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Abstract: Biopolymeric films derived from starch are gaining attention due to their potential
applications, which are primarily attributed to their availability and biodegradability. Here, we
report developing and characterizing a biopolymeric film utilizing banana peel waste (BM2).
Analytical techniques were employed, including water absorption analysis, determination of soluble
matter, UV-visible absorption spectrophotometry, tensile strength assessment, morphological
examination using Scanning Electron Microscopy (SEM), and thermal analysis through
Thermogravimetric Analysis (TGA). The water absorption analysis revealed a noteworthy absorption
percentage of 115.23% and 61.75% of soluble matter. The UV-visible absorption spectrophotometry
results demonstrated a light absorbance degree ranging from 0.9 to 720 nm, particularly between 400
and 1,000 nm. However, the mechanical strength tests indicated relatively low resistance at 0.8 MPa,
attributed to the irregular surface observed in the film's morphology as evidenced by scanning
electron microscopy (SEM). Thermal analysis conducted via TGA offered valuable insights into the
degradation behavior of the film. The findings revealed a degradation temperature range spanning
from 160 to 300 °C, thereby elucidating the thermal stability of the film and its potential applications.
While mechanical limitations were evident, the biopolymeric film derived from banana peel waste
demonstrated noteworthy water absorption properties, presenting potential in specific applications,
particularly those that do not necessitate elevated mechanical strength. Continued efforts in
optimizing and refining the film's structure promise to bolster its mechanical properties, making it
suitable for a wider array of applications.

Keywords: biodegradable; mechanical resistance; absorbance; banana; biomass; biopolymeric

1. Introduction

In the current global scenario, producing approximately 150 million tons of plastic annually
poses a severe environmental threat. Most plastics are derived from oil, contributing significantly to
widespread contamination. This environmental challenge arises from the excessive plastic
production and the overexploitation of fossil resources. Efforts to mitigate this pollution have led to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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the exploration of strategies such as recycling and incineration. However, the latter often perpetuates
the pollution cycle [1].

There has been a noteworthy shift from petroleum-based materials to natural ones in response
to the environmental crisis. Substances like starch, cellulose, and proteins have gained attention due
to their high edible grade, availability, and biocompatibility [2—4].

Moreover, these natural materials contribute positively to pollution reduction owing to their
inherent biodegradability capacity [5]. The permeability of these materials to oxygen makes them
particularly useful in packaging edible products, maintaining characteristics such as odor, taste, and
color [6].

Numerous studies have explored using starch in creating membranes due to its widespread
availability, cost-effectiveness, and gelatinization capability when exposed to high temperatures and
water [7]. Starch comprises of glucose units known as amylose and amylopectin, in varying amounts
depending on the source. These molecules are responsible for the gelatinization process of starch.
However, films derived from starch tend to be relatively rigid and exhibit a strong hydrophilic
character compared to synthetic counterparts.

Plasticizers, mainly polyols, are employed to overcome this rigidity, with glycerol being the
most commonly used due to its hydrophilic nature. With appropriate proportions, glycerol reduces
intermolecular forces and enhances the mobility of polymer chains, thereby improving mechanical
properties [7-9]. Furthermore, edible films based on fruit purees have been explored, providing an
alternative for producing films used in food product packaging.

Banana peel, stands out as a resource with high phytochemical components such as pigments,
polyphenols with antioxidant capacity, anthocyanins, tocopherols, phytosterols, and ascorbic acid
[10]. These properties make banana peel a potential source for obtaining films for various
applications, including packaging material for food or fruit [11].

This project aims to research endeavors to obtain and characterize a biopolymeric film from
banana peel waste, thus contributing to sustainable practices in packaging materials and waste
utilization.

2. Materials and Methods

2.1. Film Formation

To enhance extraction, 50 grams of finely chopped mature banana peel fragments were
immersed in a 50 ml sodium metabisulfite solution (see Figure 1(a)). The solid component underwent
a 10-minute boiling procedure in distilled water at 110°C, with intermittent stirring, and the liquid
phase was subsequently discarded. The resulting mixture was meticulously crushed to achieve a
homogeneous paste (see Figure 1(b)).

The obtained paste was then subjected to a second stage, where it underwent a cooking process
at 110°C for 25 minutes under continuous magnetic stirring. According to the methodology proposed
by [12], this stage involved the addition of 2 ml each of 0.5 N HCL, 0.5 N NaOH, and a plasticizer
(Glycerin). These additions aimed to optimize the biopolymeric material's characteristics [6].

