
The Physics, Rheology, and Biochemistry 
of Traditional Gravity Cream Separation 
Introduction to Polyphasic Dairy Emulsions and 
Historical Context 
Bovine milk is an extraordinary biological fluid characterized by a highly complex, polyphasic 
architecture. Fundamentally, milk functions simultaneously as a colloidal dispersion of casein 
micelles and an oil-in-water emulsion consisting of liquid triglyceride droplets suspended within 
an aqueous plasma matrix1. The inherent thermodynamic instability of this lipid emulsion is the 
foundational driver of cream separation. Left undisturbed in a quiescent state, the dispersed 
lipid phase naturally seeks to minimize its free energy by rising through the denser aqueous 
continuous phase, a macroscopic phenomenon that has been exploited by human dairy 
processors since antiquity1. 
Prior to the advent of continuous mechanical processing, the extraction of milk fat relied 
exclusively on manipulating this natural phase separation utilizing gravity, geometric 
containment, and ambient temperature controls4. Historical dairy practices, particularly those 
institutionalized during the 19th century through specific engineering methodologies like the 
Swartz and Cooley systems, utilized shallow setting pans and cold water or ice baths to 
deliberately accelerate the creaming process4. The literature from 19th-century dairy pioneers, 
such as Wilhelm Fleischmann in his seminal text Lehrbuch der Milchwirtschaft and Gustav 
Martiny, exhaustively detailed these early attempts to optimize the geometry of the 
"Flachschalen" (shallow pans) to maximize fat yield and minimize spoilage4. 
While the contemporary global dairy industry universally employs high-speed centrifugal 
separators—originally pioneered in 1878 by the Swedish engineer Gustaf de Laval—to achieve 
near-instantaneous and highly efficient continuous fat extraction, gravity separation remains a 
critical subject of advanced study2. Modern research into gravity separation heavily informs our 
understanding of emulsion rheology, food physical chemistry, phase fractionation, and the 
production of artisanal dairy products2. 
Understanding traditional gravity separation requires a rigorous, multidisciplinary synthesis. The 
macroscopic separation of cream from skim milk is governed strictly by the classical fluid 
dynamics described by Stokes' Law15. However, predicting the actual velocity of this separation 
in cold, raw milk introduces a profound physical paradox: the increasing viscosity of cold milk 
plasma should theoretically retard the rise of fat globules, yet historical methodologies 
intentionally utilized extremely cold temperatures to dramatically accelerate the process17. The 
resolution to this paradox is rooted not in physics, but in immunology. It lies in the biological 
phenomenon of cryoagglutination, wherein native immunoglobulins mediate the flocculation of 
microscopic fat globules into massive, highly buoyant clusters3. This report provides an 
exhaustive physical, biochemical, and operational analysis of traditional gravity cream 
separation, detailing the mechanics of the milk fat globule membrane (MFGM), the rheology of 



milk plasma, the fractionating effects on fatty acids, and the severe microbiological implications 
inherent to shallow pan setting. 

The Physical Chemistry and Fluid Dynamics of Gravity 
Separation 
Stokesian Mechanics and Terminal Velocity Derivations 
The rate at which a discrete, spherical particle rises or falls through a viscous, continuous fluid 
is not arbitrary; it is a highly predictable vector defined by the interplay of buoyant forces and 
frictional drag. In the context of dairy physical chemistry, the creaming of milk is fundamentally 
and mathematically described by Stokes' Law2. The physical equation for the terminal rising 

velocity ( ) of a single, non-flocculated milk fat globule is expressed mathematically as: 

 
Where: 

●​  represents the terminal upward velocity of the rising fat globule. 

●​  represents the geometric radius of the fat globule. 

●​  is the specific density of the continuous phase (the milk plasma or skim milk). 

●​  is the specific density of the dispersed phase (the milk fat). 

●​  is the acceleration constant due to gravity ( ). 

●​  is the dynamic viscosity of the milk plasma surrounding the globule. 
In raw bovine milk, the parameters governing this thermodynamic equation are highly specific 
and inherently variable based on composition and temperature. The mean density of milk fat (

) is approximately  ( ) at a standard temperature of 16°C, 

whereas the density of the surrounding skim milk plasma ( ) is roughly  (

)22. Because the plasma density ( ) is greater than the fat density ( ), the 

term  yields a positive integer, indicating that the buoyant force exceeds the 
downward gravitational pull, resulting in a positive upward velocity vector2. 

