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Cosmetic products including skin and essence were manufactured to analyze the effect of green tea
polyphenols addition. In addition, irradiation was applied to remove an undesirable color of green
tea polyphenol(GTP), which may cause a problem in the marketing, of a final product; moreover,
comparative studies were conducted with the cosmetic products on whether or not antiseptics were
treated to verify its use for the development of non-antiseptic cosmetic products. Growth inhibition
zones were shown in the microbial study except for Candida albicans. The minimum inhibitory
concentration(MIC) of E. coli and C. albicans was 2,500 ppm but that of S. aureus was 1,000 ppm.
The numbers of E. coli and S. aureus were reduced to undetected levels when 10,000 and 5,000
ppm of polyphenol were added, respectively. Results indicate that the addition of irradiated green
tea polyphenol provides a good method to manufacture functional cosmetics including skin and
essence with various biological activities such as antimicrobial activity without antiseptics.
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ol FUEA & FV(-OH)E TN o) k= Hled =
AR Fz27} gofelitl 5219 Z]9ERE catechin® @ ¢
71 flavanols, flavandiols, flavonoid, phenolic acidE *23¥shk=
flavonoF 5-02A], 1 5 7M1= T2 F2lP<l epicatechin
(EC), epigallocatechin(GC)Z} ester® <] epicatechingallate(ECG),
epigallocatechingallate(EGCG)©] ™ catechin®} gallocatechin®]
A% FE] th S o)l FeveRe 8% SUSHE
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Aok &t A Aol AR A dF= I A
dO 22X Staphylococcus aureus KCTC 1621, Staphylococcus
epidermidis KCTC 1917 2 Escherichia coli KCTC 1039%
Aty wFsted ARgsidem™, R AdES 2 Streptococcus
mutans KCTC 3065 2 Candida albicans KCTC 79655 7|
o viFsie] ARESIITE A Mg B 2 midks #gE A A
A= nutrient broth(NB), tryptic soy broth(TSB), brain heart
infusion(BHI) & YM broth(YMB)E Difco Lab.(Sparks, MD,
USAKIA Fste] AHgaigion], A8 Asie B a5
AE 93t FAMIA = nutrient agar(NA), tryptic soy agar
(TSA), brain heart infusion agar(BHIA) 2 YM agar(YMA)
£ Difco Lab.(Sparks, MD, USA)IA F43te] ARE-3ISIT]
2 9le] e Aok 55 AlokE ARSI

A& AZ, 2H(10kg)E FZ B4 60% o HIEGS0 el 3
Asto] Aol 2447 A & 5 8,000 gollM A £
(Hitachi, CR21, Tokyo, Japan)dt] 32 FH3ch JHES
T 60% otAlES Thete] Sl 2 = S 33 vHE
sto] 4SS BE U3 FF(N-N SERIES, Eyela, Tokyo,
Japan) &]7}(No. 2, Advantec, Tokyo, Japan)sle] SZ2=ZS
AAZ oJodls 3]st 228 AEE ARSIt 2
Sephadex LH-20 columndll A&Z loading 3}, /) Srj=
= methanol AME-3}] methanol : Deionizedwater(0 : 1 — 1: 0)
Z ANste] EAATE 4 859 E2]EES silicagel thin
layer chromatography(TLC)Z Z7] A|A #AA|FO 2 whaG
T2 I3t & FAAZREN] (+)-catechin® FFEOF high
performance liquid chromatograph(HPLC)E ©|-8-3l] &g]z&
SrFS Aste] AR siGTE (Fig. 1).
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[ Extraction 24 h, Room temperature ]

Precipitation I
0% Acetone

[ Extraction at Room ]

temperature for 24h

3 Times

Precipitate

( Sephadex LH-20(H,0~MeOH; 0~100%) ]
I
[ Thin layer chromatography ]
I
[ Polyphenolic compounds ]

Fig. 1. Purification procedure for the polyphenol isolated from
green tea.

