
The Biochemical and Mechanical 
Engineering of Bovine and Swine Leather 
Manufacture: Brain and Bark Tanning for 
High-Stress Applications 
The conversion of putrescible animal hides into highly durable, dimensionally stable leather 
represents one of the oldest and most complex biochemical engineering processes in human 
history, dating back at least 5,000 years to the preservation techniques utilized for the 
garments of Ötzi the Iceman1. While modern industrial tanning operations rely heavily on basic 
chromium sulfate to achieve rapid throughput and high volume, the production of specialized, 
heavy-duty leathers for high-stress mechanical applications—such as blacksmithing aprons, 
industrial power transmission belting, and mechanical strapping—frequently demands the 
unique rheological, thermodynamic, and physical properties imparted by traditional brain 
tanning (aldehyde/lipid) and bark tanning (vegetable) methodologies1. These historical 
processes, governed by intricate organic chemistry, enzymatic hydrolysis, and biophysics, yield 
leathers that possess superior tensile strength, abrasion resistance, and flexibility under 
constant kinetic stress. 
The successful production of these mechanical leathers requires a holistic understanding of 
the entire supply chain and processing sequence, beginning with the biomechanics of 
slaughter and flaying, extending through the rigorous decontamination and degreasing of the 
raw biomatrix, and culminating in the controlled cross-linking of the dermal collagen fibers. This 
report provides an exhaustive analysis of the biochemical mechanisms, thermodynamic 
validations, structural histology, and mechanical engineering principles underlying the 
processing of bovine and swine hides into high-performance leather. 

Histology and Biochemical Composition of the 
Biomatrix 
The fundamental substrate of all leather manufacture is the dermal layer of the animal hide, 
which consists primarily of an interwoven, three-dimensional matrix of Type I collagen. In its 
natural, unprocessed state, a raw hide comprises approximately 65% water, 33% structural 
protein (predominantly collagen, with minor fractions of keratin, elastin, and reticulin), roughly 
2% lipids, and trace minerals5. The water content dominates the raw hide's weight, filling the 
interstitial spaces between the protein fibers to maintain tissue suppleness, but it also rapidly 
drives microbial activity post-mortem if the hide is not immediately cured6. The industrial utility 
of a hide is strictly dictated by its histological architecture, which varies significantly across 
mammalian species. 
Bovine Corium Architecture 
Bovine hides are universally recognized as the global standard for heavy mechanical leathers 



due to their immense structural integrity and physical thickness. The bovine dermis features a 
thick, highly organized corium layer where collagen fibers are arranged in dense, complex, 
interwoven bundles6. This specific structural arrangement grants bovine leather exceptional 
durability, high tensile strength, and favorable elasticity, making it capable of withstanding the 
immense friction and load-bearing requirements of mechanical power transmission7. The 
overall thickness and density of the corium layer naturally increase with the age of the animal. 
Consequently, mature steer or bull hides, which can weigh heavily and possess a corium 
constituting 55% to 65% of the total hide cross-section, are uniquely suited for thick, 
heavy-duty applications like solid leather belting and durable protective aprons7. 
Swine Hide Lipid Infiltration and Follicle Penetration 
In stark contrast, swine hides (commonly referred to as pigskin) present a unique histological 
challenge to the tanner. While bovine hides store the vast majority of their lipid reserves in a 
distinct subcutaneous layer (the hypodermis) that can be easily and mechanically removed via 
standard fleshing operations, swine hides exhibit high levels of lipid infiltration directly into the 
dermal collagen matrix itself6. 
The fat content in pigskin can severely impede the penetration of aqueous chemical tanning 
agents. Furthermore, the fiber architecture of pigskin is generally less aligned and more loosely 
woven than that of bovine hides, and the hair follicles penetrate completely through the entire 
thickness of the dermis, leaving characteristic pores that affect both the aesthetic and the 
ultimate tensile properties of the material6. Consequently, swine hides require aggressive and 
highly specific enzymatic and chemical interventions during the pre-tanning (beamhouse) 
stages to adequately prepare the collagen matrix for stabilization. Despite these processing 
challenges, the porous nature of pigskin, once properly tanned, yields a highly breathable and 
flexible leather that is highly sought after for protective work aprons, heavy linings, and flexible 
strapping where total impermeability is not strictly required. Data derived from gelatin 
extraction industries further highlights these compositional differences, demonstrating that 
pigskin remains a dominant source of collagenous material globally due to its unique structural 
properties10. 
 

