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Skin whitening produets are now ameag. the most desire cosmetic for beauty-

care customers. In thespe a r qui "'h ed.as a whitening agent but it was

banned due to its sgVerafej -, ‘ t iDee then, there have been other
alternative whiteninggaagg \~ marke! that included arbutins. Beta-
arbutin has been widgly \' roduct whereas alpha-arbutin is
synthetic. Both are"Skigwiiite , ' ‘ 3-arbutin offers higher stability and

more efficiency, acts fagter the s -fs- asdrbutin, e0it is more expensive. For health

r ot "-J

consumer protection, it'is nécessary o op a reliable method to assure that the

eI
"i.-‘:"_'-' ([

cosmetic product contai arbytin imed._This work aims to develop a

method for sin if"'"‘“'-‘"""““"m—*"*—ﬁ ‘» beta-arbutin in cosmetic

products by using 1 s .ij d on Waters ACQUITY uPLC™

system with UV/NVIS spectrometnc detectlon at 283 nm. Several columns were

mvest:gatﬂa!u ﬁﬁwwﬁnm wwqm@d and methanol as a

mobile pha8é were optimized. The analysis tlme was less than 6 min. The linear

wﬂmaﬁwﬂ? % dEr %recoveries of
spikgd synthetic cosmetics in various matrices (cream, lotion an gel) were between

98-102% with %RSD less than 0.6. Developed method offered better resolution,

speed and sensitivity than a typical HPLC analysis method.

Department : Chemistry

Field of Study: ______ Chemistry
AcademicYear: ... 2009




Vi
ACKNOWLEDGEMENTS

| would like to express my sincerest appreciation and deepest
thankfullness to my advisor, Assist. Prof. Dr. Pakorn Varanusupakul for his discerning
suggestion, encouragement and forbearance. | would like to greatly thank and pay my

respect to Assist. Prof. Dr. Warinthorn Chavasiri, Dr. Luxsana Dubas and Dr. Panida

‘r’r and thesis examiners.

| also deepl - part edlcal Sciences, Ministry of Public

Health for scholarship s@en _WPetrochemloals and Advanced

Materials, Chulalongkorn e ” y and Separation Research

Vayumhasuwan who are committee me

21st

Unit, Department of Ch h : . ity for partially supported on

to my colleagues at Department—ﬁ)l% 7' ence, Ministry of Public Health for their

S

encouragement and,a%otional support.

tomﬂiss Sarunya Taraswaeng for

her help of cosmetic samPIeS preparation for method validation.

FeWﬁlil‘Kwﬂi ML et my poros ang

the famil members for love, encouré‘gement and &derstandpi fdhfnghfe. | would not

e o5l Bk Mo bbbt | 0 1| 2



CONTENTS

Page
ABSTRACT (IN THAI) . ..o v
ABSTRACT (IN ENGLISH).....coiiiiiiiiii e v
ACKNOWLEDGEMENTS ...ttt Vi
CONTENTS. ..o ‘ 1 ¥ 7 O RRPR vii
LIST OF TABLES........... N A x
LIST OF FIGURES...... / e N ................................ il
LIST OF ABBREVIATIONS™. .k iy S Xiv
CHAPTER | INTRODU REREVIEW. oo 1
CHAPTER Il THEORY. AN s s % W 5
2.1 The whitening aglenil’ e s R W W .. 5
2.1.1 HydroQuingine sk Al = i 8 V0 W% .- ... 6
2.1.2 Kojicacid... ... sl cnddi. ... 2.0 6
2.1.3 Ascorbic aC|d ............................................ 7
2.1.4 Arbutin. . om e 7
2.2 Theory of 1 uid-Chromatography £ 6 (Ultra
Performanciquu C | 9
2.2.1 The equment of the UPLC™ system ..................................... 9
ﬂzu %’3’%’ ﬂvwﬁg%‘aﬂmﬂ‘j ..................... 9
92212 Sample mag,ager (SM). e 11
IR TRIRTEIMANBANY -
2.2.1.4 Optical detector (TUV and PDA).........ccoviviiiiiiin, 11
2.2.2 The advantages of uPLC’ system ......................................... 11
2.2.2.70 SPEEA. . 11
2.2.2.2 SENSHIVITY. ..ot 12
2.2.2.3 ReSOIUtION. ... 13
2.3 Method validation....... ..o 16

2.3.1 System suitability. ... 16



viii

Page

2.3.1.1 Theoretical plate (N).............ouuiiceeeee e, 16

2.3.1.2 Tailing factor or asymmetry factor....................ccc........ 16

2.3.1.3 RESOIULON (Rg). vttt 17

2.3.1.4 Retention factor (K')........e.e oo, 18

2.3.2 Specificity or SeleCtiVIty..........ooouee e, 18

2.3.3 Linearity and ran B 19

2.3.4 Precision........... - TR 19

2.3.5 Accurac " IR e, 19

2.3.6 Limit of detegii B S 19

CHAPTER Il EXPERI d4r -1 . S 20

3.1 Instrument and 2548\ N N s 20

O 20

enth NN 20

3.2 AWM., 21

3.3 F gl N, 22
3.4 d ‘:_f__ ¢ alpha-arbutin stock solution

S 22

3.5 Preparation‘of.standards for calibration curve..........................cciees 22

3.6 Preparation 0f synthetic samples solution for prﬂision ........................ 23

RNVl 1) )11 L N
AT IR .

3.9 Preparation of spiked standard stock solution for limit of detection......... 24
3.10 The UPLC™ 0ptimization ........oo oo, 24
3.10.1 Solvents for preparation of standards and samples................ 24
3.10.2 COlUMNS. ..o 24
3.10.2.1 The ACQUITY UPLC® HSS T3.....civiiiiiiiieieeee, 24

3.10.2.2 The ACQUITY UPLC” BEH Shield RP18.................. 25



Page

3.10.2.3 The ACQUITY UPLC® BEH C18......covveeeeieeee. 25

3.10.2.4 The ACQUITY UPLC” BEH C8.........coovevvvviinen 26

311 Method Validation. ..........oieiiiii e, 27

3.11.1 System SUIADIIItY. ......oeeee et 27

3.11.2 Specificity or SEleCtVItY........ccoeieiiie i 28

3.11.3 Linearity and rangé.. 7 V. 28

NI ... 28

.................................. 29

3.11.4 A S 29

GBI 29

. Sy OO 29

3.115 A R AN 30

3.11.6 Limi on OBV . % % W 30
3.12 The determination 1in commercial cosmetic

samples..........0.... T, 9 30

CHAPTER IV RESULTS _g:'?r;? ﬁ{, S 31

4.1 Study of selvents for pr eparation of standards and samples................ 31

4.2 upLc™ me : : A 32

4.2.1 Isoor‘ ic mode using 100% aqueous as .ﬂﬁobile phase........... 33

U eTRTT T
QT aY

3
4.2.5 Gradient MOGE............veeeeeee e 36
4.3 Method Validation. ............ccoiiiiiiiiiii e, 39
4.3.1 System SUIADIIItY . .........we e, 39
4.3.2 Selectivity Or SPECIfICIY. ... ...veeee e 42
4.3.3 Linearity and range..........coooeiie e 42

4.3.3.1 System lINEAMY.......oeee ettt 42



4.3.3.2 Method linearity.........ccooiiiiiiiiiiiiiie

F G I = T 1510 1R

CHAPTER V CONCLUSIO TR NN N
REFERENCES.........".... 7 1 TRET \ 0N N

APPENDICES.......... >, Lrrl L W TUUUTT

Appendix A........ Y & .. W
Appendix B...........&0. ...... %
Appendix C.............. S AT, "W ST

AULINENINYINT
ARIAATAUNNIING A Y

Page
43
46
46
48
49
49
50
51
52
53
55

59
61
76
78



Table
2.1
3.1
4.1
4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10
4.11

LIST OF TABLES

The particular of curve 1 to 11 gradient profiles..........ccocooiiiiiiiinn. 11
The system suitability criteria of chromatographic system.................... 27
Dissolution of standard arbutins and various samples......................... 31

‘-\. peta-arbutin....................... 40
System suitability paramete &\\\% ..................... 41

BEH C18, and >38"Calum \ ................................ 38
of ta C

Repeatability (intré of, I d ark i several matrices cosmetic

samples..............h... AT W 48
Repeatablhty mtra da f’é{’ pha .:-, or several matrices cosmetic
samples... h_ Y FUUTRR 48

\

The %recove ‘.h 'r'” cosmetic samples.. 50
The summary© the method validation paramete ............................. 51

DeterrFTau Er@ ?l rEI W%{Wﬁﬁﬁ ismples ............. 52

’QW'WMﬂ‘iEU UAIINYAY



Figure

2.1
2.2
2.3
2.4
2.5
2.6
2.7

2.8
2.9

2.10

211

212

213
2.14
2.15
2.16
217
2.18
2.19
3.1

3.2

3.3

LIST OF FIGURES

The chemical s IpMarbm ...............................

Comparison of 1 A | Y conventional HPLC
o 4
system and the U Chfsf’. erE- 7 TR

The ability 0 n and UPLC”

COIUMN. by

[
The yﬂﬁofnm%fﬁmﬂ .....................
Compari he'B-term Between HPL stem'a (EPLCTMsystem..

The theoretic tﬁlf‘uf A PR, S
TSI M A INENY
The asymmetry factor.... ..o
The resolution (Rg)......oouuiiii
The retention factor (K').......ov e
The feature of The ACQUITY UPLC” HSS T3 column........................
The feature of The ACQUITY UPLC® BEH Shield RP18 column...........

The feature of The ACQUITY UPLC® BEH C18 column........ooovveeen .

16



Figure
3.4
3.5
3.6
4.1
4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10
4.11
4.12
4.13
4.14
4.15
4.16

The feature of bridged ethyl hybrid (BEH).............coocoiiiiiiiiin
The feature of The ACQUITY UPLC® BEH C8 column.......................
The HOrwitz trumpet. . ..o
Comparison of chair-from between beta- and alpha-arbutin................

Separation of beta- and alpha-arbutin using 100% aqueous solution as

a mobile phase on HSS T3
Separations of beta-
compositions a

columns

Calibration ctfve of standard beta-arbutin. ... %e...o.cvocvoveveeeeeeen..
Calibratior fi (el @IPNAAIDULIN 5 sy 5y rereeee
Metrt]@| I?Hﬁo ‘ Zﬂﬁtﬂnﬁzﬁ c%!r:liﬂajple ................

od lineari b-‘&"ltiﬁi e
VISR
Method linearity of alpha-arbutin in cream cosmetic sample...............

