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ABSTRACT

The creation of edible drinking straws is a major milestone in the development of sustainable food packaging materials
that strive to reduce the ecological damage that petroleum-based plastics inflict on our environment. Composed of a
unique mixture of food-grade biopolymers like corn starch, rice flour, or gelatin, along with natural plasticizers like
sorbitol or glycerol, these straws are designed to withstand the rigors of time while immersed in cold or lukewarm
drinks. The addition of hydrocolloids that prevent hydration or "sogging" enables these straws to become a completely
waste-free product that is safe for human consumption. Not only that; these straws have the potential for further
development by incorporating flavours or colours that turn them from a mere functional product into a nutraceutical
delivery vehicle that fits into the philosophy of a circular economy or green chemistry.
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INTRODUCTION

The plastic pollution crisis facing the globe has put
single-use plastics (SUPs) at the forefront of the most
important issues of the 21st century. [1] Among the
plastic waste contributing to the problem are plastic
drinking straws. Though they may seem insignificant,
plastic drinking straws are a major cause of marine
pollution. This is due to the non-biodegradable
properties of plastic materials. Petroleum-based
plastics such as polypropylene can remain on the
Earth for centuries. [2] They can break down into
microplastics that get into the food chain. However,
the use of paper and polylactic acid (PLA) straws has
been proposed as a replacement. However, they have
been criticized on the grounds of poor mechanical
properties. This has given edible drinking straws the
impetus as a zero-waste material. This is a green
chemistry approach to solving the problem. Plastic
straws are one of the most common marine pollutants,
which can take 300 to 500 years to decompose
completely. The presence of plastic straws in the
ocean is highly harmful to the biodiversity of the

ocean, as research studies have shown that at least 14
species of cetaceans, 7 species of turtles, 20 species of
seals, and 56 species of sea birds get trapped with a
huge amount of plastic. The chemical compounds
present in the plastic are ingested by the body of the
animal, which poses a health hazard for the marine
animals. The seriousness of the problem can be
understood from the fact that, for instance, the
consumption of plastic straws was recorded at 10,528
million tons in 2019 in Indonesia [3] The ecological
footprint of edible straws is largely defined by the
product's position as a "'zero-waste" product that seeks
to address the long-standing inability of traditional
single-use plastics to perform. Unlike the petroleum-
based polypropylene straws that take over 200 years
to degrade into microplastic fragments that contribute
to the degradation of the environment, edible straws
are made from edible biopolymers that degrade in a
matter of hours to days in the environment. This quick
degradation rate eliminates the chance of the straws
being ingested by marine life. [4] Additionally, the
edible straws' environmental profile is superior to that
of the paper or polylactic acid-based straws. Unlike
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the edible straws, the paper straws undergo an
intensive chemical bleaching process that is
environmentally unfriendly. Similarly, the PLA
straws require the straws to undergo a high-
temperature ~ composting  process  that s
environmentally unfriendly. The edible straws'
production is environmentally friendly as it is derived
from renewable agricultural resources or agri-food
waste. This means that the edible straws' use
eliminates the chance of the straws' waste
management after use. Edible packaging can be a
revolutionary technology that makes use of bio-based
polymers such as proteins, polysaccharides, and lipids
to create packaging that can be consumed along with
the food product, hence eliminating waste generation.
Such packaging solutions can be categorized as
circular bioeconomy solutions since they make use of
by products such as cassava pulp, rice bran, and
seaweed that can be converted into useful packaging
solutions instead of being discarded. Apart from
waste reduction, the straws can be enriched with
nutrients such as sea grape that can offer essential
antioxidants to the consumer, hence becoming a
health-beneficial product. [5] Such an approach can
shift the focus from consumption to a sustainable
product that can contribute to the development and
conservation of the seas and the community that
depends on them. Composed from a synergistic
mixture of food-grade biopolymers such as starches
(corn, rice, and potato), proteins (gelatin and gluten),
and natural plasticizers, these food-grade straws offer
a functional advantage that goes beyond the simple
transportation of liquids. The addition of
hydrocolloids and lipids gives these food-grade
straws greater mechanical properties and water
resistance, such that they remain "soggy-resistant"
during use. [6] In addition to their environmental
advantages, these food-grade straws offer a unique
opportunity for functional food development that goes
beyond the simple consumer experience. The review
discusses the current status in food-grade straw
technology, highlighting the choice of materials and
formulations, and the physicochemical challenges
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associated with replacing conventional plastics with
food-grade alternatives.

