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In the field of experimental animal research there is an increasing need for the development
of non-invasive methods which enable the number of animals required to be reduced
without any detriment to the accuracy or authority of the conclusions reached. Therefore
the further development of non-invasive ��� ���� methods for practical application is
necessary. In experiments in nutrition, physiology and genetics body composition is
usually determined by means of comparative slaughter followed by chemical analysis.
However, this cannot be used to follow age-related changes in the same animal. C	�	�	
(1992) reviewed the methods for estimating body composition in live animals.

One of these methods is X-ray computer tomography (CT), first applied in animal
research by 8��	������	����. (1981). The Digital Imaging Centre at the Pannon University
of Agriculture was put into operation in 1990 (?���, 1991), and has since that time
accommodated a number of experiments.

Using broilers, 1	���	�� 	�� ��. (1986; 1989), and also 1	���	�� ���� 8	�	��	� (1989)
measured abdominal fat and breast muscle quantity by means of CT. 8������ ���� D���	
(1993) examined five-week-old broilers in three consecutive years, using the method of
1	���	��cited above. In testing the estimation of abdominal fat and breast muscle with a
stock originating from the same year, independent correlations in the range of r=0.63-0.70
and 0.54-0.76 respectively between the estimated and the measured values were ascertained.

By means of the correlation between variables formulated from pixel density values
and the results of whole body analysis an estimation equation has been developed for the
determination of body fat content. Equations constructed by MGLH and main component
analysis enable a relation of r2 value 0.71-0.93 between calculated and measured fat content
to be determined :���@���	���l.(1994). CT has been applied in the field of broiler nutrition
to determine relative tissue composition in two body segments (two treatments, at the ages
of 28 and 49 days). By means of the HU index calculated, independent of body weight,
groups subjected to different nutritional conditions proved, on the basis of their fat content,
clearly distinguishable from each other :���@��  (1996).

Within the framework of the EU-financed Copernicus programme, between 1994
and 1996 long-term experiments on broilers were in progress at this faculty in the form
of a Danish-Hungarian cooperation project. In addition to standard broilers specialised
lines produced by the partner establishment were also subjected to comparison. CT
examinations constituted a part of these comparative studies; serial images were
prepared at regular intervals, at the ages of 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14 and 16 weeks.
For each bird (from a total of almost 1000 broilers, with two replicates) the cross-section
of the breast muscle was determined.

The objectives set for this study were the ������� estimation of the weight of the
breast muscle of broiler chickens and the examination of muscle tissue development
between the ages of two and eight weeks.

"��)���*+��%'�")�,&'+

The examinations were performed on Arbor Acres (AA) broilers of standard genotype
(36 of each sex), within a weight range of 300 to 2000 g. The birds forming the
experimental group originated from the stock used in comparative performance studies
performed at the university Department of Poultry Breeding Science, and, as such, were
housed in a livestock building operating under closed, intensive conditions, with deep
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litter and a cubicle system, at the Experimental Livestock Production Site of the
university faculty. The broilers were fed in accordance with the standard two-phase
programme specified by the distributor.

At the ages of 2, 3, 4, 5, 6, 7 and 8 weeks 6 experimental birds of each sex were
subjected to CT examination after being fasted for ten hours. These examinations were
performed by means of the Siemens Somatom DRG equipment of the Diagnostics Centre,
the slice thickness used being 8 mm and the step 8 mm; 15-25 CT images per bird were
taken. The birds were examined lying in a prone position, without the use of anaesthetic.

In the evaluation of the cross-sectional images the surface area of the breast muscle
was determined (involving between 6 and 11 images); pixel density data were also
collected from each of the scans by means of an appropriately designed computer
programme (Pannon University of Agriculture, Digital Imaging Centre, Kaposvár).
Hounsfield variables were then calculated for the formulation of prediction equations, as
described by :���@��� 	�� ��. (1996). In the present work the extreme density values
(corresponding to bone and air) were excluded, only those corresponding to muscle and
fat being retained, i.e. the range from +200 to -200 on the Hounsfield scale (water=0).
Each set of 10 consecutive HU values was taken collectively, resulting in 40 Hounsfield
variables (HUv). These variables were used for the construction of three dimensional
histograms (3D) from the frequency data, with negative exponential interpolation.

Subsequent to the CT examination trial slaughter was performed by cervical
dislocation and the weight of the filleted breast muscle was recorded. In the evaluation
of the data obtained the effect of sex was analysed by means of one-way ANOVA, and
linear regression models were formulated for the purpose of defining the relations of the
weight of muscle to its surface area and to its volume.

�)+(*�+��%'�'�+�(++�&%

����	� ) gives the mean body weight values determined for the mixed-sex groups at each
examination, and also the weight of the breast muscle, filleted in the process of trial slaughter.