Method linearity of alpha-arbutin in lotion cosmetic sample................

Method linearity of alpha-arbutin in gel cosmetic sample...................

Xiii

Page
26

43
44
44
45



HPLC
UPLC
RPD
RSD
PDA

LIST OF ABBREVIATIONS

High performance liquid chromatography
Ultra performance liquid chromatography
Relative percent different

Relative standard deviation

Photo diode array
Theoretical plate .
Resolution }
Retention time

Retention factg :

Polyvinylidene flugride =~ -~

k

.E!
AULINENINYINT
ARIAATAUNNIING A Y

Xiv



CHAPTER |

INTRODUCTION

The skin is responsible for protecting human body from the external
environment such as pollutions, diseases and especially UV radiation by creating a
melanin to absorb the UV radiation. Melanogyies«are cells located at the bottom layer of
the skin epidermis that are stimulated bysenzyme tyrosinase to produce the melanin [1].
Too much production of ‘melanin.can cause abnormality of the pigment on the skin.
Sunlight is the main cause fer appearanc'? of brown-spots such as freckle and melasma
which are not desirable tossome peopletk[a]. Therefore, whitening cosmetic products
have become more popular thes_e :day$l"‘ k?ecause of their abilities to repair such
undesirable marks on the skin. THere are‘lf{mrany types of whitening agents available,
such as hydroquinone, arbutin, koj’licjacid, l{_&)ﬁplaipalmitate, licolice and vitamin C, which
function based on the inhibit_ignd._;)f the'é_:.r,{z}_ytme tyrosinase [3] subsequently, the
production of melanin would be lessen a@';[he_ freckle or the melasma would be

e

subsided.

Before‘ the year of 1996, hydroguinone had- been a specially controlled
substance [4]. The ma;imum does of 2.0%_ w/w was allc;wed for topical application in
skin whitening products. Since then, itithas been banned due to its effect on the skin
such as irritation; mild itching, reddening of the skin and permanent skin damage if
contindally“tised foisa 1ong period-af time. Mareover,; hydraguinange,is ‘easily oxidized so
that its potency could be lost [5]. Alternatively, there are other whitening agents
available already mention above. Arbutin is one of the most popular whitening agents
available in the market. Beta-arbutin is a natural product that is extracted from the
bearberry plant [6]. Despite beta-arbutin is a derivative of hydroquinone, it does not
cause skin irritation and other side effects. It is less reactive to the oxidation reaction

compared to hydroquinone. In addition, it is relatively inexpensive. However, it is not



stable at the very acidic condition (about pH 4.5) and may cause color change in the

final product if stored for a long period of time.

In the year of 2002, a synthetic alpha-arbutin was introduced. It offers
higher stability and more efficiency than beta-arbutin [7]. Alpha-arbutin acts faster than
beta-arbutin. It is stable at the more acidic condition (about 3.5). Furthermore, its color
and odor is not changed during storage: Therefore, it is about 8 times more expensive
than beta-arbutin. For this reason, there maybe some manufacturers taking advantage
by misleadingly advertising«that there pﬂoducts contain alpha-arbutin to increase their
sale price. For the quality.centro! purpoée, it is necessary to develop a reliable method

for the simultaneous determination of alpha- and beta-arbutin.
i

Literature reviews 4 4

Severalfmethods have beeﬁ: reported for determination of beta-arbutin in
)
whitening cosmetic products and all“of them were based on High Performance Liquid

Chromatography (HPLC) methodoldgy. M;&Cj). Masse. et al. [8] presented the HPLC
¥ K
analysis to confirm the préliminary. identification of kojic acid and arbutin in skin

whitening cosmetics by Tin_Layer Chror?cra.tggraphy (TLC). The HPLC conditions

consisted of using the;iLi_Chrosorb 10 Diol CQI_umn,(Chrompa‘pk; 10 Wm, 250x4.6mm) and

ACN : 0.05 M KH2I504-(70:30), as a mobile phase and ﬂaw rate of 1.0 mL/min, UV
detector at 270 and 286 nm for kojic acid and arbutin, repectively. The analysis times of
kojic acid and arbutin weredessythan 5 min (tz of kojie acid =3.4-min, arbutin = 3.9 min).
N. Kittipongpatana et al. [9] simultaneously separated arbutin and hydroquinone by
HPLC using a-reversed phase-Apollo, C18 column (4.6x150,mm). The mobile phase was
methanol : water (10:90)"at a flow rate of 0.9 mL/min: AUV detector was-used at 280 nm.
The analysis times within 10 min (t; of arbutin = 3.9 min, hydroguinone = 5.8 min). M.L.
Chang and C.M. Chang [10] determined four hydrophilic whitening agents (glycolic
acid, ascorbic acid, arbutin and magnesium ascorbyl phosphate) using ion-pair agent
as a mobile phase (0.005 M KH,PO, buffer solution, tetrabutylammonium hydroxide
(TBAH), methanol and phosphoric acid). The analysis times were within 15 min where

arbutin was eluted at about 5 min. W. Thongchai et al. [11] developed a method for



quantitative determination of arbutin in commercial cosmetic samples. Using a reverse
phase to examine but has not reported the retention time of arbutin. C.H. Lin et al. [12]
developed an on-line HPLC method coupled with microdialysis for determination of
arbutin from cream, lotion and essence cosmetic samples. The analysis time was 30 min
per sample. The retention time of arbutin was about 3.05 min. Finally, micelle
electrokinetic capillary electrophoresis (MEKC) with uncoated fused-silica capillary for
simultaneous analysis of arbutin, kojic acid and hydroquinone was proposed by Y.H. Lin
et al. [13]. The method was tested for severalimatrices such as cream, gel and ointment.
The analysis time for separation-of three:whitening-agents was within 6 min, which was
faster than the HPLC method (48 min).

Ultra Performanee Liquid"L Chromatography (upLC™) is a new liquid
chromatography technology that developed from the conventional HPLC to achieve
better resolution, speed and sensitivity tﬁ:anﬂHPLC system. None of the method has
been reported for determination of boi’h arbutins. There were several methods
describing the performance of UIJDL'-CTM systj,em compared with the conventional HPLC

system. Z. Han et al. [14] Separaied- and qlgér)tified four alkaloid by upLC™-MS/MS

using ACQUITY” BEH C18, 1.Z-m;-2.1x50 fcﬁmpolumn and 10 mM ammonium acetate

pH3 and ACN as a mpme phase with gradient condition_.;The analysis time of upLc™

system was within 9 min whereas that of HPLC system vvas"ébout 38 min. E.M. Paliakov
et al. [15] determined the oil soluble vitamins and coenzZyme Q10 in human serum by
UPLC™ systenrsing ;ACQUITYy UPLG 7y BEHsShield RP18y column and a mixture of
(MPA) (MPB) (90:10), MPA = ACN :"water (90:10), MPB = methanol:2-propanol (70:30)
as a mebilesphase~The URLG™ .methad: could-rédlice the apalysis time for about 2-3
times when'compared with the HPLC method.

This work aims to develop a method for simultaneous determination of
beta and alpha-arbutin in skin whitening cosmetic products by using upLC™ system. It
was developed from the typical HPLC but it would be more efficiency. The separation
efficiency performance is based on the use of the column that contains small size
particles (1.7 to 1.8 lbm) of which the number of theoretical plate (N) are much improved

according to the Van Deemter equation, resulting to high resolution power with fast flow



rate. The UPLC™ system comes with the high pressure pump (15,000 psi pressure limit)
and used about 10 times less system volume than the HPLC system. upPLC™ offers
better separation, rapid analysis time and high sample throughput, which are suitable

for routine analysis in laboratory quality control.

AUEINENINYINS
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CHAPTER I

THEORY

2.1 The whitening agents

production of melanin

,4-dihydroxyphenylalanin (DOPA)

Tyrosinase

CO,H

NH,

FWEI’TVI EWI?W eTT

9 m@ga T8 @%a@ 3

Figure 2.1 The mechanism of the pigmentation [16].



Figure 2.1 describes a melanin production. First tyrosinase is oxidized at the
ortho position of aromatic ring by enzyme tyrosinase yielding 3,4-dihydroxyphenylalanin
(DOPA) and further dehydrogenated to dopaquinone followed by cyclization of
dopaquinone to leucodopachrome, rearranged to 5,6-dihydroxyindole by CO, and H,
loosens, then to 5,6-indolequinone and finally, to melanin. The oxidation step by enzyme

tyrosinase is where the whitening agents will play an important role as enzyme

ff/gents used in cosmetics are given.
J T ——

&

Is shown in Figure 2.2

tyrosinase inhibitor. Examples of th

Hydreguinone or so

) ne or benzene-1,4-diol, is
an aromatic organiomompoun molecularm/veight of 110.1 g/mol. Its
appearance is a_white ﬂnl easily oxidized in air and light that turns into a brown
color. It can bﬂ u&glmﬂ Mdﬁjrwlt&laq myiolubnny in alcohol and
water. In a meghllcal purpose, hydraquinone is qﬁd as a topical application in skin
Whiten@ tﬁ@cﬂﬁ:ﬂrﬁm i—&(lirwa@d%]; B%@w EJ skin but stifles
the Creatiqon of melanin by effectively inhibiting enzyme tyrosinase. Since it works directly

on the skin, it may cause skin irritation.
2.1.2 Kojic acid

The chemical structure of kojic acid is shown in Figure 2.3



(0]
HO\ﬁ‘j\
(0]

Figure 2.3 The chemical

CH,OH

tructure of kojic acid.

Kojic acid is a natu etabolites. Its chemical hame is 5-

r weight of 142.1 g/mol. It
appears in white needle Crystakw th js not stable. t, heat and oxidation reaction.

Like hydroquinone, it i itsfenzy € inase. Is ely inexpensive. Now, it has

The chemiga of acid is shown in Figure 2.4

j °
AULINNININg
SUNENR Lt el gy

Its appearance is a white or light yellow solid that is easily dissolve in water. It is used to

interrupt the production of melanin by inhibiting enzyme tyrosinase as well.
2.1.4 Arbutin

Arbutin is a derivative of hydroquinone that has two configuration forms;



forms; i.e., alpha-arbutin and beta-arbutin. Beta-arbutin that was known as arbutin in the
past, is a natural product while alpha-arbutin is a synthetic one. Both arbutins are
enzyme tyrosinase inhibitors. Figure 2.5 shows the chemical structure of beta-arbutin

and Figure 2.6 shows the chemical structure of alpha-arbutin.

lure of beta-arbutin.

