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Changes in chemical properties, antioxidant activities, and cytotoxicity of
turmeric pigments by thermal process

Eiseul Song, Smee Kang, and Jungil Hong*

Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Turmeric oleoresin, extracted from the rhizome of Curcuma longa L., is a widely-used natural food colorant.
Curcuminoids, the major pigments in turmeric, which include curcumin, demethoxycurcumin (DMC), and bisdemethoxy-
curcumin (BMC), possess various physiological activities. In the present study, changes in the chemical properties,
antioxidant activities, and cytotoxicity of turmeric pigments upon heating were investigated. Color intensity of turmeric was
significantly reduced after heating. Residual levels of curcumin, DMC, and BMC after 15 min of heating at 95°C were
11.9, 37.4, and 77.3% respectively. Scavenging activities of turmeric against 2,2'-azobis-3-ethyl-benz-thiazoline-6-sulfonic

acid (ABTS), 2,2-azobis (2-amidinopropane) hydrochloride (AAPH) peroxyl radicals,

and nitrite were significantly

enhanced after heating, while 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity remained unaffected.
Generation of H,0, from turmeric was increased via thermal decomposition. Cytotoxicity of turmeric pigments against
colon cancer and normal intestinal cells was reduced significantly after heating. The results indicate that thermal processing
affects chemical properties and bioactivities of turmeric pigments. These effects should be considered during the processing

of foods containing turmeric pigments.

Keywords: turmeric, curcuminoid, heating, antioxidant activity, cytotoxicity

M B
A 840 2 (oleoresin turmericy= AZE A3 (Curcuma longa L.)

o W] mE B2 NE G780 FEE 48420l
Aol AR ASIE = turmeric)?] HeEldl= diaryl-
heptanoid, phenylpropanoid, monoterpene, sesquiterpene, triterpene,

sterol 52 EZo] o] JOm(1) o] 5 diarylheptanoide] U
R FHmmo|=rk A%e] =TS Yehle F8 MR

o7 olgq;(:‘i 0114_(2)

AL Fo] FIF o] ERZA TR W FA|FEY]
(demethoxycurcumin, DMC), H]2=T]H|EA] 57 (bisdemethoxycur-
cumin, BMC) 5°] FoA®ESE &&HA Q). oI5 7P &
o] FhHyE AdERl FFRIE MEATHAGA A Hofste] A
E QTS AEtL AlEAIES AL H|E3}(4-6)
dzslo|mre] oWEAE 23 thkst Aol gk A
77} o B2 EATH7,8). DMCS BMC X3 39 a3, dda
I 5o At Eds] A E wEh9-11) A4 g

e 7o R 3 Rl AEEo] JNEEAL Atk 53] A

o =] -
TS

o

*Corresponding author: Jungil Hong, Division of Applied Food Sys-
tem, College of Natural Science, Seoul Women’s University, Seoul
01797, Korea

Tel: +82-2-970-5639

Fax: +82-2-970-5977

E-mail: hjil@swu.ac.kr

Received August 28, 2017; revised October 10, 2017;

accepted October 10, 2017

21

¥, W, 7kl & Sl

2 TREAF] W3] AR EY, HZddle &5
70} 7]__/\4/\1301]1: o].Q.E]_L 9}

A% Fol o] 2R FRolEE FEgos
2Re] Hsva]FZ7} a, B-unsaturated carbonyl groupell 2lal <A
Axlo] glow, )9 HEaglzd 27t wEA (methoxyl)’ | &
7R F5R1, shoks 71 DMCSE o5 7R IA] %2 BMC
zZ BeEr) o]5e FEFHo T HleAo] 7tst q_o]yﬂi(dlketone)
s} syl Tas o8l pH, %, ¥ 271 5 ol 221 9
3 oFg Aol Qke Hi=rly ®WHY 1:}(1213) A7 A
7}“‘”7\7_]01] J]?ﬂ_ #g_u /] —},‘EO FaZ =1l 7]_03/\].§/] /\]-;;]_H]—
&4 B} Zo sk Az BT H00uK14-16), A3
AR i T sl tak AR Hev} viireln] A
A AEo) W A 1314 Aol M o] ZhEA E]el <)%t <t
AL H|23 3slka 3} 2 ,ggm,] H3l= 7o A
79 v} glh b 2 aAge)A

