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Anti-microbial Activity of Grapefrmt Seed Extract and Processed Sulfur Solution agamst Human
Skin Pathogens Yu-Mi Ha', Bo-Bae Lee', Hee- -Jung Bae!, Kyoung Mo Je?, Soon Rae Kim’, Jae-Suk

13* 1

Choi’ and In Soon Ch01

RIS Center, Industry-Academic Cooperation Foundation, Silla University,

2I/Ve/]buy](orea Co Ltd, *Department of Biological Science Silla University, Busan 617-736, South Korea - This
study was carried out to examine the antimicrobial effects of grapefruit seed extract (GSE) and proc-

essed sulfur solution (PSS) against human skin pathogens:

Malassezia furfur, M. restricts,

Propionibacterium acnes, Trichophyton mentagraphytes and 7. rubrum The antimicrobial effects of GSE and
PSS were tested by agar diffusion method and micro broth dilution method. As the results, the MIC
values of GSE against M. furfur, M. restricta, P. acnes, T. mentagrophytes and T. rubrum were 391, 3.91,
0.004, 0.024, and 0.012 pl/ml, respectively. The MIC values of PSS were 0.03, 0.03, 0.156, 0.003, and
0.012 pl/ml, respectively. Antimicrobial activity of skin care emulsion products containing 0.5% GSE
and 0.5% PSS against human skin pathogens were 5.2, 4.3, 8.0, 95 and 12.8 mm, respectively.
Refractive index, pH, viscosity and color value of skin care emulsions containing GSE and PSS were
measured. According to these results, it was concluded that the GSE and PSS were the promising
sources of antibacterial agent which could be useful for skin and hair care products as well as for
the alternative medicine development in treatment of certain types of skin ailments.

Key words : Antimicrobial activity, grapefruit seed extract, processed sulfur solution, human skin
pathogens, skin care emulsion products

N OB AAF 2= T mentagrophytesst T, rubrune] $e1 4 Q)th.
FE AL OFd o S &3t B st 9oy,
= R4 & Aot gl 7HeE, oFER AL8A, 44, dgde 2 FET T7F ol wek A

2] O]Xﬂ Hoshed 2% 988 g9t o 28y o o= Foly B o] Thed Row deiA SUTh2e6].
7}«1 i FFsthe ke dEd oeiA g 54 A HlE B AT ARAY ABAZE zine pyrithion
Sol HAst led, 2 5 7P daFel Ao 7 HiE [33], terbinafine [27] 12]3 Ketoconazole®} Z-& azolesA
‘%l AT g, =E 23 FF S HE 4 Atk SAFEE[1337]0] AHEHL itk JEFY gF ARd=
HELS Tu9 w3 o] BARGO 2 getstes Ao tetracycline, erythromycin, clindamycin 5©] AH-%3 gl o
2 9|9 B 43} Eo] EFHE HEHZ Aolgle IF A X H[34], +Z¢ X Fol+ terbinafin, imidazole € <] fluco-
oA AU E]L AZIAL Y] FAbES Eeth35]. Bl nazole, ketoconazole®} itraconazole 5] AH&5 3 I TH10].
Aol Bolste T3 BAFUIES Malassezia sp.o1™, 5 gy o2 g setEds ded YA AL FEE
ez L M restricta= 3|9l FA st o2 74A] o b G[4,17,3240]°0 e EAIE oF7] Al7]aL Slof o5
47 a3 Az 2l ofsf g el st F A dRret A F=Ao] gk A7t %%LO] o] 01 7]

2ste] HIEE AASHA doh 3 5, 58] 59 97 L S1TH9,26,38].

