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Table 1 Quantities of independent variables in different treatments

Ultrasonic apply time (S) Ratio of protein to

Wall concentration (%)

Treatment number

polysaccharide (%)
75 20 10 1
105 6/67 13/33 2
75 20 20 3
45 6/67 26/67 4
75 20 20 5
45 33/33 13/33 6
75 20 20 7
75 20 20 8
75 20 20 9
105 40 20 10
105 33/33 13/33 11
120 20 20 12
75 0 20 13
45 33/33 26/67 14
75 20 20 15
30 20 20 16
105 6/67 26/67 17
105 33/33 26/67 18
45 6/667 13/33 19
75 20 30 20
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Table 2 Coefficients of developed models using Response Surface Methodology

Response
Total
Gama-terpen Simen Pinen Alpa-pinen Antioxidant phenolic Microencapsulati Coefficient
(%) (%) (%) (%) capacity(%)  compounds  on efficiency(%)
(mgGAE/g)
+26912/21 +2036/80 -1155/30 -146/36 +24/34 +52/52 +71/22 B0
-834/50%* +676/19%* +249/21%*%* +30/27* +2.15%* -0/0708** - Bl
-50/49%** +235/75%* +31/18™ +16/66* +0/58%* -0/736%* +0/073** B2
- +191/53%* - - - -0/36%* +0/061** B3
- -9/TT** -1/64%* -0/52%* -0/008** +0/012%* - BI2
- - - - - +0/003** - BI3
+1/07** - - - - - - 023
- -10/73** -4/53%%* -0/45%* -0/033%** +0/019%* - Bll
- - - -0/17%* -0/006** +0/013** - p22
- -1/16** - - +0/002** - - B33
0/12™ o1 0/13™ 0/53 ™ 0/27™ 0/41™ 0/17 "™ Lack of Fit
0/98 0/93 0/87 0/89 0/96 0/97 0/83 R- Squared
0/93 0/90 0/84 0/86 0/95 0/96 0/82 Adj R- Squared
5/61 2/01 5/86 5/75 2/03 1/54 1/00 CV.%
oS 2B 6 b Y i O3 ey 8 e L el s ok b Y dor ae oKi (V) S
S os -V Lol oY 50 0T Lo oY K B e ol 53 5l g0 ZLAE (gl byl a5 s e OLES
A Sl ey (S o LOs S AL s Y Y s Dol b sl dlasl Ol e 5 8L L«
S e s s els agal eae 4SS o e Olge b b JS S5 Sl Okl slay 86 5 (0555
A 3 o e W (i 0 LS 5 Gl St T

s s s 8 e a5 - LS

Microencapsulation efficiency

Total phenolic compounds
Wall concentration

Antioxidant capacity

Alpha-pinen

Ratio of protein to
polysaccharide

Pinen

Simen

Ultrasonic apply time
Gama-terpen

Phenol 3 metel

Figurel A schema of developed neural networks for prediction of qualitative properties of microencapsulated
thyme essential oil
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Fig 2 Interaction of independent variables on changes of the qualitative of microencapsulated
thyme essential oil according to response surface model properties
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properties of microencapsulated thyme essential oil according to the neural network model
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Fig 4 Comparison of qualitative properties of optimal samples
Columns with different letters have different statistical means (P <0.05)
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Microencapsulation process is down in protecting volatile and sensitive
compounds to chemical reactions. Process modeling can be effective in
assessing and predicting the impact of conditions affecting the qualitative
properties of the product. In order to investigated the effect of wall material
concentration, protein/polysaccharide ratio and ultrasound waves time on the
microencapsulation efficiency, total phenolics, antioxidant capacity and volatile
compounds, nano-emulsion of Thymus vulgaris essential oil in aqueous phase
containing protein (sodium caseinate) and polysaccharide (maltodextrin and
modified starch) was prepared by ultrasound waves. Modeling of dependent
variables was done by response surface methodology and artificial neural
network. The results showed that increasing the wall concentration and
protein/polysaccharide ratio improved the retention of volatile compounds and
antioxidant capacity of the encapsulated essential oil, and at higher values of
variables the same trend was observed for the phenolic content. Increasing the
protein/polysaccharide ratio and ultrasound waves resulted in increased the
microencapsulation efficiency. Models obtained from the interaction effects of
neural network and Response Surface Method at higher values resulted in better
preservation of total phenolic, antioxidant activity and increased of
Microencapsulation efficiency of microcapsules. Microencapsulation produced
containing of 20% wall material, 31% protein/polysaccharide ratio and 97s
ultrasound time were the best treatment in terms of the microencapsulation
efficiency and volatile compounds. Experimental results of the experiments
indicative appropriate and uniform function of both response surface and neural
network methods and the superiority of the artificial neural network in
predicting the desired variables.
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