Histological Property Bovine Hide (Cattle) Swine Hide (Pigskin) 

Primary Structural Protein Type I Collagen (highly 
aligned, dense bundles) 

Type I Collagen (looser 
weave, less aligned)6 

Lipid Distribution Primarily subcutaneous 
(easily fleshed 
mechanically) 

Deep intra-dermal 
infiltration throughout the 
corium6 

Corium Thickness High (55-65% of total hide 
structure) 

Moderate to Low7 



Follicle Penetration Shallow (restricted to the 
upper grain layer) 

Complete (penetrates 
completely through the 
dermis)6 

Optimal Mechanical 
Application 

Power transmission belts, 
heavy solid strapping 

Breathable work aprons, 
flexible linings9 

Abattoir Interventions and Beamhouse Dynamics 
Before tanning can commence, the raw hide must be separated from the carcass and 
chemically purified. The initial stages of hide procurement and processing are hyper-critical; 
any physical damage, microbial contamination, or biochemical degradation introduced during 
slaughter will permanently compromise the mechanical limits and aesthetic value of the 
finished leather. 
Slaughter Hygiene and Microbial Mitigation 
The extraction of the hide begins on the abattoir floor immediately following humane 
concussive stunning and exsanguination. The external hide of a bovine or swine carcass is 
heavily contaminated with soil, feces, and environmental bacteria, representing the principal 
reservoir for pathogenic microorganisms such as Escherichia coli O157:H7 and Salmonella 
spp.14. To prevent the translocation of these pathogens from the contaminated hide into the 
sterile vascular bed or the underlying tissues during the sticking process, a strict "two-knife 
system" is universally mandated. A primary sterilized knife is used solely to incise the 
contaminated hide, while a secondary, sterile sticking knife severs the brachiocephalic trunk14. 
Furthermore, to prevent the catastrophic rupture of the gastrointestinal tract and the 
subsequent flooding of the carcass and inner hide with highly acidic, bacteria-laden ingesta or 
fecal matter, operators must flawlessly execute the clipping of the weasand (esophagus) and 
the pre-wash bagging of the rectum (bung)14. These sanitary interventions are critical, as 
severe bacterial contamination on the raw hide can initiate the proteolytic degradation of the 
collagen matrix long before the hide ever reaches the tannery. Early pre-skinning interventions, 
such as chemical decontamination using 5.0% acetic acid or 6.0% lactic acid applied directly to 
the pattern lines, alter the surface pH and disrupt the proton motive force of bacterial cell 
membranes, drastically reducing the microbial load14. 
Flaying Kinematics, Fell Preservation, and Spinal Stress 
The primary objective during flaying (skinning) is the successful separation of the hide while 
preserving the "fell"—a thin, resilient membrane of connective tissue situated between the hide 
and the carcass14. An intact fell serves as a natural physical barrier against bacterial penetration 
and vastly improves the structural aesthetic of the raw hide, while preventing inadvertent 
scoring of the corium by sharp knives. 
Modern high-throughput facilities utilize mechanical hide pullers to strip the hide from the 
carcass. The hygienic standard is the Downward Hide Puller (DHP), which utilizes mechanical 
torque to pull the hide from the hindquarters downward over the head, ensuring that any 
dislodged soil, hair, and aerosolized particulate matter fall away from the sterile carcass and 



directly toward the floor14. 
However, DHP systems exert massive, unyielding downward kinetic tension on the animal's 
spinal column, which frequently causes severe separation or fracturing of the vertebrae, known 
industrially as "broken backs"14. To counteract this structural failure, rigid electrical stimulation 
(ES) probes are applied to the carcass to induce violent, tetanic muscle contractions. This 
artificial stimulation forces the massive longissimus dorsi muscles to contract tightly, effectively 
splinting the spinal column against the downward pull of the machine14. 
While necessary for skeletal integrity, electrical stimulation drastically alters the biochemical 
state of the hide. The massive expenditure of adenosine triphosphate (ATP) accelerates 
anaerobic glycolysis, rapidly dropping the post-mortem pH of the tissues14. This accelerated pH 
decline directly influences the initial biochemical state of the hide prior to curing. Additionally, if 
the mechanical hide puller accidentally tears away patches of subcutaneous fat, it leads to 
highly uneven chilling rates, causing localized cold-shortening or heat-shortening conditions 
that can distort the physical properties of the hide, necessitating immediate salt curing to 
arrest further enzymatic or microbial degradation of the collagen matrix14. 

