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Table 1. Ingredients and chemical composition of the basal diet in starter, grower and finisher periods

1 

Starter diet (0-10 d) Grower diet (11-24 d) Finisher diet (25-42 d) 

Ingredient (%)    

Corn 56.70 58.78 63.70 

Soybean meal 37.34 34.62 29.32 

Soybean oil 1.66 2.78 3.39 

Dicalcium phosphate 1.83 1.63 1.46 

Limestone 0.87 0.78 0.74 

Sodium chloride 0.30 0.30 0.30 

Sodium bicarbonate 0.10 0.10 0.10 

l-Lysine-HCl (98%) 0.23 0.15 0.16 

dl-Methionine (98%) 0.34 0.28 0.26 

l-Threonine 0.13 0.08 0.07 

Vitamin and mineral premix
2
 0.50 0.50 0.50 

Calculated composition (%, unless otherwise stated)

Metabolizable energy (kcal/kg) 2,900 3,000 3,100 

Crude protein 22.00 20.80 18.90 

Calcium 0.93 0.84 0.78 

Available phosphorous 0.46 0.42 0.38 

Sodium 0.16 0.16 0.16 

Lysine 1.24 1.11 1.00 

Methionine  0.63 0.56 0.52 

Methionine+cystine 0.92 0.84 0.78 

Threonine  0.83 0.75 0.67 

DCAB (mEq/kg) 232 224 200 
1 Sand was substituted (wt/wt) by Echinacea purpurea, Thymbra spicata or Erythromycin to form the corresponding 

experimental diets. Briefly, basal diet was formulated and 5 kg/t sand was added to diet as on top. For made of other diets 

2.5 or 5.0 kg/t of each Echinacea purpurea, Thymbra spicata, or Erythromycin was substituted with sand.�
2 Supplied per kg diet: Vitamin A 9000 IU, vitamin D3 2000 IU, vitamin E 18 IU, vitamin K3 2 mg, riboflavin 6.6 mg, 

pantothenic acid 10 mg, pyridoxine 3 mg, folic acid 1 mg, thiamin 1.8 mg, B12 15 µg, biotin 0.1 mg, niacin 30 mg, choline�
500 mg, selenium 0.2 mg, iodine 1 mg, copper 10 mg, iron 50 mg, zinc 85 mg, manganese 100 mg.�
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Table 2. Effect of diets supplemented with Thymbra spicata and Echinacea purpurea on performance of 

broiler chickens challenged on 21 d of experiment with 4×10
11

 cfu/mL of Campylobacter jejuni suspension

Item 
Treatments

Control Thymbra spicata Echinacea purpurea Erythromycin SEM P-value 

  0.25 0.50 0.25 0.50    

Average daily gain (g/day/bird)        

0 to 10 d 22.1 24.2 23.7 22.0 23.6 23.8 0.7 0.16 

11 to 24 d 50.1 53.0 49.4 52.7 48.6 52.6 2.4 0.67 

25 to 42 d 70.2 80.8 74.8 75.1 79.1 77.2 3.2 0.29 

0 to 42 52.3 58.0 54.3 55.0 55.8 56.3 1.6 0.25 

Daily feed intake (g/day/bird)        

0 to 10 d 25.7 26.3 25.9 26.5 26.3 26.9 0.6 0.78 

11 to 24 d 84.1 83.9 84.8 84.5 83.3 88.1 2.5 0.80 

25 to 42 d 181 170 174 167 169 174 4 0.21 

0 to 42 112 107 109 106 107 110 2 0.50 

Feed efficiency         

0 to 10 d 0.859 0.918 0.916 0.832 0.901 0.884 0.020 0.05 

11 to 24 d 0.598 0.631 0.623 0.623 0.583 0.600 0.030 0.81 

25 to 42 d 0.389
b
 0.477

a
 0.431

ab
 0.449

ab
 0.467

a
 0.442

ab
 0.014 <0.01 

0 to 42 0.468
b
 0.543

a
 0.499

ab
 0.518

a
 0.523

a
 0.510

ab
 0.011 <0.01 

a-b Means within a row without common superscript are significantly different at P<0.05. 

SEM: Standard error of the means�
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Table 3. Effect of diets supplemented with Thymbra spicata and Echinacea purpurea on 

malondialdehyde, water holding capacity, drip loss, cooking loss, and press loss of thigh muscle in broiler 

chickens challenged on 21 d of experiment with 4×10
11

 cfu/mL of Campylobacter jejuni suspension��

Item 

Treatments

Control 
Thymbra 

spicata 

Echinacea 

purpurea 
Erythromycin SEM P-value 

  0.25 0.50 0.25 0.50    

Malondialdehyde (nM/g) 93.9
a
 74.0

cd
 77.5

bcd
 66.1

d
 82.4

abc� 86.4
ab

 2.6� <0.01�
Water holding capacity 

(%) 

17.4 18.4 10.8 18.2 15.9 23.9 5.0� 0.61�

Drip loss (%) 7.76 5.86 5.85 4.91 4.64 7.05 0.76� 0.07�
Cooking loss (%) 27.2 29.3 28.1 26.6 33.1 26.5 2.5�� 0.46��
Press loss (%) 32.1

b
37.6

ab
41.2

a
35.2

ab
37.0

ab
37.4

ab
1.8�� 0.05��

a-d 
Means within a row without common superscript are significantly different P<0.05. 

