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Abstract

The production of leather from animal skins and hides through tanning processes began in the pre-historic ages.
Despite the origination of new leather making techniques such as chrome tanning which is being employed
extensively today, the traditional method of leather production primarily through vegetable tanning is still being
practised mostly in artisanal tanneries in developing nations including Ghana. Artisanal leather making, thus,
contributes beneficially to rural livelihood. Nevertheless, the growth of this sector has been stifled by the lack of
innovative technologies to enhance productivity. This challenge could be partly linked to the knowledge gap on
the scientific principles governing artisanal leather production processes. This study, therefore, elaborates on various
process steps and materials employed in traditional leather making in Ghana and the scientific principles underlying
each of the processes. It also makes a comparison between traditional and modern leather manufacturing
processes and identifies knowledge and technological gaps which would inspire in-depth scientific research into
artisanal leather making.
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1 Introduction
From ancient times, the skins and hides of animals have
played indispensable roles in the sustenance of human
life. They were used extensively in making warm cloth-
ing, shoes and tents. The skins and hides were, however,
observed to rot rapidly particularly in hot regions whilst
in cold regions, they became rather rigid after losing
their flexibility [1]. Since then various tanning mecha-
nisms have been devised in transforming these bio-
degradable skins/hides into leather; a water-proof
material with high durability and flexibility [2].
For centuries, leathers have been manufactured princi-

pally through the vegetable tanning technique. This
method utilizes tannins as tanning agents in converting
skins/hides into leather. Tannins are extracts largely

composed of phenolic compounds obtained from differ-
ent parts of plants such as the barks, roots, fruits and
leaves [3]. This artisanal way of leather production has
been carried out in open pits using very simple tools and
manual procedures [4].
However, over the years, the leather industry has seen

significant modernization in its processes. Leather pro-
duction in modern times makes use of sophisticated
machinery, equipment, diverse chemicals and modified
practices in carrying out the fabrication processes in
well-structured factories [4]. Numerous studies have
been centred on modern leather manufacturing pro-
cesses which has led to its significant advancement. As a
result, the traditional method of tanning, the vegetable
tanning technique has been overtaken by chrome tan-
ning in modern leather production which is currently
practised in more than 90% of the world’s tanneries [5].
Despite this massive progress made in the leather mak-

ing industry, traditional methods for leather production is
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still practised by artisans in developing nations including
Ghana. It is a source of livelihood for most rural folks in
less developed countries. However, the growth of this sector
has been stifled by the lack of innovative technologies
which has resulted in the production of low quality leathers.
This challenge could be partly due to the lack of un-
derstanding of the scientific principles underlying arti-
sanal leather manufacturing. The few studies that
have been performed on artisanal leather production
as practised in different countries which include the
works of Gebremichael [6], Wemegah [7] and Zaruwa
& Kwaghe [8] only gave a narrative description of the
leather making procedures. There is, therefore, a pau-
city of knowledge on the scientific principles under-
pinning the processes and materials involved in
artisanal leather making. Enhanced knowledge and a
deepened understanding of the scientific background
of artisanal leather making processes will aid in the
identification, development and adoption of suitable,
green innovative technologies and best practices,
optimization of the various processes involved, pro-
duction of good quality indigenous leathers that
would meet international standards, identification and
characterization of the various tannery wastes and de-
velopment of appropriate waste management schemes.
Ultimately, the sector will become attractive particu-
larly to the youth which would result in a decrease in
the unemployment rate in the country.
This review is, therefore, aimed at elaborating on the

traditional leather making techniques in Ghana and
probing into the scientific basis, identifying knowledge
and technological gaps in the artisanal leather produc-
tion processes and making comparison between artisanal
and modern leather manufacturing processes. It is hoped
that this review will stimulate further scientific research
into artisanal leather production.

2 Overview of leather making processes in
artisanal tanneries
Leather production in Ghana is said to have commenced
more than a century ago. Tanners in the northern sector
of the country are the historical custodians of artisanal
leather manufacturing. The tradition was first intro-
duced to them by some tanners who migrated from
Northern Nigeria. Later, the art of artisanal leather mak-
ing began in two other regions in the country, namely,
Ashanti and Greater Accra Regions [9, 10].
Generally, leather making activities are carried out in

the open space. There are, however, poorly constructed
small wooden sheds at the tanneries which house the
skins, leathers and other working materials (Fig. 1).
These shanties also shelter the tanners during unfavour-
able weather conditions. Animal skins or hides of sheep,
goats, cattle and occasionally that of crocodiles and
snakes are commonly used for the production of the
leathers. They are obtained from slaughterhouses, mar-
kets and seldom from hunters.
There are three phases in the leather manufacturing

process, namely, the pre-tanning, tanning and post-
tanning stages [5]. The pre-tanning phase encompasses
the initial activities (soaking, liming, unhairing, deliming/
bating and fleshing) performed to prepare the skins/hides
for the tanning phase. This stage involves the removal of
dirt, hairs, flesh and fats from the skins leaving the colla-
gen fibre which is the only essential part of the skins proc-
essed into leather. Moreover, during the pre-tanning
phase, the fibrils making up the collagen structure are split
up for easy penetration of tanning agents [11]. The pelts
after undergoing the pre-tanning stage are tanned during
the tanning phase into leather principally through the
vegetable tanning method and occasionally, through the
alum tawing technique. The post-tanning phase consists
of different operations such as stretching, trimming and
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Fig. 1 Tannery site in Ashanti Region 1 Curing (drying) 2 Soaking 3 Liming 4 Unhairing 5 Deliming & Bating 6 Fleshing 7 Vegetable tanning 8
Red dyeing 9 Black dyeing
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dyeing conducted after the tanning phase to impart cer-
tain traits such as colour and texture to the leather de-
pending on the required specifications. These processes
are also practised in modern leather manufacturing. Some
other key processes such as pickling, retanning,
neutralization and shaving are specifically peculiar to
modern leather production. The flow of activities in arti-
sanal leather processing in Ghana including their corre-
sponding input materials have been illustrated in Fig. 2.
The entire leather manufacturing process takes an average
of 5 days. The leathers are used in the fabrication of bags,
footrest cushions, belts, wallets, basket handles, sandals
and skins for chiefs. Detailed descriptions of the various
activities have been elaborated in the following sections. A
comparison made between artisanal and modern-day lea-
ther making processes have been presented in Table 1.

