The Physical Chemistry and
Methodological Protocol for Polyphasic

Tiramisu Synthesis
Introduction to Polyphasic Culinary Engineering

The creation of Tiramisu from its foundational raw materials represents a profound exercise in
gastronomic engineering and applied physical chemistry. Far removed from the simple
assembly of pre-manufactured commercial ingredients, constructing this dessert entirely from
scratch necessitates the precise manipulation of multiphase emulsions, thermo-acidic protein
coagulation, wild-yeast fermentation dynamics, and the thermal pyrolysis of botanical
carbohydrates.

The dessert functions structurally as a complex, composite matrix. It requires the de novo
synthesis of a high-fat, non-Newtonian continuous phase (homemade Mascarpone stabilized
by a pate a bombe), supported by a precisely aerated, retrograded starch scaffolding
(wild-yeast leavened Savoiardi), which is subsequently saturated with an aqueous botanical
extract (roasted chicory and dandelion root). The interplay between lipid homogenization,
protein denaturation, pH modulation, and capillary fluid dynamics dictates the ultimate
structural integrity, mouthfeel, and organoleptic profile of the final product.

This report provides an exhaustive theoretical framework detailing the underlying biochemical
mechanisms of these components, seamlessly integrated with the precise methodological
protocols (the "recipe”) required to execute their synthesis in a controlled laboratory or
advanced culinary environment.

Phase I: The Lipid-Protein Matrix (Engineering
Homemade Mascarpone)

Mascarpone is a highly specialized, unripened soft cheese categorized under the
"Doppelrahmstufe” (double-cream) classification. It is fundamentally unique in the global dairy
taxonomy because it bypasses standard enzymatic (rennet) coagulation in favor of direct
thermo-acidic precipitation'. The engineering of mascarpone establishes the structural and
lipidic foundation of the dessert, demanding strict adherence to specific fluid dynamic and
thermodynamic parameters.

Lipid Extraction, Emulsion Physics, and Cream Standardization

The initial phase of production requires the extraction and standardization of the bovine milk
fat emulsion to a strict lipid concentration threshold of 20.0% to 26.0%'. In its native state, milk
is an oil-in-water colloidal dispersion where liquid triglyceride droplets are encapsulated by a
delicate, trilayered phospholipid structure known as the Milk Fat Globule Membrane (MFGM)'.
While historical artisanal methods relied on cold-setting gravity dynamics—leveraging the
massive pentameric cryoglobulin Immunoglobulin M (IgM) to physically cross-link fat globules
and accelerate upward terminal velocity per Stokes' Law—this method leaves the cream



vulnerable to psychrotrophic bacterial proliferation and thermostable lipolysis, which imparts
rancid organoleptic defects'. Consequently, contemporary scratch-production relies on
centrifugal separation to acquire fresh cream, which must then be meticulously standardized.
The absolute necessity of standardizing the extracted cream to precisely 20-25% fat is
governed by microstructural geometry. In the final cheese matrix, the dispersed lipid droplets
function as inactive, stress-concentrating filler particles that physically interrupt the continuous
cross-linking of casein micelles'. By artificially elevating the phase volume of the fat, the casein
micelles are forced further apart in the aqueous plasma'. Upon subsequent acid precipitation,
this vast quantity of interspersed fat physically obstructs widespread casein-casein

aggregation, ensuring the final network exhibits the exceptionally low yield stress (TD ) and high
spreadability characteristic of mascarpone, rather than forming a rigid, rubbery gel'.
Thermal Denaturation Kinetics of Whey Proteins

Once standardized, the 20-25% lipid emulsion is subjected to a sustained thermal treatment

strictly controlled between 85°C and 95°C '. This extreme heat is not applied merely for
microbial pasteurization; it is the primary biochemical driver of the product's volumetric yield
and textural smoothness'.

The aqueous plasma of the cream contains highly soluble globular whey proteins,

predominantly p -lactoglobulin (’8 -Lg) and « -lactalbumin, which represent 50-60% and 20%
65°C

of total whey proteins, respectively'. Below , these proteins remain thermodynamically
stable with their reactive free sulfhydryl (thiol) groups buried deep within their tertiary B

Qo
-barrel structures'. As the fluid exceeds 80°C , the reaction kinetics undergo a fundamental

shift; the B -Lg dissociates into monomers and transitions into a partially unfolded "molten
globule" state, exposing the highly reactive Cysteine-121 (Cys121) residue’.
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At 85°C to 95°C , these exposed thiol groups aggressively participate in thiol-disulfide
interchange reactions, covalently bonding with the R _casein residing on the exterior of the
suspended casein micelles’. This heat-induced co-precipitation physically welds the highly
hydrophilic whey proteins to the casein matrix. The resulting bound hydration layer dramatically
increases moisture retention, artificially softens the coagulum, and actively restricts violent
matrix contraction (syneresis) during the draining phase'.

Thermo-Acidic Coagulation and Zeta Potential Neutralization

The physical transition of the hot liquid emulsion into a non-Newtonian, viscoelastic particulate
gel relies entirely on the precise volumetric titration of an organic acid to manipulate the
electrostatic double layer surrounding the casein micelles'. Native casein micelles exhibit a
strong net negative electrostatic charge, or zeta potential, of approximately -20 mV, which
provides the electrostatic repulsion necessary to keep the proteins suspended'. As an organic



85°C H*

acid is slowly introduced into the cream, the released protons ( ) systematically
protonate the carboxyl and phosphoserine residues on the micellar surface, driving the zeta
potential toward zero'.

