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Introduction: Almost all plants growing in tropical conditions contain 
phenolic compounds (tannins), which is essential to their survival. However, 
these inhibitory substances can also adversely affect livestock nutrition and 
performance. Moreover, phenolic and tannin compounds appear to be the most 
significant limiting factor in the intake of pistachio residues. This study 
investigated the pelletization ability of green pistachio shell residues, its effect 
on anti-nutrients, and several physical and mechanical properties of pistachio 
shell pellets produced with an industrial and designed device (custom-made) 
pelletizing machine (equipped with an extruder). 
Materials and methods: In this experiment, the designed device was utilized with 
pistachio green shell residues containing 15% moisture, 1 mm particle size, and a 
temperature of 65 °C. To improve adhesion and reduce antinutritional substances 
of pistachio residues, bentonite, wheat, urea, and molasses were used at 3, 6, 4, and 
5 kg per 100 kg of pistachio residues, respectively. The custom-made pelletizing 
machine with an extruder comprised three rollers, a die (mold) with an 8-mm-
diameter hole, and a material temperature control system. The industrial pelletizing 
machine comprised two rollers and a die (mold) with a 10-mm-diameter hole. The 
density, maximum breaking force, breaking energy, phenolic compounds, tannin, 
acid detergent insoluble fiber (ADF), and neutral detergent insoluble fiber (NDF) 
of the pellets produced were determined. Furthermore, the maximum breaking 
force and breaking energy of the pellets produced by the machine for testing 
biological materials were measured. The Student's t-test was used to analyze 
statistically the parameters measured in the pellets produced by two Peltzen 
machines. 
Results and discussion: The research results showed that the density of 
pellets produced in the industrial machine was significantly higher than in the 
custom-made machine (P<0.05). Conversely, the breaking energy of the 
produced pellets in the custom-made machine was higher than in the industrial 
device (P<0.05). The pellets produced by the designed machine had higher 
fracture energy than those produced by the industrial machine (P<0.05). The 
amount of phenolic compounds, tannin, ADF, and NDF for the designed 
pelletizer was 19%, 26%, 12%, and 10%, respectively, less than that of the 
industrial pelletizer (P<0.05). In other words, the pellets' phenolic compounds, 
tannins, NDF, and ADF levels were reduced by controlling the pellets' 
temperature and kneading. In general, it can be concluded that the designed 
device improves the quality and reduces antinutritional substances in the 
pellets of green pistachio shells. 
Conclusion: Overall, the study demonstrates that using a device designed with 
an extruder and a temperature control system can enhance the quality and 
density of the produced pistachio green shell pellets while reducing their 
antinutritional substances. This also leads to an improvement in the 
palatability and digestibility of pistachio pellets. Moreover, this technology 
can be an economically feasible solution for the mass production of animal 
feed, which can be distributed to other regions of the country. 
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� ���������� >$/ �EB � )	K>$/ �^C ':��Z� >�O ��#�# .�F ���A��� �# �#  �� [�Q!M '�	"� �� �#

 �� ���A��� �
 >$/!M ����-� �!^�)��   �)��)LUTRON GM -300P�  >B� �
 ( �"1?01/0 U�� ������ .�F ����

�^C [!��
�
 >$/ �1��Q ����
 �
 �#) 'E
�� �� ����4) � (5.�!��� ':��Z� (  

 'E
��4(  !" = #
4 �%& 



?,�5� 
��@:?� 4� <� 
�3:?� 0�7�4 :A>B� < ���%�
�C �5 �5���0 !*-��  2�.�"5 0�7 :?*7 ��,�&�= < ��� ���� / ...   349 

 'E
��5(  �" = �"v"  

 ��	, t
��� ��Vp� d� L �pP �pm �'
V�-�-  ��� �
 U��	$��) �2�2C �1��Q �(���) )	K �(���) �EB �(VD�����) �^C

.>�� >$/ �# (U��	$��) U�O � (VD��  

������ ���
>$/ >��F �X��� � �"!@��� >��F ����� ���� ������ �� ��F��1	- �# 	��? ��	� 
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02 /2   59 /2  13 /0  31 /2  52  **20/16  
46 /0  5 /21 36 �C��K��F 

