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ABSTRACT : This study was designed to evaluate antioxidant activity of Curcuma longa L. leaves treated by ultra high
pressure extraction. Curcuma longa L. leaves was subjected to 5,000 bar for 5 and 15 min at 25C The highest phenolics and
flavonoids content was observed in the treatment of high pressure extraction for 15 min (308.28 yg/mg, 124.33 pg/mg). The
DPPH scavenging activity was 82.34% at 1.0 mg/mé of Curcuma longa L. leaves treated by ultra high pressure process for 15
min. The highest SOD-like acitivity of Curcuma longa L. leaves (1.0 mg/ml) was observed at ultra high pressure extraction
for 15 min (67.54%). The high pressure extraction significantly increased the contents of phenolics and flavonoids and also
enhanced the antioxidant activity. These results provide useful information for enhancing biological properties of Curcuma
longa L. leaves.
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S| (% Toluen)’t 3L, A= FASHAZ= WEPIEEL, HER C,

HIER E, 7HIR], ZRAEA P Fo] ot AWelM =

Alere] jH= A Aol HES L AR]A] =EE o] 9 superoxide dismutase, catalase, vitamin E, vitamin C,

of B Fo oI el FASH £ Aol BFE  ubiquinol SO HAHE, 3k} Fal, AL, 2EF S Fo

Aot abshibge] e &4 Abh Ao olE2  oste] AfEtt#e]l T7HEY (Meneghini e al, 1993;
Harman (Harman, 1956) ol €]8] A|AE o]F AlAe] =3} Fridovich, 1986).

Y, AW L f7180) BSHA W) B 0B B Aol Al vAE B PAsH] e frelael =
@olo] Pl Bolol FES Wole W YTk (Ahn and Lee, PO T AT Fust PAo] F2H T Ik 2L 7
1999). AHfrEfEle Aol Bels) MES S, W AE s AW A4 wRel BUASA A8HT 2
o AYxEAL AT Te T AL AoI|EL FF W BHA, BHTY 749 e FUAIE 5 QA6 542 Ue
A, S1Re, FrEl2g A9, ok R, dES 5o Wrks BAME 7ME ek Branen, 1975). o3t ol fr2

7} EAE ZAAIZITE (Leibovita and Siegel, 1980). ©]#] tocopherol, L-ascorbic acid®} 7+ AA itslEd Eo] 25
g A ZE AASAY SIAA A2 AksE WAst sPEEF ookl wigElel 5 % 7Ie oFEge] wE
= g sk s, kst Edddle AL AREEO] gk, 7HA ] _1_7]-01 W oohgl BQHgg 240
BHA (Butylated Hydroxy Anisole), BHT (Butyl Hydroxy 2 Qg A 3EEE 7A=Y o)EE EA1Ho)
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(Fukuzawa and Takaishi, 1990). ©]2{3}F A

A ks & g He FE2ES IAIS} Bennett e al, 1998). 53] AAE

A sHAE diAERket dAEe] itsl 53 b, 7 ol FEEoiR 239k &2 ouiX| e} e BHE EF F
Ae FF /R E A sl g A7t edt A E2 4L F gl 8 YA EES 4L 5 A sl
oltk 25 Yol e AAEZDS AW & 5 A sk "

83 1A S THE A8 5 Y (Cwcauma B ISR FE0| PF 80w F8E £ JE Ao
longa Ly S5 7192 ER Fgsle F9d wet &5+ YA AgE, el ot f-8497e] WA 9 &4, 7R
Zog v o 59 Edo A" A2, O 52 A5 FE T ARG AE] AERRE T 7] B
B S A& o] MelE o]gdle i e A £Eo| FL I ko] W AR FE0] 75T FoR AR
o] 27|18l E ol&at vk F=Hth o w9 A &= "ok (Kim er al, 2007)
wo} o gk QA ME YepdTiaL skt HEgh, o S B dAts FEAEEN A o] PslES ST
2o 7] FE 2 Fo] Foll IS H9a Al do) flste] 2t 38 o8l AES] fEEAEA] &4
ofAlol7h Aako 2A HUloll= 8 AES e e HAslel WAIZE Yo FEo] 7FssieSE siGit Bd
o g ZF A g S FRAE 2, Avishs A7 7EE dA7Ee o] FAHEQl 48 ARgE] 239t

