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Currently, the global fashion accessory industry relies heavily on animal leather and petroleum-based synthetic
leather, which cause severe environmental impacts and resource depletion. Faced with this alarming reality, there is
a necessary shift worldwide toward the use of natural fibers and sustainable biomaterials. Substituting conventional
materials with natural fibers not only mitigates the pollution generated by traditional leather manufacturing
processes but also promotes global environmental conservation efforts. The objective of this study is to create
a biologically derived material aimed at developing a bioleather for application in the textile industry. The selected
subject for this research is mango, a common agricultural product in Vietham. The mangoes are purchased from
local markets, cleaned, blended with various chemicals, and then dried. The chemicals used include citric acid,
pectin, malt extract, and oats. The drying temperature ranges from 60°C to 70°C, and the drying time is between
14 and 15 hours. The results show that the bioleather made from mango has a fairly similar appearance to genuine
cowhide. The material achieves an average tensile strength of 146.94 N and an average tear strength of 6.22 N.
The material is also coated with a layer of chitosan, providing a surface water resistance rating of level 1. Despite
some limitations in durability, bioleather’s appealing aesthetic properties make it a promising material for fashion
accessory applications. These results demonstrate the potential of mango in creating a biological material suitable
for application in the textile industry.
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Introduction

Growing environmental concerns and the depletion
of oil resources further underscore the importance of
natural fibers, prompting researchers and industry to seek
sustainable alternatives to conventional synthetic fibers.

69

Dhir emphasizes that natural fibers offer a sustainable
option for both textile and nontextile applications, providing
properties that promote environmental conservation while
reducing reliance on environmentally harmful synthetic
materials (1). Bamboo fiber is a prominent example of a
sustainable alternative in textile production. Fast-growing
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and low-maintenance, bamboo requires minimal resources
to cultivate, making it an environmentally friendly choice for
fabric manufacturing. Its natural antimicrobial properties,
combined with softness and durability, have contributed
to its increasing popularity in the fashion industry (2).
Vernonia elaeagnifolia is one of the plant species studied
for its fiber. Numerous techniques have been employed
to extract fiber from the stem. The most common fiber
extraction technique is called retting and involves separation
of fibers from the woody core by controlled degradation of
the stem. The fibers were obtained from the domestically
grown Vernonia elaeagnifolia plant through a conventional
retting process. The extraction of fibers was done using
natural water retting (3). Several different vegan leather
alternatives to real leather are available on the market
today, including Muskin®, Desserto®, Appleskin®, Vegea®,
SnapPap®, Kombucha, Teak Leaf®, Pinatex®, and Noani® (4).
For example, Teak Leaf® leather is produced from leaves,
whereas Desserto® is made from cactus fibers, Appleskin®
from apple residues, and Vegea® from the skins, seeds, and
stems of grapes. Pinatex® leather contains fibers sourced
from pineapple leaves (4-6). There are fungi-derived
leather substitutes that represent a new class of sustainable
materials (7). Mycelium can be cultivated rapidly and
requires fewer resources compared to traditional leather
production. This biogenic material offers a sustainable
option for the fashion industry, potentially replacing
animal leather with a more environmentally responsible
alternative (8). Bacterial cellulose, produced through
fermentation, represents another innovative approach to
sustainability in textiles. It is versatility and distinctive
properties, such as mechanical strength and biodegradability
(9). These features support the textile industry’s ongoing
efforts to reduce reliance on petroleum-based materials,
which dominate conventional production processes. These
bioleathers, tanned with plant-based lecithin, offer high
tensile strength and a reduced environmental footprint
compared to traditional leather (10). Kombucha (KBC)
is a typical example; there are various nutrient media for
KBC biosynthesis, including yogurt whey, apple juice, and
brewer’s grains. The result shows that KBC can be used as a
leather substitute in the fabrication of biofabrics (11). Since
the color of original BC was mostly yellowish white, a dyeing
process is necessary to suggest BC as a textile. Therefore,
there have been many studies to propose natural dyeing
methods, and among them is the use of coffee as a dye
adsorbent (12-15). There is research on fruits (apple, pear,
mango, etc.) to make bioleather (16-21). By transforming
agricultural waste into textile resources, manufacturers can
significantly reduce the environmental impact associated
with raw material extraction while promoting sustainability.
Other study focuses on developing biobased leather-like
materials using novel formulations of agro-waste, such as
maple leaf (5%-10%) and apple pulp (0%-10%), combined
with KBC biomass cellulose (25%-40%), biodegradable

