The Biochemical, Historical, and
Thermodynamic Formulation of

Traditional Ragu alla Bolognese

1. Introduction to the Multiphase Matrix of Ragu alla
Bolognese

The formulation of an authentic Ragu alla Bolognese transcends basic culinary preparation; it
represents an exhaustive exercise in applied biochemistry, thermodynamics, and historical
gastronomy. Far from the simplistic, tomato-dominant meat sauces proliferated globally, true
Bolognese is a meticulously constructed, meat-dominant emulsion where extracted animal
lipids, denatured proteins, and complex carbohydrates interact under prolonged thermal
stress’. The matrix relies on a highly orchestrated sequence of phase transitions: the cellular
rendering of pork adipocytes, the Maillard browning of myoglobin-rich bovine muscle, the
enzymatic and thermal hydrolysis of collagen into gelatin, and the structural buffering provided
by bovine milk proteins®.

When prepared from scratch utilizing traditional methodologies—specifically, the prolonged
simmering within a tin-lined copper vessel—the ragu functions as a highly unstable composite
biomaterial. The sauce requires precise biaxial temperature control to balance the extraction of
essential flavor compounds while preventing the thermal destruction of delicate matrices, such
as the protective intermetallic layer of the cookware®. This report provides a comprehensive,
multi-disciplinary analysis of Ragu alla Bolognese, synthesizing the historical codifications of
the Accademia Italiana della Cucina, the muscular anatomy of specific bovine cuts, the
molecular properties of solar-dried tomato extract, the buffering capacity of casein micelles,
and the physics of copper heat conduction.

2. Gastronomic History and the Codification of the
Ragu

2.1 The Origins: Cardinal Chiaramonti and Alberto Alvisi

The etymological origin of the term "ragu” is deeply rooted in the French ragodt, a descriptor
utilized in the 18th century for a highly flavored stew intended to stimulate the appetite through
complex reduction®. The earliest documented iteration of a meat-based ragu explicitly paired
with pasta was recorded in 1785 by Alberto Alvisi, the personal cook to Cardinal Barnaba
Chiaramonti (who later ascended to the papacy as Pope Pius VII) in Imola, near Bologna®.
Alvisi's "Cardinal's Ragu" represents the proto-Bolognese. It utilized a foundational base of
minced beef, veal shoulder, pork loin, or poultry giblets, browned aggressively in pork fat (lardo)
and butter'’. Reflecting the culinary realities of Renaissance-influenced northern Italy prior to
the widespread integration of the New World fruit, this 18th-century formulation contained
zero tomatoes''. The meat was heavily spiced with aromatics such as cinnamon and black



pepper, thickened with a wheat flour roux, and served alongside maccheroni al ferretto or
garganelli".

A century later, the foundational text of unified Italian cuisine, Pellegrino Artusi's 1891 La Scienza
in Cucina e I'Arte di Mangiar Bene (Science in the Kitchen and the Art of Eating Well), codified
"Maccheroni alla Bolognese" under Recipe No. 87". Artusi's methodology refined Alvisi's
approach by stipulating 150 grams of lean veal fillet, 50 grams of cured, unsmoked pancetta,
butter, and a precise soffritto of onion, carrot, and celery'". While Artusi suggested optional
enrichments such as chicken liver, dried mushroomes, truffles, and a finish of cream, the recipe
notably remained a "white" ragu, completely devoid of tomatoes, designed to dress a mid-sized
tubular pasta known as denti di cavallo (horse's teeth)?.

2.2 The Accademia Italiana della Cucina: 1982 to 2023

To protect the dish from global bastardization—which frequently replaced the delicate balance
of meat and wine with overwhelming volumes of garlic, herbs, and acidic tomato purée—the
Bologna delegation of the Accademia Italiana della Cucina (AIC) notarized and deposited the
"official" recipe at the Bologna Chamber of Commerce on October 17, 1982". Decades later,
acknowledging modern supply-chain realities and the evolution of biophysical cooking
techniques, the AIC deposited a modernized, updated formulation on April 20, 2023".

The structural evolution of the official recipe highlights a progressive shift toward maximizing
Maillard browning and accommodating the scarcity of specific historical butchery cuts.

Culinary 1982 AIC 2023 AIC Rationale for
Parameter Codification Codification Evolution
Bovine Muscle 300g cartella 4009 coarsely Cartella is
(diaphragm) ground beef increasingly rare in
(shoulder, chuck, modern
brisket, flank) commercial
butchery; anterior
load-bearing
muscles offer
identical collagen
profiles'.
Lipid Base 150g fresh pork 150g fresh or cured Cured pancetta
pancetta pancetta provides a deeper

umami profile,
though smoked
bacon remains
strictly forbidden'®.



Meat Matrix

Maillard Technique

Dairy Integration

Forbidden
Elements

100% Beef

Meat browned
directly with the
soffritto

1/2 cup milk
(mandatory); heavy
cream for dried
pasta

Veal, garlic, herbs

60% Beef/ 40%
Pork mixture
permitted

Meat browned
separately from the
vegetables

1/2 cup milk
(optional); heavy
cream strictly
removed

Veal, smoked pork,
garlic, rosemary,
parsley, flour
thickeners

Introducing pork
loin or shoulder
provides additional
intracellular lipids,
ensuring a softer
texture".

Prevents the
scorching of
delicate aromatics
while allowing the
extreme heat
necessary for the
Maillard reaction in
the beef".

Modern tomatoes
exhibit higher Brix
(sugar) levels and
lower acidity,
rendering the
acid-buffering
requirement of milk
optional. Cream is
deemed too heavy
for modern
palates'.

Preserves the strict
Emilian flavor
profile against
globalized
Neapolitan-Americ
an influences'®.

