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Abstract: This study attempted to establish an optimal multi-compound simultaneous analysis method that can secure
reliable results for 15 - preservatives, 2 - sun screens and 1 - antioxidants of cosmetics using HPLC-PDA. Since the
potential of hydrogen (pH) in the mobile phase affects the acid dissociation constant (pKa) of the preservatives, and
the peak retention time shift and area change were observed. The peak separation condition was established by adjusting
the pH to 0.1% H3PO4 addition (mL) when preparing the mobile phase. As a results of method validation, the linearity
correlation coefficient (Rz) of above 0.999 were obtained, and accuracy 87.9 ~ 101.1%, 0.1 ~ 7.6% precision for
two types of cosmetics (cream and shampoo). It was found that the limit of detection (LOD) was 0.1 ~ 0.2 mg/kg
and the limit of quantitation (LOQ) was 2.0 ~ 4.0 mg/kg. In addition, it was possible to simultaneously separate p-anisic
acid, a natural compound that was difficult to separate in HPLC due to the small difference from methylparaben, a
synthetic preservatives. Through this study, it will be effectively used to secure quality control and safety for compound

that need restrictions on use cosmetics.
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H AS o] AME EFEEL 220 £07 1 % slicylic
acid, benzyl alcohol, benzoic acid, sorbic acid, phenoxyethanol,
methylparaben, dehydroacetic acid, chlorphenesin, ethylparaben,
isopropylparaben, propylparaben, isobutylparaben, butylparaben,
berzylparaben, triclosan 5 224 15 237} dioxyberzone, oxybenzone
5 AJA AHA 2 & 3,5-di-ter-4-butylhydroxytoluene
(BHT) 5 4814 1 &, panisic acid 18| WREZFE
Z(IS)S- acetaminophen IO SIGTE EREL )
SUTFUAE Boto] TN GO R TS, H
ohe 2] A 20 C PRk 472 9
HPLC ©]5A} ZAo]| acetonitrile (ACN, Merck, Germany),
potassium dihydrogen phosphate (KH,POs, —Sigma-Aldrich,
Germany), 85% phosphoric acid (H;POs;, Merck, Germany),
18 MQ o9 Z£4(DW., MilliQ Direct8, Merck,
Germany)5 AR8-5F3ITE.
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HPLC 4o AMgst e FZgolo silaksio]
0.1% H:PO, 7} SR8 90% ACN LlE o]-83)] 1,000 mg/L
2 AR F ols YT Ee) e B8 w3t
£l 20 mLE AL 5Y SuiE o83t TA
2 s|Msto] b AAE EFEFEY 02 myl, 05
mg/L, 1.0 mg/L, 5.0 mgL, 10.0 mgL SYA)E ZABIIC
o, JHREEENIS)2 2E T4 20 mgL 7} AEE
5 39k

22, Nz 2 2| 5

Ao ARSRE SR A=(FH, AP St
SAF R&DEF SPERAlolA] Algtol AN X714 4
C Wrsids S 484 358 AR ARSt
Hk AlEe 50 mL PAEEE 4% 87100 1.0 g&
At WS dA= drBsieint 7= 0.1%
HPO,7F SRl 50% ACNS 20 mLE gof wil7 |5 o]
) 2+ &gkat 5 ultrasonic bath (8800, Branson, USA) £ o]
43 60 mn #3194t FEH2 3,000 rmin, 10 min 5
oF 9141 52](Avanti J-15R, Beckman Coulter, USA) 3}aL Af
5= ot 02 ym membrane (PALL, USA)y&- °-8-3f o

