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Abstract

Curcumin-loaded nanoemulsions (Cur-NEs) were prepared with medium chain tryglyceride (MCT) oil, soybean lecithin
and various biopolymers such as glucidex, whey protein isolate (WPI), and hydroxypropyl methylcellulose (HPMC)
as co-surfactants or stabilizers by ultrasonic homogenization. The Cur-NEs were characterized by measuring the
mean particle size, polydispersity index (PDI) and zeta potential at various ratios of lecithin and biopolymer
concentrations. The type of biopolymer also affected the particle formation and mean particle size of the Cur-NEs.
The mean particle sizes of the Cur-NEs increased significantly from 204.7+0.7 nm for Cur-NEs with only lecithin
to 265.8+2.58 nm for Cur-NEs with HPMC. The storage stability of the Cur-NEs was investigated by comparing
their particle size and viscosity before and after storage at 4C and 25°C for 2 months. Phase separation was observed
for the Cur-NEs with WPI after storage at 25°C for 2 months, while the particle size of the Cur-NEs increased
significantly by 5.8 - 11.6% after storage at 4°C for 2 months. The morphology of the Cur-NEs observed by transmission
electron microscopy (TEM). The TEM results indicated that stable Cur-NEs can be prepared by using lecithin,

glucidex, and HPMC as a stabilizer.

Key words : curcumin, nanoemulsion, glucidex, whey protein isolate, hydroxypropyl methylcellulose

M E

73 & (Curcuma longa L)°] B8] FtolA FE= =
Hl(curcumin)-2 AFAA Q1 ] Jﬂilﬂ 2 FER 4
F g AE AYER o] ARSSHL Qe wed Rg R
<] A 9 thKaurs} Das, 2011). AJ 75te] A=A
7150 thak B3 ATo] wEw AFue gals)
6170:]2, 5}0]. 1:11 ‘61]:]}—0]31/‘\ 7&1’—9— 5'4 rjr ]:?‘51‘ 7]‘5 S 51‘:401
s dejAEA QIR 7S A7) 91E ok
g o] HzAlo] R0z AgH o] g(Kuo 5, 1996;

Lantz 5, 2005; Kunnumakkar 5, 2008; Kaur$} Das, 2011).

AFRLE QA B gt 3F Hol= 3oz
A AL FolE Bt FEdds & 54| &=
‘rlr%*é =48 delA UtkXiao &, 2013). 53] A&

9] ]b‘ﬂoﬂ szOEJ Ag,:;] ﬁ—/ﬂ /ﬂlﬂ ogz/q ;q_ﬁuﬂg]
A8 e AU e SAE 2 eAa) e 4

[¢)

SEE 4 9 2AlA F57 AskE HH}EH A
2 olojxicka 4 A 3thXiao 5, 2013; Salehi 5, 2019).
AT pH7F GZE Q1 A H‘Oﬂ ZHAE W, =
=2 ewol 9 Fad =EHUS wo] 57 343
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A3} ™ (Salehi 5, 2019), 4 pHelA & o} 27
H|sto] QP SRR A FH 7} o okF o &2 ARE-shr] <l
= ul§- Aol ojzfdt WS &3] $15ted, AF
S Ao my kg B A% Ao £,
shebq <& S7MAE F dth FHIZdE AFUS
ieslkele d7Ee] @ash =1 glon, o1 Fo
M 2 ADAE o] &g Yie o EA 7]se] Bol o] &
=31 9ItK(Cho 5, 2014; Ma 5, 2017). o] g thizol g d

2 7158 BEHEY A3 e
S =E SV & e ZeE BauEm glof(Cho
T, 2014), WA FO RO AL LolstA & F U=
Ao werdrt

Ui dd A3 23E A8 EAES oF 3
o BRH HEale] P FElR AU 55 57t
A 4 lem(Jo 5, 2016), YRFH O 2 500 nmiE.Ch 2F2
Bt Al A7) 2 o] Folx|H, 4AF 27|17} A7] Wi
o] AR BB FiA o FetA FHETF F1,
Aol vl fettta Bawn 9lthKatouli 7,
2018). Yo BHE 28k Al AW F5&0] T7HE = %
o] slef, ol & o]&3t AF, 58 B Ak Aol vheket
&-8o] o]FolA 3 3thKatouli 7, 2018).

