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nE WRFA FASG AT o, F7L, Foheol = QR BA
sha, oAl o) st R I B FAL Fo 7154 24 4L 1

st FAsket AE7E B5e fEld gEe AT A, 44 11.8%,

11.5%%2 A= v=d 5 Yepida, §714F 32 247 1.31%, 1.68% =
AEZZF B 52 5 JERT T8 3 olF V2= ke dAkHlE A
7 8.7, MEFE 7.02.2 FAIF ¥ % FEE e 353 79
o] EgtR ol g WA A7, FEHREO|EE 7 FF BT ASAY

Haoq ¥ =3, FASIHTE= A ETINA 1g & 54.28 mg Naringin® =

H =& 2SS e, Fo ZgtRxol= AELS narirutin® hesperidin

ojom, tAH R F gL ol FEE™OI=S} AR gt UERS
.
A Bk} AETE Ao visa gl esat g FE3 oAl ed F

2
Q2 A2 di-limonene, sabinene, linalool, 4—terpineol &%= A% L,
o] % limonene®| o] 75% o] oz 7HF =gkt oAlAd e del kst
s= A% Ay, FA AEFe] SCs #h 55l 65.5 pL/mL, w52
oA 36.1 pL/mLolar, AETY SCs w2 &3 40.3 pL/mL, "3
35.3 pL/mLE F FF& EF d5HEive vy A4 o] ¢ 5 A
ox ZAMESIY. EF Al edl FadEe AR & A AAF R
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2de Bela 53] WAddTol st dEo] & Ao FlHth
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AFEAA AEE grERs A4 G5 ARl 30%% AAsa glow
O] = 80-85%= AALOT 20-25%7F tEEoT Au|yH T JutH A

Fb R4 GRO BEW $ole TR AF, B we CE FHdha
olo Astsl AR AnEA 9Y ol g8 I Ak oldW AF FEL o
By eFuUg A5 AuEel geh Ty Aol SRR doke 9
AEste] Aol AAsA AAFHA FA e AU HEE/ wa, 27

oy
)
o
HU

Aol ool gloj nEA FEA WaR AWM $EI F7he
v, 53 AT wER FAAE AEsHSctoka, WA A
(Shiranuhi, $2+2)7} 7V ol AWM= QolA ol Fe) FFY} S B
A7) 9% vher

AZAY BE HsHE Bshe 2 oA Faw

el Ha= A ALY oF 20~50%F AA st lew, 53] fEdl=

o
i
~
>
oot
o
o

hesperidin, rutin, narirutin, naringin, neohesperidin %3 %< flavonoid”7}
o o]l vk (Figure 1). I8]3 @A EC 2 d-limonene 59 ¢
limonoid+& W& &3kl Aal, MRS 2 carotenoidd] B4 S SHf-3haL
ATt HZol= oled 2= AegdAel g A7 Eds] o] Foj A HA
oA AEFeEMY ZHA7F Az Ha okt

Flavonoid# &4 T/ ¢F 4,000F oo &#A Qla, fHEAA%E 60
ofFo] giHa Qe Aoe®E ¢HA Qo flavonoidfe @3 olvt A&

e AssatEes A% Fdit 9u AgE vgA dhw g 9

om AH A EoE Bz go] e Aow d#A vk ZEFF flavonoid )
AAE-2 F= hesperidin, neohesperidin, naringin S°l™ 7]£2 ATFAME

FE ol5S FHow BA W Ayt o]Folx grp M a2 R flavonoid
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Figure. 1. Chemical structures of Citrus flavonoids
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|52 FZol AHg¥ §vli= Merckd AFS At Az 29
714F sk B Ao A}2®E IC(Ion Chromatography)® ICS—3000 (Dionex,
USA)= ARgstalom olg/idst ool Ahgd §wl= Merck, Fluka 9
Pierce?] #l&S AMg&tAdth ZetRwol= &5 Ao AMg-¥ HPLC (High

~

performance liquid chromatography) & 2695 Separations module (Waters,
USA)& AREstalom, o]Fitel AFE® &= Mercke Al&F= ARESEAATH
223 ZHAAE Eel= 29 7890A GC system (Agilent, USA) GC—MSD
= AREeslith ® & W kst &4 AMel=  Thermo Electron
labsystemsAFe] ®@ Multiskan EX UV-—visible spectrophotometer (ELISA
reader) & AHE-3F3ATH

po

A5

Ao AFEH HX3} (Shiranuhi, [Citrus unshiu x Citrus sinensis] x

Citrus reticulata) &% AE7} (Setoka, [[Citrus unshiu x Citrus sinensis] x

ﬂ

Citrus reticulata] x [Citrus reticulate x Citurs sinensis])+ F&233d =
Hd A 527k daAdgolx 2011d 29 st AFEsR o, w5
2o 3 99 MAFTA ErtlA AHs] A5 Flavonoid 88 2

