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Abstract

This study investigates the development of bio-based polymers derived from plantain peels (Musa
paradisiaca L.) (PPB) and arrowroot peels (Maranta arundinacea) (APB), as well as their copolymers
(COP), as sustainable alternatives to non-degradable synthetic polymers. Biodegradable polymers
offer unique physical, chemical, biological, biomechanical, and degradative properties, making them
highly relevant for environmentally friendly applications. In this work, PPB, APB, and COP were
synthesized and characterized through physico-chemical analysis, including moisture content
determination, soil burial degradability tests, and various instrumental techniques: X-ray Diffraction
(XRD), Fourier Transform Infrared (FTIR), Scanning Electron Microscopy (SEM) and Thermo-
gravimetric Analysis (IGA). By varying glycerol content across samples (20, 15, 10, and 5 cm?), a
reduction in moisture content was observed, with values ranging from 35.70% to 20.13%. A 30-day
soil burial test revealed significant weight loss for PPB (100%), with moderate degradation for APB
(2.17%) and COP (1.51%). XRD analysis indicated an amorphous phase across all samples, while
FTIR spectra confirmed characteristic functional groups (OH, C-H, C=0, C=C, -CH;, and C-O)
consistent with successful polymer formation. TGA results showed that thermal stability decreased
with glycerol content in the order of APB > PPB > COP. SEM images of samples with 5 cm? glycerol
displayed voids and cracks in APB and PPB, whereas COP exhibited a smoother and more uniform
sutface, depicting enhanced interfacial interaction and compatibility. These findings demonstrate that
bio-copolymers COP offer increased moisture absorption and superior surface characteristics and also
enhance biodegradability, making it promising candidate for eco-friendly applications in industries
where sustainable and degradable materials are required.
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INTRODUCTION

Synthetic petroleum-based polymers are essential in industries like packaging but pose
significant environmental challenges due to their non-biodegradable nature and resistance
to microbial degradation (Verma et al., 2023). This has led to the accumulation of plastic
waste and difficulties in waste management. In response, bio-based polymers have gained
attention as sustainable alternatives to mitigate environmental pollution (Rizvi, 2024).
Among these, polymers derived from natural sources, such as starch, offer promising
solutions for replacing conventional plastics (Leja and Lewandowicz, 2010).

Polymers are large molecules composed of repeating monomer units linked by covalent
bonds. Their classification into natural and synthetic types highlights their diverse
properties and applications. Natural polymers, like proteins and polysaccharides, are
abundant and biodegradable, whereas synthetic polymers, such as polyethylene and
polystyrene, are engineered for durability but often lack biodegradability, contributing to
environmental concerns (Verma et al., 2023). Key properties, such as strength, flexibility, and
thermal stability, depend on structural characteristics (e.g., linear, branched, or cross linked)
(Molyneux, 2018). Innovations in polymer science now focus on biodegradable polymers
like polylactic acid (PLA) and polyhydroxyalkanoates (PHA) to reduce plastic waste.
However, challenges in mechanical performance and production costs persist, driving
research into recycling and advanced bio-based alternatives (Samir et al., 2022).

Biopolymers, produced by living organisms or synthesized from renewable resources, are
eco-friendly materials increasingly used in packaging, agriculture, and biomedicine. Their
biocompatibility and biodegradability make them a priority for sustainable applications
(Kumari et al, 2022). Common biopolymer categories include: Polysaccharides (e.g.,
cellulose, starch); widely used for packaging and medical applications (Kumari et al., 2022),
Proteins (e.g., collagen, gelatin); renowned for strength and flexibility, mainly applied in
biomedicine (Liu, et al., 2023), and PHA and PLA; microbially derived polymers with
growing use in packaging and healthcare (Stubli¢, et al., 2024).Despite their advantages,
biopolymers face challenges such as limited mechanical strength, water sensitivity, and high
production costs. Efforts to address these limitations involve polymer blending, additives,
and advanced modification techniques (Patel & Sharma, 2023).

Starch, a carbohydrate polysaccharide found in plants like maize, cassava, and wheat, is an
abundant and renewable biopolymer. Composed of amylose (linear) and amylopectin
(branched) as shown in figure 1, its structure influences properties like crystallinity and
strength, essential to starch’s applications (Dong et al., 2024). Starch biopolymers are
characterized by their ability to form glycosidic bonds through polymerization, where
glucose monomers connect via dehydration synthesis to form long chains. During
processing, heat and plasticizers (such as glycerol) disrupt hydrogen bonds within starch
granules, converting starch into thermoplastic starch (TPS), a moldable material with
polymer-like behavior. This disruption enables amylose and amylopectin chains to
reorganize, creating flexible and durable structures suitable for various applications (Diyana
et al., 2021).

