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Abstract: In this study three major curcuminoids in turmeric
curcumin (1), demethoxycurcumin (2) and bismethoxycurcumin
(3) were efficiently extracted by optimizing extraction condition
and simultaneously identified using a fast and reliable RP-
HPLC-UV-MS and TLC method. The analysis by the Cis
column was performed and the UV wavelength was fixed at
425 nm. In this result, the total extraction yield of turmeric
(Curcuma longa) was increased with extraction time from
1 to 7 h. So, optimum extraction time is 4 h. Also, the highest
yield of extraction amount 0.433g 8.66% was obtained
by ultrasonic waves with quarter frequency kHz and an
extraction time of 7 h. The experiment method was consistent
with theoretical Value 7 = 0.987 (1),0.997 (2) and 0.998 (3).
Moreover, LC-MS analysis provided efficiently molecular
weight information of three major curcuminoids in turmeric
extracts and high purity (~95%) of the curcuminoids were
obtained. This work offers would be useful for chemical and
biological studies of natural plants and its products.
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A AANCE 87 2. 9 A7) 21A8E 3t o5k Al
1 ibgo] Skl whet v o] ot A7l sk wal
o] oA St} 7} vehs L A8 A EZE
s o= A B8l Ae 259} bl SE=E MAAA
ko [1], =l - 2] A7 A8l W ® g4
Q1 &kl A& 2] 28l metar ik [2]. Hells Sk
4 HdAEE] ilo] A el Qlo] Fast AR Azt
I glom Al Flekl ] W gAgo 2R T 2E
Trgekal GAdel oist Asi12REt ofde} [3,4], SlokE, 7]
573 A, P 9 ] oeke R Qls) Al
< wEEE o] Aa gltk. 1 FelA] 4R Ae
A gap7|9let Rt Agt A77F FERka gl [5].
sebz g o] X1 AFvER 2 delixl A
(turmeric; Curcuma longa)< 23733}l &3k thdA 2
ow M9 FUR m @S vYERlE s AR
ol™ [6,7], oFrloF =7tell A BIAl AuiE oz Qlar A4
o7 ZduA vt [8]. AH O R ol fH = EFAIEE
curcumin (~77%), demethoxycurcumin (DMC, (~18%)),
bisdemethoxycurcumin (BDMC, (~5%))= &-=lo] 3131 [9],
AsAow AFX 5l geatal AtsaE, d=dnio]
A, TFalls, Ak 9 A S9A o aso] HalES)
T} [10-12]. 53] curcuminoids®] curcumin, DMC, BDMC
7} A 4% Hasn[13]. ols Asto s
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Azgo]B, 2SI UAE o] &5t FEF7go] AlEIAL
ATt [14-16]. o]zl =53 F242 173} A5
2] Algof we} cavitation (3-53H 2 i EEAIH

=

A gk 353} ARl cavity (3-5)°] HAE o] AR
mlAlEe] A7 A TSt FEREAE Y A
T ATk [17,18]. B35k A% W A AR O LC-MS,
GC-MS, HPLC % GC7} €& AHE-¥] i, 53] thin-layer
chromatography (TLC)= HAl d<kste] wh=A] 247 2 4
AE 4 Aok [19-21]. whepA] 2 Aol AR
gy o] gH . AFLAE S Ao R HE 259
9 HAANPH S 0]8-3F curcuminoids®] curcumin (MW =
368), DMC (MW =338) %! BDMC (MW =308)> %35}
F=F] HAxAE AAElon] a4 B R
£ $3t i = 71sAdS FHESEL TLC, RP-HPLC ¥
LC-MSE o|g3te] =55 A% 0% Falo] nlwsiglct.