=4 g3l 4F
SgEHe 2ol 4 e ABee AdAnE B
of 3Fe] FRo|wolES) TTY)

, DMC % BMC9| ¢FdAde ¥
3= Ssslen ol wE &ﬁ}%ﬂ%@ﬁr M= 59 A
ﬂil—/\ﬂ Hﬂﬂa H/H ]_93\1;]_

AN

o=

2AA A9l

oo B
N

o

r_u,

E9]
=9 2AH
&

n)é

SEX
1

I
A

rE

T_& oX, Flr =

‘:v
2
E
i
=

O

| HiEd

Mz A ey

AEME ¥ MEF
2181 2~ (oleoresin turmeric, A3 A2 100%, 287} 6500
CU, F-F7)=0]= 40%) ES ingredients (Gunpo, Korea)ollA -



22 =2 E 388 %] A 50 WAl 1 & (2018)

A3 Th. HPLC £41-8 8 H EZslo]| =273 (tetrahydrofuran;
THF)S I.T. Baker Co. (Phillipsburg, NJ, USA)lIA F38lom
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
= Amresco (Solon, OH, USA)lA stk A7k A%
BEBA AEF INT 4073 A7 A Al2F HCT 116=
American Type Culture Collection (Manassas, VA, USA)A &
& gtk o] o] Ayl Ak BE A%k Sigma-Aldrich
Co. (St. Louis, MO, USA)IA F48td A3ttt

AlEM A J1dX |

AFALE FHRF 7 ST Z(40-640 ug/mL) 343 0.5
mLA® 1.5mL e-tubedl] #F3+ & 95°Ce] E-=3]E|(Block heater
Type 17600, Thermoylone, Dubuque, 1A, USA)oIA 7}EA7HS
ge)ate] AT AR A T SA 9o fldA ¥z
AL, 718 o THEe SRS 2Hst 718 de e &
FA Zolg 3 & oldf P THTE et vEE ¥
Al AT FEo wWE M40 BEE HslE st
7] 918l BE Tx9 AEe 7FEAME F 40 pg/mlo] HES F
FrR 3Mste] SQsion, 83 s W AkshR 44
Hstol] gk 7= 40 pgmLe] FEoIA ZHEAE S Mg 3§
Alete] AREslth Mg H7HE fEAE 500 pg/mL A
S 9loh U3 WHORE °oF 50% 2 wrhA] 7rEA
SIS ©o]5 FHH(serum free) HiA|o| FEHE 34ste] M E

of 22 &t3lrt.

Mguso| BiEE st 2

A o] HAEA HalE wlo| AR F Y | ERET] (Microplate
reader Spectra Max M3, Molecular device, Sunnyvale, CA,
USA)E o]-&3t] 405 nmelX F3%E9} 400-800 nmoll A &4 =
HEHO 2 BAT). PFE/J2 excitation 440 nm®} emission
535nm oAl A8 0m 530nm o]ske] W& st
FgulE A e Hile 7 A5 440 nmol|A] excitation A]
7 % 350-750 nmell A Skt 7hEel o)’k 571, DMC,
BMC 5 7}7z}e] F5tu]w-o]=ake] W3l HPLC (Agilent 1100
Series, Agilent Technologies, Waldbronn, Germany)Z 413} t}.
ol EAL 1% citric acidE 713+ THF-water (40:60, v/v)S X3}
ARSI EEHF(KOH) 8402 pH 302 283 & o3¢l 7%
AAAEE stod AT £A4HH-2 HPLC packed column
C18 (4.6mm ID. 150 mmx5 pm, Shiseido, Tokyo, Japan)2 A&
sRon, 30°CE FH2LE G 20 ule] AEE FYsH
1 mL/min 422 #4313t}

