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1. Apiaceae

2. Falcaria

3. Spatolnol

4. Carvacrol

5. Alphafin

6. Anthraquinone
7. Alkaloids

8. Phenol

9. Tannin

10. Saponin
11. Steroids
12. Flavonoids
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Table 1 R* and RMSE values of the kinetic models for extraction yield at different extraction
conditions.

Extraction parameters

Kinetic model

kinetic model

Second-order
kinetic model

First-order Peleg’s model

Electrical Temperature Time Ethanol to
Field g 0 (min) water ratio ~ R® RMSE R? RMSE R? RMSE
(V/cm) (%)

10 45 20 50 0.858 0514 0942 0.154 0953  0.139
15 37.5 15 25 0.867 0432 0967 0.111 0974  0.077
15 37.5 15 75 0.888 0411 0982 0.072 0992  0.039
15 37.5 25 25 0.878 0427 0969 0.087 0983  0.061
15 37.5 25 75 0.869 0439 0957 0.127 0964  0.106
15 52.5 15 25 0.841 0508 0938 0.180 0.952  0.132
15 52.5 15 75 0.832 056 0918 0222 0934 0.177
15 52.5 25 25 0.886 0387 0981 0.065 0.991  0.042
15 52.5 25 75 0.831 0562 0912 0267 0925  0.207
20 30 20 50 0.854 0493 0942 0.182 0952  0.139
20 45 10 50 0.874 0448 0963 0.107 0973  0.092
20 45 20 0 0.882 0445 0968 0.102 0981  0.064
20 45 20 50 0.835 0536 0933  0.193 0943  0.143
20 45 20 50 0.879 0406 0972 0.097 098  0.056
20 45 20 50 0.896 0412 0981 0.078 0993  0.037
20 45 20 50 0.861 0448 0964 0.121 0973  0.081
20 45 20 50 0.873 0425 0976 0.101 0984  0.061
20 45 20 50 0.848 0471 0944 0.168 0.954  0.125
20 45 20 100 0.814 0572 0913 0247 0923  0.191
20 45 30 50 0.862 0467 0957 0.146 0964  0.106
20 60 20 50 0.872 0445 0967 0.097 0982  0.064
25 37.5 15 25 0.841 0532 0924 0240 0.933  0.188
25 37.5 15 75 0.844 0514 0937 0.182 0952  0.140
25 37.5 25 25 0.863 0440 0964 0.110 0974 0.078
25 37.5 25 75 0.885 0437 0972 0.102 0.982 0.06
25 52.5 15 25 0.884 0403 0976 0.071 0991  0.042
25 52.5 15 75 0.865 0468 0950 0.146 0.965 0.113
25 52.5 25 25 0.878 0423 0975 0.099 0982  0.064
25 52.5 25 75 0.829 0576 0926 0231 0933  0.196
30 45 20 50 0.847 0498 0939 0.158 0.953  0.142
Average 0.861 0471 0954 0.141 0965  0.107
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Table 2 The effect of extraction parameters (electrical field, temperature, time, water to ethanol ratio)
on the kinetic parameters of the Peleg’s mode

