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#� 
n� � +/�@5 =L�*�

 "��+*/%D�+!#/G!	 ��  M��% F/La �	 �+�0� op'qZ% � 

i�/�'%I � "% #/E'5 ) �'�Pen, 2007; Martin et al., 

2009=��@(. ��. b0 M��% .(  =� M�.#$$!�	'@�� � 2�	 �	

) #$�G� M��% 
#�) M�.#$$!#/E'5 �	 "*0 M	'$)Johnson 

and Johnson, 1995M��% #/E'5 "3+r �	 .(  cL� =L�*� ��

 D�3� 2�� �	15/13 "% �]+�	 &+. +� �+E�!'(/! ) �'�Lee 

et al., 2003"% M��� �����I+� .( ��$ M	N/% D0	 =! #

#��M��% o�'< =� 
+/K &�W �]+�	 ���  D/�2  �512 

 #<��2�	 )Johnson and Johnson, 1995;Agarwal et 

al., 2009 
�G/�'!	 ���*��� �� =09e5 D/qq@�% s#� .(

 #/E'5 �	+� i	�'W F0#L5 c0+d �'L�� =L�*� "��+*/%

F��a op'qZ%  M�G�	 �	+� s+q% ����� �� .2�	  +/W	 ���

Q��t: +��/�  o�L/!+5 �	 
��;��	 o	+C	 "��+� =� ��

 b0 .2�	 
#� N!+��% =L�*� +/�@5 +� "��+*/%#d

"���N3	 �	 
��;��	  �+*0��  =! 2�	 
+/K =� "!	�'W ���

�	'��$ +/�@5 o�J0�d � 
�	� +//e5 	� "��+*/% 
�G/�'!	 #

�� Q��! 	� (i�/�'%I � M��%)$ =��9. �� .#

"��I b/5'/� M'0 ��� �� 2��� D�3� �#� Q��! �	+� 
+/K

"% 
��;��	 �]+�	 ) #�#�Russell and Strobel, 1989(   �%	

 =� o�L/!+5 D0	 �	 
��;��	 "%'�) "�	+�� ".��5 =�F/E� 

 � M�G�	 =� MI ��u��	 � &	� �� MI o	+C	 M#��% "a�� +BW

=0'� ��,0	 MI =� &��u% ��� ) 2�	 
#� v'$�%  ��Official 

Journal of European Union, 2003 .(>���	 �	 
��;��	  

"0��	� M���/. =B�	� =�   "��+*/%#d h	'W D��	�

�� � M��% #/E'5 Q��! F/G���: � "0	�'5�+:#d  =,/��

���*��� "0��	'5 "� 2<+3 b0  =L�*� "��+*/% +/�@5-

"% 
�	+3 ��'% D0	 �� +/\� ) #$$!Mirzaei 

Cheshmehgachi et al., 2017.(  

=��0�	�  "�() &�� ��Foeniculum vulgare 
�% �	  � D0+5

"�0#a  M�0+�^ 
�	'��W =� w(J�% � M	+0	 "0��	� M���/. D0+5

)Apiaceae .2�	 ( MI =�	� h'qW =� =��0�	� 
+*/: &��5

2�	 
+Cx% �	'% �	�	�   �+.��)1367
�% (  c/!+5 D0+5

 R0�$< �� =! 2�	 �'��I "0��	� 
�/. D0	 >���	 � "0��	�

.��	� 2/��	 ����+B) F/�% � D�'�/E  �'X$3  N/� �'*0��!

  M	��*�� � "X��LE) #$�G� =��0�	� o�L/!+5 +�0� �	

1388�,�I �	 .( >���	 "��+*/%#d 2/E�J3 =! =� ��

MI �� �'K'% �#/l'$:+5 � "E'$3 o�L/!+5  
�	� 2LG� ��

"% ) �'�Chao et al., 2000( �  =� =K'5 �� D/$X�� g0���

�+�!�� ���% � "��+*/%#d +/CY5 �	 
#� 8�	N. &+. ���

 #/E'5 � o��'/:�+: =� o���	 #/E'5 2LG� Q��! � 2Ly%

=B�	� =� =L�*� �� M��% ��. � "!�/�'%I M]�+�/�  o�L/!+5

�� �'K'% 
+Cx% >���	) ��Hooks et al., 2010 (  ��\��	

"%  =(�K �	 ��J3 
+Cx% o�L/!+5 D��	� �� =��0�	� >���	 ���
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�� =��0�	� >���	 
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�� "3�! o�)zr	 �'L� � =L�*� +/�@5  >���	 +C	 ��'%

