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Abstract

The escalating environmental burden associated with the extensive utilization of nonbiodegradable synthetic
plastic packaging, coupled with increasing consumer demand for environmentally sustainable and health-
promoting food preservation systems, has intensified scientific interest in the development of biodegradable
and edible packaging materials derived from renewable biological resources. In this context, the present
investigation was undertaken to develop and evaluate a plant-based antioxidant edible packaging material
formulated from corn husk extract and rice paper sheet as an innovative and sustainable alternative to
conventional synthetic packaging systems. Corn husk, an abundant yet underutilized agricultural by-product
generated during maize processing, was selected owing to its rich composition of cellulose, lignocellulosic
fibers, and naturally occurring phenolic compounds possessing significant antioxidant potential. Rice paper,
recognized for its edibility, flexibility, film-forming capacity, and compatibility with food systems, was
employed as the structural matrix for the development of the packaging material.

The formulation of the edible packaging sheets involved the aqueous extraction of bioactive constituents from
dried corn husk followed by their incorporation into rice paper sheets to enhance the functional efficacy of
the material. Natural plasticizers were incorporated during the development process to improve pliability,
flexibility, and handling characteristics while maintaining the structural integrity of the sheets. The developed
packaging material was subsequently subjected to functional evaluation with particular emphasis on
antioxidant activity, which was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
assay to determine its free radical inhibition capacity and overall antioxidant effectiveness.

The findings of the study demonstrated that the developed edible packaging material exhibited substantial
antioxidant activity (72.00£2.00%), reflecting a pronounced free radical scavenging potential. The elevated
antioxidant activity observed in the developed sheets may be primarily attributed to the successful
incorporation and retention of phenolic compounds and other bioactive constituents inherently present in corn
husk extract. These phytochemical compounds are recognized for their ability to neutralize reactive oxygen
species and inhibit oxidative degradation processes, thereby contributing to the functional enhancement of
food packaging systems. The incorporation of antioxidant-rich plant-derived materials into edible packaging
offers an additional protective mechanism capable of minimizing oxidative deterioration, preserving
nutritional quality, and potentially extending the shelf life of packaged food commodities.

Furthermore, the present study emphasizes the significance of agricultural waste valorization through the
transformation of low-value by-products into high-value functional packaging materials, thereby contributing
to sustainable resource utilization and circular economy principles. The utilization of corn husk as a
renewable raw material not only addresses concerns related to agricultural waste accumulation but also
promotes environmentally responsible approaches toward food packaging innovation. In addition, the
relatively simple preparation methodology, minimal processing requirements, and dependence on locally
available materials enhance the practical feasibility of the developed packaging sheets for adoption in small-
scale industries, rural enterprises, and sustainable food production systems.

In conclusion, the developed corn husk extract-rice paper sheet demonstrated considerable potential as a
plant-based antioxidant edible packaging material possessing desirable functional attributes and
environmental compatibility. The study establishes a scientific foundation for the development of innovative,
biodegradable, and antioxidant-enriched edible packaging systems capable of reducing dependence on
synthetic plastics while simultaneously supporting food quality preservation and sustainable environmental
practices.

Keywords: Corn husk extract, rice paper sheet, edible packaging material, antioxidant activity, DPPH radical
scavenging assay, plant-based packaging, biodegradable food packaging, sustainable food systems,
agricultural waste valorization

Introduction
The unprecedented increase in environmental pollution caused by the indiscriminate disposal
and excessive utilization of synthetic plastic packaging materials has emerged as a major
global concern, particularly within the food packaging sector.
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Conventional petroleum-based plastics, although widely
preferred due to their durability, low cost, and barrier
properties, are inherently non-biodegradable and persist in
the environment for prolonged periods, resulting in severe
ecological consequences including soil contamination, water
pollution, microplastic accumulation, and adverse impacts
on terrestrial and aquatic ecosystems. The persistent nature
of synthetic plastics has intensified concerns regarding
environmental  sustainability and has consequently
accelerated the search for biodegradable, renewable, and
environmentally benign alternatives capable of reducing
ecological burden while ensuring food safety and quality.

