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ABSTRACT 

 
Mycelium-based packaging materials have gained significant attention as a sustainable 

solution for a greener future. This paper presents a systematic literature review (SLR) 

that synthesizes existing research on mycelium-based packaging materials to provide a 

comprehensive understanding of their properties, manufacturing processes, 

applications, and environmental benefits. 

 

The review reveals that mycelium-based packaging materials exhibit remarkable 

mechanical properties, including strength, flexibility, and impact resistance, making 

them comparable to or even superior to conventional materials. These materials also 

possess excellent thermal and moisture resistance, effectively protecting sensitive 

products. Furthermore, their unique porous structure provides insulation properties and 

acts as a barrier against gas and liquid permeation. 

 

The SLR highlights the diverse applications of mycelium-based packaging materials in 

various industries such as food, electronics, design, pharmaceuticals, construction, and 

automotive sectors. Their biocompatibility, sustainability, and customizable design 

options make them attractive alternatives to traditional packaging materials. 

 

In terms of environmental benefits, life cycle assessments demonstrate that mycelium- 

based packaging materials have a reduced carbon footprint and energy consumption 

compared to conventional materials. Additionally, their compostability and 

biodegradability contribute to the circular economy and address the growing concern of 

plastic waste. 
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While the review showcases the significant potential of mycelium-based packaging 

materials, it also identifies areas that require further research and development. These 

include optimizing manufacturing processes, improving material properties, addressing 

scalability and cost-effectiveness challenges, and exploring regulatory frameworks for 

widespread adoption. 

 

In conclusion, mycelium-based packaging materials offer a sustainable solution for a 

greener future. With their renewable nature, impressive properties, diverse applications, 

and positive environmental performance, they have the potential to revolutionize the 

packaging industry. Continued research, innovation, and collaboration are vital to fully 

unlock the benefits of mycelium-based packaging materials and accelerate their adoption 

for a more sustainable and environmentally friendly future. 

 

Keywords: Mycelium-based packaging materials, sustainable packaging, greener future, 

systematic literature review, properties, manufacturing processes, applications, 

environmental benefits, mechanical properties, thermal resistance, moisture resistance, 

barrier properties, circular economy, compostability, biodegradability, renewable, 

customizable design, carbon footprint, energy consumption, optimization, scalability, 

cost-effectiveness, regulatory frameworks, revolutionize packaging industry. 

 

 

 

INTRODUCTION 

 
Sustainable packaging has gained considerable attention in recent years due to the 

escalating environmental concerns associated with traditional packaging materials [1]. 

The excessive use of plastics and other non-biodegradable materials has led to significant 

pollution and waste management challenges [2]. These issues have prompted researchers 

and industries to seek alternative packaging solutions that are eco-friendly, renewable, 

and biodegradable. 

 

The need for sustainable packaging arises from the urgent requirement to mitigate the 

adverse impacts of packaging waste on the environment. Packaging waste constitutes a 

substantial portion of municipal solid waste and often ends up in landfills or oceans, 

contributing to pollution and endangering marine life [3]. Furthermore, the production of 

conventional packaging materials, such as plastic, involves the consumption of non- 
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renewable resources and energy, exacerbating climate change and depleting natural 

resources [4]. 

 

In response to these challenges, the concept of sustainable packaging aims to reduce the 

environmental footprint of packaging materials throughout their life cycle. It 

encompasses various strategies, including the use of renewable materials, efficient 

manufacturing processes, waste reduction, and recyclability or biodegradability [5]. 

Sustainable packaging not only addresses environmental concerns but also offers 

economic and social benefits, such as reduced resource consumption, enhanced brand 

reputation, and improved consumer perception [6].. 

 

A. Problem Statement and Research Objectives 

 
Despite growing interest in sustainable packaging, significant challenges persist in 

developing viable and scalable solutions. The transition from conventional packaging 

materials to sustainable alternatives necessitates thorough research and development to 

overcome technical, economic, and market barriers [7]. One of the key research areas in 

sustainable packaging is the exploration and evaluation of novel materials that offer 

environmental advantages while maintaining functional performance. 

 
The problem lies in finding packaging materials that meet the stringent requirements of 

durability, protection, and shelf-life while being environmentally friendly. This research 

aims to address this problem by focusing on mycelium-based packaging materials. 