NDF  
53 /0 81 /23 18 ��DJ 

ns �* � **: '
r V�-�-�� D��D� � ���� )�"�C� �E� �� ���5  �1 .�J�� 

NDF�\I ��!	F �� )	$Z��� �:�, :  

ADF����� ��!	F �� )	$Z��� �:�, : 

  

�#  �@�� '� �F ��#��� [�QADF  �NDF >$/ [�
>$/ ������ �� �� ��F��1	- ��# ���	
 lT�I� �����  �

)05/0 ≤P(>:\� '
 'O	- �
 .  	��? ���2�  �FT �� P#��  �@�� '� �	"�  ��
  �	-ADF  �NDF  ������ �� ���1	- >$/

>$/�C��K  � ��FP�
�- >$/ ������ ��'
 >�� [�"� ��� [!� .�	
 ��DJ  �����, _�1� '������a� 9����=- ��^!� � ����

'������T/ � >$/ �!��, �� ��	� 9��N [�
  ? VO	� '
 �  �F-aX�'�h- �'�����  �F!V <=��; ��	�� 9���C '
 S��C 

>
	K� ��h- �!V �!���	�#� 1	$� �P�
�- >$/ ������ ���C��K  �'
 >:�� ��F>$/ ������ �������� .�F�
 ��DJ  �

�#��#� P!�@,� �� �!�<r �:�, >�1TC >�� [�"� [�Q '
 '� �X��� �k# >�$
�B P!�@,� '
 �^� >�� [�"� �	I '
	�

�:�, ��!� ��	F )	$Z� ��#P�
�- U�� t�	- )	$Z��� ��#�:�, �����# ��"h- _
�B �# )Rojas et al., 2016.(  

  

5- ;<� 

>$/ �A�� H�	I �I�
 P!�@,� >�"#� �
 'D1�E� [!� ��!�2
 �<=��; ��	� P#�� � ���1	- ��# �
 '��/ @:� '��	/

>$/ ������ �� ���A����C��K � ��DJ  � ��F���s- ����.  
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�!��, >$/>�!� ��	�  ���>$/ ������ t�	- ��	- '
 M!�@� 9��N �>�h� '$C�� �� .>�� '$C�� '� _��F  �

�� ���B �#�� _���- �� �C�� U�O M! � ������� nAC 9��N H�	I �'$C�� [!� �� .�#��	F  �X��� �'
_�1� 

 �
 9��N o��EJ�'
 V1�B ���	!� � ��!��!�� ���? ���� 9�	J � ���� ���� ���� ��!��! '
 9��N �U�� '$C�� �� .�	F

_�F ���=- ? �� M���T/ � M���a� ��#�� ��A-� �#�� V:� ��� [!� .��,�'
 9��N [�
 S�"- '� �	F �	K

�D� ������	- 9��N � �
�! P!�@,�� ��	�/ ��!��! '
 {�K�=�����1� � ��1������� ��#���� t �U	� '$C�� �� .���	I

'
�� P!�@,� ��	� �DB�� �1��Q �>
�G U�O M! �� ��	� �^C P#�� >$% ���=- 9��N �U	� '$C��  �!�/ �� .�
�!

_�F'���F � '�,�!�#� ���=- �� �	I >�DB	� ����� ���B ��!� ��F� '
 ? _�1�'� ��AC ���D- ���C '
 �#70  �J��

����, �!��, �K ���<���
 �	� .>�� '�,�! P#��M�-��������# �	� �� ����  9��N �����F V:� ���, )�"%� � >��

�� ��- [!� .�����!��, ������� )�j-� '
 �^� �#�� ��!��! '
 9��N	F) �Mani et al., 2003.( 

���� �� ���A��� ��;�C P#�./ ��>$/ ���DJ  ��� 1��Q� >$/�#� 1	-���� �  >:��'
���C��K ���� ��F �

1��Q� ��	-  '�1�� ��	�'
V�-�- 10  � 183 �@,� �J��!P ��'� �#� '
_�1� u�@
 �EB �	O�x��	� �-�#� ���  ��

>$/ �������DJ  �� ���F�
 �� .�#�./� '
��� ��@ �@,� �
 '� >�� ��F ����  ���!P x��	� �EB�#� ���  ������

>$/ �� 1��Q� >$/�@,� �#!P ��!
�� )Tumuluru, 2018('
 .$� �	K�� �@,�!P 1��Q� >$/�#� 1	-���  ������ �


>$/�DJ  ��� �����	- _
�B �	:�
�O	-� ���� � ���$"% ���! ����� _"CIN � _2��������� �F�
 '�F�� i��@� �� .

