E.ducational
Administration
Theory and Practice

Educational Administration: Theory and Practice
2024, 30(4), 7986-992

ISSN: 2148-2403

https://kuey.net/ Research Article

Revolutionizing Eco-Conscious Eating: Biodegradable
Preservation Stickers for Sustained Freshness and
Reduced Food Waste

Elizabeth Keshchian*

*Northeastern University, Email: lizabethbath@gmail.com

Citation: Elizabeth Keshchian (2024), Revolutionizing Eco-Conscious Eating: Biodegradable Preservation Stickers for Sustained
Freshness and Reduced Food Waste, Education, Educational Administration: Theory And Practice, 30(4), 7986-992
Doi: 10.53555/kuey.v30i4.2679

ARTICLE INFO ABSTRACT

In the face of escalating global challenges posed by food waste and plastic
pollution, innovative solutions at the intersection of sustainability and food
preservation are urgently needed. This paper introduces Biodegradable
Preservation Stickers, a novel approach aimed at extending the shelf life of
perishable food items while addressing environmental concerns. Crafted from
biodegradable polymers infused with natural preservatives, these stickers inhibit
ethylene production, counter oxidative stress, and provide antimicrobial
protection, thereby prolonging food freshness and quality. The research
encompasses the development, validation, and environmental assessment of
these stickers, highlighting their efficacy in laboratory and field tests across
diverse produce types. Results demonstrate significant shelf life extensions for
apples, bananas, tomatoes, and leafy greens, without compromising sensory or
nutritional attributes. Moreover, environmental impact analyses reveal the
stickers' potential to reduce plastic waste and mitigate food waste-related
emissions. This study underscores the promise of Biodegradable Preservation
Stickers as a sustainable alternative in food preservation technology, offering
tangible solutions for enhancing food security and environmental stewardship in
a circular economy paradigm.

Index Terms: Biodegradable Preservation Stickers, Food Preservation,
Sustainability, Environmental Impact.

I. INTRODUCTION

THE global challenge of food waste stands as a monumental barrier to achieving food security and
environmental sustainability. According to the Food and Agriculture Organization of the United Nations
(FAO), approximately one-third of all food produced for human consumption is lost or wasted globally,
equating to about 1.3 billion tons per year [1]. This not only represents a colossal waste of resources but also
contributes significantly to greenhouse gas emissions, with wasted food accounting for about 8% of global
emissions [2]. Compounding this issue is the problem of plastic pollution, particularly from food packaging,
which exacerbates environmental degradation. The reliance on conventional plastic packaging solutions has
led to an alarming accumulation of plastic waste, with an estimated 8 million tons of plastic entering the
world's oceans annually [3]. These intertwined challenges underscore the urgent need for sustainable food
consumption and waste reduction strategies that are mindful of environmental impact.

In response to these pressing issues, this paper introduces Biodegradable Preservation Stickers, a novel, dual-
purpose solution designed to address both food waste and plastic pollution simultaneously. These stickers
leverage the principles of biodegradability and the efficacy of natural preservatives to extend the shelf life of
perishable food items such as fruits and vegetables. By impeding ethylene production—a key gas responsible
for ripening and subsequent spoilage—counteracting oxidative stress, and providing antimicrobial protection,
these stickers represent a significant leap forward in food preservation technology. Their biodegradable
nature also offers a sustainable alternative to conventional plastic packaging, contributing to the reduction of
plastic waste and its associated environmental impact. This innovative approach not only promises to
revolutionize how we preserve food but also aligns with the broader goals of sustainable food consumption
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and waste reduction, thereby supporting the transition towards a more circular economy.
II. BACKGROUND AND RATIONALE

The evolution of food preservation and packaging methods has been instrumental in extending the shelf life
of perishable goods, thereby contributing to food security. Traditional methods such as canning, freezing, and
drying have been widely used for decades. However, these methods often require significant energy input and
can lead to nutrient loss or altered food quality [4]. Recent advancements have introduced more sophisticated
technologies, including modified atmosphere packaging (MAP) and active packaging, which offer improved
preservation capabilities [5].

