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Sulfur Dioxide, Heavy Metal and Curcumin Contents in
Market-Available Turmeric (Curcuma longa 1.)

Young Ju Lee’, Ae Kyung Kim, Ouk Hee Kim, Chun Young Lee, Hyun Kyung Lee,
Sun Ok Jung, Sae Ram Lee, Hee Sun Kim, Il Young Kim, In Sil Yu and Kweon Jung

Seoul Metropolitan Government Institute Of Health and Environment, Gwacheon 13818, Korea.

ABSTRACT

Background: Turmeric (Curcuma longa L.) that is used as a food material has antioxidant, anticancer and anti-inflammatory prop-
erties. Recently the demand for functional foods and drugs has increased. The present study was carried out to determined of con-
tents of residual sulfur dioxide, heavy metals, ash, acid insoluble ash and curcuminoids in turmeric from the Seoul Yak-ryeong
market.

Methods and Results: A total of 31 samples were obtained. Residual sulfur dioxide was not detected in any samples. Heavy metals
(arsenic, cadmium, lead and mercury) were analyzed by ICP-MS (Inductively Coupled Plasma Mass Spectrometer) and a mercury
analyzer and were detected in the ranges of 0.00 - 0.28, 0.00 - 0.07, 0.00 - 0.29 and 0.002 - 0.027 mg/g respectively. No significant
difference were observed between the average heavy metal contents of domestic and imported tumeric. However, average content of
ash in domestic samples (7.8%) were significantly higher than that in imported samples (6.1%), whereas that of curcuminoids was
significantly higher in imported samples (47.6 mg/g) than in domestic samples (11.2 mg/g). The average content of acid insoluble ash
was not significantly different between two sample types (0.9% in each).

Conclusions: There are no specific standards for turmeric used as food materials. Therefore, this study can be provided as basic data
for the establishment of quality standards for turmeric.
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M o HEE7|25E ek, 4] B f78AR &3 4 A
2E A3 (turmeric oleoresin)g} 3te] EU, Pl=, LX
)

W& (Curcuma longa LY A7) Sk thad) 22 2 Seldelely A9 AR/ S250] AL s
o0& QEs} F Aol FHe) WA B, 22v),  u), old] W3 gbiA A ARE Hwd Be Wl (Lim
QIEd|Ale}, el o7lsl 5 Arhsh ojlth Aol A4 er al, 2013).

3= (Oh er al, 2011) 2==2A] oF 400 F¢] 5Tl & FEvERIM e AFEEAGAP, ASEFARSH, it
Ash i 3] Fel= HIsssith (Purseglove ef al, A 5 R 71500 ofepd AepRe 95, A4, &% A
1981). &15ollX= turmericol2}t ato] FLoiFE 2, 2m| F A BEAREOR ApEATE 715e] lon, #x] o= A
A5 BHoR ARgH ket 538 AEdAe= T T AE, & 2 AFE 502 AuiR|Ho] FeiEal vk 7
(curry powder)?] 982 ARE-E o}, 3 AxRE 743 7HaRiF AEols foklA o ARE 71, siE, 717 59
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S} oJokEo) AlREo] o EES) Uk g A 55 o] &3} Table 1. Classification of Curcuma longa L. by their country of origin.
o AFoaw dg ol &=t e T2 curcuminoids No. of samples
Al (curcumin, demethoxycurcumin, bisdemethoxycurcumin)®] Y Appearance Total Domestic  Imported Remark
A/JH-3} arturmerone, oB-turmerone, curlone, sesquiterpene 5 Raw Indo (7)
I AR AAE (1.5-5.5% )2 434 Tt (Sharma material 21 13 8 Indonesia (1)
et al., 2005). Powdfer 10 5 5 Indo (.4)

Curcuminoids %2 HAHFE /Y (Cho et al, 1997), material Indonesia (1)
3% (Lee and Cho, 2007), 55 <A (Kim er al, 2008),

}iks}l (Kang et al, 1998), &% (Ryu et al, 2005) 59 ol A U AEAE A8 (Curcuma longa LYyS HAEA

glom, 7154 AFe] 712 A (Kim ef al., 2005)
M= 8T St} FHZ o] U miAIE B3l 78]

w0 AAAWA S PR @ 5 A 57
I AN IR E R S R e B

oJahH 2009dell= 361E004 2010991= 709% (MAFRA,
2010, 2011)0.2 Z71F Aoz yehtkon 20108 &wEat
Fo] =3 AX7+e] CEPA (Comprehensive Economic
Partnership Agreement) &8 AR ol 2slH QwAt 718

