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ABSTRACT 

Plastics are widely used everywhere such that in packing of food, substance and also they are harmful for environment. 

This is because it is versatile, durable and easy to carry. Plastic are non-biodegradable waste and cause pollution for 

environment. So to resolve the problem we can use bioplastic biodegradable films etc. The development of biodegradable 

films can decrease its use such a way that now food industries, textile industries, etc. Use biodegradable films as 
alternative. Biodegradable films are thin, flexible materials that can decompose naturally in the environment, typically 

within a few months to a few years. The increasing demand for sustainable and eco-friendly materials has led to the 

exploration of alternative sources for biodegradable films. Orange peel and Pearl millet are two agricultural waste 

materials that have shown promise in this regard. The isolation of cellulose from orange and pectin from pearl millet. The 

film is been produced by both cellulose and pectin which is been coated with PVA, its anti-biofilm activity is been tested. 

Highlights the challenges and future prospects of using these materials in bioplastic. Bioplastic are used in packaging, 

agriculture, and medicine, providing a sustainable alternative to traditional plastics. Biodegradable films are designed to 

provide a physical barrier or packaging solution. Thereby material can be recycled and reuse to make it innovative, and 

production of plastic will be reduced and pollution will be decreased.  
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INTRODUCTION 

Over the previous century, the production of plastics has grown significantly; in 2015, Statista A. M. Balu et al.., (2012) 

started that 322 million tons were produced worldwide. By now, the enormous quantity of plastic products—which are 

usually derived from non-renewable resources—has resulted in significant plastic pollution. Conversely, biodegradable 

or renewable resources are used to make bioplastics; in the best instance, both are true. Although farmed crops are being 

employed to generate biopolymers, very little land is still utilized for bioplastic. Citrus waste serves as an illustration of 

a bio based and biodegradable substance composed of several biopolymers that has no land use purpose. A plentiful and 

environmentally problematic waste that is underutilized worldwide is citrus trash. The most widely cultivated tropical 

fruit among citrus fruits is the sweet orange. According to USDA, 45.8 million tons of sweet oranges would be produced 

in 2015–16. In the case of orange juice production, for instance, industrial orange processing leaves behind between 50 

and 60 percent of the orange's initial bulk. This enormous amount of garbage has a low pH (3–4), is high in water (about 
80–90%) and organic matter (approximately 95% of total solids), and improper treatment could seriously harm the 

environment. Additionally, orange trash has pectin, soluble sugars, cellulose, hemicelluloses, starch, protein, lignin, ash, 

fat, and flavonoids, all of which have been demonstrated to be advantageous for a variety of inefficient disposal and 

recovery applications A. F. Routh et al..,(2013).  In contrast, these chemicals may be useful for applications using 

bioplastics. Orange trash has previously been used as reinforcement in bio based or petrochemical matrices. The authors 

noted improved mechanical qualities of the products in each of these instances as compared to the clean polymer. The 

current cellulosic fibres are most likely directly responsible for the improved mechanical qualities. Pectin, the main 

ingredient in pearl millet, appears to have no discernible impact on the aforementioned composites, nevertheless. 

However, several reinforcing materials have been used to create pectin-based composites, and cellulosic plant fibres have 

garnered a lot of attention due to their advantageous mechanical qualities as a possible glass fibre replacement in bio-

composites. For instance, commercially available cellulose reinforced pectin composites have been created for use in food 

packaging and tissue engineering. There isn't any research on creating a biofilm directly from cellulosic fibres from orange 
trash and pectin derived from pearl millet. This study examined the process of turning orange garbage into a bio-based 

film and assessed its characteristics. As a result of our work, a new purpose was given to orange waste and biofilms were 

produced without prior chemical modification of the raw material A. Soroudi et al.., (2013). Film casting was used to 

prepare the films. Orange waste has mechanical qualities that are competitive with those of some commodity plastics and 

is derived from plants and biodegradable. Therefore find usage in non-structural applications with additional 

advancements, such as a sustainable packaging material for the food industry. 

