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Table 1. Experimentabesign and responses related to the color andanaeth properties
of chitosan nanocomposite films

Run BCNF TS EB YM . . b
%W/wW)  (MPa (%) (MPa
Control 0 21.98  23.09 435.76 83/71 090  38.08
1 0 18.10  25.44 306.73 65.51 2.49 40.23
2 0 19.68  25.60 271.70 64.65 2.25 40.50
3 1.5 29.07 17.84 700.67 68.08 2.22 40.02
4 3 35.74 14.13 1003.00 73.44 1.45 39.14
5 4.5 36.09 12.28 954.00 72.25 1.47 38.60
6 6 50.10 11.66 1103.75 76.29 -0.15  32.75
7 6 51.29 10.45 1039.40 75.57 -0.14  34.05
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Fig 3 Swelling of chitosan/AgNPs films as affected
by CHNF concentration.
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Table 2 Estimated regression coefficients for the resppnse

WVP Solubility  Swelling L a b TS EB YM
(g/m.s.Pa) (%) (%) (MPa) (%) (MPa)
Constant  9.16x10™ 26.28 254.64 70.82 1.78 39.65 33.71 14.05 936.90
BCNF -1.107 2157 224227 5297 1207 -3.257 4.06 -7.05™ 375.86"
[BCNFJ? -1.20° 2767 25174 - 064 2737 092 4.23" -262.02™
[BCNF}® - 2.43" - - - - 11.84 - -
R? 0.91 0.99 0.98 0.93 0.95 0.95 0.99 0.99 0.96
Regression
F ratio 19.28 99.24 135.8 66.53  39.28  34.71 104.96 245.57 73.87
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Lack of fit
F ratio 6.47 0.064 3.37 9.35 11.36 2.71 8.10 1.68 6.27
P 0.13 0.82 0.23 0.10 0.08 0.27 0.10 0.37 0.14

* Significant at 5% level.
** Significant at 1% level.
*** Significant at 0.1% level
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Fig 5 FT-IR analysis of neat chitosan (A);
chitosan/Ag/BCNF-1.5% (B); chitosan/Ag/BCNF-
3%; chitosan/Ag/BCNF-4.5% and

chitosan/Ag/BCNF-6%.
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In this study, the effects of silver nanoparticldggNPs) at 1% wt and different concentrations of
bacterial cellulose nanofiber (BCNF) (1.5-6% wt)tensile propertiegénsile strengthTS, elongation at
break-EB, andYoung's modulus-YM), water vapor permeability (WVP), solubilitywslling, color
properties and structural characteristics of chiosanocomposite films were studied. Responsecgurfa
methodology(RSM) was used to determine the optimum amount@RB nanofiller.The optimization
was based on maximizingS, YM, EB, L*and decreasingVVP, solubility and swelling. The results
showed that the AgNPs had a negative effect on améchl and color properties of chitosan films. But
incorporation of BCNF in the films improved theireohanical and barrier properties significantly.
Lowest WVP, solubility and swelling of nanocompesfims was respectively for 6, 4 and 2%wt of
BCNF content. Considering all physical and mechalnarameters, the optimal value calculated for
BCNF, was 4.55%. SEM images showed BCNF uniformitridbuted in the polymer matrix. DSC
analysis confirmed that the addition of BCNF causdmprove the thermal properties of chitosan film

Keywords: Chitosan film; nanocompositesilver nanoparticles; bacterial cellulose nanofiber
optimization.
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