
185

��������	�
�����
�������
�������
��������������������
	
��������������
���
��������	���

�������
�����������
����� �!	�
�����"��#$�
%�%�����#&�������
���#'������

University of Ljubljana, Biotechnical Faculty, Department of Food Science and Technology
Ljubljana, SI – 1111 Jamnikarjeva 101. Slovenia

1University of Ljubljana, Biotechnical Faculty, Zootechnical Department
��������	
�	�	���	�������	��	
�������

��������

���������	�
���������������
���
����
�����	�������	�
�������������
������	���������
�������������	�����������	�
���������������������������
��������
�����	�
��������

���
��� ������������ 
����� ��������� ��� ������� ��������� ���� ��� ����!"#�����$��� 
��
#���������������������������

���������	���
���	���
���������������
�������������������
���
������%� 
��� 	���� ������ ������ ������ ������� 	���� ����� 
�� ���
���� �������� &�
�� 
��
���
���"������� ���� 
��� ������"������� ������������ ������
����� �
� 
��� ���� �	� '(� �����
$	
���������
���������������
���������������
���������
���
����
�)*+�,%���������
��
��
����
������
�������
���#����
%���-�'�,���������������
����������
�������
���
���

�����
����������������
��%�#�����������������
����������������������	
���
������

���
���
����
�����
"#���������������	�
�!
����������������������
�����������	������
���������
���������
��
�
�����
�����	����������		�
���
������
�����
"���������
���
���	

�!
���� ���� 
��� ������� ������
���� �	� 
��������� 
���
��� �������� .������� �����
�
��������� ���
����� �	� ������ ���
� ���� ��
� ��	������� �����	���
��� #�� ��
���� �	
��������������������%�#�
������	�������	� 
������
��	��������
������������#����
����

������
��	�
�����������
���
��������
�#�������
(Keywords: broilers, free range, meat, thermal treatment, quality parameters)

����		
�������

������(�	�
�����
����
�����)���������
��
����
�*����
� �����	��������

+
�������������

��	������	��	��������	��	��� ������	��	1!��"�"�	��	1Vadnjal, A. 1Holcman
Universität Ljubljana, Biotechnische Fakultät, Abteilung für Lebensmitteltechnologie

Ljubljana, SI - 1111 Jamnikarjeva 101. Slowenien
1Universität Ljubljana, Biotechnische Fakultät, Abteilung für Zootechnik

��������	
�	#	���	�������	��	
��$�����

/��� 0���� ���� ������������� 1�
��������� ���� 	��
2��
�����%� ������� 3��	��β� ���
0��
#����������� �4����������
��������0��
��
�� ���� ���� 2����5���
����� ������ ���
 ����!"#������	��������6����
7
�������
�������
��������#�������
���&���������#����8�
9����������������&�����������2����5���
��������������������� ����!"#������
�����
�
$����&��������������#���2�������:�#���
������;<�����
������	��2�����������������2���

Acta Agraria Kaposváriensis (1999) Vol 3 No 2, 185-194
Pannon Agrártudományi Egyetem, Állattenyésztési Kar, Kaposvár
Pannon University of Agriculture, Faculty of Animal Science, Kaposvár



��=����
����>�6����
��������
�����	�
���������
���
�������������

186

5������� ��
���
��/���&������� ���� ����&�������
���� #���#������
������ ���;<�����
���%
�7���������=���������
�4����������
���� �������		�����0������ 2���?����� ��

����$���
&�����������������'(�������������
�
��@�������.����
�������5�	�������������
���� &������� #��� )*+°,� #��� �-�'°,� ��� 0��
���� ���� 4���
�� 
�������� ������ &��
���
#�������
�� /��� 5����
�������
�� #���� $�	
����� ���� #��� ���� 
���������� &���������
�����������������$������β������	���
������$��������������������0���������
2���
������������
����������&��������������
��������1�
�������������5���#��������
���� ����������� $�������� /��� �����
�
�� #�������%� ��β� ���� 0��
#����������� 3��	����
��	� ���� ���
�����
��� ����������� ��!
����������	
��� ���� ���� �������
0���������
2�������� 
��������#�������
���A�����	�������� ��#����3��� �����	����
��
3��	����� ��	� ���� ����������� 6����
7
� �5����
��������� ����
�� ������ ����
0��
#��������������������5���
�����	��
���
���
���������3���������������#������
����
��� ������������ 3�������	
��� ���� 1�
�������� 2������� 4���
� ���� .������
��������#���
(Schlüsselwörter: Broiler, Freilandhaltung, Fleisch, Thermische Bechandlung,
Qualitätsparameter)

