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Abstract 
The effect of the type of fat and different levels of betonies in the diet on production and quality indicators of feed (pellet) was investigated by using a 
completely randomized design with nine treatments and four replications. The experimental treatments included the combination of 0 and 1.5% crude 
soybean oil and calcium fat powder with three levels of betonies (0, 1 and, 2%). The measured indicators include the efficiency of the pellet press 
machine (electricity consumption, production rate per unit of time and dry matter of the final product), qualitative indicators of pellet after production 
(strength and hardness) and the percentage of intact pellets after feeder plats and lines in the poultry farm environment. The use of fat in the feed 
reduced the amount of electricity consumption and improved the production rate per unit of time and dry matter percentage of the final product 
compared to non-fat treatments. In this case, the production rate per unit of time in the fat powder treatment with 2% bentonite was higher than other 
treatments (P< 0.05). The pellet durability index that was evaluated by tumbling method in fat powder treatment without bentonite was higher than 
other experimental treatments (P<0.05). In addition, the percentage of intact pellets after auto feeder lines was higher in fat-containing treatments, 
particularly fat powder treatment without bentonite, than other treatments (P<0.05). The highest correlation coefficient between the percentage of 
intact pellets and the pellet durability index was related to the Tumbling method in auto feeder lines. Based on the results of the present experiment, 
using fat powder instead of oil in pellet feed and adding one percent of bentonite to the diet improves the pellet quality and its production performance 
indicators in the factory. 
 
Keywords: Electricity consumption, Pellet, Pellet hardness, Pellet quality and production rate. 
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@�/

 $� F:)�& � (]	��Y�$�) M$��G�$9  Z
$�@A 2/
� � �/
8� 

 ��, ����;� ^��  $� ���01�
�12  .�% E$W�/ �/
8�

;��:� H)/ $� ��
K���1 a	, 2$&15/3 ���� 2
��

)Eckhardt DIN 4188, Hann, Germany � �% H)/ (

;��:� T�� .�% 2�/�9R� �8���4, M��
$� �� $&

�@/��/ 
�K ]	��Y�$� "#$% 2;� ;��/�  ;o0L� �$R���

�, M$��G�% E$W�/ ��$6 ]3[.  /���/500  �� ;��:� E
K

 @/ �p� � �% ;��
� �$R��� ;o0L�10  $� Z#
  ;X�*�

 ���50 ;��:� ;X�*� �� ���;� $& �$R��� @/ �$1��# ��'

 E$8L��/ "#$% .�% /�� U)$� ;�/� @/ ;1$# � ;����

) ;��/� @/ ��$0��/ $� ]	��Y�$� ^�� $� ��,1.�% ^@/
� (  

)1   (            "#$% =]	��Y�$� ^�� $� ��, E$8L��/  

100×  
 @/ T, >�$1 ��, E
K10 ;��$�  

�$,>�$1 ��, E
K �7  

 F:)�& �$R��� $� F:)�& Z
$�@ANHP 100 

>�$* ) >:NTakpro Ltd  E$W�/ (T��R�/ ��?1 ;� ~�p��

 .�% �/�X�100  >#/� (;1$# M���) ��, ;��:� E
K

 @/ T, � �% ;��
� F:)�& �$R��� ;o0L�60  ;��$�

 �$?6 $� Z)$ 68  � ;���� �$R��� @/ ;��:� �$� ����

 ��$:% H)/ $� T��7 )8/2 ���� 
�� ��, ;�/� @/ ;1$# (2

 ��, E$8L��/ "#$% .�% /��;� ^��  ��$0��/ $� F:)�&

) ;��/� @/2 .�% ;Y�$L� (  

)2 F:)�& ^�� $� ��, E$8L��/ "#$% =                (  

100×  
 @/ T, >�$1 ��, E
K60 ;��$�  

>�$1 ��, E
K �=  

 �$R��� ;���� ;� (F����) ��, ���� [�)$�A ���01�
�

�6$� )CT3 10,000 g Middleborough$� ( ;)��K x/
,  2/

�@/��/ ;� ��$:%;��:� .�% 2
�K���$� H
 ��' $� �
$& 
��

��
?6 2/
� �$R��� � x$���/  $� ;)��K 
�* 2@$�5/1 

����  x/
, �b
� � 
��5/1 ���� �% U�o	� ;��$� 
� 
��]24[   .  

