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Method validation for curcumin in turmeric powder by HPLC-DAD

Sunan Kittijaruwattana, Chusak Ardsoongnearn, Sasikan Wutthikannon, Rattanaporn

Chonpracha, Ongart Boonbanlu, Titi Rujichao

Abstract

A simple and reliable reversed phase high-performance liquid chromatography
coupled with a diode array detector (HPLC - DAD) method for curcumin has been
developed and validated. Curcuminoids were separated in 12 minutes (15 minutes run
time) with a Vertical, C4g HPLC column, 250 x 4.6 mm ID, packed with 5 micrometer
particles. The mobile phase comprised 2% acetic acid in water and acetonitrile, in the
ratio of 60: 40, v/v with isocratic program, flow rate 2.0 mL/min and 20 pL injection
volume. The absorption wavelength was set at 425 nm. Three times extraction with
methanol before evaporation and diluting with methanol before LC injection were
used to prepare the sample. The linearity of curcumin calibration curve was evaluated
at the range of 10 - 150 pyg/mL. The correlation coefficients (r) were 0.9991. The
accuracy in term of bias were ranged from 99.76 - 101.50 % and precision
(repeatability) was 1.33 %RSD. The intermediate precision ranged from 0.32 - 0.46
%RSD. The LOQ were 0.1 pug/mL. The result of the method validation showed that this

method is suitable for the determination of curcumin.

Keywords: curcumin, curcuminoid, bisdemethoxycurcumin, demethoxycurcumin, HPLC-DAD

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

Livestock Products, Department of Livestock Development.
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Fig.1. Curcumin. Fig.2. Bisdemethoxycurcumin. Fig.3. demethoxycurcumin.
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drinasiaeuaunmauAUadnidunseunnunseuiesufuinisauayulng lnefinw
AruantRvesanulng 1wy nsfigavlondnwal nansaaeununBsUina eiduns
dudngnmduiugiuaseiouaumieylunisusnuaskdnansdndyainaulng el
ausadefuningnudusiollueuwan
1. IngUszash
i ewanuazi gaianuldlivesisnageu curcumin Tusneg i uduns Arewmeda
HPLC-DAD
2. Yauv"Y
Tdmsumusinaenséda curcumin lushegnawiiuduns dremalia HPLC-DAD
3. Uszlowiiianinezldsu
I§Snedeuiiannsadnssiuasmusuaensdfey curcumin lufegneuiuduns
g1
4. Feanilunng
4.1 iesileuargunsnl
4.1.1 voauenvdakazUTuIMaIsa1euannis High Performance Liquid
Chromatography (HPLC) wiaxgunsal
4.1.2 peuRIweiAIUANTEUU LUTUNTY Lab Solution

4.13 aeanu HPLC ¥l Cig vUIA 250 mm X 4.6 mm ID (5 um particle size)
8t vertical S/N 1517

