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Abstract

Curcumin is a natural polyphenolic compound with a variety of beneficial activities. However, its application as a
functional ingredient is currently limited because of its poor aqueous solubility and bioavailability. In this study, oil-
in-water nanoemulsions containing curcumin were prepared by microfluidization to improve solubility and bioavail-
ability of curcumin. The effects of emulsifier type and concentrations, the homogenizing pressure (40-140 MPa) and
number of cycles on particle size parameters and stability of nanoemulsions were investigated. The results showed
that particle size of the nanoemulsion was considerably decreased from 126 nm to 55 nm with increasing homog-
enization pressure, number of cycles and emulsifier concentration. The optimum conditions for nanoemulsion prep-
aration were determined to be homogenization pressure of 120 MPa and 3 cycles. The storage study showed that
the curcumin nanoemulsions were physically stable for about 8 weeks at room temperature.
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oz de o] g5 B2 d7AkEel oldl o

o
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g50l AFHL UthJoe et al, 2004; Basnet & Skalko-
Basnet, 2011).

Ty AFHE Bl A9 =X] = AL BEEEMN,
Aol °ﬂ7V*°] pH 7oA EFgsts A3 pH %=
oAM= HlwA Fgaitial g A 7] Wl AEF 2
OoFE ABER o] &H7]ol= wlf AgHF ol AIF o]
EA) eFch(Wang et al., 2008). &, AFY-S =7} wl$-
w7] w2l o]& AY A & AF AAoleE
Frgol g 2ok webs AFTe 8 A ol&-
S FN717] g w2 A7t g ‘3] Y= 5L Ut
29 Y=ol E A (nanoemulsion)Z 72 A LA (delivery

system)7} A7 S P estst=d AHE-E 2™ (Wang et
al., 2008; Ahmed et al., 2012), o]E A-7-olA] oHAS} =
o 24 E AFVE 271 = Aol HlaLste] AFRI€
AA o] &ES X S7MIZITkAL Barsks]

UrodAde 4oz 9zt A717t ‘/}L‘——’Fﬂf‘(i%
20-200 nm)e] Z7| 2 &&= 01]‘3“4% s %
FOW) B T893 (W/0) oEd
tHSolans et al., 2005). L= HA-& "a Hl o HA
EO:] 6]—2—1 o7 UH o o};e 3} /\l-a]g J.XH o}tq ];}_}}51-
shAY RHEREE Adefolth. Egh v d
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- Zro} JA}e] HEle 250 2 213t 37 (sedimentation),

% (aggregation) & & Y (creaming)ol] sl % g3}
ot A ATHMcClements, 2005). ©]23F oj2] AH o
2 Qlate], Yo 284 AL LS A=
&89 oAl A F7IskaL Ut

2878 AHEAAAE Fste g de thdet #
stygoz Ak 4 e, 2% o4& 3Hhigh pressure
homogenization)= 213, A% B H=ArG oA ot A
F] F3), A, EFEAel e ol &= Ut o] WY
2 FE o3 49, SEulof o3 oprE & A,

ZHaof| 9]%t cavitatione] Al7FA] & ol

#4e BAEE e dAE
st R o 22 JAE A
ot 4# A JtH(Lim et al., 2010).

2 A= A4l polyoxyethylene sorbitan esters
A<D (Tween Al D)S A2 ARE-sto] Qs o s
AT 3 Yo B S Alxste] 2 548 AESH
Atk 3419 59 v%, 28] 3 microfluidizers] 4=
I T3 Yol H A e B8R AT P Aol wlX]
= FFS Ak

e L

2 Aol AE-g AFT2(30% in com oil) Sigma
Chemical Co.(St. Louis, MO, USA)IA +Y3FATt st
FAFo 2 0]8-3 medium chain triglyceride(MCT) 2.
< SHS International Ltd.(Liverpool, UK)S. 25 F g4t
%tk F3kAI] polyoxythylene
(Tween20), polyoxyethylene sorbitan monomyristate(Tween40),

sorbitan monolaurate

polyoxyethylene sorbitan monostearate(Tween60) 2 polyoxyethylene
sorbitan monooleate(Tween80)E-2> YAKURI Co.(DUSAN,
Seoul, Korea)oll Al T+43lom, 718} RE A|2kS AL