SEM: Standard error of the means�
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Table 4. Effect of diets supplemented with Thymbra spicata and Echinacea purpurea on thigh muscle pH 

and color of broiler chickens challenged on 21 d of experiment with 4×10
11

 cfu/mL of Campylobacter jejuni 

suspension��

Item 
Treatments

Control Thymbra spicata Echinacea purpurea Erythromycin SEM P-value 

  0.25 0.50 0.25 0.50    

pH 6.13 6.01 6.08 6.12 6.02 6.05 0.05�� 0.51��
Lightness (L*) 25.8 23.2 20.8 20.4 17.7 19.0 2.3�� 0.21��
Redness (a*) 11.5 10.9 10.6 8.93 7.98 8.41 1.19�� 0.24��
Yellowness (b*) 8.35 7.21 6.92 6.10 5.05 5.41 0.97�� 0.21��
Hue angle  35.5 33.4 33.0 33.9 32.4 32.8 1.4�� 0.70��
Chroma index 14.2 13.0 12.7 10.8 9.45 10.0 1.50 0.22
SEM: Standard Error of the Means�



��������	�
������������$%	��V	"3M&7�V�_3_p7������������������������������������������������������������������������������������������������@��

�

�

�

� y&3�� 2�% � ��� <_3_d� ��<3�1���&k'*��/�� X%)R� ��H
� F3M��}3'672&0�� �� 2��)9�-H�!21���A�	)7�  	� $���

�
)Ld�2����/������B$.Q�������)�&%��H���V�K(�F0	�
$%� e&���� "..!��X%)R� -�	X=	� Ik�� y&i&%� G�	� /!
$%�<�&*��G3.b�H� W�&��&'��G�	�  	�$�s���$�&0���H
�F3M��/�I�)s7��$M&'�����\����1��/!�����=�/Q�	��/�

�)�&%� 	��&k(�<�9��H$%����(	����1�������&�/'3���/��
� �HP�=�)!�%� ��&%� <3�&*�=$%� �	)R)3*�21� /`3+�� /!� "�
$'3�� "3M&7�� /!� <�	� G3���V�&h� /����+Z�)!���� � ��H

e&���V�K(�F0	�����l���
�)!��/��l����� ��)H�m��
�1���$%W"�s��G�	)��.�����X%)R�-�	X=	a*����� ����b*��

2	�� /'K(����� �3_p7Lee et al. (2013)��<�	� G#�%
� $����  	���� $H�3*� ��H"3c&M�#M1� $0)�� �a��� <D'\

�"����F*��0)��)7a���U&Q�����~&7�V�&h�/��/!����	)�
� e&'Q%��� /�&�7� )3D�� GM��$=�!���$%�/9&9� "�	&7�	�� �H

� $.3M��� <p7� <3�1� "J+Z%�Ik�� F%�(� G�	� /!� ".!
��� ����X%)R�-�	X=	��/�a$%�W�&���/��/9&7����G�	)��.�

	�)i�d��3_p7����/!�G�	U&Q�� �G3��B��@�,���@������)*
�)*&'3!��"�� 
��L+�	� F*��0)�� <p7� �"(� <'(� �)3E�7�

���X%)R�G+=)*��	)Ra*����� ����b*�2	��IJ!�/'K(��	��
$%�2	&7�/��<kZ��
)39����F*��0)��^Q��2�&��I��.%
W�	���

�/��v&�)%�j��+�)3E�7��)��$���% 1�z'+s%���H���37�I3!)7
$��3�3��IJ!� /'K(�2	��� ��"9� ��@��W<�	� 
"�� /c	�	

� /!� �	��2���� j��+�� "h����0�G3g7�)B��2	��IJ!� /'K(
/9&9���� 
"��/�567�$+�&*���H���$��=� �G���1@���)*

�)*&'3!� ��� �$.J%� V�&h� /��� ��	��<=��� -H�!
�?@�?<P��d�G�	����W����"h���
��%��)+Z!�0����0�$�)N

<�&4�� �� [�0�IJ!� /'K(�� 2	�$.J%� V�&h� /�����	�
� <p7)3E�7�<=)��� �	)R� $���% 1� ��H���37W����� /Q�	�� ��
)3E�7���� "i� j��+�� <�&*� V�k3!)7� ���� $���	�� 2�H�3*

��	�� �&9�� $K3_�����&4� /�� /!G3__p%��A&`� )%� )E	
��&0�<�&*� )�� �2�3(�.J�� 
�	&��0���&%� 	��$��)����	)R

"��	��� �� �)3E�7� /!� "�"3��� /`3+�� G�	� /���G3g7�)B� )�
� )+Z!�0� �� $�)N� �<�&4���	"��<�&*��Forte et al., 

