
 ���� ����	
� �����  

 ����/��	 
����/�� ���1400 )36 -25( 
 

������ �	��  

) ���� ����
� ���� �����
��  !�"�� � ����# $%�� � ��&Portulaca 

oleracea L.( '�(� )
*  �& +
�,� �� !��&  

 -.���/0�11*
 

1- �������	� ��	�  !"# 
�$%&�$' �(�# )*!�+ ,��-� �  �. 

  

 :&0���� 1���')16/08/98 -  :)$�45 1���'29/01/99(  

���"4     

) 60$7Portulaca oleracea L. 
����� �89:	 ;�#<=	 ��	 ���	� 	� >	$�	 ?�@: $�AB� �� C��� &B"��D 68 &�	 E*$� F"# (
6�4G' )*�	  
�B% H�	 E	6-I�	$0 � ���B�B� JB8$' HBBK' L9� �� $M�N C��O5 �H�	$��I� .��	� �!.� $B�Q' E��>�$�  �I'

60$7 R<B� � 
*�' F"#  >�9� �� ?!"Q� �� S!T�  .9�  �-:	  9I%60$7  6"N$� ��  U% �� >+ *	 �AQ� � 9� &�	�$� ���
6VWX� �"5 E�� 6� �I"B'	   ;9�60 �*+ E�����B' .9:9� !"B� *�� U��� �A��160$7 (   �
*�'2 ��:��Y0	 >�9� 60$7 R<B� (3 (

+60$7 R<B�16  � ($' >*�)  9I% S!T� 9[��4+60$7 R<B� (32 6I�	� .�!� ($' >*�)  9I% S!T� 9[��   *	  �7 HB\'�$5
27/19  �' 9[��86/26  �	9@� H�$�AB� .�!� $BG�� ���B' ���^ E	$� 9[��pH )72/4�B:!�+ >R�$�B: � () �885/10  9[��

 E	�	� E��R<B� �� �	$0 _$^ E��9B�	 U8 � `B�8a 9B�	 &V"b �(� �9� 
9��A� �:��Y0	 >�9� R<B� �� (U8 >R�$�B:
) �!� $�AB�  9I% S!T�05/0<P6�Y-' >	YB� �60$7 >9� !"B� �� .( ) �(+ 
��� �@B@N E$�4503/71  `A7 
��� � (9[��

)05/70  9B(!' UBc:��5 � (9[��) *�%90/28 �"B� ) &0�� C��8 
*�' F"# �� 6c��@� �� �($�B(05/0<P F"# �d!�-� �� .(
60$7�  .&�	�  	� 6�4G' E	$� �T��I� e� &B"��D � HB\'�$56^$%	 6�4G' )*�	 
*�' F"# E	   >+ R<B� �� 6c��@� �� 60$7

6� ��	 ��!� $'a��  �� >�$8 !"B� �>9� `A7 UfA� UB(� �I� )�� 9:	!'60$7 R<B� .9��� >+ E�	9�g: E	$� �T�   >�9�
`h8 �� 
	$�� � i9:	 `A7 
��� E	�	� �:��Y0	  �(!TD U��D 9N �� 	� 60$7 R<B� &BWB8 � 9I% S!T� >��Y0	 ��	 ��!� �%�*

.9BAQ� �!T��  

�5��  :����1 ���&��j &A8 kBX� �R<B� � 9I% S!T� �6�4G' �$B�Q'   

 
*

 :�!\c� l9Ic�!: phd1388@gmail.com 

doi: 10.22124/ar.2021.14939.1469 



26          ��m�8 HcX� :) 60$7 E���!7 
�B% E$�45!"B� >�f�	 � ��	4b )*�	 ���$�Portulaca oleracea L.( ?!"Q� �� >�9�...   

 

����  

6I�Y� ���+ ,��I� �!T�8 � ��	!� � _+ k�	$�  ?!�$� E��
i	�!7 6�   
�	� C�	Y0	 �B:� E���!A8 *	 E��Bc� �� 	�  	�

60!"# H�Yg��. ,��I� *	 
��W��	 H�	$��I� .&�	  )*�	 �� E	
 6� E��$M �;<fA� H�	 $� 6T"b E	$� �J��I� ��	4b  $V:

�� 60!"# .9��  ��	!� � _+ k�	$� �� C��� U��D n*$� E��
�� `A7 �  $%  $��� E	$� �T��I� H�Yg��. 9I:	!'

60!"# �� >���B% H�	 6"�. *	 .9I��� �� 	� 60$7 >	!'   �:
.�$�  

 ���!% � 6(�cf� ���B% �60$7&�	 6� 68   �� �!0�
� �B:� $��'$� 6 6� ��	!��	 6�B: �� � ��	!��	 o=�I� 
O��

  C��� U��D ���!7 ;�![&�	  6�  �  EYT� `� >	!I#

*!N � ���B�+ E���!A8 *	 E��Bc� �� �8	�!7   �6:	$��9�

�� �	$D L$p� ��!� ) �$B%Zhou et al., 2015	 .( 
�B% H�
 �g�	 _$^ E��9B�	 UBTD *	 E4G� ;�TB8$' E	�	�3  �

��:+ �	!�  >	�	$0 >	9Bc8	&�	 )Palaniswamy et al., 

2001 J= �� >+ *	 ���!A8 *	 E��Bc� �� HBIq�� .(
J' C��8 E	$� ��I� �  >	!I# 6� 9M � 
9II8 �:!W#9M

�� 
��W��	 Ug:	 ) �!�Lee et al., 2012 68 ���-:+ *	 .(
H�	  &�	9�� >��*�� �6��	� �:	�	$0 ����	� L��p� 
�B%

