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Aroma Soda: Technical, Sensory, Commercial, and
Regulatory Landscape

Executive Summary

“Aroma soda” is best treated as an engineered sensory-beverage concept rather than an established
regulatory or commercial category. In this report, it means a carbonated beverage deliberately designed
so that opening the package produces a distinct, noticeable aroma event—either by accelerating release of
aroma already in the liquid/headspace or by activating a separate aroma reservoir in the closure, can end,
label, film, capsule, or sachet. The defining design objective is not merely “a fragrant soda,” but a controlled
aroma-release moment synchronized with opening and first consumption.

The concept is technically credible. Carbonated beverages already create a natural aroma-release
mechanism: opening abruptly reduces pressure, dissolved CO, evolves from solution, bubbles and bursting
droplets move volatile compounds into the headspace, and both vapor-phase and droplet-bound odorants
contribute to the consumer's first olfactory impression. Recent analytical work specifically shows that the
initial aroma of a sparkling beverage after opening is a combination of gas-phase and droplet-associated
odorants, while other research shows that carbonation and sweetener composition alter aroma partitioning
and release. 1

The most promising engineering architectures fall into three groups. Formulation-led systems exploit
dissolved/emulsified aroma plus CO, outgassing; these offer the lowest packaging complexity but relatively
weak temporal control. Triggerable packaging systems use microcapsules, peelable films, rupturable
sachets, porous aroma carriers, or sealed aroma chambers that are opened mechanically with the
beverage. Nestec patented a friction-activated, microencapsulated aroma coating on a can pull tab in 2015.
A more recent Suntory/Toyo Seikan family describes an aroma reservoir formed from bonded film portions
inside a can lid that is unsealed as the score panel opens; its geometry can be adjusted to favor a sharp
aroma burst or a weaker, longer release. 2 Airflow-led systems, exemplified commercially by air up in
noncarbonated water, route inhaled or swallowed air across an aroma-loaded porous material, producing
flavor primarily through retronasal olfaction. 3

Sensory science strongly supports the proposition that such an aroma event can affect perceived flavor.
Orthonasal olfaction occurs when volatiles enter through the nostrils, making it especially important at
package opening; retronasal olfaction occurs when volatiles from the mouth reach the olfactory epithelium
through the nasopharyngeal route during drinking and swallowing, and is a central component of flavor
perception. Taste and odor are not independent: congruent retronasal odors can enhance perceived taste
intensity, including sweetness, and taste can reciprocally increase perceived odor intensity. 4 Anaroma
soda can therefore be deliberately designed as a two-stage experience: an orthonasal “opening
signature,” followed by a retronasal drinking experience.

Commercial validation is strongest in adjacent categories rather than conventional soda. Air up currently
markets reusable scent-pod bottles using a semi-permeable aroma-loaded fleece and advertises more than
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25 scent profiles, but the liquid is plain water rather than soda. SZENT commercially used food-grade
scented rings on bottled water; BevNET documented the system and a planned relaunch, although this
research did not establish sustained 2026 distribution. AromaFlavor introduced aroma-infused labels usable
on water, beer, and soda packages. Meanwhile, the Suntory/Toyo Seikan patent family demonstrates active
industrial development directly around aroma-releasing beverage cans. > Ifound no reliable evidence,
through September 5, 2026, of a large, sustained mass-market carbonated soft-drink brand whose
principal proposition is an opening-triggered external aroma system. That conclusion is an inference
from the commercial and patent landscape, not evidence that no regional or experimental product exists.

There is likewise no defensible standalone “aroma soda market forecast.” Published forecasts cover
adjacent categories. Grand View Research estimates the global sparkling-water market at $53.7 billion in
2025 and projects $140.7 billion by 2033, while MarketsandMarkets estimates the broader food-
encapsulation market at $13.4 billion in 2024 and $21.79 billion by 2030. Those forecasts use different
definitions and methodologies and should not be interpreted as an aroma-soda TAM. They do, however,
show that both the likely beverage substrate and one key enabling technology are substantial commercial
categories. 6

From an industrialization perspective, the likely lowest-risk MVP is an external or pull-tab-based aroma
system that leaves the beverage formula and pressure vessel largely unchanged. A film sachet integrated
into the lid offers a stronger, more reproducible opening burst but introduces additional converting, filling,
barrier, migration, sealing, recycling, and quality-control challenges. A valved/reclosable aroma cap or
interchangeable pod gives the best personalization and repeat exposure, but it has the highest tooling,
bill-of-materials, assembly, and recycling burden. These cost rankings are engineering estimates rather
than vendor quotations; actual economics depend heavily on package volume and line speed.