z
o] ThaA) 2EoITh Ryu ef al, 2005). H 4Fe] A2 FEE A G FAANCRA e show )
E'_:]'
g

3EZAS curcuminoids®] FE] a7t LHARA] €]} Fof 25S Ueile RS Al e de] w2 kst
g FHOE Y, °§HES, HAF, JHEEA 3, A5 7R 3PEE ARES] ol 8TIXE EolaAt AFE st
9 AEAA] tist 2, FILISH, STAAE), At AT}
s}, SFEAH0, 5, FtahE Boll tigh A7t gis] o]
Foj2| 3L 9t} (Jayaprakasha et al, 2005). Ms 2 gk

SEA|NE olelgt A= ksl ErEjErle] e H3hE]
o] lom, FgE Aol ot 2 T2 ARgo] F3] mT 1. 2z U Al
s oo gt At AL gl Aelth ¥ FAREQ B Aol AR A8 (Curcuma longa L)y HAEA A
Qe Hyjel xrHAo] Hlo] 1023 30 ~40=00 35l ol AL = RS 20119 9€ F o FET AFHSHeH,
T S8 giuto] AlRE 0 R o]gEojd B titaito] WHA SZ47%7] (PVTFD 100R, ILSHINLAB, Korea)Z ©]&3}]
3L U (Ahn er al, 2012). o]F%o] HARAR ZF5e] oS AF= 10mm Torr, —70C ZANA F2471% itk Az
ggste] AAaAE Dastal ARSshs A7t EdstA| olF &2 712 A AE dig A% T FANEEE AL
AR AZE IFTPER] AR 47e] w90 F BloE
Atz =) 2. Mg FE A

7180l 748 o] Fo84 o] AFEHR A= A 5 FF (WE 74 S792717F H-2H flaskel] 10H)
< AR HAEZRY 7|54 MAE 47] f&E 274 o] FTFHTE ol&st 70CoHA 2407F T3 FEIUL
ARl F= 34 o], 7€ 7848 AR FEov 4 oNekE FEE (EEyS €553 2ol 74 7717t 73+
T T ¥Ao] obd o7 7] FEHjY] AES I FEE F E flaskell 10819] 70% ethyl alcoholS ©]-83l FU3F &
% F A= AE FETAHl 8 e Aotk A% o Lo AJkA] FE3AT
3 7ol FHF o] Wi & WA FHekst A=e] Ay, 7 2 FEL 34 AR 73S 9 108 HE o &
Al A2 A B R 7hee] BEEas 239 B 2e9 I 7 o] F7I7F SV s 2 dWEdh &, 259
59] 71EEA] Aot} 7|0 ARREHO R HAEZA Q] H FZ7A] (llshin autoclave, Daejeon, Korea)E ©|-&3}¢]
AE FE2HL 335 88 2 duyR §80] Yo 1eo 500 Mpa2] YEOZ 74zt 5% (Ultra High Pressure Extraction
Z Qe B2 &R Fof whde] Wol, 78R 4 5, HPES), 1587} (Ultra High Pressure Extraction 15,
T FE3 gl digh By T #HS /A Ao HPE15) 3%t F55 A6t 2 F30] £ 74
(Park er al, 2004). o]2fg TS Healr] Qs =38t & Qe 72 FFYA7E F2E flaskel] 108]9] SHTE ©]
A 7ES AAE SR T2 FEsiT 831 70Tl 12873t =313t

2319 FAL 239 slollA] Mlzeks gEEle] Az 2 et Zol dojxl FE2EL AFe FH IHAYEFI
o] g HEANA Hu} B2 ARo] A vlor 825 = (Rotary Vacuum Evaporator N-N series, EYELA, Germany)
Y E ol&sld, A= FEdEE vaE A2olA] ThA 2 55 F sAAXRS & A2 AIRE 7R A AL
ZF Yol FFo] 7Fs3tH, 27t w2 9ddEs B0l E31=
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3. MIZF U MIEZ M vl