Table 1. The experimental formulation of the skin containing
polyphenol

Contents %

No. Technical Name INCI Name

(W/W)
1 D.I. water Deionized Water to 100
2 Glycerin Glycerin 2
3 1,3-B.G 1,3-Butylene Glycol 3
4 preenaives ol 05
5 Ethanol Alcohol 5
6 Cremophor RH 40 PEG—4é)al:t}$r&glenated 0.8
7 Citric Acid Citric Acid 0.04
8 Sodium Citrate Sodium Citrate 0.1
9 Polyphenols Polyphenols 2

YQuantum sufficient: Proper quantity

ZEoEe H7KeE 22718 Table 19] Aol wha}l Al=sI0)
Tdoll= BEAIQ] glycerin, 1,3-butylene glycols E2H, ol
ke doll= 718-3kAIQ] PEG40 hydrogenated castor oil2 {37
Zhzb et & Sgkeslth. <83t $ pH 2EAIR citric
acid®} sodium citrateS 937, =2} Z]HE 2%E Frlsle] &
Aol ARg-skAT

=2p EjHlES H71eE olAlie Table 28] Aol wet A
Z3tAth Fdoll= E5AQ glycerin, betain, polyethylene
glycol 15002+ HHAIS Yol 80°C7HA] 71dste] {air7] 3,
homo mixer(TK. Homo Mixer Mark II, Tokushu kika kogyo
Co. Ltd., Osaka, Japan)S ©]-&-3}o] 3,000 ppmollA 2487+ 3}
slaz, vlg] E4HstE lubrajel DVEF HSA131 carbopol 9403 2
3L 287 3819t} Triethanolaming(TEAYS €31 387 T
f3lst &, oek&Akel PEG-40 hydrogenated castor oil &
127 f8slal, =21 E89E 2%e Eo] 287k f3ls &
30°C7HA] W7ztstal e7lste] 2 A7ol] ARE-SRiT.

Y 34

. Streptococcus mutans$t Candida albicans®] W %<
$18 AR 2= brain heart infusion(BHI) % YM broth
(YMB)YE 22} AMS8I9.9, Escherichia coli % Staphylococcus
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Table 2. The experimental formulation of the essence containing
polyphenol

Contents %

No. Technical Name INCI Name (W/W)
1 D.I. water Deionized Water to 100
2 Glycerin Glycerin 5
3 Aminocoat Betain 7
4 PEG-1500 Polyethylene Glycol 1500 2

. Methyl (ethyl, propyl) B
> Preservatives paraben, Phenoxyethanol QS.
6 Lubrajel DV Polyglycerylmethacrylate/ 3

propylen
7 Carbopol 940 Carboxyvinylpolymer 03
8 TEA Triethanolamine 0.3
9 thanol Alcohol 4
PEG-40 Hydrogenated
10 Cremophor RH 40 Castor Oil 0.5
11 Polyphenols Polyphenols 2

YQuantum sufficient: Proper quantity

epidermidis®] AAWAZ= nutrient broth(NBYE AHE-SHAL,
Staphylococcus aureus®] JAAZ= tryptic soy broth(TSB)
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B Aol AMSISIT}. Streptococcus mutansdg-2 CO, incubator
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o]l FHalx HAMRA] 10 mPIA 18~24417F vt S+
HiF AL 5 opA] AR 10 mell #4-E 0.1 m/ FHESk
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a: 0 mg/disc

b: 0.25 mg/disc
c: 0.5 mg/disc
d: 1 mg/disc

Fig. 2. Antimicrobial activity of irradiated polyphenol isolated from
green tea on several microorganisms. A: Staphylococcus aureus, B:
Staphylococcus epidermidis, C: Escherichia coli, D: Candida albicans,
E: Streptococcus mutans.

alod 0~48A17F viFElA] Y AT Ao R uhiR]e] 3]
Mz A IMF & F9L 0.1m/ =Tk 35C9
incubatorol] A1 24A17F Ft vkt ¥ JeRd colonydE
colony forming unit(log CFU/m)E YERAATE.

