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ABSTRACT: The environmental impact of petroleum-based plastics has led to global shift toward eco-friendly and 

biodegradable alternatives. Among them, plant-based bioplastics and biofilms—derived from natural polysaccharides 

such as cellulose, pectin, and starch are gaining attention as sustainable options. This review highlights recent 

developments that uses agricultural waste, nanotechnology, and simple, green synthesis methods to make plant-based, 

eco-friendly films with mechanical and functional properties comparable to petrochemical plastics. It focuses on four 

important studies published between 2022 and 2025. which highlight (i) the valorization of fruit-processing waste into 

antioxidant-rich pectocellulosic films, (ii) nanocellulose-pectin reinforced Polylactic Acid (PLA) composites with 

enhanced UV and antimicrobial properties, (iii) a lifecycle analysis of cellulose acetate from wood pulp, and (iv) a 

chemical-free method using citrus peel to make bioplastics.  Additional insights include advances in bioactive 

packaging and and compostability standards. The review also emphasizes the role of botanists in biomass selection, 

phytochemical functionalization, and ecotoxicological assessment. It also identifies research gaps related to scale-up, 

regulatory clarity, and real-world biodegradability. Overall, plant-based bioplastics and films offer a promising path 

toward circular material economies, and help build a cleaner, greener future through collaborative multidisciplinary 

efforts. 
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I. INTRODUCTION 

 

Synthetic plastics, largely sourced from fossil feedstocks, account for approximately 400 Mt year⁻¹ of global production 
and an estimated 12,000 Mt cumulative waste projected by 2050 [1]. Bioplastics—polymers that are biobased, 

biodegradable, or both—offer a route to decouple material prosperity from petrochemical dependency. 

Plant biomass is uniquely attractive because it is: 

• Renewable, 

• Carbon-neutral at harvest, 

• Geographically ubiquitous, 

• Chemically rich in polysaccharides (cellulose, hemicellulose, pectin, starch) and polyphenols that can be 

engineered into functional films. 

 

This paper reviews four cutting-edge studies published between 2022 and 2025 that illuminate recent trends in plant-

based bioplastics and biofilms. Together they address: 

1. Waste valorisation [2,5], 

2. Nano-enabled performance upgrade [3,8], 

3. Lifecycle sustainability [4,25,27], and 

4. Low-energy processing [5]. 

 

Objectives: 

• Summarise experimental methodologies and key findings. 

• Compare mechanical, barrier, and functional properties relative to conventional plastics. 

• Identify common bottlenecks and research frontiers where botanical expertise is pivotal. 
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II. REVIEW OF LITERATURE AND METHODOLOGY 

 

A systematic search of Scopus, Web of Science, and ScienceDirect (Jan 2022–Jun 2025) using the following keywords 

yielded a total of 86 articles. 

• :“pectocellulosic bioplastic” 

• “PLA nanocellulose pectin” 

• “cellulose acetate bioplastic” 

• “in-situ self-assembly peel film” 

 

After screening for originality, experimental depth, and citation traction, four focal papers were selected. 

Supplementary studies on nanocellulose composites [8,17–19] and pectin-based active films [14–16] were also 

consulted for contextual depth. 

 

III. RESULTS AND DISCUSSION 

 

3.1 Feedstock Circularity 

• P1 and P4 valorise agro-industrial residues like mixed fruit rinds and citrus peels, converting what would be waste 

into bioplastics [2,5]. 

• Lifecycle inventory analysis shows a 65–80% reduction in embedded CO₂ emissions compared to PLA granules 

[4]. 

• P2 combines commercial PLA with nanocellulose derived from Borassus leaves, while P3 reviews cellulose 

acetate derived from wood pulp [3,4,8]. 

• All four pathways align with the principles of a circular bioeconomy [25]. 

 

 
 

Figure 1. Feedstock and Processing Pathway Comparison. Overview of plant-based sources and their processing routes 

in bioplastic production. 

 

3.2 Processing Chemistry and Energy 

• P1 and P4: Use acid leaching (or zero-chemical grinding in P4) followed by low-temperature evaporation 

(<60 °C) or mechanical pressing [2,5]. 
• P2: Uses melt extrusion at 165 °C, compatible with existing PLA processing infrastructure [3]. 
• P3: Produces cellulose acetate through acetylation. Newer ionic liquid catalysts reduce acetic acid usage by ~30% 

[4]. 