;� ��o	� �@/��/ @/ T, U)$� ��, �=�� 2
�K

M/� 2��#  �/�X�9000  �� ��, M/� E
K���1180  ��b

 ;��150 .�% >X�	� 2�/�G
� ;� ��
K���1   

�@/��/ 2/
�M/� @/ T, U)$� ��, �=�� 2
�K 2��#

M/� V# H
 @/ I��$X?� ��' $� 2��#54  � 
��72  ��b

M/� V# /���/ �� .�% ��$0��/ x$X?� �% [�:� � ;���� 2��#

;}
�� T�� �M/� ;)�) @/ M/� ���
# 2$& >#/� ;� 2��#

x$X?� E$:� F

#A ���
# ;}
�� $9	� � �% ;��� $&

M/� .��� @$� 2��#  
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 <��=1'>���%? ���� ��
= '��
	

 @
:�, � ':)�58 �)5� .  

E4*/  
 $
�� FG�� �*$6 �
��  

��
  ���, �  

 ���, 2�$N �
��  

�:���1 ��
   

 2�$N �
��  

$
�� E$# FG��  

 ;�/�n�s  93/63  19/61  75/60  

$
�� ;)$W	1 )44 (F����
, �=��  6/32  2/34  2/34  

$
�� E$# FG��  0  0  5/1  

�:���1 ��
  ���,  0  5/1  0  

n$0�6 U���1 2�  15/1  21/1  21/1  

U���1 n$	�
1  06/1  64/0  08/1  

^�� F

�%  12/0  13/0  13/0  

H:�  25/0  25/0  25/0  

 >:8��	��$�
�1  25/0  25/0  25/0  

 >:8����p�2  25/0  25/0  25/0  

 �/ 2�F������  24/0  25/0  25/0  

 �/F
[�) �
/
�1����&  13/0  12/0  12/0  

 �
$�:�% [�)$�A;Y�$L� ��%        

>�$* 2j
�/ U��)��$�� (E
K���1 
� 2
)$1��
)  2810  2870  2860  

E$# F����
, (�=��)  5/19  9/19  8/19  

U���1 (�=��)  81/0  83/0  83/0  

>�$* 
0�6 Q
��� (�=��)  4/0  41/0  41/0  

F
[�) (�=��)  15/1  17/1  17/1  

+F������ F����� (�=��)  89/0  9/0  9/0  

F���|
� (�=��)  76/0  77/0  77/0  

1 .�����3) '.
����� B	C� @
:�, �� ��
  B��
 D�E5(
: �� �)%)3500000 #
� �")�#
����� '((	9)A  1000000 #
� �")� #
����� '((	9)D3 9000 #
� �")� '((	9)

#
�����E  900 '(
� #
����� D�EB1  3300 '(
� #
����� D�EB2  5000 '(
�  G
.,5�4�� �
3) #
����� D�E15000 '(
�  #
3�
4 #
����� D�E150 '(
� #
����� D�EB6  500 

'(
�#
����� D�EB9  5/7 '(
�#
����� D�E B12  1000'(
� D�EK3  250000 '(
�  #
95: D�E500 '(
� D�EH2 '��
��.  

2 .����3) '4��� B	C� @
:�,� �� ��
  B��
 D�E5(
: �� �)%)40   �.J.� D�E20   #�? D�E80 '(
�  D5
.(3 D�E400 '(
�  �� D�E33880 '(
�  ��� D�E4 �5� L� D�E.  

