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Preface

The journey began in 1948 during my student days at the Bengal Tanning Institute, Calcutta (now known as The College of Leather Technology), under the guidance of the late Prof. B. M. Das, a pioneer in leather science and technology in India. As a student of Prof. Das—a remarkable combination of Henry Richardson Procter and John Arthur Wilson— i was inspired to compile this work, reflecting over six decades of progress in leather science and manufacturing technology.

An extended stay in Europe while working for leather manufacturing firms in England and Ireland provided me with the opportunity to connect with esteemed professionals in the field. These included Dr. Henry Phillips, former Director of the British Leather Manufacturers Association (1952-54); the late Mr. R. Denyer of Yorkshire Chemicals, Leeds; the late Mr. W.D. Earnshaw of Earnshaw Finishes, Northallerton, England; the late Mr. E. Crack, Chairman of C.F. Stead, Leeds, recognized as one of the most outstanding chrome tanners of his time; and the late Mr. G. Dickinson, Managing Director of Ballybay Tanners Ltd, Ballybay, Ireland.

Membership in the Society of Leather Technologists and Chemists (SLTC), UK, since 1954 has played a significant role in shaping my professional journey. Another pivotal experience was participation in the Centenary Congress of the International

Union of Leather Technologists and Chemists (IULTC) at the Elizabeth Centre, London, in 1997 as an SLTC delegate. There, i had the privilege of meeting the late Prof. Dr. E. Heidermann of Germany, whose insights on chrome tanning, presented during the “Heidermann Lecture,” built upon the valuable scientific contributions of the late Prof. Gustavson.

Lastly, I must express deep appreciation and gratitude to my sons Robin Das Gupta and Shekhar Das Gupta for their dedicated efforts in computer printing and graphics for this manual, with special thanks to both.

Additionally, my heartfelt acknowledgment is extended to Mr. Victor Chu of Universal Leather Agency, Kolkata, for providing photographs of various machines featured in this book.


Chapter 1

Introduction

Why Leather?

An astounding quality of leather is its ability to ‘breathe’ by a two-fold process that hinges on both a high permeability to water vapor and a high capacity to absorb it. Leather is said to age gracefully. It possesses a unique fibrous structure with a three-dimensional weave pattern that holds stationary air trapped, thus leather works as a poor thermal conductor. This keeps our feet as well as our body comfortably cool in summer and warm in winter. It is resistant to ripping at the stitches and very small holes can be made without the thread tearing the material. Another property is its ability to retain even complicated shapes despite being formed from a flat material. The ability to assume and retain an intricate shape has nothing to do with durability. This is hard to simulate in a synthetic substitute without getting wrinkles in the material. These overall qualities of leather will dominate commercial demands as long as leather fulfills the requirements of modern consumers and fashion oriented leather based industries.

In the preface to the first edition (1940) of Modern Practice in Leather Manufacture, John Arthur Wilson wrote, “There is no reliable single source of information available to which one can turn to learn all the details of operation involved in making each of the many different types of leather and the fundamental principles underlying each operation, although the demand for such a source of information is tremendous. This is not surprising when one considers that the raw materials used by the tanners are among the most complex known to science and that many of the chemical reactions occurring in the making of leather still baffle the minds of the best chemists of our time.”

This takes us back to seventy odd years or so. We have come a long way since the book was first published. There has been a vast increase in the available knowledge about the fundamental science and technology related to leather manufacturing. However, new information continuously becomes available as leather is a complex material. One of the main problems that is encountered is the variables in the raw material, animal hides and skins, which is to be converted into leather of certain uniformities such as thickness, approved physical and chemical properties. Over and above, the lack of information about current statistics regarding livestock production in India is a major barrier, along with lack of information about variables such as source, type, regional influences on availability etc. This makes it difficult to work out a strategy for domestic as well as international marketing.