2017�W�/JM�Q%� ����)������� /�567/9&9����� $+�&*� ��H
2	���%&�� I3!)7�� [M	XM	 � �� �2�3.��!� 
�	&��0��Ik�

-�	X=	�� 2	X3%y�k�	� e)N� ��H"3�	� �� 
��%��� [�0
��0�G3g7�)B��<�&*"���Marcin�áková et al., 2011��W
-H�{B� ����)����� A�	X*"��/!�/9&9� /�567����H
���$+�&*�
��S(��F*��0)��,@�?�$'3%���)*&'3!� )�� )+3M
2"��2 ����
��%� �� ��0�G3g7�)B�2	X3%�2"�� )+�!�Ik�

�
�)*����/Z��_%����<�&*�[�0"H����"��Nasir and 

Grashorn, 2010�� W�G3__p%�R�.+%�j��+�� 
"H��%�<'(�
� <�&*� $��3�3�� I3!)7� ���� $���	�� 2�H�3*/�� 	��

�$�	&H���e1���	)����/�567�^Q����37&�P
�	��<kZ��"�	�
�Forte et al., 2017�W��

���� /�a� G3g7�)B� 2	X3%� -H�!� <'(� )i�d� �3_p7� ��
�� F*��0)�� ��� 
"�� /�567� 
�)*@��)*&'3!� ��� �)*��

�z3Ji�$�	5\�
� ���/��/9&7������d�G�	�����<Z3���s�%
/9&9�G�	�F3M��<�	�G#�%����37�G�	����
"��/�567���H

�
)E&%� V�k3!)7� $0)�� $*"��	� ��� )E	�  	� $���� )%	
�X�1� ���� F*��0)��/�X`7� ��H�)3D�� G3g7�)B� 
"..!

�$0)�� �&9�� F3M�� /�� ��� �� G3ZO�)7&�3!� �� G3ZO�)7
����V�k3!)7�/!�"����21������&.�&gM��G� &�3%�/���%�$��

��

���"9@���)E	��)��F*��0)����$��=� �G���1���&B����
)39�2�)!�F�#%�$��3�3��I3!)7/9&9�2	��IJ!�/'K(����H
$+�&*� ������/+=���-M�N,������-��% 1cfu�?��]:����$'3%�)H���)+!���2&3Z��O�&�� 	�)+3M$��PP�)+!��&'3O�!���

Table 5. Effect of diets supplemented with Thymbra spicata and Echinacea purpurea on chemical 

composition of thigh muscle in broiler chickens challenged on 21 d of experiment with 4×10
11

 cfu/mL of 

Campylobacter jejuni suspension��

Item 
Treatments

Control Thymbra spicata Echinacea purpurea Erythromycin SEM P-value 

  0.25 0.50 0.25 0.50    

Crude protein 24.7
ab

 24.2
abc� 22.7

c
 25.1

a
 25.0

a
 23.4

bc
 0.5� 0.04�

Crude fat 3.38 3.38 3.96 3.75 3.50 3.56 0.18� 0.20�
Ash 1.29 1.34 1.39 1.37 1.26 1.37 0.07� 0.67�
Dry matter 24.4 25.3 26.3 26.1 26.8 28.8 1.1� 0.19�
Moisture 75.6 74.7 73.7 73.9 73.2 71.2 1.1� 0.19�
a-c Means within a row without common superscript are significantly different at P<0.05. 

SEM: Standard error of the means�
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Abstract

In order to evaluate the effects of Thymbra spicata and Echinacea purpurea powders on quality of thigh muscle 
in broiler chickens orally challenged with Campylobacter jejuni, a total of 192 one day old broiler chickens 
(Ross 308) were randomly assigned to six dietary treatments in a completely randomized design with four 
replicates of eight birds for 42 days of age. The experimental dietary treatments included: 1) basal diet without 
additive (control group); 2, 3) basal diet supplemented with Thymbra spicata powder (2.5 and 5 g/kg); 4, 5) 
basal diet supplemented with Echinacea purpurea powder (2.5 and 5 g/kg) and 6) basal diet supplemented with 
Erythromycin (0.275 g/kg). All of the chicks were oral-gavaged with Campylobacter jejuni (4×1011 cfu/mL, one 
mL per bird) on d 21. In the finisher and entire periods, broiler chickens fed Echinacea purpurea (2.5 g/kg), 
Echinacea purpurea (5 g/kg), and Thymbra spicata (2.5 g/kg) had a higher feed efficiency than those on control 
diet (P<0.05). Moreover, feeding broiler chickens on diets supplemented with Echinacea purpurea (5 g/kg) and 
Thymbra spicata (2.5 g/kg) caused a decrease in malondialdehyde concentration of thigh muscle (P<0.05). 
Furthermore, broiler chickens fed diet containing Thymbra spicata (5 g/kg) had higher press loss (41/2%) and 
lower crude protein (22.7%)� in thigh muscle (P<0.05). According to current results, Echinacea purpurea and 
Thymbra spicata powders at level of 2.5 g/kg could be recommended because of improving performance and 
reducing malondialdehyde.�
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