9] 18 200930l oF 687 oA 2010 F 1207 &
2 IRt With olAY AFske] =) Arterat 9]
& 4=

ol STk USS
Syt A2 ool AFUER FEste] AMEY
3L glom, gholA] sk o tigl=eod S SAR
AFE SeREA FEMAE L o]FofA L Q). gl
SFAoll= 8-S Curcuma longa Linne| ¥E|E7]|2A ol
s w7k AU AA 2 Ro= Gl st (MFDS,
2014a). 2 7194 =2 R8-S 5o S sk W9
2k

A7} vlEE ] AL FRIAIY, 3

o]l =
AT

oif 44 2

o712 AEL e, 4

HA o2 AT  Se dRE
23132 Itk (MFDS, 2014b). 3+ 4%

518710] AR o, A3EdEe]

O]:Eé]

TR

20143 8YoA 20159 5€0) AAH A&
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FER R HFEeR oF
600 g st A= Qle AECIUT F 3179 Al
% 2UHE AAY AA E5AY deoR AE FEon,
A 1070 A= 2 JEth 2 5 JHE dokE
T A= 2009 A AEE O sl SIS oA
A wgE FE grhdste] ERlsiih. dils 24H9
AR #2718 wsor =A4F 1873 Y 137 oAk
(Table 1). Ztzte] 748e x4d HHE #3171 (ARTRON
DA-337, Daesung Artlon Co., Paju, Korea)® #&j|3l o3&
s}k $- 100 mesh ©]ske] R wHEo] BBl —20TeilA
wsh A3 A8 ARSI

2. &85 24

A A AN el S5 AIEW (MFDS, 2013)°]
2t B, 7IER, W, T2 5 45 A& A A
= AR F 08gS Hal 8710 ¥ Ait oml S VI F
|78 FE ¢ A & 2AE 7REE AASL 8715
g & MARS-5 microwave digestion system (CEM

Corporation, Matthews, NC, USA)S o]&3sto] E3sI5T).

ol ¥ AEENS A Fol A7 F ZErE VI8l 20me

fias

T oFato] AJFgoE ARSI
S35 B47]71= Octapole Reaction System (ORS)®]
F2+%¥ Inductively Coupled Plasma-Mass —Spectrometer
(ICP-MS, Agilent 7500ce, Agilent, Tokyo, Japan)E& A}&-3}
o] S8 om X270 Table 29} 2tk ¥4, 71=F, W
EFENLE [CP-MSE multi-element standard 10 g/mé (Merck,
Darmstadt, Germany)s 5% 24k 2 3]4J510] 0.5- 100 1g/kg®]
HRZ AdS st 22 ASAIETY7 7T AR
Mercury analyzer (MA-2, Nippon Instruments Co., Tokyo,
Japan) & AR&-ste] 7 7|sbEobd R (combustion-gold
amalgamation method)®& 3¢ 2537 nm oA 48131 0™
A 2712 Table 33 vl 7892 mercury standard
solution (Kanto Chemical Co., Inc. Tokyo, Japan)S A}&-3}
Gom, 0.001% L-AlZ=H Sl (98%, Nacalai Tesque Inc.,
Kyoto, Japan) &4 02 3]4ste] 0.5-20 ngkg o M= A
FAE AT
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Table 2. The operating conditions of ICP-MS.

Descriptions Conditions
Rf power 1,500 W
Ar plasma gas 15.0 £ /min
Ar carrier gas 0.85 £ /min
Ar auxiliary gas 0.27 £ /min
Total acquisition time/replicate 7.28
Total acquisition time/sample 21.84
As/Mass 75
Cd/Mass 114
Pb/Mass 208

Table 3. The operating conditions of mercury analyzer.

Conditions

Standard : 1, Sample : 2
Buffer solution : H, O =1:1

Descriptions

Mode selector
Gas washing bottle

Flow meter 0.5 ¢ /min
Mercury collector H; Preheating at about 160C
Decomposing furnace H, Heated at about 850C
Heating mode Two available modes
Heating temperature 600C

Standard : Unnecessary,

Additive Sample :M + S+ M + B+ M"

YM; Sodium carbonate anhydrous : Calcium hydroxide = 1:1,S;
Sample, B; Aluminium oxide anhydrous.

