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Abstract

The use of hexavalent chromium “Cr(VI)” for leather tanning is carcinogenic and 

harmful for human health. Therefore special attention is being paid on use of 

vegetable tanned leather instead of chrome tanned leather throughout the world. 

Vegetable tanning is eco-friendly technique in leather processing. It refers to the use 

of vegetable tannins extracted from plants to process animal hides into leather. The 

leather industry of Pakistan has great interest in environmental- friendly tanning 

process but unfortunately no commendable work has been done so far. The present 

study was focused on the vegetable tanning of leather by the isolation of tanning 

agents from the selected plants of Northern and Central Punjab of Pakistan. Plants 

having maximum tannin content were selected by random sampling. Tannins were 

isolated by TLC and identified by UV spectrophotometer. Extraction of tannins was 

followed by purification, concentration and spray drying to get powder extract. The 

isolated tannins were tested for leather tanning and the quality of leather was 

compared to commercially available tanning agents (Tara and Mimosa) used in 

tanning industry. Comparison study was carried out to check the quality of leather and  

to check the standards of leather as per approved by the IUP/4, International Union of 

Leather Technologists and Chemists Societies (IULTCS) and by ISO 2589:2002. 

A comparison of physical properties of leathers tanned with local vegetable tanning 

materials and those tanned with commercial mimosa and tara indicated significant 

results. All the ten vegetable tanning materials had an adequate shrinkage temperature 

range of 50-93°C. Q. incana and P. roxburghii tanned leather samples showed no 

shrinkage at all. The C. deodara showed highest tensile strength i.e., 27.1 N/mm2 as 

compared to standard Mimosa used in this study which had 22N/ mm2. The A. indica 

had a value of 24.26N/mm2 and Q.dilatata had a value of 26N/mm2. The values of 
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tensile strength of A. nilotica was (16.8), A. pindrow (19.4), E. globules (10.67), P. 

roxburghii (15.61), P. wallichiana (12), Q.incana (12). In this study, the percentage 

elongation of standard Mimosa and Tara was found to be 40.48% and 61.84% 

respectively. The values of percentage elongation of P. roxburghii was 38.1%, P. 

wallichiana (39.1%), E. globulus (37.7%), C. fistula (39.3%), A. pindrow (59.6%), Q. 

dilatata (39.1%), Q. incana (38.32%), A. nilotica (48.42%), A. indica (42.52%), C. 

deodara (39.36%). In present research, it was discovered that the tearing force of all 

the vegetable tanned leathers was greater than 20 N with Eucalyptus globulus, 31.6 N, 

Acacia nilotica 56.05 N, Azadirachta indica 68.6 N, Pinus wallichiana 65.95 N, 

Pinus roxburghii 63.15 N, Cedrus deodara 74.05 N, Quercus dilatata 62.2 N, Abies 

pindrow 56.05 N, Cassia fistula 50.3 N, Quercus incana 39.71 N, Tara 44.99 N, 

Mimosa, 44.05 N. ). Flexing test was applied to the vegetable tanned leathers and 

there was no crack or damage at 50,000 flexes to any of the leathers

The skin of fish is regarded as exotic and advanced type of leather, in different 

fashion and fabric industries. The bark tannin powder of five plants i.e., P. roxburghii, 

P. wallichiana, C. fistula, Tara, A.indica were used for the tanning of fish skins. All 

plants showed good results but the P. roxburghii and C. fistula tannin powder had best 

tanning results on Fish skins. It is highly recommended to consider P. roxburghii as 

an eco-friendly tanning agent. The study recognized and identified ten indigenous 

trees from Pakistan as a source of vegetable tanning materials. The present work 

indicated the percentage of tannins in various barks of plants. For example in Acacia 

nilotica; 8.7%, Pinus roxburghii; 10.06%, Eucalyptus globulus; 7.77%, Pinus 

wallichiana; 13.06%, Cassia fistula; 10.06%, Quercus dilatata; 7.28%, Quercus 

incana; 8.15% , Azadarichta indica; 10.76%, Abies pindrow; 11.6%, Cedrus deodara; 

8.97%. The   spectra for tannins are usually found in the range of 230-290 nm. The 
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bands were recorded at 270 - 280 nm with different absorbance values. The results of 

UV-Vis spectroscopy and TLC proved the presence of tannins. In conclusion, this 

study found the  good quality of leathers tanned with vegetable tanning materials as 

comparable to those tanned with commercial standards and all of them had showed 

best results.

 Present study also revealed that isolated tannins are a good source of natural tannins 

for leather tanning, which will help local tanning industry, by providing eco-friendly, 

non-carcinogenic and non-dangerous leather tanning agents at low cost. This study 

will give strength to the economy through sustainable product and save our 

environment.
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INTRODUCTION

Leather tanning and dyeing is the topmost industrial business in the world especially 

in the Mediterranean nations (Insel et al., 2009; Mannucci et al., 2010). In tanning, 

animal hide for leather products is made stable against high temperature, 

biodegeneration by enzymes, and thermal and physical strain (Ramasami, 2001). 

About 70 to 90 percent of leathers in the world are tanned with chromium and the rest 

are tanned with minerals including aluminium, zirconium, titanium, synthetic tannins 

and vegetable tannins (Aslan, 2009). Hides and skins have few constituents that are 

usually separated prior to vegetable tanning. The removed components contain 

keratins, albumins, glyco-proteins, elastin, reticulin and globulins. In leather making 

the fibrous protein is transformed into leather (Reed, 2013). The techniques associated 

with eliminating these undesirable parts in hides and skins prior to vegetable tanning 

comprise salting, soaking, fleshing, liming, deliming and bating (Shahab, 2013). 

Soaking is the earliest process in which the hides and skins are made clean and soft 

with water (Marion and Rey, 2006). 

Raw material for leather manufacture is generally obtained from the farm animals i.e., 

cow, goat, sheep and buffalo (Ghafoor et al., 2014). Tanning process involves 

Preparatory phase (soaking, liming, defleshing, deliming, bating, pickling). After 

preparatory stage, Tanning phase starts and various kinds of tanning techniques are 

used i.e., vegetable tanning, synthetic tanning, chrome tanning and aldehyde tanning.  

Then there are post tanning processes like, neutralizing, dyeing, slamming, splitting, 

skiving, greasing, drying and finishing. Ultimately, the outer layer of leather is coated 

with dyes to eliminate defects (Kesarwani et al., 2015).



2

Hexavalent chromium mostly used for leather tanning is poisonous and is recognized 

as cancer causing agent. Research has indicated that inhalation of                                                                                 

“Cr(VI)” increases the risk of lung cancer, causes eczema and is also harmful to 

respiratory system (Shi et al., 1994). It can cause ulceration, allergies,  exasperations, 

nasal and skin irritations, rupture of eardrum, respiratory damage and pulmonary 

cancer (Gibb et al., 2000; Poopal and Laxman, 2009). It also accumulates in the 

placenta and destroys fetal growth and development (Saxena et al., 1990). The 

structure and composition of soil microbial communities are changed and deformed 

due to “Cr(VI)” contamination and pollution in the environment. Various enzymatic 

activities and microbial development are also reduced (Zhou et al., 2002). Due to 

hazardous effects of “Cr(VI)” to human health, it is considered as topmost deadly 

chemical and pollutant and registered as a class A carcinogen in humans by the US 

Environmental Protection Agency (USEPA) (Costa and Klein, 2006). 

Codd et al. (2001) and Francisco et al. (2010) reported that the toxic activity of 

“Cr(VI)” destroys the plasma membranes present both in prokaryotic and eukaryotic 

cells due to oxidative stress induced by hexavalent chromium and its easy 

permeability into cell membranes. According to the viewpoint of some scientists, the 

growing eco-friendly tanning techniques are combination of organic and inorganic 

chromium free material (Covington and Lampard, 2004; Madhan et al., 2005; 

Saravanabhavan, et al., 2007; Rosca, et al., 2008). The focus of leather industry in the 

21st century is on chrome tanning, however, the significance of vegetable tanning 

cannot be overemphasized. In fact, the vegetable tanning agents are biodegradable 

and this ability makes them green tanning materials which are eco-friendly and so 

truly secure to use (Jianzhong et al., 2009).
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1.1 Vegetable Tanning Agents 

The compounds which are polyphenolic, soluble in water and have 500 to 3000 

molecular mass are called tannins. Seguin (1796) was the first who presented the 

word tannin to specify different extracts of plants. Pizzi (1983) has classified tannin 

into two distinct classes i.e., pyrogallol/hydrolysable tannins and catechol/condensed 

tannins. The tannins which are derivatives of glucose are named hydrolysable tannins 

and are of two types; gallotannins that yield gallic acid and ellagitannins that produce 

ellagic and valonic acids, but ellagic acid is more important (Clifford and Scalbert, 

2000). Condensed tannins or non hydrolysable tannins are polymers formed by the 

condensation of flavans (Pizzi, 1983; Schofield et al., 2001). 

Figure 1.1 Typical Structures of Hydrolyzable and Condensed Tannins (Lamy et al., 

2011)
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The functional groups of tannins have the ability to form bonds with proteins forming 

very large molecules, a property used to convert animal hides into leather in leather 

industry (Krishnan et al., 2006). Various vegetable tanning substances are being used 

all over the world for processing animal skins on the basis of tannin content in 

vegetative material and its attainability (Musa and Gasmelseed, 2012). Some of the 

significant plants utilized in tanning are Mangrove, Mimosa, Wattle, Canaigre, 

Myrobalans, Chestnut, Hemlock, Bagaruwa, Quebracho, Tara, Valonia, Acorns, 

Davidi, Gambir, Algarobilla etc. The tannins make an important part of wordly 

biomass being the fourth plentiful chemical substance after lignin, hemicellulose and 

cellulose found in vascular plant tissue (Hernes and Hedges, 2000).

Benner et al. (1990) found that tannin accumulation can surpass lignin level in leaves 

and needles. Leaves and bark may have 40% tannin by dry mass (Kuiters, 1990; 

Matthews, et al., 1997). Tannins are therapeutically utilized in the formation of 

haemostatic, antidiarrheal and antihemorrhoidal substances. Tannins control 

inflammation of stomach, gastritis, esophagitis, enteritis, and irritation of bowel and 

small intestine (Cheng et al., 2002). Tannins cure burns and prevent infection and 

bleeding. Tannins are also advantageous for mucosal layer of the mouth (Stephane et 

al., 2004). Tannins protect the kidneys and provide comfort of sore throats, 

hemorrhaging, fatigue, skin ulcers, diarrhea, and dysentery. They have anti-viral (Lin 

et al., 2004), aseptic (Akiyama et al., 2001; Funatogawa et al., 2004) and antiparasitic 

properties (Kolodziej et al., 2005). When incubated with red grape juice and red 

wines with a high content of condensed tannins, the poliovirus, herpes simplex virus, 

and different enteric viruses are deactivated by incubation with high amount of 

condensed tannins present in red wines and red grape juice (Bajaj, 1999). The most 

appropriate families which contain tannins are: Typhaceae Aceracea, Bixaceae, 
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Burseraceae, Dipterocarpaceae, Anacardiaceae, Combretaceae, Myricaceae and 

Najadaceae (Mole, 1993). Vegetable tannage occasionally named as bark tanning, 

refers to the utilizing of vegetable tannins to process animal skins into water proof, 

non-decayable, smooth, pliable heat repellent substance called as leather (Covington, 

1997; Richards, 2000; Olson, 2012). The leather products are produced from hides 

and skins of different animals using the basic chromium sulphate as tanning agent. 

Chrome tanning produce leather better for many applications and require less 

processing time than the vegetable tanning. Chromium tanning is not environmentally 

friendly, causes many hazards to the environment and the human beings also. 

Nowadays worldwide, all the nations are interested to control the pollution by eco-

friendly approach. Nowadays, bio-tanning is eco-friendly approach in leather industry 

(Duraisamy et al., 2016). Bio-tanning material of fish skin to produce fish leather has 

opened new avenues into the world leather and fashion business. The skins from fish 

are regarded as the main leftover by-product of this fish industry. The industry seems 

to be a principal source for the leather industry experiencing manufacturing issues 

associated to the insufficiency of the raw material. Processing of fish skins could be a 

solution for shortage of raw material and for assessment of byproducts of fish farms 

(Atlantic Leather Report 2016, Duraisamy et al., 2016).

Various vegetable tanning agents have been used throughout the world to process 

hides and skins in to leathers based on the accessibility and percentage of tannin 

content. A few of  significant plants utilized in tanning and the percentage of  tannin 

are Chest nut 10.7%, Quebracho 20%, Catechu 35%, Divi Divi 35-45%, Sandri bark 

11%, Gurjan bark 35%, Sumac leaves 25%, Avaram senna  bark 18%, Kahra 16%, 

Ashan bark 12%, Acacia nilotica bark 12%, Cassia fistula bark 11- 14%, Goran bark 
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26-36%, Terminalia arjuna 30-40%, Acacia mearnsii tree 30-40%, Dhundri bark 28-

31% (Wamegah, 2014).

1.2 Grades of Leather 

The production of the leather depends upon its quality and sustainability. On the basis 

of quality and sustainability the leather is classified in different grades which are as 

follows:

1.2.1 Top-grain leather 

Top grain leather includes the outer layer of the hide, known as the grain, which 

features finer, more densely packed fibers, resulting in strength and durability. 

Depending on thickness, it may also contain some of the more fibrous under layer, 

known as the corium. Types of top-grain leather include:

1.2.1.1 Full-grain leather 

Full-grain leather contains the entire grain layer, without any removal of the surface. 

Rather than wearing out, it develops a patina during its useful lifetime. It is usually 

considered the highest quality leather. Furniture and footwear are often made from 

full-grain leather. Full-grain leather is typically finished with an aniline dye. Russia 

leather is a form of full-grain leather.

1.2.1.2 Corrected grain leather 

Corrected grain leather has the surface subjected to finishing treatments to create a 

more uniform appearance. This usually involves buffing or sanding away flaws in the 

grain, then dyeing and embossing the surface.

1.2.1.3  Nubuck 

Nubuck is top-grain leather that has been sanded or buffed on the grain side to give a 

slight nap of short protein fibers, producing a velvet-like surface.

https://en.wikipedia.org/wiki/Patina
https://en.wikipedia.org/wiki/Aniline_leather
https://en.wikipedia.org/wiki/Russia_leather
https://en.wikipedia.org/wiki/Russia_leather
https://en.wikipedia.org/wiki/Nubuck
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1.2.2 Split leather 

Split leather is created from the corium left once the top-grain has been separated 

from the hide, known as the drop split. In thicker hides, the drop split can be further 

split into a middle split and a flesh split. Splits are often used to create suede. Split 

leather can also have a polyurethane or vinyl layer applied to the surface and 

embossed to give it the appearance of a grain, known as bicast leather, which is 

slightly stiffer than top-grain leather but has a more consistent texture.