  

 �/�X�100  V# 2/���/ M[�� �� M/� E
K���1

M/� 2��#  ���N @/ T, � �% ;��
�10  M/� ��$:� ;X�*�

) ;��/� @/ ��$0��/ $� � �% ;���� V# 2$9��/ @/3 �=�� (

 @/ T, U)$� ��,M/�2��# .�% ;Y�$L�  

)3     (                    M/� �� U)$� ��, �=�� = 2��#  

100×  
 @/ T, >�$1 ��, E
KM/� 2��#  

E
K ;� ;�)�/ M@�  

U& F�	  �@/��/ 2/
� @/ T, U)$� ��, �=�� 2
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 �� @/M/�2��# ��$���  ��$:% H)/ $�7 )8/2 ���� 
�� (2

) ;��/� @/ ��$0��/ $� � �%3 @/ T, U)$� ��, �=�� (

M/�2��# .�% ;Y�$L� 2
�W�@  

��/�E
� @/ ��$0��/ $� Z
$�@A 2$&  2�$�A �/[6/SAS 

) ;���1/9;
�� $� I( GLM ) ��� 2/
�4 � ;
[W� (

F�R�$�� $&;� H:1 ;	�/� �	  M��@A�� F8�/� 2/  J��

�	p� 2�/�U1 
� 05/0  .���% ;�
$X�  

)4                      (                      Yij = µ+ Tj + εij  

 I;��/� F
/ ��YijI q��&$?� 
& �/�X�µ I F�R�$��  >1

 qn/�&$?�TiI �
�� 
�/&� �?
$�@A 2$εij I  >1 2$�#

�� Z
$�@A�%$�.  (

` � ��p�$� ng�$p� F��p� 2/
�

 F�� �R��Y:&"#$% $& ;� ��, ���� � E$8L��/ 2

E
� @/ � U)$� ��, �=��  �/[6/Minitab  ;���)18 (

.�% ��$0��/ U& F�	   �9� �&�
K ;�
$X��
�� $� $&

/ ;
[W� ^�� @/ 
R
�8
�$��K���� .�% ��$0��/  

  

��
�� 

 ;� S��
� a
$��"#$% $& �� ;�$#�$1 �� .��# ��)�� 2

) ����2 M/[�� �
�� ;� ��
  M��[6/ .��/ ��% ����A (

�
�� ;� �Y�� /� �6
7� P
� �/� Z&$1 ��
  M��� 2$&

)05/0P<( P
� M/[�� ��
  �*$6 �
�� ;� �����	� M��[6/ .

 � �=�� H
 $�) ��
  f
7� � �/� Z
/[6/ /� �6
7�

 M��� �/� Z&$1 /� �6
7� P
� (�����	�)05/0P<( .

 �� ��)�� O
� �����	� �=�� �� $� ��
  ���, @/ ��$0��/

�/� Z
/[6/ /� M$�@ �N/�I  H
 � ��
  �*$6 �
�� $�/

 O
� �����	� �=�� �/� Z&$1 /� ��)��)05/0P<( .

�
�� ;� �Y�� FG�� � ��
 ���, @/ ��$0��/ �*$6 2$&

 �/� Z
/[6/ /� M$�@ �N/� �� ��)�� O
� ��
 )05/0P<( .

�
�� ��� �����	� Z
/[6/ ��
 ���, 2$&; ��'�	p� �/� 2

 �/� Z
/[6/ /� ��)�� O
�)05/0P<( H?# ��$� �=�� .