In his Cantor Lectures (1954) at the Royal Society of Arts, Dr. Henry Phillips, the then director of the British Leather Manufacturers Research Association, observed, “The leather technologist, with other fiber technologists is in a very similar position. He surveys the evidence produced by the scientist and finds that somehow it does not tell him all he wants to know. He then finds that, whilst the scientist has told him of the regular or the highly organized parts of his material and products, he has not told him of the irregular or disordered parts, to which his products owe their distinctive character. In fact we could say that the art of leather making is concerned with the control of variations and irregularity.”

Hides and Skins

Raw Materials for Leather Industry

The flexible continuous coverings of animal body are hides and skins. The coverings of large animals are called hides and those of small animals are skins. Hides are larger in size, thicker in substance, and heavier in weight than skins. An intermediate category known as kip is distinguished in cattle hides. A kip is the untanned hide of immature cattle. It is smaller, lighter, and thinner than a hide but larger, heavier, and thicker than a calfskin. In the international hide trade, kip is defined as cattle hide that weighs between 15 lbs. and 25 lbs. in its green condition. As most of the Indian cattle hides obtained from mature cattle fall within this weight range, they are called East Indian Kips in the international hide trade. In India, light buffalo hides weigh between 14 and 18 lbs., known as kattas in fresh condition, and those weighing between 7 and 14 lbs. are called katais.

Generally, hides and skins of domestic livestock such as cattle, buffalo, goat, and sheep are used in the tanning industry. This is because the supply of these hides and skins is regularly available in commercial quantities. These animals are reared for milk, meat, and draft purposes. Their hides and skins produce the different types of leather that are in general demand. Cattle, sheep, and goat are slaughtered for meat in most countries. Hides and skins are obtained as a by-product of the meat and dairy industry. But this is not quite the case in India where a large section of the population does not eat beef. In India, the bulk of cattle are allowed to linger till they die of old age or disease. However, since some part of the population does eat beef, a percentage of cattle hides are derived from slaughtered cattle. This is about 25% of the entire production of cattle hides in India. The flesh of sheep and goat, however, is mostly eaten and consequently, these animals are practically slaughtered and the available goat and sheepskins are usually from slaughtered animals. Hence, the major types of hides and skins used by the tanning industry are cattle hides, buffalo hides, goat and sheepskins. In India, there is a limited supply of reptile skins like skins of lizards, pythons, snakes and crocodiles that are usually exported in crust or finished condition to Europe and America. In other parts of the world, horsehides, pigskins, skins of kangaroo and wallaby skins are available. Horse hides and pigskins are tanned in America, whereas kangaroo and wallaby skins are produced in Australia and exported to America where they are tanned. In some countries, for instance in Japan, sharkskin is also available. They are also tanned into leather to make shoes and leather goods. Another aquatic animal’s skin, namely seal skins, are also tanned in England to make fine leather for luxury purses and book binding leather. Dog skins are reported to be tanned in China to make gloves.

The hides and skins of cows, buffalos, goats, and sheep are mainly used by the leather industry. These are often sourced from remote villages as well as slaughter houses in bigger towns and cities including the “fallen ones”. The latter category predominates primarily in the underdeveloped countries of the world.

Actually, the origins of these raw materials first appeared as a by-product, available since ancient times, when our ancestors struggled to survive. They were used as protective coverings etc. by giving some sort of stability against putrefaction. Those were the days when the so-called firm approach to ‘tanning’ was discovered by using vegetable tannin that is present in the leaves of trees. This led to our first definition of tanning as the process of transforming animal skin to leather so it becomes resistant to biochemical degradation. Since the discovery and practice of chrome tanning over a hundred years ago, this definition has been elaborated to include stability against putrefaction, resistance to chemical attacks, and thermal stability such as shrinkage temperature. Collagen, the basic leather forming protein of hides and skins, is said to have a shrinkage temperature of 55-60°C, which by the practice of chrome tanning irreversibly achieves a hydrothermal stability over 100°C.

