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Abstract: This research focuses on the extraction yield and
composition of essential oil obtained from Korean orange
peel waste by using supercritical CO, extraction method. Var-
ious parameters were observed, such as temperature, pres-
sure, particle size, and co-solvent participation. The result
showed that the extraction yield increased at high pressure,
low temperature, and small particle size. The high pressure
increased CO, density which leads to high solvating power
while low temperature increased the solubility of terpenes and
small particle size enables the CO, molecules to spread
widely and penetrate deeply on the orange peel, reducing its
mass transfer resistance. Gas chromatography (GC) was con-
ducted to observe the compounds inside the essential oil and
the result showed that terpenes (monoterpenes and sesquiter-
penes) and other compounds (alcohol, esters, ketones) were
present. Limonene, as the main compound in the essential oil,
was mostly extracted at 40°C and 100-200 bar, with the yield
ranges from 0.7-1.0% (w/w). Ethanol was used as co-solvent
and proven to increase the yield of essential oil by 1.4 times.

Keywords: essential oil, korean orange peel, supercritical CO,
extraction, solvating power, mass transfer resistance
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1. INTRODUCTION

FEe el &3t AR Selvtet 4 A
20%S A 50 Sz ubetol A AYAFE 3L AHH e
20174 445k Eof AR SAch [1]. A= A R 8
vl E| QA B A1 B4R 9 7HRAR o] sk ARl &
29 25 50 FFFAFOR 2u|7E S50 4 b
o g AFRR 7 0] WAlo] Hobx| T Qe [2]. 1
Ao Aont o gd =] Ak Ao YSY, geraz,
AR} Fo| 9o [34] Tel At odE 7 A Eel
A 2 ofA| 2 AR (5], A2 A RS o] 83 ol A
A& A AHGHE T A W G (essential oil) 2 5
Zsto] ALg R WHlo] QUTh. AE A S, ofo] A3,
Ao| =, A, 84 5l & (aroma) B 5 (flavor)& 13
AFEE| T I} [6,7].  THE ARG ok g A9} 744

24l (d-limonene)2 A3 AR5} = A g3/} FH oLt
H]5E, AR, A7 A A 59 A A, =t AL B 3AlL A A
SAZ AHEE T [8]. 2 Aol A= d-2lylo] ek At
7F Ahar e A g Fofol| Al AE7E BEs] o] o] AL
ATt [9,10]. o] 23t d-2| S FA|H o= A7) flsiA = 2
AN 2 WA FAEERE 226t w547 A+
7b g g st

duba o &2 Ao AR5 &
L AN SR, R, WY, 5718 AW Fol ik [11-
13]. 7|29 57 F=4Y &1 F582 €& 7oke
S8 Ao x3tE o] ql= Aol & &4
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= T AT & E Eelote B oA R Eol I
Hol FEFH FaRA RO EolEe TAo] Atk B3 &
Sk oA WA == F71E 7718 7F ek
AF ol it @ gt fagto] uhi E= T o] Qlk. o]
23t 7| E R Y AR ES S 5S AT 2 2kl o
AN7Ne2 A 2UA A 5% (supercritical carbon dioxide,
SCCOy) 7]l tgt A+t7F &dhs] Z 2P =i Qlrt [14-16].
2 A A |-A (supercritical fluid)= YA A o|A+o] &= ¢} oF
Qo x]o] B Abe| & Welv] olstel 7 A TR 4 9=
] §H1E hR Ak 290A S48 Wt A Aol 717k
Ak, AL St 76 ke 4AE A1 2407
S8 22 W} vhe Mt ol Het 2 BARsEo] 9)
7| o] 2907 §4] 2L AukA el g2 v
WRE ] S-§Ho] thes } BEHOR FF0| 7hsT)
ohar g 4 Qi ARbA Rl A A FEo A E =
ARl o] Abz}ekas o] 749 % af, 5, Fefeh A
FLo A 224617] ool l‘% OoFEof = FHA kA
6 2 Atk A A B
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2. MATERIALS AND METHOD

21. 4=

B Ao AT 2 AL 20179 1290 (R A Eof
A Az dH Y 2 dde sl ARgsht. 2 AE
B3t & g4 & o]&35}9] 1~4 mm, 0.1~] mmZ E=3}%]
Th Al B2 413 A SCO) A 12 AJ7E A% B Ao ALga}
k. 2917 ol 4kaek Aol iz 4 99.99%¢) o] 4baheh
S AR HE G 2 AR o' A= (F)
oA == 99.9%E FFuljsto] A-&-5H3AT.