  �: �� >+ *	 �:��.")!:�:��. E��	�" �� ���  60$7 .9I8

��� `� 68 ��N HB# ��  _!7 �f�R!(!8����0  _!cX�

��  �:�c:	 � �:	!BN 6�4G' E	$� ��a�� UBc:��5 *	 ��!�
 �	��!7$�  YB:&�	 )Zhou et al., 20156K(�r� �� .(  �E	

� � �7 HB\'�$5 �`A7 
��� >	YBNDF �ADF  �(+ 
��� �
6� 60$7 
�B% E	$�   ���K� JB'$'94/11 �25 �50/25 �

34/22  �72 ) 9� )�	Y% 9[��Kazemi et al., 2009 .(
 � �7 ��$^ � �7 HB\'�$5 �$�c8�7 &V"b HBIq��L�B(	 

;	�9B�!�$8 U8 �  �7 6� (6D�� � s$�) 60$7 
�B% �� �� 
  JB'$' ���K�66/22 �47/23 �26/5 �8  �67/40  9[��

) &�	 
9� )�	Y%Aberoumand, 20096K(�r� �� .(  
E$g��� 6I�	�   $�c8�7 �  �7 ��$^ � �7 HB\'�$5 �&�!=�


*�� `� ��  6� 6(�� 6� �:��*   ���K� JB'$'9/89 -2/81 �
7/26-1/21 �3/7-5/3  �8/24-14  
9� )�	Y% 9[��

) &�	Ezekwe et al., 1999.(  
6�  ) >	�	$0 &�!=� �!.� UB(�Ezekwe et al., 1999 � (

� >+ >�$8 `A7 �60$7 ���!% &0�� 6 �:���B% ��N	�

�g��� *	 
��W��	 � &cB: 6-:!� 9I:�� `A7 E��  YB: H8

�� 6I�Y� 9:	!'  !"B� )�� *	 >	!�� 9��� �H�	$��I� .9��� $�

$B7t .�!�: 
��W��	 >+ 
$B7t E	$� >�$8  E*�� �	!�

� R<B� Uf� 6� �8	�!7 6���gI� 
O��  6� ��$��� 68
 C��8 6� $-I� 
�% ��	 �&�	 E��$M �9��� 8 60!"#

��  	� �$f"�# !�) �Oliveira et al., 2018 E!� *	 .(
 �$g����  u�$7 C��8 E	$� &�!=� _t�. �	!� *	 >	!'

 ��	4b )*�	 vWN � `A7 
��� E	!�X� vWN �_�c5
) R<B�Kaiser et al., 2004 &Tw� $Bjx' .�!�: 
��W��	 (

6�  9I% S!T�  
��� `� >	!I#   !"B� �� &�!=� _t�. 6�
6"B��  )�	Y% E�9K�� >�@@X�&�	 
9� )Razak et 

al., 2012; Elahi et al., 2018(.  
 6�4G' )*�	 ��!� �� �89:	 ;�#<=	  E	$� 60$7 
�B% E	

6K(�r� >!I8�' � ��	� �!.� >�%9II8�	!QA:  ��!� �� E	
 >��Y0	 $Bjx' �HBIq�� .&�	 
9A:  �-:	 >+ R<B� &BWB8
 ��	4b )*�	 $�  9I% S!T� 9I:�� &�!=� _t�. �	!�

 H�	$��I� .&�	 
9A: ���$� >!I8�' 60$7 R<B�L9�  *	
 �-:	 *�	 ���$� �C��O5 H�	6�4G' ) 
*�' F"# E	   60$7  

6"N$� �� 
9� &�	�$�  U% H�	 >�$8 !"B� >�f�	 � ���
 .�!�  9I% S!T� �� ?!"Q� �� >�9� 
�B%  

$�� � ��
���  

6:!�: H�9I^   60$7 
�B% *	 U��8)Portulaca oleracea 

L. (U% >��* �� ���K� y�T�$@') ���50 6��5   *	 (���B%
6#�Y� zI5  
Y�$7  &�$' �� 6"[�0 ��)  �.  6� (� 6� `��Y: 

 �. (i�7 E$��B�:�� �� {r� *	) �0��p' ;�![,  �E��+
 	9��	 �� .9� 
�	� ��@�:	 
�gA���*+ 6� 6"[�0<� � ?!"Q�

6:!�: 6��5 *	 E	 ,�. ���B% E��  >�+ U7	� 6� 
9� E��+
 E��� ��60  6.��S!Bc"� 6�   ;9�48  ��@�:	 &#��

6:!�: $��� .9� 
�	�  *	 
��W��	 �� ���B% E�� 
�g���
H8�$7 ��:�� �� �T�$@' ��K�	 6� ���� �� � U�9T' E$��

6VWX� U7	� �"5 E��  C��-I% �� �I"B'	1500   $%
 U��� �A���*+ E�����B' .9:9� 
�	� ��@�:	160$7 (   �
*�'

2 ��:��Y0	 >�9� 60$7 R<B� (37 R<B� (+60$16  9[��
 � ($' >*�)  9I% S!T�4+60$7 R<B� (32  9[��

 $� E	$� �	$f' ���^ �	9K' .9:�!� ($' >*�)  9I% S!T�
6:�7��8 *	 &��� n 9I% S!T� .9� 6�0$% $V: �� ���B'  
 >�!�: $5 *	 |5 .9� 6B�' $���8 >���$�� ��+ 9B(!'


�$A0 � !"B�  6� � 9� 6�c� >+ _�� 6"[�0<� �E*��
;9� 60  E�	9�g: ���gA���*+ E�e0 �� *��9�.  



