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ABSTRACT

Animal leather production has long been linked to environmental harm, including emissions, water overuse, deforestation,
and chemical pollution. Bio leather created from agricultural residues, microbial processes and plant-based polymers offers a
sustainable alternative consistent with circular economy principles. This paper highlights its biodegradability, versatility and
reduced ecological footprint, with examples such as pineapple, cork, mushroom mycelium and tomato-based leather. Market
trends indicate rising global relevance, while comparative analysis shows advantages in durability and scalability over
conventional leather. A case study of tomato bio leather illustrates how agribusiness innovation can convert waste into high-
value products. Overall, bio leather is positioned as a transformative material for advancing sustainability in the leather
industry.
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1. Introduction and Importance of Leather

Leather has been a cornerstone of human civilization for
centuries, prized for its durability, flexibility and cultural
significance. Traditionally sourced from animal hides, it has
been indispensable across industries such as fashion,
footwear, automotive interiors and safety gear. Beyond its
functional qualities, leather supports millions of livelihoods
worldwide, particularly in developing nations and
contributes substantially to global trade and export earnings.
Its association with luxury, craftsmanship and heritage
further cements its role as a premium material, valued for its
ability to age gracefully and develop a unique patina over
time (Council for Leather Exports, 2021; JETIR, 2021).

However, the industry now faces growing scrutiny due to its
environmental and ethical challenges. Conventional leather
production is linked to high water consumption, chemical
pollution and greenhouse gas emissions, while also raising
concerns about animal welfare. These issues have prompted
a global shift toward sustainable alternatives, including bio-
based, lab-grown and recycled leather. Such innovations aim
to replicate the desirable qualities of animal leather while
minimizing ecological impact. As sustainability becomes
central to material selection, the leather sector is undergoing
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a transformative phase balancing its rich heritage with the
urgent need for responsible, future-oriented production
practices (Business Scroll, 2025.)

2. What is Bio Leather?

Bio-leather is an eco-friendly alternative to animal leather,
designed to mitigate the environmental and ethical issues of
livestock-based production. It is derived from renewable
biological sources such as plant fibers, agricultural waste,
fungal mycelium, or lab-cultured animal cells, making it less
polluting than petroleum-based synthetics (Dhanda, 2024).
Plant-based examples include Pifiatex from pineapple leaves,
Malai from coconut waste and tomato leather from
agricultural residues. Mycelium-based leather, cultivated
from fungal root structures, is notable for rapid growth and
low resource use, with companies like MycoWorks
commercializing it for luxury markets. Lab-grown leather,
pioneered by firms such as Modern Meadow, uses collagen
from animal cells to replicate traditional leather without
slaughter, offering a cruelty-free option.

Compared to conventional tanning, bio-leather requires
significantly less water, land and chemicals, thereby
reducing pollution and greenhouse gas emissions. While
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livestock leather contributes to 14.5% of global greenhouse
gases, bio-leather avoids deforestation and animal
exploitation, aligning with consumer demand for
sustainable, cruelty-free products (Ferrigno, 2022). Many
types are biodegradable, unlike synthetic leathers that persist
for centuries. Despite challenges of cost and scalability,
ongoing research is expected to expand production capacity,
positioning bio-leather as a promising path toward a
sustainable and ethical future for the leather industry.

3. Key Characteristics of Bioleather

Structurally, bio-leather is lightweight, flexible, and
breathable, with customizable properties including texture,
thickness, and finish, making it suitable for diverse
applications in fashion and design. Many types are
biodegradable, decomposing naturally without toxic
residues, and they eliminate reliance on animal agriculture,
aligning with ethical consumer preferences. Mechanical
strength varies by source and processing, with some variants
matching or exceeding animal leather. Positioned at the
intersection of biotechnology and material science, bio-
leather fosters innovation in sustainable design and enhances
social acceptability through its ethical and ecological
advantages (Dhanda, 2024; Ferrigno, 2022).

4. Types of Bioleather
4.1. Tomato Bio Leather

Tomato bio-leather is an emerging sustainable material
created from tomato processing waste such as skins and
seeds, which are otherwise discarded as agricultural waste.
The waste is treated through fiber engineering and
biopolymer reinforcement to create sheets with leather-like
properties offering a biodegradable, cruelty-free and
resource-efficient alternative to animal leather. Recent
studies and industry innovations highlight its mechanical
strength. Research by Omar Franco-Arias and Paula Franco-
Jiménez (2025) analyzed tomato bio-leather’s tensile
strength, tear resistance and durability. Findings show that
tomato-based leather can achieve mechanical performance
comparable to conventional leather, depending on
processing methods, eco-friendly production and growing
relevance in footwear, handbags and accessories, appealing
to luxury and sustainable fashion brands fashion and design.