The most critical and heavily weighted variable within the Stokes' equation is the radius ( ) of 
the fat globule, as the resulting terminal velocity scales directly with the square of the radius (

)6. Bovine milk fat is synthesized and secreted by the mammary epithelial cells as discrete, 



spherical droplets that range wildly in diameter from  to , with the volumetric 

majority of the lipid mass concentrated in globules measuring between  and 

3. Human milk (HM) fat globules exhibit a similar primary distribution, generally 

measuring around  to 26. However, the presence of exceptionally large 

globules in bovine milk—some reaching up to  or larger—profoundly alters the overall 
separation kinetics27. 
Due to the exponential influence of the radius in the numerator of the equation, a large fat 

globule measuring  in diameter will rise through the plasma exactly 100 times faster 

than a small globule measuring only  in diameter6. This size-dependent velocity is the 
foundational reason why mechanical homogenization is utilized in modern liquid milk 
production. By forcing the raw milk through microscopic valves under extreme pressure, the 
homogenization process mechanically shears the fat globules, reducing their average diameter 

to approximately 15. At this highly reduced radius, the resultant Stokes velocity 
becomes so infinitesimally slow that the upward buoyant force is entirely overcome by the 
random, thermal Brownian motion of the fluid matrix, effectively and permanently preventing 
the formation of a cream layer15. 
Rheological Properties and the Temperature-Viscosity Relationship 

The denominator of the Stokes equation ( ) represents the frictional drag forces opposing 

the upward rise of the fat globule, and it is governed exclusively by the dynamic viscosity ( ) 
of the plasma28. The viscosity of a complex biological fluid like skim milk is highly 
temperature-dependent, a phenomenon that is critical to understanding historical processing 
methodologies18. As the thermal kinetic energy of the fluid decreases through cooling, 
intermolecular friction within the plasma increases exponentially, leading to a much higher 
dynamic viscosity19. 
Furthermore, the viscosity is influenced by the total dry matter of the fluid, particularly the 
concentration and voluminosity of casein micelles and whey proteins19. Mathematical models, 
such as the Einstein and Eilers equations, are frequently utilized by rheologists to approximate 
the intrinsic viscosity based on these suspended solids, though they often overestimate the 
voluminosity of casein micelles at ambient temperatures33. The actual dynamic viscosity of milk 
and cream exhibits distinct Newtonian behavior at high temperatures and low fat 
concentrations, transitioning to thixotropic (shear-thinning) behavior at low temperatures and 
high fat concentrations34. 

Fluid Matrix Temperature (°C) Dynamic Viscosity Rheological 



(mPa·s / cP) Behavior 

Skim Milk 50°C 1.05 Newtonian 

Skim Milk 20°C 1.50 Newtonian 

Skim Milk 5°C 2.40 Newtonian 

Cream (18% fat) 20°C 6.00 Mildly Thixotropic 

Cream (18% fat) 5°C 9.60 Thixotropic 

Table 1: Viscosity of milk fractions as a function of temperature and fat content. The data 
demonstrates a strict inverse relationship between temperature and dynamic viscosity. 
[cite: 31, 32, 34, 35, 36, 37] 
According to standard Stokesian fluid dynamics, chilling raw milk from ambient conditions 

down to 5°C increases the skim milk plasma viscosity to , representing a 60% 

increase in drag forces compared to the  viscosity observed at 20°C35. Pure 
physical modelling using Stokes' Law would therefore predict that gravity creaming at 4°C 
should be dramatically slower than creaming at body temperature, as the increased viscosity 
would severely retard the terminal velocity of the rising globules29. 
However, historical dairy observations and modern empirical data definitively prove the exact 
opposite: fresh, raw bovine milk separated in cold, shallow setting pans creams exponentially 
faster, and much more completely, than warm milk20. The actual velocity of the cream layer 
rising in cold, raw milk vastly exceeds the theoretical limits predicted by the Stokes equation for 
individual, discrete globules20. The failure of Stokes' Law to accurately predict the 
cold-separation velocity of raw milk is not a failure of physics, but rather an omission of biology. 
Stokes' Law assumes that the fat globules act as independent, non-interacting spheres; in cold 
raw milk, this assumption is fundamentally violated20. 