 ����/��	 
����/�� ��� ��	� ;	9B(!' ;�@B@X'1400 )36-25         (                                                                          27  

 

6(!( _�� �!"B� >��*  ��'	 *	 |5 �"5 E��  
9� *�� �I"B'	
6:!�: 6�  	9D	 6"[�0<� � >+ �"7	� E	!�X� *	 E$B%  ��

 HBBK' �!VI� 6� .9�pH  >	YB� ��A���*+ E��R<B�50 
6:!�:  $%   ��450 �"B�  �D$� >Y�� `�8 �� $r@� _+ $�B(
 ;9� 6� L�[ *	 |5 6"[�0<� � 9� 
�* � 6@BD� zI5

 �>9�pH �	9}@� .9� HBBK' >+ `}� �"B� $�B( 9B�	 
`�$Wc0��� 25 9[�� )-N/>*� (6}� zI5 �"B� $�B( 


��p#  L�[  ����: C���*+  �-:	 >��* �' � 9� 60�M	 
9�
HBBK' E	$� E��9B}�	 _$}^ ) �	$0Total volatile fatty 

acid: TVFA E��� �� �Y�$0 �� (18 -  6.��S!Bc"� 
 �>	��f�� � ���$8) 9� E�	9�g:1396.(  E	$�


*	9:	  >	YB� �R<B� �8�B:!�+ >R�$�B: E$B%10 �"B�  $�B(

��p#   �� R<B�10 �"B�  `��9�$"8 9B�	 $�B(2/0  ���$:

 >��* �' � ?!"Q�6�Y-'  E��� �� �Y�$0 ��18-  6.��
S!Bc"� I� 6� .9� E�	9�g: 
��� 9[�� HBBK' �!V

 �	9@� �R<B� `A750  E��� �� >�+ U7	� 6:!�: *	  $%
60  ;9� 6� 6.��48  �!pN *	 |5 � 9� 6��	4% &#��

 &���: �� �>�+ U7	� 6:!�: >*� $BBG'  9# *	 >�IB�=	
6:!�: `A7 
��� 9[�� HBBK' � H�*!' 6�  	9D	  9� ��

)Kleinschmit and Kung, 2006.(  
 '�$5 >	YB�6:!�:  �7 HB\ 6:!�: � R<B� E��   $� 9���


*	9:	 �	9"-8 )�� S��	 ) 9� E$B%AOAC, 1999( .
L�B(	 �!"X��: �� 
9I�!�  �wI7 )NDF (� E9B�	 

)ADF (6�  `�8 
�g��� 
*	9:	 U%)  �7 L�B(	 E$B% 6:!5 
>���W[ (>	$�	 �>��W[	 � �� E���I0  !f:	 � 6cB8 E�� 
�:�$8	� HBBK' ) 9:9�Ankom, 2006a,b9[�� .( 
$�c8�7 )Ash( ��f�$�f(	 
�!8 �� >9:	*!� �� 
*	9:	 E$B% 

) 9�AOAC, 1999( .;	�9B�!�$8  �� _+ �� �!"X� E��
~:� )�� 
*	9:	 �-I� 9� E$B%9: )Dubios et al., 

1956E��9B�	 .( � `B�8a `B��	 ��R<B�  S��	 $�

9� 6B[!' )�� Koc and Koskuntuna (2008)   HBBK'

 �)�� H�	 �� .9:9�100  �� 
9� �$7 y<��8 R<B�  $%
 ;9� 6� � 9� 
9:��� $�B( `� -N 6� H(�� U7	�12 

 H(�� ;��!�X� |h� .9� 6��	4% ��'	 E��� �� &#��
6^��5 �� ��<� >�f' *	 |5   L�[ 6�a ���^ ��@��� �� .9

6�	�	�  
��p# H�	 9ID��  ;�W(!� � `�+ _+ >�$8 60�M	
 L4N �|�� �`B��	 9B�	 HBBK' E	$� .9200 �"B�  $�B(


��p# *	   � 9� 6�Q�� H(�� U7	� (9ID >�9�) �"TDzI5 
�"B�  `��!W(!� 9B�	 $�B(48  � 9� 60�M	 >+ 6� 9[��

 ?!"Q� 6@BD� 9I^� $Br@' 
�g��� �� 6"[�N �!"X� .9
 � 9� 
�	� �	$D (>	$�	 ��AQ�) �	9"-8100 �"B�  $�B(

r@' �!"X�6�) 
9� $B   ;9�20  6=!�$� H(�� �� (6@BD�
,�. ) 9� E��+D1 *	 |5 � (10 6@BD�� 50 �"B�  $�B(

,�. YB: (
9� $Br@') $g�� �!"X�  E��+�) 9D2 E	$� .(
 �`B�8a 9B�	 HBBK'55 �"B�  �� 
9� $Br@' �!"X� $�B(

55 �"B�  ;9� 6� � ?!"Q� � �$8 �!"X� $�B(zI5  6@BD�
	9@� .9� 
9:��!. �100 �"B� �� _+ $�B(  6� $Br@' ���

 
�	� ��@�:	 �	9"-8 
�g��� 6� � 9� 60�M	 �!"X� H�	
 &�4% �� � 9�10  �6@BD�50 �"B�  
9� $Br@' ,��� $�B(