A

Figme 2.6 The chemical structure ofmpha—arbutin

s G 1 AR YT 7 v oo

chemical namelis 4hydroxypheny‘B Dglucopyran05|de The moleoular weight is

T RN TR Y T = o

Alpha- -arbutin or 4- Hydroxyphenyl-Ol-D-glucopyranoside is a synthetic compound. Its
appearance is white to off-white powder. It provides higher ability in inhibition of melanin
than beta-arbutin. It also promotes the skin lightening and minimizes brown spots so

faster than beta-arbutin.



2.2 Theory of Liquid Chromatography by Ultra Pressure (Ultra Performance Liquid
Chromatography, UPLCTM)

The UPLC™ is the new technology of high performance liquid chromatography
that has been developed to increase separation efficiency such as speed, sensitivity

and resolution, The UPLC™ feature is shown in Figure 2.7.

Wy

e F W

(UPLCTM, Waters,

T - s : ,;- = . .
_f i
Figure 2.7 The feature: ! f UltraEgriorma?!rﬂwatography

USA) [17].

NS NINTNLINT
ARTAM IR ATING 1Y

It is equivalent to pump in conventional HPLC system but it has
been developed for high pressure (15,000 psi pressure limit) having two inlet check
valves (primary and accumulator), four selected solvents (A1 or A2, B1 or B2) and six

channel solvent degassers. The total system volume is less than 100 LLL. The time for

system equilibration is short when compared with conventional HPLC system. It has
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been designed for binary gradient, where the gradient curve profiles and the resulting

chromatograms are shown in Figure 2.8 and 2.9, respectively.

Y ifd

¢ i.'t(.'\ .."'-'f :
e ra-dieqt,curg‘é*pr%fnes onACQUITY UPLC™ [18]

M

Figure 2.9 The chromatograms according to the gradient curve profiles on ACQUITY

upLc™ [18].
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The gradient curve profiles are described in Table 2.1.

Table 2.1 The particular of curve 1 to 11 gradient profiles.

Curve Effect

1 Immediately to specified condition

A
2-5 ' onvex

NN
S s

_— L —
|

o

/i .,’\\\

0 accept 0.1 to 50 ML injection range

with appropriate loops; Th nple fempe 0 IIed from 4 to 40 °C.

‘V:' = —E"

2.2.1.3 Colu
J - y

ltfisedesigned for theyshorter columns such as 50, 100 and 150

mm. The colunﬂn%&@eﬂg %It@gw EI"] ﬂ ‘j
RTS8

It has been specially designed for low volume light guiding flow

cells that have optimum path length and high light throughput. The analytical flow cell

size 10 mm, 500 nL are used for high sensitivity and better chromatographic resolution.
2.2.2 The advantages of upLc™ system

2.2.2.1 Speed
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The analysis time is reduced because the column has been
developed for smaller column diameter, particle size and shorter column. The speed of
the UPLC™ system is faster than the conventional HPLC system about 9 times. The

chromatograms on the conventional HPLC and upLc™ systems are compared in Figure

2.10.
0.40 1 Original HPLC Method 35 min
XTerra® MS Cis
030 ] 4.6 x 150 mm, 5 um
A 0.20
0.10
0.00 f 5
000 200 400 600 800 1960 200 1400 1600 1800, 2000 2200 2400 2600 2800 3000 3200 3400
4 i
‘.& (i-' I".
025 bl | UPLC Method =5 min
; RO, CQUITY UPLC BEH C18
0.20 - -
] AL 1 x50 mm, 1.7 pm
015 - A 2o
auOllO ; J:J.:_ :rf.‘_'- ‘_-J
o0s LW,
0.00 - i
0.00 o I0.5‘0 o S— — S— S— e 3.5‘0 C I4.0‘0 s I4.5‘0 o ‘SAOD

Figure 2.10 Comparism of the analysis time running onme conventional HPLC system

a”““”“ﬁﬁ%mwmmm

2 2 Sensitivity

q AR IR INEALL .. . o

column is deoreased because the surface area of the stationary phase is increased and
then the interaction between the analyte and the stationary phase is enhanced. The
Figure 2.11 demonstrates the sensitivity when using columns with different particle sizes

at the same column length and the same the flow rate.
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‘i
-
: ame
- i u"_“ il Fbeed Column Length
P Same Flow Fabe
s
= Fow= 08 mLmi
-y l_.ﬂ..h d LU i
Etl il B ] ; =] am *m =]

[20].

5 - 1 depends on the number of
| ‘ olumns contain smaller particle
size i.e.,, 1.7 to 1.8 ym, re 'L that.; ate numbers of the ACQUITY UPLC”
columns are about 3 Fimes #2 1e HPLC columns. The comparison of

the chromatogram resc ystem and the UPLC™ system

d

are shown in Figure 242

Figure 2.12 The ability of separation between the HPLC column and UPLC® column
[21].
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The efficiency of the column is measured by the number of
theoretical plates and can be normalized with the length of the column to give the height
equivalent to the theoretical plate (HETP or H). The Van Deemter equation describes the

various factors, as shown in Figure 2.13

0060 H=A+B/u+Cqu+Cyu
A

00 y
M '\.

a0 8 -

E jj T —

& gooon |-t}

',f'////‘\\\.\%t\ ,‘
AGERAN

et [N T .

Figure 2.13 The Van Dee , uation [22].

Where ; H ="HETE ; '

|

u# z=Linear of velocity.of mobile phase (cm/s)

AUERANENINENS

Mass transfer coefficient for stationary phase

A REATURRAINEANE

- A-term (eddy diffusion), this term accounts for the effects of packing
size and geometry. The column packing consists of particles with flow channels in
between due to the different in packing and particle shape. The speed of the mobile
phase in various flow channels differs and analyte molecules travel along the different

flow paths through the channels. Factors that affecting A-term are particle size, particle
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shape, particle pore structure, quality of the column packing and wall effects (material,

roughness and diameter).

- B-term (longitudinal diffusion), this term represents broadening due to
diffusion of individual analyte molecules in the mobile phase. The factor affecting B-
term is flow rate, when increase the flow, the time for diffusion is reduced. The B-term

on upLc™ system is shown in Figure

H
E
T
P
[km] -
I PLC™ System
. | w3
Flaws Resia [l /i — ot i sec] ———»
Wt om0 S SRR . 0.70 0,34
DaZimm 015 I : 09 1.05

e
A0 w il & mm [EI e L T o g 3 a.? df
) 2l 2o wo i

v: ‘ ™
Figure 2.14 Comparisﬁ 0 -iﬂ.- and UPLC = system [23].
-

Figure 2.f4sdescribed the foptimum linear velocity to maximize the

cromaapdebiesy émol b 6217179
mﬂﬁ%pe fora:p ﬂﬁa] a e and mobile

phase) qthls term corresponds to olute to reach an equilibrium between
the mobile phase and the stationary phase. The factors that affecting C-term are

thickness and viscousity stationary phase.
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2.3 Method validation

The method validation is required to approve that the method is suitable to be
used in a cosmetic laboratory. The analytical parameters considered in the validation

procedure are as follows :

2.3.1 System suitability ; should declare on the following terms

0 th@tes (N) expresses column

asured fro m the peak width and retention time

efficiency. The plate num

as shown in Figure 2.15_,

Fiwre 219 Tﬂ‘*’fﬁﬁa’ﬂ'%ﬁm INYINT
23 1.2 Tailing factor 6r asymmetryfac

QRITANTIEN Arangay

The tailing factor or peak asymmetry can be measured by one
of two ways. The tailing factor is measured at 5% of the peak height as shown in Figure

2.16.
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Tailing Factor
TF = AB | 2AC

The asy is ‘ d al of the peak height as shown in

Figure 2.17.

Cammmm— Y

When: - ALk 0.9-1.1 foassume the gaussiafipeak
A mERA AN S

AR ANTUAATIM 4D

The resolution describes the separation of band centers. The

resolution of two species, A and B, is defined as Figure 2.18.
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:
|

Af

Figure 2.18 The resoluti
2314

ime that a solute spends in
stationary and mobile p iS is calcule ) he retention time of a peak and the

dead time of the system a

LY

f = L

|UEANENINN
QRN AL TR

!
=
=

Figure 2.19 The retention factor (k") [28].

2.3.2 Specificity or selectivity

The specificity or selectivity is the ability to accurately and specifically
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measure the analyte in the presence of components that may be expected to be present

in the sample matrix.
2.3.3 Linearity and range

The linearity is the ability to obtain test results directly or by a well

defined mathematics transformation proportional to the concentration of analyte in the

y))ressed in term of variance around the

sample within given range. Linearity

slope of the regression line.

ent among individual test results
amplings of a homogeneous

t ~.\ andard deviation or relative

standard deviation.
2.3.5 Accuracy

The accura is"the closene esult obtained by the method to

the true value. Accuraty-may-ofien-be-ex Y -- by the assay of known,
V ‘ ery oy y

236 Li |tofdefeao

UH?ﬁﬂW§WBWﬂ§

The limit of detection i °§ the lowest oonoentratlon of analyte in the sample

" RRIANN I UANAINYAY

added amounts of the a e



CHAPTER I

EXPERIMENTAL

3.1 Instrument and apparatus

3.1.1 The UPLC™

- Pump ate ~Ultra Performance Chromatography ;

Bina

- Autosamp o J: ters ACQLU " Ultra Performance Liquid

Chromatog = Sample Manage (Waters, USA)

Detector QL . ~ ance Liquid Chromatography ;

Photodiode

- Column

1%100, 150 mm (Waters, USA)

ACQ}JITY UPLC ° BEH Sh|eld RP, 1.7 Um, 2.1x100 mm (Waters,

0 R éﬁ”ﬁ%@“ UINgIae™
- ACQUITY UPLC ° BEH C8, 1.7 Um, 2.1x150 mm (Waters, USA)
3.1.2 Glasswares and equipment

- Piston pipette, 10-100 L and 100-1000 UL (Biohit, Finland)

- Volumetric flask individual certificate 10, 25 and 1000 mL (Brand, USA)
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2 mL-vials with PTFE/silicone septa caps (Waters, USA)

Ultrasonic bath (Crest, USA)

Vortex mixer (Genie, USA)

Syringe of filtering PVDF membrane filter 0.2 [m diameter 13 mm

W/

ura

(Orange Scientific,

Metter-Toledo AX105 DR, USA)

3.2.1
3.2.2

3.2.3 (Bioland, USA)

3.2.4 Alpha-arbuti s (Pentapharm, Switzerland)

3.2.5 Deionized v

v . A
3.2.6 Laboratary 42 , lotions and gels (label as

LM1, LM2 and LM3, pec’uvely containing beta- and~alpha-arbutin each about 2%

ﬁiiififiﬁﬂmﬂﬁ ied 1131011 R
S HEGPES BTG B o

markets ﬂontalnlng different whitening agents and different percent amounts.

