER
—_= 300}

200
100

Figure 2: Number of eggs set/year for broilers reared in the Netherlands
{N=-NL); number of hatching eggs exported + number of eggs set for
exportation of one-day-old chickens/year (N-EXPORT); broiler
production in kilogram live weight/year (KG-BROILER).

{Source: Annual reports PPE).

In the sixties most broilers were processed to whole frozen carcasses. From
the seventies onwards processing and consumption changed from frozen to
fresh and from whole birds to parts (Table 1). These trends can be expected
to continue. The consumption figures are based on the data of poultry
slaughterplants. Retailers often process whole blrds further themselve.
Because of thils the proportion of chicken consumed as parts is in reality

higher, and is aproaching B80% in 1986 (AGB Rapportage, 1986).




Table 1: Production and consumption of poultry meat in the Netherlands.

(source: Annual reports PPE).

Production Consumption
Frozen Fresh Whole Parts Frozen Fresh Whole Parts
1978 55% 45% 71% 29% 30% 70% 69% 31%
1985 40% 60% 56% 44% 18% 82% 52% 48%

The development in poultry meat production and consumption causes changes
in the type of broiler demanded. At the onset of speclalized broiler pro-
duction, most improvements were made by intensive selection for weight-
gain, whereas little attention was given to carcass composition or quality,
other than the shape of the whole carcass. Between 1961 and 1985 weight-
gain/day increased from about 20g to more than 640g. Slaughter age reduced
from 12 weeks to about 6 weeks in 1985. These developments made the frozen
whole carcass a cheap product in which quality was subordinate to cost
price.

The increasing quality awareness of consumers and their increasing demand
for chicken parts and further processed products require properties of the
broller other than fast weight-gain only. For further processing, the ana-
tomical composition of chickens determines for a large part the yield for
the slaughterplant. The proportion of offal 1s of more importance when
parts are produced than when whole carcasses are the endproduct. Fat depots
are anatomical parts that are considered as offal nowadays, the more so as
consumers are advised to diminish their fat consumption. Processing yields
worsen when fat depots are removed from the carcass. When not removed, they
can affect the healthy and low-in-fat-content image of poultry meat. The
low fat content is a main reason why poultry meat is preferred above red
meat. The main fat depot in broilers is the abdominal fat. It extends from
the clecaca over the intestines and around the gizzard. The abdominal fat
forms about 2.5% of the total live weight of a broiler. This implies that
in the Netherlands more than 10000 tons of abdominal fat are produced
per year.

Against this background, in 1980 a research program was started at the

Spelderholt Centre aimed at reducing fatness in broilers. The purpose of



the program was to examine the possibilities and the consequences of selec—
tion against fatness. The results of the research program are set forth in
this thesis. In Chapter 1 the literature on the subject is reviewed. Selec-
tion appeared to be most promising in the long term to reduce fatness, but
little was known about the relative efficiency of different selectlon
methods. Therefore, a selection experiment was started. The Chapters 2, 3
and 4 describe the basic material, the methods and the results of this
selection experiment in which different selection characteristics are
tested on their usefulness to reduce fatness. Chapter 5 gives the results
of an experiment in which the established selection lines are used as sire
strain in a broiler cross. In Chapter & phenotypic and genetic parameters
estimated from the selection experiment are used to predict the consequen—
ces of application of different selection methods in a commercial broiler

breeding program.
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CHAPTER 1

EFFECT OF AGE, SEX, GENOTYPE AND ENVIRONMENT ON FAT DEPOSITION IN BROILER
CHICKENS.

F.R. Leenstra

Spelderholt Centre for Poultry Research and Extension
Ministry of Agriculture and Fisheries

Spelderholt 9, 7361 DA Beekbergen, The Netherlands.

Published in World’'s Poultry Science Journal 42: 12-25 (1986).
Reproduced by permission of the WBSA, C.M. Hann, Cropthorne Cottage,
Gravel Path, Berkhamsted, Herts. HP4 2PH, England.



ABSTRACT

The possibilities of preventing excessive fat deposition in broiler
chickens are reviewed. Both the total amount of fat deposited and the ratiao
between abdominal fat and total fat can be changed by nutritional and gene-
tic means. The effects of environmental factors like housing design, tem-
perature and lighting regimes on fat depousition are too small to be useful
for preventing excessive fat deposition.

Most important among nutritiomal factors is the ratio between energy and
protein in the diet. Several other dietary factors and their interactions
also have a marked influence con fat depesition. Information on the effects
of interactions between dietary components among each other and between
nutrition and sex, age and genotype of the broller is however far from
complete.

Selection can solve the problem of excessive fat deposition in the longer
term in an effective way, although more research iIs needed on the effects
of selection against fatness on growth rate, feed conversion, slaughter

yields and the quality of the broiler from a consumer's point of view.

INTRODUCTION

The problem of defining the most desirable amount of fat in brollers is
complex. On the one hand there are undesirable, even wasteful, fat depots
like abdominal and crop fat. On the other hand there is physiologically
necessary fat and - from a consumer's point of view — desirable fat. A cer-
tain amount of subcutanecus fat gives the broiler a good appearance and a
moderate amount of fat in the meat increases its palatability.

