
����� ��	
� � 
���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

�,- .���/0	12 �34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��; 

<���=�� ���>����? )Neurospora sitophila(

�@	? .���(�	#���� A��/ B(*�:�� C	��D	E! �2��	F0�G

)���	
� �	
�
 :��/��/�����	�� �	
�
 :�/�/��(

�:�H$ 

���5� I/� ��0	12 �/�,- .���3
	� � �0 �"J � �	J6257 :! 
��;�	�/KE2 L/5� �� <���=�� ���>����? 8�	J93M/�5N B�/	� �! 

�	� � O���	� � P�Q �.�� 3� �0; in vitro 3/KE2 B�	� 
5/,7�.�� 3� �	Q I�R2�57 � P�Q in saccoS�5T ��59 3�0	U� ���� .	=?/W

��� �:�; S�:������; 3�t	6� /:! 3F?:.5/�	6� I�R2�575=F�	Q B�	Q�	Q B�	� �B�0; �/0��� �������/0��� ����� � ��:� �K0��� 

0	12 
�5�3" � 
� �0 M�252 3� �:�? 
��;)/XBG/XB*/Y)B)/G(�Y/(+0	12 B3" � 
� �0 �:! 
��;(/GZBX/([B\/*YB+/(G�*/XB

0	123" � �	6257 �:�? 
��;*/XBZ/XBZ/Y\B(/GX�)/G[0	12 �3" � �	6257 �:! 
��;G/G)B(/*BY/Y(BZ/(*�(Z��� :]�� .

4�	12/KE23�/	� �! � �:! �	E?� �3?� ? I	�
" � ^U� �� 30	12 D�? �� 5� �:!� �:�? 
��; )[(/[P< (
������ ��� .� O� M/�5N

�	���	� � �0; � _�Q ��	� �� �O� "�	9 �0; �0	12 
�5� _�Q 3" � 
� �0 �:�? 
��; M�252 3� )/+YBZ/*[�Z/+Z0	12 B3
� �0 

" � �:! 
��;\/Y(BZ/Y)�Z/*))[(/[P<(0	12 B3" � �	6257 �:�? 
��;Z/*(B*/*G�G/+*0	12 �3" � �	6257 �:! 
��;G/Y(B

Z/Y\�Y/*X:]�� )[(/[P< (:/�5T .� �:! �	E?� � O� M/�5N �� 4�	12�3?� ? I	�
" � �:!� �:�? 
��; �� 30	12 D�? �� 5� 

^U� )[(/[P< (
������ ��� .3/KE2 �	� 
5/,7�_�Q )���� S�5� 	�[Z/[(0	123" � 
� �0 �:�? 
��;)/XX0	12 B3" � 
� �0 
��;

 �:!G/+Z0	12 B3" � �	6257 �:�? 
��;+/X*0	12 �3" � �	6257 �:! 
��;Z/+Z��� :]�� .3/KE2 �� 4�	12 �	� 
5/,7�� _�Q �	E?

� �:!�3?� ? I	�
" � ^U� �� 30	12 D�? �� 5� �:!� �:�? 
��; )[(/[P< (
������ ��� .3/KE2 ��K�� 5`a� 
5/,7 I�R2�57)S�5� 	�

����[Z/[(0	12 
�5�3" � 
� �0 " � � �:�? 
��; M�252 3� �:! 
��;(/(G�+/+)0	12 
�5� �3" � �	6257 " � � �:�? 
��; 
��;

 �:!*/(\�*/++:/�5T :]�� .3/KE2 �� 4�	12 5`a� 
5/,7 � �:! �	E?� I�R2�57�3?� ? I	�
" � �� 30	12 D�? �� 5� �:!� �:�? 
��;

^U� )[(/[P< (
������ ��� .3����" � B��b 30	12 
��; 8�	9 	� 4	�b5� <���=�� ���>����? c/�K�� BI�R2�57 Sd�- ���#� e�	� 

/KE2 � � O� M/�5N3:/�5T I�R2�57 5`a� 
5/,7.

�f�� 
	� 
:��� :0	123�,- .��� B<���=�� ���>����? B4	�b5� /I�R2�57 B� 

�.��
�
 �� � !"#$�%��& '(
$ )&�*(
�+ 
��"#$� ,-
'. ����
 /�0"#$� 1�2
,�"+ /'3"#$� 1).$� 4 567$�8
 1

9.)&'*8. , )*� /'3"#$� 1�: ; *3
 �� ��<&$-
'. ����
 /�0"#$� 17$�8
 1

*:)3�#,�<3;$ �=� 1>�?
�3. @ A=. :rozbeh_y@modares.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

3�:6� 

/'B6 2$ )3	 B+ 
 "+ 
 �C , 4$� �D*E 
� >F3". G	�
 H? � 

 4$� I$
 J�&$ .
� 
 H�C , 4$� I$
 HJ K$ #$ K B!. >$�
$,

 @�& )C �L.�#�� ���D& 
 4,� ��
 HC �H� @�H& �HL 
� G�0#�H�. 

7$M�.NOPQ 
$'R. �+ �&$ /� � G
 
$ML NSTT GH	$ 2$ GH
 
$ML 

�H&$ /'�&
 4$� �$�U V�W. �� >$�
$,)X.(/$
 2$ )H3	 �HL �

� ?B+ G	$ 7$�?Y1$�U Z	�*E >�D	�[ 2$ /��\<&$ 	H	�]
 
� )�4$� 

). '(�� .7$MH�. �� 7$�	$ ^�HR# 2$ )J�� 
� @�HR
�� ,  HB�; ��	�R�

��	2�). ���	 � (.[
� >�?+�. >�HD	�7$�	$ >�D	�H[ _.�H( 

, _R# , _HB` 1�($��� �H0# 
$� �H8#a _	'H?
 , �)H. 'H(�� �H+ 

�,'` �#b�& _	'?
 >�D	�[Qcc �H&$ GH
 
$ML )9.(>�D	�H[

 7�d'**+ 
$ e"# �$�� b�� �:�#$ � <f. >�?+�.�&$1� f# �� 

;�H\
 g=�; ��<. _��Hh �:�#$ 7$M�. �+�;�\
 , i"J � C�H. 7a j

��$�HHH� �HH�
�
 �H�S/Nc,O/k4�HHHd 5�+ 
� ��;�+�HH0. /� HH�,

). '#$ 
��7$ *6 ��H. iH	 /H	�]
 
� b�H� �:�H#$ �H� )+$
 HHJ �

7�d'**l
$ e"# ���,
 
�+)�X.(� HY, G	$ ��1H;�\
 2$ /��\<H&$ �

iHm+ �HH�n# )
F3". �&$ G3B. >�?+�. j C�. 
� , )Hd�2

 ��H!	$ $
 4$� ��. B=. �!�<# 'H*+ )�9.(7��HH+  5�H& �o�HHd$

�;�\
 /$
 2$ )3	 j C�. ��L �HL ��H0# 
$� �H&�8#a �1 5�H& �H.$ 

*	ML �� /,F6 7��+���	2  5�& �J�&1_	'H?
 7 HpBL )5q�=. 

� �=	2 r�f. )d� ;a , )+��# .a >2$ �� )R�R` G�A
,�� �_H�;�

 �
$� /$�BL �� $
  5�& �,$�
)Ns(.7��H+ i"J �0	� V�HC 2$ 

\
�;�H j C�. ��L �L�.� 
��b�� *	ML V�E 4M5<=. �/� H� ��	2 

). t�*B[ ,H. u*H+$, 2,�HH� v6�� '#$ 
��H�\�+ uL�H+ , �
F

 � H( G�A
,��)��.(��\<H&$/�wxH. Z	�*HE )H6�� >b WHf. 2$ 

$�U	)��7$ *6 4$� I$
 HJ ��2$ )J�� 6 _.$ �H5BY 2$ �H�+�
 

�# �� �=	�R. 
� )6�� @ Wf. ��]. �$ . ��L2�4$� �
$� )0<=H� 

)��.(_.�6 g8.�0	�1� 7,�R. �_B6 7� � ���E 
,a�@ WHf. 