.

2.2. YA o)Attt A: &

297 olakBlets 25 2%% Sl 1L R4
O] YA F&%4A] (SCD-EXT-1, (-T—)e”diii gojx

A, = )E AHESHA AL, 5 2% (35~50°C)e} ?%
2 (100~300 bar)o] 2742 A9 % 481} w2yl 3
o IR LGS Popuget & AYe) A8 27 22
F2] 9] 374 =& Fig. 19 Ue it 2 A oj4kslbeta 5=
E o o2 A7 HAY B2 LT 5
Y et HE 2Eze] B3E 24
ARIE Ao e 44 o behekat
z] 5l &2 FYAIF L, BPR (back pre-
ssure regulator) 2 o]-83lo] &%l Be|Ro) Bgetglow
Aelstsiet. FExo|H 29A olAsteiae] FEH B4
L Se molA] olAHateta Fhaok Belwo] Y o kabe
2 b2k Buo] AR molth A o] mel o] 4k

o
oﬁEO:r‘.:}ﬂ

r 10 OH
ml

ruz
N

%
=
R}

o

x
0

0

® i

[kl
e

l o
[o

_H

iﬂ N e o

m oo u:S I‘N

)

CO; Extraction Unit
CO: tlow

Fig. 1. Scheme of supercritical CO, apparatus.
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1. CO; storage tank
Z. Co-solvent tank
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8. Heater 1

9. Extractor

10. Separator 1

11. Heater 2

12. Separator 2
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Shetas o] b o] 50 bar7} = A= Ao
£ AAHEsith Hx &l ARgo ThE 5 5445 Yol
EEREEE EEREET TP
&2 paseT
F= Fas gotE] ol AL & o2 Aok
extraction yield (%(w/w))

()

_ mass of extracted essential oil
= x 100%
mass of dry orange peel

2.3. GC-TOF MS &4
A E42 Agilent 7890N GC2} Pegasus High Throughput
(HT) time of flight (TOF)-mass spectrometry (MS)= ©]-83} %
t} (Leco, MI, USA). GC £-4] of| = Rxi-5Sil-MS (Restek) 2+
(30 m x 0.25 mm x 0.25 um)S AF-&35FcH L2 9] == 40
°Col| A 28 HoF 82 A1 71 & 300°C7HA] 10°C/mine] 4 & &2
SEAZALSE S AR ol F 8 V1A= E VIAIE
AFE-31E T 1 mL/min 4= & S8 B3 ch Injection chamber
9} transfer lineo] &&= 7}2}F 280°C2} 260°C 2 54 3} T}
245 5= Qe AT W9 35650 m/z2 A AEITh AR
= 1uL9] Methylene chloride (DCM)o] &3 A& (5=
=10,000 ppm) 10:1 B] &2 3] A 5}of GCol F=U 3} %t}

3. RESULTS AND DISCUSSION

2 Ao A= g 7t T WA E = FAREQ AE A 78
A ARE FE517] A8l 2 YA olibstea 25 34
& olgal itk 297 olibsiets 2% 240 Y 248
dotr 7] Qo & e, 2= 12 a AR YAAT| o uhE
Ao & ¥ E Yol B =28 Faol 2gH 4=
& gob7] 918 GC #4E st
**Ta B o
a —
e
/r/r
0.4 o
3 0.3 /
=
< 0.2 ,/
] i
> |
0.1 —=— 100 bar, 50°C
—e— 200 bar, 50°C
—a— 300 bar, 50°C
0.0 T T T T T T T
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CO, consumption (kg CO,/kg orange peel)

