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Abstract

This study investigated the production of bacterial cellulose sheets from watermelon peel
waste using Acetobacter xylinum as a sustainable alternative to synthetic leather. The research aimed
to convert agricultural waste into a value-added biomaterial with environmentally friendly properties.
Watermelon peel waste was used as the cultivation substrate, and the resulting bacterial cellulose
sheets were evaluated for their physical and mechanical properties. The findings showed that the
sheets exhibited good flexibility, elasticity, and mechanical strength comparable to synthetic leather,
demonstrating their potential for practical applications. Moreover, surface treatment with beeswax
effectively improved water resistance. Furthermore, dyeing with sappanwood extract resulted in good
color absorption and satisfactory color durability. Overall, the results suggest that bacterial cellulose
derived from watermelon peel waste is a promising, eco-friendly alternative to synthetic leather and
highlights the potential of agricultural waste as a sustainable resource for developing high-performance

biomaterials.
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contribute  significantly to  environmental

Introduction

pollution due to their non-biodegradable nature,

In recent years, the fashion industry has
increasingly shifted from the use of animal leather
to synthetic leather in response to growing
concerns  regarding animal welfare.  Most
commercially available synthetic leather is

alternatives to conventional synthetic leather.
manufactured from petroleum-based polymers

prolonged degradation time, and the generation
of plastic waste and microplastics. Consequently,
there is an increasing demand for sustainable,

biodegradable, and environmentally friendly

such as polyurethane (PU) and polyvinyl chloride
(PVQ). Although these materials reduce the

demand for animal-derived leather, they

Bacterial cellulose has emerged as a promising
biomaterial owing to its unique structural and
mechanical properties. Produced by cellulose-
synthesizing bacteria, bacterial cellulose consists

of an ultrafine three-dimensional nanofiber
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network that exhibits high mechanical strength,
flexibility, water-holding capacity, and
biodegradability. These characteristics make
bacterial cellulose an attractive candidate for
applications in sustainable materials, including
leather substitutes. Among cellulose-producing
bacteria, Acetobacter xylinum is widely
employed because it is a non-pathogenic, Gram-
negative, aerobic bacterium capable of producing
high-purity cellulose with excellent structural
integrity. Furthermore, the bacterium is readily
available, relatively inexpensive to cultivate, and
has long been utilized in the production of nata
de coco.

The production of bacterial cellulose
generally requires culture media containing high
concentrations of carbon sources, such as slucose
or sucrose, which can increase production costs.
To improve the economic feasibility and
sustainability of bacterial cellulose production,
agricultural waste has attracted considerable
attention as an alternative nutrient source.
Thailand, as an agricultural country, generates
large quantities of agricultural residues, including
watermelon peels, which retain appreciable
amounts of sugars and nutrients after fruit
processing. These residual nutrients make
watermelon peel waste a suitable substrate for
bacterial cellulose production while
simultaneously reducing organic waste. In
addition, molasses, a by-product of the sugar
industry rich in sucrose and other fermentable
sugars, can be incorporated into the culture
medium to enhance bacterial growth and
cellulose biosynthesis.

Despite its  excellent  mechanical

properties, bacterial cellulose requires further

modification to  satisfy the performance
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requirements of leather-like materials. Dry

bacterial cellulose sheets typically exhibit a
brownish  appearance and limited water
resistance, which may restrict their commercial
applications. Therefore, natural dyeing with
sappanwood (Caesalpinia sappan) extract was
employed to enhance the aesthetic properties of
the material. Sappanwood produces a deep red
natural dye with good  environmental
compatibility and has the potential to provide
durable coloration. In addition, surface coating
with beeswax to improve water resistance.
Therefore, this study aimed to develop
bacterial cellulose sheets from watermelon peel
waste using Acetobacter xylinum as a sustainable
alternative to synthetic leather. The study also
evaluated the effects of glycerol, beeswax
coating, and natural dyeing with sappanwood
extract on the physical and mechanical properties
of the resulting bacterial cellulose sheets. The
findings of this research are expected to
demonstrate the potential of converting
agricultural  waste into value-added, high-
performance biomaterials and to contribute to
the development of environmentally sustainable

materials for future industrial applications.