6��)$�� �7a 2$ /��\<&$ ��7$ *6 4$� I$
 J )�.(�H!#a 2$	�H+ )

���HWH<h$ �2
$ 2$ >�?+�. >�D	�[ *�	�H� 
$�
 HHJ�� )/� H� ,

)H. �=H	2 r�Hf. )HHd� ;a vH6�� �H8#a G<e	
 
,� � H(1$�H; 

)HH. a 2$ 7$ HH
HH	�]
 
� �HH8#�/��\<HH&$ 4$� � HHB#.�HH0	� V�HHC 2$ 1

_B6 vH6�� G�A
,�� �$ <f. u	$M�$ �8Y 
� >�D	�[ G	$ �
,a

 u	$M�$$
�l	)	�]
 
� �8#a �). 4$� ���d.�$ H. 'H�; 
 
 Hn*. ��

 >�HH?+�. >�D	�HH[ 2$ )HH*�A
,�� )+$
 HHJ,�$ HHH<f. u	$MHH�$ 

G�A
,���8#a �,
 1�L)\5<e. �/'( �<��d 
�l �� $�&.7�,MH�$ 

>�H?+�. >�D	�[ �� /
,$ _y. ��$ .)9�(/$�HBL �� 7��+  5�& 1

4'*d - ?& _y. b�� G�A
,�� �� �$ .)��(�	 ,_HB6 
,a��H� 7a 

�HHBe. , z
�HHh 2$ /��\<HH&$)9�(HH5BY 2$ ��,
 GHH	$ �L�HH& .

;�\
 G�A
,�� u	$M�$ 
 n*. �� ���	2 >�R�Rf
�/��\<&$ �� >�?l�. 

z
�h 2$ �L>
 E �H&$ /'H	��d �"<*. �8#a {	�<# , �<��d )�1�1

�� 1��1��19|19�,99(.�Hl /�$� 7�"# 
 l�. >�R�Rf
 {	�<#

_B6 ;�\
 �
,a�z
�h 2$ /��\<&$ �� >�?l�. �HL u	$MH�$ �H� �H!*. 

/'	��d �8#a 
� 4�J G�A
,�� �&$ .
 Hn*. �� >��E WHJ G�H�D
 

_B6 >�?+�. >�D	�H[ 6 >�D	�H[ , /'"# �
,a _HB /'H( �
,a

 ?�+�
 �+ �&$ 42b z
�h ��>���B�( 	��\�+ , /'( G��D
 �H8#a )

)H&
�� �H8#a 
� � Y . ��]. �$ . ���Hd .
��H[�` %H�Rf
 2$ 

z
�h F�� <�& $
 m&,
 # 
 n*. ��_B6 , �
,a �Hn5U u	$MH�$

 /��\<&$ >�?+�. >�D	�[ 4�J G�A
,��'	��d.

���� �.��	�

h.KE2/! 3� �	�/


�;�\ 'H( i"HJ j�H<�a �H�$�� 
� 1@�R
�� ,  B�; ��L , /�
 H. 

	M!
���B�( 	<��d 
$�h )'*.7$M�. G�A
,�� �# B# 4�J /��\<&$ �� �L

 , @$'5l /�0<&� 2$ �<=+�J /
 Hl 
� �H# B# �HL 7'#$2 & �� 4�J 

�<};$	})�,
 %?C �
$'#�<H&$ ��HL)AOAC ( 'H( G�H�D
)�(.

� 
$'R.	; 5& /
$ )��\<&$ ��  ( @ 5f. 2$ /	Hy*J /'*),�H	/
$ 

; 5&)BL 7,'� ) ( @ 5f. 2$ /��\<&$ �� M; 5& 	H&$ /'*�'��H� 

, �& & 7, �,
 -�&$gL
�l 7$)9�(D
����d G	'.

i." � ��;
3?� ? 	�

A0�(#2�	� 3/36�2 �^

,
 2$�5HHHHE$ �"HHHHl )z
�HHHHh F�� <�HHHH& $
 mHHHH&,
 # 

(Neurospora sitophila))$	~MY z
�h G<H&��. }&a H��=�HL

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


0	12 �j�,- .���34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��;... 

��� 

.)�l '(����7$ *6 z
�h �L�; �6 )H. �<J�*H( )'# H( .
� �H8#a

$�(	f. r��)&,�D)d'H#2 �� 
��h )l�
 , /� H� �
�H?)?h 2$ H�_


$�l , M; 5& 1Ml 5d�M!
 $
 G	. �)
� � HY . M; 5& 2$ �l '**l 

;�\
�>�?l�. ��7$ *6 *��l Z?*. )# .a 2$ ,�����7$ *6 >2$ ZH?*. 

; 
 , /��l /��\<&$�A
,�� '�. G)�B# 	'*(.$�( 
�	�<&$ tF.�l r	_

�L ���"l PDA 	. � ; ��5=�R5
 z
�h 4 ��H.� 
� , '( ��

C�X| >'. �� ��
$�d�.�d �6�& �'(.�"l 7a 2$ �� �L�

8
��.� 
� /'( ��C��7,
� 	#'H( /�$� 
$�h @�pe'.l�
 H� �

�"l r�f. �0# 
$� ��R5
 �	�. , /'#)
�	; ���<(2 ��H( �H� H	 �

� �)�9.(

Ml 5d�|| 
�W6 14�d /�HBe. 97:,
'H�L >�\=H� 14�Hd 

g�&�<�(KH2PO4)���/|/
,$ 14�d ��/|4 �# .a >�\; & 14�d 

(NH4)2SO4)��/|MH*0*. >�\; H& 14�d (MgSO4. 7H2O) 9/|

g�=5l '	�5l 14�d9/|�,
 >�\; & 14�d (ZnSO4. 7H2O) �/�

)5�. �H	
 � '�H&$ 14�d(H3BO3)���/|)H5�. ; . 14�Hd�>$'H?

# .a�4 (NH4)6 Mo7O24. 4H2O��/|)5�. �H. >�\; H& 14�d

(CuSO4. 5H2O) ��/|)5�. MH*0*. '	�5l 14�d(MnCl2. 4H2O) 

���/|)5�. GLa '	�5l 14�d(FeCl3)9/X)5�. 4�d.

$���8
���"l �0# 
$� 1/'#�|| .�5);�Hf. �H<��H� �"Hl r

l�
�8
 � � ��
� , �	G;
$ �9�| .�5);��<�
	'( �<e .�H�

 �}#a 2$pH 
� �/�n*
 ��.� 
� , g�C��9� 
�"� ,psi ���H� 

>'.��h���<&$ �R	��d _	$�( 
� 1'	�<&$ tF.�l r	� ; '*o _

. 2$�5=�4 �L�z
�h ,
� H<f. GH;
$ 7,
� �H� �"l �Hf. �r

�"l �H0# 
$� HR5
 /'H#��H.� 
� , 'H( ��C�X� >'H. �H� 9�

,
 �6�&�>'( �� 7MBL 9|| h� 
� 
,� �
$�d�.�d �R�, '( 

R5
 �"l�f)���&� $�� /'.a ��0# 
$���H� 	�H.� �H� @�Hpe�

C��'( _R<*. .

&(��	�;�	�
3?� ? 	�


$'R. $'<�$�; �H;�\
 2$ � HB�
� 1j�H<�a �H�$�� 
� /'H( �"HJ 

�.2a	&a /�0"��;$ �� , '( j� �L��|,�9��d �;$ u. 	'H#' .


$'R.�; �;�\
 2$ 4�d � B�&a�$�� /'( j��D
�H� /��H. 
$'HR. G

'( /�$� 
$�h 7,a _J$� 
� �"J .; �� C
� B�/'H( �"HJ 

��$���|� � 'E
� .$���8
�$'<�$ �# B# �pH �H;�\
 �HL�H&a �j�

D
 /'(��'( G.'�	
 n*. G�H&a �H# B# 2$ 4�d �7,
� /'H( j�

	
 G;
$ �	�m& , '( �<e�|.�5);����H[$ 7a �H� ��R. ja �<

 2$ /��\<&$ �� , '(pH 1�<. pH D
 7a ���� ��$�� �l '( G��/X� � 

)9�(.$�� �m&�H&
 �7'pH �H� �/�$'HR. �H# B# �H� �H&�*. 