The Biological Catalyst: Cryoagglutination and 
Immunoglobulin Interactions 
The resolution to the apparent paradox of rapid cold-creaming lies deeply rooted in protein 
biochemistry and veterinary immunology. The highly accelerated creaming velocity observed in 
cold raw milk is driven almost entirely by a reversible biological phenomenon known as cold 
agglutination, or cryoagglutination3. 
Immunoglobulin M (IgM) and Macroscopic Flocculation 



Cryoagglutination is a strict temperature-dependent immunological reaction wherein specific 
innate proteins physically cluster individual, microscopic milk fat globules into massive, 
macroscopic aggregates3. Because Stokes' Law dictates that terminal velocity scales with the 
square of the particle's radius, fusing tens of thousands of microscopic fat globules into a 

single, massive cluster instantly and radically transforms the effective radius ( ) utilized in the 
equation. This massive, exponential increase in the buoyant force of the cluster heavily 
overrides the linear penalty introduced by the increased viscosity of the cold plasma, resulting 
in rapid vertical migration3. 
The primary biological agent responsible for this clustering is Immunoglobulin M (IgM), a 
massive, pentameric antibody complex naturally synthesized by the bovine immune system 
and secreted into the raw milk matrix3. In mammalian biochemistry, IgM uniquely functions as a 
cryoglobulin—a protein complex that undergoes profound conformational changes and 
exhibits precipitation behavior at low temperatures3. The structural heavy chain of the IgM 
molecule folds into multiple distinct domains, allowing it to anchor and interact extensively with 
surrounding biological structures43. 
At temperatures approaching 4°C to 5°C, these large IgM cryoglobulins exhibit an extremely 
high binding affinity for specific structural glycoproteins anchored on the surface of the fat 
droplets20. Advanced contemporary research utilizing confocal laser scanning microscopy 
(CLSM) and detailed proteomic analysis has confirmed that poly-immunoglobulin G receptors 
located on the outer membrane of the fat globule play a critical, highly conserved role in 
facilitating these binding sites42. 
When the raw milk is rapidly chilled in a shallow pan, the pentameric IgM complexes act as 
structural bridges, physically cross-linking adjacent fat globules3. Furthermore, these 
immunoglobulins complex with native lipoproteins to strengthen the resulting matrix38. The 
resulting agglutinated clusters can easily measure hundreds of micrometers in diameter. These 
massive, irregular clusters experience tremendous buoyant force and rapidly sweep upward 
through the dense, cold plasma, accelerating the macroscopic creaming process and leaving a 
distinct, sharply defined cream line at the surface40. 
Thermal Sensitivities, Reversibility, and Denaturation Kinetics 
The binding affinity of the IgM complex to the poly-IgG receptors on the fat globule membrane 
is extraordinarily sensitive to the thermal environment of the fluid20. The cryoagglutination 
process reaches its absolute maximum kinetic efficiency at temperatures of 4°C to 5°C44. This 
specific biological temperature optimum aligns perfectly with the historical dairy processing 
protocols that utilized flowing spring water, deep-setting wells, or harvested ice to rapidly chill 
setting pans7. 
However, if the ambient temperature of the milk is raised to 15°C, the agglutination behavior is 
markedly reduced, leading to smaller cluster sizes and a slower creaming rate44. Elevating the 
temperature further to 20°C, or returning the milk to human or bovine body temperature 
(37°C), completely cancels any detectable interaction between the IgM complexes and the fat 
globules44. At these warmer temperatures, the poly-immunoglobulin G receptors and the 



pentameric IgM physically dissociate, the massive clusters disintegrate back into individual, 
discrete globules, and the creaming rate instantly plummets to align with the standard, slow 
parameters of Stokes' Law for independent particles46. 
Crucially, this low-temperature dissociation is an entirely reversible non-covalent interaction46. 
If the milk is warmed to 37°C and then subsequently chilled back to 4°C, cryoagglutination will 
reoccur. However, the application of extreme heat introduces permanent structural damage. If 
raw milk is subjected to thermal pasteurization or heated above 60°C, the native tertiary and 
quaternary structures of the IgM proteins and the complementary membrane glycoproteins 
undergo irreversible thermal denaturation25. 