By (mg/ 1 Ethanol to Temperature Electrical
Ceq(mg/ g) min g) K, (g/mg) (min g/mg) water ratio  Time (min) 0) Field
(%) (V/em)
90.37 55.07 0.01075 0.01816 50 20 45 10
89.73 55.68 0.01065 0.01796 25 15 37.5 15
97.08 59.92 0.01047 0.01669 75 15 37.5 15
93.78 62.03 0.01043 0.01612 25 25 37.5 15
95.82 66.23 0.01029 0.01510 75 25 37.5 15
90.55 57.94 0.01058 0.01726 25 15 52.5 15
93.82 63.05 0.01032 0.01586 75 15 52.5 15
97.35 64.35 0.01026 0.01554 25 25 52.5 15
97.80 69.78 0.01011 0.01433 75 25 52.5 15
94.67 63.82 0.01027 0.01567 50 20 30 20
89.48 51.47 0.01094 0.01943 50 10 45 20
95.92 60.61 0.01044 0.01650 0 20 45 20
95.15 63.53 0.01035 0.01574 50 20 45 20
99.87 63.82 0.01024 0.01567 50 20 45 20
100.06 64.85 0.01035 0.01542 50 20 45 20
93.85 64.06 0.01039 0.01561 50 20 45 20
94.62 65.96 0.01029 0.01516 50 20 45 20
98.55 65.15 0.01033 0.01535 50 20 45 20
103.86 76.57 0.00997 0.01306 100 20 45 20
97.82 78.06 0.00987 0.01281 50 30 45 20
102.22 70.37 0.01016 0.01421 50 20 60 20
90.67 55.46 0.01076 0.01803 25 15 37.5 25
94.13 61.58 0.01039 0.01624 75 15 37.5 25
101.55 75.82 0.00990 0.01319 25 25 37.5 25
106.62 93.46 0.00961 0.01070 75 25 37.5 25
95.15 58.34 0.01065 0.01714 25 15 52.5 25
99.83 65.96 0.01013 0.01516 75 15 52.5 25
104.14 81.30 0.00975 0.01230 25 25 52.5 25
109.76 90.99 0.00943 0.01099 75 25 52.5 25
99.40 71.02 0.01013 0.01408 50 20 45 30
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Fig 1 Dispersion curve for the measured and the
predicted values of extraction yield (%).

Table 3 R* and RMSE values of the kinetic models for total phenol content at different extraction
conditions.

Kinetic model

Extraction parameters

First-order kinetic

Second-order

Peleg’s model

model kinetic model
Electrical Tem ¢ Ti :Ethantol
Field perature me - towater - p RMSE R’ RMSE R’ RMSE
(V/Cr) (°O) (min) ratio
(%)

10 45 20 50 0.830 0.374 0.949 0.169 0.936 0.214
15 37.5 15 25 0.863 0.345 0.979 0.069 0.945 0.129
15 37.5 15 75 0.878 0.299 0.991 0.038 0.978 0.088
15 37.5 25 25 0.884 0.308 0.985 0.081 0.963 0.111
15 37.5 25 75 0.866 0.373 0.969 0.104 0.936 0.151
15 52.5 15 25 0.852 0.374 0.941 0.170 0.925 0.189
15 52.5 15 75 0.815 0.439 0.942 0.175 0911 0.230
15 52.5 25 25 0.885 0.295 0.991 0.055 0.959 0.134
15 52.5 25 75 0.822 0.462 0.927 0.224 0911 0.295
20 30 20 50 0.827 0.388 0.939 0.123 0.919 0.198
20 45 10 50 0.854 0.348 0.973 0.073 0.953 0.153
20 45 20 0 0.871 0.301 0.988 0.084 0.965 0.119
20 45 20 50 0.844 0.392 0.949 0.155 0911 0.213
20 45 20 50 0.891 0.306 0.977 0.051 0.957 0.094
20 45 20 50 0.892 0.265 0.992 0.029 0.976 0.134
20 45 20 50 0.871 0.332 0.979 0.109 0.935 0.167
20 45 20 50 0.875 0.300 0.979 0.087 0.971 0.152
20 45 20 50 0.845 0.354 0.941 0.117 0.924 0.184
20 45 20 100 0.828 0.461 0.910 0.236 0.897 0.285
20 45 30 50 0.846 0.351 0.951 0.107 0.941 0.153
20 60 20 50 0.865 0.286 0.989 0.069 0.967 0.095
25 37.5 15 25 0.820 0.435 0.932 0.169 0.903 0.246
25 37.5 15 75 0.824 0.367 0.953 0.183 0.939 0.216
25 37.5 25 25 0.871 0.350 0.978 0.082 0.942 0.150
25 37.5 25 75 0.883 0.279 0.984 0.066 0.947 0.154
25 52.5 15 25 0.892 0.287 0.996 0.051 0.965 0.124
25 52.5 15 75 0.858 0.35 0.956 0.128 0.941 0.163
25 52.5 25 25 0.873 0.297 0.984 0.067 0.973 0.142
25 52.5 25 75 0.831 0.423 0.922 0.170 0.916 0.239
30 45 20 50 0.844 0.397 0.958 0.142 0.930 0.234
Average 0.857 0.351 0.963 0.113 0.941 0.171
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Table 4 The effect of extraction parameters (electrical field, temperature, time, water to ethanol ratio)
on the kinetic parameters of the second order rate model (k and hare the extraction constant and initial
extraction rate, respectively).

