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g0yl L3R F4L EFF F 2o AYUDE A n% #AST 2w, % 3 L 3csh Lol HEA

EQ 8 T AL A 282m) I 7#dd Jx 27 FE L AYE F P & AR d9(-22.75 mV)
gosglon, Axd FHe FHeks heAdadAe] P i%*é% Sod A3}, =
Pl FrhASE GaAo] FrbsHe ATl tekon 15% FE B4 80 AP Ps

A7) AL FEME Rx2Hol# o]E(glycerol monostearate; GMS)Y = glom, A7 FAE Ex2Hol

ol Ex oY% F 100 F25o diste] 1 WA 10 %2 2349 4 drt.

471 FeAE EY 80 & o, | E€ 802 } & 100 Tl diste], 10 WA 20 TFF-= 23
[e)

A=
T
w2 E gE dAAde mEad, g 2Es S yeARdeA s ddsAT= AN F 49
o

299 ALANE B AT, % dash ol 187 2L A2lE A%, 9Ael 2717k 1553 6mnel A
14.0m= FAIA FEHR8, Al Aol TAREF A9 DV kA gassion, s FAA

259 AeAbe g fraste] 0.28 WIWFOR

<23y 1> &4

&3 (Turmeric) 22 Ottogi Co. (Seoul, Korea)olA +43Att. AR (Curcumin: >95% purity), 2,2-t]
Hd-1-g 3 g =ebA (DPPH), 2,2'-ofA| mr] 2=-(3-o @ Wl Ho}&d-6-2 294 (ABTS), =HAAE = 3kA], =
A AdEA A FeE A D A A FalE FAoleS Sigma-Aldrich (St. Louis, MO, USA)ellA
A3kt

F A AEA WA Medium chain triglyceride; MCT) 22 NOW Foods Inc. (Bloomingdale, IL, USA)ellAl T35}
gor, F3A =gAlE EiHold o] E(glycerol monostearate; GMS) % E<9 80(Tween 80)-2 Daejung
Chemicals (Seoul, Korea)el +i8}5itt.

AR 53 w2 A3 2 AFY 98 vtk

AT FFS E2lsr] Hal, A3 BEE 70% oletEol| fsA]7]12 HPLCE o]8-3ke] UV HE7] 425 nmell Al #
79 gFs gAssln

Lk, EU-ASZE (Folin-Ciocaltew) "Ho= 738 9 AFvl x3hd AA ZdsS et A4,
ANBE £ 8N (phenol reagent, Daejung Chemicals) (1:1, v/v)¥ ZFsta 28 T, 10% AUE 7tHUY o E
S HUtgk & EFetar, A2oA 1 AZE 5k st & 765mm FF LA A &SI

AA HE 2 BdA 9/ x SF(ng/mg) o2 e

ksl FAd e 71 F/0E W (Rackova, et al., 2009)C.& DPPH 2 ABTS A1 $8)slo] Felstqict.
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WA, 743 D AFY AJZE o ekSo] 83)A171 DPPH 9 ABTS &9o| A7bsla zhzb 30 2 6571 QoM st
% DPPHE 518 nmoll Al ABTSE 734 mmoll Al 3% 74 S Qs

A S o R [Cye AlRkste] Ay 2tuZd 27 G4dS sl

TAFEAARONCT) Y 2 73 B2 (1%, w/w)S A7] wHHs(SMHS-6, Daihan Scientific, Seoul, Korea)2
rpmE 2A17F Fob EFSEIGIYE. 1§, QISE thd R H7Eskal 70T A 500 rpmE 14]

<Agle] 4> 743He okl A A A e (TU-NLCs) 4]

22t RS 2 Ed 8002 FAE 784 AEEAAA S EHsta eddd #Hrlelr] doll 10T &R E
AEAAL, TEES 183 5,000 rpm© 2 high-speed homogenization (HG-15-A, DAIHAN Co., Seoul, Korea)
S 51 WK 9Bz =er Eldel S99k 7] (Sonic & Materials, Newtown, CT, USA)E S=a&}3ich.
A7 o2 FvE deAZAGAE AFSS7] A7A 4TAA A3kl ).

<3l 5> A A7), EAIA S (polvdispersity index) B AlEF 9] &9l

& g A E A A (TN-NLCs) 9] Hat dAF 217 (Z-average), F7]+¥(size distribution; PDI) % AE}
A (mV)E Ao Aet A =L Ax =Z7] EA7])(ELSZ-1000, Otsuka Electronics Co., Ltd., Osaka,
Japan)E o]&3le] T2 FAk&H (dynamic light scattering; DLS)C. & E-<ld}gitt.

