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Abstract

Curcuma, which is well known for its characteristic flavor, was fermented with lactic acid bacteria from kimchi, and
the taste and biological activities were examined in order to investigate its use as a health food ingredient. Although
the general composition of the fermented curcuma was similar regardless of lactic acid bacteria used for fermenta-
tion, the overall acceptability of the curcuma fermented with Lactobacillus plantarum (CLp) was better than that of
the other samples. Taste sensing tests showed that the higher overall acceptability of CLp stemmed from an increase
in umami and sourness and a decrease in astringency with CLp. There were no statistical differences in curcumin
content, DPPH radical scavenging activities, and hydroxyl radical scavenging activities among the curcuma samples;
however, CLpe, an extract of CLp, revealed dose dependent inhibition on the production of PG-E2 from RAW cells.
Consequently, CLpe may be suitable for use in processed foods in order to provide health benefits without lowering

their sensory qualities.
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ol FAMAMAZA curcumin®] 0.3% EIAL E73F &
o] A= AFEMN turmerone?} dehydroturmerone®] 1-5%
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Curcumin, 2,2-Diphenyl-1-picrylhydrazl(DPPH), 2-Deoxy-
D-ribose  SigmaXk(Sigma-Aldrich, St. Louis, Mo, USA),
HPLC €7l JTBAKERAKMallinckrodt chemicals, New
Jersey, U.S.A), Dimethyl sulfoxide(DMSO)+= MerckAHMerck
chemicals, Darmstadt, Germany), ©43}A](No. 1)== Whatman
(Springfield Mill, UK.)ollA F43te] ARttt 484
Aol AR8-gF 7]EQ] Prostaglandin E2 EIA Kit-Monoclonal
(strip plate)= Cayman*HCayman chemicals company, Ann
Arbor, MI, US.A)] AlES AH&-3IA

de==2 M=

2 Ao AR HE &S Fig. 13 o] Az
AL23IA T WA Leuconostoc mesenteroides(KCCM 40709),
Lactobacillus  plantarum(KCCM 12116), Lactobacillus sakei
(KCCM 40264)5 o]&3st Ha-g&S Azxs7] Y8iM &+
9 GEUXEY TP ERFEES 0|3 WX E
Azt 7igE Ed71E ol&sto] 121°Cell M 15%7F 71t
RS & F RRgeld 9a st 2] #4825
7] #1831 WA MRS WIXZE  Leuconostoc mesenteroides
(KCCM 40709), Lactobacillus plantarum(KCCM 12116),
Lactobacillus sakeilKCCM 40264)E w3ty 7} a5
ZEHE AA A ZHzE 5%(wiw), 2%(w/w),
3%wiw) HET 5 wlgFrIdA EFE ASH 230°C,
37°C)ell A vl FetRATt. o] wf Z} w#d wirle AS5A
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Curcuma longa L.
maltodextrin
yeast extract

|

[ Grinding and Mixing with D.W ]
l

[ Sterilization ]
121°C, 1latm, 15min

l
| Cooling |
|
Starter Inoculation
Lactobacillus plantarum

Lactobacillus saker
Leuconostoc mesenteroides

l

Incubation
30°C, 150rpm 24hr

|

[ Deep freezer ]
|

[ Freeze-drying ]
|

Fermented
Curcuma longa L.
powder

Fig. 1. Manufacturing process of fermented curcuma.
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& 33t blank9t CLmE 0.18 go] 2™ CLpSt CLse
0.22 go] At}

ARy F2E52 AEY 779 DG,
blank, CLm, CLp, CLs 100 goll 80% EtOH 500 mL< %
32X 7 Bt BRFE T AAANo. 2)F AFHStaL ©
WO R 33 Wi FE53 FEES Hol I T
o =

%

=

=
FUA F LA

8§
e 32902 Hoh FEEA7INA J0CE 2 A2

b 2 Ay



WFEA =AM R B 81
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A ARl 713 % (overall acceptability)oll o 3}
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% th(Kang, 2007).
ot 24

ALFI} Bge&Fe uke] ol AAHoZ o5}y
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Stk AEaa LEETS 0.5%wwyt H =S S/7l
o, 2232 &3 3 3000 rppmoA] 15%7¢ %ﬂ‘i—al

