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                Table 1. The chemical composition of alfalfa and apple pulp silage after 90 d (% DM basis)  
treatments1  

Items Control AE AA1 AA1E AA2 AA2E AA3 AA3E SEM P-value 
DM 29.29a 30.70a 29.70ab 30.70a 29.40ab 32.10a 27.10b 31.90a 0.466 0.032 
pH 5.1a 5.1a 4.2b 4.2b 4.1c 4.1c 3.8d 3.7d 0.030 0.001 
NDF 38.09b 37.92b 40.71a 40.26a 41.05a 41.72a 40.87a 40.60a 0.628 0.013 
ADF 20.95c 21.44bc 22.80b 21.97bc 25.24a 26.01a 25.63a 26.69a 0.511 0.001 
CP 14.97c 16.78a 13.36d 15.27b 10.88e 11.47f 9.36g 8.81h 0.251 0.046 
Means within the same row with different superscripts differ significantly (P<0.05). 
Treatment1-control: Alfalfa silage without additives, AE: Alfalfa silage+500 mg essential oil/kg, AA1: Alfalfa (75%) + apple 
pulp (25%) silage, AA1E: alfalfa (75%) + apple pulp (25 %) silage + 500  mg essential oil/kg, AA2: alfalfa (50%) + apple 
pulp (50%) silage, AA2E: Alfalfa (50%) + apple pulp (50%) silage + 500  mg essential oil/kg, AA3: Alfalfa (25%) + apple 
pulp (75%) silage, AA3E: Alfalfa (25%) + apple pulp (75%) silage + 500  mg essential oil/kg. 

  

  
Fig. 1. Effect of adding essential oil and alfalfa silage with apple pulp on dry matter disappearance by nylon bag 

method (%).  
Treatment1-control: Alfalfa silage without additives, AE: Alfalfa silage+500 mg essential oil/kg, AA1: Alfalfa(75%) + apple pulp (25%) 
silage, AA1E: alfalfa (75%) + apple pulp (25 %) silage + 500  mg essential oil/kg, AA2: alfalfa (50%) + apple pulp (50%) silage, AA2E: 
Alfalfa(50%) + apple pulp (50%) silage + 500  mg essential oil/kg, AA3: Alfalfa(25%) + apple pulp (75%) silage, AA3E: Alfalfa(25%) + 

apple pulp (75%) silage + 500  mg essential oil/kg.  
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 Fig. 2. Effect of adding essential oil and silage of alfalfa with apple pulp on organic matter 

disappearance by nylon bags (%) 
Treatment1-control: Alfalfa silage without additives, AE: Alfalfa silage+500 mg essential oil/kg, AA1: Alfalfa(75%) + apple pulp (25%) 
silage, AA1E: alfalfa (75%) + apple pulp (25 %) silage + 500  mg essential oil/kg, AA2: alfalfa (50%) + apple pulp (50%) silage, AA2E: 
Alfalfa(50%) + apple pulp (50%) silage + 500  mg essential oil/kg, AA3: Alfalfa(25%) + apple pulp (75%) silage, AA3E: Alfalfa(25%) + 

apple pulp (75%) silage + 500  mg essential oil/kg.  
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Table 2. Effect of experimental treatments on a, b and c sections of dry matter degradability by nylon bag method  

P-value      Apple pulp (%)               Essential oil (mg) 
AP*EO AP EO  SEM 75 50 25 0 SEM 500 0 Parameters1 
0.013  <.0001  0.338  0.159  33.83a 30.89b 29.97b 27.92c 0.108 30.59 30.72 a  
0.166  <.0001  0.941  0.576  54.19a 49.06b 49.14b 42.6c 0.407 49.65 49.61 b  
0.020  <.0001  0.014  5.05  0.018b 0.019b 0.018b 0.021a 0.005 0.020a 0.018b c  

<.0001  <.0001  <.0001  0.111  59.73a 54.88b 53.69c 51.98d 0.78 55.37a 54.77b ED  
Means within the same row with different superscripts differ significantly (P<0.05). 
1 a: Rapidly degraded fraction (%); b: Slowly degraded fraction (%); c: Rate of degradation (/h), ED: Effective digestibility (k=0.02). 
2AP: Apple pulp effect; EO: Essential oil effect; AP*EO: Interaction effect between apple pulp and essential oil.  

