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Table 1. Mechanical properties of films with different ZnO contents

Film Thickness Elongation at break Tensile strength
(um) (/) Mpa)

0 ZnO 50.247.62 14.240.82 293+ 1.5
1% ZnO 45.8+7.35 12.1+0.65° 30.1+ 1.09°
3% ZnO 45.1+4.18 11.2+0.78°¢ 34.16°t 1.16°
5% ZnO 55.3%4.18 6.9+ 0.44 35.93%1.08°

In each column values assigned with different letters are significantly different (p< 0.05).
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Table 2. Colour indices of the films with different ZnO contents

Film L a b AE  Transparency
0ZnO 80.68+£1.622 0.72+0.08 2 1.53+£0.722 10.58+1.75% 0.622
1% ZnO 83.8+0.62° 0.02+0.08® 1.48+0.45% 11.43+0.8% 0.93°
3% ZnO 83.3+0.38° 0.06+0.04° 2.1+0.35° 12.23+£0.42° 0.96°
5% ZnO 82.7+0.88° 0.19+ 0.09° 3.240.56 ¢ 14.25+1.15¢ 1.17¢

In each column values assigned with different letters are significantly different (p< 0.05).
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Fig. 1. Water solubility and water vapor permeability of the film samples with different ZnO contents
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Fig. 3. Oxygen permeability of the film samples with different ZnO contents
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In recent years, due to environmental risks associated with packaging
material in the market, there has been an increasing tendency towards
using natural and biodegradable polymers in product packaging. In
this research, gelatin and carboxymethyl cellulose were used to
produce Biodegradable packaging. In order to improve the

mechanical properties and prevent destructive factors such as oxygen,
carbon dioxide, and moisture, zinc oxide nanoparticles (ZnO) were
used in the films (1, 3, and 5%), and the physical and mechanical
properties of the produced films were evaluated. The results showed
that using of different percentages of zinc oxide nanoparticles affected
the mechanical and physical properties of the film. It was observed
that with the increase in ZnO amount, the tensile strength of the
samples increased and the elongation percentage decreased. Films
without ZnO were flexible films and recorded the highest elongation
values, and 5% ZnO samples had the lowest elongation percentage.
The highest tensile strength was related to the sample containing 5%
ZnO (35.93 MPa), and the lowest value was related to the sample
without ZnO (29.3 MPa). It was also found that by increasing the
amount of ZnO in the treatments, the permeability to water vapour,
oxygen, and solubility decreased significantly, and the opacity of the
films increased.
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