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Table 1 Technical features of the Ultrafiltration Pilot for purification of Microfiltrated Raw Sugar Beet

Juice
Max Heat tolerance pH tolerance Effective area MWCO Module Membl:a'ne
Pressure range range composition
Poly
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1. Artificial Neural Network
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Table 2 Comparison of Some Purification Indexes by Membrane Method and Traditional Method
Refined Juice by

i i . . Refi ice B
Purification Raw Beet Juice Micro/Ultra ¢ 1'n'ed Juice By
Index . Traditional Method
filtration
Purity 70.42 91.63 90.33
Hardness 1017.5 750 803.5
Color 9734 2138 4209
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Table 3 The Best Architectures of ANN in Different of number of Neurons and Transfer Function under
Momentum Learning Law for Permeate Hardness during Ultrafiltration of microfiltred Raw Beet Juice.

Hardness Momentum
No. of Sigmoid Tangent
Neurons MSE NMSE MAE r MSE NMSE MAE R
2 72.362 1.797 7.547 0.563 45.792 1.137 5441 0.031
3 40.903 1.015 5426 0.465 32.380 0.804 4611 0.649
4 42254 1.049 5.671 0432 49.032 1.217 5.619 0.232
5 35.628 0.884 5.005 0.465 40.520 1.006 4711 0.516
6 38.566 0.957 5.210 0354 63.781 1.583 6.811 0.258
7 36.061 0.895 5.126 0.575 34.780 0.863 4.863 0.446
8 31.630 0.785 4.846 0.631 31.843 0.790 5.056 0.589
9 37.153 0.922 5.184 0376 62.639 1.555 7.152 0.319
10 31.828 0.790 4871 0.612 99.023 2.459 6.330 0.292
11 35.069 0.870 5.071 0.662 33.306 0.827 4998 0.562
12 38.807 0914 5.148 0458 53.174 1.320 6.224 0.633
13 36461 0.905 5.183 0.337 19.698 0.489 3.482 0.733
14 35310 0.876 5.058 0.618 67.803 1.683 6.846 0.687
15 35963 0.893 5.138 0.443 66.693 1.656 6.216 0.394
16 34.117 0.847 5.035 0.605 94.207 2.339 6.825 0.444
17 35.633 0.884 5.111 0.563 28.800 0.715 4557 0.675
18 30.800 0.764 4.900 0.643 155.134 3.852 8.155 0.210
19 34.704 0.861 5.092 0.589 177.753 4414 8432 0.209
20 32497 0.807 4970 0.611 94.751 2.353 8427 0.691
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Table 4 The Best Architectures of ANN in Different of number of Neurons and Transfer Function under
Levenberg Learning Law for Permeate Purity during Ultrafiltration of microfiltred Raw Beet Juice.

Purity Levenberg
No. of Sigmoid Tangent
Neurons MSE NMSE MAE r MSE NMSE MAE R
2 0.034 0.070 0.155 0.964 0.055 0.114 0.207 0.950
3 0.0394 0.080 0.161 0.959 0.0388 0.079 0.162 0.959
4 0.035 0.072 0.17 0.964 0.037 0.076 0.143 0.964
5 0.035 0.073 0.142 0.965 0.154 0314 0.348 0.829
6 0.020 0.042 0.112 0.983 0.024 0.049 0.116 0.976
7 0.028 0.058 0.138 0.970 0.039 0.079 0.158 0.959
8 0.025 0.051 0.134 0.974 0.037 0.075 0.146 0.964
9 0.033 0.068 0.143 0.966 0.029 0.061 0.119 0.973
10 0.030 0.061 0.121 0.969 0.018 0.038 0.102 0.980
11 0.023 0.048 0.118 0977 0.031 0.064 0.129 0.968
12 0.019 0.040 0.102 0.980 0.050 0.103 0.185 0.970
13 0.039 0.081 0.174 0.960 0.025 0.052 0.127 0.974
14 0.022 0.045 0130 0978 0.059 0.121 0217 0.955
15 0.027 0.055 0.132 0.974 0.015 0.032 0.108 0.984
16 0.037 0.076 0.158 0.968 0.056 0.115 0.197 0.945
17 0.046 0.094 0.187 0.958 0.021 0.043 0.120 0.978
18 0.018 0.038 0.098 0.982 0.068 0.140 0227 0.931
19 0.033 0.068 0.0148 0.980 0.032 0.065 0.150 0.967
20 0.024 0.050 0.132 0.976 0.031 0.064 0.149 0.974

Table 5 The Best Architectures of ANN in Different of number of Neurons and Transfer Function under
Levenberg Learning Law for Permeate Non-sugar rejection during Ultrafiltration of microfiltred Raw Beet
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Juic.
NOD_S‘;}%M Rej Levenberg
Sigmoid Tangent
No. of Neurons —&rer NMSE MAE r MSE NMSE MAE R
2 60.601 0308 6.297 0.848 68.905 0350 6315 0.820
3 60.282 0.306 5.947 0.856 72286 0.367 6.055 0813
4 50.738 0.258 5.665 0.880 61274 0.076 6.717 0914
5 52.968 0.269 5681 0.859 104415 0531 7.890 0757
6 14599 0.074 2.943 0.965 8.263 0.042 2.410 0.983
7 50.442 0.256 5.220 0.895 24416 0.124 3.970 0.940
8 11.080 0.056 2733 0975 59.001 0.300 5.266 0.870
9 34.482 0.175 5205 0.941 22.046 0.112 3613 0.950
10 36.801 0.187 5369 0.936 20011 0.101 3351 0.954
11 11.442 0.058 2.516 0.970 16.808 0.085 3253 0.956
12 7265 0.036 2.055 0.983 15.683 0.079 3.424 0961
13 16.644 0.084 3.119 0.967 16302 0.082 2.728 0.963
14 17.422 0.088 3366 0957 35.580 0.181 4764 0.944
15 30.856 0.157 4.136 0.926 10.624 0.054 2812 0.977
16 63.292 0322 6.284 0.868 64.738 0.329 6.780 0.840
17 60.135 0.306 6.101 0873 23.847 0.121 4302 0.949
18 8.121 0.041 2.202 0.985 47707 0.242 5.830 0871
19 18.793 0.095 3.596 0.974 13.837 0.070 2.602 0.967
20 26.652 0.135 3.508 0.940 19.646 0.099 3274 0.955
Y
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Table 6 The Best Percentage of Data to Prediction of Hardness values of Permeate Flow for learning,
validation and testing of ANN.