AA7A] Ve HA 71eS 2 F 28317 8,
olAlel et 3t FaEAlE AES FAE Al st
17} 3hE AFEo] 9| o] gt oEd Az
Al thekatA ol g5 Q& vle] L ZEHELS kA 2}
frAket 542 AYar glom, 1ol Fafiabm, AlHed
Aol RA G2 o dde] PPAE ol = AL
42 = dvha = Avklo 5, 2016). THA A Hlo]
EYHES FnAd e EAE 7AW, 2933 739
AAH 2 FElo], AU S o] FoaM, O5
o] kg B 7SS frAlste, fetAl 2ol JEE
2 P 5 e oz A vk WA, geslE A
Hio] @ Zem &2 A& HEE S7HA Fof
dde] P Fdlel A 7ldste AR AR
I Atk B EdtkSilva &, 2015).

AdubA o 7 Yieo|dd-S A xslE W o gE Ady
A (low-energy) ol'HA 3} W3} 31019 %] (high-energy) ©f
Hds WHo R A B7T F UTHWistra, 1993). 734
Ao AHsters A 7Hte 2 PAE = Aol x] B
o 2= AP (spontaneous) ©l H A 3k(Shafiq &, 2007),
A}7174 3(self-assembly) °l'2 A SH(Pons 5, 2003), &7 0]
2= -3} (phase inversion temperature method) 5°] 312
™ (Izquierdo 5, 2004), o] &gk WHES B2 oUA] 7
Z0 A vieo A 3/do] 7hsstA| N B dH o =
Dot o] ZivkEar, e vheodd Ao fA
Fe Ao HaEo] 9 th(Forgiarini 5, 2001). ¥FH, &

Uzl S Q=& ste moUXA| o dA3s} HH2

b3t 7] (ultrasonic homogenization)(Jafari 5, 2006)
%3192 7] (high pressure homogenization)(Tan¥}
Nakajima, 2005) 52} 22 & FSPIAE o] &3] ol
S Azt HuEct 233 d#47]1E o] &3t 9
A WA f3hA| o] EAlstel 2SR E 7
 BAE= Ha AF AFSRE el &l T 2
AL DA, & Fro] FRH o= Q5| v
"] FhEoiA| A EthMaa}t Hsu, 1999).

B AT e vedEd Az A AFd 48] 7k
St f-8}A| A, lecithin, glucidex, hydroxypropyl methyl-
cellulose(HPMC), 2 whey protein isolate(WPI)< 17 5}
253 74 AE B3 YeoB S Alzsk Tk 2h2t
FrepAlo] T Yol e £ Wskel pH 3 A%
717te whE <A WstE #ESlS A, transmission
electronic microscopy(TEM)oll 2J3ll ¢4#le] e & vl
Ui e l=

Bope &
fr do

ELRTS

A=

2 Aol AFE-gF A7 Acros Organics (Morris,
NJ, USA)ell Al ATt vlo]| 24 Al A 2 AR5
= Ul lecithin-> Junsei Chemical(Tokyo, Japan)ol| Al %]
3} th. Whey protein isolate(WPI):= Sungpoong(Anseoung,
Korea)°l| 4], hydroxypropyl methylcellulose(HPMC)+ Lotte
Fine Chemical(Incheon, Korea), glucidexx= Samyang
Corp.(Seongnam, Korea)ol| A A ¥ESkTh Medium chain
triglyceride(MCT)+= Now Foods(Bloomingdale, IL, USA)®]|
A Fdstsl

Lco™E™ e A=

AFNE 73 5723 (oil in water, O/W) Lol
WAL 253 #2A8]7](VCX 750 apparatus, Sonics &
Materials, Newtown, CT, USA)E o] &3} 2] 750 W
2 108 St A2l S Bl A=xslen, vlo] e &
o frEAe] FRERE 47 A xStk Yo E
MCT 29-& Bado g slod 0.5%ww) 71771S A7)t
o] Azstlon, A%FoRE lecithing SFF &
8] A7) aL, Z42te] mlo] @ Fe| WSS 1%(w/v)E &2l
AlA Az ARl MCT 2.4-& 80TollA] 3 Azt
B W = AFNE Fo] 2RI Bt BAAA TR0
), A&dell= 1%(wv)ell &l gst= HPMC, WPI, glucidex
2zt YAl S 591 SRl falAZTh 24 ol
A&} FAMYE E3eta, 1457 A 7 (high speed

homogenizer, ultra-turrax T18, Hucom System Co., Ltd.,

s
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Seoul, Korea)E ©]-& }oq 12,000 pm X2 1027 Wyt
sto] whel AR WA S Az ol F ek w37
£ o]&ste] 1583t ‘%EMO% ol & Alzsksi o
AXZ7| ¥ dAEET £H