In recent vyears, edible and biodegradable packaging
materials have gained substantial scientific and industrial
attention as promising substitutes for conventional food
packaging systems. Edible packaging materials are thin
layers of edible substances capable of serving as protective
barriers around food products while simultaneously
contributing functional and nutritional benefits. Unlike
conventional packaging systems, edible films and coatings
can either be consumed along with the food product or
undergo  natural  biodegradation  without  causing
environmental harm. Their inherent biodegradability,
compatibility with food systems, and ability to act as
carriers of bioactive compounds have positioned them as
highly attractive solutions within sustainable food packaging
technologies.

The growing emphasis on active foo” packaging has further
stimulated research on the incorporation of naturally
occurring functional compounds into packaging materials to
enhance their protective efficacy. Among various active
packaging approaches, antioxidant packaging has emerged
as a particularly significant innovation due to its potential to
retard oxidative degradation in food systems. Oxidative
deterioration remains one of the principal causes of quality
loss in food products, often resulting in lipid oxidation,
discoloration, nutrient degradation, flavor deterioration, and
reduced shelf stability. Therefore, the incorporation of
natural antioxidants into edible packaging matrices has
gained increasing importance as an effective strategy for
minimizing oxidation-related quality deterioration while
simultaneously improving the functional performance of
packaging materials.

Agricultural by-products and agro-industrial residues have
recently received considerable attention as sustainable raw
materials for the development of biodegradable and
functional packaging systems. The utilization of agricultural
waste not only supports environmental sustainability but
also contributes to waste valorization by transforming low-
value residues into commercially valuable products. Corn
husk, a major agricultural by-product generated during
maize processing, represents one such underutilized
lignocellulosic material possessing considerable functional
potential. Despite being abundantly available in agricultural
regions, corn husk is frequently discarded, burned, or
utilized as low-value animal feed, thereby resulting in
substantial biomass wastage. However, corn husk contains
appreciable quantities of cellulose, hemicellulose, lignin,
and phenolic compounds, making it a promising candidate
for the development of biodegradable and functional food
packaging materials.

Particularly noteworthy is the presence of bioactive
phytochemicals and phenolic constituents in corn husk,
which possess substantial antioxidant properties. Phenolic
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compounds are recognized for their remarkable free radical
scavenging capacity and their ability to inhibit oxidative
reactions through hydrogen donation and electron transfer
mechanisms. The incorporation of antioxidantrich
agricultural residues into edible packaging matrices may
therefore enhance the functional efficacy of packaging
systems by reducing oxidative stress and preserving the
quality  characteristics of food products. Such
multifunctional packaging systems not only provide
structural protection but also actively contribute to food
preservation, thereby representing an advancement over
passive packaging materials.

Rice paper has emerged as a highly suitable base material
for the development of edible packaging systems owing to
its edibility, biodegradability, flexibility, and excellent film-
forming properties. Traditionally utilized in food
applications, particularly in Asian culinary systems, rice
paper possesses desirable mechanical characteristics and
compatibility with various food ingredients, making it an
effective matrix for the incorporation of functional
additives. Its smooth texture, ease of handling, and ability to
form thin and uniform sheets further enhance its suitability
as a substrate for edible packaging development. The
incorporation of corn husk extract into rice paper sheets may
therefore provide an innovative approach toward the
formulation of plant-based packaging materials possessing
antioxidant functionality and enhanced sustainability.