Table 1. Retention Time and Maximum Wavelength of 18-Compound

. . . !
No. Compound Retention time Maximum wavelength

(min) (nm)
1 Salicylic acid 6.390 230.3 / 296.5
2 Benzyl alcohol 9.399 206.5
3 Benzoic acid 10.299 227.6
4 Sorbic acid 11.256 260.9
5 Phenoxyethanol 11.575 2184 / 270.4
6 Methylparaben 12.727 256.2
7  Dehydroacetic acid 13.830 2243 / 308.4
8 Chlorphenisin 14.286 226.7 / 279.9
9 Ethylparaben 17.951 256.2
10 Isopropylparaben 22.485 256.2
11 Propylparaben 23.036 256.2
12 Isobutylparaben 26.334 256.2
13 Butylparaben 26.587 256.2
14 Benzylparaben 26.850 256.2
15 Dioxybenzone 27.618 284.4
16 Oxybenzone 31.457 286.8 / 240.6
17 Triclosan 33.306 281.1
18 BHT 36.566 277.5
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F971])= HPLC Alliance 2695 System (Waters, USA)2}
PDA 2995 (Waters, USA) 72712 AMg3in AL
Zorbax XDB Cig, 2.0 x 250 mm, 5 um (Agilent, USA)Z %}
2keolet. 717184 9 A4, Aekoll Empower 2 (Waters,
USA) &9 AZEIE ARESIGIEE olsi A= 0.7%
KHLPO,, 500 mL 24 & 0.1% HPO, 20 mL= 71515
T(pH 4.01), O]EAF B 90% ACN, 500 mLo|| 0.1% HPO,,
10 mLE Z715to] Zujstick oAkl pHi pH meter
(Mettler Toledo, Germany)E ©|-8-5fj pH #8905 0|85t
of HePH 2 T 25|k PDAS o}g8) BE Ao
2o UVESPgEe 4 SIIgh F(Table 1) A2 7t
BT fARR WslE AeEilt UV Aa2
UV 220 nmojA] 24351=] =AJof] PDA 200 ~ 400 nm
M SRS 2 = A Aste] AR F BEA A

= = ]

1
A 3ge] AHERS Fo) JHIRIY HRES

lo o

A e > o7

Table 2. HPLC Conditions for Analysis

Instrument HPLC Alliance 2695 system (Waters, USA)
Detector PDA 2995 (PDA 200 - 400 nm, UV 220 nm)
Zorbax XDB Cpg, 2.0 x 250 mm, 5 ym
C l X 4 el
oumi (Agilent, USA)
Column 40 °C
temperature
Flow rate 0.6 mL/min

Injection volumn 3 uL

0.7% KHyPO4, 500 mL + 0.1% HsPO4, 20

Mobile phase A mL (pH 4.01)
Mobile phase B 90% ACN, 500 mL + 0.1% H3PO4 10 mL
Time (min) %A (D.W.)  %B (ACN)
0.00 90 10
0.50 90 10
8.00 72 28
Grad 12.00 70 30
G ww @@
27.00 35 65
32.00 0 100
38.00 0 100
38.01 90 10
42.00 90 10
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Q=S SIGITE AAIRE 7)7184] 2712 Table 22} 2t
2.4, A& 4E

241, 0|34 ™= AH MY

RS Fole] Ak MEA| Aol HPLC of54)
pHEZIO] wte} w1 o], Hels otk vlawa we} 5
O QI3 AEHY AREE Holmel wio] glge]

shelsiglck oAl ZA B olefdt BAIS W2
37] $lste] olAle] pHE QPRHOR S8 4 Gl

ZAMPEo] QEglTh WA oA B (0.1% HPO, 10
mL7} H71E 90% ACN, 500 mL)= 143 ¥ o554k A2)

& olg

24 - o]

o,

SRR R BR7E ARE FH[ste] HFsE 50
mghkg, 10.0 mgkg QFDE =eE SN 7t
st BEAIRS XSG ZF AR AIE A R
TEAH(IS)O] 2F 20 mgkeT} HEE H7RE & ERE
39kE A2fsto] AXE A W 7)71EAS Ssgsioick

2.4.3. Methylparabenz} p—Anisic acid2| I|3£2|

AAGEOZA WRANE 2= A o= Bl panisic
acidS e 7)7)1 84S B8 methylparabens 3T
EPgETe] SAEA 7hsAde HESISIC

