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Abstract 

Plastics, which are dumped in landfills and disintegrate very slowly, are one of the main drivers 

of land pollution. Because of this, biodegradable and biocompatible polymers are currently 

increasing importance in both fundamental and practical research domains across the globe. 

Plastics made from renewable biomass sources, such as food scraps and agricultural byproducts, 

are known as bioplastics. Transparent, adaptable, strong, excellent as a barrier, and heat resistant, 

bioplastic is also. We carried out a study in the Biotechnology department of the Govt College in 

Hisar, Haryana, keeping all these issues in mind. In this study, we used leftover banana peels and 

turned them into a bioplastic film by treating them with acid and alkali.  Successful production of 

bioplastic sheets from a mixture of banana peel and industrial maize starch was done. At 4% 

maize starch content, the films were able to offer tensile strength with a maximum value of 3.50 

n. The hydrophilic properties of starch molecules increased the water intake for all of the 

bioplastic films by more than 50%, according to the water absorption test. It was discovered 

during a biodegradability test that all of the bioplastic films disintegrate within a week. It is 

advised to carry out additional experiments in the future to improve the performance of the film, 

particularly in terms of mechanical characteristics and FTIR studies, as this is only a preliminary 

study. For better and more environmentally friendly outcomes, more and more waste peels, such 

as fruit and vegetable peels can be examined.  
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Introduction: The major sources of land 

pollution are petroleum-based plastics [1]. 

The excess production of chemical-based 

plastics creates a lot of environmental 

problems like deposition and slow 

degradation [2]. Due to its durability and low 

cost, chemical based plastic is used 

frequently in many areas [3].  Almost all the 

living organisms including humans get 

affected due to extensive use of plastics. So, 

in some places, there have been initiatives to 

minimize plastic use and pollution while 

promoting plastic recycling. Plastics are 

potentially hazardous and may be 

carcinogenic due to the excessive use of 

chemical additives during production. Some 

of the main additives are utilized as 

brominated flame retardants and phthalate 

plasticizers. As a result, scientists are 

currently investigating viable substitutes for 

the conventional plastics made from 

petrochemical sources. One of the best 

alternatives of chemical-based plastic is 

biodegradable bioplastic. Nowadays, both 

fundamental and applied research domains, 

such as pharmacology, biomedicine, and 

environmental applications, are placing more 

and more emphasis on biodegradable and 

biocompatible polymers [4-9]. The 

preparation of bioplastics from waste banana 

peels is an interesting and innovative 

approach to address the issue of plastic 

pollution [10]. Bioplastics are biodegradable 

and have the potential to replace traditional 

plastics made from non-renewable resources. 

Banana peels are an abundant and readily 

available source of raw material, making 

them an attractive option for bioplastic 

production [11]. The process of preparing 

bioplastics from banana peels is cost 

effective. One of the benefits of using banana 

peels as a source of bioplastics is that they 

contain high amounts of starch, which can be 

converted into a biodegradable plastic. The 

starch content of banana peels is about 18.5% 

[12]. In addition, banana peels also contain 

cellulose and lignin, which can be used as 

reinforcing agents to improve the mechanical 

properties of the bioplastic. However, there 

are also some challenges associated with the 

preparation of bioplastics from banana peels. 

For example, the process can be energy-

intensive and may require specialized 

equipment. In addition, the mechanical 

properties of the bioplastic may not be as 

good as those of traditional plastics, which 
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could limit their use in certain applications. 

Overall, the preparation of bioplastics from 

waste banana peels is a promising approach 

to address the issue of plastic pollution. 

Further research is needed to optimize the 

process and improve the mechanical 

properties of the bioplastics. 

At present, we could see the use of 

conventional plastic in every corner of the 

world, but their use raises serious 

environmental issues and public irritation 

because of their non-degradable nature. 

Hence, nowadays it is indispensable to have a 

potential bioplastic material in alternate over 

the conventional plastics. The bioplastic 

obtained will be environmentally friendly, 

trendy, user friendly and degradation 

tractable properties. By keeping all these 

aspect in mind, we have conducted 

experiment for preparation of bioplastic from 

banana in Govt College, Hisar. 

