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Abstract 
The effects of replacement of alfalfa hay and wheat straw with different levels of tarragon plant stalk (TPS) on feed intake, digestibility, microbial 
protein synthesis, and blood and rumen parameters of sheep were investigated using four Kermani male sheep (BW= 45±2 kg) with approximately 
three years old in a Latin square design with four 21-day periods. The experimental diets were: 1) control diet (without TPS), 2) diet containing 8% 
TPS, 3) diet containing 16% TPS and 4) diet containing 24% TPS (DM basis). Dry matter intake, and dietary digestibility of DM, OM and CP were 
not affected by feeding of TPS in the present research. The amounts of nitrogen intake, nitrogen excreted in the urine and feces, the amount and 
percentage of retained nitrogen, ruminal pH, ruminal concentrations of NH3-N and volatile fatty acids, and protozoa population were not affected by 
experimental diets. Feeding different levels of TPS had no effect on, microbial protein synthesis, and concentrations of blood glucose, total protein, 
urea nitrogen, triglyceride and cholesterol. Results of this study showed that tarragon plant stalk could be replaced with alfalfa hay and wheat straw up 
to 24% (DM basis) in sheep diet without any effect on ruminal fermentation, blood parameters or feed intake.  
 
Keywords: Appetite, Blood parameters, Retained nitrogen, Rumen fermentation, Tarragon by-products. 
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(����) Q�/ -#?@�)9  3/12 28/12 26/12 24/12 

(����) !GY ���� 92 1/92 2/92 3/92 

(����) �)@� ���52  89/1 87/1 85/1 83/1 

(����) !Z,/ ��,��
 �� F�1���$ 4�#G�  22/47 85/46 49/46 12/46 

(����) ��#'� ��,��
 �� F�1���$ 4�#G�  04/32 18/32 01/32 99/31 

1-#��>�� .A )IU500000-#��>�� "(D3 )IU100000-#��>�� "(E )IU100!1#� _�'�)
 !$�V� )��,2 � "( K��
 Q) �1#� �� Q) Fe )3000 "(CU )300 "(Mn 

)300 "(Ca )2000 "(Zn )3000 "(P )90000 "(Co )100 "(Na )50000 "(I )100 "(Mg )19000 � (Se )1/0.(  
  

/�Z� �!�� 
�
�� ����$�KN S_G`  �
9�
��� O�	8 +��

+�8 � o�!�$� �����! �* ���#$!� 9� ��A$!� �$��$8��$7f!� 
� 

��I t�� 522 �$����� �9���� �< +��� .��5�� J8� ���9�
 

����$�KN +
�
�� )6G����� 
� 9�
(1 ��5�� �

��+�� 

]4, ��< )6G����� 
� 9�
( � J8� O- "�F$)� 6	

�� 

?�!��* 6G����� 
� 9�
 )��8 �* �
� S!� �- ��5�� J8� 
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6!��Y���N "�F$)� 6	