242 HSIZTE 0.7% KHPO; S00mLE THE oS4k A 3. Zdm} 2 jEt
ol 0.1% H;PO, 8HZ 0, 5, 20, 30 mL THAMEZ H7}sto]
pHE 7431l 1o e 7|1718AE eaiste] 24 9] o] 3.1, ME 2alxel xXs}
=4 248 FEsiTs) Aokrlollx] W EAE 3 AMRRHEAR B4 7}
O|=2}1(2019)s o] 7RI AFREA] FAEA o] w2
242 R&N ol B 1% HPOE THAst Tt ACNS olgalo] 13 %
A} fEA BRI HAYEO] Sol(specificity) o] HHEAE 37 min ot G The A Al
3} A3 inearity), SHsaceuracy), AU precision), 7 B M 13 Fo) Apuzalel AR 17 &
3 (detection limit, LOD), @eHA|(quantitiation Limit, /3 SAEA] E 2FER Wro] 1A sh= 59 A
LOQ) 59| 3= HESII: HEA, Ao ZpekA 4 dARle Harsial Qlofle]. J1efu AtAte] wet ARG-E
FAH| 5 18Tl gt HFAE EHHTHE 5l S = AEEA] AR ZEY A, olsd 24, #4717
HAZ Al 717184 & WREEEE ddes 4 of g F5e]o] 2 HAE Kol o]= Ao A€
Bokoiet s Aol sl A4 A 0.9 o= At A S Asfictks 2= 2gsioint ol
gRIBHAL AEHl= AlS FHHIS/N ratio) 3, A7 gk A AFLARECE AHIAEE Foto] WAl AtEEA|
A= 10 71E8i3lal Almolli= AgetAlel Az A 2R 29 1 S AEsialon ols/de] 40|
Sl Aol 20 U Fgollrh BAMES  SEmEH)} AR Ato] dleiapka) A} wake]
16.0 S
—#—Salicylic acid (pKa=2.98)
" —4—Benzy| alcohol (pKa=15.40)
' / Benzoic acid (pKa=4.20)
2.0 —*—Sorbic acid (pKa=4.76)
= ) —e—Phenoxyethanol (pKa=15.10)
E 10.0 MethyIparaben (pKa=8.50)
£ « = * A Dehydroacetic acid (pKa=6.49)
8.0 Chlorphenesin (pKa=13.60)
6.0
4.0

4.40
pH (Mobile Phase A)

4.01

3.85

2.19

Figure 1. Variation of the retention time of preservatives peak according to pH change of mobile
phase A which was added stepwise with 0.1% H;PO, in 0.7% KH,PO, solution. (The sources of

pKa are PubChem and Chemaxon).
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M7 oJEAF BE 90% ACN (500 mL)o]| 0.1% H5PO, &
RS 10 mL2 A3 oA A= 0.7% KHPOY
DW (500 mL)ol| 0.1% HiPO, = 0, 5, 20, 30 mLE ohAE
2 ZH7KsE 2, 283 0.1% H:PO, £, 500 mLE ZAJ}
Ak 7 olBAE pHE 2% W 5U xdem
HPLC/UV BA31ATE o]5Ake] A9] pHE 45804 2.19
7] 5 A RASIAIA ERbEEEEN(10 my/l)S =A% 2
T2 pKas Zh= 4 Aol S ARt HSKretention
time shift)7} UelETh HiR5 Algto] WSk 9=+ PDA
O MW )eE olgdl o] AHEYS A= s
A5l Figure 1). #5 A HEP7E LEhd 4 &
(ZBokS pKa)2 salicylic acid (2.98), benzoic acid (4.20),
sorbic acid (4.76), dehydroacetic acid (6.49) <=0]31.o HH3}

mRT shift
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7} = 4 AJE-L- benzyl alcohol (15.40) methylparaben (8.50),
phenoxyethanol (15.10), chlorphenisin (13.60) = UERATH
(Figure 2). 7]& QAto] W= o] pH7L Absfields
(PKa)Z WS 4= QlaL AP o) sdoll -] 4ke] &
3zof| Fake A FAEEY] wFE o e
AHolgkal ¥ uslal QItH4,5,11-13].

ESE 2 pHoJlA] benzyl alcohol, benzoic acid, salicylic
acid, sorbic acid®] | AFHZ]o] UEEOH, pHS, 6, 7oll4
B 2851932 2-methyl isothiazol-3(2H)-one, 2-chloro-2-
methyl-4-isothiazoin-3-one, benzyl alcohol, salicylic acid ©f|A]
Az m= E9o] WAEQHAL sigir: 0.05 mollL
ammonium acetate -§-H(pH = 4.5 AMEIF ol 54 1o
A wjazs Bagigl] 4Edos wesiata
RHusto11]. Lyt o]5-42] pH7} paraben 65-2] w5
SAIOl e FA Fark Busiglr) o £