On average, about 2 to 3% of the live body weight of broilers is abhdominal
fat. This implies that in the Netherlands about 10.000 tons of abdominal
fat are produced each year by broilers alone. About half of this quantity
is deposited in other, smaller depots (crop, intestines, etc.). Part of the
depot fat is lost from the carcass during processing, thus reducing pro-
cessing ylelds and increasing the amount of offal and the fat content of
waste water (Heath et al., 1980). Part of the fat stays in the ready-to-
cook bird and can give poultry meat a fatty image.



Although the unprofitable effects of depot fat are well known to all
involved in broiler production, there is still no reliable method of eva-
luating total broiler flocks for carcass quality. In general, broilers are
paid for on the amount of live weight delivered at the slaughter plant and
not on a combination of weight and quality, as 1s usual in cattle, sheep
and swine.

Until methods, of evaluating broiler carcass quality on a large scale, are
available and used, methods for changing fat deposition are valuable only
if they reduce, or at least do not increase, the costs of praductiom of
live weight. Production costs of broilers are dependent mainly oun growth
rate and feed costs. Feed conversion, the fatio between feed consumption
and body welght galn, is an important factor here.

Fat tissue has a high energy content compared with lean meat. The amount of
energy needed to depeosit 1 gram of protein or 1 gram of fat is about the
same {(Pullar and Webster, 1977). The correlation between feed conversion
(feed/gain) and fat deposition can be expected to be positive, as deposi-
tion of protein is accompanied by deposition of three times as much water.
A broiler converting its feed to lean tissue instead of fat, will therefore
gain more per unit of feed consumed. Consequently if the lean and fat birds
metabolize their feed with equal efficiency, are equally active, subjeet to
the same heat loss, etc., the lean ones will show a favourable feed conver-
gion (Brody, 1935; Thomas et al., 1958).

In this article genetic and environmental Influences on fat deposition and,
where available, correlated effects on growth rate and feed conversion, are
reviewed. General aspects of fat depositiomn, the effects of sex and age,
genotype, nutrition, other enviroomental factors and thelr interactionmns,

are discussed.
GENERAL ASPECTS OF FAT DEPOSITION

The wain biological purpose of fat deposition in poultry is to store energy
in times of abundant feed supply against times when the feed supply is
limited. In broilers it is not unusual for fat to constitute 15-20% of the
total body weight (Scheele et al., 1981; Griffin and Whitehead, 1982;
Leenstra, 1982). Evans (1977) stated that over B85% of total body fat is




stored in adipose tissue (subcutaneous, intermuscular, abdominal fat, etc.)
as an energy supply. Thus, a wmaximum of 2 to 2.5% of the total body weight
is fat that is present in the blood and other tissues as physiologically
necessary fat. This is compatible with the results of Yoshida and Morimoto
{1970}, who found that at least 0.9% of the total weight should be fat for
normal body functioning.

In broilers, fat is the most variable body component {Lohman, 1973). The
amount of fat deposited in the abdominal cavity is far more variable than
that deposited inter- and intra-muscularly (Ricard, 1975; Hkansson et al.,
1978; Becker et al., 1979; Leenstra, 1982). The coefficient of variation of
amount of abdominal fat is 25 to 30%, while the coefficient of varliation of
the total fat content (abdominal fat included) varles between 15 and 20%
(Leenstra, 1984). The coefficient of variation of total fat content is in
its turn large compared to the coefficients of wvariation of water content
(approx. 2%), protein coatent (approx. 4%) and ash content (approx. 8%)
{Leenstra, 1982).

The size of the different fat depots in the body are positively correlated.
Changes in one depot will be accompanied by changes in other depots {Becker
et al., 1979; Cherry et al., 1984). The danger that, due to diminution in
abdominal fat, broiler meat will become too lean is however small. As abdo-
minal fat is far more variable than total fat and thus than the fat content
of meat, considerable changes in abdominal fat are possible without large
changes in inter- and intra-muscular fat content (Becker et al., 1984;
Ricard et al., 1983).

Fat is stored as tviglycerides Iin fat cells. In contrast to mammals, avian
fat cells cannot synthesize triglvcerides, but have only a storage function
(Evans, 1977). The triglycerides are transported by the blood and are
derived directly from the feed, or from the liver and to a lesser extent
from the skeleton where the triclycerides are synthesized from fatty acids
(Leveille et al., 1975; Pfaff and Austic, 1976; Nir and Lino, 1982). Both
the number and size of the fat cells are variable and related to the amount
of fat deposited (March and Hansen, 1977). The amcunt of fat that can be
stored depends on energy intake, the amount of energy needed for main-
tenance including activity and for the growth of non-fat tissues. If the
energy Intake exceeds these requirements fat will be deposited (Lin, 1981).



Appetite is thus a main factor in determining the amount of fat deposited
{Van Gils et al., 1977).

