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Abstract: Dysphagia significantly affects quality of life, increasing risks of malnutrition,
dehydration, aspiration pneumonia and long-term healthcare challenges. Traditional dietary
interventions often modify food, liquid textures, but adherence can decline due to visually
unappealing and unappetizing of dysphagia-friendly foods. Therefore, this review highlights the
current trend of aerated (foamed, air bubbly) structures in food, liquid and semi-gel products
designed for individuals with dysphagia to modified texture, sensory and swallowing
experiences. This review summaries the incorporating air bubbles softening food texture,
reducing choking hazards, and improving safety while consuming meals for dysphagic people.
Additionally, air bubbles contribute to an improved sensory experience by enhancing mouthfeel,
facilitating flavor release, achieving taste balance, and ensuring safety while also promoting
healthier eating habits and overall well-being for individuals with dysphagia. Innovations in
aerated structures play a crucial role in enhancing nutrition, improving palatability, and
stimulating appetite. The implementation of such structures in products designed for individuals
with dysphagia, requires collaboration among food scientists, nutrition experts, speech-language
pathologists, and culinary specialists. However, there is a critical need for comprehensive
clinical trials on aerated structures to understand their impact on swallowing dynamics and health
outcomes, and to improve their development for enhancing safety, nutrition, and quality of life
in affected populations.
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Swallowing difficulty

1. Introduction
1.1 Swallowing mechanics and impairment
Swallowing is a highly coordinated and integrated process that occurs in distinct sequence

of stages between the oral, pharynx, larynx, and esophagus. Swallowing process initiates during
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the oral phase where food is chewed and mixed with saliva. Once a well-formed bolus consistency
is attained, bolus is directed towards the posterior region of the oral cavity by the tongue pressure
and strength.} Subsequently, bolus is triggered the pharyngeal phase, where the soft palate and
larynx close off the nasal passage and airway, respectively. Later, bolus is propelled into the
esophagus, where peristaltic movements transport the bolus to the stomach.* In contrast,
dysphagia, a prevalent medical condition characterized by difficulty swallowing, can arise from
disruptions in any phase of the swallowing process and significantly affect an individual's quality
of life and nutritional status (Figure 1).>8

il

Figure 1. Schematic representation of normal swallowing and dysphagia.®

This review provides an overview of the mechanical and physiological challenges
associated with swallowing, elaborate on dysphagia’'s impact on quality of life, and provide an
overview of innovative dietary management techniques. By briefly examining the current trends,
including texture modifications, thickening agents, food molds, and advanced food technologies
such as 3D and 4D food printing. This review sought to provide valuable insights for clinicians,
researchers, and culinary professionals engaged in the management of dysphagia. Furthermore,
the review investigates the potential of aerated food, liquid, and semi-gel structures to enhance
textures and flavors in dysphagic diets, ultimately improving the care of dysphagic patients and

ensuring adequate dietary intake while minimizing the risk of malnutrition.

1.2 Dysphagia and its complications

Across literature, dysphagia can be clinically categorized into different types based on the
stage of swallowing affected.'®? Oropharyngeal dysphagia refers to perceived or detected
difficulty in the initial phase of swallowing, often linked to neurological disorders or structural
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issues from the oral cavity to the esophagus.®® In contrast, esophageal dysphagia involves
difficulties within the esophagus itself, which can arise from blockages, narrowing, or motility
problems. Symptoms of dysphagia can include persistent coughing during or after meals,
indicating possible airway entry of food or liquid, as well as choking incidents that make breathing
or speaking difficult due to obstruction.**” The sensation of food bolus residue (feeling stuck) in
the throat or chest, accompanied by pressure or discomfort, illustrates an additional challenge faced
by those with dysphagia. Other less common symptoms that may be experienced include water
dribbles from the mouth and drooling, odynophagia (pain while swallowing), and regurgitation
(spitting food up from the esophagus or stomach without nausea or abdominal muscles).>!8-2!
Therefore, individuals with any type of dysphagia experience various eating difficulties that can
offer vital insights for diagnosing underlying issues, helping to prevent malnutrition, weight loss,
dehydration, choking, and aspiration pneumonia.??2® These consequences elevate health concerns,
require long-term care and adversely affect the overall well-being of dysphagia patients.?” As a
result, the severity of these challenges can contribute to restricted food choices, social isolation
during meals, and increased anxiety surrounding swallowing, making it important to recognize

Yoo YA

these differences for proper diagnosis and effective treatment.