>$/ ������ �
 '
����:1�B �� ���A��� '� >�� ��F ����  ��� ���1����#  �  �EB '
10 ��$���� �����	- �	�Z�� 

, H�	I �
 ����- ���, � ��� �>
	K��@!�� >$/�#� 1	-����F  �� ��!�2
 '��/ @:� '��	/ >Z- ����Gs-  �� '� �#� ���B

 '^���@,� �
�!P �Z��	�  �>
	K��1��Q >$/�@,� �
 � P#�� �#!P 1��Q �����- ���, � ���� >$/�@,� �#!P �� �
�!

)Haji Agha Alizadeh et al., 2023.(    

  9�D1�E� �� ����!�Monedero et al. )2015(  ��� �
 V1�B �EB ���, � ��
	K� ��	�Z� ���	� 9�:���- �G�

>$/ >�A�� �� V1�B �EB P!�@,� �
 '� ����� i��@� � ����
 ��  ��� � �
	J ��� o�I 9�:���- �� ��F��^!� ��#17  �-

21 �$��>$/ �1��Q ���� �� �	:�
 ��P#�./ W!��� �
 '� �#� .���� ���	h"# �	�<�  

 ��'D1�E� ;�CX��� ��� >$/ >��F�#� 1	-�� � ������ �
>$/ ��DJ  � >:��'
���>$/ ���C��K  �� ��F96 

 �J��P#�� ���  ���� �
 .![ �)�C'
�R� ����� >$/ '��#� 1	-�� � ������ �
>$/  �C��K�K �� ��F� �!��, 

_"CIN � _2��������� ���-![ >F�� �#�	I �� ��:r���� � 9�A$- '� �����	- '
_�1� MQ	� �EB �	O�x��	� �-�#� 

��� C��K �������K �� .�F�
 ��� � �������� ���F� �!��, ����,����  ��	� �� �	O	� >
	K� �a�
 ���, � ��� >Z-

K � ���?�� ��h
 _�F '
� # �!��,�1�����@ "#�1 � @1	$����[ �:-!_ '
 #	
���9��� $/ ���#�"� �B� ����	F� �![ 

'
 a�
 ���, � ��� >Z- ��	�/ � ��:�Q ����  �	%���	 '
 9��N ��#�!��!�� � _"%��� �/ '�!���� >$/#�� 

1	-��� � �	:�
 ����h
� )Tumuluru et al., 2011 .(��
�
!�[ ������ �� ���A��� �
 >$/ � C��K�� ���F� �	- 

>$/�#�! � �
�A�> �/ � a�
!���� P�
�-� 1	-�� _"C �!��, )	K �� '� ���IN � _2����������  ��:r���� � 9�A$-

���-� �F�
 '�F��>$/ �� ���A��� ���!� 'D1�E� �� .V1�B �
 ����u�@
 �EB ����� ��#) �-2/7 �$�� '
 >:�� (���

MQ	� �EB) �-4/6 �$��'��� �
 �(����# V:� ���	� '
 �#���h
  ��
 � �
 t!��F �� �h�� )TC �� ��F��E2- �

�� >$/ ����!�/ P#��) �	FTumuluru et al., 2010W!��� [!� '� ( '�,�! �
>$/ >��F �X��� ��# ���1	- ��#

 .���� >2
�E� �;�C P#�./  

>$/��1	- ��# � ������ �
>$/  ��C��K��DJ ������ '
 >:�� ��F  �>1�C '��	/ ���?�,  ��
 ��F'
V�-�- 
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 �1	, 9�:���-  �@�� ��19  �38  �J�� ��#[�Q ���2�  [��- ��26 � 44  P#�� �J�� .���'
�R� �� P#�� ���

>$/ �� [��- � �1	, 9�:���-  �@����1	- ��#�  ������ �
>$/  ��C��K ��F'
_�1�  ��� � �������� �	O��F�
  [!� '�

 _��	%��'�-aX .�� V!�h- �� [��- � �1	, 9�:���- ���	- �9���C '
 S��C �<=��; ��	� V!�h- �'�����  �F

���	!� V!�h-�� �<=� ��	� '
 ������ �	:�
 � �1	$� ��#>$/ �� [��- � �1	, 9�:���-  �@�� P#�� '
 ���	- ��#

��1	-�  ������ �
>$/ � .��	F �^� ��F �C��K i��@��# �  ����#�� $
�B �
 �������� '��> *-��/ �k#�[  �

���� �?�' ��@O� ��C '� o��	I� ��2�!� a�
�! <=��; ��	� ��� ���� >:\� ��Gs- ����# )Rojas et al., 2016( .

�#[�Q� �����������	I ��	�  ���� ��2� �
!� a�
� <=��; ��	�� �����	- $
�B�> ���� �k#�� *-��/��� � [�� �?�' 

o	I �� ���	:�
 �# �#� )Rojas et al., 2016; Sun et al., 2006.( i��@� z
�E�'
��� ��#  g$% �� ���A���

��!��� ���f�11 �	�Z� �
� ��-[ >$/ ��������F �s- ���[ ���#��� <=-!'�� _��� )��� � �#@
�#� F��	��  ? �Ge� �#

>�� )Terrill et al., 2007.(  

 �;�C P#�./ ��>$/��1	- ��# � ������ �
>$/  ��C��K >:�� ��F'
�����DJ ���  �'��	/ ���?�,  ��
 ��F

'
V�-�-   �@��ADF  ��12  �28  �J���# �[�Q ���2� NDF  ��10 � 31  P#�� �J��>$/ .��� ������ �
  ���

>$/ � �C��K������� '
 @�^� ��F  �@�� P#�� VO	� �ADF  �NDF  �� [�,�����B '^��� >�� [�"� [!� '� �F

'
 �	:�
 [!� .�F�
 �!��, [!� �� ���A�����	� ���� � ���, � ������ �>
	K� ��D�'�-aX �
 ��"% �	K '�����  �F

�� '�O	-) �	FSun et al., 2006'
 .(� 9��:%!��� >$/ ������ �� ���A��� � �C��K� �������� '
 @�^� ��F  )���

 �� �	O	� ��	� ����>$/ �#'�	� '
 ���� =-���  ������- }	E� '��9�: ,	1��  �[��-ADF  �NDF  P#��'�,�!���. 

M- 9���	�C �� '
��� 9�D1�E���D�'!<=- �
 'E
�� �� �� o	I��O �
 �#� m%�
 a�
 �:�, �
 �:��O 9a	jZ� ���C ��#

P#�� >$/ �:��O 9a	jZ� �
 '!<=- ��� ��F �F� ���$"%o	I �F� ���$"% ���F ���h
 �	:�
 �� �#)Fry et al., 

2012([!� �
 .��  ��� 9�D1�E� �)�C>$/ �#� �k# >�$
�B �	:�
 �� ����, �� �# �� �:���- �!  X������ �!  ���

���O �� �X��� � �<=� ��	� '
 >:�� a�
 �:�, �
 ��#���O) ���-�Ge� [�!�/ �:�, ���C ��#Rojas et al., 2016 .(

�#[�Q � '
��� i��@� ��>$/ '� �F ����  ������� �� ��Gs-�-� ����� �
� <=� ��	� '
� 1�C�� ������ '�

�!��,�#� ����,���� =- '
 �^�  X������ ���9�� ���I��� P�
�- ��- ��	� ���_��#� ����	F  '�>�� [�"�  �


$
�B�> <=� ��	� �k#� ��Gs-��<� �F�
 )Rojas et al., 2016( '
 W!��� �
 '�>�����? .���� ���	h"# �;�C 'D1�E� ��   