# .a���d ���[$ ��	')9�(.; �;�\
 �� C
 
$'R. G<=#$� ��� HB�

�"J)�|'E
� (# .a 
$'R. 1�l�)�� �l 	$�H� '�Hn*
 �gpH �H� 

. ���[$ �;�\
)'()��/|.�5);�$2$ �� �<��L�|�H;$ �H;�\
 4�d 

�;$ �� /'(�|, u. ��/|.�5);��HL ~$2$ �H� �<�|�H;�\
 4�Hd 

;$ �� /'( �;$ ��9u.(�. 
$'R. 1	�R5
 �Hf)�� �Hl H	
�Hl �H� '

.)��
)�.�5);��L $2$ �� �<�|�"HJ �H;�\
 4�d (ja 
$'HR.

 # �
 . ��R.�$�� 2��&
�f. �� C
 7'��� r���?H&�f. 'E
� 

'()9�(.��R. ja 1'D� �5`�. 
�)�/�|X .�5);�$�H� �<��H;�\
 

�;$ �� /'( �;$�|, u. �/�|�.�5);��� �<$�/'H( �H;$ �;�\
 

�;$ ���9u.(# .a ,�# �
 . ���'#'H( ^ H5e. gHL �H� 2� .
�

G;
$ 
�8o9�| .�5);��<�4$'l �L 
� 9|; �H;�\
 2$ 4�Hd � HB�

�;$ �� /'( �;$�|G;
$ ,� 
� , u. 9�| .�5);��<��L 
� gL 

4$'l9|�H;$ �H� /'H( �;$ �;�\
 2$ 4�d �9
 uH. 	, 'H( �H<e

 42b 
$'HR. �m& # .a , ja ^ H5e. 2$ H� ��)9/�X.�H5);��H<�

$���G;
$ 2$ 4$'l �L �L('H( ���H[$ �H8#a �� .$�H���Hw$ /'L�"H. 

$M�$ �� G;
$ 
� �# B# g!`	A
,�� 'E
� u�
� 1G	gHL GH;
$ �


$'R.�|�;$ �� /'( �;$ �# B# 4�d �|gHL GH;
$ ,� 
� , u. 


$'R. 4$'l �L 
��|&a �# B# 4�d �
� 1/'( j�	})/'H( �;$ 

�;$ ���9� 
� , u. 	�0��H;$ �H� /'( �;$ �|
 uH. 	�H<e

 ��R. , /'(	# .a , ja 42b ��$�H� ���H&
 ��H� �H� C
 7'��

, 'E
�pH �� �/�'( ���[$ .$ 2$ ��	$�H� �H5`�. G��<H&$ 	_

�# B# 7��l G;
$ 1�L >'H. �� �L��h��
� ,Fl H
$ _HJ$� 
� �HR

�.��C��9�'( /�$�
$�h .

k(6�2�" � � 8�	9 ^��;


�<&$ 2$ ��	G;
$ 7'( _ <f. , �L	R5
 _B6 1�8#a >���H� z
�h �

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             3 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

��:l(.3?� ? �	Q I�R2�57 ��:6�	�

_B6 K #�
,a �;$ K # G;
$ �L 
� �;�\
 
$'R.)4�d(�� C
 'E
� G�A
,�� 'E
� 

_B6 7,'��
,a ���|9�/�

_B6 7,'��
,a �9��|�9/�

_B6 7,'��
,a �|��|�/�

_B6�
,a �|9|��>X�/��

_B6�
,a �|�|���/9X

_B6�
,a �|�|��9�/9�

_B6�
,a �99|��|�/99

,
��;�\
 �L)$2$ ����LNc�;�\
 2$ 4�d 
$'R. �LN.�H5);�2$ �H<

f.�z
�h �"l r(2 
�	$�( 
� , � L �	�<H&$ r	4�H!#$ _'H( .

G;
$ 1�m& �L��<&� >'H. �H� , 'H( _HR<*. 
 
�H� }#$ /�0Nkc 

�.� 
� �6�&�C�S� '*<��d 
$�h .�(�d 2$ ��Nkc �6�H& 

G;
$ �# B# , /'( �
�J 
 
�� }#$ 2$ �L�L�4$'l �L _J$� ��
 C 

�<� _J$� �#�d$'Y�'( �<($�d .$	�# B# G�.� 
� 7,a _J$� �L�

C��c '# ( �"J tF.�l �
 '( /�$� 
$�h .7'H( �"J 2$ ��

 �# B# 1_.�l �L��
 C &a �#�d$'Y �. , /'( j��A
,�H� 7$M��H8#a G

D
���<8� �
 '( G	$�H( G	_HB6 �H8Y r
,a�D
�H� ���Hd G.2$

�!#a)	�;�\
 7��l �;$ �� �&$ G}B. �l A
,�H� 'E
� �L��H8#a G

]
���*� 1'*l �$��	
$'R. G��;�\
 2$ �H;$ �� �L �HL��|, uH. �9

A
,�� 
$'R. , /'( �;$ u.�D
 �8#a G����d G	'.A
,�H� 
$'HR.�G

�# B# 4�J 
� �L@,'Y �'( /�$� �q$
$ /$�&.

�<# �� �Y 
 ��	BW
 � � {��;�\
 �l '( �<��d g�H;$ �� �L�|

G;
$ �L 
� , '# ( �;$ u.X|'H( �H;$ �;�\
 2$ 4�d 
 /	�H<e

 HR5
 _HB6 �m& , '(�� H( 4�H!#$ �.$�H��8
H�$�H� �H# B# ��

�.2a	u�HL�'HD� �HR5
 _HB6 4�H!#$ 2$ �H� 1�H&�� }#$ , ��7 

�# B# �H(�d , �L�9| �H;�\
 1�6�H& �HL�_HB6 
,a�2$ /'H( 

G;
$ �.� 
� 7,a 
� , '#'( �
�J �L�C��|���'H*<��d 
$�Hh 


'
 �� �
	( �"J {'#  .;��$ j�He<#$ _H	$�H� �H.� G��"HJ 

�# B# 7��l d 5Y 1�L���l uL�l 2$ �\H�A
,�H� ���Hw$ 
� �H8#a G

�.��� � b�� )9�(.�H;�\
 7'H( �"HJ 2$ �� �HL�_HB6 
,a�

/'(1�.2a 	u��L,
 42b �'( 4�!#$ �8#a .

$���8
��H;�\
 $'H<�$ @�HR
�� �H# B# ��HL�8
H�
� /'H( �

�.2a	��$�� 
� /�0" H&a �mH& , /'H( �"J j�<�a��H� , j�

 �;$�|'#'( �;$ u. .; �;�\
 '*#�.�$'<�$ 1 BpH D
 �;�\
 ��G

��$�� �l '(�/�� � .n*
 �8Y�gpH '` 
� �/�# .a 2$ ���

�� , '( /��\<&$ 
�
 �� �\=� , >2$ Z?*. 7$ *6�>�\; & 2$ �

# .a�� >�\=� , 4 �L�H&�<� 7:,
'�'H( /��\<H&$ g.�HL 
�


$ G;9�| .�5);��<�
$'R. 9|
 �# B# 4�d 	$�H� , 'H( �<e�

7'#�&
pH �� �/�2$�/|.�5);�# .a �H< H� �HL ~$2$ �H� ��9|

'H( /��\<&$ �# B# 4�d .HBL �H��
�
 GH�
$'HR. �|�/|4�Hd 

# .a >�\; &�, 4 |��/|L >�\=� 4�d �&�<� 7:,
'�# g��� M

$�� , '( ���[$ G;
$ �L�&
��� �� C
 7'�|
$'R. 'E
� 

9/��.�5);�'H( ���H[$ GH;
$ �HL �� ��R. ja �< .�8# 
� H	 �

G;
$ >'. �� �L��h���<H&$ �H
 'H*<��d 
$�h ,Fl 
$ 
� �R	_

'# ( .�<&$ 2$ ��	
$'HR. GH;
$ �L �� 7'( _9.�H5);�2$ �H<

 R5
 @ 5f.�G;
$ , '( ���[$ ��H.� 
� 
 
�H� }#$ 7,
� �HL�

C�X� >'. �� ��|'*<��d 
$�h �6�& .