A M. furfurs ©)35A 8t AT IRas g A5 FA5% B (grapefruit seed extract; GSE)-2 limonoid,
12| 4=&L 9utxo g s 283} 9RF gk o3 limonoid glucoside, naringenin, naringin, quercetrin,
YA 7L Bgd B wjEE A Kate] 9 BEo] vl A kaempferol, hesperetin & apigenin 5 %] flavonoid %}
o B AR HTE = 93 orEHE AR UdH stigmasterol, campesterol % B-sitosterol 59| sterolS &3}
A gJom xrAe Oq & YT O 2= Propionibacterium O‘E Aoz dHA Ut FHH naringin 5 flavonoid
acnes’t QATH28]. 759 AT Trichophyton sp.©1™, F deolEst a3, 4t as, frel7] ¥
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49 ARE ARE GSEx AlRHL gl A
DF-100 (Chemi Research & Manufacturing Co., Inc, USA)
S A&t e, GSE 70%$} glycerine 30% 2 T4
t}. PSS 411 2H (Busan, Korea)oll Al 443 Al &S ALE
stalom, Az e ted 2o WA 73 20 g3 At
3424 25 g& F7S 140 mlo] A E£Fstar, 100°CE 7}
date] &A1 F, SuiE FIVEF 5 g 4L 2 g
S F7hete] 130°CE 2413F 7hEste] WA §, Al E24Y
(citric acid) 3 g& 713kl 180°CE 24|17t 7hE 8t WHE-A]
A b=, B7keEe A, ol3ste] Aoy Aded 120 ml
S PSS (&3t 117,000 ppm)E 3FATH15].

rLIl

Al 75 Y Hix| =4
GSE¢} PSSo] 3R A% ny o] gt 37 a74E =3
37 S8t AVe® FFE M furfur 7743 KCTIC, M. re-

stricta 7848 KCTC, P. acnes 3314 KCTC, 7. mentagrophytes
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6316 KCTC ¥ 7 rubrum 6345 KCTCo|H, Z& #F= A
of A YEAANEHZTEH Lol ARSI M
furfur 2 M. restricta®] ¥iA A AEL 5% malt extract,
2% ox-bile, 1% tween-40, 1.2% agaro]™, 37°C H]%7|
(VS-1203PFC-L, Vision Science Co., Ltd., Korea)oll 4] 27]4
2102 WA P oamesd] WA T4 RS 37%
brain heart infusion (BHI), 1% glucose, 1% agaroltq, 37°C
3714 A (Anaerobic chamber)?] Bactron IV Chamber
(SHELLAB, USA)ol A sjokalg o, slekS 93 d7124

5% CO, 10% Hy, % 85% NoZ AT 7. menta-
grq)hytes T rubrum®] WA T4 482 1% peptone, 4%
glucose, 2% agaro]™, Z7} 35°C 2 28°ColA 5714 =4
o2 wjgat

GSES} PSSe| &t &y 53
SR A% u 5] Ud GSES} PSS it A HH
Hj <] 82 (agar diffusion method)o.2 &3tk 714

o M. furfur, M. restricta, T, mentagrophytes R T, ru-
brume NCCLS Guide Line M2-A8 [29]9] F38lo] A&34
3, 714 #F2 P aces= NCCLS Guide Line M11-A6
[30]ol Fsted st 4 FAEFE FHuA ] =T
e thy, A% 8 mme] Hi ¥ paper disk (Adventec,
Toyo Roshi Kaisha, Ltd., Japan)& WA 9] e &
A A GSESF PSS Z7+S 10, 20, 40 ul/disk® E& 3, 5,
10 pl/disk® A A3t 37°CE FAE d7|4 Ad 2 28°C,
35°C 2 37°C 271/ wlF7]ell A 48412t wlj kst A A H
E8k(clear zone)e 7]E mm @9 E 35t It &

HE2 2434,

Broth Microdilution Susceptibility Test
GSE¢} PSSe] & 49 A& % (Minimal Inhibitory Concen-
tration, MIC)—‘:‘L 27(4 3].7] _?43].0:1 ol 72]] HH x] 7L/‘* 2] Alﬁnhﬁ
(Broth Microdilution Susceptibility Tests)S ©]&3FHth. 3
2AEES SA317] Aste] GSES PSSe] =5 264
145 4 (two-fold serial dilution)3tHA] MICE Z4 3=
|53 AFA FEde] AT M restrictas},
M furfur, AEE QAT P ames 123 FF 407 T
mentagrophytes?t T, rubrune] W3 MICE Z7433ith 2t
TFEY MICE =437 Yl M restricta M. furtur, T.
mentagrophytes 2 T, rubrume& NCCLS Guide Line M27-A2
[31]S, P. acnes= NCCLS Guide Line M11-A6 [30]¢] w2}
Nﬁﬁﬁq
FATTFE SAge7] Asl, 4 dFE AR v Al 72
A1z %OJ A eFetal, M. restrictat M. furfurd
Glass bead (Soda lime 0.5 mm Glass beads, BioSpec Products
Inc., USA)E o] &3t 23} 31921, 7. mentagrophytes?t

