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Influence of Biopolymer Emulsifier on the Characteristics of
Curcumin Nanoemulsions
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Department of Bio-Industrial Technology, Konkuk University
'Department of Food Science and Biotechnology, Kyonggi University

Abstract

Curcumin is a natural polyphenolic phytochemical, which has a number of potential benefits in biological activities.
However, curcumin has extremely low water solubility and low bioavailability, which makes it difficult to incorpo-
rate into many food products. In this study, we investigated the effects of biopolymer emulsifier type and environ-
mental stress on the physical stability of nanoemulsions containing curcumin. Nanoemulsion containing curcumin
stabilized by sodium caseinate (SC), whey protein isolate (WPI), modified starch (MS), and gum arabic (GA) were
prepared using microfludizer. The droplet size of nanoemulsions decreased significantly from 1028 nm to 169 nm
as emulsifier concentration increased (p<0.05). The optimum concentration of emulsifiers for stable curcumin
nanoemulsions were determined to be 1% of SC and 1% of WPI, respectively. The storage study showed that the
nanoemulsions were physically stable for 5 weeks at 25°C. In addition, nanoemulsions were physically stable against
heat, freeze-thaw, pH, and NaCl solution. However, extensive droplet aggregation occurred in protein-stabilized
nanoemulsions at CaCl, solution, which was attributed to hydrophobic interaction between droplets.
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oflddE it on, o9 YAA7]= 100 nm B=
€ YepH el A7 7o E Bt B X o2 vy
oFY 3l AelE F-A 3k tHJo et al, 2014). Tween AlE ]
A= ek 7He-shE o] mig- Hojur] wiizel o
A A A FA g YAE FAske §4S AdT
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Table 1. Physical properties of curcumin nanoemulsion with biopolymer; ratio of disperse phase and continuous phase, 5:95 (mean

+ SD, n=3)
Concentration (%)
Emulsifiers”  Property
0.1 0.5 1 2.5 5 10
D (nm)” 205.7+£14.854"¢  218.0+£1.25% 188.0£0.503®  169.8+£2.879%" 177.8+2.954°® 166.0+0.462"
SC PdP? 0.375+£0.389®®  0.285+£0.039**  0.246+0.034  0.235+£0.045 0.212+0.048** 0.222+0.015®
-potential (m -48.6£0. -45.3+£0. -40.5£0. -44.6+1. -454+1. -40.9+0.
p ial (mV) -48.6£0.306"%  -453+£0.404*" -46.5+0.850° -44.6+1.250" -45.4+1.473*P -40.9+0.954°°
D (nm) 707.8+8.351®  2592+3.172°C 1989+ 1.185®  185.5+1.686" 179.5+1.453%® 180.4+1.274%®
WPI Pdl 0.456+0.036*%  0.226+0.042°*  0.136+0.008°® 0.137+0.010°® 0.163+0.018** 0.173 +0.028"
C-potential (mV) -59.4+0.854™  45.7+0.777®  -44.0+0.700® -352+0.577® -32.0+1.997"® -28.9+1.229%®
D (nm) 1028.4£190.6®  605.6+£2.343°®  427.4+2.023% 222.8+1.504®® 179.5+7.605® 150.5+1.537%
MS PdI 1.000£0.000**  0.351£0.091°*  0.100£0.013*®  0.802+0.002"* 0.458+0.020** 0.153 +0.027%
-potential (m -32.0+0. -24.7£0. -23.1£0. -25.1+0. -22.4+£0. -20.9+0.
p ial (mV) -32.0+£0.351% 24.7£0.100°*  -23.1+0.802**  -25.1+0.458" -22.4+0.152"* -20.9+0.850
D (nm) 3778+691.0** 1785434524 2559+356.1°  1507+385.3* 791.9+8.409 467.2+41.18%
GA PdI 0.206+0.129%8 0.41£0214® 0.875£0217** 0.847+0.265* 0.418+0.344** 0.833+0.290*
C-potential (mV) -45.3+2.639"  -42.4+2511%  -40.1+£1.739™® -40.7+£0.473* -37.8£0.265 -32.5+1.212*

YSC, sodium caseinate; WPI, whey protein isolate; MS, modified starch; GA, gum arabic
2D (nm), accumulate mean diameter of the nanoemulsion particles
IPolydispersity index
*Means with different superscripts within the same row are significantly different (p<0.05) by Duncan’s multiple range test.

