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Abstract

This study was conducted to identify the chemical components and to
evaluate the bioactivities for the leaves extracts of two Citrus species such
as Citrus unshiu (CU) and Citrus limon (CL) cultivated in Jeju. While much
research has been done on the fruits of CU and CL, little has been focused
on the leaves which are actually treated as a waste.

The essential oils were obtained by hydrodistillation method. Three types of
CU and CL leaves extracts were prepared with cold water (room temperature,
2 h), hot water (100C, 2 h), and by using subcritical water extracter (15min,
100/ 145/ 190C and 70/ 90 bar).

Constituents of the essential oils were analyzed by gas
chromatography-mass spectrometry (GC-MS). The magor constituents of
CUL (Citrus unshiu leaves) EO were identified to be y-terpinene, p-cymene,
B-elemene. On the other hand, CLL (Citrus Ilimon leaves) EO showed
limonene, PB-pinene and a-citral as the major components. The subcritical
water extract (SWE) were analyzed by high performance liquid
chromatography (HPLC). SWE of CUL showed neohesperidin, naringin and
naringenin as the main components. And SWE of CLL indicated the presence
of neohesperidin and small amound of naringin.

For the anti-oxidative studies by DPPH and ABTS' radicals, potent radical
scavenging activities were observed in each EOs and extracts. It is
interesting to observe that the SWE of the CU and CL leaves were the much
higher antioxidant activity than those of the other extracts. Antimicrobial
activity of essential oils of CU and CL leaves were tested against
Cutibacterium acnes, which identified their activities by observing the the
clear zone in the paper disc method.

On the screening of skin-whitening activities, the EOs and SWEs inhibited

the cellular melanogenesis and tyrosinase activities dose-dependently in a

,Xi,



-MSH stimulated B16F10 cells.
For the anti-inflammatory activity in RAW 263.7 cell, SWEs of CU and CL
leaves as well as EOs inhibited NO production in a dose—-dependent manner.
Base on the results obtained in this study, it is suggested that SWEs and
EOs of CU and CL leaves has a potential for using as cosmetic materials
related to the skin-related activities such as antioxidant and

anti-imflammatory effects.
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Figure 1. Picture of Instruments (Subcritical water extractor, GC-MS, HPLC).
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adl

FE% 7 oAddede] A #A4e AAFHARTA AT dTa
of 9zl AHES FAAT. oiMEede] AL Gas chromatography
~Mass selective detector (GC-MS, Agilent 7890A)Z o] &3l 413
Table 2. ¢ 4 7oz 2Agsdrt. GC columna CP-Sil 8 CD (0.25 u, 30
m x 0.25 mm, Agilent technologies)E AF83}% 3l Carrier gast® Heg AF&3}
o] 4 ImL/min® & 3}tk Ay 28 2%+ 60 CTE 287 /A 5 9
3 C H&RE FSAA 300 T2 & F 81 FAsATh o235 o=
electron ionization mode& AF83}%3 2™ intel?} MS source, MS quadrupole <
T b7 250, 230, 150 C2 A A3k 72 AE2] mass spectrumS &213}H7]
93] scan mode® m/z 45-600 WHE H=E=3Ya, AHAEES TAL gnd
mass spectrum< #FolE 22 (WINOS.L, Wiley ver.9.0)¢} v sle] A 1) o}

gholB e gf ol frAFE7F 90% o]/l steERt AR L

o>
offt
o
i
o
%
i
L
ox

A= AR 3N A ZF 9 3r ZAA S v S
AFE7F 909% o] AFel 3FetEo] thEk Area(%)+ 3wkE BA Ayl HtS 7)) E}

Ak 2 AR A AR EAS Adf Aoz 206 4 F AT

ME
N

Table 2. GC/MS conditions

Instrument Agilent 7890A GC

Column CP-Sil 8 CD (0.25 g, 30 m x 0.25 mm)
Inject temperature 250, 230, 150 C

Injection volume 1ul

Oven temperature 60 C (2 min) — 3 C/min — 300 C (8 min)
Carrier gas flow 1.0 mL/min (He)