The decimal reduction time ( -value) for the heat denaturation of bovine immunoglobulins 
demonstrates that IgM is inherently more heat-sensitive than IgG or IgA51. Heating above this 
critical 60°C threshold permanently destroys the cryoglobulin mechanism; consequently, 
conventionally pasteurized or homogenized milk will never exhibit cold agglutination, 
fundamentally altering its long-term phase stability and preventing natural creaming during 
refrigeration20. 

Storage / Process 
Temperature 

IgM-Receptor Interaction 
Status 

Resulting Macroscopic 
Creaming Velocity 

4°C – 5°C Maximal cross-linking / 
Massive Agglutination 

Highly Accelerated (Greatly 
exceeds Stokes' Law for 
single globules) 

15°C Markedly reduced binding Moderate Velocity 

20°C – 37°C Complete dissociation Slow (Strict adherence to 
Stokes' Law for discrete 
globules) 

> 60°C Irreversible protein 
denaturation 

Permanently impaired 
cryoagglutination 

Table 2: The profound thermal sensitivity of Immunoglobulin M (IgM) mediated 
cryoagglutination and its subsequent impact on milk fat creaming velocities. 
[cite: 25, 44, 45, 46, 48, 51] 

The Structural Architecture of the Milk Fat Globule 
Membrane (MFGM) 
To fully comprehend the biochemical differences between cream harvested via traditional 



gravity separation and cream extracted via mechanical centrifugation, one must perform an 
exhaustive analysis of the Milk Fat Globule Membrane (MFGM). The MFGM is the delicate, 
bioactive interface that separates the hydrophobic triglyceride core of the fat droplet from the 
hydrophilic aqueous plasma41. 
Biogenesis and the Trilayered Phospholipid Architecture 
The MFGM is a highly complex, 5 to 50 nanometer thick trilayered structure that coats every 
successfully secreted milk fat globule55. Its unique architecture is a direct result of the 
biological mechanism of lipid secretion within the mammary epithelial cell26. 
During intracellular biogenesis, lipid droplets originate in the endoplasmic reticulum (ER). As 
they bud off from the ER, they are coated in an inner monolayer of specific polar lipids and 
associated proteins58. These droplets then migrate to the apical pole of the epithelial cell. Upon 
secretion into the alveolar lumen, the droplets are pushed through the apical plasma 
membrane, enveloping the droplet in a true, outer cellular bilayer55. Consequently, the intact 
MFGM consists of a highly specific inner polar lipid monolayer and an outer phospholipid 
bilayer, creating a robust trilayered architecture that physically stabilizes the emulsion and 
prevents spontaneous droplet coalescence in raw milk53. 
Highly Conserved Membrane Glycoproteins and Enzymes 
Embedded deeply within this intricate phospholipid matrix is a vast array of highly specific, 
immune-active, and nutritional trans-membrane glycoproteins, peripheral proteins, and 
enzymes56. Proteomic analysis has revealed that genes encoding for these MFGM proteins are 
highly conserved across mammalian species, indicating their profound evolutionary 
importance for neonatal nutrition and immunological defense26. 
The most prominent and biologically significant proteins anchored in the bovine MFGM include: 

●​ Xanthine Oxidase (XO) / Xanthine Oxidoreductase (XOR): A massive 155 kDa enzyme 
that plays a critical dual role in neonatal antimicrobial defense (producing reactive oxygen 
species) and acting as a structural scaffolding protein for the membrane26. 

●​ Butyrophilin (BTN): A 67 kDa transmembrane glycoprotein that is an absolute 
prerequisite for successful lipid droplet secretion59. Butyrophilin forms a tight structural 
complex with Xanthine Oxidase, often linked via intermolecular disulfide bonds, creating 
a rigid lattice that maintains the integrity of the MFGM67. 

●​ Lactadherin (PAS 6/7): A peripheral membrane glycoprotein critical for preventing viral 
infections in the neonate and facilitating the clearance of apoptotic cells69. 

●​ Adipophilin and Fatty Acid-Binding Protein (FABP): Proteins primarily located on the 
inner monolayer involved in intracellular lipid droplet assembly and fatty acid transport63. 

