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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

Slr L Sse wsas Jllhe el dd gl * bgie 5,
O OF Sell essden 5 ke 0 oKas 3 G
Db des b, S o3l aan ool 36 5 JISUL L 2 /Y-Y00
A S el a gl p3lie e e 5 1SS

e iiS 6 S o5l V-Y

L0550 5l A 5 8 e Lo gd 5ol 5L e LS
Gop GSeilul ol Sl eslinal L sl S gl ax s Yo
Jsa=s Physics Data jL.s OCA20 Jue ol asl;
L s S Il aon s plosil’ Glan o b iy s OWT 58
A 1S Wsed a6l el e se 5 s 1SS L an
S A AT

oo b gl 5 Jlalis Sy 4 o s sl 50 oIl
0 bosd sl U [VO] ui o WA (ule 5 dalr
5 BAs (e 518 sle axs Yo 5 b il glales
o e O 23 gy s s 3B Sl
3 ez b Sl e SWS @ s Shalis
55 a0 e 3ol 56 4503 Slgm oz a3 31 LS e s
st sl 3 eSS Ll d b s s 51 ey s T 0L
oo S e b BB L s S e e
My a8 L0 gol (Ml Ol 5 SRI310 (25 g
N

5. Falling ball
6. Pendant drop

¥

Jde 31 5 esss Jlssme cdls w700 51 3NVL 5550 a8 (6 5slie
R?) ond a5 ot Gisb 3l Jdle S s Gl
Onmed (55 I3 s p 2pse S S Gl s el S
S gl e i gla e g a5 SIS e Gl
A Sy d slam b

03 o5l M—i—"

58 Sl 4z 53 Y0 glos 5 b sad 3 ez 3 S0l
535S <=l NanoTEC - Fretsch Co oKy s
Ak s CdS e bl ek A ol O]
O35 Oisen b cnlie o3V wised JBlum il pldl ba g
oy @ S @pe 35 os o bl ine SIS oI
Aeod oSl a5 A s el D s 4 gl S S 1Bl e S
DVJs e Lol Sl b e

pH (5o jlusl-0-Y

53 Sl 03,3 5l dn s 8w O e 50l 56 sl 2 PH i
Jame 1o pH o&avs 3l eslizal b sl § sl ax 55 YO gles
S eILl e g 5528 cxle VAL Jie Metrohm LS
PH ol Lo sz 5 a5 LU 4w ag Soslll a0
Al b gas

455 gt 3 (5 S 051X

sbos 3 Sl day 5 13 wag Oseed ol 51 a5 s
€35 s (S e3l olaus Sl eslial b 38 Sl 4y Y
4 5 Wl 5525 Jsa=s Anton paar LS AMVn Ju


http://dx.doi.org/10.22034/FSCT.19.128.303
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.6.1
https://fsct.modares.ac.ir/article-7-62022-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-29 |

[ DOR: 20.1001.1.20088787.1401.19.128.6.1 ]

[ DOI: 10.22034/FSCT.19.128.303 ]

VEY e 0 ay55 YA ola

@ slaesls i 5w 51 Jool 55 s die (1) dslee
o5 o3l awge st sk 4 S odal e
Sl O sd 5ol 5L ) oy 4 0l 2 (Sla0 sod 54l 56
s e 4 31 b Olge 4 SDS il s SaS @
2 Sop el V3 clls 5 SDS ws s f sy Aoy
A G Glder di dlaly 5o b e ) Cols 5 S
03 abyp s Coenl S OLE O3p e b5 e
OS5 Slabor i alslan (285 Slpcead oy Sl s
e Ol g bl ple s aily piie 5 2l Ol 0 Y

LA a5 s fanes
= =30/04 4 16/43 K= 1/37 Ky = 017570, = /0884 X, Xy 0/0875 Ryl =0/515 K, -
00 X+ 00378 Ky

o 03,51 (s 53 e (35l 3l eal s & mls
R ot a5l oslinal b 55 iy o o
pred = VA 5 4 a5 LS cw) podd L A 5 0l s
ety O K3y el ey R = 44/88 5 R
S Coslime ol w5 Gl e GV Cmn o 40 S
Ly S laysne 4 Ol s 5l Al 44 1 i

sl a5 Bl ek O Ao yn ) Sl feS 5 s e
KB S5 s et i e REOT pepdle (1) s Gillas
s e Gl sias OLES 5 el sad iz RP L 8

DAT el 2315 slaesls

Cou @L‘b -Y
Ol sl Slkos slaiza 51 plaS o 5lade 5 (53T 58 olas
ol o33l Y Jsdr s ALl = elea w ialesT
05 o3l el sl enls OLES Jgdr 3 &S b Oles Lo
e SRl e Ll g w00V G
ol e 4 bl Lo =B Mdsds s ol
Sl o asls 0L Slasla3T 51 el A (sl O g S
0555 b O3 i osp Sl (M bty LT Ui
das e OLEs bl LT s eslid Jde gla
55 b gme s sl ¢l Jle F-Value luie «
O3 s gme Slis OTF>ev0 5 p<e/vo gl o ol
doss St S imes [Whis G S s O
Conl o3y Sbpme V5 chle SDS .55 (F
Aons b L s sl el S iamen (P/00)
oS5 chle 5 ey Aoy o el 5 SDS 5 5V
3 Fs0 e G Jels S b s (P 0)3 5 ls s
Sl bl 5 oedle (P> /r0)s4s L gxe SDS s
dons sl bl ey OlF eld s Gimes s R
Ssme g bsgxe N5 bl 5 SDS dops d,
53 Lol 3 oas sl el b ol 5 s eyl 51 S a0
SDS s b bl 52 Jalss o5 O g 55 dolas
dolas 3l (P0/00) D355 Slspms Jdo w3V chales

Table 2 BOX-BEHNKEN design matrix and results obtained from particle size in nanoemulsion method

Experiment Independent Response
number 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(%)
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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
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+ Phytoestrol - Phytoestrol + Phytoestrol -Phytoestrol
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SDS(%) 3/7 3/7 3/7 3/7
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Emolsion particle size(nm) 112 103 113 105
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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

ARTICLE INFO

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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