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1. Hydrodistillation

2. Ultrasound assisted extraction
3. Superecritical fluid

4. Microwave assisted extraction
5. heating assisted extraction

6. Cavitation


http://dx.doi.org/10.52547/fsct.18.121.8
https://dorl.net/dor/20.1001.1.20088787.1400.18.121.24.8
https://fsct.modares.ac.ir/article-7-54982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.20088787.1400.18.121.24.8 ]

[ DOI: 10.52547/fsct.18.121.8 ]

Ve el DA 053 OTY oylads

Ol oM mlo 5 psle alos

25 b Wy o gleind Jus s ol e Sl
3,5 GG s 453 2V (sl

S35 e 5 g il 0335

e bl (et 035 Gl 2 do0) gl eail
(0 5) Kix olS o 2 0 il (p5) o 2l il
A2 (S el SlaskS) 3 Gran el s
Fesly S8 LSkl Gk ol gl By, o
e $55 e s (MPM 10, TAIPO, Taiwan)
A3 S aloes ol al bl e w

(TPC) JS Js8 sl goes S S 05l k-0-Y
5 S g 5 e el a5 Sl skl
chle Yol e gl el s 8 eslid oL Lo
Gre 3 S g ke s (eeer 5 00eeppm)
bl A S 0 b (s S Y0) S e o 8
s Yo gl s bl G 5 AS byl ety
Yo Ol 5l m hd (S i3 0 e 4 e ganhes
Ao S Vo 5 Ao VIO e Dl S s 5 S
55 I ged ol Ol s B33 Y0 Sl e S LS e O
Gt oS Sl elind b el VA e Jgb
(Specord 250, Jena, Germany) iaul - J .,y
sleckle 3l oliwl b osylllal e Ad (5 S5l
YYo 5 Ve dor AN Ve X o) ] SIE il
Slge 5lds OF 31 aslizal b 5 038 oy (2 53 08 oo
oS 5 o el SE Dolas p 5 e Sps0on S J5

YY) el sy o S

s lST Al el

DPPH 5137 sladosly Sles Jiss o ialuSlis cls
o S Sl (e S )= Jsdes-YaY)
UDPPH (soys +/00 Jploe Jyloms Ik 0 e
SO Y R POTPUC R XU INCH T S IO PIC OGP
Olgs 5 bsloes (e 50 55,50 Ver BV ) Jsibis
St Sl SeS L gl 0V mse b s ol
Llg o oS bl I gble colg s s 5 Sl
was als ((Cs) awys 00 b I, sxlsl DPPH
[YE] 3 3 s 5e ke Ol sea

10. Folin-ciocalteu

40

Lhufio‘gj ¥ b‘y—\'

bt 5 AL oY

15\4{)_?(:; ;;f.g Jf b S S sl
WYY gl s 2L 5l ey (Salix aegyptiaca L.)
sl bsed 3 @Bl ST ol w5l
53l Sles s S il (o8 Ol ol
guit,wjnd,sﬂ;; NWICI P F ORI WARNTSPRT
Al 2z ge oS s uilel Slae B oC s O
5 S S (Sl Shy b edd cdls  slad el
e V0 5 sles s 5 SO Ll s s b pae Ol U
Looslial 3550 placd 30 adS 3 S (g o sk
@)Jﬂ LS S slacs a5l 58 AL e s
G (D) e O3 5 (0D Mome S5 (0WID
A

Gl B a5 bl gl Y-
oSS L Sy o35 31 S 51 s
Sl mdpdy plonil ladd plas i IS @ s o ol
daie CT L0 0 ) ol 6 Sy p S T ke ol
s S Bl Ol 4 3 S 4o ele p S T 5 A bl
Jsba a23s YA Sl 4 S by o Gbs;:..ul Lol 3
Shestizad b o DS 5l adsis 51w ol 5Ll 5 dslonil
aogesl bl (sl 5 A SOl Ol b Sl g
ok a3 VA Gles 53 50 glated by D3 i
55 (eSS

el Bl b edlad CI,&:.«I—\"—Y

s 5l Koo 036 31 S 51 il gl gln
4 e FAMS YL SIS 5 ol 0re Olg L osal
pke 35S eslital e e Ve b L g il i Sl s
sain i b w503 0 8100 Sl Glad 4w sk
YoGes 3 os a5 kS bybhe jhis O
5 A esls I3 ased sl L s I w5 e Sl
LoOlespe asie Ol 5 pare Sol8 b ol b e
bl gl bl s s S Jleel ST e ) b
Ve ol b ol i iy, 5l eslizal b Jols blses

[P N R gl lal s el aslsl 4ids

9. Catkins


http://dx.doi.org/10.52547/fsct.18.121.8
https://dorl.net/dor/20.1001.1.20088787.1400.18.121.24.8
https://fsct.modares.ac.ir/article-7-54982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.20088787.1400.18.121.24.8 ]

