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Abstract

This article presents that plastic waste from food packaging has continuously impacted the
environment, creating an urgent need to develop alternative biodegradable packaging capable of
monitoring food quality. This research aimed to: (1) extract pectin from watermelon rind for producing a
biofilm used in food quality monitoring and determine the optimal extraction conditions; (2) fabricate
biofilms from watermelon rind using the extracted pectin and identify suitable film-forming conditions; and
(3) evaluate the properties of the developed biofilm and compare its performance with conventional
plastic films. The study focuses on utilizing watermelon rind, an agricultural waste material, to develop an
intelligent packaging film capable of real-time food freshness monitoring. |

The results indicated that the optimal pectin extraction condition involved using 100 cm?® of 0.1
mol/dm?3 hydrochloric acid solution and 150 cm? of ethanol solution. Biofilms prepared with 3 ¢ of honey
as a binding agent exhibited good mechanical properties and stable film formation. The incorporation of
natural extracts from Clitoria ternatea, Ruellia tuberosa, Catharanthus roseus, Brassica oleracea var.
capitata f. rubra, and natural substance mixes of pigments enabled the biofilm to change color according
to food spoilage conditions, allowing food freshness to be monitored without opening the packaging. The
developed biofilm demonstrated mechanical strength comparable to conventional plastic films while
offering advantages in biodegradability, reduction of synthetic plastic usage, and value addition to
agricultural waste materials. Therefore, watermelon rind biofilm shows strong potential for application as an

environmentally friendly intelligent food packaging system.

Keywords: Biofilm / Watermelon Rind / Pectin / Natural Substances / Real-Time Food Quality Monitoring
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