0.1.4 wewhinsaninieugunsal

415 wiosfnhminlnihmeion 5 sums

4.1.6 \ARDsEnEYMAMIETEUUARUIALIANLAES B%e Crest Ju 575DAE

4.1.7 Lﬂ%‘la\‘ifjum”jENLLEJﬂa’l'ﬁaSa’lEJ‘Uﬁﬂﬂ’JUﬂﬁJQﬂAﬂﬂﬁLLUU@gﬂﬁu §va Sorvall U
LYNX4000

4.1.8 \w3egansavanefiege Bve Stuart Scientific Su 32BL79

4.1.9 Syringe filter nylon 0.45 pL

4.1.10 Vial HPLC Ta wiaueh au1m 2 mL

4.1.11 Amber glass vial 9uUm 4 mL

4.1.12 Volumetric pipette ¥ua 1, ae 5 mL

4.1.13 Volumetric flask au1m 10, 25, 50 itag 100 mL
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4.1.14 Beaker vum 25, 500 mL
4.2 JaeIngnmans
4.2.1 @59551U curcumin (CoiH05) B HPC
4.2.2 @13110991U bisdemethoxycurcumin (CioH1604) gﬁa USP
4.2.3 @171101931U demethoxycurcumin (CyH1g0s) ?iﬁa USP
4.2.4 Acetonitrile (CHsCN) v1i# AR grade wag HPLC grade
4.2.5 Glacial acetic acid (C;H40,) ¥ia AR grade
4.2.6 Methanol (CH;OH) %1ia AR grade
4.2.7 huigvdanusunulsitiosndt 18.2 MQ.cm (11 deionized)
4238 fhetheiiudung
4.3 TBVedeU
4.3.1 MIWBHNANTIRSTILLAES e HiuTY
4.3.1.1M5W38Y stock @151M95 U curcumin AAMNEETY 5 mg/mL Tagd
15319557 curcurnin T 19715 5 me/mL aslu volumetric flask
avansuarUsulsuIngaeg methanol
4.3.1.2n154m3 83 working standard solution 7 A21ududy 100 pe/mL Tae
YUn 1 mL 989 stock @15UIMIFIU curcumin ANULTUTY 1 me/mL a9
Tu volumetric flask a9 10 mL YSUUSHIRSA8 methanol
4.3.1.3m503udeg19d08 Faiieg1e 1 ¢ (Tuiindminess) as centrifuge
tubeuun 50 mL 1@y methanol Usu1as 20 mL drluiwgn 15 Wil wan
centrifuge 10 w1l 7 5,5000 rpm, 20 esAmwaidea iudiulaiils ¥y
STMELTIRIEeS e TurboVap 71 40 esrwaldesd (¥nsafingn 3 so)
azaneuarUsulsunseae methanol Wld 50 mL aandudis 2 mL as
volumetric flask U9 5 mL LazUsuUTuInsAe methanol
4.3.2 AU NTINITIATIZY (range)
4.3.2.1105 vy calibration curve 984 curcumin 1WAt uduegy Tuy 9
10 - 300 pg/mL (10, 25,50, 75,100, 125,150,200, 250 whag
300 pg/mL) Tnewen range Aal table 1 wisupnududuas 1 919 a

2 injection
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Table 1 Preparation of a solution for curcumin range testing.

No. Stock Curcumin Volume Final curcumin

(1.0 mg/mL). (ACN). conc. (ug/mL).
1 100 10 10
2 250 10 25
3 500 10 50
4 750 10 75
5 1000 10 100
6 1250 10 125
7 1500 10 150
8 2000 10 200
9 2500 10 250
10 3000 10 300

ANunNlaNAvesa TR IgIuLazANUTLTUlUa519n519MAY correlation coefficient
(n) WNUMNNNTEBUSU 1 > 0.99 (AOAC, 2019)

4.3.2.2naaauAd udunss (linearity) Tnewms o calibration curve 984
Curcumin Wiflauadueglugae 10 - 150 pg/mL (10, 25, 50, 75,
100, 125 ua 150 pug/mL) Fun3eumu table 2 uazwiouauiduduay
1 919 8¢ 2 injection ¥hn1saaeu 3 Tu thefufléfievesansunsgiu
wazAaduduliasrsnsmnan correlation coefficient (r) Tagflinus
N58aXTU 1 > 0.99 (AOAC, 2019)

Table 2 Preparation of a solution for curcumin linearity testing.

No. Stock Curcumin Volume Final curcumin

(1.0 mg/mL) (ACN) conc. (pg/mL)
1 100 10 10
2 250 10 25
3 500 10 50
4 750 10 75
5 1000 10 100
6 1250 10 125
7 1500 10 150

1Y (%
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4.3.2.3MNAABY bias Lag precision Y89 curcumin
43.2.3.1. MAdaU bias lmgv1 curcumin standard addition aslu
fednefiusulriaududufinududu 3 seau e 75,
100 waz 125 pg/ml Feflduneunisniouna table 3 Ing
¥anuanudutuay 10 919 ax 2 injection Y¥msnAgey
3 U inIIN158UTU % recovery agluyae 98-102 uag
%RSD < 1.9 (AOAC, 2019)

Table 3 Preparation of a solution for bias testing curcumin.