=3
He 9ue 747 sl How Yol A% A7 F Raste] AHgatgT



FABHE 19739 A& AFAFEYL TRk AGelA FAXEIH(FRE) E
wrjste] §4% wFOoEA wttdAE e dFolth dENME HFe] A
7ol Hoju HAmeks velo] ‘"EZE olgta B o, 1990dd #F
olFE ‘FAF(IAHIK ¢ shiranuhi) 2t HHskA T 2EAIN FESES W
A k7] wWEel AQARA AFEHE FERD
T 1991del A& A AdrEESAAEE Fote] 344
2ske 1997 o= 80 haollA 5008 H&= AatgozA EAZQ E317F o] F
ojfedl ol FAgh #A meFol shebak HAe] w9k wlsttia o
Fehebg) olehs ARWS 2ol dwjEr] Al&ete] 19984 109l ¥+ 7

FAEEH APl R w Aol AYHYL, ARAA 2

o,

T FA A A G| A Tk T (A E) gt A Aoz Aulrt &
A fEstata stoh, 18y AT R = MEJNE WS, v
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3—1. F2lF #7]

elda f71ake] gbe ojeamntRIu o R S st Y AR
FAget AETF A Aads SRR 10008 A4Sk 0.45 pm
oA

PVDF filter (millipore) = ©{3}3% % Jon Chromatograph(Dionex,

ICS—3000, USA)E o] &3}

Hm
gd
32
5

VS|
~

R

&

s

3-1-1. 99

T8 g2 CarboPac™ PA1 4x250 mm Analyitical #23%, 1000 mM

NaOH¢} S &8, amperometry (A7) 2 HE71E o83t 433
tH(Table 1 #x). Fad A el @o] x4 o7 glucosest
fructose, ©]3F<Q sucrosed WO Z A5, 4
€4 RFENE vT Sigmarlte]l SFAFE AFESEY] glucose$}t fructosew

12.5, 25, 50, 100 ppm, sucrosex 25, 50, 100, 200 ppm &EZ ZA A
o 18l g AlRY sEWE AR BEfd9 wRHe dAEES

o\
3

TE Ad3] st} ARGkl 74 AnEE 33 eSS § Fddt ¥

Foiet.

ol
3%

=

i
mlm



Table 1. Ion Chromatography conditions for free sugars analysis

Model ICS—3000 (Dionex)
Cloumn CarboPac™ PA1 4x250mm, Analyitical
Detector INT Amperometry
Flow rate 1 mL/min
Injection volume 10 ¢L
Mobile phase 100 mM NaOH/ D.W
150 7 Linear (Glucose)
.
Linear (Fructose)
Linear (Sucrose)
100 A
© A
g
<
<
©
o}
[~ 50
. u
- A
O T T T T 1
0 125 25 50 100 200

Concentration of standard solution(ppm)

Figure 3. Standard calibration curves for the analysis
of free sugars.
3-1-2. 714§ 24

712 AE2 TonPac® ICE—AS6 9x250 mm Ion Exclusion &3]3, 0.4

mM Heptafluofobutric acid €219, conductivity (AEEH) HE7]15 o] &3}



AR AL, AREAS AT A=A A8 REEAES Sigma

PN
Aol EFASkoR 217 2.5, 5, 10, 20 ppm FEZ A ALgSHATE o))

Table 2. Ion—Chromatography conditions for organic acids analysis

Model ICS-3000 (Dionex)

Cloumn [onPac® ICE—AS6 9x250mm, Ion Exclusion
Detector conductivity

Flow rate 1 mL/min

Injection volumn 10 «L

Mobile phase 0.4 mM, Heptafluofobutric acid




Oxalic acid (r=0.9999) L]

—— Citric acid (r=0.9994)

____ Malicacid (r=0.9999)

Peak Height
o o
[e))] O

o
w

0,0 T T T T 1
0 2.5 5 10 20 25

Concentration (ppm)

Figure 4. Standard calibration curves for the analysis of

organic acids.