Ago o]8% MAEFZ Human fibroblast CCD-986sk
(KCLB 21947, Korea)s AM-3}31.01, Al zu] ol L a3l vl
A2 Dulbeco’s Modified Eagle’s Medium (Gibco, USAYS
ARSI, 2 gRe] AlE wokol 3k AFO 2 hepes
buffer (Sigma, USA)S} fetal bovine serum (Gibco, USA),
gentamycin sulfate (Sigma, USA), trypsin-EDTA (Sigma,
USA)E A3ttt ddo| A% AlXE= Dulbeco's
Modified Eagle’s Medium (Gibco, USA) ¥iA] 90%¢l] FBS
S 10%% A-8AA st Aol o83t

4 HE =4 589
3-(4,5-dimethythiazo-2-yl)-2,5-dipheny-tetrazoliumbromide
MTT)E AHE-3t] Mosmann (1983) ®'HS HFAIA AME
AEES =43 TE CCD-986sk AEZ 96 well platedl]
15x 10" cellsiwell 52 HES F, 80% Fxo] mjdA A
A Zh wellel 3 A o FEFES FoIslal CO.»
incubatorol 4] 24X17F EoF viFEIIth. 5 ugml FES] MTT
A 2 welldll F7FelaL aX7E & AFAS AlAG,

ol
%

oo 1=
10 1 2] acid-isopropanol (0.04 N HCI in isopropanol)S 3
7kt & microplate reader (Tecan, USA)Z 565 nm ] 3}7o]]
A s 59T

= | =

Z H=3=S Folin-Denis (Gutfinger, 1981) Wl w2}
FTAE 7338 F=5 1mlo) Folin-Ciocalteau A12F 2 10%
Na,CO; &9 7t 1ml A 2|2 7k vhs A2e4 14]
7+ X8k & spectrophotometer (UV 1600 PC, Shimadzu,
Tokyo, Japan)E ©]-&3te] 700 nm oA FF=E SAIUTH

Caffeic acid (Sigma, USA)E 0~ 100 pgml o] F=2 A|Z3}
o] Ao} FUS WO R BAsl] AL HF HAFHeER
B AR FE2E9 F dsT8HE S

ZdlHolE 7S Moreno (2000) Bl wlel 34
PASIS

FZE 0.5mlo] 10% aluminum nitrate 0.1 m¢ =
potassiumacetate 0.1 mé, ethanol 4.3 ml & X} = 7}s}
Fstar A2olA] 40i27F BRI T 415 mm ol F-F
3T Quercetin (Sigma, USA)E RFEZ R 3l
~100 pg/mie] FEHSAM Aojxl FF HHFHOZRE F

F89) 3 Fehwols S AV

6. DPPH Radicaloll thet HA50is 54

34 A8 FEE9 AAFI&E (Electron Donating
Abilities, EDA) 7}7+e] FE=° Wid DPPH (1,1-
diphenyl-2-picrylhydrazyl)®] A}z a2 7t A|5e]
g8 EHsAnh F, g 1w, AIE 1044, 100 mM

°

H
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sodium acetate buffer (pH 5.5) 990 4 & 53 A|gH
0.5mM DPPH &% (Abs. EtOH soln.) 0.5ml E Yo]
star, Pl SE7F WS f=gh & ZE radical®] &
£ UV spectrophotometer (Tecan, USA)E ©]-83}¢] 517 nm
oA ZH43IAtt (Lee and Lee, 2008). Ase} Acoll A=

=8 = 1
dazel FHE G 42 thsiel Axsisint.

g

T L

!