These biopolymers find applications in: packaging for making biodegradable films and bags
(Dirpan et al., 2023); agriculture in controlled-release fertilizers and mulch films (Salimi et al.,
2024); biomedical for wound dressings, drug delivery, and scaffolds (Mirani, et al., 2023);
and food where it is used as stabilizers, thickeners, and emulsifiers (Quezada, et al., 2024).
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There are 3 methods of synthesis of starch biopolymer which includes: physical modification
where thermoplastic starch (TPS) is produced by gelatinization with heat and plasticizers
(Cai et al., 2024), chemical modification in which esterification enhance properties such as
biodegradability and thermal resistance (Liu et al., 2023), and polymer blending where
combining starch with other polymers such as PLA, improves mechanical properties
(Jayarathna, et al., 2022).
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Figure 1: Structure of Amylose and Amylopectin (Otache,et al., 2021).

Blends and composites, as discussed by Jayarathna et al, (2022), employ strategies to
enhance mechanical properties and water resistance. Hydogels and aerogels, highlighted by
Zhao et al., (2024), find applications in active food packaging due to their high porosity,
which facilitates substance delivery. Additionally, antimicrobial films that combine starch
with essential oils, as explored by Zhao et al., (2024), effectively improve food preservation.

This study aim to synthesize (through gelatinization and plasticization) and characterize
starch-based biopolymers and co-polymers using arrowroot and plantain peels. The research
introduces a comprehensive evaluation the effect of varying glycerol concentrations on
physicochemical, thermal and biodegradability properties of the polymer. Unlike previous
studies, this research emphasizes the synergistic blending of starches from two distinct
sources, offering a novel approach to enhancing mechanical properties and environmental
degradation rates. Additionally, it highlights the integration of waste reduction strategies
with sustainable biopolymer production, aiming to reduce reliance on petroleum-based
plastics while contributing to circular economy practices. Advanced characterization
techniques (e.g. FTIR, SEM, TGA, and XRD) were employed to establish a detailed structure-
property relationship, positioning the work as a significant advancement in bio-co-polymer
technology for sustainable materials.

METHODOLOGY

Detection of presence of starch
Chemical Test for Starch was carried out by adding potassium iodide (KI) solution directly
onto the AS and PS (Pesek et al., 2022).

Sample Preparation of AS and PS

Arrowroot Starch (AS): Peeled, sliced, dried at 80 °C, pulverized, and sieved to 250 um
(Singh and Mohanty, 2007) and Plantain Starch (PS): Treated with sodium meta-bisulphite,
boiled, air-dried then blended into paste (Sultan and Johari, 2017).
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Biopolymer Production
APB were synthesized by heating starch with glycerol, water, and HCl at 100 °C, followed
by molding and oven drying at 80 °C for 2 days (Singh and Mohanty, 2007). Similar
procedure was used for the PPB and COP where the samples were mixed with glycerol, HCI
and NaOH solution, followed by molding and it was allowed to oven dry at 80 °C for 3days
(Sultan and Johari, 2017).

Characterizations

Soil Burial Test was performed according to ASTM G 160-12; samples were buried at a 15 cm
depth, unburied after one month, cleaned, and weighed to calculate weight loss as a
measure of biodegradability (Ashok et al., 2018). SEM (PHENOM PRO X) at magnifications
of 8000x-10000x was used to examine surface morphology (Yaradoddi et al., 2022). Moisture
uptake was evaluated using ASTM D5229, with weight changes recorded over a month.
FTIR (Agilent Cary 630) identified functional groups in the biopolymers, operating in the
4000-650 cm™ range (Sultan and Johari, 2017). XRD analysis determined phase identification
of the samples. TGA measured thermal stability across 0-900 °C in a nitrogen environment
(Aksakal et al., 2021).

