
PRODUCTION AND CHARACTERIZATION OF 

BANANA PEEL (MUSA ACUMINATA) STARCH-

BASED BIOPLASTIC: A SUSTAINABLE 

ALTERNATIVE FOR TERRESTRIAL AND AQUATIC 

ECOSYSTEMS 

Abstract 

Plastic pollution poses a significant threat to 

terrestrial and aquatic ecosystems, including soil 

microbes and aquaculture organisms. The 

development of biodegradable and eco-friendly 

alternatives is essential to mitigate these impacts and 

support Sustainable Development Goals (SDG 12 

and SDG 15).  

This study explores the production and 

characterization of bioplastic derived from banana 

peel starch (Musa acuminata), a renewable and easily 

degradable resource.  

Banana peels were processed into a uniform brown 

paste and subsequently converted into bioplastic 

using hydrochloric acid and glycerol, with pH 

neutralization, followed by oven drying.  

The resulting bioplastic films were evaluated for 

biodegradability, swelling behavior, and solubility. 

Biodegradability tests revealed progressive microbial 

degradation over 15 days, with samples becoming 

softer and fragmented, demonstrating effective 

breakdown.  

Swelling tests indicated maximum water absorption 

with slight softening, while minimal swelling 

occurred in chloroform and methanol, suggesting 

hydrophilic nature with structural stability in organic 

solvents. Solubility tests showed limited dissolution 

in non-polar and weakly acidic media, whereas 

partial solubilization occurred in polar and acidic 

environments. The findings indicate that banana 

peel-based bioplastic is a promising sustainable 

alternative with reduced environmental impact, 

particularly in aquatic ecosystems.  
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Future research should focus on enhancing 

mechanical properties, water resistance, and large-

scale application to ensure safe integration into 

natural habitats. 

Keywords: Banana peel, Bioplastic, 

Biodegradability, Aquaculture, Eco-friendly, Starch-

based plastics 

I. INTRODUCTION

Plastic pollution has emerged as a critical environmental challenge, threatening the health of 

terrestrial and aquatic ecosystems, including soil microbes and aquaculture organisms. The 

development of eco-friendly alternatives is therefore essential to safeguard biodiversity and 

maintain ecological balance. Bioplastics, produced from renewable and easily degradable 

materials, present a promising solution that aligns with Sustainable Development Goals (SDG 

12: Responsible Consumption & Production and SDG 15: Life on Land). These bioplastics 

can be classified into starch-based, cellulose-based, and protein-based types (Awoyera et al., 

2020). Unlike conventional plastics, many bioplastics are biodegradable, substantially 

reducing their long-term environmental footprint (Alias et al., 2022). 

This research focuses on utilizing starch extracted from banana peels (Musa acuminata) to 

produce biodegradable plastic, offering a sustainable alternative to petroleum-based plastics. 

Protecting the environment is critical to ensuring the survival and proper functioning of 

ecosystems, as all living organisms depend on a balanced habitat (Bharathi et al., 2016). The 

indiscriminate disposal of plastic and other wastes into oceans and land poses severe threats 

to both aquatic and terrestrial environments, as these materials are neither easily degradable 

nor reusable and contribute significantly to pollution (Jayachandra et al., 2016). 

Traditional plastics are synthesized by linking numerous monomers into long polymer chains 

to form a stable backbone, with polyethylene, polypropylene, and polystyrene being the most 

common examples (Ibrahim et al., 2015). In contrast, plant-based systems provide a low-cost 

and environmentally friendly method for producing bioplastics, relying on water, soil 

nutrients, atmospheric carbon dioxide, and sunlight. Such systems not only reduce reliance on 

fossil fuels but also minimize adverse impacts on soil and aquatic ecosystems, thereby 

supporting biodiversity, sustainable aquaculture, and healthy terrestrial environments. 

II. MATERIALS AND METHODS

1. Preparation of Banana Paste: Banana peels were prepared following the method of

Jayachandra et al. (2016). The peels were boiled for 30 minutes, drained, and air-dried on

filter paper for an additional 30 minutes. Once dried, they were crushed using a mortar

and pestle to obtain a smooth, uniform paste (Fig. 1a). All experiments were conducted in

the Zoology Laboratory, St. Edmund‘s College, Shillong.
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2. Production of Bioplastic from Banana Paste: The polymer was synthesized following

the method of Noorjahan et al. (2022). Briefly, 0.25 g of banana paste was placed in a

beaker, and 3 ml of 0.1 N hydrochloric acid was added and stirred. Subsequently, 2 ml of

glycerol was incorporated and mixed thoroughly. The pH was then adjusted to neutral

(≈7) using 3 ml of 0.1 N sodium hydroxide. The resulting mixture was poured onto a

glass petri plate (Fig. 1b) and baked in an oven at 130°C until dry. After cooling, the

formed bioplastic film was carefully peeled off the plate.

III. CHARACTERIZATION OF SYNTHESIZED BIOPLASTICS

1. Biodegradability Test: The biodegradability of the bioplastic was assessed following

Jayachandra et al. (2016). Pre-weighed pieces (1.1 g) were buried in soil at a depth of 5

cm in a beaker, with water added to promote microbial activity (Fig. 1c). The samples

were monitored over 15 days at 5-day intervals, and the reduction in weight was recorded

to evaluate degradation.

2. Swelling Test: Swelling behavior was evaluated to determine whether the bioplastic

retained its structural properties. Pre-weighed samples were immersed in various solvents,

including water, chloroform, and methanol, for 2 hours. Morphological changes and

degree of swelling were then observed and recorded (Jayachandra et al., 2016).