�� 
� �	#!�� 6G�� ����� 
� 9�
 

S!� (� ��B�� �Y��$�� 6*��7�� ).�� �Y��$�� 
� 9�
 (

�* H���� �* �&*�
 ) +��4) 1(6) � (7�:!�W� ( ���<  ]4 .[

�Y��$�� +�F*� 9� 5��  � (\�8�� � 
�
��) 6Z8� �Y��$�� Og�#�

�:!�W� (2�
�') 68�0� �Y��$�� �< ]23 .[  

 �&*�
)5 (             6G��) 6Z8� ����$�KN =(9�
 
� ���  

54/0-  
�
�� 
� ��< �<�� �

�� O-)×89/0(  

 �&*�
)6(       �Y��$�� = 6*��7�� ).�� �Y��$�� 
� 9�
(  

727/0 ÷ �

�� ]4, ��< )6G����� 
� 9�
( 

 �&*�
)7(                          = 6	

�� "�F$)� O- J8�  

2]4, �

��]+ 6G��) ��<
�
�� 
� (9�
 
� ���×84/0[  

���;� 
� � �
�� �� �'N 9�
 
� �:;7< J
�� 9� +���

���9  � �< 1�! 
� � (�#T) 2�
�' /�0� 9� ��� +��

 q� Sh�! �� +�Z� �B�B 9� ���#$!� �* 2�
�' /�0� 9�

�N 9� q� .S8�� "
�T �7� ��A$!� �* O0$�  �-pH 

�* �:;7< J
�� �G�!�pH ) 6B�$��
� �$�AZ 8601 1

Taiwan�9���� ( ���;� 1�< +��� 
�=> 6��$- �>
�� �* ��

/�T �
K 6G�� a	� 16-�����N �Y��$�� ���Z� +��* � ��<  �$�B

�* �:;7< J
�� 9� 2/0 6G�� (

�#B�! ��!� �$�B50  �T
�

)Merck 1Germany �* 
5
�8 
� �
5�� ���9 �� � ~�Gc� (

 +���20 - 6$��! �,
� �Y��$�� S_G` .�< +
��=A� ����

��	8 3�
 9� ���#$!� �* �:;7< J
�� 6-�����N-  S
�G-�f��

]3�9���� [ ��GW� ��=� +��* .�����N "�#B�! 9� .�< +���

 �
����$!� t�� ��I 
� ]4, � �< ���#$!� 2�����N630 

�* �$�����.�< �����' �$��$8��$7f!� �G�!�  

 ��5��10 6G�� /�T �:;7< J
�� 9� �$�B  �* 5�� ��<10 

6G�� ) ��GW� �$�BMFS(Methyl-green formalin saline  

]18(� 3
�;< +��* [ �$'�
 �< +
��=A� ��. 

(� 
�$'� ��2�� +���;� 
� 
����+ ��
 �!�� �:;7< J

) 
�*��� .KDQ 1Iran� 9� ���#$!� �* � (�
�� ��7!��7+ 

)Olympus CH-2 1Japan ���;� �� .���< 3
�;< ( �!

�9���� +��* .�< 3
�;< 
�*  ]�> +����!� S_G` +���


�̂�8 �� 15/1 6G��  �* �*���< ~�Gc� �$�B375/0 6G��  �$�B

 ��GW�OPAEB  (
�#�8��
� ~�Gc�)20  � �T
�

��G�� (
����*  
� �
��9N .���� ���9 �� � ~�Gc� (��!�

 +���20 - 6$��! �,
� �9���� .�< +
��=A� ����  +���

 ]�> +����!�
�̂�8  2�
�' /�0� 9� q� Sh�! �!

 ��A$!� �!�� (������- ��!� 6G'�� �
����$!� 
�eb 
�

) 68���������- 9��UNICAM 96001Germany  .���� (

 ]�> +����!� O- 
��F� �
�̂�8  �o� ��	>  ��!� S:��

] �< �:!�W� (�������� ��!� �* (�$!�19.[  

���� .�� 9� ���#$!� �* �� +
��N 
�58�SAS  �c��)2/9 (

]21�
 �* [
 �GLM  +��*+
��N ��� )8����) ( +�� ����

3
��� 168�0� ()' ��	!��8 1+�
4�  +�;!d� +��

 � ��'6*��7�� ������� 5$	!) +
��N ��� � (9 (

����) �* ~�*�� +�� Z� "�#T��� ���9 6I 
� ��< �pH 

6-�����N �Y��$�� � �:;7<(  � �
5����A����  �� ���#$!� �*

9� 6-�� ���9N .���< ��
�F� X� ���
�� � ��� �,
�) "��

�58� �* (�� �,
�
��'�� � �! �&! � , 
���� ��+ 

��9N
)6 �F� 9� ���#$!� �*
!
�* ���Z$� "��6 �< ]21.[  

 �&*�
)8(                     Yijk = μ + Ti + Pj + Ck + eijk   

 �&*�
)9(     Yijk = μ + Ti + Pj + Ck + Zm + ZTmi+ eijk  

 �- 
��&*�
 ��1 Yijk� X$���9���� S#T) �$�*�� � ���+ 

(��<� μ1 ��A�����* �Z��, �+ �ZB�&��
�� S#T �Ti1  ���

,���� Pj1 �
�� ���� Ck1b �������� Eijk 1  �* ���6 ������ Zm1 

 � ���9 ���ZTmi1 � � ���9 O*�F$� ����.��* 
�;  