2 Apgatint.

LE-OH™e] M=
A]t A7 g AFY T FERAZB(O0W) Y=
EA Az HGe BAEE Fig. 19 JeERAATE Yol
A BAMEE 1%((wiw) AFHS T MCT S¢S
ol g8l on, A&doz = A2 thE HLB(hydrophilic-
hydrophobic balance)#ts ZH= Tween A€ F3HAIE 5
Faol F&sl &MAA FHlEAT F3A SR
Tween 20, Tween 40, Tween 60 2 Tween 802 A3}
3, JA7re f3AlY] FEE 2.5-30%2 ste] AZE T
AFNE THE B2 140°C o]de] MCT 299l #
9 1%E A7 2 27 &
A @zhetel EHlskaith M AE5At

olz] -

oA - PEF

‘ Curcumin + MCT oil ‘ ‘ Tweens + Distilled water

Heating at 140°C Mixing

r v

Dispersed phase Continuous phase
(containing 1% curcumin) {containing 2.5-30% Tweens)

High pressure mixer
(11,000 rpm. 3 min)

‘ Microemulsions

Microfluidizer
(60-140 MPa, 1-3 cvcles)

Nanoemulsions

Fig. 1. Preparation of curcumin nanoemulsions by microfluidiza-
tion technique.

(high speed mixer, Ultra-Turrax T 18, IKA Works, China)
o] &3}o] 11,000 rppmoll A F 387F wHksle] mlo|a 2

oﬂ A4S Axsteh Eada A4532 595 B 10:90
o] vl &R eIt o] W oHAL AFY HFELEe
7} 0.05%(CEAMS: A 473=5:95)9) 0.1%( A9 424=10:90)
o] AT}

npo] 2R HA-S 319t 2 7] (Model M-110L Microfluidizer
Processor, Microfluidic Corporation, Newton, ME, USA)°ll %3}
AR o f3tEo] vl ddE A o] W 1
o 7A719 AY7A 215 #sAA AP APt
Microfluidizer= 60-140 MPaZ A3} 2 ™, microfluidizer
o] TH3FE 7+ 1-3 32 st Yol ds Arkek &
?Jﬂ::ﬁﬂ% o] &atd PAt=7] H At E S48k
AN | A A2 2s FE

ﬂ‘ﬁ‘ —5}0 1;|,L01]D4)C:]v/] J:]_H_ O]Z]—ﬂﬂ ol O]X]'H:‘:i_l::_
+ dynamic light scattering 9]l 2|3l Zetasizer Nano-
ZS 90(Malvern Instruments, Worcestershire, UK)2.Z 2
S Th 25°ColA guj 2 29 EHFE 73S Fa u
EoEAE AHs] st & A4S F 1mLs 5k
33 e SAste] Hape® Yt o] o, - E
72 AFHA.47), MCT 2Y(1.45), 7314 (Tweens: 1.47) =
1“41 & (133)9 7217 24 & @ ol8sto =8tk v

LoHAe] YA 7]= particle diameter(nm)Z =W,

A 5= polydispersity index(PdDZ LE AT}

HEfRIS| 52
A e $1(Epotential) =742 electrophoresis 2]l 2] 3]
Zetasizer Nano-ZS902.2 #4139 th. Alehd fl= 220=
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Al2="lo] IS ol &shedl o]&3kH, L ghol +30mV
o] = 30mVelstd ¢ tiia etk Q1A sk
(McClements, 2005). Al S5& 25°ColA A7174S A5 A4S
T ogde S 2] THRTE HA3] sAste] | mLe
3§ 3 3] ¥hE SA st FAp o= YeERUTH