1.3 Dysphagia and quality of life

Dysphagia can negatively affect a person’s ability to consume meals safely, comfortably,
and independently, impacting their social interactions and well-being. As a result, they may require
assistance during mealtimes, which can diminish their sense of independence, fear of choking and
self-sufficiency resulting with food rejection that leads to malnutrition.3**2 Furthermore, the social
aspect of dining can be adversely affected, as individuals with dysphagia might avoid eating in
public or with others due to embarrassment. This avoidance can lead to social isolation, reducing
opportunities for meaningful interactions and connections with others. Additionally, the emotional
toll of dealing with dysphagia can be profound, as it may lead to feelings of frustration, anxiety,

and depression, further impacting a person's overall well-being eventually.?®33

2. Some current challenges in dietary management for dysphagia patients
Dietary management plays a crucial role in the treatment of dysphagia but involves some
complex challenges that need careful consideration (Figure 2). Ongoing challenges in dietary

management for dysphagia patients highlight that insufficient dietary intake including
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individualized nutritional needs is a primary challenge faced by dysphagic patients.®223334 They
often exhibit varied swallowing capacities and food tolerances, requiring specialized nutritional
plans to ensure adequate dietary intake while minimizing malnutritional risks.®>3¢ Texture-
modified diets is a cornerstone of traditional dysphagia management to accommodate swallowing
difficulties which often involve the purification, thickening, or pureeing of foods to reduce the risk
of aspiration.’’® However, adherence to these interventions often declines due to their
unappealing sensory properties, such as mouthfeel, flavor release, ease to chew and swallow and
overall palatability, which can potentially contribute to a decrease in appetite.®>3%-2 Additionally,
these problems raise concerns regarding possible nutritional deficiencies and compliance with
dietary recommendations, particularly related to nutrient bioavailability.*>** Certain texture
alterations may prevent patients from consuming food normally and, in turn, can hinder the
absorption of key nutrients and exacerbate existing deficiencies. Dietary management of dysphagia
can also lead to dehydration due to thickened liquids and altered food consistencies and, therefore
limiting fluid intake.*® Additionally, the impaired swallowing capabilities of affected individuals
can present as oral difficulties such as difficulty chewing, food pocketing, and delayed swallow
reflex, as well as pharyngeal challenges like choking, aspiration, and the sensation of food sticking
in the throat.?646

Beyond these physical challenges, the impact of dysphagia's psychosocial state should not
be underestimated; as it can have a substantial influence on individual's quality of life, contributing
to social isolation, depression, and anxiety, which in turn can reduce appetite and food
consumption.333%47 Effective dietary management of dysphagia dependent on comprehensive
caregiver and patient education. However, varying quality and inconsistent clinical guidelines
across care settings can lead to confusing healthcare professionals and resulting in variations in
patient care. Inconsistent clinical guidelines in diet formulation, with the limited adoption of the
International Dysphagia Diet Standardization Initiative (IDDSI) standardized protocol which
promotes customized food consistency to effectively meet individual patient needs.*® These
reasons can hinder safe swallowing practices and the effective delivery of nutrition for dysphagia
patients. Moreover, technological and tool limitations in texture modification, such as the inability
to precisely manage food consistency, present continuing challenges.*® These challenges are
further magnified by cost and accessibility issues, which limit the availability of specialized

products and services for many patients around the world.3%%
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As discussed above, the complexity in the dietary management of individuals with dysphagia is
required a multidisciplinary collaboration for effective dysphagia management, involving
dietitians, speech-language pathologists, physicians, and caregivers. Such collaboration is often
hindered by communication barriers and resource limitations. Cultural and personal preferences
as well as food insecurity should also be considered when planning diets, as these factors influence
patient compliance and satisfaction with their meals.>*>* Lastly, it is important that monitoring and
follow-up remain vital to ensure that dietary interventions are effective, however, long-term
monitoring often falls short due to logistical, financial, or systemic constraints.*>*>° Addressing
these multifaceted challenges requires a coordinated, patient-centered approach that is flexible,

evidence-based, and culturally sensitive.
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Figure 2. Diagram illustrating some continuing challenges in dietary management for dysphagia
patients.8'22*26'33'39*42'51*54'56

3. Some current trends in dysphagia management
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Current trends in dysphagia food management involve the development and application of
innovative methods and technologies aimed at improving the safety, acceptability, and nutritional
quality of food for patients with swallowing difficulties. There are variety of trends in the methods
and techniques used, as well as industrial technologies for texture modification.