1.2.3 Patent leather 

Patent leather is leather that has been given a high-gloss finish by the addition of a 

coating. Inventor Seth Boyden developed the first mass-production process, using a 

linseed oil-based lacquer, in Newark, New Jersey, in 1818. Modern versions usually 

have a plastic coating, similar to bicast leather.

1.2.4 Bonded leather 

Bounded leather also called reconstituted leather, is a material that uses leather scraps 

that are shredded and bonded together with polyurethane or latex onto a fiber mesh. 

The amount of leather fibers in the mix varies from 10% to 90%, affecting the 

properties of the product (Corky, 2013).

Leather was mostly obtained from quadruped’s e.g., cows, horses goats and sheep 

from all over the world. These animals are largely pets, although wild animals 

including ostriches, kangaroos, dogs, cats, pigs, alligators, snakes, frogs, fish, chicken, 

giraffe and camel are also used for the production of leather (Boahin, 2008).

1.3 Status of Leather Industry in Pakistan 

Leather industry is the second biggest export industry of Pakistan. It provides 5% 

GDP of the country (Ghafoor et al., 2012) and gives employment to more than 

https://en.wikipedia.org/wiki/Suede
https://en.wikipedia.org/wiki/Bicast_leather
https://en.wikipedia.org/wiki/Patent_leather
https://en.wikipedia.org/wiki/Seth_Boyden
https://en.wikipedia.org/wiki/Bonded_leather
https://en.wikipedia.org/wiki/Latex
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500,000 people (Siddiqui et al., 2016). The leather industry contributed about 700 

million US dollar ($) in Pakistan export in 2013 (Shahab, 2013) and 724 million US$ 

in 2014-15 (Siddiqui et al., 2016). The main leather industries and tanneries are 

located at Gujranwala, Multan, Peshawar, Karachi, Sialkot, Kasur and Lahore. There 

are six sub-sectors in leather industry, i.e., leather tanning, footwear, clothing, gloves, 

shoe uppers and leather stuff (Ghafoor et al., 2012; Ghafoor and Zafar, 2014). There 

are many chemical processes by which animal hide and skin is converted into leather.  

Different chemicals are utilized in the tanning process comprising lime, ammonium 

sulphate, sodium chloride, sodium sulphide, chrome salts, tannins, and germicides 

(Chowdhury et al., 1996; Kankaria et al., 2011). Pakistan is very popular in global 

market for the greatest standard and extensive variation of leather goods. Pakistan 

holds the 21st position in global market place providing 6.17% leather clothing, 1.12% 

hides and skins, 10.76% leather gauntlets, 0.28% leather footwear and 0.21% leather 

goods (Ghafoor and Zafar, 2014).

The Chief importers of Pakistan’s leather products and accessories are Portugal, 

Singapore, UK, Canada, Australia, Italy, Korea, Netherlands, Norway, Sweden, 

Mexico, Chile, Germany, France, USA, Portugal, Singapore, Poland, Japan, 

Germany, France Belgium, Spain, South Africa (Siddiqui et al., 2016).

Pakistan leather export to international market shared 0.7 billion US$ in 2014, and the 

gloves articles promoted 0.3 billion US$ which is highest than all other leather goods. 

Pakistan got 1st position for gloves export in worldwide market in 2014 (Siddiqui et 

al., 2016). The footwear export contributed 131.2 million US$ in the Pakistan’s 

economy in 2014-2015 (Federal Bureau of Statistics, Government of Pakistan, 2015). 

Different leather departments are operating all over the country. More than 2500 

registered and unregistered leather industries are working in Pakistan. Leather 
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tanneries are established in the main cities i.e., Korangi, Hyderabad, Gujranwala, 

Sahiwal, Multan, Lahore, Faisalabad, Sialkot, Karachi, Kasur and Peshawar. 

Currently, 784 leather units, 461 leather clothing production units, 348 gloves, 524 

footwear units are operating in the country (Siddiqui, 2001; Masood, 2009; Siddiqui 

et al., 2016). The State Bank of Pakistan (SBP) highlighted the problems faced by the 

leather sector in annual report that leather production percentage dropped by 17% in 

FY17 compared to a 6.9% growth in FY16. Due to  constant smuggling of live 

animals to Afghanistan, damage of hides and skins due to inadequate preservation in 

summer, animal diseases, lack of modern technology, and shortage of quality labour 

has badly affected the leather industry performance.

Figure 1.2 (A) Trends in Leather Industry Production

(B) Duty Drawback Rates

The main ecological problems arising in tanning industry are the release of chromium 

by polluted water treatment (Moorthy and Mekonnen, 2013). Chromium is poisonous, 

deadly chemical and lethal for development of fetus when produced in higher 

concentrations (Bielicila et al., 2005). Due to the above mentioned disadvantages of 
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chrome tanning, the tanners are now encouraged to adapt new ecofriendly methods of 

tanning such as vegetable tanning materials (Moorthy and Mekonnen, 2013).

Jianzhong et al., (2009) found that leather made by vegetable tanning has 

extraordinary strength, biodegradability, durability, firmness and capability of being 

permeated by air. Therefore, it has much importance in lowering chromium 

adulteration in leather production and is useful in manufacturing of heavy leather like 

costume leather, furnishing leather and shoe upper leather. Research workers are 

focusing special attention on vegetable tanned leather instead of chrome tanned 

leather throughout the world and it has attained remarkable development. Some 

industrial plants are more desirable for tanning than others because of the amount of 

tannins. In tanning, various parts of plants are used for example bark of trees, root 

system, foliage, seed pods, fleshy underground stems and fruits etc (Faxing et al., 

2005; Bi, 2006). Vegetable tannins can be practically used to tan every kind of animal 

skin and hides. However mainly skins of calves, buffalos, cows, goats sheep, snakes, 

ostriches and stingrays are some of the greater animal coatings that can be processed 

with vegetable material (Almendral, 2011).

Pakistan’s leather industry has huge concern in eco-friendly leather making procedure 

and is attempting to maintain it in competitive way. Unfortunately environment 

friendly vegetable tannin powder is imported annually in Pakistan for many years and 

in spite of our local available resources, no work has been done so far on the 

manufacturing of vegetable tannin extracts from plants. Due to this, our country has to 

spend a lot of foreign exchange to import vegetable tannin powder for leather tanning. 

In this study, tanning process of leather is conducted by vegetable tanning using the 

extracts of different plants for the first time in leather sector of Pakistan. The raw 

materials used for vegetable tanning were goat and fish skins.



11

1.4 Objectives of the Study

The research work was planned and organized keeping in view the following 

objectives:

 To find out the tanning potential of the local vegetable tanning raw materials found  in 

the selected areas.

 To isolate and identify the natural tannins from barks of different plants for utilization 

in local leather manufacturing.

 To compare the isolated tannin powder with commercially used tanning agents on the 

basis of physical properties.                            

 To achieve self-sufficiency in production of environmental-friendly leather tanning 

agents by saving huge foreign-exchange..

 To improve the physical properties i.e., tensile strength, shrinkage temperature, 

thickness etc. of the produced leather.

 To provide the non-toxic, non-cancerous, non-poisonous, harmless leather to people 

by using eco-friendly processes and to reduce the pollution load of tanning.
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LITERATURE REVIEW

2.1 Leather Tanning

The benefits of utilization of dried animal hides and skins were first recognized in 

prehistoric times when the early man began to use the leather for clothing and shelter 

against harsh environmental conditions. In 1300 BC, the utilization of leather as skin 

was recorded by primitive societies of the human beings, when man began to 

appreciate animal skins as much more than just a food by-product. Early civilizations 

started to develop their own techniques to soften and preserve their animal hides as 

by-products. The preservation technology traditionally passed down from one 

generation to other. However, it is thought that the art of vegetable tanning as we 

know it today was originally discovered by ancient Hebrew settlers.

During the Homeric era, in around 1200 BC, the Ancient Greeks were known to have 

used leather to craft sandals and other garments. The prevalence of leather 

manufacturing then started to spread in Egypt, where it was revered and cherished by 

Pharaohs and Queens, and later to Rome, where it was commonly used by foot 

soldiers to craft protective over-shirts and armory. As societies became increasingly 

more sophisticated and developed, so did the scale of manufacturing and the 

processes used to create leather increased day by day. As innovation expanded, 

professional tanners and leather craftsmen started to form advanced trade guilds 

during the middle ages in order to maintain ownership of tools and control of the 

supply of materials. It was not until after the 19th century that chrome tanning became 

an alternative method to vegetable tanning. Chrome tanning involves using chemicals 

which streamline the manufacturing process so that many of the preparatory steps 
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required for traditional vegetable tanning are eliminated. Recently 80-90% of tanning 

involves the use of chromium.

During the Victorian era, the leather is used to produce clothing as well as the book 

binding industries. Charles Dickens and Oscar Wilde are the iconic authors that have 

been immortalized in gilded leather, the first editions fetch thousands of pounds at an 

auction (https://mahileather.com/blogs/news/a-brief-history-of-leather).

Leather tanning is a common and universal term for the different processing stages 

involved in transforming animal hides or skins into leather. The aim of the process is 

to isolate collagen by removing non-collagenous parts of skin and then making it 

resistant and unaffected by chemical, biological and physical agents (Varnali, 2004).

2.2 Chrome Tanning

In the 19th century the mineral tanning based on chrome were started and nowadays it 

is widely used in the tanneries of all over the world. In the early of the 20th century, 

other different synthetic tannins molecules were introduced in the leather industry 

with the addition of vegetable tanning (Gustavson, 1956; Clarkson, 1983).

Leather processing is a long process and many steps (chemical and mechanical 

process). Chrome tanning method is widely used in leather industries. All over the 

world, 85% of the leather industry uses chrome tanning method for tanning the leather 

(Haroun et al., 2009). Chrome tanning is an effective technology used in almost all 

the tennaries of the world. The chrome tanned leathers are used in different industries 

that use leather for example in shoe, garment, handbag industries etc. Chrome tanned 

leather was preferred to use due to its excellent properties such as high thermal 

stability, light weight and high strength (Elshahat et al., 2012). 

https://mahileather.com/blogs/news/the-dangers-of-chrome-tanning-on-the-environment
https://mahileather.com/blogs/news/a-brief-history-of-leather
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The ecological studies on chromium in leather industries revealed that scientists 

should look possible alternatives. A vegetable combination tanning process has been 

promoted with special attention being given to intended final product. Aluminum is 

mineral tanning agents that are widely used to stabilize collagens in the leather 

industry. It is the need of time to explore the cross linking of vegetable and aluminum 

tanning, with collagens. 

Haroun (2009) compared the physical properties of the chrome tanned leather and 

vegetable tanned leather. He observed that chrome free tanning  produced leathers 

with shrinkage temperature around 125oC, elongation at break 65.6%, tensile strength 

38 N/mm2, and tear strength 98 N/mm. The chemical properties of the combination of 

the chrome and vegetable tanned leathers were found to be quite normal. The 

synergistic studies gave the same results and better result as compared to individual 

applications. It was found to produce stronger leather with the durable characteristics 

with synergistic effects. In contrast, pre-tanning with aluminum possibly tightened the 

collagen fiber network, preventing high molecular weight vegetable tannins from 

interacting with collagen fibers. Optimal results were obtained when 10% (w/w) 

vegetable tannins (garad) and 2% Aluminum sulphate was used. Saravanabhavan et 

al. (2003) reported that the leather industry is currently undergoing the process of 

transformation due to pollution and discharge legislations. The leather industry is 

pressurized to look for cleaner options for processing the raw hides and skins. 

Conventional methods of pre-tanning, tanning and post-tanning processes are known 

to contribute more than 98% of the total pollution load from the leather processing. 

The conventional method of the tanning process is now under the rule “do−undo”. 

The conventional methods employed in leather processing of the skin/hide to a wide 

variation in pH (2.8-13.0) cause the emission of huge amounts of pollution loads such 
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as BOD, COD, TDS, TS, sulfates, chlorides and chromium. The hair and flesh 

removal as well as fiber opening have been achieved using biocatalysts at pH 8.0, 

pickle-free natural tanning employing vegetable tannins, and post-tanning using 

environmentally friendly chemicals. This process involves dehairing, fiber opening, 

and pickle-free natural tanning followed by ecofriendly post-tanning. It has been 

found that the extent of hair removal and opening up of fiber bundles is comparable to 

that of conventionally processed leathers. It has been substantiated through scanning 

electron microscopic analysis and softness measurements. Performance of the leathers 

is shown to be on par with conventionally chrome-tanned leathers through physical 

and hand evaluation. The process also exhibits zero metal (chromium) discharge and 

significant reduction in BOD, COD, TDS, and TS loads by 83, 69, 96, and 96%, 

respectively. The process is economically viable and beneficial. Beam house waste 

streams are the main source of organic pollution from the most tanneries. The waste 

stream contains high quantities of lime and sulphide, particulates of hair protein, 

blood flush particles and manure. All these waste water materials are very difficult to 

treat and these organic fractions are very slowly biodegradable or non-biodegradable 

(Visser et al., 1993). Chromium (III) leathering process exhausts liquid and solid 

discharge which converts into sludge. Scientist tried to eliminate the fate of chromium 

and other associate metals during the tanning process. The elimination rate of these 

materials under the anaerobic process was also investigated but the level of the metals 

is very high and it causes pollution (Nasr et al., 1992). The workers who work in 

leather tanning and processing, have an exposure to a wide range of chemicals emitted 

during processing. These are the carcinogens or suspected carcinogens, such as 

hexavalent chromium salts, vegetable tannins, chlorophenols, aniline dyes, 

formaldehyde, methyl mercury, arsenic, benzene, and chlorinated organic solvents.  
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Exposure to leather dust which is the main source of sinonasal cancer in the shoe and 

boot making industry, might also be substantial in the leather tanning industry. All 

these pollutions are associated with tannery workers (Battista, 1995). Many reports 

were submitted that tannery workers suffered from sinonasal, skin and lung cancer. It 

was also reported that few workers of leather tanning industry have bladder cancers, 

but not in all (Catwright, 1984). 