,-$�."/0$,.-

The method of raising broilers can significantly influence the sensory quality of chicken
meat alongside genotype, age, sex and certain other technological parameters before and
after slaughter. Chickens raised according to various methods of less intensive free
range, as set out in the regulations issued in 1991 (33,%�@���)'B�C*)) are preferred by
some consumers due to their better sensory quality, overall acceptance, smell, flavour
and texture. Less intensive methods of raising of chickens branded under particular trade
marks such as :�#��� ����� and :�#��� 4������ in France (4������ �
� ���% 1997) are
strictly supervised in all phases of production, with regard to chicken genotype (i.e.,
slow-growing animals), food (to contain wheat), population density (free range) and age
at slaughter (not less than 84 days). Such methods of raising bear a significant effect on
texture, tenderness and juiciness, which deteriorate, while the smell and flavour of the
meat do not, and may even improve. Better or changed sensory traits of chicken meat
from less intensive raising are different in white meat (breast) compared with dark meat
(thigh) (4������ �
� ���% 1997), and also depending on sex (���
�D% 1990). Free range
keeping changes the chemical composition of meat: the lipid and protein content
increase while water content decreases. The pH value and WHC increase, as does shear
force (A�����
����
����% 1989). The aim of this research was to study the influence of
two methods of raising (free range and indoor) and two provenances (Ross and Prelux-
bro) on the chemical composition and sensory quality parameters of broilers after
thermal treatment.

1�$2�,��3��-"�12$'."3

24 broilers (12 females and 12 males) from the commercial provenance Ross and 24
others (12 females and 12 males) from the commercial provenance Prelux-bro were
included in this research. All chickens were housed from the time of hatching until 28
days of age in a deep litter house. At the age of 28 days the chickens were divided into
two groups. The first group (12 Ross chickens and 12 Prelux-bro chickens) was raised
indoors without access to pasture. The second group (12 Ross chickens and 12 Prelux-
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bro chickens) had free access to pasture all day. The ground to which the chickens had
access was mainly covered with various types of grasses. For the first 28 days the
broilers were fed a starter diet which contained 3100 kcal/kg and 23.44% crude protein.
From the 28th day until the end of fattening the broilers were given a feed mixture with
2700 kcal/kg and 14.5% crude protein. The chickens were fed ad libitum. All birds were
slaughtered at the age of 8 weeks. The chicken carcasses were dressed traditionally
(carcass with head, neck, lower parts of legs, giblets and abdominal fat) and ready for
grilling (without the above parts). The chicken carcasses were frozen at -20°C. Before
the analyses began the frozen chickens were thawed for 24 hours at T=0 to +4°C and
thawing weight loss was calculated. The thawed carcasses were thermally treated by
roasting in a steam convection oven at 190°C, adding steam until the central temperature
in the breast at the breastbone reached Ts=85°C. Thermal treatment weight loss was then
calculated. With the use of basic chemical analyses for thermally treated breast muscle
the water content was determined by a method of drying to constant mass at 105°C, fat
content by Soxhlet’s method, and ash content by dry burning of the samples at 550°C.
Instrument-based analysis of texture (cutting values across and along the direction of
muscular fibres with a 1 cm long blade) was performed on �����
������� �����	������
and on ���#�����	������ using INSTRON universal test apparatus, desk type 1111. The
sensory parameters were determined by a three-member committee according to the
system of non-structured score scale from the group of descriptive analytical tests (.35%
1980). The shape and overall acceptance of the whole thermally treated chicken was
assessed. Colour, texture, fatness and flavour were assessed for the skin, while colour,
smell, flavour, juiciness, fatness, tenderness and mouth feeling were evaluated for the
breast and thigh muscle. Tenderness was assessed using the 1-4-7 score system, where
the mean value denotes optimal tenderness, a lower score that the muscle is too firm and
a higher score that it is too soft. All other sensory traits were assessed using the 1-7
score system, where the highest score denotes a more expressed trait. Statistical analysis
of the data was performed by means of the GLM procedure of the SAS/STAT
programme package (.$.C.�$��1���F��5����% 1990).

�23/�$3��-"�",30/33,.-

��#��) shows the basic statistical parameters for all the chicken traits analysed.

��#�� � shows the parameters (method of raising, provenance, part of chicken and
parallel/assessor) which cause the variability of values for some traits. The calculated P
value shows the strength of influence of single parameter on each trait.

