
The Biophysical and Rheological 
Mechanics of Pastry Doughs: 
Temperature Management, Lipid 
Crystallization, and Matrix Evolution 
Introduction to Pastry Matrix Dynamics 
The engineering of pastry doughs represents a highly sophisticated intersection of lipid 
thermodynamics, carbohydrate chemistry, and protein rheology. The transformation of raw 
wheat flour, crystalline lipids, and aqueous solvents into complex, macro-structural baked goods 
relies entirely on the precise manipulation of phase transitions1. Two of the most technically 
demanding architectural matrices in classical baking—shortcrust pastry (pâte brisée) and choux 
pastry (pâte à choux)—are fundamentally governed by strict temperature management 
protocols. However, the biophysical imperatives driving these two systems are diametrically 
opposed, requiring distinct thermal interventions1. 
In the production of shortcrust pastry, the paramount directive is the absolute prevention of lipid 
melting prior to baking5. The system relies on the mechanical incorporation of solid, crystalline 
fats into flour to physically encapsulate the proteinaceous structures, thereby inhibiting the 
polymerization of a continuous gluten network2. A breach in temperature management allows 
the lipids to liquefy, triggering a catastrophic sequence of emulsion collapse, hyper-hydration of 
the flour, and runaway gluten development that yields a dense, tough, and unpalatable crumb6. 
Conversely, choux pastry operates as a mechanically steam-leavened matrix that subverts the 
traditional rules of dough formation1. The production of the foundational paste (the panade) 
requires the deliberate and complete melting of the lipid phase into a boiling aqueous solvent 
prior to the introduction of the flour1. This extreme thermal shock triggers rapid, irreversible 
starch gelatinization, forming a robust, highly viscous matrix1. In the choux system, critical 
temperature management is deployed retrospectively; the gelatinized paste must be rapidly 
cooled to a precise thermal threshold to prevent the premature thermal denaturation of the 
emulsifying egg proteins before the pastry enters the oven1. 
To achieve optimal textural, structural, and organoleptic outcomes in both systems, modern food 
science often employs a highly synergistic, bipartite lipid matrix comprising rendered leaf lard 
and cultured butter15. This report provides an exhaustive biochemical, crystallographic, and 
rheological analysis of producing shortcrust and choux pastries with this specific lipid blend. It 
delineates the triacylglycerol (TAG) polymorphism of the fats, the thermodynamics of their 
eutectic melting profiles, the microstructural evolution of the dough matrices, and the critical 
thermal kinetics required to dictate successful structural formation. 

Physicochemical Architecture of the Lipid Matrix 
The functional performance, physical stability, and rheological behavior of any pastry dough are 



dictated almost entirely by the physical chemistry of the lipids utilized. Cultured butter and 
rendered leaf lard possess highly disparate microstructures, triacylglycerol distributions, 
aqueous fractions, and melting ranges. When blended, their molecular interactions generate a 
composite fat system capable of profound structural and aromatic complexity, provided the 
underlying thermodynamics are rigorously managed15. 

Cultured Butter: Emulsion Dynamics, Fermentation, and Phase 
Inversion 
Unlike traditional sweet cream butter, cultured butter is the product of intense microbial 
fermentation and subsequent mechanical phase inversion16. It exists as a complex, 
thermodynamically unstable water-in-oil (W/O) emulsion, typically comprising a minimum of 80% 
to 82% continuous lipid phase and 15% to 20% dispersed aqueous serum6. 
The production cycle initiates with the inoculation of pasteurized bovine cream using a highly 
specific consortium of mesophilic lactic acid bacteria, predominantly Lactococcus lactis subsp. 
cremoris, Lactococcus lactis subsp. lactis biovar. diacetylactis, and Leuconostoc 
mesenteroides20. The biochemical metabolism of these obligate fermenters, operating at an 

optimal incubation temperature of approximately , fundamentally alters the physical 
chemistry of the resulting butter20. 
The bacteria metabolize available lactose via homofermentative glycolysis, rapidly accumulating 
lactic acid20. This depresses the pH of the plasma from a physiological baseline of 6.7 down to 
an acidic optimum of 4.4 to 5.016. This acidification neutralizes the highly protective negative 
zeta potential of the Milk Fat Globule Membrane (MFGM), inducing electrostatic collapse and 
allowing the fat globules to flocculate20. Concurrently, citrate-positive strains utilize a 
plasmid-encoded citrate permease to transport inherent milk citrate into the intracellular 

matrix20. Through a decarboxylation cascade, the intermediate -acetolactate undergoes 
non-enzymatic oxidative decarboxylation to yield massive concentrations of diacetyl 
(2,3-butanedione)20. This highly volatile compound provides the signature savory, nutty aroma of 
cultured butter that distinguishes premium pastry16. 
Following fermentation, the cream undergoes extreme mechanical shear in a churn. According 
to King's Modern Theory of churning, the hydrodynamic stress physically tears the delicate 
Butyrophilin and Xanthine Oxidase complex of the MFGM20. The hydrophobic triglyceride core 
leaks out, acting as a chemical foam depressant that causes the sudden macroscopic collapse 
of the air-serum interface20. This triggers an instantaneous phase inversion, transforming the 
oil-in-water (O/W) cream into the water-in-oil (W/O) butter emulsion16. 
From a thermodynamic perspective within the pastry environment, butter possesses an 
exceptionally narrow and precarious plastic range. Because bovine milk fat contains over 3,000 
distinct triacylglycerol (TAG) species, it melts over a broad continuum20. However, due to its high 
concentration of short-chain fatty acids (such as butyric and caproic acids) and unsaturated 
oleic acid, the macroscopic structure of butter transitions rapidly from a brittle solid to a liquid 

emulsion as it breaches the  to  threshold20. 



Rendered Leaf Lard: Polymorphism and Triacylglycerol 
Stereochemistry 
Rendered leaf lard represents the absolute zenith of commercial porcine fat, extracted 
specifically from the perinephric (kidney) and abdominal visceral fat deposits, known biologically 
as the "flare"27. Unlike the polyphasic emulsion of butter, high-quality, dry-rendered leaf lard is a 
pure, anhydrous lipid matrix, entirely devoid of moisture, carbohydrates, and proteins15. 
The biochemical architecture of leaf lard makes it the ultimate structural lipid for pastry 

mechanics. It exhibits an exceptionally high melting threshold, ranging between  and 

 (  to )15. This elevated thermal resilience allows the fat to withstand the 
ambient heat of a commercial kitchen and the intense kinetic friction generated by mechanical 
dough sheeting or mixing, preserving the discrete fat particles required for lamination and 
shortening7. 
The thermal resilience and structural superiority of leaf lard are governed by its specific fatty 
acid profile and triacylglycerol stereochemistry. Leaf lard is heavily concentrated in palmitic acid 
(25-28%), stearic acid (12-14%), and oleic acid (44-47%)27. The stereochemical distribution of 
these fatty acids along the glycerol backbone is unique among animal fats: the saturated 

palmitic acid is predominantly esterified at the internal  position, while the unsaturated 

oleic and linoleic acids occupy the external  and  positions, forming  

(1,3-dioleoyl-2-palmitoyl-glycerol) and  (1-stearoyl-2-palmitoyl-3-oleoyl-glycerol) TAGs17. 
This precise molecular symmetry dictates the crystallization kinetics of the fat. Lard naturally 

favors crystallization into massive, highly stable  and  (beta and beta-prime) polymorphic 

crystal lattices31. The  form packs into a dense, orthorhombic sub-cell, providing excellent 

plasticity and air entrapment, while the  form packs into a highly rigid triclinic sub-cell20. 

