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Extraction of natural citrus by SC-CQO2 and their

pharmacological effect on aromatherapy*

Deok Jum Lim

Department of Industrial Chemistry, The Graduate School,

Pukyong National University

Abstract

This thesis describes the effect of aromatherapy on the people under. stress and the reduction
of stress. Natural citrus used are citron peels cultivated (CCP) in Gohong, Natural citron peel in
Gohong (NCP) and poncirus trifoliate peel (PTP) were environmentally friendly. extracted at 200
bars and 50°C by supercritical carbon dioxide (SC-CO.) extraction and“hexane ‘extraction. The
extracts were evaluated in terms of antioxidant activity, antibacterial activity and anti—stress
activity. Fatty acid composition of 3 citrus peel oils was found to have the highest percentage of
linoleic acid, cis—11,14-eicosadienoic acid, palmitic acid and oleic acid. CCP oil | obtained by
SC-CO; extraction was about determined by 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity were 98%. Aromatic oil contents of tea tree, lavender and eucalyptus
determined by DPPH free radical scavenging activity were 83, 78 and. 7026, réspectively. Total
phenolic contents (TPC) obtained, from' CCP--oil by SC-CO. and "hexaneextraction were 560
(mg/100 g) and 520 (mg/100 g), respectively., Total flavoneid-contents (TFC) obtained from
SC-CO, and hexane extraction of CCP oil was 84 -(mg/100-g) and 75 (mg/100 g), respectively.
Amounts of TPC extracted was larger than that of TFC. Amount of TPC and TFC extracted
from the mixture of CCP (MCCP) oil were 300 mg/100 g and 50 mg/100 g, respectively. Mixture
of PTP (MPTP), MCCP and mixture of NCP (MNCP) oils showed excellent inhibition activity
against bacteria Staphylococcus aureus (+).

The Zone of inhibition was in the range of 12 to 16 mm. In addition, MNCP oil showed high
inhibition activity against bacteria Pseudomonas aeruginosa (-). The number of volatile

compound obtained from CCP oils was 68. The major compounds were terpenes (55.8%),



limonene (27.3%), alcohols (15.8%) and linalool (7.3%). MCCP, lavender and eucalyptus blending
oll were found to give healing effect of chronic stress, state of tension, depress state, rage and
hypochorondria.

As a result, antioxidant activity of CCP oil obtained by SC-CO» extraction was most excellent.
In addition, MNCP oil obtained by SC-CO, extraction showed most good antibacterial activity.
MCCP blending oil has a potential to be used for healing of chronic stress, state of tension,
depress state, rage and hypochondria. On the other hand, MNCP and tea tree blending oils are

expected for use in the area of pimple cosmetics.

* A thesis submitted to the Committee of the Graduate School of Pukyong National University in
partial fulfillment of the requirements for the degree of Doctor of Engineering in Aug, 2014.
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Fig. 1. The phase diagram illustrating the supercritical
region above the pressure and temperature.
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Fig. 2. The phase diagram illustrating the supercritical
region above the pressure and temperature.

_14_



AN

AN

Hehpessrepnp
Calirglath

igjted thamaneter
Ohdifvabve
Stetyvdve

BR

Nedevdve

Hitar

2: Hesuegae

8: Gllat vessd

5: Heat exdangr

6: Hohpesswevessd

9: Hoownatar

3
4
j |)
n
B
H
B
6

Fig. 3. Schematic diagram-and photograph of

SC-CO- extraction process.

_15_



o]

=
=

ZAAFA (supercritical fluids)

[mt
ES

i

2]

JJo

sgoA BAE= V]

FAANA 7= A

el

%0

i

™
o}
W
all

%0

JJo

o}
W
all

alg
s

i ol | = B]-§-o] 73 ] 4 o] a1

H) &

Mo

ol
M

it
i+

%

I

=K

<)
Hin
<

vzel
Mo
Iy

p—

)
R

%0

N

il

o

el

o« A E#FA

a7 252 Zeg

TEES

d=de] 3

T
Table 13} Fig. 49} 7o) Z <A o]

H= 7R 2L

_16_



Comparison of solvent extraction and SC-CO2 extraction
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Fig. 4. Comparison of solvent extraction-and
SC-CO2 extraction.
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5.2. Terpenes
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Aroma oil
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Fig. 5. Inhalation road of aroma 'oils:
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Scheme 2. DPPH scavenging action of antioxidants (ArOH).

Scheme 3. Propose mechanism for phenol / DPPH reaction.
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Scheme 5. Antioxidants mechanism.
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m. 43

1. A%

1389 xAAE F2F (NCP, citron peel of natural in Gohong), <23 A 8l-+%} (CCP, citron
peel of cultivated in Gohong), A14F B2} (PTP, poncirus trifoliata peel), 2} ®A}

RSk (CS, citron seed, PS, poncirus trifoliata seed), -2 ajule}r] X SKSS, sunflower

seed) & FAke] FAAGA A Fufatal, O FALe] FZAHFL dAlded, ey o
Ao ElEZ oA Ay} 22-Diphenyl-1-picylhydrazyl radical (DPPH), Vt-c, gallic

acid, catechin® Mueller-Hinton A]2F2  Sigma Chemical Company (St. Louis, MO,
US.A). o Aok HPLCH Aleke o] &sklth COy (99.99%). KOSEM  (Yangsan,
Republic Korea)& A3} E}

Z9AF%717] (aboratory—scale SFE process, JASCO), GC/MS, UV-E37]" (UVmini—1240,
SHIMADZU CORPORATION, Japan), 30 kg (freeze dryer, 22%: PVTFED 30R), #1ZHA} (LA4k
), 722 automatic thermal desorber (ATD): ATD 400 (Perkin Elmer, UK)®} &7]&
Aol GC-MS (Shimadzu, Japan), TAREAFwR]7, HrE2]o} 232> Mueller-Hinton broth,
Mueller-Hinton, #]%7]= culture media, DMSO+ Sigma-Aldrich Co. (St." Louis, U.S.A.)
£ o] &3t

2. A8 AAY

Aol A 20139 105 <] NCP¢ PTPES *wist e &4 4 CCPe 11¥€e +
jste] Ao} AAS FEste] WErRd st FS dntEtriNotE BAA G A

WoskAaL, B 7171R A Aok dhmElAe] HPLCH Aloks AbSsisith. 297
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CO; FZF¢] COs (99%)= &=, KOSEMALS] AlES AH&3Sith. NCP, CCP, PTP,
AR (CS), BAHH (PSOAEES 20139 129 239 HE 29 FoF 30 kg freeze dryer
(PVTFD 30R, d4tah)e]l -20Col A freeze dryer &o] 710 y M mesh YA= &3] 3}
AL e uretr] Aot (SS%E FAAIGANA FYste] 710y M mesh YAHE 33t
of Ao A& A

31. &

3.1.1. SC-CO; =

SFEA 3 A (laboratory-scale SFE process, JASCO):= Fig. 49} 3 <& 20

MPa oA Zs=Sdoh d& 71x3 A& 100 g 5000ml & &2} 19k8 ~dd s &~
gl oto] FAE AT kS cotton T2 FEZX Y HE UE cottonFlE H wp=
AMZ o] QIFEFo AFES AT ZAAFA S 14, 1/8” o ~HH 2= ~E ylo]xX

(316s8)E At&stAtt. HA ojttstea Gule A BHE WIATE AdHEZ=

20 MPasl §%2 711 HEL 222 4495 o Mstre] f¥2 4yHon

=

»
a9t AHE FEVY FY 2UA oitE Ban 4L gAE2R 5737
(Waveteck AF, 22 No; 461-112020) =] o] &3}
29 4 294 FAY FEXE ot dtde dAE 48 =4 (Valcom
Ab, 2dl No; VPRQ-A3-350K-4C) #HAZ ZAAFA7 FE522 £330 Yo

