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2 ek o JROZ ALLELE ¢HE A 9 SRR GA J RS AT £ glon,
AFHEAE SAES A7|7 B8 9 AME F o[4S 2FE YAy Y E4FHo|7| = AT =4
g oz 2 ot Aol BA7E Al7[ER et olH AT E & 2Ze9loR HoiEE dEE 3G
ol 7|5 ASRE 404S AL R =2 =T AFBEEA 2150 diete] TF € AEAEHE A SR
I A SEEF=L 94| HE Hoow, o] F 7HA 0.3 ~ 0.9 ppmOE A FEojofZ ot Aol A HAGH
71&d HEstg oy, 279 A& 8.4 ppm, 50.5 ppml 2 FHEo| Hoj 7|EE 2T, AFEEAE
404 F 20A9A AEEReY, 4& 5 4 HY= H=AldEE 0.1 ~ 0.7% (1574), o< otakdl 0,19 1
~ 0,21% (27), 222944 0,13% (17), S22EA D 0,006%(14), =2duzld 0,06% (14) & 25 i
71E o2 HEEHUT. E3 FAE F 7|54 FHEY AL FHEH Yt 13 £= 23} LA}
7154 sgEolgts wolE ®7|s|ok S| 407 F 170l A E7|7) Hof QA @stch AY Ay AgRE
A= rHsHA B He 02 dEHAW, SEEF =0 AEE A B2 dEEo B AT
ALR Elo] dReo] Eafjof gt vk A d EAFE e Ao aFH

Abstract: Arbutin, which is used as a whitening ingredient, can produce hydroquinone, known as causing skin disease
and carcinogen. Preservatives are essential to prevent microbial contamination during long-term storage and use of
cosmetics, but safety issues such as toxicity and skin irritation are being raised. This study was conducted to determine
hydroquinone and 21 preservatives levels in 40 arbutin-containing whitening functional cosmetics sold on-line and off-line.
Result showed that 9 products contained hydroquinone. The concentrations in 7 products were ranged from 0.3 to 0.9
ppm, which were within the maximum allowed amount established by the Ministry of Food and Drug Safety. However,
2 products were 8.4 and 50.5 ppm and exceeded the allowed amount. Preservatives were detected 20 products, Detected
items and ranges were phenoxy ethanol 0.1 ~ 0.7% (N = 15), Methyl paraben 0.19 ~ 0.21% (N = 2), Chlorphenesin
0.13% (N = 1), chlorhexidine 0.006% (N = 1), Propyl paraben 0.06% (N = 1), which were within maximum allowed
amount established by the Ministry of Food and Drug Safety. Also, in cases of finctional cosmetics the phrase "finctional
cosmetics” should be expressed on the primary or secondary package of cosmetics by cosmetics act. However, 1 product
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did not state the phrase as functional cosmetics. This study suggest that preservatives were safely managed. However,
hydroquinone in hydroquinone-detected products could be produced by the decomposition of arbutin. Thus, further studies
on the decomposition of arbutin are required to improve the quality control of the cosmetics.

Keywords: cosmetic, hydroquinone, preservatives, skin whitening, HPLC
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1} Zo| Y@ Aretostaphylos waursi (L) Spreng)l A +
#gl 5] =27} =(hydroquinone, HQ)ol ZHEE 4AHE=A

o gha}akE ek 2], A457 A 4 &, 2019
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Hydroquinone MBAI::“
Figure 1. Biotransformation of hydroquinone into ar "
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2 FUs4T 334 oY 58 FUtks A= ¢
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2.1, A=

B AFE AFolM 2-exzeRloz {BET Y=
AREl 5 v 7SS 407221l 207 ez}
Q1 207, 2018 o= Sfglom, APoas IHA
27, A4 167, upA3 270Uk
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HQ #EEH HEx HEF2Q TC MIT, ¥ilz=4kbenzoic
acid, BA), ¥ HU5:2(benzyl alcohol, BAH), Feuiehdl
(butyl parahydroxy benzoate, bPHBA). Z%HE{(climbazole,
CB), 2= =3 A|t(chlothexydine, CH), A23|2|t]E2
F2to] =(cetylpyridinium chloride, CPC), H|dto]=20}
A€} o} 4| =(dehydroacetic acid, DHA), °f23}ehl(ethyl
parahydroxy benzoate, ePHBA), of]|e =X =2a]del7Ht
mj|o] Eiodopropynyl butylcarbamate, IPBC), oj4Z2%wlz}
Hiisoprypyl parahydroxy benzoate, ipPHBA), Hl=Alolle-E
(phenoxy ethanol, PE), Z2@uthl(propyl - parahydroxy
benzoate, pPHBA), £2=HAXl(sorbic acid, SA), =4k
(salisylic acid, SSA), E&]Z=Z7Hltriclocarban, TOC)S