).�5N I���2/� O� M

G�HHH�D
5��hHHH� �"HHHJ /��HHH. g�HHHL �DMD)Dry Matter 

Digestibility(H;a /��. ,)OMD )Organic Matter Digestibility(

. ,HHHH�HHHH;a /��HHHH. 7$M)�"HHHHJ /��HHHH. 
� g�HHHHL _HHHH��h 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             4 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


0	12 �j�,- .���34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��;... 

��� 

��:li.�/	� �! 3/KE2 �� "]	m W/	=? ):]�� MFm5�_�Q ��	� (

�;�\
 B�; @�R
�� �;�\
 

4�J _B6 /'( �
,a 
$'R.t4�J _B6 /'( �
,a 
$'R.t

4�J G�A
,�� 

);a /��. 

4�J �<=l�J 

); 5& /
$ 	� 

7,'� ); 5& /
$ 	� 

M; 5& )BL 

bX/s
aT/QS

bk/s
aS/kN
a�/��

a�/9�
b�/��
as/Nc
b�/�9

b�/�

|�/��� 

9�/X|

��/��

|9/9�

X�/��

b�/�
a�/��

b�/s
a�/9�
aX/9|

ak/kS
bQ/QN

aN/T
b�/NT

bN� 

��/��

��/9|

X/�

��/9�

��/9�

�L 
� �5<e. V,�`�	�
7�"# >,�\
 /'*L��;�\
 ��L). 
 +�. �\E 
� u	�.2a �
 . '(��)cN/cP<.( 

DOMD)Degridebility Organic Matter Digestibility ( �HH�

/��\<&$ ,
 2$ ��
 , )5
 �)kS(4�!#$ ���	��.�Hl ��
�
 G	'� 

@�d,� �. @ 5f. 2$ /��\<&$ ��)kS(( ,���H.� 
� 1�?B}H( ��$�

X� �HHY
� )<#�HH& �$�HHd�HH# B# >'HH. �HH� �HHL���HHf
 �6�HH& 

)� 7 �&�� }#$ 'H*<��d 
$�Hh �2$ L .7 �H&�� }#$ 'HD� �H5`�. 
�

)� �H� �'�H&$ G�=m� @ 5f. 2$ /��\<&$ �� �# B# �2$ L >'H. ��

��.� 
� , �6�&X��Y
� )<#�& �$�d 'H( 4�H!#$ )9X(.:�H#$�

; ��<. _��h����$
 2$ /��\<&$ �� g=�	2 '( �?&�f. )�.(

ME (MJ/Kg DM) = 0.0157 × DOMD (g/Kg DM)   [�]

DOMD�;a /��.)J /��. 
� g�L _��h �"

ME�:�#$�; ��<. _��h �g=

\.�2��KE2 I/3,7/5


�D
 �	M!
 7$M�. G� ��H. ��	�H�/, i"HJ �H# B# G�A
,�H� �HL �H� 

/��\<&$ =�+ �,
 2$ ���L)# 5	�# '( 4�!#$ )�.(�# B# 2$ �H� �L

 �=�l _J$� 
� G	2 
 b <=�� %	�C 2$ , �<��d 
$�h )#,�l$� ��L

 ?B}( �
$,�'	��d 4$� ..��H# B# /'H( 'H	'��# 7$M �HL _HE$ � 
�

 �� 1�5<e. )#�.2 ue� 7$ *6 '( �<��d �n# 
� /'( �	M!
)�,

�� .( u	�.2a 4�!#$ �$�� ��L �H	M!
 �� ^ ��. �	$�H[ , ��	�H�

 'H	��d /��\<H&$ /'H( �H<J$ )"H;�
 �H# ,�d -$
 �& 2$ )B�L.

�� 
 n*. �We". �
,a�� �	M!
 ��L ��. ��	��/G�A
,�� , i"J 

4�J�# B# 
$M�$ 4�# 2$ �LNeway'( /��\<&$ .

Z.�	�; .�� 


$� VF<J�. G�0#��
 G��L
�B�)
 �HL�
�HB�
$�H}
 (_HB6 �
,a

/'"# _B6 ,'( �
,a /,�d �L 
� /)@�R
�� ,  B�; (2$ /��\<H&$ ��

 7 .2at
�.a @'. -�&$ �� ,�2	�R. �	'( �=:

]k[Yij= µ+ Ti +eij 

Yij��R. �\E	/'( �=.

µ�.�0#��/2$'#$ �\E Gd���/'( .

Ti�
 �w$�, 
�Beij ��J ��.2a 	")� � .5l�;�#a ���HLM�
�H.a ��H� 


$M�$ 4�# 2$ /��\<&$SPSS'( 4�!#$ .

W/	=? 

{	�HH<#HH��/'HH.a �HH&�
�'HHY $@,k�HH
s/�
,a'HH( /$�HH& .

7�BL 
� �l �
 C@,'Y 9). /'L�". 4�J �<=l�J 7$M�. � (

 ;�\
 
� 4�J G�A
,�� ,��L�_HB6 2$ �H� @�HR
�� ,  B�; �
,a

�� 
 C )*D. ���	 u	$M�$ �
$�)|�/|<P(u	$MH�$ 7$MH�. �H.$ 1

$	$ <f. 
� /'( ��!�;�\
 4�J �<=l�J ��H;�\
 �� �?=# @�R
�� 

;�� � �<Bl  B .��. 7$M�.�1);a NDF ,ADF _B6 2$ �� �
,a

 �;�\
 K # ,� �L 
���
 C)*D. ���	 uL�l �
$�)|�/|<P.( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

�|| 

��:ln.��K���	��P�Q ):]��(

� B�;4�J _B6 � B�; /'( �
,a 4�J @�R
�� _B6 @�R
�� /'( �
,a 

��./i"J O/k�kkkP�/kN

72, uL�+ 'E
�*S/NSNQ
*:��. G�� VF<J$/;�\
 �"J �;�\
 , 4�J �_B6 /'( �
,a 

��:lo.�	� �O� S���	9 ��	� BP�Q ��0; B�	� ��	� �� �0; �P�Q ��F�0��	=� "�	9 
f5?�(MJ/Kg DM)

 B�; �;�\
 @�R
�� �;�\
 

g�L ��5��h 4�J _B6 /'( �
,a 
$'R.t4�J _B6 /'( �
,a 
$'R.t

�"J /��. 

);a /��. 

�"J /��. 
� );a /��. 

g=�; ��<. _��h �:�#$ 

bS/PQ
b�/Tc
b�/P�
b�/��

a�/��
a�/�X
a�/�X
a�/�X

�/X�

�/X�

�/X�

9/X�

b�/��
b�/�9
bk/PT
bS/Nk

ak/QN
a�/QO
aQ/Ts
as/NS

�/9�

�/X�

�/X�

9�/X�

�L 
� �5<e. V,�`�	�
7�"# '*L�/>,�\
 �;�\
 ��L). 
 +�. �\E 
� u	�.2a �
 . '(��)cN/cP<.(

<3#�>$�H��]
 u	�H.2a G	$ 
� �Y 
 _��Hh /'H( ��H!	$ 
� 

��. 7$M�./�# B# i"J _B6 ��L �� �?=# /'( �
,a�# B# ��L

). 4�J 
� �+ '(��@,'Y X'( /�$� 7�"# /$�&.

7�BL ). /'L�". �+ �# d _B6 2$ �� � ( �
,a1/��. 
$'R. 

�# B# i"J ���	 uL�+ �L .uL�+ 2$ /��\<H&$ �H� �"HJ /��. 