A+ cole parmer gauge® SASAT. Al2" e CO, ¢E2 1709 back
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pressure regulator valve (BPR)Z x4 3l9i FEx ®©9 wAY=E-LS metering
valve ¢} needle valveZ %43} t}
Citrus1 & 2 U =9 1L &% 50 °C, &9 200 bar, A1+ 2 hr, CO & &

23.25 g/min® XA FHie F&& ES F AAUTE CCP 100 g, NCP 100 g,
PTP 100 g, MCCP (CCP 100 g + CCS 25 g + SS 25 g), MNCP (NCP 100 g

"
a

+

CCS 25 g + SS 25 g), MPTP (PTP 100 g + PTS 25 g + SS 25 g)AlsEs F54

JS At FE3 ode 2 FEyo wol 0°CollA Hekith Table 2 o 3

Table 2. Operating conditions used in experiments of SC-CO2 extraction

Parameter Conditions

CCP (100.g), NCP (100 g), PTP (100 g),

Sample
MCCP (150 g), MNCP (150 g), MPTP (150 g)
Solvent Carbon dioxide
Temperature 50C
Pressure 200. bar
Operating time 2 hr

Flow rate of .
o 23.25 g/min
carbon dioxide
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w0
=
N
do

714 b soxhlet F+&

Az% NCP, CCP, PTPAI® 5
141

< 5% thimbleo] %1l

g 5 -
= 7F 0°C7F ® w 7}X] 12hr &< Z53Fe] soxhlet &
ol A FZat et

3.2. Fatty acid methyl esters (FAMEs) &4 £4]

SC-CO;, F=% CCP, NCP, PTPR¥e AitxAdLe GC/MSe 6390 Agilent
212 (length, 100 m internal diameter, Z&Z 9]
25 mm, 0.2 ym Supelco, Bellefonte, PA, USA) FX2 4 =tk Ak vE o ~HE
+ AOCS Ce 2-66 (1993)¢] recommended practices<} official method .2 =H]
Rk Ny 7h=frE

Technologies (Wilmington, DE, USA),

she] A5
(1.0 mL/min), -130°CellA4] 3 min F%*] 240°C7}#}. 4°C/mi

S5t
240°C 7HA] =55 AsAl71a 240°CollA 108 A8k A Tt Injectore} detector2 =% & T

250°CE A A3t} Fatty acid methyl estersS E5 AHLF W8 o AHE &3HE (supelco)
3} retention timeol ©]3f B] 1l &<l &k h
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Table 3. GC conditions for the detection of fatty acids

Parameter Conditions
Instrument Agilent 6890N
Split Splitless
Inject temperature 250°C
Detect Temperature 250°C

Carrier gas flow

Oven time

Column

He, 1 ml/min

130°C (3 min)—4°C/min
—240°C (10min)

length, 100m internal diameter,
25 mm length of film, 0.2 um
Supelco, Bellefonte, PA, USA
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33. AEH X F& 299 Fistg A Y

33.1. & Ed= &% 49 (TPO)

NE#B A FE5E9 & Z89% (TPC, Total phenolic content)3tsHE A &2 Chew et al.
(2011)°l we} AFAS Fig. 63 2o] ZA3ste] S48 TH49). AEH 2 FE2E9] F

T2 dASA st Folin Ciocalteu's phenol A2 (1:10)¢] 1 mL¥ 3143 o4 (25
mg/mL °oEE) 1 mLE 4jo] 587F Ao Wx3 & (75%w/v) sodium carbonate

anhydrous & <94¢] 0.8 mLE 7}sto] 2413 bAoA wbg AJZ1 & 765 nmoll A &%

i

%= (UV mini-1240, shimadzu corporation, Japan)S =74 3ttt &4+ FE5E9 =

golE FFS Galic acide RTEEE B §3lAIA AE3FA T

Standard Galic acid
2500
y =10.0392x + 0.0243

g 2.000 RZ = 09995
E
= 1500
[
2
g 1.000 -
=
:r‘:: 0.500

0.000

0 10 20 30 40 50 60
Concentration (ing/L)

Fig. 6. Standard graph of galic acid for TPC determination.
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332. & FH wol= & AlF (TFC)
o]= (TFC)A &S ‘Ozsoy et al. (2007)¢] W o & Fig. 7

of =23} sto] YERHATHED). % (25 mg/mL olghE)el FA 3413 0.38 mL 2 el

5% sodium nitrite 110 uLZ} 1875 mLe &3 4lo] &S sy AFHlolHAA 10%

aluminium chloride 225 ul.& #7}ste] &3tsia
2

SHEE =43} catechine =2 =

1 M sodium hydroxide 0.75 mL¥} &3}
o

off
A\

3143 041 mLe 4] F 510 nmeoll A
At

Standard catechin

04 -
0.35

0.3/{ y=00366x+ 0.0061

Rz =/0:9973

0.2% -
0.2
015

Absorbanceat 510 mn

=]
=

0.05 -

0 2 4 6 8 10 12

Concentration (mg/L)

Fig. 7. Standard graph of catechin for TFC determination.
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3.3.3. DPPH #HZ 275 54
Al &9 1,1-diphenly-2-picrylhydrazyl (DPPH) 2t1Z A~7%2 ‘Yen¥ Chen (1995)¢]
WS Wgsto] mekgo] gal3k 0.1 mM DPPH €4S 517 nmol A A& 7b¢Esh B H7h
o] FAE Aol MELE Jehyo] ZAergleh
7+ ANEH2A F5 292 01 mL (25 mg/mL, W), 0.1 mM DPPH (W¥H2) &9 %
=4 ascorbic acid & 0.25 mg/mL (&)= 05 mg/mL (We) o]tk 0.1 mM DPPH
Mol 595 mL& FHste] 72t AEH 2~ & 299 01 mL (25 mg/mL), 2hilt], EJEZ 9}

ZPFE 2~ 52 01 mL H7F £33e] 102 &<t A2004 vortexing § 30i& &<t & Wb

M

o

DPPH #dZ A2A%E (%) =[1-(As/Ac)] x 100%

34. AEH 29 SC-CO5% ©U9 HEEA, Futd o} 4F olzn}
EES

3.4.1. GC/MSE ol &3 3¢ AeeH
34.1.1. AA
AAARAA Mad THoez Ay ANEHRY ZAAFE AT AL &
AS A% dAe AALS F AHE 250mLol A #el 20U ARE 2 drop 3t

o] 60 °C &2 1023 714 5 F71& FA7IE AFE] GCoAA 4 it

3.4.1.2. A% Wy
2 AT ol&H AEE AFH 2D FFFYs] A FAEE A E @ A
Al (Automatic thermal desorber) &2-z13 <€ @2 Al2~® (ATD 400, Perkin

Elmer, USA)& ol&3tlem, 2245 w2l A=87] flste] dAd 222 ADT
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Table 4. Operating conditions of automatic
thermal desorber (ATD) and GC-MS