3-2. F Tt o= B4
% flavonoid =< diethylene glycol H|MH S o] g3lo] Ak A6 th0,

[e)

BAE Ani PAR AR 28 Bg Bge Festel 472 AxA

A

A& afste] Enjstadtt. ofgAl S 2EAEE 70% MeOHE 1A% &
oF 253t F&E3F9] 0.22 gm PVDF filter (millipore) 2 o33t & 735538}

AUtk F%F AlEE MeOH : DMSO = 1 : 1 Q1 &wlE AHE-3te] 1 mg/mL7}
55 At 3 olF FA4E AEE ARESEITH AR 10 pLell diethylene

glycol 1 mL, IN NaOH 10 pLE H7lste] & &3 F A2oA 143 5

QF HE-§-Al7]31, UV—Visible spectrophotometers AF&3}o] 420 nmellA &3

£ St A%E8 254 Y A4S naringin 258905 AFE-sto] A4

_10_
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ghiol s

A gkel MEFLS] Flavonoid At AAA=etE I (HPLC) o2 4]
skt HPLC #41& 13 #4138 AEJ Ase Z47s s 5oz &
gstar, o] HxAA EHF F o] &8tk &4 A5 1 g& 70% MeOH 10
mLel ¥a, 127 F
o] gste] oAHgt F o] ARS EAEItE. Flavonoid 2t A& A=

HPLC (Waters, X4 e2695 Separations module, USA)ZS o]&£33 7,
3

YMC—-Pack Pro Cl18 RS ###(250%X4.6 mm, S—-5 pum, nm),
UV-—Visible Detector(Waters 2489)& AF&3tth. HPLC w2 Al &2 1
mL/min, A%7] 34& 280 nmo|™, acetonitrile® 0.1% acetic acid &N

ARE-SEe] 7127 YAIH L, HolH 4 S/W+ Waters® Empower System
< ol &3ttt oleld HPLC 717134 W &2 712 Table 3 9 Table 49}

Ao SR olE AR AFEAS AEwel ol daEe] e dem o

1

A7 ZeRnolE e RS gaFe Wol FeHe) 9t Ao o
=R rutin, naringin, hesperidin, neohesperidin, neohesperidin

dihydrochalcone (NHDC), quercetin, apigenin, naringenin, hesperetin,
nobiletin, tangeretin, auraptene % 12%< o2 +Astt. A4 &
Hg BFEENE 90 12% Tehuwol= ARSel ths) Sigmadle SFA
MeOH¥} DMSO &ufje]l =0 77} 25, 50, 100, 200 ppm %7} 5 =5 314
shof A sk,

12

S
=

of

_11_



Table 3. HPLC conditions for the flavonoid analysis

Instrumental

Conditions

Injection volume

10 L

Column

YMC—Pack Pro C18 RS
250X4.6 mm, S—5 gm, 8 nm

Mobile phase

Solvent A : acetonitrile
Solvent B @ 0.1% acetic acid

Flow rate 1.00 mL/min

Column Temperature 40C

Wavelength 280 nm

Detector Waters 2489 UV—Visible (Waters, USA)

Separations Module

Waters e2695 (Waters, USA)

Table 4. Gradient elution conditions for the separation of
flavonoids.
Time (min) FIOW_ 0.1% Acetic acid (%)  Acetonitrile (%)
(mL/min)

0 1.0 90 10

5 1.0 75 25

30 1.0 60 40

35 1.0 0 100

43 1.0 90 10

_12_
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40

20
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Figure 3. Curve for gradient elution using 0.1% acetic

acid (dotted line) and acetonitrile (silid line) solvents.
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A1
~

A
M

[e)
79

AFAEREA L gas chromatography spectrometric detector (GC—MSD) ©f]

i

oste] +A43kith. Agilent Technologies 7890A GC System/5975C inert
XL MSD with Triple—Axid Detectorel] 2J&] #2433t} Columne A|E 7L
b9l wj% 7t 29 e HP-5MS(0.25#m x 30m x 0.25mm(D)), %] 3}2|
Fs kel vy edE& DB-17(0.25¢m x 30m x 0.25mm(ID)), carrier
gast= He& AMEste]l #% 1.5 mL/mino2 3kqlth. #E7] &5+ 270C,
temperature program<- 40Co|A 5% FXA3%3, 100C7H4 5C/min %
2 S2AIZT 100TelA 57t A8kl 230T7H4] 5C/mine =2 &2 Al
71 2 230TCelA 5&3F FA kit

