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Source Sum of Squares df Mean Square F-value p-value
Model 1.538E+05 9 17090.47 67.35 <0.0001 significant
A-CS 1.074E+05 1 1.074E+05 423.23 < 0.0001
B-TPP 13176.90 1 13176.90 51.93 < 0.0001
C-EO 9947.72 1 9947.72 39.20 < 0.0001
AB 9370.80 1 9370.80 36.93 0.0001
AC 3304.85 1 3304.85 13.02 0.0048
BC 796.01 1 796.01 3.14 0.1070
A? 1401.20 1 1401.20 5.52 0.0406
B2 792.63 1 792.63 3.12 0.1076
c2 3789.77 1 3789.77 14.94 0.0031
Residual 2537.46 10 253.75
Lack of Fit 1798.15 5 350.63 243 0.1758 not
’ ' ' ’ significant
Pure Error 739.31 5 147.86
Cor Total 1.564E+05 19
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Abstract

The volatility of essential oils and their instability against environmental
factors limit their use. However, encapsulating these compounds in polymeric
nanoparticles can significantly increase their half-life and make their use
possible for longer periods. Chitosan, a biodegradable polymer with
controlled release and low toxicity, is one of the polymers utilized in the
encapsulation of essential oils. As a result, the present study was carried out
with the aim of nanoencapsulation of carvacrol and thymol in chitosan using
ionic gelation method and the concentration of chitosan (0.1-0.3%), TPP
concentration (0.2-0.1%) and concentration of essential oil (0.1-0.2%) as three
variables. The mean particle size of chitosan nanoparticles was optimized
using response surface methodology and central composite design. The size
and polydispersity index (PDI) were determined by DLS, essential oil loading
confirmation was evaluated by FTIR, and the spectrophotometric method was
used to measure the encapsulation efficiency. Then, the results of the
optimization of nanoparticle synthesis were investigated. The optimum
conditions for the synthesis of chitosan-thymol nanoparticles and achieving a
size of 101 nm and encapsulation efficiency of 72%, a concentration of 0.11%
chitosan, 0.19% TPP and 0.14% thymol were determined. In the case of
chitosan-carvacrol nanoparticles, a concentration of 0.13% chitosan, 0.19%
TPP and 0.15% carvacrol resulted in the formation of nanoparticles with a size
of 95 nm and an encapsulation efficiency of 65%. In general, the results
demonstrated the ability of the response surface methodology to predict the
particle size and PDI of chitosan nano-formulations containing carvacrol and
thymol.

Keywords: Nanocapsulation, Thymol, Carvacrol, Chitosan, Response surface
methodology
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