MATERIAL COMPOSITION

The structural integrity and performance potential of
edible straws are fundamentally dictated by their
material composition. Contrary to petroleum-based
plastics such as Polypropylene, which utilize stable
synthetic polymers, food-grade biopolymers in edible
straws need to balance the rates of biodegradation and
hydro stability.

1.Starch-Based Biopolymers:

The recent literature has identified starch-based
biopolymers as the most "future-proof" material for
straw production due to their availability and cost-
effectiveness. Nevertheless, the source material plays
an important role in determining the performance of
the straw material in liquids.

e Corn Starch (Maize): Still the best material for
rigidity. Recent literature has identified corn
starch as the material with the least hydrophilicity
and swelling ability (less than 20% even after 2
hours of soaking). Additionally, corn starch is
identified as the best material for the production
of "reusable™ straws that can be dried and reused
up to 4 times.

e Rice Starch: Though rice starch offers a better
sensory experience for the consumer, it has been
identified as a material with a high swelling index
(up to 117%). In trends for rice starch research,
the material is no longer used alone but is often
blended with rice bran or cellulose fibres to act as
a skeleton that prevents the straw from collapsing.

[7]

e Cassava Starch (Tapioca): This material is often
preferred for producing straws due to their
excellent film-forming ability. The material is
often blended with SPI to produce a material that
is flexible like traditional plastics [8]
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2. Seaweed-Derived Polysaccharides:

The use of seaweed-derived polysaccharides marks a
move away from "starch-heavy" edible straws to gel-
based materials. Such materials are highly prized for
their rapid film-forming properties and are naturally
resistant to cold water. This makes them the material
of choice for "zero-calorie” or "flavourless™ edible
straws.

e Agar-Agar: This is derived from the
Rhodophyceae division of red algae. The
distinguishing characteristic of Agar-Agar is its
high gel strength. Additionally, it is thermo-
reversible, melting at 85°C and solidifying at 35-
40°C. This material has the highest strength
among the various materials for straws. However,
it is brittle due to its high degree of crystallinity.
Recent literature on the "B9 formulation" of a
70:30 Starch: Agar mixture shows a high contact
angle with water (>110°), retaining integrity for
more than 90 minutes in carbonated drinks. This
material is currently ranked as the best for "low-
calorie" edible straws due to its lowcalorie density
and neutral taste.

e Sodium Alginate: This is the standard material
for "instant set" straws due to ionotropic gelation.
This material is derived from the Phaeophyceae
division of brown algae. When the sodium
alginate is immersed in a Calcium Chloride
(CaCl_2) bath, the sodium is replaced with

Figure 1 :Starch biopolymers

calcium to form a completely water-insoluble
material with an  "egg-box"  molecular
arrangement. Recent literature shows that instead
of just the base material, sodium alginate is now
used as a coating material. A 2% coating of
sodium alginate with calcium has been shown to
reduce the water absorption rate to less than 5%,
effectively eliminating the "soggy straw" issue for
up to 3 hours of immersion. [9]

Carrageenan (Kappa & lota): Mainly used for
its enhanced texture and clarity in a "velvety"
mouthfeel. Nevertheless, Carrageenan has
hydrophilic sulfate groups that result in a high
swelling index in warm liquids (up to 700%).
Consequently, research is centered on the
hybridization process involving Genipin (a
natural cross-linker) or Gelatin. The combination
creates a "double network™ hydrogel that lowers
the swelling index to less than 40%. The result is
a flexible straw that feels like 100% medical-
grade silicone but is 100% marine degradable.

