ﬂ"ﬂ

ISSN(O): 2319-8753
B , ,t .n ISSN(P): 2347-6710

Scwnce | Engmeermg | Technology
TR W T

International Journal of Innovative Research in Science
Engineering and Technology (IJIRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.699 Volume 14, Issue 2, February 2025

@ www.ijirset.com ijirset@gmail.com & +91-9940572462 (O +9163819 07438



ﬂ“gﬁ International Journal of Innovative Research of
5] Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|wwwi.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 2, February 2025
|DOI: 10.15680/IJIRSET.2025.1402037|

Edible Water Bubbles as a Sustainable
Alternative to Single-Use Plastic Bottles

Alekhya U*, Anushka Komirelli*, Dr. Uma Swadimath*
MBA (Core Finance) Students, Faculty of Management Studies, CMS Business School, Jain Deemed to be University,
Bengaluru, India
Professor, Department of General Management, Faculty of Management Studies, CMS Business School, Jain Deemed

to be University, Bengaluru, India

ABSTRACT: The escalating crisis of plastic waste, intensified by the annual disposal of billions of plastic bottles, has
prompted the urgent need to investigate sustainable alternatives to single-use plastics. This systematic review examines
edible water bubbles—biodegradable pouches crafted from seaweed-derived membranes—as a viable solution to
alleviate plastic pollution. The primary aims of this study are to assess the current technological landscape surrounding
edible water bubbles, pinpoint significant research deficiencies related to scalability, shelf life, and market feasibility,
and suggest future research pathways to promote the adoption of this novel packaging option. A thorough literature
review was performed, incorporating peer-reviewed studies, scientific reports, and industry white papers published
between 2014 and 2024, with a focus on three key areas: consumer acceptance, scalable production methods, and
seaweed-based membrane technology.

The findings indicate that edible water bubbles offer considerable environmental benefits compared to traditional
plastic bottles, such as diminished carbon emissions, reduced water usage, and the capacity to biodegrade within 4-6
weeks. Analysis of consumer sentiment reveals a rising acceptance, with approximately 70% of respondents indicating
a willingness to try these bubbles, primarily motivated by environmental considerations. Nevertheless, challenges
persist regarding sensory qualities and the need for market education. The review highlights critical technological
obstacles in achieving manufacturing scalability and the essential improvements required to extend product shelf life,
which is currently restricted to 1-2 hours.

The implications of these findings suggest that edible water bubbles present a potential solution to the plastic waste
crisis; however, their successful commercialization necessitates a comprehensive strategy. This strategy should include
advancements in production methods, initiatives aimed at educating consumers, and collaborative efforts within the
industry. By addressing current research deficiencies and technological challenges, edible water bubbles can transition
from an innovative idea to a widely accepted sustainable packaging option, thereby making a substantial impact on
global waste reduction and environmental sustainability efforts.

KEYWORDS: Plastic Pollution, Seaweed-Based Membranes, Sustainability, Eco-Friendly Packaging, Market
Strategies

L. INTRODUCTION

With billions of plastic bottles thrown away annually, the global plastic waste crisis has escalated to previously
unheard-of proportions, seriously harming ecosystems, landfills, and oceans. In 2021 alone, an astounding 583.3 billion
plastic bottles were consumed; if current trends continue, it is predicted that worldwide plastic output would treble by
2040 and quadruple by 2050 (Thompson et al., 2022). This concerning trend emphasizes how urgently sustainable
substitutes for single-use plastic packaging are needed. One potential remedy is edible water bubbles, which are made
of a membrane that contains water and is made from seaweed and other biodegradable materials. A possible solution to
plastic pollution, these water bubbles are made to provide a zero-waste substitute that may be eaten right away or break
down in the environment without causing any harm.

Compared to plastics, seaweed-based membranes have a smaller environmental impact and biodegrade quickly, which
makes them very appealing. These membranes have the potential to be environmentally friendly packaging because
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recent research show that they may successfully hold water while decomposing naturally in a variety of environmental
circumstances. Despite their potential, there are still several obstacles in the way of expanding the technology for broad
commercial application. For edible water bubbles to become a competitive alternative in the consumer market, there is
a dearth of study on the technological and commercial factors needed to scale production, maximize product shelf life,
and obtain regulatory clearances.

This study examines the main gaps impeding the development and uptake of edible water bubbles by doing a thorough
evaluation of the body of previous research. This study's three main goals are to: (1) assess the state of edible water
bubble technology as it stands today; (2) pinpoint important research gaps in the areas of production scalability, shelf-
life enhancement, and market viability; and (3) suggest future research avenues that can tackle these issues. This
research aims to solve a significant worldwide environmental issue and contribute to the development of sustainable
packaging solutions by methodically evaluating the possibilities and limitations of edible water bubbles. This will
provide an alternative to single-use plastics.