Finally, the well-prepared mixture was carefully transferred into Petri dishes and subjected to a
drying process in an oven set at 45°C for 48 hours. This meticulous procedure ensures the production
of a high-quality biopolymeric membrane derived from the mature banana peel, ready for
subsequent characterization studies (see Figure 1(c)).
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Figure 1. Process of Banana Film (M. acuminata L.): (a) mature banana peel fragments were immersed in a 50 ml
sodium metabisulfite solution; (b) cooking process at 110°C for 25 minutes under continuous magnetic stirring;

and (c) biopolymeric membrane derived from banana.

2.2. Film Solubility in Water and Moisture Uptake

The biopolymeric films' water absorption capacity and moisture uptake were evaluated
following the ASTM [13] standard method. This rigorous approach ensures reliable and comparable
results in assessing film solubility in water.

To initiate the experiment, three biopolymer sheets were meticulously conditioned in an oven
set at 50°C for 24 hours. Following this conditioning period, the sheets were promptly transferred to
a desiccator for 15 minutes to achieve equilibrium and were then accurately weighed. Subsequently,
these conditioned samples were immersed in beakers containing 100 ml of distilled water for two
hours, ensuring complete submersion.

After immersion, the biopolymer samples were carefully extracted, excess water was removed
using absorbent paper, and the samples were reweighed. To ascertain the extent of water absorption,
the water in the beakers was replaced, and a subsequent weighing was conducted after an additional
24-hour period.

In the determination of soluble matter, the membranes underwent a reconditioning phase. This
allowed them to dry for 24 hours at a controlled temperature of 45°C. Finally, the samples were cooled
within a desiccator and subjected to a final weighing.

This systematic methodology provides a comprehensive understanding of the film's behavior in
water, allowing for precise quantification of water absorption and soluble matter content. The
meticulous conditioning, standardized immersion period, and subsequent reconditioning ensure the
accuracy and reliability of the obtained results.

2.3. UV-Visible Spectrophotometry

The assessment of film transparency was conducted through UV-visible spectrophotometry, a
crucial step in understanding the optical characteristics of the biopolymeric films, as outlined by [2].
This technique provides valuable insights into how the films interact with light across a broad
spectrum.

The UV-visible spectra were acquired using a Thorlabs CCS200 (Newton, NJ)
spectrophotometer, covering the wavelength range from 200 to 1000 nm. This wide range allows for
a detailed examination of the film's transparency and its behavior across various wavelengths of light.
The obtained spectra offer information on factors such as light absorbance and transmittance,
contributing to a comprehensive understanding of the optical properties of the biopolymeric film.

2.4. Mechanical Properties

The evaluation of the mechanical properties of the biopolymeric films is critical in order to gauge
their structural integrity and suitability for applications. The measurement of mechanical resistance
was conducted following the protocol suggested by [8] and adhering to the ASTM [14] standard
method. This meticulous approach ensures the reliability and precision of the mechanical
characterization.
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For this assessment, samples with dimensions of 80 mm in height and 25 mm in width were
carefully prepared. These dimensions agree with the specified standards to maintain consistency and
reliability in the results. The mechanical tests were performed using a Brookfield CT3 Texturometer,
a state-of-the-art instrument designed to measure materials' textural properties precisely.

A firing load of 7 g was applied to the samples, and the testing procedure was executed at a
constant speed of 0.5 mm/s. This controlled testing environment allowed for accurate measurement
of key mechanical parameters, including tensile strength and elasticity. By adopting these
standardized methods, we ensure that the mechanical properties are evaluated under consistent and
reproducible conditions, facilitating meaningful comparisons and interpretations of the results.

2.5. Scanning Electron Microscopy (SEM)

To delve into the intricate details of the biopolymeric film's surface morphology, scanning
electron microscopy (SEM) was employed, utilizing the advanced Bruker VEGA 3 TESCAN
instrument with an energy-dispersive X-ray spectrometer (EDS). The SEM analysis was conducted at
the Universidad Nacional del Chimborazo (UNACH), employing an acceleration voltage of 20 kV.

The preparatory steps involved cutting square segments of the film samples, measuring
approximately 0.25 cm, which were then meticulously mounted on a sample holder using double-
sided carbon tape. A thin layer of gold coating was applied using an SPI module Sputter Coater from
the United States for 40 seconds to enhance the conductivity and visualization.

2.6. Thermogravimetric Analysis (TGA)

The evaluation of the thermal stability of the biopolymeric film is crucial to understanding its
performance under varying temperature conditions. Thermogravimetric analysis (TGA) was
conducted using the advanced DSC-TGA SDT Q600 V8.3 Build 101 equipment, employing the ramp
method. This comprehensive analysis involved heating the sample from room temperature to an
impressive 1,000°C with a heating rate of 20°C/min.