AR5 (%):(1_%5 % 100

7. Superoxide (SOD) A

SOD fAF-S Marklund®} Marklund (1975)2] el
w2} JaslpEiz A2 S0k pyrogallol®] A%
< =43l] SOD Ao 2 YehTh =, 7t 34 7
3 FZE 02mlol] pH 85% HEA3ZF Tris-HCI buffer (50
mM  Tris (hydroxymethyl) aminomethane +10mM EDTA,
pH 8.5) 2.6 mL 2} 7.2 mM pyrogallol 0.2 m¢-2 715k 25C
oA 1087F WHS-AIZ]3L 1 N HCI 1ml & 718l uks-& 3
AA AL HHed F Akl pyrogallol®] -2 420 nm oA
UV spectrophotometer (Tecan, USAYE AM&-3lY] 3-S5
24899 SOD FARMS A& &4¢] 7ot 737t
T Atele] FBEe zlolE MESE YERAIH

‘A‘Lj %« 100
A7HEe] §E =

FA7Y] F3E
o As9t Ace tHERTS] FHEES A9

SODSARHA (%) = (1 _

gk 4]

8. SAHIXe]

BE Age doly FAAEE= 33 viEo= ssxlon,
Fzre]l SAE= SAS (Statistical Analysis System) Z =21
student r-tests &3l B+t wS Toted AT H, AH2F

Lol HafoFEe] 2} (p<0.05)E SAAE 3k
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Fig. 1. Cytotoxicity of the Curcuma longa L. leaves extracts
by different extraction process. Mean values + SD from
triplicate separated experiments are shown. Mean with
difference letter (A-D) within same concentration are
significantly different at p <0.05 and mean with difference
letter (a-e) within same samlple are significantly different
at p <0.05. "EE; 70% ethyl alcohol extraction at 70C
for 24 h, WE; Water extraction at 70°C for 24 h, HPE5;
High-pressure extraction for 5 min at 70°C with 70%
ethyl alcohol for 12 h, HPE15; High-pressure extraction
for 15 min at 70C with 70% ethyl alcohol for 12 h.

Table 1. Yield of Curcuma longa L. leaves extracts by extraction

condition.
Sample  Solvent  Temp. (C) High Pressure  Yield (%)
EE Ethyl alcohol 75 - 20.0 £0.013
WE Water 100 - 18.3 £ 0.031
HPE5 Water 60 5 min 23.2+0.012
HPE15 Water 60 15 min 25.5 £0.041

*Mean values + SD from triplicate separated experiments are shown.
EE; 70% ethyl alcohol extraction at 70°C for 24 h, WE; Water
extraction at 70°C for 24 h, HPES5; High-pressure extraction for 5 min
at 70C with 70% ethyl alcohol for 12 h, HPE15; High-pressure
extraction for 15 min at 70C with 70% ethyl alcohol for 12 h.
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BE JEAoR BE AR} §952] olE Holn] A%
ol Z7kke A JAT & AYon], 2 15 Ael
[e)

=
A ol FEEol A9 BE RN M W2 AESEE
=

242t 5.2%, 4.3%, 3.89%
. IRHFY 2N F2E 3
o Fxlol| gt ArAelA] 2 1mgml o] A2 F
Z50] 20.12%= YR A (Jeong ef al, 2009)2} Bl
A e A5G4S HAoaH, 5 2Fo 3 4
S2A4 ARE 750l IS ZoE AlsEh o] A¥E E
2 735 Qo e AESAES e e 2o =
IS ol 8S W, 2 HA Edo] WAREAY Ty
o] 745 9 FEE 5L dslsk=d gEs a9t e
Zo® AL} (Ling ef al, 2011; Kim ef al., 2013).
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3. 3 ¥z ¥ Lot g 58
¢ FE2E, e FEE 2 A

% 9= I3ME 9 Zelnvo|s 3 A= Table 20 UEd
Wt o2 dle sigtest 2o o] hfol 2t
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= = 1
FE 238k

