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✓ ↑ Y(II), Y(I): Enhanced light-use 

efficiency in PSII and PSI

✓ ↑ ETR(II), ETR(I): Accelerated electron 

transport in both photosystems

➢ These improvements enhance energy conversion and photoprotection, 

boosting stress tolerance and overall photosynthetic performance.

✓ Reduces weight and acidity loss

✓ Increases biophenol and vitamin C contents, and antioxidant capacity

✓ Reduces microbial growth

✓ Completely inhibits fungal contamination

✓ Molecular docking showed that chitosan and oleuropein bind strongly to ripening 

enzymes, with oleuropein having the highest affinity, suggesting that CHT+OLE 

coatings can inhibit these enzymes, delay softening, and extend tomato shelf life.

✓ BSF-derived chitosan exhibits a well-defined honeycomb-like porous structure, while

shrimp and crab samples show more irregular morphologies.

✓ Acidic DES (Ch:LA) is more effective for demineralization of crustacean shells,

whereas Ch:U is better suited for insect biomass.

✓ Seed priming with chitosan enhances antioxidant enzyme activity,

reduces H₂O₂ and lipid peroxidation, and improves chlorophyll

content and plant growth under stress

Current environmental challenges are driving a global shift toward the

Circular Economy. This research addresses the urgent need for

sustainable waste management and the replacement of synthetic

chemicals with eco-friendly alternatives through the valorization of

biological by-products. The main goals of this thesis are focused on three

innovative pillars:

▪ Sustainable Extraction: Comparing conventional chemical methods

with Green solvents (Deep Eutectic Solvents) to extract chitosan from

diverse sources (Shrimp, Crab, and Black Soldier Fly).

▪ Active Packaging: Developing innovative, bio-based materials by

incorporating natural bioactive compounds into chitosan to create

edible coatings for post-harvest preservation.

• Agricultural Innovation: Testing the potential of chitosan as a

biostimulant to enhance plant resilience and productivity under

environmental stress.
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