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insimuaznageuauldlaveisnaasunivsunauaesaiu (curcumin) lu
fregnsiiutunsdaemaia hish-performance thin-layer chromatography (HPTLC) el
HPTLC plate silica gel 60 IHansavanemaindouiifie toluene: dichloromethane: ethanol:
acetic acid (39: 59: 2: 2, vA/VA) AIN150539307 420 nm wudn Senududunseaiiseu
AALTNTU 50 -150 ug/mL lamn correlation coefficient (r) Wiy 0.9993 A1snAdeUAIIY
usiu T¥esaznisAunduaglutis 99.10 - 101.47 MInadeuAIMILTIEs (repeatability) 8¢
Tu19 0.17 - 0.59 uag intermediate precision iy 0.48 %RSD iszfusaniianunsain
Sy curcumin lalusiegne (LOQ) AU 50 ug/mlL WagaNsalken curcumin 80AN
bisdemethoxycurcumin wag demethoxycurcumin 1ot ﬁ’qfumﬂmaﬂﬁmaaummiﬂﬁ
vo9350glutnadinisgeusy arursaurlunaasunivIuiuansd1dsy curcumin
Tusheeheuiiudunds
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HPTLC method development and validation for determining

curcumin in turmeric powder

Chusak Ardsoongnearn, Sunan Kittijaruwattana, Nakhonratch Ongpimai

Sasikan Wutthikannon and Rattanaporn Chonpracha
Abstract

The development and validation of the high-performance thin-layer
chromatography (HPTLC) method for the curcumin assay in samples of turmeric
powder (Curcuma longa L.) were completed. An HPTLC plate with silica gel 60 as the
stationary phase was used in the procedure. Toluene, dichloromethane, ethanol, and
acetic acid (39: 59: 2: 2, v/v/v/v) made up the solvent system. The extracted
chromatogram had a wavelength of 420 nm. The linearity was examined with a
correlation coefficient (r) of 0.9993 at concentrations between 50 and 150 pg/mL. The
accuracy ranged from 99.10 to 101.47 % in terms of recovery percentage. The accuracy
(repeatability) ranged from 0.17 to 0.59 over the course of three days, and the
intermediate precision was 0.48 %RSD. The sample's curcumin has a limit of
quantification (LOQ) of 50 pg/mL. Demethoxycurcumin and bisdemethoxycurcumin
were able to be distinguished from curcumin. The outcome of the approach validation
was satisfactory. Therefore, the quantification of curcumin in the turmeric powder

sample can be performed using this validation approach.

Keywords : Turmeric powder, curcumin, method validation, HPTLC

Veterinary Drugs and Hazardous Substances Assay Division, Bureau of Quality Control

of Livestock Products, Department of Livestock Development
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nswaLasigalauldldvesinagau curcumin
ludragnaviiudunsnlewmaila HPTLC
YANA 919getu griun Anfnginuw uassy defiuny
ARNTUA AN UAUUA Shunnsel vulsey

unin

nsuUAdnilanznssunisdauaiuuaznistuindounisthayulnslne fyviuay
fyvs wldlunafesUadn fuasdniidios ndndulifimsldayulnsinelunindesdnd diifn
nsvdeuAuAInduRIladnd Junseuaunseniesufdinisaiuayulns lnednw
AnaTAvesayulng 1wy mIfigailondnual nmsnseasuaanmBaiing edumsiia
Fenmduiugiusaziniounamienlunisusniasndnansddyanayulnsdmiuam
saflefumhssudunelunsudadaidelulusuian

viiudu (CurcumaLonga L) \luasulnsfildsunisussgeglutiyfomdnuieni
TudruvestyTennnayulng Ufulssaian SestdaTomanuisund (atufl 2) w.a.2555
(o1unnayulng e1¥nwingueImsvessEUUMLAUeIY) Fellassnanumisenaglungs
1TUaN USIMeIN137Tesda vieadle tneflansddnildlunissnuidy \ma3ALIY (curcumin)
JafiufionTianesqgliu (bisdemethoxycurcumin) waes AiufionTiaesgiiu
(demethoxycurcumin) Sudufivayulnsfifiannuddny anunsoldldiluayuduasdnd
wnziunstdfuiusuulunmsfinuuasimuiSnageuluiosufiRinis

Thai Herbal pharmacopoeia (2016) la@n®1357LAS189UI@15d1A8y curcumin
Tuasulwsviiudu (KHAMIN CHAN) Tnsmsfigaviendnued (identification) #1638 Thin layer
chromatography

Paramasivam et al. (2009) la¥inn1snaaeuisiiasieniniUsuiaien curcuminoids
Tumiuiiudy Iﬂaaﬁiﬁﬁqmémqmé’ﬁmmﬂszﬂaué’aa curcumin, demethoxycurcumin
wag bisdemethoxycurcumin n1sieseNAIDE I lnsinnannnle soxhlet extraction
Ao luuenansaae column chromatography figaiiandnualfiig spectroscopy WAz
ﬂ’J’liJU%EjWéﬁ’JEJWIﬂﬁﬂ high-performance thin layer chromatography @n¥1n15LenaAe
mobile phase 5 ¥in WU31 mobile phase @ 1150W8n curcuminoids lﬁﬁﬁqmﬁa
chloroform : methanol (48 : 2, v/v) scanning wavelength 425 nm