II. LITERATURE REVIEW

Due to the substantial environmental damage caused by the growing usage of single-use plastic bottles, research into
biodegradable substitutes has begun. Edible water blobs, which are encapsulated water sachets created from calcium
salts and sodium alginate obtained from brown algae, are a promising option that has surfaced in recent years. Key
findings from numerous studies on edible water blobs, their manufacturing processes, and their potential to reduce
plastic pollution are summarized in this overview of the literature.

Sheikh et al. (2018) highlight the significant implications of their innovative product, emphasizing that the increasing
issue of plastic pollution has led to the development of creative alternatives such as edible water blobs. These items,
which resemble water balloons and are intended for consumption, utilize spherification methods typically found in
culinary practices. The authors argue that edible water blobs serve as a refreshing substitute for water contained in
plastic packaging while also offering nutritional advantages, especially in terms of calcium content. This dual benefit
addresses both environmental and health issues associated with the use of single-use plastic bottles (Sheikh et al.,
2018).

Sa et al. (2019) used sodium alginate to create flavored sweet water balls, examining the creative use of fundamental
spherification techniques. In order to achieve desired physical qualities, including an increase in gel membrane
thickness, the study focuses on improving sodium alginate content and gelling duration. In order to successfully
introduce edible water blobs to the market, the researchers argue that improving sensory qualities through flavoring
may further increase customer acceptance.

Edible water blobs were first shown by Arbaan et al. (2020) as a clear, biodegradable sachet that holds roughly 60 mL
of water, depending on the size that is desired. The production method complies with drinking water regulations, which
include turbidity and pH tests. Ice Molds are used to produce the blobs, and the melting ice forms a waterproof seal
around the water. This creative strategy makes edible water blobs a viable substitute for plastic bottles, especially when
considering the environmental effect and life cycle assessment of their production. According to their research, edible
water blobs use fewer resources to produce than conventional plastic bottles, which makes them a good choice for big
events that want to cut down on plastic waste.

Kharate (2020) emphasizes the two benefits of edible water blobs in the Indian market: they reduce plastic pollution
and have positive effects on the environment and human health. Edible water blobs are a short-term but significant
solution, the author observes, even though they cannot completely undo the harm done by plastic garbage. Effective
marketing techniques that emphasize environmental sustainability and corporate social responsibility are essential to
the success of edible packaging because they increase consumer acceptance of the product.

By examining the physical characteristics of the water within and the edible gel membrane, Kadhim et al. (2020)
investigates more changes in the fabrication of edible water bubbles with different calcium chloride concentrations.
According to genetic studies, a 5% calcium chloride content is the ideal formulation for compost in terms of texture and
degradation time. These results support the possibility of customisation in edible water blob production, which could
lead to improved customer preferences and experiences.
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In their exploration of the technical features of edible water blobs, Prabha et al. (2021) concentrate on the spherification
process, which uses polymerization to encapsulate water in a thin alginate membrane. According to their research,
spherified items have the potential to reduce pollution since single-use plastics can be significantly reduced through the
appropriate use of alternative packaging. The authors concluded that further education and outreach are crucial in
promoting these sustainable alternatives after conducting thorough surveys to gauge consumer knowledge of plastic
pollution and acceptance of edible packaging.

Dalal (2022) highlights how urgent it is to solve plastic pollution, pointing out that large amounts of non-biodegradable
packaging pollute ecosystems and waterways. Edible water blobs and other biodegradable materials are promoted by
the author as a novel and sustainable way to address this issue. The edible water blob idea has the potential to
drastically cut down on plastic waste and carbon emissions linked to the production of conventional bottled water, even
though opinions on this innovative product may differ.

In conclusion, the research shows that edible water blobs have the potential to be a sustainable way to reduce the waste
from single-use plastics. Numerous studies have demonstrated the need for ongoing research and development into the
physical characteristics, production processes, and customer acceptance of these biodegradable substitutes. While
tackling the urgent problem of plastic pollution, this cumulative body of research offers a basis for furthering the
commercialization of edible water blobs. The long-term feasibility of these alternatives in various market contexts,
consumer education tactics, and large-scale production methods should be the main topics of future research.