3. The Myology and Proteomics of Bovine Muscle

Selection

3.1 The Historical Standard: Cartella and Diaphragmatic Anatomy
The ultimate rheology and mouthfeel of a finished ragu are entirely dependent on the
biomechanical function of the bovine muscle selected for the mince. The 1982 AIC decree
explicitly demanded cartella di manzo®. The cartella is the bovine diaphragm, a continuously



active respiratory muscle encompassing the hanger steak and the outer skirt steak, recognized
in the German butchery tradition as Kronfleisch and Saumfleisch®*.

Because the diaphragm operates continuously throughout the animal's life, it possesses
exceedingly high concentrations of myoglobin, yielding a deep, metallic, iron-rich flavor profile.
More critically, it is heavily striated with thick bundles of insoluble connective tissue?. When
minced coarsely and subjected to hours of slow simmering, this vast web of connective tissue
slowly hydrolyzes into gelatin, yielding a sauce of unparalleled viscosity®.

3.2 German Butchery Equivalents for Anterior Load-Bearing Muscles
Due to the modern scarcity of cartella, the 2023 AIC recipe permits the use of alternative
anterior (front-quarter) cuts'®. Like the diaphragm, these muscles bear the immense weight of
the animal, resulting in dense, tough muscle fibers rich in Type | and Type Il collagen?®'. For
practitioners sourcing these cuts in Central Europe, navigating the profound differences
between Anglo-American and German butchery standards is paramount, as German butchery
emphasizes a highly specific isolation of muscle groups®.

Italian Term Anglo-American German Butchery Myological
Equivalent Equivalent Characteristics for
Ragu Formulation

Cartella Skirt / Hanger Steak = Kronfleisch / Exceptional iron
Saumfleisch content, coarse
fibers, high

collagen. The
historical gold

standard?.
Pancia / Sottospalla Flank / Plate Ddnnung / High ratio of
Spannrippe / intramuscular fat
Bauchlappen and connective
tissue; highly

flavorful and
resistant to drying

out during
simmering®.
Punta di petto Brisket (Point and Brustkern/ Heavily worked
Flat) Rinderbrust pectoral muscle.

Features two
distinct muscles
joined by a thick
lipid layer; requires



extreme time for
collagen
degradation®.

Spalla Chuck / Shoulder Bug / Schulter Balanced ratio of
lean meat (approx.
80%) to fat (20%),
providing excellent
baseline texture
and structural
stability™.

N/A Cross Rib / Short Querrippe Situated in the
Rib forequarter.

Contains vast layers
of fat and
connective tissue,
yielding an
exceptionally sticky,
gelatinous sauce™.

Regardless of the precise cut selected, the meat must be coarsely ground or, ideally, chopped
entirely by hand with a knife'®. A fine industrial grind completely destroys the structural integrity
of the muscle fibers, resulting in a gritty, paste-like suspension rather than a sauce with distinct,
tender, cohesive morsels®.

4. The Thermodynamics of Lipid Extraction and the

Soffritto
4.1 Cellular Degradation of Pork Adipocytes

The construction of Ragu alla Bolognese begins with the precise thermal extraction of animal
lipids. The formulation requires 150 grams of fresh or unsmoked cured pork pancetta'®.
Pancetta, derived from the pork belly, is an alternating structural matrix of skeletal muscle and
dense adipose tissue.

Rendering is a critical thermodynamic process where raw animal fat is gently heated to
separate pure triglycerides from the surrounding connective tissue, cellular membranes, and
intracellular water®. At the cellular level, adipose tissue consists of adipocytes (fat cells) swollen
with liquid triglycerides, encased in a structural matrix of collagen®. As the pancetta is
subjected to medium-low heat in the copper vessel, a specific sequence of physical events
occurs. Initially, as the temperature breaches 110°F to 140°F (43°C to 60°C), the solid saturated
fats within the pancetta undergo a phase transition and begin to melt*.

As the localized temperature crosses the boiling point of water (212°F / 100°C), the
endogenous moisture within the meat vaporizes. This escaping steam dries the tissue, causing



the cellular membranes to rupture catastrophically and release the liquid triglycerides into the
pan®. Concurrently, the remaining structural proteins (connective tissue and muscle fibers)
denature, shrink, and begin to undergo the Maillard reaction, forming crispy, browned
remnants known as cracklings®. The objective in traditional Bolognese is to render the pancetta
slowly and completely, creating a massive pool of liquid lipids that will serve as the primary
solvent for the aromatic vegetables”. If the heat applied is too aggressive, the exterior proteins
will scorch and carbonize before the internal adipocytes can fully rupture, leading to a bitter,
acrid base”’.

4.2 The Phase Transition from Battuto to Soffritto

Once the liquid lipid foundation is established, the aromatic foundation is introduced. In Italian
gastronomy, a finely minced mixture of raw aromatics is known as a battuto®?. The AIC
mandates a highly specific battuto consisting of precisely 60 grams of onion, 60 grams of
carrot, and 60 grams of celery'®. Utilizing a sharp knife to hand-chop the vegetables is
preferred over mechanical food processors; the tearing action of dull mechanical blades
causes irregular cellular damage, maximizing the enzymatic production of sulfurous,
tear-inducing compounds (such as syn-propanethial-S-oxide in onions) which can introduce
off-flavors into the fat**.

When the raw battuto is submerged into the hot, rendered pancetta fat—often supplemented
with 3 tablespoons of extra virgin olive oil or 50 grams of butter—it transitions state and
becomes the soffritto". The soffritto must be sweated over medium-low heat. The
thermodynamic goal is not to trigger the Maillard reaction in the vegetables, but rather to
induce cellular plasmolysis. The applied heat and the addition of osmotic salt cause the plant
cell walls to collapse and release their intracellular water?. As this water evaporates, the
fat-soluble essential oils and complex flavor compounds from the carrot and celery dissolve
entirely into the surrounding pork lipids. This highly flavored, complex fat coats the beef during
the subsequent stages, ensuring a homogenous flavor distribution throughout the entire
ragu®’.

