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2 o B AFAE sAFd g 2ol AduMdAlcldlA d4EE 7HAE AEESQ 1,2—hexanediol,
ethylhexylglycerin, glyceryl caprylate® 0.2 o]5o| 3A-Z AE oA st Ay 59 &332
o I8 FA, 54 Aol tig dgo] ofgA WMsleleA gtz sttt AES AY ds2= AF
ol A F8S FHAZ Ao datEs 52 73 (1,3—propanediol, 1,3—butanediol, glycerin, dipropy —
lene glycol, niacinamide, EDTA—2Na, ethanol) & A143}9.2™, checkerboard assay & ©|-&3l9 3T &
e 78S Ad 3F B U g AURA 945 FAstint Ald A, Aol tid)] ol s I3
AR &332 B2 BAL ethanol? EDTA-2Nagl o™ E3] ethanole 78S Ad AYMIA 3% =5
o} Mol tisll F+ AlUA 235 JEPES 8218 4 ATk Glyceryl caprylate= A@g £4 7% 259}
O R S aureusel| sl &+ FrF 9 A5 B3E UehloH, 459 &E&o] HVME APde=
1,2—hexanediol, glyceryl caprylate &30 2 MRS 3= Ao] I kAl A AldS =5 A3t
folsttta ARHAT B AF= sPFFAA AT o] &EHE dFES AW AYMAdAe T2 AY Y59
gt AR EFE FRIFCEZH FHEE Ad AUAEAY AP Y FFHS 53k o 7ok Hell
Al &J9)7t ot

Abstract: In this study, 1,2-hexanediol, ethylhexylglycerin, and glyceryl caprylate known as skin conditioning agents
with antimicrobial activity in cosmetics were investigated for their antimicrobial activity against gram-positive and
gram-negative bacteria when combining them with various ingredients in cosmetic formulations. Seven kinds of sub-
stances expected to improve the antibacterial activity in formulations were selected to blend with these three
compounds.; 1,3-propanediol, 1,3-butanediol, glycerin, dipropylene glycol, niacinamide, EDTA-2Na, and ethanol. The
checkerboard assay was conducted to confirm the antibacterial synergy of these seven substances and the three skin
conditioning agents. Consequently, ethanol and EDTA-2Na were detected as the significant materials with synergistic
effect as well as ethanol showed antibacterial synergy with all the three compounds. When seven of selected materials
were mixed with glyceryl caprylate, there were synergistic or additive activity against S. aureus, gram-positive bacteria
and it was suggested that the combination with 1,2-hexanediol and glyceryl caprylate was useful to control both
gram-positive and gram-negative bacteria when there were four kinds of polyols. This study is meaningful in that it
confirmed the antibacterial synergy of the skin conditioning agents with antimicrobial activity and the main raw materi-
als frequently used in cosmetics, thereby contributing to prediction of the antibacterial activity of the skin conditioning
agents in cosmetic formulations.

Keywords: 1,2-hexanediol, ethylhexylglycerin, glyceryl caprylate, synergistic antibacterial activity, skin conditioning agents
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1,2-hexanediol, ethylhexylglycerin, glyceryl caprylate®] E.
coli®} S. aureus®| W+ A+ AUABHE FRIFOE
A ARG WoellA s e gAlEe] Aol thet &
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21. 7171 R AleF

FEe Ad AuAEA] 35, AF 45 7F50] Al
3ol o] &FHATY. AYMHYA 3FL  1,2-hexanediol
(hydrolite 6 O; Symrise, Germany), ethylhexylglycerin
(sensiva SC 50; Schulke & MAYR, Germany), glyceryl
caprylate (dermosoft GMCY; Dr. Straetmans, Germany),
A Y8 752 1,3-propanediol (fermandiol; IZ~RTF,
3+, 1,3-butanediol (Daicel, Japan), glycerin (LGAY &
7%, k=), dipropylene glycol (ADEKA, Japan), niaci-
namide (DSM Nutritional Products Ltd., Netherlands),
EDTA-2Na (Akzonobel, Netherlands), ethanol (Sigma,
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Figure 1. Checkerboard assay where the synergistic activity of
two materials, A and B was determined.
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Table 1. MIC (%) of Skin Conditioning Agents and Ingredients against E. coli and S. aureus

E. coli S. aureus

1,2-Hexanediol 2 2

Ethylhexylglycerin 0.25 0.125

Glyceryl caprylate 0.25 0.0625
1,3-Propanediol 16 16
1,3-Butanediol 16 16
Glycerin 32 32
Dipropylene glycol 16 16
Niacinamide 2

