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Abstract  
In the present study, the chemical composition and nutritional value of quinoa crop residues were determined using insitu and invitro gas production 
techniques in comparison with alfalfa hay. After harvesting, whole quinoa plants were dried at environmental temperature, the seeds were separated, 
and the crop residues were used for the experiment. The results showed that the content of gross energy, dry matter, organic matter, neutral detergent 
fiber and lignin of quinoa was higher than alfalfa hay (P<0.05). Crude protein concentration of quinoa (12.29%) was lower than alfalfa hay (14.32%). 
The main part of the tannin in quinoa was hydrolysable. Although the degradation rate and post-ruminal digestibility of quinoa and alfalfa hay were 
similar, ruminal, and total tract digestibility of quinoa were lower than alfalfa hay (P<0.05). No significant differences were found in gas production 
rate (c) between quinoa and alfalfa hay, however, it’s gas production potential (b) was lower than alfalfa hay (P<0.05). Organic matter digestibility, 
metabolizable energy and net energy of lactation in quinoa crop residues were also lower than alfalfa hay (P<0.05). Based on the results of this study, 
quinoa crop residues have suitable nutritional potential for replacing part of the forage to meet part of the nutritional requirements of ruminant feeds. 
However, invivo studies are recommended to determine it’s appropriate level in the diet.  
 
Keywords: Crop residues, Degradability, Digestibility, Daisy II, Invitro gas production, Quinoa. 
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�� � $%�	g�  ��+

 9Z�� 0#2:1  ����)30 $C�� � (�!�1200 $C�� ���� =�2
0��*� �� 4.5h��"/ &�� ) ��+0"  .�+ =�3�� (���[�

��
u 0Z*[+ �� �� `�� D
�!.C� ��2 ����& B�A�!�& 
0Z*[+�& � ;Z@ �� l���5 ��%� cZR 0# 9"� ��/ .

]� D�	Y 0" ���[� 0# ,��	% 4	C# �� �M� 0!B�2 �+. 
���") ����#�[�� �� ��1±39  0?��$!��" ���� ���@ (���2

,��� �� &��1�� ��2 ���'� � &���� ���>Y �9.� �16 �
24 �48 �72 �96  �120 03	"��B .�+ 9ZX 9%�" &��

��1�� 0d#�� �� ��� !"� �# ��2 )6( 0Z+�7�  �+]21[.  
 0d#��)6(                                          P= b (1-e-ct)  

 D
� �� 0�0d#�� �P ���1�� ��2 �� ,��� t� b ;����!� �
���2 ��1�� cW�� � ��1�� ��2 � t,��� � ��*V� 9"�.   

]� D�	Y  ��0d#��&�� )7) �� (9(  &G��� ���/�# &��#
95�" ;#�@� � $����+ ^1�5 &G��� ���"

����2 .�+ ��� !"� $1/ ���� &�
(�  
 0d#��)7(                             ME (MJ/kg DM) =  

2.20 + (0.136 × GP) + (0.0057× CP)  
  

 0d#��)8(          NEL (MJ/kg DM) = (0.115 × GP) + 

(0.0054×CP) + (0.014 × EE) – (0.0054 × CA) - 0.36 
  

 0d#��)9(    OMD (%DM) = 14.88 + (0.889 × GP) + 

 (0.0448 × CP) + (0.0651 × CA)  
 D
� �� 0�0d#���� �GP $C�� ;R�� ��+��1�� ��2 �!�1
 ,��"�#�[�� ��200 $C��  �� :� 0��*� 4.5 ���� =�224 

 �,��"�#�[�� 9%�"CP  =�2 �� =�5 D������100  =�2
 �0��*� 4.5 ����EE � &��� ���g% =�2 �100  ���� =�2

 � 0��*� 4.5CA � ��?�� �!���5 =�2 �100  =�2
��*� 4.5 ���� 0$��+�#.   