Chemical and Enzymatic Degreasing Protocols 
Following unhairing and liming—processes that utilize calcium hydroxide and sodium sulfide to 
swell the collagen network and hydrolyze non-structural proteins and keratin—the hide must 
be rigorously degreased. This step is particularly critical for swine hides due to their high 
intra-dermal fat content. If these natural lipids are not completely removed, they create a 
hydrophobic barrier within the matrix that prevents aqueous tanning liquors from penetrating 
the collagen fibers, leading to a severe defect known as "case hardening" or "dead tanning," 
where the core of the hide remains raw and putrescible9. 
The Mechanism of Fatty Spew 
Residual lipids left in the hide can undergo hydrolysis over time, leading to secondary chemical 
defects. The natural triglycerides present in the animal hide are composed of a glycerol 
backbone bonded to three fatty acid molecules. In bovine and swine hides, these are 
predominantly palmitic acid (a C16 saturated fatty acid), stearic acid (a C18 saturated fatty 
acid), and oleic acid (a C18 monounsaturated fatty acid)17. 
If these triglycerides are subjected to the acidic conditions of the pickling and tanning 
processes without being properly emulsified and removed, they readily break down into free 
fatty acids (FFAs) and glycerol17. These FFAs are highly mobile and will eventually migrate 
through the stationary solid collagen fibers to the surface of the finished leather. Once 
exposed to ambient air and temperatures below their melting point, these highly saturated 
fatty acids crystallize into a white, mold-like haze known as "fatty spew" or "spue"17. Fatty spew 
not only drastically reduces the commercial viability and aesthetic value of the mechanical 
leather, but the localized concentration of fats also provides a highly viable food source for 
heterotrophic fungi and bacteria, promoting secondary biological deterioration18. 
Multi-Hurdle Lipase and Surfactant Decontamination 
To achieve complete degreasing and prevent the development of fatty spew, modern 



beamhouse operations employ a highly sophisticated combination of acid lipases and 
specialized non-ionic surfactants. 

1.​ Enzymatic Hydrolysis: Standard alkaline degreasing methods often fail to penetrate 
deep into the pigskin dermis. Instead, industrial tanneries deploy acid lipases (often 
derived from Bacillus subtilis cultured from tannery wastewater) that operate optimally at 
a pH below 5.0 and at temperatures between 30°C and 50°C, typical of the pickling 
stage20. These specialized enzymes act as catalysts to specifically target and cleave the 
ester bonds of the intra-dermal triglycerides, breaking them down into monoglycerides, 
diglycerides, glycerol, and free fatty acids9. 

2.​ Surfactant Emulsification: The resulting lipid fragments—which inherently possess 
some minor surface activity of their own—are subsequently emulsified using advanced 
surfactant systems. The most effective degreasing agents comprise two or three 
heterogeneous, isomeric alcohol block polyethers9. These specialized non-ionic 
surfactants possess carefully calibrated Hydrophilic-Lipophilic Balance (HLB) values. The 
distinct HLB numbers allow the surfactants to encapsulate the varying sizes of 
hydrolyzed fats into highly stable microemulsions9. 

3.​ Aqueous Extraction: Once emulsified, the lipid structures are rendered miscible in water 
and can be efficiently washed out of the interstitial cavities of the collagen network 
without leaving anionic residues that could negatively interfere with subsequent tanning 
agents9. 

By utilizing this dual-action biological and chemical approach, the biochemical oxygen demand 
(BOD) and chemical oxygen demand (COD) of the resulting tannery effluent are significantly 
reduced. Because the fats are enzymatically degraded and suspended in targeted 
microemulsions rather than dissolved in harsh volatile organic compounds (VOCs) or solvents 
like toluene or xylene, the environmental impact of the beamhouse operations is vastly 
mitigated20. 