Mikoczy and Schutz (1996) reported that the incidence of renal cancer was observed 

in a tannery worker. In a case study of Sweden, it was reported that the risk for 

pancreatic cancer in workers who worked in leather tanneries increases but no 

association  was found in cohort studies. An excess of soft tissue sarcomas (STS) 

among leather tanners  was reported, including a significantly increased incidence 

based on five cases, observed in the first report from this Swedish cohort of leather 

tannery workers. However, a case-control study nested within the Swedish cohort did 

not reveal any specific occupational risk factors for STS. Risk excesses for multiple 

myelomas and sinonasal cancer were also found in the Swedish cohort, but based on 

few cases. Mikoczy and Hagmar (2005)  studied the incidence of cancer in the 

Swedish leather tanning industry. 351 incident cancer cases were observed compared 

to 302 expected, which resulted in an increased standardized incidence ratio (SIR) of 

1.16 (95% CI 1.04 to 1.29). An enhanced risk for prostate cancer was observed (SIR 

1.44, 95% CI 1.10 to 1.86), mainly attributable to the later part of the observation 

period (1990-99). In this analysis the previously observed risk excess for soft tissue 

sarcomas was no longer significant (SIR 2.62, 95% CI 0.96 to 5.70). For multiple 

myelomas and sinonasal cancer the slight non-significant excesses remained, still 

based on very few cases. The risk for prostate cancer increased but it may be 

involving pesticides. Moreover, excess risks for prostate cancer among farmers have 
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been reported, indicating pesticides as possible causative agents. Leather tanners have 

also been exposed to pesticides.

2.3 Vegetable Tanning

Vegetable tanning or bio-tanning is defined as the tanning of the skins and hides by 

vegetable, plant, animal and microorganism tannins and converted into useful end 

product called leather. In the end of the Neolithic period, the plant material such as 

leaves, twigs, fruits, barks or roots, were used to prevent animal skins degradation and 

transforming them into a more durable and useful material in the eastern 

Mediterranean region. It was an empirical development of use of plant on the animal 

skin/hide, may be it started vegetable tanning. Vegetable tanning is a millenary 

technology, which is still in use, and is one of the oldest processes used to produce 

leather. It was introduced by the Roman people and then in the western regions of 

Europe (Covington and Sykes 1984; Van Driel, 2009). 

One of the historic techniques of tanning is vegetable tanning. This first began in the 

midst of the 19th century using the raw, plant, substances as a tanning agent. 

Approximately 90% of vegetable tanning extracts were formed from plant material 

and world widely used in the leather industry (Sundara et al., 1992). Vegetable 

tanning basically consists of two steps i.e., penetration and fixation, however, the two 

stages are not entirely different, they proceed together. The first step comprises the 

distribution and mixing of tannins into the collagen fibres and the second stage 

consists of fusion of tannins with the protein. Many factors affect penetration and 

fixation of tannins into the skins and hides of animals during process of tanning 

(Hergerman et al., 1992). These contain neutral salt particles, particle size and 

mechanical actions, pH, temperature and the concentration of tannins in the tan liquor 
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(Ogiwara, 1980). Vegetable tannins have a distinct feature of astringency, i.e., 

contracting together the fibers of the pelt, which they bring about by removing water 

or by neutralizing the forces by which the collagen particles carry water molecules. 

This property of astringency differs in different tanning materials (Valls et al., 2009). 

Extracts of vegetable tanning materials contain not only tannins of various types but 

contain “Soluble non-tannins” or “non-tannins”. They include sugars, soluble 

minerals and some organic acids. They play a key role in leather making and 

processing and no commercial vegetable tanned leather can be produced without them 

(Woodroffe, 1941). The tannins utilized for leather tanning were obtained by 

extraction process from the barks of oak and chestnut trees in early 1800. Commercial 

leather tannic powder is extracted from Tara (Caesalpinia spinosa), A. mearnsii and 

Gallnuts from Quercus (Romer et al., 2011).

Siegler and Hernandez (1989) compared the tanning capability of four North 

American Acacia species i.e., A. berlanderi, A. farnesiana, A. greggii, and A. rigidula 

and also assessed the effectiveness of these vegetable tannins for the manufacture of 

leather. After extraction of tannins with 70% aqueous–acetone solvent, hide 

specimens were suspended in solutions of tannin. Tannins in A. farnesiana, A. 

berlanderi and A. rigidula permeated the skin of animals in nine days and showed 

suitable colour. A. rigidula and A. greggii had excellent yields of leather. Acetone –

water extracts of A. berlanderi and A. rigidula were same as commercial wattle 

extracts. The plants were recommended to have ability to be sources of commercial 

tannins due to their abundance. Bliss (1989) revealed the history of leather 

manufacture before 1930 and the changes in methodology and materials from the last 

50 years. The relationships between various classes of tannins and features of the 
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prepared leather were discussed. He also highlighted reasons of decline in leather 

sector of United States and Canada.

Krisper et al. (1992) reported that chestnut extract is the main prominent vegetable 

tanning agent utilized for leather manufacture. The extract contained about 75% 

active tanning materials. The extract was prepared by hot water extraction of timber 

and bark and then spray drying of the solution was done. Their study showed that with 

minor changes in extract, it can be utilized with advanced automatic leather 

manufacturing systems. Tang et al. (1992) isolated two vegetable tanning agents from 

chestnut plant i.e., vescalagun and castalagin for leather tanning, by chromatography 

using Sephadex LH-20 and cellulose. They focused on the composition and structural 

features of both tannins along with quantitative results for each constituent by Nuclear 

Magnetic Resonance (NMR) and spectroscopy to give significant knowledge of the 

mode of action of the commercial chestnut extracts of tannin. Hoyle (1994) reported 

that Acacia nilotica contained 40% tannin in its pods and the pod extract showed 

excellent results with goat hides. The tannin colour was red similar to commercial 

Mimosa bark solution. Recent tanning techniques without using noxious chromium 

substances have been developed during last 20 years. In spite of the fact, these tanning 

procedures make possible the withdrawal of chromium, but still the leather is not free 

from inorganic salts i.e., silicon, aluminium and titanium etc. Production of 

chromium-free leather is very significant because of severe demands for leather 

regarding reprocessing of waste materials of leather (Plavan et al., 2009).

Mavlyanov et al. (2001) described the occurrence and structure of hydrolyzed tannins, 

the separation of tannins, and their quantification methods, extraction procedure of 

tannins, ways for enhancing the extracting yield, and the chemical techniques during 
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tanning of hides and skins. Sivakumar et al. (2006) worked on ultrasound in 

myrobalan extraction process for improving the efficiency of tannin extraction under 

moderate conditions in reduced time. Scale-up tests and the advantage of ultrasound 

in pulse mode were also tried. The results presented 90% extraction efficiency for 

ultrasound. This ultrasonic extracted tannin solution was also found to be effective in 

the leather tanning process. Hence, the use of ultrasound in production of tannin 

extract is a useful alternative. Gujrathi and Babu (2007) prepared vegetable tannin 

from Acacia mearnsii bark which is globally utilized for the light sole leather tanning. 

They reported occurrence of tannins in different parts of Black Wattle tree. The 

various types of bark, extraction conditions and its commercial uses were also studied. 

They also compared A. mearnsii tannin extract with other vegetable extracts on the 

basis of chemical and physical characteristics. Afsar and Ozgur (2008) analyzed the 

combined utilization of valonia and altered valonia extracts with oxazolidine to raise 

the hydrothermal strength and to improve tanning productivity and also to 

manufacture good leathers than those tanned with only valonia extract. Skin 

specimens were separated into two groups (group A & B). Shrinkage temperatures for 

natural extract, group A and group B were established as 65.66, 78.62 and 83.42°C 

respectively. They concluded that oxazolidine pretannage  followed by valonia  

retannage gives excellent tanning efficiency and 4% oxazolidine and 20% and lowest 

modified herbal tannin combination showed the beneficial results.

Haroun et al. (2008) investigated the interaction of vegetable tannins and aluminium 

with animal skin. The combination method enhanced the contraction temperature, 

percentage of extension at break, tensile strength, power of tearing at 125ºC, 65.5%, 

38 N/mm2 and 98 N/mm2 relatively and produced complete soft leathers. The best 
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results were achieved when 10% vegetable tannins and 2% aluminium sulphate were 

utilized and vegetable pretannage followed by aluminium retannage was much better.

Vázquez et al. (2008) explored the capabilities of eucalyptus bark and chestnut shell 

extracts as chrome alternatives in leather tanning process. The leather tanned with 

Chestnut shell extracts had excellent properties than leather tanned by eucalyptus bark 

extracts and had remarkably great extraction yields. Laghi et al. (2010) established the 

various classes of tannins from different plants presenting unique UV absorption 

bands. In hydrolysable tannins, the wavelength of the maximum absorbance (λmax) 

and the relevant inflection point (λmin) are following: Gallotannins present two 

distinguishing absorption maximums, λmax1 around 212 nm and λmax2 around 275 nm, 

with distinctive inflection point around 242 nm; Ellagitannins present strong 

absorption near 200 nm and 277 nm. While in condensed tannins, they present a 

peculiar  absorption around 200 nm, an inflection point (λmin) between 258–259 nm 

and λmax between 279–281 nm (Nakagawa and Sugita,1999).

The two conventional vegetable tanning agents i.e., mositsane from 

Elephantorrhiza elephantina and mogonono from Terminalia cericeathe in the 

villages of Hukuntsi sub-district, Botswana were used to tan animal hides. These 

tanning agents were used solely or in combination with others to upgrade and improve 

productivity of leather. Barks, roots and tubers from plant parts were utilized for 

tanning. The 71.9% common tanned skins were of goats, sheep and wild cats in this 

report and were used for fabric, quilts, customary clothing, shoes and seats to ride on 

animals (Koloka and Moreki, 2011). Castell et al. (2011) found out the fruit of the 

tara tree as a remarkable tanning agent for leather tanning industry. Even though, its 

characteristics are widely known, the purpose was to use tara as a pre-tanning agent. 
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After combination with a naphthalene sulphonic syntan, all the physical properties of 

tanned leather were examined.

Mustapha et al. (2012) extracted the tannins present in the skin of Parkia 

clappertoniana which proved to be a good tanning agent of leather but no work was 

previously done on its extraction commercially. The impacts of size of particles of the 

husk in powder form and extraction requirements were examined in the study. The 

highest amount of extraction product i.e., 78% was achieved at 70°C by agitation 

process for 90 and 120 min having particle size 0.25 mm. Haroun et al. (2012) also 

analysed and worked on twelve commercial vegetable tannin materials and related 

polyphenols of selected Acacia species in Sudan by various methods i.e., hide powder 

technique, Folin-Denis method, combined method and Hagerman Butler technique. 

The amount and quality of extractable tanning materials were compared with the 

standard Acacia mearnsii tannins. The result revealed that out of 16 parts examined, 

09 had more than 10% tannin content and were therefore appropriate for commercial 

utilization and tanning. Hydrolysable-condensed and condensed tannins were 

identified by the method of TLC. 

Aslan (2013) studied the properties and colour fastness of skins of sheep that was 

tanned with two distinct vegetable tannins i.e., pyrogallol type tannins e.g., in tara 

pods and catechol-type tannins e.g., in Quebracho. Chitosan formate was used in 

various parts on leather. The dye fixation rates and durability of the leathers raised 

when the amount of chitosan formate enhanced and the greatest values of tensile 

strength and colour exhaustion rates were achieved at a portion of 200%. Haroun et 

al., (2013) isolated tannins from 12 native and striking wood species and two 

cultivated plants i.e., Hibiscus sabdariffa and Helianthus annuus. Majority of the 
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tannins were of the condensed or mixed (hydrolysable-condensed) groups. Six had 

tannin amount of commercial use. This study improved the information about 

vegetable tanning agents used in leather industry by examining the tannins from 

fourteen species of Sudan, so that they could be utilized as an alternative of A. 

mearnsii in the leather industry. A. mearnsii is not accessible in Sudan and is imported 

at a large amount. Thin layer and paper chromatography confirmed the presence of 

mixed and condensed tannins. The results indicated that the tannin extract of 

Pithecellobium dulce having high astringency values could be used in place of A. 

mearnsii for tanning industry.

Musa and Gasmelseed (2013) conducted a study to find suitable alternatives for 

chrome tanning in order to reduce toxicity and pollution. The combination of 

vegetable tanning and garad-oxazolidine tanning process is one of the most 

favourable choices. A. nilotica pods, also named as garad powder (20%) have been 

used in the combined tannage procedure with oxazolidine (4%). The tanning system 

gave 102°C shrinkage temperature and provided fine organoleptic features, relative 

stability and better production of upper leathers. Pinto et al., 2013 reported that 

Eucalyptus globulus bark can be a good source of tannins for utilization in the leather 

manufacturing. They developed the concentration strategy to get tannin-rich extract 

for application on leather. The bark was extracted with water, concentrated, and 

successfully applied in leather production, improving the sustainability of pulp mills. 

The extract concentration was increased by the reagitation of the fresh bark extracts. 

The ultimate extracts presented the leather retaining ability equal to commercial 

chestnut extract and showed better performance in the manufacturing of leather 

goods.
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Onema et al. (2013) optimized the parameters for extraction of tannins from the 

acorns. Valonea tannin obtained under optimal conditions was applied to leather 

tanning procedure where shrinkage temperature and filling coefficient were observed. 

Ideal extraction parameters were obtained as 100 ml/g for solvent/feed ratio, solvent 

mixture ratio of 62% methanol-38% water. The filling coefficient of the tanned 

leathers with extracted valonea was 57.81% and the shrinkage temperature was 

75.5°C which was higher than the commercial valonea (52.83%, 73°C). It indicated 

the remarkable effect of optimization process. The tanning features of the extracted 

valonea were sufficient for the vegetable tanning in leather manufacturing. Ezeabara 

et al. (2013) also examined tannin content of stem, roots, stem barks, leaves and husk 

of six species of Citrus containing C. aurantifolia, C. grandis, C. limon, C. paradisii, 

C. reticulata and C. sinensis. The research indicated the presence of tannin in all parts 

of the citrus species. The highest amount of tannin was found in the leaves of C. 

aurantifolia (1.44 ± 0.02%) and C. limon (1.30 ± 0.02%) relatively; while the lowest 

amount  was present in the roots of C. reticulata (0.06 ± 0.02%) and C. sinensis (0.08 

± 0.04%) respectively. The extracts of the tested Citrus species were suggested to be 

utilized as drugs in ethnomedicine, as antimicrobial agents in cosmetics, in 

agriculture, as supplements in wine manufacturing and in tannery industry for the 

production of leather. 

