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ABSTRACT  
Background: Plastic waste has become a global issue, including in Indonesia, where its growing impact has 
prompted the need for sustainable alternatives. Corn husk, an abundant agricultural waste in Indonesia, 
presents a potential raw material for producing biodegradable paper bags, aligning with circular economy 
principles and addressing the increasing demand for eco-friendly packaging. Method: This study uses a 
comprehensive literature review, drawing from scientific journals, textbooks, and official publications. Data 
analysis is conducted through descriptive and comparative techniques, including SWOT analysis, to assess the 
viability of corn husk-based biodegradable paper bags as an alternative to plastic. Findings: The study reveals 
that ZeaPackage, a biodegradable paper bag made from corn husks, is a promising alternative to plastic bags. 
Corn husks' high cellulose content and abundance make them ideal for large-scale production, offering an eco-
friendly solution while supporting circular economy goals. Conclusion: ZeaPackage has significant potential as 
an environmentally sustainable alternative to plastic bags. By leveraging the abundant supply of corn husks, it 
contributes to waste reduction and aligns with circular economy principles, though challenges in 
implementation remain. Novelty/Originality of this article: This study highlights the innovative use of corn 
husk as a raw material for biodegradable packaging, offering a practical solution to plastic waste while adding 
value to agricultural by-products in Indonesia. 
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1. Introduction  
 

Indonesia is the second-largest contributor to plastic waste in the world after China. 
This indicates that the plastic waste problem in Indonesia has reached an alarming stage. 
Data from the Ministry of Environment and Forestry/Kementerian Lingkungan Hidup dan 
Kehutanan (KLHK) reveals that plastic generated from 100 stores or members of the 
Indonesian Retail Merchants Association/Asosiasi Pengusaha Ritel Indonesia (APRINDO) 
reaches 10.95 million pieces of plastic bag waste in one year. However, Indonesia possesses 
a unique opportunity to address this challenge through its abundant agricultural resources. 
This amount equals an area of 65.7 hectares of plastic bags or about 600 times the size of a 
football field. This condition is further worsened by the low level of plastic recycling and 
lack of public awareness regarding environmentally friendly waste management. As a 
result, plastic waste not only pollutes land but also damages marine ecosystems, where 
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Indonesia is known as one of the countries with the largest marine biodiversity in the world. 
If not addressed immediately, this issue can cause serious impacts on the environment, 
human health, and economic sustainability (Kumar et al., 2021). 

This news is certainly distressing as Indonesia contributes to environmental damage 
ranking second on Earth. This shows how critical the situation is, where the impact of 
environmental damage is felt not only by humans but also by flora, fauna, and the ecosystem 
as a whole. This news simultaneously warns the Indonesian nation to try to change their 
mindset and lifestyle to be environmentally conscious or go green. A mindset that is only 
oriented towards consumption and exploitation of natural resources must be replaced with 
awareness of environmental sustainability (Daigle & Vasseur, 2019). 

The plastic waste problem has become an increasingly urgent global issue to address. 
According to the United Nations Environment Programme (UNEP) report, about 8 million 
tons of plastic end up in the oceans each year, causing damage to marine ecosystems and 
threats to biodiversity (Oberoi & Garg, 2021). According to the Indonesian Consumers 
Foundation (YLKI), the use of single-use conventional plastic bags reached 9.8 billion pairs 
per year (Paul et al., 2023). The urgency to find environmentally friendly alternatives is 
increasing along with public awareness of the negative impacts of plastic. 

Paper bags fall into the kraft paper category which, in its use, must maintain strength 
even in wet conditions, so the paper used requires high wet strength value, or has a tensile 
resistance yield above 10% when wet. This paper is also known as wet resistant paper. The 
principle of making wet resistant paper for paper bags is to provide wet resistant resin in 
the production process (Barbosa et al., 2021). Wet strength agents can increase resistance 
to wetness without reducing paper absorption of liquids, and at the same time make the 
paper not easily torn. Additionally, wet strength agents can also help the water removal 
process in paper, make paper products dry faster and increase paper strength when dry 
(Ntifafa et al., 2024). 

Wet strength properties have two meanings. One is the initial wet strength intended to 
provide sufficient wet sheet resistance while the paper sheet is being processed in the paper 
machine. The other meaning is the strength of paper when rewetted, which is the strength 
of fully finished paper that is rewetted with water. For use as a paper bag, the wet strength 
referred to is the second one (Francolini et al., 2023). Paper bags as biodegradable 
containers/packaging are not widely known in Indonesia, so no paper manufacturers have 
tried to develop this product. This is because current packaging made from plastic (plastic 
bags) is considered stronger, more practical, and cheaper. However, from an environmental 
perspective, it becomes problematic because it cannot decompose within decades. 

In this context, corn husk (Zea mays L.) emerges as a promising alternative raw 
material. Indonesia, as the third-largest corn producer in Southeast Asia, produces about 30 
million tons of corn per year with estimated corn husk waste reaching 38.4% of total 
production (Indonesian Ministry of Agriculture, 2020). Corn husk has characteristics and 
composition that make it a potential material for making biodegradable paper bags. 
According to research by Ratna et al. (2022), corn husk consists of 15% lignin, 35% 
hemicellulose, and 40% cellulose. This high cellulose composition makes corn husk a good 
fiber source for papermaking. Corn husk fiber has an average length of 1.5 mm and diameter 
of 20 μm, providing good tensile strength to the final product. Bhardwaj et al (2023) states 
that corn husk has high water absorption capacity and good biodegradability, with natural 
degradation time of about 60-90 days. 

Corn husk is agricultural waste that has great potential for utilization. According to Jin 
et al. (2021), global corn production generates about 230-250 million tons of corn husks 
per year, most of which are still not optimally utilized. Corn husk contains about 38-40% 
cellulose, 28% hemicellulose, and 7-13% lignin, making it a potential raw material for 
various applications including paper making and biodegradable products (Novia et al., 
2022). Sari & Suteja (2020) shows that corn husk has good mechanical properties with 
tensile strength reaching 126.57 MPa making it suitable for use as packaging material. Corn 
husk utilization can not only reduce agricultural waste but also provide economic added 
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value for farmers and related industries, thus aligning with circular economy principles 
(Bloise, 2020). 