- C1 : Laneige Perfect Renew Essence (Amorepacific, Korea)

- C2 : Etude O, White lotion (Etude, Korea)

- C3 : Smooth E White Baby Face Serum (Smooth E, Thailand)
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- C4 : DHC Ol-Arbutin White Cream (DHC, Japan)

- C5 : Mistine re-Touch (Mistine, Thailand)

3.3 Preparation of mobile phase

3.3.1 Acetic acid 0.1% v/v (solvent A)

A 1.0 mL of glaci s pipette into a 1000 mL of volumetric

flask and made up to the vol and mixed well.

3.3.2 Methan

pg/mL

Each standard of beE = .
B2 0%

0.025 g to the nearést . 25 etric flask, dissolved with

methanol, mixed on ¢

3.5 Preparation of stahdard solution for calibration curve

o 318 A VRINS NS s st e

pipetted into each 10 mL of volumetric flask andemade up to theyvolume with 95 : 5
(0.1%a tiwci’é] :ae}aaﬂ)gmxuvm.’ﬂwg}cw&la%af&lﬁking standard
solutionsqare 2,6, 10, 20 and 30 g/mL, respectively. Label as S1, S2, S3, S4 and S5.
The standard solution were filtered through 0.2 UUm PVDF into a 2-mL vial prior to

analysis.
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3.6 Preparation of synthetic samples solution for precision

The arbutins in synthetic samples of LM1, LM2 and LM3 were determined for
five replicates labeled as A, B, C, D and E. The sample was accurately weighed (about
0.5 g) into 25 mL of volumetric flask (the amount of the sample was calculated from the
label to ensure that the final concentration of sample solution should be within

calibration curve) dissolved with methanol 10 mL and was mixed on vortex mixer,

sonicated for 5 min and made up with methanel and mixed well. An aliquot of 100 L

was pipette into a 10 mL ef.volumetric flask.-Make-up with 95 : 5 (0.1% acetic acid :
)

methanol) and mixed welk=The sample solution was. fillered through 0.2 Um PVDF
syringe filter into a 2-mlavial priortoanalysis.

1
3.7 Preparation of spiked synthetic samples solution for accuracy (%recovery three

_—

levels) L 4
y
Syntheic samples of LM, 1M2 and V3 spiked with standard arbutins at the
level of 50%, 100% and 150% of labeled afﬁ_ﬂ()unt were determined for five replicates at
a2 L4

each level. The samples were prépared in thé:s‘a.'me procedure as described in 3.6. The

o

%recovery to spiked-arbutins of three levels Weré' detemmineet as follow:
%recoveny = [(S-U)x100]/C (3.1)

Where S is coneeéntration of beta- ar alpha-arbutin in spiked sample, %w/w. U
is concentration: of . bgta- or alpha-arbutin in Tunspiked sample, %w/w and C is

concentration of 'standard added, Y%w/w.

3.8 Preparation’ of commercial cosmetic samples*solution” (for determination of beta-

and alpha-arbutin)

The arbutins in commercial cosmetic samples of C1, C2, C3, C4 and C5 were
determined for two replicates labeled as A and B of each sample and prepared as
described in 3.6. Spiked commercial cosmetic samples with standard arbutins at the

level of 50% or 100% of labeled amount were determined for two replicates. The
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samples were prepared in the same procedure as described in 3.6. The recovery to

spiked arbutins of three levels were determined as in 3.7.
3.9 Preparation of spiked standard stock solution for limit of detection

A blank cosmetic sample (the sample that beta- and alpha-arbutin were not
found) was accurately weighed (about 0.5 g) into 25 mL of volumetric flask. An aliquot of
30 pL of 1,000 pg/mL standard.stock 'selution was spiked into the sample, then

dissolved with methanol and mixed on the vertex mixer, sonicated for 5 min and made

up to the volume with methanol-The sample solutionwas filtered through 0.2 Um PVDF

syringe filter into a 2-mL vial prioLto analysis.

i

i

3.10 The UPLC™ optimization

The important™factors” affecting an the separation performance of beta- and
)
alpha-arbutin such as wwater, aqueous solution, organic solvents, columns, gradient

conditions, flow rate and tempera{ure vve'rﬁ_ investigated in order to determine the

optimum analysis conditions: The factors were described as follows :

0o

3.10.1.9= In this experiment various solvents affecting the solubility of
beta- and alpha- arbutin in various matrices (cream, lotion and gel) were investigated

such as water,/0:1% aceticacid;/methangl, €thanol, isopropanaeliand acetonitrile.
3.10.2 Columns

The chemical structures of both arbutins were found that they were

relatively a polar. Several types of columns were tested for optimized separation.

3.10.2.1 The ACQUITY UPLC” HSS T3 (C18 High Strength Silica) 1.8

LLm particle size, i.d. 2.1 x 100 and 150 mm (Figure 3.1).
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ield RP18 (C18 Bridged Ethyl

Hybrid + polar group) column (Figure 3.2).

e TS PR

T e stationary phase has been developed to combinge.the hydrophobicity

o an oy 1 1 kil e edod Bl b B 100 saons

oompatlblllty

3.10.2.3 The ACQUITY UPLC” BEH C18 (C18 Bridged Ethyl Hybrid) 1.7

Lm particle size, i.d. 2.1 x 150 mm column (Figure 3.3).
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Figure 3.3 The feature of the ACQ ' Y BEH C18 column.

eveloped by embedded ethane
. ——
group (CH,-CH,) into the sili > to improved & fficiency, strength and be used

for wide pH range 1-12 s }b:\:"o. lion was shown in Figure 3.4.

ﬂ‘UEl’J'VIEWI?WEI']ﬂ‘i

Figure 3.4 The ﬂature of bridged etg,yl hybrid ( BEH ) [29].

ARNAND I UIANHIO e o

particle size, 2.1 x 100 and 150 mm (Figure 3.5).

The stationary phase is the same material as ACQUITY UPLC® BEH C18
but has a short chain of carbon. So, it is suitable for polar compound more than BEH

C18.
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Figure 3.5 The feature of the ACQUITY PLC BEH C8 column.

3.11 Method valldatlon

3.11.1 Syste

ion 2

The first | 8,f> olutic pg/mle (S1) was repeatedly injected.
The retention times of fiv é glard \. a s,‘: of peak areas, number of the
theoretical plates (N), nti f e \\\ (Rg) and tailing factor were
determined. The acceptable criteria‘we J ) sk v N in Té o e 3.1.

‘ o ‘ .

Table 3.1 The system suitabilit gféﬂ_ tographic system.
Whitening el -——---—---—--—--—---—--——-4,::::I‘} Resolution | Retention
agents 0 : o (Rg) Factor
J 0
Beta-arbutin g{mq i # 1.5 >2
Alpha- arbutm qﬂ I-é 2l ik % 22

q Wﬂe&‘r& Nagd um ANBAALL e 50

showed that the relative standard deviation of a method varied with the concentration

(c), which can be approximated by the empirical equation RSD = 299
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% relative standard deviation
s b8coc88888
&
a

2 \- arbutin were injected. Each

substance was eluted at di 7 time me i g (o show that the compounds did not

3.11.3 Line

3.11 .3E Syste @
S1, S2, S8, S4%du) redin; ve'repl hipoint. Relative standard
deviation (%RSD) of peak areas shoﬁd not differ than 2%. The calibration curve of peak

ML T KHEFIEI plokFiav-1 N

least squares. The following linear regression equation was obtained from the calibration

curve.

Ao = b1Co+bo

When : b, = slope

b = intercept

[o]
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O
I

concentration in Llg/mL

A

0

peak area

The correlation coefficient from a fitted linear regression line was

calculated and the value should be close to 1.0.

repared as described in 3.7 for

-'tesww relationship between the

concentration of standard«found ‘ S ‘1& ntration of standard spiked was

d and the value should be close

%recovery) were

to 1.0.

3.11.4.1 on Of feprodueibllity
s < o |
Inject --- Samp n that prepared as described in 3.6
227

e ol
-h' o

were injected. The ate s should not differ than 3%

(n=5). Vi B

3.114.2 Method precision

ﬂ%"lﬂﬂlﬁlﬂlmﬂ‘i

QI BN T AN B e e s

3.6 were"njected. The %RSD of peak areas for five replicates should not differ than 3%.
3.11.4.2.2 Intermediate precision (inter day)

The sample solutions prepared as described in 3.6
were injected for five days. The p-value from ANOVA single factor was calculated. The

criteria of p-value should not less than 0.05.
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3.11.5 Accuracy

The sample solutions prepared as described in 3.9 were injected. The

Y%recovery for 3 levels should be within a range of 90 to 110.

3.11.6 Limit of Detection (LOD)

3.12 The determination'c > ' ercial cosmetic samples

Inject the sample&ol at prepared as d S rlbed in 3.8 and 3.9 in order to

o

ﬂ‘UEJ’J‘VIEWI?WEﬂﬂ‘i
awwmnmummmaﬂ



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Study of solvents for preparation of standards and samples

/y Ipha-arbutin are high polar organic
a@cohol but the cosmetic products

The chemical struct
compounds that are very
usually contain a variet ily dissolved in water. So that,

various organic solven inve ) S sho! in le 4.1.

Substances
Isopropanol | Acetonitrile
Beta-arbutin v v
Alpha-arbutin v v
Cream sample 4
Lotion sample v
Gel sa Qs alaRAA LE~r] Y
NTT bR VI T d T -

Note v good soluble and % not soluble

Both standard arbutins are well soluble in water but the cosmetic samples
could not be dissolved because the matrices of cosmetic samples might have consisted
of relatively non polar components. Methanol, ethanol, isopropanol and acetonitrile were

organic solvents that showed good dissolution of all standards and cosmetic samples.
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The methanol was selected for this study because it was available in the laboratory and

low cost when compared to the other solvents.
4.2 UPLC™ Method development.