Table 5. GC—MSD conditions for the analysis of major essential oil

compinents.
Instrumental Conditions
_ 7890A GC System/5975C inert XL MSD
GC-MSD with Triple—Axid (Agilent)
setoka:HP—5MS (0.25 £t m X 30m *X0.25mm ID)
Column shiranuhi:DB—=17(0.25£mX30m xX0.25mm

ID)

Injection temperature 230T

Injection volume 1 ¢«L
40T (5min) —5TC/min—100TC (5min) —5 C/min
Oven temperature —
230C (bmin)
Carrier gas flow 1.5mL/min (He)
Ionization voltage 70 eV
Spectrum library Wiley
Monitoring mode SIM mode

_14_



3-5. DPPH &4 74
= AEY kst 842 DPPH(1,1-diphenyl—2—picrylhydrazyl)
radical scavenging®el 98 FE&°] ZtHZd 27sS S48k el
sl 7HE A 918kl o] &5
1l 9low, E3] phenol¥} aromatic amine® &AFst &4 7 Aof o] o] &5
I v DPPHE AHAl E5dake] g&f 515 nmelA 4%t 5 AAEHS
vebdith, 28y phenoldd 22 FaU AAE AT dAAEolA g v
SHAl Hl Fod A2 5E AR hydrogen radicals Yol Fy st #AF= nby

AEET. =3 Foj® AAe vrpgAer Agtetd, 1

M

p

0
rlo
o
[
oty
e
oX,
N
o
o

DPPH radical scavengin

A3 QoA L, W e Ho] mg
Mo Wil AL fUor FAT £ vk ol Tast FIE @ 3

5 sl
DPPH &tz 27 &84 A3 Blois WS o]439t).” DPPHE <&
Lo 0.2 mM 5% =

v}, ZHl¥ 0.2 mM DPPHS} AEE A1 ALex 10837 #xs =

_

(e}

uoﬁf
o
i
)
=
a
2
(@)
=R
O
B
)
ek
o,
o
(2
4

UV —Visible spectrophotometer& AF£3}o] 515 nm oA SHEE SHSHA
th. DPPHY &3%7) 50% #4 & ) Yeluys 89 5% (SCx)E &
gon 7+ Agt 33 RS AAse] HFES Tkt o] w Alg®
Y202 vitamin CE AFE-3FI U]

ScaVengil’lg effect(%) = {1_(Asample_Ablank/Acontrol)} X 100
Acontrol : DPPH %QH_O/] %%E

Asample . DPPH 48——‘,1"’ /\]JEJ‘ Iﬂ—%gqvq]

Apiank - A EAA Sl FF -

a}

L
o -

]

_15_



oAl U9 &+&A 2 Paper disc diffusion methodE ©]&3to] =43}
pia= SRS f-ktl Propionibacterium acnes, Staphylococcus
epidermidis®] ™3] Piddock® # Kudo® %59 w4 el uwte} paper discH] o=
AL AAES =Pt BE 7 0.8% 33 (agar) ¥IA o] 0.5 McFarland
2 9ol 1.5% S EFsh= 22k wiA flell Fan, wiAZE 2o AR &
8 Wt ¥ paper discE =9 37TCo|A 24~48 A|ZF wj

ettt ga vAaa FHel FAE Ay S AA $e] A7|E Blsto]
o P. acnes + GAM w|A|o|Al @7] vjeFsislal, S.

epidermidis + TSA wWjA] oA 7] wjoks}Sitt.

Table 6. List of microorganisms used for antimicrobial activity.

Drug-—resistant patterns of skin

Strains pathogens (MIC; Og/mL)
P. acnes CCARM 0081 Susceptible

P. acnes CCARM 9009 Clindamycin (64)

P. acnes CCARM 9010 Clindamycin (64)

S. epidermidis CCARM 3709 Susceptible

S. epidermidis CCARM 3710 Erythromycin (>32)
Clindamycin (>16)
Chloramphenicol (64)

S. epidermisis CCARM 3711 Tetracycline (>32)

_16_



Antibiotic susceptibllity tests

Minimum inhibitery concentration lest Disk ditfusion test

@

Susceplible [F7=;
organigm  Leee

®)

Resistant
arganism

jugfmi antiblstic 10 pg antibiolic in discs

Figure 4. Paper disc diffusion and minimum inhibitory

concentration tests.

