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Abstract : Citrus essential oil were extracted from citron peel of cultivated in Gohong (CCP)
using environmentally friendly supercritical carbon dioxide method. Antioxidant activity and aroma
composition of the essential oils extracted by the SC-CO, method were evaluated by comparing
with those extracted by organic solvent method. Fatty acid composition, DPPH scavenging, and
antioxidant activity of the oils obtained by different extraction condition of SC-CO, method were
investigated and their antioxidant activities were compared with commercially available lavender,
eucalyptus and tea tree oils. As the results, linoleic acid was most abundantly found from CCP oil
extracted by the SC-CO,; method and cis—11,144-eicosadienoic acids was second abundantly
found. Radical scavenging ability of DPPH was 98% when the concentration of CCP oil was 50
mg/mL. This scavenging ability increased with the increase of oil concentration. On the other hand,
flavonoids content (84 mg/100g) of the CCP oil extracted by the SC-CO, method was slightly
higher than that (75 mg/100g) by hexane extraction. The results, obtained from CCP oil by
GC-MS, indicated that, among 66 components, the content of terpenes was 55.8% and limonene
was 27.3%.

Keywords . Limonene, DPPH free radical scavenging, SC-CO, extraction, citrus, fatty acid
composition

TCorresponding author
(E-mail: dhoh@pknu.ac.kr)

- 285 -



[\S)
sl
n)
i)
L
ol
&
fo
lu)
ot

Mzl AR zAA AE A ot Apft
tzro] A= Iiteteast F2 gg4tart
kot 4ateta st ghaste] Alze] nty] <l
A9 k3t £Xlsty A¥S fZota Qlrh
sho] fleg= ARHA Sge] 93t A3l
o Ho] Lz wstel Ay 7]5o] zHAst

e kgtolal zpejdoly ejfe] 2=
AHed] AEF A ogt P ddsgo] Qlot
o4 AE#AE free radicale] d=<1 A
AbA(active oxygen)Eoll ol ATt /g4t
A7F BHEoX = AEE AAA fHEA|E
7t BEOIRA AL o] fFH-ZAPO|EofA IpARREA
7t AT BAE TH4ESARRE SlolER
Al goZat ASHgAAe] gEoflnh o5&

(el e)

= ol & N

Fofl Aol IAAAE-E =& ot DNA &4
< FEoiA w3ter A9l = et
o HdAEA e REPELS RE
flavonoidAE3} phenold SIE= ¥

t}. Butylated hydroxyanisole (BHA), butylated
hydroxytoluenen (BHT) S &2 g4 FAISHA
o] W= HJYAF =Ado] Utk AFEITL
Aol A PAsHA o] aTFEE Aot
[1]. fxede &f=Elel S+ limonene,

g—terpinene ¥ myrcene ¥ #-2 monoterpene

hydrocarbon®] £|L/d=el gk A[2], At
mede] =EIF HaFdEo]  6-methyl-5-
hepten—2-ol ¥ dimethyl trisulfided& &<lIgth
At AoH3]l.  dEA fAAe] ded
limonoid& &A%t A[4] Fol AP=AL. +
= bioflavonoid®} limonoid 59 §&A
2S xgska 91l9H, bioflavonoide flavonoid
o 43l= flavanone 22 A] hesperidin, naringin,

ok
)
N
N,
B
o
(o

neohesperidin,  quercetin,  eriocitrin,narirutin,
nobiletin @ tangeretin 5°] L&A ATHS].
Bioflavonoid®]  thE®  AJEQl  hesperidinT}
naringin> FARIETH6], TARAIZE AR
77,81 LAt F olmarH9], FHFarH10]
ol e Aoz dHA ok FE o ot
dFEEEEC] G e IEpdh
TE2 S8, Yz F
1 Z7|%55%% (steam distillation)H
[12], gas co-—distillation [13], =LA clitaler
AFEH([14] 52 o]8sto A7 H7l &&=, 4

R LR

FU7] Sz ol§Hol gtor FrefAm ot

A7t solom gl Aelth. £3/NFFFE
Me mAL Bolt 5372 ABe Amue
AT ofubelaede e At ot 3
23 ol ofste] HRo] wujsE wo] ek
el ojzotelehie] 2RO £3715RY