=,$�	+3 +� =��0�	�/�@5 ��� N� =L�*� �� +  D0	 �	 s#�

M�+� H0	+� �� =��0�	� 
�/. >���	 +C	 "��+�  Q��t: "$5

=,$�	+3 +� 2/J�K � M��% ��. #/E'5  =L�*� +/�@5 ��� 

.�'� "0I��'5�+:  
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� ��  

 ���N��� 
��;��	 ��'% �� Q��t: D0	  
#*��	� =)�N%

 FT	+% "%��5 � #�#� ��	#��� ��	� 
����	� ������!

Q0�%�I  R0�% .#� &�,�	 
#*��	� &	� =09e5 
���0�%�I �� ��

 �	 =L�*�Q�  =E�UN� OP�5  
#� =09e5 �'U+% �	t� +� =��%

 ����� 2E�T �� � �+% =E'E �	 
��;��	 �� =,�'0 =3'() ��
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#� b�W =�	� �	 =��0

 MI��  "�I +/Bu5 � +� +,�'(! 
����� �� 2)�� =� o#% =�

Q/�0+� 8�� O��	#� {	+@��	 �/:'!�%��3 )British 

Pharmacopoeia, 1988(. �'(Z%  M�+! FT �� i'��	 ���

 D0	 =� .#� =/�5 ("�,T/"%+K) w(B% �'��5	 �� >���	

% &+K �	 i'��	 �'(Z% b0 	#��	 =! o�'< �	 "q@�

 i'��	 �'(Z% D0	 �	 � =/�5 �'��5	 �	 +�	+� 
,T �� >���	

.#� =��	�+� +\� ��'% A'B� 
,T ) �'��5	 �	 ���G% ���1 
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8�� 
�	#�	 ��	#����	 ��� ) #� �+/.AOAC, 1990 .(

 D/$X�� �� b�W 
��% sz�W	 �	 =,�'0 "EI 
��% #<��

 "y$W 
#$0'� �� �'(Z%�� s�/E	 .#� =L��Z% &�W +�G!�W

)NDF
��;��	 �� ( �	 M� 8�� ) 2�'�Van Soest et al., 

1991
�	#�	 ( .#� �+/. 

��. #/E'5 M'%�I :8�� �	 
��;��	 �� ��. #/E'5 M'%�I  

)Menke et al. (1979  .#� &�,�	 
��;��	 ��'% =,�'0 =3'()

M�+� Q0�%�I �� b�! ��  M�I �� M�+! b�W �	 #J� "$5

 _�/�IFoss  �#%CyclotecTM 1093 "(/% b0 bE	 �  �+�%

.#� _�/�I  �� |L< 
#)� i	�'W �	 FLa =L�*� =�	+/�

R�K =�W	 +� ���N� �	 �+% =E'E �	 
��;��	  M��� � #� ���I

.#� Fu�$% 
���0�%�I =� 2)+� =� =E�N0	 b�z3  


��;��	 �� =L�*� R0�%  =^��: =0p ���^ �	"@� � #� s�<  

"� H0	+� ��,0	 �	+� =� ��	'�  �� =��'/: �'r

�� #/G!	  �� |/u(5 �	 FLa �5 � "����. D�+!39  =K��

O'/G(/�  �	#u% .#� ��	#���200 "(/%  �� =,�'0 &+.

