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Extraction of volatile essential oil from Citrus junos peel

by Supercritical Carbon Dioxide

Seung—Jin, Lee

Department of Food Science & Biotechnology,
Graduate School of

Pukyong National University

Abstract

Supercritical fluid extraction is an alternative to conventional
separation process technique which takes advantage of the enhanced
solvent power of supercritical fluids (SCFs). The great solvent
power of the supercritical fluids is due to the properties of density
and viscosity, which are intermediate between those of gas and
liquid. Moreover, solute "diffusion in SCFs tends to be much higher
than that of liquids, also it is possible to relatively fast extraction
kinetics. Citron essential oil is used to confer the aroma and flavour
of Citron to a wide variety of products, such as carbonated drinks,

ice-creams, cakes, perfumes and so on. They are also used in the



design of new products, to which they add aroma and flavour.
Another application is the antimicrobial properties of some of their
components. In other words, a small amount of limonene was very
effective in the germicide treatment of waste waters. Carotenoid
pigments found in orange extracts are important for health not only
their nutritional value as precursors of vitamin Also their antioxidant
potential. They also seem to have certain anticarcinogenic properties.
These compounds are used to food colouring. So far, few studies
have been conducted on the supercritical fluid extraction of essential
oils of citrus fruits in general and on orange peel in particular,
although the studies on the deterpenation of these oils seem to be
much more abundant. The likely reason for this is that supercritical
fluid extraction can not compete with the traditional technique of
cold pressing, which is extremely fast, cheap and does not pollute
the extracts, although it does not produce selective extraction.
However, the supercritical fluid extraction could give rise to a
fractionation of essential oils deterpenation reducing or eliminating
the terpene compounds that are responsible for the degradation of
essential oils.

The objectives of this work are to study the influence of
operating conditions on the extract composition, investigating the
effects of extraction pressure and temperature on the extraction rate

of essential oil.



The extraction of volatile essential oil using supercritical carbon
dioxide with 2%(v/v) ethanol and non-ethanol was performed in a
semi~continuous flow extractor at the range of pressures and
temperatures 6.9 to 172 Ma and 30 to 45C, respectively. When
ethanol was added to the co-solvent, the solubility of volatile
essential oils was increased up to 90% over the neat CO; value. The
extraction curves showed mass transfer to be solubility limited and
the composition of extracts to be relative to uniform throughout an
extraction.

The extracts contained the volatile essential oils of monoterpens
compounds such as limonene and linalool. The solubilities of the
volatile essential oils in supercritical carbon dioxide were reported
along with fraction recoveries and analyses of major components.

The most efficiency of extraction of the volatile essential oils
was achieved at 13.8 Ma and 40C by supercritical carbon dioxide

with entrainer from Citrus junos peel.



TR ERGEOE FHHCEFRD, FEFSHEE), 3 7o (6% 4 H
i o 8 ] —iﬂé}u% TR FoM b 2dE FFaA Qe =23
FRE SEA Adrh AAAHR nu ¢y, YR Qne] okat
Aol Auis 3 gleh felvael e A, Ag, AFEe WE sokw
A AEiE I vk fEvEtel f27 fHE A AME )2 glAur
Ak Al 29 (840d) FEAvE Fuiel Aoz RE Bde Aow U
A lon AFHE 3EAE A 7)Eo] Qo Leel 2 guuwa e
89 HA F2,084hacl® ol Fo) A AdA o] 1218ha® 584%, x| ubo
866ha® 41.6%F == 3l gt}
TR FAGAE Age ¢, 3% AR, AR, 94, §g, F33 4w
B °

wtal, A, £, B "*PFMIQJ %24

—_—

I

FafierAldio] B ¥3ly sy} 7533]}9}}3 ]q}oﬂ/\»] AYu| 5= Ao] Ex ol

AR S HERIC 3 RU1ES TEe 948 BARM HE So] &

Hlel shetd Fatake]l A H27k ele] Hof ) fAA) Fbe] EuE
7hA] S H = A o)

FAE dutzos HAe ul= e A

%
XME slom ol FHuFEol e wardo A
o %

4o Afr mAE 349 #¥ A lar'd
o 407H 7t EAS: Yk s %x}l& ZbEolgdol 2o} v nlopg
Wb obye} ole] dig FAH AL} AU R o] FelA A el gl 3

