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This study was conducted to investigate the effects of mixer added fat, crude 
protein and conditioning temperature on the pellet durability index, modified 
pellet durability index and electrical energy consumption during feed production 
using computational modeling tools. In this research, a total of 192 broiler feed 
samples with different levels of mixer added fat (four levels) and crude protein 
(four levels) in feed components and different conditioning temperatures (three 
levels) to determine the pellet durability index, modified pellet durability index 
and electrical energy consumption during feed production were used. Multiple 
linear regression models and artificial neural network were used to analyze these 
data. Both mentioned models had the ability to predict the value of the pellet 
durability index, modified pellet durability index and the electrical energy 
consumption during feed production; but the prediction accuracy of the artificial 
neural network model was higher than that of the multiple linear regression 
model for all three outputs. Optimization was done using the artificial neural 
network model, and in these calculations, in order to achieve the highest possible 
level of pellet physical quality and the lowest possible level of electrical energy 
consumption, the crude protein amount was 20-20.5 percent and the 
conditioning temperature was predicted to be 85 degrees Celsius. However, the 
amount of fat was predicted to be one percent for the highest amount of pellet 
physical quality and four percent for the lowest amount of electrical energy 
consumption during production. In practical conditions, this model can help in 
more accurate prediction of electricity consumption and the quality of produced 
feed in order to achieve the optimal situation in feed production factories. 
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��2� � �< ^1� �
���� N�
	J #�	P�


��2� #;?�@� ���� .�< #;?�@� L�@8� MJ�< �
/ �
������ ��<  #� B��>� E!� �� �< ���>9?� #���� ,<�
 �� =��

 �=
7 ��"� ^!13 ,
�� ��>�� ���9?� #c>@� 
� ��9� ] �7�� 
��X �
/ _)?11.[  


� &�� ��- ��g�
 ���V��� ��)!��7 �
��g ���� E�PH� `���
 E�� �-��k9� ,� �<�� #� #S��
 E�� ��k9� #9(��� � 

^! �! �)A ��k9� �W29(� [- E�)A ,��	�A ���k� 
��2� ��k9� #9(��� �� ���k� �����- �� ��-��k9� W29(� �
  ��� 

,� �-�. #�  g ��J #S��
 ,� �!� B
	] :�<��  

 #S��
1                              (                                                                    nieX ii

n

i

i K,2,1,y
1

0i  





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� #� E!� �#S��
 yi� 
��2� �
	� i�� ��k9� ,P� #9(��� )�,7�8� ,�!�9�1� �:���  MJ�< � �
/ �
������ MJ�<

L�@8� �
/ �
������ ��<( wβ0�  w���C n!�d �! ~�;� �� ���n���V� � ��-��k9� ���
� )n=3(w βi  � �� ,SJ n!�d

��k9�i w��Xi ����=7� ,��A) ���
� ��-��k9� G	
H� 
� ��< �E� ��J E�'���/ � �1�K ����  w(��)-�ei� ��SJ 

��-��� ��< 
� ��k9� i�� �?�.  

#�	PZ� W� ���� ��- ,�!���g ��
 �� #1��V� A ,SJ ��V����� #����) ���>9?� �� #!�
 REG 
� ��� �
��g 
�=7� 

SAS  #H(�)2/9h���� ( �< ]15�� .[ ���>9?� �� &��I =�1��g s��!
�� � �!��2� ,�- #;?�@�  ��<)T-value���� (  �-

���k9� �)!��7 ��?�(K =�1��g ���� #;�
 ��)� �� �-��k9� �c� ��P-� �� ,I��J &�� #9J�? B
	] ��< �7�� .�����- �� 

#� �=I� ��
��  a
S�
�X 
��2�T-value D�� ��� ����	� D�� ��P-� ��� ,I��J 
� &�� ��
�� .,��!�
� ,!�
�� &�� 

��V��� ,SJ #����)A #� ^P� ,!�-
��V� �� #
PI n!�d  E��;�R2)(� 
jI E������ B�V��� ) �SJRMSE(� ,?
�� �<. 