The development of plant-based antioxidant edible
packaging materials aligns closely with contemporary global
priorities concerning sustainable development, circular
economy principles, and environmentally responsible food
systems. The utilization of biodegradable packaging derived
from renewable biological resources offers significant
opportunities for reducing dependency on petroleum-
derived plastics while simultaneously addressing concerns
related to agricultural waste management. Furthermore, the
conversion of underutilized biomass into value-added
packaging materials contributes to resource efficiency and
supports environmentally sustainable production systems.
Despite increasing research interest in biodegradable and
edible food packaging materials, limited scientific
investigations have specifically explored the antioxidant
potential of packaging systems developed using corn husk
extract and rice paper sheet. Existing studies predominantly
focus on starch-based films, protein-based edible coatings,
or synthetic biodegradable polymers, with comparatively
limited attention given to the functional incorporation of
agricultural residues possessing inherent antioxidant
properties. Therefore, there remains a substantial need for
focused investigations aimed at evaluating the antioxidant
functionality of edible packaging materials derived from
naturally occurring agricultural by-products.

In view of these considerations, the present study was
undertaken to develop and evaluate a plant based
antioxidant edible packaging material using corn husk
extract and rice paper sheet. The investigation primarily
focused on assessing the antioxidant potential of the
developed packaging material through the DPPH radical
scavenging assay in order to determine its functional
suitability as an antioxidant-rich edible packaging system.
By integrating agricultural waste valorization with
sustainable packaging innovation, the study seeks to
contribute toward the advancement of environmentally
responsible food packaging technologies capable of

~ 1149~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

promoting both ecological sustainability and food quality
preservation.

Methodology

The present investigation was undertaken to develop and
evaluate a plant-based antioxidant edible packaging material
using corn husk extract and rice paper sheet. The study was
systematically designed to formulate an edible packaging
material enriched with naturally occurring antioxidant
compounds derived from corn husk and to evaluate its
antioxidant potential through standardized analytical
procedures. All experimental procedures were conducted
under hygienic and controlled laboratory conditions to
ensure consistency, reliability, and reproducibility of results.

Locale of the Study: The study was conducted in the
laboratories of the Department of Food Science and
Nutrition, College of Community and Applied Sciences,
Udaipur. The department possesses adequate infrastructural
facilities and laboratory equipment required for extraction,
formulation, development, and functional evaluation of
edible packaging materials. All experimental analyses were
carried out under standardized laboratory conditions to
maintain precision and minimize experimental variation.

Procurement and Preparation of Raw Materials: Corn
husks were procured from local agricultural fields in and
around Udaipur during the maize harvesting season. Fresh
and healthy husks free from visible damage, fungal
infestation, or contamination were selected for the study.
The procured corn husks were thoroughly washed under
running tap water followed by rinsing with distilled water to
remove dirt, dust particles, and adhering impurities.
Following washing, the corn husks were dried under
hygienic ambient conditions until complete removal of
moisture was achieved. The dried material was subsequently
cut into smaller pieces to facilitate efficient extraction of
bioactive compounds. The prepared corn husk samples were
stored in airtight containers at room temperature until
further processing.

Rice paper sheets used as the edible structural matrix were
procured from the local market. The sheets were stored in
moisture-free conditions to preserve their texture, flexibility,
and film-forming characteristics prior to use in packaging
material development.

Preparation of Corn Husk Extract: The aqueous
extraction method was employed for the preparation of corn
husk extract. Dried corn husk pieces were weighed and
boiled in distilled water for a predetermined duration to
facilitate the extraction of bioactive constituents,
particularly phenolic compounds possessing antioxidant
potential. The extraction process allowed the release of
soluble phytochemicals from the lignocellulosic matrix of
the corn husk into the aqueous medium.

Following extraction, the solution was filtered using muslin
cloth and filter paper to remove insoluble particles and
obtain a clear extract. The prepared corn husk extract was
allowed to cool to room temperature and subsequently
utilized for the development of antioxidant edible packaging
sheets.

Development of Plant-Based Antioxidant Edible
Packaging Material: The development of edible packaging
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sheets was carried out using rice paper as the base matrix
and corn husk extract as the functional antioxidant
component. Rice paper sheets were initially conditioned by
slight moistening to improve flexibility and facilitate
uniform coating.