Previous research has demonstrated the versatility of corn husk in creating 
environmentally friendly products, from biodegradable packaging materials to sustainable 
textiles. While these studies have established the technical feasibility of corn husk 
utilization, there remains a significant gap in understanding how to effectively scale these 
innovations for commercial retail applications, particularly in the Indonesian context. Patil 
& Athalye (2023) explored the use of corn husk as a natural fiber source for textile and 
composite applications by demonstrating good tensile strength and biodegradability. In the 
context of papermaking, Castrillón et al. (2021) successfully produced good quality paper 
from a mixture of corn husk pulp and waste paper, showing the potential of corn husk as an 
alternative raw material in the paper industry. Optimizing the fiber extraction process from 
corn husk to improve the quality of the resulting pulp. In the realm of biodegradable 
packaging, Aygün et al. (2022) developed biodegradable film from corn husk starch 
reinforced with cellulose nanocrystals, resulting in materials with enhanced mechanical 
and barrier properties. This review aims to bridge these knowledge gaps by analyzing the 
potential for integrating corn husk-based products into Indonesia's retail packaging system 
while considering the practical, economic, and regulatory challenges unique to the country's 
context. 
 

2. Methods 
 
2.1 Type of paper 
 

This study was conducted through a literature review with a qualitative descriptive-
analytical approach. The literature study method was used to analyze and synthesize 
various scientific information sources related to the potential of corn husks as 
biodegradable packaging. A qualitative approach was applied to gain an in-depth 
understanding of the technical, environmental, and socio-economic aspects of 
biodegradable packaging development, as well as to explore existing challenges and 
opportunities in its implementation. With this approach, this study aims to provide more 
comprehensive insights into the sustainability and efficiency of using corn husks as an 
environmentally friendly alternative in the packaging industry. 

 
2.2 Data and information sources 
 

Data collection in this study utilized two types of information sources. Primary sources 
include scientific journal articles published in accredited national journals and reputable 
international journals, scientific conference proceedings, research reports, and related 
reference books that provide an in-depth understanding of the discussed topics. Secondary 
sources include statistical data or policy documents and related regulations from 
authorized government institutions, which are used to support analysis and provide 
relevant context in this study. Both types of information sources are expected to provide a 
complete and valid picture of corn husks' potential as biodegradable packaging material and 
the implications of its development in various sectors. 
 
2.3 Data collection techniques 

 
Data collection techniques in this paper were conducted through comprehensive 

literature studies from various reliable sources. These sources include scientific journals, 
textbooks, research reports, and official publications from relevant institutions. The focus 
of data collection emphasized aspects such as corn husk (Zea mays L.) characteristics, 
environmentally friendly paper-making techniques, circular economy concepts, and waste 
reduction strategies. The collected information includes both quantitative and qualitative 
data relevant to the development of bio-paperbag from corn husk as a biodegradable 
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packaging alternative. Additionally, analysis of case studies and best practices related to 
similar product implementation in various countries was also conducted. This data 
collection process aims to build a strong theoretical foundation and provide comprehensive 
insights regarding the potential use of corn husks as raw material for environmentally 
friendly paper bag production. 
 
2.4 Data processing techniques 

 
Data processing techniques in this paper were conducted through descriptive and 

comparative analysis of information collected from various literature sources. Qualitative 
data was organized and categorized based on main themes such as corn husk 
characteristics, biodegradable paper bag production processes, environmental impacts, and 
circular economy implementation. Meanwhile, quantitative data, such as plastic usage 
statistics and production efficiency, was processed using descriptive statistical methods to 
provide a clear picture of bio-paperbag from corn husk's potential and development 
challenges. SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis was also 
applied to evaluate this product's feasibility and sustainability in the context of waste 
reduction and circular economy. Furthermore, synthesis techniques were used to integrate 
findings from various sources, compare bio-paperbag from corn husk with other 
alternatives, and draw comprehensive conclusions regarding its implementation potential 
as an environmentally friendly solution. 
 
2.5 Data analysis 

 
Data analysis in this study was conducted descriptively qualitatively, focusing on a 

comprehensive literature review from various reliable sources. The analysis process 
included collecting secondary data from scientific journals, technical reports, and official 
publications related to biodegradable packaging development, agricultural waste 
utilization, and circular economy implementation. The collected data was then categorized 
based on relevance to the main research aspects, namely corn husk characteristics, 
biodegradable paper production processes, environmental impacts, and economic 
potential. Subsequently, information synthesis was performed to identify patterns, trends, 
and gaps in current knowledge. Comparative analysis was also applied to compare bio-
paperbag from corn husk with other packaging alternatives, using parameters such as 
biodegradability, material strength, and cost efficiency. The results of this analysis were 
used to formulate strong arguments regarding bio-paperbag from corn husk's potential in 
reducing waste and supporting the circular economy. 

 
2.6 Drawing conclusions 

 
Conclusions in this study were drawn through a synthesis and interpretation approach 

from various analyzed literature sources. This process involved critical evaluation of key 
findings by integrating information from various aspects studied, such as corn husks' 
potential as raw material, feasible production processes, positive environmental impacts, 
and promising economic prospects. Conclusions were formulated by considering bio-
paperbag from corn husk's alignment with waste reduction objectives and circular economy 
principles. Additionally, identification of practical and theoretical implications of bio-
paperbag from corn husk implementation was conducted, along with recommendations for 
further research and related policy development. The validity of conclusions was 
strengthened through data triangulation from various sources and different perspectives. 