AT gAY B A7), polydispersity
index(PDI) 2 A|EFH $]+= dynamic light scattering 2] &
o] 83} Zetasizer Nano-ZS90(Malvern Instruments, Worces-
tershire, UK)E ©]-8-3lo] A3tk Yeolldd 2 mLE
Aste] 33] W& S oto] PFEFge® YehUTh

XE7(ZHo]| M2 EalH AN "I}

A 23 Lo HH -2 4Tl A 271 &<t B3 & 4=
o] P HI7HE Hste] dAke] A7)9} PDIGkS] WSS
wEEATh E3h 270 Rt 4T} 25Tl A Yol HA
= A & oo WslE #ESSTh

Transmission electron microscopy(TEM) &
ME o|3¢& Xt YEio WE

o1l ixke] Jejd 542 TEM H| & o] &3}
of TSI o Hd AZ 8 &
agE Aol AZAT7|a 1E BRE %Rl/‘]ii‘?}. ko] &
NS AR 2 A AT 2%(wiw) l
gk o Agste] oF 137 B3t *“%:% A5t o TEM
oA & A7] f3le] BE MES AL 12AI1F o]
AxAZ & #EsA

pHe A&

pHell tigh 42t P4 S H7sl7] €138k potassium
hydrogen phthalate©} HCl-= ©] &g ¢+%-&-(pH 4, 25T)
9} Borax®2} NaOHE o] &3t &8 (pH 10, 25C)= A=

of Vol
b,

011

&} J=ke] =79} PDI W32 25T ol A]
Sy

M rlor
ol

Z70 HoEde Fx £

AFR - heeldde] == 250 mLol| Hol A
(25+1C)ll 4 % =A|(DV3T, AMETEK Brookfield, Middle-
boro, MA, USA)E ©]-&-35te] tieoHA o] =g 43t
ATk 4Tl 270 St A 5 ol g o] A= W)
= #ssh

SAH X2

BE B4 Ay 3nkEo s A3
A3} tigk A A2 SPSS FA| 3 & 713 (Statistics
Ver. 24.0 IBM, Chicago, IL, USA)S ©]-8-3}%] 1L, Duncan’s
multiple range test® °©]-83te] HA| o] Fod=
p<0.05 Tl Al AAISte] 7+ Al 53ke] oA}l Aol &

Az s,

Zdat o o

Hio|2Z2|H ERol e LooHE Xie £4
Fig. 1(A)= AFY YeodHd AZ2E $I3F ternary
phase diagram® 2 U7}, 74 2 {F3hA g Eof o}
2 HH 245 2] 918 Aotk v B S Az
= W ATt dojuA] @i, AFRle] A e
A e o g Hl& S O FAsIoH,
FEE7F #EAE e 212 x2 ZAISIA T Fig 1(B)2F
Fig. 1(C)= 77t T vlo]| &M & o] &ato] A3
o de] Qizke] =71} PDI 2 AER 915 VERA
Aotk AFH Yo dHdE datd oz nd dA47| 5
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Fig. 1. (A) Temary phase diagram, (B) particle size and PDI, and (C) zeta potential of curcumin-loaded nanoemulsions (Cur-NEs) containing
lecithin, glucidex, whey protein isolate (WPI) and hydroxypropyl methylcellulose (HPMC).
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th. vlo] @ Fel & FHobA] &, EAIRIT o R Alxgt
AT o84 Hit 204.740.7 nme] YAE7|E e}
e, PDI 32 0.181+0.018, AEFHLE -68.11+3.30
mVE - P g Yo B o] A 2EH A5 18I
o}, 3, glucidex s 3 = H71eE 745, dAkel 271+
71 AA 2o HQ o, lecithintHe: 344 2 AF&-3F
Za-5-oF Blastl S W o4 < (p>0.05) Aol gle B
2 Jehgth WP A%, 9ixke] A7) BT 223.54221
nme| 3L, PDIE 0.186+0.01 2 lecithin & &7} A 23k 1eo]]
HAF glucidexE 7138 YieolH AT} v wel3] S uf
U2k Z717F S7bskR o, 724 (p<0.05) &= Zfo] 7}
ASS BT HPMCE 342 713 Yol d
Aol 497} 71 dAE 24 BEE AT Aeb 9] g
lecithin® & #| %3k Yo B AR vlo] o Zg|HES
FrHAl = 7k A5 el A (p0.05) o2 STtk AL
2 #EEAHFig. 10).