The use of an inert atmosphere, specifically nitrogen (N2), is paramount in preventing oxidation
or combustion during the analysis, considering the organic nature of the material. To ensure the
optimal conditions for the experiment, a constant nitrogen flow rate of 100 ml/min was maintained
throughout the analysis.

3. Results

3.1. Water Absorption and Solubility

The biopolymeric film obtained from the banana peel (MB2) exhibited notable water absorption
characteristics, registering a percentage of 115.23% with a corresponding soluble matter content of
61.75%. This level of water absorption surpassed that of soy films, which typically fall within the
range of 63-75% water absorption [15]. Understanding and comparing water absorption properties
was pivotal in determining the film's suitability for various applications.

Like the biopolymeric film (BM2), Achira starch films showed solubility influenced by
temperature and relative humidity during the drying process. The interaction between plasticizer,
biopolymer chains, and water is enhanced under specific drying conditions, rendering the films
hydrophilic [16]. The soluble nature of BM2 dried at 45°C with 50% relative humidity can be
attributed to such favorable conditions.

According to [17], plasticizers contribute to increased solubility by reducing interactions
between biopolymeric molecules, making them more hydrophilic. The low molecular weight of the
plasticizer facilitates its insertion between biopolymer chains, further enhancing solubility [17]. The
solubility characteristics observed in BM2 underscore the importance of plasticizer selection and
processing conditions in tailoring the film's properties.
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Additionally, the affinity of biopolymer membranes, particularly those based on starches, for
water can accelerate the degradation of certain hydrophobic biopolymers [18]. Consequently, in some
cases, blending starches with non-degradable polymers is recommended to balance the solubility and
degradation characteristics. As exhibited by BM2, high solubility could make it well-suited for
applications such as packaging wraps, where controlled solubility can offer specific advantages. The
nuanced understanding of water absorption and solubility presented here is crucial for determining
the potential applications and optimizing the performance of the biopolymeric film derived from
banana peel.

3.2. UV-Visible Spectrophotometry

The absorption characteristics of the biopolymeric film is shown in Figure 2. The white light
used for the analysis covered a wavelength range from 200 to 1000 nm.
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Figure 2. Banana peel film absorbance. The biopolymeric membrane molecules exhibit a maximal absorption

wavelength (Amax) at 720 nm, with an absorbance value of 0.9.

The observed spectrum reveals insightful details about the film's optical properties. Notably, the
maximum wavelength (Amax) absorbed by the film molecules is recorded at 720 nm, with an
absorbance value of 0.9. This absorption peak falls within the infrared spectral region. The first peak,
with an absorbance of 0.75, is situated within the visible spectrum in the range of 625 nm. The second
peak, exhibiting an absorbance of 0.72, occurs near the infrared region, specifically around 890 nm
[19]. This dual-peak pattern suggests the film's responsiveness to both visible and infrared light.

Understanding the absorbance peaks is vital for potential applications, as it provides insights
into the film's transparency and how it interacts with different regions of the electromagnetic
spectrum.

3.3. Mechanical Properties

The examination of the mechanical properties of biopolymer membranes derived from banana
peel residues (BM2), as depicted in Figures 3 and 4, offers valuable insights into the material's
structural behavior and potential applications.
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Figure 3. Diagram Load/Distance of banana peel films. The load-bearing capacity of the biopolymeric membrane

in response to an applied load quantified in grams.

In Figure 3, we observe the load-bearing capacity of the biopolymeric membrane as it responds
to an applied load quantified in grams. This fundamental aspect of mechanical behavior is crucial for
understanding the material's strength and its ability to withstand external forces. The data extracted
from this graph allows us to evaluate the resilience and durability of the biopolymeric film, which is
essential in applications where load-bearing capabilities play a significant role, such as packaging or
structural components.

Table 1 summarizes the mechanical test results for the five specimens and indicates that the test
sample labeled M5, which exhibited a maximum load capacity of 2.3 kg, was distinct from the others
due to its thickness of 0.36 mm. From these values, it was determined that the maximal tensile stress
sustained by the material before failure was 0.028 MPa.

Table 1. Mechanical strength test conducted on the Biopolymeric Membrane derived from Banana Peel.

Test Sample Thickness Cross::ec:ional Me;j((i)::;um Force Applied SI; ::r?:t;
Th?czkl;;ss Mass F=Load*9,81 o=F/A
M M Kg N MPa
M1 0,00036 0,00089 1,962 19,247 0,022
M2 0,00036 0,00089 0,989 9,702 0,011
M3 0,00033 0,00083 1,185 11,625 0,014
M4 0,00033 0,00083 1,196 11,733 0,014

Mb 0,00033 0,00083 2,347 23,024 0,028
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Figure 4. This figure shows the strain/Deformation of banana peels film (MB2).

