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Abstract Turmeric is a medicinal herb with various pharmacological activities. Curcumin, demethoxycurcumin(DMC)
and bisdemethoxycurcumin(BDMC) were extracted from turmeric by dipping and ultrasonic wave method.
And extraction efficiency was identified using solid phase extraction(SPE). The extracted sample were
simultaneously separated and analyzed from three kinds of commercial Cjs reversed-phase high performance
liquid chromatography using water and acetonitrile as mobile phase with isocratic elution mode. Flow rate
1.0mL/min, injection volume 10uL and column oven temperature 40C at 425nm wavelength has been
conducted. From the experimental results, the optimum mobile phase composition of water/acetonitrile
50/50vol% using RS tech column. It is evident that the amount of curcuminoids extracted(extraction time 4h)
by 100% MeOH was higher than any aqueous MeOH composition. Finally, in 100% water extraction, the
amount(mAUxmim) of curcuminoids extracted by SPE was 14.3 and 24.5 times respectively higher than
ultrasonic wave and dipping method. The shown results can be applied as sources for pharmaceuticals and
functional material.
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A Cis AYOZHE cur- cumin(# 1), DMC# 2) U
BDMC(# 3)9] #2889 F7Iet sAEe 22 0E
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1 METE W Al

Aol AREE ZAZH Curcuma longa ©]3} Turmeric)
AEe = AelA AujEglon, sh=ghojetd+
BoAlkATIEAN A ARE Agsidch B
Al&2] curcuming Sigma co.(A| 2 : =1, <o : 80%)
oA Festelch Ame FAGE Flstel SR §7)
(desiccator)d]] B3] ALl HE A|RELS 9]
3}7] Aof v oJ1}x|(PVDF 0.2um, Waters co)S ©|-&3}
of ojz1g BRI BUi HPLCR(99.9%) 0.2 Hehe,
O ELo|EE, oA EARS J.T. Baker(Phillipsburg, NJ,
US.A) 183 5L 2%} ZF4(Division of Millipore,

Waters, Milford, MA, USA)S AM&-3}Sith

N

2.2 ZE9| BEANE
Curcumin®] FFA|Z(=E @ 80%) 4mgS 1 H|gh
S20mLFH 3t 200ppm o] EY HS A|RSFAT

2.3 HPLCEAMZEZA & 7(7]

HPLCH Aok} 227 A2E 52517 9] s 3
2] ZH7](Heidolph
efficient, Gemany)S ARSIt HPLCA|AE| O g2l
Dionex co.2] Ultimate 3000 (Dionex, USA), 3000 pump
2} injectorof| = 10uL sample loop(Dionex, ID x L 0.18 x
550mm Viper 550mm USA)7} 12 %137, glojg A
co.2] PCof AX= Chromeleon data
acquisition system(Dionex 7.0.1.272)3}
HPLC-DADS AL§3te] A2 1 HA4HRAS sfgick. v]
LR A 3714 AHE sum B2o] SHE BA
€ 9AF AYH YMC RP-column(250%4.6mm, 5zm, Cis,
Japan), Knauer RP-column(250x3.0mm, 5um, Cis,
Gemany)@?} RS tech RP-column(250x 4.6mm, 5im, Cis,
Korea)o| AREE|QIAl, §<428 1.0mL/min, FYF 1=

10uL. AHE 2% 40C2 1143}tk UV detector=

Instruments La- borata 4000
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Aol oJgt 7}3to 2 HE Curcuminoids®] I14|At5+Z(SPE)

[ 1] 3704 29 9 ol 240l Bdt FF7veo] =/ AFARE 2 22 93
[Table 1] Retention time and peak area of curcuminoids with three kinds column and mobile phase composition

