The Biochemical and Biomechanical
Formulation of Fresh Egg Pasta: Utilizing
Stone-Milled Wheat in Berlin

1. Introduction to the Composite Biomaterial of Fresh
Pasta

The formulation of fresh egg pasta from scratch is not a mere culinary procedure; it represents
a highly orchestrated sequence of biochemical, rheological, and mechanical interventions. In its
raw state, pasta dough functions as a multiphase composite biomaterial consisting of a
continuous viscoelastic protein network interwoven with dispersed starch granules, lipid
emulsions, and entrapped air matrices'. The physical characteristics of the final product—its
extensibility, tensile strength, micro-roughness, and resistance to starch leaching during
cooking—are inextricably linked to the genetic taxonomy of the wheat, the thermodynamic
realities of the milling process, the precise hydration metrics of the solvent (egg), and the
mechanical energy transferred during manual kneading and rolling'.

When formulating authentic fresh egg pasta (pasta all'uovo) without the intervention of
modern mechanical extrusion or roller-sheeting machinery, the entire viscoelastic matrix must
be developed through human bio-kinetics®. This process introduces extreme variables when
utilizing locally sourced, stone-milled wheat flours, such as those available within the specific
agronomic and commercial terroir of Berlin, Germany®. Unlike industrially refined, roller-milled
flours, stone-milled equivalents retain significantly higher concentrations of pulverized bran,
germ lipids, and non-starch polysaccharides’. These factors drastically alter the flour's ash
content, starch damage indices, and pentosan concentrations, which subsequently dictate the
Solvent Retention Capacity (SRC) of the flour'™.

To successfully engineer a cohesive, highly extensible dough capable of withstanding the
immense biaxial extensional strain of a traditional wooden mattarello (rolling pin), the pasta
maker must entirely recalibrate standard hydration ratios®. This report provides an exhaustive,
multi-disciplinary analysis of fresh egg pasta formulation, synthesizing the genetic agronomy of
wheat, the parameters of the German DIN 10355 flour classification system, the tribology of
wooden implements, and the physical mechanics of manual dough deformation.

2. Agronomic Origins and the Genetic Foundations of

Wheat Hardness

2.1 The Genomic Architecture of the Caryopsis

The fundamental divergence in wheat processing pathways originates at the genomic level.
Modern cultivated wheat is categorized primarily into tetraploid macaroni wheat (Triticum
durum, comprising genomes A and B) and hexaploid bread wheat (Triticum aestivum,



comprising genomes A, B, and D). The extreme physical hardness of durum wheat, which
dictates its specialized use in high-pressure extruded dried pasta, is a direct consequence of its
ploidy; it lacks the D genome and, consequently, the Hardness (Ha) locus located at the distal
end of chromosome 5DS'.

In hexaploid T. aestivum, the Ha locus harbors the Pina and Pinb genes, which encode
puroindoline A and puroindoline B'. These lipid-binding proteins, collectively known as friabilin,
coat the surface of starch granules, acting as a biochemical "nonstick" boundary layer between
the starch and the surrounding protein matrix'. When both alleles are fully functional, the
resulting kernel texture is soft, yielding a highly extensible flour with minimal starch damage.
Mutations or deletions in these alleles result in a hard kernel texture that binds starch tightly to
the protein matrix, requiring significantly more mechanical energy to mill and producing coarse
flour with high levels of damaged starch'. While Southern Italian dried pasta exclusively utilizes
Triticum durum (semola rimacinata), traditional Northern Italian hand-rolled fresh egg pasta
(sfoglia) relies heavily on softer Triticum aestivum strains, as their inherent extensibility is
required to endure the extreme physical stretching of manual rolling without tearing™.

2.2 Cultivation Dynamics in the Berlin-Brandenburg Terroir

The functional quality of wheat flour is established long before milling, dictated by rigorous
nitrogen management and profound soil stewardship. In regions surrounding Berlin, agriculture
is frequently dominated by fragile, coarse-textured soils such as Pleistocene-derived glacial
sands and sandy loams (Arenosols)'. These soils exhibit low agricultural yield indices,

exceptionally low Available Water Capacity (AWC), and a severe vulnerability to the downward
— +
leaching of water-soluble macronutrients, particularly nitrate (NO3 ) and potassium (K ).