The Layer-wise Histological Composition of Mammal Hides

The histological construction of skin was one of the earliest research topics for leather scientists. Microscopy, along with a special staining technique, led to the recognition of special hide structures and the abnormal and normal behavior in leather processing. The hide is composed of three major layers or parts, from the outside to the inside, as shown in the following cross-sectional view given below:


1. Epidermis

2. Dermis

3. Hypodermis (subcutaneous tissue)




1. Epidermis - The epidermis is a thin layer on the surface of the hide that extends in certain places deeply, and into the dermis, to form bulbs or hair follicles (hair root). The outermost layer of the epidermis, comprised of horny cells, gives it a homogeneous appearance.

2. Dermis - The Dermis constitutes the major part of the hide, which alone contributes to leather formation while the two other layers are eliminated. It has the extraordinary fibrous composition of three-dimensional weave pattern. The dermis is divided in two zones, The first between the epidermis and hair root composed of a fine mesh of tightly packed thin fibres. This is the grain layer of dermis, which ultimately becomes the grain side of the leather. The second zone of the dermis lies just below the grain zone. The junction between the two zones is a very vital for the leather technologist, to be handled very carefully to get a tight grain finished leather, where the first zone is referred to as Corium Minor and the second zone is known as Corium Major or simply Corium. It is composed of inter weaving bundles of larger, thicker, loose fibres and extends to the subcuteneous tissue.

3. Hypodermis - The subcutaneous tissue is the lowermost layer of the animal’s skin. It is composed of loose interwoven long fibers that are almost horizontal. It is also known as the adipose layer because of the presence of fatty matters or fat cells.



The grain part of the epidermis contains sebaceous or fat glands. These secrete sebum into the outer cover of the hairs and the sudoriferous or sweat glands near the surface of the skin. Besides, there are arrector pili muscles. These cause the hair to stand up involuntarily and also exert pressure on the fat glands for lubrication of the skin. The entire grain layer is known as the thermostatic layer and is responsible for controlling body temperature.

A deeper examination reveals the presence of another sort of fiber known as yellow or elastic fibers. These are situated in the grain layer of the dermis and subcutaneous tissue. These fibers are thin and generally eliminated during the pre-tanning process.
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Figure 1 Histological_Crosssection

All the components of the skin are proteins of different compositions and character. The epidermis and hair are composed of keratin (protein) whilst the dermis is made of protein collagen.

In the process of leather making, prior to tanning, the epidermal structure along with hair and non-fibrous proteins are eliminated along with the non-leather forming subcutaneous tissue. This is done mechanically so that collagen, the leather forming protein, can be stabilized against microorganisms during the tanning processes.
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Figure 2 Chemical Constitution of Hide

General Summary of Chemical Constitution of hides and skins

60-70%   Water

2-10%    Fat

20-30%   Protein, 50% of which non-collagenous

Raw hide (disregarding hair) holds 1/2 to 3/5th of water on its weight. When leather is made, the water content becomes 1/5th of its original weight.

Curing (Preservation of Hides & Skins)

The very act of sourcing raw material starts with the separation of hides and skins from the carcasses. It is done manually (by knives) or mechanically (pulling off). This operation, known as “flaying”, requires a very skilled approach.

The hides and skins are prone to bacterial attack after they are detached from the body of the animal. They must be preserved temporarily before being transported to the tannery for tanning to get a permanent character “leather”. The process is called “curing”.

Hides and skins from livestock are the raw materials for the leather industry. Collagen, present in the hides and skins in association with various globular proteins, viz., albumin, globulin, mucoids and fibrous proteins such as elastin, keratin and reticulin, is the major fibrous protein that is converted into leather. The hide or skin, once flayed or separated from the animal’s body, has cells that are deprived of oxygen supply and nutrients. In this state, it is susceptible to attack by bacteria that are responsible for the decomposition of untanned proteins in raw hides during the soaking operation, while fungi thrive on leathers containing carbohydrates, fats, and proteins. These microorganisms are characterized by their proteolytic and lipolytic activities. Biochemical and physiological characterization identify them as gram-positive rods and cocci. Qualitative assessment of the degradation of collagen fibers leading to skin damage suggested that gram-positive organisms with proteolytic activity are mainly involved in putrefaction of hides and skins.