5. The Casein Micelle and Biochemical Buffering

A heavily debated yet functionally critical component of authentic Ragu alla Bolognese is the
integration of bovine milk®. The 1982 AIC decree mandated the addition of half a cup of whole
milk to neutralize the astringent acidity of the tomatoes'’. While the 2023 update lists it as an
"advisable old tradition," its application provides profound biomechanical advantages to the
structural integrity and ultimate tenderness of the meat matrix*.

5.1 The Structural Mechanics of Bovine Milk Proteins

Milk is not a simple Newtonian fluid; it is a highly complex biological emulsion. Approximately
80% of the proteins in bovine milk are caseins, which exist suspended in the aqueous phase as
highly porous, spherical structures known as casein micelles*®. These supramolecular
complexes range from 50 to 250 nanometers in diameter and are internally stabilized by
nanoclusters of colloidal calcium phosphate (CCP)*. The remaining 20% of the proteins are



whey proteins, primarily B -lactoglobulin and a -lactalbumin, which exist as independent,
soluble molecules within the milk serum?.

5.2 Colloidal Calcium Phosphate Solubilization and Lactic Acid
Hydrolysis

When milk is poured directly into the browned meat and aggressively reduced, the thermal
stress and the subsequent introduction of acidic compounds (such as wine and preserved

tomatoes) trigger a cascading structural collapse of the casein micelle*. As the overall pH of

the sauce drops toward the isoelectric point of casein (pH 4.6), the colloidal calcium phosphate

2+
within the micelle solubilizes, releasing free ionic calcium ( a ) directly into the meat

matrix*.

This ionic calcium actively "buffers" the muscle proteins of the beef°. By physically interacting
with the meat proteins, the calcium prevents the muscle fibers from seizing, contracting
aggressively, and extruding their internal moisture when exposed to the harsh, astringent acids
of the wine and tomatoes™.

Simultaneously, the milk introduces lactic acid, which possesses a pH of approximately 6.5 to
6.7*. While significantly milder than the acetic acid found in vinegar, the prolonged exposure to
lactic acid during the 3-hour simmer acts as a potent, gentle proteolytic agent*. The acid
actively hydrolyzes the peptide bonds within the tough muscle fibers and the rigid collagen

matrix, promoting systemic tenderization®.

5.3 Denaturation of Whey Proteins and Matrix Coating

Furthermore, as the water evaporates from the milk during the reduction phase, the
temperature breaches 70°C to 90°C. At this thermal threshold, the whey proteins (specifically

B -lactoglobulin) undergo rapid thermal denaturation, unfolding from their native globular
states*®. These unfolded whey proteins exhibit chaperone-like functions and actively interact
with the dissociated caseins, forming complex polymers*. This newly formed protein network
physically coats the denatured meat fibers, contributing to an incredibly soft, velvety mouthfeel
that eliminates any sensation of dryness in the lean beef*’. This biochemical triad—calcium
buffering, lactic acid hydrolysis, and whey protein coating—is what transforms otherwise tough,
load-bearing beef cuts into a matrix that dissolves instantly upon mastication®.

6. The Solar Thermodynamics of Estratto di Pomodoro

Despite global misconceptions, Ragu alla Bolognese is fundamentally a meat sauce, not a
tomato sauce’. The tomato serves strictly as an acidic counterpoint and a concentrated vector
for glutamic acid (umami)'. The 2023 AIC formulation permits 200 grams of strained tomatoes
(passata) and 1 tablespoon of double-concentrated tomato paste?’. However, to achieve
profound historical depth and optimal biochemical concentration, the artisan must utilize
estratto di pomodoro (referred to as strattu or astrattu in Sicilian dialect)—a biological marvel of
solar dehydration®”.



6.1 The Sicilian Drying Methodology and Evaporation Kinetics

Estratto di pomodoro represents the absolute essence of the tomato. It is achieved by
spreading crushed, heavily salted tomato pulp across large wooden boards (panare or tavolieri)
and exposing it to the scorching, low-humidity summer sun of southern Italy and Sicily for three
to five days™.

As the solar radiation intensely heats the dark red pulp, the thermodynamic energy effortlessly
overcomes the latent heat of vaporization of the endogenous water®. As the water
evaporates, the remaining biochemical components are hyper-concentrated. The addition of
salt—traditionally applied at a ratio of 100 grams per 10 kilograms of tomatoes, or
approximately 13 grams per liter of processed juice—acts as a powerful osmotic agent®. This

salt accelerates moisture extraction while simultaneously lowering the water activity (a“’ ) of
the matrix to a point where microbial and fungal spoilage is entirely inhibited, preserving the
paste naturally for years®.

6.2 Lycopene Bioavailability and Glutamic Acid Concentration

During this protracted, multi-day solar reduction, the paste undergoes profound physical and
chemical transformations. The Brix level (a measure of dissolved sugars) skyrockets, replacing
the sharp acidity of a fresh tomato with a deep, caramelized sweetness®. Furthermore, the
concentration of naturally occurring L-glutamate reaches peak saturation levels, transforming
the estratto into a potent umami reservoir that drastically amplifies the savory characteristics
of the browned beef>*.