°1L"r ?rx}"ﬂ B ATEE H(1973) ~o] YukA B 2 §¢_xg$_g1 obu) 4 AF



ol sl A= X]%”}X] °Fre) Hazh lov wgolu) wujo) A g A
0 Ay e mEvh meka] fabe) o) &S
A= Pl E B EY FEo) UE AT A ey )
o R g AFAE AELS FEE U AE e oy P
7f7‘] ol EYed A4 &WFEe A$ 1 FEHES concretes9
oleoresin ¢ FEIZ Er}h. concretes9t oleoresin® &fol] o xFF o
gz HolAM = Zov FE5E9WME AAT F9 P} concretesi= 3L o

ZHal oleoresin® A Zhgich= Aol vhE Aeolrh % concretesE o @&
W 2E AHSE A FVAYE S absoluted}t 3 o] F A £z =
el o8 &S FV)PES volatile oilo]gt b, LI 2E AGE ups
TE/IFTHNOE FE3Y S essential oilelgl o) WAl volatile oil&
terpene 3}3HE-(mono, sesqui- 2] 3L oxygenated compounds)o] FE o] &1
2121 essential oilZ )9 % diterpensT Yol Al A3FE HHEo= 23

s 5% 2482 FAE Ak aglan o9 % fatty acid, fatty acid
methyl esters, coloring matter(beta-catotene), coumarins flavones® A
Hol vk ALY ARAELE F2UPe g FAeA S key
compounds& 7HA|3L e o5 A, shERE So 9d FZ A

o

ORIl met 2 o] wssty £ SvjFEe) Pl a1 @)
AEE AFolvt BAFF S oJFe & F¢ gujo] BH o] EA} 5)u
k.

Z29A 3 71€(SCF, Supercritical Fluid Technology)? #a 20e] dz}
e, dE g omd B AR ) g3Hag] Holdl Al2g #wAS mo
A= AR 71E9 6}‘4E} g 7 Atk 294 A A9 1s dAH
o9 st A NAgT FaE BAAS, AR B Ag BAS
ZEa QA v ARE 25 E xAAA TS dWA Ao S



WA FAEL BE AAe VA ¥ e pR9oh agxy o)y e
TR B HEANE Gk st QA A (Critical point)ol A= FAbe]
7ol ofyr] wEolth aguW x2YA FA FZ(Supercritical fluid
extraction)< YAH =AM =9} oA EAdk= 2AA FA Fol M
el nAZE FUIGezRY ANE o2yl B o] uo|gHo R &
A e g o)Este H2 Mz B4R 7)&S e

STHUY T2 gutzd o g 38T A ol A %5‘3%3}71]

& wEladE 2T ofdn oy F& du: Rz AwWd B9
el A A9t B4 2 Amol FAAS S9] transport property
M3E ndgtezy oFd £ gl

oo} o] o] itsiEkae] WE ¢4y % Lxwse] wWE FAo HAES o
et JAF(Te=31T, Pc=7.38MPa)it} %2 odoloja] zlA o]Ats
SEa- ) }%?* F20] o]FojHtt o] YoM L9 9t Wl ual
frAlel AEot 27 Wate dgelnz % x7do] uel £29 fuo] ue
%‘UH?}O] aA gz,

AN = qA G AAAze] AT} Qolxin A ol Lxeb oY
Az A, GAe) RS T 5 oglo] 2UA FADT Ay 2YA SA
= 2RI Al mel A AAYA R, vl tEo] Zshao) uf 2}
=7 AAEA HA o] e HAL zh=v) AukA oz xelA fA2 o
B FEL YALERD R} 5 SEOA ngtor FHFo =M HeH
A SMEFE A A& F YA hH M Hes= B oy



A kg W= (Lee and Hong, 1985).
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Table 1. Supercritical fluid extraction of volatile essential oil and

fragrance compounds

Angelica(root) Nakanen et al.