Kharat et al. (2017) lgvin1siaunisuasnaaeunnuldlavesisvesans curcumin
way galangin Tugnayulns dewmaia HPTLC Tnetideg1a7idu capsules wiafadae
methanol waguas TLC aluminium plate silica gel 60 F254 1@ 20 x 10 cm 19 mobile
phase .U n-hexane : ethyl acetate : acetic acid : methanol (7:2:0.5:0.5 v/v/v/v) Fa9i
Tausaranily chamber Wuan 30 uft scanning 71 404 nm - wasvaaauauldlsves
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75 1w ICH guideline 1ag range 98¢ curcumin kag galangin 8gluyis 80 - 450 ng wag
200 — 1200 ng MLEIPU A1 r? > 0.9998 wag LOD U8s curcumin wag galangin \Uu 18.31
waz 40.50 ng AUAINU

guuv wazmy (2562) lAnwuagimunisiigadiondnwalansdty curcumin Turs
aiiudu Tnesuuasisann Thai Herbal Pharmacopoeia (2016) aiiudu (Curcuma Longa L.)
Tnewdeusin TLC plate 9 silica gel G 1Ju silica gel 60 wWaguwUA TLC plate 910 10
x 20 L guBuns +Juau1n 10 x 10 1wufuns LUAsY mobile phase LJu toluene:
dichloromethane: ethanol (39:59:2 v/v/v) Laglidldasiaiilunis derivatization Wuin
A1 Rf Aldaniamuansafuliiiy 0.01 warldfinistudusinansde LC-MS ion trap

ATiutuansansIanuasddy curcumin luiogtsuiiutuns Sai3aTinmu
AanannAnesolun1suIuiadIAy curcumin waznageualtlaedisell

Ha

i =

U 1. curcumin JU% 2 bisdemethoxycurcumin 3UN 3 demethoxycurcumin

1. dnguszesa
dofaunasfigatiaaldlinesivagey curcumin lusogsuiiuduniemeda
High performance thin layer chromatography (HPTLC)
2. UBUYY
Tdmsumusinaansddy curcumin lushognauiiudunssne wadla HPTLC
3. Usglewiiiandinaglésu
e nnseuTiannsanaaouwarUsiaesddy curcumin e siiudiunsld
4. Fzandunis
a1 \n3esilouavgunsal
011 wiestshmiinluiihmation 5 sumis 8o Mettler Toledo Ju XP205DR
.12  dnneiiauazUiinaumsinendnns HPTLC wieugunsal Bvie
CAMAG 'g'u AUTOMATIC TLC SAMPLER4
413 esesnmainuIina 8o CAMAG u TLC scanner3
414  Resonmmdeaiudoyauuusiy TLC/HPTLC 8o CAMAG fu TLC
Visualizer
4.1.5 TLC developing chamber

o
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4.1.6
a.1.7

4.1.8
419

4.1.10
4.1.11

\3psanaynIAfyszUUAduAIALlgs Bve Crest $u 575DAE
wnallusausnasaransvinmuaugamgiuuusiiu 8% Sorvall
3 LYNX4000

\3alugnanTazanefiegna Be Stuart Scientific $u 32BL79

Fume Hood 8t NewLab U 252N

1384 Hot plate magnetic stirrer

Vortex mixer

4.2 Janinedans

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5
4.2.6
4.2.7
4.2.8
4.29
4.2.10
4.2.11
4.2.12
4.2.13
4.2.14
4.2.15
4.2.16
4.2.17
4.2.18
4.2.19
4.2.20
4.2.21
4.2.22
4.2.23

Acetonitrile, AR grade

Ammonia solution, AR grade

Dichloromethane, AR grade

Ethanol, AR grade

Formic acid, AR grade

Glacial acetic acid, HPLC grade

Methanol, AR grade

Toluene, AR grade

Amber glass vial 49U 16 mL

Beaker U7 Au1n 50 waz 100 mL

Cylinder u1a 10, 25, 50 tag 100 mL
Centrifuge tube ¥u1m 50 mL

Disposable syringe wilalafivdy vuin 1 mL
HPTLC plate silica gel 60 ¥u1m 10 x 10 cm
HPTLC plate silica gel 60 vu1m 10 x 20 cm
HPTLC amber vial Wiaur1 w19 2 mL

Syringe membrane filter, PTFE, 13 mm 0.45 um
TLC plate silica gel 60 ¥u1m 10 x 10 cm

Syringe membrane filter, nylon, 13 mm 0.45 um
Volumetric flask ¥u1a 10, 25, 50 ag 100 mL class A
nszAudians

NIIYNTIBN

%?ﬂi?iﬂ’liﬁ%ﬁ’]& UM 100, 250 wag 500 mL

4.3 @15U19IFIULALAIBEN

4.3.1
4.3.2
433
434

A@19U1M99U curcumin purity, 97.6 % f1fe HPC

A13U1M357U bisdemethoxycurcumin, purity 100 % Sva USP
A717071m351U demethoxycurcumin purity, 100 % §via USP
fheghiiufunsanniiesnans