MEZ |2 e 22N oFeY It

Y=JR} Az 220 /-3k4] 5 Tween 202 A& 3o,
FeAle] F=, 29t #2719 E 2 T3S wet
AzE AFY TFH dxdEA L F2Q25°0)0M F &
B AGSEA 4 717 YRATTE S ST

SHXZ|

2 Age BE 42 33 AA alen, 7k 44
o] 242 33 vk S Fgholn, 4 A3 o
3t EAEAS SAS = 213 (Statistic Analytical System,
Ver. 9.2, SAS Institute Inc., Cary, NC, USA)S A}-&3}o]

frold S Al
1} gl nEk

J9F wEV(e & o SHSI0l [ME YXEY

Microfluidizer= w3, &4h, 31 H4of AMg-5]= Ay
2 SEY, ddE, AvlEolde] Al 7HA e )3t
F YAREEE 7= Y=arle g4as 42 + A
t}. E3], microfluidizer® A ZH A3 YA= HAgnpzt
o] FHE R} 7Fal7| wfitoll 7 (sedimentation) £ =]
Y (creaming) 2-g-o] 2 dojux] glo} Ut AHEANG &
g Egdo=m <ttt 4w A vth(Lander et al.,
2000; Pinnamaneni et al., 2003; Solans et al., 2005). 717
U Yo dde T 9 F2 st e o3 Al =3
Aok WA, IS E317](high speed mixer)E ©|-&3}e w}
olfamEAE Aitetlen, 2@ ARE LY 427
(high pressure homogenizer)E 534A1AH WA FE|<d
Y=JRE Az 2% 72 7], = microfluidizere]
oe 9@ FHSTE oAEAY EEF Al I &
Fe 71T a dE R 2 Ao e AFHS st
ol gd Alxe] HAxdE FYstauat gk +27]9
b i3

= 1
= =
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[t
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I
=1 .
g 34719 e % FAsE 2] theolY
& AT Fol Q427 2 AkdAE 29 A%
> .

E3H1 8 10:90)0l JERASIT Yubd oz
ok o) A EE YA 27 Adgs s
Hg #AZE Avk dE A 2o ™(Lander et al., 2000),
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Fig. 2. Effect of microfluidization pressure and cycle on (A) thedroplet
size and (B) C-potential of curcumin nanoemulsions prepared with
10% Tween 20: ratio of disperse phase andcontinuous phase,
5:95. “"Means significantly differ at the samecycle (p<0.05).
**Means significantly differ at the same pressure (p<0.05).
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7} SV E s o] EA o] Frkste] 7hAdt
2 BAETHKim et al, 2012). B33} A549]
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g 2 F315e wEt 93.5nmoll Al 161.3 nm ¥
B Ao (Fig. 2A), w42 AS2de] ] &0l
o o] FFYAI7]E 69.4nmelA 121.9nm Z71¢]
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Fig. 3. Effect of microfluidization pressure and cycle on (A) thedroplet
size and (B) C-potential of curcumin nanoemulsions prepared with
10% Tween 20: ratio of disperse phase andcontinuous phase,
10:90. “*Means significantly differ at the same cycle (p < 0.05).
*“Means significantly differ at the same pressure (p<0.05).

A YA i) EA4S Adsle AR olgHTh &
3], Alepd9le] duizke odd fYAte] =S e
= 712 A8E o 1 duigke] E4E RS
FEE AT dEiA o MceClements, 2005). A€k
Ao EHAANE Aund, 7h ok AN 29t #F
719 A3 SIS AE 99 X*ﬂ%ml wrast
= FFE JET &, 1 #27] FA8lgE oeA
P75 AA skt o] w9 mA o), °‘XH Qr
AR SHolMe ¥ aRHo R vehuth 38 #2719
&g B FHSlo] e P AHE dAET] SHAA SF
HRUE S350 de) 2 9IS B3-S FEA

oA - BEF

oh wEbA dAE Azl oA #
Hol| oaf) M2 gF o] doftA] FaL
A A 4 AEF afoF Ftk(Chang and Fogler,
1997; Surassmo et al., 2010). EAko] 2 FX] kS 7-5-9
= AR & B A oste] 3k AlFe o84