Regulation depends critically on whether the aroma remains physically separate from the food. In the
United States, substances intentionally added to food generally require an applicable food-additive
authorization, GRAS basis under their intended conditions of use, or another exemption. FDA's current GRAS
page also notes that the agency proposed enhanced GRAS oversight on August 10, 2026; that is a proposal,
not a final rule as of September 5, 2026. Added flavors are subject to 21 CFR §101.22 labeling rules, while
packaging components expected to migrate may fall under food-contact-substance requirements. Human-
food manufacturing is also governed by applicable current good manufacturing practice and preventive-
control rulesin 21 CFR Part 117. 7 The European Union separately regulates flavorings, food-information
labeling, and food-contact materials through Regulations 1334/2008, 1169/2011, 1935/2004, and—for
applicable plastics—10/2011. 8

The most attractive innovation thesis is therefore not “put perfume on a soda can.” It is to engineer a
controlled, food-safe, congruent, shelf-stable olfactory pulse that occurs exactly when pressure is released,
while minimizing material additions and preserving the economics and recyclability of conventional
beverage packaging. The strongest long-term opportunities appear to be personalized aroma variants
using a common liquid base, smart or selectively opened aroma reservoirs, reduced-sugar formulations in
which congruent odors help maintain sweetness perception, and multisensory products connected to
digital or AR/VR experiences. Research into olfactory-enhanced virtual food environments is already
demonstrating the value of adding scent to otherwise visual experiences, although this remains
substantially earlier-stage than beverage packaging. °
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Scope caveat. The target geography, consumer segment, package format, production volume, budget,
acceptable incremental unit cost, shelf-life requirement, and regulatory region were not specified.
Accordingly, cost rankings below are relative rather than quoted, the regulatory analysis uses the United
States as the principal reference with an EU comparison, and commercial recommendations assume a
shelf-stable, single-serve nonalcoholic carbonated beverage rather than a particular brand or price tier.

Definition, Technical Mechanisms, and Sensory Basis

An aroma-soda system can be modeled as four coupled subsystems:
Base beverage — aroma reservoir — release trigger = human perception.

The aroma reservoir may be the liquid itself, a dispersed oil phase, microcapsules, an absorbent sheet, a
gel, an external coating, or a sealed pouch. The trigger may be pressure loss, CO, bubbling, friction, tearing,
peeling, airflow, valve movement, or a combination of them. Success is determined not simply by total
aroma concentration but by the time-dependent odorant concentration at the consumer's nose during
opening, approach to the mouth, sipping, and swallowing. The sparkling-beverage literature makes that
distinction important because the opening event contains both true vapor and aerosol/droplet-associated
odorants. 10

A useful conceptual flow is:

Integrated flavor
honasal smell ——»  Expectation beforesip ——»  Drinking —»  Retronasal olfaction ——
o " Exp before sip Drinking Reu fac Hreeption

Formulation-only release. The simplest architecture dissolves or disperses volatile flavor compounds in
the beverage. In the sealed package, volatile compounds partition among liquid, dispersed oil droplets if
present, and pressurized headspace. Opening reduces headspace pressure and drives CO, evolution; gas
movement, nucleation, foam, and bubble bursting can accelerate transfer to the gas phase and generate
odor-bearing droplets. Zeinali, Wieczorek, and Pawliszyn's 2022 Food Chemistry work is particularly relevant
because it directly distinguished free/gas-phase and droplet-bound aroma compounds immediately after
opening sparkling beverages. 11 Yeo and colleagues subsequently showed in controlled beverage systems
that both carbonation and sweetener composition affect aroma partitioning and release. 12

This means that “CO,-triggered aroma” should generally be understood as a physical release process, not
as CO, chemically unlocking a fragrance. A pressure drop causes dissolved gas to leave solution; emerging
and bursting bubbles alter mass transfer and can carry volatile molecules or small liquid droplets toward
the headspace. Sparkling-wine research provides a mature physicochemical analogue because the entire
sequence from package opening through bubble nucleation, ascent, bursting, and sensory perception has
been extensively studied. 13

Emulsion-based formulation. Many desirable aroma compounds are hydrophobic. Oil-in-water emulsions
can retain these compounds in dispersed droplets rather than simply dissolving them in the aqueous
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phase. Droplet size, oil composition, surfactant system, sugar content, alcohol content where applicable,
temperature, and volatile hydrophobicity influence equilibrium and release kinetics. The key aroma-soda
insight is that droplets are not merely storage sites: some odorants can reach the consumer in droplet-
bound form during the post-opening event. 14

Microencapsulation. Here, volatile aroma is enclosed within microscopic particles and protected until a
release trigger disrupts or permeates the shell. Commercially relevant encapsulation families include spray-
dried carbohydrate matrices, polymeric or protein/polysaccharide capsule walls, coacervated systems, and
related protected-flavor systems. Modern reviews describe encapsulation primarily as a means of improving
volatile stability, protecting flavor ingredients, and controlling delivery. 15

Nestec's 2015 beverage-container patent provides an unusually concrete packaging implementation. It
describes mixing scented oil with water and a water-soluble polymer or gelatin, producing aroma-
containing microcapsules, combining them with a water-based binder, coating the can pull tab, and
rupturing the capsules with friction as the can is opened. The patent specifically positions the pull tab near
the consumer's nose and proposes using different aroma-coated tabs with the same underlying beverage.

6 That is strategically important: sensory SKU differentiation can potentially move from the liquid-
production stage to the packaging-component stage.

Porous and absorbent aroma carriers. Instead of creating discrete capsules, aroma can be absorbed into
or adsorbed onto a fibrous, polymeric, porous, or gel-like substrate and released as air moves across it. Air
up uses this principle commercially: natural aromas are held in a fibrous semi-permeable fleece, and
sipping draws air over the material and through the drinking system. 3 Szent's patented attachment
architecture similarly contemplates matrices, gels, essential oils, molded materials, and rings or other
attachments positioned near a beverage opening. 17

Sealed film reservoirs and sachets. This architecture offers more complete pre-use containment than an
openly impregnated carrier. Suntory Holdings and Toyo Seikan's recent patent family describes aroma
material sealed between film portions in an aroma-containing component mounted around the can lid. Can
opening causes relative movement of the scored panel and films, unsealing the reservoir exactly when the
consumer opens the beverage. The patent describes geometries that can expose a large area for an intense
short-lived burst or a smaller area for prolonged emission, and it also contemplates aroma entering the
beverage after opening. '8 This is arguably the closest disclosed architecture to the user's precise concept
of “a carbonated beverage engineered so a noticeable aroma is released upon opening.”