To cultivate wheat with the high Grain Protein Deviation (GPD) necessary to form robust gluten
networks for pasta, agronomic models in this region utilize the Humus Balance framework
established by the Association of German Agricultural Analytic and Research Institutes
(VDLUFA)'. Because winter cereals induce soil organic carbon depletion (operating at
approximately -280 kg Humus-C/ha), a rigorously structured multi-year crop rotation is
mandatory'. The incorporation of nitrogen-fixing crops like the Blue Lupin (Lupinus
angustifolius) enables massive biological nitrogen fixation via symbiotic root infection by
Bradyrhizobium species'. The release of this biologically fixed nitrogen to a subsequent wheat
crop follows a predictable first-order exponential decay model based on residue mineralization
kinetics:

Nyin(t) = No(1 — e™™)

Ny

where Niin (t) is the mineralized nitrogen at time is the potentially mineralizable

nitrogen pool, and " is the mineralization rate constant'. Precision foliar nitrogen applications
of urea-ammonium nitrate (UAN) deployed at anthesis directly increase grain protein



concentration by up to 12% without sacrificing total grain yield, directly dictating the final
glutenin-to-gliadin ratio critical for dough elasticity’.

2.3 Pre-Harvest Physiology and Enzymatic Risks
Determining the precise harvest window balances the physical maturity of the kernel against
the omnipresent risk of environmental degradation. The optimum seed moisture content for
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harvesting hard winter and soft spring wheat is strictly between d 17% '. Harvesting

when the grain exceeds 20% moisture causes the caryopsis to absorb the kinetic energy of
the combine harvester's threshing cylinder as plastic deformation, causing deep structural
bruising and internal microscopic fissures that permanently impair flour yield'.

During the final maturation phases, the wheat endosperm is highly vulnerable to enzymatic
degradation, measured indirectly using the Hagberg-Perten Falling Number (HFN) test’. A
standardized flour-water slurry is heated to gelatinize the starch, and the total time taken in
seconds for a metal plunger to fall through the paste dictates the HFN'. Pre-Harvest Sprouting
(PHS), triggered by prolonged rain, or Late Maturity Alpha-Amylase (LMA), triggered by
developmental cold shocks, can cause catastrophic drops in the falling number to below 150

seconds'. This indicates excessive & -amylase activity, which rapidly liquefies the starch chains
during dough resting phases, resulting in a sticky, gummy dough that is physically impossible to
roll into pasta’.

3. Post-Harvest Mechanics: Threshing and
Aerodynamic Winnowing

The transition of the grain from the field to the mill requires aggressive mechanical extraction.
Inside the combine harvester, threshing takes place in the microscopic clearance between a
rapidly rotating cylinder and a stationary, perforated concave grating'. The mathematical power

requirement (P ) for axial-flow rotors utilized in modern combines is a complex function of
kinetic energy and volumetric air movement, generalized by the equation:

1 2
P = - Jw'kLR

where J is the moment of inertia, “ s the angular velocity of the rotor, R is the rotor radius,

is the rotor length, and k is a coefficient accounting for crop density and internal friction'.
Following threshing, separation is achieved entirely through applied fluid dynamics in the
cleaning shoe'. Winnowing relies on the differential aerodynamic drag between the dense
wheat kernels and the lightweight chaff'. The fundamental metric dictating separation



efficiency is the terminal velocity (Vt ), expressed mathematically as:

gd(p, — py)
Py

V,=1."74

where 9 is the acceleration due to gravity, d is the equivalent spherical diameter of the

particle, Pp is the particle density, and Ps is the air density’. Extensive aerodynamic testing

establishes that the terminal velocity of sound wheat kernels ranges between 6.0 m/s and

6.9 m/s '. The centrifugal fan in the cleaning shoe must maintain a highly calibrated upward

air stream of 3.05 to 4.56 m/ 5 to successfully eject chaff without blowing pristine,
harvestable grain out the rear of the machine'.