���� ,��!�
� ���
P� &�� ��- �� 
��2� R2 #�  �	)� �
��V� ���� DZ)? "�X�" � �� �!��2� RMSE yr	PV� ���� 

 ���   ���"�@]" ^! &�� ���>9?� ,� �	<. �� E!����)� �� E!� n���� 
��V� ���� #Z�9� ���� � �! #(!�2� ���
P� 

,
� &�� �- ] �< ���>9?�4  �6.[  

E9<	� �� ,d�!
 ���� #V?	� � ,��!�
� &�� �,�	)8� ,;8� #�;< `?	� ��� 
�=7�Matlab   #H(�)b2018R (

] �< ��Z��20[ .#����� #V?	� #97�! 
� xX�� ^! �� x;)� Rq]� ��< �� [9!
	�1� �?� ,�	)8� ,;8� #�;< #� yq;X 

`?	� D-�./ ,J��  ��� &�P�� ��< ] �	�5���� .[ �J�? &�� ��- #�;< ,;8� �� [9!
	�1� s/ D�/ 
��9��  
	J

)feedforward backpropagation( �� �
�9J�? #? #!r )���
�- ,����- ,I��J (���>9?� .�< ���	P��? x��	� 

���.��� ) ^�1	��|!�-tansig� ( ) ,SJpurelin#� (  �	)� x��� ��1�V7 #� n���� 
�  ��� ��- ,���� ,I��J � #� 
�� #97�� 

���� .�< h�	�g #�;< ,K��� ��< �� ���� ��- �,<�	�g �� 
	�1�[9! p�;�	1 - B
�	�
�� #� ���P- x��� ,<�	�g ��!�� � 

�	9)�	� ���>9?� ] �<6E������ .[ �SJ B�V��� 
�  LS?0001/0 #�  �	)� x��� ���
P� 
� �c� #97�� �< � �)!��7 h�	�g 

��  ��?
 #� 800 � 
���� �!  ��?
 #� E������ B�V���  ��SJ0001/0 
�"A .�7�! #���� ��k9� ���
� `;��� �� R	S? 

���=7� ,��A Q
9H� G	
H� 
� ��< �E� ��J E�'���/  ��1�K ����  ��)-� #�  �	)� ��-�K�� #!r ���
� � #�;< 
� �c� 

#97��  .���<192 ���� ���� ,�!���g h�	�g )training� ( ) ,��!�
�validation( &�� #�;< ,;8� ���>9?� .���<  E!�

���� �- #� B
	] ,7��8� ���� �� #�  h�	�g134 )70 ���� �]
�  ,��!�
� � (�-58 )30 ���� �]
� (�- [�(2� ���< . #9;1�

W;X �� ���< s!���� �B�;?�@� ���� ��- ���
� � ,I��J 
� ���� )1  �1-&���� ( ���< E!� 
�� #� E!� W�1� B
	] 

�7��  #� �!��2�  ���� ���� �- #�;< ���?���? ��< � ,!���P- #�;< ����  ��?
 #� ,1�� �� [� E!�� �SJ x!�? ��

B
	] ] ����6  �14.[  

=�1��g ��?�(K ���� �?�/ #� E!� &�f? ��Z�� �7�� #� ���� ��k9� ���
� 
� E!� D!���g ),��A ���=7� ��< 
� 

G	
H� �E� E�'���/ ��J � ���� �1�K ��)-� (�C� D�� ��� ��
 �:��� ,�!�9�1� �,7�8� MJ�< �
������ �
/ � 

MJ�< L�@8� ��< �
������  �
/),I��J ��- &��( �
�� .F�- ,!�"� �� #� ����
�� =�1��g ���?�(K #;�
��)� 

��-��k9� ���
� �� �c�  �=��  g �
�j��C� �- ,I��J �� [9(�? &�� ��< �	� .=�1��g ��?�(K &�� ��- #�;< ,;8� 

��?��� E!� �
	'� #!�/�=!
 #� ��< 
� B
	] FjK ^! ��k9� ���
� #A  �=�� ��SJ &�� �;(� #� �1�K #!�/ 

)&�� �� 
	oK ��P� ���
� ��-��k9� (D!�=7� ,� ���! .E!� 
�� ���� �- ^! �� ���
� �- #� B
	] #�����I  	��g ��< � 