 E�,0�� �� �� M�
 7I�N/ E� �>� �4��[\  qR
20 '40 '

60   80 7J&	� KL�
 74 $W��' 47  ([k	/ T4�] �	2

 $��� ���/ 74 =.S& �� (I9 ���) �v� =�*4�] �� 6���>�

7�>�� �4 7# $&�,# A���-  �	4 h4�R) 6��)"9 B�� !��

)Tavassoli and Kafilzadeh, 2008 .( �4 (c�co/ ��

 E� �>�400 (*�) �,�k 74 " � �� $��$I�)�5�
 �,-

 i�4 �,�&�S5# �4 �$� 7�:;/ $�� ��a �� !�� ,� !�� �-

 �$���) 7.%� �� (I9 ���) �v� =�*4�] �� !,��;/$�& 

)Yang et al., 2010(���)"9 �� .(' �	�/ E� �>�  74

7J&	� KL�
 ) i�4 " � �4500 (*�) =�*4�] (,��I �� �,-

  G�8 ���) �v� 4 �� (I9 ���) 7 ([k	/ T4�] �	2

) ��� 6��#Adham et al., 2014 .( 71I�R) ��Alikhani 

et al. (2005)'  (/��$��	4,# 3.5) E�	5+ 74 zL) E� �>�

M.
  6���>�13 7��J/ !$W�� G�8 ���) !,�:�

 zL) $]�> !��KL�
 74 =.S&� $ '6���>� B�� T�I� 7#

�S�&�-�� ,%�) $�� E�%)��J/ !��7� (I	*
 ���	�� �$55#

 E�	5+ 74 (��:j 3.5) G� E�	4 z,�
� �� T�I� 74T)�+ 

 E��4 $��=
� �$� .B�5e�  E��4� 6���>� 7# $

7��J/!,�:�  T�I� 74 zL) �4 �$� !� 9,> !��KL�
 ��

 Y�.�#,/ B�4 !�I	*
	50�I !��$&	�� E$� 7�S%�

Y��$��	4,# ��$c)   (&��8�

� B�� �� �	*o) !�� 7�

 ��KL�
 "�=
�.  

���� B�0&��)  7I�N/   F&�
� (&� �>� ,D� "� TW�a !��

 =�*4�] ,4 M�
7��J/6P4 !,�:�  !��a 'b   c  ���)

7S�# A � 74 7J&	� KL�
 (I9 ���)   G�8  (&	*��& !��

 � �$k ��2   3 7s���  =
$4 y���& 74 7k	/ �4 .=
� �$�

 � $k "� �$)92' ���>� ,D� M�
 7I�N/(51) (� ,4 !���

7��J/ 3�,
 6P4=��� $��� ���/ 74 =.S& �$&	�.  ��

(I�a 7��J/ 3�,
 6P4 ,4 !,�D�/ F&�
� (&� �>� 7# -

 6P4 .��$& E��& �	8 "� $��� ���/ 74 =.S& �$&	�b 



 �����/�	
 ����/���� ��
 ()�� Y�$�I	/ Y�c�co/1398 )72 -61                        (                                                      67  

 

 (&� �>� ,�D�/ =o/ (E�)" =�:- �4 �v� T4�] 6P4)