2.5 Wy
2.1. 4@A = 9 A%

2 Aol] AR A A8 S AelA] AplE e,
shastelstdThel shojalokdt oA AE AlEE At
|31}, A1 HR] curcumin Sigma co. (AIZT: T,
T 80%)0lA skt AlEe] 7S Slste]
ZA 87] (desiccator)ol] Hsto] AREEIIAL, BE Alas
< TYsH] Aell B oJ2=] (PVDF 0.2 um, Waters co)=
o] g3l o7k SIStk Sulli= HPLCH (99.9%) 0% wgh
%, oA ELfo] ER | o} EARS J.T. Baker (Phillipsburg,
NJ, U.S.A.) 183l =& 22} 557 (Division of Millipore,
Waters, Milford, MA, USA)E AR3IiT)

2.2. 7180 HEEA R
Curcumin®] EFAIR (05 80%) 4 mgs Iaw WE-S
20 mLF3t0] 200 ppm o] EFYNE AT

2.3. g4y

FE AT AolM 7 iglom, X A AR
 AE Al AE (30 im) 02 EHIE] A5 R ARSI
T THTES 11.2%810 o] % A2 5 g 500 mL
H|o]A | FEgm) WE-S 100% 200 mLS H71eto] =&
3} 2 HAP S o] gste] % (ARF 1~7 h) 3Rt 4]
HPHE A2 (23 C+1)olM] 73, 253 WPHS bath type®]
(Branson ultrasonic Co., Model No: 5510R-MTH, Overall
size: W 16 mm x L 15.5 mm x H 14.5 mm, Reactor size: W

11.5 mm x L9.5 mm x H 6 mm, Frequency: 40 kHz, Intensity:
135 Watt, Input solvent : water 9.5 L)% Y71 &2] %7]
25 (19C £ 1ol AlRsto] Ho 49T+ 1)7H4] F7kslal
. FEEodle B 4 Eease] 3] V] Wi
off 8vll & §F AAXZH (pore size: 5 pm)lA 7t oI}
sto] Alg ARt EEAA A $5F (10 mL) 542
A% (refrigerated vapor trap)E 3] WA = 588 AKXt
SIGTE THA] 2420 Al vlEhE 100% 2 o] Ales
wHQl HE (FH-0.2 pm Waters Milford MA USA)=
oJafslo] Algg-oo 7 ARESISIT). Fig. 1914+ curcumin
(1), DMC (2) % BDMC (3)9] 1-%21% Aalslo] E9tt.

Curcumin : R1=R2=0Me
C,,H,,04 Mr=368

Demethoxycurcumin : R1= OMe, R2= H, Mr=338
Bisdemethoxycurcumin : R1=R2=H, Mr=308

Fig. 1. Chemical structures of curcuminoids in turmeric.

24. 3258
Fauh 9 JApd o) 747 25 38 gt 5 2
FAZE (refrigerated vapor trap)E 48 h <t 3= S
22} REE Aglo] ks 28slo] off Rojx]= ARRAlE
ARSI

Extracts dry weight

Extraction yield (%, wt/wt) = Sample dry weight x 100

2.5. 7]7] 2 HPLC, LC-MS 2422

HPLCH Aok} 25 AR5E 55317 flalA 312 5
HE7] (LABO-THERM SW 200, Resona Technics co., Japan)
£ ARSI3ITE HPLCAIZ~E]© %= Dionex co.2] 3000 pump
2} injectorfli= 10 pL sample loop (Dionex, ID x L 0.18 x
550 mm Viper 550 mm USA)7} AA=313 dloJet Aeli=
Dionex co.2] PCell AA*]% Chromeleon data acquisition
system (Dionex version 7.0.1.272)3} HPLC-DADE AH&-
3lQt}. W3t A H-S LC-MS (Varian: 500-MS IT Mass
Spectrometer) & AR&-slo] A% 2 AEAE sl 24
of AREH ARS 5 um E4o] FHE 48 9 A
Knauer Eurospher RP-column (250 x 3.0 mm, 5 um, C3
Germany) 2] AR} 5552 1.0 mL/min, -5-3)= 10 L,
AP E 2% 40CE 14313t UV detectori= DAD2)
TR SIS 200~500 nmE SF AL, AEFE T 9=
425 nm= YERSIT}. o] 5= o]/ &7 A: Water/acetic
acid (99.9/0.1, vol.%), B: Acetonitrile/acetic acid (99.9/
0.1, vol.%)= ARE-31od (A: 60/B: 40 vol.%)7FH] 30 min's
b 8wl §EH o= A3l Table 1914+ HPLC
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O] A ZAE HofFar gt B3t silica XHL TLC plates
glass (5 x 10 cm, 250 pm, Sorbent Tec., USA)E AR5}
Ittt

