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Abstract: This study was designed to analyze the chemical compositions of ‘Setoka’ branch essential oils (SEBO) and
to test their biological activities. ‘Setoka’ is a Citrus species widely cultivated in Jeju Island. At the present, ‘Setoka’
branches produced by thinning process were mostly discarded as a waste. Therefore, utilization of this branch waste
has received much attention. ‘Setoka’ branch essential oils (SBEO) were prepared by treatment of its ethanol extracts
with jojoba oil. SBEO were chemically analyzed using gas chromatograph-mass spectrometry (GC-MS), and following
components were identified; ethyl linoleate (64.14%), ethyl palmitate (16.50%), neophytadiene (11.06%) and beta-cit-
ronellol (5.09%). The anti-inflammatory activity in the SBEO was examined using RAW 264.7 murine macrophage cells
stimulated with LPS. As a result, the SBEO inhibited nitric oxide (NO) productions with a dose-dependent manner. In
addition, SBEO showed good anti-microbial activities against drug-susceptible and -resistant skin pathogens such as
Staphylococcus aureus and Propionibacterium acnes, which are acne-causing bacteria. Based on these results, we suggest
that SBEO has the possibility for use as an anti-inflammatory and anti-microbial agent in cosmetic applications.
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2.1, NE7L 7tX| HRel =

Ao AMgE AETF 7HA & 2015 8€ AF=E
e €Y wUklA AR ERT. AETE 7HA
2.2 kg& 70% NE-E 7 Lol 30€ 3t 20l A
R, A3 & IPEFTE

e

o
x](ultrasomca‘uon)i glste] 2ok g3t o
Zu 715 o]83st] SEnte Y T Ad1(Setoka branch
essential oil, SBEO)= w2]3}e] AUT TEHFL U

r-{m

7HeAdd AR AES Y-S} dimethylsulfoxide
(DMSO)E Y3 H&E 41L& o &35t 2y
of AH&-stAT

22 Hre 48 24
= gas chromatography mass spectrometry detector
(GC-MSD, Agilent technologies 7890A GC system/5975C
inert XL MSD with triple-axid detector, USA)Z #2]3}
%t} Column2 DB-1HT (0.1 um x 30 m x 0.32 mm,
Agilent, USA), carrier gast= Hes AME3I
mL/min®.2 st{T. AE7] €E=270 C, &5 X &
I92 40 CollA 5 min A3k, 230 CT7HA] 5 C
/minl.2 52 A7l & 58I FA AT GC / MSD
AL GCeF BYg 2ol A F335HH L, MSDL] =
TE 312 CE FA3HATh GC / MSDell ]3] &A1
- 482 7171¢] Wiley 138 databaseE ©]-8-3+ *E*
A3 THe). T2 AHEE Sante e s LS
H At 24 A3 Ao YIS PIXEA
Ql

2.3, M= 3 M=ZH{F

A5 24 APl AHE-E murine macrophage RAW
264.73 A AP AP AELQ] HaCaT A E=
icillin / streptomycin  (P/S)¥} 10% fetal bovine serum
(FBS)°] 3% DMEM (Gibco, USA) Wi A & AL-&-5}¢]
37 °C. 5% C0, 7104 ekl o, 2 ~ 3 744
° 2 Al AdsAth tiAEe] A=l

1% pen-
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X842 lipopolysaccharide (LPS, Escherichia coli sero-
type 0111: B4)= Sigma (St. Louis, MO, USA)ZFH
Uk ARg-sATH

2.4. NIZ=AM =X(WST-1 Assay)

RAW 264.7 & HaCaT A|3ZE 24-well plateol] 1.5 x
10° cellymLE 18 h A vl & A RE oje] TEE=E
Aelste] 24 ~ 48 h F<t g v FE Az
WST-1 (EZ-CyTox, DOGEN, Korea) A2k 10% (viv)E
A7¥8kal 30 min ¥ 440 nmollA FFE=E AT

25 E5 st £F

24-well plate] RAW 264.7 cell 2 1.5 x 10° cells/mL
2 18h A WY+ 95 % AR LPSE 1 ug/mL
o ABE =R AYst 24 h ¢ w8t
234 E NO9| -2 Griess reagent (Sigma, USA)E ©| &
stod Al ZuleFl Fol| EAI3t= NO, BE|E 43+
o} AlazuleF A5l 100 uL2} Griess reagent 100 L&
&35t 96-well plate®ll A 10 min < WA &
540 nmolA FBEE SR