The purpose of curing is to temporarily preserve the hides and skins through partial dehydration from the time they are detached from the animal till they reach the tannery for further processing. Two important factors need to be addressed in order to ensure preservation so that hide or skin is protected against bacterial decay and autolysis (breakdown of tissue by enzymes present in the animal’s own cells). The hide is a very good food supply source for bacteria, both aerobic (survive and grow only in the presence of oxygen) and anaerobic (already present in the animal). Bactericides are sometimes used to kill bacteria in the process of curing.

Freshly detached hide is called “green hide”. It has a high water content (around 75%) and is prone to bacterial putrefaction that eventually leads to destruction. The hides must be treated to ensure temporary preservation since there are various difficulties associated with immediate delivery to tanneries.

The main purpose of curing is to dehydrate the hides to a level where the development of microbiological activity is prevented till it reaches its stability through tanning.

There are four ways to cure hides to ensure preservation:


1. Salting (wet salting)

2. Drying

3. Dry salting (salting and drying)

4. Pickling



1. Curing by Wet Salting:

The green hides are thoroughly washed to get rid of dirt, blood etc. and piled flat fleshed side up, one over the other to drain excessive water. Next, common salt is strewn on the flesh side and well rubbed into the hide. Then, they are folded along the backbone line (belly to belly, flesh side up). The hides are piled one over the other to dehydrate and drain for 2 to 3 weeks. Wet salting by “brining” is widely used in South America, specially Argentina. This is done by dripping hides in a saturated solution of salt (brine), and consequently handled or agitated for 6-7 hours. The brined hides are piled to drain off excess brine solution. This process of curing is known as the “frigerified” method of curing.

2. Curing by drying:

This is the earliest known method of curing in tropical countries due to the scarcity of salt and transportation difficulties. The hides are exposed to mild sun by stretching the flesh side out on a frame. These are known as frame dried hides or formas (in India). The other method is to spread the hides flat, flesh side up, and dry them in the sun. These are known as “crumpled hides”. In the drying method of curing, the water evaporates and leaves a moisture content of less than 20%. Drying is generally carried out over one or two days at a temperature lower than 40°C. Over-drying of the surface very quickly may lead to putrefaction of the inner wet structure. If the drying is too slow the hides stay wet for too long and putrefaction may begin.

3. Curing by dry salting:

This method of curing is carried out in areas where availability of salt is not a problem but where ready transport does not exist. In this process, hides and skins are first treated with salt and then dried. In India, khari salt is preferred to common salt. The latter contains MgCl2 and is therefore, hygroscopic. The hides cured with common salt and then dried absorb moisture from the air. However, they become wet when stored and this can lead to putrefaction. The chief curing material in khari salt is sodium sulphate (Na2SO4). Chalk is sometimes applied with the last coat application of khari salt and allowed to dry. This gives a white appearance to the flesh side. This is a popular method of curing goat skins in India. Khari salt does not usually contain MgCl2. The presence of Na2SO4 prevents the cured hides from absorbing moisture from the air.

4. Curing by pickling:

Microorganisms cannot survive in a condition where the pH level is 2 or below. This process of curing is mainly used for transporting sheepskins across continents. It consists of treating the pelt with strong sulfuric acid and sodium chloride. Pickling acidifies and dehydrates the skins, which preserves the pelt.

Defects of Hides and skins

Unlike the developed Western countries, very few hides and skins in developing and underdeveloped countries are perfect in quality and entirely free from defects. The defects occur both when the animals are alive, as well as after the animals’ death. Some defects are commonly found in hides and skins, while others are found in certain types of hides and skins but not on others.

The raw materials of the leather industry do not have an identical structure. They may appear to show considerable differences due to a number of factors. The influencing factors include the race of the animal as well as conditions and regions of breeding. They determine the structure of hides and skins and ultimately the end product—leather


1. Defects existing on live animals: The animal’s hide faces attacks when they are alive and this decreases its value.

a. External defects by parasites

ticks are small depressions made by parasitic bites on the grain surface of hides and skins.