During the baking process, as these massive, high-melting  crystals finally liquefy, they leave 
behind immense physical voids within the coagulating flour matrix. This generates the distinct, 
shattering, stratified flakiness that cannot be achieved with butter alone31. 

Physicochemical 
Parameter 

Cultured Butter Rendered Leaf 
Lard 

Implication for 
Dough Rheology 
and Baking 

Phase 
Composition 

W/O Emulsion (80% 
Lipid, 20% Serum) 

Anhydrous Lipid 
(100% Fat) 

Butter provides 
hydration and 
internal steam; lard 
provides pure 



hydrophobic 
shortening. 

Melting Threshold 
  

Lard provides 
thermal scaffolding, 
protecting the 
dough from early 
kinetic/ambient 
melting. 

Primary TAG 
Structure 

Highly 
heterogeneous, 
short-chain 

 Palmitate 

( , ) 

Lard's  
esterification drives 
the massive crystal 
growth necessary 
for flakiness. 

Dominant 
Polymorph  (Orthorhombic)  and  

(Triclinic/Orthorhom
bic) 

 crystals 
generate expansive 
macroscopic voids 
during thermal 
phase transition. 

Chemical 
Metabolites 

Lactic Acid, Diacetyl 
(pH 4.5) 

Neutral Lipids Lactic acid mildly 
hydrolyzes flour 
starches and 
weakens gluten, 
enhancing 
tenderness. 

Table 1: Comparative biochemical, thermodynamic, and crystallographic properties of cultured 
butter and rendered leaf lard15. 

Eutectic Melting and The Solid Fat Content (SFC) Curve 
In advanced pastry engineering, blending leaf lard and cultured butter (typically in a 1:1 or 1:2 
ratio) produces a composite lipid matrix that leverages the massive structural flakiness of the 

 palmitate crystals alongside the delicate aroma and hydration of the butter18. 
However, blending dissimilar lipid profiles introduces complex thermodynamic interactions, most 
notably eutectic melting behavior42. 



A eutectic interaction occurs when two physically incompatible fat systems are mixed. Because 

the molecular geometries of the pork-derived  triacylglycerols and the highly 
heterogeneous, short-chain bovine triacylglycerols are not isomorphic, they cannot pack 
efficiently into a shared crystalline lattice44. This crystallographic interference disrupts the dense 
packing of the sub-cells. Consequently, the resulting blended fat exhibits a depressed melting 
point and a significantly lower Solid Fat Content (SFC) at any given temperature compared to 
the weighted mathematical average of the two pure fats42. 
The Solid Fat Content (SFC) curve, typically quantified via pulsed Nuclear Magnetic Resonance 
(pNMR) or Differential Scanning Calorimetry (DSC), is the absolute determinant of a fat's 
mechanical workability43. For shortcrust pastry, an SFC between 30% and 40% is required 
during sheeting to maintain discrete fat particles20. Due to the eutectic depression, a lard-butter 
blend will rapidly lose its SFC and transition into a liquid state at lower temperatures than pure 
lard46. Therefore, while the blend yields superior organoleptic results, it drastically narrows the 
window for thermal error, making continuous refrigeration and ice-water hydration an absolute 
biophysical necessity during processing33. 

The Microstructural Mechanics of Shortcrust Pastry 
(Pâte Brisée) 
The objective of shortcrust pastry production is to construct a macro-structure that exhibits high 
tensile flakiness alongside profound tenderness (friability). This structural dichotomy is achieved 
by aggressively manipulating the hydration kinetics of wheat proteins. The core operational rule 
of shortcrust is the absolute prevention of lipid melting prior to the baking phase2. 

The Shortening Effect and the Glutenin Macropolymer (GMP) 
Wheat flour contains a complex array of native starches and insoluble storage proteins, 
primarily monomeric gliadins and polymeric glutenins50. In an uninhibited aqueous environment, 
the introduction of water allows these proteins to hydrate, unfold, and bond via covalent disulfide 
linkages and non-covalent hydrogen bonding51. This biochemical cascade forms gluten, an 
immense, continuous three-dimensional viscoelastic matrix known as the Glutenin 
Macropolymer (GMP)9. The GMP grants dough high elasticity, strain-hardening capabilities, and 
resistance to fracture9. While these rheological traits are essential for bread, they render pastry 
dense, chewy, and entirely unpalatable5. 
To subvert the formation of the GMP, the pastry relies on the "shortening effect"2. Deeply chilled, 
solid matrices of leaf lard and cultured butter are mechanically sheared—via rubbing or 
cutting—into the dry flour5. Because the lipids are maintained strictly below their melting points, 
they fracture into discrete, solid particulate structures2. These crystalline lipid particles physically 
coat the exterior of the flour granules5. 
When the hydration phase begins with the introduction of ice water, this lipid coating acts as a 
highly effective hydrophobic barrier2. It physically restricts the localized availability of water to 
the gliadin and glutenin subunits, preventing the widespread formation of disulfide bonds and 
restricting gluten development to highly localized, disconnected strands2. 



The inclusion of cultured butter provides an additional biochemical advantage in this phase. The 

lactic acid present in the fermented butter plasma (  4.4-5.0) introduces mild organic 
acidification to the dough16. Research indicates that low concentrations of lactic acid mildly 
interfere with the formation of inter-glutenin disulfide bonds, reducing the overall level of the 

GMP and increasing the ratio of -turns to anti-parallel -sheets within the protein structure55. 
This localized acidification results in a measurable drop in dough elasticity and an increase in 
extensibility, yielding a noticeably more tender, "short" crumb upon baking16. 

Viscoelasticity and Rheological Monitoring 
The structural integrity and machinability of the shortcrust dough can be quantitatively analyzed 
using dynamic oscillatory rheometry, which evaluates the viscoelasticity of the matrix via the 

complex modulus ( )54. This is defined by the equation: 

 

Here,  represents the storage modulus, indicating the solid-like, elastic energy stored within 

the fat crystal network and the partially hydrated flour matrix, while  represents the loss 
modulus, indicating the liquid-like, viscous dissipation of energy60. 
For shortcrust dough to survive mechanical sheeting and maintain discrete fat layers, the 
system must remain firmly within the Linear Viscoelastic Region (LVER) and exhibit highly 
solid-like behavior, meaning the storage modulus must vastly exceed the loss modulus (

)58. As the temperature of the ambient environment rises, the Solid Fat Content 
(SFC) of the eutectic lard-butter blend decreases rapidly43. This thermal energy induces the 

melting of the  crystals, causing the  modulus to collapse48. The dough undergoes a 

phase transition from an elastic solid to a highly viscous, unworkable paste (  dominance), 
characterized by extreme stickiness and oil exudation48. 
To counteract this thermodynamic degradation, the dough must be subjected to prolonged 

chilling (resting) periods at or below 7. This rest period fulfills three critical rheological 
functions: it arrests any ongoing kinetic gluten polymerization, it allows the hydration of the 
native starches to equilibrate, and it forces the partially melted triacylglycerols to rapidly 

recrystallize, driving the  storage modulus back to functional levels and re-establishing the 
structural rigidity required for lamination10. 

