GENETIC CONTROL OF GROWTH, COMPOSITION, APPETITE AND FEED
UTILIZATION IN PIGS AND POULTRY.
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SUMMARY

The present paper is concentrated on two main topics. Firstly it
discusses genetic
development
in growth,
body composition,
appetite and feed conversion ratio in pigs and poultry. Selection
experiments involving these traits are reviewed and further
development in selection on lean growth and efficiency is dis
cussed including the role of appetite in selection schemes.
The second topic is related to the increased importance of
measuring body composition of live animals in order to increase
the efficiency of lean growth. Some methods are discussed, but
most emphasize is put on presenting results from use of Com
puterized Tomography (CT) in pig and poultry breeding.
INTRODUCTION
In the last 25-30 years period, population genetic theory has
been the basis for industrial pig and poultry selection schemes
almost all over the world. The phenotypic progress in the traits
either under selection or highly correlated to the selection
criteria has been far greater than expected around 1960. When
on-farm testing for backfat and growth was combined with the more
traditional station testing systems in pig breeding, the indus
trial pig changed rapidly. As an illustration, Figure 1 shows
results from the Norwegian central boar testing station in the
period 1960-85. Over the 25 year period, daily gain has improved
with 11.8 g/day per year, average backfat decreased .73 mm per
year and feed conversion ratio changed with -.042 FU/kg gain per
year in a testing regime of restricted feeding from 25(22) to 90
kg live weight, all phenotypic values. Corresponding figures from
France (Molenat & Nguyen, 1984) indicate 10.7 g/day per year in
daily gain, -.022 FU/kg gain in feed conversion ratio, and 83
g/year in amount of loin in the carcass from a 30 year period. A
typical development in phenotypic testing results shows that
yearly progress has been slowed down the last years (as in Fig.
1) , however, no plateau seem to have been reach neither in French
nor Norwegian station test results. During the last 20 to 25
years the breeds and lines used for production of slaughter
chickens have increased their growth intensity in Such a way that
the live weight of about 1400 g is obtained in 38 to 40 days
compared to about 70 days at the beginning of the sixties (Fig.
2) . As an effect of the corresponding reduction in maintenance
requirements a chicken weighing 1.5 kg can today be produced from
2.8 kg of food compared to 4.5 kg 25 years ago.
A corresponding improvement as that indicated for slaughter
chickens has been obtained in egg laying stocks. The phenotypic
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Figure 1. Results from the Norwegian
station testing of boars
in the period 1959-1984.

trend based on random
sample test data seems
to be in the order of
0.2,0 to
0.25 kg hen
housed
egg
production
per year.
There
are
several
studies
of
genetic
progress in pig breeding
(among others Standal,
1979;
Lundeheim
&
Eriksson, 1984; Hudson &
Kennedy, 1985), but few
repeated
studies
over
several generations in
the
same
population.
Therefore, the genetic
progress over the 25-30
years
of
selection
cannot
be
evaluated
directly.
However,
several of the studies
indicate
that
the
genetic and phenotypic
changes
have
been
of
about
the
same
size.
This is leading to the
conclusions that the
genetic progress also is
slowing down in several
selection
programs
in

several countries.
Review articles on genetic progress i pig breeding (Fredeen,
1984) and poultry breeding (Hunton, 1984) conclude that no sign
of genetic plateaus are
present.
The
great
A G E
genetic
progress
achieved within several
traits
in
these
two
species leads to the
question; Is there more
to be gained? Can we
still expect the same
improvement
in
the
future?
Until now the main goal
in
pig
and
poultry
breeding has been to
gain
improvement
in
traits
related
to
quantity,
growth
rate, eggproduction
etc. These traits are
usually
simple
to
Figure 2. Number of days to obtain
measure, they are of
body weight of 1400 grams.
relatively great
(P. S0rensen, 1984)
ecomonic importance and
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they have so far shown good response to artificial selection. To
some extent product quality and body composition have also been
considered while the gain in feed efficiency has come partly as
correlated response to selection.
It is expected that traits related to quality and efficiency will
increace their importance relative to traits related to quantity
in future pig and poultry breeding, and it seems clear that
further genetic improvement in these traits will ask for more
advanced techniques both in measuring the traits of interest and
in estimating breeding values.
SELECTION EXPERIMENTS
Well designed selection experiments is one way of improving
knowledge about the effects of selection, possible plateaus in
selection response, linear and non-linear development in corre
lated traits etc. However, otherwise excellent experiments tend
to have been brought to an end when selection responses are
shown, but before some of the real interesting aspects of plateauing, correlated effects, etc. can be thoroughly examined. The
costs of running such experiments and the shortage of research
funds seems to be the main reason why interesting selection
studies tend to be closed in their most informative phase.
Pigs
There are no real long term selection experiments for several
production traits going on in pig research. Short term (less than
20 generations) selection experiments involving backfat, daily
gain and feed conversion ratio are summarized in Table 1. The
table is not including the older, well known results from single
trait experiments, but is concentrating on experiments where
relationships between growth, composition, feed conversion and
appetite are discussed.
Table 1.