2.1 Pre-tanning phase
2.1.1 Curing
Fresh, untarnished skins are required for the production
of quality leather. Raw skins that cannot be processed im-
mediately are, however, cured to prevent putrefaction. Nu-
merous microbes are originally harboured in the skins/
hides of live animals [12]. Hence, once the skins are flayed,
activities of these microbes result in an immediate decay
of the skins due to the high percentage of water and pro-
teins in the skins. The decay destroys the structure of the
skin making it unsuitable for leather production [13, 14].
Among the various factors influencing decay, water activ-
ity, a term referring to the quantity of unbound water
molecules in the structure of the skin which is also
dependent on the moisture content of skins plays a pivotal
role in supporting microbial activities [15, 16]. Thus,

Fig. 2 Schematic diagram of artisanal leather making processes and their corresponding input materials
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methods of skin preservation are primarily aimed at redu-
cing or eliminating the water activity of skins to hamper
the activities of microbes [17].
Salting preserves the skin through two major mecha-

nisms: dehydration and bacteriostatic effects. Applica-
tion of the salt on the skin’s surface increases the salt
concentration on the periphery of the skin above that in
the internal parts of the skin. This difference in salt

concentration creates a concentration gradient between
the outer and the inner parts of the skin which causes
the transport of water molecules (water activity) from
the inner cells of the skin to the external parts of the
skin through the cell membranes via the process of
osmosis. This loss of water activity from the inner cells
of the skin results in the dehydration of the skin which
slows down decay [12, 16].

Table 1 Comparison between artisanal and modern-day leather making processes

Process Artisanal Modern-day

Curing Skins/hides are salted and then sun-dried Skins/hides are salted or sometimes refrigerated.

Soaking Skins/hides are soaked and washed in water
just once for about 6 to 24 h

Skins/hides are soaked in water mixed with detergents, sodium
sulphide, sodium carbonate, biocides and soaking proteases.
Soaking may be carried out two or more times and may last
5 to 10 h

Unhairing and liming Skins are immersed in a liming liquor composed
of wood ash, waste calcium carbide and water
for about 12–24 h. The skins are then unhaired
using a double-handled knife

Skins/hides are immersed in a liming liquor made up of
calcium hydroxide, sodium sulphide and sodium hydrosulphide.
Unhairing and liming occurs simultaneously during which the
hairs are filtered out of the liquor (hair saving) or they dissolve
in the liquor (destructive unhairing)

Fleshing Carried out after deliming/bating process with
the aid of a double-edged knife

Done with the aid of a fleshing machine

Splitting Not practised Thick skins are divided into two or more layers along the
longitudinal section

Deliming and bating Deliming and bating occurs in a solution
composed of ground pawpaw leaves and
water or sliced pumpkin fruits in water

A solution of ammonium chloride is commonly used for
deliming. Bating is achieved by applying a solution of protease
enzymes (usually of bacteria or animal (pancreatic) source) to
the pelts.

Pickling Not practised Pelts are pickled in a solution of sodium chloride, formic acid
and sulphuric acid.

Tanning Primary form of tanning is vegetable tanning
using a liquor made of pounded pods of
Acacia nilotica and water. Alum tawing is
practised on a small using a solution of alum,
salt and water.

Chrome tanning is extensively practised using basic chromium
sulphate. Other forms of tanning applied are syntans, vegetable,
aldehyde and other mineral tanning such as zirconium, aluminum
and titanium tanning.

Sammying Not practised Excess water in the leathers is removed mechanically

Chrome splitting and shaving Not practised Thick leathers are split into desired thickness.

Washing Not practised Water containing surfactant may be used

Retanning Not practised Usually syntans, vegetable tannins and aldehydes are applied to
the leathers.

Neutralisation Not practised Sodium acetate and sodium bicarbonate are used in the process

Dyeing Dye bath of a ground sorghum leaf sheath,
liming liquor and water gives a deep red colour
to the leathers

Commonly used dyes are the acid and metal complex dyes.

Black dyes are made up of a mixture of iron
filings and crushed pods of A nilotica.

A mixture of the red and black dyes are used
to produce brown leathers.

Fat-liquoring Vegetable oil is used Sulphonated or sulphated oils are applied on the leathers in their
emulsified form.

Washing Not practised Water is used to remove unbound chemicals from the leathers

Drying Leathers are dried in the sun Commonly dried in vacuum driers. Other drying methods employed
are toggle drying, radiation drying and paste drying. The leathers
are usually stretched during the drying process.

Finishing Leathers are stretched manually and then
trimmed using a pair of scissors.

Variety of finishing techniques including polishing, embossment,
milling, surface coating and buffing are employed.
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In addition to the expulsion of the water activity from
the salted animal skin, microbial cells occurring in and
on the skin, which are responsible for skin decay are also
destroyed through the osmotic loss of water from their
cells. The expulsion of water from the microbial cells
has a bacteriostatic effect on the microbes through cell
destruction, retardation of growth and subsequent death.
In this way, the possible putrefaction of the skin slows
down or is eliminated [12, 16]. Despite its effectiveness,
the salting method is accompanied by the release of
large quantities of chloride and sodium ions which pol-
lutes the environment [18].
The sun-drying method, a very simple and low-cost

technology [15] employed by the tanners involves the
spreading of the skin on the ground or hanging them on
ropes in the open which exposes the surface of the skin
to direct sunlight. During drying, part of the heat energy
from the sun is absorbed by the skin and the other por-
tion of the sun’s rays are reflected [19]. The absorbed
heat energy heats up the moisture on the surface of the
skin and converts it to water vapour which is then lost
to the atmosphere through evaporation. The moisture
content on the periphery of the skin thus decreases. This
dried surface of the skin and the moisturized interior
parts of the skin create a difference in moisture concen-
tration which causes the moisture in the interior parts of
the skin to move to the exterior parts via diffusion. Once
on the surface, the water molecules are again heated by
the sun’s rays and converted to water vapour which then
evaporates [20]. Through this mechanism, the skin dries
up. During the drying process, wind plays a very crucial
role by blowing away water vapour which saturates the
atmosphere around the skin, thereby ensuring a vapour
pressure gradient between the atmosphere and the sur-
face of the skin. This vapour pressure difference facili-
tates evaporation [17]. The loss of moisture or water
activity from the skin limits the activities and growth of
pathogens on the skin which hampers degeneration of
the skins [15, 17].