Parameters Conditions
Primary tube type | Tenax-TA
Cold trap type Tenax-TA 20 mg
1st Desorption 350°C-4 min
ATD 400 ) 2nd Cryo temp. -30C
(Perkin . . .
Elmer, UK) 2nd Desorption 350C-1 min
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5 mL/min
35C-10 min
8C/min-120C-10 min
Oven temp. . - = ;
12°C/min- 80°C =7 min
15C/min-230°C -10 min
ATI1-60 mx0.32 mmx1.0
GC-MS Column
(Shimadzu, | Interface temp. umo
Japan) 230°C
Mass range 4
207350 m/z
Column: pressure .
15.9 psi
MS Det. temp. 5
] 250C
Carrier gas
\ He (99.9999%)
Mass filter type
Quadrupole
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34.2. FHH o 24574
4782l food-borne pathogens ®H| 2| o}li= Korea Microorganism, 3 Gram-negative
(Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 9027), 3
Gram-positive HBFH|2]o} (Staphylococcus aureus ATCC 6538 p, Bacillus cereus
ATCC 13065 ol &3ttt & THE 3 wegel &L agar diffusion (Hun
et al. 1994) #S W ato] gl 34tk McFarland standard No. 05% W] g
v g w A gl o8] AR&EH AT EE3E HHH gotEd 52 McFarland #50 whel

AE Aok AAeA EESE g ol &4 52 spectrophotometry 2] 625 nmol A &

M

BN

9158} ¢dth. Mueller-Hinton agar (Sigma Aldrich, USA):= 121°Col A 15% F<t 253
Rt ZF wrg gole] Ao Aol A7|7F 107 CFU mL ol 7174 F3Ha712 Ad A
= AbESATE GRS AmE g EEYH A Fa vtEHotEE S wdTIE

of Byl AdsArt Plates 37°CY I Hlo|E AH A WA EE FAAHY. &

=
uhg| 2o} &4 532 clear zoned] 79l A7|E FHslo} Slssit)

O

343. F71E&UH mEH 0 vA = FF
34.31. A7, 713 547171

B oATE 20149 59 562 HA 24 #1108 gyow sl 923, 7719

NEO DINAMIKA-PZ 3l3er DINAMIKAYE hypochondria, - arthythmia, delta, alpha,

vegetative, tensione ZA sl 7| 2A 8o BHA 87|24 8RY HLH

3432, A7 &4
AFAE B3 olmrtelety] AZes o ofmrtHets] FA4A L %Fa gon, @

NEQel e FES FALRTY AT 4PS 2E Aol
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Table 5. Specification of NEO DINAMIKA-P

Parameters Conditions
Power requirement AC 220, 60 Hz
Power consumption 100 mA
Input power range 0.03-10 mV
Bandwidth 0.0037500 Hz

) 1000 sample over 1 physical
Reconding rate
channel
4 x Nlcd 1.2v 1200
Batters (control Box)
mAh/changeable

PC Interface

Dimension

Weight

725 mm(W)
830 mm (H)

4 kg

9 pin serial port

% 530-mm(D) . x
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V. 23 € 1%

Rl

1. SC-COz¢t HatFEo o3 =&H

e

AArg ol o eSS o]gsle] WEs AxwE NCP, CCP, PTPAI® 5 g& F
thimbleo] ¥ A x| FEH9 A7l 0°C7F € w] 74#] 12 hr &t %
=3to] soxhlet FA oA F=39ch dAF soxhlet %9 NCPeYd &2 1.23

CCPoY &2 1.08%, PTPF &< 260%= e o™, o &g soxhlet % NCPL
d F&2> 1.15%9 CCPLY &2 095%, PTPLY &2 230%= e

[\
X
S

o

A5 FL ool Wi 0°CollA RS NCPLY #2548 (1.06%), CCPLY
FE5E (080%)% Ve T

SC-COx(30)¢] FZe] M CCPL Y 0.80%, NCP2S 1.06%, PTPS. Y 2.20%¢] & ol
UElstth, MCCP (CCP '100g + CCS25.g + SFP 25 g)©.d9] SC-CO; &2 4.70%,
MNCP (NCP 100 g + CCS 25 g + SFP 25 )99 ¢ SC-COs F8&-< 520%, MPTP
(PTP 100 g + PTS 25 g + SFP. 25 )¢ SC-COs & 220%= et} o]
AY F&o] & ofre 7I7™EAAE AT, AESFY HA ZAEV bgE7]

L‘H%O] T;]_‘20)
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Table 6. Qils percentage of citrus peel

Sample ; i
o Extraction Solvent Oil (%)
Hexane 1.08
Soxhlet Ethanol 0.95
cep SC-CO: (50°C and 20
-CO» an ,
MPa) SC-CO; 0.80
Soxhlet EI te}j( anel 1?2
ep : ano .
SC-CO; h(/}SP(’)a)C and 20 SC-CO, 1.06
ot Hexane 2.60
oxhlet Ethanol 2.30
PTP 0
SC-C0, (U'C and 20 SC-CO, 220

Table 7. Contents of mxture sample oils

Sample name Extraction Solvent | Oil content (g/150 g)
MCCP 0
NCP SC-COq ;
MNC (50°C "and 200 CO- 5.20
MPTP MPa) 705
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il content (g/100 g)

Oil content (g/150 g)

30 4
mmmm SC-CO, extracted oil

25 | [ Hexane extracted oil —

2.0 |

14 4

05

0.0

NCP CCP P

Fig. 8. Oils contents of citrus peel.

[ Mixture citrus peel

0 T T T
NCP mixture CCP mixture PTP mixture

Fig. 9. Oil contents of mixture citrus peel.
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2. Fatty acid methyl esters (FAMEs) &4 £4]

Fig. 10~Fig. 129] Al2%e Awatel 9% @epolm 7mFe A vehdh

Retention timeoll 23] vl &1 st A WAFS HFE o] By X A A= ZholA
I

o,

BREAS LERYLE GCol o &) EAE A WA LS retention time EWE 4% &

2 A& Table 8% Zt}. Linoleic acid’7l B E FEE A 35%45% % E3] xA

_[Q'_
24, A ARl o wol yErsth B2 Auate] worm=w Abshrp uwbg] doju
= EAo] 9t} cis-11,14-eicosadienoic acid 7} 54 Aulfxpoll Al A SFeFo] =7

velyth 371A] FEEA A FEHOFE  palmitic acid, oleic acid, linoleic acid,
cis—11,14-eicosadienoic acid &2 47F4] Aol F-ES ol F1 . 5 FH~
HES TalA7le 2H7t 3 &S SAA A o @eka 3 74 FEECA

13717% & A S & 5 3
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Table 8. Fatty acid composition of citrus peel oils

Fatty acid (%)

. .\ Retention

Fatty acid composition time NCP P o
Capric acid 15.74 2.82 2.44 2.19
Undecanoic acid 16.89 2.03 0.48 1.29
Lauric acid 18.32 0.95 0.35 2.02
Tridecanoic acid 19.83 0.83 1.31 1.30
Myristic acid 21.60 1.37 1.83 4.75
Palmitic acid 25.00 15.95 13.18 12.01
Palmitoleic acid 26.22 0.53 0.44 0.82
Stearic acid 28.20 2.95 3.03 5.34
Elaidic acid 29.26 4.10 2.91 3.42
Oleic acid 29.39 9.52 8.36 6.99
Linoleic acid 30.83 42.33 41.41 35.29
r-linolenic acid 31.15 0.83 1.88 4.37
cis—11,14-eicosadienoic ‘acid 32.48 13.70 17.29 13.75
Zésiél1,14,17felcosatrlen01c 3394 0.82 291 345
Arachidonic acid 35.09 0.48 0.78 1.15
cis—13,16—docosadienoic 36.73 0.80 1.46 9%

acid
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Abundance

Abundance

1 5
= | ]
' ¥
14 § -
| = i, LI |
E fizm 333 £ s | ke T g 8
1 | ® :9: =2 3 5 | = L s |I% 2 u
1- S R, Y ,_.[...'L..m--ﬂ.-ﬁ.u-.---ﬁ.. o ) (O O BN o VN e

[ = ] B C]

Retention time (min)

Fig. 10. Fatty acid composition of CCP oil by SC-CO:

extraction and GC analyses.