Hhﬂoi u

0.5 mm
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T rubrum® Tissue Tearor (BioSpec Products Inc., USA)E
o] g5t #A3st AlA 9o}t Mcfarland) 052 BEE F3
& F, 7 FF % 2AFTE o 1x10° CFU/ml7t =%
A A =2 ZHste] EF eAS Frletit
27 2814 A4 g4t Az A E 96-well Uform
micro plate (Tissue culture testplate, SPL lifesciences, Korea)
o 7 welld] 100 pl¥ 93, A7 HEEE7 F 1x10°
CFU/mlo] H =5 A% I 7 945 7 welloll 100 pl¥
A7ketnt 471 4 NS M F, 2 w5} vkl
A 3UZE wjFR % EL
(]nverted microscope TMS, leon Japan)2.2 ##3te] MIC
S A48y, ZE AEE SHAoE 33 whEsigin.
GSE®t PSSUt &tREl £717[0f ofH

o AMES Mz H

3874 (Hanam, Gyeonggi-do, Korea)©l

W o5 2ok WA carbomer,
propylene glycol, glycerin, magnolia biondii bark extract,
triethanolamine, POE(60) hydrogenated castor oil, ethanol
4 ZRFE M T 70~80°CollA 25~30%7F nHtelHEA
7tgstgn A7) HES 25~30°CE ¥Z ¥ 90~110
mesh Aol of 2} § *P%O}MU}(Table 3). oA AAF
< Axst7] Al AEA o] 2ol GSESF PSSE 24+ 0.1%,
0.25% 123 0.5%4 %01 Vortex Mixer (Vision Scientific
CO., LTD. Korea)E ©]-&3to &3t AlAFY SA4S
gRlstaal, pH, H=, =4 E(Refractive Index) ¥ AT E
=439t pHE Mettler-Toledo GmbH (SevenEasy pH
S-20K, Mettler-Toledo GmbH, Switzerland)A+9] pH meter
Abgate] A FoJokE A A A2007-455, SHEE 7
Al whet 25°Cl N H#dk GSE, PSS 121
ANAE dEAe pHE ZH3A0H23]. I EE Brookfield
(Brookfield programmable DV-II+RHEOMETER, USA)/\}
o A=A S AHE-ste] 25°Coll A 23 S (spindle) No. SC4-25
2 1 rpmol A 183t S48At. =8 E& ATAGO (ABBE

AN

Refractometer DR-A1, ATAGO CO., LTD. Japan)Ate] &2
AE ARt 25°ColA SAsAT MEs FHn| A7
(Minolta, CR-200, Japan)E AF8-3te] ™= (lightness, I), &
A T (redness, 4), 34 = (yellowness, HE 33| HHE =43}
Hago g dehidch olw) £F W] L3 9811, agt
-0.33, Bgk +213% 71Fo2 AN ST

¢9._|91|01 OlZH AlMZES| et &y £

Az 2270 B AAEe FF PAE ZHe7]
Sa) FFEZ 470 BRNALBEL o) g3he] 2559
o 7 BAFEE ARG T JEE b, 47 8 mm

]

7}
o) Hd® paper diskES HuwjAe # .
GSES} PSS7} 2+2F 0.1%, 0.25% 2 05%% 3H+d o2 A Al
AFE 7H7hS 40 pl/disk¥ AAsta 7 5
Z7 3 k7)ol A 48A17F vl g3t ¥,
£ mm D92 A5 Ft G
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WIS TH(M. furfur, M. ristrictd, =57 (P. acnes) 2
(T, mentagrophytes, T. rubrumyl| o3+ GSES} PSS9| 3
qA4S st Sth(Table 1). GSEY] $&7F #$45 F
o A7t FHo R FUtetA e, FHEY Ve T rw-
brum, T. mentagraphytes, P. acnes, M. furfur, M. restricta <2
2 =3 10 pl/diske] F=E GSES AHHs¥e Wl T ru-

m&‘i =
ob, oo
=N

brune) hE 83 150 mmE UEbstt F93 HYA
& S93ls #E 7k B9 Ar)e ALY H|LE Ao”
SR8 =8

PSSell dalME F=7t 555 FHEY 277 §94
o7 =yl on A9 5.7]—‘5 M. furfur, M. restricta, T.
mentagrophytes, P. acnes 12|11 T, rubrum®] 2.2 UERSt
o M. furfr® 73% PSS 10 pl/diskol] tiste] g 9o
o] 7.3 mm{ . V5T A$ M furfurSt M. restrictad A