Despite these technological advancements, the environmental impact of food packaging, particularly plastic-
based materials, remains a significant concern. The production and disposal of plastic packaging contribute
to carbon emissions, resource depletion, and pollution, with millions of tons of plastic waste ending up in the
oceans every year [6]. This scenario has led to an increased consumer demand for sustainable packaging
solutions. Studies indicate that a growing number of consumers are willing to pay a premium for products
that utilize eco-friendly packaging, highlighting an awareness and preference for sustainability over
convenience or cost [7].

The necessity for a novel approach that seamlessly integrates food preservation with environmental
sustainability is evident. Traditional and emerging packaging technologies, while effective in extending food
shelf life, often fall short in addressing the urgent need for environmental sustainability. The continuous
growth in plastic waste and the environmental footprint of existing food preservation methods underscore the
imperative for innovative solutions.

The conceptualization of biodegradable stickers is a response to this pressing need. By combining the
effectiveness of natural preservatives with biodegradable materials, these stickers offer a promising
alternative to conventional packaging methods. Such an approach not only aims to reduce food waste by
extending the shelf life of perishable items but also aligns with the growing consumer demand for sustainable
solutions. Furthermore, the development of biodegradable preservation stickers reflects a broader trend
towards circular economy models, where products are designed with their end-of-life impact in mind [8].

ITII. RESEARCH OBJECTIVE AND HYPOTHESES

The overarching objective of this research is to explore the development and validation of Biodegradable
Preservation Stickers designed to extend the shelf life of perishable food items. This innovative approach
aims not only to address the global challenge of food waste but also to offer a sustainable alternative to
conventional plastic packaging solutions, thereby contributing to environmental preservation. The specific
goals of the research include:

Development of Biodegradable Preservation Stickers: To design and create stickers using biodegradable
materials infused with natural preservatives capable of inhibiting ethylene production, reducing oxidative
stress, and providing antimicrobial protection.

Validation of Food Longevity Extension: To empirically test and validate the effectiveness of these stickers in
extending the shelf life of various perishable foods, including fruits and vegetables, without compromising
their nutritional value, taste, and texture.

Assessment of Environmental Benefits: To evaluate the environmental impact of the stickers, particularly
their biodegradability and potential to reduce plastic waste in food packaging, thereby supporting sustainable
consumption practices.

Based on the stated objectives, the research proposes the following hypotheses to guide the investigation:

Hi: Significant Shelf-Life Extension: It is hypothesized that Biodegradable Preservation Stickers will
significantly extend the shelf life of perishable food items compared to traditional preservation methods and
untreated controls, without adversely affecting the food's quality attributes such as taste, texture, and
nutritional content.

H2: Reduction in Plastic Waste: The adoption of these biodegradable stickers as an alternative to
conventional plastic packaging is expected to result in a measurable reduction in plastic waste generated from
food packaging, aligning with the principles of environmental sustainability.

H3: Consumer Acceptance and Environmental Impact: The introduction of Biodegradable Preservation
Stickers is anticipated to be positively received by consumers, recognizing the dual benefits of extended food
freshness and reduced environmental impact. Furthermore, the research predicts a favorable comparison of
the stickers' lifecycle environmental footprint with that of existing packaging solutions.

IV. METHODOLOGY

The development phase of the Biodegradable Preservation Stickers encompassed a meticulous process of
selecting and sourcing optimal materials. This phase was guided by the dual objectives of efficacy in food
preservation and adherence to environmental sustainability principles.

Biodegradable Polymers: Central to the design were biodegradable polymers, selected for their environmental
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credentials and functional properties:

- Polylactic Acid (PLA): Chosen for its clarity, durability, and food safety compatibility, PLA's utility in
sustainable packaging is well-documented [9]. Derived from renewable resources, PLA stands out for its low
environmental footprint and biodegradability.

- Polyhydroxyalkanoates (PHA): Incorporated for its superior biodegradability and natural derivation from
microbial fermentation, PHA's selection was informed by Chen, emphasizing its robustness and suitability
for diverse environmental applications [10].

Natural Preservatives:

- Ethylene Inhibitors: Incorporation of natural extracts such as peppermint and clove was predicated on the
ethylene inhibiting research by Sisler and Serek, aiming to retard ripening and spoilage [11].

- Antioxidants: The selection of Vitamin C and green tea extract, known for their antioxidative capacities, was
based on findings by Wang and Jiao, highlighting their efficacy in preserving food quality [12].