The Thermodynamics of Collagen Stabilization 
The fundamental chemical definition of tanning is the introduction of chemical cross-links into 
the native collagen biomatrix that render the protein non-putrescible, resistant to water 
absorption, and dimensionally stable under intense heat. The success of any tanning 
methodology—whether brain or bark—is strictly quantified by measuring the hydrothermal 

stability of the resulting leather, expressed as the shrinkage temperature ( ). 
Raw, untanned collagen in an aqueous environment will undergo a sudden, irreversible phase 
transition when heated to approximately 58°C to 60°C2. At this critical temperature threshold, 
the weak hydrogen bonds stabilizing the collagen triple helix break, causing the fibrils to 
collapse, denature, and contract to a fraction of their original length (often shrinking up to 
35%)24. Tanning introduces covalent bonds or highly stable, multi-point hydrogen bonds 

between the polypeptide chains, elevating the  significantly. 
Methodologies for Measuring Shrinkage Temperature 



The global industry standard for determining  is formalized under ISO 3380 (IULTCS/IUP 16). 
This traditional method involves suspending a sample of the leather in an aqueous fluid medium 

and slowly raising the temperature while visually observing the sample. The  is recorded at 
the exact moment the technician observes massive and sudden contraction of the fibers26. 
However, visual observation can be subjective. For a highly precise thermodynamic 
understanding of the collagen cross-linking efficiency, researchers and conservation scientists 
employ micro-Differential Scanning Calorimetry (micro-DSC)24. Micro-DSC provides 

quantitative measurement of the specific denaturation enthalpy ( , measured in J/g) and 

the onset temperature ( ) of the endothermic peak associated with the thermal 
unraveling of the collagen fibrils24. 
By analyzing the DSC data, engineers can determine the precise degree of cross-linking. A 

higher  combined with an altered denaturation enthalpy indicates a highly stable, tightly 

cross-linked matrix25. Furthermore, the width at half height ( ) of the DSC endothermic 
peak provides a measure of the molecular thermal stability dispersion; a wider peak indicates 
greater thermal heterogeneity and structural disorder within the collagen populations25. By 
deconvoluting these DSC peaks, researchers can identify distinct structural domains within a 
single piece of leather, categorizing them as "leather-like," "parchment-like," or heavily 
degraded "gelatin-like" states, which is vital for both assessing new tannages and conserving 
historical artifacts24. 

Brain and Smoke Tanning: Lipid Lubrication and 
Aldehydic Cross-linking 
Brain tanning, almost universally performed in conjunction with wood-smoke tanning, is one of 
the oldest known methods of processing hides into leather, with well-preserved examples 
dating back 5,000 years to the chalcolithic garments of Ötzi the Iceman1. Despite its antiquity, 
this method remains highly relevant for producing soft, washable, and exceptionally strong 
leathers suited for protective aprons, lace, and flexible strapping. The process relies on a 
two-part biochemical mechanism: lipid lubrication via natural phospholipids, followed by 
covalent cross-linking via ambient aldehyde compounds present in wood smoke1. 
Phospholipid Emulsions and Fibril Lubrication 
The initial stage involves treating the delimed and bated hide with a high-lipid emulsion. The 
traditional tanning agent is prepared by cooking and emulsifying brain tissue—which is naturally 
exceptionally rich in fatty acids and phospholipids, specifically phosphatidylcholine (lecithin)—in 
warm water1. Alternative modern formulations achieving the exact same chemical outcome 
utilize egg yolks (which contain approximately 10% lecithin) or a blended emulsion of liquid 
lecithin and neatsfoot oil2. 
Lecithin is a highly effective amphiphilic molecule. When introduced to the aqueous 



environment of the wet hide, the lipid tail of the lecithin molecule polarizes away from the 
water, while the hydrophilic phosphate and choline head groups are strongly attracted to it1. 
This bipolarity naturally stabilizes the emulsion, allowing it to penetrate deeply into the 
interfibrillar spaces of the corium. 
When the raw hide is completely saturated with this brain emulsion and allowed to rest 
overnight (a process known as "braining"), the lecithin molecules coat the individual collagen 
fibers5. This bio-phosphorylation provides vital, permanent lubrication to the protein structure, 
physically preventing the collagen fibers from adhering to one another via hydrogen bonding 
as the water evaporates during the drying and mechanical stretching phase1. The hydrophilic 
hydroxyl and phosphate groups of the lecithin also interact strongly with the collagen matrix, 
promoting a high degree of ductility and yielding a leather with remarkable tensile strength1. 
Fourier Transform Infrared (FTIR) spectroscopy of lecithin-treated biomaterials clearly shows 
the integration of phosphate and methylene groups into the matrix1. 
Furthermore, recent biomaterial research utilizing microbial nanocellulose (MC) as a proxy for 
collagen has demonstrated that this lecithin treatment directs the combustion pathway of the 
material towards the formation of a foaming char rather than highly flammable levoglucosan31. 
This imparts extraordinary, natural flame-retardant properties to the leather, ensuring it does 
not ignite but rather deflects high-temperature flames—a crucial feature for blacksmithing, 
welding, and foundry aprons31. 
Aldehyde Cross-linking via Wood Smoke 
While the brain emulsion provides unparalleled lubrication and flexibility, the actual chemical 

stabilization (the true tanning that raises the ) occurs during the subsequent smoking 
phase. Hardwood smoke contains a highly complex mixture of organic compounds, most 
notably natural aldehydes such as formaldehyde and glutaraldehyde1. 
When the lubricated hide is exposed to dense wood smoke, a rapid chemical reaction occurs. 