TS A FEE ARSI Bt 4710 /‘]‘E‘L*‘

43| BkS 1 3] x}ol] S48 2hS 1‘”

w2 3te] S o]&-ate] JERAAT % FEo
Aok umami), <<3K(bitterness), % -2SH(astringency), &
(saltiness), A 9(sourness)S #4150 AlA o] MFo =
A" AR s oA Bte] AR HEA A A3E
Bl o BEe] 4] €] 2pol= Abgro] Bhe] ZpolE 1A
T AUe st AT FE HskE YERITH

]_
=
=
A}
15
5

2

fo G

rr rQL
VB ooy & o

=4 3 =

X

FFEA AEE curcumin(EFEZ) 1 mgS HPLCE
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S A% 39 tHChoi, 2009). €FFE 22| curcumin TS
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©]-& 3000 rpmel|A] 203-7F L4 ST HAlEE Y
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A&7 2 TESF 80% EtOH FE2A%E
A A &="lelM 9] gz 27 5-& 54 8ka2F DPPH(2,2-
diphenyl-1-picrylhydrazl) 2FH1Z &A% S SA A AR}
] 5 (electron donating ability, EDA)S Blois™#H(An et
al, 20060 &3t 7z A5 DPPH(22-diphenyl-1-
picrylhydrazl) 2% 2ASS SAsSIAT A&l

00035% DPPH &9 3mL¥} A5 0.15mLS ¥ & &
et A2lA 2087 BAF vk 516 nmollA F3 %
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z74 S-S ol SAES o 2l st
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DPPH 2}ci 2 4752 Al2karsich,
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SA : sample absorbance
CA : control absorbance

Hydroxyl 2iC|ZE S
Hydroxyl 2tt]Z 27158 2437193l 2-Deoxyribose
oxidation method& AH&-3F3AtH(Yang et al.,, 2011). 10 mM
FeSO,-EDTA(0.2 mL), 10 mM a-deoxyribose(0.5 mL), A&
£H02mL), 02M sodium phosphate buffer(pH 7.4,
0.2mL), 10mM hydrogen peroxide(0.2 mL)E &3 ¥ 37°C
ol A 1A]17F &< BES-SHA T L thEoll 2.8% trichloroacetic
acid(TCA) 1.0mL3} 1.0% TBA(thiobarbituric acid) 1.0 mL
3 A7bste] WS ®E ol 151 S vtk
202 WYz} ¥ UVpisible spectrophotometerS ©]-8 3¢
532nm Oﬂoﬂoﬂfﬂ FF=E =439 t) Hydroxyl o]
22752 hydroxyl 2tt]Z ol ]3¢k a-deoxyribose oxidation
91411]3;’3‘1 obgf AL+l wat AlxkE T

CA

Scavenging activity (%) = (1 —

SA : sample absorbance
CA : control absorbance
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npg-2=o] w2 IA] A EF] RAW 26472 10%]
FBS 2 AA]7} g2 DMEM #jx]ollA 5% CO,, 37°C
z71004 wgatant. Al 254 AAE sl 1%k AR
A2 E z+zte] blank, CLme, CLpe, CLse”} 100 mg/mL
o] T/} H =% DMSOZ &3¢ ¥ A= 343t
A v Fetol] Hrretith. A5 ZARS RocheAle]
cytotoxicity detection kit(LDH)E ©]-&3}od, A|Z=Ae] vl
dojz g s thMoon et al., 2007). =, 96 well plate<]
Zt wellell 4x10*70¢] RAW 264.7 cellse 533 1 mg/
mL, 0.1 mgmLe] =2 717ke] AlBS d7lste] 2447k
w3t SN 4ke] LDH(lactate dehydrogenase)] €9
S S35 Y. MEEAG (%) oFelgt 722 F4o <3