3.1. 294 fAQ &9 st & 5 S8 W=
Y

Z0A olitstea: & Ao HE Y[ FE 2
H7] 98 1~ mmz 253 2 44 29 200 gr& 52
Y 22 25 50°Co)| A 100, 200, 300 bar=2 == &S
SN A AR E AT 25 Ao & & 89
3= Fig. 2(a)0l] HEFH S 5 b0 w245
&2 76kl HF AR F& $&2 100 barof| 4] 0.15%
(wiw), 200 baro] Al 0.47% (w/w) L] 300 baro] A 0.49%
(W) 7}3190t. o] o] Aksletae] ghelo] obA4 s
W 57 0] 230] AE] vlRo|th 4§ FEUL
578 27100 7P WAL AlZko] A E Al o £
2 91 100 bar2} 200 bar= 3] ©]AFe] 20| 7} Wk at, 200 bar
9} 300 baro] A= & 2o] 7k LA th. Fig. 2(b)= 2 YA o] 4t
Sheha 9] 25 2% 50°Co| A f ol Mg} uhet 2&H =4
o] &S GCE EAsto] e itk =& e 2o A
H| S22k A 2o] ERIE AL, &3 o4, g W AE2 7t
ZF 20 area% = A Y @Wo| A=L|Qth Table S19] F2 AR
2 R B4 A B o) &= Hentriacontane (Cs, )2} dotria-
contane (Cy,)©] &2 A Eofl+== Campesterol, Stigmasterol &
Sitosterolo] 12|11 A& A E-2 pentamethoxyflavone, hexa-
methoxyflavone, 2 heptamethoxyflavone©] 7} @o] 3315
of A= Ao Sl Hth 3l dA S L AES 2
¥1] 2+ (epicuticular wax)o] Wo| E3HE o] gl ] [17-20],
UFE RS N FHAEHE DL BT YL AEA
B shgd 8 995 GhE gk Aoz eld Ao
Lo HEES 34 BAER 297 olisfeka e
o] ol A2 CO, W7} 039 g/mLof| 4] 0.87 g/mLE Z7}
= CO, g3l g o] F7lste] F=Z0] ZE|[ Q7] wfiZolt} [25,
26]. =4 A5 F 83 A= terpene o] A~z {4 7
2o w2} 27l 21 monoterpened} 371 Q1 sesquiterpene . & L
o5} 27, A B0l 2 Hopol wol L& sl 487 7l

i

m]n we M
ox, olN
Sy

L
il

2

b

100
[ T

90+ ==
£ 80
g 4
< 104
=
g 60+
o
.g 50 1
E 404 HHE Other Oxygenates | s e
@ [1[]) other Hydrocarbons ,'s}, e
e 1E=] Alcohols ey
w30 - B Aidehydes
g 1 EEZ] Ketones
< 200 acids
o . Estors 3
o 10 4 O-Sesquiterpanes

| Sesguiterpenes //
0 [ | Mencterpenes - s L
T T
100 bar 200 bar 300 bar
Sample

Fig. 2. Effect of supercritical CO, pressure on the extraction of orange peel essential oil: (a) effect on yield and (b) effect on composition.
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Table 1. Composition of major compounds in the essential oil obtained at different pressure at 50°C and 1-4 mm size

Area%
Compounds Retention time (min:sec) Pressure effect (50°C, 1-4mm size)
100 bar 200 bar 300 bar
Long-chain Hydrocarbons
Eicosane, 2-methyl- 22:50.3 0.527 - -
Heneicosane 23:09.3 1.63 0.48 -
Dotriacontane 24:46.8 2.361 3.571 3.424
Pentatriacontane (CAS) 26:16.8 - - -
Hentriacontane 26:17.3 4.494 7.993 7.141
Squalene 27:06.6 2.904 2.482 2.039
Heptacosane 27:41.7 6.922 1.796 1.524
Hexatriacontane 29:05.4 - - -
17-Pentatriacontene 29:10.6 - 0.65 -
Alcohols
Campesterol 30:29.5 1.701 2.63 2.18
Stigmasterol 30:45.1 2.155 3.215 2.77
a-Sitosterol 31:26.9 12.762 16.943 14.77
Ketones
Bicyclo[4.3.0]nonan-2-one, 8-isopropylidene- 27:34.6 4.923 4225 3.508
Androstan-7-one, 3-(acetyloxy)-, (30,,58)- 29:07.1 4.471 0.363 0.283
4',5,6,7,8-Pentamethoxyflavone 29:53.3 3.081 2.758 2.14
3,5,6,7,8,3',4'-Heptamethoxyflavone 31:27.5 6.171 5.183 4.802
3'4'5,6,7,8-Hexamethoxyflavone 31:43.8 3.767 3.075 2.761