25.00 30.00 35.00 40.00

Figure 3. HPLC chromatogram of 18-compound standard solution (10 mg/L in 90% ACN with 0.1%
HiPO4) by UV absorption in 220 nm. (See Table 1.) The resolution of peaks in the square box is
changed according to pH of LC mobile phase. IS; acetaminophen; 1. salicylic acid; 2. benzyl alcohol;
3. benzoic acid; 4. sorbic acid; 5. phenoxyethanol; *. p-anisic acid; 6. methylparaben; 7. dehydroacetic
acid; 8. chlophenesin; 9. ethylparaben; 10. isopropylparaben; 11. propylparaben; 12. isobutylparaben;
13. butylparaben; 14. benzylparaben, 15. dioxybenzone; 16. oxybenzone; 17. triclosan; 18. BHT.
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Table 3. Precision of Peak Retention Time and Area in 18-Compound Standard Solution (10 mg/L) Analysis during 2020 - 2022

Peak retention time (min, N = 5)

Peak area (STD 10 mg/L, N = 5)

Compound

Mean %RSD Mean %RSD
Salicylic acid 6.390 1.4 137,751 5.1
Benzyl alcohol 9.399 0.8 34,415 9.4
Benzoic acid 10.299 1.2 195,734 5.6
Sorbic acid 11.256 1.0 94,873 10.3
Phenoxyethanol 11.575 0.8 154,915 4.8
Methylparaben 12.727 0.9 88,751 7.5
Dehydroacetic acid 13.830 1.1 173,704 8.9
Chlorphenisin 14.286 1.2 135,051 6.1
Ethylparaben 17.951 1.0 80,010 6.3
Isopropylparaben 22.485 0.9 70,506 7.2
Propylparaben 23.036 0.8 71,015 5.9
Isobutylparaben 26.334 0.7 64,843 5.8
Butylparaben 26.587 0.7 62,569 5.9
Benzylparaben 26.850 0.7 84,731 84
Dioxybenzone 27.618 0.7 229,265 6.6
Oxybenzone 31.457 0.5 177,477 5.1
Triclosan 33.306 0.4 205,191 6.1
BHT 36.566 0.5 90,674 5.8
HoM = 752 slehdlo] dis FUSt AHE AU ¥, HEEARE (min)o] 04 ~ 1.4 % RSD, ¥ %|(area)
71 @] triclosan, dixoybenzone, oxybenzone, BHT ]=9] £ 48 ~ 103 % RSD =2 Yehjjo] by Q)= A
FEARME E Fe] gle Aoz SRIESIE 1] o EARdoR JEERES ERIE 4 AU Table 3).

HEA ZHA ARE olFd huffrd] FRe =
phosphoric  acid[4-6,10,12, 13,16], formic acid[14,15,17,18],
acetic acid[9,11,12], S¢] 912 ammonium acetate[11,13,18]
2} potassium dihydrogen phosphate[5], ammonium formate[13]
50| gl Ao® waEch HPLCS ofdet Jubdel
27 TR BAolN ATAjel BxRe] vt o 2}
o7} SIAIEk ol AR pHi= F 25 ~ 45 O U
A ek 2 dAtolas HEA 8 AdiolA] gt Bels
U olale] 22ipH = 401 B151e ofa) 3
7Fel 0.1% HPO, o] FulE ulofsio] A o= shs)
ek o] W of5Ak ZAle] Agle] W2 vlEE A
702 QAP S10% 4 qdelom AeauY] Fhet 2
Agulo] wet el 4 9l Bl sle] BaEe
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ARHO) 9EA ABE Aokl ToloREE Ao
wejglo]d 7ol =2kl & Wi, 02 mgl ~ 10.0 mgl
o) Zapil S EFEELAS 5 WA 2ASle] 7]

15 A Al R = 0999 o] oFadt 2414
sllal i) FERAL 3 wHE Bafalo] SN ratio = 3
ZFLOD), SN ratio = 102 ATHALOYR 7
HiL ool Sl 20 HlE Hgsto] Al RS
AFsldr. 1 AT AR A4S 01 ~ 02 meke,
HHEAL 20 ~ 40 mgkg O SHIEIITKTable 4)