exp. value - low control

1
high control - low control <100

Cytotoxicty(%) =

PG-E, #4Xslls

uh-2=0] A E A X521 RAW 264.72 10%°] FBS
2 A 7Y E-E DMEM HiA]e] €3 5% CO,, 37°C
Z7eA i gstA T 1x1071 2] RAW 264.7 cells2 96
well plateol] 3} 24A17F % 2|8 T lipopolysaccharide
(LPS, Escherichia coli O11:B4, 1 ug/mL)$} interferon-
gamma(INF-y, 50 ng/mL)Z A £Z =31tk o] u A
g5l e FEEL Zo| Hrtskslet, ASsErt
I mg/mL, 0.1 mgmLe] F=7t H=5 3T 24417
o et & AFAo =z EH|E nitro oxide(NO)2| ¥
griess reagent(Sigma-Aldrich, St. Louis, Mo, USA) A] <&
7tste] WA = E ELISA readero| 4 570 nmol| A4 =4 3}
Sk Eek gSdo=z FH|E  Prostaglandin | E2E&
Prostaglandin E2 EIA Kit-monoclonal(Cayman Chemicals
Compary, Ann Arbor, MI, US.A)E Al&3l] PG-E, & &
2 319 tH(Choi et al., 2003).
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A ZA3E= SPSS package(release 8.01)E ©] &35}
mean+SEME FAISIAL, Hake] T4 o4 SAS
system(2002)&  ©]-&3t] p<0.05 FFollA
multiple range testl] 2]} 77 3}5 ).

Duncan's

U

g o] dWHAIES =43 A= Table 13 i)
SR AW 2o 238 245 B4slEe] 3
FEo| e fakd ¥HF A E(blank)et TESH AE
E 7t 2 Aol7t glojx] wEel s &3l Fgid
FA ] o] WMElslAl = RS & AT
2Hsgt

3L

A FaANEA S HFH AFES B 98] e T=E
Eo HaSHE 05%% zHzt H7kste] A(color), Tt
(sweetness), 413k (sourness), F3(saltiness), =5(bitterness),
7+ Bk umami), FP](flavor) 2 A A& el 7] & % (overall
acceptability)’s-2 Wl g A3} Table 29F 24t}

0.5%°] Y= H7IIS %% Table 2004 Ho]
ukel ro] Aol A= CLp7t folA 22 (p<0.05) 7H
Ao mM(6.58 ) Bte] Ag-o @8t CLs(3 #), A5t
CLp(6 A), B3 = CLp(3.55 &), 29t D.C(5.36 3),
Zgke CLp4.36 ), CLs(4.45 A)7F woldo=z 7H7} =
®om Frl= Clm(6 F)7F =2 A4S wokth dAZ
715 %E CLp(5.92 )9} CLs(5.67 )2 A3 =7F =4t
HsH7tE Tt 2 A 05% TEEF HI7H A=
CLp H7FH7F 7P 958 2102 = it

oy rlo HE rr

AAA o2 HaEHE°] 5t
27 (taste sensing system)E A3} H|w ko] BAF
Atk 05% TEZ ZF A8 5 B4
difference)= Fig. 29F 2ttt
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X
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Table 1. Approximate composition of dried curcuma and fermented curcuma.

Approximate composition Moisture Crude fat Crude protein Crude ash Crude fiber Carbo-hydrate
D.CV 10.5 9.615 17.315 14.04 16.225 323
Blank? 5.81 438 26.43 10.71 8.81 43.86
CLm? 5.48 4.8 26.74 10.88 8.91 43.19
CLp? 5.5 4.61 26.7 10.62 8.66 4391
CLs” 5.75 4.76 26.9 10.79 8.3 435

"Dried curcuma powder

DWithout inoculation

ICurcuma fermented with Leuconostoc mesenteroides
Curcuma fermented with Lactobacillus plantarum
Curcuma fermented with Lactobacillus sakei
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Table 2. Sensory evaluation scores of yoghurt added with curcuma (0.5%) and fermented curcuma (0.5%).