Table 1. Anti-microbial activities of GSE and PSS against human skin pathogens (unit: mm)
. GSE (ul/disk) PSS (ul/ disk)
Strains

10 20 40 10 20 40
Malassezia furfur 1.040.1 2.740.6 4.310.6 7.3+0.6 8.70.6 10.3£0.6
Malassezia rstricta 1.040.1 2.740.6 4.310.6 5.740.6 9.0+0.1 9.310.6
Propionibacterium acnes 12.0£0.0 13.5£0.0 15.0£0.0 - 2.0£0.0 3.0£0.0

3 5 10 10 20 40
Trichophyton mentagrophytes 9.0£0.0 12.0£0.0 15.0£0.0 2.040.5 4.0£0.3 8.0£0.5
Trichophyton rubrum 10.0+0.0 12.0£0.0 15.0£0.0 - - 3.00.2

All measurements were done triplicate, and values are average of three replication.

Differences were considered significant at p<0.05.



2 v 43718 RAoy FEY BS T menta-
grophytes$t T rubrume 719 Q)] A PSS 10 pl/diskg o
T. mentagrophytese 2.0 mm$] 8V 70 rubrum 10 pl/disk
2 20 ul/diskol % BAHE BolA] ekgit}.

GSE®} PSSQ| Z|AoH|s: MIC)

M. furfur, M. restricta, P. acnes 8 T. mentagrophytes, T. ru-
brunel] 3+ GSES} PSS9 MIC 42 Table 20 Web it
Aol A3 BE 5ol theto] GSESE PSS L5 &t &
e BYgon, GSE9 MIC #& P ames T. rubrum T.
mentagrophytes, M. restricta 18)3 M. furfur 2.2 £90
™ P acnes®] MIC 32 0.004 pl/mlZ YERRT

7} ol Wi PSS MIC 32 7. mentagraphytes, T. ru-
brum M. restricta, M. furfur 18)3l P acnes &2 =7 Ve
wow T mentagrophytes®] MICE 0.003 pl/ml2 YERSLTH

GSE®} PSS7t afREl AZI70] HM AlMES Z2(s)
Y EY

odA ety Ao GSES PSSE H7HS we &g
33t# 5749 Wsks gRlety] s, el we pH, 2
g, A% 9 A% H3ls Z43 Z274E Table 49 e
ATk GSES} PSSE #H7Hst ol dA AlAIFS] 4% pH7} 7.58
~7330.2 o HA wo]xe pH 77180 Yok}, o]& GSE
o} PSS A 9] pHYE 242 AHd <1 2.329F el A< 11.319]
AL EA wo]xsh FA HoldA FAH oEH Ho]x

Table 2. The MIC values of GSE and PSS on human skin

pathogens
Strains GSE (ul/ml) PSS (ul/ml)
Malassezia furfur 391 0.03
Malassezia restricta 391 0.03
Propionibacterium acnes 0.004 0.156
Trichophyton mentagrophytes 0.024 0.003
Trichophyton rubrum 0.012 0.012

All measurements were done triplicate, and values are average
of three replication.
Differences were considered significant at p<0.05.

Table 3. Ingredients of test emulsion product

Ingredient % (W/w)
Carbomer 0.25
Propylene glycol 5
glycerin 5
magnolia biondii bark extract 2
Triethanolamine 0.25
POE(60) hydrogenated castor oil 04
Ethanol 3

Water 84.1
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Table 4. Characteristics of skin care emulsion products made
by GSE and PSS

Test emulsion products

a b c d
pH 771 7.58 745 7.33
Refractive index (nD) 1.3554  1.3556  1.3559  1.3562
Viscosity (cps) 76,784 47930 21,115 9,598
(lightness, 1) 85.9 82.8 771 754
C;i’; (redness, 2 0.1 0.1 0.0 08
VAU (vellowness, § 112 92 85 82

a; emulsion products without GSE and PSS. b, ¢ and d; emul-
sion products with mixtures of GSE and PSS, 0.1, 0.25 and
0.5%, respectively.