The prepared corn husk extract was uniformly applied onto
the surface of rice paper sheets to ensure even distribution of
antioxidant compounds. To improve flexibility, reduce
brittleness, and enhance handling characteristics, natural
plasticizers such as glycerol or starch solution were
incorporated in optimized quantities during formulation.

The coated sheets were subsequently dried under controlled
ambient conditions to remove excess moisture and ensure
proper adhesion of the extract onto the rice paper matrix.
Several preliminary standardization trials were performed to
achieve uniformity in coating, appearance, flexibility, and
overall sheet quality. The developed sheets were carefully
stored in airtight containers until further antioxidant
evaluation.

Evaluation of Antioxidant Activity: The antioxidant
potential of the developed edible packaging material was
evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay, a widely accepted and reliable
analytical method for determining free radical scavenging
activity in plant-derived materials.

The developed packaging sheet samples were prepared for
extraction, and their antioxidant activity was determined
based on the ability of bioactive compounds to neutralize
DPPH free radicals. The reduction in absorbance was
measured  spectrophotometrically at an appropriate
wavelength, and the percentage inhibition of free radicals
was calculated to determine antioxidant capacity.

The antioxidant activity was expressed as percentage radical
scavenging activity using the following formula:

% Antioxidant Activity = Ao-Ai/Ao x 100 Where:

Ao = Absorbance of control (DPPH solution without
sample)

A1 = Absorbance of sample (DPPH solution with corn husk
extract)

Higher percentage inhibition indicated greater antioxidant
activity and stronger free radical scavenging potential of the
developed packaging material.

Statistical Analysis: All experimental analyses were carried
out in triplicates to ensure accuracy, reliability, and
reproducibility of the findings. The data obtained were
statistically analyzed, and results were expressed as
MeantStandard Deviation (SD). Descriptive statistical
methods were used to interpret the antioxidant activity of
the developed packaging sheets and to assess consistency
among observations

Results
Antioxidant Activity of Developed Edible Packaging
Material

Table 1: Antioxidant Activity of Plant-Based Edible Packaging
Material Developed from Corn Husk Extract and Rice Paper Sheet

Parameter Mean + SD

Antioxidant Activity (%) 72.00+2.00
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The functional evaluation of the developed plant-based
edible packaging material revealed substantial antioxidant
activity, indicating the successful incorporation of bioactive
compounds derived from corn husk extract into the rice
paper matrix. The antioxidant potential of the developed
sheets was assessed using the DPPH (2,2-diphenyl-1-
picrylhydrazyl)  radical scavenging assay, Wwhich
demonstrated an antioxidant activity of 72.00£2.00%,
reflecting a pronounced capacity to neutralize free radicals.

The relatively high antioxidant activity observed in the
developed packaging material may be primarily attributed to
the presence of naturally occurring phenolic compounds and
phytochemicals present in corn husk extract. Corn husk,
although frequently regarded as an agricultural residue,
possesses considerable concentrations of lignocellulosic
components and polyphenolic substances capable of
exerting significant antioxidant effects. These bioactive
constituents function by donating hydrogen atoms or
electrons to unstable free radicals, thereby inhibiting
oxidative reactions and reducing oxidative stress. The
findings therefore indicate that the extraction and
incorporation process effectively retained the antioxidant
constituents of corn husk within the edible packaging
matrix.

The observed antioxidant potential further demonstrates the
functional suitability of rice paper as an effective carrier
material for plant-derived antioxidant compounds. Rice
paper, due to its porous structure and film-forming ability,
likely facilitated the efficient adsorption and retention of
bioactive substances from corn husk extract. This
compatibility between rice paper and plant extract
contributed to the development of a stable edible sheet with
enhanced functional characteristics. Furthermore, the
incorporation of natural plasticizers during formulation may
have improved the uniform distribution of antioxidant
compounds throughout the packaging matrix, thereby
contributing to consistent antioxidant performance.