Kemppainen et al. (2014) discovered the Spruce (Picea abies) bark as principal raw 

material and source of condensed tannins. Hot water extraction was carried out to 

extract tannins and an adequate (10.7%) amount of tannins was obtained. 

Temperature enhanced the final extraction yield.
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Islam and Christina (2014) analyzed and compared vegetable tannins of three 

common Acacia species of Sudan. They extracted bark samples of three Acacia 

species by boiling with deionized water and determined the percentage of tannins in 

the leaves, bark, and mature and immature fruits of Acacia species. The mature and 

immature fruits of A. nilotica had tannin contents 22.15% and 22.10% respectively. A. 

nilotica and A. seyal contained tannins 11.80% and 6.30% respectively in the leaves. 

The barks of A. seyal, A. nilotica, and A. senegal contained tannin contents of 

12.15%, 10.47% and 3.49% respectively. 

Kuria et al. (2016) discovered cheap and local vegetable tanning agents for leather 

manufacture in Laikipia County, Kenya. They evaluated and compared the local 

tannin powders with commercial mimosa tannin powder and produced tanning 

materials from A. nilotica, A. xanthophloea and Hagenia abyssinica plants. The 

physical properties such as tear strength, tensile strength, flexing endurance, 

shrinkage temperature etc. were also calculated by standard IUP Techniques. They 

concluded that the local vegetable tanning agents can be a better substitute for 

standard mimosa in leather tanning in Laikipia country.

Hussein (2017) studied the vegetable tanning agent for leather tanning process, which 

was extracted from the fruit of A. nilotica. He also examined the tannin content, 

shrinkage temperature, tensile strength, tear strength, percentage elongation and color 

measurements and compared the physical properties with the commercial tannin 

powders. The results concluded that Acacia extract can be the new future leather 

tanning agent than other leather tanning systems. Maier et al. (2017) worked on the 

European medicinal herbs as source of vegetable tannins and their application in 

leather manufacture. A total of 47 medicinal herbs were studied. Three plants 
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Potentilla erecta, Geum urbanum and Arctostaphylos uva-ursi had the greatest tannin 

content from 15% to 30%. Fragaria, Alchemilla vulgaris and Rubi fruticosus 

presented the great potential for leather tanning industry. Highest number of vegetable 

tannin extracts up to 1900 kg/ha was calculated for A. vulgaris.

Seabra et al. (2017) found out pine bark extracts rich in condensed tannins for leather 

tanning/retanning processes. They performed traditional aqueous extractions by 

varying the kind and quantity of the solvents i.e., sodium hydroxide (0.5, 1.0 and 

1.5%, w/v), formic acid (0.5, 1.0 and 1.5%, v/v) and ethanol (5, 10 and 15%, v/v. 

Sodium sulfite (1.0%, w) was also added.

Seabra et al. (2017) obtained condensed tannin rich bark extracts of pine for leather 

tanning / retanning procedures in future. Traditional processes of aqueous extractions 

were carried out, by the changing quantity and type of the solvent i.e., sodium 

hydroxide (0.5, 1.0 and 1.5%, w/v), ethanol (5, 10 and 15%, v/v), formic acid (0.5, 1.0 

and 1.5%, v/v). Sodium sulfite (1.0%, w/v) was also added in some extractions. The 

tannin extract was further utilized in tanning.

2.4 Bark tanning

Vegetable tanning, which is also referred as bark tanning and it is the time-tested 

method of using vegetable materials to process animal hides and skins into water 

resistant, non- putrefiable, soft, flexible, heat resistant material (Gustavson, 1956). 

Bark tanning is an ancient method of creating durable, water repellent leather with a 

lot of body. It can be done to virtually any skin, but it is generally reserved for tanning 

grain on leathers from large thick hides such as cattle, horse, buffalo and pig. It has 

been commonly used for saddles, canteens, stiff shoes, belts, wallets, holsters, 
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harnesses, helmets, pouches, trunks, shields and gun cases. It involves treating the 

hides/skins with leaves, root and barks containing tannins (Aloy, et al., 1976) and it is 

considered as the "green tanning agent" because of its biodegradation and 

environmental friendly than that of inorganic tanning. Vegetable tanned leather has 

excellent fullness, moldering properties, wear resistance, air permeability and 

solidness; hence, it is of greater significance to reduce chrome pollution in leather 

making process. Vegetable tanned leather is used in making heavy leather such as 

furniture leather, garment leather and shoe upper leather (Gustavson, 1956). The 

vegetable tanning method does not require the prior preparation of pickling and 

therefore the contributions to pollution load from sulfate salts are lower. In addition 

with vegetable tannins have several advantages such as it make leather to be hard to 

biodegrade, and hence wastes bearing vegetable tannins degrade slowly. (Choudhury 

et al., 2006), ingredients (no harmful chemicals) are used when dying the hides are 

lighter in color and can be converted into pastel shade leathers, high softness, good 

lightness, natural sensation, pleasant touch, beauty over the time environmental 

friendly and can be recycled, each leather product that is dyed using vegetable tanning 

is completely unique, rich, warm-tone colors which look completely natural and high 

performance leather can be obtained, often better than chrome tanning.

2.5 Plant Tannins

Plant tannins are polyphenolic secondary metabolites of higher plants which are water 

soluble with high molecular weight (500 - 20,000) and ability to precipitate the 

proteins and alkaloids. Tannins are acidic in nature and frequently occur in the roots, 

wood, bark, leaves and fruit of many plants. Tannins are collagen proteins in nature 

which bind with the collagen proteins of the skin and hide. The hides and skins 
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become less water soluble after binding which resists to bacterial decomposition 

(Kedlaya et al., 1963). Tannins have ability to crosslink with collagen to form a non-

putrefiable and hydrothermal stable product called leather inorganic (Thomas and 

Foster, 1926; Burton et al., 1953). The tannins are bitter in taste and are being utilized 

in pharmaceutical industries as medicines, which promote rapid curing and formation 

of new tissues on wound and inflamed mucosa (Bienkiewicz, 1983; Metz et al., 

2004). Plant tannins are grouped into two types 

2.5.1 Hydrolysable Tannins

The bark material contains hydrolysable tannins that are derivatives of ellagic acid 

(they include gallotannins, gallic acid and ellagitannins). The phenolic compounds of 

these tannins form ester bonds by interaction of their oxygen atom with glucose 

molecule. The leather is converted into pink, red or dark brown shades. These tannins 

also create greenish-black spots on contact with iron which give a new touch to 

leather (Burton et al., 1953). These are further grouped into gallotannins and 

elagitannins.

2.5.2 Condensed Tannins

Condensed tannins are not decomposed by hydrolysis but they are converted into 

insoluble products by oxidation and polymerization. Condensed tannins (Catechols) 

are more stable in composition than the hydrolysable tannins. It causes phenolic 

aromatic compounds to combine with carbon atoms. Mimosa, Quebracho, Hemlock, 

Willow and Gambir are the few examples of condensed tannins containing plants. 

These tannins are preferable for leathers industry intended for book binding, 

upholstery and other purposes where longevity is essential. The resultant leather is of 
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pale color varying from creamy or yellowish to light brown. Pyrogallols make bluish-

black spots on contact with iron and resist changes in pH value. Sumac, chestnut, oak 

galls and oak-wood contain pyrogallols. Pyrogallols tannins produce “tannin reds” 

when boiled with acid (Thomas and Foster, 1926; Burton et al., 1953). Brain tissue 

play a vital role to soften the leather because it contains a high amount of fat and oil 

which helps to keep the leather soft, flexible and protects it from water. Lecithin is 

another active ingredient in the brain tissue which helps the fats and oils in the thick 

gravy derived from cooking and mashing brain tissue interact with the non oily 

components of the leather (Thomas and Foster, 1926). 

2.6 Fish skin: a new source of leather

Fish skin is gaining popularity as a new source of leather now a days. Several reports 

are available where fish skin has been tested and tanned using different tanning agents 

and the characteristic of leather have been studied. Zengin et al. (2015) evaluated the 

fish skins for leather industry and formulated the manufacturing processes. They also 

discussed the final features of fish skins and conversion of the skins into custom 

leather. The anatomical, physical, and chemical characteristics of three types of fish 

skins i.e., sturgeon, conger, carp were studied. All fish leathers exhibited sufficient 

physical durability but few leathers were light weight and tough because of their 

external design and structures. Sturgeon leathers were particularly appropriate for the 

sophisticated shoe making and handbags production due to their pure apparent style. 

Six different vegetable tanning agents i.e., Valonea, Tara, Myrobalan, Quebracho, 

Chestnut and Mimosa were examined by ultraviolet spectroscopy and multivariate 

study. Total tannin content by Folin Ciocateu method and specific absorbance was 

also measured to check the presence of tannin (Grasel et al., 2016). 
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Kucukakin et al. (2016) also investigated fish skins (Katsuwonus pelamis) as the new 

alternative raw material source for leather industry. Distinct properties of Tuna fish 

skin were assessed by histological, chemical and histochemical procedures for this 

purpose. The chemical features of fish skin were evaluated by instrumental analysis. 

Histological and histochemical examination was conducted by staining techniques of 

Hematoxylin-Eosin and Van Gieson. As a result of histological and histochemical 

study, fish skins were found incompatible from the other skins. The fat content, 

Kjeldahl nitrogen, hide material, volatile substances and total ash content  of 

Katsuwonus pelamis fish skins were calculated as: 24.47±1.76%, 10.20±0.28%, 

57.32±1.55%, 37.33±4.01% and 1.23±0.0002% respectively. The results of the 

research showed that Katsuwonus pelamis skins are thin and resistant due to their 

peculiar surface features. It has less collagen as compared to hides and skins 

commonly used in leather industry. Senthil et al. (2016) explored the potentials of fish 

Aluterus monoceros to manufacture fish leather. They studied that during fish 

processing skin and its wastes discharged have become a main cause of ecological 

contamination. They tried to use the fish skin as leather after processing. The 

characterization of fish skin to determine its physical and chemical characteristics by 

conducting Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron 

Microscopy (SEM), Thermogravimetric Analysis (TGA) was also done. Biological 

elements i.e., protein, fat, and salt amount of the fish skin were also calculated. The 

tensile strength of leather was also evaluated i.e., 88 MPa and had 8% protein content. 

Therefore, on the basis of assessment of all properties, this study recommended that 

fish skin can be used for leather manufacture. Hermiyati et al. (2017) carried out the 

process of starry trigger fish tanning  by utilizing three vegetable tanning agents i.e., 

Mimosa, Quebracho and Chestnut and the aim was to achieve maximum amount of 

https://www.researchgate.net/profile/Eylul_Kucukakin
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tannins. The tannin contents of each agent varied to 12%, 15% and 18%. The physical 

properties of the leather were tested by Universal Testing Machine. The  values of 

tensile strength, elongation and tear force calculated by 18% of each tanning agents.

Alla et al. (2017) worked on a star puffer fish for its use as attractive and exotic 

leather. An extraordinary kind of this fish was found out from Indian Ocean shoreline. 

The conversion of the skin into leather was remarkable from many types of fish 

leathers. The structure of outer skin was coated with spines impregnated with calcium 

salts on dorsal and ventral sides attached to the collagen like caltrops. The 

morphology of the leather was studied by SEM and spine structure was examined by 

Energy-Dispersive X-ray spectroscopy (EDX). The exotic leather showed superb 

mechanical features and used in making high grip items, medicinal footwear and other 

leather products. (Gaidau et al., 2013) presented sturgeon skins as an important 

resource for the exotic leather industry. Their skins can be utilized in the production 

of fashion accessories. The principal features of sturgeon skin manufacture, physical 

and chemical characteristics were discussed. 

2.7 Leather industry of Pakistan

Hashmi et al. (2017) reported the status of leather tanneries of Pakistan in the world 

and highlighted the principal ecological impacts due to this industry. They found 

leather industry, the most effective export earning department and graded this industry 

on second position of Pakistan economy. The leather industry shared 5% GDP of the 

nation and gave jobs to more than 500,000 people. However this industry is also the 

major casue of water and soil pollution in various areas of the country. Khwaja (2000) 

analyzed the data of 16 pollutant levels in the tanneries effluents from the tanning 

industries located in KPK. Pakistan National Environmental Quality Standards 
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(NEQS) submitted the data of liquid industrial effluents discharged during the study. 

A comparison of the pollutant levels in effluents from drums with main drains of 

tanneries showed that the values for drum samples were higher than those of drains 

for most of the pollutants studied. It is a typical industrial effluents, whereas the 

intermittently discharged effluents (10%) are more polluted than the continuously 

discharged (90%). The pH of the main drain effluent samples was found to be within 

desirable limits of 6-9. The amount of total suspended solids (TSS) and total dissolved 

solids (TDS) were found to be very high compared to NEQS. All the effluent samples 

examined also had higher chemical oxygen demand (COD) values, indicating high 

pollution load carried by these effluents. It was conclude from the study that the 

excessive use of sulphide and chromium in tanning processes gave rise to high 

concentrations in the effluents. Sulphide, chromium and phenols were the most 

hazardous among pollutants from the tanneries. Sulphides were toxic to stream/river 

organisms and also produced  foul-smelling toxic hydrogen sulphide in a low pH 

environment. The concentrations of sulphide, chromium and phenols were found to be 

higher than the permissible limits. Chlorinated phenols are reported to be 

carcinogenic. Higher phenol concentration could be harmful to aquatic life as well as 

to the animals drinking polluted river water. It was evident from the study that 

indiscriminate discharge into the Kabul River or on open land of tanneries effluents 

with high pollution load deteriorated the quality of the river water as well as the 

underground water. 

Ghafoor et al. (2012) studied the impact of major variables affecting export 

performance of leather goods from Pakistan using primary data source. 90% of the 

export was done by the Punjab province as compare to the total leather export within 

the Pakistan. The leather production and export facilities are primarily located in 
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District Sialkot and Kasur in the province of Punjab. 40 representatives of leather 

exporter were selected from total population of leather exporters from Kasur and 

Sialkot. The impact of major variables on export of leather goods (jackets, shoes, 

purse, etc.) was observed in the two main markets of the world i.e., USA and 

Germany in the present case study. In the USA market, value of adjusted R2 was 0.72 

whereas the F-value was 15.40. The estimates of regression analysis revealed that 

experience and education of exporters, purchase price of raw material and ISO 

certification 9000 were the significant variables whereas marketing cost and energy 

crises showed insignificant impact on leather exports from Pakistan to the USA 

market. But in case of German market, value of adjusted R2 was 0.74 whereas the F-

value was 16.73. Experience of exporters, purchase price and energy crises were the 

significant variables whereas education of exporters, marketing cost and ISO 

certification showed insignificant impact.