(51) Y �N/ 'F&�
� .=��$& $��� ���/ 74 =.S& !��� 

 ,� �� M�
 7I�N/7
 4 qR
 7 qR
 �� ��� 75  $W��

,D�  6P4 ,4 (����>�b  .��� E��& $��� ���/ 74 =.S&

 6P4c  d,& =4�D)7��J/4 F&�
� ,�D�/ =o/ (!,�:�7 

(51) �	2 =>�� 6���>� $��� ���/ 74 =.S& !���'  �)�

(51) 6��# qR
 7
 ,� �� M�
 7I�N/  74 =.S& !���

E��& $��� ���/  E���) .���7��J/ E� �>� �4 ,D	) !,�:�

4 M�
 7I�N/   F&�
� 7(51) �	2  ���/ 74 =.S& !���

6P4 �� .=>�� 6���>� $���  !��a 'c 7��J/    !,�:�

 F&�
�   M�
 7I�N/ �4 �$� !� 9,> !�����/ �� ,D	)

(51) T4�c�) Y�,D� �$���) !���� $)05/0P< m � $k

2.(  

���� 74 7k	/ �4 !�� � $k "� TW�a3 E� �>� ' F&�
�

6P4 !��a   c  6P4   ��$& ��,] ,�D�/ =o/ �� (I9 ���)

b   ED )7��J/o/ (,D	) !,�:�E� �>� ,�D�/ =  'F&�
�

4 7 .=>�� 6��# $��� ���/ 74 =.S& ([k	/ T4�] �	2

7��J/ 3�,
 6P4 Q	R
 E� �>� �4 �$&	�25   75 

4 $W�� 7(51) �	2 �/ 74 =.S& !��� 6���>� $��� ��

 Q	R
 �� E�)" =�:- �4 �v� T4�] 6P4 .=>��25   

50    $W��7��J/ ,� E� �>� �4 ,D	) !,�:�7
  qR


4 M�
 7I�N/7 (51) �	2  $��� ���/ 74 =.S& !���

 =>�� 6���>�)05/0P<(. (I�a �� d,& =4�D 7#7��J/-

 qR
 �� �J4 !,�:�75  $��� ���/ 74 =.S& $W��

.=>�� 6��# ��D9  M�
 7I�N/   F&�
� (&� �>� T4�c�)4 ,

6P4 7��J/ 3�,
 !�� 'E�)" =�:- �4 �v� T4�] '�$&	�

 d,& =4�D7��J/   !,�:�7��J/(51) ,D	) !,�:� ���

 �$���)� $)05/0P<(. 4 7 74 M�
 7I�N/ (*# �	2

4 F&�
� (&� �>� �4 ��,�   (��[5/ 7 ([k	/ T4�] �	2

7��J/S& �� ,D	) !,�:�.��� 6���>� $��� ���/ 74 =.  

 � $��k ��4   E$��� $���$��& ,��4 (�����)"9 !�������/ ,��D�

 7�S�# A � 74 ��8 B�H/ ,�      �$�� A����- (&	*���& !���

   =+��
 ,N�W E�)" �� �$� A���- y���& 74 7k	/ �4 .=
�

E	�
�4	%&�'      ���8 B�H/ ,�� E$�� $��$��& E���) B�,���4

���/ 74 b	4,)     �
� ��,�� 7�4 7�J&	� KL�
F&�     ����/

 ! �a25    F&��
�   M��
 7I�N/ $W��   ��$�c) B�,��#  

/ 74 b	4,)���  ! �a75 M�
 7I�N/ $W�� F&�
�    �	�4 

)05/0P<(  E	����
�4	%&� ,N���W =+����
 �� .'  CL����8�

(51)    �$����) $���� ���/ �4 �����/ ��/ B�4 !��� �� $

)05/0P<( ' 7#() Y �N/ B��  E���) �� u	5/ "� (��& $&�	/

,�     E	��
�4	%&� E��)" Y$�) �	�2 �� .$��4 �	*o) B�H/ 

7.%� !�'  ��	) ��8 B�H/ ,� E$� $�$��& $�� 74  � $& �

 �$���) (��:j�  ���a� 7�# $`i  7�4     =�}*j ,���;/ T��I�

!,�#�4   $��� =+,
 6���>�   7�:;/ �	2 �� 7.%� !��

!,�#�4  ��=
� "� F� . �   7.%�� E	��
�4	%&� =+�
 !�' 