Layer-type chickens and broilers differ Iin the regulation of feed intake.
Layer—-type chickens can be forced fed to about 50% above ad libitum intake;
broilers can hardly be forced to take more than 10% above ad libitum Iintake
(Shapira et al., 1978). The same phenomenon was found by Barbato et al.
{1984): chickens from lines selected bidirectionally for high and for low
body weight differed considerably in the extent to which they could be
overfed (high body weight 1line 10%, low body weight 1line 23%). Overfeeding
had hardly any effect on growth rate in the high body weight line, but gave
a 40% increase in body weight 1in the low body weight line.

In breilers the capaclty of the gastro-intestinal tract seems to be the
limiting factor for ad libitum feed intake, while in layer-type birds regu-
lation by hypothalamic hormones 1is more important (McCarthy and Siegel,
1983; Fisher, 1984). This is supported by the findings of Fisher and Wilscn
(1974), who concluded that, in 95% of the cases examined, an increase in
dietary density enhanced the growth rate of broilers.

Unfortunately, most basic research on the regulation of appetite and its
relation to fat deposition 1In poultry is carried out with layer=type
chickens. As fat deposition is dependent on appetite and appetite has a
specific regulation mechanism in broilers, fat deposition should be exa-

mined in broiler-type birds.

THE INFLUENCE OF SEX AND AGE OF THE CHICKEN ON FAT DEPOSITION

Both sex and age of the broiler have a distinct effect on fat depositionm.
Females tend to be fatter than males and older birds have a higher fat con-
tent than younger birds. Changes In percentage of fat with age are larger

than changes in percentage of protein and ash (Lin, 1981; Leenstra, 1982).

Cp (1974) reported that in swine with increasing body weights (age) the

percentage of fat iuncreased at the cost of the percentage of water. Percen-
tage of protein and ash were constant over a large range of body weights.

Fat depots grow by an increase in the number of fat cells (hyperplasia)
andfor by an increase in the size of the fat cells (hypertrophy). The

number of fat cells in layer— and broiler-type chickens increases until
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about 14 weeks of age (Pfaff and Austic, 1976; March and Hansen, 1977).
After 14 weeks of age the number of fat cells per fat pad is constant
(Hood, 1982). Up to 14 weeks of age Hood (1984) found omnly a slight
increase in the size of the fat cells in broilers but, when cell multipli-
cation stopped, a rapid increase in cell size occurred. March et al. (1984)
found, that in brollers from 5 weeks of age onwards two populations of fat
cells could be distinguished: a population of small cells, that iacreased
in number, but not in size, until after 12 weeks of age and a population of
large fat cells that only increased in size. Cherry et al. (1984) reported
that in brollers the amount of abdominal fat increased until four weeks of
age mainly by hyperplastic growth. Until about & weeks of age the number of
fat cells per gram of fat tissue was constant, after 6 weeks of age the
number of fat cells per gram of fat tissue declined, indicating that from 6
weeks of age hypertrophic growth is more important. Hood (1984) however
stated, that in young birds also cell size is the dominant factor in deter-
mining the amount of abdominal fat. Simon and Leclercq (1982) found that up
to 90% of the differences in the amount of abdominal fat could be attri-
buted to differences in cell size.

In females the Increase In percentage of total body fat and abdominal fat
exceeds greatly that in males (Edwards et al., 1%73; Fisher, 1980.).
Leenstra (1982) found, that between 3 and 10 weeks of age the total percen-—
tage of fat in females increased from 10 to 19%; in males, in the same age
period, from 10 to 13%. In males the percentage of fat showed only minor
increases from 6 weeks of age onwards. In females there is mo iundication of
fat depositiou reaching a plateau before the adult age (Ricard, 1977}.
Ehinger and Seemann {1982) found for commercial brollers slaughtered be-
tween 35 and 53 days of age, a clear effect of sex and age on the percen-—
tage of fat, but no differences between the dexes in the rate of change due
to age. Males had on average a total of 12.7% fat, females 14.5%. Birds eof
15 days of age had 12.3% fat, those of 53 days 14.7%. The similarity in
increase in fat content in males and females in this material could be due
to the relative short period studied. It would be interesting to see
whether studies of fat cells could give more insight into the interactiomns

between age and sex.



In general, the allometric coefficient for the growth of fat In relation to
body weight is greater than unity for all species; indicating, that fat
tissue is growing at a faster rate than total body welght (Walstra, 1980;
Taylor, 198l; Fisher, 1984). Among fat depots in different parts of the
body abdominal fat has the highest allometric coefficient (Simon and
Leclercq, 1982; Fisher, 1984).

Grifficth et al. (1978) found between 4 and 8 weeks of age an Increase of
about 127 in the fat content of the ready-to-cook bird, while the amount of
abdominal fat increased by 40%. Between 6 and 12 weeks of age depot fat
increased, but the percentage of fat in meat was constant from 6 weeks of
age onwards (Ricard, 1983). Grey et al. (1983) found no clear increase in
fat content of meat (breast and thigh) between 3 and 11 weeks of age, while
the fat content of skin inereased significantly. The effect of sex was not
significant if the fat content of meat only was considered, but for fat
content of skin, females showed a greater increase than males, resulting in
a sex X age interaction.

