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Table 1 Matrix of the D-optimal design.

Run Factors Run Factors
A: B Storage SS)R D:Surfactant A: B: Storage C: SOR  D:Surfactant

Omega3(%) Time(day) (%) type Omega3(%) Time(day) (%) type
1 75 24.6 300 SC 17 71.25 60 10 T80:T20
2 52.75 9.26 91.4276 T80 18 25 30.5 300 T80
3 50 38.17 155 T20 19 25 1 242 SC
4 65 1 10 SC 20 25 1 10 T80:T20
5 50 38.17 155 T20 21 71.75 37.875 161.0556 T80:T20
6 75 60 300 T80 22 25 60 300 T20
7 25 60 276.8 T80:T20 23 43.60223 58.82 10 T20
8 75 30.5 10 T80 24 25 1 10 T80:T20
9 25 60 10 T80 25 75 60 10 T20
10 75 60 68 SC 26 50 38.17 155 T20
11 25 1 10 T20 27 40.95159 1 174.0415 T20
12 75 1 134.7 T80:T20 28 75 1 300 T20
13 52.75 9.26 91.4276 T80 29 25 30.5 300 T80
14 25 1 10 T80 30 47 1 300 T80:T20
15 25 36.4 10 SC 31 56.0709 54.1 300 T80:T20
16 75 1 300 T80 32 35.25 60 300 SC
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Table 2 List of experimental design
Run Factors
:‘i;sl:();:)g,;} B:Concentration(%)
1 11 2/5
2 11 2/5
3 21 5
4 11 0
5 1 0
6 21 0
7 11 5
8 11 2/5
9 11 2/5
10 21 2/5
11 1 5
12 1 2/5
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1osnaze
£8
H E 3
g H H
H H E
et - e e - P &  S— N A — Y — S | S — 4
0 e ) w0 oo 100 e 120 xo 140 Iry <. 70 o 0
Peak Report TIC
Pealt R.Time LTime ETime  Area% Height% A/H Mark Name
1 5.075 4.933 5.167 17.36 11.34 10.21 Mecthyl disulfide
2 5273 5.167 5.625 21.5 9.5 8.5 Diallyl disulfide
3 7.25 7.212 7.82 7.5 8.5 2.63 Trisulfide,methyl2propynel
4 9.804 9.733 9.942 7.62 9.52 5.33 Dimethyl trisulfide
K 9.991 9.942 10.108 1.42 1.66 5.68 BUTYL BUTYRATE
6 10.683 10.633 10.767 1.51 3.10 3.25 D-Limonene
7 12.705 12.592 12.850 38.17 44.50 4.72 Methyl methylthiomethyl disulfide
8 13.321 13.275 13.375 0.82 2.30 2.36 ETHYL OCTANOATE
9 14.795 14.750 14.825 213 6.97 2.04 ETHYL PELARGONATE
10 16.65 16.02 16.82 1.20 1.5 335 Tetrasulfide, di2propenyl

Fig 1 GC-Mass chromatogram of Iranian Shallot essential oil and chemical composition
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o One Factor
320
X1 = C: SOR(%)
Actual Factors
A: Omega 3(%) = 50.00
B: Storage Time(day) = 30.50
D: Surfactant type = Average
2425+
®
< 185 —
o
87.5
10—
l l I I I
10.00 82.50 155.00 21.50 300.00
C: SOR(%)

Fig 2 One-factor curve of the effect of SOR% on
the D43

S8 8L 5 SOR . lie 5556 S ls e (V) S

AY

Slys e Kl (6 S o)l - Y-§
aw Kol < sl

v LSl Ole) s 5556 Slemr 36 ey o 5skie o
o~ (CA.»L’SU)}_M Cj_’ B SOR Aoy ‘LE)U"@{'.' QL‘:) ol
Ogmnd 30l 50 3 s Sl (6,8 0311 Sl i el 4L
Sl Je an Bl o sladeed (55l SRl s 5o (il
osly Bl gl S 5 Joline ol S NEERESE (R
Sy 3 b (Sl 6,8 o3l Jilesl 5l ol sla
Lo s Je S0 gla Jue Ol ys s S 13 el
Adesls 5l bl s a5 e Gillee o e
D4;=129.8281631+16.2569854 A-19.18796597 B-

33.769680 C+81.4807526 D;+53.52836822
D,+20.89647531 Ds

Shiie Sl s 5 oD CB CA ol G5 dslas s
$SOR w5 (Gay) @SS Oloy oot (Ao ys) an Kl
AUT sl b a5 b sl o SISy pm 6 5

AVANVY Jls e b L Fsa o ul s

%‘JJA—’°MC>)\J]J:_:J}J$JUJU¢‘P<~/~~~\



Design-Expert® Software D43
D43

311

116
X1 = B: Storage Time(day)
X2= C: SOR(%)
Actual Factors

A: Omega3(%) = 50.00
D: Surfactant type = T80

C:SOR(%)

o T T T 1
1.00 15.75 30.50 45.25 60.00

B: Storage Time(day)

Fig 3 Two-dimensional Contour-Plot of storage
time and SOR % on Dy
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Fig 5 Interaction curve of turbidity as a function of
SOR% and type of surfactant
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Fig 7 Two-dimensional Contour-Plot of SOR %
and omega3% on EE(%)
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Fig 6 The single factor curve of surfactant type on
Turbidity
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Fig 8 Interaction curve of EE as a function of SOR
% and type of surfactant
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Fig 10 The single factor curve of storage time on
creaming index
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Fig 11 Two-dimensional Contour-Plot of omega3%
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In this study, omega-3 fatty acid nanoemulsions were prepared by spontancous emulsification using
Iranian shallot essential oil. The aim of this study was to investigate the optimum conditions for the
production of probiotic yogurt enriched with nanoemulsions of essential oil of omega3 fatty acids by
using a D-optmal design. Nanoemulsions containing omega3 fatty acids were first produced by
Iranian shallot essential oil (25% omega3, 35-day storage time, SOR (263/39) % and surfactant type
of tween80), then the probiotic yogurt enrichment with the produced nanoemulsions, the effect of two
independent variables of nanoemulsion concentration and storage time on physicochemical
characteristics, population growth Probiotics and sensory properties of yogurt were investigated.the
results showed that droplet size was highly influenced by surfactant concentration and surfactant type
and increasing surfactant content, mean droplet diameter decreased significantly. In fact, increasing
surfactant concentration caused to increased surfactant adsorption to W / O level and due to further
reduction in surface tension and ultimately reduced the particle size, turbidity index, creaming index
and increase coating efficiency, as well as the addition of nanoemulsions in probiotic yogurt on
properties such as peroxide index, synersis rate, Population of probiotics and Sensory evaluation were
significant, population growth of probiotic microorganisms in yogurt increased in the presence of
vegetable nanoemulsions of essential oil due to nutrient availability. Finally, 15 days storage time and
1.4% nanoemulsions were determined as an optimum formulation by numerical optimization.
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