RESULTS AND DISCUSSION

Moisture Absorption

Table 1 shows the results obtained from the moisture absorption of the two samples
biopolymer (APB and PPB) and copolymer (COP) using varying amounts of glycerol. It can
be inferred that biopolymers synthesized with 20 cm? of glycerol absorbed more moisture to
those containing 5, 10, and 15 cm?® of glycerol. This trend indicates that moisture absorption
increases with higher glycerol concentrations in the biopolymers. The findings are consistent
with FTIR analysis, where higher moisture absorption corresponds to a more intense O-H
stretching band, reflecting the hydrophilic nature of both glycerol and starch. These
hydrophilic properties enhance the interaction between glycerol and moisture, leading to
increased absorption (Abidin et al., 2021). Additionally, PPB demonstrated higher moisture
absorption than APB and COP across all glycerol concentrations (5, 10, 15, and 20 cm?).

Table 1.0: Percentage moisture absorption at different glycerol concentrations

Samples + Number of days

volume of , 4 6 8 10 12 14 16 18 20 2 24 26 28
glycerol

APB 5 cm3 16.14 1850  20.08 20.08 2008 2047 2087 2087 21.27 2127 2127  21.65 21.65 21.65

APB 10 cm3 21.74 2373 2676  27.09 2742 2742 2776 2776 28.09 28.09 2843 2878 2876  28.76

APB15cm3 2489 2844 3066 30.66 30.66 30.66 30.66 3022 30.22 3022 2978 29.78 2978 29.78
APB20cm3  30.00 3190 3286 3291 3324 3330 3338 3346 3355 33.67 3487 3394 3394 3394
PPB 5 cm? 12.66 1299 1346 1264 1079 1053 - - - - - - - -
PPB 10 cm?® 1226  18.64 2051  21.01 2166 2279 -

PPB 15 cm? 2486 2845 2762 2597 2655 2655 @ -

PPB 20 cm? 3261 3587 33.69 33.69 3478 3587 - - - - - - - -
COP 5 cm? 2226 2553 2537 2226 2111 1899 1768 1784 1817 1849 1915 1980 2013  20.13

COP10cm3 2112 26.62 2817 24.08 2324 2280 22,68 2268 2324 2352 2366 2394 2423 2436

COP15cm3 2012 25.58 28.71 30.27 3027 2988 3047  30.66 3066 31.05 3145 3145 31.84 3231
COP20cm3 1716 2327  25.05 2584 27.02  28.01 2859  28.79 3018 3195 3373 35.05 3570 35.70
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FTIR Analysis

The FTIR analysis revealed the presence of key functional groups in both AS and PS,
including hydroxyl (O-H), alkyl (C-H), carbonyl (C=0), aromatic (C=C), methyl (-CHs), and
ether (C-O) groups, as shown in Figure 2 (a-b), corresponding characteristic wave-numbers
around 3339.7-3297.6 cm™, 2944.6-2922 cm™, 1636.3-1625.1 cm™, 1438.8-1364.2 cm™, and
1155.5-1148.0 cm™* respectively. These functional groups confirm the presence of hydroxyl
groups, hemi-cellulose, cellulose, and non-cellulosic components such as lignin and pectin in
the raw materials before plasticization. This finding aligns with the observations reported by

Abidin et al., (2021).
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Figure 2: FTIR analysis of; AS and PS (a, b), APB 5 and 20 cm3 (c, d), PPB 5 and 20 cm?3 (e, f), COP 5 and 20 cm? (g,
h)
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Post-plasticization analysis (figure 2, c-h) showed that PPB exhibited a higher intensity of
hydroxyl groups compared to APB and COP. This is evidenced by broader and more
prominent O-H stretching peaks at 3306.1 cm™ for PPB, compared to 3280.1 cm™ for APB
and 3291.2 cm™ for COP. The increase in hydroxyl group density is significant as it enhances
the hydrophilic nature of the material, leading to greater moisture absorption. Furthermore,
the abundance of hydroxyl groups facilitates biodegradation, as these groups serve as active
sites for microbial attack, accelerating the breakdown of the polymer matrix. This correlation
between hydroxyl group intensity and functional properties emphasizes the role of chemical
structure in determining the materials environmental and performance attributes.

Scanning Electron Microscopy

SEM micrographs revealed notable structural differences across the samples as depicted in
Figure 3. In APB and PPB with 5 cm? glycerol (Figure 3 a and c respectively), voids and
cracks were observed. These defects are attributed to the lower glycerol concentration,
which limits the effective plasticization of the starch, resulting in less cohesive polymer
structures (Boonsuk et al., 2020). Conversely, samples with 20 cm? glycerol exhibited fewer
defects due to enhanced plasticization, which improved the material's structural integrity.

