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ABSTRACT

This study focuses on the synthesis and characterization of biodegradable plastics using corn flour, vinegar,
glycerin, and varying amounts of water. The biodegradable plastics were synthesized via a two-step process
involving solvent casting and controlled physical foaming. X-ray diffraction patterns exhibited broad
amorphous halos centered at 26 = 19.6°, alongside weak peaks at 15.1 and 23.3°, indicating a semi-
crystalline nature. Scanning electron microscopy displayed a heterogeneous grain surface of starch
granules with an average pore size of ~ 119-585 um?Z The prepared biodegradable plastics have the highest
porosity (~ 31.67 %), depicting a loosely packed amorphous nature. Energy dispersion spectroscopy provided
the elemental analysis of starch-based biopolymers. Fourier-transform infrared spectra showcased functional
groups viz., hydroxyl (O-H) at ~ 3340-3365 cm, carbonyl (C=0) at ~ 1717-1735 cm, and glycosidic linkages
(a-1,4) at ~917-926 cm™. The bioplastic samples have considerable degradation (up to 84.298 %)
in red soil in a week. Thus, such starch-based bioplastics can be used as alternatives to conventional plastics.
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Introduction

The international production of plastics has exceeded ~436 million tons in 2022, of which
more than 50 % could be exploited due to one-time use and short-term applications like
packing, agri-films, and disposable goods [1]. Petroleum-based plastics cannot be
degradable through microbial activity, and they cause environmental disruption and
environmental pollution [2]. Only ~9% of plastic waste is being recycled, and rest of
plastic waste accumulates in the natural environment (like landfills, drainage canals,
revers, oceans, etc.), prompting the need of biodegradable alternatives. Biodegradable
plastics derived from natural polymers such as starch [3,4], cellulose [4], chitosan [5], and
polylactic acid (PLA) [6,7] have gained significant traction due to their ability to degrade
under composting or microbial action. Among these, corn starch is particularly attractive

© L. Srinivasa Rao, Ch. Jyotsna, N. Pothanna, R. Vijaya Saraswathi, L. Prabhatha Sindu Sri, B. Sahith, 2026.
Publisher: Peter the Great St. Petersburg Polytechnic University
This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/li-censes/by-nc/4.0/)



http://dx.doi.org/10.18149/MPM.5432026_9
https://orcid.org/0000-0001-9249-1713
https://orcid.org/0000-0002-5462-3030

105 L. Srinivasa Rao, C. Jyotsna, N. Pothanna, R. Vijaya Saraswathi, L. Prabhatha Sindu Sri, B. Sahith

due to its abundant availability, low cost, non-toxicity, film-forming ability, and
biodegradability [8]. Cornstarch-based bioplastics incorporating fructose and varying TiO,
concentrations (0-0.3 g) have been investigated and identified that the bioplastic with
0.1 g TiO; has the smallest crystal size (12.54 nm), high water absorption (66.66 % after
120 s), and 80% biodegradation after 28 days [9]. Optimized edible films were made from
extruded corn starch, gelatin (0-10 %), and glycerol via a casting process, finding that
2.93% gelatin and 80 °C extrusion temperature yielded the films with optimal tensile
strength (8.34 MPa), elongation (25.60 %), and solubility (66.29-80.50 %) [10]. Thermal
degradability of corn starch-based plastic plates via thermogravimetric analysis (TGA)
with the rate of 10-100 °C/min has been observed, identifying two decomposition stages
at temperatures of 250-620 °C and 620-855 °C with activation energies of 120.70 and
140.77 kl/mol, respectively [11]. Biodegradable films were made from carrageenan
powder (supplied by LP. Karagen Indonesia) and commercial corn starch blends (Bola Deli
brand), processed through extrusion at 110 °C and compression molding at 160 °C, and
observed that increased starch content improved strength, flexibility, and barrier
properties, while carrageenan enhanced biodegradability, highlighting their potential for
packaging applications [12]. The gelatinization process helped to prepare different types
of biodegradable films by modifying the structure of starch granules [13].