2.1.2 Soaking
The initial stage in the leather making process is the
soaking stage during which the skins are left immersed
in pots, barrels or buckets of water and washed manu-
ally. The skins are soaked only once and may last from 6
to 24 h depending on their sizes and the extent of dry-
ness. The soaking liquor usually has a pH of 7. The
washing rids the skins of dirt, dung, blood and any pre-
servatives (salt). According to Queirós et al. [21] the
other relevance of the process is the restoration of mois-
ture in cured skins/hides. During the process, water
molecules are reabsorbed into the skins through the os-
motic phenomenon. The rehydration of the skins widens
the pores of the skin fibres which facilitates easy

absorption and uniform distribution of the chemicals
that would be applied in the subsequent steps [11]. The
skins after being soaked become more flexible and work-
able. However, the wastewater discharged would contain
huge loads of sodium and chloride ions since the salts
are not recycled prior to the soaking process.
In modern-day leather fabrication, the soaking process

is performed two or more times in drums and may take
a duration of 5–10 h [11]. The soaking liquor also with a
pH of 7 [11] is prepared by the mixing some other chemi-
cals such as detergents, sodium sulphide, sodium carbonate,
biocides and soaking proteases in water. Detergents aid in
dampening the skin’s surface to hasten the rehydration
process, sodium sulphide or sodium carbonate enhances
water uptake by the skins, proteases digest the non-
structural proteins to improve the rehydration process and
biocides hinder microbial activities to prevent possible skin
decay during soaking [3]. Prior to the soaking stage, the
skin/hides may be desalted to recover the salts which may
be reused or thrown away. Desalting may be achieved by
either shaking of the salts from the skins/hides manually or
by using desalters [5].

2.1.3 Unhairing
Following the loosening of the hair shafts on the animal
skin during the liming stage, the tanners with the aid of
a blunt side of a double-handled knife completely scrape
of the hairs/wool from the skins. The importance of the
hair removal is to make the skin highly permeable to the
tanning agents which would be applied during the tan-
ning phase [3]. The recovered hair in artisanal leather
making is, however, discarded even though it can be put
to other useful purposes such as animal feed and adsor-
bents. The keratin protein can be extracted for manufac-
turing biomedical products [22].
In industrialised tanneries, the two main unhairing

techniques employed are hair burning or hair saving.
Hair burning has been the traditional method of unhair-
ing during which the liming stage is carried out simul-
taneously with the unhairing process. Here, the pelts are
immersed in a solution of calcium hydroxide and so-
dium sulphide in closed drums. During the process, the
hairs dissolve leading to the generation of high pollutant
loads which are very toxic and odorous. The hair saving
method, a cleaner technology used in modern times per-
mits the hairs to be removed rather than been destroyed.
The process aims at loosening the hairs at their roots
which decreases the frictional forces keeping the hairs
within the follicles. The hairs are recovered through a
filtering system immediately after being loosened in
order to prevent a complete destruction of the hairs due
to the addition of sodium sulphide. There are different
techniques under the hair saving method such as enzym-
atic unhairing (application of proteolytic enzymes from

Appiah-Brempong et al. Journal of Leather Science and Engineering            (2020) 2:25 Page 5 of 14



bacterial sources and sodium sulphide to the pelts which
degrade the epidermis of the skin and loosens the hairs
for easy removal), unhairing with organic sulphur com-
pounds (usage of organic sulphur compounds meant to
break down the epidermis and hair roots and sodium
sulphide/sodium hydrosulphide for loosening the hairs)
and lime-sulphide hair saving method (utilization of
lesser concentration of sodium sulphide to loosen the
hairs and lime to immunize the hairs). Removal of short
hairs which still stick in the skin after the hair saving
process can be achieved through reliming. Sometimes
sodium sulphide may be added to dissolve the hairs [23].

2.1.4 Liming
The soaking process is followed by the liming stage. The
essence of this stage is to loosen the hair roots in the
skin for easy removal of the hairs. During the process,
the soaked skins are placed in an alkaline medium con-
sisting of wood ash, waste calcium carbide and water.
The mixture is prepared in lined-up circular pits or big
clay pots. The wood ash, sourced from bakeries or do-
mestic and commercial cooking facilities, is generated
from the burning of firewood and charcoal. Calcium car-
bide waste on the other hand, is obtained from a welding
industry. The proportions of the constituents of the lime
solution are uncalculated but rather based on the discre-
tion of the tanners. The pH of the liquor is however,
usually between 12 and 13. The skins are immersed in
the liming solution for a period ranging between 12 to
24 h depending on their toughness or thickness. The
tougher the skin/hide (as in the case of goats) the longer
the duration. The liming solution is not discarded after
use. Rather additional quantities of wood ash and waste
carbide are added to the original solution whenever ne-
cessary to reactivate and enhance its effectiveness. The
liming liquor is only discharged when left unused for
about two or more weeks.
Materials used in traditional leather making varies

among countries. In Northeastern Nigeria, Zaruwa &
Kwaghe [8] reported the use of potash and powdery
burnt cow bones (high calcium content) mixed in water
to obtain the liming solution. According to Skinner, [24]
the liming liquor used by artisanal tanners in Central
Sudan is composed of powdered burnt limestone and
water. Traditional tanneries in Ethiopia according to
Gebremichael [6] also uses wood ash and carbide waste
mixed in water [9]. In modern leather processing, a lim-
ing solution comprising of water, calcium hydroxide and
sometimes sodium sulphide is applied to the pelts for a
duration of about 18 h [3, 18].
Wood ash, predominantly composed of oxides and hy-

droxides of the calcium element is highly alkaline with a
pH of about 12. Other alkali-earth metals present are
potassium, magnesium and silicon [25–27]. The calcium

oxide (CaO), also known as quicklime, dissolves in water
to produce calcium hydroxide, Ca (OH)2 (slaked lime)
according to the chemical Eq. (1).