 .#� =�@0� (���/5 +� �	+� �+B� =�) D�0� �+B� +� FW	�

�I ��'% ������/5 A'B� F%�� Q0�%0  100  250  500  

750  �1000 +B� .�'� =��0�	� >���	 &+.�+*/%�  ���

 =�3+. +\� �� =,�'0 M�#� p�� o�L/!+5 �'�Z% N/� b�z�

 +\� �� 2Ly% b�z� � #��� ���/5 �	+� }E�W �'��5	) #�

(#� =�3+. 2LG� �� 
#� s�< =L�*� R0�% .2  =�1  ~	N� ��

 �	#u% .#� m'(@% ")'$q%30 "(/%  R0�% �'(Z% +�/E

�+B� >f� � #� =3�d	 �+B� +� =� 
#� �+3�� =L�*�  ��

&+.��  ��%� �� �	�+*/� =��W39  
�	� �	+a O'/G(� =K��

 .#�#�M�%� �� �#/E'5 ��. ���3  ���0  2  4  6  8  10  

12  24  32  48  72  80  �96  �	 >: 2)��

&+. =��W ) g$����3 
����� �� ��	9.Testo, Germany (

 .#� 2LC
�	�  2/Ja'% D�3+. +\� �� �� F<�T ��. ���

#� 
,T =� F0#L5 
����%+! +�� "0�/3	+eK )Lopez et al., 

2010=,$�	+3 ���I+� .(  �	 ��. ���
	�  =E��J%+0�  &�,�	 #�

)Schofield and Pell, 1994(:  
                      y = �(1 − ��	 − 
 × [
 − �]  

MI �� =!  y  M�%� #T	� �� �#/E'5 ��. 
,T)ml(  B 

) �#/E'5 ��. F/G���:ml/gDM  (c ) ��. #/E'5 �+�/h � (L 

o#% "��%� 2�	 "% �'r =! 
G/��.�	�+*/% �5 #�!  =� ��

.#$LGX� "0	9U o	��  


�	#�	 =,$�	+3 �+/.  ���+/�@5:  ?(�@% A'B� +C	 D//J5 �	+�

=,$����	+3 +���� =�����0�	� >������	 +���/�@5 ������ =L�*���� 

&+. =��W  o#% =� ��	9.24     &���5	 �	 #�J� .#�� &�,�	 2)��

24 &+. 2)�� =��W     +�� �#�/E'5 ���. M	N�/%  ��	9.   �	 b�0

�+B� 
�	#�	 g$����3 �� ��      ?�a'5 �	 #�J� .#�� 2�LC � �+/.

�+B� M�	� �	+a �� +/�@5        4�0 ��� o����,% �� ���pH   R0��%

   �	 
��;���	 ��� =L�*�pH ) +��%Inolab level2, Germany( 


�	#�	 �+B� o�0'�Z% R0�% Q@� �	 � #� 2LC � �+/.   ����

 D//J5 �	+� D�0�   #/��	 F�!  "!��/�'%I M]�+�/�  _+�^ ���

 I��'5�+: 8���� � �	+3=�'�� .#� ��	�+� 
�	#��	   F�! �+�/.

 �	+3 _+^ ���#/�	��  � &��W��% 
�����  =��  8��Barnett 

and Reid (1957) 
�	#���	  F����a �]+���	 M	N��/% .#��� �+��/.

 #�� ���I+� +0� =E��J% O��	 +� 
G/E'���% )Menke et al., 

1979(:  

  ME (MJ/kg DM)=2.20 + 0.136 × Gp+ 0.0057 × CP + 
0.00029 × EE2  

  MI �� =!Gp   �#/E'5 ��.CP  � &�W D/j5�+:EE  
��q)

.�'� �+5	  

   

 ��#K1 - (#<��) =,�'0 "0�/�/� c/!+5 
Table 1. Chemical composition of alfalfa (%)  

ME4 

(MJ/kg DM)  
NFC3  ADF2  NDF1  Ether 

Extract  
Crude 
Protein  

Ash  
Organic 
Matter  

Dry 
Matter  

Nutrient  

10.12  22.85  39.6  54.4  1.56  13.86  7.0 93.0  93.6  Alfalfa  
1: Neutral detergent fiber, 2: Acid detergent fiber, 3: Non-fiber carbohydrate, 4: Metabolizable energy 
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s+J% �	 
��;��	 �� "!�/�'%I M]�+�/� �	#u%   �'$3 ���


�	#�	 � i�/�'%I ��	#����	  20+(!'f/�  _9K M	N/% �+/.