Prominent MFGM Protein Molecular Weight (kDa) Primary 
Biological/Structural 
Function 

Xanthine Oxidase (XO) 155 kDa Structural scaffolding; 
antimicrobial reactive 



oxygen generation. 

Butyrophilin (BTN) 67 kDa Transmembrane 
glycoprotein; facilitates 
droplet secretion; 
complexes with XO. 

Lactadherin (PAS 6/7) ~47-53 kDa Antiviral activity; apoptotic 
cell clearance. 

Adipophilin 50 kDa Intracellular lipid droplet 
assembly and stability. 

Table 3: Primary protein constituents of the intact bovine Milk Fat Globule Membrane (MFGM) 
and their respective biological roles. 
[cite: 59, 63, 64, 66, 69, 70] 
Centrifugal Hydrodynamic Shear vs. Gravitational Preservation 
The integrity of this delicate, trilayered MFGM is the primary casualty of modern mechanical 
processing. Continuous centrifugal separators operate at exceptionally high rotational 

velocities, subjecting the milk to forces up to 10,000 times greater than standard gravity ( )72. 
The mechanical act of pumping the fluid and forcing it through the tight disc stacks of the 
separator centrifuge induces massive, violent hydrodynamic shear stress53. 
This intense mechanical shear inflicts profound physical damage upon the MFGM. Studies 
analyzing the zeta-potential and proteomic profile of centrifugally separated cream 
demonstrate that the mechanical forces forcibly strip away up to 24% of the native polar lipids 
from the membrane53. Furthermore, the shear stress severs the delicate intermolecular 
disulfide bonds and dissociates critical peripheral and integral proteins—most notably 
butyrophilin and xanthine oxidase—removing them from the membrane architecture entirely 
and depositing them into the skim milk phase53. The destruction of the MFGM exposes the 
naked, hydrophobic triglyceride core to indigenous milk lipases and dissolved oxygen, radically 
accelerating the rate of lipid auto-oxidation, premature free fatty acid release, and the 
subsequent rapid development of rancid off-flavors during storage64. 
Conversely, the passive, highly quiescent environment of a traditional gravity setting pan exerts 
virtually zero mechanical shear on the lipid emulsion41. The fat globules rise gently under the 
exclusive influence of natural buoyancy and cryoagglutination, leaving the trilayered MFGM 
entirely intact41. Creams harvested via traditional gravity separation exhibit vastly superior 
oxidative stability and maintain the full nutritional and immunological profile of the native 
butyrophilin and xanthine oxidase complexes, rendering the final artisanal product 



fundamentally and biochemically distinct from its industrially centrifuged counterpart54. 

Traditional Methodologies: Shallow Pans, Deep 
Setting, and Devonshire Variations 
Before the widespread adoption of centrifugal force in the late 19th and early 20th centuries, 
dairy practitioners systematically optimized the parameters of Stokes' Law and 
cryoagglutination through specific geometric and environmental interventions4. The primary 
historical methodology utilized globally for artisanal butter and cream production was the 
shallow pan setting system8. 
Geometric Optimization and the Swartz/Cooley Methods 
The architectural design of the historical setting pan was governed exclusively by the physical 
requirement to minimize the vertical distance the fat globules had to travel, thereby maximizing 
the total yield within a 24-hour period before widespread bacterial spoilage could render the 
milk unfit for consumption79. Traditional setting pans were meticulously constructed as wide, 
flat-bottomed vessels, typically measuring 45 to 60 centimeters in diameter, with a shallow 
depth strictly limited to 2 to 4 inches (approximately 10 centimeters)4. 
Fresh, warm milk, procured immediately following the hand-milking process, was poured into 
these pans to maximize the surface area-to-volume ratio78. By forcibly restricting the depth to 
10 centimeters, even the smaller fat globules located at the very bottom of the vessel required 
significantly less time to overcome the plasma drag and reach the surface16. 
To fully exploit the rapid creaming velocities induced by IgM cold agglutination, these shallow 
pans were subjected to rapid cooling regimens16. In the late 19th century, this concept was 
formally commercialized in Germany, Scandinavia, and North America via the Swartz Method 
(utilizing shallow pans) and the Cooley System (utilizing submerged deep-setting cans), both of 
which mandated the submergence of the milk vessels into flowing spring water or harvested 
ice-water baths4. 
By rapidly crashing the milk temperature down from 37°C to the optimal 4°C to 7°C window, the 
processor forcefully engaged massive IgM flocculation, allowing the bulk of the cream to 
separate and solidify at the surface within 12 to 24 hours16. After this requisite resting period, a 
specialized, perforated skimmer tool was utilized to manually lift and remove the dense, 
agglomerated lipid layer from the aqueous skim milk below4. 
Organoleptic and Structural Variants: The Devonshire Protocol 
While traditional pan separation relied heavily on cold ambient environments to trigger 
cryoagglutination, a distinctly different regional variation evolved in the United Kingdom, 
specifically in the counties of Devonshire and Cornwall, resulting in the production of highly 
prized clotted cream81. 
The physics and thermal chemistry of the Devonshire protocol deviate significantly from 
standard Swartz-style gravity separation. Instead of cold setting, full-cream cow's milk is 
placed in traditional shallow pans and subjected to indirect, sustained heating81. The pans are 
floated over a bain-marie (water bath) or placed upon a steam grate, and the milk is slowly 
brought to a high scalding temperature, specifically avoiding allowing the fluid matrix to 