4. The Berlin Flour Landscape and DIN 10355

Classification
4.1 The German Flour Grading System

To source appropriate flour for fresh pasta in Berlin, one must navigate a classification system
fundamentally different from those in North America or the United Kingdom. While other
regions grade flour primarily by protein content or functional end-use (e.g., "Bread Flour,"
"All-Purpose"), Germany utilizes the Deutsches Institut fir Normung (DIN) standard 10355".
This standard categorizes flour exclusively by its unburned mineral ash content’®. The "Type"
number explicitly represents the milligrams of mineral ash remaining after 100 grams of dry

Q
flour are incinerated at 900°C '8,

DIN 10355 Ash Equivalent French Italian Primary

Classificati = Content (% @ Protein (%) Equivalent Equivalent Applicatio

on dry matter) n

Type 405 ~ 0.40 — 0. 8 — 10% T45 Tipo 00 Fine pastry,
highly
refined

fresh pasta

Type 550 ~051—0 9—11% T55 Tipo 00/ Standard
Tipo O artisan
breads,



robust
pasta
doughs

Type 630 ~ 0.60 — 0. 11 — 12%  Té5 Tipo O Strudel,

(Spelt) spaetzle,
delicate
doughs

Type 812 ~ 0.77 -0, 11 —13% T80 Tipo 1 Strong
rustic

breads,
mixed-grain
loaves

Type 1050 ~1.00—1 13— 14.59% TNO Tipo 2 Dark
breads,

highly
nutritional
doughs

Type 1600 ~ 1.55 — 2 ~ 13% T150 Integrale Complete
/1700 wholemeal
extraction

Table 1: Cross-analysis of German DIN 10355 wheat flour types, equivalent international
classifications, and physical characteristics'®.

For the formulation of an authentic, extensible fresh egg pasta in Berlin, Type 405 or Type 550
represent the closest biochemical analogues to the Italian Tipo 0O flour universally demanded
by traditional sfogline (pasta makers) ™. Type 405 possesses a fine particle size and lower
protein concentration, making it highly suitable for delicate pasta shapes, whereas Type 550
provides a slightly stronger gluten matrix capable of withstanding the rigors of heavy kneading
and vigorous boiling". While durum wheat (semola rimacinata) provides excellent boiling
resistance, substituting a percentage of soft wheat Type 550 allows the pasta maker to balance
absolute tensile strength with the required pliability for hand-stretching™.

4.2 Sourcing Stone-Milled Flour in the Capital Region

The industrial standard for producing Type 405 and 550 flours involves sequential roller milling.
Raw grain enters heavily corrugated break rolls operating at massive differential speeds
(typically 2.5:1), executing a severe shearing action designed to scrape the endosperm entirely



away from the bran'. The extracted endosperm chunks are then pulverized by smooth,
polished reduction rolls operating at gentler differential speeds (1.25:1)". While hyper-efficient,
this produces a highly refined, shelf-stable flour completely stripped of its native volatile flavor
compounds, vitamins, and lipids®.

Conversely, authentic stone milling utilizes simultaneous compression, shear, and abrasion to
crush the entire caryopsis between two enormous stones’. Even when bolted (sifted) to
achieve a Type 550 classification, stone milling incorporates microscopic pulverized fractions
of the bran and germ directly into the endosperm dust, radically altering its functional
properties’.

In Berlin, access to authentic stone-milled flours is facilitated by the preservation of historic and
biological mills. A premier example is the Britzer Muhle, a fully operational, dodecagonal Dutch
windmill constructed in 1865%. Standing 20 meters tall with 12-meter-long louvre shutter
blades, it is one of the last wind-powered, stone-grinding facilities in the capital, operated by
hobbyist millers who continually adjust the millstones based on acoustic and tactile feedback
from the wind®. For more consistent, professionally graded stone-ground soft wheat flours,
operations such as Markisches Landbrot (which mills entirely in-house using Osttiroler stone
mills in Neukdlin) and the regional Biomiihle Steinmeyer provide certified organic Type 550
flours that preserve the entirety of the grain's native lipid and enzyme profiles®.

5. The Thermodynamics and Biochemistry of Stone
Milling
5.1 Trans-cellular Fracturing and Starch Damage Kinetics

The mechanical action of a stone mill fundamentally alters the physical architecture of the
wheat endosperm. Because the stone mill grinds the kernel in a single pass of immense

o o
abrasive friction, it generates significant internal heat (frequently reaching 60°C to 90°C
and massive compressive stress’. This mechanical trauma results in a trans-cellular fracture
pattern that cleaves directly through the starch granules themselves, causing substantially
higher percentages of "damaged starch" compared to modern roller milling'.