Selection responses and correlated responses in selection experiments involving growth
(DG), backfat thickness (BF), feed utilization (FCR) or appetite (DFC).
_________ Response per generation____________

Selection criteria & Author

No.gen.

Feeding regime

BF,mm_____ DG,g/day

FCR,FU/kg

DFC,kg/day

-.015
-.01
.10
-.033
-.044

decline
constant
decline
decline
constant

-.03

-.03

-.09
-.005

-.007
.02

DG + BF:

Sather & Fredeen, 1978
Vangen, 1979, 1980
WSfler, 1982
Cleveland et al. 1982, 1983
Ollivier et al. 1985

8
10
5
5
19

ad. lib
semi ad. lib
ad. lib
ab. lib
ab., lib

-1.60
-.70
-0.85
-1.10

FCR + BF + DG:
Ellis et al., 1979

11

ab., lib

-1.10

FCR
Jungst et al. 1981
Webb 6 King, 1983

5
6

ab,, lib
ab.. lib

-.03
.40

18
7
-1.0
14
11
0.1
3
9

Selection response: Several selection experiments have been on
backfat and daily gain (Sather & Fredeen, 1978; Vangen, 1980;
Wafler, 1982; Cleveland et al. 1982, 1983; Ollivier et al.,
1985). In the latter, a sire line was developed, and is therefore
not totally comparable to the other experiments. Selection for

backfat and daily gain has been effective, the amount of response
differs with the economic weight given to each trait, selection
intensity etc. Except from the Swiss experiment (Wafler, 1982)
all other experiments show significant improved feed conversion
ratio (FCR) and constant or declining daily feed intake. When
including feed conversion ratio in addition to backfat and daily
gain, Ellis et al. (1979) got significant improvement in feed
conversion and daily gain, while daily feed intake (DFC) showed a
significant decline. Of the two recent experiments selecting
directly on FCR, Jungst et al. (1981) found a realized heritability of .09 for this trait, while the Same parameter in the
study by Webb & King (1983) was zero (. 007+.088). However, the
response to direct selection in these two studies has not been
greater than the correlated response in this trait when selecting
on backfat and daily gain.
All experiments except the one by Vangen (1980) allowed full
expression of appetite. A decline in appetite was present in two
of the backfat-daily gain experiments, while appetite was un
changed in two, including the one where only partly expression of
appetite was allowed. When including FCR in the selection cri
teria, appetite was reduced in the Newcastle experiment, while
appetite was unchanged or increased when selecting only on FCR.
Selecting on daily gain and backfat is improving feed efficiency.
As shown in the experiment by Cleveland et al. (1983) efficiency
of lean growth is also improved. The same is indicated from the
Norwegian study (Vangen, 1980) . In this study backfat and daily
gain balanced daily intake. Opposite, the Canadian experiment got
reduced appetite in spite of the high response in daily gain. One
should have expected the reduced appetite in this experiment to
be a result of relatively higher weight on reduced backfat
compared to daily gain in the index.
Increased weight on leanness, especially combined with heavy
weight on FCR, could lead to selection for reduced appetite
(Ellis et al., 1983). This experiment shows that lean tissue
growth and appetite are positively correlated. Economically it
has been a correct index, more seriously are the potential long
term effects of non-linear nature. They could involve selection
for low appetite, and could prevent selection for improved lean
tissue growth in the long run.
Direct selection for improved FCR has not been very successful.
Improved FCR could.be the result from changing of several com
ponents,. such as efficiency of tissue deposition, intake, daily
gain, composition or maintenance. Therefore the response in FCR
is difficult to predict. Kennedy (1984) informs that feed effi
ciency no longer is included in the Canadian testing (record of
performance, ROP), and the "selection on backfat and growth is a
suitable proxy to monitoring lean tissue feed conversion which is
more difficult to measure". The improved lean tissue feed conver
sion reported by Cleveland et al. (1983) support this hypothesis.
Webb & King (1983) also questions the value of group food con
sumption measurements in selection programs.
Effect of feeding regime: In both the Newcastle and Nebraska
experiments selection was done on ad lib. feeding. However, both
experiments have tested performance and composition on restricted
feeding. The following conclusions can be drawn (Ellis et al.,
1983; Cleveland et al., 1983):
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*
*
*