While standard cold milk coagulates at an absolute isoelectric point (pl) of pH 4.6, the extreme
thermal kinetic energy of the hot cream easily overcomes the diminished repulsive barriers’.
Furthermore, the thick layer of denatured whey proteins covalently bound to the micelles
artificially shifts the effective isoelectric point'. Consequently, massive, spontaneous
coagulation occurs at an elevated pH threshold, typically between 5.7 and 6.6'.

The selection of the specific acidulant is critical for controlling localized isoelectric shock and

CoHs

O ) is the universally
= 6.40

preferred acidulant. Because its third dissociation constant (p Koz ) is situated
remarkably close to the target coagulation pH of 5.8-6.6, it provides an exceptional chemical
buffering capacity precisely at the moment of precipitation'. This prevents unpredictable pH
crashing, allowing for a perfectly uniform, smooth tridimensional gel network without a
lingering, astringent finish'.

Protocol for Mascarpone Synthesis

To synthesize a highly controlled, scratch-made Mascarpone matrix capable of supporting the
Tiramisu, the following formulation and procedural execution are required to yield
approximately 500g of final product.

modulating the psychophysical sensory profile. Citric acid (

Component Specification Quantity / Parameter

Lipid Base Standardized Pasteurized 1,000 g (Standardized
Cream strictly to 25% butterfat)

Acidulant Citric Acid Solution 5.0 g Citric Acid dissolved

in 50 mL distilled water

Thermal Target ° °
9 p -Lg Denaturation 85°C _90°C
Window
Coagulation pH Target Matrix Precipitation 58-6.2
Syneresis Time Gravity Drainage o
y Y o 12 to 24 hours at 4°C

Table 1: Material specifications and physiochemical parameters for the synthesis of



Mascarpone'.
Execution:

1. Emulsion Standardization: Combine commercial heavy whipping cream (typically 36%
fat) with whole milk (3.2% fat) using the Pearson Square method to achieve exactly
1,000g of a 25% lipid emulsion. This ensures the optimal phase volume to physically
interrupt excessive casein-casein cross-linking'.

2. Thermal Denaturation: Transfer the 25% cream to a heavy-bottomed stainless steel
vessel (mimicking the thermal stability of industrial Scraped Surface Heat Exchangers to
prevent localized boiling)'. Heat the fluid under continuous, gentle agitation to exactly
85°C . Maintain this temperature for 5 to 10 minutes to ensure the total kinetic
unfolding and covalent bonding of the B -lactoglobulin to the K -casein’'.

3. Acid Titration: While maintaining a high-shear hydrodynamic vortex via whisking (to
prevent localized isoelectric shock and subsequent graininess), titrate the citric acid
solution dropwise into the 85°C cream'. The continuous phase will visibly thicken as the
zeta potential approaches zero and the micelles spontaneously coagulate at the elevated
pH threshold of ~6.0".

4. Syneresis and Maturation: Remove the coagulum from the heat and allow it to rest at
ambient temperature for 20 minutes to stabilize the particulate gel network'. Transfer the
hot matrix into a vessel lined with multiple layers of ultra-fine muslin or a sterile synthetic

filtration membrane. Suspend the filter in a refrigerated environment (4‘3 C ) for 1210 24
hours to allow passive capillary action and gravity to expel the excess aqueous whey'.
The final retentate should concentrate to an absolute fat level of 50-55%, exhibiting a
glossy, spreadable texture'.

Phase IlI: The Aerated Starch Scaffold (Wild-Yeast
Savoiardi)

The structural integrity of Tiramisu relies on the ladyfinger biscuit, or Savoiardi, an aerated
sponge engineered to possess high porosity, rapid capillary absorption capabilities, and
sufficient structural resilience to maintain its geometry when saturated with liquid™.
Transitioning from chemical leaveners to a wild-yeast sourdough starter introduces profound
biochemical complexities that alter the functionality of both the proteins and the starches
within the batter.

Sourdough Microbiome Dynamics: Lactic vs. Acetic Acid Ratios

The leavening and flavoring of the Savoiardi are driven by a symbiotic consortium of wild yeasts
(e.g., Saccharomyces cerevisiae, Kazachstania humilis) and Lactic Acid Bacteria (LAB)". The
yeasts metabolize simple sugars to produce carbon dioxide and ethanol, while the LAB
(predominantly Lactobacillus species) drive homofermentative and heterofermentative
pathways that yield significant volumes of organic acids".



Controlling the sensory profile and the rheological impact of the sourdough starter requires
the precise modulation of the Lactic-to-Acetic Acid (L/A) ratio. An optimal L/A ratio for delicate
pastry applications should exceed 10, favoring a mild, creamy, "yogurt-like" acidity over a sharp,
pungent "vinegar" tang'’. To engineer this specific homolactic dominance, the starter must be
cultivated in a high-hydration environment (100% to 120% hydration) and maintained at

elevated temperatures between 28°C and 32°C 20 These warm, highly anaerobic
conditions heavily favor the metabolic pathways of lactic-acid-producing strains over
acetic-acid producers®'. The resulting lactic acid acts to improve the extensibility of the batter
by mildly degrading glutenin macropolymers, ensuring the resulting sponge is exceptionally
tender?.

pH Modulation of Egg White Foaming Mechanics

Savoiardi derive their volume and airy texture not solely from yeast expansion, but primarily
from the mechanical aeration of egg proteins. The integration of highly acidic sourdough
discard (pH 3.8 - 4.1) into the batter fundamentally alters the physical chemistry of the egg
white (albumen) foams'™.