In females the amount of abdominal fat is a larger part of the total fat
than in males (HB8kansson et al., 1978). As both total and abdominal fat
content are higher in females than in males of the same age, excessive fat
deposition can be prevented to some extent by slaughtering females at

earlier ages and thus lower body weights, than males.

INFLUENCE OF GENOTYPE ON FAT DEPOSITION

Differences in fat deposition between breeds {Edwards and Denman, 1975) and
strains within breeds (Ricard, 1975; Van Middelkoop et al., 1979; Cherry et
al., 1978; Twining et al., 1978; Ehinger and Secmann, 1982) indicate the
importance of genetic factors in fat deposition.

A genetic variation within strain in the total amount of fat was found by
Friars et al. (1983). They estimated the heritability of total percentage
body fat to be 0.48. More information is available on the heritabllity of
the amount of abdominal fat {Table 1). The values of 0.3 to 1.80 found for
the heritability of abdominal fat relative to body weight correspond well
with the heritability of 0.4 to 0.6 found for backfat thickness in swine
{Berg, 1982; Tess et al., 1983). In the experiments of Becker et al.(1984),
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Friars et al. (1983) and Leenstra (1982) the degree of heritability esti-
mated from the dam component of variance is higher than that estimated from
the sire component. This could be a maternal effect. It is possible, that
egg slze or egg composition influences fat dJdeposition in the chicken
hatched from that egg. Experimental proof for this hypothesis is not yet
available.

Table 1. Heritability, estimated from full and half sib analysis, of the
absolute amount of abdominal fat and of abdominal fat as percen-—

tage of body weight of chickens between 44 and 77 days of age.

Abdominal fat (g) Abdominal fat (%)

Sex h2sire h2dan h2gire hlqan Author

Females 0.32 0.70 0.42 0.81 Friars et al., 1983
Both 0.59 1.12 0.38 1.24  Becker et al., 1984
Males 0.67 - 0.72 - Gyles et al., 1984
Females 0.24 - 0.23 - Gyles et al., 1984

Males 1.80 0.31 1.70 0.26 Leclercq et al., 1980
Both 0.21 1.25 0.35 1.22 Leenstra, 1982

Males 0.79 0.29 0.65 0.30 Ricard and Rouvier, 1967
Both 0.70 0.53 0.75 0.68 Ricard and Rouvier, 1969

In the French work (Ricard and Rouvier, 1967 and 1969; Leclerq et al.,
1980) the heritability estimated from the sire component of variance is
considerably higher than that estimated from the dam component. An explana-
tion for these results is not easy to find. Sex-linked inheritance cannot
be the cause as the high hzsire 1s found in groups consisting only of males
and in a material cousisting of both sexes.

It is supposed that broilers are fat because of intensive selection for
body weight at a fixed age under ad libitum feeding conditions {(Lin, 1981).
Such a selection system favours the birds with a large appetite that are
capable of over—eating to such an extent that feed intake exceeds the birds
capacity for lean tissue growth and thus they become fat (Summers and
Leeson, 1979). Lilburn et al. (1982} found, while selecting for and against

abdouinal fat in adult chickens, that selection had resulted in differences
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in appetite. At 14 weeks of age the fat line ate 25% more than the lean
line and had about twice as much abdominal fat. If the fat line was
restricted to the feed intake of the lean line, there were no differences
in body weight or body composition. Leclereq and Saadoun {1982) found,
however, that in their lines selected for a high or low amount of abdominal
fat at 9 weeks of age, the fat line deposited more fat than the lean line
1f both were restricted to the same feed intake.

Layer—-type chickens tend to have less than half the relative amount of
abdominal fat of broller-type chickens of the same age (March, 1984). The
broilers have about twice as many fat cells as the layer—-type chickens
(March and Hansen, 1977). Hood and Pym (1982) found that chickens of faster
growing lines had more and larger fat cells than lines growing at a slower
rate. Nir and Lin (1982) found with in vitre tests, that chickens of heavy
strains tended to show more lipogenic activity than leaner lines.

Within strains and generations, the correlation between body weight and
relative amount of fat is weak, often not significantly different from
zero, but in nearly all cases positive (Table 2).

The amount of abdominal fat relative to body weight can be reduced by
selection through progeny testing or sib selection {Leclercq et al., 19803
Leenstra, 1982), selection for feed efficiency (Pym and Solvyuns, 1979) and
selection based on the concentration of triclycerides in blood plasma
{(Griffin and Whitehead, 1982). In these cases there were no differences in
body weight between selected and non-selected chickens. This indicates that
the genetic correlation between the relative amount of abdominal fat and
body welght is close to zero.:

The correlation between the relative amount of abdominal fat and feed con-
version within generations is generally positive in poultry (Table 3), and
of the same magnitude as that between abdominal fat and body weight. In
other speciles (mice, rat, swine) the correlation between fat deposition and
feed counversion has also been found to be positive, although the results
are more variable than with poultry (Eisen, 1982; Dickerson, 1982; Tess et
al., 1983).