The substantial radical scavenging activity exhibited by the
developed edible packaging material suggests its potential
utility as an active food packaging system. Oxidative
deterioration is widely recognized as one of the major
causes of quality degradation in food products, particularly
in lipidrich foods where oxidation contributes to rancidity,
undesirable  flavor  changes, nutrient  degradation,
discoloration, and reduced shelf stability. The incorporation
of antioxidant-rich edible packaging materials may therefore
provide an additional protective mechanism capable of
minimizing oxidative spoilage and preserving food quality
during storage.

The antioxidant efficacy demonstrated in the present
investigation highlights the growing importance of
integrating naturally occurring plant bioactives into
sustainable food packaging systems. Unlike conventional
synthetic packaging materials, which primarily serve
passive protective functions, antioxidant edible packaging
actively contributes to food preservation by limiting
oxidative damage. Consequently, the developed corn husk
extract-rice paper sheet may serve as a multifunctional
packaging material capable of simultaneously providing
structural protection and antioxidant functionality.

The low standard deviation (£2.00) associated with
antioxidant activity indicates good uniformity and
reproducibility in sheet development and analytical
procedures. This consistency suggests that the methodology
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employed for extraction, coating, and sheet preparation was
effective in producing a relatively homogeneous distribution
of antioxidant compounds across the developed packaging
material. Such reproducibility is essential for ensuring
reliability and practical applicability in potential large-scale
production systems.

Overall Interpretation of Results

The findings of the present investigation clearly establish
that the developed plant-based edible packaging material
formulated from corn husk extract and rice paper sheet
possesses considerable antioxidant potential and functional
suitability for sustainable food packaging applications. The
substantial antioxidant activity observed in the developed
sheets confirms the successful utilization of corn husk as a
valuable source of natural bioactive compounds capable of
enhancing the functional efficacy of edible packaging
systems.

The Incorporation of corn husk extract into rice paper
significantly contributed to the development of an
antioxidant-enriched packaging material capable of
scavenging free radicals and potentially minimizing
oxidative deterioration in food products. This functional
property represents a substantial advancement over
conventional packaging materials by introducing an active
preservation mechanism into the packaging system. The
ability of the developed sheets to exhibit strong antioxidant
activity suggests their possible role in maintaining food
freshness, preserving nutritional quality, and delaying
oxidative spoilage.

From an environmental perspective, the study further
emphasizes the significance of agricultural waste
valorization through the transformation of underutilized
biomass into high-value functional products. The utilization
of corn husk, an abundantly available agricultural by-
product, not only contributes to waste minimization but also
supports sustainable resource utilization and circular
economy principles. The conversion of agricultural residues
into biodegradable edible packaging materials offers a
promising strategy for reducing environmental pollution
associated with synthetic plastic waste.

Moreover, the relatively simple preparation methodology
and reliance on locally available raw materials increase the
practical feasibility and economic viability of the developed
packaging system, particularly for small-scale food
industries, cottage enterprises, and rural entrepreneurial
initiatives. The integration of plant-derived antioxidant
compounds into edible packaging systems may therefore
contribute significantly toward the development of
environmentally sustainable, functionally enhanced, and
consumer-friendly food packaging technologies.

Overall, the present investigation demonstrates that corn
husk extract-incorporated rice paper sheets possess
promising antioxidant functionality and considerable
potential as plant-based edible packaging materials.
Nevertheless, further research concerning mechanical
properties, storage stability, barrier characteristics, and
application-specific performance may be undertaken to
improve their commercial applicability and expand their
utilization across diverse food packaging systems.