Valve caps and sealed aroma chambers. Szent's later patent describes a cap in which a scented article is
enclosed within an air- and water-tight compartment in the closed state and exposed when a movable part
opens. The liquid flow path can remain physically separated from the scented article. Such architecture can
support first-opening release, repeated release after reclosing, and replaceable aroma components. 19 A
true pressure-actuated valve could extend the principle so that opening pressure or tab movement exposes
an aroma chamber; however, that should be regarded as an engineering extension of disclosed systems
rather than a mature standard package.

Orthonasal versus retronasal perception. The opening plume primarily stimulates orthonasal olfaction:
odorants enter through the nostrils from the external environment. During drinking, volatile compounds in
the mouth can move through the pharynx into the nasal cavity, producing retronasal olfaction, which is
integral to what consumers ordinarily describe as flavor. The two routes share olfactory receptors but can
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generate meaningfully different perceptual experiences and are processed in the context of different
sensory signals. 20

This distinction implies that the “best” opening aroma need not be identical to the liquid's internal volatile
profile. The opening plume can act as a priming cue—for example, fresh-cut lime—while the retronasal
profile during drinking can be broader and sweeter. But the two should generally be congruent enough to
avoid violating expectations. Research on odor-taste interactions shows that learned and congruent odor
associations can change taste perception; retronasal odors can enhance taste intensity, and taste can
enhance odor intensity. 21

This interaction creates a potentially important formulation opportunity. A sweet-associated aroma such as
strawberry or vanilla may increase perceived sweetness without adding sweetness itself; Alfaro and
colleagues found robust retronasal odor-induced taste enhancement, including sweet-taste enhancement,
even when olfactory intensity was impaired in the tested clinical population. 22 That does not prove that
an aroma soda can automatically reduce sugar without a sensory penalty. It does mean that sugar-
reduction studies should test aroma congruence as a formulation variable rather than assuming sweetness
depends only on sucrose or high-intensity sweetener concentration.

Technology, Manufacturing, and Scale-Up

The engineering choices differ substantially in maturity, cost, sensory control, and compatibility with high-
speed beverage filling.
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*The $, $$, $3$ and $$$$ ratings are relative engineering estimates, not supplier prices. They assume a
conventional high-volume carbonated beverage is the baseline and do not include one-time tooling,
intellectual-property licensing, sensory-development or regulatory costs.

Several manufacturing implications follow.
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First, aroma chemistry must be designed around process history rather than just fresh-bench smell.
Citrus terpenes, esters, aldehydes and other volatile compounds can behave differently after mixing,
carbonation, filling, storage and temperature cycling. If the aroma is in the liquid, headspace partitioning
and formulation composition matter; Yeo et al.'s work demonstrates measurable effects from carbonation
and sweetener composition. 12 If aroma is stored in a package reservoir instead, protection from
unwanted evaporation becomes a dominant requirement, which is why the Szent and Suntory approaches
emphasize seals or film containment. 25

Second, the aroma module should ideally be introduced upstream of the beverage line rather than as
a delicate operation on the filler itself. Nestec explicitly proposed pre-coating pull tabs before attachment
to cans, while the Suntory system is structured as a functional component of the can lid. 2 This s
industrially attractive because beverage filling lines are optimized for extremely high throughput and
sanitary reliability; moving aroma assembly to a can-end, closure, or label converter reduces interference
with filling.

Third, a commercial development program should test release kinetics, not just total aroma loading.
Critical response variables include pre-opening leakage, headspace concentration immediately after
opening, plume duration, consumer nose position, opening temperature, aroma remaining after one
minute, retronasal intensity on subsequent sips, and interactions with the beverage's own aroma. Zeinali et
al.'s separation of vapor-phase and droplet-bound odorants illustrates why conventional static-headspace
testing alone may miss an important part of the opening experience. 1

Suitable analytical tools include dynamic headspace GC-MS, HS-SPME-GC-MS, PTR-MS where rapid time
resolution is required, package-weight loss/permeation tests, controlled sensory panels, pressure cycling,
drop/vibration tests, and release-force measurement. The appropriate method depends on whether the
aroma is molecular vapor, aerosol, or both; sparkling-beverage studies have increasingly emphasized
dynamic rather than purely equilibrium measurements. 10

A practical pilot-development sequence would therefore be bench sensory prototype — accelerated
package-storage test = dynamic aroma-release measurement — consumer opening/sipping test —
pilot-line trial = migration and food-safety validation — transport simulation — shelf-life
confirmation. This sequence is an engineering recommendation derived from the formulation, packaging
and FDA food-contact requirements discussed here. 26

The stakeholder and technology relationships are usefully represented as follows:
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For a near-term launch, my technical ranking would be microencapsulated tab/external opening-zone
coating for fastest MVP, integrated peelable aroma reservoir for the strongest differentiated
commercial package, and valved or replaceable pod for premium personalization. Formulation-only
CO; release remains the cheapest option but offers the least defensible differentiation because every
normally flavored carbonated drink already releases some aroma on opening.