,�. ) 9� E��+D3�!"X� *	 `� $� .( ) 6"[�N E��D1 �
D2  �D3 �HB\(��0 UI0 L$K� 
$rD 9I^ >�$8 60�M	 �� (

 �9� 9Bc8�9B� ��05/0  6� >9B�� >��* �' ���$:
8 �'�![ $�B' �~:��&���: �� .9:9�  E��9B�	 >	YB�

 `B�8a � `B��	*	 
��W��	 ��  6T��X� $�* ;a��K��:9  
Asetic acid 
A�, %

= 0.0962 × D2 − 0.0213 × D1 
Butyric acid 
B�, %

= 0.0431 × D1 − 0.0680 × D2 
Lacic acid 
L�, % = 0.1230 × D3 − 
0.0086 × A

+ 0.0029 × B� 
 U[�N �9#�!"X� *	 `� $� >!B�	$�B' *	  E��D1 �D2  �

D3 E�. a�� ;a��K� �� 6fI�	 *	 UTD !� E�	4% �� �9:
 �9#25/1  9B�	 9[�� 6T��X� E	$� .9:9� _$M

 �`B�8aA  �B 6�   � `B��	 E��9B�	 9[�� JB'$'
.9:�!� `�$B'!�  

�!"X�  � *�% 9B(!' >!�*+ E	$� *�B: ��!� E�� HBBK'
 e� &B"��D) `A7 
��� �@B@NTDMD �(+ 
��� � (

)TOMD9� 6B�' ��	9:���	 )�� S��	 $� (9: )Menke 

and Steingass, 1988 �*�% 9B(!' ���gA���*+ 9I�+$0 �� .(
) 9� &Tj *�% ��A0 � -NTheodorou et al., 1994 .(

 �^!"� $: 9IW�!% S�� �� *	 6T�f� ,���)5/3±30 
B8 $%!" (6T�f� Ea!�cB0 E	�	� 
$B. `� �� 68 E	  

 
$�:�cI8 `� � !. 
�8 U���) E�	9�g: 9N �� ��	4b
 ���K� ER$:	 �� E��-'15/10  
���  $%!"B8/��R�g�

�� 6�4G' (`A7 ,�. �9:9�  >	YB� .9� E��+200 
�"B�  `� C� �� 
9� _�B�+) �����B' *	 `� $� *	  $%

6� (E$��B"B�  6AB� U7	�  C��-I% �� E��120 
�"B�  $�B( �	9@� |h� � 6�Q��30 �"B�  �	Y� ?!"Q� $�B(

�#!Ip� - U7	� 6� (`� 6� �� &Tc: ��) 6T�f� ,���
6AB� ) 9� 6�Q�� ��Menke and Steingass, 1988 .(



28          ��m�8 HcX� :) 60$7 E���!7 
�B% E$�45!"B� >�f�	 � ��	4b )*�	 ���$�Portulaca oleracea L.( ?!"Q� �� >�9�...   

 

>+ _�� 6"[�0<� )!5�� `�8 �� ��  � �fB��a E��
�8  ��  $% _+  ��N 6� � 
9� 6�c� ��!BIB�!(+ E��

 E���39 .��6 S!Bc"� �	� ��@�:	) 9:9� 
Theodorou 

et al., 1994.( >��* �� *�% 9B(!' >	YB�  E��3 �6 �9 �12 �
24 �48 �72  �96  zI���A0 `�8 �� >!B���!f:	 &#��

) �(��B-��ENV PTB330 >��Y�� � &Tj (>��c"g:	 �
 .9� &Tj u�9� ~:$� `�8 �� *�% -N  

 >��*  ��'	 *	 |524 ) >!B���!f:	 &#�����^  6AB�
6AB� _�� �(*�% 9B(!' >!�*+ *	 	Y-�  6"[�0<� � *�� ��


9A: e� E	!�X�   $rD) E$��	 �"5 6^��5 �� 6AB� $�
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$ *��E >+ 	$� ��E 

*	9:	 %B$E �	B��9E U8 �	$0 _$^ )TVFA(  S��	 $�

 )��Getachew et al. (2004) &���: �� � 9�  �-:	� 
K'BBH  �	9@�TVFA  6� &A8 kBX� � R<B� �� �!.!�

 `�8
�g��� 6AB� E	  �7��� (>	$�	 ��AQ�) 9�  �-:	 
)Barnett and Reid, 1957 .(  

 >!�*+ 6��A� &A8 kBX� *	) *�% 9B(!'Menke and 

Steingass, 19886-I�	$0 HBBK' E	$� (  ���$fB� E��
`BfW' �7�� HBBK' E	$� � 9� 
��W��	 ) E$�45PF24 (

6r�	� *	  $�* ) 9� 
��W��	Makkar, 2010 :(  
PF = TOMD/IVGP = c − 
a − b�/IVGP 

68 �� H�	 6r�	�� c �b  �a 6� 
��� �� $�	$� JB'$'  E   �7 �(+

9A: e� �	!� $�c8�7 �	9@� �6AB� $� �� 
9� 6�Q��  

�"B�) 6AB� $� �� �@B@N  
��� �	9@� � ( $%  `A7
�"B�) 6AB� $� �� �@B@N 
9A: e�  ( $%&�	 .

6r�	� S��	 $� YB: E9B(!' ���$fB� 
�!' >	YB� HBIq��  
$�* )Makkar, 2010:9� 6T��X� (  

MMY , �"B�  $% - = .c − 
a − b�/ − .NG 
 �"B� $�B( �
× 2.2/ 

6r�	� H�	 �� 68� MMY �"B� ���K� 
�!'  $%   ���$fB�
 �
9� 9B(!'NG �"B� ���K�  �� E9B(!' �(�7 *�% $�B(

 >��*24  � >!B���!f:	 &#��2/2  J�$M YB:
 E$��!B8!��	&�	 Bc@' *	 ���$fB� 
�!' 9B(!' 
�*�� .