The Catastrophic Consequences of Premature Melting 
The absolute necessity of temperature management in shortcrust is demonstrated by the 



catastrophic biophysical failure that occurs if the fats are permitted to melt prior to the 
introduction of oven heat5. This failure mode differs slightly depending on the lipid fraction 
involved: 

1.​ The Emulsion Collapse of Cultured Butter: If kinetic friction or ambient heat raises the 

dough temperature above , the butter fraction will melt6. The delicate W/O 
emulsion of the butter fractures immediately, liberating the 15% to 20% aqueous serum 
phase directly into the flour6. This uncalculated influx of moisture bypasses the lipid 
barrier, hyper-hydrating the gliadin and glutenin6. The dough instantly shifts from a 
lipid-inhibited state into active gluten polymerization, transforming the matrix into a highly 
elastic, bread-like structure that will shrink violently in the oven3. 

2.​ The Oleophilic Saturation of Leaf Lard: Although leaf lard contains no moisture to 

trigger gluten development, its premature melting ( ) destroys the dough's 
flakiness15. If the lard liquefies, it thoroughly homogenizes with the flour matrix, eliminating 

the discrete, macroscopic  crystal pockets10. Upon baking, there are no lipid voids to 
harbor expanding steam, resulting in a dense, greasy, mealy crust devoid of stratification3. 

In a properly managed dough, the lipids remain solid until the pastry enters the hot oven (

). At this point, the lipids rapidly melt, leaving behind structural voids. 
Simultaneously, the free water in the dough, alongside the moisture liberated from the butter 

emulsion, reaches  and vaporizes5. The resulting steam forces the voids apart, 
generating massive vertical lift and locking the pastry into a highly stratified, flaky architecture as 
the surrounding proteins coagulate and starches undergo gelatinization5. 

The Microstructural Mechanics of Pâte à Choux 
While shortcrust relies on the preservation of crystalline fat to impede hydration, choux pastry 
(pâte à choux) utilizes a radically divergent biophysical mechanism. Choux is an active, 
mechanically leavened, steam-inflated matrix1. The production of choux requires the deliberate, 
absolute melting of the lipid phase into an aqueous solvent prior to the introduction of the flour1. 
Here, temperature management pivots from protecting fat crystals to orchestrating exact thermal 
kinetics for starch gelatinization, osmotic dehydration, and the controlled emulsification and 
denaturation of egg lipoproteins1. 

Phase 1: Phase Inversion and Starch Gelatinization 
The formation of the initial choux paste, termed the panade, begins with combining the aqueous 
continuous phase (water or milk) with the cultured butter and leaf lard in a vessel4. The system 

is subjected to direct thermal energy until it reaches a rolling boil ( )4. Crucially, the 
massive heat capacity of the water ensures that the lipids undergo complete phase inversion, 
melting entirely into a highly dynamic, unstable emulsion driven by the convection currents of 

the boiling liquid1. If the water boils vigorously before the high-melting point leaf lard ( ) 



has fully liquefied, premature evaporation will irrevocably skew the mathematically precise 
hydration ratio of the formula4. 
Once a homogenous boil is achieved, the vessel is removed from the heat source, and the 
strong wheat flour is introduced simultaneously1. This instigates instantaneous, explosive starch 

gelatinization1. As the flour temperature eclipses the gelatinization threshold (  to 
), the intermolecular hydrogen bonds stabilizing the semi-crystalline starch granules collapse1. 
The granules aggressively absorb the boiling liquid and swell immensely1. 
As swelling progresses, amylose—the linear, helical polysaccharide fraction of the 
starch—actively leaches out of the granules into the continuous aqueous-lipid phase1. This 
leached amylose polymerizes, driving an exponential spike in apparent viscosity and forming an 
immensely strong, highly reinforced three-dimensional gel matrix1. The presence of the fully 
melted leaf lard and cultured butter within this matrix is vital; the liquid triacylglycerols intercalate 
throughout the amylose network, providing immense molecular lubrication1. This prevents the 
starch polymers from seizing into a brittle mass, ensuring the panade retains the extreme 
viscoelasticity required to stretch and trap steam without rupturing later in the oven1. 

Phase 2: Osmotic Dehydration and Emulsion Stabilization 
Following initial gelatinization, the panade is returned to the heat and subjected to intense 
mechanical shearing (stirring) to induce forced evaporation1. The objective is to volatilize a 
specific percentage of the remaining free water until the panade coalesces into a unified mass 
that pulls away from the vessel, leaving a thin, starchy pellicle4. 
This thermal dehydration step generates profound "osmotic potential"1. By physically starving 
the robust, gelatinized starch matrix of moisture, the practitioner engineers a structural vacuum1. 
This intense physiochemical thirst prepares the panade to absorb a massive volume of liquid 
whole eggs in the subsequent step, ensuring the resultant paste does not collapse into a fluid 
suspension1. 
At this critical juncture, temperature management dictates the survival of the matrix. The panade 

must be mechanically cooled to a precise thermal window of  to  prior to egg 
incorporation11. If the eggs are introduced while the panade is excessively hot, the thermal 
energy will instantly denature the heat-labile egg white proteins—specifically ovalbumin and 

conalbumin, which initiate coagulation between  and 13. Premature thermal 
coagulation in the mixing bowl permanently destroys the elasticity of these proteins, obliterating 
their ability to form the rigid, balloon-like superstructure required during baking1. 
Once safely cooled, the eggs are incorporated in staged additions, forming a highly complex, 
multi-phasic oil-in-water (O/W) emulsion73. The substantial lipid content provided by the liquid 
leaf lard and butter is aggressively surrounded and stabilized by the phosphatidylcholine 
(lecithin) and lipoproteins inherent to the egg yolks75. This highly viscous, stable emulsion 
ensures the paste can be extruded into precise geometric architectures that defy gravity and 
maintain their shape on the baking sheet1. 



Choux Production 
Phase 

Critical 
Temperature 
Range 

Dominant 
Biophysical 
Mechanism 

Consequences of 
Thermal 
Mismanagement 

Panade Boiling 
 

Complete melting of 
lipids; establishing 
hydration baseline. 

Prolonged boiling 
causes evaporation, 
ruining the 
flour-to-water 
hydration ratio. 

Flour 
Incorporation 

Instantaneous 
starch 
gelatinization; 
massive amylose 
leaching. 

Low initial heat 
prevents 
gelatinization, 
leading to an 
un-expandable 
matrix. 

Matrix Cooling 
 

Thermal 
deceleration to 
protect heat-labile 
proteins. 

Overheated panade 
prematurely 
scrambles 
ovalbumin, 
destroying matrix 
elasticity. 

Egg Emulsification 
 

Phosphatidylcholine 
(lecithin) stabilizes 
the O/W emulsion. 

Insufficient osmotic 
dehydration causes 
the emulsion to 
break and liquefy. 

Oven Spring 
 

Phase transition of 
water to steam; 
immense volumetric 
expansion. 

Low oven 
temperature yields 
insufficient vapor 
pressure; dough 
remains dense. 

Protein 
Coagulation  

(internal) 

Irreversible covalent 
bonding of 
ovalbumin. 

Premature oven 
opening causes a 
drop in pressure 
and instantaneous 
structural collapse. 



Table 2: The critical thermodynamic and biophysical milestones dictating the structural evolution 
of pâte à choux1. 

Phase 3: The Thermodynamics of Latent Heat and Expansion 
The defining structural characteristic of choux pastry—a massive, hollow interior cavity—is 
driven entirely by the thermodynamics of latent heat vaporization within a high-temperature 
environment1. 