Daily gain is lower under restricted feeding.
Restricted feeding on a generous scale did not reduce
protein, water or meat deposition rates, only fat deposition
rates.
Heavy restricted feeding also reduced meat deposition rates.
Improvements in lean content and lean tissue growth rates in
the selection lines was apparant even at very low levels of
feeding.

It remains to be resolved which feeding regime is giving maximum
genetic gain.
Effect of selection on energy utilization: Maintenance require
ments were tested on animals from the selection experiments in
Nebraska and Norway. Both indicate that selection for high growth
rate and low backfat thickness increases maintenance requirements
(Sundst0l et al. 1979; Cleveland et al., 1983). It is concluded
from the American experiment that metabolizable energy required
per kilogram of edible lean deposited was reduced by restricting
intake and was lower for selected animals than for control
animals. However, intake restriction and selection increased
energy loss per unit of retained energy. The selection line had a
higher maintenance cost and Cleveland et al. (1983) concluded
that the improved efficiency of growth would be offset by any
loss in efficiency
from higher maintenance costs.
In the
Norwegian experiment Sundst0l et al. (1979) also found higher
maintenance requirement through heat production in energetic
chambers in the lean line compared to a fat line. This could,
however, have been caused by the fact that lean pigs when star
ved, mobilize fat to a higher degree than fat pigs. This energy
could partly have been used to build up muscles and cause higher
heat production. In feeding experiments "to maintenance", Vangen
(1980) found that the lean line was able to maintain higher
amount of kg live wt. than the fat line, even though the body
mass of the dean line contained 6% less fat, and it costs less
energy to maintain fat than protein.
Future selection programs in pigs: On the basis of the new
knowledge from selection experiments and commercial selection
programs in pigs the last years, the following statements can be
made about the future genetic control of growth, composition,
appetite and feed utilization.
*

*
*

*

*

The utilization of feed is the far most important trait in
todays pig breeding. This has been true for several decades
in Europe, but is also to a larger extent manifested in
North America the last years (Freeden & Harmon, 1983;
Kennedy, 1984) .
Direct selection for feed efficiency alone is little effec
tive .
Selection for growth and leanness alone, without recording
feed intake is not the path to follow in future even if
correlated responses in efficiency are significant from
these programs.
As stated by Standal & Vangen (1985) , appetite must be
controlled in the future programs. Enough weight on lean
growth to prevent drastic decreases in appetite is impor
tant .
The selection history and the selection criteria of the
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*

*

populations in question are determining the genetic corre
lations between appetite and the other production traits.
The authors doubts the effects of including appetite as a
separate trait in the indices, as proposed by Blum et al.
(1985) & Johansson et al. (1985) , as long as the corre
spondences between appetite and the other production traits
are of non-linear nature. A more appropriate procedure would
be to reconsider the economic weights of the different
traits in the aggregated genotype.
The future improvement of lean tissue growth and appetite
will need more sophisticated measures of lean growth. Hence,
carcass composition at start of performance test becomes
important to measure. Genetic variation in composition at
start of performance test is important for the calculation
of lean growth (Morel & Gerwig, 1985; Vangen et al., 1985).