�;(� D!�=7� ��SJ #97�! 
� �C� FjK �- ���� ��  g  �-E��V� ,� �	< .��k9� ���
� #� D�� E!�� �;(� �SJ �
 ��Z!� 

,� �)� ["� ���
� E!�� �?� � ,I��J &�� ��
  g ��?�(K D�� ��� �
�� .�� �� 
��V� &	PV� #� ����  =�1��g
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��?�(K &�� ��- #�;< ,;8� #� 
�� ,� ��
 W��< #� ��SJ ��?�(K  ��k9�)Variable Sensitivity Error; 

VSE� ( �;(� ��?�(K  ��k9�)Variable Sensitivity Ratio; VSR,� ( ��)<�� ���>9?� ] �!���5.[ ��SJ 
��V� 

��?�(K ��k9� ���� �- ���
P� ���k9� ) �=�� ��SJ (&�� #�;< ,;8� B
	] 
� �
 FjK  g ��k9� �� #�;<  ��� 

,� �-� � �;(� 
��V� ��?�(K #� ��k9� B
	] �;(� ��SJ E�� ��?�(K ��k9� � ��SJ #!�/ &�� �� 
	oK ��P� 

��-��k9� ���
� Q!�V� ,� ��	< #� �
	� #� �;(�  �=�� ��?�(K ��k9� � ��SJ ��?�(K ��r�� ��k9� ���� ^! 

��k9� ���
�  ��� ��)-� ��P-� D�� ��  g ���
� ,� �<��.  

  

3 .3"��(  

#]qJ ���� �� �� xPI ��- �
�g  � �
/ �
������ MJ�< �N�
	J ��1	� ���)- ,7�8� ,�!�9�1� �:��� 
��2� �� ��<

 MJ�<L�@8� ) &��I 
� �
/ �
������ ��<1.�?� ��< h
�=� (  

  
 ;8�>1G$��+ HI�� J.53 
��?�*�	 HI�� =�@$	 .  K3 L��)I �$�)+ M�/�9 ����	 �%���%�� 
7�*� 8 .53 
��?�*�	 #��

�$�)+ 0�1  


�P��  
MAF  
(�]
�)  

CP 
(�]
�) 

CT
  

,9��? #I
�) (���� 
PDI 

) (�]
� 
MPDI  
(�]
�)  

EC 
 ���? B��	
��)(E� 
�  

1  1  5/17  75  60/72  02/70  23/7  
2  1  5/17  80  27/72  38/68  32/7  
3  1  5/17  85  57/71  13/68  72/7  
4  1  5/18  75  32/79  38/72  71/6  
5  1  5/18  80  98/81  29/81  33/7  
6  1  5/18  85  70/89  03/84  91/6  
7  1  5/19  75  32/82  75/76  90/6  
8  1  5/19  80  19/86  66/82  80/6  
9  1  5/19  85  94/87  76/86  83/6  
10  1  5/20  75  09/84  6/75  43/6  
11  1  5/20  80  61/88  92/81  27/6  
12  1  5/20  85  03/82  07/78  78/6  
13  2  5/17  75  04/69  48/65  22/7  
14  2  5/17  80  36/68  88/65  50/7  
15  2  5/17  85  19/68  87/65  03/6  
16  2  5/18  75  49/79  14/75  18/6  
17  2  5/18  80  05/83  67/77  33/6  
18  2  5/18  85  71/87  85/83  21/6  
19  2  5/19  75  25/83  28/75  18/7  
20  2  5/19  80  88/83  85/80  29/6  
21  2  5/19  85  95/87  43/86  28/6  
22  2  5/20  75  81/80  57/73  72/6  
23  2  5/20  80  79/83  04/78  22/6  
24  2  5/20  85  33/85  93/79  72/5  
25  3  5/17  75  29/66  66/62  34/7  
26  3  5/17  80  34/64  23/58  84/6  
27  3  5/17  85  21/60  96/54  23/6  
28  3  5/18  75  73/72  73/66  79/6  
29  3  5/18  80  68/80  61/69  44/6  
30  3  5/18  85  95/80  6/75  76/5  
31  3  5/19  75  79/77  26/68  66/6  
32  3  5/19  80  10/79  31/72  05/6  
33  3  5/19  85  14/82  47/78  97/5  
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 ;8�> �	�-�1G$��+ HI�� J.53 
��?�*�	 HI�� =�@$	 .  L��)I �$�)+ M�/�9 ����	 �%���%�� 
7�*� 8 .53 
��?�*�	 #��
�$�)+ 0� K31  