All measurements were done triplicate, and values are average
of three replication.

Differences were considered significant at p<0.05.

o pHET 25 Solil 7] W& Aoz detdh K, o
A wo]2o] GSES} PSS/t FEHE H7HE odA A
9 2HES A A7 odA wo] 29 7 1.35549
e B oy GSESE PSSyt H7bE A$- 1.3556~1.35629)
5 UEhlol GSESF PSS gHrol weE o<l Aol&
Ak =3 FRFE FhHFd BE AxE A 47
9,598~47,930 cpsE oHA Ho]29] 76,784 cpsk.U} Lo}
GSES} PSS9 aHg-Fo] 27182 HAmrl thih gasie
S BT £ xR0 g2 Nx ¥gE
HWE Lghe dEd wolx9 79 8599 g
GSE$} PSS7F 719 A$- 828~754% i3] F=7}
V42 A A RYt FAT 43T 01~-082
oEA o] gl 017 2AY tha AR, FNEE
UEE b 35 92~8202 odA #o] 29 7kl 1125
O ta fadste 43S HYoy A AolE YEY A
= %Sttt

Jl

GSE®} PSS7t &HrEl oA AWIE

M. furfur, M. restricta, P. ames R T. mentagrophytes, T. ru-
brunell T3 GSES} PSS7} 3Hr-® ol B A A AE i &
A AHZ Table 591 YEFWN AT M. furfurst M. restricta=
GSES} PSS9} g s=7F 01%01M e A& HolA| ok
WA, P oacnes, T. mentagrophytes, T. rubrum® 01% AN A% &
Aol ATk olE A AAFol thste] GSES}F PSS w7t
Euse 277 f9902 ZsbsHth GSES
ZH05%% FHAs W 24 FEo g dd 24
T rubrume 12.8 mm, 7. mentagrophytes= 9.5 mm,
P, acnes= 8.0 mm, M. furfirs= 5.2 mm, M. restricta= 4.3
mmE 7. rubrunel] N i BAo] 7HE =& ALoE Y
HWoh sds HdA S fdste 78 19 49 Avle

9| s &M
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Table 5. Anti-microbial activities of skin care emulsion prod-
ucts made by GSE and PSS

Antimicrobial activity of

Strains test emulsion products (mm)
a b C d
Malassezia furfur - - 1.7#03 52+03
Malassezia restricta - - 1303 4.3+06

Propionibacterium acnes - 20+0.0 43%0.6 8.0£1.0
Trichophyton mentagrophytes - 47+05 64£06 9.5£2.5

Trichophyton rubrum - 59404 6.7+02 12803

a; emulsion product without GSE and PSS. b, ¢ and d; emulsion
products with mixtures of GSE and PSS, 0.1, 0.25 and 0.5%,
respectively.

Masdon dzzos dudY e A4S LE #F
N4 B4e molA et
oo

IRAE AT vEd, A=Ed B FET
GSE¢} PSS9 3t a¥#E 7igk 23, GSESF PSS/t
fﬂ“ 3o diste] BF e 7iA 2 glden b

ol M. furfur®t M. restricta= GSEHR.Th= PSSol| A ©f 7}
78L& Byon =279 P amesst FE579 T men
groph ese D 7. rubrume PSS B.Th= GSEoA o 73k %‘
A& BYY. 28822 GSES} PSSl Z4zte] &3 <l

243 9]-&A Wut ol GSES}F PSSE oA 2
g B RA% ]&A 9 &Nl st et

ot > 2
o ! ot %k

)

—.EOIDF:UF#J

o

GSE«] DISK & &4 ZRME T rubrune) 7V4 =
A & v, GSES MIC ZHAMNE P ameso] 713 =7
Ukth w3 PSS) DISK & &4 ZA3XNE M furfurc)
7V =4 UL whd, PSSe MIC ZARAME T menta-
grophytes©] 71 A ko o|FA A3 Wl wet 34t
gio] Mg 2 —r7} g2 vyeds e MIC 39
o A it GHEHC] 7o TFE JHE G ESs
UEly = whHo] DISK 439 3¢ 3 34
o] kel osf 1A A oA A2te