Starch damage is a critical technological metric for dough hydration. Intact, native starch
granules exhibit a highly ordered, semi-crystalline structure capable of absorbing water only up

o 40%

)

of their dry weight'. Mechanically damaged granules, however, lose their crystallinity

and can rapidly absorb up to 300% of their weight in water’. Consequently, a stone-milled
Type 550 flour sourced in Berlin will behave far more “thirstily" than a heavily refined,
roller-milled equivalent, demanding significantly more liquid to achieve the same textural
plasticity?*.

5.2 Arabinoxylans (Pentosans) and Solvent Retention Capacity

The incorporation of microscopic bran and germ particles inherent in stone milling introduces
profound concentrations of non-starch polysaccharides, specifically arabinoxylans (AX),
commonly referred to as pentosans’. Arabinoxylans are localized primarily in the aleurone layer



and are categorized into water-extractable (WE-AX) and water-unextractable (WU-AX)
fractions®”.

Despite constituting only 2% to 3% of the flour's total mass, arabinoxylans exert a
monumental influence on dough rheology. They possess a staggering water-holding capacity
approximately 10 to 15 times their own dry weight, effectively sequestering up to one-fourth of
all available moisture within the dough matrix'®. Because stone milling preserves a higher
proportion of these compounds, the total water absorption capacity of the flour increases
exponentially’.

To accurately quantify these complex hydration behaviors without relying on guesswork, cereal
chemists utilize the Solvent Retention Capacity (SRC) diagnostic assay (AACC Method
56-11.02)". SRC measures the independent swelling behavior of individual polymer networks
using four specific diagnostic solvents'":

Diagnostic SRC Flour Component Typical Absorption = Predictive
Solvent Targeted Target (Hard Significance
Wheat)

5% Lactic Acid (pH = Glutenin Network > Evaluates gluten

2) strength and
elasticity'.

5% Sodium Damaged Starch 80 — Quantifies

Carbonate (pH 11) mechanically

damaged starch'.

50% Sucrose Arabinoxylans 105 — Evaluates

Solution (Pentosans) non-starch
polysaccharide
absorption'’.

Distilled Water Macroscopic Matrix 65 — Measures baseline

total absorption'".

Table 2: Solvent Retention Capacity (SRC) targets and their diagnostic significance for
predicting wheat flour functionality'.

To isolate the performance of glutenin from the modulating, highly absorptive effects of
damaged starch and pentosans, advanced models utilize the Gluten Performance Index (GPI),
mathematically defined as'



Lactic Acid SRC

GPI = Sodium Carbonate SRC + Sucrose SRC

Because a stone-milled Berlin flour inherently possesses elevated Sodium Carbonate and
Sucrose SRC values, its effective hydration baseline is severely shifted. The pasta maker must
carefully calibrate the liquid additions to satisfy the immediate moisture demands of the
damaged starch and arabinoxylans, ensuring enough free solvent remains to properly hydrate
the gliadin and glutenin proteins. Failing to account for this will yield a stiff, brittle dough that
refuses to stretch'’.

6. Enzymatic Degradation: Polyphenol Oxidase and
Lipoxygenase

A distinct and often frustrating risk when formulating fresh pasta with stone-milled flour is
severe enzymatic browning. Polyphenol oxidase (PPO; E.C. 1.14.18.1) is an enzyme localized
almost exclusively in the bran coat (the peripheral aleurone layer) of the wheat kernel*®. In
highly refined, roller-milled Type 405 flour, PPO activity is virtually nonexistent because the
bran is violently sheared away and discarded®. In stone-milled flours, however, the microscopic
pulverization of the bran distributes highly active PPO uniformly throughout the flour matrix“°.
When hydrated by the moisture in the eggs, PPO catalyzes the dehydrogenation and oxidation
of endogenous phenolic compounds into highly reactive o-benzoquinones*'. These quinones
rapidly undergo non-enzymatic polymerization into dark, high-molecular-weight pigments
known as melanins*'. This cascade results in the formation of unattractive grey, brown, or black
spots (freckling) on the surface of the fresh pasta dough®. This discoloration is commonly
observed if the dough is rested for prolonged periods or stored under refrigeration, as PPO