achieve a rolling boil83. 
This deliberate application of high heat drastically alters the fluid dynamics and protein 
chemistry of the milk. The extreme elevation in temperature sharply reduces the dynamic 

viscosity of the plasma to roughly , increasing the un-agglutinated terminal 
velocity of the fat globules according to Stokes' Law, even while completely destroying the IgM 
cryoagglutination mechanism2. 
Simultaneously, the sustained heat denatures the primary whey proteins dissolved in the 

plasma, particularly -lactoglobulin69. As these specific whey proteins denature, they unfold 
and chemically co-precipitate with the rising fat droplets and casein micelles, creating a dense, 
highly stable, interwoven matrix at the fluid surface81. The pans are subsequently transferred to 
a cold environment to cool slowly over many hours, permanently solidifying this complex matrix 
into a thick, buttery, and characteristically nutty crust81. Unlike raw, cold-separated cream, 
which relies purely on intact fat globule clustering, Devonshire cream is a structurally modified 
composite of cooked fat, denatured whey proteins, and casein, yielding a fundamentally 
different rheological and sensory profile87. 

Distribution Kinetics, Phase Fractionation, and 
Skimming Efficiency 
Skimming Inefficiency and Residual Lipid Fractions 
The rapid, global transition from gravity separation to centrifugal separation in the modern 
dairy era was driven almost entirely by the comparative skimming efficiency of the two 
methods88. Efficiency in commercial cream separation is strictly inversely proportional to the 
amount of residual fat left behind in the skim milk matrix91. 
Gravity separation acts as a slow, natural particle size fractionator. Because the upward 
velocity is dictated by the square of the globule radius, the largest, most buoyant fat globules (

) rapidly migrate to the surface6. Consequently, the top layer (the harvested cream) 
is heavily concentrated with large-diameter globules, exhibiting a unimodal size distribution 
skewed heavily toward the upper geometric limits27. 

However, the smallest fat globules—those measuring less than  in diameter—possess 
such a minute radius that their intrinsic buoyant force is nearly negligible86. Furthermore, these 
micro-globules possess too small of a surface area to effectively participate in massive IgM 
agglutination networks, allowing them to remain permanently suspended in the bottom 
fraction due to the overriding force of random Brownian motion3. 
As a direct result of these physics, even under optimal cold-setting conditions utilizing ice 
baths for 24 to 48 hours, gravity separation invariably leaves a highly significant residual fat 
content in the skim milk, typically measuring between 0.1% and 0.5% (or higher, depending on 
the breed and initial globule size distribution of the herd)89. In traditional, PDO-protected 
cheese-making processes that still legally mandate gravity separation, such as the production 



of Grana Padano and Parmigiano-Reggiano, this residual fat is not considered a loss, but rather 
an acceptable and strictly necessary compositional component of the raw material98. 
In stark contrast, a continuously operating mechanical centrifugal separator bypasses the 
limitations of Brownian motion entirely. The extreme application of centripetal force 
overwhelmingly supersedes the small radius of the micro-globules, driving almost the entirety 
of the lipid content toward the rotational axis with extreme prejudice100. A well-calibrated, 
modern centrifugal separator will leave only 0.01% to 0.07% residual fat in the skimmed milk, 
recovering nearly 100% of the available commercial butterfat24. 