;� �
$9� ��7L��	p� ��' /� �L� 2�
���� �
�� 2$&

�6
K �/
* �?
$�@AI ;� 2��' �
�� ;1 wY	� M��� 2$&

 �
$9� ��7L� H?# ��$� �=�� �/�X� ��
 Z�� 
� 2

�
�� 

$� ;� �Y�� �	�%/� $&)05/0P<(�
�� �� . 2$&

���,  ��7L� H?# ��$� 
� 2
�/ �����	� Z
/[6/ ��
 

�%/�� �
$9�I $�/ �
�� �� Z
/[6/ FG�� 2�$N 2$&

 �/� Z
/[6/ /� �
$9� ��7L� H?# ��$� �=�� I�����	�

)05/0P<.(  H?# ��$� �=�� �����	� M��� ��
  ���,

 H?# ��$� �=�� �����	� � ��
  �*$6 �
�� � Z&$1 /�

.�/� Z
/[6/ /�  

 M/[�� ;1 �/� M$?� [�� �$��K����/ n$�
$X� a
$��

 �L� �6
7� �*
�
���� �	� J�� �/
* ��
  !�� � ����

��
K F�� � �6
K �����	� ����� ���� 2�$N 2$&

�	p� f4�#/ �% ��&$?� 2�/�)05/0P<( �
�� 2$&

�
�� $� ;�
$X� �� �����	� �=�� �� 2�$N � 
0= 2$&

 M$�@ �N/� �� ��)�� O
� {$L) @/ �����	� �=�� H


�	p� n�$0��	�%/� �/�I $�/  �����	� @/ ��$0��/����
 
� 2

 �%/�� �
$9� ��7L� H?# ��$� �=��)05/0P<( .

���,) ��
  ����� w�$	� @/ ��$0��/  �� (FG�� � ��
 

�
�� $� ;�
$X�;� ��
  w�$	� �*$6 2$&�	p� ��' 2�/�

 ��$� � M$�@ �N/� �� ��)�� O
� I�6
7� P
� M/[��

 �/� 
��i� /� �
$9� ��7L� H?#)05/0P<( ;�
$X� �� .

 w�$	� F�� 2$� ;� ��
  ���, @/ ��$0��/ ��
  �����

�	p� f4�#/ FG�� ��$� � �6
7� P
� M/[�� �� 2�/�

�
1 �$W
/ �
$9� H?# )05/0P<(.  

 ;� S��
� a
$��"#$% $& ���� � E$8L��/ �0�1 2

^�� $� ��, @/ T, ���01�
� � ]	��Y�$� IF:)�& 2$&

) ���� �� ��)��3.��/ ��% ����A ( ��
  !�� � J�� 

�	p� 
�/ �����	� J�� � ��, E$8L��/ "#$% 
� 2�/�

 �%/� (���01�
�) ��, ���� � (F:)�& � ]	��Y�$�)

)05/0P<( ��
  M��� �
�� �� �����	� J�� Z
/[6/ .


���� E$8L��/ "#$% 
� 2;� ^��  .�%/�� ]	��Y�$�
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 E$8L��/ "#$%;� ^��  ���, 2�$N �
�� �� ]	��Y�$�

 @/ �����	� M��� ��
 �
�� 

$� $&Z�� 
�  $�/ ���

 �*$6 � FG�� 2�$N �
�� �� ��, E$8L��/ "#$%

 �����	�U1 
� �
�� 

$� @/ ��� $&)05/0P<( �� .���
$&2 

 ��, E$8L��/ "#$% �����	� Z
/[6/ $� FG�� 2�$N

;� ^��  �6$
 Z
/[6/ ]	��Y�$�)05/0P<(  ;1 �)$N ��

 ��, E$8L��/ "#$% �����	� � ��
  ���, E/�� ��$0��/

 �/� Z&$1 �����	� �*$6 � ��
 ���, �
�� ;� �Y�� /�

)05/0P<(.  

;� ��, E$8L��/ "#$% a
$��  �� F:)�& ^��

�
��  �=�� H
 2�$N �
�� ;1 �/� M$?� ��
  M��� 2$&

 I�/� Z
/[6/ /� ��, E$8L��/ "#$% �����	��)$N ��  ;1

 /� E$8L��/ "#$% �����	� �*$6 � FG�� 2�$N �
��

 �/� Z&$1)05/0P<( �� .���
$&2  J�� Z
/[6/ $� FG��

;� E$8L��/ "#$% �����	��	p� ��'  .�6$
 ��Y9� 2�/� ��

 F�����
$&2 �$N2 ���, �
 � � FG�� ;� G�
  @/���
 

�$N2 ���	� �=�� �� $� FG���� ��$0��/ �
  ���, @/�  ;�

$�2  FG��"#$%  E$8L��//� /[6/
Z �/� )05/0P<(.  