Regulation and Safety

The single most important regulatory design question is:

Does the aroma substance intentionally become part of the food, or is it a packaging/
sensory component that remains separate from the food?

In the United States, FDA states that a substance intentionally added to food is generally a food additive
subject to premarket review unless its intended use is GRAS or otherwise excluded from the food-additive
definition. GRAS is therefore not a blanket statement that a chemical is universally safe; the safety
conclusion concerns defined conditions of intended use and must satisfy the applicable evidentiary

framework. 27

That distinction matters for each architecture:

Architecture

Likely U.S. regulatory focus

Aroma deliberately
added to liquid

Sachet intentionally
releases aroma into the
beverage

Aroma reservoir contacts
beverage but is not
intended to flavor it
directly

External pull-tab/label
scent intended to remain
outside the beverage

Replaceable scent pod in
drinking airflow

Ingredient/flavor authorization or GRAS basis for the intended use; flavor
labeling under applicable 21 CFR 8101.22 rules. 28

Treat conservatively as intentional food addition unless regulatory counsel
establishes otherwise; both flavor ingredient and packaging materials
require review. 29

Food-contact review, including migration/exposure and authorization
status of relevant substances. 30

Direct ingredient rules may not map cleanly to the scent itself, but
migration, incidental ingestion, consumer exposure, claims and package-
contact status still require product-specific assessment. 30

Requires assessment of foreseeable oral/inhalation exposure, any
migration to liquid, constituent safety, and the physical food-contact
configuration; air up's commercial implementation shows that this
architecture is feasible but does not establish regulatory equivalence for
other products. 3

Under 21 CFR 8101.22, natural and artificial flavors added to foods are subject to specific ingredient and
characterizing-flavor declarations. For example, the regulation permits “natural flavor” or “artificial flavor”
declarations in the ingredient statement in specified circumstances and sets additional presentation
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requirements when a characterizing flavor is represented on the principal display panel. 37 Therefore, a
package whose opening aroma intentionally contributes a “mango” experience while the beverage contains
little or no mango ingredient needs careful review of both ingredient status and marketing presentation;
the unusual split between external odor and internal liquid makes conventional flavor-label assumptions
unsafe.

FDA's GRAS framework is also undergoing active policy attention. On August 10, 2026, FDA announced a
proposed rule intended to enhance oversight of substances claimed to be GRAS and improve transparency.
As of September 5, 2026, the source describes this as a proposed rule open to public feedback, so
development teams should monitor the docket rather than treat the proposed requirements as already
effective. 27

Food-contact materials introduce a separate track. FDA defines a food-contact substance as a substance
intended to be a component of materials used in manufacturing, packing, packaging, transporting or
holding food when it is not intended to have a technical effect in the food. Food-contact additives must have
an applicable authorization—for example through regulations, an effective food-contact notification, or
another recognized route—and safety assessment considers intended use and migration/exposure. 30
This is highly relevant to multilayer aroma pouches, adhesives, coatings, polymer carriers and any aroma
compound able to migrate through a barrier.

Manufacturing facilities must also address applicable current good manufacturing practice and preventive-
control requirements under 21 CFR Part 117, including protection against contamination and allergen cross-
contact and appropriate controls for food-contact surfaces and packaging materials. 32 An aroma coating
applied near the drinking aperture creates especially important practical questions around coating
particles, package handling, cleaning chemicals, worker exposure, foreign-material control and whether the
aroma component remains intact through distribution.

In the European Union, Regulation (EC) No 1334/2008 establishes the framework for flavorings and certain
food ingredients with flavoring properties used in or on foods, including safety and labeling provisions. 33
Regulation (EC) No 1935/2004 is the general framework for materials and articles intended or likely to
contact food or transfer constituents to food, while the consolidated Plastics Regulation (EU) No 10/2011
supplies more specific rules for applicable plastic materials. 34 Consumer information is governed broadly
by Regulation (EU) No 1169/2011. 35

The regulatory advantage of an external aroma module is therefore not that it is “unregulated.” Its
advantage is that, if properly engineered to avoid transfer into the beverage, it may decouple some aroma
functionality from the direct-food formulation. The exact legal classification remains jurisdiction- and
design-specific, particularly when the entire point of the component is to alter the consumer's sensory
experience. A formal opinion from food regulatory counsel and the component supplier's migration/safety
documentation should precede commercial tooling.

Patents, Literature, Commercial Landscape, and Timeline

The intellectual-property record shows that the basic idea is older than the phrase “aroma soda.” Early
patents disclosed aromatic beverage containers and aroma-releasing caps, including an aromatic beverage-
container concept in the 1990s and PepsiCo's “aroma release bottle and cap” family around 2000. 36 What

10
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changed after 2015 is greater sophistication in trigger control, preservation, replaceability, can-end
integration, and separation of aroma from the liquid.