The aldehyde carbon undergoes a nucleophilic attack by the uncharged epsilon-amino (
-amino) groups of the lysine and hydroxylysine residues that extend outward from the collagen 
polypeptide chains1. In the slightly aqueous environment of the hide, monomeric formaldehyde 

(existing primarily as methylene hydrate, ) reacts with the primary 
amine to form a highly reactive intermediate imine (a Schiff base) and a molecule of water. 
This imine subsequently reacts with a neighboring amine group on an adjacent collagen 

polypeptide, forming a permanent covalent methylene bridge ( ) that tightly links 
the two chains1. The chemical reaction can be summarized as follows: 

 



 
This irreversible covalent bond completely locks the structure, preventing heterotrophic 
bacteria from digesting the protein, preventing water from excessively swelling the matrix, and 
significantly raising the shrinkage temperature of the leather33. Because these aldehyde 
cross-links are very short and the fibers remain heavily lubricated by the lecithin phospholipids, 
brain-tanned leather exhibits exceptional flexibility and can repeatedly endure extreme 
mechanical flexing and washing without experiencing structural fatigue. 

Bark Tanning: Vegetable Polyphenolic Stabilization 
For heavy mechanical applications requiring immense rigidity, minimal stretch, and extreme 
friction resistance—such as power transmission belts and heavy tool aprons—bark tanning 
(vegetable tanning) remains the unsurpassed and historically dominant methodology3. The 
technique, refined continuously since the Roman era and popularized heavily during the 
Industrial Revolution, utilizes water-soluble polyphenolic compounds known as tannins38. These 
tannins are extracted from the bark, wood, leaves, and gallnuts of various flora, including oak, 
chestnut, hemlock, and mimosa5. 
Vegetable tannins are highly complex macromolecules, typically ranging in molecular weight 
from 500 to 3,000 Daltons36. They achieve collagen stabilization primarily through massive, 
coordinated hydrogen bonding and significant hydrophobic interactions. The abundant 

phenolic hydroxyl ( ) groups of the tannins form strong, multiple hydrogen bonds with 
the oxygen atoms of the peptide linkages along the collagen backbone, as well as with the 
polar side chains of the amino acids41. The sheer volume and physical size of the tannin 
molecules also result in powerful hydrophobic interactions, which displace water from the 
collagen matrix and physically pack the interfibrillar spaces41. This combined bonding and 
"filling" action produces a highly dense, heavy, and solid leather with very low elasticity45. 
Vegetable tannins are broadly classified into two distinct biochemical categories, each yielding 
leather with different aesthetic profiles and mechanical vulnerabilities: 
Hydrolysable Tannins (Pyrogallols) 
Hydrolysable tannins are derived from the esterification of a central polyol carbohydrate core 
(usually D-glucose) with gallic acid (forming gallotannins) or hexahydrodiphenoic acid (forming 
ellagitannins)36. Common botanical sources include chestnut wood, oak galls, tara, and sumac5. 
Because they possess a large number of densely packed alcohol groups, hydrolysable tannins 
form intense, multiple hydrogen bonds with the collagen helix48. Upon heating in an acidic 
aqueous medium, these tannins readily hydrolyze to yield gallic and ellagic acid, and their 
thermal decomposition yields pyrogallol (hence their historical name)38. Leathers tanned 
exclusively with hydrolysable tannins are typically lighter in color (pale yellow or 
greenish-brown) and are highly resistant to photo-oxidation, meaning they do not darken 



