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Abstract : It is inevitable to use chemical germicidal agents like paraben, imidazolidinyl
urea and phenoxyethanol to preserve the emulsions which is usually used in cosmetics.
Although these chemical preservatives are good enough to reduce the microbiological
contamination, they are irritative, allergenic to the skin. Several kinds of polyols are used in
cosmetics as moisturizer and solvent. In this study, we evaluate the effects of polyols on
anti-microbial activities, safety and resistant index. MIC(minimal inhibitory concentration) of
polyols determined against 6 germs including Staphylococcus aureus. The order of MIC was
PG = DPG = 13BG > HG > 12-PD > 12-HD = 12-OD. The 2~3 wt% of
1,2-HD(hexanediol) shows good anti-microbial effects in emulsions without allergenic
response. Resistant index of 1,2-HD was less than 2 and this value was smaller than that of
chemical preservatives. The mechanism of antimicrobilogical effect might be disturb the
membrane of germs by investigating using electron microscope. Added to that, using this
paradigm, low preservative contents, paraben—free system, and even preservative-free systems
can be expected from these results.
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Table 1. MIC of polyols(wt %).
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M=

21.1. A8 #F

Abgd ATe wFE Staphylococcus
aureus(S. aureus, 3t&31) ATCC 6538,
Escherichia coli(E. coli, ?7&) ATCC 10536,
Pseudomonas aeruginosa (P. aeruginosa, =
F1) ATCC 15522, Propionibacterium acnes
(P. acnes, 2] =&3) ATCC 6919, Ao #+5
£ Candida albicans (C. albicans, ZFtlthat)
ATCC 10231, Aspergillus niger (A. niger, =
HF3o]) ATCC 96425 Z+2z+ AL-8-3F3i ).

2.1.2. WA= WA g W F=A

AHgE VAR wiA e HFEAL Table 20
her gk

2.13. A=

FeAY, 13- 732 B Feeqt

. ~1,3-Butylene Propylene Dipropylene
Strains Glycerin
Glycol Glycol Glycol
S. aureus 35 14 16 14
P. aeruginosa 40 10 10 10
E. colr 28 10 10 8
C. albicans 30 10 14 14
A. niger 40 14 16 18
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Table 2. Culture conditions of microbiological strains.

Culture conditions

Bacteria

Yeast & Mold

Brain Heart Infusion

Culture media Broth (Difco Co.)
Culture time &

Temp. 24 hrs, 35 °C,

Microorganism
suspension liq.

0.85% Sodium chloride

Sabouraud Dextrose Broth
(Difco Co.)

48 hrs, 30 °C(C. albicans)
5 days, 30 °C(A. niger)

0.85% Sodium chloride, 0.05%
Polysorbate 80

Table 37 Zo] AFgstgon 1 9 Al¢k
Sigma(St. Louis, MO, USA)°|A &5+

AokE g

e

AR SR Milli
QMillipore  Co., Milford, MA, USA)elA
1SMW-cmE Z3A 71 A& ALg3H Tt

Table 3. Polyol description.

Alamar BlueZ ©]-&3}o]
st st Al
oAlA PaMoz wWslr}

Sk, wEele wAE AA HX] ‘Eét 7}
ek 5 MICE Aotk

Table 4. Composition of emulsions.

~

ATHAL "= derdol Al Jits

rlov

Materials Manufacturer Materials wt %
Propylene glycol Sigma-Aldrich, Korea 1 D.I Water to 100
Dipropylene glycol  Nikko Chem., Japan 2 Preservatives q.s.
1,3-Buthylene glycol Maruzen Pharm., Japan 3 Glycerin 4.0
Hexylene glycol Sigma-Aldrich, Korea 4 Carboxy Vinyl Polymer 0.2
Glycerin LG H&H, Korea 5 Triethanolamine 0.4
1,2-Pentandiol Sigma-Aldrich, Korea 6 Liquid Paraffin 5.0
1,2-Hexanediol Sigma-Aldrich, Korea 7 Cetyl Octanoate 4.0
1,2-Octanediol Sigma-Aldrich, Korea 8 Caprylic/capric Triglyceride 4.0

9 Cetyl Alcohol 15
00 AlS 10 Stearyl Al‘cohol 15
11 Stearic acid 2.0
091 @A Az 12 PEG-40 Stearate 2.5
e = == 13 Sorbitan Stearate 1.0
AFHdE F43 #4s 747 75 CE 7t
galstel £¢ 3 F Aeow Whsd 2
B oAgz A}839th Table 40 od@ Ao % 223 w5y 43 (Challenge test)
o uehy o Table 590 oﬂtgzdgl Hp2 ) WRE A)¥e CTFA 7]+ ‘ﬂ“ﬂoi z13 3}
3 -

Jz‘/kojr,]_ Zgl L9 A4S JENY T Hx)

THTE A

flo
olN

222 379 H7}

34 e H{7}= broth 34 Wy or HIPst
o] MIC(minimal inhibitory concentration)S 2
ARtk Ald i = 6F tiste 2.1.2.9]
GxAoFE nAES FHEA T 96-well plate
ALgste] gt A4S Hrletglon #Ag e

it

B ]g'j HAENE Fv)sta *ﬂﬁ‘ﬁ 10°
< 10° CFU/ml O] IEE HEdo =
N ﬂ?q‘LL
_'% z}—z}— 01 ml”"] XJ 75]- 7% H xq
S dFd tho=w /\]Eé’ ZH%OF"% At
AALE T Hlie Soytone Dextrose Ca81t0ne
Agar ®iX], H & Sabouraud Dextrose Agar
of Wjst & w4E SAHSIATH

rﬁt‘ 1-ﬂ .
o X oot

rsL' J
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Table 5. Composition of preservatives.