HEMAo| LMSHHIXIEM 24

DPPH 2tz £ABES A3 S8l 2 27104 A
AZAE 100 pLot 0.8+0.1¢] F4=E Z= DPPH HlehE: &9
100 uLE E38fe] 429 aollA 308 AR 3 517 nmoll
A FHEE Atk ABTS oS 427171 98 10
mM ABTS$} 10mM potassium persulfateS 247} 7.4:2.6 (v/v)
HE2 Ejbeh & o] gaella 24X 7 URA L o] F 734
nmoll A FEE7E 08+0.10] HFEF FHRTE ML 7 Al
50 uLS ABTS &9 150 pLoll 718l AFe-2] bAoA 3082 F<t
W3- A 734 nmell A FEEE ZA e obE A (nitrite) &
AEA4L 01N HCIZ 3]43 NaNO, 25 uloll AlF 125 pLell 7}
g F 37°Ce] dAazANA 60F vHEAIZ F Zad ol
Fo] Apol2 Hrrerdet. o] whgHel 5% H,POE 3Ag 1%
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Fig. 1. Changes in absorbance properties of turmeric pigments
by heating. Absorbance spectrum (A) and color intensity at 405 nm
(B) of turmeric pigments (40 pg/mL) after heating at 95°C with
different time (0-30 min) were analyzed. Effect of heating on
different concentrations of turmeric pigments were also analyzed
(C). Each value represents the meantSD (n=3-5). Significant
differences from control were determined by Student’s #-test
(**p<0.01). Different letters indicate a significant difference
(»<0.05) based on one-way ANOVA and the Tukey’s HSD test (in
O).
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Fig. 2. Changes in fluorescence properties of turmeric pigments
by heating. Changes in fluorescence spectrum (A) and fluorescence
intensity (excitation 440 nm and emission 535 nm) (B) of turmeric
pigments (40 pg/mL) after heating with different time at 95°C were
analyzed. Each value represents the mean+SD (n=3-5). Significant
differences from fresh control were determined by Student’s #-test
(*p<0.05, **p<0.01).
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R
oxidation-xylenol orange (FOX) assayS U4 WH3le] =43
TH17). 7 27904 A9 40 pgmle] ABAAE PBSO 20 pg/
mLe| HEE 3|43l 37°C ¢iolA 3AIHEet WX S & &
Aaiaack. AEujge 3ol H,0, B 7t AlEE AEF HCT
1163} INT 4070 A2]etal Al 27004 24117 vt =
, RS AT 2480t 2 vhg e w160 pLel
100 uM  xylenol orange, 200 mM D-AH] E(sorbitol), & 500 uM
ammonium ferrous sulfate®] FH W8N 40 uLE 713l A
oA 4587 HHAIZL & 550 nmollA FHEEES STk