For COP 20 cm?, the presence of voids was linked to the inclusion of arrowroot starch (AS)
in the bio-co-polymers. AS, being more brittle than plantain starch (PS), compromises the
structural uniformity of the material (Cano et al., 2015). However, the smooth surface
observed in COP 5 cm?® indicates improved compatibility and better interfacial interactions
between the polymer components. This enhanced compatibility makes COP a more viable
option compared to single bio-polymers, particularly for applications like packaging, where
surface uniformity and structural stability are critical.

De Almeida et al., (2021) similarly reported that higher glycerol concentrations in polymer
blends, such as those using arrowroot starch and polyvinyl alcohol, promote homogeneous
morphologies with low surface roughness. Their findings align with this study, emphasizing
the role of glycerol in enhancing compatibility and reducing defects.

The SEM observations align with results from other analytical techniques. The amorphous
morphology identified in XRD analysis for higher glycerol concentrations reflects increased
amorphoursity, which corresponds to the defect-free surfaces in SEM. Additionally; TGA
results confirm that this reduction in crystallinity due to glycerol decreases the material’s
thermal stability. This trade-off is indicative of increased flexibility and susceptibility to
degradation at elevated temperatures, reinforcing the multifunctional role of glycerol in
modifying the material's properties.
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Figure 3: SEM micrograph of APB 5 and 20 cm?3 (a, b), PPB 5 and 20 cm3 (c, d), COP 5 and 20 cm? (e, f).

Thermogravimetric Analysis (TGA)

Thermogravimetric analysis of the biopolymer samples revealed three distinct weight-loss
stages: drying, pyrolysis, and decarbonization. These stages provide an understanding into
the thermal behavior of the samples and the influence of glycerol concentration on their
stability.

1. Drying Stage (27-200°C)

The initial weight loss in this region is due to the evaporation of physically and chemically
bound water, reflecting the hydrophilic nature of the biopolymers (Valencia et al., 2012). The
extent of weight loss varied among the samples. APB (5% weight loss): This relatively low
loss suggests moderate moisture content and hydrophilicity. PPB (7% weight loss): Higher
moisture loss compared to APB indicates a greater affinity for water due to increased
hydroxyl groups. COP (15% weight loss): The highest loss reflects the combined
hydrophilicity of AS and PS in the copolymer, further enhanced by the glycerol's
hygroscopic nature. For samples with higher glycerol concentrations (20 cm?), the weight
loss in this stage was consistently greater than in samples with lower concentrations (5 cm?3).
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Glycerol enhances hydrophilicity, thereby binding more moisture, which evaporates during
heating (Valencia et al., 2012).

2. Pyrolysis Stage (200-500°C for APB and COP, 250-500°C for PPB).

This stage is characterized by significant thermal degradation due to the breakdown of
polymer backbones, such as starch, cellulose, and other non-cellulosic components. APB:
Degradation commenced at 200°C, indicating lower thermal stability. This is due to fewer
hydroxyl groups available for cross-linking, leading to earlier decomposition. PPB:
Decomposition started at a higher temperature (250°C), suggesting better structural integrity
and thermal resistance, likely due to stronger polymer-glycerol interactions. COP:
Decomposition started at 200°C but exhibited a broader range, signifying the heterogeneous
nature of the copolymer. The presence of AS contributes to its brittleness, while the glycerol
improves flexibility, balancing its thermal behavior. Higher glycerol concentrations in all
samples resulted in increased weight loss during this stage. Glycerol acts as a plasticizer,
disrupting the crystalline regions of the polymers, thereby reducing their thermal stability
and increasing degradation.

3. Decarbonization Stage (500-900°C)

In this final stage, residual char decomposes, marking the material's carbonization:

The APB, PPB, and COP samples exhibited similar trends in this stage, with the primary
difference being the total residual char. Lower glycerol concentrations yielded more residual
char due to reduced polymer breakdown during earlier stages. For higher glycerol
concentrations, the samples exhibited less residual char, reflecting more extensive thermal
degradation in earlier stages.

The TGA results point out the significant role of glycerol concentration in influencing the
thermal behavior of the biopolymers: Low glycerol concentrations (5 cm?®): These samples
exhibited less weight loss across all stages, indicating higher crystallinity and reduced
thermal degradation. However, they were more brittle, as evidenced by lower compatibility
and greater defects observed in SEM. High glycerol concentrations (20 cm?): These samples
displayed higher weight loss, reduced thermal stability, and lower char residues. The
increased plasticization effect of glycerol improved flexibility but compromised thermal
resistance, as corroborated by the amorphous morphology in XRD analysis and smoother
surfaces in SEM.
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Figure 4: Thermograph of the surface of APB 5 and 20 cm? (a and b), PPB 5 and 20 cm? (c and d), COP 5and 20
cm? (e and f).