���������[� 0" �# ;R�� &  0
�� �� ��� !"� �GLM 
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=��  &���/ ��8B�SAS  0V��)2/9(  &��# ���)10(  =�3��
.�+ 0
83� D�-���� �� ����� $��� ,���/ �� ��� !"� �# ��

 cd"H	�  �d5 �R���+ 0�
�'�.  
 0d#��)10(                                 Yijk = μ + Ti + eijk  

 �� 0�0d#�� D
� μ� ;� D�-����� Ti�  � ��*�� �X�eijk� 
$� $.
���/ &�d5 �X�.�+�#  

  
3 .��
��  ��  �  

 �� 03��
 � ��	�� $%��� &�
�'# $C	B � $
��*�+ f�Z����
) ���?1D������ ,�8�� .9"� ��+ ���� ,�.� ($#�Y �=�5 

 ��	�� � 03��
 &��"� ��	
�+ �� ��C7��� F��1� � =�5
$	e� Fi!5�$1���� �9+��� &��� &G��� ,�8�� 0�  ���� �=�5

5 D�	-�1 � $E	5 ��	
�+ �� ��C7��� F��1� �$1/ ���� �4.
) ��# 03��
 �� ��A�# ��	��05/0P< .(  

���� =�5 D������ ;@��� 9�1�eB &��# $����5 &
]����2����[�� 
"�	� $*j� �0Z*[+ &��9.�  �R��

$��-	� �9"� ��+ ���82 0�  4
 �� =�5 D������ 9MC)
 ��+�# ���'� D
� �� �!*� 0B�C% $������/ ,G��!�� 9MC)

 �� �!*� 0# 0Z*[+H	� $C�� �� =�2100 $C�� 1� � ���"� �!
&�!��# 
"�	� 9�1�eB &��# =�A ,G��!�� ��-!"� &��

$*� ]���B ����2 ��+ &��# =�5 D������ ��A�# v�d" �
]����2����[��$� h��7� $!
8� ����+ ]22[ ���'� .

 ��	�� =�5 D��������# �� ,�.� � ��# ���(� �� �� ��	��
�B D
� 
"�	� ����/ ���? �� F�g� &��# $%�B ����

 =�5 D������ 9MC) $.���� �� .9"� ,�2�		����V.�
 ��	�� 0B�C%9/10 �R��  �+ ���/�# 4.5 ����]31[�  0�

 .���� ���� 0e1�d� �# $���� Fi!5�]� D�	Y �
����� ,��2 �
 �� �� ��	�� 0B�C% =�5 D������ 9MC) �-

,��� D�# 9+���# yC!V� &��2/12  �19 ���� �R�� 
 ����� ���82 4.5]31[ � D������ 9MC) �;#�'� �� .

 &��"� ��	
�+ �� ��C7��� F��1������ ��� �� �

���82 �
��'�  &�-
� ����� �� ��+]16[  .9"� �!*�
 ��� �]@� ��+� 0C��� �	��� &��e!� ;���%

4.5 $� l�5 U�� � �+� 6�7� �,��� 
���� �# �����
 �+�# ��(2�X� ���2 $
��*�+]23[$� ;���% D
� . �����

 $
��*�+ 
���� �� Fi!5� ��?� &����������� &�� 
 .��� c���� �� yC!V���C7��� F��1� 9MC) �� ��	
�+ 

D�	-�1 � $E	5  ���# ��A�# 03��
 �� ��	�� $%��� &�
�'#
$1���� 0� F��1� ��C7��� �� ��	
�+ ��"�& � ��	�� 03��
 

.��# �#��# r�Z
�'� 0!B�
 $.���� &��]26[  F��1� ���'�
 �� ��	�� �� ]@� �� $E	5 ��	
�+ �� ��C7���17/46  �

43/51 � ��| �R�� ���]� D�	Y  ���'� &�-
� 0e1�d�
 ��	�� z�# � 0+�5 D�	-�10# 
���� 6/4  �9/5  �R��

 ��*� ���82]28[. 0!B�
����� D
� &�� H
�!� �# ��
f������#�� ���'� ��g5 �� ���� � $��*!5�" &��
.���� 9'#�d� ��	�� $%��� &�
�'# D�	-�1  