Poultry
Important results from many selection studies in closed popula
tions of laying hens have been reported the last 20-30 years,
including results from long-term experiments involving multiple
traits of commercial interest and with adequate controls. No
attempt will be made to review the results from these experiments
in the present paper. However, the main results obtained in the
large scaled experiment at Animal Research Centre, Ottawa, should
be mentioned (Gowe & Fairfull, 1985) . In two Leghorn strains of
sufficient size selected for high egg production and other
economic traits since 1950/51, there were in general good respon
se to selection throughout the experiment, and still appreciable
gain after thirty years of selection. According to the authors
none of the traits under selection appeared to have reached a
selection limit, and there was no evidence of decreases in the
genetic variation or in the heritability of egg production or the
other traits reported over the thirty generations.
As might be expected because of the reduction in food needed for
maintenance relative to food needed for production, selection for
improved performance in egg number and egg weight along with
reduced body weight will increase the feed efficiency. However,
differences in production, body weight and body weight gain only
account for 70-90% of the variation in feed efficiency (Bentsen,
1983), which means that 10-30% of the variation remains unex
plained .
Several investigations indicate that this residual variation has
a genetic component, a component that possibly could be utilized
in future breeding for improved feed efficiency (Bordas & Merat,
1974; Hagger, 1978; Hagger & Abplanalp, 1978; Wing & Nordskog,
1982; Bentsen, 1983). Preliminary results from fairly extensive
selection experiments in France and Norway, where "residual" food
intake (individual deviation from regression on egg production,
body weight and weight gain), is the criteria for selection, are
encouraging (Borda & Merat, 1985; Katie, 1985; Kolstad, 1985).
In spite of the fact that systematic selection for growth rate in
broilers has been going on for more than 30 years, and the
genetic improvement in growth capacity in general has been great,
the potential for further increase seems still large. The heritabilities reported lies between 0.30 and 0.45, and an increase of
50 g per generation is still obtained. However, as pointed out by
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S0rensen (1984), this long continuous progress emphazise the law
of diminishing returns as the overall net income from a genera
tion of selection for increased growth rate has decreased that
much that other selection criterias which was not profitable some
years ago, now become more profitable than growth rate. Feed
efficiency is the most obvious criteria to think of in this
connection.
Results
from extensive
selection experiments with broilers
performed in Denmark, Australia and The Netherlands have recently
been reported by Sprensen (1984), Pym (1984) and Leenstra (1985),
respectively.
From a fast growing line of white Cornish, S0rensen (1985) selec
ted two lines for better FCR and a third line for high growth
rate. After four generations of selection a considerable diver
gence between the lines were obtained (Table 2) . To a fixed age
of 40 d the growth line had a much higher body weight than the
FCR-lines. On the other hand, to a fixed weight (1650 g) the
FCR-lines had a better FCR than the growth line.
Table 2.

Effects of selection for food conversion ratio (FCR) in
broilers (S0rensen, 1985).

Line
FCR-line 1
FCR-line 2
Weight-line

Weight at
40 d
1678
1739
1928

FCR
at 40 d
1.70
1.74
1.88

at 1650 q
1.69
1.71
1.79

In a study by Pym and coworkers
in
Australia
(Pym,
1984)
chickens
were
selected
for
either increased body weight
(line
W) ,
increased
food
consumption (line FC), decreas
ed feed conversion ratio (line
E) , or at random (line C) . The
responses
to
selection
in
weight gain, food consumption
and FCR during 12 generations
are shown in Fig.3.
As pointed out by the author
"the selection for increased
weight gain is unquestionably
not the same as selection for
increased appetite and selec
tion
for
feed
efficiency
employs
quite
a
different
mechanism for improving effi
ciency than does selection for
increased weight gain".
A
comparison
was
made
of
weight-constant feed efficiency
(5-9 w) in the four lines after
12 generations of selection,
and the sex-average for FCR's
were:
From Pym (1984)
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Line W: 2.68+0.03
Line F: 3.61+0.02
Line E: 2.55+0.02
Line C: 3.41+0.03
The E line was significantly more efficient than the W line even
considering the much longer time taken by the E line birds to
gain the given weight.
In a long-term selection experiment Leenstra (1985) developed
four lines: 1) line G L : individual selection for six-week body
weight on ad lib. feeding, 2) line G R : individual selection for
six-week body weight on restricted feeding, 3) line F C : indivi
dual selection on the ratio between feed consumption and body
weight gain, and 4) line A F : sib selection against amount of
abdominal fat adjusted for body weight.
Some of the results obtained after four generations of selection
are summarized in Table 3:
Table 3.