3.1 Food texture modification

Food texture modification (FTM) or texture-modified diet is a fundamental to managing
dysphagia, customized to deliver suitable consistencies including puréed, minced, or soft foods to
individuals with dysphagia.>”*® These adaptations ensure safe ingestion by reducing the potential
risk of choking and aspiration. These FTMs often align with the international standards such as
the IDDSI framework.>*® Such FTMs improve safety, however, they may lack visual appeal and

variety, highlighting the need for innovations that enhance palatability and nutritional value.5!

3.2 Thickening agents

Not only foods but also liquids require modification to fulfill dysphagia patients with
nutritional requirements which can be achieved using thickening agents, gelation techniques, and
biopolymer integration. These methods are essential for ensuring safe consumption of food,
preventing aspiration and other dysphagia-related risks by adjusting fluid viscosity, converting
into gels to improve their mechanical properties and stability. Thereby enhancing cohesiveness
and facilitating a more manageable and ease of swallowing process. Various biopolymer
thickening agents, such as starch- or gum-based products, alginates, and pectin are used depending
on the individual's needs. However, studies suggest that thickened liquids can lead to decreased
compliance with hydration protocols, and that diets containing thickeners often experience an

increase in viscosity over time %%

3.3 Food-shaping molds

Recent literature highlights the efficacy of food-shaping mold strategies by customized
silicone molds in enhancing the palatability, safety and visual appeal of meals for dysphagic
patients.>® Forming foods into recognizable shapes, enhances meal acceptance and overall
quality of life for dysphagic patient when integrating this strategy with standardized guidelines of
texture modification such as IDDSI framework. This approach is especially beneficial in

institutional settings where shaped food presentation impacts patient compliance.®®
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3.4 3D and 4D food printing technologies

Three-dimensional (3D) and four-dimensional (4D) food printing technologies offer
significant transformative approaches in food design and production, particularly for addressing
challenges associated with visually unappealing and unappetizing of dysphagia-friendly foods
while maintaining their safety and ease of swallowing.®” 3D printing creates customized, precise,
and complex structures using layer-by-layer deposition from digital models. While 4D printing
presents an extra dimension of transformation over time, emphasizing the dynamic capability of
printed foods to alter their shape, texture, or properties (such as flavor and aroma release and color
changes) in response to external stimuli like temperature, moisture, or pH.%° Therefore, these
techniques provide unique solutions to improve food variety, tailored nutritional content,
presentation and potentially increasing appetite and improving the overall eating experience,
especially in long-term care settings.%® Additionally, it allows for precise control over food
consistency and repeatability, aligning with individual swallowing capabilities.>*6771-73
3.5 Aeration by foaming technique

Aeration by foaming is a technique utilized in the management of dysphagia-related dietary
needs.>® Nowadays, the formation of bubble-containing food structures not only introduces air into
food but also appeals to consumers by enhancing visual allure of the product, offering health
benefits by creating lighter alternatives in terms of textures and calories and encapsulating aroma
components.’*™ It is particularly useful in liquid foods, beverages and semi-gels in the present of
different stabilizers and whipping agents, offering new options for patients with swallowing

difficulties.*”*0

4. Discussion on the development of aerated food, liquid, and semi-gel structures
4.1 Aeration concepts in food science and culinary contexts

In the context of food science, aeration is a general term for creation of air bubbles into a
mixture. The mechanism behind the aeration is to enhance the texture, structure, appearance and
mouthfeel of food products, which can create lightness and improve sensory attributes and also
increase the volume of the mixture.?®’® While in culinary contexts, aeration often involves

whipping, whisking, beating, or stirring ingredients to create a foam or light texture.”’

