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Green Italy — Basil Protein Sponge

The Green ltaly Basil Protein Sponge forms the visual and conceptual centrepiece of
the dish. Shaped into the silhouette of the Italian peninsula using a hand-cut stencil,
it functions simultaneously as the main structural element and the primary vehicle for
herbaceous flavour. In conventional Italian cooking, the freshness of basil is one of
the most immediately recognisable sensory cues, defined principally by the volatile
compounds linalool and estragole (Belitz, Grosch and Schieberle, 2009). In this note-
by-note formulation, that aromatic identity is reconstructed through commercial basil
flavouring, while the structure of the component is built entirely from functional
hydrocolloids and protein fractions rather than traditional baking ingredients such as
flour, egg, or fat.

Whey protein isolate (WPI) provides the primary structural matrix. Upon heating
above approximately 70-80°C, WPI undergoes irreversible thermal denaturation,
causing unfolding and aggregation of B-lactoglobulin and a-lactalbumin chains to
form a continuous gel network (Nicolai, Britten and Schmitt, 2011).

Methylcellulose (E461) contributes an additional, thermally reversible gel structure:
unlike most hydrocolloids, it gels upon heating and melts upon cooling, a property
that aids structural setting during baking (Brady, 2013).

Xanthan gum (E415) acts as a viscosity-building stabiliser, preventing phase
separation during mixing and improving water immobilisation within the matrix
(Sworn, 2009).

Maltodextrin functions as a bulking agent and contributes to moisture binding and
textural body, while a small amount of sucrose enhances palatability and promotes
light surface browning through Maillard reactions at the elevated baking temperature
(McGee, 2004).



Ingredients for Basil Protein Sponge

Ingredients
Water

Whey Protein Isolate

Methylcellulose

Xanthan Gum

Sugar

Maltodextrin

Sodium Chloride

Basil Flavouring

Green Food coloring

Quantity

210g
20g

39

29

q.s.

g.s.

Method for Basil Protein Sponge
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e Step 1: All dry and liquid ingredients were combined and blended for 30—40
seconds to ensure full dispersion, hydration, and air incorporation.



e Step 2: The mixture was allowed to rest for 5 minutes to enable hydrocolloid
hydration and viscosity development.

e Step 3: The batter was evenly spread onto baking paper in a shallow metal
tray to a thickness of approximately 6—8 mm.

e Step 4: Baking was carried out at 160 °C (fan-assisted) for 25 minutes,
followed by turning the sheet and baking for a further 10 minutes to ensure
uniform dehydration and structure formation.

e Step 5: The sponge was cooled to room temperature before being cut into an
Italy silhouette using a stencil.

Basil Protein Sponge — Process Justification

e The reduction of water content during the weeks (300 — ~210 mL) was
necessary to increase the protein-to-water ratio, enabling formation of a
continuous gel network and preventing a liquid final structure.

e The use of a metal tray instead of silicone mat improved heat transfer,
allowing faster protein denaturation and more effective moisture evaporation,
which directly improved structural stability.

e Spreading the mixture in a thin layer (£ 8 mm) and turning it during baking
promoted uniform dehydration, reducing internal moisture and allowing clean
cutting of the Italy shape.

Blue Sea — Mineral Fluid Gel

The Blue Sea Mineral Fluid Gel represents the coastal dimension of the Italian
landscape. Visually, it evokes the Mediterranean and Adriatic seas that define Italy’s
geography; sensorially, it is designed to deliver a lightly saline flavour profile with
subtle herbaceous and citrus notes.

Fluid gels are a well-established technique in molecular gastronomy and modern
cuisine, produced by forming a thermoset gel and then subjecting it to controlled
mechanical shear. The result is a material that flows under stress but recovers its
structure at rest — a pseudoplastic or thixotropic behaviour that makes it ideal for
elegant plating (Ghebremedhin, Seiffert and Vilgis, 2021).

In this formulation, agar-agar (E406) is the gelling agent of choice. Agar is a
polysaccharide derived from red algae, composed of agarose and agaropectin.
When dispersed in hot water and cooled below approximately 40°C, agarose chains
form double helices that associate into a firm, brittle gel through hydrogen bonding
(Pandya et al., 2022). Mechanical shearing of this gel produces the characteristic
fluid gel texture.