Beta- and alpha-arbutin are isomers having the same chemical structures and
similar properties that are hardly separated by a conventional HPLC column, probably
due to their similar interactions between ithe mobile phase and the stationary phase,
where the resolving power of the HPLC columnsis insufficient. Considering the chemical
structures of beta- and alpha-arbutin on-chair-ferm-(Figure 4.1), the different is that the
phenol group of beta-arbutin«is on the axial position whereas phenol group of alpha-
arbutin is on the equatorialfposition. ‘Thel different in the conformation may lead to the
difference in the strength of the chemical interaction on the stationary phase. Therefore,

the higher separation power of OpLc™ colﬁ_amdn may. be considered.

Beta-arbutin Alpha-arbutin

O

Figure 4.1 Camparison of chair-from between beta=and alpha-arbutin.

HQH,C

J = HO
o) e g
HO
HO T OH
OH

There are many kinds of the ACQUITY UPLC® columns available for reversed-

phase mode. There were four choices of columns for this study, i.e., ACQUITY UPLC®
HSS T3, 1.8 WUm, ACQUITY UPLC” BEH Shield RP18, 1.7 Um, ACQUITY UPLC® BEH

C18, 1.7 bm and ACQUITY UPLC® BEH C8, 1.7 lm. Since arbutins are well soluble in

water, the isocratic mode with high aqueous percentage was first investigated. Two
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columns, which were designed for 100% aqueous compatibility, i.e., HSS T3 and BEH

Shield RP18 columns, were studied.

4.2.1 Isocratic mode using 100% aqueous as a mobile phase

The ACQUITY UPLC® HSS T3, 1.8 KUm, 2.1 x 100 mm and ACQUITY

UPLC” BEH Shield RP18, 1.7 Hm, 2.1 x 100 mm columns and 100% of 0.1% acetic acid

as a mobile phase of flow rate 0.5 n re employed for this trial. The peaks of

= 0.96 and 1.32,

S

beta- and alpha-arbutin standards / separated (R
.__d

Hss Tacolumnfl® £/ L = | Sunl " gEHishield RP18:
[+ R.=0.96Y '
1
i
L ; e :
LA RRN EARAR B BR” = YR 1 T i Y '|: |
‘Iu 15 k1] pl. 1] i)

W m

' 1

Figure 4.2 Separationg beta- and alpha-arbutin using ﬁ)% aqueous solution as a
mobile phase on HSS T3 @ne,BEH Shield RP48 columns.

AUEINENINENS
ARAMIATAUAITALIR Bhr e

The mobile phases of various ratio of 0.1% HOAc and MeOH were
studied. The ratio of 0.1% HOAc : MeOH were varied at 97%, 95% and 93% of 0.1%
HOACc. The flow rate was also reduced from 0.5 mL/min to 0.3 mL/min. The results were
shown in Figure 4.3. The ratio of 95% of 0.1% HOAc : 5% MeOH exhibited the best

resolution.
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{4 HSS T3 column 00 BEH Shield
i 97:3 (0.1%HOAc:MeOH) RP18 column
R.=1.17 97:3
311+ (.00
L (0.1%HOAC:
0 MeOH)
0lis R, = 1.46
i
Ty T T 1
o 100 % 3
Mirndes
01 -
HSS T3 column \ W B Shield RP18 column
01 ' K\\\t
95:5 (0.1%HOACc:MeOH i 955 (0.1%HOAc:MeOH)
i _ : | N\ -
R, = 1.38 Y. 8
2 i T
0+
0t
Q-
______ L LA T
0 @ 1 1A
Mrides
o )
B84 HSS T3 column {‘d column 1
| A
ilied 93:7 (0.1%HOAC: 0+4%HOAC:MeOH)
[
| : il
]  Re=131 - ; R, = 174
"
DU ﬂ & an dlan ‘ .
. UYINBNENBINT
i |
s . . . E .
oAl d NI b ) h
il 1} ’ . I.“ -d’ w e .

Figure 4.3 Separations of beta- and alpha-arbutin using various organic compositions

as a mobile phase on HSS T3 and BEH Shield RP18 columns
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4.2.3 Temperature of sample manager

According to the report by the Pentapharm Co., Ltd. (alpha-arbutin
manufacturers, Switzerland), alpha-arbutin was well soluble in cold water. So, the
temperature of sample manager (autosampler) was set at 5-8 °C for investigation.
However, the results were found that the temperature of the sample manager did not

affect on the Ry of beta- and alpha-arbutin.

4.2.4 Column length
v

Theoreticallyywhen the column lengthuis extended, the theoretical plate
(N) of column is increased and ihe R is improved. Therefore, in this study the longer

column of 150 mm was'tested sUnfortunately, ACQUITY UPLC” BEH Shield RP18, 1.7

Wm was not available fer this length. Fhe-isocratic mode with mobile phases of various

ratio of 0.1% HOAc and MeQH fe., 93%;94%, 95%, 97% and 100% of 0.1% HOAC at
the flow rate of 0.3 mL/min was investigated. The results showed in Figure 4.4. The
| )

¥ ¥
resolution for separation of both arbutins was ,ir_n)proved compared to the column length

of 100 mm. The best Ry (1.61) was also ot@rVed when using 95 : 5 of 0.1% HOAc:

gl

MeOH as a mobile phase.

0.001:5H

0.00104

0.0005H

ool %1 B M4 L dol o T TOTIT

ono 0s0 1.00 1.50 2.00 2.50 300 340 4.00

Figure 4.4 Chromatogram of beta- and alpha-arbutin on ACQUITY UPLC® HSS T3, 2.1

x 150 mm column.

Despite ACQUITY UPLC® HSS T3 column is designed for using with

100% aqueous mobile phase, the lifetime of the column is important because it is
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expensive. So, the gradient elution was studied. This allowed a flush step after the

analytes were completely eluted to prolong the column life time.
4.2.5 Gradient mode

The various parameters of gradient mode such as, time, flow rate, ratio of

mobile phase (0.1% HOAc : MeOH) and gradient elution curve profile) were optimized.
%yp f columns; i.e., ACQUITY UPLC® HSS T3,
Id RP18, 1.7 Um, 2.1 x 100 mm,

21‘x1

The gradient mode was applied for

1.8 km, 2.1 x 150 mm, AC

ACQUITY UPLC® BEH ?

Um, 2.1 x 150 mm. The

d ACQUITY UPLC” BEH C8, 1.7

radient elution was started at

95% 0.1%HOAC : 5% s obtained according to the

result of the isocratic m

}Bgure 4.5,
‘bjain highest Ry when using
i

Table 4.2 The opti
HSS T3 and BEH Shield-

‘ a (Y]
Time (ﬂ | %JN%GWLEﬂiV %WH@’A}f O@/\ethanol Curve
initi ¢ ) -
R AT AR R a Y
T30 0.3 97 3 5
3.4 0.3 90 10 8
4.2 0.3 93 7 5
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tinl- i
HSS T3 column BEH Shield RP18 column |
L
3 Ry=1.72 a“" Ry =1.50
i
I s
1= ™
i e " ---\-'-__'!I .'!I'\--— .-_~J bt |||‘|!|'|.II.
; e . i

oW O @ W OW O @ |
i

oa W W e o W
LS

Figure 4.5 Separation of b ing the optimized gradient elution

profile for HSS T3 and BE

According t/

because the Ry was |

18 column was not chosen
t mode was not studied for
the longer column (15 3 because it was unavailable in the

laboratory. Nevertheless . 8 for separate beta- and alpha-

arbutin and decrease the an sﬁ an‘find the 150 mm column length in the
future.

In addition, ACQ FUPLC -__,.ﬁ--r:‘ m, 2.1 x 150 mm and ACQUITY
UPLC® BEH Cs8, 1. V 2= x=450=mm=c - ;"q studied in gradient mode.
Both columns were not designe ng g quﬂJs mobile phase because the

column would be damaqed So that, the varlatlon of gradient condition ratio between

0.1% HOAC aﬁ wqgﬂi ﬁﬁ%ﬂcﬂ@ﬂ ﬁ/esngated Finally, the

suitable gradlem elution profile of b‘oth columns and ohromatograms were shown in

RRTRNN I UANAINYAY
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Table 4.3 The optimization of the gradient conditions for highest Ry when using BEH
C18, and BEH C8 columns.

Time (min) Flow rate (mL/min) | % 0.1% HOAc | % Methanol | Curve
initial 0.3 98 2 -
2 0 5
3.0 20 8
4.2 2 5
0154
BEH-C18-column']
0009 o= 1429 ! i
il
0rs ] )
2 | ,i|
" i
I
] H] |i|
(1 f it
000 N = —
mo 0w I Wv‘ﬁ'ﬂ m li'i mom oimoiyom

o
Figure 46 S ?Tﬁww ﬁr@ntﬂﬁ\mized gradient elution
i 8 an EH C8 column

profile for BEH

QW']Mﬂ?ﬂJ UAIINYAY

The ACQUITY UPLC® BEH C8, 1.7 pm, 2.1 x 150 mm should have been
chosen for method validation because it obtained the best R, when compared with the
other columns. However, during the validation, it was found that the efficiency of
separation decreased rapidly and was not within acceptable criteria. The high aqueous
content might have affected the packing material inside the column (i.e. silica). To

resolve the problem, one should increase the ratio of the organic solvent to reactivate
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the packing material inside the column resulting in extensively long analysis time. So, it
was not suitable for this research. Then, the HSS T3 column was chosen for method

validation.

4.3 Method validation

4.3.1 System suitabili /
_4
five | ctiQmL standard beta- and alpha-

om0 : 18 S 25 35 40 4 50 550 B0

Figure 4.7 -;‘” y/mL"standard beta- and alpha-
|

|

|
W

AULINENINYINT
ARSI

arbutin.



