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[Abstract]

This study investigated the Antimicrobial activity of Rutaceae fruit ethanol extracts against

microorganisms-induced skin inflammation in cosmetic materials. Rutaceae fruits were separated in two

parts of whole fruit (pulp, pulp fegment membrane, peel) and peel, and extracted with 70% ehtanol. The

results demonstrated that Rutaceae fruit ethanol extracts showed antimicrobial activity in 5 strains except

Staphylococcus aureus. In particular, the antimicrobial activity against Staphylococcus epidermidis was the

best in fresh lemons whole fruit. The antimicrobial activity against Escherichia coli was shown only in

fresh lemon peel and fresh trifoliate peel. Additionally, antimicrobial activity against Propionibacterium

acnes was shown only in the dried lemon peel. In the results of antimicrobial activity against

Pityrosporum ovale, in the case of fresh fruits, citron whole fruits showed the highest effect, followed by

lemon whole fruits and mandarin orange peel. And in the case of dried fruits, orange peel showed the

highest effect, followed by trifoliate peel, mandarin orange peel and lemon peel. Therefore, it is

considered that lemon, which shows antimicrobial activity against all skin inflammation-causing

microorganisms, can be used as a natural material for improving skin inflammation in cosmetics.
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I. Introduction
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Table 1. Scientific name of Rutaceae fruits

Rutaceae fruits Scientific name
Citron (&2}
Grapefruit (A=)
Lemon (&)
Mandarin orange (ZZf)

Orange (2FIX|

Trifoliate (B4Zf

Citrus junos Siebold ex Tanaka
Citrus paradisi Macf.

Citrus limon L. Burm. f.

Citrus unshiu S. Marcov

Citrus sinensis L.

)
)

Poncirus trifoliata Rafin

2. Extract Preparation

2 Ao A3 659 2T A2 PARE AR
of 2712 AAF § MuHwHe, opdel, whm)el ahm2
TEotd AEst & dF4%7)7)(LD-918G, L'EQUIP,
Hwaseong, Korea)g ©]&sto] 50°Cof|A] 244171 59t A

Zoto] A Aa e ARSSgIT) A Bl ReL Hx AR
L 717} 70% oJEre-S Al2 Zary] 108]Q] ofo] &7
7tst .

3. Microorganisms and medium

Tt A Ao ARESE AR TR R e R
A Staphylococcus aureus (KCTC 1621), Staphyococcus
epidermidis (KCTC 1917), Escherichia coli (KCTC
1039) ¥ Propionibactrium acnes (KCTC 3314)& A%
slo] AP BAATY ABAYAEIAA RYL 1§
5t 11 Pityrosporum ovale (KCCM 11894)= st=0]A=
HEAEOA  Zofor ARESIATE. S aureus, S
epidermidis & E. col’= 37°C, nutrient broth (DB,
USA)OA], P. ovale= 30°C, pityrosporum brothof|A], P.
acnes= 37°C, GasPack EZ Anaerobic Container
System (BD, USA)E ol&stq <7 oA
Reinforce Clostridial brothoj|A] 85ttt #5+= AFH
uix]of] wietd Zi7te] w5 whgol = 5l 10 mL AEj
Aol EstaL 7F 0] A5 Ao 47 ez A
HiFstHA o] B2 RAIsHI.

4. Antimicrobial activity measurement
Y 5732 paper discg[24]0] 2J5te] HAIEHA
o &, BeiA] e 2 @5E 1 WMol Al

AAEIA] 10 mLOjJIA] 18 ~24A17T vlieFsto] FAdetiZl S
CHAl BAERA] 10 mLof] o+ BigH3 0.1 mL 7355ho]
3~6ARE 2 ujYRt & HEhlA] Ui F £2 oF 107
cells =A| F&sto] P Heoz FAsH =5t
= filter paper disc (Tokyo, 8 mm, Japan)S 1A
PRl 2352 ths 0.05 mL/disc7t = =% Al
2 wE2 S447 7COIM 18~24A17H HloKslo]
disc 49| clear zone?| 2732 &7J5ICH.