Anise(seed) Ondarza and Sanchez

Basil (leaf) Gopalakrishnan and Narayanan
Cardamon (seed) Reverchon and Senatore
Chamomile(flower) Sanders

Citron(peel) Cieslinski et al.

Coriander(fruit) Hawthorne et al.

Dragonhead(leaf) Ma et al.

Eovioo d i a Ma et al.
Rutaecarpa(herb)

Geranium(leaf) Machado et al.

Ginger(rhizome) Sankar, Bartley and Foley

Hopes (fruit) Verschuere et al. Langenzaal et al.
Jasmine(flower) Gopalakrishnan and Narayanan, Rao et al.
Lavender(flower) Adasoglu et al.

Pepper(fruit) Sankar

Peppermint(leaf) Reverchon et al.

Rose(flower) Reverchon et al.

Rosemary (leaf) Reverchon et al.
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FAYEFL2FH ATwor #ug #K & Fd F s FEUX
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211 7186l o8 &0 FEEe) B

71l E o] £3)o] d AHEE Y9AE Y7 (Hanil. MF550, 5500rpm) &
ol%a}cn] 3000rpmel Al 1523 Y4288 & FFdute #2158t ethanol
ARgste] &G A daEed FEAE 10 syringeE o] 83}
sandwich7]| 2.2 A &3] 3uE GCl +9U3ta] =59 peak area WA} I
&2 peak area AFFHE ol &3l HIA HARKAHES AFsPn
etherg ©|&3 FEFE9 4% N2 gasE o] &3l 10mME HZAE 10
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sodium sulfate, anhydrousg& AR&sle] F8& AASFAYL. 28 W 3 10
ul syringe® o] &3t sandwich7] .2 A8 1 WE GCo FL3A}.

23. 2944 ol FE4A

ZYA olistEAE o8 FARFAERE LA AR FZ U
§ A= Fig. 291 JEHdIATh 225 300ml £39 319HR  stainless
steel & AF&3MAR 2UA /A lined 1/4“9 1/82]  stainless  steel
pipe(316ss)E AF&3FATE HA oitslE A2 RE RufE YA gHPoz W
A7 A3PEEE 362MPad) 8% & 7MY Pumpe FE2E F9HE of
ARt §32 AFH 2R pumpingdt A3, WEE| o §(99%) S A
FHoR  FUANZE & UdE BE&v pump:  Solvent  Delivery
Pump(Young-lin scientific Co., model No.:.930)& A}&3 9ot n Aga =
Fx Bol7ba veE YA olksEr i £RE ZHE:- digital

temperature measuring{WaveteckA}, model No.:461 -112020)3 % & o] &3}
2YA FAS 2EE AP FEx0 48 2UA FA7 22z
Eol7b= 3le2  digital  pressure measuring (ValcomA}, model

No..VPRQ-A3-350K-4C) ZX = 294 § A7} #5285 E93td o= =
FX A9 Cole parmer gauge® =A%t Systeme] ¢HE e 179
back pressure regulator valve® ZE3HU2 FHE U9 vl e

metering valve®t needle valve®Z Z A3 Qth 183l 2 A o]Aslet A S o
T FESAANA I ARAES Rg ¥ 232§ 95d By zo)
cold trape 3 3te] Bz u¥eo %7 15Co|37) 8% % e, ¥

8 fA= flow meter(SinagawaAl, model No..DC-2A)E H/’*ﬂ Wrlso s
HEE TS Ao
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Fig. 2. Simultaneous steam distillation

& solvent extraction system

- 12 -



1:CCr tank
2:Pressure gauge
3:Cooling bath

S:Main pump
6:Electric thermometer
7: Pressure indicator
8:Heat exchanger Eﬁ
9:Cold trap