NAUATINERUAMNNENER TLar Tngdunsieaun1sUadn’d i 5 910 22



4.4 nMSRAIUNIEVAEDUMMUSINMENSEAEY curcumin

441 Maeden stock @191ASIU curcumin AAadidy 1 me/mL Tasdsans
1105574 curcumin a3ly volumetric flask agatenazySuUIuInsaley
methanol

4.4.2 nsw3e working standard solution finanududu 100 pe/mL TaeTiua
1 mL 999 stock @154195514 curcumin A1ULTUTY 1 meg/mL
aglu volumetric flask ¥ 10 mL USuUSu1asaae methanol

643 mawiouiiedislay Yadnee1e 1 ¢ (Juiimimiingds) as centrifuge tube
YUIN 50 mL LHY methanol Usuams 20 mL nluen 15 uadl wan
centrifuge 10 u’m 71 5,500 rpm, 20 SNGHISRIGEG! m‘umuiawlm DRIRT
SAMBUTIAIEWAT0e TurboVap 7 40 srwalfua (‘I/I'm’]iﬁﬂ@“lj’] 3 59U)
avansuazUsuUsuInsaae methanol 1914 50 mL arnduiiun 2 mL
a9 volumetric flask 9u1n 5 mL tazUsuusuinsaie methanol

444 vegeumaITazateaAdounfivuizandmiumiusuag curcumin
freweila HPTLC mum1s1afi 1

A5 1 Fnwn mobile phase Awsneen lumsvBanas curcumin Fauaams

in-house U (2562)

Parameter In-house method
plate TLC plate Silica 60 aluminium sheet ¥u1m 10 x 10 cm
Mobile phase Toluene : dichloromethane : ethanol (39:59:2, v/v/v)

Injection volume 2yl

Saturation 10 min

Solvent front 80 mm

Visualization 254 nm, 366nm

Detection Scanner 3, extracted chromatogram at 420 nm

a =2 a o < . =
A1519% 2 AnwiAuidn wazAulu nIm — L@ U89 mobile phase Miwangaw Tunsmn
USInau curcumin AnLUasNM3S in-house U (2562)

Condition Toluene dichloromethane ethanol NH3 formic acid acetic acid
1 39 59 2 - - i
2 39 59 1 1 - -
3 39 59 2 - 2 -
a 39 59 1.5 - 0.5 -
5 39 59 1 - - 1
6 39 59 3 - - 1
7 39 59 2 - - 2
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445 FnvvisnsadafivinauiionSosarnsfunduvesansddy
curcumin Tushegnaviutuns

4.4.5.1 MIATEN stock A15UINTFIU curcumin AAUTUAY 5 mg/mL

Iﬂﬁ%ﬂﬁﬂiﬂﬂmﬁgﬁu curcumin aslu volumetric flask avasuaz

USUUSumsmie acetonitrile

4.4.5.2 NMSAIYURIDLN
~ Native sample wieslag Faagna 200 me (Tuitnthmingsa) ag
centrifuge tube w1 50 mL Hin methanol Y3u1ms 20 mL wi1ly
LWwe1 15 W centrifuge 10 W19 7 5,500 rpm, 20 94ALYALTYE
udaulafils dhlussimeuiiadaeinies TurboVap 7l 40 031
wadua (¥hnsataen 3 sev) avansuazU3unsde methanol 1%
161 50 mL
_ Spike sample w3enlng §9820e19 200 me (Tuiindnines) ag
centrifuge tube 1A 50 mL YiUn stock @1541M5§1U curcumin
Fieudiudu 5 me/mL U3u19s 250, 500 waz 750 pl Aadudu
gavinesdu 75, 100 wag 125 me/mL Pel¥lAutangsion 1 Falus
91ntudiy methanol Usuas 20 mL trldiwgn 15 wrdt uda
centrifuge 10 w7 71 5,500 rpm, 20 asALgaLdea ivduladils
thlussmeuianenias TurboVap #i 40 esrwaidea (Thnisarde
%1 3 50U) azaneuarUIumsaas methanol Tlg 50 mL
4.4.5.3 Condition 1%SUNAABUEATT curcumin

M1519% 3 Condition NNSNARBUATS curcumin AUAD in-house

Parameter In-house method
plate HPTLC plate Silica 60 vu1m 10 x 20 cm
HPTLC plate Silica 60 ¥u1m 10 x 10 cm
Mobile phase Toluene : dichloromethane : ethanol : acetic acid (39:59:2:2, v/v/v/v)
Injection volume 2 uL
Saturation 25 min
Solvent front 80 mm
Visualization 254 nm, 366nm
Detection Scanner 3, extracted chromatogram at 420 nm

4.5 nMsnaaauANulslauadls
andunisneasuanultlaueaiSeny ICH, AOAC 2019 Tusiads Linear and

range, accuracy, precision, LOQ, selectivity Wag robustness

o
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451  VAEOUTNUBINTIATIZA (range)