Sample
D.C" Blank? CLm” CLp? CLs”
color 4.33+0.12° 6+0.01° 5.5540.02° 6.584+0.29¢ 5.92+0.1¢

sweet-ness 1.92+0.03° 2.6440.12¢ 2.55+0.04" 2.45+0.01° 3+0.17¢
sourness 4.2340.68° 4.55+0.24%® 4.36+0.45° 6+0.53¢ 5.360.42"
saltiness 2.25+0.16° 2.82+0.23% 2.64+0.11% 3.55+0.41¢ 3+0.08°
bitter-ness 5.36+0.51° 1.69+0.48° 1.62+0.47° 1.69+0.67° 1.31+0.57*

umami 3.33+0.22° 3.67+0.17® 3.92+0.01% 4.36+0.18% 4.45+0.46°
flavor 3.67+£0.29° 4.45+0.03° 5+0.23¢ 4.5+0.07° 4.64+0.24°

overall taste 2.73+£0.31* 4.67+0.14° 4.75+0.22° 5.924+0.19° 5.67+0.23¢

**Means in the same column not sharing a common letter are significantly different (p <0.05) by Duncan's multiple test.

YD.C: Dried curcuma powder

PBlank: Without inoculation

9CLm: Curcuma fermented with Leuconostoc mesenteroides
“CLp: Curcuma fermented with Lactobacillus plantarum
9CLs: Curcuma fermented with Lactobacillus sakei

Sourness
15 4

—— DWW

Saltiness . > Bitterness

«o @l DC
== Blank &
—s=ctn?
-t cLp Y
—e o5 7

Umarmi Astringency

Fig. 2. Taste sensing system result (interpolation difference) ot
0.5% curcuma samples.

"Dried curcuma powder

PWithout inoculation

ICurcuma fermented with Leuconostoc mesenteroides

YCurcuma fermented with Lactobacillus plantarum

Curcuma fermented with Lactobacillus sakei

CLp, CLs9} 722
AlBte] 7kl O‘I] &

o Azl A 2
o iz ddstel AR /1 EETt S

ATt

Curcumin &2f
AA 2 fAdse @ad 9% &5 3 curcumin®)]
A=)

stgHstE Yoty 8 744 HaES FE31Y
HPLCi EA89 . Curcumin £33 5319 retention
timeS =43t DCe® 22 blank, ¥ &F FE2&

=2l CLme CLpe, CLse®] &S 543 23+ Table 3
J/]’ 2ttt A5 E7e] HEE curcumin 9] Feol Bl

3 Frolglom folHel Hol7k gtk W DA f

Table 3. Content of curcumin in DCe, Blank, CLme, CLpe and
CLse with HPLC.

Sample Curcumin (pg/mL)
DCe" 33.14+1.8%
Blank? 32.58+1.2%
CLme® 34.03+1.3°
CLpe” 33.44+0.8%
CLse” 31.27+0.3*

**Means in the same column not sharing a common letter are significantly
different (p < 0.05) by Duncan's multiple test.

"Dried curcuma powder

?Without inoculation

)Extract of curcuma fermented with Leuconostoc mesenteroides
PExtract of curcuma fermented with Lactobacillus plantarum

SExtract of curcuma fermented with Lactobacillus sakei

g FAabe] 93 e 79 TE curcumin Ao
%

=
Fo A FETHE AS % T 5 ATk

HXB0is

DPPH 2}t Z-2 REGAOA HAks Fof oW Jf
Aol glojAE Aol o] lipoxygenaseol] 2]&F A1)
2bsl Wb Al A o] ditsl A S4 Agets FEE
AFAo] o Fatsl &4 A Wil AeE FEE
I HFEF FEE DPPH oz 2A%S =43 4

= Fig. 33 2kt

Fig. 394 curcumm«] DPPH &Yz £2A% =4 2
BH curcumin® gaksl a3tE Hlggite A
& 4= AT} 5000 ppm FE=ONA tHETS] blanke] F
B2 2481%°] £2A%S YERHISL CLm, CLp2t CLs
%ZE<] CLme, CLpe®} CLse= ZHZ}F 2532%, 26.73%
9} 2631%= blank®] FEEI} HS o2 oA
2Fo] 7} ARt} o] A& HPLCE ©]&3F curcumin®] S

:i

o mN o
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100.00 e d f
d¢c “l
80.00 ;
60.00
1250ppm
12500ppm
40.00 w5000ppm
b "‘ :
- ' I l l
0.00

Blank ¥ CLme ? CLpe CLse” Curcumin BHT

Fig. 3. Electron donating ability of the extracts of dried
curcuma and fermented curcuma. *Means in the same column
not sharing a common letter are significantly different
(p <0.05) by Duncan's multiple test.