activity is exacerbated by the mildly alkaline pH ("~ 79 ) inherent to egg whites®”.
Experimental inhibition via the application of hexose oxidase has proven feasible in mitigating
the formation of these melanin dark spots, but in a domestic or artisanal setting, rapid
processing remains the best defense’. Furthermore, selection of wheat genotypes lacking the
specific high-activity PPO alleles (such as Ppo-A1b) represents a long-term agronomic solution
to dough discoloration*2.

Additionally, the pulverized germ retained in stone-milled flour introduces lipoxygenase (LOX),
an enzyme responsible for the oxidative degradation of endogenous carotenoid pigments*.
Specifically, alleles such as Lpx-B1.1 rapidly bleach the desirable golden-yellow hues of the
flour*. While industrial mills utilize complex steaming and fluidization protocols (

o
125 — 130°C ) to denature LOX and stabilize the germ prior to milling, stone-milled flours
often bypass these thermal treatments to preserve raw nutritional integrity, making rapid
utilization of the flour imperative before lipid rancidity and pigment degradation fully
manifest*.



7. Hydration Formulation: The Biochemistry and

Rheology of Eggs
7.1 The Mathematical Hydration Ratio

The ubiquitous culinary heuristic for fresh egg pasta dictates a rudimentary volumetric ratio of
"100 grams of flour to one whole egg"**. However, relying on generalized volumetric counts is
analytically disastrous when using stone-milled flours. This is due to the natural weight variance
of eggs (ranging from 4ég to 60g once shelled) and the intensely fluctuating SRC parameters
of the flour®.

Hydration in dough mechanics is strictly expressed as a percentage: the total liquid mass
divided by the total flour mass. For machine-extruded durum semolina shapes (e.g., rigatoni or

machine-pressed orecchiette), optimal hydration rests precisely between 36% and 45% .
This exceptionally low hydration yields a rigid, crumbly matrix necessary to withstand the
extreme mechanical shear and heat of bronze extrusion dies*®.

Conversely, traditional hand-rolled sfoglia requires a drastically softer, more extensible matrix
to allow for manual stretching with a wooden pin“°. For a stone-milled soft wheat flour (Type

550) in Berlin, an optimal hydration ratio of 557 to 577 by weight is required®. Given the
high water-binding capacity of the damaged starch and arabinoxylans previously outlined, this
elevated target prevents the dough from becoming impenetrably stiff during the resting
phase?,

Target Liquid Mass (g) = Flour Mass (g) x 0.57

For a standard 4009 batch of stone-milled flour, this necessitates exactly 228g of highly
calibrated, homogenized egg*.

7.2 Egg White vs. Egg Yolk Dynamics

The solvent in authentic fresh pasta is not a simple Newtonian fluid like water; it is a profound
biological emulsion. The egg white (albumen) and the egg yolk dictate wildly divergent
structural properties within the dough matrix.

The Egg White: Albumen consists of 90% water and 10% protein (primarily ovalbumin)*.
The exceptionally high water content acts as the primary hydrating solvent for the flour,
unlocking the polymeric transition of the wheat proteins®®. The albumen proteins themselves
denature and coagulate during the cooking phase, contributing to the ultimate tensile strength
and plasticity of the boiled noodle, allowing shapes like tortellini to bend, fold, and stretch
without fracturing®.

48% 16%

The Egg Yolk: The yolk is a complex biochemical matrix containing water, protein,

and 337% fat*. Substituting water or egg whites with increased concentrations of egg yolks



radically alters the rheological profile of the pasta. The high lipid content of the yolk acts as a
potent shortening agent; these hydrophobic fats physically coat the gliadin and glutenin
molecules, interfering with the formation of extensive intermolecular disulfide bonds®. This
structural weakening yields a dough that is highly tender and velvety—ideal for flat ribbon
pastas like tagliatelle or pappardelle, but vastly inferior for complex folded shapes due to
reduced plasticity®.