= Wol olgskal Sdnt. ARl A2 At
=9l A2A9 Ade AH dAs] e
olx ¢ W FIEEe] nHHE Ae o
o R SRt HA Fste o
Hol Ao guiFEHe AT &2 HeEA
SE ARESte] BlaA W2 RIo|A ofznte
de dE ol el ARl =A7E |
ot HAolitelEtaye gol ol8ste Moz o
£ A&FE°] 7Festd e o
A7 g3 Oz FE70s st AR-8Hh
719 | ¢l mlg2 2w vy AdEurt
719 dojur] k7] wiEel 1 £EO] ofmute
do] FE&5 7distH zAAFEHCR ARE
FEote] Fldge] At A2 249 e
Az iAol dAs] Hagt Aol
o dFellME AAAFEER
F&7 2YA SC-CO, F&H
Al 2 o] FE2E2 SR, Hs
gtiEolE bR, AUA 24, &1

>

o

o ol
ol
£
o
N

Jo
X
op

ox by
£ H Ho
ATt ox 2

21, Mg Y 2M7|7]

159 &4 Al T (CCP), OARY]
ZgEA EO, #ig EO, ®HEZH EO,
2,2-Diphenyl-1-picylhydrazyl radical (DPPH),
T+ Vt—c, gallic acid, catechin, Mueller—Hinton
A2 Sigma Chemical Company (St. Louis,
MO, US.A). T Alek2 HPLCH AlgkE ol&
Skt C0O,(99.99%) KOSEM  (Yangsan,
Republic Korea)E AHEsIHE. =dAFE7171
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(ATD): ATD400 (Perkin Elmer, UK)e} 3F7|&
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Table 2 GC-MS®] 6890 Agilent Technologies
(Wilmington, DE, USA), ZH-2 (length, 100 m
internal diameter, @Y Zo] 25 mm, 0.2 um
Supelco, Bellefonte, PA, USA)ZAZ B4 EH<S)
ot A HE o AaH 2= AOCS Ce 2-66
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Methodo 2 FH|sto] ZA5HATE N, 7HAf%
(1.0 mL/min), 130CIAl 3 min 53] 240C 7}t
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Table 1. Operating Conditions used in Experiments of SC-CO, Extraction

Parameter Conditions
Sample CCP (100g)
Solvent Carbon dioxide
Temperatur 50C

Pressure 200 bar
Operating  time 2 hr

Flow rate of carbon dioxide 23.25 g/min
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Table 2. 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 He, 1 ml/min

130°C(3 min)—4C/min

Oven time

—240°C (10min)

length,100minternal diameter, 25 mm

Column

length of film, 0.2 um Supelco,

Bellefonte, PA, USA

2. AEsA Beo] YA A

D F E9dE &= AJ(TPO)

AEHA CCPLY FE£EY F Ed4=
(Total phenolic content, TPC) 3lgtE A
‘Folin—Denis (Folin and Denis 1912)¥, Chew
et al. (2011)e] o=} Fig. 19] AFAE 18 &
Aottt CCPeY FEE9 & ¢AsH
S}l Folin Ciocalteu's phenol A]2F (1:10)9] 1
mLY} 34% 2 (25 mg/mL ethanol) 1 mL
< Alo] 583 AoA RS & (7.5%w/v)
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Fig. 1. Standard graph of Galic acid for TPC

determination.
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0.35

03 y = 0.0366x + 0.0061
Rz = 09973
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Concentration (img/L)

Fig.
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& &2 A% (Automatic thermal desorber)
2-AF & =3 AA" (ATD400, Perkin
Elmer, USA)E o]&stdlor, E4& 28 A&
57 95t A AEEL ADTHBae et
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Table 3. Operating Conditions of Automatic Thermal Desorber (ATD) and GC-MS

Parameters Conditions
Primary tube type Tenax—TA
Cold trap type Tenax—-TA 20 mg
Ist Desorption 350°C ~4min
ATD400 2nd Cryo temp. -30T
(Perkin Elmer, UK) 2nd Desorption 350C-1min
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5 mL/min
35C~10min
Oven temp 8°C‘J/mig—120°C°—10mig
) 12°C/min—- 80C— 7min
15°C/min-230"C -10min
GC-MS Column AT1-60m X 0.32mmXx 1.0 xm
(Shimadzu, Japan) Interface temp. 230C
Mass range 20~350 m/z
Column pressure 15.9psi
MS Det. temp. 250°C
Carrier gas He (99.9999%)
Mass filter type Quadrupole
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3.2, Fatty acid methyl esters (FAMEs)
M EM

GCell 95 249 APiRgdL Fig. 39
retention time W2 BA% dteF AHE Table 59+
2t} linoleic acidZ7} 41%=2 SAAu)-G-Abo] o
o] Uetdtt, Ex3} ]H}/q'(ﬂ wonz syt
HﬂPa 01011/].1— EHO] oh;]. 7~ igﬂ/x]-}1i_
B3A 7= eH7t 3etaFcis— 11,14 eicosadienoic

Table 4. Oils Percentage of Citrus Peel

R LR

acid7} 2.21% wEbgth. Palmitic acid, oleic
acid, linoleic acid, cis—11,14~eicosadienoic acid
F2 4717 R0l gRES o]F1 QT

Abundance

E ti%m se: £ ¢ & i
W addr g sl LRGN T8

Retention time (mim

Fig. 3. Fatty acid composition of CCP oil by
SC-CO; extraction and GC analyses.