5. Data Analysis

2 AN E Bt EEHEARE YEUelen, A
st EAX2]= IBM SPSS Stataistics 23 Zz 734
(SPSS Inc., Chicago, IL, USA)E o] &sto] A5t
LOJR} AL EAEXA(ANOVA: analysis of variance)
= 3t ¥ a=0.05 $&0]4] Duncan®] th5-735H(DMRT:
Duncan's multiple range test)o] w2} BA519Ct

III. Research Results

1. Antimicrobial activity against Staphylococcus
acureus

Table 2. Antimicrobial activity of ethanol extracts
from Rutaceae fruits against S. aureus

Clear zone on plate (mm)"

Rutaceae fruits Concentration (mg/mL)
0.5 1 2 4
Citron Whole - h h h
Peel - - - -
. Whole - - - -
Grapefruit Peel _ _ _ _
Whole - - - -

Lemon
Fresh : Peel - - - -
Mandarin ~ Whole - - - -
orange Peel - - - -
Orange Whole B ) ) h
Peel - - - -
Trifoliate Vo€ - ) ) )
Peel - - - -
. Whole - - - -
Citron Peel _ _ _ _
. Whole - - - -
Grapefruit Peel _ _ _ _
Whole - - - -

Lemon
Dried ... Peel . B . -
Mandarin ~ Whole - - - -
orange Peel - - - -
Orange Whole B B B h
Peel - - - -
. Irifoliate ~ Whole - - - -
Peel - - - -

Y Diameter, ? No inhibitory zone was formed
All values are mean=xSD of triplicate experiments.
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Staphylococcus aureus (S. aureus)= Al =5 &
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2. Antimicrobial activity against Staphylococcus
epidermidis
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2 JAR 652 Y JURY AE JARE T8

gt & Aufaks, gy vo)e} e Ueo] ofgge
=53t 2288 %2905 1, 2, 4 mg/mL)E S

epidermidis w70 thet 235 Asiet Fds wEst 2
v} Table 304 H= vje} o] 659 R/ BFe &
= 0.5 mg/mLojA= = Ashigo] UERGA] eipfon,
At B ® 3IA] £E3EY AR e AwlA
A& Aoligho] UeA] oot A} el 2582 A
oMt S-S oL AL 2 EE2 AlvtolA]
= S YRS ¥ obdet Az o] sk 4
mg/mLolM = 125 mmo] FHHS HEHIH. S
epidermidis w70 tjst A& Asfigh AY 229l Hif
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3. Antimicrobial activity against Escherichia coli

Escherichia coli (E. colif= ARZolut 5290 RHjA|
FO2 F9lo] 2y WL 5] L84S Ad 1L
4 2Hgoltk. 22 AT 529 wud] Efsi £

Table 3. Antimicrobial activity of ethanol extracts from Rutaceae fruits against S. epidermidis

Clear zone on plate (mm)"
Rutaceae fruits Concentration (mg/mL)
0.5 1 2 4
. Whole -2 - - 11.0+£0.5"
Citron
Peel - - - -
. Whole - - - -
Grapefruit Peel _ _ _ _
Whole - 11.5+£0.5" 18.0+0.5¢ 23.0+0.5°
Lemon
Fresh Peel - - N N
Mandarin Whole - - - -
ornage Peel - - - -
Orange Whole B B B B
g Peel - - - -
- Whole - - 11.0+0.9" 13.0+0.9'
Trifoliate
Peel - - - -
. Whole - 9.5+0.6' 15.0+£0.5° 21.0+1.0°
Citron
Peel - - - -
. Whole - - - -
Grapefruit Peel _ _ _ _
Whole - 11.0+0.2" 16.0+0.5° 20.5+1.0%
Lemon
Dried Peel . . . .
Mandarin Whole - - - -
orange Peel - - - -
Orange Whole B B B B
g Peel - - - -
Trifoliat Whole - 9.5+0.5 18.0+0.3¢ 19.5+0.5°
olate Peel - - - 12.5+0.5

" Diameter, ? No inhibitory zone was formed

All values are mean£SD of triplicate experiments and those with different alphabet letters for each microorganisms

are significantly different at p<0.05(a>b>c>d>e>f>g>h>i).
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UM o] RAd J2r8A 7hFolct,  Table 4. Antimicrobial activity of ethanol extracts