Training Validation Testing MSE NMSE MAE R

Data (%) Data (%) Data (%)
25 5 70 186.612 0.995 5.020 0.182
25 10 65 193.631 0.983 4.744 0.238
25 15 60 18.686 0.652 3.678 0.656
25 20 55 18211 0.616 3.551 0.682
25 25 50 16.007 0.531 3.291 0.765
25 30 45 13.491 0.463 2.889 0.775
25 35 40 9.715 0.309 2.694 0.892
25 40 35 17.038 0.515 3.402 0.766
25 45 30 22.789 0.669 4.205 0.633
25 50 25 20.404 0.506 3.699 0.756
25 55 20 17.094 0.444 3.260 0.814
25 60 15 13.139 0.365 2.674 0.820
25 65 10 13.893 0.301 2975 0.857
25 70 5 23.726 0.508 4.384 0.758

Table 7 The Best Percentage of Data to Prediction of Purity values of Permeate Flow for learning,
validation and testing of ANN.

Panh  paa gt ws  wer  waw
50 5 45 0.015 0.032 0.099 0.985
50 10 40 0.021 0.046 0.121 0.978
50 15 35 0.032 0.071 0.145 0.968
50 20 30 0.069 0.139 0.184 0.954
50 25 25 0.032 0.065 0.135 0.973
50 30 20 0.031 0.071 0.129 0.963
50 35 15 0.031 0.061 0.132 0.968
50 40 10 0.037 0.179 0.162 0.949
50 45 5 0.041 0.138 0.166 0.960
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Table 8 The Best Percentage of Data to prediction of Non-sugar rejection values of Permeate Flow for
learning, validation and testing of ANN.

Non-Sugar Rejection values from Experimental Data

Fig 1 The correlation coefficient between experimental
values and predicted values by the model for the
hardness, purity and Non-sugar rejection.

Yy

Training Validation Testing
Data (%) Data (%) Data (%) MSE NMSE MAE R
35 5 60 102.261 0.532 7.810 0.686
35 10 55 92519 0.450 5.733 0.768
35 15 50 25356 0.139 3.454 0.938
35 20 45 23.722 0.135 3.814 0.939
35 25 40 36.537 0.216 4.647 0913
35 30 35 32312 0.179 4.205 0.933
35 35 30 20.036 0.101 3.569 0.951
35 40 25 16.263 0.082 3.413 0.971
35 45 20 45952 0.231 4.926 0911
35 50 15 83.160 0.461 7.329 0.770
35 55 10 79.761 0.442 7.535 0.753
35 60 5 36979 0.127 3.755 0.965
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Fig 2 The sensitivity of the models for prediction of
hardness, purity, and Non-sugar rejection
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Table 9 The general results of Modeling by ANN for ultrafiltration of microfiltered raw beet sugar juice

Percentage of data for

Independent Hidden Number of Transfer  Learning learning. validation and Correlation
parameter layer neurons Function law g’tes ting coaficient
Hardness 1 13 Tangent = Momentum 25/35/40 0.892
Purity 1 15 Tangent Levenberg 50/5/45 0.985
Non-sugar . .
Rejection (%) 1 18 Sigmoid  Levenberg 35/40/25 0.985
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The ultrafiltration process as one of the membrane processes based on pressure can replace with the
conventional method (liming-carbonation) as a new method in sugar industry. In this research, reduction
of hardness, increasing the non-sugar rejection components and improving the purity of permeate flow
were modeled during the treatment of raw beet syrup with ultrafiltration by artificial neural network. The
ultrafiltration process was carried out at three temperatures of 30, 40 and 50 ° C, three pressures in the
membrane 1, 2 and 3 times in eight intervals of equal time of 1 to 60 minutes. The best model for
reduction of hardness was obtained with a hidden layer, the number of 13 neurons, the tangent transfer
function, the momentum learning law, and the percentage of data 25, 35, and 40 for training, evaluation,
and test, respectively. The variation of non-sugar rejection compounds with a hidden layer, 15 neurons,
tangent transfer function, Levenberg learning law, and assigning 50, 5 and 45 percent of the data to
training, evaluating and testing with the least error and the highest correlation coefficient during modeling.
Improvement of the purity of permeate flow during ultrafiltration with a hidden layer, 18 neurons, sigmoid
transfer function, Levenberg learning law and data percentages 35, 40 and 25 for training, evaluation, and
testing created the best network. Also, the highest correlation coefficient between laboratory data and
predicted values with the model was obtained for hardness variation, non-sugar rejection compounds and
purity, 0.892, 0.985 and 0.985 respectively.
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