CaO sð Þ þ H2O lð Þ→Ca OHð Þ2 aqð Þ ð1Þ

The calcium carbide (CaC2) residue also termed as
carbide lime is a waste material generated during acetyl-
ene gas production. It is also characterised by high alka-
linity with a pH value usually higher than 12. The high
alkalinity is due to its large composition of calcium hy-
droxide (85–95% by mass). The remaining fraction of
the calcium carbide is made up of 1–10% of calcium car-
bonate, 1–3% of carbon and silicates. Calcium carbide
dissolves in water to produce calcium hydroxide and
acetylene gas (C2H2) [28–30] according to Eq. (2).

CaC2 sð Þ þ 2H2O lð Þ→C2H2 gð Þ þ Ca OHð Þ2 aqð Þ ð2Þ

The calcium hydroxide produced from the wood ash
and calcium carbide in solution is sparingly soluble in an
aqueous medium having a solubility of 1.2 g/L at 25 °C.
It ionizes into calcium and hydroxide ions as shown in
Eq. (3). The occurrence of the hydroxide ions gives the
liming solution its alkaline attribute [31]. Calcium hy-
droxide is preferably used due to its poor dissolution in
water as this enables the pH of the mixture to be stabi-
lized within a range of 12.5–12.8 [18, 31]. The mixture
of the wood ash and calcium carbide in water is done in
such a way that, part of the lime (calcium hydroxide)
produced dissolves whilst the excess amount after satur-
ation is reached remains undissolved in the solution. In
this way, as the skin absorbs some of the dissolved lime,
the excess amount dissolves to maintain equilibrium [32].

Ca OHð Þ2 sð Þ↔Ca2þaqð Þ þ 2OH −
aqð Þ ð3Þ

Immersion of the animal skin in the highly alkaline lime
mixture has a hydrolytic effect on the non-structural pro-
teins, namely, the globulins and albumins. At the same
time, collagen fibres in the dermis swell and open up mak-
ing it possible for the lime to attack and breakdown the
protein, keratin in the hair follicles. In this way, the hair
shafts become loose at their roots facilitating their easy
and fast removal. The decomposition of the hair follicles
is accompanied by the simultaneous release of sulphur
compounds from the keratin protein. These sulphur com-
pounds also aid in hastening the decomposition process.
Additionally, the lime the epidermis of the skin decom-
poses and the adipose tissues on the animal’s skin are
hydrolysed into lime soap through the process of saponifi-
cation. The liming process is the most essential step which
results in a split up of the collagen fibrils to enhance the
uptake of process chemicals (such as oils applied during
the fatliquoring stage) [18, 32, 33].

Appiah-Brempong et al. Journal of Leather Science and Engineering            (2020) 2:25 Page 6 of 14



2.1.5 Deliming and bating
Deliming and bating come after the unhairing stage. In
this stage, a bating solution is prepared in pots or
cemented circular pits. The constituents of the solution
are usually pounded pawpaw leaves mixed with water or
cut-up pumpkin fruits mixed in the spent soaking liquor
that was generated during the soaking stage. Other tan-
neries also mix up both the pounded pawpaw leaves,
cut-up pumpkins and the soaking liquor. The bating li-
quor has a pH within the ranges of 8 and 9. The hairless
skins are drenched in the deliming/bating solution and
left for about 4 to 24 h depending on the strength of the
liquor. Exceeding the time limit for bating can lead to
the creation of holes in the pelts. The bating liquor is
not discarded after use but rather used to treat an un-
countable number of skins. The liquor is recharged from
time to time by further addition of either ground
pawpaw leaves or sliced pumpkin fruits. On very few oc-
casions, debris composed largely of hair, soil particles
and flesh which tend to settle at the bottom of the pits
is scooped out.
The deliming/bating liquor serves two major purposes:

removal of lime from the skins and enzymatic break-
down of the proteinaceous substances in the skins. Dur-
ing the liming operation, some amount of lime is
absorbed into the pelts. Thus, pH of the pelts rises to
ranges usually between 12.5 and 13 [18]. In order to
make the next step, the bating process effective, the pH
of the pelt must be decreased to levels between 8.5 and
9 [1, 18]. This reduction in pH is realized during the
deliming stage when the absorbed lime diffuses out of
the skins into the deliming/bating liquor. The deliming
process also deswells the swollen pelts partially. It must
be added that deliming in modern leather making is per-
formed by applying ammonium chloride solution to the
pelts in closed drums [18]. The ammonium salt is cap-
able of immediately reducing the pH of the pelts to the
required ranges within 8.5 and 9 [11].
The skins after being delimed are bated. In artisanal

leather making, the deliming and bating processes occur
in the same liquor. The ground pawpaw leaves and
pumpkin fruits which are used in the preparation of the
liquor contain proteolytic enzymes and these acts as bat-
ing agents [34–36]. The enzyme in the pawpaw leaves is
specifically known as papain [36]. The pounding of the
pawpaw leaves and the cutting up of the pumpkin fruits
are done to extract intracellular products which include
these proteolytic enzymes [37]. The enzymes serve as
bating agents by hydrolysing the peptide bonds of com-
plex proteins (which constitute the flesh on the animal’s
skin) into shorter chains of peptides and amino acids.
These enzymes also digest amino acids, fats and esters
[36, 38, 39]. The complex proteins which are broken
down during the bating stage include the keratin,