Sigma-Aldrich (USA), CMIT= Fluka (USA),Z =944
(chlorphenesin, CPy Alfa Aesar (USA), ¢|axsEmhi
(isobutyl parchydroxy benzoate, ibPHBA)} v3otebil
(methyl parahydroxy benzoate, mPHBA) = TCI (USA)=5
H e & 4 B4 98 oekE(Samchin,
Korea), oJ[E-2(B&J, Korea), OMH|EL E (). T.Baker, USA),
¢14(Junsein, Japan), Ez|WEo}l(Kanto, Japany2 AFE-5}
Hk-

23. B2M717| A =

Ago] AARE Aol 233 A" 7|(US/B510E-DTH,
Branson, USA)E ARg3lgich EA47|7]= HPLCPDA
(Nanospace SI-2, Osaka soda, Japan)2} HPLC-DAD (Ultirmate
3000 UHPLC, Thermofisher scientific, USA)YS A}2519].0H,
&4 2702 Table 13} 2.

2.4. A2 HX2|
HQ: “7|5481E 712 9 AlSubE(AlEeloREeh,
Z TA] AR017435, 2017.5.23.)°¢f wel Algsls o o
He theat 2tk A2 oF 1 g8 oS4 ol 10 L
5943, HQ EZBALS oF 10 mof OlEARS Hol 10
mLE 3o} EEYoos st of o 1 mLe Hal o)
SAkS o] 1000 mLE 3} HEoR gy |
AFRERE AEolorzolal] “BE AMFIE AR
244 Fol=aRIRIS] QHA, 2017508 Y j
)

o=

(=]

atod Algatglon whHe oh2at Ptk

P, (B Al 9F 0.5 gofl WREENFHHZ, 02 mg/ml
10 mL 2 oAk Yo 50 mLE 3] FYoz sk
FEFLE oF 50 mgol olFAS Wol 100 mL2 §F AL
FZYN0R 57, UEEZ 10 mL U o]EAS o}8
3 dAIH oz S5l FEgHo= Fgch

TC. A& F 05 g& ofghgo] 83 & 50 mL2 3}
Aoz Fgchk FEEL oF 100 mgof| osheS do
100 mL2 3t He BFUNOZ 13, ofeh2 S o] R4
A AR Bjale] REGHOZ Bk

QPC. A& °F 02 gofl wghe 10 mL ¥ YjHEZoH(]
SodnidEEEael= 03 mgml) 02 mLE ol 6
min 5%+ 2339} A% F feheS Yol 20 mLE 3] 3
doZ stk EEEL oF 10 mgof HE2E Hoi 10
mL2 st} HFUNoF a1, EFEEY 02 mLo} vg
22 o83 WA Mgl BEgHoR sigch

s oS
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Table 1. Operation Conditions for Hydroquinone and Preservatives by HPLC
i Injectio
Compounds Columns Mobile phase Detector l:ln(:lw,fn:?n‘; v‘oiumen
s DAD" 0 10 AL
HQ 10 mM potassium dihydrogen phosphate ACN (92 : 8) 290 nm) 1 I
CB Sunfire Cig e DAD )
e 0 D MeOH : 0.005 M 1-hexane sulfonic Acid (65 : 35) s 1.0 20 L
DAD :
TC DW : ACN (4 : 6) (280 o) 1.0 10 pL
cPC Waters, X-bridge Cis 100 mM ammonium acetate : MeOH : 200 mM DAD 0.8 10 1L
(4.6 * 250 mm, 5 ym) tetrabutyl ammonium hydrogen sulfate (15 : 80 : 5) (262 nm) i
A : 0.1M monosodium dihydrogen orthophosphate with
0.5 % triethylamine in DW, pH 3.0 with
H,PO, + ACN (70 : 30)
B : ACN
Time(min) A (%) B (%)
4 78 22
Capeellpak MG Cig DAD
CH 9 50 50 15 50 uL
(4.6 x 250 mm, 5 ym) 15 50 50 (239 nm)
20 30 70
25 20 80
30 50 50
35 78 22
40 78 22
CMIT A : 0.1 % phosphoric acid : ACN (95 : 5) DAD 08 10 4L
MIT B : 0.1 % phosphoric acid : ACN (5 : 95) (275 nm) :
TCC - v 3 % glacial acetic acid : ACN (25 : 75 oin 0.8 10 4L
(4.6 x 250 mm, 5 ym) o ik = (265 nm) :
PDA?
IPBC 2 4 : 2 .
DW : ACN (4 : 6) (220 1nm) 1.0 10 uL
BAH
PE A : 0.05 % TBA-OH with 0.1 % phosphoric acid in DW
SA B : ACN
BA Time(min) A (%) B (%)
DHA 5 90 10
e TR L, 16 85 15
mPHBA Unison US-phenyl 18 85 15 PDA 08 3L
SSA (4.6 x 250 mm, 5 ym) 35 70 30 (220 nm)
_cPHBA 2 5 o
_ipFEBA. 50 60 40
pPHBA 51 90 10
ibPHBA 60 90 10
bPHBA
YDAD: Diode Array Detector
2PDA: Photodiode Array
i ad-E et s) A, 4454 A 4 &, 2019
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CMIT, MIT. AJ2 2 05 gof] vhe-S 9o 10 mLE &}
of ZHolog s} HEES oF 10 mgo] L Hol
100 ML 3] EEYPN0 2 S5, wEkE olfs]
Axoz sl o oie BEgNOS BTk