-rmt

Hiew

Retention time (min)
Fig. 11. Fatty acid composition of NCP oil by SC-CO.

extraction and GC analysis.
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oot

Abundance

Retention time (min)

Fig. 12. Fatty acid composition of PTP oil by SC-CO-

extraction and GC analysis.

Fatty acid

\ Linoleic acid
/ (40%)

B RT3082
W RT:3248
FRT2S

B RT.2933

cis-11,14-
eicosadienoic acid

(17.29%)

Fig. 13. Distribution of fatty acid composition of

citrus oil by SC-CO. extraction and GC analysis.
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3. AEH 2 F& 2Y9 4t

31. & EgdEs &F A3 (TPC)

Aesd =24 Aeel del 2Xshs 24 ARt EA FA7IE T WA sehe
& T8 212 %, hydroxy cinnamic acidg HI=g 729 #Hs 392 Ay bdd
T Pad St ester AFE] AU FHAR EAEH, FAVIE B T} =
ae] o] & bgstel o Ftsh THE WERITHE6,57). 80% olEe

oM F dE I AR =099 =3te] 75+1.13 mg/100 g, PTPRSd A=
60.75:1.15 mg/100 g &S Kol CCPeYe] PTPLY Brl of 15%4% o sz §heol
gtk A7 Ansirr gk

& dATelA e AdFEI SCCO, FEolM & ds dE2 AN =099%)l Fstke]
Fig. 14¢] 219¢] 235 Atk CCPLYe] a2 520+1.056 (mg/100 g), SC-CO; F=
560+1.12 (mg/100 g), NCPL.Ye] ik 410£10.1 (mg/100 g), SC-CO: F= 450+1.12
(mg/100 g), PTPLA¢] #45E 210411 (mg/100 g), SC-COF= 250+1.12 (mg/100 g)°
e BHlom, OCP2yde] SC-CO; F=olA 560£L12 (meg/l100 g)o= ofghs 802l
75+1.13 (mg/100 g) BTt X =& AdE Aer i B 520£1.05 (mg/100 g) =
& A3s E9lk CCPLdo]l NCPL Y ofvf PTPR el Hlg) F 3= o] =2 Ads
AT
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B SC-CO, extracted oil
600 1 == Hexane extracted oil

500

400 - ]

300

200

Total phenolic content (img/100g)

100 -

NCP CCP PTP

Fig. 14. Total phenolic content of citrus peel oils.

32. & TPR o= FqF A (TFC)

g FFS A

2 dolds FEE SC-CO; F=olA T ETtE mol= e HASA
(r=0.9973)°l 3to] Fig. 159 A3}E At CCPLY9] dFEE 75+1.3 (mg/100 g)
SC-CO; = 84+1.2 (mg/100 g), NCP2 9] #it#E2 7311 (mg/100 g), SC-COx
= 7121 (mg/100 g), PTPo.de] dia52 631+.1

Nt

(mg/100 g), SC-CO, F= 65+1.1
(mg/100 g)o] Zetr-ol= saks Bow FAAN F2ke] SC-CO, FFoA] 84+1.2
(mg/100 g)= o eh2 0% A 75+1.13 (mg/100 g) Bt} 4 =2 A= Ao it
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FZ& 75+1.3 (mg/100 g) Bt} =& ZAx
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o
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o
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[}
=

o2 yehto}, CCPL.
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£ e

°F 55%

A vhek ok a

S

ol M=

[}
=

H| &8 °F 56%, PTPS

sz

7} ZFA

Z o H o=

<

%

LIbS

°] MCCP, MNCP,

SC-CO, =

Fig. 163} %o

-
1

A el A

<

gt o) = Fheke] A7 A3 MCCPL Y9l

ZetE o= 3hEEe 50 mg/100 g = MNCP, MPTP

o
-

| S 300 mg/100 g, &

5

Z2 166%= LEFT]

i

o A= v}

o
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100 ~

mmm SC-CO, extracted oil
1 Hexane extracted oil
3 80
2 ___
= -
E I
2 60
2
3
=
S 40
=]
g
=
3
=]
S 20
0

NCP CCP PTP

Fig. 15. Total flavonoid content of citrus peel oils:

350 1 mmmm Total phenolic content(TPC)
[ Total flavonoid content (TFC)
300 +
ol
8 250 +
e
= 200
g
3 150
%
=
¢ 100 A
B
50 A
0

M|xture NCP Mlxture CCP Msxiure PTP

Fig. 16. Total phenolic and total flavonoid content of

mixture citrus peel oils.
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3.3. DPPH &Yz £2A%HY

2= AlE¢ DPPH #@tHZ 2763 4382 01 M2 59 mL DPPH &4 HE3
2"HtE FEE 125 25 9 50 (mg/mL MeOH)<] 0.1 mL #Z &9& H7tekih
Fig. 172 #4k& 0] 43 soxhlet %53 SC-CO,F%9 NCPL Y9 DPPH &tz 2
Asolty. 5% AZ ascorbic acid & 0.1, 03 ¥ 05 mg/mL ZA| AF&3F3T)
Ascorbic acid 0.5 mg/mLolA &tz 2758l 100%tF 0.1 mM DPPH €9 59
mL-2 #2k3 SC-CO.5% NCPLY 0.1 mL (125, 25 50 mg/mL (W &-&)H 7}38}]
A3kt SC-COr, &3 A FE2 U 125 mg/mL ¥ ascorbic acid 0.1 mg/mL
oAl oF 20% o iAol yERTE #oZ AAEE ] SC-CO; % 50 mg/mL
(MEr2) ol A 63.93% A5 50 mg/mLolA 4021%. 5% (mg/mL)7} 571 &= g
gz 271%58e o 5713+ vekhdlth Fig 182 CCPL Yo &kt SC-CO, F%¢]
DPPH &tz 274%58S el a#eltt 0.1 mM DPPH €9 59 mlL (Wgh&)S 4t
3} SC-CO; % CCPLY FX% 125, 253 50 mg/mly (MEr2)2] 0.1 mLe &3a}o]
Atk CCPLY e SC-CO+% 50 mg/mLolA Bz 27459 100%=2 e
SC-CO, F%o] #43% R Y DPPH vz &75&0e] o =4 el

Fig. 195 PTPY #4t3} SC-CO,F=¢ DPPH #HZ 27538 S ehd g Zo)
. MeOHell &3§4171 0.1 mM DPPH &<} 59 mL< 34t} SC-CO, +%9 PTPL
d g FEiE MeOHoN A 125,25 ¢ 50 mg/mLE 3t} 0.1 mLe F 3ol FH
H7rate]l AE A3 50 mg/mLe] ¥, 'SC-CQy F=olA glrlzd 27 % o] 31%, 3
Aol A gt A5 Eo] 17%2 UER I SC-CO, FEolA dt3E Rt 54.8%
=A YERS

Fig. 20 MCCP, MNCP, MPTP2. ¥ ¢ DPPH &tz 2A%E Ado|t} vegd
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Fig. 17. DPPH free radical scavenging activity-of NCP oils by

soxhlet apparatus.using hexane and SC-CO. extraction.
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Fig. 18. DPPH free radical scavenging activity of CCP oils

by soxhlet apparatus using hexane an SC-COQO. extraction.
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Fig. 19. DPPH free radical scavenging activity-of PTP oils by

soxhlet apparatus using hexane and SC-CO: extraction.
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Fig. 20. DPPH free radical scavenging activity of
mixture oils by SC-CQO. extraction.
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Fig. 21. DPPH free radical scavenging-activity of
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Table 9. ICs value of sample and reference