2.6. O|M=HY

I RGA T HE FEEAR GRS st AR
H FTA FFT Staphylococcus aureus (S. aureus,
CCARM 0027, 3707, 3708), Staphylococcus epidermidis
(S. epidermidis, CCARM 3709, 3710, 3711) %
Propionibacterium acnes (P. acnes, CCARM 0081, 9009,
9010y AH&3tler FYANATEF(CCARM,
Seoul Women’s University, Korea)ollA] -oFRto} A&
st w75 HiFstr] 9I%F WAIE luria bertani
agar, tryptic soy agar 2 gifu anaerobic medium= Difco
La. (Sparks, MD, USA)ollA sl A3ttt S
aureus B S. epidermidis®] 7% 37 T &7] Z7A
HiF 3L 24 h vtk Al S AAISHAT P
acnes= 37 C @713 21| A v FatR o™ 24 ~ 48
h i} Al vl st Ao ARSSEATH
2.7, O|SAT0 et ekdtetd =l

AEZ AR A%e BEede G5 95
paper disc A& FaPstol o
A 52 3l Sh(clear zone, mm)= SA st FHEH =

A 9 e 2y 229

At Agar 0.8%F Edst= 72| HiA| o &5
£ 0.5 MacFarland2 9] agar 1.5%E X&3h= HijA|
el L vjA| 7} 22 A8 20 ugs 2174 8 mm pa-

Bkt

2.8. SAXzE|

RE AP 33 W AT BARML B
FE2UAE UJERHA S, Student’s #-test'd
o] p-value’} 0.05 Tkl AS EA Mo T
e o= B
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2ot Y 2%
3.1. MEFt 7IX| E& HG&(SBEO)Q| 3fst =4

B Ao A AgE SBEO= METFF 7FA] 9] ofgh-&
FEES sonedE AAYstd AT wEkbA
SBEOE AME7} 8 Z3nled 7FgAHolt)
SBEO?| +&2 Axd UF 7k 71F o 0.5%= A
AHEI2ATh doj7 SBEOE GC / MSDE #4319 2
™, ethyl linoleate (64.14%), ethyl palmitate (16.50%),
neophytadiene (11.06%) ZL8]3L S ~citronellol (5.09%) *3
S SIS AT Table 1). A AlZe) AHE-H S5nH}
Ao A2 EAA ALt F4ER ethyl
linoleate} ethyl palmitate= X4} o ~E] s}3HEo|t},
2] a1, neophytadiene®} A -citronellol> Z+7Z} diterpene
2 monoterpene 3}31E0|T}. Ethyl linoleate= &<3[8]
2 wjugkgglo] 3k Ao w deEA AL, ethyl
palmitate ¥ neophytadiene= & H&4J[10]°] 3}
oA ¢ A AT} Ethyl palmitate % ethyl linolenate™
o7 AFEUE(Chinese mulberry) F-ol ZF 20.6%,
18.9%, A% Afroll 7+ 14.0%, 36.2%7F TH-fir=lol A
T B[] 0] vk =S FHEA[12]0] Hold
o2 d#™ B-citronellol”} SBEOO 5o} 92

UG 5 ATk

o M &

3.2. MIE7t 7HX| HS(SBEO)2| Nitric Oxide (NO) 1R &+
NO+= A ezl &4 2 4-F(reactive nitrogen
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Table 1. Chemical Composition (%) of ‘Setoka’ Branches Essential Oils (SBEO)

Retention time (min) Constituents Area identification (%)
1 219 B -citronellol 5.1
2 46.9 Ethyl palmitate 16.5
3 49.2 Neophytadiene 11.1
4 50.5 Ethyl oleate 22
5 514 Ethyl linoleate 64.1
Total 99.0
species, RNS)2] €% 2 NO synthase (NOS)oll 2|3 120
L-arginine®] citrulline .2 4+s}d wj] A== -84 0] w |
¢ =& Ao g A o) AR =g ZR)3) |
© NO&= HYAle] AG E4=2M AAdGELDS 21t S
AAL 2L AASE A48 5 A dFF s 17
MAE A deA Ao 2y HEs 2as S
NOE H4 Bt Agstel Aol e Fue o |
FE A SFRT oY 43 WL MIRT 3 :
4 Q3o Fa7 820 4§ 2O BT o] A
AH13] T e cncrsin i v
A E7} 74 AF(SBEO)S] NO Al Ao mX]&=
-0 5191517] 9|5k RAW 264.7 A2 o] &3hd] Figure 1. Effect of SBEO on LPS-induced NO production in