TOC. A& oF 05 gofl gk Hol 5 mLE 315,
o] e 1 mL 3}0] UPREZY7}E|9l 1 mghml) 0.1 mL
7} opEYEZS ol 10 mLE 3lo] Hojo= sigith
EZEZO oF 10 mgof OHIEUELS Wol 10 mLE 313
I o] o 1 mLE F3lo] oPHEUEZR 20 ml 3]
Zoo2 s9) o] e YREZN 0.1 mL U oE
UEYL olgs) TAMoR BME He HEFgdom
i

IPBC. A|2 °F 20 go] R EZHNHYS|=2 = 5 g
fil) 30 mLE Yol 283} Ag 3 FrE k20 g T
Fato] WEAlo|A oF 6 h Sk 7HEH HojFuA] uhgh
ohe odjslo] Holo 2 BT HEES oF 25 meo] U
HEZOUS Ho| 25 mLE §F oje EERUMOR 31y, U]
Bgzojon thily sjsle] EEgloR sigch

BAH, PE, mPHBA, ¢PHBA, ipPHBA, pPHBA, ibPHBA,
BPHBA, BA, DHA, SA, SSA. A|2 oF 1.0 gof WREEZ)
OHIEok| =3 2 mgml) 10 mL I 1% 4 T
50% OPHELIEY E3lele Yof 10 mLE 3} FAoR
s}tk BAH PE mPHBA, ePHBA, ipPHBA, pPHBA,
{bPHBA, bPHBA ¥ZE.2 oF 100 mg, BA, DHA, SA, SSA
REEL oF 0 mgS 717} Yo} 1% QAT 38 S0%OHE
Usge Yo 25 mLa 3lo] ERUOR sty YRE
Zol 1.0 ml 9 1% QAKEHG: 50% oPHEUELS o] g3
tlEo s BAE e ERgMoR S,

CH 2432 Oh So uhe Wysio] AFR3}ATH18).
NES oF 02 g& o o}5AF A §HS Hol 20 mL
sl ANo R igich BREL oF 13 meo] WEkeS ¥
o] 50 mLE 3t & 1 mL2 F5led oA A S9e= 10
mLE o] EEYUNOZ BTk o] AL o|FAF A 8
o2 thE BMEl ERgAoR Byt BE Fae
717] B4 A 045 imEE R ofusie] AlSilon, BE
oo A% 9 3|48 Aol ARSITh

N

5 BMYYE Red &

2 Q7oA AN HQS} AguEA] 2150 B4

SEAS AZ] Astel A= AAelN BB B
29042 7} 70| BjHgE A183le] B4 3 Table 19]

W

4| 246 wlel 53 g 24 slo] 13} A4y =
Sx + b2 Al coefficient of determination, RY)YE -
B 244 (linearity) HESIFOH, AF AT} Table 241
Uefiolck HQY R Zhe 09995 o|o, ApEEA|E
0998 ~ 1000022 T Z|XAo] 9451 Zo& Ut
ok AUEE #ERIEy] st EEAS 53] E &4
&t} AJthEFHAKrelative standard deviation, RSD(%0)/E&
AFHAL A= HAEER] P2 AR BEES £
sl sg= RISk AE Axt Table 29} e
HQ2| RSD7} 095%E Uehfgleod, AwtHEA= 006
~ 1.68%2 33t AWES Hch