9 Fgo] 7asH " 2HBuE YAt S WA
ShaL Eabdol Z3F B4 717] s = B4R AL
HE A 5 9 T2t vl$ S5, dntdgow
Tweens Al e] f+3HA|7} ol o] &=L St £ HFe
AHEE §3AlE Uod A Az Aol $FEAto] A
PA=Z7] S wpo]| A2 e T JAF Aabel] 2lo] wig-

aHolZt A 3l

2 AFollM e 28 #2719 FYd 279 120 MPa
A olalf AxE AFR T vheolE A Ak 8
S AEENeH, I AFE Table 19] YERARITE o] A
Aol vieo B ] JAHE 2= TR fﬂﬂbh Exi=
551 nmoA] 122.1 nm HLI R oH, JARZAA]F= 0430
oltE SAFHAUTE YAHEAA F= ¢
S UEill= 3R AL HAdTE F2 YAHEEE YE
WHTH(Yuan et al., 2008). YHt oz AFT Lo
PAHEARA 7 3E 043 o]st2H] Ay oz F& He
°‘X}%EEE YeERA AT
F Yo Ed Az Al Tweens 55 2.5-
AN AREEE W Y7 E A olEdS
T AAJT F3A T/ mE A= FSHA
¢} X2 tE hydrophilic-hydrophobic balance(HLB) kel
BEREEE l‘:‘__r/]. HLB Z+e 212-43 21849 ﬁﬂ‘&ﬂﬂ

v g0 w F8A 21 Toﬂ RN
+3E YEPATH(McClements, 2005).
B Ao AF2E Tween 20, Tween 40, Tween 60,
717} 167, 16.5, 149, 15022 &
A 919_u4(Yuan et al 2008), fr8HAI7F 2154 A
HLB %ol oW, I+ 455 HLB %ol @A 374
. B AT ZAIE Yuan 5(2008)9] A-9f o] ARE
34 5 Tween 4002 A ZE oHAH| & F3
Azd Edr FhH o g JA=717F A4 SAHEA
ok 2y, e d7E 3 B2 Tween 80 fr3HAl =
AzE YiedEAe] A9 7P A2 4A=271E ERi S
TH(Yuan et al., 2008; Jo and Kwon, 2014).
Azd ieoEde] YARELAIGFE HlaLs] B, HLB

el 7HE =& Tween 20 F3HA1Y 74-$- gz e

FAE R Bavgt Al vgel 5959 o,

15% Tweens®] H71E oBAL JAEAAFE A HH,
Tween 2022 A|ZE ABHL] YAFEAF+= 02272

HbHo) Tween 8022 A|ZH JEAY -9l 03452
el 2 232 n)Fo] & o Tween 20 f-3HAl= ¢
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Table 1. Physical properties of curcumin nanoemulsions with different emulsifiers at different concentration. Ratio of disperse phase

and continuous phase, (A) 5:95 and (B) 10:90 (mean=SD, n=3)'.

Concentration (%, w/w)

A) Emulsifiers type Proper
) P perty 2.5 5 10 15

D (nm)? 122.1+1.626" 117.7+£4.063% 103.0+3.762" 87.6+3.068°
Tween 20 PdP’® 0.249+0.017" 0.234+0.005¢ 0.226+0.013 0.227+0.014"

C-potential (mV) -11.97+0.208" -8.86+0.858"¢ -7.79+0.624" -6.34+0.21"
D (nm) 126.1£2.364 122.1£0.4737 117.0£3.153% 97.8+2.191%¢
Tween 40 Pdl 0.293+0.025" 0.27+0.005" 0.269+0.008" 0.337+0.025*
C-potential (mV) -16.57+0.603" -14.03+0.252¢ -12.87+0.252¢ -13.23+1.9148%
D (nm) 124.7£0.9618 110.8+0.202% 107.7£1.274" 92.5+1.353"
Tween 60 Pdl 0.296+0.026" 0.383+0.010% 0.286+0.037" 0.311+0.025*°
C-potential (mV) -14.2+0.361% -15.33+0.493 -12.2+0.529< -11.9+0.346"
D (nm) 101.1£0.764° 109.3+1.136“ 88.6+1.074 74.6£0.676™
Tween 80 Pdl 0.397+0.028"* 0.286+0.028*° 0.369+0.002"* 0.345+0.006**
C-potential (mV) -12.43+£0.473"¢ -10.5+1.8935 -8.92+0.423"% -6.7+0.731*