I o 2 {ixfe] A4S YER = PDI 442 4Rt
o] BA=E Y& A E2A W9 0014 1 Ake]e
oz FAIET Ak B4k 0.3 o] 8]l A f-=
THEAMS FeffolH, 1 o9 ghs vehd A9, T4t
oy} thiskd @9 oHAd YAt REHO USE
& & dtido 5, 2016). T3 AEPAL] Fko] +30 mV

rlo

o o [

ool At -30 mV ©|skl A,
o] T7¥sh= -5 Uk P
el A7} 0ol 7R A= SR8 A9t
1 BaEo] tiLim 5, 2010). ¥ 23 glucidex,
WPL HPMCE F3HAl &= H7Feh BE A&l A Al 9
o] Htjjgko] 81.25+2.43 mV, 82.53+2.49 mV, 74.96+3.41
mVZ 2tz Uep gate] ebg/do] & As #aEd
T AATH

= AEpas)el Aoz
Zojs) Wb, AEkd

ME 5 22y A3 gt

PARe] A719F PDI #h= 7122 ot] AFR veeld
o] =814 PS5 st Fig. 2(A)lA B 3
¥} o] Y Bt A% F dxke] 2l AR Hokek
A= 7% oF 11.68% <716kl aL, vlo] e &2|v & 3}
Az H71E A 852 47 5.86%M4 821%7} 57t
AR TS Al 2 ARE-SE 759 vlste] YAk 27]
o] syt AL A A 5 Uk T3 kel 4k
T2 YERY 3= PDI ko] Aukzl o g 019914 020 Ale]
2 Yeht 27 Tl YRS v 2] EAEE
U= WA 5 ATk 209 AR & A A1 wg)
= e vl EZRHWE A 2 lecithin®] 73-%-7}
11.6% S7t= 718 2A] Wslsil o™, WPL, HPMCE
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Fig. 2. (A) Particle size change rate and photographs of Cur-NEs+lecithin, Cur-NEs+glucidex, Cur-NEs+WPI, Cur-NEs+tHPMC after

storage at (B) 4C and (C) 25C for 2 months.
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A2 043 Lo B o] 717} 5.8%, 6.7%% AL
2 92 ]zl Av|e waks #Eeth 7€ ATd
=EEd mad, Weish 22 A {3 E vl
W Az o83 A3 YAl PIYS wRE 9
Ao 2 HuE gltho 5, 2016).

&9, Fig. 2(B)ollA] B AT} o] 271Y B2k 4TS}
25T AR T Qdxle] MslE Soto 7 FAsle] Bk
B, 4TAA AT A5 B or A ASlA
ey e wEE 5 gllod, 25Tl A B¢
WPL A Zo] At 2227} doute A3 Bdd 5 )
AThFig. 2C).

MY F Mol wsl
Fig. 3914 B A} Zo] 27] A= W3} lecithin
A7bek AMZo] 2774005 opE AE7} PF 2k,
glucidex$} WPIS 713t MZE5 747} 3.17+0.1 cpot
3.7740.05 cpE UYERSICOH, HPMC FH7bgh A&EFS
3343+0.05 op= 7P A =7t w& A2 IRIEATE 274
4 B 4TAAN A £ Ao A=E Sl 2 23,
lecithin¥} glucidex H7} AEEL H= W3l7} 4] ke
. WPI 71 29 A== 3.7740.05 cpoll Al 12.1£0.23
cp= °F 32u)7} 718 }Oﬂgui, HPMC #7} AZe] Hee
33.43+0.05 cpoll Al 94.75+1.11 cp= < 2.83u)7} Z78h=
AL & T UJtk e FelAM = Ak 27171 A
o= A oo B A%, A=t ulg- WA SS9t
= od:rL Aol BuEthLee?t Yoo, 2014).

pHe| ¥

Fig. 4= pH W3}ol] W2 AFH vhiceldd o] xp=7]
o} PDI ¥ 32 YERH A o], Fig. 5% pH W3} w2
AT o dde] Jel s Yehl & ARlelth pH
19] 724 20 e AR UiedHAde Bebgata,
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Fig. 3. Viscosity of Cur-NEs+lecithin, Cur-NEs+glucidex, Cur-
NEs+WPI, and Cur-NEs+HPMC before and after storage at 4°C
for 2 months.
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F 4= gl o) £9] lecithing} HPMC A7} A& 9] 7%=

aggregatlono] dojuh= A TEE 4 AU, glumdexgr
WPL 37} A9 5= SEe7t dolwet 34, pH
4ol e BE vheoEde] YAte] A717t ke e