No. Turmeric powder Stock standard The added and native The concentration of
(mg) curcumin analyte conc. added and native
(5 mg/mL) analytes

1 200 250 pL Std 25 pg/mL 75 pg/mL
sample 50 pg/mL

2 200 500 pL Std 50 pg/mL 100 pg/mL
sample 50 pg/mL

3 200 750 pL Std 75 pg/mL 125 pg/mL

sample 50 pg/mL

4.3.23.2. N1SNAABDU precision (repeatability) 199629879 curcumin
1PULRTIUFIDYAMUTNTY 100 pug/mL A1y table 4 lag
W3 BUTIUIY 10 68;161 ag 2 injection ¥N1INAgEU 3 TU
NIINITEBUTU %RSD < 1.9 (AOAC, 2019)

Table 4 Preparation of a solution for precision testing curcumin.

Stock curcumin Volume Final curcumin conc.
(1.0 mg/mL) (ACN) (ug/mL)
(1) 2) (3)
1000 10 100

43.133 N1INAADU intermediate precision AMUIUIINNITNN
precision ¥11N1SNAADU 3 TU LAANINI5UBUTU %RSD < 1.9
(AOAC, 2019)
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4.4 nsyneeau LOQ (limit of quantitation)
npgeufimaduduiigaiiarunsadinsgsildly curcumin wisy Tnonns
Uszifiuan signal to noise 271 standard solution o At L LUl d g0
> 10
45 ANURIINTITAseasTNAdeU (selectivity)
1A8UANIAIINAINITOVOINITHENEATT (resolution) FeMINeAA curcumin U
Waa158 u n1sdnwad 1d'ar9na u Curcuminoids 2 ¥ A Lol un
bisdemethoxycurcumin tag demethoxycurcumin Feudutu 100 ug/mL lag
WIN1INAEOUTIUIY 3 1 WAy 2 injection LnA N1TEONTU W ATDIATS
bisdemethoxycurcumin Wag demethoxycurcumin T SUNIURAVBL curcumin
(Eurachem, 2014)
4.6 Robustness

Junisnadeunnunmuaedisdndedinisiudsuwdastadedildlunis
naasulalzdslinansadeumilouwAuuieli lnetadusiee e table 5 waz
TUNUNITNAFOUAINIEUBY Youden’s i table 6 laaitn3au standard stock
solution 1¥l@Aududy 100 pg/mL m1u table 4 & wp3pusiuIL 2 919 as

2 injection

Table 5 Parameters for the robustness testing.

Factor Units Limits Level (-1) Level (+1) Norminal value
Injection volume (A/a) °c +10 10 = A 30=a 20
The column temperature (B/b) °c +5 30 = B 0= b 35
Percentage organic solvent (%B) in % +1 35=C 45 = ¢ 40

the mobile phase at start of the
gradient (C/c)

Concentration buffer solvent (%A) in % 0.5 15=D 25=4d 2.0
the mobile phase (D/d)

Extraction temperature (E/e) °c +5 35 =E a5 = e 40
Time of extraction cycles (F/f) min +5 10 = F 20 = f 15
The wavelength of detector (G/g) nm +5 420 = G 430 = ¢ 425
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Table 6 Robustness test plan with Youden’s method.

Parameter FIUIUNMINAGDY
1 2 3 4 5 6 7 8

Injection volume (A/a) A A A A a a a
The column temperature (B/b) B B b b B B b b
Percentage organic solvent (%B) C C C C C C C
in the mobile phase at start of
the gradient (C/c)
Concentration buffer solvent D D d d d d D D
(%A) in the mobile phase (D/d)
Extraction temperature (E/e) E e E e e E e E
Time of extraction cycles (F/f) F f f F F f f F
The wavelength of detector (G/g) G g g G g G G g

Wa S T U \% w X Y Z

5. WanN1sNAaBg
5.1 ¥i1n15UYULASAY parameters ¥94LA3 04 HPLC-DAD §%e Shimadzu §1 LC-40D
dmsunismaaeu curcumin ¢ condition Aisnzaudmsunisnageunulele
Y8430 4 table 7

Table 7 HPLC condition for the separation of curcumin.