polyesters (0%-25%), and plasticizers (5%-20%) (22, 23).
Cactus leather is another innovative alternative (24). In
Indonesia, biological leather made from soybean shells has
been successfully researched. The authors use synthetic
techniques with some materials used: agar, glycerin, and
soybean shells in a ratio of 1:2:40, followed by mixing the
ingredients, cooking to the required boiling temperature,
and then pouring into molds and drying. The sheet will have
a slightly rough texture, be slightly wrinkled, shrink into an
asymmetrical and flexible shape, and can be rolled up (25).
Peelsphere, a material created from fruit waste like banana
and orange peels combined with algae, stands out as a
100% biodegradable and recyclable material (26). Moreover,
the use of banana fiber has shown considerable promise
in various textile applications due to its sustainability and
unique properties. Researchers have explored its potential in
reinforcing polymer composite materials, further expanding
its applications in the textile field (27). In addition, banana
peels have been studied for their application as a bioplastic in
plant-growing bags, showing the versatility of this material
beyond traditional textile applications (28). Although many
plant- and fruit-derived bioleathers have been developed
from apples, pineapples, and other agricultural wastes
(16-21), mango waste remains underutilized. Systematic
studies on formulation and processing parameters required
to achieve suitable mechanical, adhesion, and aesthetic
properties in mango-derived bioleathers are limited.
Addressing this research gap offers a sustainable strategy for
transforming mango waste into textile materials, thereby
reducing environmental impact and expanding the range
of bioleather alternatives. Therefore, the present study
aims to develop a mango-derived bioleather, focusing on
its formulation, processing, and potential applications in
fashion accessories.

Methodology

Although ripe mangoes already contain citric acid, it’s not
enough to create the sufficient adhesive properties on its own,
so we need to add more citric acid (in powder form) during
the production process.

The production process is as follows: Prepare mango waste
(purchased from local markets in Vietnam) as the main raw
material. The mangoes are washed, peeled, and deseeded.
Then, lightly grind the mango and add the additives: oatmeal
powder, citric acid >99.5%, pectin, and malt. Continue
grinding the mixture until it reaches a smooth consistency,
then spread the mixture evenly to the appropriate thickness
onto a mica mold and dry for 12-14 hours. The drying
temperatures in this study were 60°C, 70°C, and 80°C, and
the drying thicknesses were 2 mm, 4 mm, and 6 mm. Dry
until the product moisture content is approximately 10%-
15%, then coat the surface of the leather fabric with a 5%
diluted chitosan solution. Next, dry the surface and cool. The
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FIGURE 1 | Production process diagram of mango-based bioleather.

drying temperatures after coating in this study were 60°C,
65°C, and 70°C, and the drying times ranged from 1 to 2
hours (Figure 1).

The experimental model for the production process
of mango-based bioleather fabric was surveyed through
four experiments.

The overall study was conducted over 3 months, from
document collection to final analysis, and included four
practical experiments.

Experiment 1: investigation of chemical
ratios

Objective: The chemicals used in this experiment include
oat flour, citric acid (>99.5%), malt extract, and pectin
(which may be substituted with gelatin). The purpose of this
experiment is to determine the proportion of components in
mango-based bioleather (Table 1).