�"B� 
�!'  $%   ���$fB��"B� $� E9B(!'  �(+ 
���  $%
 �9# �� >+ _$M � 
9� e� �@B@N100.9� 6T��X� �  


�	� 6� � �0��p' y<��8 �$= J(�D �� C��O5 H�	 E�� 
  $: `�8 �	Y0	 SAS )�Qc: 1/9( 6�Y-' ) 9:9�SAS, 

2002 � 9[�� zI5 {r� �� �����B' HB� E���+ L<�7	 .(
.9� HBBK' Hf:	� >!�*+ *	 
��W��	 �� 
�	� E�� U[�N *	 

*�% >!�*+ 6(��K� S��	 $� 1 = 2
1 − 3456�  6�Y-' 
 �>+ �� 68 9:9�Y >��* �� E9B(!' *�% -N =t �b *�% =

 *	 |5 *�% 9B(!' UBc:��5 E	�	� CQ� *	 
9� 9B(!'96 
�"B�) >!B���!f:	 &#��  E	*	 6� $�B(200 �"B� 
���  $% 

  �(`A7c E	$� *�% 9B(!' �$: &��j =b  (&#�� �� 9[��)
 �t) 9:�!� (&#��) >!B���!f:	 >��* =Ørskov and 

McDonald, 1979.(  

7�& � 8��9:  

 6-I�	$0 � ���B�B� JB8$'  R<B� � 60!"# E$B�Q' E��
!"B� kBX� �� 60$7 :JB8$' ���B�B� 60$7  
*�' �  !"B�


9� >�9� �� 
	$�� �� S!T�  ��9. ��  9I%1  
9� 6�	�	
 � �7 HB\'�$5 .&�	NDF  �ADF  ���B') 
*�' F"# ��

60$7 R<B� � (`�   ��!� >�cf� (�� ���B') �:��Y0	 >�9�
�IK� C�	Y0	 �#�� �:��Y0	 >�9� 60$7 >�$8 !"B� ��	  �	�

) 9� 60$7 F"# 6� &Tc: $�c8�7 �&V"b05/0<P .(
[�� C�	Y0	 6� $-I�  9I% S!T� >��Y0	 � `A7 
��� 9

NDF  � $�c8�7 � �7 HB\'�$5 C��8 �ADF  ��R<B�
 �� ���B' 6� &Tc:�) 905/0<P 6� .( �� $V:  68 9��

 6� &Tc: �� ���B' �� `A7 
��� 9[�� C�	Y0	 *	 �AQ�
 6� ?!�$� �`� 6VWX� E���:	 �� 6B"Q' $B� �!.�   !"B�

 *	 68 9���
	� 6�	$B� �>+  E���:	 �� 
9� ,�. E��
X��� &�	9� >�$B� 6� !"B� 6VW  &�	 
9� )�	Y% .9�

�:��*   HB� 
9:!� !"B� �	!� &�!=� >	YB� 6870-65 
�B� �9��� 9[��6�	$B� 6:!%  9B(!' >�$8 !"B� $j	 �� E	
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) 9� 9�	!Q:Ojeda and Montejo, 20016K(�r� �� .( 
�"K0�  60$7 F"# `A7 
���12/10  � �9� ���+$� 9[��

� *	 _�c5 u�$7 �� (_t�. >�9� ��� ���B') 9��� R<B
 E$�AB� >��* 9I�*�B: �&�!=�$5 E��R<B� ya!�K� .�	�
 *	 E$�AB� {r� 6� u�B�N	 � 9I�c� $B�Q' E	$�

;	�9B�!�$8 C��8 E	$� �!"X� E��pH ) 9:�	�Kung 

and Shaver, 2001.(  

 *	 $�AB� 60$7  �7 HB\'�$5 �	9@� ������B' ����' ��80 
$� ��  $% ��  $%!"B8 �	9@� H�	 68 �!� `A7 
�

HB\'�$5�� � cB:�%�	�$fB� E��*�B: E!g�	!. 9:	!'  E��
6T�f� >+ ���K�� 9�� *	 &���N E	$� E	 9��� �� 

)Norton, 1998 .(6K(�r� ��   �$M�N�� 6^$%	 $j	 !"B� 
>�$8 
�B% 60$7 6� �����I' >	YB� HB\'�$5  �7 $BBG' 
�!�I:� �(� )�	Y% 
9� �	& 68 \'�$5 vWNHB � ��R<B 

 � ;�t�� 6� 60!"#  \'�$5 ;�![HB @N�@B �� �h5��9B 
�� 9:	!' �: ��6-B  (�K0 C��8&B *�\'�$5E  *	 68
	� 

$� C��8,� pH X� ��kB �!"B � ��W'	� o@X� �9�0	
!�) �Guo et al., 2008.(  �  �7 HB\'�$5 9[�� C��8

 R<B� 6� &Tc: S!T� E��N E��R<B� ��  �7 $�c8�7
�� 	� 9���  � HB\'�$5 9[�� 6� ?!�$� JB'$' 6� >	!'