7t & E9us ¥ (TPC)

Sl SC-CO2 FZ&olA % phenol &
ZF2 ARTA (= 09995)01] —fo}‘ﬂ CCP2] dllat
F&2 520%1.05 (mg/100g), SC-CO2 F&
5601 1.12 (mg/100g), CCP2] SC-CO2 F&
A 56011,12 (mg/100g)22 “dF=3] 5(2008)
ofebe 80%14 75+1.13 (mg/100g)xch &
=2 AWE d9lon & Hh 52011.05
(mg/100g) =2 diE AUk

Ol
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% EetR L olE §=F (TFC)

FEE3 SC-CO2 FZ°f|A % flavonoid
AAZA (r=0.9973)0] &35}o] CCP/] ol
2 75+1.3 (mg/lOOg) SC-CO2x= 84
(mg/100g), SAAM f2Fe] SC-CO2 &=
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Sample name Extraction Solvent Oil (%)
Hexane 1.08
Soxhlet
CCP Ethanol 0.95
SC-CO, (50 C and 20MPa) SC-CO, 0.80
MCCP SC-CO, (50 C and 20MPa) SC-CO, 470
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Table 5. Fatty Acid Composition of Citrus Peel Oils

Fatty acid composition

Retention time

Fatty acid (%)

CCP
Capric acid 2.44
Undecanoic acid 0.48
Lauric acid 0.35
Tridecanoic acid 1.31
Myristic acid 21.60 1.83
Palmitic acid 25.00 13.18
Palmitoleic acid 26.22 0.44
Stearic acid 28.20 3.03
Elaidic acid 29.26 2.91
Oleic acid 29.39 8.36
Linoleic acid 41.41
r—linolenic acid 1.88
cis—11,14—eicosadienoic acid 17.29
cis—11,14,17-eicosatrienoic acid 2.21
Arachidonic acid 0.78
cis—13,16—docosadienoic acid 1.46
EPA(Eicosapentaeoic acid) 0.64

o. DPPH 23 2A%5H

AZo] DPPH 2 2759 AdL 0.1 M
9] 59 mL DPPH &0 & 3 AHITE &
“ 12,5, 25 9} 50 (mg/mL W=HL)e] 0.1 mL
MEZ gole sl SRS o]4at soxhlet
ZFZ3F SC-CO,FE9 E&F AE ascorbic acid
2 0.1, 03 ¥ 0.5 mg/mL XA AMESFAL
Ascorbic acid 0.5 mg/mLoA A8 £A5H
o] 100%%ct. 0.1 mM DPPH &9 (Wer2) 5.9
mL> @4t SC-COF&, #td 4a75E o]
SC-CO, % 50 mg/ml oA 63.93% 4k 3=
£ 50 mg/mL A 40.21%. X (mg/mL)7}
2} Q4% w0d aA%Ae o e U
b}, Fig. 42 CCP 29 it 3 SC-CO,
%9 DPPH zmejettd 47458 ()E YE
W TJgoltt 0.1 mM DPPH £ 59 mL (9
B§2)S d4t 7 SC-CO,#2 CCP 5k 12.5,
25 3 50 mg/mL ()9 0.1 mLe &EFs}
ol =435}ty CCPed9l SC-CO, F= 50
mg/mLoA #HE 2759 98%& YERdTh

1rl

SC-CO, F&°| g EEHr DPPH =&ty
A 27159 Y =4 vebgth

mmmm SC-CO, extracted oil
[ Hexane extracted oil =

80 -

60

S

DPPH fiee radical scavenging activity (26)
3

40 -
25 50

| I
0 T
12.5
Concentration (mg/mL)

Fig. 4. DPPH activity of CCP oil by soxhlet
apparatus using hexane and SC-CO,
extraction.