—_—

Table 2. Results of Method Validation

Precision Accuracy
COI'I’]II)U. 2 LOD L(n Recover}
R Conc. RSD(%0)

nds (ug/mL) (ug/mL) + RSD (%
gml) (N = 5) © o0 O

M = 5)
0.9995 0.09 027 0.1 095 993 + 091
0.9997 0.42 1.27 10 1.05 970 + 1.15

09997 072 218

—
(=]

096 958 £ 1.07

0.9986 0.07 022 047 951 + 059
09987 0.01 037 043 905 + 0.83
0.06 89.9 £ 1.31

09999 0.03 0.04
09999 0.02  0.07

1.0000 001  0.04

IPBC 09998 082 271
BAH 09999 0.06 0.19
PE 10000 002 006
SA 09999 0.07 021
BA 09998 008 024
DHA 09995 007 023
mPHBA 1.0000 0.04 0.12
SSA  0.9999 0.05 0.15
ePHBA 1.0000 0.04 0.12
ipPHBA 1.0000 0.03  0.09
pPHBA 09999 006 021
ibPHBA 1.0000 0.04 0.13
bPHBA 1.0000 0.03  0.11

0.7, 990+ 145
052 989 + 0.64
0.08 964 = 1.39
129 969 + 0.58
1.35 97T * 128
033  100.0 £ 0/37
1.16 977 £ 1.30
069 987 £ 0.7
1.20 982 + 1.34
- 043 985 £ 048
1.17 - 1002+ 131
047 993 £ 052
132 974 £ 148
115 997 £ 129
168 977 + 1.88
0.72 989 + 0.80

HQ

CB

cP

TC

CPC

CH- 09995 039 119
CMIT

MIT

TCC

(RS T NS T S T 0T G ) 6 T O S S (Y ST (Y SO T Y ST I S ST R B e I B e

& A48 23 HQ: 9.3% HTEIAR: 89.9%~
1002%9] 32 Yeriieh HEANlimit of detection,
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LODy= Al5(signal) th “#-gHlmoise)7t 3 b, HHUA
(limit of quantification, TOQHE 10 o4 =h= signalef] sid
P g AMgSte] AN 7t AR 71871S)
o} ukso] BEEX(0)E 7|xE ok A& o}g3}e] LOD
¢ LOQE ARESISIE:

LOD = 33 x o8
LOQ = 10 x oS

HQS) LOD2} LOQ= 0.09 4g/mLe} 0.27 pg/mLols, &
FREAC] LODS} LOQE 001 ~ 0.82 sg/mlet 0.04 ~
271 pg/mle) HAE BTk

3. Zat ¥ 1uF

31, 3lE2F= BM At

oppEl g ol 7SS HQ TR AFS
gols}y] olsle) & - ezallos WiiET Y= AES
Al AP

X ZATN= Table 33} o] $AT 4070 F 9Z°0A
03 ~ 505 ppme] W2 FAEFeH, o] F 2RI
shufjsls 2736)A] 84 ppmi} 50.5 ppm FEE HEEAT
o AlZolokEolAA | “V15AEE 71 E AR
pprol] AAEe] 9= HQ 712 1 ppm o131 8dfolA 50
W mo re xuyl Holt @4 ¢REe HE
= oju] 2 ~ %S ARSE 4 QA 7SR HAR
Wst FAoE HAE0] glod, HQE YRECERH £
SElo] A= 7FsAde] 97l el 1 ppm oJ3e] E
o= |3k gk

HQE Aoz njmawyt FHojuA|gh, WHO £J5t
W 1% HQ -89 i 5% HQ 3o AT 3¢ ¥
Ho)| 22o] AJalal, HQ A 2RF A& A
she A ooy Zalzo] WS, AY FelM BT
B o AW AFE dorls WUEAE YA
FDAS} BU Soj4 sHE fa2 AM8e SAsk o
[19]. Sfellx= “SFE7IE Zof #st S B3l
Aest 2 g gue sl 9o SeREeR ER
goj gick

oyHElo] HQE Balsls Qe Algte] mie] 3443
oz AN Al Qe 2571 50 T ol 2
o Bg) ZAo] FAMHon FAs| F7HEH, AMIEH 4)

igla e s A, A458 Al 4 &, 2019

ot 9714EH 9) TANM= HA £t o|F0id 4
o)cpx B uElT 9JrH§20). 12t Jeon Tl 2JghH HQ
A&5 o g vy 5SS 509 7R
< gheala glom, pi= 6392 njAbe B 5Y
A& A2ReIst A7} HQ7L d&el =Al opgiekal skt
[21). ¢rEle 2HE HQ Adse 22 thokst ¥]lel o
sl A= BRIgE Az Al EfEs o slet
HEle] o= grEo] Hajld 4 S 7= A
2E7| wEo) AzARSe] Eaue] SHAA F7H |
27} Beskcin dEch