 9#!� �� .�	� ?�T'�	 60$7 6� &Tc: S!T� $��8 $�c8�7
E$�8�� E	$� >�f�	 H�	 �R<B� *	 
��W��	 � &�	�$�  E��

�� �B�� 
�B% {r� �� �!.!� E*	!� 	 �(+ �	!� 68 &�
 H�	 68 9I�� �	$D $B�Q' � 6�Y-' ��!� 	� 60!"# �� �!.!�

6�4G' )*�	 C��8 �$�	  9�	!7 ��T:� 6� 	� ��!"B� E	
) &�	�McDonal et al., 19916K(�r� �� .(   6� YB: $M�N

 �� $V: cB:�%�	�$fB� &B(�K0 68 9��  E�9@� E*	!� E��

 �	!� *	 ���� CQ� 6�c:	!' 68 
�!� 
�B% �� �!.!� �(+
�IK� C�	Y0	 `� y�TD�K�� 68 
�$8 6�Y-' 	� 60$7  �� �	�

 
9��A� `� 6� &Tc: �� ���B' �� $�c8�7 >	YB��.9  
6K(�r� �� 6^$%	 E	�  ;�K��M *	 �7$� >�$8 !"B�

 C��8 6� $-I� E*���A8NDF >+  ���) 9Bagheripour 

et al., 20086K(�r� �� �(� �(  �"K0�  E	!�X� �� E$BBG'
NDF  .9A: 
9��A� �>9� !"B� *	 9K� � UTD 60$7 F"#

 C�	Y0	 *	 �AQ�NDF  C��8 �ADF  E��R<B� ��
 �:��Y0	 >�9� 60$7 R<B� 6� &Tc:  9I% S!T� E	�	�

 $'a�� 9[�� 6� ?!�$� JB'$' 6�NDF )48/38  U��@� ��
62/25HB��5 9[�� � (  $'ADF )14  U��@� ��75/21 (

!T� 60$7 F"# �� 6c��@� ��  9I% S&�	.  
6-I�	$0 �7$�  �� �� >�9� 60$7 R<B� E$B�Q' E��

 ��9. ��  9I% S!T�2  >��Y0	 �� .&�	 
9� 6�	�	
 >	YB� �(���^ � 6� E�����B') S!T�pH  >R�$�B: �

�IK� C��8 �8�B:!�+ ) E�	�05/0<P R<B� 6� &Tc: (
 �(� ��	� >�A: �:��Y0	 >�9�;	�9B�!�$8  �� �!"X� E��

) �	$0 _$^ E��9B�	 U8 �_+TVFA `B�8a 9B�	 � (
) 9I�0�� C�	Y0	05/0<P � `B��	 E��9B�	 &V"b .(

 9I�0�� $BBG' �A���*+ E�����B' HB� �� YB: `�$B'!�
)05/0>P.(  6K(�r� H�	 �� 60$7 E$0�� &B0$m 6^$%	


*	9:	 9A: E$B%�  �(�pH 7 R<B� E	$� 
9� HBBK' 60$
72/4 
*�� �� 68 �!�  pH  y��!�# .&�	� �	$D 6-:!� R<B�
pH 6� 6-:!� R<B�   >�!� a�� � ��9ID HB��5 E	!�X� UB(�

 $�* 6� >+ E$0�� &B0$m4/4 ��:  � 9��pH  6-:!� R<B�

*�� �� _!7  8/4 -4/4  >��!: ��&�	 )Ohshima et al., 

1997  .(  

 ��9.1 - 60$7 ���B�B� JB8$'  (`A7 
��� 9[��)  9I% S!T� �� 
	$�� �� >�9� 
9� !"B� � 
*�'  
Table 1. Chemical composition of the fresh and ensiled purslane without or with wheat bran (% of DM) 

Ash ADF NDF CP DM  Item 
19.26b 21.75a 25.62c 26.65a 10.12d Treatment 1 
22.22a 21.42a 25.65c 26.86a 11.57c Treatment 2 
10.63c 17.07b 33.02b 20.83b 21.22b Treatment 3 
8.68d 15.78b 35.27a 19.27c 29.95a Treatment 4 
0.29 0.40 0.44 0.40 0.43 SEM 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 P-value 
a-d Means in the same column with different superscripts differ significantly (P<0.05). 
Treatments included: 1) Fresh purslane, 2) Purslane silage without additive, 3) Purslane silage+16% wheat bran (fresh 
weight), and 4) Purslane silage+32% wheat bran (fresh weight).  
DM (% of fresh weight)= Dry matter; CP= Crude protein; NDF= Neutral detergent fiber; ADF= Acid detergent fiber; SEM= 
Standard error of mean. 
The contents of dry matter, crude protein, ash, NDF, and ADF in wheat bran were 91, 16.64, 4.93, 38.48, and 14%, 
respectively. 
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6K(�r� ��   �E$g��pH  _!7 R<B� `� E	$� J��I�
 *	 $��82/4 ) 
9� )�	Y%Tian et al., 2014(�  �� 68

 �$M�N C��O5pH  S!T� E	�	� E��R<B� �� _!"r�
 C��8 &#$� .9� 
9��A�  9I%pH  `� �R<B�U��# 

 !�9�$�c"8 &B(�K0 *	 &K:��� �� E9B"8  C��8 � ��
 $B�Q' 9I�+$0 �= �	!� L<'	&�	 )Carpintero, 1979 .(

 C��8 UB(� H�$���� 68 &�	 
9� )�	Y%pH  kBX�
 
�!� `B�8a 9B�	 $�AB� 9B(!' 6� ?!�$� �!"B�

)McDonald et al., 1991; McDonald et al., 2002 � (
C��8 *	 �AQ� ya���N	 pH  S!T� E	�	� E��R<B� ��

 C��8 �� �0$= *	 .9��� 6(xc� HB�� 6� ?!�$�  9I%
 $�AB�pHE$�8�� 9�� E	$� k�	$� �  >!q�� ����

6�A% _!"r��: ��$�Q� � ��$�8���$�:	� 6�  E�!=  H�	 �� 68
 �	9@� H�$��8 E	�	� ���^ ���B' �6K(�r�pH  *	 � 
�!�

mJ��I� E!� ��  �!' `h8 >�9� E$��  .�!� �	��!7$�
kBX� �� E��R<B�   *	 E9B�	
	�  E��9B�	 $�AB� 9B(!'