Spectrum library WONO8, Wiley
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FET ABY AFE AR e B4yl Y High performance liquid

chromatography (HPLC, Waters 2690/5)S AF&3te] EA30t. 4S8 935

7t FEE2 045 um filters o Hste] U2 oAAE ARG T 4 202
Table 3. ¢ Zot. A=A ZAAS Y& F+% (Sigma-Aldrich, >90%)S AF-&3}

AAstel £4s Adstdvh(22] 24 A3 vebd xEAFs HE9 peak?l
of AAdstdar, AeEdt U ofdAFe
H
=

3

>
o
off

2 Fo] A& standard substances®] peak
M2 2&) 243 standard curve®5-E 3F thH(Figure 3).

Table 3. HPLC chromatographic conditions of the control factors

Instrument Waters 2690/5
Detector PDA detector
Wavelength 280 & 330 nm
Column SunFire C18, 5 um, 4.6 x 250 mm (Waters Co.)
Flow rate 1 min/mL
Injection volume 10 uL
Mobile phase A) 0.1 Acetic acid in H-O, B) Acetonitrile
Time (min) %A %B
0 90 10
5 90 10
Gradient condition 10 75 25
30 50 50
35 90 10
40 90 10
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Neohesperidin,

Hesperidin on 280 nm with each of calibration curve
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Lo

satsl 84S EAstux F EZYdE % A]ld, DPPH radical
scavenging assay, ABTS' radical scavenging assay, —L8]3 Superoxide

dismutase assay = 2 A3

411. & EY9s FF 34

ZHHEF 3E9 dHEHS Folin-Denis 52 WS WIsIe] A%

th[23]A ZS 93 = AA A (standard calibration curve) ZFAlo+&= gallic

4

acid® ZFEA=Z A839Ath 1 mg/mL %9 AE9 Fedz 343 gallic
acid 3+ €945 100 LA A F F75 900 uLE 7Fste] total volumeo] 1
mL7} H =% g435A . o 7] Folin—ciocalteu’s phenol reagent 100 uLE 3
7hete] Aol A 3ERF WAIF ¥ 7% (w/v) NagCOs &< 200 uLE 7tste &

g3 & FHS 700 uLE o total volume©] 2 mL7} HEE 3 A to] Ab2o

ins
ol
o

&3te] 700 nmell A FREE FAsAeH, SARES 2T AF A o

I
[

of A8 1 g3 31 Y= gallic acide] ¥oz shislgicth 25 AA

o] RS 0.99 o]4Fo] Sl tH(Figure 4).
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Figure 4. Calibration curve of standard gallic acid for

determination of total phenol contents
41.2. DPPH radical ~7 &4 =4

DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical &4 4 232 Blois 52
WHS $83le] AAEATE[24] DPPH Al 9k MeOHE AF&3te] 0.3 mM &%=
2 34 3te] Ao AFEEITE 96 well plateo]l AEE ZHzZF 100 pL® ¥ i 0.3

mM DPPH &5 100 puL® 7hste] 2ol A 1587F whEAIZ T o %
3}

i
A\
2
ol
ol

microplate readerE AF-&3lo] 517 nmollA =
AL g3 22 S ol&sted %= AAstd e 7t A5 radical 2A &
A Mgl 50% AT wWe] Al % (SCx)E T3tk 7 Als& 33 i

B AFS AAste] Hirgks Fetgoen kA thETt (positive control)&

19

B AlE AAY %
B; : solvent A4 ¢ &H=

S : Al£¢} DPPH ¥FgoHe] &34 %
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4.1.3. ABTS' radical &7 &4 =4

