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Abstract
Plastic pollution is a critical environmental issue leading to extensive ecological damage and posing health risks due to the 

persistence of petrochemical-derived plastics. Biodegradable films, particularly those derived from renewable resources like 

corn waste, offer a promising solution to this issue. Corn waste including husks, stalks and cobs are rich in cellulose, 

hemicellulose and lignin making it suitable for biodegradable film production. Various methods such as chemical treatments, 
enzymatic hydrolysis and mechanical processes are used to extract useful components from corn waste followed by film 

formation techniques like casting and extrusion. Corn waste films exhibit mechanical and barrier properties comparable to 

conventional plastics with the added benefit of faster biodegradability. These films have potential applications in packaging 

and agriculture reducing plastic waste and supporting sustainable practices.  
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Introduction 

Plastic pollution has emerged as a significant environmental 

concern, contributing to widespread ecological damage and 

posing a threat to both terrestrial and marine ecosystems [1]. 

These plastic based materials not only harm the environment 

but also have severe consequences for human health. The 

latest research has revealed that the plastics of microscale 

have been discovered in the human blood [2], liver [3], human 

testicles and semen [4]. The plastic materials have been 

utilized for their lightweight, low cost, chemical resistance 

and easy processing [5]. Traditional plastics derived from 

petrochemicals are persistent pollutants that can take 

centuries to degrade and are difficult to manage [6]. Today 

the lion’s share of environmental pollution is caused by 

plastic materials [7]. Consequently, there is an urgent need for 

sustainable alternatives that can alleviate the burden of plastic 

waste.  

Biodegradable films have emerged as a viable solution to this 

problem. These films are designed to break down more 

rapidly than conventional plastics when exposed to 

environmental conditions such as moisture, heat, and 

microbial activity [8]. These biodegradable films can be 

derived from various sources like Polysaccharides [9-11], 

Proteins [12-14] and Microbes [15, 16]. Made from 

renewable resources, biodegradable films can decompose into 

natural substances like water, carbon dioxide, and biomass, 

leaving no toxic residues [17]. This ability to integrate into 

natural cycles makes biodegradable films particularly 

attractive for applications where traditional plastic waste 

poses significant disposal challenges. The adoption of 

biodegradable films not only reduces the volume of persistent 

plastic waste but also supports a more sustainable and circular 

economy. 

Recently lignocellulosic biomass has received attention as an 

abundant, sustainable and organic alternative resource to 

petroleum-based resources [18]. It is a naturally occurring 

composite generated by plant cells, comprising of three major 

biopolymers cellulose, hemicellulose and lignin as well as 

several minor components [19]. Lignocellulosic biomass is 

the most abundant substance on Earth, it is widely available 

and forms the cell walls of woody plants. Agricultural and 

forest leftovers are among the various sources of 

lignocellulosic biomass that can be utilized by industry [20]. 

The structure and composition of lignocellulose can differ 

amongst plant species according to factors such as growth 

conditions, plant parts and species [21].  

Corn is a major cereal crop having wide applications in 

industry, animal feed and human food [22]. It is an abundant 

source of plant residues and have various benefits like 

accessibility, biodegradability and its rich starch content [23]. 

Corn waste is an abundant agricultural byproduct presenting 

a promising solution to the plastic problem. The conversion 

of corn husks, stalks, and cobs into biodegradable films offers 

a dual benefit of waste valorization and pollution mitigation. 

Figure 1 provides an overview of Corn waste conversion to 

bioplastics. 

Figure 1 Corn Waste Conversion to Bioplastics 

This review examines the composition, properties, conversion 

methods and potential applications of corn waste-derived 

films, highlighting their benefits and the challenges that must 

be addressed to realize their full potential. 

Composition and Properties of Corn Waste 
Corn waste comprises various parts of the corn plant, 

including husks [24], stalks [25] and cobs [26], each with 

distinct physical and chemical properties. These materials are 

rich in cellulose (35-50%), hemicellulose (20-30%), and 

lignin (15-20%), which are essential for film formation [27]. 

