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Abstract
In this study, Box–Behnken response surface experimental design of response surface methodology (RSM) was adopted to 
investigate the simultaneous effects of tomato puree (1–3% w/v), casein (0.4–0.8% w/v) and drying time (10–12 h) on the 
physical and optical properties of a bio-composite film. Analysis of variance (ANOVA) showed that the experimental data 
was well-explained by the different models with high coefficient of determination (R2 > 0.90). The second-order polynomial 
models were fitted to all the response variables and three-dimensional response surface plots and equations were analyzed. It 
was found that all the process variables significantly affected (P < 0.05) the response variables either linearly or quadratically, 
whereas the “Lack of Fit” was non-significantly relative to the pure error. On the basis of the ranges of different responses, 
a total of nine solutions were suggested, out of which, the film with 2.12% w/v tomato puree level, 0.59% w/v casein level 
and 11.99 h drying time was selected. At this optimum point, thickness, moisture, solubility, moisture absorption rate, water 
vapor transmission rate, density, transparency, hue angle, chroma value and whiteness index were found to be 0.143 mm, 
24.49%, 77.69%, 10.22%, 0.03 g/cm2 t, 1.472 g/mL, 40.72%, 78.70, 11.60 and 64.99, respectively, with a desirability value of 
0.61. It can be concluded that the developed films with desirable characteristics can be successfully prepared and effectively 
applied in the food packaging industry.
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Introduction

During the last decade, a great deal of research dealt with 
the development of edible/biodegradable film from differ-
ent natural sources for various food packaging applications. 
These bio-based food wrapping materials have been identi-
fied as environmental friendly, economic and comprehen-
sively performing food packaging functions.

Edible/biodegradable film can be fabricated from various 
types of used polymers, either in the single or bio-composite 
form, including polysaccharides (alginate, carrageenan, chi-
tosan, starch, pectin and cellulose), proteins (casein, gelatin, 

soy protein and zein) and lipids (shellac, waxes and fatty 
acid esters) [1, 2]. These films act as selective barriers to 
gases  (O2 and  CO2), water vapors, light, aromas, flavors and 
also reduces lipid oxidation [3]. In recent times, agro-indus-
trial by-products of fruits, vegetables, or their residues are 
also very promising biopolymer materials to fabricate novel 
biodegradable plastics for safe and effective food packaging 
[4, 5]. The presence of naturally occurring complex blends 
of starch, cellulose derivatives, pectin, protein, lipids and 
fibers in these agro-industrial by-products is responsible for 
film formation [5, 6]. The development of bio-composite 
films could be of particular interest regarding blending of 
polysaccharides or proteins with fatty acids, since lipids 
improve the barrier properties and proteins or polysaccha-
rides improve the mechanical characteristics [3].

The tomato (Lycopersicon esculentum) is the second most 
important vegetable next to potato. The skin extracts are 
especially rich in lycopene, which is the principal carotenoid 
of tomatoes [7]. Du et al. [8] prepared cinnamaldehyde or 
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