Electrical Field Temperature

Ethanol to water k

(V/em) °C) Time (min) ratio (%) (min g/mg, min) (M&/gmin)
10 45 20 50 6.50E-03 187601
15 375 15 25 4.58E-02 1 41E+02
15 375 15 75 6.99E-02 2.24E+02
15 375 25 25 7.49E-02 2.42E+02
15 375 25 75 9.70E-02 3.20E+02
15 525 15 25 7.27E-02 2.34E+02
15 52.5 15 75 7.89E-02 2.58E+02
15 52.5 25 25 8 81E-02 2.93E+02
15 52.5 25 75 1.05E-01 3.64E+02
20 30 20 50 1.76E-01 7.21E+02
20 45 10 50 9.65E-02 3.26E+02
20 45 20 0 6.79E-02 2.17E+02
20 45 20 50 1.97E-01 8 59E+02
20 45 20 50 2.02E-01 8.90E+02
20 45 20 50 1.92E-01 8 20E+02
20 45 20 50 2.09E-01 9.48E+02
20 45 20 50 2.02E-01 8.96E+02
20 45 20 50 2.05E-01 9.13E+02
20 45 20 100 1.21E-01 4.28E+02
20 45 30 50 1.56E-01 6.04E+02
20 60 20 50 1.86E-01 7.83E+02
25 375 15 2 1.21E-01 4.30E+02
25 375 15 75 1.44E-01 5.39E+02
25 375 25 25 1.63E-01 6.42E+02
25 375 25 75 1.81E-01 7.52E+02
25 52.5 15 25 1.18E-01 4.20E+02
25 52.5 15 75 1.46E-01 5.51E+02
25 52.5 25 25 1.59E-01 6.23E+02
25 52.5 25 75 1.82E-01 7.60E+02
30 45 20 50 1.67E-01 6.66E+02
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Fig 2 Dispersion curve for the measured and the
predicted values of total phenol content (mg Gallic
acid/ml).
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Table 5 Performance evaluation of the best artificial neural network topologies.

R’ RMSE Network topology Network

0.993 0.032 4-3-2

0.995 0.026 4-6-2

0.992 0.048 4-8-2

0.991 0.039 4-11-2

0.985 0.065 4-13-2

0.996 0.021 4-16-2

0.992 0.043 4-17-2 Feed Forward
0.985 0.065 4-19-2 Back Propagation (FFBP)
0.982 0.078 4-22-2

0.990 0.052 4-24-2

0.989 0.051 4-25-2

0.986 0.059 4-27-2

0.993 0.035 4-29-2

0.986 0.062 4-30-2
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Fig 3 Comparison of the experimental data with
those predicted by the ANN model: (a) extraction
yield (%), (b) total phenol content (mg GAE/ml).
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ABSTRACT

ARTICLE INFO

Analysis of the extraction modelling for natural compounds is essential for
industrial application. In the present paper, ohmic-assisted extraction was
investigated for the extraction of Falcaria vulgaris extract. This study was
performed in order to express the effect of some pecific parameters (as: voltage
gradiant, ethanol to water ratio, extraction time and temperature) on the
extraction yield and total phenolic content (TPC). Kinetics models (first-order,
second's-order and pelleg models) and artificial neural network were used for
modeling ohmic-assisted extraction process. Kinetic study plays a very
important role in evaluating the extraction process because it allows estimation
of the cost-effectiveness of the process in saving time, money and energy. The
results showed that the second-order and plleg's kinetic models respectively,
were successfully predicted the value of the total phenol content of the extract
and extraction yield in all experiments. The correlation coefficient between
experimentally obtained extraction yield and total phenolic content and values
predicted by artificial neural network (4-16-2) were 0.995 for training, 0.963 for
validation, and 0.979 for testing, indicating the good predictive ability of the
model. The artificial neural network model had a higher prediction efficiency
than the kinetic models. Artificial neural network can reliably model the process
with better predictive and estimation capabilities than the kinetic’s models.
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