When the piped paste is introduced to an oven (typically initiated at  to ), the 
intense ambient heat rapidly drives the internal water of the starch-lipid-egg matrix to its boiling 

point ( )1. As the water transitions from a liquid to a gaseous state, it undergoes an 
exponential volumetric expansion1. The viscous, gelatinized amylose matrix—now heavily 
plasticized and lubricated by the emulsified lard and butter—acts as an impermeable, elastic 
balloon1. It stretches outward forcefully to contain the immense internal vapor pressure1. The 
inclusion of leaf lard is uniquely advantageous in this phase; its high melting point ensures that 
the exterior crust sets and seals quickly upon contact with the hot air, preventing the pressurized 
steam from prematurely venting through microscopic fissures11. 

As the internal temperature of the expanding pastry breaches , the final critical 
biophysical transition occurs: the irreversible thermal denaturation of the egg proteins1. The 
complex polypeptide chains of the ovalbumin uncoil and establish new, permanent covalent 
bonds1. This mechanism transforms the previously flexible, expanding walls of the pastry into a 
rigid, permanent structure, effectively fossilizing the massive hollow cavity in place1. 
Any deviation from optimal temperature management during baking invites total failure. If the 
initial oven temperature is too low, the latent heat generated will be insufficient to stretch the 
matrix before the egg proteins coagulate, resulting in a dense, heavy pastry1. Conversely, if the 
oven door is opened prematurely, the sudden drop in ambient pressure and temperature causes 
the steam to rapidly condense back into a liquid state. Deprived of internal gaseous pressure to 
support the walls, and with the egg proteins not yet fully coagulated into a rigid scaffold, the 
entire pastry will suffer a catastrophic structural implosion1. 

Microstructural Analysis: Cryo-SEM and Network 
Architecture 
The theoretical frameworks of lipid inhibition and emulsion stability in pastry matrices are 
corroborated by advanced analytical imaging techniques. Cryo-Scanning Electron Microscopy 
(Cryo-SEM) and Polarized Light Microscopy (PLM) provide invaluable insights into the 
hierarchical architecture of the fat crystal networks that govern these doughs81. 
In the shortcrust system utilizing the leaf lard and cultured butter blend, Cryo-SEM reveals that 
the fat crystal network is not a homogenous, monolithic mass, but a highly intricate, hierarchical 
agglomeration82. Individual triacylglycerol molecules self-assemble into Crystalline 



Nanoplatelets (CNPs)82. These nanoplatelets subsequently aggregate via van der Waals forces 
into micro-scale spherulitic, plate-like, or needle-like clusters82. PLM imaging demonstrates that 

the  crystals of the leaf lard form massive, bright, discrete domains31. These large crystalline 
clusters physically interrupt the continuous protein and starch matrices, confirming their role as 
physical spacers that facilitate flakiness5. 
However, time and temperature induce significant microstructural shifts. If the shortcrust dough 
is subjected to thermal abuse during resting, the phenomenon of Ostwald ripening occurs. The 

less stable  and  crystals in the cultured butter melt and preferentially recrystallize onto the 
surfaces of the larger, more stable leaf lard crystals87. This alters the fractal dimension of the fat 
network, increasing its permeability and promoting "oiling out"—the migration of liquid lipids that 
severely degrades the crispness and structural integrity of the final baked crust87. 
In the choux pastry system, microstructural analysis reveals an entirely different paradigm. 
Cryo-SEM of the unbaked paste shows a dense, continuous, space-filling aqueous-starch gel 
matrix, heavily populated with emulsified lipid droplets1. The phosphatidylcholine (lecithin) 
derived from the eggs coats the surface of the melted lard and butter droplets, drastically 
reducing the interfacial tension between the hydrophobic lipids and the hydrophilic continuous 
phase74. This ensures that the lipids do not coalesce or phase-separate during the violent 
expansion of the baking process, allowing them to remain evenly distributed as vital plasticizers 
within the coagulating protein walls1. 

Conclusion 
The successful engineering of both shortcrust and choux pastry utilizing a composite matrix of 
rendered leaf lard and cultured butter requires an exhaustive understanding of applied 
thermodynamics, fluid mechanics, and biophysics. While the chemical ingredients employed 
across both systems are virtually identical, the resultant macro-structures are dictated by 
entirely divergent temperature management strategies that manipulate the state of the lipids. 
In the production of shortcrust pastry, the absolute preservation of the solid lipid state is the 
primary structural imperative. The lipids must be maintained strictly below their melting 
points—defending against eutectic depression—to physically coat the flour granules and inhibit 
the continuous polymerization of the glutenin macropolymer. Premature melting subjects the 
dough to catastrophic emulsion collapse and oleophilic saturation, transforming a flaky, tender 
crust into a dense, unpalatable matrix. 
Conversely, the mechanics of choux pastry require the intentional, total liquefaction of the lipids 
into an aqueous solvent to facilitate high-heat starch gelatinization and profound amylose 
leaching. Temperature management is subsequently utilized to rapidly cool the matrix, 
protecting the heat-labile ovalbumin from premature coagulation prior to emulsification. By 
expertly navigating these precise thermal thresholds, the practitioner forces the exact same lipid 
chemistry to yield either a shattering, crystalline shortcrust or a violently expanded, 
steam-leavened choux matrix. Ultimately, in the physiochemical architecture of pastry doughs, 
temperature is not merely an environmental condition; it is the fundamental structural ingredient. 



Works cited 

1.​ How to Make the Perfect Pâte à Choux: The Architecture of the Eclair, 
https://www.wekivaculinary.org/pate_a_choux/ 

2.​ Baking using oleogels | Food Science and Technology, 
https://academic.oup.com/fst/article/37/1/23/7818909 

3.​ Perfect Pastry Dough: Techniques and Common Fixes, 
https://celesteyum.com/the-secret-to-perfect-pastry-dough/ 

4.​ The Spicy Noodle — Culinary tools, techniques and explanations, 
https://spicynoodlelab.com/ 

5.​ 4 Types of Pastry Crusts — And 4 Pastry Recipes To Use Them In, 
https://www.ice.edu/blog/4-types-of-pastry-dough-explained 

6.​ Fat and gluten development - Salt Fat Acid Heat - Seasoned Advice, 
https://cooking.stackexchange.com/questions/123064/fat-and-gluten-development
-salt-fat-acid-heat 

7.​ Pastry - Wikipedia, https://en.wikipedia.org/wiki/Pastry 
8.​ Food Chemistry and Safety Guide | PDF | Periodic Table - Scribd, 

https://www.scribd.com/document/948987668/Sharon-Croxford-Emma-Stirling-Un
derstanding-the-Science-of-Food-From-Molecules-to-Mouthfeel-2017-Allen-Unwin
-Libgen-li 

9.​ Ingredient Functionality in Multilayered Dough-margarine Systems, 
https://www.researchgate.net/publication/262526346_Ingredient_Functionality_in_
Multilayered_Dough-margarine_Systems_and_the_Resultant_Pastry_Products_A
_Review 

10.​Mastering Pastry: Essential Techniques Every Baker Should Know, 
https://labakingsupply.com/blogs/news/mastering-pastry-essential-techniques-ever
y-baker-should-know 

11.​Choux Pastry - Three Doughs, Endless Creations | Baked by Stefy, 
https://bakedbystefy.ch/en/blog/choux-pastry-three-recipes 

12.​BAKERY and CONFECTIONERY THEORY NOTES, 
http://ihmgwalior.blogspot.com/2012/10/bakery-theory-notes.html 