FEHL AoR delA YA, B 2
ol A A o] ZUNA L o) 3 area% W) 1€l .

32. 2904 $49 N2 YR2719 38 Lxof a3
S 22d VAL Y

Z2YA olitsteta FEo M Al YA A7 9 2 2T}
T2 o] vA= dF= LorE U Fig. 3o & 24 9
2} 2717} 1~4 mm&} 0.1~1 mmQl A] & 9] o] AkstetA A=
o & Ao = o Mol AR 24 23S UEhl
o AYS 5 25 50°C, & oE 300 bar2 F UL, =

2
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& 0.3% (Wiw)E o} #9031, 2F F5 &2 0.1~1 mmo] A
0.9% (W/w)E 1-4 mm®)] 0.5% (w/w)=.T} oF 2uj o] z}o] 7} L}
EHth o= 2 A AR AR 277 Aees ARe
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Fig. 3. Effect of orange peel particle size on the extraction of orange peel essential oil: (a) effect on yield and (b) effect on composition.
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£ ohe} 22 AROIE L WAL FA T 4
29 94 2717k A48 29A f A7 2 AL 1Y
ohet ) 2ol AEE & 91, YA} Aol 2
21§77t 417 Shako] 7] WEoltt ol & Ao o
RS FERES
i 5 terpenes JES Bt Wo| 5T 4 QUth= Mira &
(2819 AF+Axtet = A W FRol Ato] 2Ajst= A&
Zhgl Kamaliroosta 5 [29]9] A2 ket YA ghct. &5 of
A A-G-of A terpenes A5 = monoterpenes®] 3HFS A& ¢
Rhe] % glol 44 ul25hA ) 9 sesquiterpenes & 4|2
AR 2 u) 2A SIS ol YA AP ses-
quiterpenes®] F=0] L] 2918} 1L, Reverchon 5
[3019] dALo| A% limoneneo]| Z 3% o] Q= monoterpe-
nes> W2 2 Q1A o] Abstt A W o A (2 Y E 25%)
FEFol 7| o] & 259 o] =2 2=
FEFo] WA Ve
]

° fz >

%52 orob]
I~ mmel 2 A Y2 Aol 35

o3 o} 300 baro]|
A 3% LEo| T 2% 83 2% o] ke vws)
Atk F& 2o g F& 7Y ¥k Fig 4a)° A A
¥ 2 WabL ek kA Fig (b)) B R B4 A3 5
MRS 22 1 S0C40Co A Bhela) T A Uebgtel.
FE 2571 40°C 7§ terpene?] monoterpenes?} sesquiter-

penes A 52 60area% 2 FE-2 = 50°C2] 10 area%: t} A
3 7Fol 9Tt Table S29] & 2= & A £-S X mono-
terpenes 4] 50| A= Limonene©| 25.9area% = 714 T 11, Ses-
quiterpenes®] £ Q A E-& B-Elemene (11.7 area%), Humulene
(2.0 area%), Germacrene D (3.6 area%), o-Muurolene (3.8 area
%), o-Farnesene (5.4 area%), 6-Cadinene (2.1 area%)o]t}. &
& 22 2T o) A Terpenes?] monoterpenes?} sesquiterpenes
o) 3% g0l £ o4k FAT 2eUA ojibsiEks 22

