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Table 1 ANOVA table showing the extraction variables as linear, quadratic and interaction terms on
each response variable

Source Extraction yield(2>)9) TPC(mgGAE/) 1Cs50()
SS p-value SS p-value SS p-value
Model 0.0040 < 0.0001 2734.89 <0.0001 4440.74 < 0.0001
A 0.0025 < 0.0001 557.09 <0.0001 115.75 <0.0001
B 0.0005 < 0.0001 9.31 0.0003 216.15 < 0.0001
C 0.0000 0.0268 0.0413 0.7270 0.1885 0.6867
AB 1.125E-06 0.7046 162.27 <0.0001 14.31 0.0047
AC 3.125E-06 0.5302 0.0015 0.9466 2.31 0.1765
BC 1.125E-06 0.7046 1.51 0.0553 1.53 0.2639
A? 0.0009 < 0.0001 1870.53 <0.0001 4021.57 <0.0001
B? 0.0000 0.0511 247.81 <0.0001 144.26 <0.0001
C? 0.0001 0.0013 15.98 <0.0001 0.7584 0.4242
Residual 0.0001 3.20 10.93
Lack of Fit 0.0000 0.7291 1.98 0.3061 7.04 0.2653
Pure Error 0.0000 1.22 3.89
Cor Total 0.0041 2738.09 4451.67
R? 0.9819 0.9988 0.9975
CV 2.36 0.65 0.84

*A: Ultrasound power, B: Sonication time and C: Water to plant ratio. SS: Sum of squares. p-value <0.05 is
significant at 0<0.05 and lack of fit is not significant at p-value>0.05.
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Fig 1 The change in extraction yield of essential oil vs. independent variables; A: Ultrasound power- sonication
time, B: ultrasound power-water to plant ratio and C: sonication time- water to plant ratio.
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Fig 2 The perturbation plot; A: Ultrasound power,
B: Sonication time and C: Water to plant ratio
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Fig 3 The change in total phenolic content of essential oil versus independent variables; A: Ultrasound power-
sonication time, B: Ultrasound power-water to plant ratio and C: Sonication time- water to plant ratio.
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Fig 4 The perturbation plot; A: Ultrasound power,
B: Sonication time and C: Water to plant ratio
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Fig 5 The change in ICs, vs independent variables; A: Ultrasound power- sonication time, B: Ultrasound power-
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Fig 6 The perturbation plot; A: Ultrasound power,
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Table 2 Multi-response numerical prediction results.

Predict Empirical

Extraction yield (%v/w) 0.11540.003" 0.108+0.09°
TPC (mgGAE/g) 93.6+£2.4* 92.54+3.6°
ICs values (ug/mL) 135.942.6" 138.1+1.8°

*The same lower letters indicate that the means are not significantly different (p>0.05).
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Table 3 Comparison of different extraction methods.

USHD HD
Starting time of oil accumulation (min) 18.73+£0.71° 35.43+0.54°
Total extraction time(min) 97.45+1 .45 151.35+2.01°
Extraction duration (min) 78.72+0.75% 115.92+0.21°
Extraction yield (%v/w) 0.108+0.009° 0.08140.01°
Rate of essential oils accumulation (ml/min) 0.0041+0.0003* 0.002140.0006°
Energy consumption (kwh/g) 5.98+0.31% 7.7440.45°
TPC (mgGAE/g) 92.5+3.6" 72.145.3°
ICs values (ug/ml) 138.1+1.8° 151.6+3.8°
Specific gravity 0.901+0.014° 0.894+0.011°
Refractive index 1.497140.0005° 1.4967+0.0001°

*The same lower letters indicate that the means are not significantly different (p<0.05). USHD: ultrasound
assisted hydrodistillation and HD: Hydrodistillation.
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Table 4 Kinetic parameters and statistical
values of kinetic models’ parameters.

Distillation method

Parameter USHD HD
First-order model
K (%/min) 0.02200 0.01309
g (%) 0.108 0.081
R 0.959 0.933
RMSE 0.109 0.121
Second-order model
K; (%/min) 1.021 0.939
g (%) 0.108 0.081
R? 0.821 0.719
RMSE 0.285 0.278
Adsorption model
b 25.40 44.80
g (%) 0.108 0.081
R 0.873 0.837
RMSE 0.198 0.165
Sigmoid model
to 41.48 69.44
T, 13.73 6.8
g (%) 0.108 0.081
R 0.995 0.997
RMSE 0.039 0.043

*The same lower letters indicate that the means are
not significantly different (»<0.05). USHD: Ohmic
assisted hydrodistillation and HD:

Extraction Yield (%0}

Hydrodistillation.
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Fig 7 Comparison of the First order, Second order,
Adsorption and Sigmoid models with the
experimental data for hydrodistillation (HD) and
ultrasound assisted hydrodistillation (USHD).
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The aim of the present research was modeling and optimizing the ultrasound-
assisted hydrodistillation (USHD) of essential oil extraction process and
comparing the effects of hydrodistillation (HD) and USHD techniques on the
musk willow (Salix aegyptiaca L.) essential oil. Sonication time (15-45 min),
ultrasound power level (100-500 W) and water to plant ratio (3-10 (v/w)) were
varied in order to maximize S. aegyptiaca L.essential oil yield, total phenolic
content (TPC) and IC50. The effect of sonication time and sound power levels
on the essential oil yield, TPC and IC50 was significant at the 5% level.
Although increasing water to plant ratio parameter significantly resulted in a
higher yield (p<0.05), however, this parameter no significant effect the TPC and
IC50 (p>0.05). The optimum parameters were sonication time of 39 min, sound
power levels of 189 w, and water to plant ratio of 6.8 V/W. Under optimum
conditions, both USHD and HD methods were used for essential oil extraction.
USHD showed a significantly higher amount of extraction yield (0.108+0.009%
(v/w)) compared to the HD (0.081+0.01% (v/w)) (p<0.05). Compared to the HD
extraction, the USHD resulted in a shorter extraction time, less energy
consumption, higher antioxidant properties and a higher extraction yield.
Physical properties of OAHD and HD essential oils were not significantly
different (p>0.05). Among the four kinetics models, the sigmoid model was
shown to be the best one. This model can be used for modeling the kinetics of
essential oil extraction by both HD and USHD.
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