3. Solubility Test: Solubility of the bioplastic was tested to assess its stability in different

chemical environments. Small pieces of the bioplastic were placed in test tubes

containing various solvents, including polar, non-polar, acidic, and weakly acidic media.

The response of the material to each solvent was observed and documented (Jayachandra

et al., 2016).

IV. RESULTS

Following the experiment, the banana peels were successfully converted into a uniform paste, 

as shown in Figure 2. The paste exhibited a consistent brown color, reflecting thorough 

breakdown and homogenization of the peels. Its smooth and even texture indicates its 

suitability as a base material for subsequent polymer formation. 

The biodegradability of the banana peel-based bioplastic was assessed over 15 days by 

burying pre-weighed samples (1.1 g) in soil, with periodic moisture to promote microbial 

activity. Over time, the bioplastic not only showed a gradual decrease in weight but also 

noticeable changes in texture. Initially smooth and flexible, the bioplastic became softer and 

slightly brittle by day 10, and by day 15, it showed significant fragmentation, indicating 

progressive microbial degradation (Fig. 3 and Table 1). 

The swelling test revealed that the bioplastic swelled most in water, becoming more flexible 

and slightly softened, whereas it showed minimal swelling in chloroform and methanol, 

maintaining its original texture (Table 2). These results suggest that the bioplastic is 

hydrophilic while retaining structural stability in non-polar and organic solvents. 
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The solubility of the banana peel-based bioplastic was evaluated in different chemical 

environments to assess its stability. Small pieces of the bioplastic were immersed in polar, 

non-polar, acidic, and weakly acidic solvents. The bioplastic remained largely insoluble in 

non-polar and weakly acidic media, retaining its structure and texture. In contrast, partial 

dissolution and softening were observed in highly polar and acidic solvents, indicating 

limited chemical resistance under such conditions (Table 3). 

V. DISCUSSION

The banana peel-based bioplastic showed promising characteristics as an eco-friendly 

alternative to conventional plastics. The uniform brown paste obtained from the peels 

indicated effective breakdown and homogenization, suitable for polymer formation. 

Biodegradability tests revealed gradual weight loss and texture changes over 15 days, with 

the bioplastic becoming softer and brittle, demonstrating microbial degradation. Such results 

are consistent with Laz-Mero et al. (2025) and Zhou et al. (2025), who reported similar 

degradation in banana peel-based biofilms under soil and aquatic conditions. The degradation 

of biodegradable plastics in aquatic environments is particularly important for protecting 

water-dwelling organisms from plastic accumulation (Turner et al., 2025; Vijayalaksmi et al., 

2022). 

Swelling tests showed the highest water absorption, causing slight softening and increased 

flexibility, while swelling in chloroform and methanol was minimal, retaining structural 

stability (Zhang et al., 2023). These hydrophilic properties suggest that the bioplastic can 

interact with aqueous environments without rapid disintegration, supporting its safe use 

around aquatic organisms. 

Solubility tests indicated that the bioplastic remained largely insoluble in non-polar and 

weakly acidic solvents, whereas partial dissolution occurred in highly polar and acidic media 

(Jayachandra et al., 2016; Zhao et al., 2024). This demonstrates moderate chemical 

resistance, making it suitable for environmental exposure while minimizing potential hazards 

to aquatic ecosystems. 

Future studies should focus on enhancing mechanical strength and water resistance through 

natural additives like cellulose or chitosan. Large-scale production and field trials in aquatic 

environments will be crucial to assess environmental safety and degradation rates, ensuring 

protection for aquatic life while promoting sustainable material alternatives (Al-Qadri et al., 

2025; Turner et al., 2025). 
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VI. SUPPLEMENTATRY MATERIAL

1. Tables

Table 1: Biodegradability and Texture Changes of Banana Peel-Based Bioplastic Over 15 

Days 

Time (Days) Weight of Bioplastic (g) Weight Loss (%) Texture/Appearance 

0 1.10 0 Smooth, flexible 

5 1.02 7.27 Slightly soft 

10 0.91 17.27 Began to fragment 

15 0.80 27.27 Brittle, fragmented 

Table 2: Swelling Behavior of Banana Peel-Based Bioplastic in Different Solvents 

Solvent Swelling Observed Texture / Morphological Changes 

Water High Soft, slightly expanded 

Chloroform Low Rigid, minor swelling 

Methanol Low Slight softening, structure retained 
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Table 3: Solubility Behavior of Banana Peel-Based Bioplastic in Different Solvents 

Solvent Type Solubility Observed Texture 

Polar (water) Partial Softened, slightly swollen 

Non-polar (chloroform) Minimal Rigid, structure retained 

Acidic (0.1 N HCl) Partial Soft, minor disintegration 

Weakly acidic (0.1 N acetic acid) Minimal Firm, structure maintained 

VII. FIGURES

Figure 1: (A) Smooth, Uniform Banana Peel Paste Prepared For Bioplastic Synthesis. (B) 

Banana Peel-Based Bioplastic Film Formed on A Glass Petri Plate After Oven Drying. (C) 

Biodegradability Setup Showing Bioplastic Pieces Buried in Soil for Microbial Degradation 

Assessment. 
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Figure 2: Uniform Brown Banana Peel Paste Obtained After Boiling, Drying, and Crushing, 

Ready For Bioplastic Production. 

Figure 3: Progressive Biodegradation of Banana Peel-Based Bioplastic Over 15 Days, 

Showing Texture Changes From Smooth To Fragmented. 
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