- Antimicrobial Agents: Utilizing thyme and oregano essential oils alongside sorbic acid for their
antimicrobial properties was supported by studies from Burt and Tassou, demonstrating their effectiveness
in extending food shelf life [13, 14].

Laboratory Testing: A controlled environment was established for preliminary efficacy tests, encompassing:

- Sample Selection: A diverse array of perishable goods was chosen to assess the stickers' broad applicability.

- Control Conditions: Items were stored under uniform conditions, with untreated specimens serving as
controls for comparative analysis.

- Variables Measured: Assessments focused on shelf life, sensory attributes (taste and texture), and sticker
biodegradability, adhering to ASTM D6400 standards [15].

Field Testing: To validate laboratory results and assess real-world applicability, field tests were conducted
across various storage settings, incorporating consumer feedback to gauge practical utility.

TABLE I: DEVELOPMENT AND EVALUATION SUMMARY OF BIODEGRADABLE PRESERVATION STICKERS

Category Component Description
Biodegradable | Polylactic Acid (PLA) Chosen for its clarity, durability, and compatibility with food safety.
Polymers Derived from renewable resources, highlighting a low environmental
footprint and biodegradability.
Polyhydroxyalkanoates Selected for its superior biodegradability and derivation from
(PHA) microbial fermentation. Emphasized for its robustness and suitability
for environmental applications/
Natural Ethylene Inhibitors Natural extracts like peppermint and clove used to retard ripening
Preservatives and spoilage.
Antioxidants Vitamin C and green tea extract chosen for their antioxidative
properties, supporting food quality preservation.
Antimicrobial Agents Thyme and oregano essential oils along with sorbic acid were utilized
for their antimicrobial properties, extending food shelf life.
Laboratory Sample Selection A diverse array of perishable goods chosen to assess the broad
Testing applicability of the stickers.
Control Conditions Uniform storage conditions with untreated specimens serving as
controls for comparative analysis.
Variables Measured Shelf life, sensory attributes (taste and texture), and sticker
biodegradability were assessed.
Field Testing Real-world Applicability | Field tests conducted in various storage settings to validate
laboratory results and assess practical utility, incorporating
consumer feedback.

The methodology, drawing on seminal works in the fields of biodegradable materials and natural
preservatives, underscores a comprehensive approach to validating the Biodegradable Preservation Stickers'
efficacy and environmental benefits. This phase is crucial for demonstrating the stickers' potential as a
sustainable alternative in food preservation technology.

V. RESULTS

The comprehensive evaluation of Biodegradable Preservation Stickers through both laboratory and field
testing has illuminated their significant potential in enhancing the shelf life of perishable goods while
maintaining their sensory and nutritional integrity. The quantitative analysis spanned a variety of perishable
produce, including but not limited to, apples, bananas, tomatoes, and leafy greens, under differing storage
conditions to mimic real-world scenarios.

For apples, a marked shelf life extension of 40% was noted, translating to an additional two weeks of
freshness beyond the control group. Bananas benefited from a 30% increase in shelf life, delaying the onset of
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peel browning and softening by approximately ten days. Similar positive outcomes were observed for
tomatoes and leafy greens, with extensions of 25% and 35% respectively, highlighting the stickers' broad
applicability across different types of produce.

Qualitatively, sensory analysis involving taste panels confirmed that the stickers did not impart any off-
flavors or odors to the treated produce. Texture assessments through instrumental and sensory methods also
indicated that the crispness of apples and the firmness of tomatoes were better preserved compared to
untreated counterparts.

The sustainability aspect of Biodegradable Preservation Stickers was a focal point of the study, with
environmental impact analysis revealing promising outcomes. Laboratory composting tests verified that the
stickers, composed of PLA and PHA polymers, achieved complete biodegradation within 9o days, adhering to
the ASTM D6400 standards for compostability [15]. This rapid degradation contrasts sharply with
conventional plastic packaging, which can persist in the environment for hundreds of years.

A preliminary lifecycle analysis provided insight into the potential environmental benefits of widespread
sticker adoption. Calculations based on current plastic usage in food packaging and anticipated adoption
rates suggested that the stickers could reduce plastic waste by up to 20% annually. This reduction not only
contributes to decreasing landfill waste and oceanic plastic pollution but also aligns with global efforts to curb
plastic-derived carbon emissions.

m Apples

m Bananas

Tomatoes

m Leafy Greens

Fig. 2. Shelf Life extension of Perishable Goods with Biodegradable Preservation Stickers.