Line
GL
GR
FC
AF

Effects of selection for body weight ad lib. feeding
(GL), body weight restr. feeding (GR), feed conversion
ratio (FC) , and amount of abd. fat (AF) (Leenstra,
1985).
Body w. q
2075 d
2004 c
1849 b
1772 a

FC
1 .84
1.86
1.67
1.73

Abd. fat %
2.67 d
2.67 c
1 . 6 9b
1.23 a
The author concluded that, 1) selection for body weight with
restricted feeding is not effective, 2) sib selection against
abdominal fat reduces percent abdominal fat, and 3) selection for
feed conversion reduces percent abdominal fat and the feed
conversion ratio.
d
c
b
a

FURTHER DEVELOPMENT OF IN-VIVO TECHNIQUES FOR
MEASURING BODY COMPOSITION AND QUALITY
Pigs
As the fat content of modern pigs decreases, the need for more
sophisticated methods for measuring composition of a live pig is
obvious. The accuracy of ultrasonic machines seems to be smaller
as backfat thickness decreases towards zero. In the Norwegian
boar test, ultrasonic backfat measurements were compared to
carcass backfat measurements. Average figures on 93 boars of 102
kg were 10.17 mm in average ultrasonic backfat and 9.89 mm
averaged along the midline of the carcass. However, the coeffi
cients of variation were 32 percent for carcass backfat but only
12 percent for ultrasonic backfat. (Vangen & Allen, 1986). The
same problem with future use of ultrasonic equipment is stated by
Glodek (1983) .
In addition to exact measures, it is more important than before
to measure the distribution of fat within the carcass. It is
argued that the fat depots are changing position as the selection
for low backfat along the midline is sucessful. Meat quality
(colour, pH, intramuscular fat content etc.) is another trait
where in-vivo methods would be of the greatest importance, as
stated among others by Ollivier (1984). In-vivo techniques would
largely improve the efficiency and economy of pig selection
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programs where quality traits become more and more important as
percent lean in the carcass is increasing.
Carcass composition:
This topic is most recently reviewed by Allen (1985). Ultrasonics
have until now been the only widely used technique for measuring
body composition of live animals. Glodek (1983) in his review
paper concluded that ultrasonics determined lean content, leanfat or lean-bone ratios generally in the order of 20-50 percent,
and that this method has a limited accuracy. Molenaar (1985) has
great expectations to the new real time ultrasonic scanners.
Several chemical methods have been introduced, most of them have
shown to be costly, time consuming and of little practical rele
vance. Electronic meat measuring equipment (EMME) have been used,
without any great success. The method is poorly correlated with
carcass variables when animal weights are adjusted for (Mersmann
et al. 1984). Nuclear magnetic resonance tompgraphy (NMR) is
hardly utilized in animal science yet, but is discussed as a
future method for measuring composition and quality (Groeneveld
et al., 1983). NMR uses a strong static magnetic field. The
location of the protons can be identified and used to image the
body tissue. The images offers distinct possibilities for in vivo
measurement of carcass composition, and even more potential for
measuring biochemical properties of living tissues. The equipment
costs is at present large and the time to recall single pictures
is larger than for computerized tomography (CT) .
Computer tomography makes cross-sectional imaging by rotating an
X-ray tube around the "patient". The number of pixels with
different CT-values within a picture is stored in a matrix. As
fatty tissue has range in CT-values between -200 and -20, and
muscle tissue range from +40 to +160, the CT-numbers give infor
mation about amount and quality of fat and muscle tissues within
an animal by combining informations from several scans (pictures)
along the body. The method needs anesthetized pigs, and the whole
scanning procedure takes about 10-15 minutes per animal. It takes
about 3 sec. to do one single scan, and the matrices are con
structed immediately. X-ray tomography (CT) have been utilized in
research programs in Norway (pigs, sheep & poultry) and Scotland
(sheep).
Results of the Norwegian CT-studies:
A study with pigs was based on 93 boars and 117 gilts with live
wt. 93.4+11.6 kg. In tables 4-6 are given the results from using
CT in evaluation of body composition in live animals.The follow
ing conclusions can be drawn from Tables 4-6:
*
*
*
*
*

It is possible to estimate amount of chemical fat and
protein with high accuracy (R2xl00 from 75 to 95 percent).
Fat is estimated with higher accuracy than protein (higher
R 2-values).
CT-numbers are describing 96-98 percent of the residual
variation (in addition to live wt.) in fat and 70-74 percent
in protein.
Ultrasonic backfat in boars is only describing 42 percent of
variation in protein and 24 percent of variation in fat.
Using crossvalidation techniques, the lowest standard error
of prediction (SEP) for protein was .266 kg in boars and
.350 kg in gilts. The corresponding figures for fat were
375

*
*

.493 and .732 kg. These results were regarded as extremely
good. The higher SEP in the gilts are probably caused by the
larger live weight range in this sex.
CT is a method which almost exactly is describing carcass
composition of a live animal. CT is in the present study a
far better method than ultrasonics.
CT is able to locate the fat and protein depots in all parts
of the body.