Monosodium glutamate (MSG, E621) is incorporated at a low concentration to
enhance umami perception and add depth to the mineral flavour profile, consistent
with the established role of free glutamate in amplifying savoury taste (Yamaguchi
and Ninomiya, 2000).

Citric acid (E330) provides acidity, enhancing the perception of freshness and
evoking the bright, citrus notes of lemons from the Italian coast.
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Sodium chloride delivers the salinity note essential to the coastal identity of this
component.

Blue food colouring completes the visual narrative.

Ingredients for Mineral Fluid Gel

Ingredients Quantity Description
Water 300ml Tap Water
Agar Agar 1.89 q
= Sosa Agar-Agar

’s.

=
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Ly Table Salt
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Basil and Lemon Flavouring g.s. Sosa Flavouring N.38
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Method for Mineral Fluid Gel

e Step 1: Agar was dispersed in water together with salt and heated under
constant stirring to 90—100 °C until complete hydration and dissolution were
achieved.

e Step 2: Flavour compounds and colouring agents were incorporated and
homogenised using a blender.

e Step 3: The hot solution was allowed to set into a gel at room temperature.

e Step 4: The set gel was mechanically broken and sheared using a blender to
obtain a smooth fluid gel consistency.
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e Step 5: Colour and texture were adjusted after blending if necessary to
achieve the desired final appearance.

Mineral Fluid Gel — Process Justification

» Heating agar to 90-100°C ensured full hydration, which is essential for
consistent gel formation before shearing.

e The decision to add colour after blending corrected the initial issue of
uneven colour distribution and resulted in a more homogeneous appearance.

» The combination of salt, acid, and MSG was adjusted to improve flavour
perception, although results indicated that concentration remained below
optimal sensory threshold.

Red Spheres — Tomato “Cities”

The Red Tomato Spheres represent the cities of Italy as small, vivid, concentrated
nodes of flavour placed deliberately across the landscape of the plate. Conceptually,
they reference lItaly’s urban density and the central role of the tomato in Italian
culinary identity. Sensorially, they are designed to deliver a burst of tomato flavour
characterised by acidity, sweetness, and umami — the three principal taste
dimensions of a ripe tomato (Tieman et al., 2017).

The technique used to produce these spheres is direct spherification, one of the
foundational methods of molecular gastronomy as developed and popularised by
Ferran Adria at elBulli (Adria, Soler and Adria, 2006), and as demonstrated in
module practical sessions (Advanced Molecular Gastronomy lecture notes, 2026).

Sodium alginate (E401), a polysaccharide derived from brown seaweed, is dissolved
in the flavoured liquid phase. When droplets of this alginate solution are introduced
into a calcium chloride (E509) bath, ionic crosslinking occurs at the droplet surface:
calcium ions displace sodium ions and crosslink adjacent alginate chains, forming an
insoluble calcium alginate gel membrane (Lee and Mooney, 2012).

This membrane encapsulates the liquid interior, producing a sphere with a defined
outer skin and a fluid centre. Citric acid and sucrose are included to balance the
flavour profile, and MSG reinforces the umami character of the tomato note. Tomato
powder contributes to flavour intensity and colour saturation, while red food colouring
completes the visual identity of the component.

Ingredients for Red Tomato Spheres

Ingredients Alginate Phase Quantity Description

Water 250ml Tap water

Sodium Alginate 2.5¢
g Sosa Alginat
S
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r=— Citric acid
=== Monohydrated E 330 by
o “Louis Francois”
Sugar 0.2g
Gem Caster
Sugar
Tomato flavourings g.s.
g Sosa Flavouring N.63
i{;‘ (Green Tomato)
Tomato Powder -
Sosa
Red Food Coloring g.s.
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Water 625ml Tap Water
Calcium Chloride 3.8¢g
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Method for Red Tomato Spheres

e Step 1: Sodium alginate was dispersed in the tomato base and left to hydrate
for 30—45 minutes to ensure full dissolution and deaeration.




e Step 2: A calcium chloride bath was prepared separately and allowed to
stabilise.

e Step 3: The alginate mixture was carefully dropped into the calcium bath
using a pipette to form spherical droplets.

e Step 4: Gelation was allowed to proceed for 35-45 seconds under controlled
conditions.

e Step 5: The formed spheres were removed and rinsed in clean water to stop
further gelation and remove excess calcium.