. SO]Y?m tr R R Peak Peak Peak |Peak area | Peak area | Peak area |Total Peak
Kinds composition(%) N ) . . . .
Column | Water ACN (min) | (min) | (min) area area area | (MAUxmi | (mAUxmi | (mAUxmi area
@A) ®) #1 #2 #3 (%, #1)[(%, #2)|(%, #3)| n) #1 n) #2 n) #3 (#1,2,3)
60 40 18.49 | 16.19 | 1420 | 67.53 | 16.22 6.83 245.99 59.09 24.88 329.96
YMC 50 50 18.91 8.05 7.30 | 75.80 | 16.50 | 4.32 259.24 56.44 14.78 330.46
[€))] 40 60 5.61 521 4.85 77.14 | 1649 | 3.68 255.20 54.55 12.10 321.85
30 70 423 4.01 380 | 7645 | 1629 | 345 256.72 54.72 11.57 323.02
60 40 13.55 | 11.96 | 10.59 | 76.01 | 15.53 6.35 222.16 45.40 18.56 286.11
Kanuer 50 50 522 4.73 429 | 79.42 | 13.85 3.96 259.04 45.19 12.93 317.15
?2) 40 60 2.87 2.66 2.48 80.56 | 13.89 | 3.13 255.37 44.04 9.92 309.37
30 70 1.99 1.89 1.78 74.61 | 11.58 | 2.69 258.32 40.11 9.31 307.74
60 40 2397 | 20.77 | 17.94 | 66.85 | 15.10 | 3.32 229.76 51.89 11.42 293.08
RS-tech 50 50 10.39 | 9.23 8.19 | 7891 | 16.79 | 2.98 242.36 51.59 9.15 303.09
3) 40 60 5.46 5.01 4.60 | 77.07 | 16.27 3.26 242.85 51.28 10.27 304.40
30 70 3.83 3.60 339 | 7740 | 16.38 325 244.09 51.66 10.25 306.00
DADY] 3} 915 200~500nm= 54§31, 2 vz 1 A& e E2AHAL, o]¢ Ay 55%(10ml) 5
U= 425nmE UERY QI o] B ALE o] BA A - E/o} A7 Z(refrigerated vapor trap)S sl HA| & & Al
AIEAF (99.9/0.1 vol.%), B : ofM|E Lfo]E-/OMEAL  4ba} A|H-GH O ARESHYTE 17 104 o r

(99.9/0.1 vol.%)S AME3k] (AB 50:50 vol%)Oo&
30min <t G 2AMOR ARk I 1014
L 371A] Cis AT} o] FAF ZA 2 ZHE curcuminoids

o] HPLC 245 HojFil qlth

2.4 SUFEH

FE2 GAT 204 =3 spglom, Az Halld
Algs YA Al AGGm) o2 st A|RE AR
S 8 R 11.2%ch olF, AT 1ge
100mL H]o]7|of] F=ZEu2A] 100% &, 100% HEH,
60% =8JuetE s0mLE Z}7 Hrtsto] A E 2%
oS A85ke] 2E(4h) ST EI FE4E H

aapo] Wate gohuy] glste] 100% 2, SomLE 22}
Hrstel Zoubgule A8stel FEAKE 1~6h B

o

Aastel £ Wake RIStk B 204 28
d D FEHo] w2 curcumin 1), DMC(# 2) %

BDMC(# 3)9] F+&a&2 YEigith
ELE WA HAHS AF2(23T + DA,
Z2 0} bath type2] (Branson ultrasonic Co., Model
No : 5510R-MTH, Overall size : W 16mmx L 15.5mm X
H 14.5mm, Reactor size : W 11.5mmx L 9.5mm x H
40kHz, Intensity : 135 Watt, Input
solvent : water 9.5L)2 HF2-7|W E9] Z7]2%(19T +
DolA Algste] HH@9T = 1) 7] 27181 2%
ol B2 FY EwEse] =] 7] el &
3% F o XD E(pore size : Spm)oA] Y o st

6mm, Frequency :

R cur- cumanoids®] % W A THL Ry,

Turmeric (1 g)
Extraction
Dipping/Cltrasonic
wave (1 to6 h)

100% Water, 100% MeOH, 60%
Aqueous methanol (50 ml)

Paper filtration

Selected solvent :
Extract (100% Water)

Elution 10 ml
(100% MeDH)

48 h dry powder
(yield, mg)

| Concentration (10 ml)

Membrane filtration
(0.2 pm)

B 1] 3= 4 34 34

[Fig. 1] Extraction and purification process

2,5 OxX|&FE (SPE)
2 A7 Az} BAo] 75l &
FZo| 7Msaitt wEka A8Ee]

FsdE US| Sfstel FEPEA B TARE

ARE A, &5 v|wsk9ct. 11A4AF=Z(Solid Phase
Extraction, ©]3} SPE)S 3}7] $3ll(PrepSep-Cis
Octadecyl, FisherScientific, USA) AHS AME5F9ch
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[Table 2] Data for quantitative analysis of curcuminoids with difference extraction solvent, extraction method, and

Solid Phase Extraction (SPE)