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) cation radical
< Re 59 WHE &8&3to AAlstAth[25] ABTS™ radical 4~

s

juicid

i I o
A FAHE =A% g 74 mM ABTS €93 26 mM potassium persulfate
5 A& gxoA ¥EAA ABTS cations FAAZIth ABTS+ &2 732
nmol A &3 =7 0.706£0.0400. 2 3] 3to] Ao AR5l 96 well plateol
Aags sz 77 100 ulLA 7ksk & g4k ABTS' €< 100 uL& #H7Fsh
o] Ao A 1587F ¥ AIAATE ©]F microplate readerE AF&-3F4] 732 nmol A]
FHEE AR 7+ Al59 radical 2 A4 MEEo] 50%Y we] AR
TE (SC)E Tt ¥4 dlEw  (positive control)<  ascorbic  acid

(Vitamin C)& A}-&3}sit}.
(
Radical scavenging activity (%) = [1_ﬁ] %100

C : solvent9} ABTS &9 &34 =

By 1 A& AHA Y] 3=

!

B, : solvent A9 &34

S @ A&} ABTS' whgole] &3

[¢]

Eloll
b

4.1.4. SOD (Superoxide dismutase) A} &4 =4

SOD+= tiAQl atst gh=A Fakst 588 S ARE SHH
gkom, SOD (Superoxide dismutase)®] &4 zIyitslol2S Hitsleirz vl
e g42 FE&3e F4AAE flde 988 v AFo= Xanthine
oxidase’} THEOUE= BAFALTE gl F e FAst 247 Ity =X
Aote Ads dystAr[26]

EX-SOD Assay Kit (dogenbio

AN
ol

Co.
23 sampleg ZF sample well¥}

solutions 7 wellel 200 uL® 253¢tth. 1831 Enzyme working solutions
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wellell 747 20 pul? 9 & 2A=HA s F 37 Tol

>
DD
(]
Sh
)
rE
oo
>,
b

t}. o] % microplate readerE ©| &3t 450 nmolA FHEE AN oH, 7+
Azl A &4 WEgo] 50%Y We] AlE FE(ICxE Tt ¥4 dx

T (positive control)< ascorbic acid (Vitamin C)& A}-&3}%1

SOD activity (%) =

[(Abssam econtro 7AbsCO7L T0 an. )7(Abssam eiAbSS(lTTL eotan. )]
ple control trolblank ple pleblank /) 0

(Abssample control Abscontral blank)

4.2.1. RAW264.7 A3z w4

w92 YA ME AY (Murine macrophages cell line)l RAW264.7 cell2
ATCC (American Type Cell Culture) Z5F-E F ol A 3lo] ALg31% o™ 100
units/mL penicillin, 100 ug/mL streptomycin® 10% FBS (fetal bovine serum,

gibco Inc., USA)o] &% DMEM (Dulbecco’s modified Eagle’s medium, gibco
InC., USA) WA & A}&3lo] 37T, 5% CO, =7 sfoll A v gFstdar 2-39 7+H4

o A wre AR

422. AE =4 B7}

ME =4 H7Fe= WST-1 assays ©]&3t9th 24 well plated] RAW?264.7
cell& 2.0 x 10° cells/well® ®Fata 37T, 5% COy, ZAatoll A 18A17F 2 )
Attt A W UAI T cellS 1 ug/mLel LPS7} ¥3te wix 2 w3l & 74z}
samples #2]8to] 24A1%F Ftb i st ol % Fede AAstL A =E H

A& 7+ welloll 500 L &3} Ez-—cytox (Daeillab service co. Ltd., Korea) A
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ok ZF wellell 50 ul H7tske] 37C, 5% COy; 7oA 30-40% &<t WA F
) o] % 96 well platee] 200 ulL.® Z7}ste] o] & 450 nm FF=oA 731
AE BEE(%)S Artsdn.