Ulvan (Green Algae Extract): The ulvan is used
as a functional additive for its antioxidant and
antimicrobial activities. The addition of Ulvan in
5-10% concentrations in the seaweed blend
eliminates microbial growth on the surface of the
straw during storage. Furthermore, Ulvan gives
the straw a natural ocean green colour without the
use of food colorants. [10]
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Figure 2 : Seaweed-Derived Polysaccharides

3. Protein-Based Matrices:

Soy Protein Isolate (SPI): Found to be the most
promising plant-based protein source for
packaging materials due to their high protein
content (>90%) and their ability to form a strong
film. The SPI is prone to moisture, mixing it with
Cassava Starch (in a 20:30 ratio) and then
applying natural waxes (such as Beeswax or
Shellac) results in a "hybrid matrix" that is
flexible like traditional plastics. The SPI-Cassava
Starch matrix is capable of retaining mechanical
strength and straightness for over 6 hours in
beverages while avoiding the "brittle failure” of
starch-based straws.

Whey Protein Isolate (WPI): Appreciated for
the ability to create straws that are not only
colourless, odourless, but also extremely
transparent. The WPI favours matrices for their
ability to resist heat and provide nutritional
benefits. The literature also suggests that an
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increase in the proportion of protein can lead to a
2-fold reduction in solubility (from 47% to 22%).
Using an extrusion process with Glycerol (14.6%
wiw), WPI straws are not only capable of
providing a "soft bite" but also have been found
to have 500 times better oxygen barrier properties
than LDPE to protect drink from oxidation [11]

Gelatin: This is derived from the hydrolysis of
collagen, and it is considered the best option for a
"gummy" or chewable straw. Edible Straws is
"Reinforced Gelatin Composites." This means
that the gelatin is cross-linked with materials like
Genipin or reinforced with Cellulose Nanofibrils
(CNF). This addresses the inherent characteristic
of gelatin, which is that it will dissolve in warm
water. The tensile strength of a CNF-reinforced
gelatin straw can be increased from 30 MPa to
nearly 60 MPa, making it a strong, high-stiffness
article that will degrade in 30 days in a marine
environment
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4. Cellulose & Its Derivatives:

Soluble Cellulose Ethers (CMC & HPMCOC):
Carboxymethyl Cellulose (CMC) mainly finds
application as a thickener to increase the viscosity
of the biopolymer slurry. This ensures a smooth
finish on the surface. However, the current trend
shows the use of Hydroxypropyl Methylcellulose
(HPMC) in "hot-beverage"” straws. This
derivative has a unique property called "thermal
gelation," where the straw becomes more rigid on
increasing temperature. This ensures the
structural integrity of the straw up to a
temperature of 80°C. Blending this derivative
with starch increases the tensile strength of the
material by 53%. This ensures the straw does not
crack under stress.

Nanocellulose (CNC & CNF): This derivative is
considered the best "reinforcement” material, as
shown by the 2026 research. Blending the
biopolymer matrix with 1 to 5% Cellulose
Nanofibrils (CNF) derived from agricultural
waste materials leads to the formation of a
"pbraiding network.” This "tortuous path" of the
water molecules leads to a reduction of water
vapor permeability by more than 26%. This
derivative can achieve a tensile strength of 60 to
84 MPa. This is higher than the tensile strength of
polypropylene straws. [12]

Bacterial Nanocellulose (BNC): This material is
particularly prized for its extremely high purity
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Figure 3 : Protein-Based Matrices

and high degree of polymerization, which can
reach 8,000. Though costly to produce, straws
reinforced with BNC have shown remarkable
structural integrity by surviving vigorous shaking
and stirring in water without any loss of fibres or
shape. [13]

Additives and

Functional (Plasticizers

Hydrophobic Coatings):

Polyol Plasticizers: Both Glycerol and Sorbitol
are essential for rendering a brittle starch-based
article flexible and "plastic-like." While Glycerol
offers greater elongation (flexibility), studies
show that Sorbitol offers greater tensile strength
and reduced water solubility. The "Sweet Spot"
for straw formulation is a combination of both.
The combination limits the interaction between
amylose and amylopectin just enough to prevent
snapping but not enough to render the straw

“soggy."