3. OlXIsi 24
o|xbslEte. A E:F A UWAIEYH (MFDS, 2013)2]
Monier-Williams methodol] W} A|&3Ich ek x4

S 400 0 E HI 2o Ari) TAZ FE F 4N G
o 90 ml & WA L Ae W2lo] Tk FABS Fa

i

o AA7IAE 021 L /min $E2 SIAT)L, 52 S

A gll:o

=
—

o= methyl red (Junsei chemical, Tokyo, Japan) *
H7ME 3% THISRL 30 kg FAST. 158 F 2o
718 AA 5 AlE 50 gl 5% oeke 100 ml &} A
TS Fato] FERAe] WAL 1AZE 452 Ft 7Hdd
0.01 N AP EF (Wako, Osaka, Japan)S 2 20%7F X<
A Aol & w7x] 2 ste] olatske gHake ALk

4

o A

RLN

ol
-

0.01 N NaOH 1mé =320 xg (SO,)

SO, (mg/kg)=320x V x F/S

[V=0.01 N NaOH 2:H]ZF (m{), F=0.01 N NaOH <7},
S=AE%F ()]

4. 3l A M=E8d 2l 24
3T H A TS HEFA] IdRAEY (MFDS,
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2013)l wek AgEAT 500CHA wl2] kA 71de & A
o] 218l Zriel] AR 2-4g8 Wil duesel & 550C
ANA 4rZE o) F F|stR A Blslel & HR=e] FAITE
siA 2 wj7kA] Fjslstal a2 A3 o 2 FAIE Dot 3
S ik A8 3] Fslet = 10% HAt
23t Sof] E8ES BT A No. 5A (Advantec
MFS, Inc., Tokyo, Japan)Z I3} & A& Ax Al7]aL 3
AZE 7FESE & 28] i § A8 3] FERS ekt

5. Curcuminoids &1
Curcuminoids &5 842 21Fo|ZbdA] Aol w2}
(MFDS, 2014c) 78} A Zwo] 238t Curcumin (CCM),

Demethoxycurcumin (DMC), Bisdemethoxycurcumin (BDC)

] BEE AT AR F& B A4 ARE of
AEYEDY, ZAF Wek&-S FisherAl (Fisher Scientific Co.,

Ontario, Canada)®?] HPLCH A|ES ARSI &% A8
°F 0.1gol 70% WEE 50ml = Ze FE7
(Branson 8800, Emerson Industrial Automation, Danbury,
CT, USA)Z =3 & oAFA|E oA3E & 045 syringe
filter (Sigma-Aldrich, St. Louis, MO, USA)2 ZE3AIA 7
Hoz ARSI

HPLCE DAD detector’} 2% Agilent 1100 series
(Agilent Technologies, Santa Clara, CA, USA)Z column<
Agilent zorbax C18 (4.6mm, 5mmyS AA3IA ZEF (2%
ZAN oA EYUER™ (35:65, viv) ol 54-S o]&3ke] 1.0 ml/
min®] FEHOE o)A 10 Uz FY3] FFE 420 nmo|
A EAste] BAsIITE 4ol ARSE EFF curcumint
demethoxycurcumin< Sigma-AldrichA} (Sigma-Aldrich, St.
Louis, MO, USA)E bisdemethoxycurcumin< ChromadexA}
(ChromaDex, Inc., Irvine, CA, USAYE AR5l HFES
70% ek &3)AZ] F 10- 100 mg/ L 2 A5k Hgal
= st

=

93

6. SAEAM

o] AH=2 e Hit T 9 FEUAE YRS
w, FAEAS SPSS (Statistical Package for the Social
Science, 2.0 K, SPSS Inc., Chicago, IL, USA)YE AF&-3}]

AA3h

29 o oz

1. AZT 2| RE AEl
MEAFBAEANAN 5, BEL e AFEE A4S
(Curcuma longa Ly 9%, dH 2 &2 JuH2 F5=HL
AR oW, BF AR 7717} Hof Ak zeiv 94HA] 9
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Table 4. Definitions and classification of turmeric by KP and KFSC.
Group Korean name Part used English name Scientific name Binomial
nomenclature
Curcumae
Gangwhang Rhizoma longae Curcumae longae Rizoma -
Rhizoma
KP" Onulgeum Curcuma wenyujin -
Gangwhan _ Curcuma longa -
Ulgeum gwhang Radix Curcumae ga
Gwangseoachul longae Curcuma kwangsiensis -
Bongachul Curcuma phaeocaulis -
c Curcuma domastica turmeric
KFsC? Ulgeum Rhizoma urcuma root Curcuma longa or
(turmeric) )
Curcuma aromatica curcuma