 

Materials and method 

 

Present investigation on “Utilization of 

waste banana peels for the preparation of 

environment friendly bioplastic film” was 

conducted in Department of Biotechnology, 

Govt. College, Hisar (Haryana). In this study 

we made efforts towards preparation of 

bioplastic film from waste such as banana 

peels as banana peels are very good source of 

starch. Therefore, banana peels can be 

suggested as a suitable source for the 

manufacturing of bioplastics. The chemicals 

used here are of HI-MEDIA and glassware 

used was of high quality Borosil. Different 

instruments used in this study were Hot plate, 

Hot air oven, Blender and pH meter. Waste 

banana peels were obtained from a banana 

shake seller who stands in the local market of 

Hisar (Haryana) and commercial corn starch 

was purchased from local grocery shop. 

Analytical grade hydrochloric acid (HCl; 36 

% v/v), Analytical grade sodium hydroxide 

and glycerol (99.5 % v/v) were purchased 

from Bharat instruments and chemicals. 

 

Methodology applied for preparation of 

Bioplastic film 

 

In the first step, approximately 300 g of 

banana peels were taken and washed by 

dipping in acetic acid solution. Then, washed 

peels were placed into a beaker containing 

800 mL water and boiled for 30 minutes. The 

water was decanted off and the peels were 
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left to dry for 30 minutes at room 

temperature. The banana peels were then 

placed in a clean 500 mL beaker. Using a 

hand blender, the banana peels were pureed 

and 25 ml of the paste was placed in a 50 ml 

beaker containing 3mL of 0.5M HCL. The 

whole mixture was stirred using a spatula. 

Then 2 mL of 15% glycerol solution was 

added and the mixture was again stirred. A 3 

mL of 1%, 2%, 3%, 4% and, 5% corn 

starch was then added as co-biopolymer and 

the mixtures with different concentration of 

corn starch was stirred again. Then, a 3 mL of 

0.5 M NaOH was added to the mixture and 

stirred. The mixture was poured into a mould 

and spread into a thin layer with a wooden 

rod.  The mould was then placed in a 130⁰C 

oven and baked for 30 minutes. The tile is 

allowed to cool and the film is scraped off the 

surface. 

 

Testing Procedure   

To test the tensile strength of prepared 

bioplastic sample, some procedures are 

adopted. One of them is: 

✓ Visual analysis which is done to 

locate any defects in the sample. The 

common forms of defects can be 

perforations, tears and very low 

thickness. If there is no effect in the 

sample, it is approved for further 

testing. For further testing, a 2cm by 

4cm rectangular slice is cut out of the 

sample and clamped between 2 clips. 

One end of the clip is attached to a 

support and the other end has a 

suspended pan for placing weights in 

them. Applying the thumb rule for 

tensile strength testing, the samples 

are clamped such that 60% of the 

sample is between the clamps and is 

our testing region. Once the sample 

has been clamped, weights are added 

in steps of 10 grams each. A gap of 20 

seconds is provided between the 

addition of weights to allow the 

sample to stretch and tear.  The final 

weight at which the sample tears is 

noted using an electronic balance. For 

tensile strength calculations, we use 

the following formula: 

 

 

Tensile strength (MPa) = Weight (N)/ 

Cross sectional Area (mm2) 

 

✓ Water Absorption Test: A small 

piece of the sample was cut into 1 cm 
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× 2 cm size. The initial weight of the 

sample was recorded. The sample was 

then placed into a beaker containing 

60 mL of water at room temperature 

for 24 hours. The sample was then 

taken out from the water and wiped 

off. The final weight was recorded. 

The amount of water uptake was 

calculated by using the following 

formula:  

 

WA (%) = Final weight (g) – Initial 

(g)/Initial weight (g) x 100 

 

✓ Biodegradability Analysis of 

prepared bioplastic film: 

Biodegradation process of agro 

bioplastic was also studied under lab 

conditions. For this purpose, prepared 

bioplastic was added to tubes 

containing sterile distilled water, soil 

water, sewage water and water 

containing bacterial culture. The 

process of degradation was studied till 

7 days. 

 

Results and Discussion  

Research was done to characterize and 

prepare bioplastic film made from waste 

peels. We have made an effort to solve the 

two main issues of waste management and 

pollution brought on by petroleum-based 

plastics. During this study, first step was 

hydrolysis of starch present in the waste 

banana peels. Starch consists of two different 

types of polymer chains, called amylose and 

amylopectin, made up of adjoined glucose 

molecules. The hydrochloric acid is used in 

the hydrolysis of amylopectin, which is 

needed in order to aid the process of film 

formation due to the H-bonding amongst the 

chains of glucose in starch, since amylopectin 

restricts the film formation. The sodium 

hydroxide in the experiment is simply used to 

neutralize the pH of the medium.  