2 ���$
	'( �?&�f. �:

��;,$ �# B# �"J /��. 72,() =�(72, uL�l  

��;,$ �# B# �"J /��. 72,/)72, )	�8# �# B# �"J /��. p

]X[

%���.@,'Y �_B6 2$ �� ��H. g�HL ��5��h �	$�[ 1�
,a�

��. , �"J���. 1);a ���. 
� g�L _��h );a ��:�H#$ , �"J 

��. 4�d 5�l �L �$2$ �� g=�; ��<. _��h/�# B# ,� �L 
� �"J 

���	 u	$M�$)|�/|<P.( 

�	MHH!
 �� ^ ��. {	�<# ��H. ��	�H�/B# i"HJ �H#  
� �HL

@,'Y �"#H'H( /�$� 7�/$�H&.�H	M!
 �	$�H[ /��H. ��	�H�

"JHB# ,� �L �HB6 2$ �� �# H_�
,a �H� HCH
 HD. H)*�
$�

)|�/|<P(HH�$H�HH��	 u	$M .HH. 7$MHH�.Hja 
� @ HH5f. �$ )a(

�� 
 HC )H*D. �
$� �H��	 u	$MH�)|�/|<PH;�\
 
� �,  HB�; 

|�/|<P;�\
 
� �@�R
�� (_B6 �.$ 1w$ �
,a uHe� �� �� ��HLb

,c�($'# .

�	M!
 �� ^ ��. �	��R. ��	��G�A
,�� �wx. �# B# �H� �HL

 2$OT�?B3H( 
� G<��d 
$�h �6�& 
�@,'HY �/�$� 7�"H# 

/'( �&$.�	M!
 �	$�[ _HB6 2$ �H� G�A
,�H� ��	�H� �
,a

�� )*D. 
 C ���	 u	$M�$ �
$�)|�/|<P.( @ 5f. �$ . 7$M�.

 ja 
�)a(�# B# ,� �L 
���
 C )H*D. �H��	 u	$MH�$ �
$�

)|�/|<P.( �	��HR.b,cHH;�\
 
� �_HHB6 @�HHR
�� /'HH( �
,a

 )*D. u	$M�$ �$� 7�"# $
 �
$�)|�/|<P(� B�; �;�\
 
� �.$ 1

_B6 )H*D. u	$M�$ 4�J � B�; �;�\
 �� �?=# /'( �
,a �
$�

ue� 
� ��Lb,c'"# /'L�". .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


0	12 �j�,- .���34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��;... 

�|� 

��:lZ.3/KE2 ,7
5/ ��3qr� 
	�3/KE2 �	� 
5/,7�P�Q 

 B�; �;�\
 @�R
�� �;�\
 

4�J 
_B6 �
,a

/'( 

$'R.t4�J 

_B6 �
,a

/'( 

$'R.t

�	M!
 �	�[ ��	��
Nk�
k��
ST�

�We". �	M!
 ��L ��	��

a

b

c

9/��

S/ss

T/sc

b9/X�

�/��

|���/|

a�/��
a9/��
a�/��

a9/��

X/��

|��9/|

�/��

9/X�

�/��

�/��

�9/|

��/|

b�� 
b�/��
bs/sS

b�/��

X/��

|��X/|

a�/TO
a�/P�
bQ/sQ

a�/TO

T/O�

cPsQ/c

�/�|

�/��

�/��

�/�

�/�

��/|

N.��& 
� /�,
 �� �?B3( 2$ )+$
 J �$ . 
 ?6 7$M�. �0# 
$��)ue�/�6�&(.

k.�?B3( 2$ )+$
 J �$ . 
 ?6 7$M�. ��& ��$�� ,� 
� /�,
 �� �0# 
$��)ue�/�6�&(.

S.��& ��$�� �& 
� /�,
 �� �?B3( 2$ )+$
 J �$ . 
 ?6 7$M�. �0# 
$��)ue�/�6�&.(

�L 
� �5<e. V,�`�	�
7�"# '*L�/>,�\
 �;�\
 ��L). 
 +�. �\E 
� u	�.2a �
 . '(��)cN/cP<.(

es� 

b52�M	� �!/�

$
$ {	�<# -�&$ ��	�@,'HY 
� /'(NG�A
,�H� 'HHE
� G�H� 

4�J �# B# ��L_B6 /'"# �
,a �# B# ,_HB6 ��L /'H( �
,a

)*D. >,�H\
 
$��)cN/cP <(( /'L�".'._�;� 7au	$MH�$

�b�� �# B# G�A
,�� 'HE
� _HB6 2$ 'D� �L �
,a ). 1'(�� �H� 

�+ � f# _B6 2$ �� 1�
,a 4�J G�A
,�� 'E
� ;�\
� HB�; O

�$�� ;�\
 4�J G�A
,�� 'HE
� , ���,'` @�R
�� �/S'( ��$�� .

G	$ _�;�u	$M�$ _B6 2$ �� �;�\
 �,
 �� z
�h '(
 1�
,a �L

$�&.z
�h _8& �$ . �<"�� �L � HY . �M; 5H& *0�; , g�8;$

 g	M#a r& 
 $
 �;�\
 
� , /��Hl V�WH. ); 5H& �
�HJ ��HL

)HH. G��l'�=HHl$ �� , G�A
,�HH� 1�:�HH#$ 'HH�; 
 B#'HH*	�)9�.(

z
�h ;�\
 
� � Y . M; 5& 2$ �L�>�?l�. ��7$ *6 )H*��l Z?*. 

'H�; 
 , /��Hl /��\<H&$ �H;�\
 �H� /'H( /�,M�$ �
2$ Z��*. 2$ ,

). G�A
,�� '**l .G	$ 4�HJ G�A
,�H� 'E
� u	$M�$ �?& _B6

 _B6 �;�\
 ). /'( �
,a ���Hd)�|.(u	$MH�$ _H	b� 2$ )H}	

 �H
2$ Z��*. 14�J G�A
,�� �H;�\
 �H� /'H( /�,MH�$ 7�H.2 
� �HL

_B6 �&$ �
,a)��H�# .a �H5BY 2$ .( z
�Hh 1�H0	� V�HC 2$

 )	b�� ��& �,�` 1�;�\
 �� /'( /�,M�$ �F�� <�& $
 m&,
 #

 G�A
,�� 2$)��(%�&$)��.(�H;�\
 �
,$�� 1G	$ �� /,F6 �HL

 ��. _l uL�l �Y ./). �"J ���d .MH�# %H	�C G	$ 2$ $�;

 ,�� 7$M�. ��. 'E
� -�&$ �� 4�J G�A
/��,'H` �H
 �"HJ 

). u	$M�$ '��	 .G�A
,�� 'E
� 4�J�;�\
 /'"# �
,$�� �?=# 

$
$ �	��R. ��	
� /'H( �AFRC)�(
$'HHR. �H� �?=H# MH�# ,

$ 
�He	$ , 
 d
a r& 
 /'( �?&�f.)�(�<B+� � �H+ ;�H�_

7a�(	'�# B# K # 
� >,�H\
 ��HL �
 H. /��\<H&$ �H&$ .
�

K�!H( u	�H.2a �� �=	�R. 7$
�H3BL , )
$��=H;$)9�(7$MHH�.

 _B6 2$ �� 4�HJ G�A
,�� 'E
� u	$M�$ �
,a %H�Rf
 G	$ 
� 

� � �<"��)�/k��� �=	�R. 
� T/Ns�$�� H;�\
 �,  HB�; 9/kS

�� �=	�R. 
�k/NT;�\
 �$�� �
�� R@�(,u	�H.2a �� �=	�R. 
�

 7$
�3BL , M*.� 

��)�(1.7$M� M�$ G�A
,�H� 'E
� u	$ 4�HJ 

� � �<B+.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             7 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

�|9 

��:lX.3/KE2 
5/,7 ��3qr� 
	�3/KE2 
5/,7IR�2�57 

 B�; �;�\
 @�R
�� �;�\
 

4�J _B6 �
,a

/'( 

$'R.t

4�J _B6 �
,a

/'( 

$'R.t

�	M!
 �	�[ ��	��
Nk�
k��
ST�

�We". �	M!
 ��L ��	��

a
b
c

ERDP*

�9�
9��
X��

b�/99
bS/kc
bs/NQ

b9/��

�/�9

9��X/|

bQ/Nk
bN/Nk
bO/NN

a�/X�
aX/XX
a�/X9

aX/9�

�/��

��X|/|

a�/��
a�/�X
a�/�|

�/��

�/99

�/X�

�/��

X/�|

�/��

�/9�

�/9�

�/9�

b�/9�
b�/9X
bN/kk

b�/�9
b�/�X

a9���/|

b�/��
b�/��
b�/��

as/Oc
aN/ST
ak/Ss

a�/kS
aS/NQ

NscQ/c

aO/TS
aT/PP
a�/PS

�/9|

�/��

�/9�

�/99

�� 

�/9�

�/9�

X/9�

9/99

N.��& 
� /�,
 �� �?B3( 2$ )+$
 J �$ . 
 ?6 7$M�. �0# 
$��)ue�/�6�&(.