=�'��  
����� �� ��+�%'�3�+�*f�	 

)CARY100 Scan_UV_Visible   �#%VARIAN �� (

 {'% �'r630  +�%'���
#�	'W  =� "EI 
��% 
n� 2/(��a .#�

M�+� 8�� =B�	� O��	 +� "$5+0� ) #� =L��Z%Makkar, 

2010:(  

  )OMDe(mg) = c − (a−b  

 =!c "(/%) �+B� +� �� 
#� M�� "EI 
��% M��  (&+.a  

"(/%) �+B� +� �� 
#�� =0N,5 
��% �	#u%  � (&+.b  �	#u%

"(/%) 
#�� =0N,5 �	'% +�G!�W (&+. �'� . M	N/% c0+d

) b/*;5PF(  +�=B�	� O��	   �� 
#� +!� Q@�+0�  ��

 �� 
n� �	 #J�) 
#� =0N,5 b�W 
��% �	#u% M�� 
/Gu5

 �	 #J� 
#� #/E'5 ��. �	#u% +� ("y$W 
#$0'� �'(Z%24 

 2)���) #%I 2�#Blummel et al., 1997 ���I+� .( "L0+u5

) "��+*/% 
�'5MM(  =B�	� w��B%+0�  ��0�u� 
�'5 o��;5 �	

 #� =L��Z% �'(Z% �� 
#� =�G� ��0�u� � =/E�	

)Blummel et al., 1997(:  

  MM (mg)=[c-(a-b)]-[NG (ml) ×2.2]  

  PF=OMDe/IVGP=c-(a-b)/IVGP  

 MI �� =! NG "(/% �/E+   �#/E'5 }E�W ��.2.2  c0+d

 � �+�%'/!'��	IVGP  "r �#/E'5 ��.24 2)�� �'�. 

8�� O��	 +� M��% ��. #/E'5 ���I+� =l	�	 ��	#����	 ���

 w0�N5 �� � 
#�4 "(/% �'� +�/E10 �+B� FW	� ��%+� � ��

MI FW	� ��. �	#u% �+/.�	#�	 >f�=B�	� O��	 +� � ��   +0�

#� &�,�	 )Demeyer et al., 1988 and Fievez et al., 

2005.(  

          100×2)����.]24 "(/%) +�/E /�'� w0�N5 �	 FLa (

)15-"(/%) �'� w0�N5 �	 #J� ��. M��% ��.% =[((+�/E 

 I��'��5�+: 8������:    8�� O����	 +��� I��'��5�+: 8������   

)Dehority (2003        8����� � "0����$� �	+�� .#�� &��,�	

    M��0�: �	 #�J� =L�*�� R0�% =�'�� I��'5�+:24    &+�. 2)���

=��W  m'(@% D/E�� ��%+3 �'(Z% �� }@�% 2LG� �� ��	9.

 ����%� �� "E'���J% ����X@0 �� � #���4  O'/��G(/� =��K��
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Table 2. Effect of different levels of fennel essential oil on gas production and in vitro kinetics of fermentation 

Parameter 
Essential oil ( µg/mL ) 

SEM 
Contrasts 

0 100 250 500 750 1000 L Q C 
B (ml/g DM) 281.56d 167.90c 172.96c 110.46b 102.07ab 92.38a 15.84 0.000< 0.001 0.049 
c (/h) 0.051b 0.019a 0.011a 0.023a 0.055b 0.086c 0.006 0.000< 0.000< 0.000< 
L (h) 1.30a 12.33b 16.00b 12.93b 5.19a 1.50a 1.48 0.009 0.204 0.004 
Gas24 ml/g OMD 24.08e 23.34e 17.56d 10.36c 6.07b 2.08a 0.255 0.000< 0.131 0.002 
Methane ml/g OMD 29.97c 21.67bc 16.49b 15.45a 12.19a 13.11a 1.58 0.000< 0.251 0.322 
B: the asymptotic gas volume; c: the rate constant; L: lag time. L: linear; Q: quadratic; C: cubic; SEM: standard error of the 
means; P < 0.001. 
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Table 3. Effect of different levels of fennel essential oil on in vitro fermentation parameters 

Parameter 
Essential oil ( µg/mL ) 