ol 22 BESH= =
B0} o] Q] A= from Rutaceae fruits against E. coli

e
#2 A2l 52 —5@1 B E

—]_,— [e} o
L tﬂﬁ]/\-l—_nLo o Cl} Orl mHoltke Hj Clear zone on plate (mm)"
ﬂl]:“EOV T 0oy T o= 4w
o}'O:] Ath A= /\W\}o} Aok gpoiat AAS =) 7+ Rutaceae fruits Concentration (mg/mL)
= = 0.5 1 2 4
Ag 4 glon A7, TS, 4o, A4 e 52 T -
s Bl Citron
7hR-20H{30] [31]. ool - - .
Whole - - - -
Grapefruit
Peel - - - -
Whole - - - 11.0+0.5°
Lemon
Peel - - - -
Fresh
Mandarin Whole - - - -
orange Peel - - - -
Whole - - - -
Orange
Peel - - - -
Whole - - - -
Trifoliate b
Peel - - - 10.0+0.5°
) Whole - - - -
Citron
Peel - - - -
Fig. 1. Inhibitory effect of ethanol extracts from G fruit Whole - - - -
fresh lemon whole fruit against S. epidermidis. rapetrui Peel - - - -
A @ control B : 0.5 mg/mL
Whol - - - -
C 1 mag/mL D : 2 mg/mL Lemon 0|e
: ee - - - -
E 4 mg/mL Dried
Mandarin Whole - - - -
= orange Peel - - - -
£33 IR 652 4 BURY A% BURE 12 e
- = _ _ Whole - - - -
g & FaK(Ehe, gl sh)et s 2 Ueof ofghe orange 0%
553 5522 5205, 1 2 4mg/ml)2 E col whoe - .o
= = = 2= Trifoliate
w0 tigt P+t2S 5745 At Table 404 B4= vt Peel - - - -
9} Zro] A = Au Oﬂk] 1.0 mm (Fig. 2), 2§ E8&} 2} " Diameter, ? No inhibitory zone was formed.
All values are mean=SD of triplicate experiments and those
Jo o uu E! Al
]'qoﬂkl 10.0 mm"] O 0 =2 L}EHHOJ] J‘}E'— with different alphabet letters for each microorganisms are
oEtS =& E'oﬂk]% Sk %‘/2‘)]% o1t 4~ Qloict significantly different at p<0.05 (a>b).

4. Antimicrobial activity against Propionibacterium
acne

Propionibacterium acnes (P. acnes~= @713 A+
0 2 A9l a4(lipase) g Hlsto] mA], Al mhE 3
AL BAMS S0 e ko] FeASa AMALS
ATzl o] 25 o) Biduio] Al=g ot ©

9ol @55 RSt o= <l RFY, A=F 59 I
A %‘213}[33] [34]

Fig. 2. Inhibitory effect of ethanol extracts from

% RS, opdol, Ao A Lol ol
3 540

P 325535 55H05, 1, 2, 4 mg/mL)& P. acnes "_"L—roﬂ fresh lemon whole fruit against £. coli.

s} sFad o =X5H Ay A v yle} 7ro] A A @ control B : 0.5 mg/mL
EH\_ owv 12 1 o0ouw <4T3b1e5q]11L }'9‘}'5]1_ C:1mg/mL D:2mg/mL
Z g ANt gt &S HEGIeH, & 4 E: 4 mg/mL

mg/mL A} 10.0 mme] "45 ~fsheh2 LERICKFig. 3).
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Table 5. Antimicrobial activity of ethanol extracts [35],[36]. =2 Algt =2 Ars 7Ro] 7Hdo] o] mj
A a

from Rutaceae fruits against P. acnes H 71A&ISHS Ouksl, 7|51} AlST Wl AEY AR O]
Clear zone on plate (mm)” | 5jo] u]5, x| 24 MHo2 WHE 7jsido] {37,
Rutaceae fruits 0.5Con<:e1ntrat|02 (mg/mlz_l) %@:ﬂ} ﬂ}’,\;{—ﬁ— 6—7‘5—% 7\@ ﬂ}’::-_‘—ﬁ—i} Zj}_ ﬂ}’::._‘-ﬁ—i —_r’-—H,-_—
Giron RO T oS 3 & Hakahe, el Thr)eh B2 Uko] oeie e
T Whole Z N - - Z2&t 25328 =5¥H(0.5, 1, 2, 4 mg/mL)Z P. ovale
Orepetilt peel - - - - #70] gt g3 S 553t AT} Table 604 B b}
temon g0 T T T T oF o] Aut Fol e A} At 12.5419.5 mmz 7}
T angarin WO & 94% A7 BHES URILFe. 4) 1 cigoRE
Whae - 12 A2H9.0~ 15.0 mm), U7} Z%(9.0~14.0 mm) &0
T Peel - - - - 2 FEAS Yot Ao} B9 63 25 A
Tifoate noc L L 1 v P PAS BEon A AR Aae] AL
Ciron MO T - S19g U RAHE AR 550} AgE 2ot ol
Whee o - =0 7 G4 Bk A7 Fohs 93K Ao
Grapefrut ‘peg - - - 12.2~17.2 mm2 943 3 &S Ul 2 ok
o temon MO T T T 0T oay b A9.04140 mm), B AR(10.0-131
Dried S Vz)hezlle - : @), = 7Z%)(9.5~13.0 mm) 02 & TS ol
Whole - - - - ERaE
Orange Peel _ _ _ _
Trifoliate \nole - ) ) )
Peel - - - -

U Diameter, 2 No inhibitory zone was formed.
All values are mean£SD of triplicate experiments.

P. acnes
/

75

Fig. 4. Inhibitory effect of ethanol extracts from
fresh citron whole fruit against P. ovale.