���) B�,���4���/ 74 b	4,) ��8 B�H/ ,� E$� $�$��& E 

F&�
� ��,� 74 7J&	� KL�
  b	4,) E���) B�,�#   �	4

���/ 74  ! �a KL�
25 F&�
�   M�
 7I�N/ $W��   .�	�4

��[\ E	�
�4	%&� "� F� =+�
'     $��$��& E����) B�,����4

 ���/ 74 b	4,) E$�     F&��
� ��,�� 7�4 7�J&	� KL��
   

 74 b	4,) B�,�# ! �a KL�
25       M��
 7�I�N/ $�W��

 F&��
�  �	�4 .   Y�+��
 (�212' 24   36    "� F�� =+��


7.%��� E	���
�4	%&� !�'   F&���
� (��&� �>� ! ���a �����/

     CL���8�   =����� �� E$��� $���$��& E�����) B�,�����4

(51)   =���� $���� ���/ �4 !��� )05/0P<( .48   =+��


7.%� E	�
�4	%&� "� F� !�'  $�$��& E���) B�,�# E$�

  ����/ 74 b	4,)   ! ��a KL��
75     M��
 7�I�N/ $�W��  

 ���/ 74 b	4,) E$� $�$��& E���) B�,���4  7�J&	� KL�


F&�
� ��,� 74 .�	4  

 E�cco) E� �>� �47
 7I�N/) (/��$��	4,# 3.5)   	k 'M�


   E����) �� ([k	�/ T4�] CL�8� 7J&	� KL�
 74 (�#	*-  

7��J/�/ B�4 ��8 B�H/ ,� !,�:�    $�&�,%& �$���) ����

��a� 7# $&�	& E��4`i  7J��& B��4 7    E�	�4 74���) T��I�

 �������/ (������� Y���.�#,/=��
� )Khatooni et al., 

2014 .() E���%�   (�L+1396  E� ��>� 7# $&��� E��& (

      ��v� =��*4�] ,�4 !,�D��/ (�	*�
 Y�w 7>	*+ 74 ,�5� g9

=��$& 6��)"9 ,NW =+�
 �� G�8 ���)' �   =+��
 "� ��)

2  �/72'  $��� ���/ 74 =.S& �� G�8 ���) �v� =�*4�]

 ��� 6���>�)05/0P<(  ��	�) �v� =�*4�] �� 6���>� B�� .

=>���� !�����/ �� !:;) =}*j T�I� 74 ,�5� g9 �$55#

    B����� =�}*j '���8 B�H/ ,�   �	*o) Y��$��	4,# ,/i�4

L�
 !$�
� n�o) �� C��I� (.S& 7��J/   C��I� `L)��# K 

() ,}& 74 (cR5).$
�  

   

 



68               (/���4 �	_c)  :E���%�  ,D� E� �>� "� (.�#,/ F&�
�!�� (���- ,4 M�
 7I�N/ O*�P) Q	R
 �4 ��,� 7J&	� KL�
 74...  

 

  

   