III. RESEARCH GAP

The exploration of edible water blobs as a potential substitute for single-use plastic bottles has yielded encouraging
results; however, notable research deficiencies persist within the current body of literature. Although investigations
have been conducted on the production methodologies (Kharate, 2020; Prabha et al., 2021) and the physical properties
(Kadhim et al., 2020) of these edible blobs, there remains a critical lack of thorough research examining the long-term
environmental consequences of their widespread use, particularly in relation to biodegradation rates and their impacts
on various ecosystems. Moreover, while the importance of consumer acceptance is recognized (Dalal, 2022; Sheikh et
al., 2018), there is a dearth of studies analyzing demographic differences in acceptance levels and the potential
obstacles to market penetration across different cultural settings. Additionally, although sensory attributes have been
highlighted as vital for consumer approval (Sa et al., 2019), further investigation is warranted to identify optimal flavor
profiles and marketing approaches that effectively convey the health and environmental advantages of edible water
blobs. Addressing these research gaps could significantly improve the understanding and commercialization of this
innovative approach to mitigating plastic pollution.

Research Objectives

1. To analyse the concept and technological advancements in edible water bubble production.

2. To identify research gaps in the current understanding of edible water bubble formation.

3. To propose future research directions to improve the development and adoption of this sustainable technology.

IV. METHODOLOGY
A thorough evaluation of edible water bubble technology was achieved by conducting a systematic literature study that
covered articles from 2014 to 2024. Peer-reviewed publications, scientific reports, and industry white papers are among
the sources used, with an emphasis on three main areas: consumer acceptance, scalable manufacturing techniques, and
seaweed-based membrane technology.
Data Analysis
Evaluation of the Environmental Impact
Compared to conventional single-use plastic bottles, edible water bubbles, which are manufactured from biodegradable
ingredients such sodium alginate from seaweed, have a far smaller environmental impact. In contrast to plastic bottles,

which can take hundreds of years to degrade, these bubbles completely break down in a matter of weeks under a variety
of environmental circumstances (Prabha et al., 2021). Comparing edible water bubbles to plastic bottles, life cycle
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assessment data show that the former uses less energy and raw materials, especially in terms of raw materials (Arbaan
et al.,, 2020). Furthermore, creating these water bubbles results in significantly lower carbon emissions, boosting
international efforts to minimize greenhouse gas emissions. This benefit to the environment emphasizes how edible
water bubbles could be a viable substitute in areas where plastic waste generation is considerable.

TABLEI1: Environmental Comparison Between Plastic Bottles and Edible Water Bubbles

Metric Plastic Edible Water
Bottles Bubbles
Decomposition Time 450 years 4-6 weeks
Carbon Emissions (kg
CO: per ton) 1,850 850
Water Usage in
Production (Liters per 2,000 700
ton)
Annual Global Waste 300 million 15,000
Contribution (tons) (projected)
Energy Consumption in
Production (kWh per 5,000 2,500
ton)

(Source: The better India, Prabha et al.)
Market viability and consumer acceptance

For edible water bubbles to be widely used, customer acceptance is essential. According to surveys by Prabha et al.
(2021), primarily due to environmental concerns, about 70% of participants are open to trying edible water bubbles as a
substitute for plastic bottles. Sa et al. (2019) pointed out that flavor and texture are still possible obstacles to
acceptability, pointing out that some consumers may be put off by the gel-like texture, especially in Western countries
where conventional packaging is favoured. Studies have recommended adding tastes and improving the bubbles'
sensory qualities to increase customer adoption (Sa et al., 2019). As Kharate (2020) points out, consumer education
about the environmental advantages could further increase market adoption, particularly among younger demographics
that are typically more open to sustainable alternatives.

Demographic-Based Consumer Willingness to Accept Edible Water Bubbles
The possibility for edible water bubbles to be adopted varies by industry. Retail and food services are more hesitant due

to customer handling concerns and higher price points, but the event industry (such as festivals and marathons) has
considerable potential due to its widespread usage of single-use plastic.
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TABLE 2: Projected Plastic Reduction Across Various Industry Sectors

Current Projected Es;;:;zt:d
Industry Sector Plastic Usage Adoption .
(tons annually) Rate (%) Reduction (tons

annually)
Events (Festivals, Sports) 5,00,000 80 4,00,000
Retail and Grocery 12,00,000 30 3,60,000

Food Services
(Restaurants, Cafes) 8,00,000 40 3,20,000
Airlines and Hospitality 3,00,000 50 1,50,000
Office and Corporate 2.00,000 70 1,40,000
Events

Projected Plastic Reduction Across Various Industry

Sectors

1,400,000
1,200,000
1,000,000

800,000

600,000

400,000

200,000 I

: i
Events (Festivals, Retail and Grocery  Food Services Airlines and Office and
Sports) (Restaurants, Hospitality Corporate Events
Cafes)
M Current Plastic Usage (tons annually) M Projected Adoption Rate (%)

Estimated Plastic Reduction (tons annually)

(Source: Statista)
(Compiled by authors)

Because edible water bubbles are a sustainable substitute for plastic bottles in environments where convenience and
disposability are valued, the events industry is expected to embrace them at the maximum rate of 80%. Due in large
part to consumer concerns regarding price and durability, the adoption rate in the retail sector is lower at 30%. The
predicted yearly decrease in plastic waste across all industries could exceed 1 million tons, underscoring the possible
environmental impact of widespread adoption.