VKP; The Korean Pharmacopoeia 11th edition,

o] AR, AR, ApPd e 5] 27171 s Aol oAt
oItk 317 AlF F 11 Tre] AufAkA] (R=et %%) [
Z19l0] ilem, Aude (717t obd 23l 7Y
€ N8I} 317 J\]E T =k o= AFRHIIE vIFE A
o= Yepgth £HE A8 31d 5 o] offe Y ¥
g 1015 ﬂ]ﬂﬂ Uz 2171 ArhEs Bl Al 7l
oAFE GG A w7 Aol 22y ol 31719
AFPE 3 B ¥ (EF)oE HH] e, 1
= &8 3718 o] 1HeE A3 7o) TUT AEHE
FEEIL e AoE ZAEAUL

ok 7gke thEA=FEANA Curcuma longa L.2) B2
27], 98 BeolRER 1 7|dAES 2o AR 797t

ohe R skl 9l
HANA Curcuma  domestica, longa, Curcuma
aromatica®] B E712A & olgog 4#E (MFDS,
2014b)3ted ©] 5 TS FoZ FASIAL Ut (Table 4).
OIAH F FAAME] Aolr A 5ol 7 glo] AR
o] & Aoz FZHrh 2001 AFoREHA ] Aofsiof
Aol T4 ®FEs) Aol ATFEIA (KFDA, 2001)0] =3
P FEoME A 5 48] 7E, 2EsA
A AR, Bfsle Aoz SRlElon], sl oFR Al
FeHe 5 79 A3 500 5 Ui &=l v
A= 71—§L_E iR 5]01 1,}] T3l 7¥sha) eFo] dalst
B Qlo] %, djgs selg

= 3 d=
dop) el A

t}. up:q Az g 7}sre AZy

Curcuma
[e) _j_ (e}

ok

o=

_‘

»

2007)° =M Curcuma longa L.2] ¥-2]€7] (rhizoma)2l
74%E curcumin § 3% AF=Zol HESHAT, Wolie
(rad1x)°1 ST o5 Aol AEHA ¥erial Bargh vt

UTH g oIk AoM & o, AT S5 Y A
oA M= 7|9 GRy7E ohET, A mEsstal (FE
H) 3L 2 (@) AR 1 G50 AR g2 &9
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2KFSC; The Korean Food Standards Codex.

O 10

o (Kim, 2011). °]A¥ &} 252
AMSRS7L than SRR &% (32
B2 gA3s] HEEe] AMgE ook dtt. ARt
Ho| M& thEw o A|7REeh 7ke AlEo = o
§tke ZloR ERIFT A o] F
=g f8, AFEE AL v e

sl
zo] A)=e| 7)9l0]
omz A7

F 44 5L B3 ¥ AR et
2. 525

el Fad& A AR o vlA, 7Rl A 05-
100 g/kge] EToA] r=0.9995 o)Fe] ML Helom, &

22 2.0-20 kg o] =AM r=0.9999S EATE ICP-MS
FEEA7IE o) i, H&, =R, 29 MLD
(Method Limit Detecty= 0.089, 0.011, 0.020, 0.009 ug/kg ©]
oiu} Akl AE HAgke @ 0.10, ¥4 0.02, 7= 0.08,
2 0.004 mg/kgo]MJq F9e] AZ Hagke @ 0.07, ¥

2 0.02, 7FEE 0.04, 2 0.006 mgkg ©F LFEFITH (Table
5). 7+ FE& B4 43 %éb)r T 7] FAR1 Apol=
73gke] 2 (0.01-0.28)3 7H=E (0.00 - 0.29)
A= AEEA=, theseke] A F
Kim 5 (2012)c] w=m, 2F ghep)
F7F HeE710 A d 0.00-2.83, TFEE
0.00-042mghkg & Az H 000-2.18 7F=HE 0.00-
0.80 mgkg = UERICH, -5 kA & AR HElE
7191 =k A E ND.-0.23, 7F=H 0.02 - 0.08 mg/kg

< vehfie] (Lee er al, 2008) & FAteH fARHA He

_O:E AzEL §Lo] g 4 Yt T3 Kang (2007)3 -Es].ok
A AP Fas BN 2 AR, 4o, ABL 24Z H9)
. s MAE ARV 2 s o1 AEEsltt
o, Jang T (2012)2 ek & AREHS7} BElET]l
Hl*Ur WAL B2} ee] gl TR v AE
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Table 5. Heavy metal contents in

market-available Curcuma longa L.