13.​Culinary Dictionary Index - What's Cooking America, 
https://whatscookingamerica.net/glossary/ 

14.​How To Make Perfect Choux Pastry - The Flavor Bender, 
https://www.theflavorbender.com/how-to-make-perfect-choux-pastry/ 

15.​Lard - American Society of Baking, https://asbe.org/article/lard/ 
16.​The Chemistry of the Churn, 

https://www.mendocinofoodconsulting.com/post/butter 
17.​(PDF) Effect of Chemical and Enzymatic Modifications on the Identity, 

https://www.researchgate.net/publication/331564752_Effect_of_Chemical_and_En
zymatic_Modifications_on_the_Identity_Characteristics_of_Lard_A_Review 

18.​Flaky Lard and Butter Pie Crust (Foolproof Recipe) - Beyond Kimchee, 
https://www.beyondkimchee.com/best-pie-crust/ 

19.​Use Lard for a More Perfect Pie Crust - The Chopping Block, 
https://www.thechoppingblock.com/blog/use-lard-for-a-more-perfect-pie-crust 

https://www.wekivaculinary.org/pate_a_choux/
https://academic.oup.com/fst/article/37/1/23/7818909
https://celesteyum.com/the-secret-to-perfect-pastry-dough/
https://spicynoodlelab.com/
https://www.ice.edu/blog/4-types-of-pastry-dough-explained
https://cooking.stackexchange.com/questions/123064/fat-and-gluten-development-salt-fat-acid-heat
https://cooking.stackexchange.com/questions/123064/fat-and-gluten-development-salt-fat-acid-heat
https://en.wikipedia.org/wiki/Pastry
https://www.scribd.com/document/948987668/Sharon-Croxford-Emma-Stirling-Understanding-the-Science-of-Food-From-Molecules-to-Mouthfeel-2017-Allen-Unwin-Libgen-li
https://www.scribd.com/document/948987668/Sharon-Croxford-Emma-Stirling-Understanding-the-Science-of-Food-From-Molecules-to-Mouthfeel-2017-Allen-Unwin-Libgen-li
https://www.scribd.com/document/948987668/Sharon-Croxford-Emma-Stirling-Understanding-the-Science-of-Food-From-Molecules-to-Mouthfeel-2017-Allen-Unwin-Libgen-li
https://www.researchgate.net/publication/262526346_Ingredient_Functionality_in_Multilayered_Dough-margarine_Systems_and_the_Resultant_Pastry_Products_A_Review
https://www.researchgate.net/publication/262526346_Ingredient_Functionality_in_Multilayered_Dough-margarine_Systems_and_the_Resultant_Pastry_Products_A_Review
https://www.researchgate.net/publication/262526346_Ingredient_Functionality_in_Multilayered_Dough-margarine_Systems_and_the_Resultant_Pastry_Products_A_Review
https://labakingsupply.com/blogs/news/mastering-pastry-essential-techniques-every-baker-should-know
https://labakingsupply.com/blogs/news/mastering-pastry-essential-techniques-every-baker-should-know
https://bakedbystefy.ch/en/blog/choux-pastry-three-recipes
http://ihmgwalior.blogspot.com/2012/10/bakery-theory-notes.html
https://whatscookingamerica.net/glossary/
https://www.theflavorbender.com/how-to-make-perfect-choux-pastry/
https://asbe.org/article/lard/
https://www.mendocinofoodconsulting.com/post/butter
https://www.researchgate.net/publication/331564752_Effect_of_Chemical_and_Enzymatic_Modifications_on_the_Identity_Characteristics_of_Lard_A_Review
https://www.researchgate.net/publication/331564752_Effect_of_Chemical_and_Enzymatic_Modifications_on_the_Identity_Characteristics_of_Lard_A_Review
https://www.beyondkimchee.com/best-pie-crust/
https://www.thechoppingblock.com/blog/use-lard-for-a-more-perfect-pie-crust


20.​83 Biochemistry Of Butter And Ghee.pdf 
21.​Plasticity and Melting Points in Butter - Pastry Arts Magazine, 

https://pastryartsmag.com/sponsored/plasticity-and-melting-points-in-butter/ 
22.​Rendering Leaf Lard - Carriage House Farm, 

https://carriagehousefarmllc.com/recipes-1/2018/11/30/renderingleaflard 
23.​yogurt starter culture: Topics by Science.gov, 

https://www.science.gov/topicpages/y/yogurt+starter+culture 
24.​CUET PG Food Science and Technology Question Paper 2025 PDF, 

https://zollege.in/news/e-972-cuet-pg-2025-food-science-and-technology-question
-paper 

25.​Utilization of Lard to Replace Margarine in the Short and Layer Crust, 
https://www.researchgate.net/publication/287481405_Utilization_of_Lard_to_Repl
ace_Margarine_in_the_Short_and_Layer_Crust_Pastry_with_Filling 

26.​Effect of temperature on the rheological, textural, and sensory, 
https://pubmed.ncbi.nlm.nih.gov/39086085/ 

27.​Lard - Wikipedia, https://en.wikipedia.org/wiki/Lard 
28.​Handbook of - Functional Lipids, 

https://xn--d1ahakv.xn--p1ai/images/stories/obzori/akoh_handbook_of_functional_l
ipids_2006.pdf 

29.​Lard | Baking Ingredients - BAKERpedia, https://bakerpedia.com/ingredients/lard/ 
30.​Rendering Pork Fat for Pie Pastry - A Canadian Foodie, 

https://www.acanadianfoodie.com/2010/10/07/rendering-pork-fat-for-pie-pastry/ 
31.​HOW BAKING WORKS BY PAULA FIGONI.pdf - pdfcoffee.com, 

https://pdfcoffee.com/how-baking-works-by-paula-figonipdf-pdf-free.html 
32.​The science and magic of pastry | Andy Connelly | The Guardian, 

https://www.theguardian.com/science/2014/feb/20/recipe-fat-flour-water-science-p
astry 

33.​Everything You Need To Know About Pastry Making - Lakeland, 
https://www.lakeland.co.uk/blogs/inspiration/learn-about-pastry 

34.​Pork Fat in Soap Production | PDF | Lard | Sodium Hydroxide - Scribd, 
https://www.scribd.com/document/44702174/Pork-Fat-Soap 

35.​Edible oil structuring: concepts, methods and applications 978-1, 
https://dokumen.pub/edible-oil-structuring-concepts-methods-and-applications-978
-1-78262-829-3-1782628290-978-1-78801-018-4-978-1-78801-222-5.html 

36.​On the fractional crystallization of palm olein: Solid solutions and, 
https://www.researchgate.net/publication/222948026_On_the_fractional_crystalliz
ation_of_palm_olein_Solid_solutions_and_eutectic_solidification 

37.​Isothermal crystallization behavior of lard at different temperatures, 
https://www.researchgate.net/publication/270294186_Isothermal_crystallization_b
ehavior_of_lard_at_different_temperatures_studied_by_DSC_and_real-time_XRD 

38.​Integrated Insights into Structural and Flavor Functions of Milk Fat in, 
https://www.mdpi.com/2624-862X/7/3/41 

39.​What is Lard & How to Use It - WebstaurantStore, 
https://www.webstaurantstore.com/blog/3068/what-is-lard.html 