Selection for a low feed conversion results in less carcass fat whether
compared at the same age or the same body weight with selection for high
body weight or an unselected control line (Washbura et zl., 1975; Pym and
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Table 2. Phenotypic correlation coefficients between live body weight and

abdominal or total amount of fat within strains.

Sex Abdominal fat{(g) Abdominal fat{%) Total fat{%)
Males 0.49b 0.29b 0.10b
Females 0.53b 0.36P 0.28b
Females 0.55¢ 0.18¢ 0.20¢€
Males 0.29¢ 0.403 0.432
Females 0.411 0.182 0.208
Males 0.508 0.33h 0.35h
Females 0.428 0.24h 0.33h
Males 0.314 0.20f
Females 0.28d 0.33f
Males 0.44d 0.01f
Males 0.294 0.48f
Males 0.49¢ 0.20¢
Males 0.60¢ -0.04C

2 Becker et al.{1979) d Cherry et al.{1978) & Griffith et al. (1978)
b Becker et al.(1981) € Friars et al.{(1983) h Leenstra (1982)

€ Burgener et al.{1981) f Griffin et al.(1982) i Ricard et al.(1969)

Table 3. Phenotypic correlation coefficlents between feed conversion and

amount of abdominal or total fat relative to body weight within

strains.
Sex Abdominal fat(¥) Sex Total fat(%)
Males 0.12b Males/females -0.10d
Males 0.12b Males/females -0.07d
Males 0.45b Males/females 0.65¢
Males 0.28b Males/females 0.36%
Females 0.228 Females 0.243
Males/females 0.13¢
a8 Friars et al. {1983) 4 Pym and Solvyns (1979)
b criffiths et al. (1978) € Washburn et al. (1975)

€ Leenstra (1982)
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Solvyns, 1979). Lines selected for 1low fat deposition have a more
favourable feed conversion than lines selected for the opposite charac-—
teristic (Griffin and Whitehead, 1982; Leclerq and Saadoun, 1982).

Ricard et al. (1982) found, in comparing lines selected for a high or low
amount of abdominal fat relative to body weight, a favourable effect of
selection for leanness on processing yields and meat content of the car-
cass. Selection against abdominal fat had reduced the total fat content of
the bird, but while differences in abdominal fat between the lines were
fourfold, the fat line had only 1.3 times as much fat in the meat of the
legs (Ricard et al., 1983).

In the rather short term experiments reported on selection against fat
deposition the results are favourable. There is a clear response in the
amount of abdominal fat, no effect on growth rate, and favourable effects
on feed conversion and precessing yields. The main problem in selection
against fatness is, that it is extremely laborious, whether performed via
sib or progeny testing, selection on feed conversion or concentration of
triglycerides in blood plasma. This inhibits the extensive use of these

methods as a means of selection.

THE INFLUENCE OF NUTRITION ON FAT DEPOSITION

Nutritional factors do have significant effects on body composition in
broilers (Lin et al., 1980; Mcleod, 1982; Fisher, 1984). Even with commer~
cial diets nearly twofold differences in total body fat content (10.7 to
18.1%) can be found (Neupert and Hartfiel, 1978). In general, high energy
diets have advantages 1if body weight gain and feed conversion are con-
sidered. If carcass quality is taken into account, the benefits of high
energy diets are less (Freeman, 1983). Using different dietary compositions
and restricted feeding for 10 days before slaughter Arafa et al. (1983)
obtained a reduction in energy intake, while the intake of protein and
minerals was not below that of ad libitum feeding. An energy allowance of
80% of the ad libitum intake reduced full fed live body weight to 94X of
the ad libitum fed control group, percentage of abdominal fat to 79% and
slaughtered weight te 95%, while there were no differences in weight of the

cooked breilers.
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Fraps (1943) found more than 40 years ago, that diets with a small energy
to protein ratio caused less fat deposition than diets with a large energy
to protein ratio. This has been confirmed more recently by several authors
(Bartov et al., 1974; Farrell, 1974; Kirchgessner et al., 1979). Guillaume
and Summers (1970) and Jackson et al. (1982) found, that the degree to
which dietary energy was utilized, was dependent on the energy to protein
ratio of the diet. In diets relatively high in protein, energy is utilized
less efficilently than in diets low 1n protein. These findings could
explain, why diets with a small ratio between energy and protein give less
fat deposition than those with a large ratio, independent of the quality of
the protein (Griffith et al., 1977).

Although much has been learned about the effects of dietary factors on car-
cass compesition, it is as yet not possible to predict carcass composition
accurately from the available knowledge of dietary factors. This 1is due
mainly to the fact, that many factors and their interactions influence car-
cass composition. Factors as widely differing as amino acids, crude fibre,
fat, or salt content of the diet have significant effect on carcass fat
deposition (Lipstein et al., 1975; Ten Have and Scheele, 1981l; Marks and
Washburn, 1983). In addition, the physical form of the feed (crumbs or
meal) has a significant effect on fat deposition (Marks and Pesti, 1984).
Pesti et al. (1983) found, that crumbling a low density diet increased
abdominal fat by 23Z, while with a high density diet the form of the feed
had no effect on the amount of fat deposited. Chickens fed mash diets need
more time to consume the same amount of feed than chickens fed pellets or
crumbs (Jensen et al., 1962). Thus especially with low density diets, mash
feeding implies some feed restriction.