k.��& ��$�� ,� 
� /�,
 �� �?B3( 2$ )+$
 J �$ . 
 ?6 7$M�. �0# 
$��)ue�/�6�&.(

S.
 ?6 7$M�. ��& ��$�� �& 
� /�,
 �� �?B3( 2$ )+$
 J �$ . �0# 
$��)ue�/�6�&.(
*:�	M!
 �	�[ ��	�� �wx. G�A
,��)�.(

�L 
� �5<e. V,�`�	�
7�"# '*L�/>,�\
 �;�\
 ��L). 
 +�. �\E 
� u	�.2a �
 . '(��)cN/cP<.(

�H# B# �"HJ /��. _HB6 2$ �H� �HL 
,a�uL�Hl z
�Hh �H� 

	���)Y@,' X.(;��_HB6 2$ �H� �"HJ /��H. uL�Hl _
,a�1

��\<&$/$�<=� & 2$ z
�h ��7$ *6 	��. �/l$
 J )H.)�Hl 'H(��

�� 
$'R. 1z
�h �\*
 @�?#���H� �;�\
 
� � Y . G��l 2$ >
 HE

��=HHl$�HHf. �
$, G��HHl '�$ �HH� , /'HH( rHH	
�
 GHH� 2$ �HH� �

_B6 
,a�. 1���. 7$M/�H# B# �"J H. uL�Hl �HL)	'H��.$�� 	'H*

�& r& 
 uL�l	RRf. ��# G�/'( �
$Md M�&$)9�.(

_B6 2$ �� �
,a1�<=+�J 
$'R. 4�J u	$M�$,��H. 
$'HR. /

���	 uL�H+ );a )c�/cP <(.
�C)_HB6 �
,a1HJ��)Z��H*. 

)#'D. �$ .)�5BY 2$ g�&�<� , �\=� (�;�\
 �� ��HL �H�;,$ /�,MH�$ 

v6�� _.�6 G	$ �b�B<`$ �+ '( $�<=H+�J 'HE
� u	$M� 
� 4�HJ 

�# B# _B6 ��L /'( �
,a/'	��d �&$.��1/,F6��H\<&$/2$ z
�h 

� );a �$ . �� WJ �	; 5& /
$ ),gLG�*o L ��l �>$
' �HL�

@ 5f.��7$ *6 $�<=� & ��. uL�l �Y . M�#/);a )@,'Y 9(,

<# 
��$M�$ �!	?=# u).�). 4�J �<=l�J 7$M � ()9�.(�
$MHd 

�l /'( _B6 2$ �� �H# B# �
,a z
�Hh �H� �HL1, M; 5H& 'HE
� 

)BL �<��	 uL�+ M; 5& �&$)9�(1=H. GH	$ ��;)H. 'H#$ 
 �?H& 

��. 'E
� uL�+/);a � ( .�<=+�J 'HE
� 4�HJ H;�\
�@�HR
�� 

_B6 /'"# �
,a)�/s'E
� ($ 
�	�D;��. G
$'HR. �H� �H� �H&� 

/'.a K�!( r& 
 7$
�H3BL , )
$��=;$)9�(
$� >,�H\ �H( �H+

;��_# B# K # 
� >,�\
 7a ��
 . /��\<&$ � H�.�<=H+�J 'HE
� 

4�J rH& 
 /'H( �?H&�f. 
$'R. �� u	�.2a G	$ 
� /'( �?&�f. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             8 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


0	12 �j�,- .���34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��;... 

�|X 

$ 
�e	$ , 
 d
a)�(��$�� t�?	�R
�&$.

�<"�� uL�H+�	; 5& /
$ )�� �=	�R. 
� �	; 5& /
$ )7,'�

BL)M; 5& ��)BL � Y, _�;� 
� M; 5& �H�+�
 �H	; 5H& /
$ )

). )BL �+ '(�� � M; 5&�F�� <�H& $
 mH&,
 # z
�h r& 
 )� J

 )H. �H	M!
 $
 7a z
�h , /'( /��\<&$ 'H*+)9|.(�	��HR. �H	/
$ 

; 5&),�	; 5& /
$ )HBL 7,'�)M; 5H& �H# B# �HL %H�Rf
 
� 

�	��R. �� �[�` $
$ 	/'( �r& 
 AFRC)�(.>,�H\<1�&$ �H+ 

;��_7a1\
>,�H � Y . �# B# G�� ��HL �
 . /��H\<&$ �H&$ .�H�

 !�<# VFJ����&� G	$ 
� /'.a %�Rf
 
� )HR�Rf
 , $�H& �H+ 

7$
�3BL)9|('#�$� 4�!#$1'E
� �	; 5& /
$ ),�	; 5H& /
$ )

BL 7,'�)M; 5& _B6 2$ �� ���	 u	$M�$ �
,a)2$ �H�
�
 �H�

�/NO��s/Sk2$ ,9/NN���/kO'HE
� $�H� ;�HH\
 ��2$ ,  HB�; 

�/N���P/ST2$ ,�/Nc���/Sc'E
� ;�\
 �$���@�HR
��(1�H+ 

;��_/'( /��\<&$ z
�h K # 
� >,�\
 tb�B<`$ 7a $���_B6 �
,a

�HHH# B# �L�HHH&1HHHD;��. 
���HHH8#a z
�HHHh 2$HHH*�)HHH&�5� 4



 \l,
))Penicillium roqueforti(/��\<&$ � � /'()9|(.

�O� S���	9 

�h��HH. g�HHL �HH�5�/i"HHJ,��HH. /,� �HHL )HH;a�HH;�\
 2$ �HH� 

_HB6 z
�h �� �
,a��
 C )*D. 
$��)cN/c<P(�H��	 u	$MH�$.

u	$M�$ 
� ��H. g�L ��5��Hh/;�H\
 iH"J ��H� @�HHR
�� ,  B�; 

��$�H� ��
�
S/N�,Nk'HE
� u	$M�$ ,��HH. g�HL �H�5��h/

��$�� ��
�
 �� );aNs,NO'HE
� � �.
� g�L ��5��h u	$M�$

�;�H\
 _B6 ��L /'( �
,a��
$ 	� uL�+ _�;�/, ); 5& �H	/
$ 

; 5&)BL 7,'�)M; 5&�# B# �HL)@,'HY 9(�$ HH. u	$MH�$ ,

ja 
� @ HH5f.)@,'HHY�(� HH�)N(1
$ HH	� uL�HH+ /, ); 5HH& 

�	; 5& /
$ )BL 7,'�)M; 5& @ H5f. �$ H. u	$M�$ ,�HY . 

,�3�. ��;�D� u	$M�$g=�#�d
$ �$ H. �<"H�� g�HL , �?B3H( ��L

 )+$
 J , /'( 7�"# �.$ G	$ '*L� /��w�
 �H�;�D� �H� z
�Hh �?y. 

g=�#�d
$,�3�. �$ H. g�HL �H�5��h �H� �H!�<# 
� , �?B3H( ��L

 )+$
 J �&$)�(.��
 C 5l)1g�L ��5��h /'( ��Be
 �$
 J

 ;� �l 1�
$� ��<8� H� � HY, 7a _g=H�#�d
$,�3�. ��HL �H5<e. ,

g	M#a �&$ �$
 J 2$ K # G	$ 
� 1�8#a ��L)��.('E
� ��./);a 

��. 
� g�L _��h/�$2$ �H� g=H�; ��<. _��h �:�#$ 7$M�. , �"J 

��. 4�d 5�l �L/_B6 2$ �� M�# �"J �Hl �H��	 u	$MH�$ �
,a

$	$M�$ G	
�.a �n# 2$ u�*D. )� H� 
$� .<H(�))�(#H��
 H. 
� M

$M�$	$�[ u	B�L �)��H. /'H*h 
'H*]o �H;�\
 )H;a , �"HJ

 _HB6 
,a��H<# F�� <�HH& $
 mH&,
 # z
�Hh �HH� /'H( 	{8��"HH.)