11 stock standard solution @1n98 4.4.5.1 w3eudu calibration
curve lrtiaududuaglugie 10 - 300 pg /mL (10, 25, 50, 75, 100,
125, 150, 200, 250 waz 300 pg /mL) in3euanuiduduay 1 819
ag 2 injection WArfiuiildfinvesarsunsguildannnisinseidaeg
wAta HPTLC wasAuduty lUadansimunnsgiu uazaunisidunse m
A1 correlation coefficient (r) tnaugin1seaUSU r > 0.99 (AOAC, 2019)

452 vegeuadudunss (inearity)

lAgLASENENTALAI8NINTFIU curcumin WAdAMTNTUBg Y
50 — 150 pg/mL (50, 75, 100, 125 wag 150 pg /mL) 1WS8UANMLTNTY
av 2 919 az 2 injection ¥ snadey 3 Ju trAriuildfinvesans
1133 UkazAULTuTulUa319nT19NINTEIU waTANNITIEAUAS
A1 correlation coefficient (1) tnausin158oK5U r > 0.99 (AOAC, 2019)

453  NAFYU accuracy
lagnsiinansunsgiuasiuiiedis (spike) Widaagadianuidudu
35%AU (75, 100 wag 125 pg/mL) LAaE®IS0UaENITAUNSU
(%recovery) LNUTINISYOUSU %recovery Y93IN1INAFDU curcumin Tu
freg19uiiuduns dareglugag 97-103 % Aaa1ududu 1% way
%RSD < 1.9 (AOAC, 2019)
4.5.3.1 n19w3Bu calibration curve aUe 4.5.2
4.5.3.2 n15m38u native sample w3sulay F950819 200 mg (Yudin
damtnase) ag centrifuge tube YuU1® 50 mL LAN methanol
Usu1ms 20 mL drluieen 15 wnit a1ntu centrifuge 10 wndl
71 5,500 rpm, 20 D9FLYaLTed Audauladile thlussimeusase
\A3e9 Turbovap 7 40 esALgaLTua (Min1saiagl 3 sou)
azaneuarUsuInsaag methanol Tl 50 mL

4.5.3.3 Spike sample ww3eulag Faee1s 200 me (Fuiinimiiness) as
centrifuge tube YU 50 MLULWUA stock @15119M5§1U curcumin
finrnududu 5 me/mL U3uins 250, 500 waz 750 L beaany
Wudugavinerlu 75, 100 wag 125 mg/mL felAluAangnetion
1 $lus arntdudin methanol Usuims 20 mL sl 15 undi
9Nt centrifuge 10 Wl 71 5,500 rpm, 20 asrwaeE Wivaw
Taiile ¥nluseiewisdneindos Turbovap 7 40 esraaidea
(¥1n15879%1 350U) azarsuarUsuInsfae methanol
T9lel 50 mL

o
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MN519% 4 NSLMI8Y standard addition

No. Fagnsuiiudun #1311AFIU curcumin anududugaving
(mg) Aty 5 mg /mL (ulL) (pg/mL)
1 200 250 75
200 500 100
200 750 125

4.5.4  vegou precision (repeatability ke intermediate precision)
T a3 wesens curcumin luiegsuilutunaSina
400 me TnewwRensun 10 579 a2 2 injection ¥msvingeu 3 Ju nasinseensu
%RSD < 2.7 (AOAC, 2019)
4541 W3vu standard A calibration curve M1u e 4.5.2 At udud
100 pg/mL
4542 mawReuiegn Tnedaiegng 400 me (ufimimmingse as centrifuge
tube 1A 50 ML @y methanol USunns 20 mL Wrluwen 15 ui
il centrifuge 10 W7t 91 5,500 om, 20 BeFaLT o Audulanla
BlUssimeuisdeinias Tubovap 71 40 ssnwades (ihnsaring)
3 59U) avanenazUsinnsng methanol Wil 50 mL
4.5.5 vageu LOQ (limit of quantitation)
ypgouTimLdu Ao sddTy curcumin ianansodiesesils
Tugedreuiiuduns Tnefuaennasinissensy SN > 10 wisulaeds
10819 200 mg (Tufiniimina3e) ae centrifuge tube Yu1A 50 mL
LA methanol U115 20 mL wnluiwgn 15 w19l a1 centrifuge 10 W1
i 5,500 rom, 20 BYFALTY Auandlaiils dnlussveustsers e TurboVap
71 40 psrwailoa (Knsaingn 3 seU) avansuazU3uInsiae methanol
Toalét 50 mL
456 vadau Selectivity
Junsnsiaaeunisuenlaves peak a1naslungu curcuminoids tnenis
W38y standard mixture
4.5.6.1 MEWIBY AN5UMTEIU curcumin AANdLTY 1 me/mL TaeTiun
stock standard 21099 4.4.5.1 aslu volumetric flask azatsuay
USuU3unsae acetonitrile
4.5.6.2 N15LM38Y stock @15UIATFIU bisdemethoxycurcumin finny
Wty 1 me/mL InedeasunnssIu bisdemethoxycurcumin s
Tu volumetric flask azasnazrUsuUsuInsAIY acetonitrile
4.5.6.3 Maw3o stock @955 desmethoxycurcumin Aiavsiddu
1 me/mL Tnedaa15u1m3511u desmethoxycurcumin a1lu
volumetric flask aransuazUsulsunsaeg acetonitrile
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4.5.6.4 n150383 standard mixture fiad1dudu 100 we/mL TaeTius
@1591n99 4.5.6.1 — 4.5.6.3 pg19ay 1 mL aslu volumetric flask
10 mL U5uUsnnnsaae methanol