�P��  
MAF  
(�]
�)  

CP 
(�]
�) 

CT
  

,9��? #I
�) (���� 
PDI 

) (�]
� 
MPDI  
(�]
�)  

EC 
(E� 
� ���? B��	
��)  

34  3  5/20  75  88/80  94/73  39/6  
35  3  5/20  80  42/79  69/71  89/5  
36  3  5/20  85  52/80  16/75  10/6  
37  4  5/17  75  14/58  09/48  89/5  
38  4  5/17  80  42/59  40/52  49/6  
39  4  5/17  85  03/62  67/53  51/5  
40  4  5/18  75  03/67  86/56  99/5  
41  4  5/18  80  26/71  87/62  46/5  
42  4  5/18  85  96/73  69/66  16/5  
43  4  5/19  75  05/68  99/56  48/6  
44  4  5/19  80  85/67  64/60  96/5  
45  4  5/19  85  36/78  48/72  17/5  
46  4  5/20  75  58/73  9/65  52/5 
47  4  5/20  80  22/77  65/68  35/5  
48  4  5/20  85  50/79  97/72  18/5  

1 .MAF���=7� ,��A : G	
H� 
� ��<  wE�CP w��J E�'���/ :CT�1�K ���� :  w��)-�PDI w�
/ �
������ MJ�< :MPDIL�@8� MJ�< : ) �
/ �
������ ��<PDI 
L�@8�  w(��<EC:  .N�
	J ��1	� ���)- ,7�8� ,�!�9�1� �:����� �����- #��
� �!��2� W��< &��I 
� ��< ������E � 
���� 
�"A,�<��.  

  

���
� �C� #� �< ����  ��� #����)A ,SJ ��V��� B�;?�@� 
� ,��A) �- ���=7� ��< 
� G	
H� �E� E�'���/ ��J � 

���� �1�K �:��� �� (��)-� ,�!�9�1� �,7�8� MJ�< �
������ �
/ � MJ�< L�@8� ��< �
������ ,)V� �
/  
��

)05/0P<#;?�@� #����)A ,SJ ��V��� &�� .�)9(- (  #S��
) 
� �
/ �
������ MJ�< ���� ��<2 MJ�< �(

L�@8� 
 
� �
/ �
������ ��<) #S��3) #S��
 
� ,7�8� ,�!�9�1� �:��� � (4[- .�?� ��<  ��� (  B�;?�@� E�)A

 #� G	���T-value ) &��I 
�2) &��I #� #I	� �� .�?� ��< h
�=� (2D�� ��J E�'���/ ( �1�K ���� � E!��  ��)-�

[� ���
� �C�  �=�� .��
�� �
/ �
������ MJ�< �� �
 �C� E!�� L�@8� MJ�< �� �- �<D�� �� �
/ �
������ �  #� ��

[� #� �� ���=7� ,��A `?	� n���� G	
H� 
� ��< �1�K ���� � ��J E�'���/ �E�  ,��A .�?� ��< &�P�� ��)-�

���=7� G	
H� 
� ��< D�� E� .�
�� ,7�8� ,�!�9�1� �:��� �� �
 �C� E!�� ���=7� ,��A G	
H� 
� ��< E�  MJ�< ��

�@8� MJ�< � �
/ �
������L [- .�
�� s�� #S��
 �
/ �
������ ��<  �:��� �� ,?
���
	� ��k9� #? �- #S��
 E�)A

#� =�� ,7�8� ,�!�9�1� .�?� �	�V� B
	]  