�HH� �HH&� $MHH�$, 1�
,a	u9�'HHE 
� �$HH	$�HH[ G	�
$MHHd �

/� B# �&$.

3/KE2 
5/,7)in sacco(

3/KE2 P�Q ��	� 
5/,7 

{	�<# -�&$ �����&� /'.a)@,'HY�(7$MH�. 
� @ H5f. �$ H. 

ja)ue�a(;�\
 
����L _HB6 �H;�\
 �� �?=# /'( �
,a ��HL

 ��
�
 �� 4�Jk/N,�/N�H&$ /'H( ��$�� .�$ H. 7$MH�. u	$MH�$

 _B6 2$ �� ja 
� @ H5f. �
,a 
� ;�\
 � B�; ��& 
� |�/|,

�
 . 
� ;�\
 �@�R
�� ��& 
�|�/|)*D. � H� 
$� .;�H�_u	$MH�$ 

z
�h tb�B<`$ �+ �&$ 7a ja 
� @ 5f. �$ . 7$M�. 2$ /��\<H&$ �H�

g	M#a 
$ H	� � HJ ��HL/�H;�\
 ); 5H& ja 
� �H+ $
 4�HJ ��HL

 /��H& >�H?�+�
 �� 7a _	'?
 �� , /��+ �	M!
 �&$ @ 5f.�# �H
 ,

ja 
� _H` _��h�?& ja 
� @ H5f. �$ H. 7$M�. u	$M�$ /'H(

�&$ .��ja 
� @ 5f. �$ . 7$MH�. u	$M�$1�:�#$ ���<"�$�H� �

g=�#�d
$,�3�. 3( ��L gL$�� �?B/'( ��;�D� , '(
 �!�<# 
� ,

g=HH�#�d
$,�3�. GHH	$ �<"HH�� �HHLHH.)� HH( .�HH�;�D� u	$MHH�$

g=�#�d
$,�3�. �?B3( ��L�Y . 	M!
 u	$M�$ �)+$
 HJ �$ H. 

�?B3HH( 
� � HHY ./'HH(=HH. GHH	$ �HH+��HH# B# �
 HH. 
� �; ��HHL

_B6 � /'( �
,a��&$ � 8". )� J)Ns(.


� _` _��Hh ��U �$ . 7$M�. �?B3H( 
� �H�Be
 _��Hh �.$ ja 

)ue� b(�# B# 
� _HB6 ��L /'( �
,a . ���l'#$ 7$M)$MH�$ 	u

	1�<�� )*D. �
�H.a ��f; 2$ u	$M�$ G	$ �H.$ 
$� �=�# .gLG�H*o1

�# B# G�� �H# B# , 4�HHJ ��HL _HHB6 ��HL �Hn# 2$ /'H( �
,ac

)	MH!
 �6�&�ue� b()*D. >,�H\
 '"H# /'L�". �
$�.GH	$ 

.=�). 7�"# �; 'L� �l )56 
� @ H5f. �$ H. 7$MH�. u	$MH�$ gU


 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             9 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


����� ��	
� � 
���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

�|� 

�# B# 
� ja _B6 ��L �# B# G	$ ��Be
 _��h ue� 1/'( �
,a �L

�# B# �� ���". )<6�& �� �	M!
 4�J ��L �H&$ /'H(.7$MH�. G�H�

 
� �?B3H( 
� �H�Be
 _H��h �$ H. 7$MH�. , ja 
� @ H5f. �$ .

�# B# .2a G	$ 
� /��\<&$ �
 . ��L $
$ �	��R. , u	�	r& 
 /'( �

AFRC)�(�+ �
$� � Y, >,�\
;��_tb�HHB<`$ 7a G�H� >,�H\
 

�# B# u	�.2a ,� 
� /'( /��H\<&$ ��HL �H&$ .H	M!
 �6�HH&�

ue� bu	�.2a ,� �L 
� 	7�=}���&�'.a .

7�BL �+ �# d @,'Y 
��/'L�". )H. � H(1�H	M!
 ��	�H�

�# B#  B�; ��L ,B6 @�R
�� _�;�\
 �� �?=# /'( �
,a 4�HJ ��HL

 u	$MH�$ �&$ �<��	 .;��_�	MHH!
 u	$MHH�$ ��HH. ��	�H�/i"HJ 

�# B# _HB6 2$ �� �HL �
,a1'E
� uL�+ �	; 5& /
$ ),�H	/
$ 

; 5&)BL 7,'�)M; 5& �HH8#a $1�H& gHL G�H*o �$ HH. u	$MHH�$ 

_HHHB6 2$ �HH� ja 
� @ HHH5f. )HH. vHH6�� �
,a � HH( �HHl 

�#�d
$,�3�.g=B3( ��L�?<&� �<H($� �:�#$ Z��*. �� ��<"�� )&� ,

�$ H. ��<"�� 7�.'#$
 �� HU$�	GH	$ �H� �HY 
 �H� 'H**+ �H	M!
 $
 )

K [ . ). )H. 4$� �H+ ���d �!�<# 7$ 
 �	��HR. )H<`$
 �H� 'H#$ 


 ;�H\
 2$ ���	2�_B6 @�R
�� ,  B�; �H�Y 
� $
 /'H( �
,a/�H#$2,
 

7a 7,'� '*+ V�W. $
 J 7$M�. �+ #$2,
 )��W. I�'H��	 uL�+.

�<#	�� {$ 2$ /'.a �&�	Rf
 G��<# �� %	<(� {))�(�
$� �R���. .

3/KE2 I�R2�57 
5/,7 

7�BL 
� �H+ �# d@,'HY ��Hn`F. )H. 7$MH�. � H( G�A
,�H� 

ja 
� @ H5f.)ue�a(_HB6 2$ �� H;�\
 �
,a���HL  HB�; ,

�H��	 u	$MH�$ ���H	2 7$MH�. �� @�HR
�� .HR.
$'H uHe� aH;�\
 �

_B6 � B�; /'H( �
,a��/�H;�\
 �H�$�� �
$'HR. , 4�HJ � HB�; 

ue� a;�\
 �_B6 @�R
�� /'H( �
,a��/�;�HH\
 �H�$�� �@�HR
�� 

4�HJ� � .	M!
�
$ H	� /�;�HH\
 ); 5H& z
�Hh rH& 
 �HL �?H&

 . @ 5f. ue� u	$M�$)� ( .ja 
� @ 5f. �$ . 7$MH�. u	$M�$

�Y . 
�,$ �:�H#$ G�. H�;��<"H�� �g=H�#�d
$,�3�. �$�H� ��HL

 	M!
 �Y . %	�C G	$ 2$ , /'( �?B3(�)+$
 HHJ �$ . �H<"�� 

4$� rHH& 
 I$
 HHHJ V�HWHH. u	$MHHH�$ , �?B3HH( 
� � HHHY .

). � H()�|(.�;�HH\
 
� _HB6 @�HHR
�� ��HL 7$MH�. /'H( �
,a 

G�A
,�� ue� b�;�\
 �� �?=# 4�J @�R
�� ��L��/���$�� �<"H�� 

1� � ;�H\
 
� u	$M�$ G	$ �.$ �_HB6 � B�; �H� �?=H# /'H( �
,a

;�H\
�7$MH�. �� , �<B+ 4�HJ � B�; 9�/�)H. �H�$�� 'H(�� .�H56

 7$M�. u	$M�$ ue� b_B6 2$ �� 
$ 	� uL�+ �
,a/, ); 5H& 

g=�#�d
$,�H3�. �<"�� )&�<&� G�A
,�� �� �HL �H&$ .�
 H. 
�c

)ue� ��Be
 �6�&b(;�\
 G�� gL�_HB6 @�R
�� , /'H( �
,a

;�\
����	2 >,�\
 4�J @�R
��  Y,�1�($� ;�\
 G�� �H.$ �� B�; 

_B6 H;�\
 , /'H( �
,a��
�H.a ��Hf; 2$ )
,�H\
 4�HJ � HB�; 

'"# /'L�"..�<# 	{���&��<# �� /'.a 	<(� {))�().'(��.