A @ control B : 0.5 mg/mL
C : 1 mg/mL D : 2 mg/mL
E: 4 mg/mL
Fig. 3. Inhibitory effect of ethanol extracts from
dried lemon whole fruit against P. acnes.
A control B : 0.5 mg/mL .
C: 1 mg/mL D : 2 mg/mL IV. Conclusions
E: 4 mg/mL
2 Ao e efRRE Y s oK) de
5. Antimicrobial activity against Pityrosporum AFRE]0}Q Q3Fu} MAES mE odx JIML SRE &
ovale 423t o YREIRE So| Al axjEAe] A§ T15A

Pityrosporum ovale (P. ovale)2 H8°|d02A 4 & RASH= 7| 2Atag A|lZstuAr AlA|stich Skt
o WetHA|ot( Malassezia furfur)02 YA Qo]  mpAEol Wil =, Qx| 9x} AMZ, Exje] Mt
L QP MR, Rpof EAfste] RiFY, HIS, ofEm  Hmg Ukeo] X ARt & oHE e FEol s
mRq, Ad o dofste Aoz dA o (0.5, 1, 2, 4 mg/ml)2 mjR YRidozN 955 R



Investigation of Antimicrobial Activity of Rutaceae Fruit Ethanol
Extracts Against Microorganisms-induced Skin Inflammation 243

Table 6. Antimicrobial activity of ethanol extracts from citrus fruits against P. ovale

Clear zone on plate (mm)"
Rutaceae fruits Concentration (mg/8mm paper disc)
0.5 1 2 4
Citron Whole 12.5+0.5%" 18.5+0.5° 19.1i0.6af’ 19.5+0.92
Peel 8.5+0.5% 9.0£0.5™ 12.0+0.5" 13.0£0.5%
Grapefruit Whole -2 - 9.5+1.0m° 10.0£0.5™
Peel - 8.5+0.5% 10.0£0.5™ 11.0+0.5%
Lemon Whole - 9.0+0.5" 10.0J_r0.5:m” 15.0J_r0.5"h
Fresh Peel - 9.0£0.5™ 10.0£0.5™ 12.5+£0.5°
Mandarin Whole - - - -
orange Peel 9.0+0.5™ 10.0+£0.5™" 11.0+0.5% 14.0£0.3¢
Orange Whole ) ) ) W . f
Peel - - 10.5+0.5 13.1£0.4"
Trifoliate Whole - - - 10.0£0.5™
Peel - 8.5+0.5% 9.0+0.5™ 10.0+0.54'm
Ci Whole - - - -
itron Peel 9.540,3™"° 9,540 4 10.040,5"™ 12,040 5"
Grapefruit Whole i i o ) ;
Peel 9.0+0.5™ 10.0£0.6™ 11.5+0.5" 12.040.4"
Lemon Whole N o ; )
. Peel 9.5+0.3™" 11.0+0.4"* 12.5+0.4%" 13.040.3%"
Dried
Mandarin Whole B i . i .
Peel 10.0£0.5™ 12.0+1.0" 12.5+0.5%" 13.140.4%
Whole - - - -
Orange Peel 12.240,3%" 13.640.4° 17.040.5¢ 17.240 3¢
Trifoli Whole - - - -
rifoliate Peel 9.0+0.5™ 12.040.5" 13.040.5 14.040.6°

1) Diameter, 2) No inhibitory zone was formed

All values are mean£SD of triplicate experiments and those with different alphabet letters for each microorganisms
are significantly different at p<0.05(a>b>c>d>e>f>g>h>i>j>k>I>m>n>o0>p).

Sh= S aureus, S. epidermidis, E. coli, P. cnes ¥ P.

ovale o TiEt YRS @ BMsIQCt 1 A} shs

3 A A ARS Rl S aureus &S A9l 5

59 FROME RIS AT 4 UolT, 59,
==l

4 1% U 33 RY2 cheg

(11.5~23.0 mm)oﬂf\i 7}0 a—rﬁf‘f‘iﬂr. E. coli w50 tf
Sh I A Al AK11.0 mm)ot A E3AL v
(10 0 mm)ofATF UERG R A} (eSS FHA7]

L P acnes w70 tist e+ FAL Ax = A}
(100 mmollAIZE Uebdch, 2, B]S, ofEn myel
714 myAigto] Tojsk= P. ovale @50 tigh It
g2 Aate} F&¢ £4F AeH(12.5~19.5 mm), 22 A
(9.0~15.0 mm), EZ 7A7%(9.0~14.0 mm) <02 gt £
g ERIE & Sl AR FolMe= 3K A
(12.2~17.2 mm), EBA} 7Z4%(9.0~14.0 mm), U7+ 7
(10.0~13.1 mm), 2 8%A(9.5~13.0 mm) +0=2 I+
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