Native egg whites possess an exceptionally high pH, ranging from 8.6 to 9.7%. The predominant
proteins responsible for trapping air during whipping are ovalbumin (54% of total protein),
conalbumin/ovotransferrin (12%), ovomucoid (11%), and the highly viscous ovomucin-lysozyme
complex”. When the wild yeast starter is folded into the batter, the local pH of the system
plummets.

As the pH drops toward 6.0-6.5, the proteins approach their respective isoelectric points (e.g.,
conalbumin at pH 6.1)%. The reduction in net electrostatic repulsion allows the denatured
proteins—particularly the ovomucin-lysozyme complexes—to pack more tightly at the
air-water interface?. While a highly alkaline native egg white yields a massive, rapidly expanding
foam due to high protein repulsion, the mildly acidified environment created by the sourdough
lactic acid yields a foam with significantly higher mechanical stability and lower fluid drainage
rates”. This increased interfacial rigidity is critical; it prevents the heavy yolk and flour mixtures
from catastrophically deflating the meringue during the delicate folding process'.

Carbohydrate Chemistry: Starch Selection and Gelatinization

To achieve the delicate, highly porous genoise-like crumb required to absorb the botanical
brew, the formulation relies on a precise ratio of wheat flour to pure extracted starch®. The
integration of a secondary starch heavily dilutes the total protein concentration of the batter,
physically impeding the formation of a dense, tough gluten network that would otherwise yield
a chewy, bread-like texture?®.

While cornstarch is ubiquitous in commercial formulations, the use of potato starch provides
vastly superior thermodynamic and physical characteristics for scratch-made Ladyfingers.
Potato starch granules are significantly larger and contain a much higher concentration of
amylose compared to cornstarch®. Critically, potato starch exhibits a remarkably low

60°

gelatinization temperature, initiating swelling and thickening at approximately C %, During



baking, the potato starch granules rapidly hydrate and expand within the expanding air
pockets, creating an exceptionally soft, highly viscous gel that perfectly supports the
expanding cell walls before the egg proteins undergo their final thermal coagulation®.

The Crust Mechanics: Double Dusting and Retrogradation

A defining structural feature of the Savoiardi is its distinct, crisp exterior crust, which is
engineered via a dual-application of powdered sugar immediately prior to baking'. The first
application of sugar rapidly absorbs into the hydration shell of the piped batter™. The dissolved
sucrose binds massive volumes of free water, drastically lowering the local surface water

s . . . . .
activity (~ % )*. By displacing water, the highly concentrated sugar solution drastically elevates
the thermal gelatinization threshold of the surface starches, preventing premature setting®.

The second dusting of sugar remains largely undissolved on the surface®. As the cookie bakes

at high temperatures (177 C—190°C ), the surface undergoes rapid dehydration and
localized caramelization'. Upon cooling, the highly concentrated sucrose-starch solution

passes through its glass transition temperature (9 ), solidifying into an amorphous,
macroscopic glassy crust®’. This protective barrier is structurally vital; it prevents the ladyfinger
from instantly disintegrating into a mushy paste upon contact with the liquid brew®.

Protocol for Wild-Yeast Savoiardi Synthesis

Component Ingredient Quantity Function
Protein Scaffold Egg Whites (Room 250 g (approx. 6-7 Foaming agent;
Temp) large) interface
stabilization.
Lipid/Emulsifier Egg Yolks (Room 150 g (approx. 8 Flavor; lecithin for
Temp) large) emulsion.
Fermentation Base = Sourdough Starter 509 Lactic acid
(100% Hydration) provision; pH
modulation.
Carbohydrate All-Purpose Flour 130 g Structural gluten
Matrix development.
Starch Diluent Potato Starch 50¢g Gluten dilution;
low-temp

gelatinization.



Sweetener Granulated Sucrose = 200 g (divided) Meringue
stabilization;
Maillard browning.

Crust Agent Powdered/Icing As needed
Sugar

a
Surface "
. T
reduction; ~ 9 glass

formation.

Table 2: Formulation for wild-yeast leavened Savoiardi (Ladyfingers) .
Execution:
1. Starter Cultivation: Feed a mature sourdough starter at 100% hydration and maintain it

[0} [0}
at 28°C to 32°C to ensure homofermentative LAB dominance (high Lactic-to-Acetic
acid ratio)"’. Utilize 50g of this active starter.

2. Yolk Emulsification: In a stand mixer, combine 150g egg yolks, 50g of the sourdough
starter, and 100g of the granulated sucrose'®. Whip on high speed for 5 to 10 minutes
until the mixture achieves a pale, thick ribbon stage. This incorporates essential air and
fully dissolves the sucrose into the lipid-rich plasma'®.

3. Protein Aeration (Meringue): In an immaculately clean, grease-free stainless steel bowl,
whip 250g of room-temperature egg whites*. The room temperature condition
decreases the dynamic viscosity of the albumen, allowing for faster air incorporation?”.
As the proteins denature and a foam structure appears, gradually stream in the
remaining 100g of granulated sucrose'. Whip until stiff, glossy peaks form. The resulting
matrix is stabilized by the acidic contribution of the starter which will be introduced in the
next step, pushing the proteins closer to their isoelectric points?.

4. Matrix Integration (Folding): Gently transfer a small portion of the stiff meringue into
the yolk mixture to lighten its density'®. Subsequently, pour the yolk mixture over the
remaining meringue. Utilizing a wide spatula, gently fold the two matrices together. The
mechanical shear must be strictly minimized to prevent the catastrophic rupture of the
entrapped air bubbles'.