significantly when exposed to ultraviolet light due to their natural antioxidant capabilities38. 
Hydrolysable tannins also naturally deposit an insoluble precipitate known as "bloom" (ellagic 
acid) within the leather fibers, which vastly improves the leather's solidity, wear resistance, and 
waterproofing35. However, as their name implies, they are highly susceptible to chemical 
degradation via hydrolysis if exposed to strong acids or bases19. 
Condensed Tannins (Proanthocyanidins) 
Condensed tannins, historically referred to as catechols, are oligomers or polymers of 
flavan-3-ol units (such as catechin, fisetinidin, and robinetinidin) linked via highly stable 
carbon-carbon bonds that cannot be easily cleaved by simple hydrolysis36. Derived from 
materials such as mimosa bark, quebracho wood, and oak bark, condensed tannins are heavily 
favored for heavy leather goods, including saddles, shoe soles, and mechanical belting5. 
Unlike hydrolysable tannins, condensed tannins are capable of forming both strong hydrogen 
bonds and actual covalent bonds with the collagen matrix via a nucleophilic Michael addition, 

leading to a higher overall hydrothermal stability (frequently yielding a  approaching 80°C to 
85°C)43. They build up concentration rapidly in the tanning liquors and produce a deeply 
colored, exceptionally durable material that darkens rapidly upon exposure to light due to 
oxidative cross-linking5. 
To accurately identify the specific tannins present in historical or modern mechanical leathers, 
chemists rely on specific colorimetric tests. The Ferric Test utilizes iron salts to identify 
hydrolysable tannins (forming a blue-black product) versus condensed tannins (forming a 
green-black product)52. The highly specific Acidified Butanol Test induces oxidative cleavage of 
the interflavanoid bonds of condensed tannins, yielding a distinct red anthocyanidin product, 
while the Nitrous Acid Test is used to identify the presence of ellagitannins52. 
 

Tannin 
Classification 

Chemical 
Structure & 
Origin 

Primary 
Bonding 
Mechanism 

Leather 
Properties 

Vulnerability 

Hydrolysable 
(Pyrogallols) 

D-Glucose 
core esterified 
with 
gallic/ellagic 
acid (e.g., 
chestnut, oak 
galls)36 

Multiple 
Hydrogen 
Bonds, 
Hydrophobic 
packing41 

Pale color, 
lightfast, 
deposits 
waterproof 
"bloom"35 

Base/Acid 
Hydrolysis19 

Condensed 
(Proanthocya
nidins) 

Flavan-3-ol 
polymers 
linked by C-C 
bonds (e.g., 

Hydrogen 
bonds + 
Covalent 
bonds (Michael 

Dark 
red/brown 
color, highly 
dense, 

"Red Rot" via 

 acid 
hydrolysis46 



mimosa, 
quebracho, 
oak bark)36 

addition)43 superior 
rigidity46 

Degradation Mechanisms: Red Rot and Conservation 
Chemistry 
Despite their immense mechanical superiority and structural density, leathers tanned with 
condensed tannins possess a severe, well-documented chemical vulnerability to atmospheric 

sulfur dioxide ( ). When exposed to polluted industrial air—common in the historic 

factories where leather belting was heavily utilized—the leather absorbs . This absorbed 

gas undergoes oxidation to sulfur trioxide ( ) and subsequently reacts with ambient 

internal moisture to form highly corrosive sulfuric acid ( ) inside the leather 
structure19. 
This localized generation of sulfuric acid rapidly drives the internal pH of the leather down to 
extremely low levels (frequently pH < 3)19. This highly acidic environment simultaneously 
triggers the hydrolytic cleavage of the peptide bonds within the collagen chains and the 
oxidative breakdown of the condensed tannin polymers themselves19. In the oxidative 
degradation of collagen, positively charged amino acid residues (such as Arginine, 
Hydroxylysine, and Lysine) are transformed into negatively charged residues (such as Aspartic 
acid and Glutamic acid). The shifting ratio of basic to acidic amino acids serves as a direct 
chemical marker of severe oxidative decomposition54. 
The macroscopic result of this combined hydrolysis and oxidation is a catastrophic loss of 
structural cohesion, causing the leather to become brittle and literally disintegrate into an 
orange-red powder—a phenomenon universally known as "red rot"38. Scanning Electron 
Microscopy (SEM) analysis of red-rotted leather reveals a complete unraveling of the fibrillar 
structure, tangling of the fibers, and a massive loss of matrix cohesion, while DSC testing 
shows a dramatic reduction in the shrinkage temperature48. To mitigate this degradation in 
historical artifacts and modern mechanical belting, regular lubrication and environmental 
controls are required. Conservation scientists frequently deploy chemical treatments such as 
aluminium di(isopropoxide) acetoacetate ester chelate (aluminium alkoxide) or oxazolidine II to 
stabilize the pH and physically reinforce the degraded collagen structure53. 

