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Importance 
 

Increasing environmental problems with petrochemical-based plastic packaging 

have caused a rising inclination to use biodegradable packaging materials from 

natural polymers. On the other hand, preventing food spoilage from light-induced 

oxidation is one of the greatest concerns in the food industry. Despite having  

good mechanical and relatively good oxygen barriers properties, protein- or 

polysaccharide-based films do not have adequate barrier properties against UV light 

and cannot properly prevent the photo-oxidation of lipids. Recently, the use of 

nanoparticles is turning into a promising option to improve mechanical and barrier 

properties of biodegradable biopolymer-based films.   

 

Introduction (Hypothesis and aims) 

Use of light-blocking packaging materials could be good idea for protection 

against photo-oxidation of food products. Although production of black or opaque 

packaging is not always appropriate and attractive because today most of consumers 

are demanding transparent packing, to better appraise the product through the 

packaging material. Furthermore, petrochemical-based plastic, aluminum and 

metallized foils packaging due to environmental considerations and only their ability 

to prevent of oxygen transmission have caused an upward tendency to use 

biodegradable packaging materials from natural polymers.   

 

Highlights 

 Bilayer fish gelatin/agar nanocomposite film containing nano-TiO2-

Montmorillonite was developed.  

 TiO2 decreased water vapor permeability of the bilayers more than 30%. 

 The tensile strength of the bilayer films improved with 5% nano-Montmorillonite 

addition. 

 Nano-TiO2 improved the barrier properties of the films against UV light at 2 

concentration.  

 Swelling ratio and moisture content increased with the increase in the nano-

Montmorillonite content.  
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Other Information (including tables and figures) 

Bilayer agar/gelatin nanocomposite films were developed by adding 2% of TiO2 and 

Montmorillonite nanoparticles at various concentrations (3, 5 and 10%) to the upper 

layer (gelatin) using the solution casting method. Results demonstrated that some 

properties of the bilayer films were greatly influenced by TiO2 and Montmorillonite 

nanoparticle content. Adding TiO2 nanoparticles to the gelatin layer affected light 

transmission, such that the films containing 10% Montmorillonite considerably 

prevented the transmission of UV light through the agar/gelatin films. 

 

 

  

  
 

Figure 1. SEM micrographs of the surface of (a) gelatin/agar (control), (b) gelatin/agar 2% TiO2, (c) gelatin/agar 

2% TiO2- 3% MMT, (d) gelatin/agar 2% TiO2- 5% MMT, (e) gelatin/agar 2% TiO2- 10% MMT bilayer films.   
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Other Information (including tables and figures) 

 

 
 

Figure 5. Effect of TiO2-MMT content on (a) water vapor permeability (WVP) and (b) water  

sorption profile of gelatin/agar bilayer films. Gelatin/agar (A/G) bilayer film, A/G-2% TiO2; A/G-2% 

TiO2-3% MMT; A/G-2% TiO2-5% MMT; A/G-2% TiO2-10% MMT.  

 

 

 

 
 

Figure 3. Effect of TiO2 content on opacity (a) and transmittance (b) of gelatin/agar bilayer films. 

Gelatin/agar (A/G) bilayer film, A/G-2% TiO2; A/G-2% TiO2-3% MMT; A/G-2% TiO2-5% MMT; 

A/G-2% TiO2-10% MMT.  
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Other Information (including tables and figures) 

 

Table 1. Thickness, mechanical properties, film solubility and moisture content of the bilayer films. 

 

 
Different letters in the same column (a, b, c, d) indicate significant differences among samples (P<0.05). 

TS: tensile strength, EB: elongation at break, MC: Moisture content, S: solubility.   

 

 

Table 2. Surface color parameters of gelatin/agar bilayer films.  

 

 
Different letters in the same column (a, b, c, d) indicate significant differences among samples (P<0.05).  

 

 