Conclusion
The present investigation conclusively establishes the
technical feasibility and functional efficacy of developing a
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plant-based antioxidant edible packaging material utilizing
corn husk extract and rice paper sheet as sustainable
alternatives to conventional petroleum-derived food
packaging systems. By strategically integrating an
underutilized agricultural by-product with an edible
filmforming substrate, the study successfully demonstrated
an innovative approach toward the development of
environmentally sustainable, functionally enhanced, and
biologically active food packaging materials. The findings
reinforce the growing scientific consensus advocating the
transition from synthetic, non-biodegradable packaging
systems toward renewable, biodegradable, and eco-
compatible alternatives capable of addressing contemporary
environmental and food preservation challenges.

The successful incorporation of corn husk extract into the
rice paper matrix substantially contributed to the functional
enhancement of the developed packaging material,
particularly with respect to antioxidant efficacy. The
pronounced antioxidant activity observed through the DPPH
radical scavenging assay confirms the effective retention
and bioavailability of naturally occurring phenolic
compounds and phytochemical constituents inherently
present in corn husk. These bioactive compounds are
recognized for their ability to neutralize reactive oxygen
species, suppress oxidative chain reactions, and mitigate
oxidative degradation processes responsible for quality
deterioration in food products. Consequently, the developed
edible packaging material demonstrates considerable
potential to function not merely as a passive protective
barrier but as an active antioxidant packaging system
capable of contributing directly to food preservation and
quality maintenance.

The elevated antioxidant potential exhibited by the
developed sheets signifies important implications for the
food packaging sector, particularly in the context of
extending product shelf stability and preserving
physicochemical and sensory attributes of food
commodities. Oxidative degradation remains one of the
principal determinants of quality loss in packaged food
systems, often resulting in lipid peroxidation, nutrient
depletion, discoloration, flavor deterioration, and reduced
consumer acceptability. The incorporation of antioxidant-
rich plant-derived extracts into edible packaging materials
therefore represents a scientifically promising and
commercially relevant strategy for minimizing oxidation-
induced spoilage while simultaneously improving food
safety and product quality.

Moreover, the present study substantially contributes to the
concept of agricultural waste valorization, emphasizing the
transformative potential of converting low-value agro-
residues into value-added functional materials. Corn husk,
frequently regarded as an agricultural waste product with
limited economic significance, was effectively utilized as a
renewable source of antioxidant compounds, thereby
promoting sustainable biomass utilization and minimizing
environmental waste accumulation. Such an approach aligns
strongly with the principles of circular bioeconomy and
sustainable resource management, wherein agricultural
residues are repurposed into commercially valuable products
with enhanced functional applications.

The selection of rice paper as the edible structural matrix
further strengthened the practical applicability of the
developed packaging system due to its favorable
characteristics including edibility, flexibility, film-forming
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capability, and compatibility with food-grade materials.
Additionally, the relatively uncomplicated preparation
methodology, minimal technological requirements, and
reliance on locally available raw materials significantly
enhance the scalability and economic feasibility of the
developed packaging material for implementation within
small-scale industries, cottage enterprises, and decentralized
rural production systems. This may further facilitate
entrepreneurship, income generation, and sustainable
industrial development in agricultural communities.

From a broader sustainability perspective, the outcomes of
the present investigation underscore the critical importance
of developing multifunctional packaging systems capable of
simultaneously addressing environmental sustainability,
food quality preservation, and agricultural waste
management. The developed antioxidant edible packaging
material offers a compelling alternative to synthetic plastics
by integrating functional bioactivity, environmental
compatibility, and resource sustainability within a single
packaging platform.

In conclusion, the corn husk extract-incorporated rice paper
sheet developed in the present study demonstrates
substantial promise as a novel plant-based antioxidant edible
packaging material possessing considerable functional and
environmental significance. Nevertheless, future
investigations focusing on optimization of extraction
efficiency, enhancement of physicomechanical and barrier
properties, incorporation of complementary bioactive
agents, storage performance under diverse environmental
conditions, and real-food application studies are strongly
recommended to further strengthen commercial viability and
industrial applicability. The advancement of such innovative
edible packaging technologies may play a transformative
role in shaping the future of sustainable food packaging
systems and promoting environmentally resilient food
supply chains.
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