Technological parameters, chemical composition and instrument-based values of
texture of parallel did not have any influence while assessor significantly and highly
significantly affected most of the sensory traits analysed. The other three effects (method
of raising, provenance and part of chicken) are described in detail in ��#���B.
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3����������	�
�����
���
���������4��������
���

5�
�����
 - 1��� 1��� 1�6� 3" 0&�789
$������������:�7#9
Thawing weight loss (%) (2) 48 0.58 0.001 3.59 0.67 116.06
Thermal treatment weight loss (%) (3) 48 35.42 24.42 44.66 4.11 11.61
$��
�������
�������������:�7;9
0��������<�)
�������������789:�7=9
Water (6) 64 60.47 55.38 64.71 1.93 3.19
Fat (7) 64 10.43 6.13 14.43 2.01 19.24
Ash (8) 64 1.13 0.93 1.42 0.12 10.35
,��
�����>)����7-9:�7?9
Shear strength – across (10) 384 31.62 2.5 84 15.62 49.39
Shear strength – along (11) 384 15.14 3 43 5.75 37.97
3���
��7	����9:�7#@9
A������������:�7#B9
Shape (1-7) (14) 144 5.76 5.0 6.5 0.34 5.89
Overall acceptance (1-7) (15) 144 5.63 5.0 6.0 0.27 4.87
3���:�7#C9
Colour (1-7) (17) 144 5.97 5.0 7.0 0.48 7.97
Texture (1-7) (18) 144 4.24 3.5 5.5 0.41 9.77
Fatness (1-7) (19) 144 2.11 1.0 5.5 0.63 29.83
Flavour (1-7) (20) 144 5.80 5.0 6.5 0.30 5.14
�
��������������<�����������:�7@#9
Colour (1-7) (22) 288 5.83 4.5 6.5 0.43 7.42
Smell (1-7) (23) 288 5.85 5.0 6.5 0.25 4.21
Flavour (1-7) (24) 288 5.88 5.0 6.5 0.31 5.30
Juiciness (1-7) (25) 288 5.47 4.0 6.5 0.54 9.85
Fatness (1-7) (26) 288 1.49 1.0 3.0 0.57 38.54
Tenderness (1-4-7) (27) 288 3.84 2.5 5.5 0.32 8.47
Mouth feeling (1-7) (28) 288 5.51 4.5 6.5 0.38 6.92

CV - coefficient of variability �9����
�������		�2���
�
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��)��������������������������������7	9��������
�������
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3��
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��)������7	������9�7@?9
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�����
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5�
��7B@9 5�
�������

���


5�
�����
�E�"+ # # # @
$������������:�7#9
Thawing weight loss (%) (2) D�DDFG D�D;F; 1.0000
Thermal treatment weight loss (%) (3) D�DDD# D�D#F@ 1.0000
$��
�������
�������������:�7;9
0��������>�)
�������������789:�7=9
Water (6) 0.4585 0.7915 0.0243
Fat (7) D�D##G 0.3941 0.6227
Ash (8) D�DD#G 0.4922 0.5751
,��
�����>)����7-9:�7?9
Shear strength – across (10) D�DDD# 0.8114 D�DDD# 0.6003
Shear strength – along (11) D�DDD# 0.0683 D�DDD# 0.4051
3���
��7	����9:�7#@9
A������������:�7#B9
Shape (1-7) (14) D�DDD# D�D@G?? 0.4237
Overall acceptance (1-7) (15) 0.3510 0.7556 D�DD=?
3���:�7#C9
Colour (1-7) (17) D�DDD# 0.0900 D�DB?F
Texture (1-7) (18) D�DDD; 0.6718 D�D;D@
Fatness (1-7) (19) 0.0768 0.8911 D�DD;@
Flavour (1-7) (20) 0.6660 0.1966 D�DD;;
�
��������������<�����������:�7@#9
Colour (1-7) (22) 0.2713 0.3377 D�DDD# D�D#FF
Smell (1-7) (23) 0.1502 0.6823 0.8796 D�DDD#
Flavour (1-7) (24) 0.5026 0.7266 D�DDD# D�DDD#
Juiciness (1-7) (25) D�DD#B 0.9826 D�DDD# D�DD@?
Fatness (1-7) (26) D�DB;D 0.2128 D�DDD# D�D#F@
Tenderness (1-4-7) (27) 0.7286 D�DDBC D�DDC; 0.4084
Mouth feeling (1-7) (28) D�D@#G 0.1377 D�DDD# D�D#;=

DF - degree of freedom �4������
������

��� ��#����>� 3��	����� ����9����#���
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2���� ���� &���
� ��
� ;��
%� G�'�%� ?������(�%
4�

�H�%� $������%� 
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$�)���B

$�������������������	������������������4�������	�
�����
�����������

H��	�����������7@?9
+
���
�����7BD9 ,����
�7B#95�
�����

�31 321 �31 321

"����
����
)������

�
���
�����I
�����
�7B@9

$������������:�7#9
Thawing weight loss (%) (2) 0.45 0.07 0.71 0.07 -0.26*
Thermal treatment weight loss (%) (3) 37.87 0.35 32.96 0.35 4.91***
$��
�������
�������������:�7;9
0��������<�)
�������������789�7=9
Water (6) 60.67 0.26 60.92 0.26 -0.25
Fat (7) 9.91 0.28 10.94 0.28 -1.03*
Ash (8) 1.17 0.02 1.10 0.02 0.07*
,��
�����>)����7-9:�7?9
Shear strength – across (10) 33.8 0.7 29.39 0.7 4.5***
Shear strength – along (11) 16.2 0.4 14.1 0.4 2.1***
3���
��7	����9:�7#@9
A������������:�7#B9
Shape (1-7) (14) 5.90 0.03 5.63 0.03 0.26***
Overall acceptance (1-7) (15) 5.60 0.03 5.65 0.03 -0.04
3���:�7#C9
Colour (1-7) (17) 6.13 0.05 5.81 0.05 0.32***
Texture (1-7) (18) 4.12 0.05 4.35 0.05 -0.23***
Fatness (1-7) (19) 2.02 0.07 2.20 0.07 -0.18
Flavour (1-7) (20) 5.78 0.03 5.81 0.03 -0.02
�
��������������<�����������:�7@#9
Colour (1-7) (22) 5.80 0.03 5.85 0.03 -0.05
Smell (1-7) (23) 5.83 0.02 5.86 0.02 -0.04
Flavour (1-7) (24) 5.87 0.02 5.90 0.02 -0.02
Juiciness (1-7) (25) 5.39 0.04 5.56 0.03 -0.17*
Fatness (1-7) (26) 1.45 0.02 1.53 0.02 -0.07*
Tenderness (1-4-7 (27)) 3.85 0.03 3.83 0.03 0.01
Mouth feeling (1-7) (28) 5.47 0.03 5.56 0.03 -0.09

P�0.001 *** highly stat. significant; P�0.01 **, P�0.05 * stat. significant;
LSM - least square mean; SEM - standard error mean
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$�)���;

$����������������	
����������������4�������	�
�����
�����������

5
���������7@?9
�� 5
���65�
�����


�31 321 �31 321

"����
����
)����������I
5
���6�7BD9

$������������:�7#9
Thawing weight loss (%) (2) 0.48 0.07 0.68 0.07 -0.19*
Thermal treatment weight loss (%) (3) 34.82 0.35 36.01 0.35 -0.19*
$��
�������
�������������:�7;9
0��������>�)
�������������789�7=9:
Water (6) 60.84 0.26 60.75 0.26 0.09
Fat (7) 10.60 0.28 10.26 0.28 0.34
Ash (8) 1.12 0.02 1.14 0.02 -0.02
,��
�����>)����7-9:�7?9
Shear strength – across (10) 31.5 0.7 31.7 0.7 -0.2
Shear strength – along (11) 14.7 0.4 15.6 0.4 -0.9
3���
��7	����9:�7#@9
A������������:�7#B9
Shape (1-7) (14) 5.79 0.03 5.74 0.03 0.05
Overall acceptance (1-7) (15) 5.63 0.03 5.62 0.03 0.01
3���:�7#C9
Colour (1-7) (17) 6.03 0.05 5.90 0.05 0.13
Texture (1-7) (18) 4.25 0.05 4.22 0.05 0.03
Fatness (1-7) (19) 2.12 0.07 2.10 0.07 0.01
Flavour (1-7) (20) 5.76 0.03 5.83 0.03 -0.06
�
��������������<�����������:�7@#9
Colour (1-7) (22) 5.85 0.03 5.80 0.03 0.05
Smell (1-7) (23) 5.85 0.02 5.84 0.02 0.01
Flavour (1-7) (24) 5.88 0.02 5.89 0.02 -0.01
Juiciness (1-7) (25) 5.47 0.04 5.47 0.04 -0.00
Fatness (1-7) (26) 1.47 0.02 1.51 0.02 -0.04
Tenderness (1-4-7 (27)) 3.78 0.03 3.90 0.03 -0.11*
Mouth feeling (1-7) (28) 5.49 0.03 5.54 0.03 -0.06