Natural Bio waxes (Beeswax and Carnauba):
To overcome the problem of "Soggy Straw
Syndrome,” it focuses on the wuse of
superhydrophobic bio wax coatings. Carnauba
wax, when applied via spray coating or dipping,
creates a surface that repels liquids. The straw
remains stable in cold drinks for over 6 hours and
remains 100% non-toxic and edible. The wax is
FDA-approved. [14]

Cross-linking Agents (Citric Acid): Citric acid
is employed as a naturally occurring non-toxic
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cross-linking agent. In a vacuum oven, where the
temperature is kept around 180°C during
"curing," strong ester linkages are formed
between the starch and cellulose molecules by
citric acid. This chemical alteration makes it
hydro-stable, meaning that even in an acidic or
carbonated drink, the straw will not dissolve.

e Oleo gels: a gel formed from edible oil and
beeswax. This creates a hydrophobic surface that
is extremely durable and bend-resistant, meaning
that even if the consumer bites through the straw
or bends it repeatedly, it will remain effective.

Fabrication Techniques and Processing

The process of changing from a raw biopolymer
dough to a usable straw is a delicate balance of
mechanical strength, so that it doesn't snap, and
hydrophobicity, so that it doesn't turn into mush when
exposed to a drink.

1. Extrusion and Retrogradation Methods:

Extrusion is the "gold standard" for manufacturing. It
is a process by which a plasticized starch or protein
mixture is forced through a die with a circular
opening.

a) Thermoplastic Starch (TPS) Extrusion: A
starch material is treated with plasticizers, such as
glycerol, at high shear and temperature. This
process breaks down the crystalline structure of
the starch, allowing it to be moulded.

b) Retrogradation: After the straw has been
extruded, it is cooled. During this process, the
starch molecules re-crystallize in a more ordered
structure. This "aging" process is an important
step, as it makes the straw harder and prevents it
from dissolving too quickly in water.

2. Cross-linking  Strategies for Structural

Integrity:

In order to prevent the straw from becoming soggy,
which has been a major complaint from consumers, it
iS necessary to "tie" the chains together.
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a) Chemical Cross-linking: Utilizing food-grade
acids to cross-link the starch chains, giving it
water-resistant properties.

b) lonic Cross-linking: Often used in alginate-
based straws. Sodium Alginate reacts with
Calcium Chloride (CaCly) to produce a rigid
"egg-box" molecular structure that is not soluble
in water.

c) Physical Cross-linking: Utilizing heat treatment
(annealing) to densify the material without adding
chemicals. [15]

3. Casting and Multi-Layered Coating Processes:

While extrusion is fast, Casting and Coating offer
better precision for specialty straws.

a) Solvent Casting: A polymer solution is spread
over a Mold and dried. This produces a very
smooth, high-clarity straw. [16]

b) Functional Coating: Many straws use a
"sandwich" approach. A starch core provides the
structure, while a thin outer layer of Carnauba
Wax or Beeswax acts as a moisture barrier. Some
designs even include an inner "flavour burst"
layer that dissolves slowly as the drink passes
through.

Physicochemical and Functional Properties

This section will describe the technical performance
and environmental lifecycle of this material, with
emphasis on its structural integrity and its
transformation from a functional product to a by-
product.

1. Mechanical Strength and Thermal Stability:

The physical viability of a bio-based material is
gauged by its ability to withstand external stress and
temperature changes.

a) Tensile Strength and Elongation: The
mechanical strength of a material is measured by
its Ultimate Tensile Strength (UTS) and its
Young’s Modulus. High-strength biopolymer
materials need to be rigid to maintain their shape
and flexible to avoid brittle fracture.
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b) Interfacial Bonding: The bonding between the
matrix material and reinforcing fibres will
influence the mechanical properties.
Improvements to cross-linking, which can be
achieved by chemical or  enzymatic
modifications, will enhance material strength.

c) Thermal Transition Temperatures/Glass
Transition Temperature (Tg): This is the
temperature at which a material changes from a
rigid glass to a rubbery material.

d) Melting Temperature (Tm): This temperature is
critical for determining its ability to be sealed by
heat or its ability to be used for "hot-fill" products.