4.2 Key methods and techniques used to create air bubbles in food, liquids, and semi-gels
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When incorporating air bubbles into diets, especially for dysphagia it is crucial to consider
factors such as size, distribution and consistency of the bubbles, minimal mechanical resistance,
uniform texture, and characteristics that ensure safe and ease swallowing. Based on relevant
literature, various mechanisms governing the formation of air bubble-containing food structures
have been identified in foods, liquids, and semi-gels.®”"®"® The incorporation of air bubbles in
such structures can be through different mechanisms including physical, mechanical, chemical,
and biological mechanisms (Table 1). The physical mechanism refers to pre-existing air that is
expanded and dispersed by pressurized systems or sudden temperature changes. Popular examples
of this mechanism are ice cream mixture and air inflated chocolate during its production,
carbonated beverages containing compressed carbon dioxide (CO:) and nitrous oxide gas
pressurized inside the whipped cream canister/dispenser.8%-8 The mechanical mechanism produces
fine and stable air bubbles by rapid mechanical agitation when air bubbles trapping, and dispersing
within networks.2 This mechanism can be achieved by whipping, foaming, whisking, stirring,
mixing, shaking, or blending which is ideal for the production of whipped cream, meringues, ice
cream, milk foam, mousse desserts, and marshmallow.®>88 Beating is a further technique of the
mechanical mechanism involving vigorously agitating a mixture to create air bubbles through
disrupting the structure, introducing irregular air pockets, and facilitating the effective blending of
ingredients, particularly in heavier mixtures such as cake batter, beating egg whites and cream
cheese frosting. Chemical mechanism creates air bubbles by chemical reactions or chemical
leavening by using baking powder or soda in cakes or muffins and fizzy drink tablets. In contrast,
the biological mechanism depends on gas-producing organisms by metabolic activities in
sourdough bread (yeast fermentation), Sobia (fermented bread, barley or oat drink) and cheese-

like fermented Sufu gel.”%798489

Table 1. Various mechanisms for incorporating/generating air bubbles into food, liquid and semi-

gel structures 67,72,78-80,83-85,88,89

. . Methods/ Example of aerated structure
Mechanism Explanation . —— :
techniques Food Liquid Semi-gel
Pre-existing air
expanded and Pressurized I Whiooed
Physical dispersed by systems or ce cream Carbonated Ipped cream
. Air inflated canister/
mechanism | pressure or sudden pressure beverages :
chocolate dispenser
temperature changes
changes.
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4.3 Current studies on the developing aerated food, liquid and semi-gel structures for

dysphagia management

The creation of air bubbles into food, liquid and semi-gel structures specifically designed

for individuals with dysphagia has gained considerable attention for enhancing swallowability,

nutritional intake, mealtime experiences and social participation.*®% The rising interest in aeration

applications, such as air bubble creation and foaming, focusing on their rheological properties,

sensory acceptability, and nutritional adequacy of modified dysphagia diets.*>®! This review will

explore the current food, liquid and semi-gel aerated structures that were implemented or will be

recommended with some considerations for managing dysphagia, providing softer textures that

require less effort to chew and swallow.
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4.3.1 Aerated food structure

Aerated food structures are solid or semi-solid foods into which air has been incorporated
to modify texture and density of the final products. A study conducted by Koizumi et al’® examined
the suitability of espuma, a foam-style salmon fish, in meals designed for older adults with
masticatory or swallowing difficulties. Three types of whipping creams involving milk fat,
vegetable fat, and soymilk cream were blended with boiled salmon to create espuma. It was found
that espuma’s soymilk cream demonstrated superior structural stability, with no syneresis and fine,
uniform bubbles, meeting Japanese standards for dysphagia-friendly textures and showing a
minimal laryngeal residue in swallowing tests, indicating safety for consumption. Additionally,
espuma’s vegetable fat cream considered suitable due to its low density and stability. However,
espuma’s milk fat cream was excluded from the study due to the foam's insufficient stability and
inability to maintain its shape. The study suggested that this aerated structuring approach can be
applied to enhance the eating experience for individuals with swallowing difficulties.

David-Birman et al®” examined the potential effects of incorporating insect-derived
ingredients, specifically silkworm pupae flour (SWF) in both whipped cream and ice cream on
enhancing their functional and nutritional properties while reducing the use of industrial
stabilizers. An analysis was conducted on whipping cream formulations (SWF concentrations of
0, 1, 4, and 7%) and ice cream formulations (SWF concentrations of 1, 2.5, 4, and 7%). It was
found that the addition of SWF significantly improved foam stability in whipped cream by
reducing phase separation over 15 days, attributed to increased viscosity caused by the interactions
of chitin and other macromolecules. However, SWF reduced overrun by limiting air entrapment
(the air amount that could be incorporated), particularly at higher concentrations. Sensory
evaluation revealed that ice creams containing less than 1% SWF were well-received, maintaining
desirable textural and flavor profiles, while higher concentrations (>4%) led to increased hardness,
adhesiveness, a strong aftertaste, and diminished sweetness. These findings support the use of
SWEF to develop aerated food structures, such as ice cream, for specialized diets for dysphagia
management, offering improved nutritional value (high-quality proteins, healthy fats, various
vitamins, minerals and digestible viscous dietary fiber from chitin), functional stability, and
sensory acceptability while supporting sustainable food innovation.®”92-%