4.5.6.5 NSLASYUFIBENNIUTD 4.5.4.2

457 vedou Robustness

Wunsnegeuanuamureisin Welinsidsuwlasadenldly
nsnedsukdlzdilinanisnadeunilouiunialy Tasdadudigy
ATULNUNITNAABUVDY Youden’s Tnavaadouludiod1adnuiu 2 919

8 2 injection wazlda19a8a181U1ATFIU curcumin AIIULTUT Y

100 pg/mL lusnrunu

M5 5 parameters 7lEvA@U robustness

No. Factor Units Limit  Level (-1) Level (+1) Norminal value
Spray volume (A/a) pL +1 1=A 3=a 2
2. Volume of toluene in the
mL +2 37=8 41 =b 39
mobile phase (B/b)
3. Volume of ethanol in the
mL +1 1=C 3=c 2
mobile phase (C/c)
a. Volume of acetic acid in the
mL +1 1=D 3=d 2
mobile phase (D/d)
5. Temperature of TurboVap (E/e) °c +5 35=¢E 45 =e 40
6. Time of extraction (F/f) min +5 10=F 20=f 15
7. The wavelength of detector
nm +5 415 =G 425=g 420
(G/9)
AT 6 LNUNITNAADU robustness A1e35 Youden's
FIUIUNANITNAFOU
Parameters
1 2 3 q 5 6 7 8
Spray volume (A/a) A A A A a a a a
Volume of toluene in the mobile phase (B/b) B B b b B B b b
Volume of ethanol in the mobile phase (C/c) C c C C C c C c
Volume of acetic acid in the mobile phase (D/d) D D d d d d D D
Temperature of TurboVap (E/e) E e E e E e E e
Time of extraction (F/f) F f f F F f f F
The wavelength of detector (G/¢g) G g g G g G G g
3] S T U Vv W X Y Z

o
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5. wWan1nagau

5.1. HANIINAUITNAFDUMUTUIMEITEIATY curcumin
5.1.1.8afnwIANE7 wagAudu nse — 1ug 999 mobile phase Aiwinyas Tums
WUSINAL curcumin ARLUasNMB in-house U (2562)

;nh?i 6 HPTLC band ¥4 condition #i 3 A15197 2

B P e

sample

3U#l 8 HPTLC band w84 condition 7 5 a514fi 2 3U# 9 HPTLC band w84 condition 7 6 m314fi 2
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HPTLC 366 nm

Toluene:DCM:Ethano

366

n_TLC

1

mL acetic acid

650211

’Fx’. F:- 0.46

-

3Tl 10 HPTLC band w83 condition 7 7 an514fi 2 U 11 HPTLC band  std. curcumin wazsegnsviiudusisvos
condition 91 7 #15147 2

Sy e Wik 8 D i

won @y wes  #ng mE0. WDO 406D sea3 WD on g o e = wa e whe

g‘d‘ﬁ 12 Spectrum of standard curcumin, mobile phase: Toluene : gﬂﬁ 13 HPTLC chromatogram of standard curcumin, mobile phase:

dichloromethane : ethanol : acetic acid (39:59:2:2, v/v/v/v) Toluene : dichloromethane : ethanol : formic acid (39:59:2:2, v/v/v/v)

MNWAN3ANEY mobile phase 7wsNzan WUl condition M1TN5LAN acetic acid
adlU band fAnuaude uay A1 RF Ussan 0.41 - 0.45 Feegluszegimngau 3ale
condition funlgnaaeusovaznisAunaulusitotsviutuNg

[

5.1.2. 0aNNSANYINIIBTNITAN AL AL DS 08AaLNSAUNAUYDIANTANAEY

o

curcumin JuFIBE1ULUTUNS

A1519% 7 wansAneisnsanafingaulaeltsesarn1sAUNGU (%recovery)