 

Orange Waste 

Among the most widely consumed citrus crops worldwide is the orange. This fruit contains a number of beneficial 

substances, including flavonoids, catechins, antioxidants, folic acid, and vitamin C. Because oranges can be grown in a 

variety of soil types and climates, they are regarded as a crop that is adaptable. Oranges can be grown in a number of 
nations between Ecuador's north and south, between 30° and 35°. Orange peel has 11% hemicellulose, 22% cellulose, 
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25% pectin’s, and 23% sugar Santi G et al.., (2014). These values make biochemical transformations, like the creation of 

bioethanol or biogas, viable possibilities. The full application of these procedures necessitates substantial research because 

they need multiple steps of biomass treatment, each of which may produce a by-product. 

 

 
 

Pearl Millet 

Pearl millet is primarily grown in arid and semi-arid regions of Africa and Asia. Its processing generates significant by-

products, including bran and hulls, which contain pectin substances that can be extracted and utilized in various 

applications. The pectin content in pearl millet hulls and bran is influenced by several factors, including maturity, variety, 

and growing conditions. Pearl millet pectin is primarily composed of galacturonic acid, rhamnose, arabinose, and 

galactose, similar to pectin obtained from conventional sources. Several studies indicate that pearl millet hulls contain a 

considerable amount of pectin, making them a potential raw material for sustainable pectin production. 

 

Cellulose 

A 1:15 ratio of 5% (w/v) sodium hydroxide (NaOH) heated at around 80 °C for three hours was used to achieve the 
alkaline treatment. The cellulose underwent a 10-minute centrifugation at 3500 rpm and multiple washes with distilled 

water to achieve a pH of neutral. The fibres were then bleached at a fibre to solvent ratio of 1:15 using 1.7% (w/v) 

NaClO2. The mixture was heated to roughly 80 °C for two hours after being acidified to pH 4 with the addition of glacial 

acetic acid. And then heated for 5 hours and then collect the sediment and then dry the sediment. Cellulose is been 

extracted. 

 

Pectin 

Pectin is been extracted from pearl millet for that first for that we should weigh 15g and heat for 30mins at 80°C then we 

should filter the extract and then add 95% ethanol and then keep it for 30mins for observation after that centrifuge the 

extract at 3000rpm for 10mins and then collect the pellet and then dry in hot air oven in a petri plate. The most popular 

aqueous extraction techniques for pectin include direct boiling, microwave heating, ultrasonic, autoclaving, and 

electromagnetic induction. All these pectin extraction techniques contribute to the degrading of pectin quality to some 
degree. Variations in temperature, extraction duration, pH, and source material all affect pectin output.  

 

Bioplastic  

Plastic is a packaging material used for household needs, wrapping food and drinks and other necessities, because plastic 

is light and the price is affordable, but in its use, plastic has a negative impact on environmental sustainability because 

plastic is difficult to degrade. Several studies have been carried out to reduce the use of plastic or replace it with 

environmentally friendly packaging, namely biodegradable plastic or bioplastic. Bioplastics are plastics that can be 

degraded in a short time made of natural polymer materials such as starch, cellulose and fat and the main ingredients that 

are often used in the manufacture of biodegradable plastics are starch and Poly Lactic Acid (PLA). In addition, as one of 

the uses in processing bioplastics, also be made from cellulose and pectin which is been extracted from orange peel waste 

and pearl millet. 