Even though a greater number of studies on biodegradable plastics are available,
some challenges persist for achieving good mechanical strength, more flexibility, and high
water-resistance suitable for commercial packing applications. Further, there are several
limitations on technical aspects like processing methods, blend compositions, long-term
biodegradability, and performance of the bioplastics under varied environmental
conditions. Usually, starch biofilms are highly brittle and poorly water- resistant. They have
low thermal stability. Thus, starch biofilms have no commercial viability. A strategy to
overcome such drawbacks is to develop porosity in the films. The porosity of biofilms could
not only decrease density, but also increase flexibility, surface area, water diffusion
capacity, and microbial activity during the degradation process [14]. Recent techniques
available to fabricate porous starch-based bioplastics are physical foaming at the melting
temperature (tn) ~ 190-200 °C with lower water (H,0) content (~ 10-30 %) [15], solvent
casting with high content of a plasticizer (50% of glycerine) [16], and few other extraction
methods [10,12,17]. The corn-starch bioplastic films were prepared using gelatin and
glycerol by combined extrusion (at 80-120 °C) and casting processes at room
temperature [10]. The carrageenan/corn based biodegradable plastic films were produced
by extrusion at 110 °C, followed by hot compression at 160 ° [12]. The preparation of corn-
starch blends has been accomplished through a sequence of multiple processes such as
extraction at ~ 50-70 °C, washing at ~ 25-30 °C, and drying at ~ 40-60 °C [17].

The increasing environmental pollution caused by the petroleum-based plastics has
twisted an essential need for alternative materials for daily life applications. The normal
plastics could be accumulated in to landfills and ecosystems, which leads to long-term
pollution, micro-plastic formation, and environmental destruction. In this way, the scope
of this study on biodegradable plastics is to synthesis biomaterials that can be
decomposed naturally through microbial action without leaving toxic residues. The key
objectives include understanding the synthesis, microstructure, and structural properties
of corn-based biodegradable plastics useful for packing and other potential applications.
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Materials and Methods
Synthesis of samples

Commercially available corn flour (starch from corn, linear formula: (CeH100s),, CAS
number: 9005-25-8) was used as the starch source. Glycerin (glycerol, linear formula:
HOCH,CH(OH)CH,0H, CAS number: 56-81-5, purity 2 99.0 %), vinegar (La Nature's
Distilled White Vinegar, Manufacturer: Brio Vinegars, Haryana, India) and distilled water
(H,0) were used throughout the synthesis. The compositions for three formulations
(BP-1, BP-2, and BP-3) are presented in Table 1.

Table 1. Composition of prepared cornstarch based biodegradable plastic (BP) samples

Sample Corn flour, g Vinegar, ml Glycerin, ml Water, ml
BP-1 15 10 10 30
BP-2 15 10 10 60
BP-3 15 10 10 90

The biodegradable plastics were synthesized via a two-step process involving
solvent casting and controlled physical foaming [15,16]. This process involves four stages:
(i) solution preparation, (ii) heating and gelatinization, (iii) casting and drying, and
(iv) extraction of final samples, as shown in Fig. 1(a-d), respectively.

(a) AP (b)

Fig. 1. An illustration of the preparation of corn starch-based bioplastics: (a) solution preparation; (b)
heating and gelatinization; (c) gel spread into an aluminium foil; (d) final sample of biodegradable plastic

A fixed quantity of 15 g corn flour was first dispersed in the specified volume of
distilled water (30, 60, or 90 ml) at room temperature. 10 ml of vinegar (as an acidifier
to reduce pH and initiate gelatinization) and 10 ml of glycerin (as a plasticizer) were added
to the dispersion. The mixture was stirred vigorously for 10 min using a magnetic stirrer
to ensure formation of a uniform solution in a borosil beaker, as shown in Fig. 1(a). The pre-
mixed solution was transferred into another borosil beaker and heated over a hot plate
at 85 * 2 °Cfor 25-30 min, under constant mechanical stirring at 500 rpm. During heating,
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starch gelatinization occurred, forming a viscous, translucent gel. The increased water
content in BP-2 and BP-3 samples has facilitated enhanced bubble formation, which
contributed to internal foaming. Controlled physical foaming was induced by entrapped air
bubbles due to continuous stirring and water vapor generation at elevated temperatures,
as shown in Fig. 1(b), avoiding chemical blowing agents. The hot, foamed gel was
immediately transferred into a preheated aluminum mold (dimensions: 10 x 10 x 0.5 cm?)
to preserve the pore structure. The molds were placed in a ventilated oven at 45 = 2 °C for
48 h to allow slow evaporation of moisture and stabilization of pore morphology, as shown
in Fig. 1(c). A slow drying rate with high ambient humidity (Ry > 60 %) was critical to
prevent pore collapse and shrinkage. After drying, the bioplastic films were peeled off and
conditioned at 25 * 2 °C for 48 h before characterization as shown Fig. 1(d). The typical
thickness of the films is in the range of 0.6-0.8 mm (measured using a screw gauge with
an accuracy of 0.01 mm). As the water content increased across the three biodegradable
plastic film samples (BP-1 to BP-3), the films became thinner, larger in size, softer in texture,
and semi-translucent. The color shifted slightly from pale beige to yellowish-cream. These
changes indicate that higher water content during film formation leads to better spreading,
greater gelatinization, and more flexible films.