e) Thermogravimetric Analysis (TGA): This tests
the material’s degradation by measuring its mass
loss over a range of temperatures. [17]

2. Water Resistance and Swelling Behavior:

Since many bio-based materials have hydrophilic
properties, careful management of their interaction
with water is essential.

a) Water Vapor Transmission Rate (WVTR):
This is the amount of water vapor that is able to
pass through the material. A high WVTR may
cause products to deteriorate early, or it may be
desirable for packaging that allows products to
breathe, e.g., packaging fresh fruit.

b) Swelling Index: When exposed to liquid, the
material may expand. A high swelling index is
often a sign of a loose molecular structure.

c) Hydrophobicity Enhancements: To make the
material more hydrophobic, the material may be
waxed or receive a plasma treatment to increase
the Contact Angle. [18]

3. Biodegradability and Soil Degradation Rates:

The "end of life" phase is where the difference
between sustainable materials and conventional
plastics is established. Degradation is a biochemical
process rather than a purely physical one.

a) Microbial Decomposition: Soil-based microbes,
such as bacteria and fungi, secrete enzymes that
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cleave the long chains of the material into
oligomers or monomers.

b) The Mineralization Process: Degradation is
complete when the material is fully mineralized
into CO;, water, and biomass.

¢) Kinetics of Degradation:

e Abiotic Phase: Initially, the material is degraded
via UV light, temperature, or moisture.

e Biotic Phase: Then, microbes act on the material.
[19]

d) Standard Compliance: The rates at which the
material is degraded are compared with
international standards, ensuring that the material
is completely degraded within a given period,
typically between 90 and 180 days, without any
toxic residues or microplastic formation.

4. Bioactive and Antioxidant Fortification:

Materials are often referred to as “active materials.”
They are not only designed to hold the product but
also to protect it.

a) Antioxidant Release: The addition of
antioxidants, such as polyphenols, tocopherols, or
essential oils, enables the material to release these
compounds, thus reducing the rate of oxidation of
fats and oils in food products.

b) Antimicrobial Release: The addition of
antimicrobial agents, such as chitosan, nisin, or
silver nanoparticles, helps in reducing the rate of
growth of food pathogens, such as E. coli and
Listeria. [20]

c) Controlled Release Kinetics: The material is
designed in such a way that the bioactive
compounds are released at a controlled rate, thus
protecting the food product over its shelf-life
period.

Consumer Acceptance and Sensory Evaluation

The success of a product is the result of the
combination of physiological satisfaction and
psychological alignment. In this section, the
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relationship between the sensory mechanics, the
visual identity, and the value systems of the modern
consumer cohorts will be discussed.

1. Taste, Odor, and Mouthfeel Compatibility:

Sensory evaluation is the science of designing and
applying methods to evoke, measure, analyze, and
interpret human responses to those characteristics of
food and materials as they are perceived by the senses.

a) Flavour Complexity and the ""Golden Ratio™":
The key to consumer acceptance is that the
flavour should be balanced between the familiar
base notes and the "high frequency" top notes. A
base of earthy umami and citrus, for example, will
prevent sensory boredom and stimulate repeat
consumption. [21]

b) Olfactory Pre-conditioning: The sense of smell
is the dominant contributor to flavour, accounting
for 80% of what we call taste. The compatibility
of two products requires that their "Ortho nasal"
(sniffing) and "retro nasal" (aroma in mouth)
olfactory properties be congruent. Incompatibility
in olfactory properties will lead to a "flavour
disconnect," compromising trust. [22]

c¢) Rheology and Mouthfeel Dynamics: The
physical properties of the food in the mouth, such
as viscosity, creaminess, and crunch, play an
important role in defining the perception of
"premium." [23]

e Cohesion: The ability of the food to hold together
in the mouth.

e Adhesion: The way the food interacts with the
palate.

e Clearing Time: The rate at which the food clears,
impacting the "craveability" factor.