5. Starch Incorporation: Sift the 130g of all-purpose flour and 50g of potato starch
together multiple times to ensure homogenous dispersion'. Sift this dry mixture directly
over the aerated egg foam in two or three additions. Fold gently until no dry streaks
remain, ensuring the starches are fully hydrated by the plasma without over-developing
the gluten network'.

6. Piping and Dual-Dusting: Transfer the highly aerated batter into a pastry bag fitted with
a 0.5-inch round tip™. Pipe uniform logs, approximately 3.5 to 4 inches (9-10 cm) in
length, onto parchment-lined baking sheets, spacing them 2 inches apart to



accommodate thermal expansion®. Immediately dust the surface of the piped batter
generously with powdered sugar. Wait exactly 30 to 60 seconds to allow the first layer to
dissolve into the surface hydration shell, then aggressively dust a second time to provide
the necessary sucrose for the amorphous glass crust'.

7. Thermal Processing and Retrogradation: Bake in a preheated convection oven at

Q o
190°C (375 F ) for 10 to 15 minutes'®. The high initial heat causes rapid steam
expansion within the crumb and initiates starch gelatinization. Once the exterior achieves
a golden-brown hue, indicating sufficient Maillard browning and sugar crystallization,
remove from the oven.

8. Staling: Critically, the ladyfingers must be left exposed to ambient air for 24 hours prior
to use. This staling period allows the gelatinized potato and wheat starches to undergo
long-term retrogradation—where amylose chains re-associate into crystalline double
helices—providing the rigid capillary porosity necessary for the subsequent soaking
phase'.

Phase lll: The Botanical Extraction (Roasted Chicory
and Dandelion Brew)

Traditional Tiramisu relies on the concentrated aqueous extraction of roasted Coffea arabica
beans. To engineer a caffeine-free botanical alternative that successfully mimics the complex
bitterness, astringency, and aromatic profile of espresso, the formulation utilizes the taproots
of Cichorium intybus (Chicory) and Taraxacum officinale (Dandelion)'.

Inulin Pyrolysis and Di-D-Fructose Dianhydrides (DFDAs)

Both chicory and dandelion roots function as massive botanical storage organs for inulin, a

linear p
constitute between 40% and 70% of the root's total dry weigh
During the roasting process, the roots are subjected to sustained thermal energy ranging from

130°C ,_ 200°

t C *!. The extreme heat, combined with the naturally occurring organic acids
within the root matrix (such as citric and malic acids), acts as a catalyst for profound
carbohydrate degradation®. Initially, the long-chain inulin polymers undergo acid-catalyzed
thermal hydrolysis, severing the glycosidic bonds to release massive quantities of free
D-fructose monomers®.

-(2$\rightarrow$1)-linked fructose polymer terminating in a sucrose unit, which can
tv.

150°C

As the temperature exceeds , the system undergoes reactive pyrolysis. The free
fructose monomers undergo severe intramolecular dehydration and subsequent dimerization,
fusing together to form a highly specific class of spiro-tricyclic disaccharides known as
di-D-fructose dianhydrides (DFDAs)*°. Over 14 distinct stereoisomers of DFDAs (notably DFA |
and DFA lll) are generated during the roasting of inulin-rich roots®®.

These newly synthesized cyclic compounds profoundly alter the gastronomic properties of the
brew. DFDAs exhibit a distinct, caramel-like sweetness with approximately half the sweetening



power of sucrose, but behave functionally as soluble, non-digestible dietary fibers®®. They pass
through the upper gastrointestinal tract intact, acting as highly effective prebiotics that
selectively stimulate the proliferation of beneficial Bifidobacterium and Lactobacillus species in
the colon, thereby elevating the nutritional profile of the dessert®”.

Sensory Psychophysics: Bitter Tastants and Volatile Organic

Compounds

The illusion of "coffee" requires the precise replication of both bitter receptor activation and
volatile aromatic emission. The intense, characteristic bitterness of raw chicory and dandelion is
derived not from caffeine or alkaloids, but from a class of sesquiterpene lactones, specifically
lactucin, lactucopicrin, and 11$\beta$,13-dihydrolactucin.

Advanced cellular assay studies utilizing human taste receptors have demonstrated a profound
evolutionary overlap in taste perception. Out of the 25 identified human bitter taste receptors,
the sesquiterpene lactones from chicory specifically and exclusively bind as potent agonists to
the TAS2R43 and TAS2R46 receptors’. Remarkably, these are the exact same receptor
pathways activated by the primary bitter compounds native to roasted coffee (such as
mozambioside and cafestol derivatives)’. Consequently, the human neurological taste
perception system interprets the botanical brew with near-identical bitter recognition to actual
espresso’.

Thermochemical degradation during roasting further bridges the sensory gap. Raw chicory is
rich in polyphenols, specifically chlorogenic acids (CGA), primarily 5-O-caffeoylquinic acid®’. At

140°C

roasting temperatures exceeding , these chlorogenic acids are aggressively
degraded®®. Through complex Maillard reactions interacting with degraded amino acids, these
polyphenols condense into high-molecular-weight, nitrogenous brown polymers known as
melanoidins®. These melanoidins provide the brew with its dark, opaque visual appearance and
heavy, astringent mouthfeel”.

Simultaneously, the thermal degradation of the carbohydrates and amino acids produces a
dense cloud of Volatile Organic Compounds (VOCs). The high heat drives the synthesis of
heterocyclic pyrazines (e.g., methylpyrazine, 2-ethyl-3,5-dimethylpyrazine) which impart
distinct earthy, roasted, and nutty aromas, alongside furan derivatives (e.g., furfural,
3-hydroxy-4,5-dimethyl-2(5H)-furanone) that contribute deep, sweet, caramel-like olfactory
notes’. The most potent characterizing odorant isolated in roasted chicory is rotundone, which
delivers a woody, peppery aroma signature that completes the botanical coffee analog”.