Assl7] WEOE ALZHT}

AA o2 GSE9} PSS7} HIE, Gt & FEd
g3t A5 JAER7t 5S FAsHa o5 53] GSES}
PSS7} gram G497 2 FFo] 5 B Ml AdojA &
T 248 7HAe A ¢ 5 AATh o3 gt GSE
o} PSS7} o] AEy 9 Axete] 7S A FHS
Asjsta, #A Wol Agste 4088 FIAA FAFR
7128 AT TR NEFAS At gt o] YEh

t Ao AztEold,

Azte) RS A%A ] B B A7 Ao
Ak SAAR GsEe) A3 ol B2 AAE T2 o
fla

vonoid A& w& Aoz ¢#A Joy Vonoid% A5
A A benzo-y-pyrone %Eﬂ]i’\i Fa A& vl Fot
o thekgl a2 JhH Aog d#A i GSEx SA4S

HehiA @8 FEY AFEANE 37 &b et
1 HaEo] o} GSEe &9 flavonoidel & naringenin
naringin, quercetrin, kaempferol, hesperetin ¥ apigenin &

o] glow o]F FH

-

/%% naringin, naringenin®] -—OI %

Aol didol Har AdTH14] & AR AT e AlA
F9] GSEdll oA ojwl o] g T4 8 4TS
SteA do2 R g A7y 983 Aog Holh
Eg PSSE G 25E &7 F5, Aol AGA G wE e,
U, T8 5 UtaoA 2o glon B & 23 5o
T HARA &2 F3FE ARG £ Tl 7
At EAY HYA 9718 75 Ao 2dde AAE
FoatA] g HAFFS o] &3 TG 4 9 F4E
e 8] AAe-S o] &3k 1 JEEnt oyt
ofotE 9 758 AAAFNE WA EEH1 ot
[18,20,25,39]. ©o]H & PSS9 -3 G SATH 2 & 49
o JAME HEH, AEEd L FEH st &
S B PSSE T3 o EA AAFIME EE Y
o2M 7154S MR gAF A8A Y Az dojA 1 7}
S8 Aoy FaAE &S wiled doAe
AOTE BWE ATV} o] FofA ok & Ao E AlsHT
EA AAFY EAS AT A oEA AAFY pH
T AR AFEFY A=Y A g3 FHF VT E
A o] W9 (pH 3.0~9.0)[23] ¢tell FEHE FAGLT
GSE¢} PSS9 3Hr w&o mE pH, H%, 24 4 A%
AolA kAol Qe Ao R YN wekA olE o] &5
Fgo=g, g, FREL 22 7154 A8 dFF Az
o1 A A}%ﬂvo}fﬂa} Aztslo] Aok w3 34E A

AolA Ake]AliKSalicylic acid), bl F(Methylparaben,
Propylparaben, Isobutylparaben, Ethylparaben, Butylparaben,
EgF 2 HTriclosan), 5 Aogh&
(Phenoxyethanol) % o] W] t}& 2|t d-%-# o}(Inidazolinidyl
Urea) 50| Y¥HAT 2 I 59 vlAE T5AAE A
WRAR AREH AT $lo, GSES} PSS #2& HAES o
£30d Foj=g, FuE, FrEad 2L FaA T
T otyel AFE AVIRES AT HEFEHA Y o] & 7HA]
A= AeE AteEH

Isopropylparaben),

h:):]
L
Ly

a

SES} PSSE o] &3}

o4e ANEL P 2 W G
AZE AAE RFAN 5, =gT @ FEF) 0D
S 4ol ASHUT pH 59 e 54 vl E
Wa dAHAOnE olF olgalt AAEN Be Y
S84 Aol gold HAH AL 48 A0z ArEr
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GSES} PSSE o] &5 95 <&A& /dstr] Asl, W2
w2 gy 9 AA A YA S o] &3k GSESF PSS
o W5 (Malassezia furfur, M. restrictd, HEET
(Propionitacterium  acnes) '3 -5 (Trichophyton  menta-
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