X-Ray Diffraction (XRD) Analysis

The XRD patterns of APB, PPB, and COP samples indicate predominantly amorphous
structures, characterized by broad, low-intensity peaks. This amorphization is attributed to
glycerol's role as a plasticizer, which disrupts starch crystallinity by reducing intermolecular
hydrogen bonding during processes like gelatinization and film casting (De Almeida et al.,
2021). All samples with low glycerol content (5 cm?®) depict broad peaks with slightly higher
intensity suggesting residual semi-crystalline regions, as lower glycerol levels fail to
completely disrupt starch crystallinity. On the other hand, in samples with high glycerol
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content (20 cm?®), the peaks become significantly broader and less intense, indicating
enhanced amorphization as higher glycerol content increases molecular disorder (Jiang et al.,
2016; Yan et al., 2015).

PPB exhibits a slightly more amorphous structure, possibly due to differences in matrix
composition. While COP displays the most amorphous nature, particularly with 20 cm3
glycerol, likely due to the combined polymer matrix enhancing glycerol’s impact on
structural disruption.

According to the literature, increased amorphization enhances material flexibility making it
ideal for packaging. Improved homogeneity may reduce permeability which correlates with
TGA findings, where reduced crystallinity leads to lower thermal resistance.
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Figure 5: XRD pattern of the surface of APB 5 and 20 cm? (a, b), PPB 5 and 20 cm? (¢, d), COP 5 and 20 cm? (e, f).

Polymer Degradation by Soil Burial Test
From the result obtained (Table 2), 30-day soil burial test revealed significant weight loss for
PPB (100%), with moderate degradation for APB (2.17%) and COP (1.51%). it is shown that
PPB loses more weight than APB and COP. This degradation property is due to high
moisture absorption associated with PS making it more favorable for microorganism to act
on the material which in turn causes degradation. Moisture is the critical factor influencing
degradation by making the material susceptible to fungal attack (Stark and Mutuana, 2021;
Verhey, et al., 2001). PPB showed moisture absorption of 35.87%. This is the reason for
higher degradation observed in PPB when compared with APB and COP with moisture
absorption of 33.94% and 35.70% respectively.

Table 2: Soil burial degradation of APB, PPB and CO

Detection of Presence of Starch

S/N Sample Initial weight (g)  Final weight (g) Degradation (%)
1 APB 5 cmd 3.07 3.05 0.65
2 APB 10 cm3 2.37 2.35 0.84
3 APB 15 cm3 3.11 3.07 1.29
4 APB 20 cm3 3.69 3.61 217
5 PPB 5 cm3 0.87 - 100
6 PPB 10 cm3 2.88 - 100
7 PPB 15 cm3 3.79 0.30 92.08
8 PPB 20 cm3 2.14 0.35 83.65
9 COP 5 cm? 4.66 451 3.22
10 COP 10 cm3 5.90 5.80 1.69
11 COP 15 cm3 7.20 7.15 0.69
12 COP 20 cm3 4.64 4.57 1.51

Chemical Test for Starch: potassium iodide (KI) solution was added directly onto the AS and PS and a black color
was observed as seen on Figure 6 below, which indicates the presence of starch in both the AS and PS (Pesek et

al,, 2022).
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Figure 6: Starch test on AS and PS

Moisture absorption increases with glycerol concentration; PPB absorbs the most due to
higher hydroxyl group density. FTIR confirms functional groups responsible for
hydrophilicity and biodegradability; PPB shows the strongest O-H peak. SEM shows
structural integrity differences; higher glycerol enhances plasticization and reduces defects.
TGA reveals thermal instability due to amorphization at higher glycerol levels. XRD shows
that higher glycerol disrupts crystallinity, enhancing flexibility but reducing thermal
resistance. And Soil degradation shows that PPB degrades faster due its hydrophilic nature,
while APB and COP degrades slower due to lower moisture absorption. These findings
underscore the multifunctional role of glycerol and the inherent differences in starch
compositions, supporting their potential applications in flexible, biodegradable materials.