BAAZ. 23} FAX2)= SPSS 10.0 for windows program
< ARgslion, oAl e EAREA(ANOVA: analysis of
variance)S ¢ ¥ o=0.05 oA Duncan®] UFHSH
(DMRT: Duncan’s multiple range test)oll w2} #2931t

2

A& A3 3(Clear zone) IR, =3} Z|v 3 e
A7V 271 B oAdls, ERjEls TRV 20 9 oflse] W
AP ZARE 9 H)ZRARES] gt a3 B AR AL mpE
PSS HEs] s, FFIA] Staphylococcus aureus,
Escherichia coli 2 Staphylococcus epidermidis®} 7730 M=
Q1 Streptococcus mutans, Candida albicans®| W3t clear zone
S #EAS A3 Fig 2~4, Table 3, 49 7ro] YeRSIT)
AR AL BlARe] e S A B el o
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a: 0 mg/disc
b: 0.25 mg/disc
c: 0.5 mg/disc
d: 1 mg/disc

Fig. 3. Antimicrobial activity of non-irradiated skin containing
polyphenol on several microorganisms. A: Staphylococcus aureus, B:
Staphylococcus epidermidis, C: Escherichia coli, D: Candida albicans,
E: Streptococcus mutans.

3 frolAQl Zpoles UEhbA] ek, Bab Eejulee A7t
gk AR} 2719] dgEo] =A YERTE 53 s
9] 1 mg/disc®] A$ E coli= 11.3mm, S aureuss 22.5 mm,
S. epidermidiss= 10.5mm, S. mutans= 93 mmE 7212+ YERY
At FewlEe] H7RE 2719 ARl EFelvEe] A7k
il 2=o] H|ZAFANME S, aureus?t TRE d=Fol vls] 7HE
2 Ak Jeiith o= Bae ¢ XX FE=9 At
aye} vlwsle] =2 ZEjsey FeuElEs ke &7 4
oAlze] gAaHE IRIT & At wEh HA; EEs

a: 0 mg/disc
b: 0.25 mg/disc
c: 0.5 mg/disc
d: 1 mg/disc

Fig. 4. Antimicrobial activity of non-irradiated essence containing
polyphenol on several microorganisms. A: Staphylococcus aureus, B:
Staphylococcus epidermidis, C: Escherichia coli, D: Candida albicans,
E: Streptococcus mutans.

S 2F 9 sPgEe] B A 9 )RR g &
dAZA AREe] 7FsE Zolw, WA AR BAIRIe]
o e FHEHAE Hol AR AR SUolw g
<= YERASIH

HaAslse 2R, =2 Zjlss SEsse] HkE &
20 2 oalze] HAAS FEMIC: minimum  inhibitory
concentration)y& Z74317] 918+ gram(HHFA S aureusS}
gram(-d E. coli B yeast2X C. albicansE AE-310] =
43 A3 Table 59 7ol YA =, E coli, C.

Table 3. Antimicrobial activity of polyphenol isolated from green tea on several microorganisms

) polyphenol (mg/disc)
Strains
0.25 0.5 1
Escherichia coil KCTC 1039 R 8.3+0.53” 11.3£0.3
Staphylococcus aureus KCTC 1621 17.0+0.9 19.3+£1.53 22.5+2.12
Staphylococcus epidermidis KCTC 1917 - 8.61£0.2 10.5+0.5
Streptococcus mutans KCTC 3065 - - 9.3£0.29

Candida albicans KCTC 7965 - - -
YNo inhibition
?Mean= SD: Inhibition zone diameter (mm)
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Table 4. Antimicrobial activity of cosmetics containing polyphenol on several microorganisms

polyphenol skin (mg/disc)

polyphenol essence (mg/disc)