Mehmood (2008) reported that the leather sector in Pakistan is the second most 

dynamic sector after textiles. It contributes 5.0% to manufacturing GDP, about 7.0% 

to export earnings and provides employment to more than 200,000 workers. The 

leather industry consists of six sub-sectors namely, tanning, leather footwear, leather 

garments, leather gloves, leather shoe uppers and leather goods. Leather and leather 

products industry is concentrated mainly at Karachi, Sialkot, Kasur and Lahore. More 

than 2500 tanneries and footwear manufacturing units are located in Karachi, Lahore, 

Sialkot and Kasur. Pakistan's leather industry is export oriented, 90% of the leather 

produced is exported abroad either in the form of finished leather or leather products. 

Leather sector is one of the established indigenous manufacturing sectors that have 

developed reasonably well overtime. Leather exports have increased at an average 

rate of 11.0% per annum. Pakistan is well known globally for high quality and wide-
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range of leather products i.e., finished leather, garments and gloves etc. However 

Pakistan's contribution to leather goods (hand bags, purses, suitcases, key chains, belts 

etc.) and footwear export in the international market is small mainly because the 

former sub sector is least developed while the market for footwear is domestic market 

oriented (Syed, 2009). 

Some of the leading importers of Pakistan's leather include USA (10.69%), Germany 

(9.33%), UK (7.35%), China (7.1%) and Italy (6.54%). Pakistan also imports raw 

material and related products from the developing countries, it exports value added 

products to developed countries like USA and Germany. Imports of raw leather are 

mostly made from Saudi Arabia. China, Kenya, Sudan and Tanzania, of these Saudi 

Arabia and China have a major share in the supply of raw leather to Pakistan (Haidri, 

2010). There is a continuous shift of leather, footwear and leather goods production 

from developed to developing countries mainly due to price competitiveness which 

creates an opportunity for these countries especially for the Pakistan (Sharif and 

Mainuddin, 2003). As such developing countries are trying to increase their capacity 

in the production and export of leather goods. Turkey where business technologies, 

marketing policies and leather production have been improved the business 

opportunities for leather goods for all over the world (Yamamoto, 2005).  The success 

factors analyzed by Jordaan and Eita (2007) in South Africa for the export of raw 

hides/skins and leathers. They found that importing country’s GDP, population, 

infrastructure and regional trade agreements were the main determinants of leather 

exports. Similarly, Asgedom (2008) found that Ethiopian leather exports were 

influenced by the world market on the basis of unit price/value of exports and the 

local real exchange rate in long term or short term, the domestic consumption pressure 

and world supplies from major exporters were the important determinants of leather 



35

exports. Bekele and Ayele (2008) found that globalization had brought the value 

chain and competitiveness issues to the forefront, where individual efficiencies being 

less important.  Roy (2012) stated that Indian leather faced challenges in terms of 

increasing environmental standards but in response to government measures the 

industry has improved. 

Pakistans’ leather industry has changed trends at international level and consequently 

leather industry in the country has flourished in response to handsome earnings from 

the international market (Siddiqui, 2001).  Inspite of huge growth opportunities, 

leather sector is facing many challenges in the country. Bashar (2003) pointed out the 

challenges which are faced by leather industry in Pakistan i.e., the country exports 

high quality leather instead of high value-added leather products. Leather garments in 

Pakistan are made mostly from low quality and low grade leather. These garments 

face tough competition from Chinese and Indian leather products as the cost of 

production is relatively high in Pakistan. Massood (2009) suggested a few measures 

for the revival of leather industry in Pakistan including sustainable supply of raw 

material;

 Establishment of modern manufacturing facilities 

 Promotion of leather exports in the international market

As a matter of fact, it may safely be concluded that leather is an important export 

industry in Pakistan. Over time it has flourished but still it is facing many challenges 

that include shortage and low quality of raw material, improper marketing strategies, 

volatile international prices etc. 
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MATERIALS AND METHODS

The present research was carried out to evaluate the tanning of leather from the 

available indigenous plants of Central and Northern Punjab. The extracted tanning 

agents were applied on wet blue and pickled leather. Semi vegetable and full 

vegetable tanning procedures were carried out and also the properties of leather 

samples tanned with isolated tanning agents were compared with the leather samples 

tanned with commercially available vegetable tanning agents. The complete research 

was carried out during the year 2015 to 2017 in the Department of Botany, Lahore 

College for Women University, Pakistan Council of Scientific & Industrial Research 

(PCSIR) Lahore, Government College University, Lahore, EPCT Tannery Pvt. 

Limited, Sheikhupura and Government Institute of Leather Technology, Gujranawala.

3.1 Selection of Area

Punjab is the second largest province of Pakistan comprising an area of 205,344 km2. 

It is located between latitudes 27.42º and 34.02º North and longitudes 69.81º and 

75.23º East at the northwestern edge of the geological Indian plate in South Asia 

(Govt. of Pakistan, 1994). Central and Northern Punjab is quite rich in terms of 

availability of indigenous plants of Pakistan.  In the present study plant samples were 

collected from the selected areas of Central and Northern Punjab. For Northern 

Punjab the districts selected included Jhelum, Murree and Islamabad and  for Central 

Punjab  the districts selected were Mandi Bahauddin, Gujrat, Sialkot, Gujranwala, 

Hafizabad, Sheikhupura, Faisalabad, Lahore and Kasur (Plate- 1).

3.2 Collection of Plant Material

Plant barks of fifty plants were collected from the selected areas of Northern and 

Central Punjab by using the following criteria:
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 Easily approachable 

 Abundantly available

 Cosmopolitan

 Easy to grow 

 Easy to maintain

3.2.1 Identification of Plants

Plant samples were identified by Prof. Dr. Zaheer-ud-Din (Government College 

University, Lahore.) The voucher specimens were deposited in Prem Madan, 

Herbarium, LCWU, Lahore. The collected plant specimens were identified with the 

help of Flora of Pakistan, Nasir and Ali, (1989); Ali and Nasir (1992); Nasir and 

Rubina (1995); and Ali and Qaisar (2007; 2011). 
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Table 3.1 List of collected plants 

Sr. No. Botanical Name of Plant Family Collection  Site

1. Abies pindrow Pinaceae Murree

2. Acacia modesta Fabaceae Sialkot

3. Acacia nilotica Fabaceae Jhelum

4. Albizzia lebbek Mimosaceae Lahore

5. Alianthus altissima Simaroubaceae Lahore

6. Alstonia scholaris Apocynaceae Hafizabad

7. Anogeissus acuminata Combretaceae Faisalabad

8. Araucaria angustifolia Araucariaceae Islamabad

9. Averrhoa carambola Oxalidaceae Sialkot

10 Bauhinia variegata Caesalpiniaceae Kasur

11. Bombax malabaricum Bombacaseae Gujrat

12. Brachychiton rupestris Malvaceae Sialkot

13. Butea frondosa Fabaceae Faisalabad

14. Callistemon citrinus Myrtaceae Sheikhupura

15. Carica papaya Caricaceae Jhelum

16. Cassia fistula Fabaceae Gujranwala

17. Cedrus deodara Pinaceae Murree

18. Chorisia insignis Malvaceae Gujrat
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Sr. No. Botanical Name of Plant Family Collection  Site

19. Crateva religiosa Fabaceae Fasialabad

20. Cupressus funebris Cupressaceae Lahore

21. Dalbegria sisso Fabaceae Gujrat

22. Eriobotrya japonica Rosaceae Jhelum

23. Eucalyptus globulus Myrtaceae Murree

24. Ficus banghalensis Moraceae Kasur

25. Ficus elastic Moraceae Hafizabaad

26. Ficus infectoria Moraceae Islamabad

27. Jacaranda mimosifolia Bignonaceaea Sialkot

28. Juglans regia Juglandiaceae Murree

29. Magnifera indica Anacardiaceae Gujranwala

30. Magnolia grandiflora Magnoliaceae Mandi bahaudin

31. Melia azedarach Meliaceae Sheikhupura

32. Millettia Ovalifolia Fabaceae Gujrat

33. Morus alba Moraceae Lahore

34. Murraya koenigii Rutaceae Lahore

35. Pinus roxburghii Pinaceae Murree

36. Pinus wallichiana Pinaceae Murree

37. Populas alba Salicaceae Gujranwala
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Sr. No. Botanical Name of Plant Family Collection  Site

38. Psidium guajava Myrtaceae Gujranwala

39. Pyhllanthus emblica Phyllanthaceae Sheikhupura

40. Quercus dilatata Fagaceae Murree

41. Quercus incana Fagaceae Murree

42. Sapium sebiferum Euphorbiaceae Gujaranwala

43. Sapium sebiferum Euphorbiaceae Faisalabad

44. Saraca declinata Caesalpiniacae Lahore

45. Spathodea campanulata Bignoniaceae. Faisalabad

46. Syzygium cumini Myrtaceae Lahore

47. Tarmindus indica Fabaceae Kasur

48. Taxodium mucronatum Cupressaceae Faisalabad

49 Terminalia chebula Combrataceae Sialkot

50. Ziziphus jujube Rhamnaceae Jhelum

3.2.2 Selection of Plants for Study 

Selection of plants for tanning of leather was based on the following criteria:

 Plants having maximum amount of tannins were used for leather tanning 

 Plants which were easily available

 Plants which were economically cheaper

https://davesgarden.com/guides/pf/go/67517/
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3.3 Extraction of Plant Material

Two extraction techniques i.e., maceration and ultrasonic extraction were used for the 

extraction of plant material (Sarkar et al., 2006). Extraction of tannins was followed 

by the concentration and spray drying to get powder extract (Musa and Gasmelseed, 

2012).

3.3.1 Extraction of Tannins 

The bark materials of all the plant samples were dried under shade to remove excess 

moisture. The specimens were oven-dried for two days. Dried samples were grounded 

into a fine powder form. After grinding the homogenous particle size of bark was 

obtained by granulometric apparatus; the grounded bark separated by size number 

(0.5 mm - 2 mm) in sieve shaker Endecotts Limited (London, United Kingdom). Two 

techniques were used for extraction.

 Maceration

 Ultrasound-assisted Extraction (UAE)

3.3.1.1 Maceration 

For extraction using maceration technique 5.0 gm of plant sample powder was put 

into 500 ml beaker and put 250 ml ethanol in it. The prepared solution was macerated 

under room temperature for 48 hours with agitation of 360 rpm. After maceration the 

solution was filtrated under vacuum and concentrated by a rotary evaporator at 40°C 

and at low pressure. Then, the obtained extracts were stored in the refrigerator for 

further analysis (Bandar et al., 2013).
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3.3.1.2 Ultrasound-Assisted Extraction (UAE)

Ultrasounds are sound waves, which have frequencies higher than 20 kHz and can 

produce mechanical vibrations in a solid, liquid and gas (Wang and Weller, 2006). 

Ultrasound-assisted extraction is an inexpensive, simple and efficient alternative to 

conventional extraction techniques. The main benefits of using ultrasound in solid–

liquid extraction include the increase of extraction yield and faster kinetics (Wu et al., 

2001). The ultrasound apparatus is cheaper and its operation is easier (Mason et al., 

1996, Wang and Weller, 2006). Ultrasonic baths fitted with an ultrasonic horn 

transducer was used in the study. 

In Ultrasound-assisted extraction, 5.0 g of bark was mixed with 200 ml of methanol as 

extracting solvent in a 500 ml of beaker. The beaker was immersed in ultrasound 

cleaning bath at 40°C. The amplitude, time of extraction and frequency were set 

accordingly. Temperature of sample was controlled manually by using water bath. 

The solution was then filtered through a filter paper. The filtrate was dissolved in 70% 

methanol/ethanol for different samples, centrifuged and supernatant was collected.

Note:

 Take care that at any stage of the grinding, the sample temperature does not 

rise above 40°C. Very long extraction at too high a temperature may lead to 

degradation and loss of phenols.

 Freshly prepared extract should be used for tannin analysis.

 Tubes/container containing the extract should be kept on ice till the analysis is 

complete.

 Pigments and fat can be removed from the dried leaf sample by extracting 

with diethylether containing 1% acetic acid before extracting tannins.
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3.4 Primary Screening of Plant Samples for Tannin Content

The number of plant samples collected was fifty. The phytochemical tests were 

carried out on plant extracts in order to ascertain the presence of tannins. Following 

tests were performed to check the presence of tannins. The plants that gave positive 

results in all the three tests were selected for further study. (Poulsen,2002)

3.4.1 Ferric Chloride Test

To 3 ml of extract, 3 ml of 5% w/v ferric chloride solution was added. The blue – 

black colour indicated the presence of tannins and phenols (Hagerman, 2018).

3.4.2 Lead Acetate Test

To 3 ml of extract, 3 ml of lead acetate solution was added. The occurrence of white 

precipitates indicated the presence of tannins and phenols.