Experiment 2: investigation of substrate
thickness before drying

Objective: The experiment aimed to determine the
appropriate thickness for the bioleather fabric when

TABLE 1 | Experiment to investigate the ratio of chemical mass to
mango mass for reuse (Unit: %).

Sample 1 2 3 4

Acid citric 0 8.8 7.7 3.5
Pectin 0 2.7 1.8 8.8
Malt extract 0 8.2 16.4 12.3
Oat flour 0 5.3 4 2.7

TABLE 2 | Experiment to investigate the thickness of bioleather fabric
before drying (Unit: mm).

Sample 1 2 3

Thickness 2 4 6

TABLE 3 | Experimental study of drying temperature and drying time.

Sample 1 2 3 4 5 6
Temperature (°C) 60 70 80 60 70 80
Time (hours) 12 12 12 14 14 14

TABLE 4 | Experimental setup for drying conditions after
chitosan coating.

Sample 1 2 3 4 5 6
Temperature (°C) 60 65 70 60 65 70
Time (hours) 1 1 1 2 2 2

applying the substrate mixture to the mold (Table 2). The
thickness of the bioleather fabric before drying will affect the
drying time, color, durability, and structure of the product.

Experiment 3: investigation of drying
temperature and time

Objective: The experiment aims to evaluate the effect of
drying temperature and drying time on the quality and
appearance of the product (Table 3). Based on this, the
optimal drying regime for the product will be selected.

Experiment 4: investigation of drying
temperature and drying time after
chitosan coating

Objective: This experiment was conducted to determine
the appropriate drying temperature and time (Table 4) to
produce a product that meets the desired standards.
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Finding

This experiment was conducted at the Italy-Vietnam Textile
Technology Center, Ho Chi Minh City University of
Technology, Vietnam National University, and verified
at the Vietnam Textile Research Institute in Ho Chi
Minh City (VTRSI).

Experiment 1: survey of chemical ratio

Remarks: Based on the results obtained (Table 5),
the selected ratio of chemical mass to recycled
mango mass is as follows: 8.8% citric acid, 2.7%
pectin (which can be substituted with gelatin), 5.3%
oatmeal, and 8.2% malt.

Experiment 2: survey of the thickness of
the leather substrate before drying

Remarks: Based on the results obtained (Table 6), the leather
sample with a substrate mixture thickness of 4 mm before
drying was found to be the most suitable and was selected for
subsequent experiments.

Experiment 3: survey of temperature and
drying time of mixture

Remarks: Based on the results obtained (Table 7),
the appropriate drying condition to achieve a
moisture content of 10%-15% is to dry the
product at 70°C for 14 hours, ensuring the desired
moisture level.

TABLE 5 | Results of 4 product samples in experiment 1.

Sample 1 Sample 2 Sample 3 Sample 4

Experiment 4: survey of temperature and
drying time after coating

Remarks: Based on the results obtained (Table 8), the
appropriate drying condition after applying a 5% chitosan
coating is to dry the product at 65°C for 2 hours to achieve
the desired moisture content.

Experiment 5: evaluation of mechanical
properties and appearance

Experimental methods were conducted to determine the
mechanical properties of tensile strength, tear strength, and
surface water resistance of the fabric. These experimental
methods were carried out according to ISO standards, using
sample dimensions of 50 x 200 mm.

Tensile strength

Tensile strength refers to the maximum stress that a leather
sample can withstand when it is stretched or pulled before
breaking, while the elongation percentage measures the
degree of stretch during this process. The tensile strength
is determined as the maximum force applied to the sample
before it breaks, and the elongation percentage is calculated

TABLE 7 | Results of 6 product samples in experiment 3.

Sample 1 Sample 2 Sample 3

Sample 4 Sample 5 Sample 6

TABLE 8 | Results of 6 product samples in experiment 4.

Sample 1

Sample 2

Sample 3

TABLE 6 | Results of 3 product samples in experiment 2.