P�0.001 *** highly stat. significant; P�0.01 **, P�0.05 * stat. significant;
LSM - least square mean; SEM - standard error mean
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��7�������
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5�
����������7#@9
$�����7#B9 �
����7#;95�
�����

�31 321 �31 321

"����
�����)������
������I�)
����7#=9

,��
�����>)����7-9:�7#9
Cutting value – across (2) 19.8 0.7 43.4 0.7 -23.6***
Cutting value – along (3) 12.6 0.4 17.7 0.4 -5.2***
3���
��7	����9:�7;9
Colour (1-7) (5) 5.71 0.03 5.94 0.03 -0.23***
Smell (1-7) (6) 5.84 0.02 5.85 0.02 -0.00
Flavour (1-7) (7) 5.96 0.02 5.81 0.02 0.16***
Juiciness (1-7) (8) 5.78 0.04 5.17 0.04 0.61***
Fatness (1-7) (9) 1.98 0.02 1.00 0.02 0.97***
Tenderness (1-4-7) (10) 3.89 0.03 3.79 0.03 0.10*
Mouth feeling (1-7) (11) 5.70 0.03 5.33 0.03 0.38***

P�0.001 *** highly stat. significant; P�0.01 **, P�0.05 * stat. significant;
LSM - least square mean; SEM - standard error mean
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Thawing weight loss proved significantly lower in the free range chickens than in the
chickens raised indoors. Thermal treatment weigh loss showed the opposite tendency,
with a highly significant difference. Samples from the free range chickens contained
significantly less fat and more minerals than samples from indoor-raised chickens. The
instrument-measured cutting values were significantly higher in the free range chickens,
which was in accordance with the findings of A�����
����
���� (1989). The free range
chickens maintained significantly better shape (i.e., with less damage) than the indoor-
raised chickens, and had highly significantly mreo favourably assessed skin colour and
significantly less fat in the muscles. Most of the other sensory traits of the free range
chickens were assessed to be slightly less favourable than those of the indoor-raised
chickens; this was also confirmed by slightly lower assessment (difference not
statistically significant) of overall acceptance. Scores for flavour and tenderness of
muscles for the free range chickens and the indoor-raised chickens did not differ
significantly, which is not in agreement with the general belief that free range chickens
have better flavour and texture (�������������,������% 1995). Absolute comparison of
these findings with those in the literature is not possible, since the animals used in this
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study were relatively young at slaughter (56 days), while the literature data refer to older
free range chickens (80 to 90 days).

Thawing weight loss and thermal treatment weight loss were significantly lower in
the chickens of Ross provenance than in those of Prelux-bro provenance. Instrument-
measured cutting values proved slightly lower in the muscles of the chickens of Ross
provenance than in those of Prelux-bro provenance, which is not in agreement with the
fact that the tenderness of the muscles of the chickens of Ross provenance was assessed
at significantly low values. Differences between the Ross and Prelux-bro provenances in
the traits of overall acceptance assessed were insignificant, which shows very equal
sensory quality of chickens of both provenances.

Instrument-measured cutting values for thigh muscles proved significantly lower
than for breast muscles, which was in agreement with the significantly higher sensory
assessment of the tenderness of thighs. The sensory trait smell was found not to vary
substantially in different meat parts. The thighs were assessed at significantly lower
values than the breasts with respect to colour, and at very significantly higher values for
fatness, as an undesirable trait. All the other sensory traits analysed were assessed at
significantly more favourable values for thigh muscle than for breast muscle. The reason
for this better assessment of most sensory traits for thigh muscles is evidently the higher
fat content of the thigh than of the breast.
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Shear strength – across (5) Shear strength - along (6)
Juiciness (1) -0.51*** -0.27***
Fatness (2) -0.65*** -0.340***
Tenderness (3) -0.17** -0.09
Mouth feeling (4) -0.42*** -0.21***
P�0.001 *** highly stat. Significant, P�0.01 ** stat. significant
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Highly significant negative correlations between the instrument-measured cutting value
across the direction of the muscle fibres and the sensory traits juiciness, fatness and
mouth-feeling were established, but these were not high enough (r<0.7) to be
substantial.

0.-0�/3,.-3

Free range influences:
− chemical composition of thermally treated meat (less fat, more minerals);
− instrument-measured texture (higher cutting values).
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Sensory quality (i.e., flavour and tenderness) was not affected by free range keeping.
The influence of provenance is significant only for thawing weight loss, thermal

treatment weight loss and tenderness (lower weight losses and worse tenderness in
chickens of Ross provenance).

All the sensory traits, except smell, colour and fatness, were assessed to be better in
the thigh than in the breast muscle.
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