Emulsion Materials
number
1 Methyl paraben 0.25,

Ethyl paraben 0.07%

Methyl paraben 0.25,
2 Ethyl paraben 0.1,
Propyl paraben 0.07%

1,2-Hexanediol 1%

4 1,2-Hexanediol 2%

5 1,2-Hexanediol 1%,
GL 0.5%

6 1,2-Hexanediol 1%,
1,2-pentanediol 2%
1,2-Hexanediol 1%,

7 1,2-pentanediol 2%,

GL 0.5%
No preservative
1,2-Hexanediol 3%
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2.25. I A HI}
Axsrd AES V794

hamster,

A 3 (Chinese
continuous cell line of tissue

R LR

fibroblast) & Wl Y3l MTT Algdoz AAls}
SvHI1 ¢#A Alg2 LLNA(ocal lymph
node assay)H< ©]83th Y4855 g
2.0, 6.0, 100 wt%e] FT==2 3|43} vl-9-9]
AL ol g3l iz FE =2 Hrls)

SeH12].

226. 3¢ & 7|F H7}

1,2-dAmEd A =e| 29 g 248 714e &
Qa7 kel "z @v] A (Transmission
Electron Microscope) &35 8319t o+
g 37 °ColA 12A17F &% aigst & 94 &
gt ARE THEAT. [2- A E S
1} Mas EFst 3 wtxn =FE L sl
g2 s & HIFAHoR O AFHEDGSA

;I

ol=r 14 F dvd ARlE SAsH

2.217. 54 A¥
7} dlolete] EAIAEl= Minitab 14 T2
BE ARgate] WA

Ed AFXES 9% wEkr|E TRUA
(TK-25, TK) <} A A& v 4 (LEO-912AB
Omega, LEO)E A}-83}%

3.1. &7g "o}
gE 98

i

&, 7F Wkl @it HrkE s
Table 6] 2}l o] MIC 2 PG = DPG
= 13BG > HG > 12-PD > 12-HD =
12-0D9] +=AE Hit. oIt 29& T
1,2-PD, 12-HD, 12-OD9] @itelo] ¢34
th oolg HEe Al it digke] B §

3.2. mF oty &I}

1,2-HDE PG 5ol ¥3] ME54dL =ou
g Fof kgt FEoln el s 4o
2 $rhedeh 12-0DE 58 I Holw
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Table 6. MIC of polyols.

PG DPG 13BG HG 12-PD 12-HG 1,2-OD
S. aureus 15 15 15 75 3.75 1.87 0.31
P. aeruginosa 75 5 5 1.87 1.87 0.62 0.31
E. coli 10 75 10 375 1.87 0.94 0.16
C. albicans 15 15 10 75 25 0.94 0.16
A. niger 15 15 10 5 1.87 0.62 0.08
P. acnes 15 15 15 5 3.75 1.25 -
Bl &EA fE¢ fFo] e Aoz Table 8. MIC of hexanediols varying the
Hxo] FAE duz A ¢S Ho= conformation of hydroxyl groups.
37 A tH(Table 7). 1,2-PDE 1,2-HDel H] 3} 25-HD 15-HD 16-HD 12-HD
of @teE "olAu vl o kg S. aureus 5 375 25 187
ek Aoz EESh 1,2-HDSF 1,2-PDE P. aeruginosa  1.87 1.87 1.87 0.62
g Hofl ks Aem FRlEHGormz A E. coli 5 375 375 0.94
Abgshe Al oEd AP AHgE 5 9l C. albicans 75 5 375 0.94
t}. A. niger 75 3.75 25 0.62
P. acnes 3.75 3.75 1.87 1.25
Table 7. Toxicity of polyols.
Cell Allergy 3.4 tc’,H”—EEJ. i*‘%_ﬂ_ B ]
toxicity(IC50)° 12-HDE *3s E21&9 olEd AFA
1,2-Hexanediol 0.1% negative of WS Husy] fgte] 7|E AFe W
1,2-Octanediol - + EC : 3026 A A2=®1¥} challenge test® 38tk W
1,2-Pentanediol 0.5% negative A9 2825 X9k odEA Y] ARZZT A
Hexylene glycol 5.0% negative T3 AFS Az HEsn AA Y wE T4
Dipropylene glycol 5.0% negative 2 Aol e A gfE B Az 12-HD 3
1,3-Butylene glycol 5.0% negative % FroAE vegagw So FEEAgES
Propylene glycol 5.0% negative A7tk AEel TZ olate] wrE S mg
SLS(EEU &) ¢ 0.005% (Table 9)
3.3. sl0I==Avll X0l HE 22 3.5. LM X% T}
HDE sfel=sdsle] 48 999 meh 15 ppe 13elae e UEASE e
Gk olAHATE EAGT 1 FolM 25°HD, o omna FelM WAASs b B sl
15-HD, 1,6-HD, 1,2-HD<®| 47}% o)A & Al Alolerewe 24 F@7E QT Table  10).