globulins, albumins, elastin and cells. Only the collagen
fibre remains unaffected. The pH of the bating liquor
which is within the ranges of 8.0 and 9.0 is the optimum
working range for these proteolytic enzymes [18].
The soaking liquor is used by some of the tanners as

part of the bating solution because it contains blood and
animal dung which were washed from the raw animal
skins. Blood and animal dung are also known to contain
proteolytic enzymes which break down long-chain pro-
teins of the animal flesh into much simpler forms. There
are numerous microorganisms which include Providen-
cia stuartii and Bacillus cereus [40] in animal dung that
are responsible for the production of these proteolytic
enzymes [41–43]. Due to the strong activity of these en-
zymes, exceeding the bating duration can lead to the de-
struction of the collagen fibre (by punching holes in the
fibre) rendering the pelt unsuitable for leather manufac-
turing [18].
Aside the use of pawpaw leaves and pumpkin fruits as

bating agents, traditional tanners may also use bird
droppings [8, 24] and urine of cows [6] as practised in
Nigeria and Ethiopia respectively. In contrast, modern
tanners employ enzymes such as trypsin and alkaline
protease for bating the skins [3].
After bating, the pores in the pelt are widely opened

up making them more penetrable to absorb the tanning
agents that will be applied in the next production stage.
Bating also makes the skin soft, supple and more work-
able [1, 33].

2.1.6 Fleshing
Upon the loosening of the flesh and fats on the skin after
bating, the tanners with very little effort scrape off the
flesh and fats using the sharp edge of the double-
handled knife. Depending on the size of the skin, flesh-
ing can take 5 to 30min to complete. Longer periods are
required for fleshing the hides of cattle. Fleshing ma-
chines are however, available in industrial tanneries to
simply carry out the task [1].
However, the traditional method of fleshing is ineffi-

cient as some pieces flesh and fatty tissues still remains
on the skins even after fleshing. In a study conducted by
Boahin et al. [9] traces of flesh were found on finished
leathers after careful observation under a microscope.
The leathers soon started to produce putrid odour when
kept under humid conditions due to decomposition of
the flesh.
Fleshing is an essential step done to remove the un-

wanted flesh and fats from the pelts which exposes the
collagen fibre for the tanning phase [18]. The collagen is
the most abundant protein in mammalian skins. It con-
stitutes about 25 to 30% of the skin structure [44]. The
collagen comprises three polypeptide strands which have
been twisted around one another into a three-helical
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structure termed as tropocollagen [45, 46]. There are
about a thousand amino acids constituting the protein
collagen. However, the most occurring ones are glycine,
proline and hydroproline [47]. The tropocollagen macro-
molecules bond to other tropocollagen macromolecules
to form fibrils which in turn are also bonded to other fi-
brils to form the collagen fibre [45, 46]. This special for-
mation of the collagen fibre makes it mechanically
strong with a good tensile strength [45]. This structural
strength of the collagen coupled with its high abundance
in the animal skin makes it suitable for leather produc-
tion. The fleshings can be processed for the production
of other products such as adhesives, biogas, animal feed
and lubricants [48] even though it is currently not being
reused.

2.1.7 Washing
After the fleshing process, the pelts are washed either in
water or spent tanning liquor. The spent tanning solu-
tion is composed of a mixture of ground pods of Acacia
nilotica and water. The washing is done to cleanse the
pelts from awful smells and any debris gathered on the
pelts during the bating process.
This is the first time the skins are washed in the trad-

itional leather making process. However, in modern lea-
ther processing, the skins are washed after each process
stage to remove residual chemicals. The infrequent
washing of the skins in artisanal leather making contrib-
utes to the smelly nature of the leathers produced [9].
The tanners attribute the inadequate washing of the
skins to the scanty water available for leather making.

2.2 Tanning phase
The next phase in the leather production process is the
tanning stage. The main tanning technique employed is
vegetable tanning. Alum tawing is also performed but
only on a very minimal scale because the customer de-
mand for alum-tawed leathers is very low due to their
white colouration which gets easily dirtied and disco-
loured. Those that are made are primarily requested for
by traditional or fetish priests.

2.2.1 Vegetable tanning
Vegetable tanning of the pelts is executed in big clay
pots or in plastic containers filled with a mixture of
pounded pods of Acacia nilotica and water. The pelts
are tanned for a period of time between 3 to 24 h and
then dried. After tanning, the leathers attain a light
brown hue.
The pods of Acacia nilotica (also known as Gum

Arabic in English, Bagaruwa in Hausa [49], Babhul in
Hindi and Babool Baum in German [50]) is widely used
as the primary source of tanning agent by artisanal tan-
ners in various countries including Nigeria [8], Sudan

[24] and Ethiopia [6]. On the other hand, the principal
tanning agent used in industrial leather making is chro-
mium sulphate [1]. Other types of tanning agents
employed in industrial tanneries are the aldehydes, syn-
tans, vegetable, titanium and zirconium salts [51].
In modern leather processing, the tanning stage is pre-

ceded by pickling. The pelts are pickled in a solution of
water, acids (sulphuric acid and formic acid) and salt
(sodium chloride). The relevance of pickling is to condi-
tion the pelts to meet the requirement desirable for tan-
ning. The acids acidify the pelts to a pH of 2.5–3 and also
protonate the carboxyl ions on the collagen fibre thereby
fostering the chemical reaction that would occur between
chromium sulphate and the carboxyl ions. The salts are to
avert or reverse acid swelling of the pelts which can other-
wise cause permanent damage to the pelts. Beside enhan-
cing the reactivity of the chromium sulphate with the
collagen fibre, pickling also prevents putrefaction of the
pelts during storage or transportation [11].
One major advantage of the use of vegetable tannins