CONCLUSION

In this study, we successfully synthesized and characterized bio-based polymers from
arrowroot and plantain peels using varying glycerol concentrations (5-20 cm?). Higher
glycerol levels increased moisture absorption (up to 35.87%) due to the hydrophilic nature of
glycerol and starch, enhancing biodegradability but reducing thermal stability. Plantain bio-
polymers exhibited superior biodegradability (100% wt loss in 30 days), attributed to higher
moisture absorption facilitating microbial activity. FTIR, TGA, XRD, and SEM analysis
confirmed the successful polymer formation, amorphous structures, and the influence of
glycerol on material properties. Compared to synthetic polymers, these bio-polymers offer
significant environmental benefits, including rapid biodegradability, but are limited in
moisture-sensitive and high- temperature applications. Potential uses include biodegradable
packaging, agricultural mulch films and compostable food containers.

REFERENCES

Abidin, N. D. Z., Azhar, N. S., Sarip, M. N., Hamid, H. A., and Nasir, N. A. H. A. (2021).
Production of bioplastic from cassava peel with different concentrations of glycerol
and CaCO3 as filler. In AIP Conference Proceedings (Vol. 2332, No. 1). AIP
Publishing.https:/ /doi.org/10.1063/5.0043482

Aksakal, R., Mertens, C., Soete, M., Badi, N., and Du Prez, F. (2021). Applications of discrete
synthetic macromolecules in life and materials science: recent and future
trends. Advanced Science, 8(6), 2004038. https:/ /doi.org/10.1002/advs.202004038

Ashok, A., Abhijith, R., and Rejeesh, C. R. (2018). Material characterization of starch derived
bio degradable plastics and its mechanical property estimation. Materials Today:
Proceedings, 5(1), 2163-2170.https:/ /doi.org/10.1016 /j.matpr.2017.09.214

Garba M. et al, DUJOPAS 11 (1a): 365-379, 2025 376


https://doi.org/10.1063/5.0043482
https://doi.org/10.1002/advs.202004038
https://doi.org/10.1016/j.matpr.2017.09.214

Synthesis and Characterization of Bio-Based Polymer from Arrowroot Peels (Maranta arundinacea) and Plantain
Peels (Musa Paradisiaca L.)

Boonsuk, P., Sukolrat, A., Kaewtatip, K., Chantarak, S., Kelarakis, A., et al. (2020). Modified
cassava starch/poly (vinyl alcohol) blend films plasticized by glycerol: Structure and
properties. Journal of Applied Polymer Science, 137(26), 48848.
https://doi.org/10.1002/app.48848

Cai, K., Wang, X,, Yu, C, Zhang, J., Tu, S,, et al. (2024). Enhancing the Mechanical Properties
of PBAT/Thermoplastic Starch (TPS) Biodegradable Composite Films through a
Dynamic Vulcanization Process. ACS Sustainable Chemistry & Engineering, 12(4), 1573-
1583.https:/ /doi.org/10.1021/acssuschemeng.3c06847

Cano, A., Fortunati, E. L. E. N. A, Chafer, M., Kenny, J. M., Chiralt, A., et al. (2015).
Properties and ageing behaviour of pea starch films as affected by blend with poly
(vinyl alcohol). Food Hydrocolloids, 48, 84-
93.https:/ /doi.org/10.1016/j.foodhyd.2015.01.008.

De Almeida Nascimento, J. A., dos Santos, A. F., Lima Silva, I. D., Lago Falcao, E. H., Britto,
D. D., et al. (2021). Physico-chemical, mechanical and morphological properties of
biodegradable films based on arrowroot starch and poly (vinyl alcohol). Journal of
Macromolecular Science, Part B, 60(12), 1045-
1068.https:/ /doi.org/10.1080/00222348.2021.1949836

Dirpan, A., Ainani, A. F., and Djalal, M. (2023). A review on biopolymer-based
biodegradable film for food packaging: trends over the last decade and future
research. Polymers, 15(13), 2781.https:/ /doi.org/10.3390/ polym15132781

Diyana, Z. N., Jumaidin, R., Selamat, M. Z., Ghazali, 1., Julmohammad, N., et al. (2021).
Physical properties of thermoplastic starch derived from natural resources and its
blends: A review. Polymers, 13(9), 1396.https:/ /doi.org/10.3390/ polym13091396

Dong, Y., Ghasemzadeh, M., Khorsandi, Z., Sheibani, R., and Nasrollahzadeh, M. (2024).
Starch-based hydrogels for environmental applications: A review. International
Journal of Biological Macromolecules,
131956.https:/ /doi.org/10.1016/j.ijjbiomac.2024.131956