  

 <��=278�
 �� 6
45�.� 2&3 � '��1 N54 �
*+, . ;)�58 �4�8��: ��
95, ��C(	O �� P5��� ��� 

�
��  
�6
7� P
� M/[��  

�b$� n/� ���1)(  

��)�� O
�  

(�b$�/F�)  

�
$9� ��7L� H?# ��$�  

(�=��)  

�����	� � ��
  �*$6 89/0 b 74/1 f 40/91 a 

�����	� �=�� H
 � ��
  �*$6 92/0 b 58/1 h 13/91 a 

�����	� �=�� �� � ��
  �*$6 98/0 a 65/1 g 21/91 a 

5/1 �����	� M��� ��
  ���, �=�� 63/0 e 88/1 d 94/89 c 

5/1  ��
  ���, �=�������	� �=�� H
 $� 64/0 e 98/1 c 15/90 c 

5/1  �=�������	� �=�� �� $� ��
  ���, 70/0 d 26/2 a 19/90 bc 

5/1 �����	� M��� FG�� �=�� 78/0 c 98/1 c 12/90 c 

5/1 �����	� �=�� H
 $� FG�� �=�� 80/0 c 83/1 e 45/90 b 

5/1 �����	� �=�� �� $� FG�� �=�� 78/0 c 24/2 b 45/90 b 

SEM 019/0  036/0  086/0  

P-Value  01/0  01/0  05/0  

�$��K���/ n$�
$X�    

�����	� �=�� H
 $� �����	� �*$6 03/0  11/0  23/0  

�����	� �=�� �� $� �����	� �*$6  01/0  05/0  16/0  

�����	� �=�� �� $� �����	� �=�� H
  01/0  01/0  83/0  

��
  w�$	� $� ��
  �*$6 01/0  01/0  01/0  

FG�� $� ��
  ���, 01/0  18/0  03/0  

 :g-a Q���,'.��  R5�3 �� �� Q����� S��" �� D�T�) 63) �)�)05/0P<(.  

SEM#
J4�
� ��)�4��3) ��&8 :.��  
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�� $X�
;� ���
$& ��� "#$% {$L) ;��  ��,

;� ^�� 01�
��I�� ���
 �*$6 �
 � � ���	� �=�� ���� 

����  ��,/� /[6/
Z I�/� )$N��� ;1 ���
 �$N2  FG��

���	� �*$6 ��� "#$% ����  ��,/� Z&$1 �/� 

)05/0P<(. �
�� �� Z
/[6/ $� I��
  ���, 2�$N 2$&

�6$
 Z&$1 ��, ���� "#$% �����	� J��I $�/  ��

�
�� 2$& ���� "#$% �����	� J�� Z
/[6/ $� FG��
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�6$ )05/0P<.(  

�
�� �� ���, 2�$N �
�� I��
  ���, 2�$N 2$&

 I�/� Z
/[6/ /� ��, ���� �����	� �*$6 � ��
 

�)$N�� �
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�� FG�� 2�$N 2$&

 �/� Z
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$X� a
$��

 
�/ �����	��	p� �/� �%/� ��, E$8L��/ "#$% 
� 2

)05/0P<( $�/ .
����� 2 ��, E$8L��/ "#$% 
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F:)�&  ��, ���� "#$% �;� ^��  .�%/�� ���01�
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$X� �� (FG�� � ��
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 $����
$&2  ��, ���� "#$% ��
  �*$6;� ^�� 

 ��, E$8L��/ "#$% I���01�
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����  �/
* �?
$�@A �
��

 F�� ;�
$X� �� .�/����
$&2  ��
  ���, � FG�� 2�$N

 [��"#$% $& ��, E$8L��/ 2;� ^��  ]	��Y�$� � F:)�&

 ��, ���� �;� ^�� ;� ���01�
� ��'�	p� �/� n�$0�� 2

 ���)05/0P<(.  

 @/ T, U)$� ��, �=�� ;� S��
� a
$��M/�2��# 

/�G
� V�L� �� ��$X?� � 2
�W�@) ���� �� 2�4 (

�
�� ;�
$X� �� .��/ ��% ����A  $&Q$�/
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 @/ T, U)$�M/�2��# �
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 �L� ��
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