Crucially, the yolk contains vast reserves of lecithin, an amphiphilic phospholipid that acts as a
powerful natural emulsifier”’. In the complex multi-phase system of the dough, lecithin
significantly modifies the gluten-starch interface. By stabilizing the dispersed lipid phase and
interacting with the hydrophobic domains of the gluten proteins, lecithin retards amylose
retrogradation and enhances overall dough rigidity?. Empirical rheological testing utilizing large
amplitude oscillatory shear (LAOS) analyses demonstrates that substituting whole eggs entirely
with isolated egg yolks increases the Young's Modulus of the pasta dough from a baseline of
28.48 kPa up to a staggering 117.05 kPa®. This makes the raw dough physically stiffer and
significantly more resistant to mechanical deformation, demanding extreme force during the
rolling phase®.

8. The Biomechanics and Physics of Manual Dough

Development
8.1 The Physics of Hand Kneading

Without the aid of twin-screw extruders or planetary stand mixers, the incorporation of the egg
solvent into the flour matrix must be achieved entirely via human biomechanics. The primary
objective of kneading is to align the random, globular wheat proteins into a highly structured,
continuous viscoelastic web®'.

Manual kneading imparts mechanical energy into the dough through three distinct vectors:
tension, compression, and shear®. The human hand presses down on the dough mass
(compression), stretches it forward across the board (tension), and folds it over itself (shear

strain). Biomechanical analyses of manual kneading indicate that the human hand applies
localized compressive pressures averaging 173 kPa (yielding a focused grip force of roughly
4.7 N

) directly to the dough matrix®*.

This repeated application of stress and subsequent relaxation causes the ribbon-like glutenin
chains to uncoil, align longitudinally, and bond, forming the mature gluten network®'.
Theoretical models, such as the extended Burgers model (EBM) and the Boltzmann-type
viscoelastic system (BVS), map this progressive construction of the anisotropic relaxation
tensor®. A critical advantage of manual kneading over industrial bionic mixers is extreme
temperature control; the relatively slow, rhythmic pace of the human hand ensures that the

Q
internal temperature of the dough rarely exceeds 29°C *_ Maintaining the dough below this
thermal threshold is paramount to preventing the premature denaturation of egg proteins and
ensuring that endogenous enzymes operate at their optimal catalytic kinetics without



destroying the matrix®’.

8.2 Rheological Quantification: The Chopin Alveograph

To predict how a specific stone-milled Berlin flour will behave under these immense manual
stresses, cereal chemists rely heavily on empirical rheological tools, primarily the Chopin
Alveograph (AACC Method 54-30). The Alveograph operates by inflating a standardized,
hydrated disc of dough with air until the bubble inevitably ruptures, continuously mapping the
required internal pressure over time to simulate the tri-axial expansion of fermenting gas cells®.
The resulting curve (the Alveogram) yields several critical parameters essential for determining

pasta quality®:
e Tenacity (P ): The maximum overpressure required to deform the sample (measured in

mm H,0 and multiplied by a mechanical constant of 1.1). It correlates directly with the
dough's stiffness and resistance to extension.

e Extensibility (L ): The total length of the curve at the point of rupture (measured in mm).
It represents the absolute maximum stretch the gluten network can withstand before
microscopic fracturing occurs.

10~

e Deformation Energy (W ): The area under the curve, expressed in Joules.
represents the total "baking strength” of the flour.

W:/PdL

e Elasticity Index (Ie ): The ratio of pressure corresponding to the 40 mm abscissa and

the maximum overpressure P , reflecting the internal bonding force of the network
independent of dough thickness®.

For a premium fresh pasta dough, a balanced P/L configuration ratio is absolutely

mandatory. If the P/L ratio is too high (indicating excessive tenacity, P/L > 1.5 ), the
dough will be highly rubbery, actively resisting the rolling pin and snapping back continuously®’.

If the ratio is too low (P/L <04 ), the dough will be overly extensible and weak, tearing
immediately under tension®. A stone-milled Type 550 or Type 1050 flour naturally exhibits an

elevated P value due to the inclusion of bran particles and high baseline water absorption®'.
This inherent toughness necessitates the tenderizing effects of egg yolk lipids to actively lower

the P/L ratio into a manageable range for hand-rolling®".