  

3 .����� � ���  

 1()' ���� /�0� ��5�� �* +��� 6)
��9N +��
�;��

3
��� /�0� 1.�' ������� � 6BN ���� 1()' ���� +�
4�

 +�F*� � ���,) �	$<��� �Y��$��36
���N9� .( /��B� �&! �-

 
� ��$���	- �* �8�Gh S:�� � 6w	' ��	
�< 
� ��GW���
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���, 6��;�6� �
��*�	* 1��* ���7
 }�:
�F� 6)
��9N +��  ����

3
��� �- S<�� 
�_$�� ����� SW� "�����b 
� +�
4�

���, ] ���A� 
��  6)
��9N +��24 /�0� OGh 9� 67
 .[

���� ��* ���7
 2�
�' 6� 6)
��9N +��  S�G*�  �* �����

���, ���7
 oe�  oe� S�G*�  ��* ��
9 1�<�* ~�*�� ��

 .�h .�
�� ��,� S:w� 6A$�:;� 2�
�' /�0� � ���,

�* ���	#!�� 
� "��#�  }K�;$b� 1�Y��$�� S8�

� ��WB

�* ���, .�' ������� �&! 
� ���X� .�h SGh 1��

3
���  +�
4� 
� ()' ���� /�0� � .�' �������

�
4X� ���	#!�� ���, �* ��< �ZB�&� 
� .��* 6)
��9N +��

���, 
� ��'�� �W
�
 �> ��� 1�g�b 6B� 1��* ��
�;� ��

��
9 1�)�  ���	#!�� 2�
�' /�0� ���X� H:! /�0� 

()' ���� �!�� 6'�* O���h ��� �	��� O*�F$� ������ 

6
�
�� �* �A
� , "�:�-��o� � ��� �&! ��	> /�0� �N�� 

6������ SW� ����� 
��  ] ����2 /�0� 1"�ZB�&� �
�! 
� .[

��* 2�
�'���, ����� SW� ��] �9�� �B�#� +��b +��25 � [

��- ��
9 5:! ]7 .S!� �$8�A� 
��  [  

�
4X� ���	#!�� 
� �Y��$�� +�F*� 1�
��9N �
� 
�  �* ��<

���,  6���#� 6)
��9N +��/�0� �Y��$�� .S<���  1��<

J8� �Y��$�� o� � \�8�� � 
�
�� [
�I 9� ��<  ��B�� ��	>

 ���$� 
� � S<��� 6���#� ���	#!�� 
� 6*��7�� �������

 �g�b ����� a
�$� .���� 6 �* ���X� ���* 5�� �Y��$�� +�F*�

6� ��)� ���� 
� �Y��$�� 9� ���#$!� �- ��� 6)
��9N +��

S!� ���* ���7
  ��;c� � �:;7< 
� ������� o��B�*�$� �

] S!� �$8�A� 
��  ����� SW� ���
 +�=$�� 
�10 
� .[

o� � 6Z8� 168�0� �Y��$�� 
��F� 16)����  �Y��$�� ��	>

 �B�#� +��Yd�! /�0� ����� SW� ���	#!�� 
� ��<�F*�

] S8�A� 
��  6��Z
�g +���' "��#$� %�&! �* ����15 .[


�  +�A
� ������- �< ���� ��)� ��* �
��F�  9� ��30 

O� �B�#� �T
� 1���	#!�� ���, 
� +�;W�  J8��Y��$��  9�

\�8�� � 
�
�� �
  �
�58� � �N +�F*� �N O�B� �- ��� ���- �


�
  
��F� ���-�Y��$��  ������� oe� S�G*�  � 68�0�

�* ���, 
� ���� � 6B�	8 "�:�-�� O�B� �
��F� +�
�� +����K�* 

O� �B�#� +�;W� ] ����- ���*13.[  

  

