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1. Food and Drug Administration
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1. Thickness

2 . Transparency

3. Water Solubility
4. Moisture Content
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2.Tensile Strength

3. Elongation at Break

4. Young Modulus

5. Scanning Electron Microscope
6 . Disc diffusion method

7. Mueller Hinton Agar
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Table 1 physical properties of gelatin/ titanium dioxide and Saffron anthocyanin

Characteristics Film type
Physical GS% GS% 1%Ti02 GS“nCar 3%T102/SPA
Thickness (um) 86.6+5.1° 101.6+13.2¢ 110.7+10.6
Transparency 89.7£1.5° 182+20° 0.28+0.05°
WVP (x10"" g. m/m’. s. Pa) 2.46+0.05° 231+0.15°¢ 1.86+0.05 °
Water solubility (%) 50.25+1.0° 40.47+1.98 40.02+19¢
Moisture content (%) 15.940.15° 13.2£0.33" 10.2+0.87 "
Antioxidant
DPPH radical quenching (%) 79.63+1.6" 83.37+1.6'

DPPH: 2,2-diphenyl-1-picrylhydrazyl. A: Gelatin 3%, B: Gelatm 3%/TiO2 NPs 1%, C: Gelatin 3%/ TiO2 NPs 1%/
Saffron anthocyanin 2%. The data are presented as mean =+ standard deviation. Any two means in the same row
followed by the same letter are not significantly (P > 0.05) different from Duncan's multiple range tests.
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Fig 1 Mechanical properties of A: Gelatin 3%, B:
Gelatin 3% / TiO2 NPs 1%, C: Gelatin 3% / TiO2
NPs 1% / Saffron anthocyanin 2%. The data are
presented as mean + standard deviation. Any two
means in the same column followed by the same
superscript are not significantly different (p > 0.05)
by Duncan’s multiple range tests.
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Fig 2 SEM diagram of produced films. A: Gelatin 3%, B: Gelatin 3%/TiO2 NPs 1%, C: Gelatin 3%/ TiO2 NPs 1%/
Saffron anthocyanin 2%.
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Fig 3 Disc diffusion test of A: Gelatin 3%, B: Gelatin
3%/Ti02 NPs 1%, C: Gelatin 3%/ TiO2 NPs 1%/
Saffron anthocyanin 2%. The data are presented as
mean =+ standard deviation. Any two means in the
same row followed by the same letter are not
significantly (P > 0.05) different from Duncan's
multiple range tests.
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In this study, biodegradable packaging based on gelatin biopolymer (at a
concentration of 3% w/w) containing nanoparticles of titanium dioxide (at a
concentration of 1% w/w) and saffron extract (at a concentration of 2% v) by
evaporation method was synthesized. In this study, physical properties
(thickness, transparency, moisture content, solubility and water vapor
permeability), mechanical, antimicrobial and antioxidant properties, structural
and transparency properties of films were investigated. After analyzing the
data, the results showed that the effect of saffron extract and titanium dioxide
nanoparticles on all the studied properties was significant (P <0.05). Addition
of titanium dioxide nanoparticles and saffron extract increased the thickness,
improved the mechanical properties and reduced the moisture content, water
vapor permeability, transparency, and solubility. Also, nanocomposite films
containing titanium dioxide nanoparticles and saffron extract showed
antioxidant properties (% 80%) and acceptable antimicrobial effects,
especially against gram-positive Staphylococcus aureus bacteria. According to
the results of this study, this type of packaging can be suggested as a suitable
alternative to synthetic packaging.
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