Table 1 shows the lignocellulosic composition of various corn 

byproducts. The high cellulose content, in particular imparts 

strength and flexibility to the films [28], while hemicellulose 

and lignin contribute to the film's barrier properties and 

structural integrity [29]. The fibrous nature of corn waste 

enhances the tensile strength and durability of the resultant 
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films, which are crucial for practical applications. 

Additionally, the presence of other organic compounds, such 

as proteins and waxes, can influence the film's mechanical 

properties and biodegradability [30]. 

Table 1 Lignocellulosic Composition of Corn 

Byproducts. 

Sourc

e 

Composition 

Cellulos

e 

Hemicellulos

e 

Ligni

n 

Reference

s 

Corn 

Cob 

35 – 45 35 – 40 6 – 15 [22, 31] 

Corn 

Stover 

35 – 40 20 – 25 11 – 

19 

[32] 

Corn 

Husk 

38 – 42 21 – 44 6 – 12 [31, 33] 

Corn 

Stalk 

34 – 42 29 20 – 

21 

[31, 34] 

Methods of Converting Corn Waste into 
Biodegradable Films 
The conversion of corn waste into biodegradable films 

involves several key steps. Initially, useful components are 

extracted from the raw material through processes such as 

chemical treatment, enzymatic hydrolysis or mechanical 

separation [35]. Chemical treatments often involve the use of 

alkali or acid solutions to break down the lignocellulosic 

structure and release cellulose and hemicellulose [36]. 

Enzymatic hydrolysis utilizes specific enzymes such as 

cellulases and hemicellulases to achieve a similar outcome, 

offering a more environmentally friendly approach [37]. 

Figure 2 (a&b) shows the Chemical and Enzymatic treatment 

to extract Cellulose and Hemicellulose. 

Following extraction, the film formation process can be 

carried out using techniques like casting and extrusion. On the 

lab scale casting involves dissolving the extracted 

components in a suitable solvent to form a film-forming 

solution, which is then spread onto a surface and allowed to 

dry [38]. This method allows for precise control over film 

thickness and uniformity but may be less scalable. Casting is 

a relatively inexpensive process that works well for 

laboratory-scale manufacturing [39]. To reach the required 

throughput, scaling up the casting process for industrial 

applications would necessitate a sizable investment in 

automation and equipment. Cellulose and cellulose 

nanocrystals derived from corn cobs were utilized in 

combination with chitosan to form biodegradable films by 

Escamilla-García [40]. Edible films from corn cobs were 

formed by Sari [41] and Sari [42]. Corn hull arbinoxylan was 

utilized by Zhang and Whistler [43] to form films. Similarly, 

corn hull nanofibrillated cellulose was used to form films by 

Xiao, et al. [44]. Zhang [45] extracted cellulose from corn 

straw and utilized it to form ecofriendly packaging films. 

Corn stalk pulp was utilized by Han [46] to form regenerated 

cellulose films. 

Extrusion, on the other hand, involves melting the 

components and forcing them through a die to form 

continuous films [47]. This technique is more suitable for 

large-scale production but may require more sophisticated 

equipment and precise control of processing conditions [48]. 

Extrusion approach is already widely utilized in the plastics 

sector for large-scale production and it provides a more 

scalable alternative [47]. Its excellent efficiency and 

continuous operation, which lower labor and energy costs can 

offset its capital expenditures. Furthermore, its versatility in 

handling different biopolymer blends contributes to its 

economic attractiveness. Extrusion of xylans extracted from 

corncobs were utilized by Bahcegul [49] to form 

biodegradable polymeric materials. Hemicellulose based 

films from corn cobs were formed via extrusion by Akınalan 

[50].  

Each method has its own advantages and limitations in terms 

of efficiency, scalability, and the properties of the resulting 

films. Comparative studies have shown that while casting 

provides better control over film properties, extrusion offers 

higher production rates and is more suitable for industrial 

applications. 