10:Backpressure regulator valve
11:Sample collecter

12:Gas flowmeter

13:Solvent delivery pump
14:Cooling naterial delivery pomp

4:Safety valve 6
7

(O

Fig. 3. Flow diagram of supercritical fluid process.
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Aol AHEE 2UA FF AL FEXY A7E WA F F YRR A
sk A@ WS 23k SHY e o4k e A (CO)7t cylinder £5-H
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metering pump?l] oj&] AT FFo B FUH systemu]o] A 9t 7}x]
sl Ak, g FEZERE FExC G497 Ao 35 gz A4
3tz CO% Bz & pumpRF-E FUHE deSe HAd 33 2xd o
gt ez o dds ozt &% e &% thermocouplee] o3 7
Aweol % 28 2HIA Hu :F3x 9 F 9 heating jacketS A x5}
=3 W59 & JdAEA FAAAT. Systeme] AA ¢4 Back
pressure regulator valveE F-ZAlA &7+ hHWsl2 21 systemy F&
27 W3 s wxeget. 29 pumpet b2 24 7] ol 7 micron filter® Al
A3kl FFo] APH = F &l COp 9 1A A5 Il 93 system
o) 550 FEHE RS WAANA LY safety valveE FHAIA systemul] ]
excess pressureE A ASHATH E3 A FHE F systemo] mtow Qe
HHe Rz adkgre &4e WAsy] §lstd :bEE Z7o) check
valve® EA 3T 2UA ol eas &% Wo AZ25E AL &
Zste] we oy ez Rz e & 35101 ‘A BvilE HA e
Hool W I AT AHE HA8E7] 9489 cold traps AAFR
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FEd
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e

AR AFAE

ABE 25ml *i= 50ml= A sk t}
Gas—Chromatography (Hewlett Packard 58300)]
Gas-Chromatographol] 93 FA ozl FZHE9 3WA HHARY B4
i 4 (limonene, linalool, myrcene, @ -pinene, B -pinene, @ —terpinen, ¥
-terpinene) S FEHE WE ¥ Gas-Chromatograph® peak@ & o2 H#A
S AT e Y FEEY peak BHoE FHE AASAY. HFER
(imonene, linalool, myrcene, a-pinene, A -pinene, « -terpinen, 7
~terpinene) 9] ¥F3 FFAE Fig. 4.914 Fig. 103 o}

2322 39X AFAE ¥A

AEo] A FA o] FHurAd A{FAHELE GC-MSDY| 3 &2 - A3
A GCLE(HP-6890) @ MSD(HP-5973)8] 2% %718 Table 20] e
2t
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Table 2. Instrumental condition for the GC_MSD.

Gas chromatograph parameters

Column BP-20(50m X 0.22mm X 0.25¢m)
Carrier gas He

Flow 151.4kPa(constant pressure)
Purge 7 50mf/min at 2min

Gas saver 20mé/min at 3min

Oven progrm 40°C for 10min
40~220C at 75C/min

220C at 10min

MSD parameters

Electron multiplier voltage 1824eV

MS source temperature 220;(5 ‘
- MS transfer line temperature 7 220TC )

MS qua&uple temperature 150C

lor;ization voltage » T0eV

MS range 40~ 500amu
7ﬁata rate 20Hz )

Mass spectrum library NISTO8

...16_
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Fig. 4. The standard curve for limonene analyzed

by gas chromatography
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Fig. 5. The standard curve for linalool analyzed
by gas chromatography
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Fig. 6. The standard curve for myrcene analyzed
by gas chromatography
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Fig. 7. The standard curve for a -pinene analyzed
by gas chromatography
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Fig. 8. The standard curve for B —pinene analyzed
by gas chromatography
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Fig. 9. The standard curve for a -terpinene analyzed
by gas chromatography
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Table 2. Operation condition of gas chromatography for analysis on

the volatile essential oil in Citrus junos peel.

Item Operation condition

Instrument Hewlett Packard 58901

DB-5 (Bonded & crosslinked
(5% -phenyl)-methylpolysiloxane

Column . ]
, capillary column, 30mX>0.25mm
ID., 0.25um film thickness, J&W)

Carrier gas Nz Imi/min

Split ratio 11

<Temperature>

Detector(FID) 250°C

Injector 2507C

100°C, hold Imin ; increase 3C

Oven temperature /min  to 100°C, hold 1min ;
profile increase 3C/min to 200C, hold

