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5. Ohmic-assisted hydrodistillation
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1. Pussy willow

2. Ultrasound

3. Supercritical fluid

4. Pulsed electric field-assisted extraction
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NaCl concenfration
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Fig 1 ANN structure.
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8. Multi-layer perceptron
9. Backpropagation
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Table 1 Different ANN subset architectures
used to predict the extraction yield.

Model Architecture Input parameters
P11 I-n-1 Voltage gradient
P12 I-n-1 Extraction time
P13 I-n-1 Salt concentration
P21 2ol Voltage g.radl.ent &

extraction time
P2 2ol Voltage gradlegt & salt
concentration
P23 2ol Extraction t1m§ & salt
concentration
Voltage gradient,
P31 3-n-1 extraction time & salt
concentration
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11. R-squared
12. Root mean squared error
13. Error bar
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Extraction yield (%)

Extraction yield (%)

Extraction yield (%)

A: Voltage gradient (V/cm)

Fig 2 Extraction yield of S. aegyptiaca essential oil using ohmic assisted hydrodistillation method (A) 0.5% salt
concentration, (B) 1% salt concentration and (C) 1.5% salt concentration
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Energy consumption (kwlv/g)
Energy consumption (kwi/g)

Erergy consumption (kwh/g)

Fig 3 Energy consumption of S. aegyptiaca essential oil extraction using ohmic assisted hydrodistillation method
(A) 0.5% salt concentration, (B) 1% salt concentration and (C) 1.5% salt concentration
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Fig 4 Total phenol content of S. aegyptiaca essential oil using ohmic assisted hydrodistillation method (A) 0.5% salt
concentration, (B) 1% salt concentration and (C) 1.5% salt concentration
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Table 2 Comparison of different extraction methods.

OAHD HD
Starting time of oil accumulation (Min) 15.83+2.21° 45.43+4.54°
Total extraction time (Min) 74.11£3.09° 161.35+2.01°
Extraction duration (Min) 58.28+4.01° 115.92+3 46"
Extraction Yield (%v/w) 0.119+0.012° 0.081+0.01°
Rate of essential oil accumulation (mL/min) 0.0059+0.0001° 0.0021+0.0006°
Rate of temperature increase (°C/s) 19.3+0.9° 3.4+0.2°

Electric consumption (Kwh/g) 1.84+0.18° 7.74+0.45"

TPC (mgGAE/g) 72.5+3.6° 76.145.3°

IC50 values (ng/mL) 135.3+5.4° 151.6+3.8°

*The same letters indicate that the means are not significantly different (p<0.05). OAHD: Ohmic assisted
hydrodistillation and HD: Hydrodistillation.
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Table 3 Physical properties of essential oils by OAHD and HD

Physical properties OAHD HD
Specific gravity 0.867+0.023* 0.894+0.011%
Refractive index 1.4978+0.0002° 1.49670.0001°

Appearance Chromatic yellow Pale yellow
L* 40.1+4.3° 59.6+3.7*
a* 21.7+2.1° 8.1+1.9°
b* 46.8+0.07° 46.3+0.04"

*The same letters indicate that the means are not significantly different (p<0.05). OAHD: Ohmic assisted
hydrodistillation and HD: Hydrodistillation.

5 PR RS 4.§...2~ 6J'Lad4.c—\"—\"
Table 4 Performance evaluation of the ANN

architectures with different input parameters. ot b e o S sl Sy 2

Model Number of hidden RMSE R gl sl el e esls OLi  Jad s il (63955
layer neuron o _ )

P11 7 0212 0.67 L;UM.{A.& .>J>\.Lo.9 9 ,\.p; oalaul dl-é«\-l M_y p<_a' )‘ L@J )j.h'w
P12 9 0262 0.65 15 andlas 3550 0355 T B Y Lol Olgw Y o311 b Ciliss
IP13 14 0389 0.51 7 il b ol ¥ el
P21 8 0.067 0.92 S22 Sl e Sl L g S 8 5 Shee g 5 23S
1P22 7 0.184 0.71 C . L.
1P23 10 0.195  0.69 et S e N