Sample 1 Sample 2 Sample 3

Sample 4

Sample 5

Sample 6
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TABLE 9 | Tensile stress results (unit: N).

TABLE 10 | Tear strength results (unit: N).

Sample 1 2 3 4 5 Average

Sample 1 2 3 4 5 6 Average

Tensile stress (N)  131.33 14547 159.71 155.05 143.13  146.94

Tear strength (N)  9.72 499 491 631 528 6.08 6.22

based on the change in length. The tensile strength and
elongation percentage are necessary for the mechanical
properties evaluation of leather.

To determine the tensile strength and elongation at
break, the strip method is used according to ISO 13934-1
standards. In this test, the entire width of the sample strip
is clamped into the grips of the testing machine. The results
of the experiment are presented in Table 9. This experiment
evaluates the suitability of the material as leather fabric for
applications in apparel and accessories.

Remarks: Based on the tensile stress data of five product
samples (Table 9), an average value of tensile stress is
146.94 N. The results indicate that the average tensile stress
falls within the range 120-150 N, which is a standard
range required for leather fabrics used in the production of
clothing and lightweight accessories. However, the significant
28.38 N gap between the highest tensile stress (159.71 N)
and the lowest (131.33 N) indicates a lack of material
uniformity. Such fluctuations could shorten the product’s
lifespan, which is a major issue for high-wear accessories
like footwear. Therefore, while the material works well for
lighter items, it needs better uniformity to compete in the
high-quality fashion market.

The mean tensile strength of the sample was 146.94
N with a standard deviation of 11.06 N. At a 95%
confidence interval, the estimated tensile strength range was
approximately 133.2-160.7 N.

Tear strength

Tear strength testing is a cornerstone of material science,
providing critical data on a material’s durability and
resistance. Far from being a routine lab check, this
characterization dictates key decisions in design and
safety while also influencing a product’s economic and
environmental footprint.

Methodology: The tear strength of the fabric was
determined using a falling pendulum device in accordance
with the ISO 13937-1:2000 standard. This method measures
the force required to extend an initial cut over a specific
distance using a sudden, dynamic load.

The tear strength test results are presented in Table 10.

Remarks: Based on the tear strength test results of six
product samples (Table 10), the average tear strength is
6.22 N, with the highest value being 9.72 N (sample 1)
and the lowest value 4.91 N (sample 3). This generally low
resistance can be attributed to the fiber length falling below
the critical length required for effective stress transfer. In
this state, the polymer binder fails to facilitate adequate

load distribution across the matrix, leading to premature
interfacial debonding under stress. When compared to
general criteria, this material shows limited feasibility for
various applications. For clothing, required tear strength
typically ranges from 7 to 10 N; the material is only suitable
for lightweight garments such as dresses or shirts. However,
the low tear strength of some samples (4.99 and 4.91 N)
presents a high risk of durability failure during practice use.
For accessories that generally require a tear strength of 10-15
N or higher, such as bags or straps, this material falls below
the necessary standard and is not suitable for products that
need to withstand heavy loads. Additionally, the significant
variation in tear strength between samples (4.81 N) indicates
inconsistency in the material’s mechanical properties, which
could pose challenges in manufacturing and quality control.

In general, while the material shows potential
for lightweight garments or decorative accessories,
improvements in tear strength and consistency are essential
to expand its applicability to more demanding uses.

The mean tear strength of the sample was 6.22 N with a
standard deviation of 1.81 N. At a 95% confidence interval,
the estimated tear strength range was approximately 4.31-
8.12 N.

Surface water resistance of fabric

The surface water resistance test is used to evaluate
the material’s ability to resist prolonged water exposure.
In its evaluation scale, level 5 (100/100) is the highest
level, indicating that the material and its coatings remain
unwettable during the surface wetting test. Meanwhile, level
1 (50/100) represents materials that become completely wet
across the entire surface, which is typically the minimum
acceptable grade to pass the test.