Table 1. HPLC operating conditions for the analysis in turmeric

HPLC System Conditions
RP Column Knauer Eurospher 100-7 Cig
UV wavelength UV 425 nm
A: Water 99.9 vol.% + acetic
Mobile phase acid 0.1 vol.%

B: Acetonitrile 99.9 vol.% + acetic
acid 0.1vol.% (A: 60/B: 40 vol.%)

(RP Isocratic elution)

Flow rate 1.0 mL/min
Run time 30 min
Injection volume 10 uL
Column oven temperature 40C

3.89% 4 1%

H ATeM= 71sAd 24 B4 9 AAppde] kg 28
o] Ag3517] 3l 3l ¥EH curcumanoids®] curcumin
(1), DMC (2) ¥ BDMC (3)9] F=%= A2 o=w uzs}
3 TLC, LC-MS®% RP-HPLCE #4310 53} 3
Atel o8l = BT E SISt

3.1. 33 & 4 UV, HPLC &4

7o w e Zauk 9 AR 98] =% curcumin
(1), DMC (2) % BDMC (3)2] AFAIZ (tr (min)) 3=
124 (mAU xmim) % & %S Table 201 Blwsto] 1}
ERUSAL Fig. 2014 7480 2 5] curcumanoids®] &
9 A F4S HERSITE o] AdxdelA HAFES
(23C £ 1)°X =335Z2 (frequency 40 kHz, intensity
135 watt, input solvent: water 9.5 L)ZA HE5-7] U %7]
R0 (19C+1) o (3E2KE 1 h:10, 2 h:8,

3h:6,4h:3,5h:2,6h:1 2 7h0CtnHE F
) (49C +1)7H4] F 30C +1)Y %7 S71E
curcumin (1), DMC (2) % BDMC (3)9] AlFAIZR 712t
17,15, % 13 min®] Ut FE2578 (%) AW olA
(1~7 h: 6.48~7.89% 12.2% S7hH e} 2SI eA (1~
7 h: 7.00~8.71% 12.5% s7DHE T+ F=4He] vl 2
1 hollAi= 10.8% 7 hollAE 11%9] ZFo7F Qldch. mst
curcuminoids 37F4] A g (AU x min)> A0 ol
A (1~7 h: 4442.834~5913.632% 33.1% Z7hS} 0
W oA (1~7 h: 6396.107~8083.192% 26.4% S7H=E
1 hollM= 44%9} 7 hollA = 37%2] 5 G282 Xl
olefgt F5TFE2 A5 (40 kHz ©Jsh 2] 733t cavitation
(553he] Foll we} Zh AIE 53l =2 FEE 5
HoF= F5 w€lo] [17,18], Al52] ZA el wet s3]
AFHo] FZ2aneE 44 Ae BT 5 PR AlsEH,
Z5eUx|7F F7ksbd o] EARE §F o] T E
1w Mgt cavitation (71327} A= AR cavity (F5)°]
A E ] [22], o]l st AT e QJsiA] WAIRE Ulell =3
o) UF7HA] At o7t Mufer] FEw]o] X [23].
olefgt olf=] M71= el E goletAl FE=UIL 4 h
A ] Ao FEAZEO R FetE]o] AT} (Fig. 3). Fig. 4
M FE o BE IErtE I9S Kol Q)
At AFEES F4E AHS AR o5
1.0 mL/min %3] 10 pLe} 425 nme] A4 &
Aeto] BRI of7|ol|x] HAFEE 250120l vl

< intensity ] FAZPFE IS Holal §lom Alg T2
7} 233501 curcumin (1), DMC (2) % BDMC (3)2 oHg¥
intensity©ll 2J3ll 249l g &S & 7 UUTE EI
Z29}F 7 hold] 37F4] A2 8083.192 (mAU x min) 2 5%
Yol AA 5 T2 0433 g7 (BF 7 h 0393 g)
Bt 12% =904t} o) st A URby o g FEA|7to]
Aa1 oy =) 2] A717F AsliA A -89 FaEel] A
3 (F)E] B0 faidwe] g ST B o
A5 FFAaER= Z-97F ol BarEa §lvk [17,23]. whebA