NO A4 A &35 SA 3 HFigure 1). AAE
NO2g| A AEE Aol E7RRIOIY WH4
wol Y= YHE NOE Alsol 23|
QA== AEE B3l €5 IA 8-S g1 < QT
2l /\}%% Z5HL Y-S NOE Adfsts o &
S 2| dgkom AEFL 71A ARE 0.25, 0.5,
0 pg/ml =2 247} A E|gt Ao A= v
|83t NO A S =743 A3} Figure 13
5 o]EH 0 & NO A o] A3 IRtk

o

3.3. MEZ} 7HX| HL(SBEO)2| MZE=A ™I}

WST-1 BAe HZ o] nERC oo} S5idi
ol 23l tetrazolium salt”} formazan .2 =™ A X
AEES Sk A1E Ho|th RAW 264.7 murine
macrophage$} A 2 A E Q] HaCaT Ao
St ME 54S A% A Figure 2, 33 2] 2.0
ug/mLe] FEAAMNE AZYEEC] 95% o FoE
Ebd 1o = &9l Q‘E’i H A% HH PEE AAEN
Ago] 7tee Ao R 7t

eksldEsta) x), Al 429 A 3 5, 2016

RAW 264.7 macrophage cells. The cells were treated with
various concentrations of samples (C: control, jojoba oil only).
The results were expressed as the average of triplicate samples.
p < 0.05, ™ p < 0.01 compared with control.
3.4. MEZt 7HX| FR(SBEQ)2| &&
Lakre SR PR S PG I ]’t‘ j4 Ago R
SERE RIS RS P PR ERE
FolAEA 2l A HA7h vEE A Eako) wet A
o] Z43e] Aol A7) Aolth A7) U)ol
H %] 7] A2 QEERAE 97| #H]E F31A7]4L
wale) B21ekE YosIm, ol <s) WAL vl
Fho} 3] Hzkele md-ml A HolA 97} A = o]
mdo] walo wel By WEIL P oacnesE BIESH &
7173 Aol & A& 4 = o] "HrH14,15]. 5A
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Table 2. Anti-microbial Activities of SBEO
Microorganisms Clear zone diameter (mm)
CCARM 0027 10.17 £ 0.24"
S. aureus CCARM 3707 9.27 + 0.21
CCARM 3708 9.23 + 0.21
CCARM 3709 N.D.”
S. epidermidis CCARM 3710 N.D.
CCARM 3711 N.D.
CCARM 0081 8.93 + 0.33
P. acnes CCARM 9009 9.83 + 0.24
CCARM 9010 9.17 + 0.24
1) Results indicate mean + S.D. of triplicate determinations.
2) not detected
3) disc size: 8 mm
12C 120
10c 100 : ‘ : :
= =
g S 80
% EC é 60
s £
> >
= % =
8 8
0 20
0
LPS - L L + T L T Sample - 0.25 0.5 1.0 2.0
Sample concentration unit : pg/mb
Sampl - - C 025 05 1.0 2.0
ampre Figure 3. Assessment of SBEO cytotoxicity in HaCaT

Sample concentration unit : pg/mL

Figure 2. Cell viability of SBEO on RAW 264.7 macrophage
cells by WST-1 assay. The cells were treated with various
concentrations of samples (C: control, jojoba oil only). The
results were expressed as the average of triplicate samples. p

< 0.05, “p < 0.01 compared with control.
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dermidis 53 22
SBEO<] fz} 44 SAHLS p

ap
393, S APodle A=EE FUshE S aw-
eus, S. epldermzdls 2 P. acness A& FA o
EE X B9l+= triclosan, azelaic acid, tetracyclin 52| &

AAZE AFEEAL oy, ARAzRFIY ARF
1:11— E%] 6]—/%121]01] 1:]]6]- q]kl Hl—/\g E_/] Hz}%o] oLg:]
A A &A1 Apgo] o & AA ol tﬂraw el
TolA FFEHTT ¢ Oﬂdi F2kgo] gla, Aol
717 e A AEE A BAE 79%3}3&

keratinocyte. WST-1 assay was performed after incubation of
HaCaT keratinocyte treated with various concentration of
SBEO for 24 h at 37 C in a 5% CO, atmosphere. Absorbance
was measured at 440 nm using with a spectrophotometer. The
results were expressed as the average of triplicate samples. p

< 0.05, “p < 0.01 compared with control.

g Folth HAE Fo oAE Y A EntE
Aret Aol 72 A4EQI geranol ol & I+t

gs Helta BaEo] QIo11].

SBEO®| &+&A A3 Ay F=d AHEHE 35
HEe Y-S & 9EFS u]i]x] ko ™ Table 291 e}
W ovle}l 2ol S aureus E P. acneso Al A5 A| 32
FAstAth ol MEFF 7HA B Aol oF 5% A

)

= aEoAQE B-citronellol®] FFY Ao = oAt
Hr}
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