Extraction Activity Sample/reference ICs0(mg/mL)
NCP 28.73
SC-COz CCP 19.08
PTP 34.69
DPPH NCP 52.97
Hexane free CCP 21.44
radical PTP 148.81
scavengi
ng Mixture NCP 161.19
SC-COz Mixture CCP 52.86
Mixture PTP 193.8
Trolox 0.36
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alpha—-cubebene, alpha-pinene, beta—phellandrene, beta-myrcene, alpha-terpinene,
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S 18 To= ey
Alcohols7} 15.83%°]™ 71 % E ALl &= =721 linaloole] 7.38%¢]™ alpha-cadinol
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Fig. 22. Total ion chromatograms of volatile compounds identified

from SC-CO, extraction of CCP. oil.
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Table 10. The volatile compounds from SC-CO: exiraction of CCP oil

No Compounds RT Class Area
%
1 Unknown 3.132 - 0.16
2 2-Methylpropene 3.448 Alkenes 0.31
3 Ethylalcohol 3.925 Alcohols 3.17
4 Acetone 4.235 Ketones 0.79
5 IsopropylAlcohol 4.434 Alcohols 1.83
6 2-Propanol, 2-methyl 4,929 Alcohols 0.23
7 Trimethylsilanol 6.037 Alcohols 0.17
3 Unknown 6.551 - 0.17
9 1-Propanol, 2-methyl 8.41 Alcohols 0.33
10 Amylene Hydrate 3.926 Alcohols 0.18
11 Benzene(internal standard) 9.742 Aromatic 0.19
12 n-Pentanal 11.444 Aldehyles 0.18
13 Toluene 15.228 Alkenes 0.27
14 2,3,3-Trimethylhexane 17.566 Alkanes 0.12
15 Cyclotrisiloxane, hexamethyl 17.756 Alkanes 6.02
16 Octane,4-methyl 18.861 Alkanes 0.17
17 1R-alpha-Pinene 21.063 Terpenes 0.86
18 beta.-Phellandrene 22.085 Terpenes 0.24
Bicyclo[3:l.1lheptane,
19 . 22.307 Alkenes 0.58
6,6—dimethyl-2-methylene

20 beta.-Myrcene 22.419 Terpenes 1.51
21 Cyclotetrasiloxane,octamethyl 22.753 Alkanes 3.02
22 I-Phellandrene 23.02 Terpenes 0.44
23 ALPHA. TERPINENE 23.401 Terpenes 0.12
24 Cymol 23.54 Phenols 1.42
25 dl-Limonene 23.869 Terpenes 27.3
26 1,3,6-Octatriene, 3,7-dimethyl 24.2 Alkenes 0.44
27 Ld-Cyelohexadiene, ) o) Alkenes 750

1-methyl-4-(1-methylethyl)
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Table 10. Continued

No Compounds RT Class irea
6

28 Dodecane, 2,7,10—trimethy 25.032 Alkanes 0.14
29 Nonanal 26.02 Aldehyles 0.24
30 4-Carene 26.15 Terpenes 0.62
31 Linalool 26.296 Alcohols 7.38
32 Nonane,5-(2-methylpropyl) 26.575 Alkanes 0.08
33 Dimethyl siloxane 29.8 Alkanes 0.22
gy ooCyelohexentlool, gy g6 Aleohols 029

4-methyl-1-(1-methylethyl)

3-Cyclohexene—1-methanol,
35 . 31.519 Alkenes 1.83

alpha, alpha.4-trimethyl
36 2-methyl-5-(1-methylethyl) 34.987 Alcohols 1.32
37 Triacetin 35.736 Esters 0.77
38 delta—Elemene 36.376 Terpenes 0.41
39 alpha—Cubebene 36.697 Terpenes 0.18
40 Hexanoic acid, hexyl ester 36.793 Acids 0.07
41 Copaene 37.428 Terpenes 0.70
42 Unknown 37.679 e 0.87
43 Unknown 37.783 3 0.27
44 Unknown 38.292 & 0.01
45 Unknown 38.45 - 0.04
46 trans—Caryophyllene 38.67 Terpenes 3.17
47 beta-Farnesene 38.841 Terpenes 7.36
48 beta-Sesquiphellandrene 39.104 Terpenes 0.49
49 Unknown 39.22 = 0.26
50 Unknown 39.42 o 0.00
51 alpha-Humulene 39.606 Terpenes 0.81
52 GERMACRENE-D 39.726 Terpenes 0.01
53 Octadecane, 1-chloro 39.826 Alkanes 0.06
54 alpha—-Amorphene 40.025 Terpenes 0.09
55 GermacreneD 40.303 Terpenes 3.11
56 Unknown 40.538 - 0.09
57 Unknown 40.616 - 0.06
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Table 10. Continued

No Compounds RT Class irea
6
58 alpha-Muurolene 40.729 Alkenes 0.38
59 bicyclogermacrene 40.866 Terpenes 7.36
60 beta-Sesquiphellandrene 41.11 Terpenes 0.52
61 alpha—-Amorphene 41.206 Terpenes 0.09
62 delta-Cadinene 41.376 Alkenes 0.75
63 11-Tridecyn—-1-ol 41.983 Alcohols 0.54
64 Germacrene B 43.103 Terpenes 0.40
65 Unknown 43.399 - 0.45
66 2,5-Di-tert-amylquinone 44,988 Ketones 0.27
67 alpha—Cadinol 45.219 Alcohols 0.33
68 Unknown 45.813 - 0.22

412. NCPL.¥ 9] g At
NCPL.e] #2)/57d% 3 A2 Table 113 Fige 230 LERNSIEE CCPL Y3} NCPL
oo] Ba] BAE volsle] ofzulyeld] o AdRME f7)5oh) Aol Y=g}l QAo fol5

I 5 A A S 3 7] GRS v of2Zute Y = RENR] Y 7K E B
Agksitta ddEojdth 68 TF SgES 54 peakZl UHOH, peak WAo] & AR
terpenes(59.55%) oA " limonene(34.9%0)&  =A YERGEC copaene, . delta—elemene,

delta—cadinene, alpha—cubebene; beta—Pinene 1R-alpha“pinene; beta-myrcene,
beta—phellandrene, 1-phellandrene, alpha - terpinene, beta-amorphene, zingiberene,
trans—caryophyllene, alpha—amorphene, beta—selinene, 2—caren, alpha—muurolene,
beta—farnesene, beta—sesquiphellandrene, alpha-humulene, bicyclogemacrene, germacrene—B,
germacrene-D 725 24 T77F A= alcohols7F 1752% o™ 1 % linalool (9.06%)
2 7V =4 YebgTh alpha—cadinol & % 977t YERATE alkenes?} 154% o|il & 7%
F2 ko alkanes’F 492% ©]al % 55F7F YERSTE Phenols” thymol 0.38% ©]aL

ketones”} 0.63% ©]aL F7F YeEbske ™ esters”) 0.27%, triacetin, aldehyles’} 4 FF%=
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Fig. 23. Distribution of volatile compounds from-extraction

SC-CO2 of NCP oil.
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Table 11. The volatile compounds from SC-CO. extraction of NCP oil