 F��:37���  � MN/ ���� 4)5� .�)#: �8D� ���� �)�89��8D@ !N����Y ��� <��,�'�  �
 ��
  

  (����) �)#: �� <�/)@ �E�' [\'  

SEM  
  [\'  

!,V�  ����  

���V>� ]�*��;�  

  )��  8  16  24  
 �:��  

F��  

 �:��  

��  

(��� �� Q) �1#�) MN/ ���� 4)5�  4/1  43/1  41/1  38/1 43/0 88/0  65/0  54/0 

7��� (����) MN/ ���� �)�89  05/64 86/63 20/63 67/61 34/2  88/0 48/0 78/0 

7��� (����) !GY ���� �)�89  11/68 81/66  82/68  94/64 47/1  34/0 29/0 41/0 

7��� (����) Q�/ -#?@�)9 �)�89  72/67 39/69 00/68 07/70 01/2  84/0 57/0 93/0  

<=�)>#$ !C)5� )Q)  �� ���( 07/27 6/27 88/24 64/24 22/1 3/0 12/0 76/0 

<=�)>#$ !VC� `�C�� )Q)  �� ���( 71/8 49/8 68/8 11/8 33/0 58/0 31/0 61/0 

  <=�)>#$ !VC� ����� )Q)  �� ���( 83/2 06/3 79/2 93/2 21/0 81/0 98/0 86/0 

<=�)>#$ ��
�;
� )Q)  �� ���( 52/15 05/16 41/13 59/13 17/1 35/0 16/0 89/0 

  <=�)>#$ ��
�;
� )!C)5� <=�)>#$ �� �����( 33/57 15/58 89/53 15/55 23/2 9/0 72/0 58/0 

SEM-#H$�#� ����$�>'� ��\/ : .��  
  

  



4)5� "6���/ 7���  89�)� :#"�) �;
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 ��A����pH  
� �:;7< J
�� 6-�����N �Y��$�� �

���, �* �
4X� ����� SW� 1���	#!��  %�&! +�
�� +��

 ���,) �	$8�A� 
��  ��'�� � �! vG$c�4 }K�;$b� .(

���7
 ���7
 � ��$���	- �* �8�Gh S:�� ���*  H�-�� ���*

��$���	- ���, 
� ��  /d$'� .�h H:! 6)
��9N +��

6	Z�  
�� pH� �:;7< J
��
� .S!� ���* ���	#!�� 
 

J ��pH 1 ]��9�* 
��F� +��!� �!�� �- S!� S�Z;, 

6*��7��  S�8�� � +��B�� ��5* ����� SW� � ��<��B��

o� � �N +�8�* 6� 
��  �:;7< 9� ��!� ]4, ��	> .����

�����  
� +���X� 5�� �A
� ����pH ��* �:;7< J
�� +��

�
4X� ] ����7� ����)� 6��$!9�' �9�� �B�#� �* ��<25 .[

o�  ��5�� ���� �B�#� Yd�! ��	>pH  �
 �	#!�� �:;7<

] ���� 
��  ����� SW�15.[  

"����X� 60c)� ���
 
� 5�� S_G` �Y��$��  6-�����N

�:;7< 
� p!�� �* ���58� ���, �* ��'�� � �! +��

6)
��9N ����)� �- �)� 6� ����� 6<�� 9� ���� ()' 

68�0� � ������� .�' ���7
 
� ���, +�� 6)
��9N �<�* 

]5 6)���� 
� .[���
 9� 6)c* 6	
5A
�,� B�#� �* ���,� 

q��!�+��� �<� +��B�� 2�����N ��5�� ���- H:! 1�9�� 

6��A)
��9N �
��< 
� �<  �
 �N O�B� �- "�:�-�� ��,�

 6G	8 ��Z8�9�� �B�#� �* ��
�  ��;�� � ���-��
�- 3
�5�

] ����-17] 6)���� 
� .[15 1[���Y��$ ���N�-�6 
� 

���	#!�� �
4X� ��< �* ,��� ��9N
)6 �
�� +20 �T
� 

!�Yd �B�#� ���� 9� �!
� ������ ��* �� ��*.   