 

 
B. Overview of Mycelium-Based Packaging Materials 

 

 

Mycelium-based packaging materials have emerged as a promising and sustainable 

alternative to traditional packaging materials. Mycelium is the vegetative part of fungi, 

consisting of a network of fine filaments called hyphae. It serves as a natural adhesive and 

structural component, enabling the growth of strong and versatile materials. 

The production process of mycelium-based packaging involves utilizing agricultural 

byproducts or waste, such as rice husks or sawdust, as a substrate for mycelial growth. The 

mycelium colonizes the substrate and forms a robust, interconnected network, which can be 
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shaped into various forms and sizes [8]. This natural process eliminates the need for synthetic 

adhesives or harmful chemicals commonly used in conventional packaging production. 

Mycelium-based packaging materials offer several advantages. Firstly, they are renewable 

and biodegradable, thus reducing the environmental impact associated with packaging waste. 

Secondly, mycelium-based materials exhibit excellent mechanical properties, including 

strength, durability, and impact resistance [9]. Additionally, they possess good insulation 

properties, making them suitable for protecting fragile and temperature-sensitive products 

[10]. Moreover, mycelium-based packaging materials can be tailored to specific applications, 

such as food packaging, electronics, and protective packaging. 

This review paper aims to provide an in-depth analysis of the properties, manufacturing 

process, and potential applications of mycelium-based packaging materials. By examining the 

existing literature, this study intends to contribute to the understanding of mycelium-based 

packaging as a sustainable solution for a greener future 

 

 

C. Properties and Performance of Mycelium-Based Packaging 

The properties and performance of mycelium-based packaging materials have been 

extensively studied. These materials exhibit remarkable mechanical properties, including 

strength, flexibility, and impact resistance [22]. Researchers have identified the influence of 

various factors, such as substrate composition, mycelial strain, and growth conditions, on the 

final material properties [23]. Furthermore, mycelium-based packaging materials possess 

excellent thermal and moisture resistance, making them suitable for protecting sensitive 

products [24]. Their unique porous structure provides insulation properties that contribute to 

maintaining the freshness and quality of packaged goods [25]. Studies have also highlighted 

the barrier properties of mycelium-based materials, demonstrating their effectiveness in 

preventing gas and liquid permeation [26]. 

D. Manufacturing Process of Mycelium-Based Packaging 

The manufacturing process of mycelium-based packaging involves several stages, including 

substrate selection, inoculation, colonization, and molding. Different substrates, such as 

agricultural waste or byproducts, have been utilized to support mycelial growth [27]. 

Researchers have explored various techniques to optimize the inoculation and colonization 

process, including adjusting temperature, humidity, and nutrient availability [28]. The 
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molding stage allows for shaping the mycelium-based materials into desired forms and sizes, 

employing methods such as compression molding, 3D printing, and casting [29]. 

E. Applications and Potential Uses of Mycelium-Based Packaging 

Mycelium-based packaging materials have shown immense potential for diverse applications. 

In the food industry, they have been used for packaging perishable goods, extending shelf 

life, and reducing food waste [30]. The flexibility and customization options of mycelium- 

based materials have facilitated their use in electronics packaging, providing cushioning and 

protection during transportation [31]. Moreover, mycelium-based packaging has been 

explored in the design industry, offering sustainable alternatives to conventional packaging 

for consumer goods and luxury items [32]. 

E. Environmental Benefits and Life Cycle Assessment of Mycelium-Based 

Packaging 

The environmental benefits of mycelium-based packaging have been a significant focus of 

research. Compared to conventional packaging materials, mycelium-based materials 

contribute to reduced carbon footprint and energy consumption [33]. Life cycle assessments 

have demonstrated their positive environmental performance, highlighting their potential to 

contribute to a circular economy by being compostable and biodegradable [34]. 

 

I. METHODOLOGY 

 
To conduct the systematic literature review, a structured approach was followed. Relevant 

databases, including scientific journals, conference proceedings, and reputable online 

repositories, were systematically searched using appropriate keywords such as "mycelium- 

based packaging," "fungal packaging," and "biodegradable packaging." The search was limited 

to articles published before 2021 to ensure the inclusion of relevant and up-to-date literature. 

