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Wheat Gluten: A protein derived from wheat, used in bioplastic
production due to its biocompatibility and biodegradable properties.

Additionally, plasticizers (glycerol) and crosslinking agents (citric
acid) were used in varying concentrations to improve the exibility and
strength of the nal bioplastic products [3].

Bioplastic production process

Bioplastics were produced wusing a combination of
extrusion and casting techniques, following a two-step method:
e selected feedstocks (corn starch, sugarcane bagasse, and wheat
gluten) were pre-processed to remove impurities. Corn starch was dried
and ground into a ne powder. Sugarcane bagasse was rst washed to
remove any residual sugars and then dried before being ground into
small particles. Wheat gluten was separated from wheat our through
a water washing process and then dried.

e feedstocks were mixed with a plasticizer (glycerol) and a
crosslinking agent (citric acid) to enhance the exibility and durability
of the nal product. e materials were mixed in varying ratios
(10%, 20%, and 30% glycerol by weight) to determine the optimal
plasticization level. A small amount of distilled water was added to aid
in the mixing process [4].

e plasticized mixtures were either extruded or cast into molds,
depending on the desired form of the bioplastics. For extrusion, the
mixture was fed into an extruder where it was heated and forced
through a die to form sheets or Ims. For casting, the mixture was
poured into at molds and allowed to cure at room temperature for
24-48 hours.

A er shaping, the bioplastic samples were le to air-dry in a
controlled environment at room temperature, allowing the moisture
to evaporate and the material to harden. e curing process for some
samples involved heating at low temperatures (40°C—60°C) for several
hours to ensure complete drying and crosslinking [5].

Characterization of bioplastics

Several physical, chemical, and mechanical properties of the crop-
derived bioplastics were evaluated to assess their potential for use in
applications that could replace conventional plastics.

e mechanical properties of the bioplastic Ims were measured
using a Universal Testing Machine (UTM). e samples were subjected
to tensile testing to determine their maximum stress (tensile strength)
and elongation at break ( exibility). e test was performed according
to ASTM D882 standards [6,7].

Biodegradability

To assess biodegradability, bioplastic samples were placed in

over a 90-day period, and the weight loss was measured periodically to
determine the rate and extent of biodegrada-0.0. Soil burial tests were
conducted in accordance with ASTM D5988 standards.

ermal behavior was analyzed using Di erential Scanning
Calorimetry (DSC) and  ermogravimetric Analysis (TGA).  ese
analysesrprovided inform-0.0ron the glass transi-0.0rtemperature (Tg),
melting point (Tm), and thermal stability of the bioplastics, which are
important for determining their suitability for di erent environmental
conditions [8].

e water absorp-0.0rcapacity of the bioplastics was evaluated by
immersing samples in distilled water for 24 hours and measuring the

weight change. e moisture content was also determined by drying
the samples at 60°C until a constant weight was achieved.

Environmental impact assessment

An Environmental Life Cycle Assessment (LCA) was performed
to compare the environmental impacts of crop-derived bioplastics
with conventional petroleum-based plastics. e LCA included the
following phases:

Raw Material Acquisi-0.0: e environmental impact of growing
the crops (corn, sugarcane, and wheat) was evaluated in terms of water
use, land use, and energy consump-0.0.

Product0.0rProcess: e energy consump-0.0 and greenhouse
gas emissions associated with the bioplastic product0.0rprocess (from
feedstockrprepar-0.0rto nal product fabrication) were analyzed.

End-of-Life (EOL) Scenarios: Two EOL scenarios were considered:
one where bioplastics are composted and one where they are buried in
aland Il. e environmental impact of biodegrada-0.0 versus plastic
persistence was evaluated [9].

e LCA was conducted using SimaPro so ware, which enabled
a detailed evaluat0.0rof the environmental impacts using da-a from
primary sources, scienti c literature, and da-abases.

Statistical analysis

All experiments were conducted in triplicaterto ensure the
reliability of the results. Da-a were analyzed using ANOVA (Analysis of
Variance) to determine signi cant di erences between the properties
of bioplastics produced from di erent feedstocks and plasticizer
concentr-0.0s. Post-hoc tests (e.g., Tukey’s HSD) were used to identify
speci cgroup di erences. St-Ostical signi cance was set at a p-value of
<0.05 [10].

Discussion

e increasing global concerns over plastic pollu-0.0 and the
ine ciencies in agricultural wastermanagement have created a strong
demand for altern-Overmaterials that are both sustainable and e ective.
Crop-derived bioplastics o er a promising solu-0.0 by transforming
agricultural byproducts into biodegradable materials, thus addressing
two critical environmental challenges simultaneously. is discussion
evaluates the potential, challenges, and implications of crop-derived
bioplastics in reducing plastic pollu-0.0 and agricultural waste.

One of the most signi cant advantages of bioplastics made from
agricultural feedstocks is their biodegradability. Unlike conventional
plastics, which can take hundreds of years to break down, bioplastics
produced from crops like corn, sugarcane, and wheat decompose
more rapidly under environmental condi-0.0s. Our study con rmed
that bioplastics, particularly those made from starch and cellulose,
exhibited promising biodegrada-0.0 rates during soil burial tests.  is
is crucial for reducing the long-term environmental impact of plastic
waste, which currently accounts for signi cant pollu-0.0 in oceans,
rivers, and land lls.

Addi-0.0ally, the use of agricultural waste, such as sugarcane
bagasse and wheat glu-en, in bioplastic product0.0ro ers a means to
repurpose material that would otherwise be discarded. is not only
reduces the wasterburden .Orland llsrbut also provides farmers with an
economically viable outlet for agricultural byproducts, contributing to
a circular economy.

While the environmental bene ts of crop-derived bioplastics are
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clear, scaling up production to meet global demand presents several
challenges. e availability of raw materials is one such issue; large-
scale production of bioplastics may compete with food production
and could lead to land-use con icts. e impact of growing bio-
based feedstocks on food prices and food security must be carefully
considered. Further research is needed to develop crop varieties that can
be grown speci cally for bioplastic production, without compromising
food crops or agricultural biodiversity.

Moreover, the technological and economic barriers to producing
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