10min

_21_



Table. 3 Volatile essential oil identified from Citrus junos peel

by GC-MS.
Compounds Peak area(%)

a —pinene 1.78

B -Pinene 0.82

Myrcene 0.83

Limonene 46.87

B —Phellandrene 2.20

a —-terpinene 13.39

o-Cymene 2.46

7 —terpinene | 1.47
1-methylethenyl-benzene 0.30

a —4-methyl-3-pente 0.54
5-ethenyltetrahydroal-2-Furnanmethanol, 0.51

Linalool 10.16
1-methyl-4-[1-methyle]-2-Cyclohexene-1-0l 0.14
4-methyl-1-1-methyl-3-Cyclohexen~1-ol 1.84
a -4-3-Cyclohexene-1-acetaldehyde 0.08
7,11-dimethyl-3-methyl-1,6,10-Dodecatriene 1.92
a —'Terpineol-p-menth-1-en-8-ol 3.84
Germacrene D 0.65
1.5,5-Trrimethvl-6-methylene-cyclohexene 2.09
1,2,3,5,6,8a-hexahydri-4,7-Naphthalene 0.64
3-[1,5-dimethyl-4-hexenyl]-Cyclohexene 2.09
3,7-dimethyl-2,6-Octadien—-1-ol 0.64
1-ethenyl-1-methyl-2-[1-met or 0.2

gamma-Elemene~Cyclohexane, :

3,7-dimethyl-1,6-Octadien—-3-ol 0.32
unknown, 0.61
E-9,11-Dodecadienal 1.07

Octanoic Acid 0.22

Globulol 0.31

Ledol 0.83
2-(1,1-dimethylethy1)-5-methyl-phenol, 0.38
2~methyl~5-[1-methylethyl]-Phenol 0.36
alpha—Cadinol 2.40

_22_



F718mE o8 [FAHNMEZRE FEI HAEA AR A=
table.4ell YERAATE. B]FA £ul9l n-hexane¥} ether 7
n-hexaneg ©|-8% FEET etherg o] 43 FEES GCEA S B39 A
3 A3} n-hexaned ©]€ FEFEW ether? B¢ HA Ity AFAE
e n-hexane2.®2 FZE Y-S o 4486.84mg(sample 30g F)o)U oW etherZ

o] &% &9 7% 2910.41mg(sample 30g B)°] FE ATk

Ky
1
ﬂl{}l‘
2
to

Table 4. Comparison of solvent extraction.

(mg/sample 30g)

Compound n-hexane Ether
Limonene 2832.12 1800.19
Linalool 266.40 222.30

Myrcene 57.56 37.26

@ —-pinene 131.38 « 73.65

B —pinene 134.20 86.50

o —terpinene 1703 11.65

7 ~terpinene 1047.25 67886

Total amount 4,486.84 2910.41

-23..



2. 294 oM GLE o] §F FAIAYZEE A AFA

L EYA ol NBABLE o8 FE 27

2 AT FF A4Y 63l A 17274 A 1eli FE L% 30ToNA 4
5T7HA1 2l oA o]absletael & 16ml/min®.2 42 #3je] %917
ol Foj it w3 o] W olA entrainerZ A1 9] 1~3%(v/v)ol &

= A7 W F&3 HUbEH) 29k e we) F&9 wmstygrh

22 2xMWisgle) 9 E S5

Fig. 112 =& ®slel] dig zhzbe) gzl WejolA F%9 limonene?)
FEES vEebd agolt} 63 #1720 A CO2F 20ml/mine 2 1008
T e &3 e W 2x9 Wi ma) 29 Hwd FsARe %8
FAs GEdIdvh 49 138Wk, 2% 40TolA b HeAR 7}
B FE AAFE limonened 5% %S 508mg(sample 30g) o2 7H
< FEFE Yo, ¢ 681k €% 40ColA limonene® =&
59.13mg(sample 30g®)o2 7}F & FZ=S el 10.3WR) A =
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Fig. 11. Extraction of limonene from citron peel by supercritical
carbon dioxide at different temperature.

Extraction time : 100min, Entrainer :none
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Fig. 12. Extraction of limonene from citron peel by supercritical

carbon dioxide at different temperature.

Extraction time : 60min, Entrainer : 0.2mf/min
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Fig. 13. Extracted total amount oil from citron peel by supercritical
carbon dioxide at different temperature.