These parasites, known as “cattle ticks”, attach themselves to the body of the animal and live by sucking blood. In this process, tiny wounds are affected on the hide that eventually heal and form minute pits or depressions on the hides. The latter becomes thinner and weaker where the depressions are formed. Melophagus Ovinus gives the leather the defect known as “cockle”. They are several centimeters wide, run parallel to each other, and perpendicular to the backbone. This causes the surface of the leather to roughen and shrink.

b. Internal parasites

The most important amongst bovine animals is hypoderma bovis or hypoderma lineatum, more commonly known as the “warble fly”, which causes warble hides on both sides of the spinal line. The parasite develops under the hide and in its final stage pierces a hole in the hide from the interior to the surface, and ultimately escapes as the fly. The holes are 3 to 4 cm in diameter and always in the central parts of the hide causing great value depreciation.

c. Barbed wire, thorn and horn scratches

The hides of animals often get scratched when they come into contact with barbed wire fencing. Wild animals often get scratches on their hides as a result of being pierced by thorns. Horn scratches appear on the hide due to infighting.

2. The following defects are noticed when the hides and skins arrive in the tannery (after death):

a. Flay cuts and holes: These arise during flaying or skinning. They are caused by incorrect ripping to open the hide before detachment from the body. In order to separate the hide from the carcass, butchers still use a knife and this results in cuts and holes in the hide.

b. Poor substance: “Substance” implies the thickness and toughness of fibers, along with closeness of the hide’s texture. A hide with tight dermic tissue is round, firm, and loose when the dermic tissue is weak and flabby. A good substance shows when the central part of hide is thicker than its surrounding and flat when its thickness is uniform.

c. Sore marks: Sores are common to cattle. Sores leave marks even after they have healed and are visible when the hides are tanned to leather.

d. Rub marks: They are known as “Roger”. These are abrasions found on the back portion of the animals where the hide touches the ground when they lie down. These also occur after the death of the animal such as when the carcass of the dead body is dragged on the hard floor.

e. Brand marks: Brand marks identify cattle ownership. These are made by applying a red-hot iron on the animal’s hide. The brand spoils the hide. The amount of damage depends upon the size of the brand and the place where the brand is applied. It is believed that branded cattle are immune from certain diseases and less liable to be poisoned by poachers. Arsenic is commonly used to poison animals.

f. Growth marks: Older animals which have excessive weight have growth marks on the neck and belly. After the animal has been slaughtered, correct bleeding, washing, and curing must be implemented carefully. Vein marks occur due to insufficient bleeding after slaughter.

g. “Red Heat”: Poor curing results in localized rot setting in and “red heat” damages caused by contaminated salt. Only mineral salts should be used for curing to avoid this bacterial attack.



The Different Parts of Hides

The diagram given below (figure 3) shows the diagrammatical representation of various parts of a hide according to the British Standards Institution Specification for hides and skins (revised 1980).

The shaded areas are generally trimmed off.

Butt - Main part of hide, less thick shoulders, and thin bellies. Two equal parts of bends make the butt.

Side - Half a side cut down the backbone

Back - Side, less bellies

Croupon – Two backs

Actually, the segmentation involves three main and welldefined regions namely:


1. Butt

2. Shoulders

3. Bellies (including shanks and flanks)
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Figure 3 Parts of a hide

Preparation for Tanning, Dressing, and Finishing

Leather manufacture of all kinds of leather comprises three essential stages common to all processes and methods, viz.:


a. Preparation for tanning

b. Tanning

c. Dressing and finishing



Preparation for tanning: This consists of the removal of most, if not all, of those structures and substances in the skin that do not form leather. The non-leather forming layers are removed in the pre-tanning processes such as soaking, liming, bating etc. Epidermis is a protective upper layer containing hairs etc. Hypodermis is a really small amount of fat and flesh left by the butcher when the skin is flayed. Both these layers are superfluous to the leather forming layer of the skin, the dermis.