 
 
 
 

 

https://doi.org/10.61511/jassu.v2i2.2025.1630


Azrial et al. (2025)    134 

 
JASSU. 2025, VOLUME 2, ISSUE 2                                                                                    https://doi.org/10.61511/jassu.v2i2.2025.1630 

3. Results and Discussion 
 
3.1 The potential of corn husks as raw material for bio-paperbag from corn husk 
 
3.1.1 Physical and chemical characteristics of corn husks 
 

Corn husks, or often called corn klobot, are the outer part that covers corn kernels. 
These corn husks are also a modified form of leaves that function to wrap corn cobs. 
Morphologically, corn husks have a rough surface and are dark green, sometimes found in 
light green. In one corn cob, the average number of corn husks reaches 12-15 sheets (Fikri 
& Yuniwati, 2022). The formulation of paper bag materials needs to be done to produce 
packaging with desired characteristics and suitable as a plastic substitute, such as the 
composition of raw materials and additives. This becomes a factor in producing quality 
paper bags, both in terms of strength, elasticity, tensile strength, and biodegradability 
(Sandak et al., 2019). The physical and chemical characteristics of corn husks show potential 
as raw material for paper bag production. 

Corn husks have physical and chemical characteristics that make them highly potential 
as raw material for biodegradable paper bags. Physically, corn husks have a long and strong 
fiber structure with an average fiber length of 1.32 mm and diameter of 20.96 μm (Ubene, 
2023). The chemical composition of corn husks is dominated by cellulose (38-42%), 
hemicellulose (28-32%), and lignin (7-13%), which provide good strength and flexibility for 
packaging applications (Setiawan et al., 2024). This high cellulose content enables the 
formation of strong hydrogen bonds between fibers, resulting in materials with adequate 
tear resistance and tensile strength for packaging functions. Additionally, corn husks have 
relatively low water absorption capacity compared to other natural fibers. This 
characteristic is advantageous in making paper bags that are resistant to moisture. The 
biodegradable properties of corn husks are also enhanced by the presence of cellulase 
enzymes that can break down cellulose structures, accelerating the natural decomposition 
process (Zuorro et al., 2019). This combination of physical and chemical characteristics 
makes corn husks a promising raw material for developing bio-paperbag from corn husk as 
an environmentally friendly packaging alternative. 
 
3.1.2 Availability and sustainability of raw materials 
 

The availability and sustainability of corn husks as raw material for bio-paperbag from 
corn husk is a crucial aspect in ensuring long-term production viability. This is also 
important in supporting the government to address dependence on plastic use by replacing 
it with natural fiber materials such as corn husks. Specifically, corn as a food crop 
commodity plays an important role in the economy and food security, due to its benefits in 
animal feed and fishery raw materials at 60% (Grote et al., 2021). Local food can meet food 
security aspects. From the production side, local food grows scattered and abundant 
throughout Indonesia, which can guarantee its availability, with a short distribution system 
also making local food systems more easily accessible. Local food has good quality and 
implements agroecology to ensure sustainability (Partini & Sari, 2022). 

Corn is one of the main food crops in the world with global production reaching 1.16 
billion tons in 2020 (Food and Agriculture Organization, 2021). Of this total production, 
corn husks contribute about 7-10% of the total weight of the corn plant (Ratna et al., 2022). 
In Indonesia alone, corn production reached 15.2 million tons in 2024 (Badan Pusat 
Statistik, 2024), generating significant potential availability of corn husks. The 
sustainability of this raw material is supported by corn's nature as an annual crop that can 
be harvested 2-3 times a year in tropical regions (García-Lara & Serna-Saldivar, 2019). 
Moreover, the use of corn husks for bio-paperbag from corn husk does not compete with 
food use, thus minimizing potential conflicts with food security. The use of corn husks, 
which are generally considered agricultural waste, also aligns with circular economy 
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principles, where 'waste' from one process becomes a 'resource' for another process 
(Velenturf & Purnell, 2021). 
 
3.1.3 Comparison with alternative raw materials 
 

In developing biodegradable packaging, corn husks used as raw material for bio-
paperbag from corn husk offer several advantages compared to other alternative materials. 
Corn husks, which are agricultural waste, have abundant availability and can be processed 
sustainably without threatening main food supplies. Additionally, this material contains 
strong natural fibers, making it suitable for use as strong yet environmentally friendly 
packaging material. Compared to conventional plastic, corn husks decompose faster in 
nature, reducing negative environmental impacts, particularly soil and water pollution from 
plastic waste. Corn husks have a much shorter growth cycle of 3-4 months compared to 10-
20 years for trees, making them a more quickly renewable source (Zheng et al., 2022). 
Furthermore, the cellulose content of corn husks (38-42%) is relatively comparable to 
cotton fiber (85-90%) and hemp (68-76%) but with lower production costs (Kambli et al., 
2021). The cellulose content in corn husks enables them to be made into paper, especially 
art paper (Fornari et al., 2022). Compared to starch-based biodegradable plastics like PLA 
(Polylactic Acid), bio-paperbag from corn husk has advantages in terms of faster 
biodegradability and does not compete with food sources. Meanwhile, compared to other 
natural fiber alternatives such as coconut husks or banana stems, corn husks have more 
abundant and consistent availability throughout the year in many countries (Jiao et al., 
2022). The tensile strength and tear resistance of corn husk-based materials are better, due 
to their high cellulose content, compared to natural fiber raw materials from coconut pulp 
(Prasetia et al., 2022). 
 
3.2 Bio-paperbag production process 
 

The process of making paper bags from corn husks consists of several interconnected 
steps to produce a quality product (Figure 1). The first stage is collecting corn husks as the 
main material. The collected corn husks must be cleaned of dirt, dust, and corn kernel 
residue to avoid affecting the final product quality. After that, the corn husks are cut into 
pieces of about 5 cm. This cutting aims to facilitate the grinding process to produce uniform 
fine fibers. Next, the cut corn husks are dried to reduce moisture content. This drying 
process can be done naturally under sunlight or using mechanical dryers. After the corn 
husks are dry, the next step is grinding. In this stage, corn husks are ground into fine fibers. 
Grinding is very important because the quality of the resulting fibers affects the paper's 
tensile strength, particularly related to cellulose composition and adhesive homogeneity. 
More bonded fibers produce paper with better tensile strength. This grinding aims to 
produce paper with a smooth texture (Nairfana et al., 2023). 