Jayarathna, S., Andersson, M., and Andersson, R. (2022). Recent advances in starch-based
blends and  composites for  bioplastics  applications. Polymers, 14(21),
4557 .https:/ /doi.org/10.3390/ polym14214557

Jiang, X., Luo, Y., Hou, L., and Zhao, Y. (2016). The Effect of glycerol on the crystalline,
thermal, and tensile properties of CaCl2-doped starch/PVA films. Polymer
Composites, 37(11), 3191-3199.https:/ / doi.org/10.1002/ pc.23517

Kumari, S. V. G., Pakshirajan, K., and Pugazhenthi, G. (2022). Recent advances and future
prospects of cellulose, starch, chitosan, polylactic acid and polyhydroxyalkanoates
for sustainable food packaging applications. International Journal of Biological
Macromolecules, 221, 163-182.https:/ / doi.org/10.1016/j.ijbiomac.2022.08.203

Leja, K., and Lewandowicz, G. (2010). Polymer biodegradation and biodegradable polymers-
a review. Polish Journal of Environmental Studies, 19(2): 255-266

Liu, S, Yu, J. M, Gan, Y. C, Qiu, X. Z,, Gao, Z. C, et al. (2023). Biomimetic natural
biomaterials for tissue engineering and regenerative medicine: new biosynthesis
methods, recent advances, and emerging applications. Military — Medical
Research, 10(1), 16. https:/ / doi.org/10.1186/s40779-023-00448-w

Liu, S, Yu, J. M, Gan, Y. C, Qiu, X. Z,, Gao, Z. C,, et al. (2023). Biomimetic natural
biomaterials for tissue engineering and regenerative medicine: new biosynthesis
methods, recent advances, and emerging applications. Military  Medical
Research, 10(1), 16. https:/ / doi.org/10.1186/s40779-023-00448-w

Mirani, B., Hadisi, Z., Pagan, E., Dabiri, S. M. H., van Rijt, A, et al. (2023). Smart dual-sensor
wound dressing for monitoring cutaneous wounds. Advanced Healthcare
Materials, 12(18), 2203233.https:/ /doi.org/10.1002/adhm.202203233

Garba M. et al, DUJOPAS 11 (1a): 365-379, 2025 377


https://doi.org/10.1002/app.48848
https://doi.org/10.1021/acssuschemeng.3c06847
https://doi.org/10.1016/j.foodhyd.2015.01.008
https://doi.org/10.1080/00222348.2021.1949836
https://doi.org/10.3390/polym15132781
https://doi.org/10.3390/polym13091396
https://doi.org/10.1016/j.ijbiomac.2024.131956
https://doi.org/10.3390/polym14214557
https://doi.org/10.1002/pc.23517
https://doi.org/10.1016/j.ijbiomac.2022.08.203
https://doi.org/10.1186/s40779-023-00448-w
https://doi.org/10.1186/s40779-023-00448-w
https://doi.org/10.1002/adhm.202203233

Synthesis and Characterization of Bio-Based Polymer from Arrowroot Peels (Maranta arundinacea) and Plantain
Peels (Musa Paradisiaca L.)

Molyneux, P. (2018). Water-soluble synthetic polymers: volume II: properties and behavior. CRC
press.https:/ /doi.org/10.1201/9781351077620

Otache, M. A., Duru, R. U., Achugasim, O., and Abayeh, O. J. (2021). Advances in the
modification of starch via esterification for enhanced properties. Journal of Polymers
and the Environment, 29(5), 1365-1379. https:/ /doi.org/10.1007 /s10924-020-02006-0

Patel, A. K. and Sharma, A. K. (Eds.). (2023). Sustainable Production Innovations:
Bioremediation and Other Biotechnologies. John Wiley & Sons.

Pesek, S., Lehene, M., Branzanic, A. M., and Silaghi-Dumitrescu, R. (2022). On the origin of
the blue Color in the Iodine/Iodide/Starch supramolecular
complex. Molecules, 27(24), 8974.https:/ / doi.org/10.3390/ molecules27248974

Quezada, C., Urra, M., Mella, C., Zahiga, R. N., and Troncoso, E. (2024). Plant-Based Oil-in-
Water Food Emulsions: Exploring the Influence of Different Formulations on Their
Physicochemical Properties. Foods, 13(4), 513.https:/ /doi.org/10.3390/foods13040513

Rizvi, S. M. H. (2024). Development of Sustainable Bio-Based Polymers as Alternatives to
Petrochemical Plastics. Valley International Journal Digital Library, 107-124. DOI:
10.18535/ijsrm/v12i06.c01