Carcass quality:
Carcass quality, in this study defined as water, fat and protein
of the bacon side, water content of subcutaneous fat and intra
muscular fat, colour and pH of nu_ longissimus dorsi, have been
analyzed on the same animals as described in the body composition
study.
In table 7 are given the results from studies by Allen & Vangen
(1983) and Walach-Janiak & Vangen (1985) . The following conclu
sions can be drawn from Table 7:
*
*

*

*
*

CT is of more limited value in estimating carcass quality
compared to body composition.
20 percent of the variation in intramuscular fat content can
be accounted for by CT-informations in addition to sex and
live wt. The low fat content of the muscle (1.2 g fat/100 g
muscle) is not detected good enough with CT.
CT-means are describing more than 50 percent of the restvariation in quality of bacon side and water content of the
subcutaneous fat. Improvements could be achieved by includ
ing CT-frequency distributions.
No other in vivo method has, to the authors knowledge, on a
large scale been used to measure carcass quality.
Work is in progress on improving the value of CT-informations in estimating meat quality. Zooming, dual energy
etc. of the CT-machine are tools that will be utilized in
the further studies of this topic.

Poultry
Even though numerious reports have been devoted to the increasing
problem of fatness in broilers the last few years, there has been
little selection activity for decreased fatness by commercial
genetisists. One of the main reasons for this is that a simple
and accurate non-destructive tecnhique
for predicting body
fatness has not yet been available.
Pym & Thompson (1980) describe a tecnique using calipers speci
fically designed to estimate the amount of abdominal fat in
broilers. The authors found the correlation between caliper
measure and the proportion of abdominal fat in an unselected
population of broilers at 63 d og age to be close to 0.80. The
same promising results, however, are not found in other experi
ments (Siegel, 1984).
S0rensen (1984) suggests a method for estimating the amount of
abdominal fat in live chickens by palpation, and states that this
very simple method works "fairly well" in relatively fat birds.
Biochemical procedures have been reported, of which the method
described by Griffin & Whitehead (1982) offers promise also from
a practical point of view. This method comprises turbidimatric
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measurements of plasma very low density lipoproteins (VLDL), and
according to the authors the method is simple, rapid and effec
tive. Griffin & Whitehead (1982) reported correlations between
plasma VLDL consentration measured turbidimetrically and body fat
content to be 0.70 and 0.65 for males and females respectively in
a population fed on a low-fat diet. In own experiments the
correlation between plasma VLDL and abdominal fat weight was
found to be 0.35. Taking into account a correlation between
amount of abdominal fat and body fat of about 0.6 - 0.7
(Leenstra, 1982) our own results should be in fairly well accor
dance with the results found by Griffin & Whitehead (1982).
Computerized tomography applied to poultry breeding has been
subject to several investigations at the Agricultural University
of Norway the last two years (Bentsen & Katie, 1984; Katie &
Bentsen, 1985). In the present paper only results from a project
with broilers will be touched on. The aim of the project was to
detect the abdominal fat content in live birds by use of CT. Two
scans were taken; one through the anterior and one through the
posterior end of the sternum when the bird rested on the back.
228 broilers were scanned, then killed, and further the abdominal
fat content removed and weighed.
Regression equations with amount of abdominal fat (g) as the
dependent variable and scan through the posterior end of the
sternum, scan through the anterior end of the sternum, and
finally live weight as the independent variables, were calcu
lated. The following results were obtained:
Independent variables_______________________________ R
Posterior scan
Posterior scan + anterior scan
Posterior scan + anterior scan + live weight

0.80
0.82
0.82

As can be seen from the table above one single scan through the
posterior end of the sternum explained 80 percent of the varia
tion in abdominal fat weight. Adding observations from the
anterior scan and from the live weight did not increase the
coefficient of determination to any appreciable degree.
Results from present and previous experiments indicate that
computer tomography could be of great interest in broiler breed
ing programmes to evaluate body composition and carcass quality.
Table 4.