Separation 
Methodology 

Primary Motive 
Force 

Required 
Processing Time 

Typical Residual 
Fat in Skim Milk 

Traditional Shallow 
Pan 

Standard Gravity (

) + IgM 
Agglutination 

12 to 48 hours 0.10% – 0.50%+ 

Centrifugal 
Separator 

Centripetal 
Acceleration (

) 

Continuous Flow / 
Minutes 

0.01% – 0.07% 

Table 4: Empirical comparison of skimming efficiency and operational parameters between 
traditional gravity setting and continuous centrifugal separation. 
[cite: 16, 24, 73, 88, 89, 95, 100] 
Fractional Sorting of Specific Fatty Acids 
Because gravity separation partitions the milk strictly based on globule size, it inherently alters 
the biochemical profile of the resulting fractions. Smaller fat globules possess a much higher 
surface-area-to-volume ratio than large globules. Because the MFGM contains high 
concentrations of polar lipids, and because certain fatty acids are preferentially located within 
or near the membrane, the segregation of small globules into the bottom skim fraction alters 
the lipidomics of the system69. 
Extensive gas chromatography analysis of gravity-separated fractions demonstrates that the 
bottom fraction (the skim milk) retains disproportionately higher concentrations of highly 
desirable, bioactive polyunsaturated fatty acids47. Specifically, the micro-globules left behind in 
gravity-separated skim milk exhibit significantly elevated levels of oleic acid, linolenic acid, 
arachidonic acid, and Conjugated Linoleic Acid (CLA) compared to the macroscopic globules 
harvested in the top cream47. The preservation of these specific fatty acids within the skim milk 
fraction contributes heavily to the unique nutritional and ripening profiles of raw-milk cheeses 
produced via traditional gravity methods. 



Microbiological Vulnerabilities and Somatic Cell 
Co-Creaming 
While the physical chemistry of the shallow pan method successfully isolates the lipid fraction 
while perfectly preserving the delicate MFGM, the prolonged 12 to 48-hour setting time 
required introduces severe, highly complex microbiological vulnerabilities. The raw milk matrix 
is a nutrient-dense, highly hospitable biological medium, and its microbiological profile 
undergoes dynamic, threatening shifts over the course of the gravity separation period78. The 
microbiological outcome of the final cream is inextricably linked to the initial baseline somatic 
and hygienic quality of the herd, deeply rooted in the transition nutrition and obstetrical 
management of the dairy cow prior to milking. 
The Co-creaming Phenomenon: Somatic Cells and Bacterial Flora 
As the massive, IgM-mediated fat clusters rise slowly through the milk plasma, they do not 
travel through an empty void; they act as a massive, biological filtration net, mechanically 
sweeping up suspended biological particulates in the fluid. Advanced research into the 
gravitational separation of raw milk reveals a high degree of co-creaming, a phenomenon 
where indigenous bacteria, bacterial spores, and somatic cells (predominantly leukocytes, 
neutrophils, and shed epithelial cells from the udder) become physically entangled within or 
directly agglutinate to the rising fat droplets20. 
Microbiological and cytological observations confirm that up to 50% to 80% of the total 
baseline bacterial load and somatic cell count is physically relocated from the bulk plasma into 
the top cream fraction during the gravity separation process105. While this mechanism acts as a 
rudimentary clarifier for the resulting skim milk—effectively reducing its somatic cell and 
bacterial count, rendering it superior for certain cheese-making applications—it concurrently 
concentrates extreme, potentially hazardous microbiological loads directly into the cream99. 
In modern centrifugal systems, this physical reality is managed efficiently by the extreme 
centripetal forces. Centrifuges push the denser biological particles (like heavy somatic cells, 
spores, and dirt) outward to the extreme periphery of the bowl wall, discharging them as dense 
"separator sludge," effectively clarifying both the cream and the skim milk simultaneously1. In 
historical gravity systems, however, this dense bacterial and somatic load remains inextricably 
trapped within the harvested cream, severely limiting its shelf life and complicating 
downstream processing into butter. 
Psychrotrophic Spoilage and Thermostable Lipolytic Degradation 
The absolute reliance on cold temperatures (4°C to 7°C) to optimize Swartz-method separation 
creates a highly selective microbiological environment within the shallow pan16. While rapid 
chilling effectively arrests the proliferation of standard mesophilic lactic acid bacteria (such as 
Lactococcus species, which would otherwise rapidly sour the milk), it actively and dangerously 
selects for psychrotrophic (cold-thriving) microorganisms103. 
If raw milk is allowed to stand in a shallow pan for 24 to 48 hours, psychrotrophic 
bacteria—predominantly gram-negative rods from the environmental genera Pseudomonas 
(especially P. fluorescens) and Acinetobacter, alongside potentially pathogenic strains like 



