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1. Artificial neural networks (ANNs)
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2. Ripening index
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5. Fractional conversion model
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3. Chroma
4. Hue angle
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9. Adjusted R-squared
10. Mean Square Error (MSE)
11. Root mean squared error
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6. Weibull model
7. Multilayer perceptron (MLP)
8. Levenberg-Marquardt
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Table 1 Kinetic parameters and statistical values of zero-order, first-order, second-order, fractional
conversion and weibull models for color and physicochemical parameters.

Physicochemical parameters

Color parameter

W F TSS TA RPI L* a* b* AE C* h*
Zero-order model
kzo 0.5238 -0.2378 0.1426 -0.2672  -0.2672 -0.1061 -0.3882 03624 0.1515 09354 -0.8732
R? 0.9852 0.7770 0.8533 0.9004 0.9004 0.9702 08409 0.7898 0.5954 0.8287 0.9884
RMSE 0.478 0.146 0.433 0.091 0.091 0.421 0.529 0.534 0.854 0.451 0.451
First-order model
kro 0.0623 -0.0411 0.0147 -0.0557 -0.0193 -0.0069 0.0444  0.0148 0.0023 0.0276 -0.0178
R? 0.8714 0.8781 0.8079 0.9856 0.9931 0.8306 0.8556  0.7407 05734 0.7450 0.9835
RMSE 0.523 0.198 0.387 0.101 0.345 0.465 0.476 0.529 0.708 0.387 0.482
Second-order model
kso 0.0085 -0.0068 0.0015 -0.0104  -0.0106 -0.0001 0.0022  0.0023 0.0024 0.0016 -0.0004
R? 0.6586 0.9271 0.7574 0.9731 0.9755 0.8191 0.7015 0.6415 04912 03021 09719
RMSE 0.571 0.241 0.231 0.135 0511 0.378 0.532 0.734 0.981 0.965 0.439
Fractional conversion model
Krco 0.0624 -0.1104 0.0147 -0.0655  -0.0681 -0.0069 0.0443  0.0148 0.0023 0.0276 -0.0178
C, 0.0001 3.4603 0.0011 0.8363 32784 0.0001 0 0.0018 0 0 0
R? 0.8711 0.9440 0.8078 0.9815 0.9582 0.8306 08560 0.7407 05821 0.7449 09835
RMSE 0.470 0.329 0.278 0.086 0478 0.409 0.623 0.632 0.924 0.567 0.602
‘Weibull model
kwo 0.1667 -0.1206 0.0854 -0.0624  -0.0309 -0.00007 0.1858 0.1088 0.0536 0.1136 -0.0082
n 0.7021 0.6295 0.4445 0.9611 0.8043 2.4519 0.5606  0.3801 0.042 05623 1.2508
R? 0.9463 0.9402 0.9493 0.9861 0.9702 0.8790 09435 0.8250 0.8312 0.8585 0.9867
RMSE 0.523 0210 0.273 0.131 0.531 0.389 0.451 0.540 0.396 0.381 0.578
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Physiochemical parameters Kro half-life time (day)
W 0.0623 11.2
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TSS 0.0147 473
TA -0.0557 12.4
RPI -0.0193 359
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Table 3 Some of the best MLP neural network topologies to predict physicochemical values

The number of

ﬁ];;acr;s(firs neurons in hidden F W RPI
layer
First Second R’ MSE RMSE R’ MSE RMSE R’ MSE  RMSE
3 0 09897  0.000120 0041 09934 0000578 0073 09899 0000634  0.075
3 2 09889  0.000231 0043 09920 0000194 0046 09911  0.000098  0.036
5 2 09921 0000036 0014 09945 0000049 0020 09934  0.000063  0.026
6 1 09751  0.001625 0086 09658 0001845 0090 09611 0002118  0.096
Tansig 9 2 09823 0.000945 0075 09796 0000723 0075 09756  0.000654  0.076
9 4 09913  0.000064 0016 09945 0000035 0023 09924  0.000098  0.036
10 2 09634  0.001790 0093 09734 0001345 0085 09701  0.001809  0.093
4 0 09843 0.000965 0058 09897 0000874 0077 09803  0.000579  0.073
5 0 09920  0.000068 0021 09945 0000093 0035 09914  0.000054  0.026
5 2 09757  0.001967 0096 09694 0002058 0096 09341 0004561  0.122
. 6 3 09931  0.000085 0029 09951 0000082 0028 09845  0.00369  0.058
purelin 8 3 09986  0.000093 0024 09934 0000563 0072 09891  0.000739  0.065
8 4 09994  0.000008 0011 09991 0000012 0012 09983  0.000025 0016
3 1 0.9979 0000014 0013 09983 0000076 0023 09963 0.000163  0.043
4 1 09896  0.000094 0036 09904 0000138 0041 09754 0001632  0.095
5 0 09947  0.000283 0048 09958 0000073 0029 09927  0.000263  0.047
5 2 09845  0.000937 0078 09901 0000188 0045 09846  0.000783  0.067
7 3 09919  0.000193 0045 09983 0000074 0027 09982  0.000219  0.045
8 2 09992  0.000007 0011 09890 0000593 0072 09971  0.000163  0.042
8 5 09964  0.000083 0035 09956 0000082 0034 09931  0.000283  0.049
9 2 09894  0.000623 0072 09823 0000901 0077 09794  0.001403  0.093
Logsig 10 0 09954  0.000243 0046 09961 0000114 0040 09993  0.000016  0.012
10 2 09863  0.000692 0074 09794 0002309 0098 09761 0001341  0.091
10 2 09929  0.000085 0031 09945  0.00005 0038 09991  0.000008  0.011
15 2 09958  0.000064  0.027 09984 0000248 0047 09965  0.000093  0.038
15 4 09856  0.000492 0056 09793 0001483 0093 09865 0001208  0.090
Ny
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Table 4 Some of the best MLP neural network topologies to predict color values