Instrumentation

The plastic nature of the prepared BP samples was studied by X-ray diffraction (XRD)
spectra recorded using X-pert? diffractometer (Malvern Panalytical, Almelo, Netherlands) in
the range of 10-70° with the resolution of 0.05 °C and scan time 10 min per sample.
Scanning electron microscopy (SEM) images (magnification of 10,000x and resolution of
20 nm) and EDAX (energy dispersive X-ray analysis) profiles were recorded on TESCAN
VEGA electron microscope (TESCAN, Brno, Czech Republic) at acceleration potential 15 kV.
Fourier-transform spectrometer (FTIR) (Bruker-IFS 66 V, Bruker Corporation, Ettlingen,
Germany) was used to identify the chemical bonds associated with functional groups of
prepared BP samples in the range 400-4000 cm™* with the resolution of 0.1 cm™? and
20 scans per sample.

Extraction of porosity features

A hybrid image segmentation pipeline that combines deep learning and traditional image
processing methods was used to assess the porosity properties of the biodegradable plastic
samples. The scikit-image, numpy, and matplotlib libraries were used to implement the study
in Python. In order to improve contrast and reduce background noise, adaptive thresholding
(which calculates local thresholds for each pixel based on its neighbourhood) was initially
used to preprocess SEM micrographs [18]. Subsequently, a U-Net based pore segmentation
model was used to determine porosity parameters such as pore count (N), pore area (A4),
porosity (%), average pore size, circularity (C), and solidity (S') of the samples [19,20].
This model was refined using high-resolution datasets after being trained on manually
annotated SEM images. Figure 2 shows a flowchart for obtaining porosity characteristics of
the prepared BP samples. The flowchart demonstrates a hybrid image segmentation pipeline
that integrates both classical image processing and deep learning techniques. The process
begins with an input SEM image, which is first subjected to adaptive thresholding [18].
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Fig. 2 Flowchart for obtaining porosity characteristics of the prepared BP samples

The adaptive thresholding technique is used to compute a threshold value locally
for each pixel (p > 0.6) based on the surrounding neighbourhood and image
inhomogeneities. This preprocessing step helps in enhancing important features and
suppresses background noise. After thresholding the image, it is then passed to a U-Net-
based segmentation model. During this stage, data augmentation techniques are applied
to improve model generalization, and convolutional layers extract high-level features
essential for accurate segmentation. Post-processing with morphological operations such
as erosion, dilation, opening, closing, and hole-filling helps to refine the segmented
image by removing noise, filling gaps, and smoothing boundaries. The cleaned
segmentation is converted into a binary mask, where pores are represented by 1 s and
solids by O s. Next, connected-component labelling assigns a unique color to each pore,
allowing for the extraction of geometric features like pore count (N), pore area (4),
porosity (%), average pore size, circularity (C), and solidity (S) [19,20].
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Biodegradability test

The volume degradability of the prepared bioplastic films was measured by burying in
red soil for a week (7 days), pouring 10 ml of water daily. A significant reduction in the
size of the samples was observed, indicating notable degradation of the plastic films over
time. Thus, the volume degradability of the samples is measured using Eq. (1):

Volume degradability (%) = |VfV_iVi | x 100, (1)

where V; and V; are initial and final volume of the sample, and (V; — V;) is the change in
the volume after decomposition [3]. The sample dimensions were measured accurately
after drying and cutting into rectangular shapes as shown in Fig. 1(d). The samples were
immediately processed for the decomposition test immediately. Thus, there would not be
any ambiguity in the correctness of the biodegradability test.