APMeans with different superscripts within the same column are significantly different (»<0.05) by Duncan’s multiple range test.



324 7

o] - NeF

Table 2. Physical properties of curcumin nanoemulsion with different biopolymers; ratio of disperse phase and continuous phase,

10:90 (mean £ SD, n=3)

Concentration (%)

Emulsifiers”  Property
0.1 0.5 1 2.5 5 10
D (nm)? 2584+ 11.218€  213.2+0.399°  225.9+0211°  200.4+0.525® 180.9+0.336®® 169.3+0.543
SC  pdP 0.875+0.216*  0.267+0.029®®  0.376+0.028** 0.471+0.011°5° 0.511+0.028"® 0.537+0.036"
C-potential (mV)  -58.4 £ 0.643% -432+£0.971"®  -46.7+£0.854®  -45.6+0.458C -44.2+0.902°C -42.5+0.115®
D (nm) 13353+ 108.5"®  441.7+15.84%¢  275.8+5.794*C  209.4+0.651°® 189.3+0.987® 181.2+1.997°8
WPI  Pdl 1.000£0.000*  0.255+£0.193®  0.130+0.058"*  0.171+0.017° 0.141+0.014°¢ 0.157+0.023%
C-potential (mV)  -70.6 + 1.5595 -47.0+£0473%  -449+0917®  -393+£2214®  34.1+£1.518" -28.4+(.862%°
D (nm) 1264.9+359.5%  1051.9+150.4>** 7952+123.1°"®  275.8+1.836"® 208.2+185.3" 149.6+1.100°
MS  Pdl 1.000 + 0.000** 0.85+£0.002®*  0.888+£0.477"  0.655+0.033°® 0.200£0.032°° 0.100+0.016°®
C-potential (mV) -36.1+0.208% -28.1£0.998°4  -254+0.709°  -24.6+0.196* -23.3+0.237°* -21.0+0.166™
D (nm) 3062.0+531.269** 966.7+75.17°*% 1543.7+403.0" 1403.1+£558.6" 718.8+1.65%"  495.4+78.46"
GA  Pdl 0.390+£0.128°®  0.582+0.115®*B 0.757+0.350®*  1.000+0.000** 1.000+0.000®* 0.800+0.346*
C-potential (mV)  -40.6+2.928A  _43.8+1.193"  -433+£1.168%  -35.9+1.450°® -41.3+3.602 -31.4+£0.896*

YSC, sodium caseinate; WPI, whey protein isolate; MS, modified starch; GA, gum arabic

2D (nm), accumulate mean diameter of the nanoemulsion particles
JPolydispersity index.

*“*Means with different superscripts within the same row are significantly different (p<0.05) by Duncan’s multiple range test.
APMeans with different superscripts within the same column are significantly different (»<0.05) by Duncan’s multiple range test.
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Fig. 1. Changes in (A) particle size and (B) {-potential of the
curcumin nanoemulsions at 25°C for 5 weeks.
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Fig. 2. Changes in (A) particle size and (B) {-potential of the
curcumin nanoemulsions before and after heating treatment.
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Fig. 3. Changes in (A) particle size and (B) {-potential of the
curcumin nanoemulsions before and after freeze-thaw treat-
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same treatment group have statistically significant differences (p
<0.05) by Duncan’s multiple range test.
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Fig. 4. Changes in (A) particle size and (B) {-potential of the curcumin nanoemulsions stabilized by SC and WPI with pH.
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