75 pg/mL 100 pg/mL 125 pg/mL
sample Conc. Conc. Conc.
area Y%recovery area %recovery area Y%recovery
(ug/mL) (ug/mL) (ug/mL)
1 4160.90 79.68 99.04 5064.00 105.04 100.21 5895.20 128.37 97.91
2 4165.20 79.80 99.53 5032.10 104.14 98.37 5879.60 127.94 97.32
3 4166.40 79.83 99.41 5054.50 104.77 99.55 5893.80 128.33 97.77
4 4157.70 79.42 97.98 5043.80 104.31 98.75 5878.00 127.74 97.07
5 4156.00 79.37 97.80 5058.90 104.73 99.55 5881.10 127.83 97.18
6 4178.60 80.00 100.09 5060.30 104.77 99.56 5893.20 128.17 97.55
Average 4164.13 79.68 98.98 5052.27 104.63 99.33 5886.82 128.06 97.47
SD 8.17 0.25 0.91 12.08 0.33 0.66 8.03 0.27 0.34
% RSD 0.20 0.31 0.92 0.24 0.32 0.66 0.14 0.21 0.34
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test Sample spike std 1_366 nm

toluene: dichlorometane : ethano

00 mg J

.
Al

!
a

sampl

STD curcumin

U7 14 HPTLC band waen1snadey curcumin Tusegsufiuduns lunismesaznisiundu 1 366 nm

IINNISANWINUIT % recovery v8In13NAGay curcumin ludiogrsviuduns
i1 3 seduanududiy (75, 100, way 125%) Jeoglutag 97.47 - 99.33 % Fsogluinasi
A1588USUVBY AOAC, (2019) ﬁﬂ%mmmiﬁwﬁm 1% 52yly % recovery agluyiq
97.0-103 % Faaviismsatailunnaounnuldldvesiasely

5.2. gan1snageuaNulylavesis
5.2.1.Range and linearity
5.2.1.1. NieN1INAFDU range
9]']3']\1‘17‘1‘ 8 Wﬂﬂa‘Uﬂ'J’]llL{JuLﬁumiﬂﬂJaﬂﬁ'ﬁagﬁaqEJ@J'W]?E']U curcumin

standard solution (ug/mL) Average area Average concentration (ug/mL)
10 1414.87 5.980
25 2073.03 24.482
50 3109.13 53.605
75 3877.37 75.199
100 4872.53 103.173
125 5764.17 128.237
150 6414.90 146.529
200 8232.33 197.615
250 10039.33 248.407
300 11937.80 301.773
slope 3557342
intercept 1202.406
r? 0.9991
r 0.9995

WU r 81 = 0.9995 ananaual AOAC, (2019) 11n@T r > 0.99 LARIIINISNAABU

fnududunss (linearity) naentean1snageu

o 1%
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5.2.1.2.1an13nageu linearity

A5199 9 wmaaummL"f]uLﬁumwmmiaxmﬂmmgm curcumin

c Day 1 Day 2 Day 3
onc.
concentration Average concentration Average concentration
(ug/mL)  Average area
(ug/mL) area (ug/mL) area (ug/mL)
50 3073.60 49.32 3025.80 48.31 3043.43 48.58
75 4033.63 75.06 4049.03 75.75 4083.73 75.69
100 5027.57 101.70 5069.77 102.84 4982.83 101.87
125 5863.93 124.12 5872.30 123.84 5855.00 124.87
150 6821.40 149.79 6856.57 149.26 6762.30 148.99
slope 37.834
intercept 1154.6
r? 0.9987
r 0.9993
Calibration curve
8000.00
— y= 3?;8._’»-1x+ 1154.6 o
R*=0.9987 G
6000.00
5000.00 o
£ 400000 P
3000.00 L
200D.00
1000.00
0.00
0 20 40 60 80 100 120 140 160
Concentration

U7 15 nmluansnnududunswesansuinsgiu Curcumin

311n15M915001A7 £ dAT > 0.99 deudeaguladnnisnegey linearity vo9a13

113g7U curcumin Ianandudunsdlutaanmnududu 50 - 150 ug/mL

o 1%
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5.2.2.HAN1INAGBUAINULNY (accuracy) ¥9935n15NAd@R UYL curcumin Tu

Y 1 Qy o [ [y
AIDYNVUUTUNI LUULIAN 3 JU
A1519% 10 HANISNARDUAINNLLIY (accuracy)

Day 1 Day 2 Day 3
sample 75 100 125 75 100 125 75 100 125
(ug/mL  (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL)  (ug/mL)
1 4420.80 5327.70 6243.80 4377.00 5299.50 6273.70 4356.30 5268.70 6226.10
2 4423.10 5340.60 6227.20 4364.00 5279.70 6224.30 4354.30 5291.90 6232.40
3 4411.20 5350.80 6241.70 4368.40 5289.00 6261.30 4347.70 5272.00 6222.80
4 4407.80 5353.00 6257.50 4362.90 5295.30 6264.70 4377.60 5286.40 6231.80
5 4393.30 5336.50 6227.20 4387.20 5274.40 6238.20 4375.70 5289.40 6239.10
6 4400.80 5334.80 6232.40 4374.10 5262.90 6265.40 4363.30 5297.40 6250.10
7 4420.90 5319.00 6243.80 4346.40 5290.00 6215.60 4395.10 5299.80 6230.10
8 4419.00 5364.50 6210.40 4370.50 5285.30 6218.20 4382.20 5286.30 6225.20
9 4414.00 5378.40 6250.80 4344.00 5306.10 6290.40 4387.00 5307.70 6289.20
Average 4412.32 5345.03 6237.20 4366.06 5286.91 6250.20 4371.02 5288.84 6238.53
SD 10.16 18.59 14.34 13.89 13.22 26.85 16.30 12.55 20.72
% RSD 0.23 0.35 0.23 0.32 0.25 0.43 0.37 0.24 0.33
%Recovery 101.74 100.83 99.10 99.65 98.24 99.41 99.17 99.50 100.70