 

 
Fig. 1. ZeaPackage creation flow 
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After grinding, the fibers are soaked and cooked in an alkaline solution. This process 
functions to remove lignin and hemicellulose contained in the fibers, resulting in more 
flexible and easily moldable fibers. The cooked fibers are then weighed and mixed with 
additional materials according to the predetermined formulation. This mixture aims to 
achieve optimal cellulose content (Wowa & Yuniwati, 2021). 

The next stage is fiber bleaching using environmentally friendly chemicals to increase 
paper brightness. The bleached fibers are then molded into paper sheets using a 
papermaking machine. After drying, the paper sheets are cut according to patterns and 
bonded to form paper bags. As a final touch, the paper bags can be decorated or printed with 
specific designs as needed to add aesthetic value and product appeal (Kaur et al., 2024). The 
pre-prototype of the ZeaPackage, which represents an early-stage model of the developed 
paper bag, is illustrated in Figure 2. This prototype provides a visual representation of the 
initial design and structural formation before full-scale production. 

 

 
Fig. 2. ZeaPackage pra-prototype 

 
3.3 Environmental impact analysis of bio-paperbag from corn husk 
 
3.3.1 Biodegradability and decomposition time 
 

Bio-paperbag from corn husk, as a corn husk-based product, shows high 
biodegradability potential. Biodegradability refers to the property of a material that allows 
it to naturally decompose in the environment with the help of microorganisms, such as 
fungi, bacteria, and algae. This process involves breaking down material components into 
simpler compounds, such as carbon dioxide, water, and biomass. Biodegradable materials 
usually come from natural sources, such as plants or animals, making them more 
environmentally friendly compared to synthetic materials that are difficult to decompose. 
Thus, they do not pollute the environment in the long term by leaving harmful residues. In 
this context, comparing different types of raw materials based on their biodegradability is 
important to determine the best use of each type of raw material. In determining raw 
material priorities, several factors can be used as references, namely biodegradable raw 
materials containing starch, amylose, and amylopectin (Aritonang et al., 2024). Raw 
materials with faster biodegradation rates are suitable for single-use products, while raw 
materials with slower biodegradation rates can be used for products requiring long-term 
durability. Additionally, knowledge about the biodegradability of raw materials used to 
make products can help industries and consumers make wise decisions regarding product 
selection and use. Industries can develop specific products based on biodegradability levels 
according to needs, while consumers can choose and buy more environmentally friendly 
products based on available information (Alam et al., 2024). 
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Literature review shows that cellulose-based materials from agricultural waste, such 
as corn husks, can naturally decompose within 2-5 months, depending on environmental 
conditions (Prasetyo & Nurainy, 2024). The biodegradation process in bio-paperbag from 
corn husk occurs through soil microorganism activity that breaks down cellulose structures 
into simple compounds, such as glucose, carbon dioxide, and water. Microorganisms like 
bacteria, fungi, and algae play important roles in this process as they produce enzymes 
capable of effectively breaking down cellulose. The decomposition rate of this material is 
influenced by various factors, such as temperature, humidity, and microbial activity levels 
in the soil. Warm temperatures and sufficient moisture will increase microbial activity, thus 
accelerating decomposition. With these properties, bio-paperbag from corn husk becomes 
an environmentally friendly solution that helps reduce non-biodegradable waste 
accumulation. 

Compared to conventional plastic bags that can take up to 1000 years to decompose, 
bio-paperbag from corn husk offers a much more environmentally friendly solution 
(Hossain & Tuha, 2020). For biodegradability, corn husks decompose within 1-2 months 
under optimal conditions, faster than bamboo fibers (4-6 months) but comparable to 
banana fibers (1-2 months). Additionally, bio-paperbag from corn husk decomposition 
products can function as organic fertilizer that provides nutrients to the soil and supports 
plant growth. 
 
3.3.2 Carbon footprint reduction compared to conventional plastics 
 

Bio-paperbag from corn husk offers great potential in reducing carbon footprint 
compared to conventional plastic bags. Conventional plastics, such as polypropylene (PP) 
and polyethylene (PE), are known to have inert and durable properties, making them 
difficult to degrade naturally. Consequently, these plastics take a very long time to 
decompose in the environment, even up to hundreds of years. Moreover, their degradation 
process is less efficient and often leaves microplastic residues that contaminate soil and 
water (Asriza et al., 2023). 

Conversely, bio-paperbag from corn husk utilizes corn husks as the main raw material, 
which is a byproduct of agricultural activities. Using this material not only supports 
agricultural waste management but also optimizes existing resources. By avoiding new raw 
material extraction, corn husk use directly reduces carbon emissions typically associated 
with petroleum-based plastic production processes. Based on life cycle assessment studies, 
natural fiber-based bags like bio-paperbag from corn husk can reduce greenhouse gas 
emissions by up to 40% compared to conventional plastic bags (Bishop et al., 2021). 

Furthermore, bio-paperbag from corn husk's production process is designed to be 
simpler and requires less energy compared to synthetic plastic production. This energy 
efficiency directly contributes to reducing carbon emissions generated during 
manufacturing. Bio-paperbag from corn husk's biodegradability is also an important 
advantage, as this material can naturally decompose by soil microorganisms without 
leaving harmful residues. This reduces methane emissions that often arise from 
conventional plastic waste piles in landfills, which are significant sources of greenhouse 
gases (Wangyao et al., 2021). 

Another advantage of ZeaPackage is its ability to absorb carbon dioxide during corn 
plant growth. Thus, corn husks used in its production serve as temporary carbon storage, 
providing additional benefits in climate change mitigation efforts. Overall, bio-paperbag 
from corn husk not only helps reduce the environmental impact of conventional plastics but 
also becomes a concrete step in supporting sustainability and environmental conservation 
(Lamba et al., 2022). 
 