A representative patent set is:
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SZENT- Scented ring/attachment )
) , L Commercially relevant external-
related incorporating oils in gels, . .
WO02018203993A1, inventors/ matrices or molded odor approach compatible with
published 2018 . ) water, soda and other drinks.
assignee material near the -
family container opening
Sealed cap chamber
preserves a scented .
, Solves premature evaporation
WO02019232431A1, SZENT article when closed and .
R . . and permits repeated/
published 2019 family exposes it when opened;
o reclosable scent exposure. 19
liquid path can be
isolated
) Important for personalized
. . Aroma carrier arranged )
Air-up aroma- airup/ L retronasal beverage perception,
. - . around the drinking o
container families, associated ) , though primarily developed for
L. . airflow path so scent is )
priority around 2020  entities conveved durind sipoin still water rather than
y gsipping carbonated soda. 37
Particularly significant for
W02024080345 Film-sealed aroma aroma soda because it is
. Suntory L . . .
family / Holdinas / portion integrated with a designed around conventional
EP4603416A1, recent Tovo Sgikan can lid and opened by canned beverages and allows
publication y score-panel movement burst versus sustained release

by package geometry. 18

Patents should be interpreted as disclosures and claims, not evidence that the technology was
commercialized, economically viable, noninfringing, or even manufactured at scale. Freedom-to-
operate work should trace national-family claims, continuations/divisionals, legal status and priority—not

merely search titles on Google Patents.
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https://patents.google.com/patent/AU2020448180A1/en
https://patents.google.com/patent/EP4603416A1/en

The strongest recent academic papers are complementary rather than all being “aroma-soda papers” per

se:
Year  Paper/ field Main contribution to aroma-soda design
. . Reinforce that retronasal odor is a fundamental
Flavor neuroscience reviews on )
2021 ) component of integrated flavor rather than an
retronasal perception ) .
optional accompaniment to taste. 38
Zeinali, Wieczorek & Pawliszyn, Food Demonstrates that opening aroma is produced by
2022 Chemistry, “Free versus droplet-bound both gas-phase and droplet-bound odorants; highly
aroma compounds in sparkling relevant to designing a controlled first-open plume.
beverages” m
Yeo et al., Food Research International, . ) . )
" ) Shows that formulation variables including sweetener
Effect of sweeteners and carbonation . L
2023 L . composition and carbonation influence aroma
on aroma partitioning and release in o
. partitioning/release. 12
beverage systems
Demonstrates robust enhancement of several taste
erceptions by congruent retronasal odors,
2023  Alfaro et al., Chemical Senses P P ) Y g ) )
supporting aroma-taste engineering rather than
simple scent decoration. 22
Integrates physicochemical events from package
2024 Liger-Belair, review of champagne/ opening to bubbles and consumption; useful
sparkling-beverage tasting mechanistic framework for carbonated aroma
delivery. 39
Reviews encapsulation as a means to protect volatile
2024 Recent flavor-encapsulation literature  flavors and control their incorporation/release in
foods. 40
. Extends understanding of how matrix composition
Continued work on retronasal and . . .
2025 . . . and oral conditions influence aroma expression,
matrix-mediated aroma perception . .
relevant to selecting sweeteners and carriers. 41
Uses both visual and olfactory cues to narrow the
2026 van der Laan et al., immersive sensory gap between virtual and real-life food

multisensory VR food environment

environments, illustrating where beverage aroma
could ultimately connect with digital experiences. 42

A representative development timeline, combining the patent, product and research record, is:
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https://www.frontiersin.org/journals/systems-neuroscience/articles/10.3389/fnsys.2021.772286/full?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/35032804/?utm_source=chatgpt.com
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https://www.sciencedirect.com/science/article/pii/S1071581926001266?utm_source=chatgpt.com

Evolution toward opening-triggered aroma beverages

1997 2000 2006 015 018 019 2021 022 2023 2024 2025 2026

o hanced
immersive fo0d/VR

FDA proposes
‘enhanced GRAS.

The pre-2015 milestones are documented in earlier aromatic-container and PepsiCo patent families; the
2015-2026 sequence is supported by the patents, product coverage and peer-reviewed work above. 43

Commercially, there is a notable gap between proof of consumer mechanism and direct aroma-soda
execution.

Air up is the clearest present-day proof that consumers can be sold a beverage system whose “flavor” is
materially generated by smell rather than ingredients in the liquid. Its current U.S. site explains that scented
air passes across a semi-permeable fleece, enters the mouth through the straw and is perceived
retronasally; the company currently markets more than 25 aromas. 3 Itis nevertheless an adjacent
analogue, because its normal product is uncarbonated water and aroma is released during sipping rather
than primarily as a one-time pressure-triggered opening burst.

SZENT is a closer historical packaging analogue. BevNET's product coverage describes bottles fitted with
proprietary scent rings containing food-grade oils while the liquid remained reverse-osmosis water, and
subsequent 2022 reporting discussed a relaunch. 44 Again, it was not fundamentally a carbonated soda.

AromaFlavor's 2021 scented beverage labels were promoted as aroma-infused labels applicable to water
bottles, beer cans and soda packages. 4> This validates the low-complexity “external scent adjacent to the
nose” approach but is more accessory/packaging technology than a soda platform.

The recent Suntory/Toyo Seikan patent deserves more attention than those examples from a product-
development perspective because it explicitly combines a conventional beverage can, a separate aroma
storage portion, film containment, and automatic unsealing during can opening. '8 It demonstrates
meaningful industrial interest but should not be described as proof that Suntory has launched a
corresponding commercial product.

Overall, the landscape through September 5, 2026 is best characterized as commercially validated

olfactory beverage perception + mature flavor/encapsulation science + substantial packaging IP, but
an underdeveloped direct carbonated “opening-aroma soda"” category.