8.3 Autolyse and Enzymatic Relaxation

Following the initial kinetic incorporation of the ingredients, a mandatory resting phase—often
termed the autolyse—must be observed'®. The dough is wrapped tightly in impermeable fim to
prevent surface desiccation and rested at ambient temperature for 30 to 60 minutes"™.

This resting phase is not merely a physical pause; it is an active biochemical window. First, it
allows time for the free solvent (egg water) to achieve complete capillary permeation into the
dense, damaged starch granules and the highly absorptive arabinoxylans®®. Second, the rest
period unleashes endogenous proteolytic enzymes (proteases) naturally present in the
stone-milled flour'®. Proteases act as biochemical scissors, selectively hydrolyzing peptide
bonds within the newly formed gluten network'®. This controlled degradation subtly slackens

the protein matrix, drastically reducing the dough's elastic tenacity (P ) and dramatically

increasing its extensibility (L )'°. Attempting to roll a fresh pasta dough immediately after
kneading without this autolytic relaxation requires immense, often impossible, mechanical
force due to the sheer elastic resistance of the un-relaxed glutenin polymers'®.

Simultaneously, endogenous a -amylase begins to hydrolyze the complex damaged starch into
simpler dextrins and reducing sugars®®. However, if the stone-milled flour possesses an
exceptionally low Hagberg-Perten Falling Number (indicating excessive background amylase
activity), a prolonged autolyse will result in catastrophic starch liquefaction, rendering the
dough hopelessly sticky and impossible to roll'.

9. The Tribology and Extensional Rheology of

Traditional Rolling

9.1 Biaxial Extensional Deformation

The transformation of the rested dough ball into a translucent, 1-millimeter-thick continuous
sheet (the sfoglia) is achieved utilizing an exceptionally long, handle-less wooden rolling pin
known as the mattarello™. From a rheological perspective, manual rolling subjects the dough to
immense biaxial extensional strain, a complex deformation matrix where the dough is
simultaneously stretched in both radial and tangential directions outward from the center®.

The mechanical work done during this manual rolling phase is immense. As previously
established, the presence of egg yolk and the dense absorption profile of stone-milled flour
profoundly elevate the dough's physical rigidity. Extensional rheological tests demonstrate that

33.02J

the total energy required to roll out a yolk-enriched dough is roughly , representing
more than double the mechanical energy required to roll a simple water-and-flour dough (

15.19 J )%. The sfoglina (pasta maker) must apply continuous, rhythmic downward pressure
and rotational torque to overcome this resistance, frequently wrapping the rapidly expanding
sheet around the mattarello to apply tension and mechanically pull the dough paper-thin™.

9.2 The Tribology of Wooden Implements



The physical properties of the tools themselves are not merely traditional affectations; they are
critical components of the formulation. Authentic sfoglia is rolled exclusively on a massive,
unvarnished hardwood board (the tagliere) using a wooden mattarello®. The mattarello is
typically crafted from dense, straight-grained hardwoods such as beech, cherry, or maple,
measuring between 80 cm and 110 cm in length, possessing a diameter of roughly 4.7 cm, and
weighing between 1 to 1.5 kilograms®’. To ensure absolute geometric perfection and resistance
to warping under stress, the blanks are naturally cured for a minimum of two months before
turning”".

The reliance on wood—as opposed to modern stainless steel, polished marble, or mechanical
metal-roller pasta machines—is rooted firmly in the physics of tribology (the study of
interacting surfaces in relative motion)*.

1. Thermal Stability: Wood acts as an exceptional thermal insulator. Unlike marble or steel,
which act as massive heat sinks and rapidly draw latent heat away from the dough, wood
maintains a constant ambient temperature. This prevents the dough's surface lipids from
seizing and ensures the gluten matrix remains warm and maximally extensible®.

2. Moisture Management: The natural cellular porosity of unvarnished wood allows it to
absorb excess surface moisture from the highly hydrated stone-milled dough. This
prevents sticking without requiring excessive dusting flour, which would otherwise ruin
the meticulously calculated hydration ratio and dry out the sfoglia®.