3.4.3 Gelatin Test

To the extract, 1% gelatin solution containing sodium chloride was added. Formation 

of white precipitate indicated the presence of tannins.
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Table 3.2 Phytochemical Analysis of Plant Bark Extracts

Sr. No. Plant

Ferric 

Chloride 

Test

Lead 

Acetate 

Test

Gelatin 

Test

Plant Selected/ 

Rejected

1. A. acuminata ___ ++ + Rejected

2. A. altissima ++ ____ ++ Rejected

3. A. angustifolia ___ ++ ___ Rejected

4. A. carambola ___ +++ ____ Rejected

5. A. lebbek ___ ++ ++ Rejected

6. A. modesta ++ + ___ Rejected

7. A. nilotica +++ +++ +++ Selected

8. A. pindrow +++ +++ +++ Selected

9. A. scholaris ___ ____ ++ Rejected

10 B. frondosa ++ + ____ Rejected

11. B. malabaricum ___ ++ + Rejected

12. B. rupestris ++ ____ ____ Rejected

13. B. variegata ++ ____ ____ Rejected

14. C. citrinus ++ ___ + Rejected

15. C. deodara +++ +++ +++ Selected

16. C. fistula +++ +++ +++ Selected

17. C. funebris ++ _ __ ++ Rejected
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Sr. No. Plant

Ferric 

Chloride 

Test

Lead 

Acetate 

Test

Gelatin 

Test

Plant Selected/ 

Rejected

18. C. insignis ++ _____ ______ Rejected

19. C. papaya + ____ ____ Rejected

20. C. papaya ____ ++ ___ Rejected

21. C. religiosa ++ ____ ____ Rejected

22. D. sisso ++ ____ _____ Rejected

23. E. globulus +++ +++ +++ Selected

24. E. jambolana ____ + ++ Rejected

25. E. japonica ____ _____ +++ Rejected

26. F. benghalensis + ____ ++ Rejected

27. F. elastic ____ ++ + Rejected

28. F. infectoria ++ _____ ____ Rejected

29. J. mimosifolia ____ ++ _____ Rejected

30. J. regia ____ ++ + Rejected

31. M. alba + ____ +++ Rejected

32. M. azadirach +++ +++ +++ Selected

33. M. grandiflora ++ ____ ____ Rejected

34. M. indica ++ ____ + Rejected

35. M. koenigii ____ ++ ____ Rejected



46

Sr. No. Plant

Ferric 

Chloride 

Test

Lead 

Acetate 

Test

Gelatin 

Test

Plant Selected/ 

Rejected

36. M. ovalifolia _____ + ____ Rejected

37. P. alba ++ + ____ Rejected

38. P. emblica ++ ____ ____ Rejected

39. P. guajava ____ ____ ++ Rejected

40. P. roxburghii +++ +++ +++ Selected

41. P. wallichiana +++ +++ +++ Selected

42. Q. dilatata +++ +++ +++ Selected

43. Q. incana +++ +++ +++ Selected

44. S. cumini ++ ____ + Rejected

45. S. declinata ____ ++ ____ Rejected

46. S. sebiferum ___ ____ ____ Rejected

47. T. chebula ____ ++ + Rejected

48. T. indica ____ ++ ____ Rejected

49 T. mucronatum ++ ____ ____ Rejected

50. Z. jujube ++ ____ ____ Rejected

Key: +++ = High content, ++ = Moderate content, + = low content, ---- = Absent

https://davesgarden.com/guides/pf/go/67517/
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3.4.4 Confirmation of Tannins 

The selected plants were further subjected to two more chemical tests to confirm the 

presence of tannins (Falcao and Araujo, 2014).

3.4.4.1 Match Stick Test

A match stick was dipped in aqueous plant extract, dried near burner and moistened 

with concentrated hydrochloric acid. On warming near flame, the matchstick wood 

turned pink or red due to formation of phloroglucinol.

3.4.4.2 Potassium Dichromate Test

Freshly prepared potassium dichromate solution was added to test filtrate. Appearance 

of dark color confirmed that tannins are present.
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Table 3.3 Confirmation of Tannins in Selected Plants

Sr. 

No.
Plant

Match stick 

Test

Potassium 

Dichromate 

Test

Selected/ 

Rejection

1 A. nilotica +++ +++ Selected

2 A. pindrow +++ +++ Selected

3 C. deodara +++ +++ Selected

4 C. fistula +++ +++ Selected

5 E. globulus +++ +++ Selected

6 M. azadirachta +++ +++ Selected

7 P. roxburghii +++ +++ Selected

8 P. wallichiana +++ +++ Selected

9 Q. dilatata +++ +++ Selected

10 Q. incana +++ +++ Selected

Key: +++ = High content,
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3.5 Estimation of Extraction Yield of Tannins

The dried bark material was extracted with extracting solvents (70% methanol and 

70% ethanol) at room temperature by maceration and ultrasonic extraction methods. 

After removing residues by filtration, methanol extract was concentrated on rotary 

evaporator and water extract was dried using spray dryer. The amount of product 

which was obtained by drying was divided by weight of original sample and the 

extraction yield was calculated (Tonon et al., 2008). 

The manufacture of the vegetable tannin extract is essentially based on the extraction 

of tannins by using a suitable solvent, usually water, followed by concentration and 

spray drying to get powder or solidification to get solid extract. 5.0 L aqueous 

solution of bark extract was prepared after extraction and subjection to rotary 

evaporation and allowed to settle and filtered. The bark extract was spray dried using 

co-current spray drier apparatus at 125oC (capacities of spray drier, 500 ml/hr water 

evaporation) and the extract was converted in to powder form (Sundra, 2001).

Weight of the spray-dried extract
Extraction Yield (%) =

Weight of the original sample
x 100
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Table 3.4 Extraction Yield of Selected Plant Samples

Sr. No. Plant Samples Extraction Yield

1 A. nilotica 12%

2 C. deodar 12%

3 C. fistula 23.3%

4 E. globulus 18.6%

5 A. pindrow 20%

6 Q. dilatata 15%

7 Q. incana 15%

8 M. azdarichta 16%

9 P. wallichiana 25%

10 P. roxburghii 16.6%

3.6 Quantification of Tannins/Phenolics Content 

The method for quantification of total phenol is useful in order to know the efficiency 

of extraction of phenolics in solvents. This method can be coupled with the use of 

polyvinyl polypyrrolidone (PVPP; binds Tannin-phenolics) for measurement of 

tannins. The results were expressed as tannic acid equivalent. The nature of tannic 

acid varies from one commercial source to the other. Total tannin content in each 

plant extract was determined by using Folin-Ciocalteau method (Makkar et al., 1993; 

Sadasivam and Manickam, 2008).
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3.6.1 Folin-Ciocalteau Method

The total phenolics and total tannin content can be measured using Folin-Ciocalteu 

method and expressed as tannic/gallic acid (TA) equivalent. This technique includes 

polyvinyl polypyrrolidone (PVPP) which acts as tannin binder.

Reagents

1. Folin Ciocalteu Reagent (1N) 

Diluted the commercially Folin-Ciocalteu reagent (5 ml) with an equal volume of 

distilled water (5 ml) and transferred it in a brown bottle (Phototoxic) and stored 

at 4°C.

Note: Solution should be golden in colour if turned olive green, do not use.

2. Sodium Carbonate (20%)

Took 10 g of anhydrous sodium carbonate and dissolved it in distilled water and 

made volume up to 50 ml with distilled water.

3. Polyvinyl polypyrrolidone PVPP

Commercial pack of insoluble PVPP (Merck) was used.

4. Standard Gallic / Tannic Acid Solution

For preparing calibration curve standard gallic / tannic acid solution was prepared 

by adding 1 mg Gallic acid (Merck) in 10 ml of distilled water (0.1 mg/ml). 

Further dilutions were prepared from this stock solution. Freshly prepared 

solutions of gallic acid were used each time. Each dilution was treated as follow 

and absorption was measured at 725 nm. Calibration curve was prepared by 

plotting absorbance versus concentration of Gallic/Tannic acid.
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Table 3.5     Calibration Curve (Absorbance of Gallic / Tannic Acid at 725 nm)

Gallic 

Acid

0.1 

mg/ml

Distilled 

Water

Folin 

Reagent

Sodium 

Carbonate 

solution

Gallic / 

tannic acid 

Absorbance 

at 725 nm

Gallic / 

Tannic 

Acid

Test 

Tube No

ml ml ml ml nm µg

Blank 0.00 0.50 0.25 1.25 0.00 0.00

T1 0.02 0.48 0.25 1.25 0.08 2.0

T2 0.04 0.46 0.25 1.25 0.156 4.0

T3 0.06 0.44 0.25 1.25 0.23 6.0

T4 0.08 0.42 0.25 1.25 0.31 8.0

T5 0.10 0.40 0.25 1.25 0.38 10.0

3.6.2 Analysis of Total Phenols

To calculate the tannin and non-tannin content in the plant samples, following 

procedure was adopted. Approximately 50 µl tannin containing extract of each plant 

sample was transferred with micropipette into labeled test tubes. Then 0.25 ml Folin-

Ciocalteau reagent and 1.25 ml sodium carbonate solution were added in it. All tubes 

were placed in Vortex for five minutes and left at room temperature for 40 minutes. 

The absorbance of sample was recorded at 725 nm with the help of spectrophotometer 

(UV-2800 Hitachi).
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Table 3.6 Absorption Values for Tannin Extracts of Selected Plants at 725 nm

Sr. 

No.
Plant Absorption of Tannin at 725 nm

1 A. nilotica 0.397

2 A. pindrow 0.353

3 C. deodar 0.381

4 C. fistula 0.731

5 E. globulus 0.512

6 M. azadirachta 0.411

7 P. roxburghii 0.682

8 P. wallichiana 0.875

9 Q. dilatata 0.362

10 Q. incana 0.315

3.6.3 Calculation of Amount of Total Phenols as Tannic Acid

Calculated the amount of total phenols as tannic acid equivalent based on standards 

calibration curve and the total phenolic content was expressed as a dry matter basis 

(x%) of all selected plant samples.

It was calculated as

50 µl tannin-containing extract in the assay mixture gives 0.531 absorption 

(supposed reading) = 9.896 mg tannic acid (TA) equivalent (from the standard 

curve).
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Therefore, 1 ml extract has 9.896 / 0.050 = 197.9 mg 

TA = 0.198 mg TA.

200 mg bark sample was extracted in 10 ml solvent.

Therefore, 100 mg bark has 0.198 x 5 = 0.99 mg 

TA or 100 g leaf has 0.99 g TA.

If Bark contains 95% dry matter (DM),

TA in DM = 0.99 / 0.95 = 1.04%.

Call this x in subsequent calculations.

3.6.4 Removal of Tannins from Extract 

PVPP functions to bind tannins. Approximately 100 mg PVPP was taken in test tube. 

1.0 ml distilled water and 1.0 ml tannin-containing extract was added to it and Vortex 

placed the tube at 4°C for 15 min, again vortex it and centrifuged (3000 rpm for 10 

min) and the supernatant was collected containing tannins. Calculated the phenolic 

content of the supernant (took at least double the volume used for total phenol). 

Measured the Non-tannin content of phenols on dry matter (y%). 
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Table 3.7 Absorption of Tannin at 725 nm after PVPP Treatment

Sr. No. Plant
Tannin Absorption at 725 nm after PVPP 

Treatment

1 A. nilotica 0.012

2 A. pindrow 0.031

3 C. deodar 0.034

4 C. fistula 0.079

5 E. globulus 0.052

6 M. azadirachta 0.030

7 P. roxburghii 0.067

8 P. wallichiana 0.08

9 Q. dilatata 0.039

10 Q. incana 0.030

3.6.5 Calculation of %age of Tannins 

100 µl of the supernatant after PVPP treatment in the assay mixture gives 0.312 

absorption = 5.75 g tannic acid (TA) equivalent (from the standard curve).

Therefore, 1.0 ml supernatant = 5.75 / 0.1 = 57.54 g 

TA = 0.058 mg TA.

10 mg Bark has 0.058 mg TA (since the extract is diluted 2-fold during the test)

Therefore, 100 mg Bark sample has 0.058 x 10 = 0.58 mg TA
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y = 0.58 / 0.95 (since dry matter of feed or seed = 95%)

y = 0.611%

But total phenolics in dry matter, x = 1.04%

(x–y) is the percentage of tannins as tannic acid equivalent on a dry matter basis 

(Makkar, 1995).

On the basis presence of high percentage of tannins ten plants were selected for the 

vegetable tanning of leather. The tannin and non-tannin content of the selected plants 

was used to determine the tanning ability of these plants.

Table 3.8  Standard Calibration Curve of Gallic acid

Concentration (x axis) Absorbance (y axis)

0 0

0.02 0.09

0.04 0.156

0.06 0.23

0.08 0.31

0.1 0.38
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Figure 3.1  Standard Calibration Curve of gallic acid

Table 3.9 Percentage of Tannin and Non-Tannin Content in Selected Plants

Sr. 

No.
Plants Tannin Non-Tannin

1 A. nilotica 8.7% 1.82%

2 P. roxburghii 10.06% 1.18%

3 P. wallichiana 13.06% 1.4%

4 E. globulus 7.77% 0.69%

5 C. fistula 10.06% 1.4%

6 Q. dilatata 7.28% 0.63%

7 Q. incana 8.15% 0.48%

8 M. azadarichta 10.76% 0.50%

9 A. pindrow 11.6% 0.50%

10 C. deodar 8.97% 0.50 %
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3.7 Preparation of Tannin Powder for Tanning

The manufacture of the vegetable tannin extract is essentially based on the extraction 

of tannins by using a suitable solvent, usually water, followed by concentration and 

spray drying to get powder or solidification to get solid extract. 5.0 L aqueous 

solution of bark extract was prepared after extraction and subjection to rotary 

evaporation and allowed to settle and filtered. The bark extract was spray dried using 

co-current spray drier apparatus at 125°C (capacity of spray drier, 500 ml/hr water 

evaporation) and the extract was converted in to powder form (Sundra, 2001).

3.8 Identification of Tannins by UV Spectroscopy and TLC 

3.8.1 UV-Vis Spectroscopic Analysis

A new technique was designed using UV for identification of vegetable tannins. They 

usually absorb at 200-282 nm, in the ultraviolet region. One g of plant bark tannin 

powder was mixed with 70% of 10 ml aqueous methanol then filtered. All the filtered 

samples were scanned using UV-Visible Spectrophotometer at a range of 200-800 

nm, and the characteristic wavelength of the plant extract was detected. The   spectra 

for tannins are usually found in the range of 230-290 nm. The bands were recorded at 

270 - 280 nm with different absorbance values (Prakash.et al., 2013). The result of 

UV-Vis spectroscopic study proved the presence of tannins.

3.8.2 Analysis of Tannin by Thin Layer Chromatography

The thin layer chromatography of plant bark extracts was performed on silica gel 

plates (Merck) using the following solvent system: acetic acid-water-n-butanol 

(10:10:30, v/v/v) (Waksmundzka et al., 2008). The TLC plates were activated by hot 

air oven at 100ºC for 1 hr (Wagner and Blad., 2008).
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The plates were run in the above solvent system and dried at room temperature. 

Different spots and bands were visualized by UV irradiation (254 nm) and 

corresponding Rf values were calculated. Rf value of each spot was determined by the 

formula:-

Rf = Distance travelled by the solute / Distance travelled by the solvent.

3.9 Vegetable Tanning of Skin / Hides 

Tannin powder obtained from plant extracts were applied on pickled and wet blue 

leather and tanning of leather was carried out by the process of vegetable tanning and 

semi vegetable tanning (Wemegah, 2014).

Two terminologies are used in the leather Industry for leathers i.e.,

 Skin 

 Hide

Skin

Skin of small animals termed as skin, which is very soft and flexible. Crocodile skin, 

Goat skin, Tiger skin, Sheepskin etc.

Hide

Skin of large animals e.g., horse, cows, buffalos included in hide, because the leather 

produced from large animals.

Kipskin

Leather made from the skin of young or small cattle, intermediate in grade between 

cow hide and calf skin in western countries.
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3.9.1 Chemical Composition of Hides and Skins

The chemical composition of fresh hides and skins can be categorized into following 

classes.