Parameters Condition
Column: HPLC column Cyg, 250 x 4.6 mm ID, 5 um, Vertical
Mobile phase: 2% acetic acid in water: acetonitrile, V/V
Isocratic program: 60% acetic acid in water: 40% acetronitrile V/V
Flow rate: 2.0 mL/min
Injection volume: 20 pL
Detector: DAD 425 nm
400 PDA%AuIti 1425nm 4nm|
300
10(%7
o]
0.0 2!5 5.‘0 7.‘5 1UI.U 12‘.5

min

Fig.d. Chromatogram of Curcumin (condition in Table 7).
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Table 8 Summary of peak parameters for curcumin separation

Name RT (min) Area Height Tailing F. Resolution k'

Curcumin 12.121 9080187 396972 1.226 0.000 0.0

5.2 NANISNARBUYIUBINITILATIZH (range) @5 curcumin Taglmeu calibration
curve Trfiaududuaglugie 10 - 300 ug/mL (10, 25, 50, 75, 100, 125, 150,
200, 250 Wag 300 pg/mL) T9inans table 9 wag Fig. 5

Table 9 Working range of curcumin.

Concentration (ug/mL) Curcumin (Area)
10 904,833
25 2,269,482
50 4,637,180
75 7,140,457
100 9,285,321
125 12,185,201
150 14,737,676
200 19,484,864
250 24,838,331
300 28,997,711

Slope 98,462.5878

Intercept 204,337.1378

r? 0.99941

r 0.99970

Curcumin

35,000,000

y = 98,462.58784x - 204,337.13778
R? = 0.99941

30,000,000
25,000,000
20,000,000

Abs

15,000,000
10,000,000
5,000,000

0.000 50.000 100.000 150.000 200.000 250.000 300.000 350.000

Conc. (pg/mL])

Fig.5. Working range of curcumin.

NANISNAGDUNUIN range VY curcumin N5AUANMUINTUTUES 10 — 300 pg/mL
fanududunsinannv1999na taedlen r = 0.9994 HNUNMNNITNAFDUNANUA
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53 NANISNAADUANLT ULAUATS (Unearity)ImJLm?EJu calibration curve U84
Curcumin Wislauiduduagluyae 10 - 150 pg/mL (10, 25, 50, 75, 100, 125,
wag 150 pg/mL)linans table 10

Table 10 Linearity of curcumin.

Concentration (ug/mL) Day 1 Day 2 Day 3

10 912,503 925,611 932,740
25 2,235,684 2,237,800 1,972,624
50 4,578,334 4,573,179 4,356,669
75 7,063,130 7,083,900 6,348,464
100 9,103,377 9,095,955 9,079,777
125 11,946,333 11,952,869 11,681,378
150 14,508,461 14,525,631 14,483,826

Slope 96,780

Intercept -249194.47

r? 0.9982

r 0.9991

NANISNAFDUAUUEUATIVDY curcumin TAAT r = 0.9991 FawnuRA1UUALIN r <
0.99 HIULNUNNITNAADU

5.4 Nan1svAgdU bias Wag precision U8 curcumin

5.4.1 NANSNAEBYU bias VDI curcumin WRaNAAU ¢4 table 11

Table 11 Accuracy of curcumin LC analysis.