3. Micro-Roughness and Friction: As the dough is aggressively pressed and sheared
between the wooden pin and the wooden board, the resulting wood-on-wood friction
physically abrades the surface of the pasta sheet”. This friction creates a microscopic
porosity (micro-roughness) across the cellular structure of the dough. In stark contrast,
mechanical metal pasta rollers subject the dough to severe, uni-directional compressive
cold-rolling. The immense pressure of the polished metal rollers functionally "seals" the
surface of the pasta, resulting in a slick, glassy exterior”.

This micro-roughness is the paramount objective of the artisan pasta maker. A porous, matte
pasta surface possesses a dramatically higher total surface area and profound capillary action,
allowing it to capture, absorb, and perfectly emulsify with applied sauces (e.g., complex ragus
or butter emulsions). Conversely, slick, machine-rolled pasta allows sauces to simply slide off
the noodle and pool uselessly at the bottom of the bow!*.

10. Thermodynamics of Cooking, Starch Leaching, and
Structural Fixation

The final validation of the pasta formulation occurs during cooking. Submerging the fresh pasta
into violently boiling salted water induces a rapid sequence of thermal and phase transitions.

(o] [0}
As the internal temperature of the pasta crosses 60°C to 75°C , the tightly packed starch
granules absorb massive quantities of water and undergo gelatinization—they swell
uncontrollably, lose their ordered birefringence, and eventually rupture, spilling long chains of
amylose into the surrounding water'. Simultaneously, the complex protein networks (both the
wheat glutenin and the ovalbumin/lecithin from the eggs) undergo rapid thermal denaturation



and coagulation’. The structural dynamics can be approximated by observing the transition of

available water (W ), starch (S ), €gg white proteins (Pd ), and egg yolk (Y ) as the microgels
thermoset: $$ A \times O \times (P_.d + Y) / (W + C)/S) / (Q_d \vert{} \vert{} P_d) $$ where the
swollen starch granules act as a structural filler embedded within the coagulated dual-protein
network®.

The objective is for the coagulating protein matrix to rapidly harden and trap the gelatinizing
starch granules before they can completely dissolve into the boiling water”’. If the protein
network is weak (due to low-protein flour, inadequate manual kneading, or excessive protease
breakdown during an over-extended autolyse), the pasta suffers from catastrophic cooking
loss®. The starch rapidly leaches out, resulting in a cloudy cooking liquid and pasta that is
mushy, overly sticky, and structurally compromised, manifesting in abysmal scores during
Texture Profile Analysis (TPA) for hardness’”.

This risk is particularly acute when utilizing stone-milled flours from Berlin. Because stone
milling produces highly elevated levels of mechanically damaged starch, the flour is inherently
more susceptible to rapid starch leaching during boiling than standard roller-milled
equivalents®®. However, this vulnerability is elegantly counterbalanced by the formulation's
reliance on whole fresh eggs. The immense tensile strength provided by the thermally stable
egg whites, combined with the lipid-emulsifying properties of the egg yolk lecithin, reinforces
the gluten matrix, physically encasing the vulnerable damaged starch and preventing
unacceptable cooking loss?.

11. Conclusion

The execution of traditional fresh egg pasta from scratch transcends simple culinary
preparation; it is a sophisticated, multi-disciplinary exercise in biomaterial engineering and
extensional rheology. When utilizing stone-milled soft wheat flours sourced from the Berlin
region—such as those categorized under the German DIN 10355 as Type 550 or Type
1050—the pasta maker must actively accommodate the profound biochemical deviations
caused by the abrasive milling process. The heightened presence of damaged starch and
highly absorptive arabinoxylans demands precise gravimetric hydration adjustments, relying on
the dual functionality of egg whites for network plasticity and egg yolk lecithin for lipid
emulsification and structural rigidity.

Furthermore, eschewing modern machinery in favor of traditional manual kneading and the
mattarello introduces profound physical mechanics. The human application of compressive
shear forces below the thermal degradation threshold guarantees optimal glutenin alignment,
while the frictional tribology of the wooden implements imparts an essential micro-roughness
to the sfoglia that no machine can replicate. By mastering the intricate interplay between
German grain specifications, solvent biochemistry, and biaxial extensional strain, the artisan
achieves a pasta matrix perfectly engineered for structural resilience, minimal cooking loss, and
supreme sauce adhesion.
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