M==dEot

AGA o] NEEAHS AZF S AlEF2] HCT 1163 21
7r A2FERA AEFQ INT 40741 EZ o)&-3lo] Frksiint. 2+
MNEZE 96 well platedl] welld 1.5x10%] HA| #5311 5% CO,,
37°C, F% 95% Z79] wgrlolA] 24417k vt 5, serum free
iAo AE AJE8 200 uLE WA Et] 24417 T )R
th o] & serum free HIX|O] 3]4]$t 0.5 mgmL MTTE welld
100 uLA 7F3ke] oF 30-40 £7F HEA17) 3, Aol AlEe) <
3 44" MIT formazang DMSO 100 pLE &31A1A 550 nm
oM FBEE S78 8 TH(Spectra Max M3).
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Fig. 3. Effect of heating on stability of individual curcuminoid in
turmeric pigments. Changes in chromatograms (A) and residual
levels (B) of each curcuminoid by heating at 95°C with different
treatment time were analyzed using HPLC. Relative residual levels
of each curcuminoid after heating were also calculated (C). Each
value represents the meantSD (#=3). Different letters indicate a
significant difference (p<0.05) based on one-way ANOVA and the
Tukey’s HSD test.
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Fig. 4. Changes in antioxidant activities of turmeric pigments by heating. Scavenging activities against radicals of DPPH and ABTS (A),
and nitrite (B) of turmeric pigments (40 pg/mL) after heating with different time at 95°C were analyzed. Changes in scavenging activities against
AAPH radicals of turmeric pigments (1 pg/mL) (C) and half life of fluorescence (D) by heating were also analyzed. Each value represents the
mean+SD (#=5 in A, »=3 in B-D). Significant differences from control were determined by Student’s #-test (*p<0.05, **p<0.01 in A and B).
Different letters indicate a significant difference (p<0.05) based on one-way ANOVA and the Tukey’s HSD test (in C and D).
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AP E A B2 Mo} v S w, 95°CllA 108 15
E7E 71 A o] 7tz 56.89F 88.1%7F vt Eo] 7td A
of 7P RIZFe e, 1587k 712 Al DMCE 62.57%, BMC=
22.73%7} g Elo] 3F8] FFu|co|l= F BMCZL 7HEel &%k
speteg Aol 7P HolwkthFig. 3B and C). o)’de] A= #
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Fig. 5. Changes in cytotoxicity of turmeric pigments by heating.
HCT 116 (A) and INT 407 (B) cells were incubated with different
concentrations of turmeric pigments before or after heating, and the
cell viability after 24 h was analyzed using MTT assay. IC;, values of
turmeric pigments against HCT 116 or INT 407 were also calculated
(C). Each value represents the meantSD (#=8). **Significant
differences from its corresponding control or ** between initial and
sample treated with heating process according to Student’s #-test
(*p<0.05, ** #p<0.01).
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ybenzoic acid) 5°] HIEJEH o]&2 BA sigEHT 4 F
|40 BEAE0ITH23,24). WM 2A FXE 98] 84w
SAAFA 2] 8H-3-H 94 (compatibility)o] W& FFW]| o] =R Th
71hel| ogt BaatEo] ¥ =& bR A4S veRd Fo)
2o e, {7187k 23E DPPH oz &AL =74
T3] AellAle olgfgh d/de] AiF oz Ee Ae= A

7k},

71ExE2l0f 2lft AMEHEAol MEEMuL EMMAT WMEF M|

DA EZT HCT 1163 B2 &aA MES INT 407
oz 7rgA e ot A3 ke MEEA RslE Hrteldd
otk 7HEA B S Bto] oF 50% ARl A9l M) A A
B2 F% HE AXo] T3l MTT assayoll 93] HZAEE
S AN A3 aEe Autdoz AHad AwA INT 407 Al
F3o] Bl thgY HCT 116 AlEF o 243 AZ=AS U
EPATHFig. 5). T AZoA BEF 7FEXE o AL AR
o] MEZAo] AASIA 8= Y2 H(Fig. SA and B), 1C,, 7k
M= 939l ztelE YERthFig. 50).

S FRnolze}l 7 ZejdEA Ed Fo ddgrt Al
Zu AN ELAETE ASHE AEsIERIA (pro-oxidant) 2
2-g-5te] AEAGH APdel JFE A= ZAoE B uf
24(25-28), 7FEA 2l o3t AN Az RE 9] grkaE ANH
HelE BAEI T A3AE A7E E2 7HEA ] EaL PBSAY
oA 3AIZF Bt WA & H0,9 S B A, 71
A2 AlZbo] Z7HEEE ATl Rz AgEe A9s
UebATthFig. 6A). 7HE 7 A8 2ol e 7.5 iMe] H0,7F A
¥ \HE, 95°CollA] 3027 7FE S AlFolAM = 532 uME 7
ol ATkl keI th(Fig. 6A). 7 A AIEE HCT
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