Table 4.4 System suitability parameters of standard beta-arbutin

Name Retention time Peak are Retention factor | Tailing factor Resolution
(ty) (min) (k") (Ry,
1 Beta-arbutin 3.1655 / %Am 11.66 1.07 -
2 Beta-arbutin 3.1653 .:11% . 11.66 1.06 -
! B '. A
ﬁ:ﬂ;' \
3 Beta-arbutin 3.1652 92 é- A 27 \ 11.66 1.05 -
r JHI = L%
P \
4 Beta-arbutin 3.1657 @{. i 11.66 1.06 -
=r _i},‘*f"
5 Beta-arbutin 3.1648 I 2 1.66 1.04 -
Mean 3.1653 1.06
SD 1334
%RSD : 0

’QWWENT]?EU NW]’J‘V]EH&I d




Table 4.5 System suitability parameters of standard alpha-arbutin.

Peak are -..,"‘*-. \ Retention factor

Name Retention time Tailing factor Resolution
(tz) (min) (RS)
: ‘? "'lq
1 Alpha-arbutin 3.3593 - 12.44 1.06 1.71
/ \
2 Alpha-arbutin 3.3585 i 12.43 1.10 1.71
3 Alpha-arbutin 3.3590 \\\ 12.44 1.12 1.72
4 Alpha-arbutin 3.3598 12.44 1.09 1.72
5 Alpha-arbutin 3.3572 12.43 1.11 1.71
Mean 3.3588 T 2.4 1.10
P
U
SD 103.5
ﬂ'IJEJE’J‘ﬁ(leWEJ’lﬂ‘ﬁ

’QWWENT]?EU URIAINYAY
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All parameters of the system suitability were within the acceptable criteria. The
%RSD of areas and theoretical plates (N) of both standards were less than 3.0, the
tailing factor was less than 2, the retention factor (k) was more than 2 and the resolution

(Rg) was more than 1.5.

4.3.2 Selectivity or specificity

The selectivity

M;emonstrated that the retention times

drogui ' different and not interfered. The
L —

pha-arbutin and-hydre one were 3.16, 3.36 and 4.12

)f77>$h§

of beta-arbutin, alpha-arb

retention time of beta- ane

min, respectively as she

A€
-
b

0.0083]

0.0035

00030
00025
=] 0000

0.00154

0010

" = vi = = T ,\:‘

Figure 4.8 The seleotimy of beta-arbutin, alpha-arbutin % hydroquinone.

AUEINENTNYINS

o mmfﬁwﬁwm N
| 4.3.3.1 System linearity

The standard S1, S2, S3, S4 and S5 (prepared as described in

3.5) were injected for five injections at each point to construct the calibration curve

between peak areas and concentrations. The regression line by method of least squares

was established. The coefficient of determination (R2) of the beta-and alpha-arbutin from
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a fitted linear regression line were 0.9999 and 0.9999, respectively as shown in Figure

4.9 and 4.10.

150000 — Eata-arhutin

100080 —

ALTE R

B000a

\l y 5 J04By - 102.92
- ,//
i ; i

e R =0.599343
—

4

Figure 4.9 Calibratio

150000

; i .‘Il“n : 4
= -
| - J
y = §748, 1x - 468,69
50000 =,

UL -‘I iwmfﬁﬁé
ammmmumm&naﬂ

[ X1y =15

Figure 4.10 Calibration curve of standard alpha-arbutin.

4.3.3.2 Method linearity

The correlation coefficient (r) of spiked and found standards in

the cosmetic samples at three levels (50%,100% and 150%) was determined. The
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correlation coefficient of beta-arbutin in cream (Figure 4.11), lotion (figure 4.12) and gel
(Figure 4.13) was 0.9995, 0.9997 and 0.9995, respectively. The correlation coefficient of
beta-arbutin in cream (Figure 4.14), lotion (Figure 4.15) and gel (Figure 4.16) was

0.9999, 0.9995 and 0.9997, respectively. The detail of values was shown in Appendix B.

Beta-arbuti

found concentration (ug/mL)

Figure 4.11 Method linearity of héta -2l But eam C smetic sample.

227208 \"

oideid

s

3 melALAIRRT e

E ed

[S 0 T

2 AY

]

g 4 y = 0.9955x+ 0.0234

8 | - s r = 0.9997 ,
AUYANBNINGTH

QI"' 0 - \ \ \ \ \

AN TRRBARYA Y

Figure 4.12 Method linearity of beta-arbutin in lotion cosmetic sample.
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5 r = 0.9995
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Figure 4.13 Method linearity oitbe bt ) ‘cosmetic sample.

4x +0.023

r =0.9995
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Alpha-arbutin (lotion)

y=1.0172x - 0.0034

2 + r =0.9990

found concentration (ug/mL)

Figure 4.15 Method Ii : t bsmetic sample.

U
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RARINTINNNIINYAY

4.3.4.1 System precision or reproducibility

The sample solutions of the several matrices were injected in
duplicate. The %Relative Percent Different (%RPD) of beta-arbutin in cream, lotion and
gel were 0.37, 0.59 and 0.22, respectively. The %RPD of alpha-arbutin in cream lotion

and gel were 0.12, 0.19 and 0.38, respectively. The results were shown in Table 4.6
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Table 4.6 System precision for determination of beta- and alpha arbutin in various

cosmetic samples.

System Precision : Duplicate

Cream
Beta-arbutin Alpha-arbutin
Vial T
%RPD | Ma ”' %RPD Maximum
x}\;}‘ﬁ 1)/ 4
1 - 004
) . -
3 0.12
4
5
Alpha-arbutin
Vial
Maximum
0.22

, ¢ . o/
RIAIASRIUBNINHINE
al
%RPD Maximum %RPD Maximum

1 0.15 0.22

2 0.14 0.14

3 0.05 0.22 0.16 0.38

4 0.22 0.01

5 0.01 0.38




48

4.3.4.2 Repeatability (intra day)

The analysis of beta- and alpha-arbutin in cream, lotion and gel

cosmetic sample for five replicates, %RSD of beta-arbutin in cream, lotion and gel are

0.34, 0.50 and 0.49, respectively and alpha-arbutin in cream, lotion and gel are 0.15,

0.14 and 0.29, respectively. The results as shown in Table 4.7 and Table 4.8.

Table 4.7 Repeatability (intra-d 'ﬁ -arbutin for several matrices cosmetic
samples. : /}-J-

Day — P g *.

%RS %RSD
cream gel maximum

1 0.336 0.192

2 0.132 0.111

3 0.206 0.247 0.49

4 0.234 0.165

5 0.212 0.492

Table 4.8 Repeatabmy

samples. ¢ O
oo | FUIE ATETAHENTS
U %RsD ¢ . o, %RSD
rﬁav;n% "]‘ ae I maximum

0.12

2 0.078 0.053 0.221

3 0.149 0.15 0.139 0.14 0.294 0.29

4 0.043 0.073 0.088

5 0.02 0.098 0.082
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4.3.4.2 Intermediate precision (inter day)

The Intermediate precision of determination of beta- and alpha-
arbutin in cream, lotion and gel cosmetic samples for five replicates was represented by
%RSD. The %RSD of determination of beta-arbutin in cream lotion and gel for five days

were 0.34, 0.50 and 0.49, respectively. The %RSD of determination of alpha-arbutin in

cream, lotion and gel for five days were 0.14 and 0.29, respectively. The accepted

criteria of the p-value from analysis . \ OVA-single factor) should be more

than 0.05. The p-value of beta-arbutin in_cr n and gel are 0.34, 0.63 and 0.11,
- ——

respectively and the p-v arbutin in cream, lotion and gel are 0.67, 0.81 and

‘dix A.
\ - »

0.32, respectively. Th
4.3.5 Accuracy

The %rec and alpha-arbutin in cream, lotion

, . AT R ‘ s . .
and gel cosmetic sample -;---"mw-?h ] %. The detail of values was shown in
M‘ b,

Table 4.9. =

)

% §
AULINENINYINT
RN IUNRINYIAY
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Table 4.9 The %recovery of beta- and alpha-arbutin in various cosmetic samples.

% RECOVERY

Cream sample

Added Bata-arbutin Alpha-arbutin

level | %recovery range (%) mean | %recovery range (%) mean

50% | 98.72-101.03 98.20-100.81

100% | 98.38-100.89 98.20-100.81 | 99.62

150% | 98.51-101.70

Added .)/// \\‘& : 'Alpha—arbutin

level | %recovery .ﬂ % ;,‘ ._-.'_‘n‘ ‘5" ove range (%) mean
50% | 98.50-101.33 _ ' 8 031 \2
‘I‘

100% | 98.38-100.95 | 98.12-1C 33.. ¢mv & 1 0.78| 98.03-101.60 | 99.31

b Al )k

&,

[}

150% | 98.12-100.56 . T ﬂ" 01.60
:iji;,cae[
Added I‘B‘kata—arbtﬂm_.’ﬂ_,;,{-,-_s,ﬂ - Alpha-arbutin
level | %recove L’é‘ ] v range (%) mean
L~
50% | 98.34-100.82 | 30
A m 08

I ~
100% | 98.02-101.57 9?.02—101.57 99.70 [98.14-100.69 | 98.25-100.69 | 99.20

150% 9885ﬂ1uﬂ§wg‘ﬂjwoﬂ@f p]

QW’]Mﬂ‘ﬁﬁUﬁJW]’W]HéJEI

4.3.6 Limit of detection (LOD)

Limit of detection (LOD) from spiked mixture standards in cosmetic

sample was 0.005 % w/w.