3
S

ok

Country of origin Contents of heavy metal (mg/kg)

(No. of samples) Pb As cd Hg
Total 31) 0.09 +0.06 0.02 +0.02 0.06 +0.09 0.005 +0.004
(0.00 - 0.28) (0.00 - 0.07) (0.00 - 0.29) (0.002 - 0.004)
Domestic (18 0.10 £ 0.06 0.02 £ 0.02 0.08 +0.11 0.004 £ 0.001
(0.01 - 0.28) (0.00 - 0.07) (0.00 - 0.29) (0.002 - 0.007)
subtotl 0.07 £0.05 0.02+0.02 0.04+0.05 0.006 * 0.006
(0.00 - 0.14) (0.00 - 0.05) (0.00-0.17) (0.003 - 0.027)
. 0.06 +0.05 0.03 +0.02 0.04 +0.05 0.006 + 0.007
Imported (13) India (1) 0.00 - 0.14) (0.00 - 0.05) (0.00-0.17) 0.003 - 0.027)
. 0.07 +0.09 0.00 £ 0.00 0.06 +0.06 0.005 +0.001
Indonesia(2) (0.00 - 0.14) (0.00 - 0.00) (0.01-0.10) (0.004 - 0.006)

Mean values + SD from triplicate separated experiments are shown.

g
=

AT Haste] B A3 fAle AgE Rl 4 Q)
SRl s AlFo|eREA A 200603 FE MNE T4
71 (KFDA, 2005)s A-83le] A& AR5 sk
2 EFUE 7FE AETHAN FEE BFRE s
A7)Fe] glomg & RUHY 9 3yt Basith
Sanzl=d

x2
&

olr
ofo

1

rH

e L

AR

3. Ol katst

3o olitske A A BE AFlA oliisiste] HE
FA] &3UT) (Table 6). 21F3dol Wt A& F% 10mgkg
u|vhe AR Bgton, 8L AR 71ER]
FOE FREo] 30 mgkg olste] 7lo] A= Utk A&
A frE Rl oliksls Azl wEW 20099 =
B 0.6mgkg (Yoon et al, 2010), 2010 3= HF
57mgkg & ZAME| o] EHEE ZoE UePon AR
7h e ZA R, Akl e, dul 52 Z7F 158.7, 384.8,
1963, 534.6mgkg &2 FALEATL BHh (Jung ef al,
2011). 22 ARE FR1dol= A3e] zfol7t =A et
2 dikx o= okgAELS 7|7 HE HehHe| WS
Astal Ag SA Ak 2 FES
ZE 98 EE, Az 5 W
(Oh et al., 2007), AZx EW o] H4
FHE AT HE ARSIV ALTE]
webs 2 AR Zpolrb A drke
2004) A7t Aok Gk oz Qe 7
HAY 2"AEE sl 7Fske] A
T RS SsAA Ao wdslstAY XA
Aog Au G e Az E3AxE
=4l (Sankaracharya and Natarajan, 1975) ©|*] A
Z Y Folv PSR o= Solidg A 7ee] olitksls)
o] AZHA & A= Hlt

Lo

BFAIA] ] AL

[e}

(¢}

=)
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Table 6. Residue sulfur dioxide contents in market-available
Curcuma longa L.

Country of origin Contents of sulfur dioxide

(No. of samples) (mg/kg)
Domestic (18) ND"

India (11) ND

Imported (13) Indonesia (2) ND

UND; Not detected is less than 10 mg/kg in KFSC (The Korean Food
Standards Codex).

Table 7. Contents of ash and acid insoluble ash in market-available
Curcuma longa L.

Country of origin Acid insoluble ash

0,

(No. of samples) Ash (%) (%)
Toal 31) 71+16 09+02
(3.8-11.3) 0.5 - 1.4)
_ 78+ 15 09+02
Domestic (18) 63 -11.3) 0.5 -1.4)
by GTELL 09+02
(3.8 -7.9) 0.6 -1.3)
Imported . 6.4+09 09+0.2
(13) India (1) =5 7.9) 0.6 - 1.3)
ndonesia @ 4409 1.0+ 04
ndonesia (3.8 - 5.0) 0.7 -1.3)

Mean values + SD from triplicate separated experiments are shown.
Statistical difference (*p < 0.05).

