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Table 1- Experiment design

Run  storage time Concentration of Concentration
(day) potassium of pyracantha
nanocarbonate extract (%)
(%)

1 30 2 0.75
2 30 1 0.75
3 0 0 0
4 30 1 0.75
5 0 1 0.75
6 0 2 15
7 0 0 15
8 60 1 0.75
9 30 1 0.75
10 30 1 15
11 60 0 0
12 30 1 0.75
13 30 1 0
14 30 1 0.75
15 60 2 0
16 30 1 0.75
17 60 2 15
18 60 0 15
19 30 0 0.75
20 0 2 0
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Table 2- Scores the color of grape cluster

Ciuste Gree Brownis Light Mediu Dark

r color n hgreen  brow m brow
nQ) aLbrown n

Score 5 4 3 2 1
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Figure 1- The trapezoidal membership function with 3 functions for storage time (a), potassium nanocarbonate (b) and
Pyracantha extract concentration(c)
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a) b)

Pyracantha extract (%) 15 0  Potassium panocarbonat(%)

c)

Figure 3- Effect of storage time and concentration of potassium nanocarbonate (a), storage time and concentration of
Pyracantha extract (b) and concentration of nanocarbonate and Pyracantha extract (c) on Brix

Table 3- The comparison of hidden layers and the number of neurons in each hidden layer on the accuracy of output
variables prediction.

The type and membership functions of input variables

Triangular ~ Trapezoidal Gaussian Triangular Trapezoidal ~ Gaussian
evaluation 22 22 22 33 33 33
Desirable output
criteria
Brix R 0.971 0.936 0.978 0.956 0.995 0.985
MSE 0.0251 0.0025 0.0369 0.0258 0.0265 0.0589
Dropping berry R? 0.908 0.865 0.968 0.927 0.928 0.998
MSE 0.0651 0.0235 0.0358 0.0338 0.0275 0.0189
Malondialdehyde R? 0.929 0.927 0.917 0.999 0.944 0.948
MSE 0.0651 0.0235 0.0158 0.0108 0.1325 0.1058
Cluster R? 0.819 0.913 0.937 0.998 0.924 0.978
browning
MSE 0.0651 0.0235 0.0158 0.0118 0.1295 0.1009
Aroma and taste R? 0.914 0.922 0.948 0.998 0.978 0.918
MSE 0.0651 0.0235 0.0378 0.0158 0.1275 0.1199
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Figure 5- Effect of storage time and concentration of potassium nanocarbonate (a), storage time and concentration of
Pyracantha extract (b) and concentration of nanocarbonate and Pyracantha extract (c) on Malondialdehyde
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Figure 6- Effect of storage time and concentration of potassium nanocarbonate (a), storage time and concentration of
Pyracantha extract (b) and concentration of nanocarbonate and Pyracantha extract (c) on cluster browning
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Figure 7- Effect of storage time and concentration of potassium nanocarbonate (a), storage time and concentration of
Pyracantha extract (b) and concentration of nanocarbonate and Pyracantha extract (c) on aroma and taste
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Table 4-ANFIS optimized models parameters chosen for intended outputs.

Intended parameter Brix Dropping Malondialdehyde Cluster Aroma and
berry browning taste
Number of membership functions for 3 3 3 3 3
Storage time
Number of membership function for 3 3 3 3 3
potassium nano carbonate concentration
Number of membership functions for 3 3 3 3 3
Pyracantha extract concentration
Type of inputs membership function Trapezoidal Gaussian Triangular Triangular ~ Triangular
Number of laws 27 27 27 27 27
Type of outputs membership functions Constant Constant Constant Constant Constant
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Figure 8- The comparison of laboratory data and amounts predicted by ANFIS model for brix (a), Dropping
berry (b), malondialdehyde (c), cluster browning (d) and aroma and taste (e)
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Using fuzzy-neural inference system (ANFIS) in modeling storage conditions of grape fruits
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ABSTRACT

ARTICLE INFO

In this research, due to the lack of a study on the modeling of the storage
conditions of grape fruits coated with maltodextrin containing potassium
nanocarbonate and pyracantha extract using the fuzzy-neural inference
system (ANFIS), different storage times (zero to 60 days), concentration
Potassium nanocarbonate (zero to 2%) and concentration of pyracantha
extract (zero to 1.5%) used in edible coating as input and the amount of
Brix, the percentage of dropping berry, the amount of malondialdehyde,
the browning of the grapes cluster, aroma and taste of samples were
considered as output. Three Gaussian, triangular and trapezoidal
membership functions with 2-2-2 and 3-3-3 membership functions were
investigated. The results showed that trapezoidal function with 3-3
membership function and Gaussian function with 3-3 membership
function were selected as the best model for Brix output variable and
percentage of dropping berry, respectively. finally, triangular model with
3-3 membership function was selected for cluster browning and
malondialdehyde variables. On the other hand, the results indicated that
with the increase in storage time, the amount of Brix, the percentage of
dropping berry, malondialdehyde and cluster browning increased in all
samples, but the amount of aroma and tast of the samples decreased. the
use of coating containing potassium nanocarbonate and pyracantha
extract caused the speed of these changes to decrease. In the end, it can
be said that the high correlation coefficients between the laboratory
results and the model outputs indicate the acceptable accuracy and
usability of these models in controlling the storage conditions of grape
fruits coated with maltodextrin containing potassium nanocarbonate and
pyracantha extract.
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