Yersinia enterocolitica—will undergo rapid, exponential growth109. While the vegetative cells of 
these bacteria themselves may ultimately be destroyed by subsequent thermal pasteurization 
or cooking, their prolific metabolic byproducts represent a catastrophic threat to dairy 
quality64. 
During their extended cold-incubation period in the setting pan, psychrotrophic bacteria 
synthesize and excrete massive volumes of extracellular lipases and proteases into the 
plasma64. Unlike native, endogenous milk lipase (LPL), these psychrotrophic enzymes are 
uniquely and severely thermo-stable; they easily survive standard commercial pasteurization 
parameters that destroy the bacteria that produced them64. Once the cream is harvested, 
these highly resilient, residual enzymes immediately begin to hydrolyze the ester bonds of the 
triglycerides, releasing short-chain free fatty acids (such as butyric, caproic, and caprylic acid) 
that impart highly objectionable rancid, soapy, and bitter organoleptic defects to the final 
cream or churned butter64. 
Therefore, the successful execution of traditional gravity separation requires significantly more 
than just precise thermal management to induce cryoagglutination. It demands an 
uncompromising, absolute standard of pre-harvest veterinary hygiene and strict sanitary 
milking protocols to minimize the initial environmental psychrotrophic inoculation of the raw 
milk before it ever enters the setting pan113. 

Conclusion 
The traditional extraction of cream via gravity separation in cold, shallow pans represents a 
profound, highly nuanced intersection of fluid mechanics, protein biochemistry, and applied 
thermodynamics. While the fundamental upward trajectory of the milk fat globule is dictated 
entirely by the precise density differentials and plasma viscosity matrices outlined 
mathematically in Stokes' Law, purely physical models inherently fail to account for the 
astonishing speed of separation achieved in historical dairy practices. The methodology 
functions efficiently only because it brilliantly exploits the biological mechanism of 
cryoagglutination. By rapidly chilling the milk to 4°C, 19th-century dairy processors utilizing the 
Swartz and Cooley methods inadvertently activated native Immunoglobulin M (IgM), which 
binds aggressively to the poly-IgG receptors on the Milk Fat Globule Membrane (MFGM), 
flocculating individual microscopic droplets into massive, buoyant clusters that easily overcome 
the viscous drag of the cold plasma. 
The engineered geometry of the shallow pan minimized the required transit distance, 
maximizing yield over a 24-hour setting period. Although high-speed centrifugal separation has 
entirely superseded this methodology in industrial applications due to its unparalleled ability to 
recover fat down to 0.01% residual levels, the intense hydrodynamic shear forces of modern 
processing cause severe, irreversible structural damage to the MFGM, forcefully stripping vital 
glycoproteins like butyrophilin and xanthine oxidase from the lipid interface. Gravity separation, 
by contrast, relies entirely on quiescent buoyant forces, perfectly preserving the complex 
trilayered architecture of the fat globule and fractionally preserving highly desirable 
polyunsaturated fatty acids in the skim milk. 
However, this gentle, prolonged cold-setting methodology inherently concentrates somatic 



cells and exposes the nutrient-dense matrix to the severe, highly destructive threat of 
psychrotrophic bacterial spoilage and thermostable lipolysis. Thus, traditional gravity 
separation remains a chemically superior but microbiologically vulnerable process, requiring 
exacting environmental control, exhaustive understanding of emulsion rheology, and 
exceptional raw milk hygiene to execute successfully. 
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