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Table 1. Levels and codes of independent varialded in the RSM design

Independent Variables

Symbol

Coded levels Interval

0 1

Sodium caseinat@o w/w)
Arabic gum (% w/w)
Tween 20 (% w/w)

pH

o0Ow>»

0.1
0.5

4.8

0.2 0.3 0.1
0.75 1 0.25
0.1 0.2 0.1

5 5.2 0.2

Size(nm)

D: pH

B: Gum Arabic(%)

D: p-

Size(nm)
T
.05

5.20
5.10 —
5.00 —
4.90 —
[714.6
4.80
o o

0.1 0.15 0.2

C: Tween(%)

Size(nm)

T
0.25

Fig 1 Contour plot showing the effect of

5.10 —

5.00 —

4.90 —

4.80 T
o 0.15

0.1

A: SC(%)

component concentration and pH on Ln (particle
size). a) SC and pH, b) GA and pH, c) pH and

T20.
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Table 2 Regression coefficients of the second-order pmityial model for the response variables
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(analysis has been performed using coded units)

; Sqrt
. Ln Ln Ln(size Ln (span -
Factors Ln(size) SE (Span) SE (Turbidity) gro(vvth) gro(vth)h) SE? g;:cgs\l;it% SE?
Linear 4321  0.098 -0.245 0.104 -0.816  0.073 -3.63 0.336 -5.846 0.276 0.13 0.024
A -0.025ns  0.066  -0.10CF 0.092 0.576 0.059 0.55 0.165 0.688" 0.129 -0.041 0.014
B 0.573" 0.055 - 0.427 0.063 -0.068 0.180 0.605 0.153 -0.02% 0.019
C -0.914"  0.057 -0.700° 0.123 -0.147 0.059 1.77 0.250 0.792 0.188 0.008° 0.023
D p.oe2™ 0.047 -0.21% 0.093 -0.11% 0.085 0.1% 0.171 -0.10% 0.140 0.067" 0.016
Interaction
AB 0.718 0.170 - - - - -0.731 0.239 - -
AC -1.234"  0.140  -1.38 0.195 - - 1.129 0.239 - -
AD -0.346°  0.074 0.496 0.128 - - - - - - - -
BC - - - - - - 1.498 0.311 -0.095 0.043
BD -0.298  0.085 - - - - - - - - - -
CD
0.305 0.085  1.033 0.248 - - - - - - - -
Quadratic
A? 1.002™ 0.096  0.768 0.130 - - 0.92 0.255 1.875 0.211 0.72 0.023
B2 0.668"  0.089 - - - - 0.57 0.259 0.682 0.214 - -
C2 1.246" 0.081 1510 0.137 0.333 0.085 2.44 0.314 2,345 0.242 017 0.027
D2 0.486"  0.081 - - 0.261 0.084 1.22 0.262 1.262° 0.215 0.08 0.023
R2 0.984 0.938 0.879 0.867 0.950 0.834
Adj-R? 0.967 0.910 0.848 0.805 0.913 0.756
F-value 58.955 34.196 27.98 13.95 26.02 10.71
Probability of F  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

A: SC concenteratiomt%); B: GA concenteratio(wt%); C: T20 concenteratiofwt%); D: pH.
n.s.: Non significant. Significant at *P < 0.05, **

a:Standard Error

P< 0.001 & **P <0.0001.
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Span
5.20
0.682513
5.10
_
500 L-79713] 55 658)/
4.90 —
4.80 T T
0.00 0.05 0.10
C: Tween(%)
Span
0.20
3.27822_'|/
2.53767
J1.79713
0.15+
0.682513;
0.10—
0.05+
0.00 T T T
0.10 0.15 0.20 0.25 0.30
A: SC(%)

Fig 2 Contour plot showing the effect of

component concentration and pH on span. a) SC

and T20, b) pH and T20.
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Fig 3 Contour plot showing the effect of
component concentration and pH on Ln
(Turbidity). a) pH and T20, b) GA and SC.
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0.15 —|
: [0.09]
=
X
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|_
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B: Gum Arabic(%)
. Size growth
~—~ 0.875 —
>
g
Z 0.75
g
3
Q
i} 0.625 —
0.5
0.1
A: SC(%)
Size growth
5.20
5.10 —
I
9‘ 5.00 —
[a)]
4.90 —
4.80

A: SC(%)

Fig 4 Contour plot showing the effect of

component concentration and pH on particle size
growth after one month storage at 4 °C. a) GA and

SC, b) T20 and GA, c) pH and SC.
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Fig 5 Contour plot showing the effect of
component concentration and pH on Ln(span

growth) after one month storage at 4 °C. a) GA and
SC, b)T20 and SC, c) pH and SC, d) T20 and GA.
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Fig 6 Contour plot showing the effect of
component concentration and pH on Turbidity

growth after one month storage at 4 °C. a) T20 and

GA, b) pH and SC, c) pH and T20.
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Nowadays, natural biopolymers such as proteins polysaccharides in the preparation of
biodegradable nanoparticles in food and pharmazaditidustries are of particular interest. The aim
of this study was modeling and optimization of treomponent nanocomplex (protein,
polysaccharide and small molecule emulsifier) potiden and study their stability using the Box-
Behnken desigrf-or each response, second order polynomial modele developed using multiple
linear regression analysis. Analysis of variancefiomed that the models were highly significant
(p<0.001) for all response variables and also shkoiat all of the predictive models had high R-
Squared and Adjust R-Squared, thus ensuring desatbsy fithess of the regression models to the
experimental data. Using desirability function, iogtl processing conditions was achieved in the
sodium caseinate concentration (0/15%), Arabic gontentration (0/54%), Tween 20 concentration
(0/09%) and pH (4/79). At this optimum zone, paetisize (68/71), particle size distrubition (0/9),
and turbidity (0/24), particle size growth (0/034jarticle size distrubition growth (0/003) and
turbidity growth (0/016). The multiobjective dediifity was equal to 0.87 that, indicates the
fulfillment of optimization goals. These nanodispens may be useful as nutrients delivery systems
for utilisation in functional food and drink prodsawith low pH.

Keywords: Nanopatrticle, Biopolymer, Turbidity, Stability, R@onse Surface Methodology.
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