2. Visual Aesthetics and Branding Potential:

The sense of sight acts as the gatekeeper for the other
senses, establishing a connection before the taste buds
are ever engaged.

a) Chromatic Integrity: Vibrant, unprocessed
colour schemes such as botanic greens or rich
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berry tones evoke a sense of freshness and
nutrient content. Conversely, processed colours
are quickly equated with "ultra-processed"
products, which are a major turnoff for the health-
conscious consumer segment.

b) Structural Packaging Design: To fully leverage
packaging as a branding opportunity, the design
should be congruent with the fundamental
promise of the product. Eco-friendly brands tend
to incorporate flat, tactile textures reminiscent of
the natural world, while high-tech/functional
products should incorporate clean, minimalist,
and high-contrast geometric forms.

¢) Unboxing: In a digitally dominated marketplace,
the tactile experience of packaging itself
represents a key touchpoint for building consumer
loyalty.

3. Consumer  Perceptions
Demographics (Generation Z2):

Among  Key

The new generation of consumers, Generation Z,
signifies a massive change in terms of purchasing
power, as they exhibit the new form of "ethical
pragmatism."

a) Radical Transparency: This new generation of
consumers believes that the practice of
"greenwashing" would never fly. They expect a
"traceability loop" so they know the source of the
ingredients and the labour conditions behind
them. Brands that practice a lack of transparency,
using words like "natural Flavors" to hide behind,
would never appeal to them.

b) Flavour Adventurism: This new generation of
consumers, unlike the previous ones, has a
"borderless" palate. They would rather indulge in
"hyper-authentic" regional ingredients
(calamansi, harissa, ube, etc.), rather than the
"fusion" versions of these ingredients.

¢) The Wellness Shift: Generation Z has broken the
stereotype of the word "health” being associated
with the word "weight loss." This new generation
of consumers believes that a good product would
offer a form of functional emotional support,
whether it is the use of adaptogens to relieve

143 |Page



Asiya Shaik, Int. J. Sci. R. Tech., 2026 3(4), 136-147 [Review

anxiety or the use of nootropics to boost cognitive
functions. They would rather indulge in Bio-
Hacking and Mood-State Management than the
conventional practice of weight loss. [24] [25]

Safety, Regulations, And Environmental Impact
1. Safety and Quality Standards:

The safety of edible straws is assessed on the basis of
their functionality as a food product and an FCM.

e Material Safety

GRAS Status: The ingredients (binders, starches,
plasticizers like glycerol, and natural colours) must be
"Generally Recognized as Safe" by the authorities.

Migration Limits: The test should confirm that there
is no migration of harmful chemicals (heavy metals
and synthetic colours) from the straw to the drink. [26]

e Sensory and Physical Safety

Structural Stability: The straw must withstand at least
30 to 60 minutes. Failure to do so makes it a choking
hazard or a "mouthfeel” deterrent.

Microbial Load: As a cereal or seaweed product, it
must be tested for Total Viable Count (TVC), yeast,
and Mold to guarantee stability.

e Allergen Management

Cross-Contamination: The biggest safety challenge is
the allergenicity of ingredients like wheat (gluten),
soy, and nuts. The manufacturing process requires
strict cleaning procedures to prevent allergenic
ingredients in non-allergenic product batches. [27]

2. Regulatory Framework:

Edible straws need to adhere to international
standards set by regulatory bodies on food-grade
packaging.

e Global Regulatory Bodies:

FDA (USA): Regulated under the Federal Food,
Drug, and Cosmetic Act. Edible straws are classified
as 'Food Additives' if intended to be consumed.
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EFSA (EU): Edible straws need to conform to
Regulation (EC) No 1935/2004, which states that
food-grade packaging should not transfer its
constituents to food in amounts that could endanger
human health.

FSSAI (India): Edible straws fall under the category
of 'Food Packaging' and 'Cereal Products.' They need
to conform to specific migration limits (SML) and
label requirements.

e Labelling Requirements:
List of ingredients used.

Nutritional content if intended to be consumed as a
snack. Exp date and storage conditions, e.g., 'Keep me
in a cool, dry place.' [28] [29]

3. Environmental Impact Analysis:

While superior to plastic, the environmental impact of
edible straws has a "Cradle-to-Grave" life cycle
assessment.