Results and Discussion
XRD and Crystallinity

X-ray diffraction patterns of the BP samples are displayed in Fig. 3. Prominent reflections
at 20 values of =15° (100), =17° (110), =18° (200), and =23° (300) indicate the A-type
cereal starch signature, which is characteristic of native corn starch granules [3,21].
Instead of fundamental A-type lattice planes, Sample 2 exhibits an intense band at
20 = 20.01°, which is typical of V-type single-helical amylose-Llipid (such as glycerol, fatty
acid) inclusion complexes formed during plasticization [21,22]. A small shoulder at
260 = 22° indicates the appearance of B-type or retrograded amylose domains, which are
frequently seen in starch products that have gone through cycles of gelatinization and
retrogradation [23,24].

5000 -
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Fig. 3 XRD spectra of corn starch-based biodegradable plastics

The XRD patterns have displayed weak diffraction peaks and broader humps. This
observation suggests that the samples have a partial crystalline nature. Usually,
the partial crystallization in bioplastics could arise due to the irregular biopolymer
structure influenced by the method of preparation, post processing, and environmental
conditions. The vinegar (acetic acid) could lower the pH of the biopolymer composition,
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which promotes more effective gelatinization of corn-starch during heating and
facilitates the breakdown of intermolecular hydrogen bonds of the polymer mixture.
The presence of plasticizers such as glycerine could further disrupt inter-molecular
hydrogen bonding, thereby promoting amorphous regions associated with feeble
crystallites. Thus, most of the starch-based bioplastics possess irregular chain
architecture (amorphous) and heterogeneous crystallinity [25,26]. The degree of
crystallinity (X.) of three biodegradable plastic samples (BP-1, BP-2, and BP-3) is
calculated from their XRD patterns using Eq. (2) [27]:

Xe = (—5) x 100, )

Act+Ag

where A, is the area under crystalline peaks (estimated around 15, 18, 20, 22, 23°), and
A, is the amorphous region (rest of the curve). The crystalline area (A.) represents
the portion of the XRD pattern corresponding to ordered crystalline regions, while the
amorphous area (A,) represents disordered non-crystalline regions. The degree of
crystallinity (X.) of the bioplastics was assessed as follows: a smooth curve connecting
the crystallite peak baselines was drawn on the XRD pattern. The values of area above
and under the smooth curve were evaluated corresponding to the crystalline (4.) and
the amorphous regions (4,), respectively. The degree of crystallinity (X.) was computed
as a ratio between the area of the crystalline region (4.) and the total area (4.+4,) under
the XRD curve [28]. The degree of crystallinity (X.) of the prepared corn starch-based
biodegradable plastic films has followed the order: BP-1 > BP-2 > BP-3, as shown in
Table 2. Among the three samples, BP-1 exhibits the highest crystallinity of 29.70 %,
indicating a more ordered internal structure. The degree of crystallinity (X.) of starch-
based bioplastic films is strongly associated with their moisture content. Therefore, the
higher value of the degree of crystallinity of BP-1 sample (as shown in Table 2) is
compatible with the lower moisture content [29]. The sample BP-2 has 24.47 %
crystallinity, while the sample BP-3 has the lowest crystallinity 20.87%. This trend
confirms that more absorption of water content from sample BP-1 to sample BP-3. Thus,
disruption of hydrogen bonds would build weak polymer chains with poor crystallinity in
the sample BP-3 [3,21].

Table 2. Degree of crystallinity (X.) of three biodegradable plastic samples

Sample . Cryst.alline area ({lc) . 'Amor!Jhous area (1.4,,) . X, %
(X-ray intensity x 20) arbitrary units | (X-ray intensity x 260) arbitrary units
BP-1 26,047.58 61,669.38 29.70
BP-2 18,284.78 56,446.21 24.47
BP-3 10,211.71 38,723.27 20.87
SEM and porosity