 &B(�K0 � 9�� ,:�� �`�$B'!� � `B:!B5�$5 �`B�8a
�� ��$�Q� !�) 9:McDonald et al., 1991; McDonald 

et al., 2002�� ��9B�	 H�	 � (  >��� 6� t!W: �� 9I:	!'
�!"� >+ 9�� ,:�� ��^��D E��  ��!�) 9:McDonald et 

al., 2002 &BWB8 �� E��R<B� �� 68 &�	 
9� )�	Y% .(
 ��9N �� `B�8a 9B�	 >	YB� �_!760  U8 9[��

TVFA  HB� ��V"b � 
�!�C� �' 6�  `A7 
��� 9[��
) 9:�	�Seglar, 20036K(�r� �� .(   �$M�N 9B�	 &V"b

60$7 R<B� �� `B�8a   *	 $��8 (�� ���B') �:��Y0	 >�9�
I�	�6  
9�	  �+C� �' 6� 9� HBBK' 9[���  E�����B' �(�

 E$'a�� `B�8a 9B�	 9[�� *	  9I% S!T� E��N
6I�	� �� � 
�!� �	��!7$�  	
9�  �!84� �+ �	$D  .9I�0$%

 �� `�$B'!� � `B��	 E��9B�	 E	$� _!"r� �	9@�

 HB� JB'$' 6� y��!�# ��R<B����^ �' 6�  9B�	) 9[��
 *	 $��8 � (`B��	5/0  C�	Y0	 � &�	 
9� )�	Y% 9[��

6(YI� 6� �	9#	 H�	 *	 $'a�� 6� >+   � Hg���: $B�Q'
) �!� 9�	!7 _!"r��:Dordevic et al., 20176K(�r� �� .(  

 E	�	� R<B� �� `B��	 9B�	 9[�� �$M�N16  9[��
6I�	� ��  9I% S!T�   _!"r����^ �' 6�  �	$D 9[��

	 9[�� *	 9��� R<B� � &�	� E$'a�� `�$B'!� 9B�
)71/0  _!"r� &BKM� 6� &Tc: (`A7 
��� 9[��

 *	 $��8) >+ E	$� 
9� )�	Y%5/0  .�!� �	��!7$� (9[��
 9B�	 {r� C�	Y0	 68 &�	 
9� )�	Y% HBIq��

`h8 9�� *	 ,:�� �R<B� �� `B��	 ���D � ��  *	 � 
9� ��
 H�	$Bc�  E�	9��5 �!T�� ��  9�	!7 $j�� R<B� E*	!� �!�

)Danner et al., 2003ya!�K� .(  *	 CB� &�!=�70  9[��
E$�8�� &B(�K0 C�	Y0	 6� $-I� R<B� �� 
9II8 9B(!' E��  

y�TD�K�� � E4G� �	!� H�0� &�� *	 �`�$B'!� 9B�	� 
>+ L$p� C��8  ��6"B�� 6�   	� �$f"�# C��8 �  	�

�� !�) �Muller et al., 20076K(�r� �� .(  $M�N�  R<B�
60$7   9[�� *	 (a�� &�!=� �!.� &"# 6�) �:��Y0	 >�9�

) $'a�� `�$B'!� 9B�	71/0  &BWB8 �(`A7 
��� 9[��
.�!� �	��!7$� E9I���!7�: E!� � J��I��: E$��m  

;	�9B�!�$8 ) _+ �� �!"X� E��WSC �R<B� �� �!.!� (
cB:�%�	�$fB� E	$� ER$:	 ,��I� H�$���� 6"�. *	  �= ��

 $B�Q' 9I�+$09I�c� )McDonald et al., 2002 �� .(
6K(�r�  �"K0� ;	�9B�!�$8 {r� H�$'a��  �� �!"X� E��

 �AQ� 9��� 68 9� 
9��A� ���^ � 6� E�����B' �� �_+
 ?!�$� ��� ���B' 6� &Tc: C�	Y0	 H�	 *	 >��Y0	 6�

6�)  9I% S!T�   ($�AB� �!"X� ;	�9B�!�$8 H��	� UB(�
.9��� 60$7 R<B� 6�  

 ��9.2 - 6-I�	$0 �7$�  9I% S!T� �� �� >�9� 60$7 R<B� E$B�Q' E��  

Table 2. Some fermentation parameters of the purslane silage with or without wheat bran 

Acetic 
acid (% 
of DM) 

Butyric 
acid (% 
of DM) 

Lactic 
acid (% of 

DM) 

WSC (% of 
DM) 

TVFA (% of 
DM) 

Ammonia 
nitrogen (% of 
total nitrogen) 

pH 
Item 
 

2.29c 0.71a 2.27b 1.54c 3.10b 10.85a 4.72a Treatment 2 
3.86b 0.28b 3.22a 2.03b 4.30a 9.35b 4.13b Treatment 3 
4.29a 0.22b 3.51a 2.63a 4.67a 9.08b 3.94c Treatment 4 
0.07 0.04 0.15 0.13 0.16 0.15 0.05 SEM 