An illustration of the interaction between dietary factors is the influence
of the ratio between energy and lysine on the effect of dietary fat on fat
deposition (Ten Have and Scheele, 1981). Dietary fat had significantly more
effect on fat deposition at low levels of lysine per unit of dietary energy
than at relatively high lysine levels.

Another complicating factor in research on the effects of nutritlion on fat
deposition is, that most dietary factors do not have the same effect on the
deposition of abdeominal fat and the deposition of fat in the rest of the
body. The effects of dlet on abdominal fat content are greater than 1ts
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effects on the total amount of carcass fat (Elwinger, 1980; Jackson et al.,
1982; Ehinger and Seemann, 1982). Scheele et al. (198l) found that
regression formulas, developed by stepwlse regression to predict abdominal
fat from dietary factors, differed significantly from thase to predict
total fat minus abdominal fat. Energy and crude fibre content of the diet
were important in explaining the percentage of abdominal fat, while lysine
content was the main factor in predicting total fat minus abdominal fat.

If more Information on the effects of dietary factors and their interac-—
tions becomes available, it should be possible to manipulate the total
amount of carcass fat and the ratio between abdominal and teotal fat by
dietary means. Because of the marked effect of interactions between dietary
components on fat deposition, factorial designs, in which more dietary fac-
tors are examined simultaneously, should be preferred to research in which

only a single dietary component is varied.
THE INFLUENCE OF OTHER ENVIRONMENTAL FACTORS ON FAT DEPOSITION

Environmental factors, that influence maintenance requirements or activity,
can also influence the fat content of broilers. Such factors are ambient
temperature, housing systems and lighting regimes.

At moderate temperature levels the correlation between temperature and
total bedy fat content 1is positive (Kubena et al., 1972). Over several
experiments, Fisher (1984) found a linear increase of 0.19% total body fat
per degree increase in temperature between 10 and 30°C. For abdominal fat
Kubena et al. (1974) could find only a non-significant tendency for a posi-
tive correlation with rearing temperature. In general, haowever, lower tem-
peratures increase feed conversion.

Broilers housed in cages show less activity than broilers reared on litter
{(Haye and Simons, 1978). This could be the reason that broilers reared in
cages tend to deposit more abdominal and total body fat than broflers
reared on litter (Deaton et al., 1974). Evans et al. {1976} found, however,
no differences 1n the fat content of breast and thigh meat between birds
reared in cages or on litter. The influence of lighting systems on body
composition is not consistent. Van Es (1981) found, that intermittent light

gave less fat deposition, while Simons {pers.comm.) could find ne
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significant effect of lighting systems on total carcass or abdominal fat.

Most prominent among environmental factors is the effect of rearing tem~
perature on fat deposition. But the effect of temperature is small cempared
with the influence genetic or nutritional factors have on fat deposition.
The influence of environmental factors on fat deposition is therefore too

small to be of interest in preventing excessive fat deposition.

THE INFLUENCE OF INTERACTIONS ON FAT DEPOSITION

Interactions between sex, age, genotype and nutrition can have an effect on
fat deposition. The interaction between sex and age, the difference between
males and females In fat content becoming more pronounced with increasing
age, has already been mentioned.

Males and females react differently to changes in dietary protein. Males
show a linear decline in percentage of abdominal fat with increasing
protein levels in the diet. Females react more strongly with less fat depo-
sition on an increase in protein at low dietary protein levels than at high
dietary protein levels (Mabray and Waldroup, 1983). The same authors did
not find any interaction between sex and dietary energy content 1f fat
deposition is considered.

A significant interaction between age of the broiler and dietary composi-
tion on fat deposition was found by Have and Scheele (1981) and Van Gils et
al. (1977). Have and Scheele compared fat deposition in 6- and 8-week old
broilers that were fed with diets of a comnstant energy to protein ratio,
but that differed in concentration. The 6~week old chickens on a feed of 12
MJ metabolizable energy/kg had less than 80%Z of the fat content of chickens
given a feed with 15MJ ME/kg, while at B weeks of age there was no dif-
ference in fat content between the groups whether fed 12 or 15 MJ ME/kg.
Interactions clearly exist between genotype and nutrition. Cherry et al.
{(1978) and Have and Scheele (1981) found that the influence of dietary fac-—
tors on fat deposition was not the same for different commercial broiler
strains. In particular the effect of the ratio between dietary energy and
protein on fat deposition showed considerable strain differences.