The number of
Transfer neurons in hidden c’ h*
functions layer
First  Second R’ MSE RMSE R’ MSE  RMSE
4 1 0.9899  0.000249 0.046 09917 0.000173  0.043
5 0 0.9764  0.000932 0.079 09693 0.001012  0.087
5 2 0.9924  0.000107 0.039 09946 0.000134  0.042
8 0 0.9562  0.000398 0.054 09736  0.000641  0.075
Tansig 8 2 0.9943  0.000093 0.036 09913 0.000129  0.041
8 3 0.9991  0.000028 0.014 0.9982  0.000076  0.025
10 2 0.9973  0.000105 0.038  0.9987  0.000019 0.013
3 2 0.9764  0.000938 0.080 09801 0.000762  0.078
4 0 0.9893  0.000652 0.075  0.9849  0.000459  0.069
4 1 0.9932  0.000072 0.024  0.9947  0.000085 0.032
) 5 3 0.9974  0.000025 0.019 09983  0.000031 0.021
Purelin 5 4 0.9983  0.000201 0.043  0.9990 0.000064  0.027
1 0 0.9992  0.000059 0.025  0.9994 0.000096  0.037
8 2 0.9963  0.000489 0.070 0.989  0.000761  0.078
8 3 0.9865  0.001001 0.087  0.9884  0.000839  0.082
9 0 0.9737  0.001319 0.091 09793  0.000992  0.085
9 1 0.9529  0.002693 0.101 09649 0.001329  0.090
10 0 0.9692  0.001873 0.096 09791 0.001762  0.095
10 1 0.9921  0.000283 0.047 09916 0.000121  0.041
10 2 0.9989  0.000117 0.040 0.9937 0.000141 0.042
10 3 0.9932  0.000206 0.045 09892 0.000100  0.038
Logsi 10 4 0.9941  0.000087 0.033 09932 0.000129  0.041
11 0 0.9973  0.000076 0.025  0.9943  0.000203  0.044
11 1 0.9961  0.000084 0.032  0.9820 0.000581 0.073
12 2 0.9934  0.000119 0.040  0.9948  0.000073  0.031
12 4 0.9844  0.000093 0.036  0.9834 0.000093  0.037
s S aesS 3 (gt 3 Ses bl 5L ladae 4 B ANN Jus oa 5 ol de o o> = ol
Slp aS s g oo oy o 5 Ll gy Lol slade Gty e S b J.:f)'\ S OleR S e
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The aim of this research was to investigate the degradation kinetics of the major quality properties of
medlar (Mespilus germanica) during cold storage. Medlar is a widely growth in northern Iran and its fruit
is used as a nutritional component and as a medicinal remedy. In fruits, quality properties are used as a
consumer-based criteria of acceptability. So it is important to evaluate parameters that affected the medlar
quality. Measurement of these parameters is an expensive and time-consuming process. Therefore,
parameter prediction due to affecting factors will be more useful. In the present research, mathematical
models and artificial neural networks (ANN) were used for modelling the relationship between
physicochemical properties and color attributes with cold storage time. Five kinetic models viz. zero order,
first order, Second order, fractional conversion and Weibull models were used for modelling using
MATLAB. Among the kinetics models, the Weibull model was found to be more suitable to predict the
changes in all physicochemical (R2 >0.9402 & RMSE <0.578 ) and color (R2 >0.8250 & RMSE < 0.578)

parameters. In ANN, multi-layer perception (MLP) used with different number of neurons. The
network’s inputs include storage time, medlar moisture content and ripening stage and the network’s
output were the values of the physicochemical and color properties. The training rule was Momentum
Levenberg-Marquardt. The transfer functions were Tansig, Purelin and Logsig. The results showed that
MLP network with Levenberg-Marquardt training function, Purelin transfer function and 3-8-4-3 and 3-7-
2 topologies had the best accuracy for prediction of for physicochemical and color properties. This
network can predict physicochemical and color properties of the medlar with R* coefficient of 0.9983 and
0.9992 and MSE 0f 0.021, 0.000008 and 0.000059 respectively.
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