HANISNAADU WUIN % recovery V89n15A&8U Curcumin TUAID 819U UTURNS

4 3 SEAUANINTL (75, 100, Wag 125%) A1agluyae 99.10 - 101.47 s?iaagjslummeﬁmi

8O3 UYBY AOAC, (2019) IUStnaiansadndy 1% 5zl % recovery oglutas 97.0-103 %

5.23. NIVIAABUANULTNENUBIIT (precision) Ya¥IsNMINTIMIUTLIENTENAEY curcumin
Tusetemaiiutu Fganuamsvagey repeatability Wneagiadlasn %RSD <2.7%
MNATINSEOLS UTIUSINEUENSAATY 1% MAOAC, (2019)

A15199 11 WanadouANILTEeN (repeatability Wag intermediate precision) Juil 1-3

Day 1 Day 2 Day 3
Flask No.  Average concentrati Average concentrati Average concentrati
area on (ug/mL) area on (ug/mL) area on (ug/mL)
1 5297.95 108.77 5257.00 107.76 5304.25 108.64
2 5294.25 108.61 5267.35 107.52 5308.05 108.80
3 5280.45 108.35 5252.15 108.52 5257.05 106.06
a 5291.55 108.67 5263.00 108.06 5304.75 108.77
5 5301.80 108.80 5275.10 107.91 5250.50 108.34
6 5280.05 108.65 5277.50 108.22 5251.05 108.48
7 5299.10 108.74 5263.65 107.45 5305.75 108.63
8 5277.30 108.46 5300.00 108.74 5254.75 106.12
9 5300.55 108.75 5259.70 107.63 5300.40 108.58
10 5291.35 108.66 5290.20 108.60 5302.00 108.54
Average 5291.44 108.65 5270.57 108.04 5283.86 108.10
SD 9.13 0.14 15.19 0.46 26.40 1.07
% RSDy 0.17 0.13 0.29 0.43 0.50 0.99
% RSDg 0.48

MUYV Lija %RSD; g repeatability uaz %RSDg fia Intermediate precision

NAUATINEABUAN NN Tas T

BURNTIYRN

o 1%

]

unsUAdE
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NANITVNAABUAILLTEINUTT A1A1uL T (repeatability wag intermediate
precision) 483n158AF981981 58RI RIVAUTUT 400 mg $1uau 10 Fapgns léen
repeatability %RSD LY1AU 0.17, 0.29 Wag 0.59 M1UAIFAU WAy intermediate precision
%RSD Wity 0.48 uansiviEnadeuiiogluinmsifiianun % RSD < 2.7 % Mg
pousUTIUTIIMETERDy 1% AUAOAC, (2019)

5.2.4.xan15nagdau limit of quantitation

an3737 12 waneaey limit of quantitation (LOQ)

Flask No.  Average area concentration N
(ug/mL)

1 3473.25 60.03 110.72
2 3478.10 60.17 82.44
3 3479.35 60.20 87.09
il 3464.60 59.80 48.39
5 3472.70 60.02 52.88
6 3471.15 59.98 90.97
7 3469.60 59.93 46.96
8 3469.70 59.94 124.33
9 3463.10 59.76 112.65
10 3473.30 60.03 148.84

Average 3471.49 59.99 90.53
SD 5.14 0.14 -

% RSD 0.15 0.23 -

INAIINAGOUNUIN limit of quantitation ¥0IN19AAFI0EI9VAUTUTIUIY
10 feene Taan S/N wirdu 90.3 Faluluaanst S/N > 10 wansinnismaaay limit of
quantitation 999n152AA19E19VUUTU TA1IULNES (precision) @1ursanageulainiig

WY 50 ug/mL

5.3. wan1inagay selectivity

Eﬂﬁ 16 HPTLC band 984 curcuminoids 31nANINAdRU selectivity 366 nm Eﬂﬁ 17 Chromatogram 989 curcuminoids 31AN1SNA#BY selectivity
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E T

ke o3y .
EUﬁ 18 Peak 989 standard curcumin

Tras A S0 e

o

gﬂﬁ 20 Peak 989 standard bisdemethoxycurcumin

gﬂﬁ 21 Peak 984 standard mixture curcumin, §1J17| 22 Peak 984 curcumin, desmethoxycurcumin Loy

desmethoxycurcumin g bisdesmethoxycurcumin bisdesmethoxycurcum Tusega

WUIINITNAADU selectivity @a10150L8NE@1ITTEUNINL curcumin,

bisdemethoxycurcumin Wwag demethoxycurcumin Tag@n Rf E]gjﬁ 0.42,0.18 way 0.29

o v a ¥ U 1 d' o 1 a U
AU[IMU liJiJﬂWi“UE]uVIU‘UENﬂW Rf 7161766%4UA8INY

5.4. HaNINAABYU robustness
AN 13 WANISAEBU robustness

Effect

Concentration

Rf

Spray volume (uL) (A=1; a=3)