Performance and Biodegradability of Corn 
Waste Films 
Films made from corn waste have mechanical attributes such 

tensile strength, flexibility and elongation at break that are 

similar to those of traditional plastics [44]. These 

characteristics are necessary to guarantee that the films can 

resist handling and be utilized in a variety of applications. 

Tensile strength for example is essential in packaging 

applications where the film needs to be able to withstand 

tearing and stretching. 

Films made from corn waste have a variety of mechanical 

qualities that allow them to be utilized in packaging.  

They often exhibit sufficient tensile strength, which can be 

raised by employing plasticizers [62] and cross-linking agents 

[63]. Tensile strengths of corn waste films [49,52,43] are 

lower as compared to the tensile strengths of conventional 

polyethylene films [70]. The flexibility of corn waste-derived 

films indicated by elongation at break values between 10-90% 

[52,49] can be adjusted by modifying the plasticizer content 

[62]. In comparison, conventional plastic films like low-

density polyethylene have elongation values of up to 600% 

[71] showing the need for further optimization in biofilm

formulations. Figure 3 (a) provides a comparison of

mechanical properties to corn waste films with mechanical

properties of conventional plastic

In addition to mechanical properties the barrier properties of

the films such as water vapor permeability and oxygen

permeability are also critical for applications in packaging.

Corn waste films generally exhibit good barrier attributes

making them suitable for preserving the quality and shelf-life

of packaged goods [46]. But the barrier attributes of these

films such as water vapor permeability and oxygen

transmission rates are often inferior to those of conventional

plastics but they can be enhanced by blending with other

biopolymers or incorporating nanomaterials. The

permeability of these films can be adjusted by altering the

composition and processing conditions, allowing for

customization based on specific application requirements.
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Figure 2 (a) Chemical Treatment to Extract Cellulose and Hemicellulose.

Figure 2 (b) Enzymatic Treatment to Extract Cellulose and Hemicellulose. 

19 NUST Journal of Engineering Sciences, Vol. 17, No. 1, 2024 Abdul Mueez Ahmad et. al.

NUST Journal of Engineering Sciences (NJES) is licensed under a Creative Commons Attribution 4.0 International License



Figure 3 (a) Comparison of Mechanical properties of 

Corn waste films and Conventional Plastic 

The biodegradability of corn waste films is one of its main 

benefits. According to studies these films have a smaller 

environmental impact because they break down much more 

quickly than traditional plastics. The composition of the film 

and environmental variables (temperature, humidity, and 

microbial activity) affect how quickly the film degrades. 

Laboratory testing and field investigations have shown that in 

comparison to the conventional plastics which can take 

hundreds of years to degrade [6] corn waste films can entirely 

decompose in a few months to a year depending on the 

conditions [40]. The biodegradation process involves 

microbial activity that breaks down the polymer chains into 

water, carbon dioxide and biomass [72]. Figure 3 (b) provides 

a comparison of biodegradability to corn waste films with 

biodegradability of conventional plastic. 

Figure 3 (b) Comparison of Biodegradability of Corn 

waste films and Conventional Plastic 

Although corn waste films do not match the mechanical 

strength of conventional plastics they offer a sufficient 

advantage in environmental sustainability through enhanced 

biodegradability. Table 2 lists the characteristics of films 

made from corn waste.  

Economic Feasibility and Scalability of Corn 
Waste Films 
Various vital factors like the availability of raw material, cost 

of processing and market demand influence the economic 

feasibility of corn waste biofilms. In corn producing regions 

of the world corn waste is obtained as a by-product of 

agricultural activities which makes it an affordable and 

desirable raw material [23]. The availability of corn waste in 

abundant amount not only diminishes the initial cost of 

material but also reduces environmental pollution by 

contributing to value to waste. However, transforming this 

waste into commercially viable biofilms requires investment 

in technology and infrastructure.  