40.​Animal Fat Qualities/Composition - Soap & Candle Forums, 

https://pastryartsmag.com/sponsored/plasticity-and-melting-points-in-butter/
https://carriagehousefarmllc.com/recipes-1/2018/11/30/renderingleaflard
https://www.science.gov/topicpages/y/yogurt+starter+culture
https://zollege.in/news/e-972-cuet-pg-2025-food-science-and-technology-question-paper
https://zollege.in/news/e-972-cuet-pg-2025-food-science-and-technology-question-paper
https://www.researchgate.net/publication/287481405_Utilization_of_Lard_to_Replace_Margarine_in_the_Short_and_Layer_Crust_Pastry_with_Filling
https://www.researchgate.net/publication/287481405_Utilization_of_Lard_to_Replace_Margarine_in_the_Short_and_Layer_Crust_Pastry_with_Filling
https://pubmed.ncbi.nlm.nih.gov/39086085/
https://en.wikipedia.org/wiki/Lard
https://xn--d1ahakv.xn--p1ai/images/stories/obzori/akoh_handbook_of_functional_lipids_2006.pdf
https://xn--d1ahakv.xn--p1ai/images/stories/obzori/akoh_handbook_of_functional_lipids_2006.pdf
https://bakerpedia.com/ingredients/lard/
https://www.acanadianfoodie.com/2010/10/07/rendering-pork-fat-for-pie-pastry/
https://pdfcoffee.com/how-baking-works-by-paula-figonipdf-pdf-free.html
https://www.theguardian.com/science/2014/feb/20/recipe-fat-flour-water-science-pastry
https://www.theguardian.com/science/2014/feb/20/recipe-fat-flour-water-science-pastry
https://www.lakeland.co.uk/blogs/inspiration/learn-about-pastry
https://www.scribd.com/document/44702174/Pork-Fat-Soap
https://dokumen.pub/edible-oil-structuring-concepts-methods-and-applications-978-1-78262-829-3-1782628290-978-1-78801-018-4-978-1-78801-222-5.html
https://dokumen.pub/edible-oil-structuring-concepts-methods-and-applications-978-1-78262-829-3-1782628290-978-1-78801-018-4-978-1-78801-222-5.html
https://www.researchgate.net/publication/222948026_On_the_fractional_crystallization_of_palm_olein_Solid_solutions_and_eutectic_solidification
https://www.researchgate.net/publication/222948026_On_the_fractional_crystallization_of_palm_olein_Solid_solutions_and_eutectic_solidification
https://www.researchgate.net/publication/270294186_Isothermal_crystallization_behavior_of_lard_at_different_temperatures_studied_by_DSC_and_real-time_XRD
https://www.researchgate.net/publication/270294186_Isothermal_crystallization_behavior_of_lard_at_different_temperatures_studied_by_DSC_and_real-time_XRD
https://www.mdpi.com/2624-862X/7/3/41
https://www.webstaurantstore.com/blog/3068/what-is-lard.html


https://www.soapmakingforum.com/threads/animal-fat-qualities-composition.7981
4/ 

41.​Flaky Butter and Lard Pie Crust (Easy Recipe) - Biting at the Bits, 
https://bitingatthebits.com/flakiest-double-crust-lard-butter-pie-crust/ 

42.​A critical review on structures, health effects, oxidative stability, and, 
https://www.researchgate.net/publication/341548514_A_critical_review_on_struct
ures_health_effects_oxidative_stability_and_sensory_properties_of_oleogels 

43.​Solid Fat Content Estimation by Differential Scanning Calorimetry, 
https://www.researchgate.net/publication/257730088_Solid_Fat_Content_Estimati
on_by_Differential_Scanning_Calorimetry_Prior_Treatment_and_Proposed_Corre
ction 

44.​Crystallinity properties and crystallization behavior of chocolate fat, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC5495725/ 

45.​Determination of solid fat content (SFC) of binary fat blends and use, 
https://www.researchgate.net/publication/225196484_Determination_of_solid_fat_
content_SFC_of_binary_fat_blends_and_use_of_these_data_to_predict_SFC_of_
selected_ternary_fat_blends_containing_low-erucic_rapeseed_oil 

46.​Experimental Investigation of the Crystallization and Thermal ... - PMC, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC13135125/ 

47.​(PDF) Melting characteristic and solid fat content of milk fat and palm, 
https://www.researchgate.net/publication/227809262_Melting_characteristic_and_
solid_fat_content_of_milk_fat_and_palm_stearin_blends_before_and_after_enzy
matic_interesterification 

48.​Modelling the effect of temperature on the lipid solid fat content (SFC), 
https://www.researchgate.net/publication/238505986_Modelling_the_effect_of_te
mperature_on_the_lipid_solid_fat_content_SFC 

49.​The Ultimate Lard Pie Crust Recipe for Flaky Perfection - Butter For All, 
https://www.butterforall.com/traditional-cooking-traditional-living/the-ultimate-lard-p
ie-crust/ 

50.​The Pastry Chef's Apprentice+OCR | PDF | Chocolate - Scribd, 
https://www.scribd.com/document/251988024/The-Pastry-Chef-s-Apprentice-OCR 

51.​Recent Advances in the Study of Wheat Protein and Other Food, 
https://www.mdpi.com/2304-8158/11/23/3824 

52.​Improving the Technological and Nutritive Properties of Gluten-Free, 
https://www.mdpi.com/2076-3417/10/19/6868 

53.​Investigation of the behavior of wheat flour dough under different, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC11968288/ 

54.​Rheological Characteristics of Wheat Dough Containing Powdered, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC10779212/ 

55.​Structural, thermal and rheological properties of gluten dough, 
https://www.researchgate.net/publication/341731934_Structural_thermal_and_rhe
ological_properties_of_gluten_dough_Comparative_changes_by_dextran_weak_a
cidification_and_their_combination 

56.​The relationship between large deformation rheology of wheat flour, 
https://cjfs.agriculturejournals.cz/pdfs/cjf/2024/05/03.pdf 