3.3.3 Potential reduction of agricultural and plastic waste 
 

Agricultural waste has not been utilized by communities despite its potential to become 
economically valuable products, including corn husk waste which is usually only used as 
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raw material for handicrafts. However, utilization efforts are not yet optimal because only 
some waste is absorbed (Darmayanti et al., 2020). Therefore, appropriate processing 
technology is needed to increase the added value of this waste and provide economic 
benefits for farmers and communities. Through agricultural waste utilization, it not only 
reduces plastic waste but also helps address waste problems generated by agricultural 
activities themselves (Mihai et al., 2021). 

Bio-paperbag from corn husk offers an innovative solution to address two 
environmental problems simultaneously: agricultural waste and plastic waste. Using corn 
husks as the main raw material for bio-paperbag from corn husk significantly reduces 
agricultural waste that is usually burned or discarded, a practice that contributes to air 
pollution and greenhouse gas emissions (Adegbeye et al., 2020). According to FAO, global 
corn production reached 1.1 billion tons in 2019, with an estimate that about 20% of the 
total plant weight is corn husks (Ibrahim et al., 2019). Converting this waste into value-
added products like bio-paperbag from corn husk not only reduces agricultural waste 
volume but also creates additional income sources for farmers. Meanwhile, as a 
biodegradable alternative to conventional plastic bags, bio-paperbag from corn husk has 
the potential to substantially reduce plastic waste accumulation. Considering that about 5 
trillion plastic bags are used globally each year (Suleman et al., 2022), replacing some of this 
number with bio-paperbag from corn husk can have a significant impact in reducing plastic 
waste that pollutes the environment and threatens ecosystems. 
 
3.4 Bio-paperbag from corn husk in the context of circular economy 
 
3.4.1 Circular economy principles applied 
 

The principles of circular economy include designing products that generate no waste 
(design out waste), maximizing the use of renewable and recyclable resources, and systems 
thinking (Franco, 2019). Circular economy refers to the concept of creating a restorative 
industrial system, and this concept is expected to provide greater competitive advantages 
in the future by creating high value from managed resources compared to the linear 
economic model (take-make-dispose) (Jayawati et al., 2020). Additionally, it can minimize 
environmental impact by designing more efficient and sustainable production and 
consumption processes. Sustainable product innovation is not a choice but an urgent 
necessity; products that apply renewable, recycled, or reusable sustainability principles not 
only create new value but also support reducing non-renewable resources (Irwin et al., 
2024). 

Bio-paperbag from corn husk implements several key circular economy principles that 
demonstrate its potential as a sustainable solution in the packaging industry. First, this 
product applies regenerative design principles by utilizing corn husks that are usually 
discarded as the main raw material (Stathatou et al., 2023). This creates value from what 
was previously considered waste, aligning with the "waste to resource" concept in circular 
economy. Second, bio-paperbag from corn husk supports material efficiency principles 
through the use of renewable and biodegradable materials to reduce dependence on non-
renewable resources like petroleum used in conventional plastic production (Singh et al., 
2022). Bio-paperbag from corn husk also drives system innovation by creating new 
opportunities in agricultural and packaging industry value chains, supporting the transition 
towards more circular and sustainable business models. 
 
3.4.2 Value chain and product lifecycle 
 

Bio-paperbag from corn husk demonstrates circular economy implementation through 
its sustainable value chain and product lifecycle. Starting from the raw material 
procurement stage, bio-paperbag from corn husk utilizes corn husks, which are agricultural 
by-products, to create added value from what was previously considered waste, proving 
capable of improving the economy for farmers and communities while reducing direct 
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environmental impact (Mainardis et al., 2022). Bio-paperbag from corn husk 's production 
process is designed to minimize waste and optimize resource use in accordance with 
material efficiency principles in circular economy; corn husks are considered abundant 
waste that hasn't been well managed, making their utilization as raw material for bio-
paperbag from corn husk production an appropriate solution (Velenturf & Purnell, 2021). 

During the usage phase, bio-paperbag from corn husk supports the concept of product 
life extension through potential reuse before eventual decomposition, as paper produced 
from corn husk raw materials has relatively long durability and strength. At the end of its 
life, bio-paperbag from corn husk's biodegradability allows the product to return to the 
biological cycle as soil nutrients to avoid waste accumulation and support natural system 
regeneration, as bio-paperbag from corn husk contains natural fibers that easily degrade in 
soil and can improve soil quality (Daria et al., 2020). The bio-paperbag from corn husk 
business model has the potential to build new partnerships between corn farmers, 
packaging producers, and end consumers, which can encourage cross-sector collaboration, 
a key element in circular economy (Arista, 2024). This implementation also offers 
opportunities in creating more dynamic and adaptive business models, prioritizing 
sustainability that not only benefits the economy in the long term but also builds consumer 
loyalty aware of the environmental impact of what they use. This becomes an opportunity 
not just because of its innovation but commitment towards a better future (Tang et al., 
2019). 
 
3.4.3 Recycling and reuse potential of bio-paperbag from corn husk 
 

Bio-paperbag from corn husk has significant potential in supporting circular economy 
concept implementation through its recycling and reuse capabilities. As a cellulose-based 
product, bio-paperbag from corn husk can be integrated into existing paper recycling 
systems that enable reprocessing into new paper products, producing quality paper 
combinations that can be used according to needs (Sahal et al., 2020). However, unlike 
conventional paper, bio-paperbag from corn husk's biodegradable properties open wider 
utilization opportunities and products designed for durability, considering its lifecycle from 
beginning to end, thus reducing the need for continuous production and ultimately reducing 
waste (S. Zhang et al., 2022). After use, bio-paperbag from corn husk can be composted, 
providing nutrients for soil and supporting sustainable agriculture, thus providing 
additional benefits for farmers (Tahat et al., 2020). Used bio-paperbag from corn husk can 
be processed into bioethanol through fermentation, providing added energy value in the 
circular economy chain (Devi et al., 2022). Residues from the bioconversion process can be 
utilized as organic fertilizer, creating a closed nutrient cycle (Chavan et al., 2022). This 
cascading use approach aligns with circular economy principles, where material value is 
maintained as long as possible in the economic system. Bio-paperbag from corn husk's 
multipurpose potential not only reduces waste but also creates new value streams, drives 
innovation in resource utilization, and contributes to the transition towards a more 
sustainable economic system. 
 