Table 2. Content of curcuminoids from turmeric (Curcuma longa) by dipping and ultrasonic wave

Extraction Extraction fr (min) #z (min) #z (min) Peak area Peak area Peak area Total peak area Total Yield
method  time (h)  (#1) (#2) #3) mAUxmim (#1) mAU x mim (#2) mAU xmim (#3) mAU xmim (#1,2,3) amount (g) (%)
1 18.413 16.047 14.100  2425.527 1039.110 978.197 4442 834 0.322 6.44

2 18.263 16.010 14.077  2552.626 1066.575 1013.736 4632.937 0.357 7.14

3 18.090 16.047 14.030  2736.326 1120.341 1068.382 4925.049 0.372 7.43

Dipping 4 17.990 15.903 13910 2914.744 1175.646 1111.313 5201.703 0.386 7.72
5 17.947 15.857 13.970 3168.774 1181.988 1125.140 5475.902 0.389 7.77

6 17.883 15.835 13.963 3236.153 1393.169 1284.310 5913.632 0.390 7.80

7 17.887 15.827 13.957 3335.393 1386.445 1244.260 5966.098 0.394 7.89

1 18.340 16.103 14.137 3502.759 1465.047 1428.301 6396.107 0.350 7.00

2 18.897 16.017 14.087 3968.485 1615.897 1539.787 7124.169 0.390 7.78

Ultrasonic 3 17.973 15.933 13.891 3995.024 1653.182 1589.695 7237.901 0.395 7.97
wave 4 17913 15.873 13.990  4381.475 1686.446 1580.359 7648.280 0.413 8.27

5 17.753 15.820 13.953 4664.532 1712.976 1608.836 7986.344 0.433 8.66

6 17.807 15.810 13.953 4675.508 1746.883 1643.309 8065.700 0.434 8.67

7 17.763 15.793 13.940  4603.603 1799.377 1680.212 8083.192 0.436 8.71

(yield (%) average error : £+ 0.5~1)
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& W A F8l] BRislor & Sl019 frequency (kHz) o5 || o= Dipping /—Z’Y

intensity (wat) A2t (min} £3- (C) “12)at Almf 24 27| S Vltasonic wave

Fejoll wet 25 a8 2 FeRe] G vk us 6o

o dato] WA} F Fow ARE Fig sl UV E  oa—a—"
detector (DAD)2] curcumin (1), DMC (2) % BDMC (3)2] = 754 / U/

AAEYS BolFal §lrt 3ge] M9lk= 200~500 nmE &F 3=

R AERE 7HTR= 425 nmE YERAICE oWl curcumin 704 M
(1), DMC (2) ¥ BDMC (3)<> 7}2} 425, 420 4! 418= &