 Water 60-70%

 Protein 19-33%

 Fats 2-30%

 Minerals 0.36-0.5%

The respective amounts of these materials differ from skin to skin based on the type, 

breed, eating, age, and other habits of the animals.

3.9.2 Structure of Hide / Skin

Most hides and skins are composed of three parts, such as

(i). Epidermis

(ii). Corium or true skin

(iii).  Hypodermic or adipose tissue
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Figure 3.2 Cross Section of Skin

Source:http://www.assignmentpoint.com/wp-content/uploads/2013/10/Cross-setion-

of-the-skin.png

3.9.3 Selection of Hide / Skin

Goat, sheep, cow, camel and buffalo are the primary sources of skins and hides used 

for leather articles Fish and goat skin were selected for tanning on the basis of 

 Easy to handle 

 Easily available

 Easy penetration of tanning agent 

 Durable

3.9.4 Processing of Goat Skin 

There are three steps for the processing of leather which are as follows.

 Preparatory stage
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 Tanning stage

 The crusting stage

3.9.4.1 Preparatory Stage of Goat Skin 

Took whole skin of one goat and divided in to two equal pieces. One piece was used 

for full vegetable tanning and other was used for semi vegetable tanning.

Figure 3.3 Parts of Skin of Goat (Source: google.com)

3.9.4.2 Full Vegetable Tanning 

In full vegetable tanning preparatory stage consisted of seven sub stages 

3.9.4.3 Skinning

Separation of skin from the goat without any cut was carried out by Butcher in 

slaughter house with the help of special knife (Churchill, 1983).
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3.9.4.4 Curing

Sodium chloride salt was used for curing .Salt was heavily paste on the skin Curing is 

employed to prevent putrefaction of the protein substance (collagen) from bacterial 

growth during the packed time. Curing also removed the excess amount of water from 

the skins. The skins are heavily salted, then pressed into packs for about 20 days for 

goat skin at low temperature (Churchill, 1983).

3.9.4.5 Beamhouse Operations

The production of leather between curing and tanning are collectively referred to as 

beamhouse operations. They include, in order, soaking, liming removal of extraneous 

tissues (unhairing, scudding, and fleshing), deliming, bating, drenching, and pickling 

(Etherington and Roberts, 2014).

3.9.4.6 Soaking

During soaking, the goat skins are soaked in clean water to remove the salt left over 

from curing and increase the moisture. (Roberts and  Etherington, 1982).

3.9.4.7 Liming

After soaking, skins were processed for liming. The skin was treated with milk of 

lime sodium sulfide, (A basic agent) as “sharpening agents”.

This step is mainly for 

 To remove the hairs, nails and other keratinous matter

 To remove some of the soluble proteins 

 To swell up and split up the fibres to the desired extent

 To remove the natural grease and fats to some extent

 Bring the collagen in the hide to a proper condition for satisfactory tanning
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(Wikipedia)

3.9.4.8 Deliming 

During deliming the pH of the collagen is brought down to a lower level so that 

enzymes may act on it. Ammonium sulphate was used as deliming agent that replaces 

the cations and drops the pH. In the liming process pH is about 13-14, but with the 

addition of Ammonium sulphate pH drops 8-8.5. It acts as a salting agent that 

dehydrates the skin and softens it.

3.9.4.9 Bating 

Depending on the end use of the leather, hides are treated with proteolytic enzyme to 

soften them, a process called bating. In the present study trypsin was used.

3.9.4.10 Pickling

Skins were treated with a mixture of sodium chloride salt and sulphuric acid for 

further reduction of pH to facilitate the penetration of mineral tanning agent into the 

substance during pickling. Treatment with sulphuric acid and sodium chloride 

solution was done for 15 minutes to maintain the pH at 2.5-3.0.

3.9.5 Tanning Stage

The powdered plant material was used as vegetable tanning agent for tanning the 

pickled leather. Almost 100 gm of leather samples were dipped in tanning micro drum 

containing 250 ml of distilled mater and added 50 gm of extracted tannin powder in it 

and turned on the drum at the rate of 17/rpm /min for one hour.

3.9.5.1 Post Tanning 

After 1 hr added 4.0 gm Sultostat and 0.5 gm sodium bicarbonate for neutralization; 

run for further 2.0 hours. After 2.0 hours drained and washed leather.
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3.9.5.2 Retanning

Put the washed leather in micro drum again; Added 50 gm extracted powder and 250 

ml of distilled water and run the drum for 1 hour. After 1 hour fat liquoring was 

proceeded.

3.9.5.3 Fat Liquoring

Fat liquors are used for the softening and lubrication of leather. More lubrication 

increases the life of leather for long time. For fat liquoring fat liquors i.e., 20 gm 

pelantol BA, 10 gm Conal F485 and 10 gm seroil were added in drum. Run the drum 

for 1 hr then added 150 ml of boiled water ,run again for 45 min. Added 10 gm formic 

acid and run for 45 min again. Took out the leather and hanged for drying.

3.9.5.4 Semi Vegetable Tanning  

The second piece of skin was processed through skinning, Curing, by Beam house 

operations, soaking, Liming, deliming and bating as mentioned above. In semi 

vegetable tanning the pickling was totally different.

3.9.5.5 Pickling

Skins were treated with a mixture of 8% sodium chloride salt and 0.5% sodium 

formate in micro drum with ratio 30:70 of mixture and water. Run for 15 minutes with 

pH maintained at 2.5-3.0.

3.9.5.6 Tanning

Tanning was done to convert the skin in to wet blue leather by chrome tanning for 

comparison.
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3.9.5.7 Chrome Tanning / Basification

Chrome tanning is also called Basification because chrome is fixed permanently with 

protein to form complex. At this stage leather is called wet blue (chrome tanning) or 

wet white (for other tanning agent). Leather can be stored for 1-2 year in this state.

For chrome tanning added 6.0% chrome powder and run the drum for 60 minutes. 

Then checked cut section for the penetration of chrome.

3.9.5.8 Basification

Added 0.5% sodium formate in the drum containing skin and run the drum for 10 

minutes. Then added 1.5% sodium bicarbonate with the dilution of (1:10) for three 

free times gradually i.e., after 15 minutes and left for 6 hours to maintain the pH 3.9-

4.1. Drained and piled for next day. Now the skin was converted in to wet blue 

leather, it was further tanned with extracted powder for semi vegetable tanning.

3.9.5.9 Retanning 

The powdered plant material was used as vegetable tanning agent for tanning the 

chrome leather. For this 100 gm of leather samples were placed in tanning micro 

drum containing 250 ml of distilled water and added 50 gm of extracted tannin 

powder in it and turned on the drum at the rate of 17 rpm/min for one hour.

3.9.5.10 Post Tanning 

After 1 hr added 4.0 gm Sultostat and 0.5 gm sodium bicarbonate for neutralization; 

run for further 2.0 hours. After 2.0 hrs drained and washed leather, put the washed 

leather in micro drum again. Added 50 gm extracted powder and 250 ml distilled 

water and run the drum for 1 hr. After 1 hr fat liquoring was proceeded.
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3.9.5.11 Fat Liquoring

Added fat liquors in drum 20 gm pelantol BA, 10 gm Conal F485 and 10 gm seroil. 

Run the drum for 1 hr then added 150 ml of boiled water (Boiling Stag), run again for 

45 min. Added 10 gm formic acid and run for 45 min. Took out the leather and 

hanged for drying.

3.9.5.12 Fish Tanning Process

Medium sized Sole fish was purchased from Tollenton market Lahore. Fleshing, 

depigmentation, fiber opening and pickling was preceded before vegetable tanning of 

fish skin (Songchotikunpan, et al., 2008; Karthikeyan, et al., 2011).

3.9.5.13 Fleshing

Removed scales from the body of fish and separated the skin from the body by pulling 

with dull knife and cloth. The fresh skin was green fleshed, rinsed with water for 15 

minutes with clean water. Flipped the skin over and removed the scales if any scale 

was left. 

3.9.5.14 Depigmentation and Fiber Opening

The fresh skin was de-pigmented in a drum containing 4% Xylanase enzyme 

(percentage based on fleshed weight), and 30% water for about 5 hrs. The skin was 

rubbed with brush to remove the pigments, fleshed and the 212 gm weight of skin was 

noted.

3.9.5.15 Pickling

The de-pigmented skin was pickled in a bath containing 10% salt solution for 10 min, 

then the bath was kept overnight after addition of 1% sulphuric acid (in water) about 1 

hr and 40 min. Adjusted the pH at 2.8 and 50% pickled water was drained.
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3.9.5.16 Vegetable Tanning

The repickled skin was tanned in a microdrum containing 50% pickle water, 50 gm 

extracted tannin powder, 1% Cationic fatliquor, 1% nonionic fatliquor and run the 

drum for 1 hr. After 1 hr the pH was maintained at 3.8 followed by addition of water 

for 30 min; followed by addition of 1% Sodium formate (in water), and 1% sodium 

bicarbonate for about 90 min. After 90 min the skin is rinsed and piled through 

overnight. Next day the tanned fish skin was hanged for drying (Songchotikunpan, et 

al., 2008; Karthikeyan et al., 2011).

3.9.5.17 Dyeing of Fish Leather 

Five different commercially available colours (Green, Golden, Red, White and 

Brown) were used to dye the fish leather by dyeing process (Shazia et al., 2017).

3.10 Comparison of Isolated Plant Tannins with Commercial 

Vegetable Tanning Agents

Comparison study was carried out to check the quality of leather. This study was 

conducted to check the standards of leather as per approved by the IUP/4, 

International Union of Leather Technologists and Chemists Societies (IULTCS) and 

by ISO 2589:2002. Testing of leather was conducted in the Quality Control 

Department of Govt. Leather Institute, Gujranwala and Leather Department of 

PCSIR, Lahore. 

3.10.1 Comparison of Physical Properties of Vegetable Tanned Leathers 

The performance of leather is dependent mainly on its physical properties. The 

physical properties of plant extracted tanning agent isolated from Central & Northern 

Punjab of Pakistan was compared with commercially available Mimosa and Tara 
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tanning agents. Leathers were compared on the basis of shrinkage temperature, 

tearing strength, tensile strength, percentage elongation, flexing endurance and   

thickness of leathers. Two sizes of leather samples were prepared with template cutter 

machine and designated as Sample A (5 inches) and Sample B (2 inches).

Figure 3.4 Template for Sample A and Sample B

3.10.1.1 Measurement of Thickness of Leather 

Thickness gauge (SATRA) instrument was used to check the thickness of leather. 

Thickness gauge (SATRA) instrument was approved standard from IUP/4, IULTCS 

and by ISO 2589:2002.

For measurement of thickness two pieces of samples A and sample B of all vegetable 

tanned leathers were taken. Took three reading of each and calculated the mean. 

Samples were placed in thickness gauge with grain side up. When sample was fully 

loaded took the reading (Plate).

3.10.1.2 Measurement of Tensile Strength

The tensile strength was measured by using Material Testing Machine (Lloyd) 

according to the approved standard procedure recommended by IUP/6, 

ISO3376:2011. The sample A was taken to check the tensile strength. The samples 

were clamped within the jaws of machine keeping the jaw 50 mm. The machine was 

run until the specimen broken and recorded the highest force exerted as the breaking 

Sample BSample A
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force. Tensile strength is good realm to check whether the leather upper has sufficient 

structural resistance or not (SATRA, 2011; ESA, 2012). The Tensile strength 

expressed in Newtons per square millimeter, calculated by dividing the breaking force 

by the thickness and width of the leather specimen.

Minimum breaking load (Nm-2 or kgcm-2) (F)
Tensile Strength (Tn) =

Cross-sectional area (T)

Tn = F/T*W

F = highest force recorded in Newtons

W= mean width of test piece in millimeter.

T = Mean thickness of test pieces of leather

1 N/mm2 = 1 MPa in millimeters

3.10.1.3 Measurement of Percentage of Elongation

To determine the percentage of elongation, clamped the two same samples A of 

leather between the jaws of the machine. Run the machine and measured the distance 

between the jaws after loading, noted the reading of the initial jaw separation (IE) 

(mm) which is equivalent to length of the specimen. Breaking force was applied, 

calculated the elongation at break (FE).The percentage of elongation was measured by 

the formulae given below. The initial free length between the clamps before and after 

final free length at the instant of break was measured. The initial free length was set at 

5 cm and the elongation calculated from graphical read out.
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Final free length (FE) - Initial free length (IE)
Elongation, % =

Initial free length

                             Figure 3.4 Sample A (1, 2); Sample B (1, 2)

3.10.1.4 Measurement of Tear Strength 

The tearing strength (Double edge tear) was measured using Material Testing 

Machine (Lloyd) according to approved procedure IUP/8 and ISO3377-2:2002. 

Sample B was selected for checking the tearing strength of leather. Placed the sample 

in parallel position in Template machine. Used the uniform speed of separation of the 

jaws of machine (100 mm per minute). Took reading after calibration (1%) The 

machine was run until the test sample was broken apart and the highest load reached 

during tearing.  

3.10.1.5 Shrinkage Temperature Determination 

The shrinkage temperature of the tanned skin samples was calculated with the help of 

STD 114 Test (SATRA) machine approved by the IUP/16, 1SO3380:2002 and 

ENISO3380. Strips of leather 50 mm x 2 mm (Length x Width) were cut from the 

plant extracted vegetable tanned leathers samples. Holes were punched at the ends of 

the leather for holding the specimen vertically in the test chamber filled with water. 
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Small weight was attached to the lower end of the sample, to keep it straight. Kept the 

sample in the STD 114 Test (SATRA) machine and closed the machine. Started 

heating water by applying the external heat source. Observed the shrinkage 

temperature of leather with the help of machine glass. The temperature at which the 

leather started to shrink was taken as the shrinkage temperature. 

3.10.1.6 Flexing Endurance 

The flexing endurance test was done using a flexometer (SATRA) as per procedure 

approved by IUP/20 or ISO5402-1:2011 and ENISO5402-1. Leather specimen of 

dimension 70 mm was folded and fixed to the jaws of the instrument in such a manner 

that the grain side remained outside. Started the machine keeping one clamp fixed and 

the other move backward and forwards causing folds in the specimen  The leather was 

thus flexed  at 50,000 cycles and it was observed periodically for any signs of crack 

on the grain surface of the leather. 
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RESULTS

4.1 Extraction of Tannins 

The percentage of tannins in all the selected plants bark was calculated in percentage. 