4.2.3. Nitric oxide (NO) &4 oA &4 =54

LPSZ 9340l fEH RAW2647 celldt 950 Futd vho2 @4 U)o
A ds WA=Ed T stuel NO A HFS 5437l #18) Griess reagent
system (Intron, Korea)= ©]&3t93 I W2 o3 2t 24 well plateol
RAW264.7 cell& 2.0 x 10° cells/well& #5381 37T, 5% CO, Z73dto]A 18
AN A wpFst e A vl dAI T cellS 1 ug/mLe] LPS7F ¥38te x| 2 sk
S Z}7} samples Aglste]l 24A13F EoF wjgetadth o] AAE  nitric

oxide® ¥& =43l7] 98] 96 well plated] AE A5 100 uLe N1 buffer

(o

50 uLE 7k welloll A& ste] 103F A2 A ¥Eg-A1Z1 & N2 buffer 50 ul.&
7y wellell A& sta 107 ¥H& £ 540 nmollA FH =5 SAHSAh

AAE NOS F2 Ax g Tol EAsk= NOy ol dHiz Ao

Ll
i
N
o
1S
>
>
o
_O|L
4
X
o,
ol
|
N
Y,
2,
1
2,
o
of
<)

sodium nitrite (NaNOy) X
AFgatd i TE AA FAY e 099 olAolddrt. U HEToerE

2-amino—4-picoline (2 uM)S AF-&3}A T}
4.3. 7
4.3.1. B16F10 melanoma A3 uj]<f

Murine B16F10 melanoma cell & ATCC (American Type Cell Culture,
USA)ZFE FEYutol 10% FBS (fetal bovine serum, gibco Inc., USA), 100
units/mL penicillin % 100 upg/mL streptomycin®] &% DMEM (Dulbecco’s

modified Eagle medium, gibco, USA) A S A}-&3}o] 37T, 5% CO, Z710A
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wlofsll o, 3-4d tAo 2 Ad wdS Al@sATh

24 well plateel 3.0 x 10* cell/well 2 MEE EFst1 37C, 5% CO, =718}
o A 24 7F vl & Aol AFEEAT A wlEAZ cell?] WA E 100 nM a

“MSH7F 2318 WA % w3 F, ARE SEUR 247 Askske] 1247 vl

on

Attt o]F wixlE A A3 PBS (phosphate buffer saline)® A& 3 3
tyrosin-EDTAE A3t Ax2E 3lgadt. 3143 Ax= 1 N NaOH 300
S Al A AE WY melaning 9] 405 nmoll
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E

ME 54 H7teE WST-1 assay S ©]

o%o

39t WST-1 assay += BI6F10 cell
S well plateo]] A& zge)] wA EFsta 37T, 5% CO, Z7stol A A wjek
% a-MSH (100 nM)¢} AN 8E sz Agste] wjdsgdet. o F 4
AASL Y2 viAE 7 wellol 200 yul. EF3taL Ez-cytox (Daeillab service
co. Ltd, Korea) Al%FS 7} wellel 20 uL #H7Fske] 37T, 5% CO, Z=71oA
30-40% FF HHSAIHTE o] 96 well platedl 200 puLA H7Fste] ol & 450
nm FFEANA FAGA AEZ AEES S A o) ALtE AT

r4

o{ﬂ
_I%
mlo

Ssample

X
Abs 100

Cell viability (%) =

control



3709, 3710, 3711)¢} A=FE QA Cutibacterium acnes (CCARM 0081, 90009,
9010)S A WATFL3 (Culture Collection of Antimicrobial Resistant
Microbes) . 258 ol AL &31AT.  Sepidermidiss Bl YH¥I A& TSB
(tryptic soy broth)® 3&}o] 37TCol A vjksld o, 24x 7kult} Ath v &3
C.acnes= ¥4 #A S GAM (Gibu anaerobic medium) broth® 3&}e] 37C & 7]
FE = 48A1tmket Al Bl kST

4.4.2. Paper disc diffusion method

S.epidermidis(CCARM 3709, 3710, 3711)= 0.5 McFarland standard® %%
ZzH3te] 1.5 x 10" CFU/mL® 2 F $, 08 % agars X338t TSB #iA ¢l
Hol FHlSE =X (1.5% agar) 1o Fol& & Z3th wjA7F oW AR

S X33E 274 8 mm paper discE &2 37TColA 24A13F F2F

.
T g4d 99 08 Ax5e 278 g

o

F=2 %4 (50 x 10" CFU/mL)3}e] 0.8% agarE ¥3tsls= A
E iAo Y3 15% agarg EFst= A HiA 94

3
mm paper discE =23 37ClA 4841t 3 7]
o
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sH X

5.