Day 1 Day 2 Day 3
No. 75 100 125 75 100 125 75 100 125
pe/mL  pg/mL pg/mL pg/mL pg/mL  pg/mL  pg/mL  pg/mL  pg/mL
1 80.10 104.81 131.00 79.91 104.63 130.39  80.79 104.58  129.80
2 80.18 105.08 131.20 79.96 104.38 130.58  80.83 104.70  129.66
3 80.34 105.13 131.13 80.06 104.57 130.46  80.67 104.70  129.80
4 80.24 105.12 131.18 80.11 104.79 130.70  80.38 104.72  129.63
5 80.23 105.12 131.26 80.14 104.48 130.54  80.68 104.85  129.63
6 80.44 103.80 131.13 80.04 103.84 130.79  80.64 104.77  129.63
7 80.44 104.00 131.21 80.02 103.73 130.81 80.71 104.84  129.56
8 80.36 103.86 130.96 80.06 103.75 130.71 79.99 104.93  129.52
9 80.30 105.05 130.55 80.27 104.84 130.31 79.98 104.85  129.90
10 80.32 104.64 130.45 80.27 104.89 129.61 80.01 104.99  130.03
Mean 80.30 104.66 131.01 80.08 104.39 130.49  80.47 104.79  129.72
SD 0.11 0.56 0.28 0.12 0.46 0.35 0.35 0.12 0.16
%RSD 0.13 0.53 0.22 0.15 0.44 0.27 0.43 0.12 0.12
%Recovery  100.86 100.72 101.50 100.19 100.44 100.49  100.12  101.21 99.76

NANISNAADYU bias Y99a1581A Y curcumin NILAUAINUIUTY 75, 100 hay
125 pg/mL ogluinauat 98 - 102 % RSD
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Table 12 Precision of curcumin LC analysis.

5.4.2 nan15nageu LOQ Inean1suUsziiiuain signal to noise 211 standard solution

a afiAnuL Ul = 10 wuingamanfianusadasizvlaegining

WU 0.1 mg/mL (n=10)

543{aN1INAADU precision LAUNAABUA 10 19 curcumin N A213L7 VU

100 pg/mL 91121 10 @19819 Yn1suageu 3 Tu lanans table 12

Concentration (pg/mL) Day 1 Day 2 Day 3
1 111.00 109.50 110.26
2 110.24 109.45 109.92
3 108.69 108.18 110.08
4 112.71 111.70 110.65
5 114.83 111.94 110.98
6 112.96 111.68 111.16
7 113.57 111.68 111.10
8 112.42 111.11 109.87
9 113.07 110.93 110.39
10 112.63 110.21 110.14
Mean 112.21 110.64 110.46
SD 1.770 1.259 0.487
%RSD; 1.58 1.14 0.44
9%RSDr 1.33

UL e %RSD; A repeatability wag %RSDy A9 intermediate precision

5.4.4 NaNTAFDUAILTNNIZIAZRDAITINAADU (selectivity) Inavinnisvadau

Auansunsgulungy Curcuminoids 2 wlia Lok demethoxycurcumin uae

bisdemethoxycurcumin Wagiie81RVHUTY NUIIUAIBE1RVHUTUNUNA

YDIATT curcumin, demethoxycurcumin g bisdemethoxycurcumin a9

3 9iin LAnn1s co-elute @unsanenaananiulaos1stmau

4004

300

200+

PEA Mull 1 4250m 4n
|2

500

400

300

200+

100

od—n

PDA Mulli 1 426nm 4nm|

reumin

Esmethaxyeu

—— 10276 7T

25 50

Fig.6. chromatogram of curcumin.
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Fig.8. chromatogram of bisdemethoxycurcumin. Fig.9. chromatogram of mix standard.

mAU

500 E E l{g}\Mum 1 425nm 4nm|
g g ‘5
400 % g [
i 3 \E
EE
300 i g | |
: [
200 -
l‘ﬂ' | ‘| l\
100 | ‘ ‘| ‘I\ [ !(
|
|
o }_ JA T N

AU
450 T
400
350
300 3
250
2004
150]  Bssaen
1ood | 31081
o DO e o N 62 GRS SESEA 627 SRV 27
Y i - - T T
T T T T T i T T T
200 a0 00 500 600 700 sto ‘o0 700
™ om

Fig.11. spectrum of curcumin. Fig.12. spectrum of demethoxycurcumin.
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Fig.13. spectrum of bisdemethoxycurcumin.
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5.4.5 HAN1SNAFDU robustness NAAsUAINITUDY Youden’s tonasd table 13

Table 13 Summary of eight robustness evaluation parameters for curcumin LC analysis.