P31 9 0.043 0.8 oLl S (RMSE) U il o il 4y i S 401
sl Ol o Sl aly slie ke ol Jsdr ol 5o

S sboles ol Ope3l 5 amislasl (il e sl

ol 53 el gy ilis 6&&.&:& O 0 J= > b
Sda0s piie dw bl g Y- il S Jsd
Lol ¥ S (S clls gl Ol W5 obsl )

J"””M)J'{"‘p A)'LJ:'G" Lbj.«.:ddﬁ w%i J}J} DL
oslil (35,5 e G g b g Sy 5l S by o siaan
el R ) - ;,Q C Y . . Z .
W>J>J§L"’ u'lré-!(ﬁ)l-.’) I S CE PR .Ml{&jw‘jobﬁ‘;di‘j)‘j s LZLS‘L{JK':'.‘:‘L.’L)'ZJ“J)";’

Sl /Y ol el Sl e Sl aio, oS & i i - . )
9 e A S u,f’u:-i-‘, 3D LS)jl’. LSM&QJMMMLJJWM@@@)}

oo orl b edd sy C\J’.‘:“‘\ 233k &S Sl pme Ol Loy Sy Calbge aadOlil (3555 pite g3 Jeld
s |y gdses I3 5 o ¢ Se 3l 1d2e U acclis 4 . . . . P
S DIde=e SIS g o e LSJ:SOJ S ;Ao ) J‘\ ()’1‘ S oo C\ ORI PRSP QLP\; e,
26 s s S oﬂuﬁﬁg,sb;@)“s”»om

! C\)}L:M\ ob)'l;. 2 J.:.Q.I.» 3 U'-’-\ )\D@M

sdal Cowsay @ el Y Bl Gl slas) d2dle
oAl 4 e 3550 cpl 55 e 4w s Sl eslanal &S sl 0L

@B On o it DRI sl Sl S0ke ey

VAY



\i"&o.@_j‘\/\ 092 ARK oJ\Lm.w

S sl ol 03l s ol (il s e b
shaws 5y il o boolgy slaaY s Oy sl )5l
ol adl o, By LBl b bl s L LSS
bos S Sl preae e sad sl Shs
e 4SS YA DA] cedd sas 518 58 Oldiss L
sl ledas sl b S, et i
D e S A et
osbOlea das o 0L o2 glaesls slie Llie 5 1) el
Lo oms slaesly o s d.(.:wua 335 o odalis &S

3,ls (R2=~/‘\‘U) Ssomgedd g e laesls

Predicted extraction veild (%)
- Bm ®m m m @
oomomoomom om B

P
o
ey

g
o
&b

008 009 01 el QR OB M eld 06
Experimental extraction yeild (%)

Fig 5 Dispersion curve for the measured and the
predicted values of extraction yield (%) by ANN with
3-9-8-1 topology.
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Table 5 Performance evaluation of the ANN
topologies with three input parameter.

Network topology RMSE R’
3-5-1 0.113 0.83
3-6-1 0.098 0.87
3-8-1 0.082 0.90
3-8-1 0.053 0.95
39-1 0.043 0.98
3-10-1 0.048 0.97
3-11-1 0.054 0.95
3-12-1 0.076 0.91
3-6-3-1 0.071 0.91
3-6-8-1 0.066 0.92
3-7-2-1 0.060 0.93
3-7-5-1 0.055 0.94
3-8-4-1 0.048 0.96
3-9-3-1 0.044 0.98
3-9-5-1 0.038 0.99
3-9-8-1 0.036 0.99
3-10-5-1 0.045 0.98
3-10-8-1 0.049 0.97
3-11-4-1 0.051 0.96
3-11-7-1 0.050 0.96
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*Corresponding Author E-Mail: oil extraction and ANN model is an efficient quantitative tool to predict the
Zandi@znu.ac.ir kinetics of essential oil extraction.

AR