A} AkFo] BRGNS 72 Srow Frlsla
3 HhE A A3 3482 AF 898 ~ B.6% AF=
87.6 ~ 101.1% = AlekA] 7lolxglel 80 ~ 120% ©]ujel
oFEEt ANE Ak AEEAA% RSD)= 2 01
~ 3.9% AFE 02 ~ 7.6% 22 10% o9 AUAS L
ERACK Table 5).
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Table 4. Linear Regression, Correlation Coefficient, LOD, LOQ for 18-Compound
Compound Regression equation Correlation coefficient (R2) LOD (mg/kg) LOQ (mg/kg)
Salicylic acid Y = 13600X — 293 0.9999 0.1 2.0
Benzyl alcohol Y = 1580X + 339 0.9998 0.2 4.0
Benzoic acid Y = 18900X + 465 0.9999 0.1 2.0
Sorbic acid Y = 9720X + 609 0.9999 0.1 2.0
Phenoxyethanol Y = 15000X — 153 0.9999 0.1 2.0
Methylparaben Y = 9170X — 238 0.9999 0.2 4.0
Dehydroacetic acid Y = 18200X — 1380 0.9999 0.2 4.0
Chlorphenisin Y = 10800X — 787 0.9999 0.2 4.0
Ethylparaben Y = 8170X — 306 0.9999 0.2 4.0
Isopropylparaben Y = 7220X - 7.6 0.9999 0.2 4.0
Propylparaben Y = 7170X — 9.2 0.9999 0.2 4.0
Isobutylparaben Y = 6640X — 445 0.9999 0.2 4.0
Butylparaben Y = 6460X — 454 0.9999 0.2 4.0
Benzylparaben Y = 8220X — 1090 0.9999 0.1 2.0
Dioxybenzone Y = 22900X + 113 0.9999 0.1 2.0
Oxybenzone Y = 17500X — 129 0.9999 0.1 2.0
Triclosan Y = 2050X + 4440 0.9999 0.1 2.0
BHT Y = 9120X — 684 0.9999 0.2 4.0
Table 5. Accuracy and Precision Results for 18 Compounds in Cream and Shampoo
Added STD Cream (N = 3) Shampoo (N = 3)
No Compounds
(mg/kg) Recovery (%) (Y%)RSD Recovery (%) (%)RSD
o 5.0 93.6 0.5 93.3 1.2
1 Salicylic acid
10.0 92.8 1.2 93.5 1.0
5.0 89.8 3.9 95.7 5.5
2 Benzyl alcohol
10.0 96.0 2.7 94.1 3.7
5.0 94.6 0.5 96.3 52
3 Benzoic acid
10.0 929 0.8 94.3 3.5
L 5.0 94.6 0.8 94.2 1.2
4 Sorbic acid
10.0 92.9 0.7 93.9 1.1
5.0 95.6 0.9 94.1 0.7
5 Phenoxyethanol
10.0 93.4 0.6 94.3 1.0
5.0 98.6 0.4 93.6 32
6 Methylparaben
10.0 95.5 0.2 95.3 3.5
. 5.0 92.7 0.4 87.9 6.9
7 Dehydroacetic acid
10.0 91.9 0.9 93.6 1.4
. 6.0 95.1 1.3 101.1 2.7
8 Chlorphenisin
12.0 929 0.7 98.6 1.2
5.0 94.3 0.7 92.7 0.8
9 Ethylparaben
10.0 9.7 1.1 93.6 1.8

J. Soc. Cosmet. Sci. Korea, Vol. 48, No. 4, 2022
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Table 5. (Continued)
Added STD Cream (N = 3) Shampoo (N = 3)
No Compounds
(mg/kg) Recovery (%) (%)RSD Recovery (%) (%)RSD
10 | oarab 5.0 96.1 0.3 94.5 0.9
sopropylparaben
PropYIp 10.0 92.6 1.4 94.4 1.8
5.0 97.0 0.2 97.8 0.2
11 Propylparaben
10.0 93.1 1.2 95.4 1.1
5.0 92.9 0.3 914 3.0
12 Isobutylparaben
10.0 923 1.2 93.2 1.0
5.0 92.5 0.5 88.7 5.7
13 Butylparaben
10.0 91.9 0.5 93.4 0.3
” Benzviparab 5.0 94.5 0.6 87.6 7.6
e araben
A 10.0 93.3 1.0 93.7 0.3
. 5.0 932 0.3 894 0.8
15 Dioxybenzone
10.0 923 0.4 923 0.3
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Figure 4. Chemical structure of p-anisic acid (A) and methylparaben (B). —
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Figure 5. Comparision of the chromatogram of 18-standard
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with 10 mg/L. concentration. PDA spectrum of p-anisic acid

(B-1) and methylparaben (B-2) from chromatogram (A-2).
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