3.5 Economic and market aspects of bio-paperbag from corn husk 
 
3.5.1 Production cost and selling price analysis 
 

The analysis of bio-paperbag from corn husk's production costs and selling price is 
crucial in determining the product's economic viability and market competitiveness. bio-
paperbag from corn husk's production costs are influenced by several key factors, including 
raw material costs, processing costs, and production scale. Corn husks as the main raw 
material have a cost advantage given their status as agricultural by-products often 
considered waste (Donner et al., 2021). Research by Bajpai (2021) shows that production 
costs of plant fiber-based paper, including corn husks, can be 5-15% lower than 
conventional paper depending on process efficiency and production scale. However, initial 
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investment in specific processing technology can increase production costs in the early 
stages. In terms of selling price, bio-paperbag from corn husk can potentially be positioned 
as a premium eco-friendly product given the growing trend of environmentally conscious 
consumers. Market studies by Hao et al (2019) show that consumers are willing to pay 10-
25% more for environmentally friendly packaging products. Considering competitive 
production costs and premium price potential, bio-paperbag from corn husk has promising 
economic prospects. However, appropriate pricing strategies need to consider demand 
elasticity and competition in the growing biodegradable packaging market (Confente et al., 
2020). 
 
3.5.2 Economic impact on corn farmers and local industries 
 

Bio-paperbag from corn husk implementation has the potential to create positive 
economic impacts for corn farmers and local industries. Utilizing corn husks previously 
considered agricultural waste can create additional revenue streams for farmers, increasing 
the total economic value of corn production. Research by Ayoo & Bonti‐Ankomah (2019) 
shows that utilizing agricultural by-products can increase farmer income by 15-20%. 
Additionally, bio-paperbag from corn husk development can drive local processing industry 
growth, create new jobs, and stimulate regional economies. A case study by Toplicean & 
Datcu (2024) on agricultural waste-based bioeconomy shows the potential creation of 7-9 
jobs per 1000 tons of processed raw materials. Integrating bio-paperbag from corn husk 
into local value chains can strengthen relationships between agricultural and industrial 
sectors to drive innovation and technology transfer (Sherwood, 2020). However, challenges 
such as raw material price fluctuations and initial investment needs for processing 
infrastructure must be addressed to maximize economic benefits. In practice, circular 
economy principles often require complete overhauls in production processes and supply 
chains, making many industry players reluctant to take these risks. Policy support such as 
tax incentives or subsidies for environmentally friendly processing industries can play an 
important role in accelerating adoption and expanding bio-paperbag from corn husk's 
positive economic impact (Oberoi & Garg, 2021). Stakeholder collaboration becomes key in 
building an ecosystem that supports circular economy; without synergy between 
government, industry, and society, efforts to implement circular economy will struggle to 
achieve the desired scale for successful transition towards a circular economy. 
 
3.6 SWOT analysis 
 

The SWOT analysis in this topic highlights the main factors influencing the 
development of biodegradable paper bags from corn husks, including strengths, 
weaknesses, opportunities, and threats. Corn husks have great potential as raw materials 
for biodegradable paper bags, with a cellulose content of around 41.23% (Fitriani & Amalia, 
2024). Its advantage lies in its abundant availability in Indonesia, with corn production 
reaching 15.02 million tons per year (BPS, 2024a; 2024b). Utilization of this waste not only 
reduces environmental pollution but also provides economic added value for farmers. 

However, the processing of corn husks into biodegradable paper still faces obstacles, 
especially in the cellulose extraction technology which requires high costs (Masturi et al., 
2021). Consistency of product quality is also a challenge, especially in terms of paper 
strength and durability, which is still influenced by the high lignin content. In addition, 
global demand for biodegradable products continues to increase (Moshood et al., 2021), 
driven by policies such as Presidential Regulation No. 97 of 2017 concerning Plastic Waste 
Reduction. Collaboration between universities, industry, and government can accelerate 
product innovation and commercialization, while the widespread distribution of corn 
production in Indonesia allows for supply chain efficiency and job creation in rural areas. 

On the other hand, competition with alternative materials such as bamboo fiber and 
seaweed is a major challenge. In addition, fluctuations in raw material prices and limitations 
in industrial-scale production technology can hamper product development. Low consumer 
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awareness of environmentally friendly products is also a significant obstacle (Abdussamad 
et al., 2024). To provide a clearer picture of these aspects, the results of the SWOT analysis 
in this study are presented in Table 1. 
 
Table 1. SWOT analysis of corn husk-based biodegradable paper bags 

Factors Internal (Strengths & Weaknesses) External (Opportunities & Threats) 
Positive impact Strengths   

1. High cellulose content (41.23%) 
makes corn husks suitable for 
biodegradable paper production.  

2. Abundant availability with 
Indonesia’s corn production 
reaching 15.02 million tons in 
2024.  

3. Utilization of corn husk waste 
reduces environmental pollution 
and adds economic value for 
farmers. 

Opportunities   
1. Rising global demand for 

biodegradable products (Moshood 
et al., 2021).  

2. Government regulations 
(Presidential Regulation No. 97 of 
2017) encourage plastic waste 
reduction. 

3. Collaboration with universities, 
industry, and government can 
accelerate innovation. 

4. Localized processing reduces costs 
and creates rural job opportunities. 

Negatif impact Weaknesses   
1. High technology and costs 

required for cellulose extraction 
(Masturi et al., 2021).  

2. Inconsistent paper quality 
requiring process modifications.  

3. High lignin content affects paper 
production efficiency. 

Threats   
1. Competition with alternative 

biodegradable materials (bamboo 
fiber, seaweed-based paper).  