@ity @be $9% A3 12-HDI
o] 714 $53ItHTable 8). 4 v

T
in 9

e

L Ol o o oM Rl oot &
Torr 32 ox ot

12-HDE ¥HAR AHES 34 35-Al
& Aol WA wel EAshs

of W FET AoE AzHth 53] WA
b ke AmARes g4 8T A5
2 a8 92 5 U Ao 4han
3.6. BaI82 T X2 %

EeeRel AT o FE 1AL FH5

7] it A AvlAe Agste] wAAT
S. aureus®t P. aeruginosas
12-HD A& A3 A 123+ F9o HesE &
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Table 9. Microbial reduction against time varying composition of preservatives.

Inoculation Emulsion

germ number initial 1 day 2 days 7 days 14 days 21 days 28 days
1 46x10°  4.4x10"  26x10° < 20 <20 <20 <20
2 46x10° < 20 <20 <20 < 20 <20 <20
3 4.6x10° 10° 10° 44x10° < 20 <20 <20
4 4.6x10° 20 < 20 < 20 < 20 < 20 < 20
bacteria 5 46x10°  2.2x10° 10° <20 <20 <20 <20
6 46x10° < 20 < 20 < 20 < 20 < 20 < 20
7 46x10° < 20 < 20 < 20 < 20 <20 <20
8 46x10°  10°° 10°° 10° 10° 2.8x10" 10°
9 10° < 20 < 20 < 20 < 20 < 20 < 20
1 10° 10° 10° 10* <20 <20 <20
2 10° 10° 10° <20 <20 <20 <20
3 10° 10° 10" 10" 10" 10 10%1
east & 4 10° 10° 10" 10° 1.8x10° < 20 <20
fnol d 5 10° 10° 10* 10* 10* 10" 10*
6 10° 10° 10 10 8.4x10° 30 <20
7 10° 10° 10" 10° 14x10° < 20 <20
8 10° 10° 10° 10° 10° 10° 10°
9 100 24x10* 10? 20 <20 <20 <20

Table 10. Resistant index of preservatives.

Preservative

S. aureus E. coli P. aeruginosa

Methylchloroisothiazolinone
2-Bromo-2-Nitropropane-1,3-diol

Triclosan

DMDM Hydantoin
Isopopyl Butylcarbamate
Methyl Paraben
Imidazolidinyl Urea

Polyaminopropyl Biguanide

Phenoxyethanol
1,2-Hexanediol

8.3 16.7 16.7
122 9.7 9.7
11.7 15 -
4.1 5.1 4.1
2.7 19 -
4.0 14 7
3.6 4.6 42
2.2 11 1.3
15 1.6 14
1.3 1 1.3

Zskl v (Fig. 13 Fig. 2). A2 dFolA <5
FE FY 2 AEY g, AXd frE SOl
dEH e ol ERHUF Axd &3 ¥
AEEe] B i Zlo #ojsle o F
e
4. 2 E

dldd A WE AFAL A BN

AE AHgStE o5 WA 5l AbgEhe

AFEe] A5 g5 A4 g9A e vt
SAol Euh WUEAE Ay e v
Z2 &9 MIC %k =45k Hlﬂt‘&ﬂ} PG9]
4% 100 % AEE B3 gAHed gy
PG = DPG = 13BG > HG > 1,2 PD >
1,2-HG = 12-0D¢] &A1& HYr} 12-HD2
PG %o vl3] AEHAHE Fo} yio] ¢kd
g FFoln  dEA SAHeE HIUHEHAG
1,2-HD= Alitst z5to] thste] 71 348k w)
FA} F5 o dES JeWon, At
o ME9z} A3
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E63.000 £63.000

X63.000

(dJ

Fig. 1. TEM Morphology of S. aureus; (a) Fig. 2. TEM Morphology of P. aeruginosa;

before treating 1,2-hexandiol(x25,000), (a) before treating 1,2-hexandiol
(b) after treating 10 wt % of (x25,000), (b) after treating 1.0 wt %
1,2-hexandiol(x25,000), (c)  before of 1,2-hexandiol(x25,000), (c) before
treating  1,2-hexandiol(x63,000), (d) treating  1,2-hexandiol(x63,000), (d)
after treating 1.0 wt 2% of after treating 1.0 wt % of
1,2-hexandiol (x63,000). 1,2-hexandiol(x63,000).
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