-

28292 pgimg 2 7Y w2 S BN, e FEE
283.56 ug/mg, ZIIQF 5B FEEC| 301.67 wg/mg, I 15

B 2Z2E5o] 30828 g/mg <07 = S WUh 3
Fetieo|E S HEstEd AR AFgeR 2t
158 F5E0°] 12433 ygmg 02 A5 FE5 dee F=
Bo] 77} 95,68 pg/mg 2 106.87 pgmg 02 =4 ¥ 3} 6
w3l 15% 7FE =& FAE eI olE g Axke viAt
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=0 kst gitsl €4 2 SN AAGEES VO
Rom, 1A el &4 eft)Zde) og =s& JAlst=
A2 o]go] 7153slth (Seo et al, 2008; Park et al.,



Fig. 2. DPPH free radical scavenging activity of Curcuma
longa L. leaves extracts according to different extraction
processes. Mean values + SD from triplicate separated
experiments are shown. Mean with difference letter (A-
D) within same concentration are significantly different
at p < 0.05 and mean with difference letter (a-b) within
same samr)le are significantly different at p < 0.05.EE;
70% ethyl alcohol extraction at 70°C  for 24 h, WE;
Water extraction at 70C for 24 h, HPE5; High-pressure
extraction for 5 min at 70C  with 70% ethyl alcohol for
12 h, HPE15; High-pressure extraction for 15 min at 70 C
with 70% ethyl alcohol for 12 h.

Table 2. Total phenolic and flavonoid contents of Curcuma longa

L. leaves extracts according to different extraction
processes.
Contents (ug/ml)

Sample EEY WE HPE5 HPE15
Phenolic a3 568 282.92*  301.67°  308.28%
contents
flavonoid 106 g7n 95688 118650 124.33C
contents

*Means with difference letter (A-C) within phenolic/flavonoid
contents are significantly different at p < 0.05. 'EE; 70% ethyl alcohol
extraction at 70C for 24 h, WE; Water extraction at 70C for 24 h,
HPE5; High-pressure extraction for 5 min at 70C with 70% ethyl
alcohol for 12 h, HPE15; High-pressure extraction for 15 min at 70T
with 70% ethyl alcohol for 12 h.
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FE=2 Stiet 29 &1

Fig. 3. SOD-like activity of Curcuma longa L. leaves extracts
according to different extraction processes. Mean
values + SD from triplicate separated experiments are
shown. Mean with difference letter (A-D) within same
concentration are significantly different at p < 0.05 and
mean with difference letter (a-c) within same sample are
significantly different at p < 0.05. "EE; 70% ethyl alcohol
extraction at 70°C for 24 h, WE; Water extraction at 70 C
for 24 h, HPE5 ; High-pressure extraction for 5 min at
70C with 70% ethyl alcohol for 12 h, HPE15; High-
pressure extraction for 15 min at 70C with 70% ethyl
alcohol for 12 h.

oFg-21 &0 ksl EA AFolA 1 mgml FEe] 27, 4t
T FEEO] F 70~ 77%] AFEEZ AAEE el A
(Jung et al., 2004)7} V|WsPH B A Aol 738 Qle
FEE0] 77%01°3e] Hold sty 2AES Y
& 7t Ak olys A= Iy FE FH
o]

2]

5. SOD AN 53

SOD A ER1gH A3 Fig. 3o JeRHATE 22
AZo] g Fxe wet vk xjolE Hel F {204 A}
ol YERA &em, AE s BT foX]l Aolg B
ATk 239 15 AR o FE=0l 1.0mg/ml o] s
66.25%°] 7P =& B4 et 25T S22 AL
450170 ascorbic acid’t 81%2] E4L Yepd Z3} vlws}
A ta W2 A3E 2o A% o 559 SOD AR
o] ascorbic acid®. oL} gl kg gl 284 EES
Gaksld A B Aol RaE okgAE 6001 Ha
34.8% Hth= vl w8 $XE YeRNH (Chung ef al,
1998). &]F-ZHE] ASIAEYAE whoH Aol 44Tt
AEE s}, weke] QI RYIES AMsIAIA HAo] 7
Sk AbslE3} superoxide”t A==t ©] W SODel| <]l
2AEE o2 dEHA Uth. SOD= superoxide 0]

g o] AbAE SN O ZMN superoxided] 23 LAY}

ox 32

o
=
=
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