Fig. 52 ot=2n} ME°] DPPH Z&&tt]Zd &
A58(%) ©Z2 tea tree, lavender®} eucalyptus
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sttt %% 300 mgoll Al tea tree 7} DPPH I
EE =k A 7A5Ho] 83%, lavender®}
eucalyptus = 78% &t 70%=2 LFeRstTE

Aromatic oil
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[ TeeTree
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DPPH free radical scavenging activity (%)
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Fig. 5. DPPH  free  radical scavenging
activity(%) of aromatic samples.

Table 6 oJA+& DPPH =ZdZd AASH
(50%)9] AEZQAEY L (mg/mL) EZA
CCPoA SC-CO,&& 19.08 mg/mL &&, 9
AF5ZE 21.44 mg/mlL, trolox 0.36 mg/mL_EL B
Bgon =& ME odoies xdA F=
CCP7} 7P @2 sEolA 50% AAGES B
ek AEHAA L] ptetazirt A Y=
o]l ¢L AEFHAS AAZ bioflavonoid?] thE
AEQl hesperidin®}  naringine A4Sk aIH9],
HZA =do] wol i Ho= CCPo 4t
3t 3t 7P =A dEdth CCPel zlgheg
Aol Ado] ZetELolE naringin®Fo] w2
Aoz AtmEth

R LR

3.4, SC-CO,; £& AEZAQ 3
MEEM

7. CCPe] $1aA HEEA

CCPY EH/5AH 3HA[18] AEL Table
7 3} Fig. 6o YTt 6857 =2 5%
peak’7t  Wten, peak®Ho] AR
terpenes’t 55.8% % limonene ©| 27.32%Z% =
Al YeEF S ™ alcohols?F 15.83%°]H 1% tix
2l &FE<2l linaloolo] 7.38%°]™ alpha.
—cadinol®] F 11FH52 uYelgth  alkenes?}
12.6%% 8%, alkanes”t 9.66%Z 8%, phenols
©] cymol, 1.42%, ketones?t 1.06%, esters®]
triacetin  ©] 0.77%, ©]il aldehyles7} 0.42%,
nonanal, n-pentanal acids?} 0.07%, 7]€t
2.59%= 7= 3Tt

Abundance
B3 HHELY

- 5 ] ] / H
AT Ty A ATLEE] s 5,

Retention time {min)

Fig. 6. Total ion chromatograms of volatile
compounds identified from SC-CO,
extraction of CCP oil.

a. A E

—

A ARRE AR EE
(c CODe olgste] AEejrode

=]

H =
FZ3519ct TS A §r)_H) FEHES o] 85}
o] 9o oolo] FAtElErATl AR EMS 2
A== Ao} vy AEsSIYLE &% 70 f

Table 6. ICsp Value of Sample and Reference

Extraction Activity Sample/reference ICso (mg/mL)

SC-CO, DPPH free CCpP 19.08

Hexane radical CCp 21.44
scavenging Trolox 0.36
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Table 7. The Volatile Compounds from SC-CO, Extraction of CCP Qil

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
8 Unknown 6.551 - 0.17
9 1-Propanol, 2—-methyl 8.41 Alcohols 0.33
10 Amylene Hydrate 8.926 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[3.1.1]heptane,
19 6 6{ dirr[lethyl]_zf’methylene 22.307 Alkenes 0.58
20 beta.—Myrcene 22.419 Terpenes 1.51
21 Cyclotetrasiloxane,octamethyl 22.753 Alkanes 3.02
22 1-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
1,4-Cyclohexadiene
27 L metﬁyl_ 4—(1-methylethy) 24.84 Alkenes 7.50
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
3-Cyclohexen—1-ol
34 4_mithyl_ 1= (-methylethy) 30.926 Alcohols 0.29
35 3-Cyclohexene—1-methanol, 31519 Alkenes 183

.alpha.,.alpha.4—trimethyl
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36 Phenol, 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 - 0.87
43 Unknown 37.783 - 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 - 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
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-o0l 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

E Z¥HiE 24, DPPH A4 AS, A4S 7t 3 Q1 cis—11,144—eicosadienoic acid7} ek

= AL, 2AAFEH o AEF A it CCPeYe] H=7t 50 mg/mLY = DPPH

Mo ABEL Qb hiE, $BATA, D addbele] o8%E we Sl

HEZo Mteldde Hlwstnt. 1 A ojggt 4752 d Fkol HHSII.

SC-CO& o]gsl FE7 CCPRYAA CCPLY9]  flavonoids &F2  SC-CO;
linoleic acid7} 7Fg =7 Yerdal, & HAZ @ (84mg/100g)7t A% (75mg/100g) Htoh ok
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A} terpenes (55.8%)} limonene (27.3%)°] =

X,

1.
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