 

Physical Properties of Bioplastic  

 A sustainable substitute for traditional plastics, bioplastic made from leftover cellulose from orange peels and pearl millet 

pectin combines strength, flexibility, and biodegradability. The proportion of cellulose to pectin affects this bioplastic's 

mechanical qualities; cellulose gives it structural rigidity and tensile strength, while pectin improves its flexibility and 

film-forming capacity. While the elongation at break varies based on the composition, usually between 10 and 50 percent, 

the moderate tensile strength makes it appropriate for flexible packaging applications. The material's glass transition 

temperature (Tg) ranges from 50 to 150°C, depending on the amount of cellulose and pectin present. Thermal breakdown 

happens at temperatures higher than 200°C. In contrast to synthetic polymers, the bioplastic has a low melting point but 

strong thermal stability. Although the inclusion of cellulose marginally increases moisture resistance, the material's high 

pectin concentration renders it hydrophilic, resulting in water absorption between 20 and 60%. This makes the bioplastic 

appropriate for short-term uses but less suitable for extended exposure to humid conditions. Depending on the ratio of 
cellulose to pectin, the bioplastic might seem clear or opaque and have a smooth or somewhat rough feel. With a density 
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that is usually between 0.8 and 1.2 g/cm³, the material is lightweight and on par with traditional plastics. It is an 

environmentally beneficial substitute because of its high biodegradability, which breaks down in a matter of weeks to 

months when left to its own devices. The substance is resistant to mild acids and alcohols, but it breaks down in strongly 

acidic or alkaline settings. It is also somewhat water soluble and swells in high humidity. In line with the demand for 

sustainable material substitutes, these characteristics make bioplastic derived from orange peel cellulose and pearl millet 

pectin a viable option for biodegradable food packaging, disposable containers, agricultural mulch films, and edible films. 

 

Advantages of Bioplastics from Cellulose and Pectin 

Bioplastic made from leftover cellulose from orange peels and pectin from pearl millet has a number of benefits that make 

it a sustainable and environmentally friendly substitute for traditional plastics. Its ability to break down naturally without 

leaving behind dangerous micro-plastics is one of its main advantages; this lowers pollution in the environment. In 

addition to being a renewable raw material, using orange peel waste cellulose helps manage waste by reusing agro-

industrial wastes that would otherwise be thrown away. The biopolymer's structural integrity is also strengthened by pearl 

millet pectin, which also gives the bioplastic flexibility and better water resistance, making it appropriate for a variety of 

uses like food packaging and throwaway goods. 

 

Disadvantages of Bioplastic from Cellulose and Pectin 

Although they provide environmentally beneficial alternatives, bioplastics derived from orange peel waste cellulose and 
pearl millet pectin have a number of drawbacks. First of all, it might be expensive and energy-intensive to separate 

cellulose from orange peel and pectin from pearl millet, which makes large-scale production economically difficult. 

Furthermore, because these bioplastics could not be as strong, flexible, or durable as traditional plastics, their mechanical 

qualities might not always satisfy the needs of specific applications. Another potential drawback is the scarcity of raw 

materials, as pearl millet and leftover orange peel may not be sufficient for large-scale manufacturing. Additionally, even 

though these bioplastics are biodegradable, in some situations they may break down too quickly, which would restrict 

their application in goods that need a longer shelf life. The effects of processing on the environment are also a concern; 

even though the materials are derived from waste products, large amounts of energy and resources may still be used 

during the extraction and refinement stages. Lastly, it is yet unknown how these bioplastics may affect the environment, 

human health, and performance in the long run due to a lack of thorough research on these topics. 

 

Conclusion 
In conclusion, by using agricultural waste materials, bioplastics made from cellulose waste from orange peels and pectin 

from pearl millet offer a viable, sustainable substitute for traditional plastics. They have the potential to improve the 

environment by lowering plastic waste and being biodegradable. But obstacles like exorbitant manufacturing prices, 

scarce raw materials, and worries about their processing effects and mechanical characteristics prevent them from being 

widely used. To completely comprehend their long-term performance and environmental effects, more research is also 

required. Notwithstanding these limitations, bioplastics made from orange peel and pearl millet may prove to be a useful 

tool in the transition to more environmentally friendly materials with additional development and improvement. 
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