No Compounds RT Class Area
%
1 Unknown Unknown 3.141 - 0.14
2 Acetaldehyde 3.376 Aldehyles 0.11
3 2-Methylpropene 3.45 Alkenes 0.20
4 Ethylalcohol 3.913 Alcohols 4.75
5 Acetone 4.23 Ketones 0.58
6 IsopropylAlcohol 4.437 Alcohols 0.78
7 2-Propanol, 2-methyl 4,946 Alcohols 0.07
8 Furan, 2,3-dihydro 6.552 - 0.08
9 Hexane 6.831 Alkanes 0.75
10 Aceticacid 7.5 Acids 0.03
11 1-Propanol, 2-methyl 8.414 Alcohols 0.16
12 AmyleneHydrate 3.934 Alcohols 0.06
13 n—Pentanal 11.441 Aldehyles 0.10
14 Toluene 15.232 Alkenes 0.13
15 n-Hexanal 16.203 Aldehyles 0.10
16 3,45-TRIMETHYL-HEPTANE 17.571 Alkanes 0.07
17 Cyclotrisiloxane, hexamethyl 17.759 Alkanes 2.68
18 2,4-Dimethylheptane 18.862 Alkanes 0.09
19 alpha-Thujene 20.803 Alkenes 0.37
20 alpha-Pinene 21.066 Terpenes 1.75
21 Sabinene 22.09 Alkenes 0.53
22 beta-Pinene 22.311 Terpenes 1.40
23 beta-Myrcene 22.424 Terpenes 2.87
24 Cyclotetrasiloxane,octamethyl 22.768 Alkanes 1.30
25 I-Phellandrene 23.027 Terpenes 1.00
26 ALPHA.TERPINENE 23.411 Terpenes 0.37
27 Cymol 23.555 Alcohols 1.86
28 dl-Limonene 23.921 Terpenes 349
29 1,3,6-Octatriene, 3,7-dimethyl 24.211 Alkenes 0.88
g A Cyelohexadiene, ) Alkenes 12.21

1-methyl-4-(1-methylethyl)
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Table 11. Continued

Area
No Compounds RT Class %
(0]
31 (2-Methylpropenyl)benzene 26.018 Aromitic 0.24
32 2-CAREN 26.157 Terpenes 1.64
33 Linalool 26.318 Alcohols 9.06
34 Limonene oxide, trans 28.45 Terpenes 0.21
B icacid,2—[(trimethylsilyl)
35 enzoicacid.2-{ (trimethylsilyDoxy] g - Esters 0.00
-, trimethylsilylester
1,2,3-Trimethyl-cyclopent-2-eneca
36 30.708 Aldehyles 0.01
rboxaldehyde
3-Cyclohexen-1-01,
37 30.927 Alcohols 0.56
4-methyl-1-(1-methylethyl)
38 n—Decanal 31.411 Aldehyles 0.18
3-Cyclohexene—1-methanol, .alpha,
39 . 31.523 Alkenes 1.09
alpha 4-trimethyl
40 THYMYLMETHYLETHER Ol 117 Ethers 0.13
2-Methyl-5-isopropenyl-2—-cyclohe
41 Y D N 33.391 Retones 0.05
xenone
42 Thymol 34:.992 Phenols 0.38
43 Triacetin 35.74 Esters 0.27
44 delta—Elemene 36.379 Terpenes 0.32
45 alpha—-Cubebene 36.698 Terpenes 0.21
46 Copaene 37.433 Terpenes 0.70
47 alpha—Amorphene 37.685 Terpenes 0.73
48 Zingiberene 37.787 Terpenes 0.18
49 Unknown 38.45 N 0.02
50 trans—Caryophyllene 38.677 Terpenes 2.75
51 beta-Farnesene 33.848 Terpenes 3.34
52 beta—-Sesquiphellandrene 39.11 Terpenes 0.25
53 beta—Humulene 39.225 Terpenes 0.15
54 alpha-Humulene 39.611 Terpenes 0.54
55 Octadecane 39.835 Alkanes 0.03
56 beta—Amorphene 40.029 Terpenes 0.04
57 Farnesene 40.22 Terpenes 0.29
58 GermacreneD 40.31 Terpenes 1.52
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Table 11. Continued

No Compounds RT Class irea
6
59 beta—Selinene 40.542 Terpenes 0.05
60 alpha—Muurolene 40.735 Terpenes 0.16
61 bicyclogermacrene 40.874 Terpenes 3.59
62 beta-Sesquiphellandrene 41.116 Terpenes 0.16
63 delta—Cadinene 41.383 Terpenes 0.24
64 E-11(12-Cyclopropyl)dodecen-1-ol 41.991 Alcohols 0.09
65 Germacrene B 43.109 Terpenes 0.21
66 Unknown 43.405 - 0.08
67 Unknown 44.992 - 0.11
68 alpha—Cadinol 45.221 Alcohols 0.13
4.1.3. PTPL. & ¢] 914 224
PTPS.ole] ¥2)/54% 74 AL Table 129 Fig. 24 o Gepjald. & 2el s

=2 36%F°] 2L terpenes’} 40.38% o] 145 S = trans-caryophyllene 14.66%,
D-lmonene 11.95% = 27| LElREo™ 2 9] a-pinene, b-pinene, b-myrcene, copaene,
a—phellandrene, germacrene-D, b-farmesene 4-carene, a—humulene, delta—cadinene,
bicyclogermacrene 14 £ 2 e} O™ alecholst 33.31%°]% ollEkS-o] 2698%% =4 Lyels:
o1 Isopropyl alcohol, 1-propanol; 2-methyl, linalool, alpha—terpineol, alpha-cadinol % 6%°] =
A3 alkenest™ ¥ 3T 0= 316% = YERES™ 1-propen, 2-methyl,1,36-octatriene,
3,7-dimethyl, 1,4-cyclohexadiene, 1=methyl-4-(1-methylethyl), ketones 365%% 2 E7Fo]H,
akanes= % 4 79 3IEZR 1646% 9|1l cyclotrisiloxane, hexamethyl, cyclotetrasiloxane,
octamethyl, butane,1,1,34 - tetrachloro-1,2,2,344 - hexafluoro, butane, 1,24-trichlor, butane,
1,24-trichloro-heptafluoro, phenols= 0.62% ©]3L 2 <& cymol, thymol ©]t}. Estersi= 153% 2%&o0]aL
benzoicacid, 2-[(trimethylsilyl)oxyl-trimethylsilylester, triacetin ©& A=At} Alcohols H%7}
CCP 2.YoflA 1583 % NCP 2. YollA] 1752 %KX}t PTP QoA 3331%= 28] =] YRt
2] linaloolell H]ete] Bzl A= oflgkEo] 2698%% o A Wbtk
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Table 12. The volatile compounds from extraction SC-CO. of PTP ail

No Compounds RT Class Area
%
1 1-Propene, 2-methyl 3.452 Alkenes 0.71
2 Ethylalcohol 3.913 Alcohols 26.98
3 Acetone 4.23 Ketones 3.08
4 Isopropyl Alcohol 4.437 Alcohols 4.28
5 Thiourea 4.947 - 0.37
6 Furan, 2,3-dihydro 6.553 - 0.32
7 1-Propanol, 2-methyl 8.428 Alcohols 0.51
8 Benzene(internal standard) 9.753 - 0.21
9 Cyclotrisiloxane,hexamethyl 17.762 Alkanes 11.08
10 alpha-Pinene 21.069 Terpens 0.36
11 beta-Pinene 22.314 Terpens 0.86
12 beta—Myrcene 22.426 Terpens 3.08
13 Cyclotetrasiloxane, octamethyl 22.763 Alkanes 475
14 alpha—-Phellandrene 23.029 Terpens 0.20
15 Cymol 23.549 Phenols 0.37
16 D-Limonene 23.868 Terpens 115
17 1,3,6-Octatriene, 3,7-dimethyl 24.209 Alkenes 0.87
18 t-At v ® F 1.58
1-methyl~4-(1-methylethyl)
19 4-Carene 26.165 Terpens 0.08
20 Linalool 26.31 Alcohols 0.81
Benzoicacid,2=[ (trimethylsilyl)oxy]
21 . . 29.802 Esters 0.30
- trimethylsilylester
22 alpha—-Terpineol 31.542 Alcohols 0.06
23 Thymol 34.995 Phenols 0.25
24 Triacetin 35.743 Esters 1.23
25 Copaene 37.347 Terpens 0.23
26 Germacrene D 37.68 Terpens 0.34
27 trans—Caryophyllene 38.682 Terpens 14.6
28 beta-Farnesene 38.849 Terpens 2.62
29 alpha-Humulene 39.615 Terpens 1.72
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Table 12. Continued

