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4. Nutrient Broth
5. Muller- Hinton Agar
6. Agar Diffusion Method
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Table 1 Equilibrum Constant of Moisture Sorption Isotherm (GAB Model) of Cassava Starch Film with
Nano Titanium Dioxide and Peppermint Essential Oil

Concentration nanoparticles

TiO2-N Concentration peppermint essential oil K CG Mm
0% 0% 0.837 1.155 10.03
1% 0.859 1.566 9.99

1% 2% 0.864 1.568 946
3% 0.869 1.584 9.03

1% 0.893 2.381 9.51

3% 2% 0.894 2.395 932
3% 0.899 2.511 8.64

1% 0.916 2.695 8.39

5% 2% 0.916 2.787 822
3% 0.923 2.960 8.11
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Fig 1 Third order polynomial moisture sorption isotherm cassava starch film combined of different concentration of
nano TiO2-N and peppermint essential oil.
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Fig 2 Compare inhibitory surface area values (mm2) biocomposite films(Cassava Starch) in front of staphylococcus

aurcus.

Different letters on the bars represent significant differences in 5% levels of probability
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ARTICIE INFO ABSTRACT

Article History: The objective of this study was to investigate the synergistic effect of nano
titanium dioxide (TiO2-N) and Mentha piperita essential oil (MEO) on the
equilibrum moisture sorption isotherm and microbial growth rate of
Staphylococcus aureus of cassava starch film. For this purpose, cassava starch
biocomposite film with the addition of 1, 3 and 5% TiO2-N and 1, 2 and 3%
MEQO, and glycerol as a plasticizer were obtained by the casting method. The
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equilibrium moisture absorption isotherm and antibacterial activity of prepared

Keywords: nanobiocomposite films against Staphylococcus aureus were examined. The

obtained results demonstrated that by addition of nanoparticles and essential oil to
Bionanocomposite, the starch biocomposites, the equilibrium moisture absorption isotherm curve was
Cassava starch, shifted to lower moisture content. The microbial tests stated that the pure cassava
TiO2-N nanoparticles, starch film (control) showed no antibacterial activity against the Staphylococcus
Peppermint. aureus and the antibacterial activity significantly increased with increasing

concentration of both TiO2-N and MEO in the starch films (p<0.05). However,
the antibacterial activity of TiO2-N nanoparticles was higher than MEO. Addition

of TiO2-N and MEO increased lag phase and decreased log phase in microbial
growth curve. Finally, according to the obtained results in this study, it can be
concluded that incorporation of TiO2-N and MEO combination improved the
antibacterial activity of cassava starch biocomposites against Staphylococcus
*Corresponding Author E-Mail: aureus and these .bionanocomposite films can be used for packaging and
amohammadi@usm.my extending the shelf life of food products.
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