The casting technique is well-known for its accuracy in 

regulating uniformity and film thickness. It is economical 

when utilized in laboratories but presents difficulties when 

applied on an industrial scale [39]. The casting process can be 

labor-intensive and have slower production rates which can 

lead to higher costs when applied to larger-scale industries. 

Automation and advanced casting technologies can contribute 

to diminish these costs but would require significant upfront 

investment. In contrast, extrusion is a highly scalable 

technique which is already being applied widely in the 

plastics industry [47]. Extrusion equipment can be modified 

to handle various biopolymer blends raising its versatility and 

potential to produce various types of biofilms. The continuous 

nature of extrusion processes makes efficient use of energy 

and labor leading to a greater output and rendering extrusion 

economically advantageous for large-scale production.  

The economic viability of corn waste biofilms is also 

sufficiently influenced by market dynamics. The growing 

consumer demand for sustainable packaging and raising 

regulatory pressures to diminish plastic waste creates a 

favorable environment for producing biofilms [61]. In terms 

of price and functionality these biofilms must be comparable 

to the well-known synthetic polymers. More research and 

development are needed to enhance the attributes of 

corn waste biofilms and to lower their manufacturing costs.  

Environmental Impact of Corn Waste Biofilms 
There are several environmental advantages and difficulties 

associated with the production of corn waste films. When 

corn waste is employed for producing films it adds value to 

agricultural waste and lowers the amount of methane 

emission from landfills as a result of biomass decomposition 

[68,69]. The films are biodegradable reducing the long-term 

environmental impact in comparison to conventional plastics. 

Moreover, employing renewable biomass as feedstock results 

leads to a lesser carbon footprint than fossil fuel-derived 

plastics [69]. Chemical treatments are frequently employed to 

convert raw corn waste to biodegradable films and to enhance 

the properties of these films. Treatments such as alkaline 

hydrolysis, acid hydrolysis [36] and the incorporation of 

plasticizers [62] or cross-linking agents [63] can effectively 

enhance the mechanical and barrier attributes of biofilms but 

they can also generate by products that are hazardous to the 

environment. 

.
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Table 2 Properties of Corn waste Films 

Corn 

Waste 

Lignocellulosic 

Biomass 

Additives Film 

Forming 

Method 

Properties of Films 

Mechanical Barrier Other 

Properties 

References 

Corn 

Cob 

Cellulose and 

Cellulose 

Nanocrystals 

Chitosan Casting Tensile 

strength 

ranged from 

0.79-

0.83MPa 

Water Vapor 

permeability 

ranged from 

1.05-1.5 

gm−1s−1Pa−1 

High 

Biodegradability 

[40] 

Corn 

Hull 

Arabinoxylan Propylene 

glycol, 

glycerol, 

or 

sorbitol 

Casting Tensile 

Strength 

varied from 

19-60MPa 

Elongation 

at break 

varied from 

5.5% - 

12.1% 

Youngs 

modulus 

ranged from 

365-

1320MPa 

Water Vapor 

permeability 

ranged from 

0.05-0.43 

gm−1s−1Pa−1 

Good Barrier 

properties were 

reported 

[43] 

Corn 

Straw 

Cellulose Polyvinyl 

Alcohol 

Casting Tensile 

strength 

37MPa 

Low Water 

Vapor 

Transmission 

rate 

Low 

Biodegradability 

[45] 

Corn 

Stalk 

Cellulose - Casting Youngs 

Modulus of 

0.12-

0.82MPa 

Elongation 

at break 17-

42% 

- - [46] 

Corn 

Cob 

Xylan - Extrusion Ultimate 

tensile 

strength of 

76MPa and 

Elongation 

at break of 

35% 

- - [49] 

Corn 

Cob 

Xylan - Extrusion Ultimate 

tensile 

strength of 

0.93MPa 

and 

Elongation 

at break of 

0.16% 

- - [50] 
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Corn 

Husk 

Starch Chitosan Casting - - High 

Biodegradability 

[51] 