SEM 
Contrasts 

0 100 250 500 750 1000 L Q C 
pH 6.65a 6.78ab 6.80ab 6.85ab 6.74ab 6.88b 0.02 0.042 0.378 0.155 
NH3-N(mg/L) 162.29b 120.68ab 142.81ab 112.19ab 101.56a 94.71a 8.70 0.014 0.792 0.731 
TVFA(mmol/
L) 

51.66c 46.66bc 48.33bc 45.83bc 37.50ab 32.50a 2.06 0.004 0.305 0.698 

OMD (mg) 179.43c 125.90a 150.20b 154.70b 139.56ab 146.33ab 4.59 0.048 0.034 0.009 
PF 3.05a 2.60a 4.34b 4.97b 4.43b 4.92b 0.23 0.000< 0.046 0.062 
MB(mg) 50.13b 19.52a 74.04c 86.33c 70.25bc 80.94c 0.97 0.000< 0.253 0.021 
EMB (%) 27.77b 15.45a 48.98c 55.63c 49.85c 55.23c 3.77 0.000< 0.018 0.004 
ME 
(MJ/kgDM) 

10.27e 8.86d 6.99c 6.50b 6.56b 6.32a 0.35 0.000< 0.000< 0.016 

NH3-N: ammonia nitrogen; TVFA: total volatile fatty acids; OMD: in vitro organic matter digestibility; PF: partitioning factor;   MB: 
microbial biomass; EMB: efficiency of microbial biomass; ME: metabolizable energy. L: linear; Q: quadratic; C: cubic; SEM: standard 
error of the means; P < 0.001. 
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Table 4. Effect of different levels of fennel essential oil on protozoa population of Markhoz goat (×104/mL) 

Parameter 
Fennel essential oil ( µg/mL ) 

SEM 
Contrasts 

0 100 250 500 750 1000 L Q C 
Total protozoa 15.00d 13.13cd 11.11bcd 7.78ab 8.33abc 3.61a 1.04 0.000< 0.783 0.697 
Entodinium spp. 11.39c 10.00bc 9.72ab 6.66ab 6.66ab 3.33a 0.735 0.000< 0.384 0.740 
Isotricha spp. 0.833b 0.554ab 0.00a 0.00a 0.00a 0.276ab 0.116 0.045 0.041 0.732 
Diplodiniinae 0.833 1.11 0.833 0.557 0.833 0.00 0.193 0.241 0.488 0.872 
Ophryoscolecinae 1.94b 1.66b 0.557ab 0.557ab 0.833ab 0.00a 0.259 0.031 0.615 0.629 
L: linear; Q: quadratic; C: cubic; SEM: standard error of the means; P < 0.001. 
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Abstract 

This study was conducted to evaluate the effect of different doses of fennel essential oil (100, 250, 500, 750 and 
1000 µg) on in vitro gas production parameters and protozoa population using goat rumen fluid. Rumen fluid was 
obtained from six Markhoz goats before morning feeding via esophageal tube. Gas production during 96 hours of 
incubation was recorded. The effect of essential oil on total protozoa and different genus was investigated. Also, gas 
production after 24h, methane production and some of the other in vitro ruminal parameters were determined. Gas 
production potential (B) and fermentation rate (c) were decreased by inclusion of the essential oil (P<0.0001), while 
lag phase in low doses of the essential oil increased (P=0.004). The pH did not alter due to the addition of the 
essential oil, but ammonia nitrogen and total volatile fatty acids were declined at doses of 750 and 1000 µg of the 
essential oil. Gas 24h, methane production, in vitro organic matter digestibility and metabolizable energy decreased, 
while partitioning factor, microbial mass and its efficiency increased by adding the essential oil (P<0.0001). Adding 
fennel essential oil into fermentation media decreased total protozoa number and Entodinium spp and Isotricha spp 
(P<0.0001), but it had no effect on Diplodiniinae and Ophryoscolecinae populations. The results showed that the 
fennel essential oil may have selective antiprotozoal effect on Entodinium spp and Isotricha spp., and it has a good 
potential to change rumen fermentation by decreasing methane production, ammonia concentration and increasing 
the partitioning factor. 
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