over chrome and other types of mineral tannins is the
less pollution load associated with it. Whilst Acacia nilo-
tica constitute a biodegradable waste, the chromium salt
used in modern tanning is highly toxic to both environ-
mental and human health. This makes the use of the
vegetable tannins which are more ecologically friendly
[52]. Moreover, the pickling process in industrial leather
processing further pollutes the environment as the
sulphate ions, acids and chlorides add to the pollution
load generated during manufacturing process.
The acacia pods contain tannins [53]. These tannins

are polyphenolic compounds which are acidic in nature
[54]. Generally, tannins are classified as being either
hydrolysable or condensed. Hydrolysable tannins are
compounds bearing glucose or other sugar alcohols at
their centre. When these sugars are chemically bonded to
gallic acids, they are known as gallotannins and when
bonded to hexahydroxydiphenic acid, they are referred to
as ellagitannins. Condensed tannins, on the other hand, are
basically constituted by flavan-3-ols. Commonly known
condensed tannins are the catechins and the epicatechins.
The tannins in Acacia nilotica is a combination of both hy-
drolysable and condensed tannins in which gallic acids and
flavanols are held together by ester bonds [55, 56].
The tannin content in the matured pods of Acacia

nilotica ranges between 12 and 20% [53]. Concentration
of tannins as high as 30% in A. nilotica has also been re-
ported by Musa and Gasmelseed [56]. Pounding of the
pods into smaller particle sizes releases the tannins
which are primarily contained in the husk and the
resulting grain powder. The tannin content in the husk
is approximately 12%, whilst that in the grain powder is
about 55% [56]. Mixing the pounded pods with water
which is a polar solvent extracts the tannins [54].

Appiah-Brempong et al. Journal of Leather Science and Engineering            (2020) 2:25 Page 8 of 14



On immersion of the pelt in the tanning solution, the
tannins are absorbed into the collagen material. The
compounds making up the tannins bind to the proteins
in the collagen through hydrogen and covalent bonding
[57]. The hydroxyl groups of the phenolic compounds in
the tannins form hydrogen bonds with the carboxyl,
amine and amide groups on the collagen material [58].
Averagely, the tanning liquor has a pH of 6 which is

within the optimum pH range of 4 and 6 for effective
penetration of the tannins into pelts [53]. The tannins
also function both as a tanning agent and a dye [50]. As
tanning agents, the tannins tan the pelt into leather.
Whilst as a dye, the tannins impart a light brown [54,
59] hue to the leather. The tannins in Acacia nilotica are
considered a suitable tanning agent capable of producing
good quality leather with high tensile strength, tearing
strength, grain crack, shrinkage temperature, and flexing
endurance [60]. There is however, a dearth in knowledge
regarding the properties of indigenous leathers produced
in Ghana.

2.2.2 Alum Tawing
Alum tawing as the name implies utilizes aluminum
sulphate (alum) as its principal tanning agent. The tan-
ning liquor is however, a mixture of water, alum and
salt. The skins or pelts to be tanned are rinsed in the li-
quor and then left immersed for about 48 h. The skins
or pelts which attain a whitish colouration after tanning
are then dried.
During alum tannage, aluminum ions (Al3+) produced

from the dissociation of the alum form cross-linkages
with the collagen fibre. The ions through electrostatic
bonding with the carboxyl groups on the collagen form
complexes of aluminum which possesses high molecular
weight. These bonds are, however, weak. Hence, the
alum tannage fades out readily from the leather, particu-
larly when in contact with water [61–63].
Alum dissolves in water to produce aluminum hydrox-

ide and sulphuric acid as shown in Eq. (4). Thus, the
alum tawing liquor is acidic [11] with an average pH of
4.5. According to Covington [51], aluminum ions are
stable at this pH value of 4.

Al2 SO4ð Þ3 sð Þ þ 6H2O lð Þ⇌2 Al OHð Þ3 sð Þ
þ 3 H2SO4 aqð Þ ð4Þ

The collagen in this acidic medium tends to swell
through the osmotic uptake of water, a phenomenon
termed as acid swelling [64]. The water molecules form
hydrogen bonds with the amino acid groups in the colla-
gen. Acid swelling of the pelt is, however, undesirable
for the production of quality leather. Salt is, therefore,
added to the tawing liquor to suppress plumping of the
pelt. It does this by breaking the hydrogen bonds

between the water molecules and the collagen protein.
Aside detaching water from the collagen fibre, the salt
also tends to enlarge the pores and the surface area of
the collagen fibres which enhance absorption of the
alum into the pelt [65]. During alum-tawing, the alum
tans the pelts [66] and at the same time imparts a white
colouration to them.

2.3 Post tanning phase
2.3.1 Fat liquoring
Fat liquoring is a common activity in both artisanal and
industrial leather making. The lubricant used by most
artisanal tanners is mostly from plant sources. These in-
clude groundnut oil, palm kernel oil (Ghana), African
Mahogany seed oil (Nigeria), natal rhus oil (Ethiopia)
and sesame oil (Sudan) [6–8, 24]. The oil is simply
rubbed on the surface of the leather with a piece of cloth
by the artisans. It adheres to the surface and also pene-
trates into the inner fibres of the leather [1] and en-
hances the smoothness, tenderness and shine of the
leather as well as its resistibility to water, dampness, che-
micals, tension and scratches [3]. The lubrication also
prevent the fibres from sticking to each other after dry-
ing [11].
Industrial tanners on the other hand, do not depend

on oils or fats solely from plants but also from other
sources including fishes such as sardine, waxes from
bees and others like paraffin oils [67]. Contrary to the
application of raw oils on the leather surfaces as done in
artisanal leather making, industrial tanners use the oils
in their emulsified form to ensure good penetration of
the oils into the leather fibre [67]. According to Santos
[67] the disadvantage of applying the oils in their raw
state is that it simply greases the leather surface and thus
the full effect of oiling on the leathers is not achieved.
It must, however, be noted that in modern leather