Salimi, M., El Idrissi, A., Channab, B. E., Essamlali, Y., Firouzabadi, A. G., et al. (2024).
Cellulose-based controlled release fertilizers for sustainable agriculture: recent trends
and future perspectives. Cellulose, 1-48.https:/ /doi.org/10.1007 /s10570-024-06273-1

Samir, A., Ashour, F. H., Hakim, A. A., and Bassyouni, M. (2022). Recent advances in
biodegradable polymers for sustainable applications. Npj Materials Degradation, 6(1),
68. https:/ /doi.org/10.1038 /s41529-022-00277-7

Singh, S., and Mohanty, A. K. (2007). Wood fiber reinforced bacterial bioplastic composites:
Fabrication and performance evaluation. Composites Science and Technology, 67(9),
1753-1763.https:/ /doi.org/10.1016/j.compscitech.2006.11.009

Stark, N. M., and Matuana, L. M. (2021). Trends in sustainable biobased packaging
materials: A mini review. Materials  today  sustainability, 15,  100084.
https://doi.org/10.1016/j.mtsust.2021.100084

Stubli¢, K., Ranilovi¢, J., Oceli¢ Bulatovié, V., and Kuci¢ Grgi¢, D. (2024). Advancing
Sustainability: Utilizing Bacterial Polyhydroxyalkanoate for Food
Packaging. Processes, 12(9), 1886.

Sultan, N. F. K., & Johari, W. L. W. (2017). The development of banana peel/corn starch
bioplastic film: A preliminary study. Bioremediation Science and Technology Research
(2289-5892), 5(1), 12-17 http:/ /journal.hibiscuspublisher.com/index.php/BSTR

Valencia, G. A., Henao, A. C. A, and Zapata, R. A. V. (2012). Comparative study and
characterization of starches isolated from unconventional tuber sources. Journal of
polymer engineering, 32(8-9), 531-537.https:/ / doi.org/10.1515/ polyeng-2012-0092

Verhey, S., Laks, P, and Richter, D. (2001). Laboratory decay resistance of wood
fiber/thermoplastic composites. Forest Products Journal, 51(9), 44.

Verma, A., Gupta, R, Verma, A. S., and Kumar, T. (2023). Recent advances and challenges of
conducting polymer-metal nanocomposites for the detection of industrial waste
gases. ECS  Journal  of  Solid  State  Science  and  Technology, 12(4),
047002.DOI 10.1149/2162-8777 / acc75e

Yan, J., Tian, H., Zhang, Y., and Xiang, A. (2015). Effect of urea and formamide plasticizers
on starch/PVA bioblend sheets. Journal of Applied Polymer
Science, 132(33).https:/ /doi.org/10.1002/app.42311

Yaradoddj, J. S., Banapurmath, N. R., Ganachari, S. V., Soudagar, M. E. M., et al. (2022). Bio-
based material from fruit waste of orange peel for industrial applications. Journal of
Materials Research and Technology, 17, 3186-
3197 https:/ /doi.org/10.1016/j.jmrt.2021.09.016

Garba M. et al, DUJOPAS 11 (1a): 365-379, 2025 378


https://doi.org/10.1201/9781351077620
https://doi.org/10.1007/s10924-020-02006-0
https://doi.org/10.3390/molecules27248974
https://doi.org/10.3390/foods13040513
https://doi.org/10.1007/s10570-024-06273-1
https://doi.org/10.1038/s41529-022-00277-7
https://doi.org/10.1016/j.compscitech.2006.11.009
https://doi.org/10.1016/j.mtsust.2021.100084
http://journal.hibiscuspublisher.com/index.php/BSTR
https://doi.org/10.1515/polyeng-2012-0092
https://doi.org/10.1002/app.42311
https://doi.org/10.1016/j.jmrt.2021.09.016

Synthesis and Characterization of Bio-Based Polymer from Arrowroot Peels (Maranta arundinacea) and Plantain
Peels (Musa Paradisiaca L.)

Zhao, D., Zhang, X., Zhang, Y., Xu, E., Yan, S, et al. (2024). Recent advances in the

fabrication, characterization and application of starch-based materials for active food
packaging: hydrogels and aerogels. Sustainable Food

Technology.
https:/ /doi.org/10.1039/D4FB00030G.

Garba M. et al, DUJOPAS 11 (1a): 365-379, 2025 379


https://doi.org/10.1039/D4FB00030G