4. 3|2, MEEH 3R
kel i3 AEgA
2ot AA A3e] e
14%=Z JESY. 3189
6.1%°1 o™, =2} ¢
2 =0t ARE-g4 39
0.9%=Z At ¢ 719
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AREA 3% AR AE Bolgle Folt ol Pu2
ABORA A, $5 F0 A2 Aol olol ]
Slolri= 3he sl FlekA] 7FEHe thakuloEA o A]

B 7.0%, AFEEA 3E 1.0% olsle] FE7IEeE #AEvt

Ll _llN'

o] A5l 9t} (MFDS, 2014a). ¥ AAAF} 3&e 4k
(63-11.3%)°] +Y (3.8-7.9%) HT} W FXZ AEH],
FAPE e HapF E Aoe®E yYeht AEAE sk A
HE SIS 7rol= Ao Fasitt
5. Curcuminoids

738re] A=A 3% ARETHS Fig 13 72om, 7+

7re] A FELS BDC 9.2%, DMC 10.5%, CCM 12.1%tH
o E Ao syl LesACh AFED 279 MLD
(Method Detection Limity= 0.001 mg/ml o] o™, &4 3
2ol ¥4 ZAxE Table 87 7t} 743+e] curcuminoidse] $F
#2 BDC, DMC, CCM9| o 2A Yepfet], 4t 7189

175
150
125

100~

curcuminoids= 11.2 mg/g® UERES™ 2 Z CCM (7.7 mg/
)9 o] A Itk Y A3 curcuminoids
47.6 mg/g= UERg o =Aka) piR AR CCM (31.2 mglg)
o] o] A=A YEReH Kim 5 (2005)3 7ol 7z}
AEEH2 AZEH] CCM, DMC, BDC A2 ¥7] veht
= ARk @4‘— ‘/}E}kﬁ‘:} 571”@4 7t AF=d 25 7Y
70

4] % 2wl Al F5, 3Ae qun
stoked, ol obuhie S} AwA|ode] 19908 Fut
2 orsll EYE $H0R IR A BT Yovt
dwApt 2 o5 7159 $eueke doixee] & 24X
ol 7kake] Aujare] MR eromz 491 29 nr} A
FE2Ae] gtgo] ke Ao g wold mdk Sudll &
FE R FYste] ARR] wiEel
A o|t}t (Choi, 2004). FAF 57}l
A S ] AR BeE A Axg & E43 A

9.227 Bisdemethoxycurcumin
10.581 Demethoxycurcumin

12.130 Curcumin

—

>

2 a [}

8 10 12 14 min

Fig. 1. Chromatograms of curcumin, demethoxycurcumin and bisdemethoxycurcumin

at 420 nm.

Table 8. Contents of curcuminoids in Curcuma longa L. by KP 11 method.

Country of origin Contents of curcuminoids (mg/g)
(No. of samples) BDC" DMC? CCcm? Curcuminoids®
Total (31) 3.4+4.1 5.5+ 5.1 17.6 + 16.2 26.5 + 25.0
0.2 -14.9) (0.5 -18.6) (2.7 - 58.6) (5.6 -92.1)
Domestic (18) 1.2+0.5% 22+0.7% 7.7 £ 2.5% 1.2 £ 3.4
0.2 -2.4) 0.5-3.7) (2.7 -11.6) (5.6 -17.0)
Subtotal 6.4 £ 5.0*% 10.1 = 5.0* 31.2 +17.4% 47.6 £ 26.7*
(1.1 - 14.9) (3.6-18.6) (7.7 - 58.6) (12.5-92.1)
. 7.3+49 11.1+4.8 347 +16.4 53.1 +25.2
Imported (13) India (11) (1.1 - 14.9) (5.7 - 18.6) (17.0 - 58.6) (23.8 -92.1)
Indonesia (2) 1.2£0.1 4.6+1.3 11.8£57 17.5+7.1
(1.1-1.2) (3.6 - 5.5) (7.7 - 15.8) (12.5 - 22.5)

YBDC; Bisdemethoxycurcumin, ?DCM; Demethoxycurcumin,

3ICCM; Curcumin,

“curcuminoids are total contents of BDC, DCM and CCM.

Mean values £ SD from triplicate separated experiments are shown. Statistical difference (*p < 0.05).
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RS 28 olsiE, 3% o

of =™ (Kim et al, 2005) curcuminoids
2513 mg/g & UER} & A3 o] At 8o
-17.0 mg/g)et 2 o1& YER|L STt )=
AFEHE] ¥Wshs W A A Hspt giloy
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