'**+
$ e"#7�d �� )

 E i
 >�#$ �` 2$ >,�\<. /'HD. 2$ �$

G�A
,�� ). /��\<&$ )+$
 J �$ . '**+12$ )"e� �+ >
 E G	'� 

g=�#�d
$,�3�. r& 
 �?B3( 
� I$
 HJ G�A
,�� /'H( �	M!
 �L

 )H. )�,�HH3�. GA�
,�H� '�; 
 V�E ,� H(.
� �H+ �# HH0#�BL 

@,'HY �/'L�". )H. G�H� � HH(ERDP �H# B# , 4�HHJ ��HHL

�# B# _B6 ��L ���	2 >,�\
 /'( �
,a �
$� � HY,)cN/c<P.(

 u	$M�$ �56ERDP �# B# _B6 2$ �� �L V�HC i	 2$ �
,a H� �

�C�J �H# B# G�A
,�H� 'E
� u	$M�$ _HB6 2$ �H� �HL 2$ , �
,a

 ja 
� @ 5f. �$ . 7$M�. u	$M�$ �0	� V�HC)uHe�a(�H&$ 

g=�#�d
$,�3�. �<"�� ��;�D� v6�� �+ 	M!
 , �?B3( ��L��<"�� 

�&$ /'( G�A
,��.�BL )��C 2$ 7
� �l �# d @,'HY �/'L�"H. 

)HH. � HH( 7$MHHH�. �?B3HH( 2$ �$ HH. 
 HH?6 �6�HH& u	$MHH�$ �HH� 

	M!
���	�� �wx. �H&$ �H<��	 uL�H+ G�A
,�� u	$MH�$ �H� $�H	2

 
 HH?6 �6�H& g=HH�#�d
$,�3�. )H&�<&� �$ HH. �HH� �?B3H( ��HHL

)+$
 J )H. uL�l 'H��	.Rf
 
� H� ,
 �H<��d >
 HE %��H;�\
 


,a _B6 '*h
'*]o�h �� /'( z
� H& $
 m&,
 A# �� <�F)�(#H�M

�<#	�<# �� ���". {	��d �
$Md � � {	/'�&$.

3E�=? 
5�T 

�� 
 HC _HB6 1)H5l �H;�\
 �
,a z
�Hh �H� >�H?l�. $
 mH&,
 #

F�� <�& �	$�H[ u	$MH�$ , 4�HJ G�A
,�H� �n5U � ?8� v6�� 

��. )B�L /��. , �"J/. );a )� $�; 1���d�. ��8*")�Hw$ � (

$	�\
 G�;�L�_B6 &
�� 4$� ��}5B6 �� /'( �
,a)� ( .

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html


0	12 �j�,- .���34	��5� )�	6257 � � �0 (" � 8�	9 	� �:! 
��;... 

�|� 

��	
� ���� ��	1=�� 

N.<(�)4 1.�X�|.D
��$�U �2
$ G)	
,a _B6 '*h
'*]o �;�\
 �& $
 m&,
 A# z
�h �� /'( �� <��HL,�d 2$ /��\<H&$ �� F�"H;�C )

`$�Y)/'( ..�# 7�	�� �-
'. ����
 /�0"#$� 1'(
$ )&�*(
�+ 7$�8
 1.

k.
 �'Bf. $ 1.NSPs .)*U ;�\
 G�A
,�� �2�&�'.�Y �;�` ��Be
 �,
 �� >�?+�. .H.�# 7�	�� ��H���
 /�0"H#$� 1'H(
$ )H&�*(
�+ 

-
'.7$�8
 1.

X.)d'#2�& ��8Y 4$� 
 .$ �#,�D. .NSPT./�
,a�� �\+� J �
 >$�
$, 2$ ).$� ��L	).)d'#2�& ��8Y 4��� T)S:(ks�Sc.

4. AOAC. 1990. Association of Official Analytical Chemists, 1990. Official methods of analysis, Fourteenth Edition. 
AOAC, Washington, DC. 

5. Ammerman, C. B. and P. R. Henry. 1991. Citrus and vegetable products for ruminant animals. In: Proceedings, 
Alternative Feeds for Dairy and Beef Cattle, St Louis, MO. 

6. AFRC, 1993. Energy and Protein Requirements of Ruminants. CAB International, Wallingford, UK. 
7. Aregheore, E. M. and J. Ikhatua. 1999. Nutritional evaluation of some tropical crop residues: In vitro organic matter, 

neutral detergent fiber, true dry matter digestibility and metabolizable energy using the Hohenheim gas test. 
Asian-Aust. J. Anim. Sci. 5:747-51. 

8. Barreto de Menezes, T. J., J. G. de, T. Salva, V. L. Baldini, R. S. Papini and A. M. Sales. 1989. Protein enrichment 
of citrus wastes by solid substrate fermentation. Process Biochem. 167-171. 

9. Forage, A. J. and R. C. Richelato. 1979. Microbial Biomass. Academic Press, London. 
10. Gibriel, A. Y., R. M. Mahmoud, M. Goma and M. Abou-Zeid. 1981. Production of single cell protein from cereal 

by-products. Agric. Wastes 3: 229-240. 
11. Grewal, H. S., K. L. Kalra and S. S. Kahlon. 1990. Citrus (Kinnow-mandarin) residue as potential substrate for 

single cell protein. J. Res. Punjab Agric. Univ. 27:90-96. 
12. Griffiths, B. and S. H. Done. 1991. Citrinin as a possible cause of the pruritis, pyrexia, haemorrhagic syndrome in 

cattle. Vet. Record. 129:113-117. 
13. Kayouli, C. and L. Stephen. 2000. Silage from by-products for small holders. In: Silage Making in the Tropics with 

Particular Emphasis on Small holders. FAO Plant Production and Protection. Paper 161. 
14. Labaneiah, M. E. O., S. A. Abou-Donia, M. S. Mohamed and E. M. EL-Zalaki. 1979. Utilization of citrus wastes for 

the production of fungal protein. J. Food Technol. 14: 95-100. 
15. Lequerica, J. L. and B. Lafuente. 1977. Citrus by-products utilization; II. Semisolid fermentation of orange peels by 

candida utilities. Rev. Agroquim. Technol. Aliment. 17:77. 
16. McDonald, P., R. A. Edwards., J. F. D. Greenhalgh and C. A. Morgan. 1995. Animal Nutrition. Addison Wesley 

Longman. 
17. Moo-Young, M., Y. Chisti and D. Vlach. 1993. Fermentation of cellulosic materials to mycoprotien foods. 

Biochem. Adv. 11: 469-479. 
18. Nocek, J. E. 1988. In situ and other methods to estimate ruminal protein and energy digestibility: A Review. J. Dairy 

Sci. 77:2051- 2069. 
19. Raihani, N., W. N. Garrett and R. A. Zinn. 1993. Effects of source of supplemental nitrogen on the utilization of 

citrus pulp based diets by sheep. J. Anim. Sci. 71: 2310-21. 
20. Scerra, V., A. Caridi, F. Foti, M. C. Sinatra and P. Caparra. 2000. Changes in chemical composition during the 

colonization of citrus pulps by a dairy Penicillium roquefortii strain. Bioresource Technol. 72:197-198.  
21. Shojaosadati, S. A., R. Faraidouni, A. Madadi-Nouei and I. Mohamadpour. 1999. Protein enrichment of 

lignocellulosic substrates by solid state fermentation using Neurospora sitophila. Resourc. Conserv. and Recycl. 
22. Suha Sukan, S. and B. F. A. Yasin. 1986. SCP production from citrus wastes by using constituted mixed fungal 

inoculum. Process Biochem. 21: 50-53. 
23. Tilley, J. M. A and R. A. Terry. 1963. A two stage technique for in vitro digestion of forage crops. J. Br. Grassland. 

Soc. 18:104-111. 
24. Van Soest, P.J., J.B. Robertson, B.A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber and non-starch 

polysaccharides in relation to animal nutrition. J. Dairy Sci. 74: 3583-3597. 
25. Wing, J. M. 1982. Citrus feedstuffs for dairy cattle. Florida Agricultural Express State Bull. Page 829. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

43
.4

2.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.22518517.1387.12.43.42.0
https://jcpp.iut.ac.ir/article-1-857-en.html
http://www.tcpdf.org