Extraction time : 100min, Entrainer : none
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Fig. 14. Extracted total amount oil from citron peel by supercritical

carbon dioxide at different pressure.
Extraction time : 60min, Entrainer : 0.2m¢/min
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Fig. 15. Extracted total amount oil from citron peel by supercritical
carbon dioxide at different pressure.

Extraction time : 60min, Entrainer : 0.4mf/min
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Fig. 16. Extracted total amount oil from citron peel by supercritical

carbon dioxide at different pressure.
Extraction time : 100min, Pressure : 10.3MPa
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Ho| Wl e FEF WeE vk zlojth §h¥o] 13.8MPaclA #E
A AR F&ego] HUE el vk o)E ¢4y 138MPadt k= 4
0ColM 297 o)steae PRt 0.757g/mE 2UA ol FsteaE o8&
& limonene2) %] doiA 7bF HH WLE e ol B. Mira &
o] Aol YeEbd AXYE 2UA olatseAe] FxvE o 0.7g/m~0.8g/md
ol 4 limonene® &3=7t HAoZ Jehte A3 AR ALE JEEY
3 BHELUE ALY limonene?) ol linalool, myrcene %] vt F&E
o] AAA FHFe FyIE ettt A FYT 2woA gtH e Ft
b odt=Al fElre] FAE JEhYE AL otk Reverchon(35), Kerrola®t
Kallio(15), Oszagyan 5(29)2 F&¢8e] 7t F3EQ v3dd A4
ol big &sl=rt SR Qs FAdl A AT S, B8
o7 FELE 40~50C, 543 100bar F-Fo] @A) FFEo] 24
A FAC g &gl 7HE ol iF A 9 essential oilS F Aot

Fig. 19.% A oltgetaxz J{ud A{FARS F I =
13.8MPa, &% 40C°lA entrainerZ 04m¢/ming H7}3tA-& 24 5416.64ng
/sample30g©] FZ&H A2 entrainer®E H7}8}x] @42 A 786.61ms/sample30g
o] F&uo] of THle] FEF FUHE B 5 UMt ol Bx&vE UL
Gorx YA olatsterao {fAFAF] HAAH HHAAFE g GaAHE

FHA7IEE 2 d%e AAE AR & 4 .

Q.
=
kg

[o3]
i~

- 33 -



600

—&— Limonene
-O-+ Linalool
5001 | —— Myrcene
—¥  o~pinene
—®— [B-pinene
B 400 4 | —O'- oa—terpinene
g —4 - y—terpinene
2
(=
g 300 A
@
)
g
A
Z 200
Q
g
E
4
=
100
0 .
T T T T T
6 8 10 12 14 16 18

Pressure(MPa)

Fig. 17. Extraction of volatile essential oil from citron peel by
supercritical carbon dioxide at different pressure.

Extraction time : 100min, Temperture : 40T
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Fig. 18. Extraction of volatile essential oil from citron peel by

supercritical carbon dioxide at different pressure.
Extraction time : 60min, Temperture - 35T, Entrainer : 0.2m¢/min
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Fig. 19. Extraction of volatile essential oil from citron peel by
supercritical carbon dioxide at different pressure.
Extraction time : 60min, temperture : 40T, Entrainer : 0.4m/min
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Table

5.

Extraction

of

different

supercriticalcarbondioxide without entrainer.

operating

condition

by

(mg/sample 30g)