Fribus et al” investigated the potential use of microfoaming-assisted 3D printing to

modulate the textural and structural properties of starch-based materials, aiming to create
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customized food textures suitable for dietary needs, particularly for populations with swallowing
difficulties. The samples were prepared by comprising wheat starch and soy protein isolate (85:15
ratio) including open-cell foam structures created through different concentrations of chemical
leavening agents (glucono-delta-lactone (GDL), monocalcium phosphate (MCP), and sodium acid
pyrophosphate (SAPP)). This selection aimed to produce and to evaluate the texture and structure
of 3D printed starch-based aerated food structures with control carbon dioxide release during
printing, where MCP providing rapid release, SAPP releasing gas thermally, and GDL ensuring
consistent release. The study found that MCP and SAPP systems maintained consistent 3D printing
behavior, producing stable structures, while GDL systems caused printing defects due to
continuous gas generation. Textural analysis revealed a significant reduction in hardness at a
concentration level of 2%, ranging from 2.79-fold (SAPP) to 10.2-fold (GDL) compared to
unleavened controls. The study demonstrated that chemical leavening agents significantly
influenced the textural and morphological properties of starch-based 3D printed materials;
therefore, it is recommended the food industry creating dysphagia-friendly products using MCP
and SAPP as reliable leavening agents for 3D printing due to their stable gas release kinetics and
consistent printing behavior, producing soft, stable aerated structures. While GDL can create
highly porous textures, its time-dependent material instability and printing defects make it less

suitable for precise and reproducible manufacturing processes.

4.3.2 Aerated liquid structure

Aerated liquid structures refer to liquids that have been infused with air or gas, creating a
bubbly or foamy consistency. The formation of air bubbles modifies the liquid's viscosity and flow
behavior to deliver liquid in a more easy-to-swallow form for some dysphagic patients.*
Marchand et al®® investigated the friction and flow dynamics of edible albumen liquid foams
sheared against tongue-like surface roughness model, revealing key insights into the behavior of
foams near solid surfaces. This model was used to mimic the rough surface of the human tongue
by adhering glass beads onto microscope slides with an average radius of a=225um, comparable
to the size of human tongue papillae. The study identifies three distinct friction regimes which are
sliding, stick-slip, and anchored regimes, based on the roughness factor. Sliding regime indicates
that roughness is minimal compared to the foam structure, allowing smooth foam flow over the
surface with slight resistance. Friction is minimal and mainly determined by viscous dissipation in

the Plateau borders. Stick-slip regime indicates that the foam exhibits intermittent behavior at
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intermediate roughness levels as the Plateau borders alternate between anchoring to surface
asperities and slipping past them, resulting in fluctuating stresses. This mixed behavior reflects
both surface and bulk dissipation. Anchored regime indicates that when roughness exceeds the
foam structure, Plateau borders anchor to the asperities. Therefore, the foam's movement to be
primarily governed by internal plastic deformation, with stress dissipation mainly occurring in the
bulk. These findings underscore the practical relevance of tailoring surface roughness to control
foam behavior. This model allows to study roughness-induced friction in liquid foams and to
design aerated food products, particularly for individuals with swallowing difficulties. Thus, the
interaction between foam and tongue-like surface can influence texture perception, ensuring a
more comfortable eating experience.

Lee et al®’ conducted a study investigating the food foams stabilized by hydrocolloids as a
safe and effective method for hydrating dysphagic patients using 3D printing technology. Five
different foam formulations were prepared with egg white-based and egg free foams, by whipping
base foamed ingredients such as egg whites, Methocel F50, and Foam Magic, with the addition of
xanthan gum (XG) to enhance stability and printability. The study found that XG-stabilized foams
significantly improved foam stability, printability, and structural integrity, making them suitable
for dysphagic diets. While eggless formulations offered a viable alternative for vegan applications.
All formulations complied IDDSI standards for safe consumption. Among the tested foams,
xanthan gum-based inks demonstrated superior performance in hydration retention and texture
consistency, emphasizing their potential as a customizable solution for hydration delivery to

dysphagic patients.