Figure 4 provides a more detailed analysis by illustrating the relationship between tension and
deformation of (MB2). A quasi-linear trend is observed in this graph, and the slope of this linear
portion represents Young's modulus or modulus of elasticity (E). This modulus quantifies the
material's stiffness and its ability to deform under applied stress. The observed quasi-linear behavior
indicates the elastic nature of the material, suggesting that it returns to its original form after the
removal of the applied force. In this context, a calibration was performed on the linear section of the
model, resulting in the determination of a Young's modulus of 7.48 MPa.

Furthermore, the graph reveals a notable feature—the material's maximum tension, often
denoted as the elastic limit (LE) or yield strength (oy), is reached at 0.65 MPa. Traditionally, beyond
this point, one would expect a curved region indicating plastic deformation. However, in the case of
BM2, this transition is almost imperceptible due to the material's tendency to break abruptly once the
elastic limit is reached.

It's important to point out that the mechanical tests that were carried out provided valuable data
on the strength, flexibility, and overall behavior of the biopolymeric films. It turns out that the quality
of these films depends greatly on their physical appearance, that is, their morphology. For example,
when these films exhibit lumps or remnants of material that do not dissolve well, their resistance
tends to decrease [5]. For these films to be strong and efficient, we need to focus on improving their
structure from the beginning of their production, so they are more uniform and flawless. Thus, they
will not only be more resistant but will also be able to better adapt to different uses.

3.4. Morphology

The examination of the biopolymeric membrane's surface, as depicted in Figure 5, revealed
intriguing irregularities that warranted a more in-depth analysis. Notably, these irregularities
corresponded to the presence of cellulose fibers that had not undergone complete solubilization
during the hydrolysis process. This observation held significant implications for both mechanical and
moisture absorption properties, influencing the overall performance of the biopolymeric film.


https://doi.org/10.20944/preprints202502.0592.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 February 2025 d0i:10.20944/preprints202502.0592.v1

8 of 12

BM2

Observation section Observation section Observation section
2,81 mm a 500 pm 663 pm a 20 pm 285 um a 50 pum

Figure 5. Surface micrographs of banana peel film.

The irregularities on the surface of the membrane were attributed to the residual presence of
cellulose fibers. Despite efforts during the hydrolysis process, some cellulose fibers remained
undissolved. The incomplete solubilization of cellulose introduced variations in the film's texture and
composition, creating agglomerations that were visibly apparent in the micrographs.

The presence of these cellulose fibers directly impacted the biopolymeric membrane's
mechanical resistance. As elucidated by [20], irregularities, particularly in the form of
agglomerations, contributed to a reduction in mechanical strength. The fibers acted as points of
weakness, disrupting the homogeneity of the film structure and leading to localized stress
concentrations. Consequently, this compromised mechanical strength may have affected the film's
performance in applications where robustness is critical.}

3.5. Thermogravimetric Analysis (TGA)

The thermogravimetric curve (TG) presented in Figure 6, along with its derivative (DTG), offers
a comprehensive insight into the thermal degradation behavior of the biopolymeric film derived from
banana peel waste (BM2). The detailed analysis of these curves reveals distinct stages of mass loss,
shedding light on the thermal stability and decomposition processes of the film.

Sample: BM File: JABM.001

Size: 15.4960 mg DSC-TGA Operator: Ana Guaman
Method: Ramp Run Date: 16-Mar-2017 16:21
Comment: Tamb-1000 °C, 20 °C/min, 100 ml/min N2, capsulas Pt Instrument: SDT Q600 V8.3 Build 101
120 0.5

100+ -
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Figure 6. TG and DTG Curves of banana peels film.
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The initial stage of the TG curve, observed at around 160 °C, indicates a mass loss of 16.82%.
This initial loss is attributed to the evaporation of water present in the film. This phenomenon is
commonplace and represents the removal of moisture content within the film structure.

The second stage, spanning the temperature range of 160 to 300 °C, shows a substantial mass
loss of 44.04%. This stage corresponds to the decomposition of low molecular weight molecules, such
as glycerin and residual water. The elimination of these components contributes to the overall
reduction in mass during this temperature interval.

The most significant weight loss, observed at 300 °C, corresponds to the mass of the starch-
glycerin mixture. This stage involves the elimination of hydrogen bonds and the decomposition of
polymer chains within the starch component of the film. Studies by [21,22] support this
interpretation, highlighting the thermal degradation of starch-based materials in a similar
temperature range.