3—-7. Ao AFE

|\

g

FH A9 A5 % (Minimum Inhibitory Concentration; MIC) 742 A uj <] 3]
A1 (broth  dilution method)= W3t AREstlth. P acnes$t S
epidermidiss 7t7re] wloFulx o} Aol Wi F o NS oF 10°~10°
CFU/mL #E& 3AX3te], AFE=7 10° CFU/mLe] HES *
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Table 7. Contents of major free sugar species in shiranuhi and
setoka citrus fruits.

(Unit : %)
Citrus Fruits Glucose Fructose Sucrose Total
Shiranuhi 2.46%x0.10 2.60x0.04 6.42£1.35 11.47%*1.41
Setoka 2.34%£0.16 2.40%£0.21 7.02£0.54 11.76%*0.91

(3 times injection per each sample)

Table 8. Contents of major organic acid species in shiranuhi and
setoka citrus fruits.

(Unit : %)
Citrus Fruits Oxalic acid Citric acid Malic acid Total
Shiranuhi 0.07£0.001 1.06£0.17 0.18£0.03 1.31%£0.06
Setoka 0.08+0.08 1.45*1.45 0.16%x0.16 1.68*0.14

(3 times injection per each sample)
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Table 9. Flavonoid contents in shiranuhi and setoka citrus fruits.

(Unit : ¢ g/mL)

Flavonoids Shiranuhi Setoka

peel flesh peel flesh
Rutin 36.88 27.90 43.07 Nd
Narirutin 88.40 81.95 525.39 152.77
Naringin 23.90 Nd 12.07 Nd
Hesperidin 209.55 55.63 52.59 22.30
Neohesperidin Nd Nd 15.50 Nd
Neohesperidin
dihydrochalcone 1156 Nd Nd Nd
Quercetin Nd Nd Nd Nd
Apigenin Nd Nd Nd Nd
Naringenin Nd Nd Nd Nd
Hesperetin Nd Nd Nd Nd
Nobiletin 42.22 Nd 41.78 Nd
Tangeretin 7.96 5.17 8.09 Nd
Auraptene 13.27 Nd Nd Nd

1) Each mean was calculated from values of three experiments.

2) Nd ; Not detected.
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Figure 8. HPLC chromatograms of flavonoids.

(A) Standard flavonoids (1: rutin, 2: narirutin, 3: naringin, 4:
hesperidin, 5: neohesperidin, 6: neohesperidin digydrochalcone, 7:
quercetin, 8: apigenin, 9: naringenin, 10: hesperetin, 11: nobiletin, 12:
tangeretin, 13: auraptene); (B) Shiranuhi peel sample; (C) Setoka

peel sample
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Figure 9. HPLC chromatograms of flavonoids.

(A) Standard flavonoids (1: rutin, 2: narirutin, 3: naringin, 4:
hesperidin, 5: neohesperidin, 6: neohesperidin digydrochalcone, 7:
quercetin, 8: apigenin, 9: naringenin, 10: hesperetin, 11: nobiletin, 12:
tangeretin, 13: auraptene); (B) Shiranuhi flesh sample; (C) Setoka
flesh sample
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Table 10. Retention time and peak area ratio of GC—MS total ion
chromatograms for the essential oil components in Shiranuhi citrus

furit.

RT Peak area(%)

Species . ] Immature
(min)  Mature fruit

fruit

Monoterpene hydrocarbons :
Alpha—pinene 8.8 0.46
Sabinene 11.0 1.13 0.14
Beta—myrcene 11.6 1.39 0.74
Alpha—terpinene 12.6 0.83
DL —limonene 13.0 95.19 75.21
[socineole 13.1 0.41
Beta—Ocimene 13.9 0.20 0.77
Gamma—terpinene 14.5 1.16
Alpha—terpinolene 15.6 0.57

98.37 79.84
Alcohols :
Linalool 16.2 0.53 0.47
Cyclohexanol 18.5 0.88
4—terpineol 19.7 0.13 5.56
Alpha—terpineol 20.7 8.68

0.66 15.59
Sesquiterpene hydrocarbons :
Alpha—farnesene 31.4 0.24

0.24
Total 99.27 95.42
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Table 11. Retention time and peak area ratio of GC—MS total ion

chromatograms for the essential oil components in Setoka citrus furit.