The experiment was conducted in accordance with the
ISO 4920:2012 standard. This standard utilizes the spray
test method to determine the resistance of fabrics to
surface wetting. It applies to all textile types, regardless of
whether they have received water-repellent or water-resistant
treatments (29).

Remarks: Based on the water resistance results presented
in Table 11, all three samples achieved Level 1, indicating
that the material becomes completely wet on the surface
during the test. This is the lowest level according to the ISO
4920:2012 standard. As a result, this material does not meet
the necessary criteria for applications that require effective
water resistance.

For outdoor apparel and humid-environment clothing, the
industry baseline for surface water resistance is typically at
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TABLE 11 | Surface water resistance results (unit: level).

Level 1 2 3

Water resistance results (level) 1 1 1

(1 means 50/100: wet across the entire surface).

TABLE 12 | Thickness measurement of the material after
drying (unit: mm).

Sample 1 2 3 4 5 Average

Thickness (mm) 1.9 2.1 1.5 1.5 1.7 1.74

least level 3. With a rating of only level 1, this material fails
to meet basic waterproofing criteria. The gap is even wider
for accessories like footwear or bags, which generally demand
a level 4-5 rating to effectively protect contents. Therefore,
this material in its current state is functionally unsuitable for
these applications.

In terms of feasibility, the material is not practical for uses
where water resistance is crucial, such as outdoor clothing,
sportswear, or accessories intended for wet environments.
It is effectively limited to products used in dry conditions
or those that do not require waterproofing; take decorative
items or indoor products, for example.

The material’s poor performance can be attributed to
a likely porous structure that allows water to penetrate
easily rather than staying on the surface. Additionally, the
absence of any effective water-resistant finishes or protective
coatings further contributes to its inability to meet standard
durability requirements.

Thickness of material

The experiment used a caliper to measure the thickness of
the material after drying, with the results shown in Table 12.
The stabilization of thickness is a critical indicator of the
material’s structural integrity since a significant shrinkage
during drying could indicate a collapse of the internal
porous network. Furthermore, thickness is directly correlated
with the mechanical properties observed in previous tests.
Variations in the thickness values shown in Table 12 likely
contributed to the fluctuations seen in tensile and tear
strength, as uneven thickness creates stress concentrations
where failure can occur more easily.

Remarks: The material's dimensional profile was
rigorously characterized by examining prepared cross-
sections of the samples. As detailed in Table 12, the analysis
reveals a thickness range spanning from 1.5 to 1.7 mm.
While this variation might seem minor, it highlights a
distinct diversity across the sample batch that has profound
implications for performance. Typically, samples on the
upper end of this thickness spectrum (near 1.7 mm)
are expected to exhibit superior mechanical resilience.
According to the principles of mechanics, thicker materials

possess greater volume to dissipate energy, resulting in
higher tensile and tear strength (30, 31), as well as increased
flexural rigidity, which improves resistance to permanent
creasing (31).

Appearance and hand feel

Appearance.  The leather features a natural brown or pale
yellow tone without the use of dyeing compounds, ensuring
its natural and stable color over time. Its surface has a
subtle matte finish, free of gloss, providing a genuine and
high-quality aesthetic.

Hand feel. ~When touched, the surface feels cool with
a slight stickiness, attributed to the malt components
in the material that enhance its adhesion. Pressing a
finger lightly against the surface reveals no stretching or
wrinkling, distinguishing it from the behavior of genuine
leather during testing.

Discussion

This study examined the key factors influencing the
production of biodegradable leather derived from mango
pulp and peel. Specifically, it investigated the effects of
chemical concentration, predrying material thickness, and
the drying temperature and time used during sample
preparation. Based on systematic experimental trials, a set of
optimal processing conditions was established for producing
this novel material in the section “Finding.”