Fgiom, p gkol 0.05 olstelW frolde] itk

5|

o g-5to] 4]

=
=

t-test

Atk #p<0.05; *xp<0.01
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Sl 9480%°] HE T 44.03%°] Hl&E=

]

T= /v AR F OwMAER =2 13.06% TFEFSE dEd

p-Cymene, B-Elemene©| 7.67%= HE ot} ols A2 g s 7Hxva
ok A 2l th.[28]

=9l Al Aol A FAME 90% oo ® glEl 7943%°] i FolAlE

Limonene©] 47.93%% 7} W& vl &5 AAstdow, =/ Al 71 @ol

Stdl Ao A4zl HAREow F2 A ¥y o] £438F= monoterpene 3}
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Table 50 WE AT
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Table 4. Chemical composition (%) of Citrus unshiu leaves essential oil

Similarity” RT™ Area™
Peak Compound
(%) (min) (%)
1 alpha—-Tujene 91 7.182 0.93+£0.15
2 alpha-Pinene 97 7.485 2.28+0.31
3 Camphene 96 8.036 0.03+£0.00
4 Sabinene 96 8.866 0.47+0.07
5 beta-Pinene 96 9.144 4.75%0.15
6 beta-Myrcene 93 9.432 0.56+0.07
7 I-Phellandrene 96 10.139  0.08+0.01
8 alpha—Terpinene 97 10595  0.65%0.08
9 p-Cymene 97 11.087  13.06+0.29
10 Limonene 97 11.224  2.97£0.28
11 beta-trans—Ocimene 97 11.682 1.55+1.27
12 gamma-Terpinene 95 12.700  44.03+1.79
13 1-Octanol 91 12.864  0.06+0.00
14 p—Cresol 96 13.108  0.03+0.01
15 a-Terpinolene 97 13.627 2.38+0.20
Benzene,
16 98 13.812  1.24+0.12
1-methyl-4-(1-methylethenyl)
17 3,7-Dimethyl-1,6-octadien-3-ol 96 14.323  5.49+0.28
18 Fenchyl alcohol 93 15.026 0.02+0.00
19 4-Terpineol 97 17812  0.59+0.04
20 3-Methylacetophenone 93 18.01 0.04+0.00
21 Terpineol 91 18478  0.77+0.05
22 Decanal 91 18874  0.11£0.01
23 Bornylene 93 20.455  0.04+0.01
24 Thymol 91 22697  0.06+£0.00
25 Carvacrol 91 23.071 0.04+0.00
26 4-Vinylguaiacol 95 23593  0.07x0.00
27 alpha-Terpinene 96 24.621 0.06+0.00
28 beta—Elemene 96 27189  7.67x0.27
29 trans—Caryophyllene 98 28.381 2.10+0.12
30 alpha-Caryophyllene 98 29.813  0.99+0.06
31 Germacrene D 97 30.822  0.08+0.01
32 beta-Selinene 98 31.142  0.15%0.06
33 Germacrene B 98 31.456  0.44%0.02
34 delta-Cadinene 99 32.341  0.12%0.01
35 Elemol 92 33508  0.31£0.03
36 gamma-Eudesmol 99 36.748 0.08+0.00
37 Phytol 92 52.667  0.44%0.00
38 Linolenic acid 95 53.54 0.05+0.01
39 Ethyl linoleate 95 54312  0.03£0.00
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“Similarity below 90% means low consistency