https://www.soapmakingforum.com/threads/animal-fat-qualities-composition.79814/
https://www.soapmakingforum.com/threads/animal-fat-qualities-composition.79814/
https://bitingatthebits.com/flakiest-double-crust-lard-butter-pie-crust/
https://www.researchgate.net/publication/341548514_A_critical_review_on_structures_health_effects_oxidative_stability_and_sensory_properties_of_oleogels
https://www.researchgate.net/publication/341548514_A_critical_review_on_structures_health_effects_oxidative_stability_and_sensory_properties_of_oleogels
https://www.researchgate.net/publication/257730088_Solid_Fat_Content_Estimation_by_Differential_Scanning_Calorimetry_Prior_Treatment_and_Proposed_Correction
https://www.researchgate.net/publication/257730088_Solid_Fat_Content_Estimation_by_Differential_Scanning_Calorimetry_Prior_Treatment_and_Proposed_Correction
https://www.researchgate.net/publication/257730088_Solid_Fat_Content_Estimation_by_Differential_Scanning_Calorimetry_Prior_Treatment_and_Proposed_Correction
https://pmc.ncbi.nlm.nih.gov/articles/PMC5495725/
https://www.researchgate.net/publication/225196484_Determination_of_solid_fat_content_SFC_of_binary_fat_blends_and_use_of_these_data_to_predict_SFC_of_selected_ternary_fat_blends_containing_low-erucic_rapeseed_oil
https://www.researchgate.net/publication/225196484_Determination_of_solid_fat_content_SFC_of_binary_fat_blends_and_use_of_these_data_to_predict_SFC_of_selected_ternary_fat_blends_containing_low-erucic_rapeseed_oil
https://www.researchgate.net/publication/225196484_Determination_of_solid_fat_content_SFC_of_binary_fat_blends_and_use_of_these_data_to_predict_SFC_of_selected_ternary_fat_blends_containing_low-erucic_rapeseed_oil
https://pmc.ncbi.nlm.nih.gov/articles/PMC13135125/
https://www.researchgate.net/publication/227809262_Melting_characteristic_and_solid_fat_content_of_milk_fat_and_palm_stearin_blends_before_and_after_enzymatic_interesterification
https://www.researchgate.net/publication/227809262_Melting_characteristic_and_solid_fat_content_of_milk_fat_and_palm_stearin_blends_before_and_after_enzymatic_interesterification
https://www.researchgate.net/publication/227809262_Melting_characteristic_and_solid_fat_content_of_milk_fat_and_palm_stearin_blends_before_and_after_enzymatic_interesterification
https://www.researchgate.net/publication/238505986_Modelling_the_effect_of_temperature_on_the_lipid_solid_fat_content_SFC
https://www.researchgate.net/publication/238505986_Modelling_the_effect_of_temperature_on_the_lipid_solid_fat_content_SFC
https://www.butterforall.com/traditional-cooking-traditional-living/the-ultimate-lard-pie-crust/
https://www.butterforall.com/traditional-cooking-traditional-living/the-ultimate-lard-pie-crust/
https://www.scribd.com/document/251988024/The-Pastry-Chef-s-Apprentice-OCR
https://www.mdpi.com/2304-8158/11/23/3824
https://www.mdpi.com/2076-3417/10/19/6868
https://pmc.ncbi.nlm.nih.gov/articles/PMC11968288/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10779212/
https://www.researchgate.net/publication/341731934_Structural_thermal_and_rheological_properties_of_gluten_dough_Comparative_changes_by_dextran_weak_acidification_and_their_combination
https://www.researchgate.net/publication/341731934_Structural_thermal_and_rheological_properties_of_gluten_dough_Comparative_changes_by_dextran_weak_acidification_and_their_combination
https://www.researchgate.net/publication/341731934_Structural_thermal_and_rheological_properties_of_gluten_dough_Comparative_changes_by_dextran_weak_acidification_and_their_combination
https://cjfs.agriculturejournals.cz/pdfs/cjf/2024/05/03.pdf


57.​Large-Deformation Properties of Wheat Flour and Gluten Dough, 
https://edepot.wur.nl/196313 

58.​Multiscale analysis of monoglyceride oleogels during storage, 
https://www.researchgate.net/publication/364114577_Multiscale_analysis_of_mon
oglyceride_oleogels_during_storage 

59.​RHEOLOGICAL CHARACTERISTICS OF GLUTEN-FREE DOUGH, 
https://office2.jmbfs.org/index.php/JMBFS/article/download/7576/1798/29995 

60.​Using Rheology to Study the Hardness and Spreadability of Butter, 
https://analyzing-testing.netzsch.com/en/application-literature/using-rheology-to-st
udy-the-hardness-and-spreadability-of-butter 

61.​Characterization of Beeswax and Rice Bran Wax Oleogels Based on, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC10970211/ 

62.​Effect of high oleic soybean oil oleogels on the properties of doughs, 
https://www.researchgate.net/publication/360495873_Effect_of_high_oleic_soybe
an_oil_oleogels_on_the_properties_of_doughs_and_corresponding_bakery_prod
ucts 

63.​Pastry (Leaving Cert Home Economics): Revision Notes - SimpleStudy, 
https://simplestudy.com/ie/leaving-cert/home-economics/revision-notes/foods-mea
t-fish-cereal-fruit-veg-dairy-eggs/food-commodities-extras/pastry 

64.​How to Make Perfect Pie Dough with Butter & Lard (Tenderflake Style), 
https://www.theartofdoingstuff.com/the-pie-dough-recipe-a-crust-of-butter-lard/ 

65.​Pâte à choux Recipe – Chemistry in the Kitchen Spring 2022, 
https://blogs.dickinson.edu/chemistryinthekitchensp22/recipes/pate-a-choux-recip
e/ 

66.​Spices, Pastries & Confectionaries - FUNAAB, 
https://funaab.edu.ng/funaab-ocw/opencourseware/Spices,%20Pastries%20&%20
Confectionaries.pdf 

67.​Starch Pasting: RVA Curve by Means of Rheology, 
https://analyzing-testing.netzsch.com/en/application-literature/starch-pasting-rva-c
urve-by-means-of-rheology 

68.​A New Approach to Characterize Starch Dispersions - TA Instruments, 
https://www.tainstruments.com/applications-notes/a-new-approach-to-characterize
-starch-dispersions/ 

69.​Effect of Amylose Content on Gelatinization, Retrogradation and, 
https://www.academia.edu/37858015/Effect_of_Amylose_Content_on_Gelatinizati
on_Retrogradation_and_Pasting_Properties_of_Flours_from_Different_Cultivars_
of_Thai_Rice 

70.​Rheological, pasting, thermal and retrogradation properties of, 
https://www.scielo.br/j/cta/a/FjqzN37Rwydhb9J3XwGQrnb/?format=pdf&lang=en 

71.​Textbook of Culinary and Bakery World 9789390581122, 
https://dokumen.pub/textbook-of-culinary-and-bakery-world-9789390581122.html 

72.​Bakery and Confectionary HM-302 - Uttarakhand Open University, 
https://uou.ac.in/sites/default/files/slm/HM-302.pdf 

73.​Emulsification in Baking: Achieving Stable Batters and Doughs, 
https://bakingtechniquesauthority.com/emulsification-in-baking/ 