Tanning: This is essentially the permeation of the pelt with a material that will prevent its putrefaction without adversely affecting strength and flexibility. Generally, tanning agents are subdivided into three categories – Minerals such as chrome, aluminum, zirconium and iron. Over 90% of leathers are made by chrome tanning. Vegetable barks, woods, leaves, fruits and other vegetable growths (e.g. oak, galls etc.) contain certain astringent principles that are capable of permeating and preserving pelt. These astringent materials are termed “tannins” or vegetable tannins. Their action on pelt is known as “vegetable tanning”.

Other tannings are oil tanning, formaldehyde tanning, and the most popular currently for ex-white tannage, glutaraldehyde.

Dressing and finishing: Heavy and light vegetable leathers are dressed further with additional tanning materials, oiled, fatliquored and curried after levelling the substance. Light leathers of mineral tanned categories are levelled in substance by splitting and shaving on the flesh side, retanned or rechromed, colored or dyed, fatliquored and finished. There are numerous types of finishes to give the final face to the top full, or corrected, grain of the leather. Finishes are comprised, aqueous or non-aqueous, of coloring matter such as pigments and dyes, and binders of proteins or synthetics such as acrylic or polyeurathane base. The former ones are finally fixed with formaldehyde solution and the latter one by cellulose lacquers sprayed to give proper shine, wet, and dryrub fastness.


Chapter 2

Skin Protein

“The Tiny Biological computer in the human body: Protein”, captioned in the Science Monitor by George Johnson mentioned that scientists around the world solved one of the most complex problems in biology with the help of the best computer programs: how a single protein made from a long string of amino acids folds itself into the intricate shape that determines the role it plays in life.

Proteins consist of 20 different kinds of amino acids strung together like little beads. Once the pieces are assembled, the string twists itself into a coil similar to a telephone cord, which then bunches up into a complex tangle. This process has to happen before the protein can get to work in the cell. For the scientists in the context, the challenge was to start with a sequence of amino acids and do what nature does: fold it into final form.

We know that skin is a complex structure that contains a variety of proteins, cellular tissue, polysaccharides, and fat. The principal proteins in hides and skins are collagen, elastin, and keratins. Leather making is mainly concerned with collagen and elastin. Its chemical constitution is dealt under the heading of chemical composition of collagen. The epidermis is mainly composed of keratins, which are found in hair, horns, hooves and nails. The molecular lattice of keratin is strongly reinforced by Sulphur bridges from chain to chain (di-sulphide linkage), resulting in the formation of a mechanically and chemically stable substance. Sulphur bridges are broken up by chemicals with reducing action e.g. by sodium sulphide. The molecular lattices of the keratin lose their coherence, and the epidermis or the hair is destroyed. Cystine, the amino acid of keratins, is reduced into two molecules of another amino acid, cystein, as shown below:

[image: ]

Figure1

The breakdown of disulphide linkages results in the disintegration of the keratin molecule in hair.

The chief fibrous components of skin are collagen and elastin. Between 50% and 80% of the total protein of shaved skin is collagen depending on the species and age of the animal. Collagen, as well as being the major protein constituent of skin, is an essential part of all supporting structures, such as tendons, cartilage, and the protein matrix of bone and teeth. It is also present in connective tissue.

Skin protein can be conveniently categorized into two groups:


1. Non-fibrous proteins – the group that includes the proteins of cellular structures and the inter-fibrillary lymph.

a. Albumens – soluble in water and present in the cells and the inter-fibrillary lymph.

b. globulins – soluble in salt solution and present in cells, the inter-fibrillary lymph, and muscle fibers.

c. Mucoids – soluble in dilute alkalis and present in the inter-fibrillary lymph.