EDTA-2Na 2 0.0625
Ethanol 25 25
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Table 2. Checkerboard Assay against E. coli

| Algtell st & Al &3 AT

MIC (%) for material combinations

A B FIC index Interpretation”)
A B
1,3-Propanediol 1 4 0.75 A
1,3-Butanediol 0.5 8 0.75 A
Glycerin 1 16 1 A
1,2-Hexanediol Dipropylene glycol 0.25 8 0.625 A
Niacinamide 0.125 2 1.0625 I
EDTA-2Na 0.125 2 1.0625 I
Ethanol < 0.125 < 1.5625 < 0.125 S
1,3-Propanediol 0.015625 16 1.0625 1
1,3-Butanediol 0.0625 8 0.75 A
Glycerin 0.125 16 1 A
Ethylhexylglycerin Dipropylene glycol 0.125 4 0.75 A
Niacinamide 0.0625 2 1.25 I
EDTA-2Na < 0.0156 <025 < 0.1875 S
Ethanol 0.0625 6.25 0.5 S
1,3-Propanediol 0.03125 16 1.125 I
1,3-Butanediol 0.125 8 1 A
Glycerin 0.125 16 1 A
Glyceryl caprylate Dipropylene glycol 0.25 1 1.0625 I
Niacinamide 0.03125 2 1.125 I
EDTA-2Na < 0.03125 < 0.25 < 0.25 S
Ethanol 0.0625 6.25 0.5 S

1) S: synergy, A: additivity, I: indifference

o] 7%, &t E-o] A YHE I Fst= Aol A
2-2Hl, EDTA-2Nat= Al 9)HS BMASHA o=
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Azers sk o WAYUYSES 77 w2
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anediol¥} 23St S W, S aureusol] THAA = S F
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295 BATE Aok o] A2 1,2-hexanedioloF &
2 4F°] E. colis A3lst= 714 frARSHAI R S
aureuss A3l sz 7142 SHH 0|07 T E AY
ZF= AT

v 754 YE<Q! niacinamide= ATAWYA 3F
I AFsIH S v, glyceryl caprylateE A|]stile= &
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Table 3. Checkerboard Assay against S. aureus

MIC (%) for material combinations

A B FIC index Interpretation
A B
1,3-Propanediol 0.125 16 1.0625 1
1,3-Butanediol 0.125 16 1.0625 I
Glycerin 2 1 1.03125 1
1,2-Hexanediol Dipropylene glycol 0.125 16 1.0625 I
Niacinamide 0.125 2 1.0625 I
EDTA-2Na 1 0.03125 1 A
Ethanol 0.25 1.5625 0.1875 S
1,3-Propanediol 0.0625 16 1.5 I
1,3-Butanediol 0.0625 16 1.5 I
Glycerin 0.0625 16 1 A
Ethylhexylglycerin Dipropylene glycol 0.00781 16 1.0625 1
Niacinamide 0.125 0.125 1.0625 I
EDTA-2Na 0.0625 0.03125 1 A
Ethanol < 0.00781 < 1.5625 < 0.125 S
1,3-Propanediol 0.03125 8 1 A
1,3-Butanediol 0.03125 8 1 A
Glycerin 0.03125 16 1 A
Glyceryl caprylate Dipropylene glycol 0.03125 8 1 A
Niacinamide 0.03125 1 1 A
EDTA-2Na 0.03125 0.03125 1 A
Ethanol 0.00781 3.125 0.25 S
1) S: synergy, A: additivity, I: indifference
37 AE A5 25 S aureusol IS g Bt 1,3-butanediol, glycerin, dipropylene glycol)®] %7}

! s AFE YERNATE o] A2 glyceryl caprylate
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2 UAE Azete gesls v
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E}Z1§X4°i A zu-s 93 sh= 7]2
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4. 48 E

o T w7 A]Lm 312 99l vz
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S
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== 771 W
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<= 7H Al

W E colidl w3l F FUIEAE ERRITH
Ethylhexylglycerin< 1,3-propanediol, niacinamide®l] TH
A= HE g+ Bt 3HE UERNA] FUAINE
ethanol, EDTA-2Na®}= 573+ &+ AR &35
BRIt Glyceryl caprylate= Al @3 ZE AE 9=
ot S. aureus© T+t 77t 2 s S HERY
AL, WA S aureus©l] FFE AP 79, AHA
AL glyceryl caprylateE H7leh= Zlo] £& 202
o &= A

H ARE FTHMEA, 459 F2]E&o] HIEE A
= AP l= 1,2-hexanediol, glyceryl caprylate =310 =
A sk Aol I8 A, 54 Alds 25 Alojst
Zlell golsitta AaE L, S Ad Ao
Al 3F& Hrletod e g o] n &g AFolls &F
9] ethanols FH7Fste= Zlo] WY 3o 7oA
US Ao AIRHUTH
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