Market, Consumer, Cost, and Sustainability

Aroma soda currently lacks a recognized statistical category, so presenting a specific “aroma soda CAGR"
would create false precision. Market sizing should instead triangulate from sparkling beverages, flavored/
enhanced water, flavor encapsulation, premium sensory products, and smart/active packaging.
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https://patents.google.com/patent/US6102224A/en?utm_source=chatgpt.com
https://shop.air-up.com/us/en/how-air-up-works
https://www.bevnet.com/reviews/szent?utm_source=chatgpt.com
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https://patents.google.com/patent/EP4603416A1/en

Relevant adjacent forecasts include:

Adjacent market Published outlook Interpretation

Demonstrates a large
carbonated, often low/no-sugar
substrate category in which
aroma differentiation could
plausibly be tested.

Grand View Research estimates $53.7B
globally in 2025, $60.6B in 2026 and
$140.7B by 2033, implying 12.8% CAGR for
2026-2033. 46

Sparkling water

The same research firm estimates $756.8M Relevant to sensory flavoring

for its defined flavored-water segment in without traditional soda
Flavored water 2025 and $1.63B by 2033. Definitions differ sweetness, but do not combine
significantly among market-research firms. this figure mechanically with
47 sparkling-water estimates.

Shows growing infrastructure for
protected/controlled ingredient
delivery; broader than aroma

MarketsandMarkets reports $13.4B in 2024
and projects $21.79B in 2030, 8.5% CAGR
for 2025-2030. 48

Food
encapsulation

applications.
Food The disagreement in absolute
. . . . estimates illustrates why market-
encapsulation— Mordor Intelligence estimates $15.82B in L
. definition methodology should be
alternative 2026 and $24.82B by 2031. 49 . . .
. examined before using any third-
estimate

party forecast.

The correct aroma-soda market model should therefore be bottom-up:

Potential annual revenue = eligible beverage units x consumer adoption x distribution penetration x net realized

and, for the technology supplier,

addressable aroma-component revenue = compatible packaged units x technology attach rate x component ASP.

Without a specified geography, channel and package format, any numeric result from those formulas would
be speculative.

There are favorable consumer-trend signals. Innova's 2025 U.S. flavor framework explicitly highlighted
themes including “Sensory Therapy,” “Imaginative Taste Adventures” and “Healthier Enjoyment,” all of which
are directionally aligned with olfactory beverages. 50 EY's 2026 U.S. beverage research likewise describes
increasing consumer intentionality around wellness choices and beverages used to support how consumers
want to feel. 51 These sources do not measure demand for aroma soda specifically; they merely establish
that sensory novelty, health positioning and beverage experience are active themes.

The most credible consumer value propositions are therefore likely to be:
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“Experience more aroma without simply adding more sweetness.” Sensory research makes it plausible
that a congruent aroma can enhance a taste impression, including perceived sweetness, although the
magnitude is product- and context-specific. 22

“The opening is part of the product.” A sharp citrus, cola-spice, botanical or fruit aroma burst can turn the
opening event into a repeatable ritual. The Suntory design specifically seeks timely aroma delivery at
opening and allows package geometry to change intensity/duration. 18

“One base beverage, multiple aroma experiences.” Nestec's patent explicitly discusses manufacturing
the same beverage with different aroma-equipped pull tabs, while current air up commercialization
demonstrates broad consumer-facing scent variety from a common water substrate. 52 This could reduce
liquid-formulation proliferation, although packaging inventory would increase correspondingly.

“Personalization.” Replaceable scent rings, caps or pods let users select aroma independently of the base
drink. Szent and air up both illustrate this separation of aroma from liquid. 33

Marketing should emphasize demonstration rather than abstract explanation. Smell is difficult to
communicate through conventional e-commerce images or shelf copy. Historical coverage of scent-based
water emphasized sampling as important for explaining the unusual mechanism, and the technology itself
depends on a perceptual experience consumers may not intuitively understand from packaging alone. 54
Pop-ups, chilled sampling, “open-smell-sip” demonstrations, creator videos capturing reactions, and mixed-
aroma discovery packs are consequently more suitable for launch than relying solely on a descriptive claim.

There is also an expectation-management problem. Calling a scent-based product “strawberry soda” can
create an expectation of obvious strawberry taste in the liquid, while a headspace-only system may produce
a more subtle effect. Current air up marketing explicitly describes its effect as a relatively gentle taste
impression rather than a conventional flavored soft drink. 3 An aroma-soda brand should therefore
establish whether it is selling intense conventional soda plus an aroma burst or a lightly flavored drink
whose apparent complexity comes disproportionately from olfaction. Those are distinct consumer
propositions.

From a cost perspective, the main economic tradeoff is:

sensory control T = package complexity, material count, QA burden 1

A formulation-only approach adds little packaging cost but consumes aroma throughout the entire
beverage and provides limited release control. A microcapsule coating adds a converting operation but very
little discrete hardware. A film reservoir adds materials, registration and sealing requirements. A reclosable
valve/pod requires molded parts, tooling and assembly. These relationships follow directly from the
increasingly complex architectures disclosed in the Nestec, Suntory and Szent patents. 55

Sustainability is likely to be the hardest non-sensory problem for sophisticated packaging. A normal
aluminum can or PET bottle benefits from a mature material-recovery stream; attaching dissimilar films,
adhesive-coated aroma reservoirs, molded pods or replaceable cartridges introduces additional material
interfaces and potentially residual organic material. The recent Suntory patent's two-film aroma reservoir is
an elegant sensory mechanism but illustrates precisely this material-complexity tradeoff. 18 Whether the
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https://academic.oup.com/chemse/article/doi/10.1093/chemse/bjad004/7043567?utm_source=chatgpt.com
https://patents.google.com/patent/EP4603416A1/en
https://patents.google.com/patent/WO2015036415A1/en
https://patents.google.com/patent/WO2018203993A1/en
https://www.foodnavigator.com/Article/2019/02/19/Beverage-startup-SZENT-to-enter-physical-retail-SZENT-is-changing-what-it-means-to-be-a-flavored-beverage/?utm_source=chatgpt.com
https://shop.air-up.com/us/en/how-air-up-works
https://patents.google.com/patent/WO2015036415A1/en
https://patents.google.com/patent/EP4603416A1/en

incremental component materially harms recyclability depends on mass, material compatibility, separability
and local recycling processes and should be verified through package-specific testing rather than assumed.