“Retention time

“*Each value is the mean of three replications + standard deviation

Table 5. Chemical composition (%) of Citrus limon leaves essential oil

Similarity” RT™ Area™
Peak Compound
(%) (min) (%)
1 alpha-Thujene 91 7.163 0.05+0.01
2 alpha—Pinene 97 7.453 0.81+£0.05
3 Camphene 97 8.038 0.06+0.01
4 Sabinene 96 8.862 0.70+0.04
5 beta-Pinene 95 9.152 10.67+0.03
6 6-Methyl-5-hepten-2-one 98 9.255 0.62+0.01
7 beta-Myrcene 95 9.423 0.55+0.03
8 delta-3-Carene 97 10.273 1.29+0.03
9 p-Cymene 96 10.971 0.36+0.04
10 Limonene 95 11.348  47.21+£2.90
11 beta-Ocimene 98 11.783 0.67+0.00
12 gamma—"Terpinene 97 12.309 0.16+£0.00
13 3,7-Dimethyl-1,6-octadien—-3-0l 96 14.166 3.11+0.21
14 4-Terpineol 96 17.808 1.47+0.05
15 cis—Carveol 95 20.256 0.12+0.01
16 beta—Citral 95 20.508 2.70+0.22
17 Carvone 95 20.743 0.37+0.02
18 Geraniol 95 21.113 1.52+1.35
19 alpha-Citral 95 21.868 4.06+0.35
20 Geranyl acetate 90 26.495 0.76x0.05
21 trans—Caryophyllene 99 28.31 0.83+0.09
22 alpha-Farnesene 93 28.804 0.13+£0.01
23 alpha—-Caryophyllene 98 29.765 0.09+0.01
24 beta-Bisabolene 96 31.853 0.26+0.03

“Similarity below 90% means low consistency

“Retention time

ksfeok

,25,

Each value is the mean of three replications * standard deviation



12. g 2 d&d F559 HPLC AE &% 24 2 A% v
AEFAAN F2 FEHe ZTPHE=olE ¥TF 4% (Naringin, Naringenin,
Hesperidin, Neohesperidin)ell t3ll #=< ofd AT} d& ofdAsF 2 F=

o Ay, #AEY oldAT FEEAAA A xRl naringin (379 mg/g),
naringenin (6.7 mg/g), neohesperidin (8.2 mg/g)S &3}, P& ofd A

ZE oA &= neohesperidin (2.9 mg/g), naringin (0.7 mg./g)< <l 7

1 -

Figure 69 Y&t} o5 FEE3 I F5& % A2 F=&

5)
she] W3 4 A9 Table 6o 4l akel)
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Figure 5. HPLC chromatogram of Citrus unshiu leaves SWE (Subextract

water extract).
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Figure 6. HPLC chromatogram of Citrus limon leaves SWE (Subextract

water extract).

Table 6. Contents of Standards from Citrus unshiu and Citrus limon Leaves
Extract by Various Extraction Methods (CUL: Citrus unshiu leaves, CLL:
Citrus limon leaves, SW: Subcritical Water, HW: Hot water, W: Water)
*N.D @ Not detected.

Contents (mg/L)
No. Extraction method
Naringin | Naringenin | Neohesperidin
1 CUL SW 70 bar, 190 C 32.9 6.7 8.2
2 CUL HW 100 C, 2 h N.D N.D N.D
room
3 CUL W N.D N.D N.D
temperature, 2 h
4 CLL SW 70 bar, 190 C 0.7 N.D 29
5 CLL HW 100 C, 2 h N.D N.D N.D
room
6 CUL W N.D N.D N.D
temperature, 2 h
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Figrue 8 DPPH radical scavenging activities of Citrus unshiu leaves(CUL)
and Citrus limon leaves(CLL) Subcritical Water Extract by various extraction
methods (temperatures and pressures). The data are represent the mean = SD

of triplicate experiments. *p<0.05; **p<0.01
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Figure 10. DPPH radical scavenging activities of various concentration of
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Figure 11. DPPH radical scavenging activities of various concentration of EOs
(Essential oil) from Citrus unshiu leaves(CUL) and Citrus Ilimon
leaves(CLL). The data are represent the mean + SD of triplicate experiments.