Figure 4(a-c) displays the SEM morphographs of the bioplastics BP-1, BP-2, and BP-3.
SEM images have clearly reflected partial heterogeneous crystalline nature along with
homogeneous amorphous nature as observed in the XRD analysis. The crystallinity could
enhance mechanical rigidity, while the amorphous phase would contribute to the ductility
of the samples. Such structural modifications indicate a good balance between strength
and flexibility of the samples [8,14]. A few residual granules and insoluble fragments are
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presented, which indicate incomplete gelatinization during the preparation [30]. The SEM
micrographs have shown distinct surface morphologies for the three samples. The sample
BP-1 has displayed a very smooth and good compact surface with a very fine and uniformly
distributed grains (of size ~1-10 pm), which depicts a well-structured material with
a higher crystalline phase. The SEM image of the sample BP-2 has appeared slightly rough
with visible microcracks (of size ~ 5-20 ym) and discrete particulates (of size ~ 5-15 ym),
which suggests a moderate structural order and partial phase separation of crystallinity.

60um Electron Image 1

Fig. 4 SEM morphographs (a), (b), and (c) with corresponding pore segmentation overlays (d), (e), and (f) of
biodegradable plastic samples BP-1, BP-2, and BP-3 respectively
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The SEM image of sample BP-3 has revealed a highly rough surface and more porous
surface with larger voids and aggregates (of size ~ 10-30 um), which represents poor
polymer networking and a more amorphous phase [30,31]. These observations are in
agreement with the XRD data, which has shown a gradual increase in amorphous nature
of the samples in the order: BP-1 < BP-1 <BP-3 as water content increases in the
composition.

Figure 4(d-f) displays the pore segmentation in SEM micrographs of the samples
BP-1, BP-2,and BP-3, using adaptive thresholding and U-Net model [18-20]. The porosity
parameters are shown in Table 3. The sample BP-1 has exhibited the highest number of
pores (N = 528) with the smallest values of porosity (24.26 %) and average pore size
(119.74 um?), showing a compact structure. The sample BP-3 has displayed the lowest
number of pores (N = 128) with the highest values of porosity (31.67 %) and average pore
size (585.52 ym?), exhibiting a loosely packed and amorphous structure [18,32,33]. This
viewpoint suggests that increased water content could promote the formation and
amalgamation of larger pores in the bioplastics. Circularity (C) values are observed to be
less than unity (C < 1) for all the samples. However, C = 1 for the sample BP-1 shows
the most circular pore shapes. Solidity (S') is observed in the order: BP-1 > BP-2 > BP-3,
showing a higher degree of wider and irregular pore boundaries with an increase in water
content in the composition [34,35].

Table 3. Porosity characteristics of corn starch based biodegradable plastics

Sample | Pore count (N) 1;::: ::cr::f Porosity, % :\;ge’ F::':S Circularity (€) | Solidity (S')
BP-1 528 63,233 24.26 119.74 0.925 0.760
BP-2 419 68,414 26.72 163.30 0.890 0.746
BP-3 128 74,946 31.67 585.52 0.865 0.742

EDAX and elemental analysis

Figure 5 displays the EDAX spectra of the bioplastic samples BP-1, BP-2, and BP-3.
The EDAX analysis has confirmed the presence of constituent elements such as carbon (C),
oxygen (0), calcium (Ca), magnesium (Mg), silicon (Si), aluminium (Al), chlorine (Cl), and
sodium (Na) [36,37]. The presence of these elements indicates the organic nature of the
prepared bioplastics. These elements are fundamental components of the polysaccharides
(amylose and amylopectin), which could form the primary polymer structure of cornstarch.
The weight% and atomic% of the elements are presented in Table 4.

The peaks due to the elements carbon (C), oxygen (O), and calcium (Ca) are
predominant in all three samples. The sample BP-1 has shown peaks attributed to Fe and
Mg, suggesting the presence of a higher number of inorganic residues. The sample BP-2
has displayed a uniform distribution of elements Mg, AL, Si, and Cl with low-intense peaks.
The presence of Cl suggests modest mineral-based impurities in the sample BP-2. The
sample BP-3 has presented the significant peaks attributed to elements Na and Cl, due
to the presence of higher water content in the composition. This water (moisture) could
increase the mobility of these ions within the bioplastic matrix. Notably, Fe and Mg peaks
are absent in the sample BP-3, which indicates that the sample BP-3 has lower inorganic
content for enhancing decomposition of the bioplastic [36,37].
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Fig. 5. EDAX spectra corn based of biodegradable plastic samples BP-1, BP-2, and BP-3
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Table 4. EDAX analysis of the corn-starch biodegradable plastics