4.2. Pineapple Bio-Leather (Pifiatex)

Pineapple bio-leather, commercially known as Pifiatex, is a
sustainable material developed from pineapple leaf fibers, a
by-product of global pineapple cultivation. This innovation,
pioneered by Dr. Carmen Hijosa through Ananas Anam,
exemplifies circular economy principles by valorizing
agricultural waste without requiring additional land, water,
or fertilizers (Shukla et al., 2021). The extracted fibers are
processed into a non-woven textile that mimics the qualities
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of animal leather, offering a plant-based, cruelty-free
alternative. Environmentally, Pifiatex reduces reliance on
livestock-based leather and avoids the toxic chromium
tanning process, thereby lowering chemical pollution and
greenhouse gas emissions. Many variants are biodegradable,
decomposing  naturally  without  harmful  residues
(Duangsuwan et al., 2023). Its lightweight, flexible structure
and customizable properties make it suitable for diverse
applications in fashion, footwear, upholstery, and
accessories. However, mechanical strength can vary, and
reinforcement or coatings are sometimes required to match
the durability of animal leather. Despite these challenges,
Pifiatex demonstrates strong scalability potential due to the
abundance of pineapple cultivation worldwide, positioning it
as a commercially viable and ethically acceptable alternative
(Shukla et al., 2021; Duangsuwan et al., 2023).

4.3. Mushroom Bioleather:

Mushroom bioleather, derived from the mycelium of fungi,
represents a promising sustainable alternative to animal
leather and petroleum-based synthetics. Mycelium, the
filamentous root-like structure of fungi, can be cultivated
under controlled conditions to form dense mats that are
subsequently processed, compressed and finished to
resemble the texture and durability of leather. Moreover,
mushroom bioleather is fully biodegradable, non-toxic, and
can be engineered to achieve desirable mechanical properties
such as flexibility, tensile strength, and water resistance,
making it suitable for diverse applications in fashion,
packaging and biomedical engineering (Haneef et al., 2017;
Appels et al.,, 2019). In biomedical contexts, mycelium
composites have demonstrated biocompatibility, offering
potential for use in tissue engineering, wound healing, and
implantable scaffolds (Jones et al., 2020). Industrial research
has further advanced scalable production methods, such as
paste media cultivation, which enhance consistency and
commercial viability (Appels et al., 2019). Despite these
advantages, challenges remain in achieving cost
competitiveness, ensuring standardized quality across
batches, and scaling production to meet global demand.

4.4, Cactus Bioleather

Cactus leather is derived from the mature leaves of the
Nopal cactus (Opuntia ficus-indica), which requires minimal
water and thrives in arid climates. The material is processed
into durable, flexible sheets with a soft texture comparable
to animal leather. Commercialized by the Mexican company
Desserto, cactus leather has gained recognition for its
resilience and eco-friendly production, making it a viable
option for bags, upholstery and apparel (Lopez & Flores,
2021).
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4.5. Apple Bioleather

Apple leather is produced from apple pomace, the residual
waste generated during juice and cider production. This
material is processed into flexible sheets that mimic the
properties of animal leather while valorizing agricultural
waste. Developed primarily in Italy, apple leather is
biodegradable, lightweight and suitable for fashion
accessories and footwear, representing a circular economy
approach to sustainable materials (Ferrero et al., 2020).

4.6. Grape Bioleather

Grape leather is manufactured from the byproducts of the
wine industry, particularly grape skins, seeds and stalks.
This innovation, pioneered in Italy under the brand Vegea,
transforms agro-industrial waste into strong, flexible and
aesthetically appealing biomaterials. Grape leather has been
adopted in luxury fashion and interior design, showcasing
how waste valorization can contribute to sustainable material
innovation (Patrucco et al., 2019).

4.7. Cork Leather

Cork leather is obtained from the bark of the cork oak tree
(Quercus suber), harvested without harming the tree. The
material is naturally textured, lightweight, water-resistant
and renewable, offering unique aesthetic qualities. Cork
leather is widely used in wallets, bags and furniture
upholstery, and its production supports sustainable forestry
practices in Mediterranean regions (Gil, 2015).

5. Conclusion

Bioleather represents a transformative innovation in
sustainable material science, offering a viable alternative to
conventional animal leather. Derived from diverse sources
such as tomato, pineapple, mycelium, apple, cactus, cork and
grape, these bio-based leathers demonstrate how agricultural
waste valorization and biotechnological processes can
reduce environmental burdens while meeting industrial
demands. Unlike animal leather, bioleather production
avoids deforestation, methane emissions and toxic tanning
chemicals, while also eliminating ethical concerns related to
animal slaughter. Furthermore, many bioleathers are
biodegradable, customizable and suitable for applications
ranging from fashion and packaging to biomedical
engineering. Although challenges remain in scaling
production and achieving cost competitiveness, ongoing
research and industrial innovation indicate strong potential
for bioleather to reshape global markets. Thus, bioleather
stands as a credible, sustainable and ethically responsible
alternative, aligning with the broader goals of circular
economy and environmental stewardship.
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