4.4 The results of method validation

The results of method validation were summarized in Table 4.10

Table 4.10 The summary of the method validation parameters

51

Parameter Beta-arbutin

Alpha-arbutin

1. System suitability

- Theoretical plate (N)

12856
- Tailing factor 1.10
- Resolution (Ry) 1.71
- Retention factor (k") 12.44
2. Specificity selectivity
- retention time (min) » 3.36
3. Linearity and Range
- Range, Ug/ml 2-30
3.1 System linearity
. coefficient of determinatio 0.9999
(R)
3.2 Method linearity - cream lotion gel
correration cogff;gient (r) = 0.9993 0.9995 0.9997
4. Precision
4.1 Precision (system) D
. standard solution, |’
%RSDof;ﬁﬁg5§ iy o1& 1.05
: sample solutiony wmm glzll deam lotion gel
%RPD of peak area (n=5) 0.37 O.59A 0.22 0.12.» 0.19 0.38
< ARIANNIWUNWNINENNY
‘ C
4.2.1 R&Jeatablllty intra-day) 0.34 0.50 0.49 0.15 0.29
%RSD (5 replicates)
4.2.2 Intermediate precision 0.34 0.63 0.11 0.67 0.81 0.32
(inter-day), p-value (5 days)
5. Accuracy : %recovery 98.38- | 98.12- | 98.02- | 98.20- 98.03- 98.25-
(3 levels, 5 replicates/level) 101.70 | 101.33 | 101.57 | 100.81 101.60 100.69
6. Limit of detection (LOD) (%w/w) 0.005

0.005
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4.5 Application of the method to the commercial cosmetic samples

Five commercial cosmetic samples from several markets which contained
different percent amount of beta-arbutin or alpha-arbutin were tested. The samples were
prepared as described in from 3.13. The samples that were labeled as arbutin, were
found as beta-arbutin (C1 = 2.09% w/w and C2 = 2.13% w/w) and the samples that

were labeled as alpha-arbutin, were f as alpha-arbutin (C3 = 1.04%w/w and C4 =

0.95% w/w). One cosmetic sa ﬁl d as alpha-arbutin was not found as
alpha-arbutin. The results ‘marize‘é 4.11. The chromatograms and

spectra of all cosmetic sam

Table 4.11 Determination of ark the commerc smetic samples

Sample name %RPD | %Recovery

C1 0.78 100.59
C2 0.23 100.15
C3 0.52 100.26

Alpha arbutin 0.95 1.14 100.73

ﬂuﬂg%gm Wy
ammmm URIINYIAY




CHAPTER V

CONCLUSIONS

The method for simultaneous determination of beta- and alpha-arbutin in
whitening cosmetics using ultra perfermance liquid chromatography (UPLCTM) was first
developed in this study. Using this new UpLCH technology instead of the typical HPLC

markedly increased speed, sensitivity and resolttion of the analysis.

The low cost andrreadilyavailable methanol'was found to be the best solvent

)

which can dissolve thesstapdard’ beta= and alpha-arbutin in a variety of cosmetic

matrices without any interfegence tb:thé;(ihromatography system. In addition, 0.1%

acetic acid was used in the mabile phasl':e since it demonstrated stronger interaction

resulting in better resolutionithan water. .- & &

i #
vl
Variation of flow ratés, gradient ratio in‘mobile phase and the column types and

lengths have been studied in. order (o acﬁi,e_\'(@_ the best separation of the isomer

substances as beta- é_hd alpha-arbutin. It was found that th"e.BEH C8 column performed

best but was not stablé_ for the high aqueous mobile phase’ In addition, increasing the
length of the BEH shield RP18 column to 150 mm, improved the plate number and the

alpha- and beta-arbutin.separation.

The HSS T3 column which_has been designed for a 100% aqueous mobile
phase, produced the'acceptable Ry for beta; and alpha-arbutin separation within a short
analysis time. The optimized conditions were 0.1% acetic acid and methanol as mobile

phase in a nonlinear gradient condition at flow rate of 0.3 mL/min.

Method validation demonstrated that the linear working range of beta- and
alpha-arbutin were 2 to 30 ug/ mL. Accuracy (%recovery) and precision (%RSD) of the
method were demonstrated by spiking standards at 3 different levels into cream, lotion

and gel cosmetic samples. Percents recovery of beta-arbutin were 98.38-101.70, 98.12-
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101.33 and 98.02-101.57 and alpha-arbutin were 98.20-100.81, 98.03-101.60 and
98.25-100.69 from each matrix, respectively. %RSD of alpha-arbutin were 0.34, 0.50 and
0.49 and %RSD of beta-arbutin were 0.15, 0.14 and 0.29 from each matrix, respectively.

The limit of detection for both arbutins were 0.005% w/w.

The overall performance of this method is considered to be effective, accurate,
precise, specific reliable and rapid including the ease of sample preparation which can

be applied to the alpha- and beta-arb determination in routine cosmetics analysis.

AULINENINYINT
ARIAATAUNNIING A Y
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APPENDIX A
Processing Method:  Arbuting System: UPLCHT
Processing Method ID; 22754 Channel: 283 OnmEn
Calibration |D: 24181 Date Calibrated: 7R0/2009 11:52:30 Ak

R#2 0.999554 ROS99927 Intercept =-1241.9834 Slope = 3947 5042 Standard Error = 6354951
Regression Equation =% =3.95e+003 ¥ - 1 244003
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120000.04
100000.0

500000

£ smonn
400000+
200000
00]

2000004

T
30.00

L ,
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Figure A-1 T qlinear regression of standard beta-arbutin for commercial cosmetic
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Processing Method:  Arbuting System: UPLCHT
Processing Method ID: 227584 Channel: 283 0nmgE
Calibration 1D: 24181 Date Calibrated: 7A0Z00911:52:30 A

Red 0.995905 R 0599952 Intercept =-1400.3852 Slope =3814 3196 Standard Error = 4993821
Regression Equation =% =3.81e+003 * - 1.40e+103

Calibration Plot
140000 0

1200000
100000.0-
800000+

£ B00000
400000
2000004

0.0

-20000.04

0m

1 T T T T T T T T T T T
\ \ 20.00 25 3000

— Mame: alpha-3 Order); Processing Method: Arbuting
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-
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&

Figure A-2 The '5"" Ntis for commercial cosmetic

m m
sample. A . i
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Table B-1 The data for method linearity of beta-arbutin in cream cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD |Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ua/ml) | (Y%ew/w) | (Y%owiw) | (Y%ow/w) (Lg/ml)
2.7649 2.7859 5.1415
2.3386 2.3643 4.6589
50% 24183 | 26715 | | 2.67 |2.67+0.31| 4.7835
3.1274 | 4.7217
2.6892 4.5512
4.3983 4.5749
4.6175 4.7482
100% 4.2828 4.44 +0.18| 4.9473
4.4103 4.7539
4.3704 4.8558
6.8326 4.8799
6.8684 4.5686
150% 7.1832 7.11+0.15| 5.2714
& e 4.7260
7.2748 4.8983

-~
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Table B-2 The data for method linearity of beta-arbutin in lotion cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD [Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ka/ml) | (Y%ew/w) | (Yow/w) (Yow/w) (Lg/ml)
2.4686 2.4647 4.3932
2.7557 2.7870 4.8206
50% 2.9352 2.6706 | 2.9809 0.21 2.67 |2.67+0.21| 4.7857
2.5005 2.5380 4.5951
2.6082 \«:“:'h 4.6036
4.8135 47577 4.5691
47377 % 2 4.6410
100% 4.3748 0 V’Vﬁr[ﬁ A\ 4.56 + 0.21| 4.4959
r’ Vi
4.5702 ) ' 4.6350
4.3270 755 4.4271
7.3459 4.4017
8.0717 4.3733
150% 7.0947 747 |7.47 +0.41] 4.7605
7.3100 4.6008
4.5645

7.5932

ﬂ‘lJElf’mﬂW?WEl']ﬂ‘i
’QW'WMﬂ‘iEU UAIINYAY
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Table B-3 The data for method linearity of beta-arbutin in gel cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD |Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ka/ml) | (Y%ew/w) | (Yow/w) (Yow/w) (Lg/mi)
3.5219 3.5311 4.9738
3.4621 3.4582 4.8976
50% 3.2270 3.0486 | 3.2241 0.51 3.05 |3.05+0.51| 4.3347
2.5976 5.0344
2.4342 4.8023
5.0916 4.7636
4.4820 4.6341
100% 4.7928 4.84 +0.25| 4.5998
4.9800 4.5610
4.8525 4.3955
7.0039 4.5855
6.7051 4.5564
150% 7.5895 6.96 |6.96 +0.45| 4.6704
6.5218 4.8885
4.9293

6900 .

ﬂumwﬂmwmm
QWWMﬂ?ﬂJ UAIINYAY
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Table B-4 The data for method linearity of alpha-arbutin in cream cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD [Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ka/ml) | (Y%ew/w) | (Yow/w) (Yow/w) (Lg/ml)
2.4464 2.5156 5.0786
2.5089 2.5427 4.6020
50% 2.4112 2.6032 | 2.4665 0.27 2.60 [2.60+0.27| 4.7251
2.3878 2.4103 | 4.6640
3.0131 3“ 4.4956
4.1308 4.5190
4.4747 4.6902
100% 4.1464 WO 4.32+0.14| 4.8868
4.1933 | //9@ A\ 4.6958
41737 /I& 4.7964
6.7687 =." g .- 4.8202
6.9758 70559 4.5128
150% 7.1634 7.20 |7.20+0.30| 5.2070
7.0344 4.6682
4.8385

7.4838

ﬂ‘lJElf’mﬂW?WEl']ﬂ‘i
’QW'WMﬂ‘iEU UAIINYAY
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Table B-5 The data for method linearity of alpha-arbutin in lotion cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD [Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ka/ml) | (Y%ew/w) | (Yow/w) (Yow/w) (Lg/ml)
2.4112 2.4553 4.2715
3.3296 3.3880 4.6870
50% 3.0326 | 3.0053 | 3.0606 0.35 3.01 |3.01 +0.35| 4.6531
2.8646 2.944 4.4678
3.1655 \\\\’/ 4.4761
4.9319 4.4425
4.4668 4.5125
100% 4.3144 456 +0.29| 4.3714
4.3222 4.5066
4.3652 4.3045
6.9133 4.2797
7.2415 4.2522
150% 6.5811 6.93 [6.93+0.37| 4.6286
6.4287 4.4733
4.4380

6.9484

ﬂ‘lJElf’mﬂW?WEl']ﬂ‘i
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Table B-6 The data for method linearity of alpha-arbutin in gel cosmetic sample.

Lavel Added |Found av.| Found SD Mean | Mean+SD [Sam.conc.
added (Lg/ml) | (Ka/mi) | (Ka/ml) | (Y%ew/w) | (Yow/w) (Yow/w) (Lg/mi)
3.2319 3.2801 4.8262
3.6188 3.6944 4.7523
50% 2.7708 3.0481 | 2.8149 0.43 3.05 |3.05+0.43| 4.2061
2.7590 2.7820 | 4.8850
2.6105 \\“h 4.6599
4.7560 434 4.6223
4.5645 "ﬂ 4.4966
100% 4.5763 //A 468 +0.13| 4.4634
4.4278 4.4257
4.7482 4.2651
6.9093 4.4495
7.0149 4.4212
150% 6.9211 6.96 .90 |6.90 +0.23| 4.5318
6.6123 4.7435
4.7830

6. 577

ﬂumwﬂmwmm
QWWMﬂ?ﬂJ UAIINYAY




Table B-7 The ANOVA for single factor of beta-arbutin in cream cosmetic sample.

