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6. Washing

7. Diffusion

8. Sage herbal dust
9. Sandalwood

10. Juniper berries
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1. Achillea

2. Asteraceae

3. Hydrodistillation

4. Ohmic-assisted hydrodistillation
5. Green technology
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14. Multi-layer perceptron

15. Feed Forward Back Propagation (FFBP)
16. Levenberg-Marquardt

17. Bayesian regulation
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Table 1 The statisticalcomparison forprediction

of yarrowessential oil extractionusing ohmic-

assisted hydro distillation.
Statistic criteria

R’ RMSE Model
0.988 0.00014  First-order model
0.727 0.00549  Second-order model
0911 0.00137 Adsorption
0.985 0.00016 Sigmoid
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18. Root Mean Square Error
19. Error bar
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Fig 1 Predicted data versus experimental data for the
extraction efficiency.
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Table 2 The statistical comparison for prediction of yarrow essential oil extraction usingohmic-assisted
hydrodistillation (OH) and hydrodistillation (HD).

Distillation method Statistic criteria Distillation Statistic criteria
and model method and model
HD OH parameters HD OH parameters
Second-order model First-order model
0.9071 0.9380 K, 0.0323 0.0232 (%/min)k
0.23 04 - 0.23 04 (%)q =
0.748 0.872 R? 0.994 0.997 R?
0.00252 0.00072 RMSE 0.00010  0.00002 RMSE
Sigmoid model Adsorption model
0.1952 02218 K 15.16 19.04 B
10.57 841 C 0.23 04 Qe
0.23 04 G 0.945 0958 R’
0.986 0.962 R? 0.00066 0.00024 RMSE
0.00016 0.00026 RMSE
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Fig 2 Predicted data for the extraction efficiency
versus experimental data.
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Table 3 Performance evaluation of the ANN topologies with three input parameter.

Training

R’ RMSE Networktopology algorithm Network
0974  0.00032 3-8-1
0.965 0.00081 3-12-1
0.970  0.00039 3-16-1 Levenberg-
0.998  0.00008 3-10-8-1
0999  0.00004  3-11-11-I Marquardt (LM)
0988  0.00011 3-22-19-1
0.976  0.00028 3-24-22-1
0.962  0.00089 3-10-1 Feed Forward
0.977  0.00025 3-12-1 Back Propagation
0968  0.00076 3-14-1 (FFBP)
0991  0.00010 3-19-1
0.987  0.00013 3-11-9-1 Bayesian
0.998  0.00009 3-13-11-1 regulation (BR)
0.999  0.00005 3-14-12-1
0.986  0.00016 3-19-16-1
0982  0.00021 3-20-18-1
0.979  0.00036 3-22-17-1
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Table 4 Comparing the different method used
forpredicting the extraction yield.

Statistic criteria

R’  RMSE Model
Mathematical model
0.988 000014 (First-order model)
0.999  0.00004 Artificialneuralnetwork
0997 0.00010 Fuzzy logic
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ABSTRACT

ARTICLE INFO

The aim of present research was to predict the kinetics of essential oil
extraction during ohmic-assisted hydrodistillation by three different
modeling (nonlinear regression techniques (mathematical), artificial neural
networks (ANN), and fuzzy logic) techniques to compare the accuracy of
those models. Based on the results obtained the ANN wasthe best
technique among all implemented models in predicting of extraction yield.
Four mathematical models (first order, second order, adsorption and
sigmoid models) describing essential oil extraction has been fitted to the
extraction yield experimental data. Results indicated that first order model
could satisfactorily describe the extraction kinetics of essential oil with
correlation coefficient (R*) equal 0.988 and root mean square error (RMSE)
equal 0.00014. Neural network with one and two hidden layers and 4-30
neurons were randomly selected and network power was estimated for
predicting the extraction yield. ANNs with Feedforward-backpropagation
structure, Levenberg—Marquardt training algorithm and 3-11-11-1 topology
deserved the maximum R* (0.999) and minimum RMSE (0.0004). Fuzzy
logic tool in MATLAB with Mamdani model in the form of If~Then rules
along with triangular membership function was used for predict the
extraction yield. Despite the fact that fuzzy logic warranted lower fitting
rates (R* = 0.997) than that of ANN, it was a powerful technique for fitting
of extraction yield experimental data.
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