� �ZB�&� 1�g�b S�Z;, O- � ���� +�� (��$'�
 

J
�� �:;7< ���	#!�� SW� ����� �
4X�  �*� �! ��'�� 


��   ���,) S8�A�4S�Z;, .( ���� +�� (�$
K�B�G! 

J
�� �:;7< "�����b SW� ����� �
4X� ���, +�� 6)
��9N 


��  1S8�A� ��
9 ����(�$�B�B�G! +�� +��*  �����+Y��� 

�
�� 9��� ��' ��* "�
����*�- 9� ��O=! +��  � oe=B�

6� ���#$!� 6BN +����!�}K�;$b� � �		- h.� "��#� 
� 

���� +�� (�$
K�B�G! �
 6� ���� �* 
�̂�8 ]�> +����!� 

J
�� �:;7< S:�� 1��� 
� J �� 
� �
� �
��9N S_G` 

]�> +����!� J
�� �:;7< "�����b �* �
4X� ���, +�� 

6)
��9N �� +���b ���7
 � (
�5� �*  o�  68�I 9� .��*

6)
��9N +��
�;�� 6��;� 
� ��* �
�� ���Z� (��$'�
 ��

+��* ���� .��	
��$�� ����)� �< . +�
 �- 6)���� 
�

 �- �< 3
�5� 1�< .���� ���* �
��< ��<�G�! �B�#�

���� S�Z;, SW� (�$
K�B�G! � /
����	
��$�� +��

���, �����] S8�A� 
��  6)
��9N +��22 .[  

  
 F��:4�B,'�)C .a#V	: � �� M@�>/�����1 ��8D@ <��,�'�  �&	A
 b��� <�/)@ �E�' c1>d� e�\' �
 ��
  

  (����) �)#: �� <�/)@ �E�' [\'  

SEM 

 [\'  

!,V� ����  

���V>� ]�*��;�  

 )��  8  16  24  
 �:��

F��  
 �:��

��  

pH  88/6  01/7  03/7  99/6  075/054/0  34/0  3/0  

!1#�) !��#$��Y <=�)>#$!'� �� Q) ()>#G 75/19  63/17  15/18  52/17  46/1  69/0  38/0  63/0  
) f�)@�G�� �$� 105 ×!1#� ��(�&	A
 b��� )>#G  08/0  09/0  09/0  09/0  011/063/0  29/0  78/0  

�$� ) M#>�h�G�1' ���105 ×!1#� ��(�&	A
 b��� )>#G  08/0  07/0  06/0  06/0  011/011/0  18/0  86/0  
) Q�#,���>$� �$� 105 ×!1#� ��(�&	A
 b��� )>#G  57/5  67/5  07/5  83/5  31/0  42/0  87/0  28/0  

) K� a#V	:105 ×!1#� ��(�&	A
 b��� )>#G  73/5  83/5  22/5  00/6  32/0  41/0  88/0  29/0  
1M@ a#V	: . �>/��K��
 �� Entodinium sp."  Holotrichs sp. �Cellulolytic )Polyplastron, Diplodinium and Enoploplastron sp..��
 (  

SEM :��\/ ���$�>'�-#H$�#� � ��.  
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 F��:5!1#�) ��i)C j)k ����#'� K� al1m . !'� �� Q)  !1#�) ��i)C j)k ����#'� �� M� )� a&*$ � ()>#G Q)  �� �� 