2. Fluctuating raw material prices 
and limited industrial-scale 
production technology.  

3. Low consumer awareness of eco-
friendly products (Abdussamad et 
al., 2024). 

 
3.7 Challenges of implementation and solutions for corn husk bio-paper bags 
 

The implementation challenges and solutions for corn husk bio-paper bags are crucial 
aspects in assessing the feasibility and sustainability of this innovation. Furthermore, Table 
2 identifies various challenges as well as future strategies and solutions that can be 
implemented, as summarized from previous research results. 

 
Table 2. Challenges, root causes, impacts, and strategic solutions for corn husk-based biodegradable 
paper bags 

Challenges Root Causes Impact Future Strategies & 
Solutions 

Raw material 
quality 
variability  
(Ratna et al., 
2022). 
 

Dynamic interactions 
between plant genetics, 
agroecological 
conditions, cultivation 
practices, and corn 
maturation stages. 

Varying range of 
cellulose content. 

Developing strict 
standardization protocols, 
identifying corn varieties 
with high cellulose 
content, geographic 
mapping of raw material 
potential. 
 

Production 
technology 
constraints  
(Lingga et al., 
2024). 
 
 

Limited industrial-scale 
agricultural waste 
processing 
infrastructure and low 
cellulose extraction 
efficiency . 
 

Reduced 
competitiveness of 
biodegradable paper 
bags due to 
inefficiencies in 
production. 

Strategic investment in 
research and development 
to enhance extraction 
technologies and 
technology transfer from 
research to industry. 
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Economic and 
market 
challenges 
(Li et al., 2022) 

Biodegradable paper 
bags are still 30-40% 
more expensive 
compared to 
conventional plastic 
products. 
 

High costs limit 
market adoption and 
consumer preference 
for cheaper 
alternatives. 

Scaling up production to 
reduce per-unit costs and 
implementing consumer 
education campaigns on 
environmental benefits. 

Regulatory 
complexity 
(Tarumingkeng, 
2024). 
 

Overlapping regulations 
between ministries 
create barriers in waste 
management and 
sustainable product 
development. 

Slow adoption of 
green initiatives due 
to bureaucratic 
inefficiencies and 
lack of regulatory 
harmonization. 
 

Establishing a 
coordination team for 
cross-ministerial 
regulatory harmonization 
and simplifying permit 
mechanisms. 

Sustainable 
development 
strategy 
 (Yanti, 2024) 

Lack of synergy between 
universities, industry, 
and local governments 
in driving sustainable 
innovation. 

Ineffective 
implementation of 
circular economy 
principles and slow 
technological 
progress. 
 

Implementing innovation 
cluster models to create 
ecosystems that facilitate 
knowledge, resource, and 
expertise exchange. 

Nanomaterial 
technology 
innovation 
(Noor et al., 
2020). 

Lack of advanced 
material engineering 
techniques to enhance 
paper properties. 
 

Weak mechanical 
performance and 
limited durability of 
biodegradable paper 
bags. 
 

Molecular modification 
through nanotechnology 
to improve tensile 
strength, degradation rate, 
and overall performance. 

Genetic 
engineering and 
corn variety 
optimization 
(Hearon et al., 
2021). 
 

Inconsistent cellulose 
content and high lignin 
levels in natural corn 
husks . 

Limited raw material 
suitability for 
biodegradable paper 
production. 

Genetic engineering to 
increase cellulose content 
and reduce lignin levels in 
corn husks. 

Integrated 
circular 
economic 
strategy (Jiang 
et al., 2022). 
 

Fragmented supply 
chains and lack of 
structured recycling 
systems. 

Suboptimal 
utilization of 
agricultural waste 
and economic 
inefficiencies. 

Establishing an integrated 
production network 
involving farmers, 
industries, and recycling 
systems. 

Advanced 
production 
technologies (N. 
Zhang et al., 
2022). 
 

Traditional extraction 
methods are inefficient 
and environmentally 
harmful. 

High production 
costs and 
environmental 
concerns due to 
inefficient processes. 

Implementation of 
hydrothermal and 
sonication technologies to 
reduce costs and improve 
efficiency. 

Global market 
expansion 
(Moshood et al., 
2021). 

Limited international 
recognition and market 
penetration for corn 
husk-based 
biodegradable products.  
 

Indonesia's potential 
as a leading producer 
remains 
underutilized. 

Expanding global market 
outreach, focusing on the 
Asia-Pacific region, and 
leveraging Indonesia's 
competitive advantages. 

 
Variability in the quality of raw materials is a fundamental challenge in producing 

biodegradable paper bags from corn husks, which requires a comprehensive and systematic 
approach. Ratna et al. (2022) revealed a wide range of cellulose content while emphasizing 
the complexity of the factors that influence it. This variation is caused by the dynamic 
interaction between plant genetics, agroecological conditions, cultivation practices, and 
corn maturation stages. To overcome this inconsistency, the researchers proposed a multi-
level strategy. First, develop a strict standardization protocol including sampling methods, 
chemical characterization, and raw material quality assessment. This protocol will include 
detailed guidelines ranging from variety selection, cultivation techniques, to optimal 
harvest time and methods. Identifying corn varieties with high cellulose content is the focus 
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of genetic research. Through plant breeding and genetic engineering approaches, scientists 
are trying to develop superior varieties that consistently produce corn husks with ideal 
cellulose characteristics. In addition, geographical mapping of potential raw materials will 
enable a more structured production pattern, ensuring sustainable supply and reducing the 
risk of supply uncertainty.  

Furthermore, the limitations of industrial-scale production technology present 
significant challenges in converting the potential of corn husks into competitive 
biodegradable products. Lingga et al. (2024) highlighted that agricultural waste processing 
infrastructure is still inadequate, with low cellulose extraction efficiency. To change this 
condition, strategic investment in research and development is needed. The main focus is 
to develop more efficient, environmentally friendly, and sustainable cellulose extraction 
technology. This approach not only includes technical aspects but also considers 
environmental impacts and production sustainability. In addition, technology transfer from 
research institutions to industry is key to success. Collaboration between universities, 
research institutions, and the industrial sector can accelerate the innovation process. The 
government can play a role through research grant incentives and policies that encourage 
green technology innovation.  