Leclercq (1983) compared lines selected for a high and a low amount of

abdominal fat relative to body weight on diets differing in protein
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content. The lean line had a lower body weight on low protein diets than
the fat line, while on high protein diets body weight of the lines was the
same. Differences in fat deposition were more prounounced on the diet lowest
in protein (8.1% fat in the lean line and 16.9% for the fat line) than on
the diet highest in protein (6.8% vs 11.7%). Plucinski et al. (1984) found
in genetically obese mice, a more pronounced effect on fat deposition of
dietary composition and frequency with which meals were offered, than in
unselected control mice.

Ehinger and Seemann (1982) studied the importance of different factors and
their Interactions on fat deposition in a very interesting way. They used
males and females of four commercial broiler strains, four diets differing
in protein (19% and 24%) and energy (12.14 MJ and 14.23 MJ metabolizable
energy per kg) and four slaughter ages (35, 41, 47 and 53 days). Among
other characteristics the percentage of abdominal fat was measured. Age was
responsible for about 7%Z of the total wvariation, dietary composition for
14%, strain for 4% and sex for 16%. Interactions had a significant effect
on body weight and absolute amount of abdominal fat, but not on perceatage
of abdominal fat. Interactions were, however, never responsible for more
than 2% of the total variation. This illustrates, that although interac-
tions should be taken into consideration, their absoclute effect is rather

small.

CONCLUSIONS AND PROSPECTS

There is no doubt, that all involved in the broiler industry are concerned
about fat deposition and know that by both nutritional and genetic means
fat deposition can be reduced.

The main point in the discusslion about fatness in broilers is not if the
problem can be solved, but how it can be solved in an efficient way. The
fact that there is still no method by which complete broiler flocks can be
evaluated for carcass quality on a commercial scale, considerably delays a
practical solution.

The feed intake of a broiler provides for maintenance, non-fat growth in

which a physiclogically required amount of fat is included, and fat growth.
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Within the fat growth desired fat (for palatability and appearance of the
broiler) and waste fat can be distinguished. The desired amount of fat and
the variation in this from a consumer's point of view 1s not known. More
knowledge about the optimal quantity of fat in the various broiler parts is
required.

In the current situation of overfat broilers the deposition of waste fat,
has to be minimized. This implies that the ratios between maintenance, non=-
fat growth and desired fat growth on the onme hand and growth of waste fat
on the other at a certain level of feed intake, have to change.

There is substantial information, that the ratic between non-fat growth and
total fat growth is dependent on age, sex and genotype of the chicken, and
level and composition of the diet. Environmental factors like temperature
and housing design can also Influence the ratio between non-fat and total
fat growth, but their effect is too small to be of practical value. There
are Indications, that changes in the ratic between non-fat and total fat
growth are mainly dependent on changes in the growth of waste fat.
Slaughter age alone is not a solution to the fat problem, but the dif-
ference between males and females in growth rate and fat deposition is
worth considering. At greater ages, or at higher body weights, the increase
of fat content in females exceeds by far that in males. Broilers can be
divided roughly into two groups on the basis of their slaughter weights:
heavy birds for cutting up purposes and lighter chickens for the production
of whole carcasses. If broilers were sexed at hatching and reared separa-
tely, the females could be used for the production of whole birds and thus
be slaughtered at relatively early ages. The males could be slaughtered at
higher weights to produce broller parts. If the sexes are reared separa-
tely, the effect of the interaction between sex and dietary composition on
body composition could alsc be used.

Females reach maximum non-fat growth at lower dietary protein levels than
males (Holshelmer, 19753). Using this interaction will not reduce fat depo-
sition, but more likely feed costs. In this respect, knowledge about the
overall effects of autosexing genes on broiler production is laecking.

0f all the factors affecting fat deposition in brodllers it is the nutri-
tional one that has been studied most intensively. In broiler preduction

ad 1ibitum feeding is standard. Restricted feeding reduces fat deposition,
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but increases, in general, the rearing period. It requires more feeding
equipment and a lower housing density as all birds should be able to eat at
the same time. Restricted feeding therefore causes higher preduction
costs.

Dietary composition can have an influence on feed intake, and thus on the
ratio between non-fat and fat growth. More interesting however, are the
effacts of dietary composition on the ratio between non—fat and fat growth
independent of feed intake. It is possible to produce by dietary means
broilers with a wide variation in fat content. Changes in fat deposition by
dietary means can be realized almost immediately, but will only be applied
if the generally increased feed costs are balanced by an increased value of
the broiler carcass.

Selection can solve the fat problem in the longer term in an effective way.
Indications that the ratio between non-fat and fat growth, and between
desired fat and waste fat are heritable are clear enough. Less is known
about the effects of selection against fat deposition on growth rate, feed
conversion and yields in the longer term. To gather this information and
more insight into selection methods to reduce fatness, further experiments
are necessary. Lines differing in fat content, that can be obtained by
gelection experiments, are also useful in studying the effects of interae-
tions between genotype and nutrition.

The direct costs of a selection program against fat deposition will be
high, as all methods to measure fat depositiom, directly or indirectly, are
laborious. Selection against fatness can be used in a practical breeding
program only as one of the last steps in a multi-stage selection program,
since only a limited number of animals can be tested because of the labour
involved. Selection intensity will thus be low, but due to the high herita-
bility and the large variation in fatness, selection response can still be
considerable.