No Compounds RT Class ire a
6
30 GermacreneD 40.313 Terpens 3.19
31 bicyclogermacrene 40.873 Terpens 0.97
32 delta—Cadinene 41.385 Terpens 0.12
33 p—Benzoquinone,2,5-di-tert—pentyl 44,996 Ketones 0.57
34 alpha—Cadinol 45.226 Alcohols 0.67
35 Butane,1,2,4-trichloro—heptafluoro 45.342 Alkanes 0.37
% Butane,1,1,3,4-tetrachloro-1,2,2,3,4, 5,540 Alkanes 0.9

4-hexauoro
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we ol
—pinene, copaene, bicyclogermacrene, b.—farnesene, b.—pinene, b.-myrcene ,4-carene

a—phellandrene, germacrene-D, trans—caryophyllene, beta—farnesene, a—humulene
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A RS

pEE Y
™ IsopropylAlcohol, 1-propanol, alpha-terpineol, a-cadinol

17.38% 6%°.=% linaloolo] 85%°]™ 7}
, alkenes 85%°|™
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2} =

o 3z

O,
X 0 s
cyclotrisiloxane, 1,2 4-trichloro-heptafluoro,butane, 1,1,34-tetrachloro—1,2,2,3,4,4-hexafluoro
ketones 2.07%6°]3L 2 % acetone, p—benzoquinone®]t}, phenols 1.46%6°]™ 2%
ol esteri= 1.29%9]

cymol, thymol

2592 tracetin, benzoicacid, 2-[(trimethylsilyl)oxy]-trimethylsilyl
ester2 A=Ak
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Fig. 25. The volatile compounds from SC extraction of
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Table 13. The volatile compounds from SC-CO. extraction of MCCP oil
No Compounds RT Class Area %
1 1-Propene, 2-methyl 3.449 Alkenes 0.69
2 Ethylalcohol 3.941 Alcohols 2.47
3 Acetone 4.245 Ketones 0.96
4 IsopropylAlcohol 4.439 Alcohols 3.65
5 Thiourea 4,989 - 0.48
6 Furan, 2,3-dihydro 6.554 - 0.36
7 1-Propanol, 2-methyl 8.427 Alcohols 0.56
8 Benzene(internal  standard) 9.749 - 0.37
9 Cyclotrisiloxane, hexamethyl  17.759 Alkanes 13.15
10 alpha-Pinene 21.068 Terpenes 0.80
11 beta-Pinene 22.313 Terpenes 0.61
12 beta—Myrcene 22.426 Terpenes 1.15
13 Cyclotetrasiloxane, octamethyl 22.762 Alkanes 5.38
14 alpha—-Phellandrene 23.028 Terpenes 0.33
15 Cymol 23.547 Phenols 0.83
16 D-Limonene 23.87 Terpenes 31.30
17 1,3,6-Octatriene, ~3,7-dimethyl - 24.208 Alkenes 0.28
1,4-Cyclohexadiene;
18 24.849 Alkenes 7.53
1-methyl-4-(1-methylethyl)
19 4-Carene 26.16 Terpenes 0.48
20 Linalool 26.306 Alcohols 8.57
21 Benzoicacid, 29.804 Esters 0.25
22 alpha-Terpineol 31.541 Alcohols 1.21
23 Thymol 35 Phenols 0.63
24 Triacetin 35.745 Esters 1.04
25 Copaene 37.437 Terpenes 0.49
26 Germacrene D 37.689 Terpenes 0.42
27 trans—Caryophyllene 38.682 Terpenes 191
28 beta-Farnesene 38.851 Terpenes 3.84
29 alpha-Humulene 39.616 Terpenes 0.34
30 GermacreneD 40.316 Terpenes 1.51
31 bicyclogermacrene 40.877 Terpenes 457
32 delta—Cadinene 41.39 Terpenes 0.39
p-Benzoquinone,
33 ) 44,999 Ketones 1.11
2,5—-di-tert-pentyl
34 alpha—Cadinol 45.231 Alcohols 0.92
35  Butane,1,2,4-trichloro—heptafluoro 45.299 Alkanes 1.07
Butane,1,1,3,4-tetrachloro-1,2,2,3,
36 45.496 Alkanes 0.38

4.4-hexafluoro
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Table 14. The volatile compounds from SC-CO. extraction of MNCP oil

Area
No Compounds RT Class
%
1 Ethylalcohol 3.926 Alcohols 2.21
2 Acetone 4.234 Ketones 0.82
3 Isopropyl Alcohol 4.43 Alcohols 2.70
4 Cyclotrisiloxane, hexamethyl 17.75 Alkanes 7.35
5 Ethanol 20.017 Alcohols 0.70
Cyclotetrasiloxane,
6 22.754 Alkanes 3.11
octamethyl
D-Limonene 23.865 Terpenes 13.03
8 gamma.— Terpinene 24.845 Terpenes 3.49
Linalool 26.302 Alcohols 3.54
10  Ethanol, 1-(2-butoxyethoxy) = 30.897 Alcohols 27.66
11 Benzothiazole 33.029 3 1.01
3-Hydroxy-2-methyl-octa—4,
12 T : 34.606 Esters 0.64
6-dienoic acid, methyl ester
Ethanol,2-(2-butoxyethoxy)—
13 36.193 Alcohols 9.95
acetate
14 Caryophyllene 38.68 Terpenes 1.03
1,6,10-Dodecatriene,
15 " 38.848 Alkenes 1.76
7,11-dimethyl-3-methylene
Indole-3-aceticacid,1-[ (4=met
16 hoxyphenyl)sulfonyl]l-,methyl  39.261 Esters 0.17
ester
17 GermacreneD 40.312 Terpenes 0.67
18 2,4-Di-tert-butylphenol 40.734 Phenols 0.45
19 bicyclogermacrene 40.875 Terpenes 1.75
2,5-Cyclohexadiene-1,4-dione
20 . . 43.409 Alkenes 2.37
, 2,5-bis(1,1-dimethylpropyl)
21 Unknown 43.509 - 0.43
22 Unknown 43.65 - 0.08
23 Unknown 43.878 - 0.65
24 Unknown 44167 - 0.18
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Table 14. Continued

Area

No Compounds RT Class %

(o]
25 Unknown 44,261 - 0.59
26 Unknown 44534 - 0.26
27 Unknown 44674 - 1.51
28 Unknown 44,842 - 0.95

p—Benzoquinone,
29 . 44.995 Ketones 4.02
2,5—di-tert-pentyl
30 Unknown 45.293 - 4.02
31 Unknown 45.293 - 2.11
32 Unknown 45.82 - 0.35
Butane,1,1,3,4-tetrachloro-1,2,

33 45.49 Alkanes 0.44

2,3,4,4-hexafluoro

4.16. MPTPR. ¥ 9] 924 AL
MPTPL Yo 31 AE BEf/sHdd AES Table 15 ¥ Fig. 279 YERY AT
terpenes’t 37.7% = 7FF L 9%Fo] Ed HAa d-limonene®] 16.73%, I <]
alpha-Pinene, b—pinene, b-myrcene, farnesene, caryophyllene, a—humulene,
germacrene-D, bicyclogermacren®] WEsEC ™ alecohols 16.22% 5%F0] 7] H o]
ethylalcohol, isopropyl alcohol, tert-butylalcohol, 1-propanol, 2-methyl, a-cadinol©]
2] ¥, ketones 2.25% 1% acetone©] 2] ¥ il alkenes 7.55%, 5% 3 F U
a1, alkanes< 8.65% 2% °] ®& = ATt
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Table 15. The volatile compounds from SC-CO» extraction of MPTP ail