[ DOI: 10.52547/fsct.18.121.8 ]

e Pl 13 (g3l 5 (St (53ludile

OLSer 5 (S5 s

LS e Jos () doles) Slbelr s SLasl snty il oS
[v4]
g(t) = qec [l - e"r*"T] =gl —e7®] )
Aoys) lel Wgoesb i q() dsbee nl s
gl o35k pl Qe & il Oles s (G55 55)
Ar T s (gl essl Sl o)) culg o Ol s
5 el S <ol ol kKEVT Sl ol Olej <l
dilee pl @ Oy Gl il S 350 8 Jols
Olpeas bl 0285 3 55 ol (ool sbaas b (ole
2 el CEIES s e mig o e S
A b s Il S i s w3
03 Ceglie Oog 5l 5 O3 o b SLisl Osy sl
s S L s olS bt e o el JUEl
e Sl Olg e Jsl axs e Jde ol [T]
oaliinl mlAcal Wl p Cho 5 Sl er s s St
3

' 2ot
q(t) = f:T ™
L)) bl g el e q(t) sl opl s
gl o33l Rl e &zl sl Olg s (G5 S5s)
Ar Ka s laad es3l Sl s )3) Sulg Ol s
s e ol Jle Sl gy s Hlsal F5 cll
T S Al glaanlp s min S ol Ko
Fo S bl O s G b 5l mhy el
Jslas) .,\.»Luda V.A\J_e Iy &85 3 JwC.,.»Lp) CL:J Aas oo
(YY) (v
q(t) = oo [b%] )
(S35 $33) o) (3l i o33l ol q(E) OF s oS
ol o3 glasal il nlp Qe b Zlnal Ol s
ol SB ol b s (oL Sl o)) ol g
Sl atdly Sognld Ol Al Aol gls st 4 &S
Sge 3 il gl el St oS Sl 0l oalie
LS oS S SO 5 S el Cond g sladite I alS
23 s e edalie Ol CndS L il gl el
R o5 Sl WS geia 5l 5 e DIl
Ssed esliial e o VL 4 eSS sl el
L7 Y] (¢ dsles)

(c 1

qq—x =1- m )
(S35 $33) 2o 3) (3l i o33l ol Q1) OF s oS

a1

Sty bl (458 Sl g VY
o b edd gl Shady bl (S Sl s
e Jold Dsol b gl SaS Ll gk s o] ok
S sk b sl ds (Sl o sasis D3y 5 eSS
2 oS Sy s (Kruss, Germany) . psi s,
Cord SO Sl pedes s Yoo YO gles
oS Gy bl bdisad st 055 5 LSS
[Ye] ws 3 ezl

o el CIJ:A:_,.»I Aol B g olwageA-Y
O gl B KaS

Bl Js i B8 3 LSS S b Sl
GYV0) &gl 3 5las Oloy (Dl 000 B Vve) &gl 3 0l
(G35 om0 BT gad & O o 5 (4dds £0
S b Sy il sl al g oleag sl
o33b Julo andlas 5,40 61-”'@"'[-; K3 S eslinal gl
J s oSS Gl 5 pleslus clld ol sl
53 baaly Olle, Sl 4 58 Giluag Sl Gda oS 55
oxlital b (gade (luang Sl o5kt ol ol ad w8 5
A3 8 eslizal (ol Y aiend) ST ol S5l 5 )
A a5 ks OLSG bl Cenl 45

u’“ﬂ"“ Cb?'d'.w‘ &S::;«:.ﬂ wjﬁ—%—\’

oo S el g e Gl bl gl S
on b ol B wsel 3 5 sl b SS L T i
O3 adlas sy gl anls (b Sl el Ol
25 bl (gl o uilal o a3 - Sl edaline 5l 3 S
sl gl St B as SIl3 ek sladle;
2 oelel i e 4 O il LS L S
[ye] el e 2 Jes s 5 ilises lale

Cb?'d'.w‘ &S:;:«:ﬂ ‘;@L;J ‘5JL.»J.LA—\ (. ¢

gl
S35 wop 0> SlespaS las )8 ol gsledas
ls b s DS 5 |l O men il glady] 3
el gl il S o5 sy 11 (YAST)
s Ses 5 o 8 elinad oL, slads SaS L gilede
S b (il S O et aglie b al sl
Solwdde s oy 4] ) PE ol
el JB dlsee Sz gladis bw s ol sl ol
Gl Wadie cpl 31 SO dsl am s a4 dde ¥)-Y4] el


http://dx.doi.org/10.52547/fsct.18.121.8
https://dorl.net/dor/20.1001.1.20088787.1400.18.121.24.8
https://fsct.modares.ac.ir/article-7-54982-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-17 ]

[ DOR: 20.1001.1.20088787.1400.18.121.24.8 ]

[ DOI: 10.52547/fsct.18.121.8 ]