(&�4,] ) E���%�  1395F&�
� 7# $&�,# A���- ( !��

7J5
�,> ,4 !,�D�/ (�	# 7&	�   �,�" '��c/,�7��J/ !��-

 7# (���)"9 �� .$5���$& !,�:�7*�
  74 Newbold et 

al. (2004) 7S�# "� ���N�
� �4 '$� ��J&� (&	*��& !��

F&�
� ��1> Y�.�#,/ "� (2	*P) E� �>� 74 (���- !��

5N
	- �,�k (2 G�8 ���) E$�$�$��& ,4 !,D� ~I�4 E�$

96  .=��$& 7.%� �� E	�
�4	%&� =+�
  

 � $k "� TW�a y���& 74 7k	/ �45' 7��J/ 3�,
 6P4-

4 F&�
� (&� �>� ,�D�/ =o/ ��8 B�H/ ,� �$&	� 7 �	2

(51)  =>�� 6���>� $��� ���/ 74 =.S& !���

)0001/0P<(. F&�
� E� �>� �4' 7��J/ P4 !,�:� T4�] 6

4 $��� ���/ 74 =.S& E�)" =�:- �4 �v�7  �	2

(51)  6��# !���=>�� 6P4 �� B�5e� 'c  Y �N/ x��

(51)  $��� ���/   F&�
� (&� �>� ! �a ���/ B�4 !���

& �$���)�*4�] .$�4 ,D	) �v� =7 (51) �	2  �4 !���

 .=>�� 6���>� F&�
� E $4 ���/ 74 =.S& F&�
� E� �>�

�>� �4M�
 7I�N/ E� ' 7��J/  6P4 !,�:�a  ��8 B�H/ ,�

47 (51) �	2  .=>�� 6��# $��� ���/ 74 =.S& !���

 Q	R
25   50  6P4 ,4 (����>� ,D� M�
 7I�N/ $W��

 ���/ 74 =.S& ��8 B�H/ ,� E�)" =�:- �4 �v� =�*4�]

 $���$5����7��J/ d,& =4�D .  qR
 E� �>� �4 !,�:�75 

�/ 74 =.S& $W�� '=>�� 6���>� $��� ��F%+,4  qR


25 7��J/ d,& =4�D $W�� ��� 6��# �� !,�:�.  B�5e�

 qR
 E� �>�50 (51) Y �N/ x�� $W�� 74 =.S& !���

 $��� ���/=��$& ,� E� �>� �4 ,D	) �v� =�*4�] .7
 

4 M�
 7I�N/ qR
7 (51) �	2  $��� ���/ 74 =.S& !���

`i��a� 7# =>�� 6��# I� 74 7I�N/ ��8 B�H/ ,� �	.# T�

 M�
=
� M�
 7I�N/   F&�
� (&� �>�  .��D9  T4�c�)

(51) 6P4 7� ,4 !���  !��a 'b 'c  ,D	) �v� =�*4�]  

 .$&��� E��& �	8 "�  

 � $k3 - 6P4 ,4 (���)"9 !�����/ ,D� !�� a 'b   c 7��J/ 7S�# A � 74 (I9 ���) !,�:� (&	*��& !�� 
Table 3. Effect of experimental treatments on a, b and c sections of organic matter degradability by nylon bag 

method 
                P-value      Apple pulp (%)             Essential oil(mg) 

AP*EO AP EO SEM 75 50 25 0 SEM 500 0 Parameters1 
0.0028  <.0001  0.209  0.107  36.27a  35.22c 35.75b 35.24c 0.076 35.55 35.69 a  
0.0004  <.0001  0.040  0.333  43.36b  45.30a 45.91a 42.6b 0.235 43.93b 44.65a b  
0.0017  <.0001  0.286  3.779  0.023a  0.019c 0.018d 0.020b 0.0002 0.020 0.020 c  
<.0001  <.0001  <.0001  0.073  59.66a  57.79b 57.55b 56.96c 0.052 57.15b 58.13a ED  

  Means within the same row with different superscripts differ significantly (P<0.05). 
1 a: Rapidly degraded fraction (%); b: Slowly degraded fraction (%); c: Rate of degradation (/h), ED: Effective digestibility 
(k=0.02). 
2AP: Apple pulp effect; EO: Essential oil effect; AP*EO: Interaction effect between apple pulp and essential oil. 
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Table 4. Effect of experimental treatments on the disappearance of crude protein by nylon bag method 

Experimental treatments1 Incubation 
times (h) SEM AA3E AA3 AA2E AA2 AA1E AA1 AE Control 