Protocol for Botanical Brew Extraction

Component Ingredient Quantity Process
Mechanism

Inulin Source 1 Raw Chicory Root 100 g Primary source of
DFDA pyrolysis;

high lactucin



content for
TAS2R43 activation.

Inulin Source 2 Raw Dandelion Root | 100 g Earthy aromatic
baseline; secondary
lactucopicrin

source.
Roasting Catalyst Thermal Kinetic 150°C Drives Maillard
E to .
nergy browning, CGA
180°C degradation, and
pyrazine synthesis.
Solvent Distilled Water 1,000 mL Aqueous

decoction.

Table 3: Parameters for the roasting and extraction of the botanical coffee analog®.
Execution:
1. Preparation and Roasting: Wash and dice the fresh chicory and dandelion roots into

60°C until
150°C |

uniform 1 cm cubes to maximize surface area. Dehydrate the roots at
completely dry. Transfer the dried roots to a convection oven and roast at

Q
180°C for 45 to 60 minutes®. This specific time-temperature kinetic window maximizes
the formation of pyrazines (zero-order kinetics influenced by time and heat) while
ensuring the thorough pyrolysis of inulin into sweet DFDAs, without completely
incinerating the melanoidins®.

2. Milling and Extraction: Allow the roasted roots to cool, then mill them to a coarse
powder analogous to standard coffee grounds. Combine 100g of the blended root
powder with 1,000 mL of distilled water.

3. Decoction: Unlike traditional drip coffee, the tough cellular matrix of the roots requires a
decoction method. Bring the mixture to a rolling boil and simmer for 10 to 15 minutes.
This prolonged thermal extraction ensures the complete solubilization of the heavy
melanoidins and DFDAs’°. Filter the dark, opaque brew through a fine mesh or paper
filter and allow it to cool to room temperature before utilizing it for the Savoiardi
saturation phase.

Phase IV: Lipoprotein Denaturation and Emulsion
Stabilization (Pate a Bombe)

(0]



Because traditional Tiramisu cream is consumed without final baking, the integration of raw
egg yolks introduces severe microbiological vulnerabilities (e.g., Salmonella spp.) and
unpredictable rheological viscosity’’. To achieve total microbial safety while simultaneously
engineering the necessary structural thickness, the yolks undergo extreme thermal processing
via the pate 8 bombe technique®.

Thermodynamics of Pate a Bombe and Lipoprotein Unfolding
This process involves cooking a sucrose-water syrup to the "firm-ball" thermodynamic state of

(=] o]
exactly 120°C (248 F ). This boiling, highly concentrated super-saturated solution is
poured in a continuous stream into violently agitating egg yolks®. The instantaneous transfer of

thermal kinetic energy rapidly elevates the bulk temperature of the yolks into the optimal

thermal window of 92 C t0 08° C 7,

Within this precise thermal envelope, the heat effectively pasteurizes the mixture while
initiating highly specific protein unfolding. Egg yolk plasma contains High-Density Lipoproteins
(HDL), Low-Density Lipoproteins (LDL), and globular livetins®'. At temperatures above 65°C ,
the LDL complexes partially denature; their tertiary structural unraveling exposes hidden
hydrophobic amino acid residues’’. These exposed hydrophobic domains drastically increase
the yolk's capacity to adsorb at the oil-water interface’’. Consequently, the heated yolk
transforms into a remarkably stable, highly viscous, air-entrapping emulsion that provides the
rich, silky backbone of the cream without suffering complete thermal coagulation, which

(o]
occurs catastrophically at 70°C 7,

Emulsion Stabilization via Ethanol Co-Surfactancy

To flavor and further stabilize the matrix, Marsala wine is incorporated. The addition of ethanol
fundamentally alters the physical chemistry of the oil-in-water (O/W) emulsion®. At low to
moderate concentrations, ethanol acts as a highly effective co-surfactant. It physically
positions itself at the interfacial boundaries between the aqueous phase of the yolks and the
lipid droplets of the mascarpone, drastically reducing the interfacial tension®.

This profound reduction in surface tension prevents the dispersed lipid droplets from
coalescing (a destabilization process known as Ostwald ripening) and minimizes the overall
droplet size®. The result is a highly stable, tightly bound cream that stubbornly resists weeping,
syneresis, or phase separation under prolonged refrigeration, yielding a flawless, dense
mouthfeel®.

Protocol for Tiramisu Cream Assembly

Component Ingredient Quantity Thermodynamic
Target
Protein Base Egg Yolks (Room 75 g (approx. 5 Pasteurization

Temp) yolks)



62°C

window: -
68°C
Syrup Solvent Distilled Water 50 g Solubilization agent.
Syrup Solute Granulated Sucrose = 170 g Boiling point
elevation target:
120°C
Lipid Matrix Homemade 500 g Emulsion dispersed
Mascarpone phase.
Co-Surfactant Sweet Marsala 15.g (1 Tbsp) Interfacial tension
Wine reduction.

Table 4: Formulation for the thermally stabilized Pate 8 Bombe Mascarpone emulsion®.
Execution:
1. Syrup Preparation: Combine the 170g of sucrose and 50g of water in a heavy-bottomed
saucepan. Heat without stirring (to prevent premature re-crystallization) until a calibrated

120°C (248°F .

2. Yolk Pasteurization: As the syrup approaches 110°C , begin whipping the 75g of egg
yolks in a stand mixer on medium speed®. Once the syrup hits 120°C , remove from
heat and slowly pour it in a continuous, thin stream down the side of the mixing bowl into
the agitating yolks®.