Structurally, the prolonged exposure to mild ambient heat and atmospheric oxygen facilitates a
slow, non-enzymatic Maillard browning, turning the vibrant red pulp into a dense, clay-like,
brick-red paste boasting deep ferrous and umami notes®>*. Additionally, lycopene—the primary
carotenoid responsible for the red pigment—is heavily concentrated and chemically converted
into a highly bioavailable form®*. When one tablespoon of this dense estratto is introduced into
the rendering lipids and browned beef of the ragu, the fat-soluble lycopene and essential flavor
oils immediately dissolve into the meat fats, permanently coloring the sauce a rich, iconic
maroon hue?'.

7. The Physics and Metallurgy of Tin-Lined Copper

To successfully execute a ragu that requires a minimum of three hours of gentle, uninterrupted
simmering without scorching, the thermal properties of the cooking vessel are of paramount
importance. Authentic traditional Bolognese is executed exclusively in a heavy-gauge, tin-lined
copper pot (a casseruola or paiolo)®.

7.1 Thermal Diffusivity and Fourier Heat Conduction

Copper possesses a thermal conductivity of approximately 385.0 W/(m-K)>. This makes it
nearly 25 times more conductive than standard austenitic stainless steel (which hovers around
15 W/(m-K)) and over five times more conductive than cast iron (approx. 50 W/(m-K))%8.

In culinary application, this immense thermal diffusivity means the copper vessel rapidly
transports heat not just across the bottom surface, but uniformly up the sidewalls of the pot®.

)58



This omnidirectional heating entirely eliminates localized "hot spots” where the heavy, viscous
meat sauce might stick and carbonize®®. Furthermore, copper's relatively low specific heat
capacity ensures it responds instantaneously to variations in the heat source; when the flame is
lowered to achieve a barely perceptible simmer, the temperature of the ragu drops
immediately, preventing violent boiling that would aggressively emulsify the fats or scorch the
suspended sugars®®,

Material Thermal Conductivity Culinary Implication for
(W/m-K) Ragu
Copper ~385.0 Instantaneous thermal

response; even heat
distribution up the sidewalls
eliminates hot spots during
3-hour simmer®®.

Aluminum ~205.0 Excellent conductivity, but
highly reactive to acidic
tomatoes unless anodized
or clad®.

Cast Iron ~50.0 High volumetric heat
capacity (retains heat), but
poor conductivity creates
distinct hot spots prone to
burning thick sauces®®.

Stainless Steel ~15.0 Extremely poor conductor;
requires an aluminum or
copper core to prevent the
meat matrix from scorching
to the base™®.

7.2 Solid-State Intermetallic Compounds: CuéSn5 and Cu3Sn Kinetics
Because raw copper is highly reactive and readily leaches toxic copper salts (verdigris) when
exposed to acidic foods like wine and tomatoes, culinary copper must be lined®’. Historically
and traditionally, this is achieved through the application of hand-wiped molten tin®'.

Tin is exceptionally non-stick and chemically inert to food acids, but it possesses a critically low
melting point of 450°F (232°C)*". Therefore, a tin-lined copper pot must never be preheated
empty; the thermodynamic mass of the lipids and aromatics must be present immediately to
act as a heat sink, preventing the tin from liquefying and bubbling®.

At the microscopic boundary where the pure tin lining interfaces with the pure copper shell,



extreme metallurgical bonding occurs, creating an intermetallic compound (IMC) layer”. This
IMC layer is the functional "glue" holding the pan together and is composed of two distinct
phases dictated by diffusion kinetics’:

1. CusSns 1

-phase): This phase forms almost immediately upon the application
of the molten tin to the copper, exhibiting a scalloped, irregular morphological structure
that protrudes deeply into the tin matrix. Its formation requires an activation energy of

approximately 56.16 kJ/mol®’.
CU3 Sn

(The € -phase): Over time, and specifically through the prolonged thermal

CUﬁ Sn5

aging induced by repeated high-heat cooking, the layer undergoes a

. . . U3 OMN
solid-state transformation, and a secondary, highly planar CuyS

against the copper substrate®.

7.3 Tribology and Operational Limits of the Tin Matrix

The growth of these IMCs follows a parabolic kinetic curve, expressed mathematically as

x2 =kt

layer forms directly

, Where T represents the thickness, k is the growth rate constant, and t is time”°.
Because the intermetallic layer is chemically similar to a brittle ceramic, it is physically harder
and far more fragile than the pure, malleable tin located above it’.

Over years of use, or through vigorous stirring with inappropriate metal utensils, the soft
superficial tin will wear away, exposing the dark, mottled grey of the intermetallic layer, and
eventually, the bare copper’. Consequently, an artisan preparing Bolognese in copper must rely
exclusively on wooden implements (such as a traditional cucchiaio di legno) to preserve the
integrity of the tin lining, avoid the necessity of premature retinning, and prevent toxic copper
leaching into the acidic tomato base®.

8. The Arrhenius Kinetics of the Slow Simmer
(Collagen to Gelatin)

The final, and most protracted, phase of formulating a ragu is the slow simmer. The ultimate
objective is to trigger the structural collapse of the bovine connective tissue. The primary
structural protein in connective tissue is collagen, a rigid, highly cross-linked triple-helix
macromolecule that gives raw, load-bearing meat its inherent toughness”™.

The conversion of tough, insoluble collagen into highly viscous, mouth-coating soluble gelatin is
not instantaneous; it is an endothermic reaction governed by strict time-temperature kinetics®.

8.1 Enzymatic Hydrolysis via Cathepsins and Collagenases

At lower temperatures, proteolytic enzymes endogenous to the meat tissue (specifically
cathepsins and collagenases) assist heavily in tenderization®. Cathepsins denature and lose
their catalytic ability at approximately 122°F (50°C), while collagenases remain active, peaking in
efficiency at 130°F (54°C) and completely denaturing at 140°F (60°C)°. As the ragu breaches the
140°F threshold, all endogenous enzymatic activity ceases entirely, and thermal hydrolysis



becomes the sole mechanism for tenderization®.