BP-1 BP-2 BP-3

Element Wt. % At. % Element Wt. % At. % Element Wt. % At. %

C 45.79 53.62 C 47.17 54.78 C 48.41 56.25

0 51.22 45.03 0 50.81 44.30 0 48.52 42.32
Mg 0.26 0.15 Mg 0.21 0.12 Na 0.25 0.15
Al 0.52 0.27 Al 0.25 0.13 Al 0.21 0.11
Si 1.27 0.64 Si 0.79 0.39 Si 1.61 0.80
Ca 0.58 0.20 Cl 0.25 0.10 S 0.08 0.04
Fe 0.36 0.09 Ca 0.52 0.18 Cl 0.22 0.09
- - - - - - Ca 0.70 0.24
Total 100 100 Total 100 100 Total 100 100
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FTIR and structure

Figure 6 shows FTIR spectra of the corn-starch bioplastics. The FTIR spectra have revealed
distinct transmission bands corresponding to various polymer groups as reported in [21,29,31].
The hydroxyl (O-H) stretching vibrations have been identified at ~ 3340-3365 cm?,
confirming the network of O-H bonds in starch, water, and glycerine. Carbonyl C-H
stretching (aliphatic) vibrations are resolved at ~ 2955-2965 cm™. The C=0 stretching bands
of functional groups of acetic acid and ester have been noticed at ~ 1717-1735 cm™. The
H-0O-H stretching vibrations are observed to ~ 1610-1625 cm™. The CH, bending or COO~
symmetric stretching vibrations are attributed at ~ 1428-1439 cm™. The stretching
vibrations of C-0-C bonds are noticed at ~1090-1102 cm™, which are characteristic
bands of polysaccharide structures. Vibrations due to deformation of a-1,4 glycosidic
linkages in corn starch are revealed at ~917-926 cm™. Moreover, deformation of C-H
bonds have been observed at ~783-820 cm™. The presence of observed bands could
confirm the plastic nature of the prepared samples [21,29,31].

Cc=0 c-0
C-H stretching stretching
o stretching A a-l4
stretching © bending glycosidic
: linkages
stretching C-H

deformation

BP-3

Transmittance %

BP-2

BP-1

3900 3400 2900 2400 1900 1400 900 400
Wave number (cm!)

Fig. 6. FTIR spectra of corn based biodegradable plastics

The intensity of hydroxyl (O-H and O-H-0) groups have gradually increased from
BP-1 to BP-3, at simultaneous reduction of intensity of carbonyl (C=0, COO~, and C-0-C)
groups. The increase in intensity of hydroxyl groups can be attributed to the higher
proportion of water in the composition. Moreover, in the presence of vinegar (acetic acid)
in the composition, water molecules could slightly change the corn-starch structure.
Consequently, an increase in available hydroxyl groups is observed in the sample BP-3.
At the same time, the gradual decrease in intensity of carbonyl bands suggests a reduction
in esters or oxidized groups. Thus, the observed structural modifications in the bioplastics
confirm the crucial role of water (H,0) in the composition [21,34].

Decomposition

The samples have been processed with a decomposition test for 7 days in atmospheric
conditions with room temperature (t,) ~ 25-35 °C and humidity (Ry) ~ 55-65 %. After
7 days of burial in red soil with consistent moisture maintained by the daily addition of
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10 ml of water, the BP-1, BP-2, and BP-3 biodegradable plastic samples showed clear
signs of decomposition (as shown in Fig. 7), influenced by their water content and initial
porosity [16,21]. After 7 days, the area and thickness of the samples are found to be
significantly decreased. Thus, the decomposition of the prepared cornstarch
biodegradable plastics in the red soil has been determined [3]. Volume degradability of
the BP-1, BP-2, and BP-3 samples is presented in Table 5.