�	����-

.	���
����������/��#��	������	
�/��#���������0$������	��
���
�0	�������	�������#���	#��#���$

Age (weeks) (1) Live weight (g) (2) Breast weight (g) (3)
average (4) SD average SD

2 317 5.0 30 2.6
3 573 27 64 6.0
4 875 36 103 9.6
5 1303 121 172 15
6 1605 157 204 23
7 1908 135 285 16
8 2415 317 353 43

)&����	��	A�D5��	�
	����������1����
	������������	������	��1	��������������	��
����	�

���	�')* �3	�	��
	�����'�* �1����
	�����'!* �4�����������'"*
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The 3D histogram shown in C�
��	�) was produced on the basis of 24 images.
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In the muscle range on the histogram there emerge two peaks, clearly distinguishable,
the first representing the area of the breast, the second that of the thigh.

In the range of the fat tissue, in addition to a fat depot in the region of the neck
very pronounced abdominal fat deposition in the region of the pelvis is also evident.
On the basis of the 3D histogram, C�
��	�� illustrates changes in the mean values for
breast muscle cross-sectional area for the respective age groups, in the range selected for
the measurement of the breast muscle; these exhibit clearly visible maximum values.
The largest muscle surface area was measured in the plane intersecting the second or the
third rib, and, with the birds examined lying in prone position, the end of the clavicle
(s3). It can also be observed that as age progresses the highest value shifts in the caudal
direction (s4), indicating changes with the progress of time in the geometric
configuration of the breast muscle.

1�#����3
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�������	')*

����	�� shows the largest breast muscle surface area (maximum muscle surface) for the
mixed sex groups determined at each examination, and also the breast muscle volume
values calculated from all of the images evaluated.

cm
2
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���	���	��	�	������	
���������	���
���������0$������	��
���
�0	�������	�������#���	#��#���$

Age (weeks) (1) Max. muscle surface (cm2) (2) Breast volume (cm3) (3)
average (4) SD average SD

2 6.3 0.61 21.9 2.6
3 11 0.70 49.7 6.0
4 16 1.2 76.4 6,9
5 21 1.6 118 15
6 25 1.8 135 36
7 30 1.9 169 35
8 33 3,5 194 39

�&����	��	��1������	���/��	�����1���������	��������	������	��1	����������
���	��
����	�

���	�',���	�*')* �7������	�7���	���	���/��	'�* �1���������	�'!* �4�����������'"*

In addition, the effect of sex within the respective age groups was analysed by means of
variance analysis (����	�!). This table illustrates quite clearly that body weight differs
between the two sexes from the age of two weeks, while sex difference in breast weight
and breast volume, i.e. the highest muscle cross-section values, emerges from the age of
five weeks.

�	����2

)��������
�0�������$	�	����
��0	�����

Age (weeks) (1) 2 3 4 5 6 7 8
Live weight (2) NS *** *** *** *** *** ***
Breast weight (3) NS NS NS * ** NS **
Max. muscle surface(4) NS NS NS *** ** * *
Breast volume (5) * NS NS * * * *

* P<0.1, ** P<0.05, *** P<0.01

!&����	��	��>���������	��2	����	�����������	����	������	��G����	�	�

���	�',���	�*')* �3	�	��
	�����'�* �1����
	�����'!* �7������	�7���	���	���/��	'"* 
1���������	�'#*

The weight of the filleted breast muscle was estimated by means of a linear regression
model; breast muscle volume calculated on the basis of the CT images, i.e. the highest
muscle cross-sectional area value, was used as the independent variable (����	�").
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�	����4

�������	���
�������������������
��	����������	
���
����/��#�

Age (weeks) (1) Volume (2) Max. surface (3)
2 0.40 0.33
3 0.63 0.66
4 0.46 0.49
5 0.73 0.76
6 0.68 0.83
7 0.62 0.65
8 0.51 0.58

"&����	��	��4�	��(,	��	��H����	�>�����/�9��
��	��1��������	�
	������

���	��',���	�*')* �0����	�'�* �7��&I�	���/��	'!*

The low correlation values obtained at the age of two weeks can be explained primarily
by the low body weight of the birds. This weight range (250–350 g) is near the lower
limit of the CT examination. In the interpretation of the data obtained the relatively low
number of samples for each group (n=12) should also be taken into account.

The ratio of maximum muscle surface area to values for muscle surface area
totalled for each image, and also changes in this ratio, are illustrated in figure 3. It can be
observed that with progressing age this value decreases, indicating changes in the spatial
configuration of the breast muscle.
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On the basis of the evaluation of the cross-sectional images and the relations depicted in
figures 2 and 3 it can be ascertained that the spatial configuration of the breast muscle
changes with age. In the first weeks of life muscle growth in the plane intersecting the
second and third rib, taken with birds examined lying in a prone position, is
characteristic; with advancing age this growth shifts along the longitudinal axis of the
animal in the caudal direction.

�&%�*(+�&%+

By means of non-invasive CT examination the weight of the breast muscle can, where
body weight is above 500 g, be determined with an appropriate degree of accuracy.

Estimation determined with a single image, based on the highest muscle cross-
section value, produces results similar to those obtained by estimation of volume on the
basis of 6 to 11 images.

CT provides an unequalled possibility for the geometric configuration of the breast
muscle to be examined by means of repeated imaging of the same animal. Thus, an
objective set for further study is the 3D portrayal of the breast muscle, and, on the basis
of this, the comparison of muscle development in different genotypes.

�)1)�)%�)+
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