Moving to the third stage, a mass loss of 8.49% occurs within the 300 to 350 °C temperature
range. This stage signifies the thermal degradation of organic compounds present in the film. The
breakdown of more complex molecular structures contributes to the ongoing decomposition process.

In the final stage, between 350 to 900 °C, a mass loss of 14.20% is observed. This stage marks the
carbonization of hydrocarbon compounds present in the film, forming carbonaceous residues. The
remaining material undergoes further transformation as the temperature rises.

Notably, the biopolymeric film's degradation temperature is substantially higher than that of
high-density polyethylene (HDPE), a common synthetic polymer. While HDPE typically undergoes
total degradation within the range of 120 to 130 °C, the biopolymeric film exhibits significantly higher
thermal stability, with the most significant mass loss occurring at temperatures ranging from 160 to
300 °C.

4. Discussion and Conclusions

4.1. Low Tensile Strength and High Solubility:

The observed low tensile strength in the biopolymeric membrane is a characteristic that merits
consideration. This attribute can be strategically leveraged in applications where controlled flexibility
is advantageous, such as in certain types of packaging like [23] which uses essential oils, such as
melaleuca and cinnamon, to reduce the elastic modulus of the film, which increases its flexibility,
making them more suitable for food packaging. The high solubility in water further emphasizes the
film's biodegradable nature, aligning with the global trend towards sustainable and environmentally
friendly materials. To [24] also consider the biodegradable nature, a characteristic that is consistent
with the global trend towards sustainable and environmentally friendly materials.

4.2. High Water Absorption and Biodegradability:

The significant degree of water absorption underscores the film's high biodegradability. This
property positions the biopolymeric membrane as a viable alternative in applications where materials
with minimal environmental impact are sought. The film's ability to absorb water contributes to its
overall eco-friendly profile, making it a promising solution for specific applications in disposable and
environmentally sensitive contexts. The research conducted by [25] they highlight the ecological
profile and environmental benefits that this type of membrane provides in the environmental context.

4.3. Morphological Irregularities and Low Resistance:

To enhance the mechanical strength and functionality of biopolymeric films, it is fundamental
to understand in detail their surface structure and composition. The use of techniques such as
Scanning Electron Microscopy and Energy Dispersive X-ray Analysis allows for an in-depth
examination of the film's surface topography, identifying irregularities and insoluble materials like
cellulose fibers, which can weaken the structure and affect the film's mechanical strength and its
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ability to resist moisture absorption. This aspect is crucial in applications that require maintaining
low moisture levels, such as the packaging of sensitive products. To overcome these challenges,
optimizing the production process and adjusting the hydrolysis of cellulose improves cellulose
solubility, resulting in a more uniform and defect-free film surface. These improvements not only
increase the film's strength and durability but also optimize its moisture barrier properties,
expanding its applicability in various situations, from packaging to structural applications where
robustness and moisture resistance are key. In the study conducted by [26] also recommends
extending the shelf life and maintaining the quality of packaged products, especially moisture-
sensitive foods, by optimizing biopolymeric films for use in packaging.

4.4. The Thermogravimetric Analysis

The study allows observation of how the biopolymeric film undergoes weight loss as a function
of increasing temperature. This information is critical for understanding the material's thermal
decomposition, degradation points, and the overall thermal stability of the film.

By subjecting the biopolymeric film to thermal analysis, deep insights into its behavior in
extreme temperature environments can be obtained. These findings are particularly valuable for
applications where exposure to temperature variations is anticipated, such as in packaging and
transportation, or in any other scenario where thermal stability is a critical factor. In this context, [27]
highlight the importance of the weight loss of the biopolymeric film as a function of increasing
temperature, and their thermal analysis is found in the section discussing the thermal degradation
and thermal stability of biopolymers.

4.5. Future Optimization and Applications:

While the biopolymeric film exhibits certain limitations, such as low tensile strength and
irregular morphology, these characteristics can be optimized for specific applications. Future
research and development efforts could focus on refining the film's formulation, addressing
morphological irregularities, and exploring novel applications where its unique combination of
properties, including high biodegradability and UV-blocking capability, can be harnessed effectively,
as demonstrated [28] in their research.

The overall findings emphasize the sustainability implications of the biopolymeric membrane.
Its low environmental impact, high biodegradability, and potential applications in UV protection
align with the growing emphasis on sustainable materials in various industries, fact also supported
by [28] in their research. Future endeavors in this domain can contribute to the ongoing shift towards
eco-conscious practices in material science and product development.
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