https://edepot.wur.nl/196313
https://www.researchgate.net/publication/364114577_Multiscale_analysis_of_monoglyceride_oleogels_during_storage
https://www.researchgate.net/publication/364114577_Multiscale_analysis_of_monoglyceride_oleogels_during_storage
https://office2.jmbfs.org/index.php/JMBFS/article/download/7576/1798/29995
https://analyzing-testing.netzsch.com/en/application-literature/using-rheology-to-study-the-hardness-and-spreadability-of-butter
https://analyzing-testing.netzsch.com/en/application-literature/using-rheology-to-study-the-hardness-and-spreadability-of-butter
https://pmc.ncbi.nlm.nih.gov/articles/PMC10970211/
https://www.researchgate.net/publication/360495873_Effect_of_high_oleic_soybean_oil_oleogels_on_the_properties_of_doughs_and_corresponding_bakery_products
https://www.researchgate.net/publication/360495873_Effect_of_high_oleic_soybean_oil_oleogels_on_the_properties_of_doughs_and_corresponding_bakery_products
https://www.researchgate.net/publication/360495873_Effect_of_high_oleic_soybean_oil_oleogels_on_the_properties_of_doughs_and_corresponding_bakery_products
https://simplestudy.com/ie/leaving-cert/home-economics/revision-notes/foods-meat-fish-cereal-fruit-veg-dairy-eggs/food-commodities-extras/pastry
https://simplestudy.com/ie/leaving-cert/home-economics/revision-notes/foods-meat-fish-cereal-fruit-veg-dairy-eggs/food-commodities-extras/pastry
https://www.theartofdoingstuff.com/the-pie-dough-recipe-a-crust-of-butter-lard/
https://blogs.dickinson.edu/chemistryinthekitchensp22/recipes/pate-a-choux-recipe/
https://blogs.dickinson.edu/chemistryinthekitchensp22/recipes/pate-a-choux-recipe/
https://funaab.edu.ng/funaab-ocw/opencourseware/Spices,%20Pastries%20&%20Confectionaries.pdf
https://funaab.edu.ng/funaab-ocw/opencourseware/Spices,%20Pastries%20&%20Confectionaries.pdf
https://analyzing-testing.netzsch.com/en/application-literature/starch-pasting-rva-curve-by-means-of-rheology
https://analyzing-testing.netzsch.com/en/application-literature/starch-pasting-rva-curve-by-means-of-rheology
https://www.tainstruments.com/applications-notes/a-new-approach-to-characterize-starch-dispersions/
https://www.tainstruments.com/applications-notes/a-new-approach-to-characterize-starch-dispersions/
https://www.academia.edu/37858015/Effect_of_Amylose_Content_on_Gelatinization_Retrogradation_and_Pasting_Properties_of_Flours_from_Different_Cultivars_of_Thai_Rice
https://www.academia.edu/37858015/Effect_of_Amylose_Content_on_Gelatinization_Retrogradation_and_Pasting_Properties_of_Flours_from_Different_Cultivars_of_Thai_Rice
https://www.academia.edu/37858015/Effect_of_Amylose_Content_on_Gelatinization_Retrogradation_and_Pasting_Properties_of_Flours_from_Different_Cultivars_of_Thai_Rice
https://www.scielo.br/j/cta/a/FjqzN37Rwydhb9J3XwGQrnb/?format=pdf&lang=en
https://dokumen.pub/textbook-of-culinary-and-bakery-world-9789390581122.html
https://uou.ac.in/sites/default/files/slm/HM-302.pdf
https://bakingtechniquesauthority.com/emulsification-in-baking/


74.​a little (theory): emulsion stability, 
https://www.mpikg.mpg.de/886743/Emulsions_-2.pdf 

75.​Glossary - Baking - Supreme Flour, 
https://supremeflour.co.za/business-resources/glossary/glossary-baking/ 

76.​Caribbean Food & Nutrition for CSEC Textbook - studylib.net, 
https://studylib.net/doc/28376182/caribbean-food-and-nutrition-for-csec--1- 

77.​Effects of lecithin addition in oil or water phase on the stability of, 
https://pubmed.ncbi.nlm.nih.gov/9404055/ 

78.​A Lesson in Lecithin - Kitchen Alchemy - Modernist Pantry, 
https://blog.modernistpantry.com/advice/a-lesson-in-lecithin/ 

79.​101: pate a choux - devil's food kitchen, 
https://devilsfoodkitchen.com/recipe/pate-a-choux/ 

80.​How to make choux pastry, the perfect recipe - One Sarcastic Baker, 
https://www.onesarcasticbaker.com/how-to-make-choux-pastry/ 

81.​Study on the Introduction of Solid Fat with a High Content of ... - PMC, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC8430945/ 

82.​From Nucleation to Fat Crystal Network: Effects of Stearic–Palmitic, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC11083798/ 

83.​Microstructural Studies in Fat Research - USU Digital Commons, 
https://digitalcommons.usu.edu/context/foodmicrostructure/article/1305/viewconte
nt/Microstructural_Studies_in_Fat_Research.pdf 

84.​Microstructure of confectionery masses revealed by cryo-planing, 
https://www.frontiersin.org/journals/food-science-and-technology/articles/10.3389/f
rfst.2024.1464882/full 

85.​Crystallization and Microstructure of Palm Oil - IntechOpen, 
https://www.intechopen.com/chapters/1231855 

86.​The Difference Between Cocoa Butter and Salatrim® Lies in the, 
http://lib3.dss.go.th/fulltext/Journal/J.AOCS/J.AOCS/1999/no.1/jan1999,vol76,no1,
p7-13.pdf 

87.​Microstructure and fractal analysis of fat crystal networks, 
https://www.researchgate.net/publication/227261782_Microstructure_and_fractal_
analysis_of_fat_crystal_networks 

88.​Factors Affecting the Rheological Properties of a Structured Cellular, 
https://www.researchgate.net/publication/276486946_Factors_Affecting_the_Rheo
logical_Properties_of_a_Structured_Cellular_Solid_Used_as_a_Fat_Mimetic 

https://www.mpikg.mpg.de/886743/Emulsions_-2.pdf
https://supremeflour.co.za/business-resources/glossary/glossary-baking/
https://studylib.net/doc/28376182/caribbean-food-and-nutrition-for-csec--1-
https://pubmed.ncbi.nlm.nih.gov/9404055/
https://blog.modernistpantry.com/advice/a-lesson-in-lecithin/
https://devilsfoodkitchen.com/recipe/pate-a-choux/
https://www.onesarcasticbaker.com/how-to-make-choux-pastry/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8430945/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11083798/
https://digitalcommons.usu.edu/context/foodmicrostructure/article/1305/viewcontent/Microstructural_Studies_in_Fat_Research.pdf
https://digitalcommons.usu.edu/context/foodmicrostructure/article/1305/viewcontent/Microstructural_Studies_in_Fat_Research.pdf
https://www.frontiersin.org/journals/food-science-and-technology/articles/10.3389/frfst.2024.1464882/full
https://www.frontiersin.org/journals/food-science-and-technology/articles/10.3389/frfst.2024.1464882/full
https://www.intechopen.com/chapters/1231855
http://lib3.dss.go.th/fulltext/Journal/J.AOCS/J.AOCS/1999/no.1/jan1999,vol76,no1,p7-13.pdf
http://lib3.dss.go.th/fulltext/Journal/J.AOCS/J.AOCS/1999/no.1/jan1999,vol76,no1,p7-13.pdf
https://www.researchgate.net/publication/227261782_Microstructure_and_fractal_analysis_of_fat_crystal_networks
https://www.researchgate.net/publication/227261782_Microstructure_and_fractal_analysis_of_fat_crystal_networks
https://www.researchgate.net/publication/276486946_Factors_Affecting_the_Rheological_Properties_of_a_Structured_Cellular_Solid_Used_as_a_Fat_Mimetic
https://www.researchgate.net/publication/276486946_Factors_Affecting_the_Rheological_Properties_of_a_Structured_Cellular_Solid_Used_as_a_Fat_Mimetic

	The Biophysical and Rheological Mechanics of Pastry Doughs: Temperature Management, Lipid Crystallization, and Matrix Evolution 
	Introduction to Pastry Matrix Dynamics 
	Physicochemical Architecture of the Lipid Matrix 
	Cultured Butter: Emulsion Dynamics, Fermentation, and Phase Inversion 
	Rendered Leaf Lard: Polymorphism and Triacylglycerol Stereochemistry 
	Eutectic Melting and The Solid Fat Content (SFC) Curve 

	The Microstructural Mechanics of Shortcrust Pastry (Pâte Brisée) 
	The Shortening Effect and the Glutenin Macropolymer (GMP) 
	Viscoelasticity and Rheological Monitoring 
	The Catastrophic Consequences of Premature Melting 

	The Microstructural Mechanics of Pâte à Choux 
	Phase 1: Phase Inversion and Starch Gelatinization 
	Phase 2: Osmotic Dehydration and Emulsion Stabilization 
	Phase 3: The Thermodynamics of Latent Heat and Expansion 

	Microstructural Analysis: Cryo-SEM and Network Architecture 
	Conclusion 
	Works cited 