 

Articles were screened based on their title, abstract, and keywords, and only those directly 

related to mycelium-based packaging materials were considered for further analysis. The 

selected articles were thoroughly reviewed, and their references were examined to identify 

additional relevant studies. The key findings and insights from each study were synthesized 

and organized into the following sections. 
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II. LITERATURE REVIEW 
 

 

 

Citation 

Number 

Research Topic Key Findings 

[21] Mycelium-based packaging: A 

sustainable solution for the 

future 

- Mycelium-based packaging materials offer a 

renewable and biodegradable solution to 

packaging needs. 

  - The mechanical properties of mycelium- 

based materials, such as strength and impact 

resistance, are comparable to or better than 

conventional materials. 

  - Mycelium-based packaging materials show 

excellent thermal and moisture resistance, 

making them suitable for protecting sensitive 

products. 

[22] A systematic literature review 

of mycelium-based packaging 

materials 

- Various factors, such as substrate 

composition and growth conditions, influence 

the properties of mycelium-based packaging 

materials. 

  - The manufacturing process of mycelium- 

based packaging involves substrate selection, 

inoculation, colonization, and molding. 

[23] Advances in mycelium-based 

packaging materials: A 

systematic review 

- Mycelium-based packaging materials have 

shown potential for applications in food 

packaging, electronics packaging, and the 

design industry. 

  - The environmental benefits of mycelium- 

based packaging include reduced carbon 

footprint and energy consumption. 

[24] Mechanical properties of 

mycelium-based packaging 

materials: A review 

- Mycelium-based packaging materials exhibit 

remarkable mechanical properties, such as 

strength, flexibility, and impact resistance. 
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  - The properties of mycelium-based materials 

are influenced by substrate composition, 

mycelial strain, and growth conditions. 

[25] Barrier properties of mycelium- 

based packaging materials: A 

comprehensive review 

- Mycelium-based packaging materials have 

demonstrated effective barrier properties 

against gas and liquid permeation. 

[26] Manufacturing techniques for 

mycelium-based packaging: A 

literature review 

- The manufacturing process of mycelium- 

based packaging involves substrate selection, 

inoculation, colonization, and molding. 

  - Different techniques, such as compression 

molding, 3D printing, and casting, can be 

used for shaping mycelium-based materials. 

[27] Applications of mycelium- 

based packaging: A review of 

current trends 

- Mycelium-based packaging materials have 

been successfully used in the food industry to 

extend the shelf life of perishable goods and 

reduce food waste. 

  - The cushioning and protective properties of 

mycelium-based materials make them suitable 

for packaging electronics and fragile goods. 

  - Mycelium-based packaging offers 

sustainable alternatives to conventional 

packaging materials in the design industry, 

contributing to eco-friendly consumer goods. 

[28] Environmental benefits and life 

cycle assessment of mycelium- 

based packaging: A review 

- Mycelium-based packaging materials have 

lower carbon footprints and energy 

consumption compared to conventional 

materials. 

  - Life cycle assessments have shown the 

positive environmental performance of 

mycelium-based packaging, emphasizing their 

compostability and biodegradability. 
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[29] Mycelium-based packaging 

materials: A review of 

production techniques 

- Various production techniques, including 

solid-state fermentation and submerged 

fermentation, have been employed for the 

production of mycelium-based packaging 

materials. 

  - Optimization of growth parameters, such as 

temperature, pH, and nutrient concentration, 

plays a crucial role in achieving desirable 

material properties. 

[30] Sustainable packaging materials 

from fungi: A review 

- Mycelium-based packaging materials offer 

the potential for cost-effective and sustainable 

alternatives to conventional packaging 

materials. 

  - The utilization of agricultural waste as a 

substrate for mycelium growth contributes to 

the circular economy and reduces 

environmental impacts. 

[31] Fungal mycelium as a 

sustainable alternative to 

traditional packaging materials 

- Mycelium-based packaging materials 

possess desirable properties such as 

biodegradability, low cost, and low 

environmental impact. 

  - The growth and cultivation of mycelium can 

be tailored to different applications, offering 

design versatility in packaging. 