manufacturing fat liquoring is preceded by other wet
processes: neutralization and retanning which are not
performed in artisanal leather making. The leathers ob-
tain a low pH of about 4 after chrome-tanning which
can interfere with their bonding reactions with dyes and
other process chemicals. Hence, the leathers are taken
through a neutralization process during which they are
drenched for about 30 min in mild alkali solutions of so-
dium acetate and sodium bicarbonate to neutralise the
absorbed acids [3, 68]. The neutralisation process also
prevents destruction of the leather during drying [1].
Retanning involves the utilisation of chemicals such as

mineral, aldehydic and synthetic tanning agents on the
tanned pelt to confer additional properties to the leather.
The purpose for retanning is to improve the hydrother-
mal stability, dye fixation, handling and colour proper-
ties of the leather [11].
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2.3.2 Dyeing
The original light brown colour of the leathers obtained
after vegetable tanning may be maintained. Otherwise,
they may be dyed into other colours specifically black,
dark brown or red. The dyes employed in artisanal tan-
ning are usually plant-sourced. Some plant parts are cap-
able of imparting a unique colouration to leather. For
instance, millet husk impart a brown hue to leathers [7],
sorghum plants yield a red colouration [8] and Phyl-
lanthus amarus commonly referred to as gale of the
wind, gives a blue-black colour [8]. Even though the use
of plant-based dyes are environmentally friendly, the col-
ours are usually very dull and easily fade upon exposure
to sunlight and excessive handling [69].
Industrially, artificial dyes particularly, simple acid

dyes and metal complexes are mostly utilized due to
their relatively good fastness to light, low-production
cost and wide variation of colours [70]. However, unlike
natural dyes which are non-toxic, most of these syn-
thetic dyes are carcinogenic and mutagenic and are thus,
detrimental to both humans and the environment [68,
71]. Elaboration on the different dyeing techniques uti-
lized in Ghanaian tanneries has been made in the subse-
quent sections.

2.3.2.1 Black dyeing The black dye liquor is prepared
from the combination of iron filings or metallic iron
scraps, water and A. nilotica pods. In some tanneries, a
small number of pineapple peels or cut-up pieces of lime
may also be included in the dye bath. This dye solution
is not discarded. Occasionally, the settled sludge consist-
ing of the acacia pods and the iron filings are scooped
out of the pots and discharged at the tanneries. New
iron filings and ground acacia pods are then mixed in
the old liquor to restrengthen it. The leathers are dipped
into the liquor for approximately 5 to 10 min. They are
then squeezed and sun-dried.
It is well known that metallic iron in the presence of

water and oxygen corrodes to form rust (Fe2O3.H2O) ac-
cording to Eq. (5) [72].

4Fe sð Þ þ 2H2O lð Þ þ 3O2 gð Þ→2Fe2O3:H2O sð Þ ð5Þ

The rate of corrosion is sped up at lower pH [72–74]
which is achieved by the inclusion of the pineapple peels,
the acacia pods or the lime. The pineapple peels (pH:
3.4–4.2) [75] and lime (pH:1.8–2.0) [76] are citrus fruits
containing different kinds of acids with citric acid mak-
ing up about 80 to 90% of the total amount of acid. The
other acids present are: oxalic, tartaric, formic and malic
acids. The acids are released into the dye bath when
these citrus fruits are added to the liquor which reduces
the pH of the medium and consequently increases the

rate of corrosion of the iron filings [72, 73]. The acacia
pods also releases tannic acid into the liquor.
The rust formed on the iron filings or metallic iron

scraps then reacts with the tannic acids. The chemical
reaction between ferric iron generated from the rust and
tannic acids is a complex one leading to the production
of black precipitates known as ferric tannate. The black
precipitates turn the liquor to a bluish-black colour and
eventually becomes black with time resulting in the
black dye liquor. This reaction is known to occur at pH
ranging from 4 to 6 [77, 78]. The pH of the black dye li-
quor is approximately 5.7.
The ferric tannate which forms part of the solid waste

generated from the production of the black dye can be
recycled and reused. According to Zhang [79] ferric tan-
nate has a high adsorption capacity for ammonium and
nitrite and can therefore, be utilized for effective treat-
ment of wastewater laden with nitrogenous substances.

2.3.2.2 Red dyeing The red dye solution is composed of
pounded leaf sheaths of sorghum mixed with a small
volume of the liming liquor in water. On very few occa-
sions, the tanners may also produce light red coloured
leathers by initially soaking the leather in the red dye
bath and then immersing it in another bucket of water
which contains cut-up pieces of lime fruit. The red dye
liquor is discharged right on the tannery floor immedi-
ately after it is spent.
The red dyed leathers are known to easily discolour

particularly when exposed to the sunlight [80]. Thus, in
order to enhance penetrability of the dye, the leathers,
prior to being dyed are initially soaked in water for 30
min and then pounded to make them softer.
The sorghum leaf sheath used in the production of red

dye liquor has a naturally distinctive deep red colour
due to the presence of some red pigments known as an-
thocyanins [81, 82]. Anthocyanins also appear as other
colours such as purple and blue in some other plants
like blueberries. Being a polyphenolic compound, antho-
cyanins are glycosides of polyhydroxy and polymethoxy
compounds attached to flavylium cations (C15H11O

+).
These flavylium cations which have a C6-C3-C6 skeletal
structure form the central part of anthocyanins. The
glycosides are mainly composed of sugars such as glu-
cose, arabinose and xylose [83–85]. Hydroxyl and
methoxyl compounds present in the structure of antho-
cyanins dictate the degree and the colour of the antho-
cyanins; such that the prevalence of the methoxyl
compounds over the hydroxyl groups imparts a reddish
hue [85] as it found in the sorghum leaf sheath.
Amongst the various diversities of anthocyanins discovered
in nature, the four commonest types appearing in sorghum
are the luteolinidin, apigeninidin, 5-Methoxyluteolinidin, 7-
Methoxyapigeninidin [86].
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In the preparation of the red dye liquor, the purpose
of mixing a small portion of the liming liquor with the
pounded leaf sheaths is to provide an alkaline medium
to facilitate the extraction of the red pigments in the
sheaths. These pigments are the dye colourant which
turn the leathers red. An alkaline medium yields a better
extraction of the pigments than raw water [87].
The lime fruit (a highly acidic fruit) used together with

the red dye liquor serves as a post-mordant in lightening
the deep red colouration [88]. Thus, its application gives
the leather a faint red colour. There, however, seems to be
a paucity in information regarding the bonding reactions
that take place between the red dye and the leathers.