(a 300 bar

0.4+

e
W

Yield (% (wiw))
o
i

o
-
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b
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Sample

2704 F& 2% 40°Co|| A] terpenes®] &8 =7} =0} ©]
AEEO] ZUA oltstet Aol Z &35 7] wfj&olct. o=
Berna 5 [3119] 27| o]Alster oA & 25 2 ¢FEo
w2 limonene®] 8- .= ¥ 3}of| tfj gt Aol A 80 bar ©]5}2]
Ao N = 2527} &5 limonene®] 83| =7} F7HE AL,
80 bar 014 9] ¢F & o] A= &= 7} ol 5 limonene®] -§
w7k aHc L Barskg o, 2 A o] A ket fAlet
< & 4= 9t} o] monoterpenes A 5-¢1 limonene©] ©]AF3}

o] dAR TA A Fdol HBE & 4 ek & A
A3, Y277} A% o] Z7hske] 2914 o4
Bhek 47t QAR 2 SHE D A ESL ol stol HhgHo] £
obA FE4g0] F7HES AT 4 YU, 55 Lm0l 1
o 42 50] §oh o] Zfo]7} 90 m B3] o] Arsfetae] ¢

Al (72.9 bar, 31°C) F-Lof| A] terpenes®] =& &°] F7F
g& gelakih

33. 2944 A9 HH% 2P 4 E A F2 9A
t 9%

2 A ol g3 2 ol sieta 250 25 278
oot 7] 915 32 0] £ AR QX 279 3% 2w
20NN 3% e oo 12 2% 587} 22 RS

|
7 YA A7) 0.1~1 mmO] 270X =& oS defsto] =
= T&o U AL Qleh & &2 o] 100 bar <300
bar < 200 bar &A1 2 =9Fa1, 200 barof| A 1% (w/w)Z2 714+
8kt Fig. 220 A9 Ao} Bl s H & ¢F< o] 200
bar®} 300 bar?l 7= F& &0 o 28 &1L, & U
100 baro] A= 2= 428-9] 0.15% (W/w)ol| A 0.76% (w/w)=
Sulf F7Fsklet. Fig. 39 A& A 27] 1~4 mm, 35 ¢
300 bar, % 5= 40°Co] A Aol HlWSHH 5 &
0.89% (wiw)= 1.7 ¥ Z7F5h& ghelakqlnt. o= 2 A o]
Abstet A S 20 A o]Aleteta Wi of ¢Fo] Y=
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Fig. 4. Effect of extraction temperature on orange peel essential oil: (a) effect on yield and (b) effect on composition.
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Table 2. Composition of terpenes in essential oil extracted at different temperature

Area%
Compounds Retention time (min:sec) Temperature Effect (300 bar, 1-4 mm size)
50°C 40°C
Monoterpenes
0-Cymene 08:13.7 - 0.55
Limonene 08:20.0 1.474 25.905
y-Terpinene 08:48.5 - 0.947
Sesquiterpenes
d-elemene 12:57.5 - 1.137
o-Copaene 13:32.5 - 0.934
Bicyclosesquiphellandrene 13:41.6 - 0.796
B-elemene 13:42.1 3.072 11.656
Caryophyllene 14:08.5 - 1.129
Humulene 14:36.3 0.418 2.043
Germacrene D 14:55.3 0.468 3.642
a-selinene 15:02.1 2.387 -
Valencene 15:03.4 - 0.687
a-Muurolene 15:06.1 - 3.773
a-Farnesene 15:06.7 - 5.427
germacrene A 15:15.4 - 1.096
5-Cadinene 15:20.6 1.273 2.090
v-Elemene 15:53.4 - 0.481
Lo b Hoh 2 A ofital 'k o] M E 1} Satel] GaFol  &ol A YERNTE [30,31]. = ¢FE 300 barof| Al = o] A3}
S A 2717t 5% ool B GaFo] USS BT & whio] Wt Hobx|m sesquiterpenes 4 EWTH ofUj2}
AN E AR F= 5% SV A2 &2 terpenes 42 ©
Fig. 5(b)¢] =€ A7 A& &4 243, e a5l AgAo] Wobdl A& &1kt [32]. Terpenes sesquiter-
H] 3] terpenesQ] monoterpenes®} sesquiterpenes A E-0] =7  penes A 50| Table S39] &21g 4= Ut}
AL = Aol wet F AR FF st AR 4 F5 a0l olaketeha WeTh W 200 baro A 7 =&
HFE] A UERSETE monoterpenes o ARSFERA: YA H] Ftoll o] & £H415}7] 913 monoterpenes®} sesquiterpenes /g 3t