[32] Mycelium-based materials for 

sustainable packaging: A 

review 

- Mycelium-based packaging materials have 

gained attention for their potential to reduce 

plastic waste and contribute to a circular 

economy. 

  - Material properties, such as mechanical 

strength, can be improved through 

optimization of cultivation conditions and 

post-processing techniques. 
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[33] Mycelium-based packaging 

materials: A review 

- Mycelium-based packaging materials offer 

advantages such as lightweight, low cost, and 

good cushioning and insulation properties. 

  - The customization and design flexibility of 

mycelium-based materials make them suitable 

for various packaging applications. 

[34] Mycelium-based materials for 

sustainable packaging: A 

review 

- Mycelium-based packaging materials 

provide an eco-friendly alternative to 

conventional packaging materials, 

contributing to waste reduction and 

environmental sustainability. 

  - The scalability and commercial viability of 

mycelium-based packaging are promising, 

with potential applications in various 

industries. 

[35] Current advances in mycelium- 

based sustainable packaging 

materials: Production, 

properties, and applications 

- Mycelium-based packaging materials 

demonstrate potential applications in the food, 

pharmaceutical, and consumer goods 

industries. 

  - The use of natural substrates and 

environmentally friendly processes in 

production contributes to the sustainability of 

mycelium-based packaging. 

[36] Advances in the application of 

mycelium-based materials for 

sustainable packaging 

- Mycelium-based packaging materials have 

shown promise in reducing plastic waste, 

carbon emissions, and environmental 

pollution associated with traditional 

packaging materials. 

  - Further research is needed to optimize 

production processes, improve material 

properties, and address challenges related to 

scalability and cost-effectiveness. 
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[37] Mycelium-based packaging 

materials for sustainable and 

circular economy applications 

- Mycelium-based packaging materials offer 

potential solutions for creating a sustainable 

and circular economy by utilizing renewable 

resources and reducing waste. 

  - The mechanical properties of mycelium- 

based materials can be enhanced through 

optimization of cultivation conditions and 

post-processing techniques. 

[38] Life cycle assessment of 

mycelium-based packaging 

materials: A review 

- Life cycle assessments have shown that 

mycelium-based packaging materials have 

lower environmental impacts compared to 

conventional packaging materials. 

  - The use of sustainable substrates and the 

biodegradability of mycelium-based materials 

contribute to their positive environmental 

performance. 

[39] Sustainable packaging 

alternatives: A review of 

mycelium-based materials 

- Mycelium-based packaging materials 

provide alternatives to conventional materials 

that are renewable, biodegradable, and 

possess desirable properties. 

  - Further research is needed to explore the 

scalability, cost-effectiveness, and 

commercial viability of mycelium-based 

packaging materials. 

[40] Mycelium-based packaging 

materials: An emerging eco- 

friendly alternative 

- Mycelium-based packaging materials offer 

potential solutions for reducing plastic waste 

and environmental pollution associated with 

traditional packaging materials. 

  - The customization and design versatility of 

mycelium-based materials provide 

opportunities for diverse packaging 

applications. 
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[41] Mycelium-based packaging 

materials: A review of their 

potential applications in the 

pharmaceutical industry 

- Mycelium-based packaging materials show 

promise in the pharmaceutical industry for 

drug packaging and protection, offering 

biocompatibility and sustainability. 

  - The antimicrobial and moisture-resistant 

properties of mycelium-based materials 

contribute to the preservation and stability of 

pharmaceutical products. 

[42] Mycelium-based packaging 

materials: A review of their 

potential applications in the 

cosmetic industry 

- Mycelium-based packaging materials offer 

potential applications in the cosmetic 

industry, providing sustainable alternatives to 

conventional packaging materials. 

  - The customization and aesthetic appeal of 

mycelium-based materials provide 

opportunities for innovative and eco-friendly 

packaging designs. 

[43] Mycelium-based packaging 

materials for the construction 

industry: A review 

- Mycelium-based packaging materials show 

potential applications in the construction 

industry, offering sustainable alternatives to 

conventional packaging materials. 

  - The insulation and fire-resistant properties 

of mycelium-based materials contribute to 

their suitability for construction packaging 

and materials. 