Comp|_ . . . . . . Total
Limonene Linalool Myrcene « -pinene £ -pinene « -terpinene 7y —terpinene
ounds amount
Press
(MPa 30T
)
6.9 59.0 3.0 0.8 1.7 2.1 0.2 16.4 83.3
8.3 159.5 7.2 2.1 8.1 7.1 6.9 43. 233.9
10.3 322.5 9.8 44 10.6 105 14 71.6 430.8
12.4 169.5 96 39 6.9 8.1 9.7 5.4 264.1
13.8 148.3 9.1 2.3 50 55 0.4 414 212.1
17.2 145.7 89 3.2 7.2 7.3 1.0 56.9 230.7
35T
6.9 77.4 33 09 15 2.5 0.3 18.2 104.2
3.3 90.2 6.4 18 3.0 45 1.2 345 177.1
10.3 121.9 95 2.7 45 6.5 0.9 50.7 209.7
12.4 2215 20.5 50 43 9.3 0.6 66.2 337.3
13.8 309.5 315 72 4.1 8.1 0.1 81.6 442.1
17.2 2945 54.7 6.1 13.8 14.0 09 106.9 490.8
40T
6.9 173.4 10.6 34 6.4 84 1.1 61.6 264.9
8.3 181.2 13.1 37 7.1 10.3 1.0 735 290.0
103 | 250.8 165 4.8 9.0 11.7 1.0 92.7 386.4
124 416.4 276 7.1 13.3 20.3 1.3 149.7 635.7
13.8 508.1 372 10.7 20.8 246 2.1 183.1 786.6
172 | 2425 16.9 4.8 9.2 114 1.5 88.4 374.7
45T
6.9 153.4 80 25 53 6.9765 0.7651 46.3 223.3
8.3 141.2 7.8 2.6 50 6.7362 0.7839 435 207.6
10.3 148.4 75 2.6 4.8 6.2283 0.8146 46.6 217.0
124 | 2039 116 3.8 6.0 8.9364 0.8734 63.8 299.0
138 | 2369 15.3 4.6 6.8 10.4704 0.6412 78.5 393.1
17.2 202.7 17.3 4.1 7.7 9.6858 0.8403 73.4 315.7
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Table 6. Extraction of different operating condition by supercritical

carbon dioxide with entrainer.

(mg/sample 30g ; 0.4m¢/min)

Compo| _ . . . P . . Total
Limonene Linalool Myrcene « -pinene 3 -pinene « —terpinene 7 —terpinene
unds amount
Press .
(MPa) 30U
6.9 | 23425 3883 40.1 70.9 120.0 16.5 850.8 3829.1
83 | 23082 3914 389 1136 1314 172 958.7 4049.4
103 | 24431 3946 38.0 145.8 142.8 185 1140.0 4322.8
124 | 23188 4002 38.1 124.3 123.3 11.9 895.7 3912.3
13.8 | 22975 3075 384 106.5 116.3 9.4 804.1 3679.7
17.2 | 12095 168.1 23.7 37.2 5.5 6.7 471.1 1971.8
35T
6.9 29937 147.3 457 1154 1215 154 8384.0 4323.0
8.3 3025.9 186.3 61.9 132.3 153.2 19.3 1013.2 4592.1
103 | 33772 2152 76.0 185.6 1729 227 1229.2 H278.8
124 | 34019 2386 54.7 162.0 1454 22.0 1009.3 5033.9
13.8 | 34567 249.8 40.2 97.0 123.3 20.8 907.3 4895.1
172 | 33032 239.8 31.7 75.2 93.2 29.0 603.6 4375.7
40T
6.9 23914 2714 40.8 1154 121.5 154 884.0 3839.9
8.3 28312  280.0 61.9 132.3 153.2 19.3 1013.2 4491.1
10.3 | 3441.1 289.1 76.0 185.6 1729 22.7 1229.2 5416.6
124 | 2938.0 2632 54.7 162.0 145.4 22.0 1009.3 4584.6
13.8 | 24632 2265 40.2 97.0 123.3 20.8 907.3 3878.3
172 | 24120 159.0 31.7 75.2 93.2 29.0 603.6 3403.7
45T
6.9 25759  269.0 42.2 108.8 1327 21.7 910.3 4060.6
8.3 26985 2793 45.6 124.4 147.2 22.4 1010.3 43277
10.3 | 3087.1 299.6 49.1 154.2 160.3 26.1 11752 4951.6
124 | 28373 2382 416 131.9 150.4 287 1071.3 4499.4
138 | 27391 2148 383 119.1 138.8 26.6 969.7 4246.4
172 | 16682 2329 29.4 66.0 32.0 26.0 610.8 2715.3
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Table 7. Comparison of volatile essential oils at extraction method.