Strains
0.25 0.5 1 0.25 0.5 1
12.0+£0.29? 1.30+0.76”
+ 3) + 3)
Escherichia coil KCTC 1039 b - 12.0% 0'354 - - 17.0% 0'684
12.0+0.83% 18.0£0.52%
13.0+0.88" 15.0£0.48
14040877  17.0£029°  21.0+0.50? 12.0+1.00%
+ 3) + 3) + 3) + 3)
Staphylococcus aureus KCTC 1621 15'0_0'584 18'0_0'324 21.0% 0'474 - - 12'0_0'874
12.0£047  15.0£021Y  20.0+0.43% 12.0+0.82%
14.0£0.72Y  17.0£092°  20.0£0.517 12.0£0.89”
11.3+1.53? 14.0£2.122
+ 3) + 3)
Staphylococcus epidermidis KCTC 1917 - 120£0.53 . 20.0£0.28 . - - -
13.0£0.97Y  18.0£2.12%
12.0+£0.299  15.0£0.12°
11.0£0492  13.0£0.68°  15.0+0.29? = 14.7+1.042
+ 3) + 3) + 3) + 3) + 3)
Streptococeus mitans KCTC 3063 12.0+ 0.284 13.0+ 0.874 16.0+ 0.464 12.0+ 0.574 18.0% 0.144
12.0+0.74% 14.0+0.66% 16.0+0.36% 10.0£0.59% 15.0£0.68%
11.0£073Y  12.0£0.12Y  14.0+0.34Y 10.0+£0.12°  18.0£0.04%

YNo inhibition.

YMean+ SD: Non-irradiated inhibition zone diameter (mm).
Mean= SD: 5kGy-irradiated inhibition zone diameter (mm).
“Mean+ SD: 10kGy-irradiated inhibition zone diameter (mm).
YMean= SD: 20kGy-irradiated inhibition zone diameter (mm).

Table 5. Minimum inhibitory concentration (MIC) & Minimum bactericidal concentrations (MBC) on several microorganisms

) MIC (ppm) MBC (ppm)
Strains ;. 3
PPV PS? PE® PP PS PE
Escherichia coil KCTC 1039 2,500 2,500 2,500 10,000 10,000 10,000
Staphylococcus aureus KCTC 1621 1,000 1,000 1,000 5,000 5,000 5,000
Candida albicans KCTC 7965 2,500 2,500 2,500 n.d? n.d n.d

YPP: Polyphenol.

2PP: Polyphenol skin.
9PP: Polyphenol essence.
“Not determined.

albicans®l 3t MIC7T 2,500 ppmollX] YEREO™, S, aureus
= 1,000 ppmelX] MICE YERARITE. ©]e} 72o] gram(+)do]
gram(-)7FET}F 2 FEoA MIC7F YeRdth Lee 5% &
WU 5918 methanol FEEC] gram(+)w 3 gram(-)<]
MIC Z323} Bacillus subtilis, S. aureus®} 7+ gram(+)l|
k] 1 mgml, 10 mg/melA MICE YERIIAL, E. colidt
Pseudomonas aeroginosa®} 732 gram(-yol tisted 10 mg/ml,
15 mg/mPilA MICE Y= 2 Bargh b itk oj¢} 2
2 ZA3R= Nakamura 50| R nje} 740] gram(+)<] Al
XHL2 peptidoglycanzo] ¥l =ZF o] ity 2o ¥
A& W] {A|9E gram(-)dS lipopolysaccharideS FAJH-©
Sl= £]2H0] peptidoglycand2 Hodk= TS 317] wiEol
e =Eo] FA0] o] Ao 71T ZoE AlgHH
HoAFss AR, =2 e EeEse] A7k &
21 2 oAl 2~ F A4 EE(MBC; minimum bactericidal
concentration)s =-g3}7] 95t gram(+) Al S, aureust
gram(-) AF2 E. coli 2 yeast?l C. albicanss AHg-ate] =