The economic dimension is also an important factor in determining the success of 
biodegradable paper bag implementation. Li et al. (2022) found that production costs 
remain a significant barrier, with biodegradable paper bags still 30-40% more expensive 
than conventional plastic products. Cost reduction strategies require a comprehensive 
approach. Increasing the scale of production is a top priority to achieve cost efficiency. The 
larger the production volume, the lower the cost per unit, making the product more 
competitive in the market. In addition, consumer education campaigns play an important 
role in raising awareness of environmental benefits. Effective communication about the 
positive impacts of using environmentally friendly products can change consumer 
perceptions and preferences. Governments and environmental organizations can actively 
encourage changes in consumption behavior to support the transition to sustainable 
products.  

Regulatory complexity is another obstacle to the development of environmentally 
friendly products. Tarumingkeng (2024) identified overlapping regulations between 
ministries as a major challenge in waste management and sustainable product 
development. Harmonization of cross-ministerial regulations is a strategic step. The 
formation of a special coordination team involving various stakeholders can accelerate 
policy synchronization. Simplifying the licensing mechanism for sustainable innovation will 
encourage more green initiatives, thereby creating a conducive environment for the 
development of environmentally friendly products.  

The implementation of the circular economy concept requires a multidimensional and 
collaborative approach. Yanti (2024) emphasized the importance of synergy between 
universities, industry, and local governments in encouraging sustainable innovation. The 
innovation cluster model has proven to be the most effective, creating an ecosystem that 
allows the exchange of knowledge, resources, and expertise. This approach not only 
accelerates innovation but also has a broader positive impact on green economic 
development. With a comprehensive strategy that addresses technological, economic, 
regulatory, and collaborative aspects, the potential of biodegradable paper bags from corn 
husks can be optimized, contributing significantly to reducing plastic pollution and 
supporting sustainable economic growth.  

Looking at future developments, nanotechnology introduces significant breakthroughs 
in the production of biodegradable paper bags. Noor et al. (2020) showed the 
transformative potential of nanocellulose, with a 78% increase in paper tensile strength and 
a 35% reduction in degradation rates. Molecular modification through nanotechnology 
enables the engineering of materials with superior characteristics. This approach not only 
improves mechanical performance but also optimizes environmental resistance and 
product functionality. Nanotechnology opens up the possibility of creating stronger, lighter, 
and more efficient biodegradable materials.  
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Genetic engineering and optimization of corn varieties also have great potential. 
Hearon et al. (2021) presented a revolutionary genetic breakthrough, with the ability to 
increase the cellulose content in corn husks by up to 55% while significantly reducing lignin 
levels. The genetic engineering approach allows the creation of corn varieties specifically 
designed for the production of biodegradable paper bags. Genetic optimization not only 
promises to improve the quality of raw materials but also opens up opportunities to design 
more efficient plants in the production of environmentally friendly materials. This strategy 
can transform the supply chain and production of biodegradable materials.  

Integrated circular economy strategies are essential to ensure long-term sustainability. 
Jiang et al. (2022) proposed a complex and integrated production network model. This 
concept goes beyond traditional biodegradable paper bag production, creating a 
sustainable economic ecosystem involving farmers, processing industries, and recycling 
systems. Projections for this model are very promising, with the potential to create 12,000 
new jobs in the agricultural waste processing sector. This holistic approach not only drives 
technological innovation but also supports sustainable economic development.  

Advances in production technology will further strengthen the industry. Zhang et al. 
(2022) identified hydrothermal and sonication technologies as transformative solutions in 
production. These methods promise to reduce production costs by 40% while providing the 
benefits of faster, cleaner, and more environmentally friendly cellulose extraction. 
Innovation in production technology will accelerate the development of biodegradable 
paper bags, making the product more competitive and sustainable. This approach marks a 
significant evolution in agricultural waste processing technology.  

Finally, the expansion of the global market presents significant opportunities. Moshood 
et al. (2021) reported promising market growth projections, with global demand increasing 
by 22.5% per year. The Asia-Pacific region is the focus of major market development for 
biodegradable products. Indonesia holds a strategic position to become a leading producer 
of corn husk-based biodegradable paper bags. Competitive advantages in raw materials and 
technological innovation put Indonesia on the path to global leadership in the 
environmentally friendly material industry. The integration of technological innovation, 
genetic engineering, circular economy strategies, and production technology development 
will drive the transformation of the biodegradable paper bag industry, creating sustainable 
solutions that address global environmental challenges. 
 

4. Conclusions 
 

Based on the literature analysis conducted, bio-paperbag from corn husk, a 
biodegradable paper bag made from corn husks (Zea mays L.), demonstrates significant 
potential as an environmentally friendly alternative to plastic bags. The physical and 
chemical characteristics of corn husks, particularly their high cellulose content, make them 
a promising raw material for biodegradable packaging production. The abundant 
availability of corn husks as an agricultural by-product further supports the sustainability 
of bio-paperbag production on a large scale. Furthermore, bio-paperbag from corn husk 
effectively implements the circular economy concept through the utilization of agricultural 
by-products as the main raw material, reflecting the principles of recycling and resource 
reuse. Its potential for composting or conversion into other value-added products after use 
supports a sustainable material cycle that minimizes disposal while maximizing economic 
value. 

For future research directions, several key areas warrant investigation. First, studies 
should focus on optimizing the manufacturing process to enhance the mechanical 
properties and durability of corn husk-based packaging while maintaining its 
biodegradability. Second, comprehensive life cycle assessments should be conducted to 
quantify the environmental benefits and potential impacts of scaled-up production. Third, 
research into consumer acceptance and behavior regarding corn husk-based packaging 
products would provide valuable insights for market development. Additionally, economic 
feasibility studies examining various production scales and market conditions would help 
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identify optimal business models for commercialization. Finally, investigation into policy 
frameworks and incentive structures that could support the adoption of bio-paperbag from 
corn husk in retail environments would contribute to its successful implementation at scale. 
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