Tomato Spheres — Process Justification

» Resting the alginate solution (30—45 min) allowed full hydration and removal
of air bubbles, improving sphere formation and surface smoothness.

» Controlled gelation time (35-45 s) ensured formation of a stable membrane
while maintaining a liquid core.

» The addition of tomato powder enhanced flavour intensity, addressing the
weak sensory profile observed in earlier trials.

White Parmesan Foam

The White Parmesan Foam represents the dairy heritage of Italy — in particular, the
aged, granular character of Parmigiano Reggiano, one of the country’s most
internationally recognised products.

In its conventional form, Parmigiano Reggiano derives its complex flavour from a
long maturation process that generates free amino acids (particularly glutamate),
short-chain fatty acids (including butyric and propionic acid), and volatile compounds
such as diacetyl and acetoin, which contribute buttery and fermented aromatic notes
(Fox and McSweeney, 2017).

In this note-by-note formulation, these sensory attributes are reconstructed using
commercial cheese and butter flavourings, without the use of any dairy ingredients.
The foam structure is produced using sucrose esters of fatty acids (E473), a class of
emulsifiers derived from the esterification of sucrose with fatty acids.

Sucrose esters are highly effective foam-forming and foam-stabilising agents in
aqueous systems: they reduce surface tension at the air—water interface, allowing air
to be incorporated efficiently under mechanical agitation, and they form a stable
interfacial film that resists coalescence and drainage (Nelen and Cooper, 2004).

The result, when blended with high shear, is a light, airy foam with a persistent
structure and a strong, clean flavour delivery.

A small amount of sucrose is included to balance sweetness and improve foam
stability. The foam must be served immediately upon preparation, as drainage and
collapse occur progressively over time in the absence of additional stabilisers.

Ingredients for White Parmesan Foam

Ingredients Quantity Description
Water 100g Tap Water



Ingredients Quantity Description

Sucrose ester 29 Special

- = Ingredients

S— Sucrose
m Ester

Sugar 89 Gem Caster
o Sugar
Parmesan Flavouring qg.s. Sosa Formatge Tipus

Cheddar and Sosa
Flavourlng N.47 (Butter)

‘.ﬂ"'t

Method for White Parmesan Foam

Step 1: All ingredients (water, sucrose ester, sugar, and Parmesan flavouring)
were combined in a tall mixing container.

Step 2: The mixture was homogenised using an immersion blender for 1-2
minutes to ensure full dispersion of solids and incorporation of air.

Step 3: Blending was continued until a stable, light foam structure was formed
with visible aeration.

Step 4: The foam was used immediately after preparation to preserve stability
and optimal texture.

Parmigiano Foam — Process Justification

High-shear blending enabled rapid air incorporation, allowing sucrose esters
to stabilise the air—-water interface and form a foam structure.

Immediate use of the foam was required due to rapid drainage and collapse,
highlighting the absence of additional stabilising agents.

The use of flavouring instead of real cheese allowed precise control of flavour
intensity but resulted in a more generic “cheesy” profile rather than a specific
Parmigiano note.
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Figure 1. Final plated prototype of “Italy Experience”: Green Italy Basil Protein
Sponge (shaped as Italian peninsula), Blue Sea Fluid Gel, Red Tomato Spheres,
and White Parmesan Foam.

Flavour intensity—particularly herbaceous (basil) and tomato notes—represents the
primary limitation. Future development should focus on enhancing flavour
concentration and retention, while maintaining the structural and aesthetic qualities
already achieved.

Nutritional Analysis

The nutritional profile of the dish was estimated based on the composition and
quantities of the individual ingredients used. Overall, the plate presents a low energy
value of approximately 100 kcal per serving (=455 g), corresponding to 5% of the
Reference Intake (RI) for an average adult (2000 kcal). This reduced caloric content
aligns with the objective of developing a dish that minimises energy intake while
maintaining sensory impact.

