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Fig 2 Phase diagram of water as a function of
temperature and pressure Cross-hatched area
indicates the preferred region (SWE)) (7).
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Fig 1 Dielectric constant of water as a function of
temperature at 20 MPa. Solid circles superimposed
on the plot are the values corresponding to different

organic solvent at 25°C and 0.1 MPa (3).
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Fig 3 Schematic diagram of subcritical water
extraction system: 1, water reservoir; 2, burette; 3,
pump; 4, oven; 5, preheater; 6, inlet water; 7,bypass
stream; 8, outlet water; 9, extraction cell; 10, heat
exchanger; MF, micro filter; P, pressure indicator;
PR, pressure regulator; temperature indicator; W1,
cooling water in; WO, cooling water out.


https://fsct.modares.ac.ir/article-7-27065-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-15 ]

\Y“{/\)ﬁ)@.& g\-\ 092 A\A)\.A.\i:

Lol S il a3 100 =IV0 osgdoms 3 il o Les ol
ilss glae Il (sl C\J_>;...,4\ o33l Ol pas Ly Les 253l
Sedes VA 0)3 o3l s &S gosk ol gline 3
53 ol b GRS gl B T el gl sl el
Aok AEA o3 o3Il s Sl e33l Ol S el -
Sl Ly o 4 e sdalie Ll Ll e 3L ool L&
s3gdme il 53 sk TTAA o33 Il (sl gl sl 63l
gl Colae (Dl Il 0US S S L cl b e
5ok o Ul Ol il ) ol o anltyll b ok
SRl s o 31 b i gl Sl
S b olsmn s wsel B gl e el 0L Sk
G Sl & e el pl 8 AL el 3 036 Jle
el Bl O Ol SR s e JUES S e
Ol 53 &S ubsls 50T 5l Jols s @ 4y b s s
g 0y3 o3l 5 L b oaslie 3 0L Sl
o33l Sl s bl 1 el C\fu.ﬂl Ol S5
S8 JSE) s 8 edaline e s +/FAA 033 o3Il el
pr JEEl Al b a5 SL3 Sl e s (g5
5 atin 1 oyt IS a4 LS JEl s
gl e 2alS sl S 55k e sl o JUEI
o3l s plaal osil S als [WV] 25 S e sl
L e sl S b 4,3 V0 4100 (slos 51z koo +/ 0T 63
a5 WO 5100 lales 3 0 Ol oS ol O > s L
NV PP TSI WL BPR SRV JP PR I o{ W
C‘Jﬁd...o‘ o:}l.j Sy 2 0y o}‘.\.ﬂ ﬁSU -Y-v
Il il 5

Wil K S b3 el 4 ks plonil i ol
ol Q@;ﬁo&\xgﬁ.@gdﬂ\}é\dﬁ“\ 033L
oSl 4z a b Sl b ssms 5 055 5 A Al B dsb o
o SlS Wl b g W dlp il S5 ol
S5 bl Slie RalS el S ssi e IS sk
I e Al 33l Sl s gl [IV510] 555 e
ok ey Ol 0 ISE s coslite a0k - odd 53 63

el

yYY

C;pu'}@w—"

ClU gl hay 55 8 53 S sl s 5l ol b
S5 Il il S s Ol ST L kil 5 Sl G5
L Il Ll Colas cad b o S5 eslul sdes
Sl Ulse 0 38 IS5l S Sl ol s skl
D3 Il el gl el o sl 36 o)l

NOCRY
J.JJS C‘Jﬁa‘&.«‘ ob}\.ﬁ Sy 2 Los ﬁSU—\—V

J gl
Aol Sl s G I KS 4 oS5 el
Gl L s bt 4 YU el 0,50 s sl s AS
gl DS 5 5 ok palie (D SR s« L
53 ax Sl e ol gl o33l a5 5 el
sl s pese al gl OlS 5 el Sl YL labes
Sl P prmes s LS bl 4 53 el s s e

,L)ﬂ&)\}gbspml.&c;l?:f;

0.7 Particle
Size (mm)
—— 0398
0.6 k- 0603
0048
z
5 05
z
=]
=
s 044
=}
2
&
£
g 034
&
B
g 02
0.1
0.04
T T T
125 150 175
Temperature (°C)

Fig 4 Effect of Temperature on extraction efficiency
in different particle size.
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Fig 5 Effect of particle size on extraction efficiency
in different flow rate.
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Fig 6 Effect of flow rate on extraction efficiency in
different temperature
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Table 1 Comparison of Trans-Anethol Extracted by Subcritical Water and Water Distillation

Compound

Subcritical water

Hydrodistilation

Trans-Anethol

0.627 0.0936

1. Sample: 2 gr Fennel, Average particle size: 0.398 mm, Flow rate: 3 ml/min, Temperature: 175°C,
Extraction time: 120 min
2. Extraction time: 240 min
The numbers are area ratio of each component/IS
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Subcritical water extraction has been considered due to advantages such as high speed, high efficiency
and reduced amount of organic solvents used in the traditional way as well as due to its compatibility with
the environment. In this study, the essences extraction from fennel seeds was performed by using
subcritical water extraction and was compared with hydrodistillation method. Trans-anethole as the main
combination has been carried out as a main goal of next experiments. Separating and diagnosis of the
extracted trans-anethole were performed by GC-FID and GC / MS. The effect of temperature parameters,
Average of particle size and flow intensity was studied on the extraction rate in subcritical water method.
Taguchi experimental design was used to facilitate the process of testing and comparing the effective
parameters. The ratio of the area of trans-anethole to the obtained internal standard from gas
chromatography was calculated as evaluated criteria of parameters and extraction methods of essence
from fennel seeds.

The results of Analysis of variance showed that the temperature and, Average of particle size have a
significant effect on the amount of trans-anethole extraction. The highest ratio of trans-anethole to
internal standard was obtained at 175 ° C, an average value of 0.398 mm, and a flow rate of 3 ml /min.

The results of this study showed that the extraction by subcritical water in compare with hydro distillation
method is a fast-high-efficiency method for extraction of trans-anethole as a valuable oxygen-containing
compound.

Keywords: Subcritical water extraction, Hydrodistillation, Trans-anethole, Foeniculum vulgare .
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