Practicality and Usability

The simplicity of edible water bubbles is one of its greatest practical benefits. They are easy to eat, frequently come in
single servings, and produce no waste at all. They don't need lids or other throwaway components, in contrast to plastic
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bottles. Nonetheless, they are best suited for particular situations, such as sporting events, marathons, festivals, and
other locations where they can be swiftly consumed, due to their perishable nature.

Table 3: Usability Rating and Advantages

- Suitability
Activity Type Rating (1-5) Key Advantages
Marathons and 5 Lightweight, quick
Races hydration
Festivals and 4 Easy distribution,
Concerts reduces litter
Schools and Sustainable,
3 promotes eco-
Colleges
awareness
Eco-friendly,
Office Spaces 3 promotes company
values

Suitability Rating (1-5)
Office Spaces
Schools and Colleges

Marathons and Races

o
[
N
w
N
(€]
[e)]

(Compiled by authors)

Technological Difficulties and Production Scalability

There are many technical obstacles in producing edible water bubbles on a large scale. Water bubbles produced by
current production methods, such the basic spherification process, have a short shelf life and necessitate exact control
over membrane thickness (Kadhim et al., 2020). According to research, the structural integrity of the bubbles can be
improved by maximizing calcium chloride concentrations during the spherification process, enabling longer storage
and transit times (Prabha et al., 2021). However, additional innovation in automated manufacturing processes is needed
to scale these methods to satisfy high-demand applications, such as mass events and retail. Research highlights the
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necessity of industry cooperation in order to create equipment that can produce edible water bubbles on a big scale
without sacrificing quality. The spherification process, which requires exact control over membrane thickness and the
use of calcium chloride to improve structural integrity, is the main technological issue associated with scaling up the
manufacturing of edible water bubbles. By varying the calcium chloride content, the current production methods that
produce bubbles with a short shelf life of one to two hours can be improved to increase shelf life to up to 72 hours.
However, considerable automation breakthroughs are needed to scale these methods for high-demand applications like
mass events and retail.

V. FINDINGS

e The market potential, environmental effect, and production feasibility of edible water bubbles are highlighted by a
comprehensive review of the literature.

e According to life cycle evaluation, trash generation has decreased by 95%, water consumption has decreased by
65%, and CO2 emissions have decreased by 54%.

o  Unlike plastic bottles, which take more than 450 years to degrade, edible water bubbles break down in 4-6 weeks
thanks to their seaweed-based barrier.

e  Research shows that consumer demand is increasing, especially among those who care about the environment.

e According to surveys, 70% of respondents are open to using edible water bubbles because they are worried about
plastic pollution.

e Particularly in Western markets used to conventional packaging, taste and texture continue to be possible obstacles.

e Because of their sustainability and ease of use, corporate environments, hospitality, and events have the most
potential for adoption.

e  One of the biggest technological challenges is increasing output while preserving product quality and shelf life.

e Precise control over variables like as cure time and calcium chloride concentration is necessary for the
spherification process.

e Process improvements are required for up to 72-hour longevity and large-scale commercialization.

VI. CONCLUSION

The results of this systematic review offer a thorough grasp of edible water bubble technology's present status and its
potential to alleviate the world's plastic waste problem. With notable decreases in carbon emissions, water
consumption, and waste production when compared to traditional plastic bottles, the environmental assessment amply
illustrates the novel packaging solution's strong sustainability benefits.

To enable the widespread use of edible water bubbles, the study also identifies a number of crucial obstacles that need
to be addressed. The main areas that need more research and development are increasing manufacturing capacity to
satisfy high-demand applications and improving customer acceptance through improved sensory qualities and price
tactics.

A multifaceted strategy is required to successfully commercialize edible water bubbles. This should include focused
consumer education efforts to increase knowledge of the environmental benefits, strategic partnerships between
university and industry partners, and ongoing research and innovation in manufacturing methods. Edible water bubbles
can evolve from a promising idea to a practical, widespread substitute for single-use plastics by filling in the gaps and
removing the obstacles that have been found. This would give consumers a sustainable packaging choice that is in line
with the growing environmental consciousness.

All things considered, this comprehensive assessment reaffirms the edible water bubbles' enormous potential to upend
the plastic packaging sector and support international initiatives to address the growing waste problem. Edible water
bubbles have the potential to become a game-changing product that strikes a balance between customer preferences,
environmental sustainability, and financial viability with coordinated efforts to maximize production, improve
consumer appeal, and increase market awareness.
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