Y2 dHdGA A8E FHSOH 6.5)° 1:9 B]E&Z2 B AIFH Y. Al8E ELSZ-1000 AH]e] AW 24 F938}
B TEo WY R HxE Fske] IANLCse] AlEl A& &8t

TEM(HT 7700, Hitachi, Tokyo, Japan)E ©]&3&te] 73 shf w2 AL (TM-NLCs) Q] HEHE F<l3t3it).

A 2] AA(Ted Pella, Redding, CA, USA)ol| L&lEi 1% oM EANS-ZHd (uranyl acetate)
Ao A 313 Aol dstal 2aE HAE AAT F AxE AFRAA 100kV A4 2 80.0K

A JuexAddgdAe] Aes a&A4S olvl FslE W(Aditya, Chimote, Gunalan, Banerjee,
Patankar, & Madhusudhan, 2012; Shete & Patravale, 2013)< W& 3alo] Felstoict.

Al ARE BTAN 247 B 0% e BReE, 4FAL ek uAasE 3
2 AR,

| 70% ol &S 1:9 (v/v) H|E=E &E3s}ar HPL
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. P Total curcuminoids—Free curcuminoids
Encapsulation ef ficiency = — X 100
- Total curcuminoids

<23 ¢ 8> HPLC ¥4

UV &3% 7H=7](operated at 425 nm) 2 ACE5 C18 ZAH(4.6 X 250 mm, 5 pm; Advanced Chromatography
Technologies, Aberdeen, UK)<S 2t& Shimadzu D-20A HPLC (Kyoto, Japan)Z AF&3le] AU AFwolt 4
g3ttt

s o 2 olMELeER o 2% olAEIAH(65:35, v/v)S 1.0 mL/min F502 ZTEFAeH, A5 20 pl

(]

Z70¥ "W (Sarkar, Goh, Singh, & Singh, 2009)& WIA|A HALE N (SGM)S FH|s5lT).
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[0095]

ZreFabAl, HAal 0.32% (w/v), NaCl 2g % HCl (37%) 7 mL& &¥3kal, 1.0 M HC1S o] &3te] pHE 2.02 =4
[e:

FEE g4 0.7 mg/nL,

Fo)E BAF AN(SIM) (Y. Li, Hu, & McClements, 2011)e] =34 0.4 mg/mL, H5 g ol
HE 72 z4315T}.

A4 0.5 mg/mL 2 750 mM CaCl, 8% 1 mLE =3t 0.1 M NaOHE ©]&3}] p

<233 10> AA ¢ (in vitro) 1] 2+l

olm] F7/HE ¥ (Jain, Swarnakar, Godugu, Singh, & Jain, 2011)2. % F2 U (Sigma-Aldrich)E ©]|-&3}

o YA AAGAZEE AFY &S Hrlsi.
A FHUE FH50 &F B Al TN-NLCsE 715 A$ F wlghs 30 mLo] E3E HlojA o] 2AAH
A 713 50 rpmeZ 37TelA 0, 2, 4, 6, 8 E 10A1F &< WHkAIZL &) 43 Y dxloll A WEH AT

=
wo]EE HPLC ®BAjo =z F35HglT).

<& 11> WA (in vitro) BAH <8 (bioaccessibility) &<l

oMo F/ME W (Aditya, Aditya, Yang, Kim, Park, & Ko, 2015)<& WA A A iolA Ea A&
FePste] A3 AFeol=o AAHIES ISl

gl 7oA 23 JeAAAGAZEE E2E AR 2 A3 AAHIES A 98, A AR
S5 Nk 2 ) SGMell H7Fsta 37Tl A 2A13F Bt A o) Ae & ohA] SIMAlA Aol dsta HE 2
=& 4ColA 3087 10,000 rpme.= AAZEE st v e 8. g8 mAdel R A el
o] =S HPLCE S3fsle] Aesldtt.

H
5712418 o] &3te] AAATES H AFreols oz YERAT.
[AAFA 2]

Curcuminoids in micelle
Bioaccessibility (%) = Total — X 100
otal curcuminoi

<HA 1> 73 E2e] Fis 84 8§

absiAlE o, Yk, FUA43 ¢ #AEES IS wd A3 A4S s d dde] glermzg
(Devasagayam, Tilak, Boloor, Sane, Ghaskadbi, & Lele, 2004), 73} @ o]o] Fa Aol AFTY A3}
=2 s 2 gyE ¥wstgd i (Chakravarty, Chatterjee, Yasmin, & Mazumder, 2009; Rackova, et al.,
2009) .