8.2 First-Order Thermal Degradation of the Triple Helix

Between 140°F and 160°F (60°C to 71°C), the triple helices of the collagen begin to violently
shrink and unravel®. As the temperature is maintained near the boiling point of water
(approximately 195°F to 212°F / 90°C to 100°C) during the simmer, the peptide bonds holding
the unraveled collagen strands together undergo thermal hydrolysis, severing the long chains
into shorter, highly soluble gelatin molecules®. Empirical studies demonstrate that cooking meat
at 95°C (203°F) increases collagen solubility dramatically, shifting from 5.5 mg/g in raw meat to
8.6 mg/g in the cooked matrix, with Type | collagen degrading significantly faster than Type 17
This thermal degradation follows a first-order Arrhenius kinetic behavior®. This physical law
dictates that the reaction rate is exponentially dependent on the applied temperature. Because
the ragu is meticulously maintained at a gentle simmer—which prevents the water from boiling
away entirely and the meat proteins from seizing into dry, rubbery clusters—the relatively low
thermal energy must be compensated for with immense amounts of time®. A minimum of two
to three hours is biologically required to dissolve sufficient collagen to yield a fork-tender meat
particle and a sauce boasting a highly viscous, lip-coating rheology'.

9. The Comprehensive Procedural Formulation

Synthesizing the chemical mechanics, physical tribology, and the 2023 codified mandates of
the Accademia Italiana della Cucina?', the complete, scratch-built formulation of traditional
Ragu alla Bolognese is executed as follows:
9.1 Gravimetric Parameters and Ingredient Architecture
e Yield: Approximately é servings (specifically designed to dress 4009 of fresh egg
tagliatelle)".
Vessel: Heavy-gauge, tin-lined copper casseruola (20cm to 24cm
e Meat Matrix: 400g coarsely ground/hand-minced beef. Ideal cuts include cartella
(diaphragm), Querrippe (cross rib), Brustkern (brisket), or chuck'®.
e Lipid Foundation: 1509 fresh or lightly cured, unsmoked pork pancetta (finely minced)'.

)40'

3 tablespoons extra virgin olive oil"’.
e Aromatics (The Battuto): 60g yellow onion, 60g carrot, 60g celery, all hand-minced to
identical micro-dimensions with a knife®.
e Solvents & Buffers: 1/2 cup (approx. 120ml) dry white or red wine?'. 1/2 cup whole milk".
e Acid & Umami Vector: 200g high-quality passata (strained tomatoes) and 1 tablespoon
of Sicilian estratto di pomodoro?'.
e Hydration Medium: 1to 2 cups of light, unsalted beef or vegetable broth (or boiling
water)'.
9.2 Phase I: Lipid Extraction and Plasmolysis
Place the cold tin-lined copper pot on a burner. Add the 3 tablespoons of extra virgin olive oil

and the 150g of minced pancetta'. Turn the heat to medium-low. This procedure ensures the
delicate tin lining is immediately protected by the thermal mass of the lipids, preventing



localized temperatures from nearing the 450°F (232°C) melting point®. Allow the pork
adipocytes to rupture and release their liquid triglycerides slowly. Do not allow the pancetta to
deeply brown or crisp; the singular goal is complete fat rendering, not heavy Maillard reaction®’.
Once the expansive liquid fat pool is established, introduce the raw battuto (onion, carrot,
celery) into the lipids*%. Sweat the vegetables gently for 10 to 15 minutes, strictly utilizing a

wooden spoon to prevent scratching the CugSns intermetallic tin layer®. Through
plasmolysis, the plant cell walls will collapse, evaporating cellular water and allowing the
essential flavor oils to dissolve seamlessly into the hot pork fat, creating the soffritto**.

9.3 Phase lI: Dual-Browning and Maillard Optimization

To achieve supreme Maillard browning without scorching the delicate soffritto, deploy the
modern AIC modification: remove the sweated vegetables and their fat temporarily to a
reserve bowl". Return the bare copper pot to medium-high heat and immediately add the
400g of coarsely ground beef. Allow the meat to sear aggressively in its own extruded fat". Stir
continuously until the meat completely changes color, sheds its intracellular water, and begins
to sizzle and pop, indicating the total evaporation of moisture and the rapid onset of Maillard
browning". Once the beef is deeply browned, return the reserved soffritto and its lipid pool to
the pan, stirring to homogenize the matrices'.

9.4 Phase lll: Solvent Deglazing and Casein Buffering

Pour in the 1/2 cup of wine. The ethanol acts as a potent non-polar solvent, dissolving
alcohol-soluble flavor compounds from the tomatoes and aromatics that water alone cannot
extract?'. Stir rigorously until the liquid has evaporated entirely and the sharp, volatile scent of
alcohol is completely gone'”.

Next, add the 1/2 cup of whole milk directly to the browned meat matrix*. Lower the heat and
allow the milk to reduce completely. During this reduction, the casein micelles collapse,
depositing buffering calcium onto the muscle fibers, while the endogenous lactic acid begins
the mild proteolytic tenderization of the beef, and denatured whey proteins coat the matrix”.

9.5 Phase IV: Umami Integration and the Arrhenius Simmer

Once the milk has reduced down to a clear fat, create a small clearing in the center of the pan
and add the 1 tablespoon of estratto di pomodoro?'. Toast it briefly in the hot fat to unlock the
concentrated lycopene and maximize the savory, sun-dried glutamates®. Pour in the 200g of
passata and stir to envelop the entire meat matrix*'.