Volume of toluene in the mobile phase (mL) (B=37; b=41)
Volume of ethanol in the mobile phase (mL) (C=1; c=3)
Volume of acetic acid in the mobile phase (mL) (D=1; d=3)
Temperature of TurboVap (°c) (E=35; e=45)

Time of extraction (min) (F=10; f=20)

The wavelength of detector (nm) (G=415; g=420)

-148.35
-17.78
-25.12

6.84
14.44
7.01
4.25

-0.02
0.00
-0.07
-0.16
0.00
0.02
-0.02

o o I3

NAUATINEBUAMNNENER TUar TngdunsIeaun1sUAd T
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nansenunaUsuias CURCUMIN

G(The wavelength of detector)

F(Time of extraction cycles)

E(Extraction temperaturé)

)(Volume of acetic acid in the mobile phase )
C(Volume of ethanol in the mobile |phase )
B(Volume of toluene in the mobile phase )

A(Spray volume )

-40.00 -20.00 0.00

sUN 23 wansenumaysunad curcum

Y

20.00 40.00 60.00 80.00

in

100.00 120.00 140.00 160.00

NANSENUADNISHENWALAT Rf 989 curcumin

G(The wavelength of detector)

F(Time of extraction|cyecles)

E(Extraction temperature)

D(Volume of acetic acid in the mobile phase )
C(Volume of ethanol in the mobile phase )
B(Volume of toluene in the mobile phase )
A(Spray volume )

-0.04

-0.02 0.00

0.02 0.04 0.06 0.08

SUN 24 NansENuAenISHENWaLA1 Rf U89 curcumin

U

L

5U# 25 HPTLC band msugnyesansnu Condition S 7 366 nm

NAUATIVADUAMNINENER TUae TN o UNT

Subaetarea
Sibeance |

0.10 0.12 0.14 0.16 0.18

noa [AE) oz

() 043 (1)

gﬂﬁ 26 Pear NN5u8NUB8E1501U Condition S

gAuNTUAdn
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250 |
200
150 |

curcumin
200

= 1

Submance 2
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o T T
0ir [2E] oka ) 033 oka 3= 0t 2] 3
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o

0n3 oia [ [33) [17) [ DEa 0rs 033 (2]

gﬂﬁ 30 Pear M3eNY89a156113 Condition U
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Al

(1] 613 0 03 .43 [17) aka o ol

3Ui 31 HPTLC band msusnvesensny Condition V i 366 nm 3Ufl 32 Pear msuenvesansny Condition V

o
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=00

[ [AE] 02 [ 043 1] 1] [kE] [ b
Rr

gﬂﬁ 39 HPTLC band msuenvesasna Condition Z 7 366 nm guﬁ 40 Pear N3ugNYBENMNU Condition Z

NAN1IMAGEY robustness YasiBiilesinsiasunlastadslunsnaaoy wui1 M3
Wavuudaslneliin spray volume fnasieUsunamedans curcumin 11nfian dwsuns
WasuwUassnsnaulu mobile phase wuinn1swdsuwlasdnsidiu Toluene Faudu
ansfifdates dawaran Rf vesanslungy curcuminoids Hasu1n nsiAsuutas
§as1d@mes mobile phase Tagiii acetic acid uay ethanol finasensuenanslungy
curcuminoids Tnglsian Rf figetu sistimaifindnsndiu acetic acid viloundanyni

WEINBBNAIN curcumin I9d @31 ethanol v lievasaudRNdaUTIUNA curcumin 1oy

M13°99 14 aguranisnaaeunulilavesis

damnagau Fanmun Haille dyuna
1. aanduidunse (Linearity) correlation coefficient > 0.995  0.9993 4
2. 990INTUATIEH 0.05 - 0.150 mg/mL - 4
3. NAFDUANULNUYBNE (Accuracy) 9%Recovery agluya Day 1 = 99.10 - 101.74%
97.0 - 103.0 % Day 2 = 98.24 - 99.65 % v

Day 3 =99.71 - 100.70 %
4.nSNAABUANUALWBIID (Precision)  %RSD < 2.7%-

- repeatability 0.17 - 0.59 % 4

- intermediate precision 0.48 %

5. Limit of quantitation; LOQ S/N > 10 90.53 v

6. Selectivity ANNITOUUNANTIZNIN A1 Rf aaﬁi 0.42,0.18 v
curcumin, wag 0.29

bisdemethoxycurcumin ag

demethoxycurcumin ¢

o 1%
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dyunan1INnay

nsnngeunuldldvefiinadeumuinaesdfey curcumin Tudogauiudiuns
ArgnAdA HPTLC i1n1snadau range, linearity, accuracy, precision, LOQ @ ¥
selectivity nw1s18mesedluinaeiniseeusy (ICH Guideline, 2019) (AOAC, 2019)
anansnthlunagoumUianas curcumin Tushogsuiiudunsldosnsgniios
dalauaiug

nsnnaeuluafsildmogmiutunasingu nsdidesnanmafesidlugluuudu
MFMIMUAB TR
AnAnIsuUIENIA
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