Corn 

Husk 

Cellulose Glycerol Casting Tensile 

strength 

1.8-

10.2MPa 

Elongation 

at break 31-

239% 

Youngs 

Modulus 

13-50MPa 

Water Vapor 

Permeability 

7.21-19.44 

g.mm/kPa.d.m2

Water Solubility 

6.44-7.62 

[52] 

Corn 

Stalk 

Cellulose Glycerol Casting Tensile 

strength 

2.12-

4.24MPa 

Elongation 

at break 29-

99% 

Youngs 

Modulus 

15-50MPa 

Water Vapor 

Permeability 

6.15-12.27 

g.mm/kPa.d.m2

Water Solubility 

6.78-19.30 

[52] 

Corn 

Cob 

Cellulose Glycerol Casting Tensile 

strength 

1.41-

3.80MPa 

Elongation 

at break 

13.24-96% 

Youngs 

Modulus 

15.87-

50MPa 

Water Vapor 

Permeability 

6.33-11.46 

g.mm/kPa.d.m2

Water Solubility 

6.78-18.56 

[52] 

Corn 

Husk 

Cellulose lauroyl 

chloride 

Casting Tensile 

Strength 

5.15MPa 

and 

Elongation 

at break 

6.55% 

- High 

Biodegradation 

[53] 

Corn 

Husk 

Nanocellulose - Surface 

Coating 

- - High 

transparency, 

High surface 

roughness and 

excellent 

hydrophobic 

anti-fouling 

properties. 

[54] 

Corn 

Husk 

Cellulose 

Nanocrystals 

- Casting Tensile 

Strength 

14-18 

- Low water 

Solubility 

[55] 
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Alkaline hydrolysis breaks down lignocellulosic 

materials by employing sodium or potassium 

hydroxide. The residual alkaline solutions and salts 

that are produced if left unmanaged can lead to 

alkalization of the soil and water [64]. Utilizing 

sulfuric or hydrochloric acid acid hydrolysis generates 

acidic byproducts that if not properly disposed of can 

lead to soil and water acidification which can have a 

negative impact on the health of the soil and aquatic 

ecosystems [65]. While the employment of plasticizers 

and cross-linking agents such as sorbitol and glycerol 

improves flexibility and durability of the biofilms [62] 

they can also contribute to an adverse effect on 

microbial communities and plant life by releasing or 

not fully reacting during degradation which can be 

hazardous to the environment. 

Risks associated with these chemical treatments 

include soil contamination which can alters soil 

chemistry and biology lowering agricultural 

production and biodiversity and water pollution where 

untreated effluents can alter the pH and conductivity 

of the water damaging the aquatic life and entering the 

human food chain [66]. Furthermore, some of these 

procedures generate volatile organic compounds 

which raises the greenhouse gas emissions and 

contribute to air pollution [67]. Effective waste 

management and treatment techniques such as 

chemical recovery and neutralization for reuse toxicity 

mitigation with biodegradable or bio-based chemicals 

and closed-loop production systems for by-product 

collection and recycling are essential for reducing 

these environmental effects. Adhering to 

environmental regulations ensures that chemical usage 

and waste disposal meet safety and sustainability 

criteria. 

Applications and Benefits 
Biodegradable films made from corn waste have 

potential uses in many different industries. They can 

be utilized in packaging to create environmentally 

friendly and functional bags, wrappers, and containers 

[56, 57]. These films can reduce plastic waste by 

taking the place of traditional plastics in single-use 

applications [58]. Corn waste films can be employed 

in agriculture where they can be utilized as mulch 

films or seed coatings, increasing crop yields and 

decreasing plastic waste [51]. Corn waste can be 

utilized to make mulch films that improve soil 

temperature, inhibit weed growth, and assist conserve 

soil moisture for optimal plant growth. The 

applications of corn waste are depicted in Figure 4. 

The principal benefits of maize waste films in 

comparison to conventional polymers are their 

capacity to biodegrade and their lower carbon 

footprint. As a result, the products generated from 

these films will have a more sustainable lifecycle and 

a smaller environmental effect. Reliance on fossil 

fuels declines and greenhouse gas emissions are 

mitigated by the employing renewable resources such 

as crop residues in the film industry [59]. 