The likely sustainability order, other factors equal, is approximately:

existing-package CO, release — very-low-mass aroma coating — easily removable ring/label —
integrated film sachet — multi-part disposable valve/pod.

That ranking is an engineering inference based on increasing component count rather than a life-cycle
assessment. It could reverse in a reusable business model: a durable bottle and replaceable high-efficiency
aroma pod may reduce consumption of individually packaged beverages, but that benefit would have to be
established through a formal LCA that includes pod production, washing, shipping, beverage sourcing and
user behavior.

For a commercial program, I would require environmental KPIs alongside sensory KPIs: additional package
mass per unit, proportion of added mono-material versus composite material, separability, recycled-content
compatibility, manufacturing scrap rate, aroma loading efficiency, and aroma-module units required per
liter consumed.

Future Innovations, Ten Interesting Facts, and Research Priorities

The next generation of aroma soda is likely to combine precise release control with personalization and
digital sensing, rather than simply increasing fragrance loading.

A plausible smart aroma cap could use opening pressure, mechanical displacement, temperature or an
electronic command to expose only a metered portion of an aroma reservoir. The precedent already exists
mechanically: Szent's patent uses a closed chamber to retain odor and a movable component to expose it,
while Suntory's can architecture changes aroma strength and duration by controlling the degree of film
exposure. 56 Future microfluidic versions could blend several odorants from a common cartridge, but this
remains an R&D concept rather than an established beverage-packaging technology.

Personalized aroma SKUs are unusually plausible because the base beverage need not change. Nestec
explicitly proposed attaching differently scented pull tabs to otherwise identical beverages, and air up
currently implements broad scent selection around a common water base. 52 A future vending machine
or direct-to-consumer system could therefore select “citrus,” “vanilla cola,” “tropical,” or “botanical” aroma at
the closure level after the bulk liquid has already been produced.

"u.

A more sophisticated version could permit sequential aromas: one high-volatility “opening note,” followed
by a second carrier optimized for slower release during consumption. This mirrors perfume's top/middle/
base-note logic but would have to be engineered around food-grade volatile chemistry, exposure limits and
flavor congruence. The Suntory disclosure already shows the mechanical possibility of selecting between
larger rapid exposure and smaller sustained exposure. 18

Low- or reduced-sugar sensory optimization is another strong research direction. Rather than treating
sweetener reduction and flavor design independently, formulators could experimentally determine whether
congruent retronasal aromas compensate for some lost sweetness or fullness. Laboratory evidence
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establishes odor-induced enhancement of sweetness, but commercial optimization would require blinded
sensory studies at realistic beverage concentrations and temperatures. 57

AR/VR integration is more credible than it may initially sound. Research has already tested food odors
within virtual environments, finding that olfactory cues can increase perceived realism/presence in some
settings; recent work is developing immersive food environments combining visual and olfactory cues to
better reproduce real-world food decisions. 58 A future limited-edition soda could therefore synchronize a
package's NFC/QR-initiated digital experience with a physical aroma released at opening. The digital linkage
is speculative; the multisensory scientific foundation is not.

Aroma systems also provide an opportunity for sensory accessibility research. Because individuals differ
substantially in olfactory sensitivity and because illness or aging can affect orthonasal and retronasal
function differently, one fixed aroma dose will not be equally effective for everyone. Clinical sensory work
showing robust but individually variable odor-taste interactions reinforces the value of adjustable intensity
rather than assuming one universal dose. 59

Ten interesting facts about aroma soda and its enabling science:

1. A sparkling drink's first aroma is not purely a gas. Experimental work has detected both gas-
phase and droplet-bound odorants immediately after a sparkling beverage is opened.

2. CO, is already an aroma-delivery engine. Pressure release, bubbling and bubble bursting are part
of the physicochemical sequence that transports volatile material in sparkling beverages. 10

3. A can tab has been patented as an aroma-delivery device. Nestec's 2015 application covers
microencapsulated scent on the pull tab that ruptures through friction. 16

4. The tab was chosen partly because it sits near the nose. The Nestec disclosure explicitly identifies
the pull-tab position close to the consumer's nose during drinking as an advantage. 16

5. The same liquid could theoretically become multiple “flavors” simply by changing the aroma-
equipped package component. Nestec specifically describes differently scented tabs attached to
the same base beverage. 16

6. A modern can patent can tune “burst” versus “sustained” aroma mechanically. The Suntory/
Toyo Seikan architecture changes film exposure during opening so aroma can be strongly released
briefly or exposed more gradually. 18

7. Smelling sweetness-associated aromas can make a solution seem sweeter even though the
odor itself is not a sugar. Controlled retronasal studies have demonstrated odor-induced
enhancement of sweet perception. 22