» Positive Impacts:

e Marine Compatibility: Unlike paper straws,
which contain "forever chemicals” (PFAS) to
make them resistant to water, or plastic straws,
which contribute to microplastic pollution, edible
straws are 100% biodegradable. There is no threat
to marine life if they enter the water system.

e Composability: Edible straws degrade within
days of entering the home composting
environment.

» Environmental Trade-offs:

e Agricultural Resources: The production of the
raw material requires large amounts of water,
land, and fertilizers.

e Carbon Footprint: The manufacturing process
requires heating, extrusion, and drying, which
may have a larger carbon footprint than traditional
plastic production.

e Secondary Packaging: To maintain hygiene,
edible straws are often individually packaged
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with plastic or aluminium, creating another waste
problem. [30]

Research Gaps

In spite of the availability of several prototypes (such
as rice, seaweed, starch-based straws, etc.), the
following gaps have been identified:

Lack of Standardized Evaluation Criteria: There is
no universally accepted standard globally for the
assessment of the quality of the material used for the
development of edible straws. The methods of
assessment of "sogginess," "fizzing," and "bite-feel"
are vastly different.

Mechanical Integrity of the Edible Straws: Most of
the existing edible straws have more than 70-90% loss
of mechanical integrity within a period of 20-40
minutes.

Microbial Stability: As the material used for the
development of the straws is of food-grade, the straws
are highly prone to moisture, leading to spoilage.

Techno-Economic Feasibility: Though the lab-scale
development of the straws by microwave-assisted
fabrication has been a success, the gap identified is the
lack of research on the techno-economically viable
large-scale manufacturing of the straws, which are
still 20-30% more expensive than plastic straws.

Comprehensive Life Cycle Assessment (LCA):
There is a lack of data on "eco-friendly" product
claims. For example, biopolymer blends may demand
high water usage or energy-intensive processing.

FUTURE DIRECTIONS

The research in straw technology is advancing
towards "Smart" and "Active" straw technology:

Functional & Nutraceutical Integration: The
development of "Smart Straws" that do more than
merely transport fluids. The following are examples
of recently designed "Smart Straws":

Sensor Technology: Detecting spoiled or adulterated
beverages, such as urea in milk, by changing colours.
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Nutraceutical Technology: Adding vitamins,
probiotics, and nutraceuticals such as inulin to
enhance the drinker's experience.

Advanced Material Blends:

e Hybrid Biopolymers: Using a combination of
cellulose and seaweed or protein to create "best-
of-both-worlds" materials.

e Nanotechnology: Using starch and gelatin
nanoparticles to enhance water resistance and
mechanical strength without compromising
biodegradability.

Flavour Infused Designs: Research and
development of flavour release technology that
complements the drink when using a straw, e.g., a
chocolate-flavoured straw for a milk drink or a lemon-
flavored straw for a soda drink.

Innovative Sourcing: Leveraging Agro Waste
Resources such as Papaya Stalks, Rice Bran, Sweet
Potatoes, and Methane-Derived PHAs to Reduce Raw
Material Costs. [31]

CONCLUSION

Edible drinking straws represent a transformative,
zero-waste solution to the global plastic pollution
crisis, utilizing food-grade biopolymers like starch,
seaweed-derived polysaccharides, and protein-based
matrices to replace non-biodegradable petroleum
plastics. Unlike traditional plastic straws that take
centuries to decompose, these edible alternatives are
derived from renewable agricultural resources and are
designed to degrade within hours to days in marine
environments, effectively eliminating the risk of
microplastic formation and harm to biodiversity.
While material innovations such as cellulose
nanofibril reinforcement and carnauba wax coatings
have significantly improved mechanical strength and
water resistance—allowing some straws to remain
stable for up to 6 hours—the industry still faces
hurdles including higher production costs and a lack
of standardized evaluation criteria for "sogginess" and
mouthfeel. Ultimately, these straws are evolving from
simple functional tools into "smart" nutraceutical
delivery systems that offer a circular economy
solution, balancing consumer satisfaction with strict
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food safety regulations and a superior environmental
lifecycle.
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