Ve el DA 053 OTY oylads

Ol oM mlo 5 psle alos

S Hsboles a6 0L addlas 3,40 él.ﬁh'c.ul.; S
LAC,.Q rlm” Sl pas ey Jde 25 5 o edaline Jyd o
b 5 ol sl 5 <0700) s e ol s
ol cilse gladde d oy polis alie g
o5k moly aw a ot Sl e s Jbe LB
bocsin ICso 5 s I oS5 Gl gl
Oy Cdls +/AQV0 5 RGN /AN Syl
S s g s AR 5 /0 TR L s
ICso 5 S Jsb S Glsme zlsnal o33l sl
a5 mlesl VL Slaw s Sl Ol &S cel Csw
Syl Cl"’ o=k

“w A 3 a3 Sl s el Ol S as sl OLES CL:J
FyooglAsel el Ol Solsme ssba Jis s
U s it SIS el o s ol 5 (<700 5
Jod odaline L .(p>2/00) wzilw Fob ol b e
Oles 5 Sl 05 it 53 ol i1 &S il Ol 5 e )
Oles b gl b Ol w85 Jlize J 55 5 sl b oles
sl bl Sl b sl 3 0l S Sl b s
Sly Sl sne ssbay e a o e 3 s I pioes
El il o3 5 Pr0) Aoy s S I OlS S
Sbest Oles 5 gl B Ol ie 53 ool Gl sl 0L
p53 4n s ate 93 cpl W Llie Sl oopol b
2ol ssba Dol Sl Ol 5 wseld Ol
(p<t/v0) axsls 36 ICs

o (zlaaal o2l Sl (G55 555) He)d) ulg s
5 Sl e 35 e s 4 bl &S Sl il
il o o 35 Caand o ol Ty ey s Bl
Ldbe anslie 5 oLl ol SLASl Ol <l s bgy o oS
e oSl at 5 R ood oy e S

2.)\.3.}; <=L>.=3\ RMSE)

. ¥R fo=Pi
RR=1-(E=20) ©
TR (0-5)
RMSE = x“ :: : A

Wi gwim b o e s s n s p PO
sl S (gla e slad 5 odalinn sl

T b i 55X

£ 813 (ANOVA) bl o 54 52 o Laesls
o s amlie sl STl glasals o o3l 3l

)\J-élp.} Sheslixdd b Ao ys 0 (g)ls sas da.a Y LAJ:.<>L:A
J;Uo— LAQ}A)T (L&.’J‘ A esla! (&JAI N oasels) SPSS

St e 5 S U Ll gl s A ol ST e b
C""ef"\'i fb”' (KJJAI oV asll)

Tl

(- U""\—"‘" C|J.'$;‘.'.w| ‘hib*; ;;3'\3 w)ﬁ_\_“
adlas 3 40 SLiwl p Ol oS

61.;&‘::‘: )] J,\oL? (aj: a5 Jde J;Jaﬁjmjﬁ \ JJJ\;-

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

Source Extraction yield(2a)) TPC(mgGAE/) 1C50()
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
CvV 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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Table 2 Multi-response numerical prediction results.

Predict Empirical

Extraction yield (%v/w) 0.115+0.003" 0.108+0.09*
TPC (mgGAE/g) 93.6+2.4" 92.543.6°
ICs, values (ug/mL) 135.94£2.6" 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) 18.7340.71° 35.4340.54°
Total extraction time(min) 97.45+1.45" 151.35£2.01°
Extraction duration (min) 78.7240.75" 115.92+0.21°
Extraction yield (%v/w) 0.108+0.009" 0.081+0.01°
Rate of essential oils accumulation (ml/min) 0.0041+0.0003" 0.002120.0006"
Energy consumption (kwh/g) 5.98+0.31° 7.74+0.45°
TPC (mgGAE/g) 92.5+3.6" 72.145.3°
ICs values (png/ml) 138.1£1.8% 151.6+3.8°
Specific gravity 0.901+0.014" 0.89440.011°
Refractive index 1.49714+0.0005* 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
Q. (%) 0.108 0.081
R’ 0.959 0.933
RMSE 0.109 0.121
Second-order model
K, (%/min) 1.021 0.939
Q. (%) 0.108 0.081
R’ 0.821 0.719
RMSE 0.285 0.278
Adsorption model
b 25.40 44.80
Q. (%) 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
Q. (%) 0.108 0.081
R’ 0.995 0.997
RMSE 0.039 0.043

Extraction Yield (%0}

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

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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ARTICIE INFO ABSTRACT

Article History: The aim of the present research was modeling and optimizing the ultrasound-
assisted hydrodistillation (USHD) of essential oil extraction process and

Received 2021/08/ 20 comparing the effects of hydrodistillation (HD) and USHD techniques on the

Accepted 2021/11/08 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
Keywords: 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

Sali?( apgyptiaca L., higher yield (p<0.05), however, this parameter no significant effect the TPC and
Sﬁtlmlzatilon, IC50 (p>0.05). The optimum parameters were sonication time of 39 min, sound
rasound,

power levels of 189 w, and water to plant ratio of 6.8 V/W. Under optimum
- > O conditions, both USHD and HD methods were used for essential oil extraction.
Extraction kinetics. USHD showed a significantly higher amount of extraction yield (0.108+0.009%

Mathematics modeling,

(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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