Based on results of selection experiments and estimates of genetic correla-
tions it can be expected that the cotrrelated effects of selection againgt
fatness are in general favourable. There will be no changes in body welght,
while feed conversion and slaughter yields will improve.

Broiler sire strains offer the best possibilities for selection against fat

deposition. In dam strains selection 1is on both growth rate and egg
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production. Selection against fat deposition could interfere with selection
for egg production, as a certain amount of total and abdominal fat appears
to be necessary for high egg production (Brody et al., 1984; Gyles et al.,
1982).

Because of the high reproductive rate of poultry the costs per broiler of
an extra selectlion criterion are low. S5till selection against fatness can
only be implemented in a commercial selection programme 1f there are ade-

quate returns.
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ABSTRACT

Variability in body composition was examined weekly from 3 to 10 weeks of
age in chickens from a broiler sire straln. Genetic aspects of body weight,
quantity of abdominal fat, and feed conversion were examined in pedigree
birds of the same strain at 6 weeks of age.

Variability Iin abdominal fat relative to body weight (RAF), total percen-—
tage of carcass fat, and body weight (BW) was not influenced by sex or age.
The phenotypic correlation (rp) between RAF and BW was generally positive,
but low (between .20 and .68); that between RAF and total percentage of
carcass fat was invariably positive and higher.

The heritability estimated from sib analyses for body weight after ad
1ibitum feeding was O (h2gypeg) and 1 (hZygng), for RAF .41 (hZgypeg) and L
(h24apg)s for feed conversion .39 (h2girag) and .53 (h2gang) and for body
weight after restricted feeding .31 (hzsires) and .57 (hzdams)'

The genetic correlations were estimated as correlations between mean per-
formance of progeny of each sire (rgjpeg) ©or dam (Tgamg). The correlation
between family mean of RAF and BW was —.01 (rgijreg) or .04 (rgams), between
RAF and feed conversion .19 (rgipegq) and .29 (rgapg), and between RAF and
body weight after restricted feeding —.12(tgiregq) and —«24 (rgams)-

The heritagbility indicates that selection against RAF 1is possible. The
genetic correlations indicate that selection based on feed conversion or on
body weight after restricted feeding could result in less fat deposition

under ad libitum feeding conditions.
INTRODUCTION

One of the main problems in breiler production is excessive fat deposited
in the abdominal cavity. This fat is clearly visible and gives an unap-
petizing appearance. When removed from the carcass, processing yield is
reduced.

In broiler sire strains the main selection criterion Is body weight at a
fixed age after ad libitum feeding. This method increases feed intake and,
indivectly, the fat content of the bird (McCarthy, 1977; Lilburn, 1981;
McCarthy and Siegel, 1983). Several authors have reported differences bet-—
ween commercial broiler stralns in total and abdominal fat content in-
dependent of body welght (Van Middelkoop et al., 1977; Griffith et al.,
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1978; Scheele et al., 1981). Also within strains, genetic variation in
abdominal fat content exists. Estimates of the heritability of the amount
of abdominal fat relative to body weight vary from .3 to more than 1
{Ricard and Rouvier, 1967; Becker et al., 1981, 1984; Leclercq et al.,
1980).

To predict the efficiency and the consequences of selection against abdomi-
nal fat, information is needed on variation in abdominal fat content and on
correlations between abdominal fat and other traits important in broiler
production. A major difficulty is that the amount of abdominal fat camnot,
as yet, he measured accurately an the live bird. Sib testing is effective
{Leclercq et al, 1980), but laborious. Therefore characteristics correlated
with fat deposition are of interest for selection purposes. Of these, feed
conversion Is Ilmportant because of a favorable feed conversion In leaner
birds (Pym and Solvyns, 1979; Washburn, 1980; Griffin and Whitehead,
1982).

Although genetic aspects of both abdominal fat and feed conversion are
being studied intensively, additional research is needed, particularly with
current broiler stock. The reason 1is that in broilers, which have a high
growth rate, the physiological regulation of feed intake is different from
the regulation in slower growing mnonbroiler strains (McCarthy and Siegel,
1983).

In two experiments reported here, a broiler sire line comparable with com-
mercial broiler sire material was used. The purpose of the first experiment
was to investigate whether the coefficients of variation of, and the cotre-
lations bhetween, abdominal fat, other boedy composition traits and hody
weight changed with age.

In the second experiment genetic aspects of body weight, amount of abdomi-
nal fat and feed conversion after ad libitum feeding, and body weight after
restricted feeding were examined. In restricted feeding, appetite is less
important and growth efficiency more se¢ than in ad libitum feeding. Body
‘weight after vestricted feeding can be negatively correlated with the
amount of abdominal fat under ad Iibfitum feeding conditions (Whittemore,
1978; Sérensen 1980).

The results of the experiments have been used to study the possibilities
and to predict the consequences of direct and indirect selection for less

abdominal fat.