3. Foam Maturation: Increase the mixer speed to high. The thermal shock will partially
denature the LDL proteins, allowing them to entrap massive volumes of air. Continue
whipping for approximately 5 to 10 minutes until the mixture cools completely to room
temperature, resulting in a pale, highly viscous, and fluffy pate & bombe®.

4. Matrix Integration: In a separate bowl, briefly whisk the 500g of cold homemade
Mascarpone to aerate it and loosen the gel network®. Fold half of the cooled pate a
bombe into the mascarpone to equilibrate the densities, then fold in the remaining
mixture along with the 15g of Marsala wine®. The ethanol will instantly act on the
interface, resulting in a smooth, homogenous, and highly stable emulsion®.

Phase V: Final Assembly and Hydrophobic Capillary

candy thermometer registers exactly



Fluid Dynamics

The ultimate assembly of the dessert relies on the precise management of fluid dynamics
within porous media and the manipulation of hydrophobic surface tensions.

Capillary Action and Matrix Saturation

The saturation of the Savoiardi is governed strictly by the laws of capillary action. Because the
ladyfingers were aged, allowing the amylose to undergo crystalline retrogradation, the internal
crumb structure consists of microscopic, rigid capillary tubes*'. When the biscuit contacts the
cooled botanical brew, the fluid is rapidly drawn upward into the interstitial voids, driven by the
adhesive forces between the aqueous extract and the hydrophilic hydroxyl groups of the
starch matrix®®.

The contact angle dictates the speed of absorption; a highly porous, retrograded ladyfinger

Ls]

exhibits a contact angle significantly below 90 , ensuring spontaneous capillary rise®. If the
immersion time is too prolonged, the capillary pressure will totally displace the internal air,
supersaturating the matrix. This causes the retrograded cell walls to suffer mechanical collapse
under the hydrostatic weight of the fluid, resulting in structural failure®. The optimal technique
relies on a rapid, 1-to-2-second transient dip, allowing the fluid to wick precisely through the
exterior crust while preserving a semi-dry internal core that will slowly hydrate via osmosis
during refrigeration.

Assembly Protocol and Cocoa Hydrophobicity

Execution:

1. Layering: Swiftly dip each aged Savoiardi into the cooled chicory/dandelion brew and
arrange them in a tight, contiguous layer at the base of a suitable dish.

2. Emulsion Application: Spread exactly half of the prepared Mascarpone-pate a bombe
cream evenly over the saturated ladyfingers. Repeat with a second layer of dipped
ladyfingers and top with the remaining cream, smoothing the surface to a flawless finish.

3. Hydrophobic Dusting: Generously dust the surface with high-quality, high-fat cocoa
powder. Cocoa powder is a complex particulate mixture containing highly hydrophobic
lipid compounds (cocoa butter remnants) alongside hydrophilic starches®. The
hydrophobic particles act identically to oil, violently repelling the aqueous phase of the
cream below® . This resistance causes a delicate, microscopic layer of water to form
directly beneath the powder, held together by surface tension, ensuring the cocoa
remains dry and powdery on the surface rather than dissolving into a muddy paste®’.

Q

4. Maturation: Cover the dish and refrigerate at 4 for a minimum of 12 to 24 hours prior
to serving. This critical resting period allows the free water within the system to
equilibrate osmotically, the lipids within the mascarpone to undergo partial crystalline
solidification, and the flavors to fully synthesize, resulting in the structurally profound and
gastronomically complex final Tiramisu matrix.
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https://www.authorea.com/doi/10.22541/au.158775683.32679686
Metabolomics and flavoromics analysis of chemical constituent,
https://omc.ncbi.nim.nih.gov/articles/PMC9532733/

Chicory, surrogate and roasted coffee provide new insights into,

https://www.eurekalert.org/news-releases/977373
How to Make Zabaglione: The Magical Italian Dessert You Need to,

https://www.tasteofhome.com/article/zabaglione/
Phytochemical Profile and Analgesic Properties of Chicory Root,

https://www.mdpi.com/1422-0067/26/13/6387

Use of NMR-Based Metabolomics To Chemically Characterize the,
https://pages.uoregon.edu/chendon/coffee_literature/old_literature/2016%20J.%2
OAgric.%20F00d%20Chem., %20Chemicals%20in%20roasted%20chicory.pdf
Roasting-Specific Flavor Compounds in Common Roasted Foods,
https://www.flavorist.com/roasting-specific-flavor-compounds-in-common-roas
ted-foods/

Sourdough Ladyfingers Recipe | Discard or Starter,
https://themoderndaycottage.com/sourdough-lady-fingers-discard-or-starter/
Ladyfingers (Savoiardi) - Okonomi Kitchen,
https://www.okonomikitchen.com/ladyfingers-savoiardi/

Homemade Ladyfingers Recipe | How to Make Savoiardi,

https://biancolievito.it/en/ladyfingers/
Sourdough Starter Science: pH & Acidity Control - Katia Oldani,

https://katiaoldani.com/2025/12/09/sourdough-starter-science-acidity/
A review of sourdough starters: ecology, practices, and sensory,

https://pmc.ncbi.nlm.nih.gov/articles/PMC8117929/

Class Time: Sourdough Microbiology 101 - wordloaf,
https://newsletterwordloaf.org/class-time/

How much does the starter affect the sourness of the bread? - Reddit,
https://www.reddit.com/r/Sourdough/comments/eégv4y/how_much_does_the_st
arter affect the sourness_of/