Tannery Process Engineering: Barkometry and the Pit 
System 
The physical execution of bark tanning requires exacting, daily control over the tannin 
concentration in the aqueous liquors to prevent catastrophic processing failures. The 
concentration of tannin is monitored using a specialized hydrometer known as a barkometer, 
which precisely measures the specific gravity of the solution56. Pure water yields a specific 



gravity of 1.000 (0° Barkometer). As tannin and non-tannin solids dissolve into the water, the 
specific gravity rises. A standard starting liquor for delicate or newly introduced hides might 
read between 1.006 and 1.010, indicating a mild, mellow solution58. 
If a raw hide is plunged directly into a highly concentrated, astringent tannin liquor, the large 
tannin molecules will immediately and violently cross-link the extreme outer surfaces of the 
grain and flesh layers. This rapid, localized tanning creates a dense, impermeable barrier that 
physically prevents the remaining tannin molecules from penetrating into the inner corium. This 
phenomenon, known industrially as "case hardening" or "dead tanning," leaves the center of the 
hide completely raw, putrescible, and mechanically useless15. 
To actively prevent case hardening, the hides must be processed through a counter-current 
series of vats, commonly referred to as the pit system (suspenders, handlers, and layaways). 
The raw hides are first suspended in the oldest, weakest, most mellow liquors. These liquors 
have already been exhausted of their larger, more astringent tannin molecules by previous 
batches of hides, leaving only smaller molecules and non-tannins that penetrate the hide slowly 
and evenly16. Over a period of weeks to months, the hides are progressively moved into fresher, 
more concentrated liquors. By the time they reach the final "layaway" pits, where they are 
layered with raw crushed bark and highly concentrated extracts (frequently up to 30% tannin 
concentration), the outer layers of the hide are sufficiently tanned to allow the dense tannins to 
penetrate fully into the core without precipitating prematurely16. 

Currying and Mechanical Optimization for Belting 
Freshly bark-tanned leather, upon emerging from the layaway pits, is highly durable but 
extremely rigid and harsh59. To transform this stiff material into flexible, high-tensile power 
transmission belting or pliable mechanical strapping, it must undergo a process known as 
"currying." Currying is a specialized post-tanning operation that involves the aggressive 
mechanical incorporation of fats, waxes, and oils directly into the dried collagen matrix4. 
The tanned leather is first scoured to remove uncombined surface tannins, slightly dampened, 
and then "stuffed" with a proprietary mixture of lipids. Traditionally, this stuffing compound 
includes beef tallow, cod oil, neatsfoot oil, and degras (a semi-solid emulsion of oxidized oils 
recovered from the chamois tanning process)4. 

1.​ Fibril Lubrication: As the residual water slowly evaporates from the damp leather, 
capillary action draws the liquid oils and melted tallows deep into the interfibrillar spaces 
of the corium. The oils heavily coat the tannin-encrusted collagen fibers, drastically 
reducing internal friction. This lubrication allows the tightly packed fibers to slide past 
one another when the leather is bent, imparting necessary flexibility to a drive belt that 
must rapidly and continuously conform to the circumference of a fast-spinning pulley61. 

2.​ Tensile Alignment: During the currying phase, the leather is subjected to immense 
mechanical tension. The wet, oil-stuffed hides are clamped securely onto a "stretching 
frame" and dried under massive longitudinal strain61. This physical stretching physically 
aligns the collagen fibers parallel to the direction of the applied load and permanently 
eliminates the natural elasticity (permanent stretch) of the hide. If a drive belt is 
manufactured without first removing this permanent stretch, the kinetic forces of the 



machinery will rapidly stretch the belt during operation, causing it to lose tension and slip 
off the pulleys61. 