 8�1����� ;#�@ D��� � ;� D��� �$C	B f�Z���� ;� ,�8��
 ��	�� 0B�C% ����# ��  �� ��?�� D��� ��*% .��# 03��
 ��

;#�@ U�� �� ��	�� 0B�C%  ���# 8�1�����0# ��n& C) 0�M D��� 9
) ��# �!*� 03��
 �� ,/ ]���!�05/0P<D��� .( �� ��>� �#

8�/]
��& *j�$  ��
 2�C?��& ��g�� �� ������"8
� &��
0Z*[+ ��i% �l���5 f��| 0# �# ���� 83�
����� 0�D�� 

�� 0Z*[+ �$ �	���� 1�eB�9 5�#$ �� �!��#&�� �� � ���� ��>� 
W�� ����2 0Z*[+�& � *��D ��n W�� � ���'� 1���� 
"�����& h�Y p�B�� �� ����  �	��]25[. �2� ��,�8 D��� 

]���!� ��?�� �� 0B�C%�� �� ����7� �+ �� 10 �R�� 

���� 4.5 �+�# F�g� � l���5 ��[C*% �+� ��,�� �� 

���� �$) D��� D�
�� v�d" 0� 9"� $1�� �� D
� .��� 0"
��>Y $1�  0C*? �� &�	���" f��X� (4.5 ���� �R��

D������ �� �� ��# 0
83� �� 9e��*� �� 9� �� �# &��
&���� 0	��/ &����"� ,�
�? �
�8B� � 0Z*[+  ���� 0#

����� ]15[.  
  

  

  



���� ��� ����  �	�! "#$ �%&' (#��� )*#! �%
�
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 B��C18��-3 '<8�7 ����;
 � DEF ����� (DEF ���! 4#$(
) '*�& � '��-	-
 I�J-3(2 .  

 '��-	-
 4-3(2  
'E��!75 �����	-2  

"-L��-! ��-1! ��J%
8��  P-value  
 �����  8��-3  

(����) DEF ���! 27/92b
 83/95a  732/0  026/0  

(����) '=5 ���! 57/91b
 52/98a

 282/0  0001/0  

(����) N�F "-O2�(  32/14  29/12  573/0  066/0  

(N(>�*-3 �� �(=�3�*-3) N�F �P(�8 59/3b
 88/5a

 302/0  005/0  

(����) 'Q�F �����
 �� B�*�!�� R�-=8 29/25b
 79/43a  980/0  0002/0  

 ��-+8 �����
 �� B�*�!�� R�-=8(����) 05/17 75/17  480/0  357/0  

(����) ��-+8 �����
 �� B�*�!�� "-�L-=  73/4 b  07/6 a  33/0  047/0  

(����) N�F '
(S 67/1 40/2  245/0  105/0  

(����) (%#3�F 43/8a
 48/1b  282/0  0001/0  

(����) )-#*3  91/8a  05/0b
 049/0  0001/0  

(����) (�#&  123/0b  176/0a
 012/0  005/0  

'*�& I�J-3(2          

(����) '*�& I�J-3(2 T3 17/2b  44/4a
 096/0  0001/0  

(����) T3 "��2 67/0b
 21/2a

 030/0  0001/0  

(����) )38(%! "��2 43/0a
 03/0b  037/0  001/0  

(����) U-=���-� T
�� "��2 203/0b  18/2a
 041/0  0001/0  

a-b'�1! �
�E!�� R($ �
 V��� (� �� N���8 I���2 :�8� ) X+805/0P<.(  

  
 �� ��	�� $%��� &�
�'# D��� cd" `�"� D
� �#

$� ��M!�� � 0!+�� ���@ 
"�	� ����7� ,/ �� ��� !"� ���
����2 �# ��" �X� �>	� 0� =�� 0
(a�  0[C# �0!+��� &�
(�

 ,�
�? ����!# 9� ���# $	������ u#�	� 0
(a� ��	� ��
������ .�.V# ��Z># �� 0Z*[+ �� :� 0# &��Z% D  

03	"��B0
83� &��0Z*[+ &�
(� ��	�� 4.5 ���� &�
) ���? �� 03��
 �2 u
�" �V# .9"� ��+ 0w��� (-

0
83� � 0
83� W�� 9#�X �0
83� �	� �0
83�  �X�� &�
(�
0# ��	�� 4.5 ���� $	e� ��n ��# 03��
 �� �!*� &���

)05/0P<.(  �$.���� ��u
�" �V# � 0
83� �	� �0
83�
0
83� 9#�X0Z*[+ &�
(� $%��� &�
�'# 4.5 ���� &�

0# ��	��  
����8/16  ��R��38/3  � �R��02/0  ��

0# ��	�� ;��� ���2 &��# �_�	!� �
��'� � 9%�"  
����
2/45  ��R��6/36  � �R��09/0  �+ ���82 9%�" ��
]3[]� . 0
83� �D�	Y &�
�'# �X�� &�
(� �� ��	�� $%���

W��  ��Z% &��04/0 �06/0  �08/0 0# 9%�" ��  
����
39/50 �72/46  �04/44 .�+ ��|  

03	"��B 0��3�/��0
83� &�� ��Xb� 97� 
C)� &�
(�
$2�
� ,�*!5�" �9�1i� �$
��*�+ 
���� ��M� $
��

 ���@ $����5 ���� $1�C" ����
� ��!5�" � $[
8�B
$�  ���2]10[�#��A�# �03	"��B ,�0
83� &�� &�
(�

0Z*[+ ���	�� $%��� &�
�'# �# 0�
�'� �� 03��
 &�
$�  � $E	5 �	
�+ �� ��C7��� F��1� ��A�# cd" �# �����

 4�C�B ���5� H
�!� ��
b� �� .�+�# ��Z��� �� ��	�� D�	-�1
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]6[  �� $[
 ��	�� &81�C"�	-�1 ��!5�" ��*� ���82
����2 ���� ]>� ;���%�
(� ��	�� $%��� &�
�'# &

$� ]� ��+�# 0
83� ,�8�� 9"� ��+ ���82 D�	Y &�
(�
f������#�� �# 4.5 ���� $-!�Z*� $1�C" ����
� &��

 ���� 9ZE� $-!�Z*� =�5 D������ 9MC) �# � $ 	�]8[ .
 �� ��C7��� D�	-�1 ���'� ,��#��A�# 8�� ���� ����� ��

 $E	5 �	
�+ �� ��C7��� F��1� � ��"� �# 0�
�'� �� ��	��
]>� �� 4.5 03��
����2 ���� ;���% D
�� &�
(�

0*Z[+$� ,/ &�0# $.���� H
�!� .�+�#  ���/�# ��M	�
0
83�0Z*[+ &�
(�0B�C% $���2) ��+��� ���2 &� &�

 u
�" �V# ��� ,�.� (0"�
����	Y ������5 0# oCe!�
�� �# 6Z��� 0
83� W�� 9#�X � 0
83� �	� �0
83� �
��

0# 0B�C% D
� �� 4.5 ���� ,�+  
����232/0 �305/0  �
08/0  ��#]30[0!B�
 �# &������ 0� � ���� 0e1�d� &��

0
83� 0	��� ��]� ��	�� &�
(�����2 .���� $���5 &�
(�
W�� �� 03��
 � ��	�� 0B�C% �X��D�
�� A�# ��Z% &�� ��

0# 0?�� �# 0� ��# .5 ���� �!*� &�'#� f��W�� �� 4-

 .9��� ��M!�� �� ��� 03�!� D
� �0Z*[+�� A�# ��Z% &��
0
83� 9Z�� ,��#��
� 
Z" �4.5 ���� �X�� &�
(�

]���B  h�Y &����"� ;[+ 0# ���� ���� &G��� ,��*�
������"8
� � =�� &��# ���B$� 0Z*[+ &�� ��+]11[ .

0
83� ����7�) ��	�� �X�� &�
(�326/0  ��394/0 �� (
'�����/�B � �
�'# $5�# �# 0�
� &����.� $%�B &��]12[ 

$� ,�.� �� $#�Cd� cd" �� ,/ �� ��� !"� ,�[�� 0� ���
$� ��
b� ,�2�		����V.� $C*% 0
(a� ��.�	�  