<0.0001 0.0005 0.003 0.003 0.001 0.0004 <0.0001 P-value 
a-c Means in the same column with different superscripts differ significantly (P<0.05). 
Treatments included: 1) Fresh purslane, 2) Purslane silage without additive, 3) Purslane silage+16% wheat bran (fresh 
weight), and 4) Purslane silage+32% wheat bran (fresh weight).  
TVFA= Total volatile fatty acids; WSC= Water soluble carbohydrates; SEM= Standard error of mean.   
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20166�Y-' � (  � ��9B�h5 E��9B�	 6IB�+  ��
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 *	 $��810 ) &�	 
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 E��R<B� ��9.)  9I% S!T� E	�	�26I�	� �� (  
9�	  �+
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`h8 9�� �� E��$�Q� � ��  E*	!��!� )Zhang et al., 

20096K(�r� �� .(  $� �"K0  �(�� ���B') 9��� R<B� L<7
�	� E��R<B�`h8 E	�	�  9I% S!T� E	  � 
�!T: �%�*
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 ;	$BBG' *	 �AQ� HBIq�� .9:�!�TVFA  HB� ��

 ��9.) �A���*+ E�����B'2�� �(  $BBG' 6� ?!�$� 9:	!'
6� ��!"B� &B��� ��  >+ 6�  9I% S!T� >��Y0	 UB(�  ��

 .9���  

6-I�	$0 �7$� $B�Q' E�� *	 ���: *�% 9B(!' � E
>�$� >!B���!f:	  kBX� �� 60$7 R<B� � 60!"# �I'

&A8�7$� : 6-I�	$0 E�� E$B�Q' ���+$� 
9� �� kBX� 
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Table 3. Some of the in vitro fermentation parameters estimated in the media during incubation of forage and 

purslane silage 

EMMY MMY PF TDMD TOMD TVFA  
Ammonia 
nitrogen 
(mg/dL) 

pH 
Item 
 

62.90c 99.34b 5.94c 77.55a 78.04a 35.05a 15.91c 6.94 Treatment 1 
68.44b 103.38b 6.97b 70.05b 71.03b 32.30c 16.35a 6.90 Treatment 2 
71.26a 124.37a 7.66a 74.55a 76.48a 32.93bc 16.25ab 6.85 Treatment 3 
70.06ab 125.06a 7.37ab 76.15a 77.28a 33.75b 16.12b 6.82 Treatment 4 
0.80 1.47 0.18 1.29 1.35 0.33 0.05 0.05 SEM 

0.0004 <0.0001 0.0007 0.02 0.02 0.002 0.002 0.45 P-value 
a-c Means in the same column with different superscripts differ significantly (P<0.05). 
Treatments included: 1) Fresh purslane, 2) Purslane silage without additive, 3) Purslane silage+16% wheat bran (fresh 
weight), and 4) Purslane silage+32% wheat bran (fresh weight).   
TVFA (mmol/L)= Total volatile fatty acids; TOMD (%)= True organic matter digestibility; TDMD (%)= True dry matter 
digestibility; PF (mg TOMD/ml gas production)= Partitioning factor; MMY (mg)= Microbial mass yield; EMMY (%)= 
Efficiency of microbial mass yield.  
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Table 4. Some of the gas production parameters during incubation of forage and purslane silage 

C B Gas 72h Gas 48h Gas 24h Gas 12h 
Item 
 

0.062 34.74a 35.17a 31.38a 26.63a 17.30a Treatment 1 
0.062 28.90c 28.43c 25.98b 21.67c 13.90b Treatment 2 
0.051 31.79b 31.82b 27.23b 22.80bc 14.03b Treatment 3 
0.053 33.17ab 33.55ab 28.47b 24.28b 15.08ab Treatment 4 
0.004 0.85 0.93 0.76 0.60 0.74 SEM 
0.16 0.007 0.005 0.006 0.002 0.04 P-value 

a-c Means in the same column with different superscripts differ significantly (P<0.05). 
Treatments included: 1) Fresh purslane, 2) Purslane silage without additive, 3) Purslane silage+16% wheat bran (fresh 
weight), and 4) Purslane silage+32% wheat bran (fresh weight).  
Gas 12, 24, 48, 72 h (ml/200 mg DM)= Cumulative gas production after 12, 24, 48 and 72 h, respectively; B (ml/200 mg 
DM)= Potential gas production; C (%/h)= Constant rate of gas production. 
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Abstract 

Purslane (Portulaca oleracea L.) is a weed forage that can grow in most parts of Iran; however, the nutritional 
value of this plant has been less considered. Therefore, the present study aimed to determine the chemical 
composition and in vitro fermentation parameters of fresh and ensiled portulaca oleracea with or without wheat 
bran. Purslane was harvested during the flowering stage and ensiled in polyethylene containers for 60 days. 
Experimental treatments included: 1) fresh purslane, 2) purslane silage without additive, 3) purslane silage+16% 
wheat bran (fresh weight), and 4) purslane silage+32% wheat bran (fresh weight). The crude protein of the four 
treatments ranged from 19.27% to 26.86%. The highest concentration of ammonia nitrogen (10.85% of total 
nitrogen) and pH (4.72) of silage extract were observed in silage without additive, but the concentrations of 
lactic acid and total volatile fatty acids were highest in the silages containing wheat bran (P<0.05). After 
ensiling, the true digestibility of organic matter (71.03%) and dry matter (70.05%), as well as potential gas 
production (28.90 mL), showed a significant decrease compared to fresh purslane (P<0.05). In general, purslane 
had a favorite protein content and digestibility in animal feeding. Although the nutritional value of fresh 
purslane was higher in comparison with silage, ensiling can reduce the problems of drying. Purslane silage 
without additive had low dry matter content and contained mildew, but the quality of purslane was improved 
when wheat bran was added to the silage.  
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