YWithout inoculation

PExtract of curcuma fermented with Leuconostoc mesenteroides
JExtract of curcuma fermented with Lactobacillus plantarum
“Extract of curcuma fermented with Lactobacillus sakei

100.00

B0.00

d
d&
s B
c
£0.00
000 { 2  ab? 2 )
1 I T 1
20,00
000 + L

Blank 1 CLmen CLpe” CLse“] Curcumin ~ Vit.C BHT

1250ppm
1 2500ppm
w5000ppm

Fig. 4. Hydroxyl radical scavenging ability of the extract of
curcuma and fermented curcuma. ““Bars of the same
concentration not sharing a common letter are significantly
different (p <0.05) by Duncan's multiple test.

YWithout inoculation

PExtract of curcuma fermented with Leuconostoc mesenteroides
JExtract of curcuma fermented with Lactobacillus plantarum
PExtract of curcuma fermented with Lactobacillus sakei

2 Al curcumin®] FHge] WE A3t
o] Zpo]7h YW Aoz Wol Fx H”r
= %‘ié}oq = DPPH gz 2A%

o

W Foll &
4 sugoz
= < SoEA ¥=
= AR TE E8 curcumin 2500 ppm
oA 5“3 %*@MH &9l BHTS} £-914 x}o]7}
o] g sl gAS S 5 U

Hydroxyl 2{C|1Z A{s

tget Akl 2o F hydroxyl 2 2
EXSA A, 4 22 AR wAE FAse el
Ho|B = hydroxyl 2t Z-E A AT =N A& Arl

o
=
ete] JAE BEY & A ALF
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Fig. 5. The inhibitory concentration of fermented curcuma
extract on the production of PG-E,.

Sample % cytotoxicity
Blank"” 3.8+0.04¢
CLme? 3.3+0.03°
CLpe” 2.8+0.02°
CLse" 3.1%0.05°

*dMeans (n=3) in the same column not sharing a common letter are
significantly different (p < 0.05) by Duncan's multiple test.

YWithout inoculation

PExtract of curcuma fermented with Leuconostoc mesenteroides
3Extract of curcuma fermented with Lactobacillus plantarum

PExtract of curcuma fermented with Lactobacillus sakei

ZE9] hydroxyl 2tz &275S A5 4
7ror},
Fig. 414 curcumin®] hydroxyl 8ttt &A% &4 2
B curcumin®] F=¢ kst atE vlgditie=
£ = 219t} 5000 ppm FEoA thET9] blank2)]
E2 3599%2] €4S YERNISL CLm, CLp2} CLs
9] #5E2 CLme, CLpeSl} CLse= 22} 35.59%, 37.44%
S} 39.69%= blank®] FE&3 VT FEOE FoH<
zFel7b AT, o]A2 HPLCE ©|-83t curcumin®] &
B Ao A curcumin®] $HFo] wrg Ay wg 39
211 Zpo|7F IAY Ao 2 Hol A fFite R
< wast hydroxyl oz AT SO EA U=
AL A & F AJ ESE curcumine 5000 ppm
oA} BHTS} W-%Xq 2ol 7t gl et S48 e
< ¥

i)

+ Fig. 4

e

o kL
m{}l' o

curcumin A3¥-2] hydroxyl 2HtZ 27%
o},

4 Lo Do o
X0 _% Mol L

Blank1) Clmel) Clpe3) Clsed) Control LPSHFN-y EtOH1%

Fig. 5. The inhibitory concentration of fermented curcuma
extract on the production of PG-E,. **Bars of the same
concentration not sharing a common letter are significantly
different (p <0.05) by Duncan's multiple test.

YWithout inoculation

PExtract of curcuma fermented with Leuconostoc mesenteroides
JExtract of curcuma fermented with Lactobacillus plantarum
YExtract of curcuma fermented with Lactobacillus sakei
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