0.824  13.39f  22.21e  34.66c  28.36d  47.06a  32.78c  47.56a  38.47b  0  
0.896  19.35e  23.18d  36.17c  39.01c  50.18a  37.28c  51.62a  43.78b  2  
0.665  22.95e  29.97d  37.76c  37.64c  53.95a  39.40c  53.05a  48.50b 4 
0.898  24.39f  33.00e  38.32d  43.09c  55.90a  42.38c  56.70a  49.65b  12 
0.741  27.25f  33.90e  44.52d  46.43d  57.85b  49.42c  64.23a  58.45b  24  
0.850  49.95d  56.82c  60.36b  54.47c  66.54a  56.74c  64.64a  64.35b  36  

0.368  64.14d  56.78g  62.60e  59.54f  66.84c  61.55e  72.93a  69.48b  48  
Means within the same row with different superscripts differ significantly (P<0.05). 
Treatment1-control: Alfalfa silage without additives, AE: Alfalfa silage+500 mg essential oil/kg, AA1: Alfalfa(75%) + 
apple pulp (25%) silage, AA1E: alfalfa (75%) + apple pulp (25 %) silage + 500  mg essential oil/kg, AA2: alfalfa (50%) + 
apple pulp (50%) silage, AA2E: Alfalfa(50%) + apple pulp (50%) silage + 500  mg essential oil/kg, AA3: Alfalfa(25%) + 
apple pulp (75%) silage, AA3E: Alfalfa(25%) + apple pulp (75%) silage + 500  mg essential oil/kg. 
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Table 5. Effect of experimental treatments on a, b and c sections of crude protein by nylon bag method 

                                           P-value                            Apple pulp(%)  Essential oil(mg)  
AP*EO AP EO SEM 75 50 25 0 SEM 500 0 Parameters1 

<.0001  <.0001  <.0001  0.0028  29.59d  33.83c 41.84b 45.29a 0.002 41.23a 34.04b a 
<.0001  <.0001  <.0001  0.0506  38.84d  48.09a 44.71b 40.71c 0.0357 40.56b 45.61a b 
<.0001  <.0001  0.0513  1.204  0.024a  0.019b 0.017c 0.019b 0.515 0.020 0.020 c 
<.0001  <.0001  <.0001  0.0244  50.78d  57.26c 62.38b 65.12a 0.0173 44.90a 37.97b ED 

 Means within the same row with different superscripts differ significantly (P<0.05). 
1 a: Rapidly degraded fraction (%); b: Slowly degraded fraction (%); c: Rate of degradation (/h), ED: Effective digestibility (k=0.02). 
2AP: Apple pulp effect; EO: Essential oil effect; AP*EO: Interaction effect between apple pulp and essential oil. 
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Abstract 

The aim of this research was to study the effects of supplementation of alfalfa silage with a combination of 
essential oils and fresh apple pulp and on the dry matter, organic matter and crude protein degradabilities by 
nylon bags. The treatments included: 1) alfalfa silage (control treatment), 2) alfalfa silage processed with 
essential oil, 3) alfalfa silage (75%) + apple pulp (25%), 4) alfalfa silage (75%) + apple pulp (25%) + essential 
oil, 5) alfalfa silage (50%) + apple pulp (50%), 6) alfalfa silage (50%) + apple pulp (50%) + essential oil, 7) 
alfalfa silage (25%) + apple pulp (75%) and 8) alfalfa silage (25%) + apple pulp (75%) + essential oil that 
ensiled for 90 days. Degradabilities determined using nylon bags technique with four replications. The data were 
analyzed in a factorial arrangement of 2×4 on a completely randomized design. At the end of 96 h of incubation, 
the highest amount of dry matter disappearance was observed in the treatment of alfalfa 25% and apple pulp 
75% with the essential oil additive and the lowest amount was for the treatment alfalfa and essential oil additive. 
Adding essential oil to alfalfa silage during the preparation of silage increased the dry matter degradation rate 
and the effective degradation and improved nutritive value of silage. Also, the addition of apple pulp at different 
levels increased rapidly degradation and slowly degradation fractions and effective degradability. 
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