The evaluation of mechanical properties showed that
the mango-based leather material achieved an average
tensile strength of 146.94 N and a tear strength of 6.22 N.
Although these results demonstrate the material’s potential,
its mechanical performance is still lower than that of
existing commercial biodegradable leather alternatives,
like muskin and appleskin for instances (32). Overall, the
material does not yet satisfy the strength requirements
for demanding applications, including footwear and
handbags. Future research should focus on enhancing the
mechanical properties by reinforcing the material with
polymeric binders.

A notable strength of the mango-based leather is its visual
quality. The material displays a naturally matte finish with
minimal surface gloss and a color that closely mimics genuine
leather without the need for added dyes. This natural, high-
end appearance enhances its appeal, particularly for use in
fashion accessories (Figure 2).

However, the water resistance of the material remains
a notable limitation. Although the chitosan coating is
biodegradable (33), it is still insufficient in protecting the
material against prolonged water exposure. A potential
strategy for improvement is to integrate composite materials
into the surface coating, such as biobased polyurethanes
(34), natural waxes (35, 36), or nanocomposite films (37).
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FIGURE 2 | Cardholder, bracelet, and necklace made from mango-based bioleather fabric.

This approach has been proven to effectively fortify biobased
materials against moisture by reducing surface hydrophilicity
(35), ultimately extending their service life and broadening
their range of potential applications in the fashion industry.

Additionally, as a natural resource, mangoes offer
significant recycling potential. Mango seeds, which are
rich in fats, proteins, minerals, and fibers, can be utilized
across various fields, including cosmetics, functional food
ingredients, compounds, and vegetable
oils (38).

To ensure environmental sustainability, the material
is coated with chitosan, a natural biopolymer that can

antimicrobial

decompose under the action of enzymes like chitosanase and
lysozyme (39). This degradation process produces nontoxic
byproducts such as glucosamine and acetic acid (40). As
a result, the mango-based leather material can biodegrade
safely, minimizing its impact on the environment.

This research establishes a critical framework for
converting agricultural mango byproducts into functional
biocomposites. While the current findings are promising,
continued development will be essential to refine the

material's mechanical properties and unlock its full
commercial potential in the fashion sector and beyond.

Conclusion

First of all, the study identified optimal chemical ratios for the
production of bioleather fabric. The results show that gelatin
can be successfully replaced by pectin while maintaining
comparable texture and material properties without
requiring major adjustments to the fabrication process.

In addition, drying temperature and duration were
found to play a critical role in the overall quality of the
material. Experimental results indicated that convection
drying at 70°C for 14 hours provided stable and uniform
samples, contributing positively to the success of the
production process.

The study also experimented with a chitosan coating
solution. Although the coating did not achieve the desired
water resistance, it significantly improved the wettability
compared to uncoated mango leather material. The
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mechanical properties were rigorously tested according to
international leather standards (ISO).

Although the research is still at a preliminary stage and the
material has not yet been fully optimized, the findings offer
several directions for future development. The material still
has limitations in terms of durability; however, its aesthetic
qualities suggest that it could be used for fashion accessories
in its early stages.

To bring this material to practical use and mass
production, the authors propose several recommendations
for further development. Firstly, additional research and
comprehensive evaluation of the material’s properties are
necessary. Beyond durability and water resistance, other
textile properties should also be explored. Secondly, studies
should be conducted using different mango varieties as
well as other coating materials. This is important because
chitosan degrades faster than synthetic polymers under
natural conditions, which potentially affects the product’s
quality and lifespan. Thirdly, as the research was conducted
on a laboratory scale, the forming and coating processes
were done manually. Therefore, the shape, structure, and
uniformity of the products were not fully guaranteed. Future
research should focus on improving the product with the
support of specialized machinery.

Finally, due to time constraints, this study focused only
on two key properties relevant to the production of small
bioleather accessories. Other properties related to garment
manufacturing were beyond the scope of this work. The
authors acknowledge the reviewers’ suggestions and intend
to incorporate them into future studies.
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