Peak area(%)

Constituents RT Immature
Mature fruit

fruit

Monoterpene hydrocarbons :
Alpha—Thujene 12.4 0.08
Sabinene 15.4 1.12 2.99
Beta—myrcene 16.9 1.12 1.26
Alpha—terpinene 18.4 0.95
p—Cymene 19.1 0.18
DL —limonene 19.3 90.15 71.08
Beta—Ocimene 21.0 0.40
Gamma—terpinene 21.5 0.33 1.87
Alpha—terpinolene 23.6 0.53

92.72 79.34
Alcohols :
Linalool 24.7 2.10 7.21
4—terpineol 29.9 1.16 6.47
2—cyclohexen—1—ol 32.9 0.46
Carvol 34.5 0.51

3.72 14.19
Total 96.44 93.53
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Table 12. Antimicrobial activities of Shiranuhi essential oil on several

microorganisms.
Mature fruit Immature fruit
Strains Disc Vlé\l/lllllce:S Disc Vle\l/lllll(és
Papel (ur/mL  PPPET (LL/mL
(mm) ) (mm) )
S. epidermidis CCARM 3709 11 20 10 5
S. epidermidis CCARM 3710 9 40 10 5
S. epidermisis CCARM 3711 8 Nd 9.5 40
P. acnes CCARM 0081 11 20 12 10
P. acnes CCARM 9009 11 20 12 5
P acnes CCARM 9010 10.5 20 11 5
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Table 13. Antimicrobial activities of Setoka essential oil on several

microorganisms.
Mature fruit Immature fruit

Strains Disc Vlé\l/lllllce:S Disc Vlé\l/lllllce:S

paper ©L/mL paper 1 L/mL
(mm) ) (mm) )
S. epidermidis CCARM 3709 11 5 10 10
S. epidermidis CCARM 3710 11 10 10 10
S. epidermisis CCARM 3711 8 Nd 9 10
P. acnes CCARM 0081 11 5 12 10
P. acnes CCARM 9009 10 5 11 10
P acnes CCARM 9010 11 5 10 10
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ABSTRACT

This study has aimed to analyze the free sugars, organic acids, and
flavonoids of Shiranuhi and Setoka citrus fruits among high quality Citrus
hybrids which have recently shown an increased consumption, and
examine the possibility of new functional materials according to the
verification of anti—oxidant and anti—microbial activities using essential
oils.

The analytical result of free sugar and organic acid contents in diluted
juice of Shiranuhi and Setoka citrus fruits showed they had similar free
sugar contents as 11.8% and 11.5% respectively, whereas Setoka had
higher free acid content than Citrus Shiranuhi as 1.68%>1.31%.
However, according to the comparison between soluble solid—acid ratios,
which are regarded as an index of palatability of citrus oranges, Citrus
Shiranuhi showed a higher ratio than Setoka, that is 8.7 and 7.0,
respectively.

By way of drying and grinding the flesh and peel without fruit juice,
70% MeOH was extracted, and then the flavonoid contents were
analyzed. As a result, for both citrus cultivars, the total flavonoid
content was higher in flesh than in peel. However the total flavonoid
content in Setoka was higher than in Citrus Shiranuhi. Particularly, the
flavonoid content in Setoka peel was considerably high as 54.28 mg
naringin/g. Qualitative and quantitative analysis of each extract indicated
that the main flavonoids were narirutin and hesperidin, and showed
these two flavonoids occupied most of the total flavonoid content.

Using Essential Oil Determination Apparatus, the essential oils were
extracted from the peels of immature and mature citrus fruits of

Shiranuhi and Setoka. The GC—MS analysis of ingredients in each oil
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showed that main ingredients were dl—limonene, sabinene, linalool and
4—terpineol, and the content of limonene was the highest as 75%.
According to DPPH radical scavenging experiment for each oil, SCsg
values of Citrus Shiranuhi were quite low as 65.5 ulL/mL for mature
fruits and 36.1 pL/mL for immature ones, showing good anti—oxidizing
activity, compared to that of vitamin C as a control group, 6.9 ug/mL.
Moreover, for SCso values of Setoka, immature fruits showed better
activity as 35.3 uL/mL. In order to examine anti—microbial activities for
essential oils, the paper disc method and MIC were conducted on P.
acnes and S. epidermidis as skin—related microorganisms. As a result,
they generally showed anti—microbial activities, particularly for resistant
bacteria.

In conclusion, the results of this study suggested the development
possibility of functional products and acne—related products by using
peel extracts and essential oils from high—quality citrus fruits, more

specifically, Citrus Shiranuhi and Setoka.
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