O A3, % 13 o] A8 B Eedle ol &5 AFWA2.1 pg/gRu oF 591(57.7 ng/g) &
AL Folg 4 9},
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A3k, DPPH 31 ABTS &£71E5 913 1Cy kol A 23 E23 =3 75l 242F 33.6 9 48.9 ng/g=

a
gElen, 7] AxzRY AdA A S Fadst 2ol wd AFURG v 95 AS A0
[e]

E
olw Rl 2™ (Rackova, et al., 2009), AA F3F &
al A TtH(Chakravarty, Chatterjee, Yasmin, & Mazumder, 2009).

ole] wal, 7] VA dAGA ] A AE F5H o oot glon, AEAGHor FaF ot}
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* 1
Sample Total polyphenol . DPPH 1Cso ! ABTS 1Cso !
(ng/g) (ng/e) (ng/e)
Turmeric 57.70 £ 2.10 33.60 + 2.98 48.85 + 3.26
Curcumin 12.10 £ 8.90 192.50 £ 5.48 100.06 £ 7.63

D . .
Expressed as tannic acid

'S)Half—maximal inhibitory concentrations in the DPPH and ABTS radical scavenging assays
<AAld 2> s T Y=AFAAGA Y Ax
1. A% 3335 294 Ax

Izquierdo, Nolla, Azemar, & Garcia-Celma, 2005).

O] Agoa B-Jt2d EE w73 2Y9¥ 22 IR 2 rEAHREY AL 24E 932 9oy

(Ezhilarasi, Karthik, Chhanwal, & Anandharamakrishnan, 2013), ¥Wtd o= 23EL tjofsl EXo] E4FE

A BE3EeY, 53], 32 ﬂﬁulio]‘:w”} oiyeg} weld gegstE, AW, Fr1d, vewl, 3 3

e 9 SRS Xt dorn ) AA A3 AEIE A Hds 2Uge] deo] At

kA, 2 FH oY ]"1 A —Er“—igl L =E Qs 243, = 13 71%0] FAFE R WAL (MCT)OHH sheF
Al
A

| EAHEE s Ya8ll, A odo 1A A FA FEAE BesEHOH O EGNS)E HA Sdid s}
ol 1 WA 10% (w/w)el s%2 Hsot.
oA, % 229 o] GUS 3 WA 569 wRelAE Ale] Axe] UEhiA o A4-odx) EgEe A4W
H gﬂ o

olo] we}, o]F AFeA IS TAS} glo] Hds| AR 77 Y8 3% T GMSTF AFEE e, TEM +
AAF} & 2beF o] 3% GMS (w/w)E AHEe Al5olA T BUg FEH7F AU

Shah, Pandya, K Parikh, Bharatiya, N
oco=, Yo H7E AS, MS7F 3 54S

GMSE Tw- -, 2 EfZPAgc=s 3esiu
Suhagia, et al., 2015), 2 W AHEES &
_]

BR 7] wtell A shekE o] S R Ak
2. 7% i Y=AdAdgA Ax =4 A3}

2
—~
w2
j=
X}
=
=
=

Ae 3 A AGA(IM-NC) S A7) sl 47 Aol 2014 dgd g8l 1 WA 20% (w / w)
o A frehAQl E 80(Tween 80)S et 48 Tt YA GAE Alxstar, 259 A
(US) 3 E4 80 &l whe A7), &% % Ae AAE SA4st] deAddDA e Ax =35 HH 3 519
o}

S = 3b 2 3cE Fushd sk 15%¢1 EQ 809 Ag- e A (282 mm)I 7P A4LE A A7) B
92 AYE T 7P 2 A AH(-22.75 nV)E HERN= Roz g we, 15% EY 80S APFo 2 A3}
At

, XA RAGAT BE AolA 54 AE A9E vEhE
o] Yx=ANAdAGH THo| FRH o] 7] wiFolw(Mun, Decker, &
7

=
McClements, 2007), 15% E9 802 373t YA AAGA Y AEt A9 (-22.75 mV)E <HA3}E Alx"Hlog =



[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0122]

[0123]

[0124]

[0125]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

=501 10-1943211

oin

8] aEEo] 4 4 U

3 HAo gy AYAIE el Ay ® 439 Zo] 187 2S9HUS) AHEH A9, 9xke] mrvt
1553.6nmell A1 414, 3nm=Z & A 3} Al 7131—_/53}9%9_@7 Ae] A7re] Zrpares i o

58 oA A =7](282 nm)2 tﬂ UehA kektl. ®3k PDIE 2S3 APt 34 7Haslo]
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Hol=9] BIZHEE HEsl AESH o]& 7teAdS S7HAZE 4 Ut

i}
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