The Science of Sourdough Sourness: Lactic vs. Acetic Acid,

https://thecrumblab.com/2026-06-17-science-of-sourdough-sourness-lactic-vs-
acetic-acid-explained.html
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Lactic acid and acetic acid in Sourdough | BRO,
https://brobread.com/lactic-acid-and-acetic-acid-sourdough/

Sourdough Biotechnology Applied to Gluten-Free Baked Goods - PMC,
https://pmc.ncbi.nim.nih.gov/articles/PMC8304676/

Functional Characterization of Different Fructilactobacillus ... - PMC,
https://omc.ncbi.nlm.nih.gov/articles/PMC11393972/

Sourdough Ladyfingers [Light, Crisp, and Airy],
https://sourdoughbrandon.com/sourdough-ladyfingers/

A study of the factors affecting the foaming properties of egg white,
http://cjfs.agriculturejournals.cz/pdfs/cjf/2006/03/02.pdf

The effect of different drying methods on some physico-chemical,
https://pmc.ncbi.nim.nih.gov/articles/PMC10326199/

Egg white foam - Massey Research Online,
https://mro.massey.ac.nz/bitstreams/892d5b017-1c7b-427f-9ec5-c714e700f5c5/d
ownload

The Key Egg White Proteins Involved in Foam Formation and Foam,
https://pubmed.ncbi.nlm.nih.gov/40679232/

Influence of pH-Induced Unfolding and Refolding of Egg Albumen,
https://www.researchgate.net/publication/230066629_Influence_of pH-Induced

Unfolding_and_Refolding_of Egg_Albumen_on_Ilts_Foaming_Properties
Effects of short-term fermentation with lactic acid bacteria on egg white,

https://www.researchgate.net/publication/337190242 Effects of short-term fer

mentation_with_lactic_acid_bacteria_on_egg_white_Characterization_rheological
and_foaming_activities

Fundamental Study on the Impact of Gluten-Free Starches on ... - IRIS,

https://iris.uniromal.it/retrieve/6ce12dd?-138e-490a-b0af-35440133d265/Horstm

ann_Fundamental-study 2016.pdf
How does potato starch compare to cornstarch for baking?,

https://www.merryyangchem.com/blog/how-does-potato-starch-compare-to-c
ornstarch-for-baking

Cornstarch vs. Potato Starch: Which One to Use? - Masda Chemicals,
https://masda.com.sg/cornstarch-vs-potato-starch-which-one-to-use/

Potato Starch for Gluten-Free Crumb Structure - Food Additives Asia,
https://www.foodadditivesasia.com/en/market-insights/applications-and-buyers/qg

luten-free-baking-potato-starch-crumb-structure
Ladyfingers (Savoiardi Cookies) - Caputo Flour,

https://caputoflour.com/blogs/recipes/lady-fingers-savoiardi-cookies
Homemade savoiardi: the authentic Italian ladyfinger recipe | WikiCibo,
https://wikicibo.com/en/ricette/piemonte/savoiardi

(PDF) Starch Gelatinization in Sugar Solutions - ResearchGate,
https://www.researchgate.net/publication/230424016_Starch_Gelatinization_in_S
ugar_Solutions

Glass transition and crystallization of amorphous trehalose-sucrose,
https://experts.umn.edu/en/publications/glass-transition-and-crystallization-of-a
morphous-trehalose-sucro/
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Sugar and Its Role in Freeze-Drying Processes,
https://analyzing-testing.netzsch.com/en/application-literature/sugar-and-its-role

-in-freeze-drying-processes-investigated-by-means-of-dsc
Assessing Starch Retrogradation from the Perspective of Particle,

https://www.mdpi.com/2304-8158/13/6/911

Ladyfingers (Savoiardi) - Sugar Spun Run, https://sugarspunrun.com/ladyfingers/
Homemade Lady Fingers + Sourdough Option - Coco et sel,
https://cocoetsel.com/homemade-lady-fingers/

Starch Retrogradation | Request PDF - ResearchGate,
https://www.researchgate.net/publication/6778066_Starch_Retrogradation
Understanding the characteristic changes of retrogradation behavior,
https://pmc.ncbi.nim.nih.gov/articles/PMC11617885/

Overlapping activation pattern of bitter taste receptors affect sensory,
https://pmc.ncbi.nlm.nih.gov/articles/PMC9806268/

Physicochemical, Functional, and Antibacterial Properties of Inulin,
https://www.mdpi.com/2076-3417/15/8/4091

W0O2016057382A1 - Low bitter chicory products - Google Patents,
https://patents.google.com/patent/W0O2016057382A1/en

Rapid and efficient bioconversion of chicory inulin to fructose by,

https://d-nb.info/1239043643/34

. Coffee Substitute — Why Use Plant Roots: Chicory and Dandelion,

https://hodaia.ro/en/blog/coffee-substitute-why-use-plant-roots-chicory-and-da
ndelion-b3
Soluble roasted chicory having high inulin content - Google Patents,

https://patents.google.com/patent/US20040224073A1/en
Soluble roasted chicory with high inulin content - Google Patents,

https://patents.google.com/patent/EP1411780B1/en
Heat-induced degradation of inulin - Czech Journal of Food Sciences,

http://cjfs.agriculturejournals.cz/artkey/cjf-200410-0096_heat-induced-degradati

on-of-inulin.php

Kinetics of Formation of Di-d-fructose Dianhydrides during Thermal,

https://pubs.acs.org/jafcau/article/48/5/1823/3554156/Kinetics-of-Formation-of-Di