Extraction Peak Peak Peak Total Peak area |Peak arca|Peak area| Total
Extraction method Solvent area area area Peak area | (mAUx | (mAUx | (mAUx |Peak area
(%, #1) | (%, #2) | (%, #3) | (%, #1,2,3)| min) #1 | min) #2 | min) #3 | (#1,2,3)
100% Water| 34.36 10.24 6.03 50.63 0.37 0.11 0.07 0.55
Dipping 60% MeOH| 48.97 22.36 22.08 93.41 21.66 9.89 9.77 41.31
100% MeOH| 57.72 21.36 18.02 97.10 128.93 47.71 40.25 216.88
100% Water| 40.21 15.87 14.43 70.51 2.83 1.12 1.02 4.96
Ultrasonic wave 60% MeOH| 53.04 21.59 21.30 95.93 92.45 37.64 37.13 167.21
100% MeOH| 55.95 21.54 19.80 97.29 205.27 79.02 72.65 356.94
Dipping | before 22.96 9.36 8.83 41.15 2.65 1.08 1.02 4.75
Ultra, wave| before | SPE |100% Water| 35.60 | 13.80 | 13.05 62.45 4.65 1.80 1.70 8.15
Ultra, wave| after 53.21 21.76 17.81 92.78 66.79 27.31 22.35 116.45
(Extraction time : 4 h, and room temp., : 23C)
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Cig), 1% 39A= (2) : Knauer RP-column(250%3.0mm,
5im, Cis), -3 49]|4]= (3) : RS-tech-column(250%4.6mm,
5um, Ci5)0] AREEIRL, 448 1.0mL/min FYF1=
10uL APeE 2% 40C=E A3}tk UV detector=
DAD2] 9}AHH S 200~ 500nm=E 311 I 2nlE T
T 25nmzE eIt o]5E, otEUolER
O EALS] =438 221 9, 5.8, 6.2) 22X o 1A A :
E/OFH EAK99.9/0.1 vol.%) B : ofx|ELto] EF/olHE
2K99.9/0.1 vol.%)S AFEate] Zk2F (B : 40~70 vol.%)7h
A 30ming <t YA 2R o R spqict 19 2, 19

AmubE g lmste] HolRm gtk BAL 24zl
27004 5 o) AFS S sheleh. R AgH
OL‘:_

I AAE organochlorosilane©]U} alkoxysilane 2 A
silanol group Ag]7}2 FE WA O ZH THE0] #]
, RP-HPLC:= 113 A}o] o]ZAtH T LAJo] A& &

olck oletdt e AL Bt F1 kol 5
Seapel Aol Fole7). o Az o o] =)
ol Z7hA (A © T0%) ARAIES e
HEFS Hol=d), ol5Ate] Uxt fhadla Hre 7t
&}7] wjiof 82 9] Shik(diffusion) W E-Ak(dispersion)©]
golohn BEELS AL AFEA ol 14
A AololH e Alzto] FopAlx, BAAlo] AR
K] zlo] Mol B el @As HolAs B4

Mobile phase B - ACN 40% Mobile phase B - ACN 50%

H o0 s 2 2 o 2 4 © R

Mobile phase B : ACN 60% Mobile phase B : ACN 70%

[ 2] YMC Z-HPLCS AMESH o] 54} 2/4J0] 2gt
FHU|o|EFY Heas
[Fig. 2] Separation efficiency of curcuminoids with
mobile phase compositions using YMC column
(isocratic elution B : 40, 50, 60, and 70 %, run
time : 30 min, flow rate : 1.0mL/min, injection
volume : 10

-
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= Bt ot} AFAIZE curcumin# 1) 5 (1) : uL,
1.99, (3) :
3.83min, DMC(®# 2) ; (1) : 4.01, (2) : 1.89, (3) : 3.60min,
BDMC( 3) ; (1) : 3.39, (2) : 1.78, (3) : 3.80mino|U| =
GEE QT He e} 1.5 ostE RobKITHe]. oA A
27} Ao A B HEY QoA B2 EARE
w2 A|5e] 8= gl dH a&o & I v
o8] £ Hadte] BEYER)= 5 5 o 4 4

w apole] ®ele 4 9 @ 4 qlehs)

column oven temperature: 40 °C)4.23, (2) :

‘Mobile phase I3 ACN 0% Mobile phase B - ACN 50%
e

Intensiy (mAUxmin)
g

#2

3

Mobile phase B - ACN 60% Mobile phase B : ACN 70%

ity (mAUxmin)

(22 3] Kanuer AY-HPLCE AME-3E o] 5/ Aol 3t
FHu ol ER] s

3] Separation efficiency of curcuminoids with mobile
phase compositions using Kanuer column (isocratic
elution B : 40, 50, 60, and 70 %, run time : 30
min, flow rate : 1.0 mL/min, injection volume :
10 pL, column oven temperature: 40 °C)

-

[Fig.

‘Mobile phase I3 ACN 0%

tensity (mAUxmin)

Mobile phase B - ACN 60% Mobile phase B : ACN 70%

Intensity (mAUmin)

[28 4] RS-tech A-HPLCE AHEEH B4 240 2t
ol ERe] Helag

[Fig. 4] Separation efficiency of curcuminoids with different
mobile phase compositions using RS tech column
(isocratic elution B : 40, 50, 60, and 70 %, run
time : 30 min, flow rate : 1.0 mL/min, injection
volume : 10 yL, column oven temperature: 40
°C)
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TG0l 4 W (gradient mode) S 831 w12
ok @ AolEh1s.16]. mrebd 17 deflA FAlHe

Az Aol 4=t AZH(3) : RS tech column (250x4.6mm,
5mm, Cigygr ARSRE AZRPIE IS HoRgrh A=
OI|EYo|EEY Z-Zhof wa} curcumin(# 1), DMC# 2),
BDMC (# 3)9] £2]50] $=3}3ith E3t scale-upE 9
3o WE FUPel e B30 Bujg nefw

oMLY B : 50 vol. %l 25l ghehelo]r.

