Functional properties of urea incorporated wheat protein films
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Improper application of fertilizers can adversely affect the soil quality as well as plant growth. Application of fertilizers such as urea directly on to the soil can result in soil toxicity as it rapidly changes the ionic concentration. Controlled release fertilizers (CRFs) are materials that can prolong the release of fertilizers or other plant growth promoting materials in to the soil so that they can be used more effectively by the plants1. They also help the plants in effective nutrient management promoting their growth and yield. In this study, biodegradable films based on wheat gluten were prepared by incorporating different concentrations of urea, and the properties of the films were assessed. Wheat gluten was selected due to its hydrophilic nature which enables the films to absorb more water. This property is beneficial for agricultural applications as it improves the moisture retention capacity of soil. Moreover, gluten is a completely biodegradable polymer and thus its application does not harm the soil and consequently the environment. 

Films were prepared by incorporating different levels of urea (ranging from 0 – 30 % based on weight of gluten) in an alkaline environment and were characterized by Fourier transform infrared spectroscopy (FTIR). The analysis indicated that the incorporation of urea affected the secondary structure of the protein. The surface morphology of the films were characterised by scanning electron microscopy (SEM) and it was observed that the film with 20 % urea exhibited voids on its surface which had a positive effect on its water vapour permeability. However, in the other films the voids were not as prominent. Thermogravimetric analysis (TGA) indicated a four step degradation pattern for the urea incorporated films. From the TGA curves it was observed that the urea incorporated films started to degrade at a lower temperatures compared to the control film (with 0 % urea).
Incorporation of urea had a profound effect on the properties of the films. The moisture content and solubility of the films in water increased with increasing the urea concentration from 0 to 30 %, and ranged from 17.1 to 24.1 % and 17.5 to 26 %, respectively. This phenomenon is most likely associated with the hydrophilic nature of urea. The water vapour permeability was the highest for the films with 20 % urea and was slightly reduced for the films with higher urea levels. This might be due to the formation of a more rigid structure for the films with higher urea through hydrogen bonding interactions between the carbonyl group of urea and the amino groups of gluten, or vice versa. However, the tensile strength of the films was found to decrease initially upon increasing the concentration of urea from 0 % to 10 %, but after subsequently increased by increasing the urea concentration to 20 and 30 %.
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