-d-fructose

Di-D-Fructose Dianhydrides (DFAs) - MDPI,

https://www.mdpi.com/1420-3049/13/8/1640

Heat-induced degradation of inulin - ResearchGate,

https://www.researchgate.net/publication/225574467_Heat-induced_degradation
of inulin

Di-D-fructose dianhydrides from the pyrolysis of inulin - PubMed,

https://pubmed.ncbi.nim.nih.gov/7834654/

Difructose anhydrides as quality markers of honey and coffee,

https://www.researchgate.net/publication/223273010_Difructose_anhydrides_as

quality_markers_of _honey_and_coffee

Di-d-fructose Dianhydride-Enriched Products by Acid lon-Exchange,

https://pubs.acs.org/jafcau/article/58/3/1777/207959/Di-d-fructose-Dianhydride-E
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nriched-Products-by
Difructose Dianhydrides (DFAs) and DFA-Enriched Products as,

https://www.researchgate.net/publication/51178796_Difructose_Dianhydrides_DF
As_and _DFA-Enriched Products_as_Functional Foods

Di-D-Fructose Dianhydrides (DFAs) - ResearchGate,
https://www.researchgate.net/publication/23258272 Chemical and Enzymatic A
pproaches to_Carbohydrate-Derived Spiroketals_Di-D-Fructose_Dianhydrides
DFAs

Di-D-fructose dianhydride-enriched caramels: effect on colon,
https://pubmed.ncbi.nim.nih.gov/20423151/

The Prebiotic Potential of Inulin-Type Fructans: A Systematic Review,
https://pmc.ncbi.nim.nih.gov/articles/PMC8970830/

Chicory, Surrogate and Roasted Coffee Provide New Insights Into,
https://neurosciencenews.com/taste-perception-coffee-chicory-22335/
Sesquiterpene lactones and inulin from chicory roots : extraction,

https://research.wur.nl/en/publications/sesquiterpene-lactones-and-inulin-from-c
hicory-roots-extraction-i
Numerous Compounds Orchestrate Coffee's Bitterness | Request PDF,

https://www.researchgate.net/publication/341559155_Numerous_Compounds_Or
chestrate Coffee's Bitterness

. Chlorogenic Acids in Coffee Substitutes | PDF - Scribd,

https://www.scribd.com/document/268276490/10-1016-0308-8146-87-90042-2-
pdf-M-N-Clifford-Susan-Shutler-G-A-Thomas-Omozoje-Food-Chemistry-2-24-
pages-99-107-1987-jan-Elsevier

Chlorogenic acid in raw materials for the production of chicory coffee,
https://pubmed.ncbi.nim.nih.gov/24338945/

Impact of roasting on the phenolic and volatile compounds in coffee,
https://pmc.ncbi.nim.nih.gov/articles/PMC9281936/

Bioactive Properties of Instant Chicory Melanoidins and Their ... - PMC,
https://pmc.ncbi.nim.nih.gov/articles/PMC9818759/

(PDF) The content of polyphenols in coffee beans as roasting, origin,

https://www.researchgate.net/publication/337072481 The_content_of polyphenol
s_in_coffee_beans_as_roasting_origin_and_storage_effect
Analysis of Volatile Compounds, Composition, and Thermal ... - PMC,

https://pmc.ncbi.nim.nih.gov/articles/PMC9563260/
Identification of Characterizing Aroma Components of Roasted,

https://pubmed.ncbi.nlm.nih.gov/30969122/

|dentification of Characterizing Aroma Components of Roasted,
https://www.researchgate.net/publication/332339637_ldentification_of Characteri
zing_Aroma_Components_of Roasted Chicory Coffee Brews

Formation Mechanisms and Kinetic Modeling of Key Aroma ... - MDPI,
https://www.mdpi.com/2304-8158/14/12/2125

Chicory Root, Organic - Dried Cut Pieces - Herbathek.com,

https://www.herbathek.com/en/medicinal-herbs/single-herbs/chicory-chicory-ro
ot-cut-organic
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Thermal Processing of Liquid Egg Yolks Modulates Physio ... - PMC,
https://pmc.ncbi.nim.nih.gov/articles/PMC9141538/

Pasteurised eggs - A food safety solution against Salmonella,
https://safeconsume.eu/articles/pasteurised-eggs-a-food-safety-solution-agains
t-salmonella

How to pasteurize eggs - homemade method,
https://www.qiallozafferano.com/recipes/How-to-pasteurize-eggs.html

Thermal processing-driven functional transformations of egg,
https://pubmed.ncbi.nlm.nih.gov/41412638/

Protein Denaturation and Emulsifying Properties of Plasma and,
http://lib3.dss.go.th/fulltext/Journal/Journal%200f%20food%20science/1999%20v.

64/n0.2/jfsv64n2p194-197ms3128%5B1%5D.pdf
Influence of Ethanol on Emulsions Stabilized by Low Molecular,

https://omc.ncbi.nlim.nih.gov/articles/PMC7004119/
(PDF) Influence of Ethanol on Emulsions Stabilized by Low,

https://www.researchgate.net/publication/337952995 _Influence_of Ethanol_on_E
mulsions_Stabilized_by_Low_Molecular Weight_Surfactants

Mascarpone - Description - Tiiips,
https://www.tiiips.com/m/tiiips/home?action=listReviews&review|D=38935&0ID=3
8414

Contact Angle Measurements for Advanced Thermal Management,
https://www.researchgate.net/publication/272727740 Contact Angle Measurem
ents_for Advanced Thermal Management_Technologies

The Effect of Porosity and Contact Angle on the Fluid Capillary Rise,

https://www.researchgate.net/publication/360463325_The_Effect_of Porosity an
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