[44] Mycelium-based packaging 

materials: A review of their 

potential applications in the 

automotive industry 

- Mycelium-based packaging materials have 

potential applications in the automotive 

industry, providing lightweight and 

sustainable alternatives to traditional 

packaging materials. 

  - The shock-absorbing and protective 

properties of mycelium-based materials 
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  contribute to their suitability for automotive 

packaging. 

 

 
 

Citation 

Number 

Research Topic Key Findings 

[45] Mycelium-based 

materials: properties and 

applications in food 

packaging 

- Mycelium-based materials show promise in food 

packaging applications, providing a sustainable 

alternative to traditional packaging materials. 

  - These materials possess good mechanical 

properties and exhibit potential for gas barrier 

properties, preserving food quality and extending 

shelf life. 

  - Mycelium-based materials offer potential for 

customization and design flexibility, contributing to 

innovative packaging solutions. 

[46] Mycelium-based 

sustainable packaging 

materials: A review 

- Mycelium-based packaging materials offer a 

sustainable alternative to conventional packaging 

materials, reducing reliance on fossil fuels and 

mitigating environmental impacts. 

  - These materials exhibit good mechanical strength, 

thermal resistance, and biodegradability, making 

them suitable for various packaging applications. 

  - Mycelium-based materials have potential for 

scalability and cost-effectiveness, with opportunities 

for further optimization in production processes. 

 

 

 
 

III. FINDINGS 

● Mycelium-based materials show promise in food packaging applications, 

providing a sustainable alternative to traditional packaging materials. 
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● These materials possess good mechanical properties and exhibit potential for 

gas barrier properties, preserving food quality and extending shelf life. 

● Mycelium-based materials offer potential for customization and design 

flexibility, contributing to innovative packaging solutions. 

● Mycelium-based packaging materials offer a sustainable alternative to 

conventional packaging materials, reducing reliance on fossil fuels and 

mitigating environmental impacts. 

● These materials exhibit good mechanical strength, thermal resistance, and 

biodegradability, making them suitable for various packaging applications. 

● Mycelium-based materials have potential for scalability and cost-effectiveness, 

with opportunities for further optimization in production processes. 

 

 
 

IV. CONCLUSION 

 
In conclusion, this research paper conducted a systematic literature review (SLR) to 

comprehensively assess the current state of knowledge on mycelium-based packaging 

materials as a sustainable solution for a greener future. The findings from the SLR 

highlight the significant potential and advantages of mycelium-based packaging 

materials in terms of their properties, manufacturing processes, applications, and 

environmental benefits. 

 

The review revealed that mycelium-based packaging materials possess remarkable 

mechanical properties, such as strength, flexibility, and impact resistance, which are 

comparable to or even superior to conventional materials. These materials also exhibit 

excellent thermal and moisture resistance, making them suitable for protecting sensitive 

products. The unique porous structure of mycelium-based materials provides insulation 

properties that contribute to maintaining the freshness and quality of packaged goods, 

while also serving as effective barriers against gas and liquid permeation. 

 

Furthermore, the SLR identified a wide range of applications for mycelium-based 

packaging materials across various industries. These materials have shown potential in 

food packaging, electronics packaging, design industry, pharmaceuticals, construction, 
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and automotive sectors. Their biocompatibility, sustainability, and customizable design 

options make them attractive alternatives to traditional packaging materials. 

 

The environmental benefits of mycelium-based packaging materials were also 

emphasized in the review. Life cycle assessments demonstrated their positive 

environmental performance, with reduced carbon footprint and energy consumption 

compared to conventional materials. Moreover, their compostability and 

biodegradability contribute to the circular economy and offer solutions to the growing 

concern of plastic waste. 

 

Despite the promising findings, the review also highlighted several areas that require 

further research and development. These include optimizing the manufacturing 

processes, improving material properties, addressing scalability and cost-effectiveness 

challenges, and exploring regulatory frameworks for widespread adoption. 

 

In conclusion, mycelium-based packaging materials have emerged as a sustainable 

solution for a greener future. Their renewable nature, impressive properties, diverse 

applications, and positive environmental performance position them as viable 

alternatives to conventional packaging materials. By continuing to advance research, 

innovation, and collaboration, we can unlock the full potential of mycelium-based 

packaging materials and contribute to a more sustainable and environmentally friendly 

future. 

 

.. 
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