Moreover, the analysis highlighted the stickers' role in mitigating food waste, a significant source of methane
emissions when organic matter decomposes anaerobically in landfills. By extending the shelf life of
perishables, the stickers can decrease the volume of food discarded, thereby reducing the environmental
footprint associated with food waste.

VI. DISCUSSION

The results from this study strongly support the initial hypotheses, illustrating the Biodegradable
Preservation Stickers' capacity to extend the shelf life of perishables without compromising food quality. This
supports the notion that integrating natural preservatives into a biodegradable polymer matrix can offer a
viable solution to food waste and plastic pollution challenges. The environmental impact analysis further
validates the potential of these stickers to contribute positively to sustainability goals, offering a tangible
method for reducing plastic waste in the food supply chain.

When compared to existing food preservation methods, Biodegradable Preservation Stickers demonstrate
several advantages. Unlike traditional packaging methods, these stickers do not require significant alterations
to existing packaging designs or supply chains, thereby offering ease of adoption. Consumer acceptance
appears promising, given the growing preference for sustainable products, with preliminary market surveys
indicating a high level of interest in the technology. Moreover, the environmental impact of these stickers,
particularly their biodegradability and potential to reduce plastic waste, positions them as a superior
alternative to conventional plastic-based packaging solutions.

The market viability of Biodegradable Preservation Stickers appears robust, supported by positive consumer
feedback and a clear demand for sustainable packaging options. The technology is particularly appealing to
retailers and consumers seeking to reduce their environmental footprint without sacrificing product quality
or convenience.

Future research directions could explore the optimization of the natural preservative mixture to tailor the
stickers for specific produce types, enhancing their universal applicability. Additionally, exploring
partnerships with food producers and retailers could facilitate large-scale trials and adoption, further
validating the market readiness of the technology.
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VII. CONCLUSION

The research conducted on Biodegradable Preservation Stickers has yielded significant insights into their
potential impact on food preservation and environmental sustainability. Key findings from the study include:
1. Shelf Life Extension: Laboratory and field tests confirmed that the stickers significantly extend the shelf life
of various perishable produce, with apples and bananas showing shelf life extensions of 40% and 30%,
respectively. This extension is critical in the context of reducing food waste, a major challenge for global food
security.

2. Preservation of Food Quality: Qualitative assessments indicated that the application of the stickers has
minimal to no adverse effects on the taste and texture of the produce. This aspect is essential for consumer
acceptance and the potential success of such technologies in the market.

3. Environmental Sustainability: The stickers are fully biodegradable within 9o days under composting
conditions, adhering to ASTM D6400 standards [15]. Preliminary lifecycle analyses suggest that their
widespread adoption could reduce plastic waste from food packaging by up to 20% annually. This reduction
is a significant contribution toward tackling plastic pollution, one of the most pressing environmental issues.

Based on the findings of this study, several recommendations are proposed for stakeholders across the food
industry, policymakers, and the scientific community:

1. For Food Industry Stakeholders: It is recommended that producers, retailers, and distributors consider
integrating Biodegradable Preservation Stickers into their packaging strategies. The potential shelf life
extension and minimal impact on food quality present a compelling case for adoption, especially given the
growing consumer demand for sustainable products.

2. For Policymakers: Regulatory bodies and policymakers are urged to support the adoption of biodegradable
preservation technologies through incentives, grants, and supportive legislation. Policies that encourage the
reduction of food waste and plastic pollution can play a pivotal role in promoting sustainable practices across
the food supply chain.

3. For the Scientific Community: Continued research and development in the field of biodegradable materials
and natural preservatives are essential. The scientific community should focus on optimizing the formulation
of the stickers for a broader range of produce, exploring the scalability of production processes, and
conducting comprehensive environmental impact assessments to further validate the benefits of such
technologies.

In conclusion, Biodegradable Preservation Stickers represent a promising solution to the dual challenges of
food waste and plastic pollution. Their development and testing underscore the potential for innovative
technologies to make significant contributions to environmental sustainability and food security.
Stakeholders across the spectrum are encouraged to support the further development and adoption of these
and similar technologies, paving the way for a more sustainable future.
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