Evaluation of carcass composition from distribution of CT-numbers or from ultrasonic
backfat depth in 93 boars and 115 gilts. (Vangen & Allen, 1986).
R2 x 100 (SEE) for estimation of
Pat (kq)

Protein (kg)
Independent
variable

df

Live wt.
1
Live wt. ♦
41
one scan
Live wt. +
sign.contri
butions from
16
two scans
Live w t . +
ultrasonic
backfat depth 6

Gilts
d f . R2x 100

Boars
df. R2x 100

Gilts
R2x 100

Boars
R2x 100

SEE

40

(.72)

1

77

(.60)

1

4

(1.79)

1

60

(2.48)

76

(.65)

41

94

(.47)

41

90

(.79)

41

94

(1.25)

75

(.52)

15

93

(.38)

18

95

(.47)

18

95

(.91)

42

(.74)

6

24

(1.61)

.

.

SEE

.

SEE

df.

_

_

SEE

.
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Table 5.

Expla nation o f the resid ual v a r i a t i o n in carcass
composition by d i s t r i b u t i o n o f CT-numbers (Vangen &
A l l e n , 1986).
Percetaqe o f resid ual v a r i a t i o n explained
Fa t
Prote in
Boars

In a d ditio n to L.W .
Two scans
Best equation

58
70

In a d ditio n to
ultr a s o n ic backfat
One scan

45

Table 6.

G ilts
70
74

Boars

G ilts

95
96

88
98

87

Standard errors o f estimate
(SEE)
and standard
errors o f p redictio n
(SEP)
fo r regression models
with d i f f e r e n t numbers o f d . f . in p re d ic tin g carcass
protein and f a t content (Vangen & A l l e n , 1986) .
No. o f CT-regressio n v ariab le s
5______10______15______ 20
25

30

35

P ro te in
Boars: SEE
SEP
G i l t s : SEE
SEP

.569
.744
. 429
.522

.449
.598
.366
.487

.342
.506
.310
.436

.310
.412
.202
.367

.210
.289
.17 8
.350

. 148
.266
. 130
.388

.098
.588
.097
.405

Fat
Boars: SEE
SEP
G i l t s : SEE
SEP

.644
.725
1 .1 7 9
1.259

.553
.610
.999
1.264

.474
.611
.892
1.109

.370
.672
. 632
1.110

.283
.493
.4 7 7
.826

.1 7 7
.575
.309
.732

.115
.638
.183
.812

Table 7 .

Estim ation o f meat q u a l i t y from CT-numbers
Vangen, 1983; Walach-Janiak & Vangen, 1985).

Dependent varia ble

L.W . + sex

L.W.+S+
CT-mean

(Allen

L.W.+S+CTfrequency
d is trib .

Baconside:
% water
% fat
% prote in

71
72
67

87(55)
88 (57)
84 (52)

“

Subcutaneous f a t :
% water

59

82 (56)

-

m. longissimus dorsi
% fat
pH
Colour

24
6
5

30(8)
12 (6)
14 (9)

39(20)
20 (15)
25 (21)

(

&

) Percent o f the r e s t v a r ia t io n in a d ditio n to sex and l iv e '

CONCLUSIONS ON IN VIVO TECHNIQUES IN PIGS AND POULTRY
There are needs for more sophisticated methods for measuring
body composition and quality.
Ultrasonics was
successful at higher
subcutaneous
fat
depths. This is one reason why ultrasonics in pigs gave was
more successful than in cattle and sheep. The method will be
less beneficial in future.
Computerized tomography seems to be a promising method for
estimating the fat content in poultry.
CT connected to a central boar testing unit could replace
all sib and progeny carcass informations when body composi
tion is the question.
Ultrasonic is still neccessary for field testing.
378

*

*

Both in pig and poultry CT offers great possibilities for
measuring short term changes in body composition during
growth, and should be utilized in feeding trials whenever
possible.
Future progress in pig breeding includes improved lean
tissue growth and feed conversion. Exact measures of lean
tissue growth can be done by computerized tomography.
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