- oy 6.5+
A QAL A Aol B Azlel A3} [1].
6.0 T T T T T T T T T T T T
] 1 2 3 4 5 6 7
Turmeric (5 g) Extraction time (h)
Extraction . ; R ; ; ;
Dipping and Ultrasonic l’ Methanol 100 % dFlg 3 Corgpa;gson Qf the turmeric yield with extraction time by
wive (a7 A /(200 ml) 1pping and ultrasonic wave.
Paper filtration
l 32,3224 9 LC-MS 24
AzvtET YT ] FEg Al oA e 2 A
Refigrted vpor o A o] BeAh) BER dEe olgate] 243 #4
} __________________ | Dry powder (yield %) B‘l ‘?‘?:] ao]:‘:)ﬂ Eq—?/]— l‘v’qi %7(2101] U:}E} E]'—E—}” Zé]glﬂcq
_ BE XS APH R Frlste] A2 JueE A
Baporain 3717} o Fth, of 7)ol M= el uhe Feleg 4
l‘ """"""""" | Concentration / (10 ml) }g‘%}—\]ﬁ Oﬂé—é—}%‘\q— E‘—%‘%XE] 200 ppm% 0]%5_} ‘%‘/%\‘
Membrane filtration 1.0 mL/mlncﬂ]}\i _Zl‘o}:]l?‘:q 2,4,6,8,10 E‘l 15 IJL% %7]'}\]
(0.2 pm) 7 Agg} olE9ks vlaste] YeRAIYE (Fig. 6). ol
! =4 AAs ST (Fig. 6 (2). A v
HPLC and LC-MS Mg A4 Eq.lel elste] A & 4= Slitt.
analysis
Fig. 2. Extraction and purification process. y=ax+b (1)
2000 — 2500 — 2500 —
6] Dipping 1 h (b) Coreams Dipping 4 h (¢ Curcumin Dipping 7 h
./E\ . 20004 urcumin 3000
g T urcumin
= ¢ 2500-]
= BDMC 15007 2000
é 1000 D
; 1000 1500
.% 500 1000
2 500
| 500
0 0 0
5 10 15 20 25 30 5 10 15 20 25 0 5 10 15 20 25 3
Time (min) Time (min) Time (min)
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i (d) Ultrasonic wave 1 h (e) Ultrasonic wave 4 h (f) Ultrasonic wave 7 h
= Curcumin 5000 .
é 2000 Curcumin 4000 Curcumin
< 4000
2 1500 3000
g 3000
2 1000 2000
é 2000}
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Time (min) Time (min) Time (min)

Fig. 4. Extraction efficiency of curcuminodis with dipping and ultrasonic wave using RP-HPLC. (mobile phase A : Water 99.9 vol.% +
acetic acid 0.1 vol. %, B : Acetonitrile 99.9 vol.% + acetic acid 0.1vol.%, isocratic elution B: 40%, run time: 30 min, flow rate: 1.0 mL/min,
injection volume: 10 uL, wavelength: 425 nm).
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Fig. 5. UV Spectrophotometer spectrum of curcumin, DMC and
BDMC.
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Fig. 7. Chromatogram of fraction collected (# 1, # 2 and # 3) with
curcuminoids from turmeric by Ultrasonic wave at 4 h. (mobile
phase A: Water 99.9 vol.% + acetic acid 0.1 vol.%, B: Acetonitrile
99.9 vol.% + acetic acid 0.1 vol.%, isocratic elution B: 40%, run
time: 30 min, flow rate: 1.0 mL/min, injection volume: 10 pL,
wavelength: 425 nm).
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standard solution with injection volume. (a: injection volume : 2, 4,
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Fig 79115 34 FEEAU (249 4 1)) FEES
AR ARntE IS HolFaL Qlut o] A O]E"L =
A, A9 25 4 T mE FEle ekl
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Fig. 8. HPLC chromatograms of pure curcumin (a), pure DMC (b),
pure BDMC (c) and curcuminoids showing peaks (d): curcumin
(1); DMC (2); BDMC (3) elution monitored at 425 nm.
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Fig. 9. MS spectra profile of the commercially available standard
curcumin (80%). (Shown the fig. 8. standard samples)

4.dE
Jero 2 He] AEEA 291 curcuminoids®] curcumin
(1), DMC (2) ¥ BDMC (3)9] &84 444 drE
gt ded 352 Cis AH AR 52 1.0 mL/min,
FRUFIE 10 pL, A E 2% 40C, UV 34 425 nm
< IZAA A Agst FEde 23 F-89wS IA
| EERoR FAsla FEXUS APHoR B
HAAZAS AXBIAT T3 230 9 FAUS F
AIZE (1~7 h)2] ¥3}ef| we} RP-HPLC-UV, TLC, LC-MS
£ dAHFo® gleto] A 9 A & 5 QS 9l
ArAyte] oJshd 223} 7 hollA 0433 g 8.66%°. = F
= a8°] 7FE el H49] FE20E 4 holok 7
X524 A= curcumin (1), DMC (2) H BDMC (3)=
200 ppmolA] ZH2t 2 =0.987,0.997 9 0.999% o] &gk}
ufg- 2 ] S}1aL 5% (95% >) curcuminoids®] 345
ES 45 7 Ut o)A A5 2 ATl 7=
ARE Fe 77 qlokar s
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