 #S��
2(  PDI = -34.37 - 4.020 MAF + 4.724 CP + 0.3918 CT  
 #S��
3(  MPDI = -46.2 - 5.364 MAF + 4.252 CP + 0.6213 CT 

 #S��
4 (  EC = 15.343 - 0.3891 MAF - 0.2083 CP - 0.05055 CT 
  

 ;8�>2 .T-value �N:��	 �*�?��& ��I .$�1�+ O��" 0� #��1  

 
(�]
�)PDI (�]
�)MPDI (E� �� ���? B��	
��)EC 

 (�]
�) MAF 
T-value

 
P-value

 
T-value P-value T-value P-value 

74/12 -  < 05/0  8/14 -  < 05/0  78/13 -  < 05/0  

 (�]
�) CP 97/14  < 05/0  73/11  < 05/0  37/7 -  < 05/0  

 ,9��? #I
�) (���� CT 53/4  < 05/0  26/6  < 05/0  54/6 -  < 05/0  

1 .MAF���=7� ,��A : G	
H� 
� ��<  wE�CP w��J E�'���/ :CT�1�K ���� :  w��)-�PDI w�
/ �
������ MJ�< :MPDIL�@8� MJ�< :  w�
/ �
������ ��<EC:  �:���

 wN�
	J ��1	� ���)- ,7�8� ,�!�9�1�T-value,� :-#;?�@� #;�
 ���� ��< ���
� ��-��k9� �
�j��C� ��)�.  
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,I��J �� ���
� ��-��k9� �C�  �=�� #;?�@� ,�	)8� ,;8� #�;< &�� `?	� #� �- ) W�< 
� ��<1#� (  B
	]

#(!�2� 
��	P� �;(� #� #I	� �� .�?� ��< ����  ��� �� ��?�(K #� �?� D�� ���k9� �- ���� ���g �;(� E!�� 

��?�(K ��
/ �
������ MJ�< ���� L�@8� MJ�<  ,7�8� ,�!�9�1� �:��� � �
/ �
������ ��< #� G	��� ,��A

���=7� G	
H� 
� ��< ,� E� ���=7� ,��A �� s/ �
��	P� E!� ��?��� .�<�� G	
H� 
� ��< D�� ��J E�'���/ �E�  �C� E!��


MJ�< �� � .�
�� �
/ �
������ ��-  
  

  
 Q%�1) �9�$S�	 .$:�T� =�@$	 .VSRHI�� 
��1 ( 
��?�*�	 ) .53PDIHI�� J(�V�- J G$��+  .53 
��?�*�	 #��

)MPDI8 (�V�- J L��)I �$�)+ M�/�9 ����	 �%���%�� 
7�*� )EC�1 .NT* (W+ �1 .
�:  �8)5$6 J �1�& #-8@�� #�� �- 

X)5Y	 ) W6MAF JJ(�V�- W$Z+8�3 ) M�ICP(�V�- J 
�	- 8 .��� ) #��9-CT��*�: �>�- J (-��?  

  

 �!��2�R2  �RMSE ���>9?� &�� �� #� G	��� ��< #;?�@�  ,;8� #�;< � #����)A ,SJ ��V���) D-�./ E!� 
� ��<

) &��I 
� (,�	)8�3E!� #� #I	� �� .�?� ��< h
�=� (  D!�=7� �� #�R2 D-�� �� � �X� �RMSE D!�=7� &�� �@] �

,� ) &��I w���!3,�  ��� ( ,� #����)A ,SJ ��V��� &�� #� �;(� ��9"� &�� ,�	)8� ,;8� #�;< #� �-� .�<��  

  
 ;8�>3;�	 �����6 . ) �*�?��& ��I .$�1�+ 
�9MLR) �
)��	 �N�
 �%N� 8 (ANN(1  

 
(�]
�)PDI (�]
�)MPDI* (E� �� ���? B��	
��)EC* 

 MLR
 ANN

 

MLR ANN 
MLR

 ANN
 

 
Training

 
Validation

 
Training Validation Training Validation 

R2 684/0  889/0  905/0 678/0 874/0  886/0  604/0 777/0  776/0  

RMSE 89/4 17/3  83/2  62/5 64/3  69/3  44/0 35/0 36/0  

���V� ,���� #!r 
�  ��� 
 

5  
 

5  
 

7  

1 .PDI w�
/ �
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