(B) Emulsif P Concentration (%, w/w)
mulsifiers type roper
P perty 5 10 20 30

D (nm) 110.5+£2.9844 97.4+1.279% 70.5+0.935" 55.1+0.388™
Tween 20 Pdl 0.280+0.01¢ 0.259+0.007¢ 0.215+0.019 0.201+0.004"
C-potential (mV) -9.93+1.046"° -7.62+0.3924° -6.23+0.505" -6.31+0.480"
D (nm) 104.8+1.159" 104.2+0.608** 90.3+1.3724° 64.4+0.998%
Tween 40 PdI 0.415+0.005" 0.322+0.0615° 0.305+0.019%° 0.326+0.0314°
C-potential (mV) -14.7+0.8005¢ -12.93+0.2525° -11.43+0.5778% -10.9+£0.8725
D (nm) 99.1+0.952¢ 93.0+£0.5935" 7240.681% 61.1£0.3825
Tween 60 Pdl 0.430+0.004"* 0.370£0.015B° 0.324+0.0117B° 0.350+0.013%
C-potential (mV) -14.27+0.569" -12.77+0.252" -9.44+0.573" -11.4+0.529%°
D (nm) 92.4+1.38™ 85.8+1.535%° 70.1+0.855" 56.9+0.314%
Tween 80 Pdl 0.350+0.035" 0.319+0.038** 0.345+0.008"* 0.333+0.0074
C-potential (mV) -8.68+0.7394 -9.31£1.675% -9.71£2.257% -6.16+0.397

' The emulsions were prepared at the microfluidization pressure and cycle of 120 MPa and 3 cycles, respectively.

2 D (nm), accumulate mean diameter of the nanoemulsion particles.
3Pdl, polydispersity index

*Meantstandard deviation of triplicate determinations (n-3). “°Means with different superscripts within the same column are significantly different

(p<0.05). “*Means with different superscripts within the same row are significantly different (p<0.05).

AHEEE FHAAE 7P e BAASFE FlE]
ol YA Al fEpARY JAF SZFE L - L2
AT e E e 2ol AR

A AEde] &S 5:95(A)9F 10:90B)e= e
sto] olEddg Axste] 2 548 Vsl FAbe]
TRV EETE B2 F3A7E ]85 wiEel dHA L
2 B smrt =2 AEAdd Al dA=s17r &
A debgS st b o' Tweens®] =71 5
7HEEE WedEde] YR e adhe B EE 1o
FIL 9t 1 ol AAREIITE eSS 21 E o] 74|
7l e, & x9S dev ¥ B2 /3 E 282
7] Wit Aepd e SAAAE FARE S UEhh
om, FahAle] FErt STHEFS A ghol Ha
ke dde Btk TweensZ S 4]0 A+-9] Aepd
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EE s
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FETH(Yin et al., 2009).
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Fig. 4. Changes in droplet size of nanoemulsions containing
curcumin prepared with various Tween 20 concentrations at
room temperature (25°C) for 2 months.

Nanoemulsions were prepared at 120 MPa and 3 cycles.
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Fig. 5. Changes in droplet size of nanoemulsions containing
curcumin prepared at various microfluidizer operating conditions
such as (A) pressure (3 cycles) and (B) cycle number (120 MPa) at
room temperature (25°C) for 2 months.

Nanoemulsions were prepared with 10% Tween 20 at 10:90, ratio of
disperse phase and continuous phase.
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