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1. Adaptive Neural Fuzzy Inference System (ANFIS) 
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Fig. 2. Schematic diagram of ANN model with 6–8–

4 structure  
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5. Specific Energy 
6. Net Energy 
7. Multi Layer Perception 

Input layer 
Hidden layer 

Output layer 
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Table 1. Energy content of inputs (consumed) and outputs (produced) in dairy and fattening cattle farms 
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1�3 9�1� ���

 9�	)Heidari et al., 2011 ( 
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) 0	1P; � !LX� *5I i5 �� ���O��  0	0 4��// �;% 4��
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!� 0�d5	 �HO � !P� *",�� �0 � >(	��\��-� .1-)-
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1� *�O�� !DE# *2D� �5�;

Items 
Energy equivalent 

(MJ/unit) 
Reference 

Inputs:   

Tractor (kg)   
 

9-10 (Kitani, 1999) 

Implement and Machinery (kg) 6-8 (Kitani, 1999) 
Diesel fuel (L) 47.8 (Kitani, 1999) 
Petrol(L) 46.3 (Kitani, 1999) 
Oil(L)  36.7 (Kitani, 1999) 
Natural Gas (m3) 49.5 (Kitani, 1999) 
Electricity (kWh) 11.93 (Ozkan et al., 2004) 
Human Labor (h) 1.96 (Kitani, 1999) 
Calf(kg) 6.5 (Frorip et al., 2012) 
Concentrate (kg) 6.3 (Meul et al., 2007) 
Maize (kg) 2.2 (Wells, 2001) 
Alfalfa (kg) 1.5 (Sainz, 2003) 
Barley (kg) 3.81 (Frorip et al., 2012) 
Straw(kg) 2.77 (Frorip et al., 2012) 

Outputs:   

Milk(kg) 7.14 (Coley, 1998) 
Meat(kg) 9.22 (Singh and Mittal, 1992) 
Manure (kg) 0.3 (Loghmanpour zarini et al., 2014) 
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 ��1N2 - `O�� 'M�/	 '�� ��/3 �	1G� � '��� ��� >���@ '��1,	� �0  
Table 2. The energy indexes and their amounts in dairy cattle farms  

Value Unit Items 
0.58 - Energy use efficiency 
0.08 KgMJ-1 Energy production 
12.5 MJkg-1 Specific energy 

-41825.93 MJCow-1 Net energy 

  

 ��1N3 - `O�� 'M�/	 '�� ��/3 �	1G� �  >���@ '��1,	� �0'�	��@ ���  
Table 3. The energy indexes and their amounts in beef cattle farms 

Value Unit Items 
0.2 - Energy use efficiency 
0.02 KgMJ-1 Energy production 
50 MJkg-1 Specific energy 

-13544.91 MJCow-1 Net energy 
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Fig. 3. Percentage of each input energies in beef cattle farms 
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Fig. 4. Percentage of each input energies in dairy farms 
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Table 4. Energy values of inputs and outputs in dairy and beef production farms 
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Items (unit) 
Standard 
deviation 

Energy 
(MJ/cow) 

Standard 
deviation 

Energy 
(MJ/steer) 

Inputs     
Tractor,  Implement and Machinery (kg) 263.47 650.02 238.04 470.90 
Fuel (L) 3984.81 9657.94 1239.54 3823.24 
Electricity (kWh) 699.61 2096.33 229.48 706.97 
Human labor (h) 152.42 489.53 40.96 131.57 

Steer (kg) - - 165.09 919.20 
Feed (kg) 5087.47 43611.99 2424.39 5471.45 
Concentrate (kg) 3907.22 26496.90 1916.19 2488.54 
Silage Corn (kg) 1685.58 13624.00 878.99 1036.33 
Alfalfa (kg) 537.61 3476.26 263.57 737.10 

Barley (kg) - - 822.33 645.22 

Straw (kg) - - 645.13 564.24 

Outputs   

Milk(kg)  7011.89 56356.55 - - 

Meat(kg) 180.66 1272.53 104.11 3236.22 
Manure(kg) 173.54 647.94 28.66 213.63 
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Table 5. Calculated statistical criteria for modeling by ANN and ANFIS methods 

Models R2 RMSE 

Neural network model of beef cattle farms 0.8118 0.425 

ANFIS model of beef cattle farms 0.9899 0.0106 

Neural Network Model of Dairy CattleUnits 0.9837 0.1325 

ANFISModelof Dairy Cattle Units 0.9933 0.05401 

 

 

  

  

  

  

 
 
 

Fig. 5. Relationship between the predicted and actual values of the energy output of beef cattle farms 
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Fig. 6. Relationship between the predicted and actual values of the output energy of dairy cattle farming 

 c2�6- B�@ �50�G� ��� ~�D;�	 '��� ��� >���@ '��1,	� !N��O 'M�/	 !PR	� � 
1� !-��  

 W5��/c2� �0 
1� >�	b� 6 4��/
1-�0 	 ���a� ~�D;�

i50b/ B�@ �50�G� ���  
1/��� 'M�/	 !PR	� � 
1� !-��

 '��� ��� >���@ '��1,	� �0 .9�	 �	1G� \5�e

 ��� >���@ '��1,	� �0 !.�aD��'��� 993/0  0��3��

 *) 1� �0 ����� 9R0 (	 4��/ �50�G�B�@ !-�� 
1� 

 *� 9Da/ '��� ��� >���@ '��1,	� �0 
1/��� 'M�/	

 >���@ '��1,	�'�	��@ ��� 9�	. 

�B��� ���  �>?  

 'M�/	 9Da/ *) 0	0 4��/ U�G^; �5	 (	 cj�, W5��/

 '��� ��� >���@ '��1,	� �0 '0��� 'M�/	 *� !N��O

 >���@ '��1,	� (	 �����'�	��@ ��� 9�	   y�^Q (	 ��	

R² = 0.9933
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Abstract 

In this research, the artificial neural networks (ANNs) and multi-layered non-fuzzy inductive inference system 
(ANFIS) were used to model the output energy in dairy and beef cattle farms. For this purpose, according to 
Cochran's relation, 105 beef and dairy farms were randomly selected from five townships which were the main 
producers of this sector in Mazandaran province from 2016-2017. Using the energy balance of inputs and 
outputs, the input and output energy averages in beef production farms were calculated to be 16994.76 and 
3449.85 MJcow-1 and for dairy production farms were equal to 100100 and 58277 MJcow-1, respectively. Also, 
ER (Energy Ratio), EP (Energy Productivity), SE (Special Energy) and NE (Net Energy) indices for dairy 
production farms were 0.58, 0.08 KgMJ-1, 12.5 MJKg-1 and -41825.93 MJcow-1, respectively and for beef 
production farms were calculated as 0.2, 0.02 KgMJ-1, 50 MJKg-1and 13544.91 MJcow-1, respectively. Using 
the results of statistical analysis of the data, modeling of the output energy for each unit of input energy was 
performed by two above methods (ANNs and ANFIS). The results showed that the model of nervous- fuzzy 
inference comparative multi-layered system with the correlation coefficient of 0.9899 for steer farms and 0.9933 
for dairy farms, had better performance and accuracy than that of the artificial neural network with the 
correlation coefficient of 0.8118 and the structure of 6-16-1 for beef farms and correlation coefficient of 
0.9837 and the structure of 5-12-1 for dairy farms.  
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