Area

No Compounds RT Class
%
1 2-Methylpropene 3.451 Alkenes 1.24
2 Ethylalcohol 3.934 Alcohols 7.27
3 Acetone 4.244 Ketones 2.25
4 IsopropylAlcohol 4,442 Alcohols 6.04
5 tert—Butylalcohol 4,94 Alcohols 0.57
6 Furan, 2,3-dihydro 6.465 - 0.51
7 1-Propanol, 2-methyl 8.431 Alcohols 0.94
8 AmyleneHydrate 8.953 - 0.48
9 Benzene (internal standard) 9.755 = 0.52
10 Toluene 15.24 Alkenes 0.55
11 Heptane,2,4-dimethyl 17.576 Alkanes 0.42
Cyclotrisiloxane,
12 hexamethyl(column bleeding 17.765 - 20.42
material)
13 alpha—Pinene 21.074 Terpenes 0.39
14 beta-Pinene 22.319 Terpenes 0.71
15 beta—Myrcene 22.432 Terpenes 2.80
; Alkanes
16 Cyclotetrasiloxane; octamethyl 22,768 8.23
17 D-Limonene 23.875 Terpenes 16.73
18 1,3,6-Octatriene,3,7-dimethyl 24217 Alkenes 1.04
1,4-Cyclohexadiene,1-methyl-4-
19 24.857 Alkenes 2.45
(1-methylethyl)
20 1,6-Octadien-3-0l,3,7-dimethyl  26.319 - 1.09
Benzoicacid,2—[ (trimethylsilyl)ox
21 . . 29.818 Esters 0.51
y]-trimethylsilylester

22 Triacetin 35.748 Esters 2.39
23 Caryophyllene 38.687 Terpenes 11.12
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Area
2.71
0.88

0.53
1.86
2.68
1.27
1.40

Class
Alkenes
Terpenes
Terpenes
Terpenes
Terpenes
Alcohols

RT
38.856
39.622
40.235

40.32
40.881
45.002
45.232

%

=
=

Compounds
Farnesene

1-3—-methylene
GERMACRENE-D
bicyclogermacrene

alpha—Cadinol

alpha-Humulene
2,5-Di-tert-amylquinone

1,6,10-Dodecatriene,7,11-dimethy

A

24
25
26
27
28
29
30

Table 15. Continued
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Table 16. Clear zone of extracted oils in different condition

Clear zone of the Sample

Mi . 40ul/ml 100ul/ml
Microorganisms _ : i ! or s .
N C | PT | Mixture Mixture Mixture | Laben | Teeir | Eucali
CP|(CP| P NCP P PTP da eg pus
Bacillus cereus (+) + + | £ + + + + + +
Staphylococcus I j o £ £l + + +
Pse:{damana: . oz | g } o) 4 4
aeruginosa (- )
Escherichiacoli (- )| - | = | - + 3 = ? = =

- No inhibition (10
mm)

+ Very slight
inhibition
(10~11mm)

+ Slight inhibition
(11~12mm)

+ Moderate
inhibition
(12~-16mm)
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Table 17. Comparative analysis of the antibacterial activities

Bacilluscereus (+) Pseudomonas aeruginosa (—)
1. MNCP 1. MNCP
2. CCP 2. NCP
3. PTP 3. CCP
4. Tea Tree 4. Tea tree
5 MPTP

Staphylococcus aureu  (+)  Escherichia.coli (-) :
1. MNCP " :"l._MCCP |
2. MCCP Lo 2 MNCP_'.
3. MPTP NG 1 g T
4. Tea tree 4. Tea tr.ee
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Table 18

. List of abbreviations and symbols

Symbols The meaning of abbreviations
S Stress
H Hypochondria
R Rage
D Depress state
SHRD Stress, Hypochondria, Rage and Depress state
Ba Brain activity
Pa Physical activity(Physical age)
h high
T Tension
Sot State of tension
O Optimal
Cs Chronic stress
Ss Stress start
Mwsh Many worry sick headache
Nmcn Neuro mental condition normal
Bnmcen Best neuro mental condition normal
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Table 19. Stress, hypochondria and rage aromatherapy test

Before aroma oil After aroma oil
inhalation inhalation
Tester | Age | Worker
SHD Ba Pa | SHRD Ba Pa
1 67 no SHR Ss 70 | Hs Ss 70
2 65 no SHR Cs 70 | Hs Ss 50
3 57 driver RHh Cs 70 | Sot Nmecn 50
4 50 | business O Nmen 50 |- Sot Nmcn 50
5 48 | business | RHh Cs 70 | Hs Mwsh 70
6 46 no Hs Ss 50 | Hs Ss 50
cancer
7 45 ) D Bnmen 10 | OD Bnmen 10
patient
8 44 | business | D Nmen 10 O Nmcn 30
9 37 no Hs Ss 70 O Nmcn 30
10 12 student |'D Bnmen 10 OD Bnmen 10
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vV.d &

¥ oA 2EAAE FPse AdEe 2Eds daE 99 ooty o

T2AM AdE AEHEE A AaA (CCP), Adat ## (NCP) 2@]al 2
%

1. AEH2 F&F U9 AHEEFS  linoleic acid, cis—11,14-eicosadienoic
acid, palmitic acid, oleic acid’} ¥ g=Fo] YEeEth SC-CO.E o] &3t +
23 CCPAlA <=7} 321 cis—11,14-eicosadienoic acid 7} 7F& =A YEbw
a1, Linoleic acid = NCPolA A el

2. SC-CO; =1 CCP dildede % 50mg/mlel A DPPH. 2tHZ 4~A %
Hol 98% = 7HE A ek o i, Al
gl Y, BlEd], 2852 Al dd A= ok oFsk ikst &Aoo B E
AL AlF ofmwiedd (300 mg)el #uH#A &7 s =] ElEZ (83%), Tt
(718%) 18]3 FZHEF L (10%) o2 =4 YHES:

OW

B7h B8RS 450l Hol

=,

il

3. % dAE dEoA CCPLYe A FEHE 520+1.05 (mg/100°g), SC-CO, 3
1.12 (mg/100 g)o]H SC-COz; F& W] =4 Yelyth & S :

=< 560+
F CCPode]  dibFZeal 75413 (mg/100 g)= YESIL

o

[t
e

SC-CO; FZEME 84+1.2 (mg/100 g)e2 %A YeElgt. SC-CO, F%9
MCCP2.9¢ % ¥ & 300 mg/100 gF ZRol= e 50
mg/100 g&Z SC-CO: F%¢ MCCPL Yol =A uyeiyt. = #HE 3y
% ER w0l FFSAoA SC-CO, FEH CCPolAldedel ghaFo] =7
Uelgth £80d FE04 MCCP 290 E4 =4 eyt
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4, ==z el drelglo] 2 g3 4% 9 vhHgle] FolA] Staphylococcus
aureus (+)7} MPTP, MCCP9 MNCPL oA 12716 mme w=re|go} &4 o]
2~A 5 A3 Pseudomonas aeruginosa (-)i= MNCPR Yol A] & 458 o] =7
L ERuE

5. SC-CO; FEHe CCPLY9 7| EL 68714 7F @A QoW Limonene

27.32%, Linalool 7.37%, bicyclogermacrene 7.36%% WE}5E 2™ Nonanal 0.24%
CcCpe.¢

o vt 21 AT NCP, PTPollM = Hujvhiol 3= AF5e) v &=
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