2.3.2.3 Brown dyeing The dark-brown colour is
achieved by initially drenching the leather for approxi-
mately five (5) minutes in the red dye bath and after-
wards in a dilution of the black dye liquor for another
five (5) minutes. The leather is then squeezed to drain
out excess liquid and then dried under the sun.
Unlike the colours: white, blue, yellow and red which

are considered as being simple colours because they can-
not be produced through the mixture of other colours,
the colour brown has been categorised as being a com-
pound colour. Thus, it can be obtained through a com-
bination of two different colour solutions [89]. This is
the method employed by the tanners in obtaining the
dark-brown coloured leathers in which the red dye is
mixed with the black dye.

2.3.3 Stretching and trimming
After dyeing and drying of the leathers, they are
stretched and then trimmed. Drying in the artisanal lea-
ther making is achieved through sun-drying whilst var-
iety of other drying methods such as vacuum drying,
toggle drying, radiation drying and paste drying are
employed in modern tanneries. The commonest method
is, however, the vacuum drying method and it is known
to produce highly resilient leathers [90].
During drying, water molecules in the leathers escape

through evaporation processes. The capillary movement
of the water molecules through the fibrils which consti-
tute the leather fibres coupled with the continual loss of
water from the fibres induces a reduction in the volume
of the fibrils. The fibrils tend to shrink in size resulting
in area loss. The leather, therefore, creases and may be-
come hard after drying. The stretching of the leather
then becomes a relevant stage to improve the quality of
the leather by straightening the leather fibre, expanding
the area yield and reducing the thickness and the dense-
ness of the leather [91].
Before leathers are stretched in artisanal leather mak-

ing, one edge of the leather is wound around a stick and
held up by the hands. The other portion is fastened to a

block of cement. The tanner then stretches the leather
by dragging his foot on the surface of the leather along
its length whilst pulling it up with both hands. Stretch-
ing is performed after the drying stage in artisanal lea-
ther making whilst in industrial leather production it is
done simultaneously with the drying stage. Drying the
leather whilst stretching causes a more permanent ex-
pansion in its area yield [91].
The last stage in the artisanal leather manufacturing

process is trimming which is done using a pair of scis-
sors to cut off unwanted portions or extensions of the
leather to give it the desired shape. The trimmings are
deposited at one side of the tannery floor and later
burnt. They can, however, be reused in the manufacture
of adsorbents [92].
In modern leather manufacturing, further finishing op-

erations are executed to enhance the quality of the lea-
ther in terms of its appearance (colour and feel),
handling and durability. The various finishing activities
include: embossment, polishing, buffing (involves scrap-
ing and dusting the leather surface), milling (aimed at
making the leather softer) and surface coating using dyes
in order to mask any impairments and also to attain the
desired specifications [18, 68].

3 Further research
An in-depth study has been made on the present state
of knowledge regarding artisanal leather making in
Ghana. However, there seems to be some research gaps
in the field which has resulted in the production of low
quality leathers and poor productivity. In the light of
this, further investigations are still required in the fol-
lowing areas:

i. Information regarding the annual leather
production, leather market, amount of raw skins/
hides processed per year as well as the number of
tanneries in the country.

ii. Characterization of the various process materials
and chemicals (wood ash, calcium carbide, iron
filings and tannins in the acacia pods) used in
artisanal leather making and their effects on the
physical and chemical properties of the leather.

iii. Optimisation of the various processes involved in
artisanal leather production in order to reduce cost,
avoid wastage of resources, obtain good quality
leathers, and increase productivity.

iv. The kinds of chemical and bonding reactions that
occur between the tanning agents and the collagen
material as well as that between the various dyes
utilised and the leather material.

v. Alternative natural materials such as bating and
tanning agents and dyes that can bring diversity in
the types and qualities of leathers produced.
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vi. Innovative traditional finishing techniques to
upgrade the leathers in terms of their texture,
colour, appearances, versatility and quality.

vii. Enhancing the colour fastness of natural dyes on
indigenous leathers.

viii.Designing and developing simple energy-saving ma-
chines for the various leather making processes to
speed production and improve occupational health
and safety.

ix. Identification, quantification and characterisation of
the air pollutants, solid wastes and wastewater
generated at the tanneries, development of
appropriate treatment schemes and recycling and
reuse of the waste products in order to conserve
resources and protect human and environmental
health. Ability to effectively manage the tannery
wastes will also erase the negative connotation that
leather making is a dirty profession [6] and make it
more attractive to the youth which would
ultimately decrease the unemployment rate in the
country.

4 Conclusion
This is an exploratory study on artisanal leather making
in Ghana defining the various processes and materials
involved, attempting to explore the scientific principles
underpinning the different stages of leather production
and making comparison between artisanal and modern-
day leather manufacturing processes. The study revealed
that artisanal leather making practices in Ghana have
not changed significantly from the time of its com-
mencement about a century ago. The primary advantage
is that most of the process materials used in artisanal
leather making are more ecologically friendly compared
to those utilized in modern-day leather production.
However, the quality of leathers produced through arti-
sanal processes are quite low. Newly improved methods
for production of better quality leathers of different di-
versities are, therefore, required. In this regard, this re-
search can form the basis for further studies into
optimization of artisanal leather production processes,
finding alternative process materials, development of in-
novative technologies to enhance productivity and
characterization and effective management of the nox-
ious wastes associated with artisanal leather making. Fi-
nally, relevant lessons in the art and science of modern
leather making processes pointed out in this study can
be appropriately adopted to ameliorate the leather in-
dustry in Ghana.
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