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Abstract 

The use of plant extracts can consider as an alternative for pesticides, to control post-harvest diseases like apple blue mold. It was 

efficient method the measuring the enzymes activity involved in plant defense systems to evaluate the disease, but it was expensive method. 

At present research, the peroxidase activity in treated apple fruits with lavender extracts and pathogen during eight days was investigated. 

Then, we applied three common models (i.e. multiple linear regression models, neural networks and neuro-fuzzy) to predict the peroxidase 

activity based on the information of the previous test. The results showed the highest enzyme activity was observed in the infected apples 

treated with the extract in fifth days, as the days before and it was significant compared to other treatments. The most activity of peroxidase 

was observed in all treatments except control, was observed on the fifth day. Our constructed models revealed that neuro-fuzzy model had 

higher performance in the peroxidase activity prediction compared with the other models.  

Key words: Neural network, Neuro-fuzzy, Multivariate regression, Penicillium expansum, Peroxidase, Systemic Aquried Resistance. 
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Table 1. Compare the results of multiple linear regression model to predict the enzyme activity 

 ��0�.Treatment ME RMSE R2 

���*  
Control 

0.009 0.004 0.70 

P. expansum 0.21 0.22 0.53 

����  ���+, 

Plant extract 
0.17 0.13 0.46 

� ��0�� Q��R - ����  ���+, 

Plant extract + Pathogen 
0.28 0.33 0.45 

  

                                           RMSE: Root Mean Square Error 

                                           ME: Mean Error 

                                           R2: Coefficent of Determination 
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Table 2. Compare the results of artificial neural network to predict the enzyme activity 
��0�. Treatment ME RMSE R2 

���*  
Control 

0.002 0.001 0.85 

P. expansum 
0.13 0.14 0.71 

����  ���+,  
Plant extract 

0.11 0.09 0.75 

� ��0�� Q��R - ����  ���+,  
Plant extract + Pathogen 

0.17 0.20 0.70 

  
                                           RMSE: Root Mean Square Error 

                                           ME: Mean Error 

                                           R2: Coefficent of Determination 
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Table 3. The features of neuro-fuzzy model to predict the amount of enzyme activity 

 ��0�.Treatment 
 0�'�" $'�-"

@��{= 
�'�4" 

 0��" ��,

@��{= 
 D����
�$�� ($�) �3��$ D�� 

���*  
Control 

3 80 gaussmf 
���.
� 

Hybrid 

,3� N
*,�
2 

Weighted Average 

P. expansum 4 150 gaussmf 
���.
� 

Hybrid 

,3� N
*,�
2 

Weighted Average 

����  ���+,  
Plant extract 

3 150 gaussmf 
���.
� 

Hybrid 

,3� N
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Weighted Average 

���+, � ��0�� Q��R - ����   
Plant extract + Pathogen 

4 150 gaussmf 
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� 

Hybrid 
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Weighted Average 
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Table 4. Evaluation of error criteria for ANFIS model on prediction of enzyme activity 
 ��0�.Treatment nRMSE RMSE R2 

���*  
Control 

0.002 0.001 0.89 

P. expansum 0.10 0.11 0.79 

����  ���+,  
Plant extract 

0.06 0.05 0.78 

� ��0�� Q��R - ����  ���+,  
Plant extract + Pathogen 

0.11 0.14 0.75 

                                                 RMSE: Root Mean Square Error 

                                                 R2: Coefficent of Determination 
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Fig. 2. Index relative improvement of linear regression models to predict the enzyme activity in four treatments
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