2����0Z*[+ &�
(� &�
�'# ����2 ��-!"� ;� � &�
) ��# 03��
 �� �!*� ��	�� $%���05/0P<$1���� �(  0�

����2:� &�
(�0Z*[+ ����# ,��[
 �� �� &�  ���?)
3(0!B�
 . $.���� &��]31[ ����2 ��� ,�.� &�
(�

����  �
�8B� �9+���# ,��� �
�8B� �# ��	�� 0B�C% $1/ &
 �� ,/ ,�8�� D
��A�# � 0!B�
112 ) 9.� �� �e# ���5/63 

 (�R��$��+�#����2 $B�n �� . 9Z�� 0# �0B�C% &�
(�
��C" ;5�� f�
�!7�  $-!�# ,/ $1�C" ����
� &�8?� �

 ����]13  �18[����2 . =�*� 4.5 ���� &�
(�
�V#  �\�� .9"� 0#�.� ]� �# � ���# A�# �1�#�� ,����2 &��

����2 ����2 ��C# �#�V# 4.5 ���� &�
(� $Z.5 &��
$� z�# �� �!*� �+�#]11 � 13[����2 �(1 . �!*� &�
(�

�03��
 �# 0�
�'� �� ��	�� f������#�� ��A�# ���'� �# &��
 .9"� ��Z��� �� ,/ $1�C" ����
�D
� �# ����  &�
�'#

0# ��	�� $%��� ���'� &����.� $%�B ��g7� 4
 ,��	%
) D������29/12����2 � ( ����2 ��-!"� ;� &�
(�

)97/46 (4.5 ���� �R�� $d"�!� ����. 0# D
��#�	#  �M�
$�,/ �� ��� !"� �"� b� &��#D�� ���� =��&�� ]� ��1�� 

����# $B�� ��� �� F�g� f��R �� ���? =�� �� ��� 

�+� �
 ���1���� =�A ;*[� 9"�&�� &G����� � $	������ 

�� �
�8B� ���. 

  
 B��C2���+8(& .��U�2 ����J	Y
 �(�9 8��-3 '<8�7 ����;
 � ����� DEF ���! �8  

.8��<  
���+8(&��U�2 ����(�9 1  (Z[\! �(�9  ��U�2  

a  b  c (X<�+ ��)  04/0  06/0  08/0  

�����   224/0a
 466/0a

 078/0a  532/0a  487/0a  454/0a
 

8��-3  160/0b  401/0b  057/0b  394/0b  354/0b  326/0b  
"-L��-! ��-1! ��J%
8��  009/0  003/0  005/0  005/0  0053/0  0058/0  

P-value  008/0  0002/0  043/0  0001/0  0001/0  0001/0  
1 .a:  ���U�2 ]�(+ ^_
b:  � ��U�2 ��3 ^_
c: .��U�2 `(� X
�[ 

a-b'�1! �
�E!�� R($ �
 .�%+ (� �� N���8 I���2 :) X+8 �8�05/0P<.(  
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 B��C36�8�> .�J	Y
 �(�9 �J	Y
 78 a  ��8 ����;
 � ����� DEF ���! '
�8�> ��L%+� T3 � �88��-3 '<8�7  

P-value  "-L��-! ��-1! ��J%
8�� 
��	-2'E��!75 ��� 

6�8�> DEF ���! �(�9   
8��-3  ����� 

015/0  012/0  410/0b
 548/0a

 6�8�>�J	Y
 �(�9 �81
 

216/0 005/0  107/0 118/0 6�8�>�J	Y
 78 a  �(�9  �8 

0007/0 010/0  469/0b
 602/0a

 6�8�> ��L%+� T3 �� �(�9 6�8�> 

1 .6�8�> "--12 �8(
�J	Y
 �(�9 ���	� ��8�
 ��  I�!16 .���
 .�-+�
�Y�8 �J	Y
 �� X<�+  

a-b'�1! �
�E!�� R($ �
 (� V��� �� N���8 I���2 :) X+8 �8�05/0P<.(  

  
03	"��B � ��	�� ��2 ��1�� $	7	� � ��2 ��1�� &��

 $	� ,��# 6
��+ �� 03��
0# 
����  ���? ��)4(  �
 ;[+)1( ��1�� ;����!� .9"� ��+ 0�
�'� ��2 )b ��	�� (

) ��# 03��
 �� �!*�05/0P<) ��2 ��1�� W�� 9#�X �\�� �(c (
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