!1#� ��8D@ <��,�'�  �&	A
 b��� �� (Q)  <�/)@ �E�' c1>d� e�\' �
 ��
  

   �)#: �� <�/)@ �E�' [\'(����)  

SEM  !,V� [\' ����  

���V>� ]�*��;�  

��i)C j)k �#'�  )��  8  16  24  
 �:��

F��  

 �:��

��  

M#>'� �#'�  39/67  53/67  26/67  51/68  75/2  72/0  71/0  84/0  

M#$�#9�)9 �#'�  33/16  08/15  32/15  33/14  02/1  33/0  09/0  93/0  

 �#'�)#@�
�M  92/12  72/13  52/13  39/13  26/1  45/0  18/0  59/0  

 �#'���)#@�
�3�M  00/1  00/1  05/1  07/1  05/0  28/0  08/0  68/0  

 M�)G���3�� �#'�  01/1  82/0  90/0  90/0  07/0  08/0  45/0  12/0  

 M�)G�� �#'�  43/1  55/1  61/1  45/1  22/0  73/0  39/0  52/0  

M#n�)9�� �#'�  21/0  25/0  28/0  27/0  03/0  76/0  98/0  34/0  

 ��i)C ����#'� K�  95/87  22/87  15/74  63/68  83/9  47/0  05/0  81/0  

M#$�#9�)9 �#'� �
 M#>'� �#'� a&*$  11/4  53/4  37/4  77/4  22/0  29/0  11/0  96/0  

SEM-#H$�#� ����$�>'� ��\/ : .��  
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 F��:6�B,'�)C . ��8D@ <��,�'�  �� <�/ ��	'o9 ��� <�/)@ �E�' c1>d� e�\' �
 ��
  

   �� <�/)@ �E�' [\'(����) �)#:  

SEM
  

 [\'  
!,V� ����  

���V>� ]�*��;� 

 �B,'�)C ��  )��  8  16  24  F�� �:��  �� �:��  
!1#�) 3��1  !'� �� Q)  ()>#G  63  50/64  25/64 75/68 02/2  11/0 48/0 49/0  
���� <=�)>#$ !1#�) �� !'� �� Q)  ()>#G  32/19  09/19  01/20  35/20  64/0  53/0  21/0  67/0  
-#?@�)9 K� !1#�) !'� �� Q)  ()>#G  55/7  47/8 87/7  2/8  39/0  43/0  47/0  47/0  

!1#�) -#,#@�)� !'� �� Q)  ()>#G  95/0  92/0  98/0  02/1  53/0  19/0  09/0  27/0  
!1#�) F�)>*1� !'� �� Q)  ()>#G  75/46  75/45  5/44  75/45  91/1  87/0  64/0  58/0  

SEM: ��A���� �
����$!� +�&' .�� 

  
 F��:7��8D@ <��,�'�  �� ��
3>,' !
�)A#� -#?@�)9 � ����� �� !,���9 ]�;>N� bC� . <�/)@ �E�' c1>d� e�\' �
 ��
  

  (����) �)#: �� <�/)@ �E�' [\'  

SEM  
 [\'  

!,V� ����  
���V>� ]�*��;�  

  )��  8  16  24  F�� �:��  �� �:��  
) -#n�>$hY!1#� F�� �� ���(  91/8  08/10  09/8  79/8  97/1  91/0  8/0  91/0  

M���� �#'� !1#�) (��� �� F��  37/1  59/1  19/1  44/1  25/0  75/0  88/0  94/0  
-#>$�3 �p#� � -#>$�3  !1#�) (��� �� F��  34/0  27/0  42/0  25/0  07/0  45/0  72/0  55/0  
!,���9 ]�;>N� K� !1#�) (��� �� F��  62/10  94/11  7/9  49/10  21/2  91/0  8/0  91/0  

 <=�)>#$!
�)A#� (��� �� Q) )  95/8  91/9  21/8  88/8  94/1 94/0  83/0  94/0  
SEM-#H$�#� ����$�>'� ��\/ : .��  
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