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Table 1 Selected levels and codes related to oil percentage, percentage (SDS) and gelatin percentage used
for box-behnkehn design.

Code values Symbol of

Parameters Symbol real values level
-1 0 +1
Oil(%) X1 X 71 7/9 8/7
SDS(%) X X5 3/1 3/7 4/3
Galatine(gr/1) X3 X3 80 90 100
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6. Pendant drop
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Table 2 BOX-BEHNKEN design matrix and results obtained from particle size in nanoemulsion method

Experiment Independent Response
number Y)
X1 Xl X2 Xz X3 X3
1 0 7/9 0 3/7 0 90 143
2 7/9 0 3/7 0 90 145
3 7/1 -1 3/7 0 90 103
4 8/7 0 3/7 1 100 138
5 -1 8/7 0 3/1 1 100 106
6 0 7/9 1 4/3 1 100 139
7 -1 7/1 -1 3/1 0 90 109
8 1 7/9 -1 3/7 -1 80 105
9 1 8/7 0 3/7 -1 80 148
10 0 7/9 1 4/3 -1 80 139
11 0 7/9 -1 3/1 1 100 108
12 -1 7/1 0 3/7 -1 80 103
13 0 7/9 1 3/7 0 90 143
14 1 8/7 1 4/3 0 90 107
15 -1 7/1 1 4/3 0 90 110
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Table 3 Results of analysis of variance (ANOVA) in model particle size fitting in nanoemulsion metho

Source Degrees of Freedem Sum of squares  Average of Squares F Value P value

Model 9 0/15614 0/00173 254918 0/000
X, 1 0/00275 0/00275 378/19 0/000
X, 1 0/00123 0/00129 190/85 0/000
X; 1 0/00901 0/00901 1324/10 0/000

XX, 1 0/092375 0/092375 13570/72 0/000

XX 1 0/037581 0/037581 5521/92 0/000

X3Xs 1 0/014537 0/014537 2136/03 0/000

XX 1 0/000041 0/000041 6/07 0/000

X1 Xs 1 0/000825 0/000825 121/23 0/0057

XoXs 1 0/013487 0/013487 1981/76

Lack Of fit 3 0/000034 0/000011
Net error 2 0/000 0/000

Total 14 0/156173

P<0/05 Significant

p>0/05 Not Significant
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Surface Plot of Particle size(nm) vs Gelatin(gr/Litr), Oil(%)

Hold Values
SDS(%) 3.7
140 e
AT
150 f— .
Particle size(nm) . 1
120 LT -
;' 100
110 7
90 . .
70 - Gelatin(gr/Litr)
h 8.0 80
0il(%) 85
@)
Surface Plot of Particle size(nm) vs Gelatin(gr/Litr), SDS(%)
Hold Values
0il(%) 7.9
140
-l
130
120
100
110 % ‘ )
30 Gelatin(gr/Litr)
35 Y ©
SDS(%)
()
Surface Plot of Particle size(nm) vs SDS(%), Oil(%)
Hold Values

Gelatin(gr/Litr) 90

120 '

Particle size(nm)
110

100 | 40

35 SDS(%)
70 75

8.0 30
0il(%) 85

©

Fig 1 Response surface diagrams for the effect of
independent variables on particle size: a) Gelatin
concentration and oil percentage b) Gelatin
concentration and SDS percentage ¢) Oil percentage
and SDS percentage
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Table 4 Physical and chemical properties of optimized nanoemulsions before and after coating

Sample 3 Sample 3 Sample 8 Sample 8
+ Phytoestrol - Phytoestrol + Phytoestrol -Phytoestrol
0Oil(%) 7/1 7/1 7/9 7/9
SDS(%) 3/7 3/7 3/7 3/7
Gelatin(gr/1) 90 90 80 80
Phytoestrol(w/w) 14 - 14 -
Emolsion particle size(nm) 112 103 113 105
PH 7/1 6/35 7/6 7/11
Viscosity(cp) 70/37 60/0203 129/229 101/243
Surface tension(Nm/m) 35/12 33/11 35/50 33/88
Stability at 4 © C(day) 15+1 14+1 14+1 13+1
Stability at 25 ° C(day) 30+1 30+1 29+1 29+1
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ABSTRACT
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Among the main problems in fortifying foods with phytosterols are their
high melting point, gypsum taste and low solubility. One of the ways to
overcome these problems is to use a suitable coating material and
phytosterol coating. . In this study, olive oil was used for phytosterol
coating due to its high nutritional benefits by nanoemulsification
method. In order to optimize the underlying conditions, the percentage
of olive oil (oil phase), the percentage of sodium dodecyl sulfate
(surfactant) and gelatin (as stabilizer) were considered as independent
variables and the particle size was considered as the response.
Experimental conditions were determined by designing the experiment
using the mini-tab software using the RMS response surface
methodology and using the Box-Behnken design. Two formulations
(7.1, 3.7, 90) and (7.9, 3.7, 80) due to having the smallest particle size
(103-105) nm as suitable and experimental nanoemulsification
conditions for Encapsulation Phytosterols were selected. The results
after coating showed that the particle size, pH, viscosity, surface tension
and physical stability of these nanoemulsions provided the best
conditions for their application. Finally, the formulation (7.1, 3.7, 90)
after Encapsulation was selected as the best formulation for phytosterol
Encapsulation due to its suitable physical and chemical properties,
greater stability and 112 nm particle size.
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