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1. Introduction

Bioinspired Collagen Films Reinforced with Waste-Derived Polyphenols for Sustainable 
Bioactive Packaging

4. Methodology

5. Results

Developing bio-based materials from renewable resources is a key challenge in advancing sustainable packaging. Herein, tannins recovered from pomegranate peel waste were exploited as natural crosslinking agents to 
engineer bioinspired collagen films. Comprehensive structural, thermal, and nanoscale characterizations demonstrated successful intermolecular interactions, enhanced fibrillar organization, and preserved collagen integrity. 
By replacing synthetic crosslinkers with waste-derived polyphenols, this work illustrates a green and circular approach to producing functional biodegradable materials for next-generation bioactive packaging

Abstract

3. 12 Principles of Green Chemistry

6. Conclusion & Future Perspectives

Conventional petroleum-based packaging materials contribute 
significantly to environmental pollution, creating an urgent need 
for sustainable alternatives. Collagen is a biodegradable and 
biocompatible biopolymer with excellent film-forming ability, yet 
its poor water resistance limits practical applications. Inspired by 
natural polyphenol–protein interactions, this work explores the 
use of tannins recovered from pomegranate peel waste as bio-
based crosslinking agents to improve collagen film performance 
while simultaneously valorizing agro-industrial residues within a 
circular bioeconomy framework.

Sara EL MOUJAHED1,3, Faouzi ERRACHIDI2, Abderrahim BENZAOUIA3, Ana-Maria MOROSANU4, Sorin Marius AVRAMESCU5, Mihaela DRAGOI CUDALBEANU6, Fouad OUAZZANI CHAHDI1, Youssef KANDRI 
RODI1, Rodica Mihaela DINICA7

1 Laboratory of Applied Organic Chemistry, Faculty of Sciences and Technologies, Sidi Mohamed Ben Abdellah University, Morocco; 2 Laboratory of Functional Ecology and Engineering Environment, Faculty of Sciences and Technologies, Sidi Mohamed Ben Abdellah 
University, Morocco; 3 College of Chemical Sciences and Engineering (CCSE), Chemical and Biochemical Sciences (CBS), Mohammed VI Polytechnic University (UM6P), Benguerir, Morocco; 4Institute of Biology Bucharest, Romanian Academy, Romania, Morocco; 

5Department of Organic Chemistry, Biochemistry and Catalysis, Faculty of Chemistry, University of Bucharest, Romania; 6Faculty of Land Reclamation and Environmental Engineering, University of Agronomic Sciences and Veterinary Medicine of Bucharest, Romania; 
7Laboratory of Organic Chemistry, Faculty of Sciences and Environment, Dunarea de Jos University of Galati, Romania

2. Objectives

• Develop biodegradable collagen films using natural tannins.
• Valorize pomegranate peel waste as a renewable crosslinker.
• Improve physicochemical stability of collagen films.
• Evaluate their potential for sustainable bioactive packaging.
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Collagen Powder (SC) Collagen Crosslinked 
Film (SC-X)

 Active food packaging.
 Antioxidant packaging. 
 Biomedical wound dressings. 
 Sustainable coatings 
 Scale-up using agro-industrial waste 
Exploration of other agricultural polyphenol sources

 Natural tannins efficiently crosslinked collagen.
 Triple helix structure preserved after crosslinking 
 Improved fibrillar organization and crosslinking density.
 Promising biodegradable material for bioactive packaging.
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