2. Fibrous protein – the group from which leather is made, such as collagen and elastin.

Chemical composition of animal skin:


• Proteins

• Fats

• Mineral Substances

• Water



The dry substance of the skin contains about:

50% Carbon (c)

25% Oxygen (O)

7% Hydrogen (H)

16% Nitrogen (N)

0-2% Minerals

0.25 – 0.3% Sulphur

Protein and Tannages

Chemical Composition of Collagen – The Principal Protein for Making Leather

Our leather forming material is the fibrous protein, “Collagen”. Protein comes from the Greek word “Protos” which means pre-eminence or of first importance. Proteins are natural polymers. The fibrous protein can be described as a natural polymer in which the long molecules have been more or less oriented by the formation of cross-bonds. Hence, we are left with “collagen” after other types of proteins are eliminated through chemical processes. This is the protein that gives us the actual basis for leather manufacture for commercial purposes. This leads to protein hydrolysis (breakdown of structure) by acids, alkalis, and enzymes that ascertain the ultimate units (or building blocks) of different amino acids. The breakdown of protein by alkalis or acids on prolong heating of gelatin was observed by H.R. Procter (origin of Collagen research, 1891-1925), who noticed the isolation of amino acids such as amino acetic acid (glycine), amido propionic acid (alanine) and amido caproic acid (leucine). However, glycine was the first amino acid to be isolated by Braconat in 1820. The general formula of amino acid is NH2. CHR.COOH differing one another in the nature of R groups. Sometimes, this is one hydrogen atom in glycine (amino acetic acid) but it can be a large bulky group terminating into an amino group (NH2) such as in the case of lysine and arginine, or carboxyl groups (COOH) like aspartic acid and glutarmic acid.

At the time when Procter’s work was being published, Emil Fischer was conducting research on protein hydrolysis. He isolated various amino acids and postulated the basic structure of protein, involving amino acids linked together by a peptide bond (CO-NH) between the carboxyl and amino groups of amino acids (or the imino groups of proline and hydroxyproline).

[image: ]

Figure 2

Peptide bond is the condensation of COOH and NH2 groups of all amino acids except proline and hydroxyproline.

This happened to be the original attempt to find out the structure of protein. Collagen contains a high proportion of amino acids like prolin and hydroxyproline, along with a fair proportion of other amino acids in which the R-group bears either a carboxyl group, an amido group or an amino group as shown below:
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Figure 3

Protein scientists tell us that a protein is made from a string of amino acids arranged like beads along a string. There are twenty different amino acids, which can be arranged in different ways to produce a huge variety of proteins. Extensive research and study on the structure and chemistry of collagen led us to accept the three polypeptide chains’ helical model for collagen.

Naturally, this created interest about the composition of three chains, the nature of the intra-molecular cross-links between them, and between tropocallagen macromolecules (based on research conducted by Professor Grassman’s unit at the Max Plank Institute).

Triple Helix to Collagen Fibers

The triple helical nature of the protein molecule was first determined by X-Ray diffraction of the fibers. The length of the molecule was determined with the help of the electron microscope. New techniques in molecular biology revealed the characterization of the collagen molecule.

Researchers also published their findings on the protein molecule in the following periodical sequences:

1950’s - Triple Helical Structure

1960’s - Alignment of the molecules in the fiber bundles

1970’s - The Chemistry of intermolecular cross-links

1980’s - Diverse biological structure of collagen and its function

The electron microscope, along with different analytical approaches, also made it possible to discover a postulated model of protein molecule. The molecule is composed of three polypeptide chains made of amino acids linked together by peptide bonds, which are twisted together into a screw like formation to form a helix (triple helix).
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Figure 4

Tannage is a process of stabilization against heat and microorganisms that creates a collagen network, an additional grid like interlocking of skin protein, which results in a supple and flexible fiber structure.

Collagen is our principal concern in processing hides and skins into leather. For a while now, we have been acquainted with a molecular model of collagen along with its chemical reactivity. Protein biologists have always been the prime source of information about proteins. Even today, we hear that protein poses a great challenge to the biologists since there is much that still remains undiscovered. At present, our current knowledge is not quite enough! We have known since long that twenty different amino acids can be arranged in different ways to produce a huge variety of proteins. Three polypeptide chains do not exist as long chains in a protein
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