8. A beverage can produce perceived flavor while leaving the bulk liquid essentially unflavored.
Air up currently does this by routing scented air from a porous pod through the mouth during
drinking. 3
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9. GRAS is not simply a master list of substances that can be used however a developer wishes.
FDA describes GRAS in relation to the safety of the substance under the intended conditions of use
and the evidence supporting that conclusion; the agency also proposed increased GRAS oversight in
August 2026. 27

10. The technology is more mature than the market category. There are decades of patents, current
olfactory-drinking products, recent carbonated-beverage aroma science and sophisticated can-lid IP,
yet this research found no independently measured “aroma soda” market or dominant mass-market
opening-aroma soda brand through September 2026. That is an inference from the patent,
commercial and market evidence reviewed here. 60

For continuing technical diligence, the following sources should be prioritized:

Source class

Priority sources

What to obtain

Complete claims, family trees, priority dates,
prosecution histories, assignments,

Patent WIPO PATENTSCOPE; Espacenet and L i
. ) expirations and live legal status. Google
primary the EPO Register; USPTO Patent . . .
; . Patents is excellent for discovery, but its own
sources Center; national patent registers ) !
pages caution that legal-status fields are not
legal conclusions. 16
Dynamic aroma release, SPME/PTR-MS
methodology, volatile partition coefficients,
Food Chemistry, Food Research . 9y p
Core food/ . ) emulsions, encapsulation, odor-taste
International, Journal of Agricultural ) ) )
aroma ) . interactions and consumer sensory studies.
. and Food Chemistry, Chemical Senses, . .
journals Representative recent papers appear in Food
LWT, Flavour and Fragrance Journal . )
Chemistry, Food Research International and
Chemical Senses. 61
FDA/eCFR, FDA GRAS Notice , L .
Ingredient authorization, GRAS use basis,
Regulatory Inventory, FDA Food Contact , . . .
;] T flavor labeling, migration limits, packaging
primary Notification inventory; EUR-Lex and .
. compliance and future regulatory changes.
sources European Commission food-contact/

Analytical and

flavoring resources

PubMed, Crossref, Web of Science,

62

Citation tracing from the 2022 sparkling-
beverage and 2023 carbonation/partitioning

academic Lo .

Scopus studies; identify newer 2025-2026 work
databases

before product freeze. 23

Innova Market Insights, Beverage Consumer trends, launch tracking, adjacent-

Marketing Corporation where category sizing, flavor trends and
Industry accessible, Grand View Research, commercial history. Use forecast numbers
intelligence MarketsandMarkets, BevNET, as secondary evidence and examine

specialist flavor-industry
publications
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definitions/methodologies rather than
treating them as primary scientific data. 63
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Source class Priority sources What to obtain

Proprietary aroma-retention data, barrier
structures, line-speed constraints, MOQ/

Flavor and Major flavor houses, encapsulation tooling economics, migration dossiers and
packaging specialists, can-end/closure sensory prototypes. Patent filings from
suppliers converters and film suppliers beverage and packaging companies already

indicate that the closure/converter layer is
strategically important. 2

Taken together, the research supports a fairly clear product-development thesis. The science required to
make aroma soda work is largely available; the unsolved problem is system integration. Carbonation
can provide a natural mass-transfer pulse, encapsulation can preserve and trigger volatiles, package
structures can synchronize release with opening, and olfactory science explains why the resulting plume
can materially reshape flavor perception. 64

The commercially strongest design would probably avoid relying on any one mechanism. A hybrid
architecture—a lightly aroma-active carbonated formulation providing normal retronasal flavor, plus a very
small protected packaging reservoir that generates a distinctive orthonasal burst on opening—would
separate two jobs that are otherwise difficult to optimize simultaneously. The liquid could be optimized for
drinking and shelf life, while the package reservoir could be optimized for the first two or three seconds of
sensory impact. This is an engineering inference from the sparkling-beverage release literature and the
patent architectures reviewed above. 65

For a mass-market implementation, microencapsulated tab coatings or a simplified peelable can-lid
aroma reservoir appear to offer the most favorable balance of sensory differentiation,
manufacturing compatibility and unit economics. For a premium or reusable platform, a protected,
replaceable aroma cartridge or valve cap offers greater personalization and longer sensory duration.
The unresolved constraints—target market, budget, region, package format and production volume—could
materially reverse those rankings, particularly because regulatory classification, tooling amortization and
recyclability differ substantially among architectures.

110 11 14 23 61 64 65 Free versus droplet-bound aroma compounds in sparkling ...
https://pubmed.ncbi.nim.nih.gov/35032804/?utm_source=chatgpt.com

2 16 52 55 60 WO2015036415A1 - Method and apparatus for adding an aroma to a beverage container -
Google Patents
https://patents.google.com/patent/W02015036415A1/en

3 5 How air up® Works | Transform Your Water with Scented Flavor Pods | air up® United States
https://shop.air-up.com/us/en/how-air-up-works

4 9 21 22 57 59 Enhancement of taste by retronasal odors in patients with ...
https://academic.oup.com/chemse/article/doi/10.1093/chemse/bjad004/7043567?utm_source=chatgpt.com

6 46 Sparkling water market size & Share | Industry Report, 2033
https://www.grandviewresearch.com/industry-analysis/sparkling-water-market?utm_source=chatgpt.com
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