WIS, WPIE fr3HA| 2 H7FE 73, vl dd 9
< wel7h dolut A 271 540l =7s st PDI
% pH 49] ¢ BE AZEA Steks Ae & F
A=, 53] HPMCE A7HE vhedbAd o] 571 <
Zpe]l =719} PDI 25 2 S71ES oAt} pH 1091
2 M = lemthmﬁr glucidexE ©]-&-3F Yo g o] ¢l
A7) E Aaste W, WPISH HPMCO] 795 94Ak=
717} S7kehe A& #ASSIT PDI 42 2E Aol
s7hetsd o, 53] wmg} HPMCE 713 vmel i
o Bt 2 S7HES HAFdth
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(B) OpH4 OpHGS mpHIO T

0.40

PDI

020

Cur-NE+Lecithin Cur-NE+Glucidex Cur-NE+WPI  Cur-NE+HPMC

Fig. 4. Changes in (A) particle size and (B) PDI of Cur-NEs+Hecithin, Cur-NEs+glucidex, Cur-NEs+WPI, and Cur-NEs+HPMC at different pHs.
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| Lecithin | | Glucidex |[ weI || HPMC |

| Lecithin | | Glucidex ||

. i ‘
:&nﬁ-a
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Fig. 5. Photographs of Cur-NEs+lecithin, Cur-NEs+glucidex, Cur-NEs+WPI, and Cur-NEs+HPMC at (A) pH 1, (B) pH 4, (C) pH 6.8,

and (D) pH 10.

dukr o g AFULE FA oIy M e e pHY
FEA = &3llE 7] oje]-5H, ofrlEelt, HlERE, o
et a7 53 22 A 27 gelE = ¢4
94E 73 dvka gefA AvKCho 5, 2014). 53]
AR Fx= &Aooyt &l WellA enol® 2 ketod
o] T 71A] o] AR EAshH, &nlje] 1ol whet 71l A
o7 WH3o| 4& EZEMH, keto-enol tautomerism A4S
#e 4= lti(Cavaleri®} Jia, 2017).

AR Fx= oIV A pH 1oy 8-
e A= ketod 2.2 EA)5H, dzte] A A= enol
For EAgta HuEo] glom, ketoB Y -5 AT
o] Aol Ao 717k, enol@ o2 EAE A
ZgE FEA oA Fo A 77k Aoz wgleitia
H %o} glthJankun 5, 2016). AA = AFR vheo WA
AEZo] pH 7 ©]3te] AER] A= v A H=
ghd, dze] 2291 pH 1094 E AFT dieold Aol
AZro] g o 2 WslehE RS wEE = STk ¢,
izodAe] pHE AHd Z3dov d2e] o= |
713 SAIRE Wl A5k ARl A2 210 degradation
products= AJEA] %k Aoz wrto] Hrh

>

Lheo M eixtel HEf 2Ha
77ke] el A 1A} @
% olg3lel datel Fehsh $E J=E BAAY 1

A3}, vheodde] 4t Fele 2o SN T2
el FFE o, odd oM = HPMCE
Sl = AR AAE 7P Fas 4Ake] EE 7R
A & F UATHFig 6). A Q=i e § vheolE
el 2715tk TEM ARGl M= 2] Yebke e 82
SAed], ol AZ Az oM JA Y] Friol
SEHTA AR A7) FaE e Aom YE .

g HPMCE #3HA| 2 3713E veeldd o] 45 At
E=7b g Al BAEEE A BRENeH, o]
HPMC7} o8 @30l 243 fratll2A el 92 &
tha co] Hr

it

-

¢

B
1

10 " o
mEl

o o]
hd =

= AT e G A Ed B4 AFR
3, ARl Al g5 neste], 4EE
&t 253 AR E Sl vhecld
S AzsgTh Az Ueoldde] vkt 44 &
& AR 2221 ulo] e Fejw o] Fiel ute} th2A
Uehton vodAd ¢Jate] A7) glucidexS 314
2 ARER A7t 7P AA vERsaL, HPMCS] 737t
7Vg 2A e Alte] Al whE ved A At
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Fig. 6. Transmission electron microscope (TEM) images of (A) Cur-NEs+lecithin, (B) Cur-NEs+glucidex, (C) Cur-NEs+WPI, and (D)

Cur-NEs+HPMC.

& w, 24k 289 pH 164 1Ae] S8} BEe
Hed o% A 2, pH 40l A= Auka o 2 gizjo]
=719k PDI gko] &7 S7Felslen, WPIe St a7l
Jojutt) &) 2712 pH 1004 = lecithin} glucidex
2 Hle Jeddd e ezt 32717} sk vk,
WPIS} HPMCS #H 713k Ywdd A dxles Z7)ets=
4 ST pH 10 2004 PDI e 17 S71ohe
Age B+ U9

o] =& 201631d % wA gt w Al w AH] A
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