Economically, adding value to agricultural wastes and 

generating new revenue streams for farmers can be 

achieved through the use of corn waste for film 

production. This can boost rural economies and 

improve the sustainability of agricultural methods 

[60]. By using biodegradable films, environmental 

dangers connected with plastic pollution can be greatly 

reduced, improving ecological health and leaving 

ecosystems healthier. 

Figure 4 Applications of Corn Waste 

Challenges and Future Prospects 
Despite their potential the production and utilization 

of corn waste films face several challenges. The 

scalability of production processes is a major 

constraint. Ensuring consistency in film properties and 

quality on a large scale remains a technical hurdle. The 

reliability and effectiveness of the finished product 

might be impacted by variations in the equipment, 

processing parameters and raw material composition. 

Technical constraints include creating effective and 

economical film forming procedures, refining the 

mechanical and barrier properties of the films, and 

optimizing extraction methods to maximize purity and 

yield. To improve the qualities of maize waste films, 

more research is required to investigate the usage of 

additives, crosslinking agents and mixing with other 

biopolymers.  

The studies that are presently available on films 

produced from corn waste indicates that agricultural 

wastes can be utilized as sustainable raw materials for 

developing biodegradable plastics that have effective 

mechanical, thermal and barrier qualities. Benefits to 

the environment such as reduced carbon emissions and 

landfill waste have been emphasized by these 

research. However, because the majority of research is 

restricted to laboratory-scale pilot tests, there is a lack 

of extensive information on long-term performance 

and degradation behavior under different situations. 

Furthermore, not enough attention is paid to the life 

cycle analyses and economic viability, which are 

crucial for evaluating the sustainability and 

commercial potential of the films. Although additives 
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and integrating with other biopolymers have been a 

focus of some research, little is known about their 

interactions and the impact on biodegradability and 

film performance. An interdisciplinary approach 

incorporating material science, environmental 

science and economics is typically lacking in current 

studies. 

Future research should focus on improving the 

efficiency of extraction and film formation processes, 

enhancing the properties of the films and developing 

cost-effective production methods. Furthermore, 

investigations into the incorporation of corn waste 

films into current recycling and waste management 

systems ought to be conducted. Collaborations 

amongst government, businesses and academic 

institutions can speed up the creation and marketing of 

maize waste films and encourage their use across a 

range of industries. 

Conclusion 
The transformation of corn waste into biodegradable 

films represents a sustainable and innovative approach 

to addressing plastic pollution. The abundance of corn 

waste and its rich composition of cellulose, 

hemicellulose and lignin provide a valuable resource 

for producing biodegradable films with properties 

comparable to conventional plastics. The methods for 

converting corn waste into films including chemical 

treatments, enzymatic hydrolysis and mechanical 

processes are well-established and the resulting films 

exhibit desirable mechanical and barrier properties. 

The biodegradability of these films ensures a reduced 

environmental impact making them a viable 

alternative to traditional plastics.  

Corn waste films hold significant potential for 

applications in packaging and agriculture, contributing 

to the reduction of plastic waste and supporting a 

circular economy. The economic and environmental 

benefits of utilizing agricultural byproducts for film 

production are substantial, adding value to waste 

materials and creating new revenue streams for 

farmers. However, challenges such as scalability, 

consistency in film properties and cost-effective 

production methods need to be addressed. Future 

research should focus on optimizing extraction 

methods, improving film properties and developing 

efficient production techniques to enhance the 

commercial viability of corn waste films.  

Overall, the use of corn waste for biodegradable film 

production offers a promising path towards mitigating 

plastic pollution and promoting sustainable practices. 

With continued research and collaboration between 

academia, industry, and government agencies, corn 

waste-derived films can play a crucial role in creating 

a more sustainable and environmentally friendly 

future. 
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