*p<0.05; **p<0.01

Table 7. SCs values of DPPH radical scavenging activities of
Subcritical water extracts and Essential oils from Cifrus unshiu leaves

and Citrus limon leaves

Citrus unshiu Citrus limon Citrus unshiu Citrus Ilimon
leaves SWE leave SWE leaves E.O leaves E.O
SCso (%) 4.45 4.87 1.16 452

ey e dddedst oAl FE=ol theke] ABTS' radical 27
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Table 8. SCs values of ABTS' radical scavenging activities of
Subcritical water extracts and Essential oils from Citrus unshiu leaves

and Citrus limon leaves

Citrus unshiu Citrus limon Citrus unshiu Citrus limon
leaves SWE leave SWE leaves E.O leaves E.O
SCso (%) 1.14 1.09 0.23 0.20

Ay g2 gqadedy ofdAF FEE Ugk Superoxide anion

radical (O¥) 24 S8< #olag
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Figure 15. Effects of wvarious process method SWEs from Citrus unshiu,
Citrus Ilimon leaves on NO production and cell viability in LPS-induced
RAW?264.7 cells with various extract method process. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus extracts from Citrus
unshiu, Citurs limon leaves for 24 hours. The dada are represent the mean *

SD of triplicate experiments. *p<0.05; **p<0.01
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Figure 16. Effects of SWE (Subcritical water extract) from Citrus unshiu and
Citrus Ilimon leaves on NO production and cell viability in LPS-induced
RAW?264.7 cells with various concentration. The cells were stimulated with 1
ug/mL of LPS only, or with LPS plus extracts from Citrus unshiu, Citurs
Iimon leaves for 24 hours. The dada are represent the mean £ SD of

triplicate experiments. *p<0.05; **p<0.01
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Figure 17. Effects of various method extracts(SW: Subcritical Water, HW:
Hot water, W: Water) from Citrus unshiu and Citrus Ilimon leaves on NO
production and cell viability in LPS-induced RAW264.7 cells with various
extract method process. The cells were stimulated with 1 ug/mL of LPS only,
or with LPS plus extracts from Citrus unshiu, Citurs Ilimon leaves for 24
hours. The dada are represent the mean * SD of triplicate experiments.
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Figure 18. Effects of E.Os (Essential oils) from Cifrus unshiu and Citrus
Ilimon leaves on NO production and cell viability in LPS-induced RAW?264.7
cells. The cells were stimulated with 1 ug/mL of LPS only, or with LPS plus
extracts from Citrus unshiu, Citurs limon leaves and 2-amino—4-picoline
(positive control, 2 uM) for 24 hours. The dada are represent the mean = SD

of triplicate experiments. *p<0.05; **p<0.01
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Figure 19. Melanin contents and cell viability of various extracts method from
Citrus unshiu and Citrus limon leaves in a-MSH induced B16F10 melanoma
cells. (SWE: Subcritical water extract, HW: Hot water extract, W: Water
extract) The data represent the mean * SD of triplicate experiments.*p<0.05;
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Figure 20. Melanin contents and cell viability of Subcritical water extracts
from Citrus unshiu and Citrus Ilimon leaves in a-MSH induced B16F10

melanoma cells. The data represent the mean £ SD of triplicate

experiments.
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Table 9. Anti-bacterial activities of Extracts and Essential oils from Citrus

unshiu and Citrus limon leaves

Clear zone (mm)

S.epidermidis

C. acnes

CCARM CCARM CCARM

CCARM CCARM CCARM

3709 3710 3711 0081 9009 9010
Citrus unshiu
85 N.D N.D 95 85 9.0
leaves E.O
Citrus limon
9 N.D N.D 9.0 85 95
leaves E.O
Erythromycin 29 N.D 28 44 N.D N.D

*

Sample : 10%, 100 uL.

*

* Disc size : 8 mm

*

N.D : Not Detected

,44,

Positive control : Erythromycin (Img/mL, 100 uL)
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