Methodology
1) Preparation and Production of Bacterial
Cellulose
1.1 Culture Medium Preparation

Watermelon peel waste was used as the
main substrate for bacterial cellulose production.
The peels were blended with distilled water and
filtered to obtain the extract. The culture medium
was prepared by adding sucrose, ammonium
sulfate, acetic acid, and L-arginine, with the pH

adjusted to approximately 4.5.




1.2 Bacterial Cellulose Cultivation and
Purification

The prepared medium was inoculated
with Acetobacter xylinum and incubated at room
temperature (28 + 2°C) for 10-14 days. The
obtained bacterial cellulose sheets were purified
using distilled water and sodium hydroxide
treatment, followed by washing and drying.
2) Modification of Bacterial Cellulose Sheets
2.1 Natural Dyeing and Beeswax Coating

Sappanwood  (Caesalpinia  sappan)
extract was prepared as a natural dye. The
bacterial cellulose sheets were treated with alum
and tannin before dyeing and drying at 50°C.
Beeswax was then applied to the surface of the

sheets to improve water resistance.

Table 1 Staining of sappanwood dye onto white fabric when rubbed against artificial leather

Rubbing Cycle Stain on White Fabric
17 Cycle No stalning ohserved
2" Cycle No staining ohserved
37 Cycle No staining chserved
a" Cycle No staining ohserved
5 Cycle No staining abserved

Table 2 Water resistance experimental results of artificial leather

Sheet Pre-soaking Weight (g) Post-50aking Weight (g) Water Absarption Rate
N (%)
1 10.63 10.85 20610
2 103 .67 35922
3 10.78 1.55 7.1429

3) Evaluation of Bacterial Cellulose Properties

The physical and mechanical properties
of the bacterial cellulose sheets were evaluated.
Tensile strength, stress, strain, and Young’s
modulus were measured using a tensile testing
machine. Water absorption, color fastness, and

fiber morphology were also examined.

Table 3 Elaslicily experiment resulls of arlificial leather
Sheet Tensile Area stress Initial Elengation Strain ‘Young's
No. Force (M) (mn?) (hPa) Lenght (m) Modulus
(m) (MPa )
1 12 0.014 0,008 014 0.04 0.35¢ EAY
2 15 0.015 0.01 0.14 .05 0.357 10.56
El 14 0.014 0009553 014 0.04 0357 r8h
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The experimental results were analyzed
to determine the effects of sappanwood dyeing
and beeswax coating on the properties of
bacterial cellulose sheets and their potential as a

sustainable alternative to synthetic leather.

Conclusions

The development of bacterial cellulose-
based synthetic leather from agricultural waste
using Acetobacter xylinum was successfully
demonstrated in this study. Watermelon peel
waste was utilized as a substrate for bacterial
cellulose production, while sappanwood extract
and beeswax coating were applied to enhance
the aesthetic properties and water resistance of
the developed material.

The results demonstrated that bacterial
cellulose sheets were successfully produced from
watermelon peel extract. The obtained sheets
exhibited a flexible and slightly elastic texture.
Tensile testing showed that the Young’s modulus
values ranged from approximately 0.022-0.028
MPa, indicating that the material could withstand
tensile stress to some extent; however, its
mechanical strength remained lower than that of
commercial synthetic leather.

Regarding water resistance, beeswax
coating effectively reduced water absorption of
the bacterial cellulose sheets, with absorption
values ranging from 2.067-7.1429%. The coated
sheets maintained their structural integrity and
did not deteriorate after water immersion,
indicating improved suitability for practical
applications.

Furthermore, dyeing with sappanwood
extract combined with alum and tannin
treatments provided good color fixation and

durability. The color fastness test showed no
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visible dye transfer onto white fabric after rubbing,
demonstrating that the natural dye effectively
adhered to the bacterial cellulose fibers.

In conclusion, bacterial cellulose derived
from watermelon peel waste shows potential as
an environmentally friendly alternative material
for synthetic leather applications. The properties
of the material can be improved through beeswax
coating and natural dyeing methods, enhancing
both water resistance and aesthetic appearance.
However, further optimization of the production
process is required to improve the mechanical
strength and flexibility of the material for future

practical applications.
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