B3 A3 Table 59 o] YERIQT. =2 ZaldEe S

aureus®l| W3 5,000 ppm, E. colill TH3kd 10,000 ppmellA]
HaitesEE eI, EjEss JURE 271 9 o
MAE 72 FEoA S aureus?t E. colel] el HA A5
=5 YeRSItE. 9 C albicans®] eI = HAATEEE
=4 gk

A &4, AS A, MIC 2 MBColA Yepd Az}
£ EUE sl Fa Fejsls 9 Egulse] HvkE 27 ¥
ofdlze] A7kl mE AdrE 58 ¢ AH Fig. 5~73% 720]
YUebdth S aureusOll it A& = 1,000 ppm, E. coli=
5,000 ppm, C. abicans= 10,000 ppmolA =33+ A3} 617
FEE ASAST YERES 91 4 A, S, aureuss} E.
coli] 735 12217holl A izt Blaels W Al 27
4.63, 4.82°] log cycle®| ztol& WERNIIL, C. albicanse 12
A 7ol izt BlsiS W AR 2% 6059 log
cycle 78S UERfo] F5igH A4 oA a9E ER1F
Ak Oh 59 39| ethanolFZEE2] silica gel column
FEYES o]83t L monocytogenes?t S. aureusl] TH3t] A3
#75 34 A3 1,000 ppmelA o] 7S JAFAL B
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Fig. 5. Growth inhibition of polyphenol isolated from green tea
and cosmetics containing polyphenol on the staphylococcus aureus
at 1,000 ppm. CON: control, PP: polyphenol, PS: polyphenol skin,
PE: polyphenol essence.
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Fig. 6. Growth inhibition of polyphenol isolated from green tea
and cosmetics containing polyphenol on the Escherichia coli at
5,000 ppm. CON: control, PP: polyphenol, PS: polyphenol skin, PE:
polyphenol essence.
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Fig. 7. Growth inhibition of polyphenol isolated from green tea
and cosmetics containing polyphenol on the Candida albicans at
10,000 ppm. CON: control, PP: polyphenol, PS: polyphenol skin, PE:
polyphenol essence.

arale] =21 Eguls B Egulse] vk 230 A odlsst
AR A7 YESIOH, Bae® 52 &3 ethyl acetate
FZE gram(+) AdA S. aureusSt gram(-) AldS shigella
dysenteriges 727+ wFEAA] YA HH0E A A=
g 4% AF S aureusst S dysenteriaeﬂ tisted 4,000
ppmollA 24X17F 7] F2lo] AA|E]a, I FHE FET o

ZX 8

S & ok
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WAR 2ARE F31 sl 2709 oAz Hrketed
WEAE H7FEIA @gks we] dwast B Wiads 4%
Sfal FHRLA| SPEC A9 7PsAS HESIYT 3y =
A A3}, C. albicanssS ALt BE F#FoA Faart Vel
‘»’i" o, A7 S awreusolM SHEFTL =A VERIT)

C 273 A3, E coli®t C albicans®] 735 2,500 ppmellA,
S aureus«] 4% 1,000 ppmol| A Asls=E UeER)SloH,
MBC 24 43}, C albicanss A 9|3+ BE oA %O]
7Fs3lR e, E coli®] 7% 10,000 ppm, S. aureus®] 73
5,000 ppmellA] BE o] APEsiinh A7kl whE Ag%’«—,— %
A Az, A7ko] Aol wet o] F242 oAlste] et ol
Holds & & AU ol¢} e AHE mFo] Hol =3t
ZEHES 2303 oAzl H7 Al FEIt et 5
AE ATHR ol 8] 7T AoE Almdn

Key words: anti-microbial activity, green tea polyphenol,
non-antiseptic cosmetic products
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