A G 7 7] w ol W2 FElQl 100 barof A =& =& =F-E area® H| L5} Table S4of| UERY ¢ich. vl Ay}, 5=
o] 7} =9k 11, sesquiterpenes AJ -2 o] ALSlELA W7l = & 98] 200 baro]] H| 3l 300 baro] A& 3taFo] = A A &
275 a8 o] =obA 7] Wil o 300 baro| A =& 4= QI S13L, Fig. 6] GC Chromatogramof| A = £91gk 4= qlt}.

1.2- =
(a) 100 - (b)
9“‘ !I'” Il!ll T || |
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2 .'ll © 40 - [[[]other Hydrocarbons
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J'l o Imones
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0.2+ —=— 100 bar, 40°C 5, AR P10 sermite
—e— 200 bar, 40°C O 10 P orenitorpence
0.0 —&— 300 bar, 40°C 0 [ Monaterpenes
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€O, consumption (kg CO_/kg orange peel) Sample

Fig. S. Effect of supercritical CO, extraction pressure at optimized condition on orange peel essential oil: (a) effect on yield and (b) effect
on essential oil composition.
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Table 3. Composition of terpenes in essential oil obtained at different pressure at optimized condition

Area%
Compounds Retention time (min:sec) Pressure effect (40°C, 0.1-1mm size)
100 bar 200 bar 300 bar
Monoterpenes
[-pinene 07:25.4 0.109 - -
o-Myrcene 07:37.0 0.404 0.286 -
o-Pinene 08:18.2 4.628 - -
a-Thujene 08:19.7 1.978 - -
Limonene 08:20.0 50.893 51.649 9.559
y-Terpinene 08:48.5 4.595 2.69 -
a-Phellandrene 08:50.0 - - 0.488
Sesquiterpenes
d-elemene 12:57.5 0.639 0.977 241
a-Copaene 13:32.5 0.308 0.491 1.037
Bicyclosesquiphellandrene 13:41.6 0.436 - -
B-cubebene 13:41.8 - 0.528 -
B-elemene 13:42.1 3.54 6.531 14.358
Caryophyllene 14:08.5 0.386 0.523 1.203
Humulene 14:36.3 0.632 1.098 2.305
Germacrene D 14:55.3 1.289 2.444 4916
a-selinene 15:02.1 0.254 0.384 0.473
4,5-di-epi-aristolochene 15:06.2 - 2.284 -
o-ylangene 15:06.5 - - 1.122
o-Farnesene 15:06.7 3.426 5.36 12.636
6-Cadinene 15:20.6 0.625 1.23 2.189
v-Elemene 15:53.4 0.218 0.309 -
Germacrene B 15:53.7 - - 0.633
Table 4. GC-TOF/MS area of selected terpenes in the essential oil
Compounds Area
100 bar 200 bar 300 bar
Monoterpenes Limonene 1.76E+09 2.01E+09 1.32E+08
y-Terpinene 1.59E+08 1.05SE+08 -
Sesquiterpenes 5-Elemene 22123211 38056572 33274250
B-Elemene 1.23E+08 2.54E+08 1.98E+08
Caryophyllene 13375487 20387588 16615155
Humulene 21913275 42780777 31826064
Germacrene-D 44670236 95216786 67887499
a-Farnesene 1.19E+08 2.09E+08 1.75E+08
&-Amorphene 21644755 47897641 30229374
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Fig. 6. GC-TOF/MS chromatogram of essential oil obtained at various pressure at optimized condition (40°C, 0.1~1 mm particle size).
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