  

6- #>��?"��@  

'
�	K �W!��� '
 'O	- �
 �$�>$/ �1��Q>$/ ������ �� ��F��1	- ��# >:�� ��DJ  �'
��� ���>$/  ��C��K ��F

 '�,�! �	:�
>$/ >��F �X��� �[!� �	O� �
 ��� .>�� ������ �� ���1	- ��#>$/  ��C��K'
 >:�� ��F ������

>$/ ��DJ  �P�
�-  �[!� �
 ��T% .>�� ��	
P�
�- P#�� [!) �<=��; ��	� ���
 �� �[��- ��1	, 9�:���-ADF � 

NDF( >$/ �������� �� ���1	- ��# >$/ �  [!� .�F ��#��� �������� '
 @�^� ��F �C��K '^��� �^� >�� [�"�

 �k# >�$
�B � ����	I i	I P!�@,� '
P�
�-  ��!�2
 '��	/.�	F '��/ �#'
 �[�Q�� �R� �1��Q P!�@,� ���

>$/���1	- ��# �� �'��/ @:� '��	/ '�1�� U�I ��	� �1��Q '
 >:�� ���	-���_C  ���j�B� � �:��� ��1	- >�O

 U�� o��	I'
9�	J  � ��F l��K� �� '��/ @:� '��	/ ��!�2
  ��� ���I � �	�� zK�� �!�� '
  ? )���� ��	:��

'��!�/ '��/ 9�r�
 � ���?�, ��#�F�
�� ��� [!� . ����	$O �!�2
 [!� �� �F�� �E�Z� >�!� 9��EI �� ���	-�!�"�.  

 
1. Sericea Lespedeza 



354                                        ���� ����	
�� ��� ���� � ���� ���� � ��
�1402 

7- �B5� � ?������   

"# �� '$��� [!� '
 [!� U�^�� ��  ���- ������� ( �Z!�	
�)������� ����, ������� ������� �, ���� ����

P#�./� ���- �  ������B������ .  

  

8- D9	�+ E�	��  

��#����� �	O�  ����!	� t�	- p,�� ���D- '�	� . 

 

9-  D�	�+  

	2-�� "C�c� �J��!� � $D��:%�c 1�� zC � �"C� ���	�? c�;� �����$% �>��/��;� )1399�@- �G� .(!z ':"�F��  ���j%


?� %�, 9a	jZ�� �  ��	- �
 '��/� X��� '^���, ��#� "h-��� Q	$
 ��  ��A�	� �� ':"�F� .P#�./�#� 
��� U	$%� �! ��� 12 )2 �(149-135 .  

�;��!���� ?!�![ )1388� g$�h� }	E� �� ���A��� �G� .(�XT %�, ����?�,� W���, ���$"% �
 '��/��# �	I� �#���� 

���$#![ .�/! � �F�� '����"#�� '
 ��! $D��:%� �J��!� � ����, ����-�� ������ ������ ������� ������.  

���F�� /�c��� �C�� ��Ar�� k-��� $`�k, ��� �C�[ )1395%�, )	jZ� .(� '
 '��/  �	%!M ',	$% o��	I�� 

<=- ��!'  ������	h��-!M ���� '1�2�� � :U�� Ph
)� X��� �	�?����� *-��/�[ ��
����� "h-��  �


�#	����X���� 	 ':"�F��� 1	
��� �  ����>�#�  .( 	I��� U	$%�� 29 )113 �(110 -99.  

"��B�� ) '��"�1391� �
 '��/ >�	/ �� �	O	� [��- �G� .(!�.���# "h-�� ':"�F�� D"O ��> ����
���# @^-!' 

��F �� @1	$� ���!t -  ��
� Q	$
 �A�	� �� .���� '1����� �"#�� '
�! $D��:%� �J��!� �  ������� :����

����,� ���� ������� �����.���   

_� �"Z��� 	;� � �	#�,�� ��� "C�� )1391���
 .(� �������	, � �#!� 1	-��  .'��/ ���- >�	/ �� U�� o��	I1���[ 
�"#!P $�� ������� ��F ��!t Z��E��	F� �� .@������  
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