Table 3. Analytic Results of Hydroguinone and 21 Preservatives
in 40 Arbutin-Containing Whitening Functional Cosmetics

Maximum No. of No. of Detection
Compounds Allowed Detected Exceed
Amount Sample Sample

Detection
Range Rate (%)

l1ppm 9 2 03 ~55| 225

0.5 %

0.3 % 1 - 0.13 25
Do not use -
0.08 %

0.05 1 - 0.006 25

0.0015 %

0.01 %

02 %

001 % -
1% : : v "

EEIFEEEIEEEEE

1% 15 01 ~ 07| 375

SA 0.6 % - - B -

BA 0.5 %

DHA 0.6 %

mPHBA 0.4 % 2 0.19 ~ 021 5

SSA 0.5 % -
ePHBA 0.4 % - - -

ipPHBA 04 % - g g «

pPHBA 0.4 % 1 - 0.06 25

ibPHBA 0.4 % - - = =

bPHBA 04 % - - - =

32 MPEEM 24 2
ol 7|5A4E 4070] st AFREA 2184 Al
g AT oo 2ok BE WS AFER 2Ude W

e R TR
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Figure 29} o] aTs 24 & 122(54.5%), HAlF=
167 & TA43.8%), vk~ 7= 27 F 171500 2= Lie}
ok ARFREEA AR uigstzel A8 AdiEdY
wol= 2w Table 37} o] PE 15A(37.5%) 22 714 23
o] Fgkow, AEEEE= 01 ~ 0.7%2] HHE Aok o
202 mPHBA 2A(5%)°l4 0.19 ~ 021% CP 171(2.5%)
of|A] 0.13% pPHBA 14(2.5%)ll4 0.06%, CH 14(2.5%)°]]
A 0.006% HES UEhfglou AZeleRZoba oA A
3k ANSREE 7|30 Hisick ASE ARREEAE A
A2 1 Table 49} Zo| PEQ] 79 375 87ojA 0.1
~0.5%, BAE 7H0A 0.1 ~ 0.7% mPHBA-S IUHe}
A FEo|| A Z} 17402 021%S}0.19%, CPL} CHE nfAsL
ZoflA] Z 1422 0.13%2} 0.006%7} HE= Uk 20029
ZAARA|FAlF ook A o] SAFERPAABEIAY A
BUAQ “9E IR E T AFEEA AF B2
Ug ol mad AdrEd 3 gepilist gol AME
T 9= Zloa Yehtou, Pak 59| 2017 A7olAE
PE(617d), BA(197)) <02 Uitk ahch2]. 2 Al
A= PE(157)71 Wo| A18E Zes Rop ulgjbyd 3
ol wlepHlR s WEa]4 Sdolu AIEEA S 7s4de] &
HR|gA SRR oPAA o] tigt An|RFES] Q14]o] Fotbd
o wia} o} ARG A] AR R AR BIET} EolE
Ao HQITh 3HH B ZAoA AMSRIET w2 PEE
sReIGHED HESAo] W BEA2 defA qlof giA|
753t AR ATk thaF AR A] miEef] 3%t A=50] 7L

delzrlE futoln] Aluel §4 Al 13 A48 Sk
= A0g Qe Qo] et izl astsns)

—_

Table 4. The Number of Detected Preservatives in Cosmetic
Formulations of Arbutin-Containing Whitening Fimctional Cosmetics

Cosmetic

formulations e

PE mPHBA pPHBA

Detection
range(%)
Detection
numbers
Detection
range(%o)
Detection
numbers
Detection
range(%o)
Detection
numbers

0l ~05 021 0.06

- 01~0Q7 019
Liquid

3.3. EAZ|RHALS HE

e 7)sAsbEe] HR A BAZ| NS 2L
3 23} Figwe 33} Zton], EA] 714 U8l s 7
go| AMEET e AFREALS PE 127, CP 27,
mPHBA 27, pPHBA 17 %02 Ugith AEEAA]
EAIEl0] QIR gk AFREA F AEE RS PE 37,
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