Beta-arbutin in cream sample (Y%w/w)
Replicate/day 1 2 3 4 5 mean
1 2.274 2277 2.271 2.278 2.267
2 2.257 2.270 2.268 2.272 2.271
3 2.275 2.275 2.275 2.266 2.270 2.27
4 2.275 2.269
5 2.267 2.259

67

SUMMARY
Groups // / A‘\\ \ g { Variance
Column 1 , F-u AN\ - \‘u& 6.02E-05
Column 2 : 7y 2.2(42 7.7E-06
Column 3 2.33E-05
Column 4 2.63E-05
Column 5 2.32E-05
ANOVA N
Source of Variatio —_— e P-value F crit
Between Groups O‘M . .,‘OO5 0.341955 2.866081

Within Groups

mmﬂuyg%gm5m&nn5

0. 00563 20 2. 814E 05

QW']Mﬂ?ﬂJ UAIINYAY



Table B-8 The ANOVA for single factor of beta-arbutin in lotion cosmetic sample.

Beta-arbutin in lotion sample (%w/w)
Replicate/day 1 2 3 4 5 mean
1 2172 2172 2171 2171 2171
2 2172 2173 2173 2172 2.169
3 2.160 2171 2171 2.168 2173 217
4 2.169 2.166 2171
5 2147 [ 4 2.169 2172

' : -—d.
| ——
SUMMARY -_— ‘\

o ‘//,m\\\ v

Column 1 0.0001145

Column 2 8E-07

Column 3 1.2E-06

Column 4 5.7E-06

Column 5 5 12 2.2E-06

ANOVA N

Source of Variatio -,:;:,._..'=.‘-,:. P-value F crit
Between Groups lé 00 4 486 0.111295 2.866081

Within Groups 0. 0498 20 2. 488E 05

ﬂHEJoWiJWWMﬂ‘ﬁ
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Table B-9 The ANOVA for single factor of beta-arbutin in gel cosmetic sample.

Beta-arbutin in gel sample (%w/w)

Replicate/day 1 2 3 4 5 mean
1 2174 2176 2.164 2.169 2177
2 2175 2174 2174 2172 2174
3 2171 2179 2178 2175 2.152 217
4 2178 2177
5 2175 2176

SUMMARY / \
Groups //’// ‘\

Column 1

Column 2 -06

Column 3 E-05

Column 4 1.17E-05

Column 5 5 '0.0001167

ANOVA
.V ok 1 .

Source of Variatio -Q—-»—--—.,.. ; _ P-value F crit
'.r
Between Groups HOE-( 0.3913288 0.812352 2.866081

Within Groups 0. 0071 20

. ﬂuggoggwgmswmm

3. 552E 05

’QW']Mﬂ?ﬂJ UAIINYAY



Table B-10 The ANOVA for single factor of alpha-arbutin in cream cosmetic sample.

70

Alpha-arbutin in cream sample (Y%w/w)

Replicate/day 1 2 3 4 5 mean
1 2.247 2.243 2.244 2.244 2.244
2 2.242 2.243 2.239 2.242 2.243
3 2.241 2.244 2.246 2.244 2.244 2.24
4 2.245 2.243
5 2.245 2.243

Z

SUMMARY O
Groups ar/ance
Column 1 , 10244 W}‘\ 2E-05
Column 2 \\a"\\ 2.3E-06
Column 3 4\ ‘.7E—06
Column 4 1226, 2. \ 1.5E-06
Column 5 Z 121755204 3E-07
ANOVA 7

Source of Variat/ I SE/ P-value F crit

Between Groups

Within Groups m 1E-04 20 SE-06

LAUGInenIngIns

" 0.652 0.632176 2.86608071

AMAINITUANINGA Y



Table B-11 The ANOVA for single factor of alpha-arbutin in lotion cosmetic sample.

71

Alpha-arbutin in lotion sample (%w/w)

Replicate/day 1 2 3 4 5 mean
1 2127 2.124 2.120 2.124 2.128
2 2123 2.125 2.124 2124 2.124
3 2124 2.125 2127 2.123 2123 212
4 2.123 : 2.123 2127
5 2.126 \A /. 2.126 2.126

SUMMARY -

Groups Mﬂ‘\\%&\V

Column 1 5 \‘. .3E-06

Column 2 : -- \\\\\‘
A\

2E-06

Column 3 8.7E-06
Column 4 1.5E-06
Column 5 4.3E-06
ANOVA

Source of Variat/ I SE/ P-value F crit

Between Groups

5

7.6E-05 20 3.8E-06

Within Groups

SAUEANENIHEING

L
. 0 94737 0.670515 2.86608071

AMAINITUANINGA Y
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Table B-12 The ANOVA single factor of alpha-arbutin in gel cosmetic sample.

Alpha-arbutin in gel sample (%w/w)
Replicate/day 1 2 3 4 5 mean
1 2.090 2.089 2.081 2.093 2.095
2 2.093 2.096 2.087 2.092 2.098
3 2.096 2.086 2.096 2.095 2.093 2.09
4 . 2.091 2.095
5 . 2.091 2.095

SUMMARY - \
Groups IV//// ﬁ‘\\\\ ar/ance

Column 1 0.8E-06

Column 2 : - 10:46 \ 3E-05
‘ 3.6E-05

Column 3 454 2.0¢

Column 4 2.8E-06
Column 5 3.2E-06
ANOVA

Source of Variaz‘/ —— P-value F crit

i

Between Groups = 66762 0.315847 2.86608071

Within Groups 'mo 00028 20 1.4E-05

mﬂuﬂgmﬂﬂ%Wﬂﬂﬂﬁ
AMIANINUNIINYIAY




Table B-13 The details of standard beta- and alpha-arbutin.

Brand %Purity Mfg. Exp. Supplier
Beta-arbutin, B—at Bioland s———0S Meti 3 3 99.60% 9-Jul-08 8-Jul-10 Sinthai co.,ltd
— -
- i - eme 20 709 - - _ - i i
Alpha-arbutin, -at Pentapha "m . < 97.70% | 1-Feb-08 1-Feb-11 sinthai
Flask | ‘ 3 4 6 Flask no.
Whitening agents
no. 0.10 0.20 0.30 Volume (ml)
Beta-arbutin, [3-at 10.1592 | 20.3184 30.4776 Concentration (ug/mL)
9
Alpha-arbutin, O-at 10.2311 20.4623 30.6934

AT

Sk A T/

X
) {

AULINENINYINS
MR TUNN NS Y
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Table B-14 The result of four commercial cosmetic samples.
Sample Sample weight | Spike std. Peak Found,conc. % Found Mean % RPD Spike std. % recovery % LB % LL % UL
Whitening agent
name (9) (9) Area (ug/ml) (Yowhng#™ | _(S6W/w) (Yow/w) (%ow/iw) | (%wiw) | (%w/iw)
Laneige A | beta-arbutin (0.1 ml) 0.564582 - 16828 4.5776 12,0967 | 2.0886 0.78 2.00 1.70 2.36
Laneige B beta-arbutin (0.1 ml) 0.54654 - 16713 415738 2.0805
Laneige C | beta-arbutin (0.1 ml) 0.50713 0.01304 | 367127 9,4665 6667 2.571333 100.2632
Laneige D | beta-arbutin (0.1 ml) 0.50224 0.01289 | 35863 913996 ‘4.6].88 2.566502 100.9234
Etude A beta-arbutin (0.1 ml) 0.565357 - 17408 ¥ o 211331 21356 0.23 2.00 1.70 2.36
Etude B beta-arbutin (0.1 ml) 0.59280 ] 18770 5 0695 211380
Etude C beta-arbutin (0.1 ml) 0.50547 0.01194 | 34417 9.0333 4.&3]&_— 2.362158 98.7339
Etude D beta-arbutin (0.1 ml) 0.52982 0.01507 | 40794 10.6488, 5.0'241 2.844362 101.5746
Smooth E A | alpha-arbutin (0.1 mi) 0.50963 - 14715 42A 170361 4! 10388 | 052 2.00 170 | 236
Smooth E B | alpha-arbutin (0.1 ml) 0.50456 - 14637 42040 1.045;'3&'__- -
Smooth E C | alpha-arbutin (0.1 ml) 0.57867 0.00748 36668 9.9526 2.3493 1.292619 101.3833
Smooth ED | alpha-arbutin (0.1 ml) 0.50372 000778 | wdiar 10.8882 2.5701 1.544509 99.1448
DHC A alpha-arbutin (0.1 ml) 0.50216 - 13083 3.7886 0.9431 | 0.9485 1.14 2.00 1.70 2.36
DHC B alpha-arbutin (0.1 ml) 0.54216 - 14383 41373 0.9589
DHCC alpha-arbutin (0.1 ml) 0.58724 0.00945 || 44723 12,0901 2.57385 1.609223 100.9804
DHCD alpha-arbutin (0.1 ml) 0.52869 0.008501 | 39967 10.8436 2.5638 1.607747 100.4698
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Table B-15 The results of commercial cosmetic samples that did not © .'ﬁ, :.]' ?r - or alpha-arbutin.

= ""-..\ "-,h'. % 1 IF ’ .
Sample Sample weight | Spike std. Peak Foun ‘\\"‘*“‘ ) 2an % RPD Spike std. % recovery % LB % LL % UL
Whitening agent

name (@) ©) Area RSS(EGIE). |7 W (%wiw) (Yowiw) | (Y%ewlw) | (%ow/w)

Mistine A | beta-arbutin (0.1 m) 0.62924 - L m N #DIV/O!

Mistine B beta-arbutin (0.1 ml) 0.67956 - = ////‘ ‘%\N\“

Mistine C beta-arbutin (0.1 ml) 0.60182 0.00003 #DIV/0!
Mistine A alpha-arbutin (0.1 ml) 0.62924
Mistine B alpha-arbutin (0.1 ml) 0.67956
Mistine C alpha-arbutin (0.1 ml) 0.60182 0.00003 #DIV/0!

: *J
A
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APPENDIX C
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Figure C-3 The chromatogram and spectra of cosmetic sample name as C3.
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Figure C-4 The chromatogram and spectra of cosmetic sample name as C4
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Figure C-6 The chromatogram and spectra of cosmetic sample name as C5 that spiked

standard beta- and alpha-arbutin for limit of detection (LOD).
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