Lower the heat to the absolute minimum. The high thermal conductivity of the copper will
instantly adjust the temperature to a gentle, rhythmic bubbling (a "blip" every few seconds)®.
Simmer uncovered for a strict minimum of 2 to 3 hours'. As the water evaporates over time,
periodically replenish the liquid volume with small ladles of hot broth to maintain a fluid,
simmering medium?'.

During this prolonged thermal stress, the rigid collagen triple-helices within the meat will
hydrolyze and dissolve entirely into gelatin®. The sauce will transition from a loose mixture of
meat and liquid into a dense, creamy, maroon-colored emulsion heavily bound by the rendered



gelatin and suspended lipids®. Season with salt and freshly ground black pepper only at the
very end of the process to account for the massive reduction in volume and concentration of
sodium"’.

10. Conclusion

The production of an authentic, scratch-built Ragu alla Bolognese is a rigorous scientific
process masquerading as a rustic culinary tradition. Adhering to the codified parameters set
forth by the Accademia Italiana della Cucina ensures the preservation of historical integrity, yet
successfully executing the dish demands a profound understanding of biophysics, proteomics,
and thermodynamics. The artisan must carefully manage the rapid heat transfer of tin-lined
copper to avoid destroying the intermetallic substrate, while actively manipulating the
biochemical realities of dense, load-bearing bovine muscle. By leveraging the specific
calcium-buffering properties of milk caseins, exploiting the extreme osmotic umami
concentration of sun-dried estratto di pomodoro, and submitting the tough, collagen-dense
meat to the unrelenting, first-order kinetics of a prolonged thermal simmer, one transforms
disparate raw materials into a highly cohesive, deeply viscous culinary masterpiece.
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https://www.tasteatlas.com/ragu-alla-bolognese/recipe/maccheroni-alla-bolognes-by-pellegrino-artusi
https://www.tasteatlas.com/ragu-alla-bolognese/recipe/maccheroni-alla-bolognes-by-pellegrino-artusi
https://modernstoneage.com/blog/rendering-fat-the-original-food-preservation-technology
https://modernstoneage.com/blog/rendering-fat-the-original-food-preservation-technology
https://rhmdb.irs.kg.gov.ng/kg-news/the-secret-ingredient-milk-in-bolognese-1764805579
https://rhmdb.irs.kg.gov.ng/kg-news/the-secret-ingredient-milk-in-bolognese-1764805579
https://community.chefsteps.com/discussion/1547/collagen-conversion-what-is-the-threshold-temperature
https://community.chefsteps.com/discussion/1547/collagen-conversion-what-is-the-threshold-temperature
https://hammersmithcookware.com/care-of-copper-cookware/
https://www.greekchemistinthekitchen.com/post/the-chemistry-of-copper-cookware
https://www.greekchemistinthekitchen.com/post/the-chemistry-of-copper-cookware
https://en.wikipedia.org/wiki/Bolognese_sauce
https://casaboston.blog/2025/06/30/more-than-just-a-sauce-the-evolution-of-bolognese-ragu-article-with-data/
https://casaboston.blog/2025/06/30/more-than-just-a-sauce-the-evolution-of-bolognese-ragu-article-with-data/
https://www.neonwahn.de/rezepte/kardinals-ragu-a-la-alberto-alvisi/
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https://www.youtube.com/watch?v=wCNeahsMtrM
Authentic Ragu alla Bolognese recipe Bologna, Italy - TasteAtlas,

https://www.tasteatlas.com/ragu-alla-bolognese/recipe/the-oldest-known-ragu
What does adding milk do to ragu Bolognese? It is a ... - Reddlit,

https://www.reddit.com/r/Cooking/comments/9joknv/iwhat_does_adding_milk_do
to_ragu_bolognese it _is/

87. MACCHERONI ALLA BOLOGNESE - Pellegrino Artusi,

https://www.pellegrinoartusi.it/87-maccheroni-alla-bolognese/

Maccheroni alla bolognese | The Blog That Ate Manhattan,

https://tbtam.com/2022/10/maccheroni-alla-bolognese/

The first documented "original" Bolognese recipe by Pellegrino,

http://dazinthekitchen.blogspot.com/2025/03/the-first-documented-original-bol

ognese-recipe-pellegrino-artusi-1891.html
The New Official Recipe for Ragu alla Bolognese,

https://stefangourmet.com/2025/03/16/the-new-official-recipe-for-ragu-alla-bol
ognese/

DEPOSITATA LA RINNOVATA RICETTA DEL VERO RAGU' ALLA,
https://www.bo.camcom.gov.it/it/blog/depositata-la-rinnovata-ricetta-del-vero-r
agu-alla-bolognese

Should you add milk to your bolognese? Yes, according to Bologna,
https://www.sbs.com.au/food/the-cook-up-with-adam-liaw/article/should-you-a
dd-milk-to-your-bolognese-yes-according-to-bologna/bhrO0%fiw

ltalian Academy of Cuisine registers updated recipe for true ragu,
https://www.accademiaitalianadellacucina.it/en/notizie/notizia/italian-academy-cu
isine-reqisters-updated-recipe-true-rag%C3%B%-alla-bolognese

Ragu alla bolognese - updated recipe_20 April 2023.pdf,
https://www.accademiaitalianadellacucina.it/sites/default/files/Rag%C3%B2%20all

a%20bolognese%20-%20updated%20recipe_20%20April%202023.pdf
Authentic Ragu alla Bolognese Recipe | PDF | Home - Scribd,

https://de.scribd.com/document/653542357/Ragu-Alla-Bolognese-Updated-Recip
e-20-April-2023

Authentic Ragu alla Bolognese recipe Bologna, Italy - TasteAtlas,
https://www.tasteatlas.com/ragu-alla-bolognese/recipe/italian-academy-of-cuisin
es-ragu-alla-bolognese-from-1982