 

Figures 1 below show the complete 

procedure of preparation of BP films with 

different percentage of corn starch. It is 

probable that the development of brownish 

color was due to the caramelization of the 

sugar in the ingredients.
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Banana Peels were taken Chopping of Peels Washing of peels 

   

Boiling of peels Drying of peels Pureed banana peels 

 

Banana puree after adding of different concentration of corn starch 

 

Casting of banana puree with different concentration of corn starch 
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Final bioplastic film after drying and scrapping 

 

Figure 1: Complete procedure of preparation of biofilm from waste banana peels 

Acid hydrolysis changes the physiochemical 

properties of starch without changing its 

granule structure. Kerr et al [13] said that at 

the temperature below the gelatinization 

temperature, the amylopectin region of starch 

gets hydrolyzed preferentially than the 

amylose region. Abdorezza et al [14], 

obtained native starch from the stem of palm 

trees using 0.14N HCl. During the initial 

stages of hydrolysis, the amylose content 

increased due to the hydrolysis of branched 

chains of 

amylopectin. However, if the hydrolysis time 

was increased up to 6 hours, the amylose 

content decreased slightly. After complete 

hydrolysis, plasticizer was added. Plasticizers 

are generally small molecules such as polyols 

like sorbitol, glycerol and polyethylene 

glycol (PEG) that intersperse and intercalate 

among and between polymer chains, 

disrupting hydrogen bonding and spreading 

the chains apart, which not only increases 

flexibility, but also water vapor and gas 

permeabilities. During the present study, 

glycerol was used as a plasticizer. It is 

generally accepted that plasticizers lower the 

number of physical cross- links between 

starch chains, and consequently retard the 

rate of retrogradation. Further many testings 

procedure were adopted. Visual analysis 

showed that some biofilms have perforations 

while some are very fine with no 

perforations. As far as we are concerned with 

thickness, films were thin. In the load test, it 

was found that the biofuel with 4% corn 

starch have highest tensile strength as 

compared to 1% corn starch. After that 5% is 

the second one to have highest tensile 

strength. Our result is also supported by the 

study of Sultan and Johri (2017) who 

conducted almost same type of experiments 

for the preparation of banana leaf. According 

to Azhari et. al (2011), as the filler-filler 

interaction became more prominent due to the 

increase in the amount of starch, the tensile 

strength tended to decrease. This shows that 

4% of corn starch is the maximum amount to 

be added for the film. The tensile strength of 

the films is far smaller compared to previous 

studies on starch-based films. Another test 
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performed was water absorption test. The test 

of the plasticized starch BP film was carried 

out at room temperature for 24 hours to 

obtain the maximum water uptake data. 

Based on Table 1, the highest water uptake is 

by BP film with 1% corn starch which is 

100.88%.

Table 1: Water absorption test of prepared bioplastic film 

Sample Tensile property (n) Water absorption (%) 

1% corn starch 1.29 99.6 

2% corn starch 0.99 67.1 

3% corn starch 2.47 52.1 

4% corn starch 3.50 53.1 

5% corn starch 2.98 56.1 

 

Biodegradability test was done to check the 

degradability of Bioplastic film. It was found 

that all the bioplastic films get degraded 

during the one week. These films were test in 

soil, tap water and waste water. So, this 

experiment suggested the ecofriendly nature 

of biofilm.  

Conclusion 

In this study, we used leftover banana peels 

and turned them into a bioplastic film by 

treating them with acid and alkali.  The 

mixture of banana peel and industrial maize 

starch was effectively used to create 

bioplastic films. At 4% maize starch content, 

the films were able to offer tensile strength 

with a maximum value of 3.50 n. It is 

claimed that a modest increase in the 

concentration of plasticizer will be able to 

produce a superior tensile strength because 

the films were made of starches from two 

separate sources. The hydrophilic nature of 

starch molecules boosts the water intake for 

all of the bioplastic BP films by more than 

50%, according to the water absorption test. 

It is advised to carry out additional 

experiments in the future to improve the 

performance of the film, particularly in terms 

of mechanical characteristics and FTIR 
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studies, as this is only a preliminary study. As 

a result, new formulations can be created in 

the future to satisfy the standards for standard 

bioplastics. For better and more 

environmentally friendly outcomes, more and 

more waste peels, such as fruit and vegetable 

peels can be examined. 
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