4.3.3 Aerated semi-gel structure

Aerated semi-gel structures serve as a transitional system between gel and liquid
characterized by stabilized air bubbles within gel network. Such structure integrates the gel
viscoelastic properties with the lightweight foaming characteristics that contribute to both the
structural and textural integrity and thereby promote safe swallowing practices. Aerated hydrogel
structures can be used to formulate desirable texture that is light-soft by gelation of the continuous
phase in an initial liquid foam that are more manageable to swallow for individuals with dysphagia.
Its mechanism includes the reduction of the gel strength by creating air bubbles in its network. In
a study by Zhang et al*’, the structural properties of alkali-heat treated egg white protein (AHEWP)

was aimed to develop hydrogel foams with desired texture and swallowing safety for dysphagia.
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The main findings point out that AHEWP provided desirable structural properties, allowing the
formation of stable hydrogel foams due to the formation of covalent bonds and the compact
structure of the aggregates at alkaline pH levels comparing to untreated egg white protein (EWP).
Additionally, it was confirmed that hydrogel foamed structure is enhanced for its nutritional profile
by incorporating a high-quality protein source, meeting the needs of those with dysphagia.

Chen et al”® investigated the formation mechanism of Sufu gels, a traditional fermented
soybean product derived from tofu, by Mucor racemosus to understand the physicochemical and
structural changes responsible for their unique texture. Sufu samples were prepared from tofu,
inoculated with Mucor racemosus, and fermented for up to 96 hours, with samples collected at 0,
24, 48, 72, and 96 hours for analysis. The study identified significant improvements in water-
holding capacity (up to 93.85% at 96 hours) and textural properties, including reduced hardness
(4.8N and 4.99N at 72 and 96 hours, respectively), which classified the gels as aerated semi-gel
structures. At 48 hours, optimal gel uniformity and smoothness were attributed to peak protease
activity and a -sheet-dominant secondary structure, while prolonged fermentation led to softer
textures. The findings highlight the suitability of these aerated Sufu gels for dysphagia patients
due to their soft, smooth texture and ease of swallowing, offering a potential texture-modified food
option for this population.

Ng et al*® aimed to investigate the flow properties and behavior of thickened infant
formulas designed for managing dysphagia in infants aged one year or younger, particularly
focusing on the effects of time and storage temperature on consistency. Ready-made formulas and
powdered formulas were thickened with starch-based, and guar gum-based agents using
standardized preparation methods and analyzed at three time points using the IDDSI flow test. The
results emphasize the importance of personalized dysphagia management plans designed to
individual infant's needs, considering formula preparation, storage conditions, and feeding
timelines. However, the ready-made formulas with either thickener produced aerated semi-gel
thickened formulas characterized by significant foaming, air bubbles, and increased cohesion.
Such aerated properties are unsuitable for the infants relying on bottle or tube feeding, as they
increase feeding difficulty, fatigue, and the risk of aspiration, highlighting the need for alternative
approaches for this vulnerable population.

Each study discussed in this section of the review indicated that their findings on various
aerated (foamed, bubbly) structures can be clinically applied as suggestion for dysphagia

management to improve safety and quality of life and to create more palatable diet options for
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those with swallowing difficulties. Similar suggestion was made by Wu et al®®, emphasizing the
need for further clinical research and improved assessment tools to study the functional outcomes
and long-term effects to enhance care for at-risk groups. Therefore, the implementation of such
structures to be more sophisticated, personalized, and enjoyable products designed for individuals
with dysphagia, requires collaboration among food scientists, nutrition experts, speech-language
pathologists, and culinary specialists to be clinically studied on dysphagic patients.
5. Conclusion

This review highlighted the dysphagia and its impact on quality of life, while indicating
the challenges in dietary management for affected individuals. Additionally, the review discussed
some current trends in dysphagia management, including food texture modification, the use of
thickening agents, innovative food-shaping molds, advancements in 3D and 4D food printing
technologies, as well as aeration techniques by foaming. This review summarizes a number of
current studies on the development of aerated food, liquid, and semi-gel structures as promising
solutions for improving nutrition and mealtime experiences for those with dysphagia. Although
these studies often do not involve dysphagic patients, they only suggest the potential suitability of
such structures and the impact of various factors on the perception of aerated textures with the goal
of creating safer and more palatable food options for those experiencing swallowing difficulties,
without incorporating fundamental clinical studies. Therefore, the implementation of aerated
structures to develop more sophisticated, personalized, and enjoyable products designed for
individuals with dysphagia, requires collaboration among food scientists, nutrition experts,
speech-language pathologists, and culinary specialists.
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