Fig. 7. Decomposition of the prepared biodegradable plastics

Table 5. Volume degradation of the prepared cornstarch biodegradable plastic samples

Sample Volume (V;), cm? Volume (V{), cm® Volume degradability, %
BP-1 0.407 0.301 26.044
BP-2 0.645 0.260 59.690
BP-3 0.726 0.114 84.298

The sample BP-3exhibited the most significant degradation (84.298 %) with higher
surface erosion and significant disintegration [38]. This degradation behavior could be
attributed to faster microbial infiltration and hydrolytic activity by the higher amorphous
phase and large pore size of the sample BP-3 [39]. The sample BP-2 has showed moderate
decomposition (59.690 %), with a clear surface cracking and micro-patching. The moderate
crystallinity and structural disorder could allow microbial and moisture penetration in
the sample BP-2. The sample BP-1 has shown the least degradation (26.044 %) with a small
crack and minor patches, having the most crystalline and structurally compact with
the lowest porosity. Thus, the rate of degradation depends on moisture retention, porosity,
and crystallinity of the bioplastics [40,41]. These findings indicate that higher water content
in the initial composition improves biodegradability [3,16,21,38,39].

Potential applications and future scope

The corn-starch biodegradable plastics have become promising materials for practical
applications. These bioplastic materials can exhibit good flexibility due to the presence of
a-1,4-glycosidic linkages, hydroxyl and carbonyl functional groups. The present corn-starch
bioplastics have shown a reasonably good decomposition in the range of ~ 25-86 % in the
soil environment, which is on par with the standards of ASTM (American Society for Testing
and Materials) for compostable plastics (code: D6400) and other international
agencies [42]. These bioplastics can be especially suitable for single-use packing
applications such as biodegradable bags, food wrapping films, and disposable containers
[7,8,10]. Moreover, these bioplastics are ideal candidates for manufacturing agricultural
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mulch films, which can be decomposed naturally in soil environments, promoting the soil
health [43]. In this way, corn-starch biodegradable plastics showcase significant versatility
and act as alternatives for use of petroleum-based plastics in daily life applications [39,43].
Future research on corn-based biodegradable plastics can be focused on enhancement of
mechanical strength, water resistance, and thermal stability by means of chemical
modification or blending with other biopolymers [43]. Moreover, exploration of industrial-
scale production and decomposition nature of the bioplastics under real-world conditions
will find a wide range of applications in packing, agriculture, and biomedical fields [43-47].

Conclusion

Three corn starch-based biodegradable plastics (BP-1, BP-2, and BP-3) were synthesized
via solvent casting combined with a controlled physical foaming process.
The microstructural, structural, and decomposition studies have been carried out.
The scientific findings are listed as follows:

1. X-ray diffraction (XRD) analysis revealed a homogeneous amorphous state of the
samples associated with partial heterogeneous crystallites. The degree of crystallinity
(X.) of the prepared corn starch-based biodegradable plastic films has followed the order:
BP-1 > BP-2 > BP-3. Gradual loss of native crystallinity with increasing water content,
suggesting enhanced amorphous character and improved flexibility in the sample BP-3.
2. SEM morphology of the sample BP-1 displayed a smooth and compact surface with
evenly distributed fine granules, indicating a well-structured and dense material,
consistent with a higher crystalline nature. Porosity measurements revealed increased
pore size and volume with higher water content, contributing to improved water
absorption and biodegradability from BP-1 to BP-3. Circularity (C) values were observed
to be less than 1 for all the samples, with BP-1 having the most regular pore shapes.
Solidity (S’) followed the order BP-1 > BP-2 > BP-3, indicating increasing irreqularity of
pore boundaries as water content increases.

3. Energy-dispersive analysis by X-rays (EDAX) confirmed the elemental composition of
the bioplastic samples, primarily showing the presence of carbon and oxygen, which is
consistent with the starch-based polymer matrix.

4. FTIR analysis showed that O-H band intensity increased and C=0 band intensity
decreased from BP-1 to BP-3, suggesting more hydroxyl groups and fewer carbonyl
groups as water content increased in the composition.

5. Decomposition rate has increased due to enhanced hydrolysis and microbial activity
with high water content in the composition and high porosity of the samples. Therefore,
these bioplastics can have applications in packing, agricultural mulch-films, and
disposable products.

However, the corn-starch bioplastics have several important limitations, including high
moisture absorbance and poor mechanical strength, which can diminish their performance.
Also, variations in the composition of raw materials and synthesizing methods may lead to
unreliable quality and thickness. Yet, large-scale production of the bioplastics is costly.
All these issues can be addressed by developing water-resistant plastic coatings,
inexpensive ingredients, and standardized synthesis methods, which will help to make the
corn-starch bioplastics highly reliable and suitable for practical applications in daily life.
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