Ragu alla Bolognese - das Original - Enjoy Food,
https://www.enjoy-food.de/2024/10/03/ragu-alla-bolognese-das-original/

Guide to Fatty Cuts of Beef - The Bearded Butchers,
https://beardedbutchers.com/blogs/news/quide-to-fatty-cuts-of-beef

Time and temperature for converting collagen to gelatin in chuck,
https://cooking.stackexchange.com/questions/86511/time-and-temperature-for-
converting-collagen-to-gelatin-in-chuck-roast-cooked-so

Evaluating the effect of cooking temperature and time on collagen,

https://pubmed.ncbi.nim.nih.gov/33368297/
German Meat Cuts in Germany | CarneAtlas,

https://carneatlas.com/country/germany
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Fleischereien in Berlin - Berlin Typography - WordPress.com,
https://berlintypography.wordpress.com/2017/11/08/fleischereien-in-berlin/
Rindfleisch Teilstucke: Der komplette Butcher Cuts Guide,
https://natuerlich-boehm.de/rindfleisch-teilstuecke-butcher-cuts-quide/
Beef Cuts auf culinamus - fine food blog' |,
https://culinamus.com/en/3-knowledge/beef-cuts/

Teilstucke von Rindfleisch - Wikipedia,
https://de.wikipedia.org/wiki/Teilst%C3%BCcke_von_Rindfleisch

Cuts vom Rind: Alle Zuschnitte auf einen Blick mit wichtigen Infos,
https://www.fleischglueck.de/magazin/cuts-rind/

15 Best German Beef Cuts in Germany - TasteAtlas,
https://www.tasteatlas.com/best-rated-german-beef-cuts-in-germany
Fleischkunde Rind - Teilstucke vom Rind - Sippel Beef,
https://www.sippel-beef.de/wissenswertes/fleischkunde/fleischkunde-rind-teilstu
ecke-vom-rind/

Ragu, also known as Bolognese: In Search of the Original - vinonudo,

https://vinonudo.at/en/blogs/blog/ragu-alias-bolognese-auf-den-spuren-des-ori
ginals

How Fat Renders and Flavors Food | BBQHOUSE,
https://bbghouse.shop/projects/how-fat-renders-and-flavors-food/

What exactly happens scientifically when you cook bacon? Can that,
https://www.reddit.com/r/AskCulinary/comments/yg4vl/what_exactly happens sc
ientifically when_you_cook/

Bolognese Sauce: The Definitive Guide to Authentic Ragu alla,
https://www.laragazzacolmattarello.com/en/bolognese-sauce-the-definitive-guid
e-to-authentic-ragu-alla-bolognese/

Bolognese : Homemade Meat Sauce = Italians invented yumminess,

https://thatothercookingblog.com/2013/02/11/ragubolognesemeatsauce-italians-i

nvented-yumminess/
The Do's and Don'ts of Copper Cookware Care,

https://www.rockymountainretinning.com/blog/copper-care-tips-dos-and-donts
A Bolognese and a Battuto - Our Italian Table,

https://ouritaliantable.com/bolognese-pasta/
Unlock the Flavor: Mastering Italian Soffritto Recipe - Mortadella Head,

https://mortadellahead.com/italian-soffritto-recipe/
The Italian Flavor Base: Battuto, Soffritto, Trito - BELLAVITA -,

https://bellavitae.com/the-italian-flavor-base-battuto-soffritto-trito/

Casein Micelles; Whey Proteins; Enzymes — Dairy Science and,
https://books.lib.uoguelph.ca/dairyscienceandtechnologyebook/chapter/milk-prot
eins-caseins-casein-micelles-whey-proteins-enzymes/

Casein Micelles as an Emerging Delivery System for Bioactive Food,
https://omc.ncbi.nlm.nih.gov/articles/PMC8392355/

Role of casein micelle on the thermal denaturation of whey protein,

https://pepite-depot.univ-lille.fr/LIBRE/EDSMRE/2022/2022ULILRO14.pdf
Influence of Heating Temperature and pH on Acid Gelation of ... - PMC,
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https://www.rockymountainretinning.com/blog/copper-care-tips-dos-and-donts
https://ouritaliantable.com/bolognese-pasta/
https://mortadellahead.com/italian-soffritto-recipe/
https://bellavitae.com/the-italian-flavor-base-battuto-soffritto-trito/
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https://books.lib.uoguelph.ca/dairyscienceandtechnologyebook/chapter/milk-proteins-caseins-casein-micelles-whey-proteins-enzymes/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8392355/
https://pepite-depot.univ-lille.fr/LIBRE/EDSMRE/2022/2022ULILR014.pdf
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https://pmc.ncbi.nim.nih.gov/articles/PMC11172180/
Experimental and Modelling Study of the Denaturation of Milk ... - PMC,

https://pmc.ncbi.nim.nih.gov/articles/PMC5355583/
Bolognese: The Meat Ragu - SaucierAl,

https://www.saucierai.com/course/red-sauces/lesson/I3-2

Buffering Capacity of Dairy Powders and Their Effect on Yoghurt,
https://www.kosfaj.org/archive/view article?pid=kosfa-38-2-273

Revisiting Ragu Bolognese,
https://www.grandpajoesitaliankitchen.com/blogs/revisiting-ragu-bolognese
(PDF) Effect of interactions between denatured whey proteins and,
https://www.researchgate.net/publication/231841067_Effect_of_interactions_betw
een_denatured_whey proteins_and_casein_micelles_on_the_formation_and_rhe
ological_properties_of acid_skim_milk_gels