3.2 IXIMFE (SPE) ¥ M2 HM3}
Ao W AARAS 98 ARIELET £ )oY
Z 2 a2 (frequency 40 kHz, inten- sity 135 watt,

input solvent : water 9.5L)Z#] vH3-7] Y| 27| 2=%(1
9T + 1) oA 2& £1jl 100% 2, 100% WErL 60% <=
/9 mgk &3F ZA7F 4h 57t &3] RS tech col-
umn(250x4.6mm, 5um, Cis)2 ARE-5Fe] 243} ). o]
o] curcumin(# 1), DMC(# 2) 2 BDMC(# 3)9] A|FA|7t
& 717} 10.39, 9.23, 8.19mino| T 1Y 5).
FEWHET AATHE o] 83 100% & FEdA=
AA# 1, 2, 3)9] 9]72HZA (mAU xmim)©] 50.63% ©]3}
a2, 100% MEks FEollA= 97.10%%L}t 60%, 4874 1
gE FEo4e 9341 % ol%ith 25T =
100% & FEoA JAFE 1, 2, 3)9 FHIHZ
(mAUxmim)©| 70.51 %©°]3L, 100% HehS FEo)|A=
97.29%, 60% 484 e FZoA= 95.93%0]th
olglgt A= SuiAREY Wl  whet
curcumanoids?] 83| = 2F 40% A= = 2fo|7} 1L,
=24 7 SHUERSIHEE A )olA= 100% & 5
SOl oF 20% = Zol7t AUJATE, 100% e}
60% 48 uehEoll A= mugk |3kt QlSich sy,
2 SaEEol A et A Fuke] ARGl wlAlEt 35
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Dipping : 100% Water
120

#1 100 -

Dipping : 60% Aqueous methanol

Dipping : 100% MeOH
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z ~ Z 600
= 2 w0l £ 600
5 104 E #3 z
é = #2 =z
g F £ 400
z < P
-] #2 z £ 43 #2
£ o054 s Z 404 z
] 2
= E = 200
204
0.0 M od 0
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time (min) Time (min) Time (min)
12 600 1200
Ultrasonic wave : 100% Water Ultrasonic wave : 60% Aqueous methanol Ultrasonic wave : 100% MeOH -
: #1 #1
104 500-| 1000
2 84 400 o 8004
#3
ERC! #2 X 3004 2 600
B 2 #3 H #3
> E #2 < #2
£ 4] = z
g z 2004 Z 400
£ g H
= 5 z
2 = 400 200
04 0 o
T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 2 4 8 10 12 14 o 2 4 6 8 10 12 14
Time (min) Time (min)

[32 5] 100% &, 100% " 9 60% 8Ame-E 240l 25t

Time (min)

Faag v

[Fig. 5] Comparison of extraction efficiency by 100% water, 100% MeOH and 60% aqueous methanol composition.
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TF(mg) WIS 27 6()° UEHSIT o] 2% &
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Het weba AAE ddE FE23HAME -849%
9] 253 52 U HAEE Foto] glsfor & Zo]
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el N7 24P et & 585 ¢ f84%
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2sme] ARl sk

A7 2FHFEES B2 Ar ARUEINS
Holal glow Alg 9] zF AEQl curcumin(# 1),
%] 7

DMC(# 2), BDMC(# 3) g ol ofsf 249 &

o BES B 4 Tk Y AW A7l HY W A4
A O 2 9 24 sjEel dueh UA seck

1 50 %, extraction time 4 h, using RS-tech column)

[19]. 18] 79|A= AAEZ(SPE)S HojFEal ok
o] 7)o A= (Prep Sep-Cis Octadecyl) A& 0]-83F 114
H2E A A, T2 u|aslgnt 100% 28 olgato]
2l | 2 ouHlHS 835t SR 1go|A 4hEQt
ZZ3to] I0mLE = & BAslgch T4 228 &
19 %2517& € ARE 8100% MeOH
o] W& FoliA WA TEFS
T3 gages 1%‘:%‘41‘2113}.
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HojFqlek. o]edt Az A 2guFEo] TATE Yol
S8 YR et ol|qA7F AutEle] 2EFE0
FLEATHLT, 18], £ AAFFZo A= whE AR
A0 410 JRssl, S0l el 4 ol 7}
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