Protein content is relatively significant, at approximately 9.5 g per serving (19% RI),
primarily derived from whey protein isolate used in the sponge component. This
contributes to the nutritional value of the dish and supports satiety despite the low
caloric density. Carbohydrate levels are minimal (=4.5 g per serving, 2% RI), with
sugars accounting for approximately 2.7 g (3% RI), mainly from added sucrose and
maltodextrin. Fat content is also low (=1.5 g per serving, 2% RI), reflecting the limited
use of lipid-based ingredients.

Salt content is estimated at approximately 1 g per serving (17% RI), largely
originating from sodium chloride and monosodium glutamate used to enhance
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flavour perception. While this contributes positively to taste intensity, it represents
the most significant nutritional consideration in the formulation.

Overall, the dish can be characterised as a low-calorie, moderately high-protein
preparation with minimal fat and carbohydrate content. These results demonstrate
the potential of note by note cuisine to deliver nutritionally efficient dishes that
balance reduced energy intake with targeted flavour design.

Per 100g Per serving (1 plate = 455 g)

Energy 22 kcal (1% RI) 100 kcal (5% RI)
Fat 0.3g (<1% RI) 1.5 9 (2% RI)
Carbohydrates 1.09 (<1% RI) 459 (2% RI)
Of which 0.6 g (<1% RI) 2.7 g (3% RI)

sugars

Protein 2.19 (4% RI) 9.59 (19% RI)
Salt 022 (4% RI) 1.0g (17% RI)

Table 1. Nutritional Values of “ltaly Experience” per 100g and per serving (1 plate = 455 g)

Cost Analysis

A detailed ingredient costing was conducted for one serving of the "ltaly Experience"
dish, with full data presented in Appendix B. All unit prices were standardised to cost
per gram to ensure accuracy and comparability across ingredients.

The total production cost was calculated at €1.88 per plate. Despite incorporating
specialised functional ingredients — including hydrocolloids, whey protein isolate,
and food-grade colourants — their very low inclusion levels meant their individual
contributions to the overall cost remained minimal. The highest single line cost was
whey protein isolate at €0.65, reflecting its relatively higher unit price rather than
excessive quantity.

This outcome supports a key advantage of note-by-note cuisine: targeted sensory
properties can be achieved using highly concentrated compounds in small quantities,
reducing reliance on expensive bulk raw materials such as fresh dairy, oils, or
produce. The result is a cost-efficient formulation that aligns with the project
objective of maintaining sensory quality while minimising production expenditure,
reinforcing the broader feasibility of note-by-note cooking as a scalable food design
strategy.
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6. Conclusion

Over four weeks of iterative practical development, the note-by-note dish “ltaly
Experience” was successfully formulated, trialled, and evaluated, demonstrating the
capacity of compound-based cuisine to reconstruct a coherent national culinary
identity from functional ingredients and flavouring fractions alone.

The final dish — comprising a basil protein sponge shaped as the Italian peninsula, a
mineral blue fluid gel, red tomato spheres, and a white Parmesan foam — achieved
high scores for visual presentation and overall acceptability in sensory evaluation,
confirming that the conceptual objective of translating Italian geography and
gastronomy into a note-by-note format was accomplished.

Technically, the project confirmed both the strengths and the limitations of current
note-by-note methods: structural components based on protein—hydrocolloid
matrices require careful calibration of water content and processing conditions, while
flavour delivery in thermally processed aqueous systems remains a challenge that
warrants further research into encapsulation and post-assembly aroma application
strategies.

In the broader context of the “Reduce production costs and time, reduce calories,
but maintain flavour.” theme, “Italy Experience” provides compelling evidence of the
nutritional and practical potential of note-by-note cuisine. At approximately 100 kcal
per serving — a reduction of approximately 75-85% relative to a conventional
equivalent — it demonstrates that high-quality, multi-sensory dining experiences can
be delivered at dramatically reduced caloric cost, without sacrificing creativity,
cultural resonance, or sensory richness.

As global population growth, food security pressures, and the continuing rise of diet-
related iliness place increasing demands on food systems, the precision and
efficiency of note-by-note cooking offer a genuinely promising contribution to the
future of food design, both within professional gastronomy and in the wider context of
sustainable, health-conscious food production (This, 2014; World Health
Organization, 2024).
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