Estratto: the Sicilian sun-dried tomato concentrate | WikiCibo,
https://wikicibo.com/en/prodotti/condimenti/estratto-di-pomodoro-siciliano
How to use tomatoes, sunshine and salt to make Sicilian 'astrattu’,

https://www.youtube.com/watch?v=_vJObBzu290
How to Jar the Sun: Sicily's Summertime Preserves - Italy Segreta,

https://italysegreta.com/how-to-jar-the-sun-sicilys-summertime-preserves/
How to make sun dry tomatoes, Sicilian way - Three Farms Island,

https://www.threefarmsisland.com/how-to-make-sun-dry-tomatoes-sicilian-way/
Copper vs. stainless steel - difference in heat and use,
https://rune-jakobsen.com/en-be/blogs/rune-jakobsen-design/copper-vs-stainles
s-steel-differences-in-thermal-conductivity-and-application

Thermal Conductivity - HyperPhysics,
http://hyperphysics.phy-astr.gsu.edu/hbase/Tables/thrcn.html

Copper Fundamentals | Brooklyn Copper Cookware,
https://brooklyncoppercookware.com/copper-fundamentals/

Copper Tin-Lined Skillets: maintenance, best uses, cooking tips and pr,
https://copperstateforge.com/blogs/seasoning-and-care/copper-tin-lined-skillets
-maintenance-best-uses-cooking-tips-and-proper-care

Cookware Retinning and Copper Repair - Care,

http://www.retinning.com/care.html
Is it Safe to Cook in Tin-Lined Copper Pots?,

https://shinetinplate.com/is-it-safe-to-cook-in-tin-lined-copper-pots/
Hand re-tinning copper cookware: Smart, Safe Tips - Finishing.com,

https://www.finishing.com/255/53.shtml

How to care for copper cookware, https://duparquet.com/coppercare
Care of copper pans and tagines. - Netherton Foundry,
https://www.netherton-foundry.co.uk/copper-pan-care

The Evolution of Interfacial Intermetallic Compound Growth and,
https://ir.uitm.edu.my/100865/1/100865.pdf

Cu3Sn joint based on transient liquid phase bonding of Cu ... - PMC,

https://pmc.ncbi.nim.nih.gov/articles/PMC9837067/
intermetallics formation and growth at the interface of tin-based,
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https://wikicibo.com/en/prodotti/condimenti/estratto-di-pomodoro-siciliano
https://www.youtube.com/watch?v=_vJObBzu29o
https://italysegreta.com/how-to-jar-the-sun-sicilys-summertime-preserves/
https://www.threefarmsisland.com/how-to-make-sun-dry-tomatoes-sicilian-way/
https://rune-jakobsen.com/en-be/blogs/rune-jakobsen-design/copper-vs-stainless-steel-differences-in-thermal-conductivity-and-application
https://rune-jakobsen.com/en-be/blogs/rune-jakobsen-design/copper-vs-stainless-steel-differences-in-thermal-conductivity-and-application
http://hyperphysics.phy-astr.gsu.edu/hbase/Tables/thrcn.html
https://brooklyncoppercookware.com/copper-fundamentals/
https://copperstateforge.com/blogs/seasoning-and-care/copper-tin-lined-skillets-maintenance-best-uses-cooking-tips-and-proper-care
https://copperstateforge.com/blogs/seasoning-and-care/copper-tin-lined-skillets-maintenance-best-uses-cooking-tips-and-proper-care
http://www.retinning.com/care.html
https://shinetinplate.com/is-it-safe-to-cook-in-tin-lined-copper-pots/
https://www.finishing.com/255/53.shtml
https://duparquet.com/coppercare
https://www.netherton-foundry.co.uk/copper-pan-care
https://ir.uitm.edu.my/100865/1/100865.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9837067/
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https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=851327
CuéSn5 and Cu3Sn Intermetallics Study in the Sn-40Pb/Cu System,

https://journal.uitm.edu.my/index.php/SRJ/article/view/3183
Formation and Growth of Intermetallics at the Interface Between,

https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=851326

The Microstructure Evolution and Activation Energy Study of,
https://ejournal.unimap.edu.my/index.php/ijneam/article/download/1158/738/4438
Thermal Denaturation Studies of Collagen by Microthermal Analysis,
https://pmc.ncbi.nim.nih.gov/articles/PMC3127184/

Preparation of Gelatin from Broiler Chicken Stomach Collagen - MDPI,
https://www.mdpi.com/2304-8158/12/1/127

(PDF) Analysis of Physical, Mechanical and Thermal Degradation of,
https://www.researchgate.net/publication/356423934_Analysis_of Physical Mech
anical_and Thermal Degradation_of Gelatin-Based Film-Exploring_the Biopoly
mer_for_Plastic_Advancement

Authentic Bolognese Sauce: The Secret to a Rich, Traditional Ragu,

https://www.vincenzosplate.com/the-secret-to-authentic-bolognese-sauce/
The Origin and History of the Bolognese Sauce - Grapes & Grains,

https://www.grapesandgrains.org/2017/04/the-origin-and-history-of-bolognese.
html

Authentic Bolognese Sauce From Bologna Italy,
https://www.gastro-grub.com/authentic-bolognese-sauce.html

Ragu vs. Bolognese: Differences, Origins & Uses | Red Gold Tomatoes,

https://www.redgoldtomatoes.com/tuttorosso/post/ragu-vs-bolognese-differenc
es-origins-uses/

La Cucina italiana.it - Casa Artusi,
https://www.casartusi.it/it/files/la-cucina-italiana-nel-ragu-ci-va-il-latte-27-05-23.

pdf

Ragu alla bolognese - Bologna Welcome,
https://www.bolognawelcome.com/en/other/recipes-and-typical-products/ragu-a
lla-bolognese-2
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