 

Energy demand ranking: 

P4 < P1 < P2 < P3 (Cellulose Acetate) 

 

3.3 Structure–Property Relationships 

• Nanocellulose improves PLA films by forming percolated crystalline domains, increasing tensile strength and 

reducing gas permeability [3,8]. 

• Pectin–cellulose networks trap polyphenols, providing antioxidant properties and enabling bioactive packaging 

applications [2,5,14]. 

• Essential oils such as clove and copaiba incorporated into pectin films enhance antimicrobial activity [14,15] 
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Table 1: Mechanical and Functional Properties Comparison 

 

Property P1 (PC-

Waste) 

P2 (PLA-

SMNC) 

P4 (Peel-

ISA) 

Conventional 

PLA 

Tensile strength (MPa) ~35 ~46 ~38 ~28 

Water vapor permeability 

(g·m⁻²·d⁻¹) 
Low Very Low Low Moderate 

Antioxidant activity High Moderate High None 

Antimicrobial Mild Strong Moderate None 

 

3.4 Biodegradation and End-of-Life 

• All four materials (P1–P4) achieve >90% mass loss within industrial composting conditions (≤180 days), 
complying with ISO 17088 standards [6]. 

• Cytotoxicity testing of extracts from P1 and P2 films showed ≤5% inhibition at 500 µg/mL, within the limits 
prescribed by ISO 10993-5 [7]. 

• Cellulose acetate (P3) with a high degree of substitution (DS > 2.5) degrades slowly in soil, but blending with 

starch or tuning DS can accelerate biodegradation [4,23]. 

• FTIR microscopy confirms that nanocomposite films (P2, P4) leave <1% residual microplastic fragments post 

degradation. 

 

3.5 Toxicity and Regulatory Outlook 

• While starch and PLA are recognized under GRAS (Generally Recognized As Safe) status, other plant-based 

composites like pectocellulosic blends still lack official regulatory clearance. 

• Nanocellulose inhalation risks have been flagged, especially in occupational settings [8,21]. 

• Acetylation reagents used in P3 also demand further safety assessment. 

• There is a growing need for updated global safety and usage guidelines, especially for bioactive and 

nanocomposite bioplastics [27]. 

 

3.6 Research Gaps & Botanical Opportunities 

Several promising research avenues require targeted botanical interventions: 

1. Biomass Optimization 

o Cultivar selection or breeding for high-pectin, low-lignin biomass can improve yield and reduce chemical usage 

[12,13]. 

 

2. Green Delignification 

o Use of enzymatic consortia as alternatives to mineral acids for eco-friendly processing [22]. 

 

3. Phytochemical Functionalisation 

o In-situ incorporation of flavonoids, essential oils, and other phytochemicals for functional (e.g., antimicrobial, 

antioxidant) packaging [14–16]. 

 

4. Ecotoxicological Assessment 

o Use of phytotoxicity assays to ensure that degradation intermediates do not harm soil microbiota or plant growth 

[20,21]. 

 

5. Integrated Biorefinery Models 

o Combining juice extraction, pectin recovery, and film casting in a single facility could cut emissions by up to 

40% and reduce transport burdens [25,26]. 
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IV. CONCLUSION 

 

Recent advances demonstrate that plant-based bioplastics and biofilms are technically credible, multifunctional, and 

environmentally superior alternatives to petroplastics. Innovations span: 

• Low-energy self-assembly of peel waste [5], 

• Nano-enabled PLA composites [3,8,18], 

• Lifecycle-optimized cellulose acetate bioplastics [4]. 

 

However, key challenges remain: 

• Feedstock variability, 

• Lack of harmonized global regulations, 

• Inadequate large-scale composting infrastructure. 

 

Botanists are uniquely positioned to accelerate these solutions through: 

• Biomass cultivation and selection, 

• Phytochemical functionalization, 

• Safety and ecotoxicological testing. 

 

Together with material scientists, plant biologists can shape a resilient, circular economy based on biodegradable, bio-

based polymers. 
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