Effect Content (%) Retention time | Tailing factor | Resolution

Injection volume (A = 10 pL, a = 30 yL) -109.92 3.31 0.00 0.41
The column temperature (B = 30 °c, b = °c) 0.29 5.63 -0.01 -0.34
Percentage organic solvent (%B) in the mobile phase -3.21 15.22 -0.02 0.60

at start of the gradient (C = 35%, ¢ = 40%)

Concentration buffer solvent (%A) in the mobile 0.47 -1.50 0.00 -0.28
phase (D = 1.5%, d = 2.5%)

Extraction temperature (E = 35 °c, e = 45°) -1.22 3.10 -0.02 0.17
Time of extraction cycles (F = 10 min, f = 20 min) -1.23 4.82 -0.02 0.04
The wavelength of detector (G = 420 nm, g = 430 nm) 1.53 -1.56 0.00 -0.15

Content (%)

G(The wavelength of detector)

F(Time of extraction cycles)

E(Extraction temperature)
D(Concentration buffer solvent (%A)...
C(Percentage organic solvent (%B)...

B(The column temperature)

-4.00 -3.00 -2.00 -1.00 0.00

=ayne1e dmFumssimes Injection volume 8vSwasioAuAmMUES (-109.92)

2.00

Fig.14. A summary of the variables that influence the robustness of curcumin

LC analysis in terms of %content.
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Retention time

G(The wavelength of detector)ill
F(Time of extraction cycles) T
E(Extraction temperature)
D(Concentration buffer solvent (%A) i
C(Percentage organic solvent (%B) in... Iy
B(The column temperature) I
Allnjection volume ) T

-5.00 0.00 5.00 10.00 15.00 20.00

Fig.15. A summary of the variables that influence the robustness of curcumin LC

analysis in terms of retention time.

Tailing factor

G(The wavelength of detector) _
F(Time of extraction cycles)
D(Concentration buffer solvent (%A) in... I
B(The column temperature) |

Allnjection volume ) I

-0.03 -0.03 -0.02 -0.02 -0.01 -0.01 0.00 0.01 0.01

Fig.16. A summary of the variables that influence the robustness of curcumin LC

analysis in terms of tailing factor.
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Resolution

G(The wavelength of detector)

F(Time of extraction cycles)

E(Extraction temperature)
D(Concentration buffer solvent (%A) in...
C(Percentage organic solvent (%B) in...

B(The column temperature)

Allnjection volume )

-0.40 -0.20 0.00 0.20 0.40 0.60 0.80

Fig.17. A summary of the variables that influence the robustness of curcumin LC

analysis in terms of resolution.

NANISNAADU robustness LM 4 Wis1amas Usenaulunie %content,
retention time, tailing factor Wa¥ resolution ASUIANUINTUIBIENS (%6content) ANANA
ANSNAFEUNUIINITUA UL Uasves injection volume Tun153tAs18vdIManD %content
?Jaﬂmimnﬁqw LLazm‘JU%'UL‘UﬁsJu %organic solvent minld organic solvent mngﬁlmzﬁﬁ
1% 9%content anas dmsumisiiwessy q dwariieadniioswiniu dmsu retention time
IINNANITNAFEUNUIT N15USUWABY %oreanic solvent dnasa retention time wnld
US1naiwes organic solvent 113 uazinlel retention time anas wavsnaldUsuiaves
organic solvent anas avhlsf retention time WinmnAY dmvSumsfiwedau o dwaifies
Endoavindy dqu tailing factor waz resolution WU1N15USUWA UM TMasAvINTS

NaEpUdINane tailing factor wag resolution teudntioeiviiy

6. @3UNANIINAADY

nsnpaeunaldldvesansngy curcumin Tufognsuiuduns freweada HPLC-
DAD wuinn1smageu range, linearity, bias, precision, LOQ, selectivity Nnn1sdiwasniu
\nasinseanSuTifmualiioun (Eurachem, 2014), (AOAC, 2019) e robustness &4
A15034A3129% curcumin lunaviiugu Iopegegneios uaziaiugn
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