(mg/sample 30g)

Method | Solvent Supercritical COq
extraction extraction
SD . Entrainer
N . |None entrainer (10.3MPa
\\ Ethanol | Ether extraction (13.8MPa, 4 0T ’
. 40T) .
Compounds\ 4ml/min)
Limonene 2832.12 | 1800.19 754.22 508.12 3441.08
Linalool 266.40 222.30 191.37 37.19 289.09
Myrcene 57.56 37.26 23.73 10.69 76.03
a —pinene 131.38 73.65 35.38 20.83 185.64
B —pinene 134.20 86.50 36.47 24.57 17291
a —terpinene 17.93 11.65 9.05 2.06 22.74
7 ~terpinene | 1047.25 678.86 257.26 183.15 1229.16
" Total T
343959 |223155 | 1,307.48 786.61 5416.65
amount
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3. <1 ¥ 4] (Fractional factorial analysis) A3} 23 A A H+

31. 2°2AB A 9@ %
Bl 3 AJAARe F

e 22 :
oty 3 ARAHEES o= e 4 Wt oEHE Aol oy
g AW RS AR S i 27bA AP el diste] 6714
FEAA 289 B 49e AT AN ARAE FE2S AT 2
BA8 9ste] A3 2°2 949 E= Table 8.9 #A 35T

Table 8.& o] &3t XA ol E o] &3l Fxigmzre
P& FEIAE W FEF TS T 272 ALY F94

of st ¥AHEA(ANOVA: Analysis of Variance)2 38 th(Table 9.)
A FoFE 90%0lA 2 Aol {3k oz AU en Ao o
892 7dxE £4% A3} F-value] W3 prob.s= g Q2o 228
02185 ¥ && HAv webr gtz acle] 2 A¥e main factor
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Table 8. 2factorial design for supercritical carbon dioxide extraction

of total amount volatile essential oil

(mg/sample 30g)

Pressure Temperature Total amount oil Limonene
(MPa) (T) (mg/sample 30g) (mg/sample 30g)
6.9 30 33.3 59.1
8.3 30 2339 159.5
10.3 30 430.8 322.5
124 30 264.1 169.5
13.8 30 212.1 148.3
17.2 30 230.7 145.7
6.9 35 104.2 774
8.3 35 177.1 90.2
10.3 35 209.7 1219
124 35 337.3 2215
13.8 35 4421 309.5
17.2 35 490.8 294.5
6.9 40 264.9 173.4
8.3 40 290.0 181.2
10.3 40 386.4 250.8
124 40 635.7 416.4
13.8 40 786.6 508.2
17.2 40 374.7 242.5
6.9 45 2233 153.4
83 45 2076 141.2
10.3 45 217.0 148.4
12.4 45 299.0 203.9
138 45 353.1 236.9
17.2 45 315.7 202.7
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Table 9. Analysis of variance

Source of

o SS df MS F Fsis005  Fsiso00
variation
X1 86619 3 28802 3.898™ 3.16 5.09
X2 33509 3 11230  1.508

Error 134287 18 74604  3.236
Total 204,415 24

“X1 : Pressure(MPa) “X2 : Temperature(‘C)

32 294 o]dsgA o] 83 FAAYZRE FHAAH AFAHAR
F29 39 %A (Regression analysis)

321 483 2% QAo g3 AR

-

g U A7

L)

FZ YL Table 7.8 AR HE 3l whg
g HA 21 FH3aA A WA Table 79 whg) Ao
#& RSREG A3 S¢dse 259 gdo st F&

Bttt o] B4 A% FHH(Y)E

Y = -2262.23+ 89.76«X; + 100.49%X, -3.47+X,> + 0.18+X,;*X;
1.33*X22

Atk olElE AoE BEuz AAAAS) gro] 047330 §95ES 959% vl
%3k data® A& F7b ANch
B2y e) 736;-% dotn ] gatel Fig. 20004 AHum 2R 49g F

3H o]— 2

G+ ofAzol el % WFe] emel W@ WPt A7 ez
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Fig. 20. Analysis of experimental result and surface response

analysis of linear regression model.
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Fig. 21. Analysis of experimental result and surface response

analysis of nonlinear regression model.

- 47 -



3.2.2 Entrainer 9A4E 18T §F 43} 25 AXo] th@ A
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(3 Surface response analysis of nonelinear regression model

Fig. 22. Analysis of experimental result and surface response

analysis of nonlinear regression model.
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