Engineering Mechanics of Leather Belting 
The application of curried bovine bark-tanned leather in mechanical engineering is governed 
by strict mathematical and physical parameters. Despite the advent of synthetic polymers, flat 
leather belting remains highly valued in specialized milling operations and heritage machinery 
due to its exceptional dynamic coefficient of friction, vibration dampening properties, and 
unparalleled tolerance for slight shaft misalignments67. 
Tensile Strength and ASTM Standards 
The structural integrity of mechanical leather is rigorously verified using standardized physical 
testing protocols. The global benchmark is ASTM D2209 (Standard Test Method for Tensile 
Strength of Leather). This standard dictates the precise testing of specimens measuring 150 
mm in length and 25 mm in width to determine the ultimate breaking force in Megapascals 
(MPa) or N/mm²70. High-quality bovine belting leather typically exhibits a tensile strength 
exceeding 17.0 N/mm² to 20.0 N/mm²13. Correspondingly, ASTM D2211 (Test Method for 
Elongation of Leather) and ASTM D2212 (Test Method for Slit Tear) are utilized to ensure that 
the currying and stretching-frame processes successfully minimized operational stretch while 
maintaining high resistance to tearing74. 
Power Transmission Mathematics 
The primary function of a leather belt is to transmit rotational torque from a driving pulley to a 
driven pulley. The capacity of a flat leather belt to transmit mechanical power is a direct 
function of the belt velocity, the maximum allowable stress of the leather, the angle of contact 
with the pulley, and the coefficient of friction69. 

The total power ( ) transmitted by a flat belt is determined by the difference in tension 

between the tight side ( ) and the slack side ( ) of the belt, multiplied by the belt velocity (

) in meters per second (m/s): 

 

The ultimate limit of  is restricted by the allowable working stress of the curried leather. 
High-grade oak-tanned leather belting possesses an allowable working stress of approximately 

2.0 to 3.45 MPa, with a volumetric mass density ( ) of roughly 970 to 1,000 kg/m³69. 
However, at high operating velocities, the mass of the belt induces a centrifugal force that acts 
radially outward. This force physically pulls the belt away from the face of the pulley, effectively 

reducing the normal force that generates friction. The centrifugal tension ( ) is calculated as: 



 

where  is the mass of the belt per unit length (kg/m). 
To calculate the maximum tension ratio before disastrous slip occurs, mechanical engineers 
utilize Euler’s formula for flat belts, modified to account for this centrifugal force69: 

 
Where: 

●​  is the base of the natural logarithm. 

●​  is the coefficient of friction between the leather belt and the pulley. 

●​  is the angle of wrap (contact angle) on the smaller pulley, expressed in radians69. 

The coefficient of friction ( ) is arguably the most critical variable in this transmission 
equation. The unique advantage of curried leather belting lies in its interaction with cast iron or 
steel pulleys. The naturally fibrous grain surface of the leather, combined with the microscopic 
exudation of the currying tallows and oils during the frictional heat of operation, yields a highly 

favorable, self-renewing dynamic coefficient of friction. For leather operating on cast iron,  
typically ranges between 0.28 and 0.3578. To maintain optimal friction and prevent the leather 
from drying out, cracking, and glazing over, maintenance technicians routinely apply 
specialized "belt dressing"—often a heated mixture of tallow and rosin—to the running 
surfaces80. 
By carefully balancing the allowable tensile stress against the centrifugal forces and optimizing 
the wrap angle, engineers can safely transmit dozens of kilowatts of mechanical energy 
through a single strip of biological tissue, effectively powering heavy industrial machinery69. 

Conclusion 
The transformation of raw bovine and swine hides into high-stress mechanical leather is a 
testament to the sophisticated intersection of biological histology, organic chemistry, and 
mechanical engineering. Success depends entirely upon the precise manipulation of the hide's 
natural biochemistry—beginning with flawless exsanguination and flaying protocols on the 
abattoir floor, followed immediately by aggressive enzymatic degreasing to prevent the 
catastrophic failure of fatty spew, a defect particularly prominent in heavily lipid-infiltrated 
swine hides. 



The ultimate stabilization of the Type I collagen matrix is achieved through two entirely distinct 
chemical pathways. Brain tanning relies on the amphiphilic properties of lecithin to provide 
bio-phosphorylation and extreme ductility, coupled with the irreversible covalent methylene 
bridging of aldehydes derived from wood smoke. This produces a lightweight, incredibly strong 
material ideal for flexible, flame-retardant aprons and strapping. Conversely, bark tanning 
employs the massive hydrogen bonding and hydrophobic packing capabilities of vegetable 
polyphenols. While condensed tannins provide the extreme rigidity and durability required for 
power transmission belting, their susceptibility to acid hydrolysis and red rot demands careful 
environmental monitoring and conservation. Ultimately, through meticulous barkometry, 
controlled counter-current pit progression, and heavy lipid currying on stretching frames, the 
tannery successfully produces a mechanically superior biomaterial capable of sustained power 
transmission, bound forever by the fundamental physics of friction, tension, and applied stress. 
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