It was calculated by the formula given below:

Extraction Yield (%) =   Weight of the spray-dried extract x 100
    Weight of the original sample

The extraction yield was more than 10% in all the samples with highest yield in P. 

wallichiana (25%) and lowest in A. nilotica and C. deodara (12%). Extraction yield 

indicates the suitability of the sample to be used as commercial source of tanning 

agents and also the ability of the plant material to be used in leather tanning.

Table 4.1 Extraction Yield of Tannin

Sr. 

No.
Plant Samples

Extraction Yield of 

tannins (%)

1 A. nilotica 12

2 A. pindrow 20

3 C. deodara 12

4 C. fistula 23.3

5 E. globulus 18.6

6 M. azadirachta 16

7 P. roxburghii 16.6

8 P. wallichiana 25

9 Q. dilatata 15

10 Q. incana 15
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4.2 Analysis of Total Phenol and Total Tannin Contents 

Analysis of total phenol in all selected plants was carried out on basis of tannic acid 

equivalent, based on standard calibration curve. It was expressed on dry matter basis. 

The amount of total phenols was calculated as tannic acid equivalent (%) based on 

standard calibration curve.

Absorption at 725 mm = TA (mg) equivalent from standard curve 

Dry matter (DM) = x-y Percentage of tannins as Gallic acid equivalent 

50 µl tannin-containing extract in the assay mixture gives 0.531 absorption 

(supposed reading) = 9.896 mg tannic acid (TA) equivalent (from the standard 

curve).

Measurement of Total Phenol Contents 

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

Z = Percentage of Tannin in the given sample

Total Tannins in A. nilotica

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 10.52 - 1.82 / 100

= 8.7%Tannins 

Total Tannins in A. pindrow

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 12.10 – 0.50 / 100
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= 11.6%Tannins 

Total Tannins in C. deodara

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 11.26 – 0.50 / 100

= 10.76%Tannins 

Total Tannins in C. fistula

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 12.06 - 1.4 / 100

= 10.06%Tannins 

Total Tannins in E. globulus

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 14.46 - 1.4 / 100

= 13.06%Tannins 

Total Tannins in M. azadirachta

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 11.26 – 0.50 / 100

= 10.76%Tannins 
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Total Tannins in P. roxburghii

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 11.24 - 1.18 / 100

= 10.06%Tannins 

Total Tannins in P. wallichiana

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 14.46 – 1.4 / 100

= 13.06%Tannins 

Total Tannins in Q. dilatata

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 7.91 – 0.63 / 100

= 7.28%Tannins 

Total Tannins in Q. incana

Z = Total phenols in DM(x) - Non tannin compounds in DM(y)

Z = x – y / 100

= 8.67 – 0.48 / 100

= 8.15%Tannins 
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Table 4.2 Total Phenols and Total Tannin Contents in Selected Plants

Sr. No. Plants Tannins (%) Non-Tannins 
(%)

Tanning 
Strength T/NT

1 A. nilotica 8.7 1.82 4.78

2 A. pindrow 11.6 0.50 23.2

3 C. deodara 10.76 0.50 21.52

4 C. fistula 10.6 1.4 7.57

5 E. globulus 7.77 0.69 11.26

6 A. indica 10.76 0.50 21.52

7 P. roxburghii 10.06 1.18 8.52

8 P. wallichiana 13.06 1.4 9.33

9 Q. dilatata 7.28 0.63 11.56

10 Q. incana 8.15 0.48 17.0
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4.3 UV-Vis Spectroscopy Analysis

The UV-Vis spectral analysis of all the plant extracts was carried out to further 

confirm the presence of tannins in plants. All the samples gave intense peaks in the 

UV range with peaks observed between 272 – 382 nm. Specific peaks were observed 

at 272, 274, 276, 278, 280, 342 and 380 nm (Figures 4.4 to 4.13  ).

Figure 4.4 UV-Vis Spectroscopy Analysis of Abies pindrow extract

λmax  = 276nm
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\

Figure 4.5 UV-Vis Spectroscopy Analysis of Pinus roxburghii extract

λmax  = 278nm
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Figure 4.6 UV-Vis Spectroscopy Analysis of Eucalyptus globulus extract

λmax  = 274nm
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Figure 4.7 UV-Vis Spectroscopy Analysis of Querus dilatata extract

λmax  = 276nm
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Figure 4.8 UV-Vis Spectroscopy Analysis of Pinus wallichiana extract

λmax  = 280nm
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Figure 4.9 UV-Vis Spectroscopy Analysis of Azadarachita indica extract 

λmax  = 272nm
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Figure 4.10 UV-Vis Spectroscopy Analysis of Acacia nilotica extract

λmax  = 274nm
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Figure 4.11 UV-Vis Spectroscopy Analysis of Cassia fistula extract

λmax  = 276nm



87

Figure 4.12 UV-Vis Spectroscopy Analysis of Cedrus deodara extract

λmax  = 280nm
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Figure 4.13 UV-Vis Spectroscopy Analysis of Quercus incana extract

λmax  = 278nm
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4.4 Analysis of Tannins by Thin Layer Chromatography

For analysis of tannins in selected plant samples tannins extracts were analyzed 

through thin layer chromatography and spots were marked on the plates. The Rf 

values of spots were confirmed from the literature and gave positive results for 

tannins. The TLC profile of plant bark extracts showed the presences of tannins and 

this result was in agreement with  Békro et al. (2008).

Figure 4.14 TLC Analysis of Selected Plants Samples

a: Q. dilatata, b: A. indica, c: A. pindrow, d: C. fistula, e: Q. incana,  f: P. 

wallichiana, g: C. deodara, h: P. roxburghii, i: A. nilotica,  j: E. globulus



90

Table 4.3 Rf Values of Plant Specimen

Sr. 

No.

Plant 

Specimens

No. of 

Spots on 

TLC plate

Distance travelled 

by spots (cm)*

Rf value of spots

1 A. nilotica 3 2.8, 3.3, 4 0.4, 0.47, 0.57

2 A. pindrow 3 1.6, 4.8, 5.2 0.21, 0.68, 0.74

3 C. deodara 4 2, 3.9, 4.5, 4.9 0.28, 0.55, 0.64, 0.7

4 C. fistula 2 2.5, 5 0.71, 0.35

5 E. globules 4 1, 3.3, 4.1, 4.8 0.14, 0.47, 0.58, 0.68

6 M. azadirachta 3 2, 4.7, 4.9 0.28, 0.67, 0.7

7 P. roxburghii 6 2, 3.2, 4, 4.5, 5, 5.5 0.28, 0.45, 0.57,

0.64, 0.71, 0.78

8 P. wallichiana 4 1, 2, 4.12, 5.17 0.14, 0.28, 0.58, 0.73

9 Q. dilatata 3 3, 4, 4.89 0.42, 0.57, 0.69

10 Q. incana 2 3.4, 4.7 0.48, 0.67

* Distance travelled by solvent front from TLC plate = 7 cm
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4.5 Comparison of Physical Properties of Extracted Tannin from 

Selected Plants and Commercially Tanned Leathers 

The physical properties of leather greatly affect its performance. There is no single 

test to imitate the practical action in every type of wear but there are certain methods 

that can provide a good basis for comparison of different types of leather samples. All 

the physical parameters selected were compared in leather samples tanned with the 

selected vegetable tanning materials and commercially used mimosa and tara that 

were used as control.

4.5.1 Measurement of Thickness of Leather 

The thickness of leather samples tanned with the selected plant tannins and standard 

Tara and Mimosa was determined in each case. The mean thickness of the samples 

varied among different samples and according to Untari et al. (2009), this difference 

can be due to the tannins present in different samples that may enhance the content of 

the skin by filling the empty spaces between fiber network thus increasing the overall 

thickness of the sample. Thickness of the leather greatly affects the stability of the 

skin by the formation of crosslinks between the tanning material and collagen fibers 

of the skin (Purnomo, 1992). 



92

Table 4.4  Average Thickness of Leather Tanned with Plant Extracted Tannins

Average Thickness (mm)
Sr.
No.

Leather Tanned with 
Chrome/Plant Extracted 

Vegetable Tannin Sample A 
(5 inches) mm

Sample B 
(2 inches) mm

1 A. nilotica 1.81 1.29

2 A. pindrow 1.29 1.11

3 C. deodara 1.12 1.14

4 C. fistula 1.72 1.65

5 E. globules 1.98 1.53

6 M. azadirachta 1.15 1.14

7 P. roxburghii 1.19 1.22

8 P. wallichiana 1.13 1.02

9 Q. dilatata 1.35 1.25

10 Q. incana 1.36 1.32

11 Mimosa (commercial standards) 1.88 1.76

12 Tara (commercial standards) 1.07 1.5
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4.5.2 Measurement of Tensile Strength

Tensile strength is defined as the maximum amount of force that is required to break 

up the leather and is expressed in N/cm2 based on SNI 06-1795-1990. The extent of 

tensile strength depends on the quality of collagen fibers comprising the specific skin 

type. During vegetable tanning the tanning substances react with collagen present in 

skin improving the bonding between skin fibers and changing these fibers into a 

compact mass. Such skins are less resistant to heat, a little more stiff but tender and 

have high tensile strength (Purnomo, 1982). In the present study the tensile strength of 

vegetable tanned leather was comparable to the standard tanning materials Tara and 

Mimosa and in some cases even significantly higher than Tara (p < 0.05). 
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Table 4.5 Measurement of Tensile Strength of Leather

Sr.
No. Plants Thickness

(mm)

Width
(10 mm)
standard

Breaking 
force(N)

Tensile 
Strength
N/mm2

(Tn = 

F/T*W)

1 A. nilotica 1.81 10 305.6N 16.8

2 A. pindrow 1.29 10 250.3N 19.4

3 C. deodara 1.12 10 303.8N 27.1

4 C. fistula 1.72 10 50.4N 2.93

5 E. globules 1.98 10 211.3N 10.67

6 M. azadarichta 1.15 10 279.1N 24.26

7 P. roxburghii 1.19 10 185.8N 15.61

8 P. wallichiana 1.13 10 154.3N 12

9 Q. dilatata 1.35 10 350.2N 26

10 Q. incana 1.36 10 167.5N 12

11
Tara 
(commercial 
standards)

1.88 10 48.9N 3

12
Mimosa 
(commercial 
standards)

1.07 10 245.3N 22
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4.5.3 Measurement of Percentage of Elongation

Table 4.6 Measurement of Percentage of Elongation of Leather

Initial Jaw 
Separation (IE)

Breaking 
Force (Mean)

Final Jaw 
Separation 

(FE)

%Elongation
(FE/IE)x 100Sr. 

No.

Plant 
Extracted 
Tanned 
Leather Mm N mm %

1 A. nilotica Sample Size A(1) 

and A(2):50mm

256.1 24.21 48.42

2 A. pindrow Sample Size A(1) 

and A(2):50mm

229.85 29.8 59.6

3 C. deodara Sample Size A(1) 

and A(2):50mm

269.2 19.68 39.36

4 C. fistula Sample Size A(1) 

and A(2):50mm

116.35 19.65 39.3

5 E. globulus Sample Size A(1) 

and A(2):50mm

263.1 18.85 37.7

6 M. azadirachta Sample Size A(1) 

and A(2):50mm

255.2 21.28 42.52

7 P. roxburghii Sample Size A(1) 

and A(2):50mm

185.3 19.05 38.1

8 P. wallichiana Sample Size A(1) 

and A(2):50mm

138.1 19.55 39.1

9 Q. dilatata Sample Size A(1) 

and A(2):50mm

310.1 19.55 39.1

10 Q. incana Sample Size A(1) 

and A(2):50mm

153.05 19.16 38.32

11 Tara 

(commercial 

standard)

Sample Size A(1) 

and A(2):50mm

44.75 30.92 61.84

12 Mimosa 

(commercial 

standard)

Sample Size A(1) 

and A(2):50mm

236.7 20.24 40.48



96

A. n
ilo

tic
a

A. p
ind

row

C. d
eo

da
ra

C. fi
stu

la

E. g
lob

ulu
s

M. a
zad

ira
ch

ta

P. ro
xb

urg
hii

P. w
all

ich
ian

a

Q. d
ila

tat
a

Q. in
can

a
Tara

 

Mim
osa

 
0

10

20

30

40

50

60

70

E
lo

ng
at

io
n 

(%
)

Figure 4.15 Percentage of Elongation in Vegetable Tanned Leather
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4.5.4 Measurement of Tear Strength

Table 4.7 Measurement of Tear Strength of Leather (Mean)

Sr. 

No.

Plant Extracted Tanned 

Leather

Tear strength of Sample B(1) and B(2)

Mean Value of Tear strength (N)

1 A. nilotica 56.05

2 A. pindrow 56.05

3 C. deodara 74.05

4 C. fistula 50.3

5 E. globulus 31.6 

6 M. azadirachta 68.6

7 P. roxburghii 63.15

8 P. wallichiana 65.95

9 Q. dilatata 62.2

10 Q. incana 39.71

11 Tara (commercial standards) 44.99

12 Mimosa (commercial standards) 44.05
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4.5.5 Determination of Flexing Endurance 

The endurance for each leather was checked after five cycle flexes, in each flex 

(10,000) flexes were run and checked its endurance. The results after 50,000 flexes 

are as follows:

Table 4.8 Endurance of Leather Samples

Sr No.
Vegetable Extracted Tanned 

Leather Samples
After 50,000 flexes

1 A. nilotica No crack or damage

2 A. pindrow No crack or damage

3 C. deodara No crack or damage

4 C. fistula No crack or damage

5 E. globulus No crack or damage

6 M. azadarichta No crack or damage

7 P. roxburghii No crack or damage

8 P. wallichiana No crack or damage

9 Q. dilatata No crack or damage

10 Q. incana No crack or damage

11 Mimosa (commercial standards) No crack or damage

12 Tara (commercial standards) No crack or damage
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4.5.6 Determination of Shrinkage Temperature of Leather

Shrinkage temperature is that temperature at which shrinkage of leather starts in water 

or over a heating medium (Ali et al., 2013). This is one of the most important 

parameters that characterizes the quality and stability of the leather. A high 

temperature value for shrinkage of leather is indicative of its hydrothermal stability 

due to formation of a large number of crosslinks formed by binding of tannins to 

collagen fibers present in the skin. The shrinkage temperature observed for the 

vegetable tanned leather samples in the present study ranged between 50 – 93°C for 

different samples. However for P. roxburghii and Q. incanaca no shrinkage was 

observed even at 100°C (Table 4.8). 

Figure 4.18 Shrinkage Temperature
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Table 4.9 Shrinkage of Leather in Temperature

Sr. No. Leather Samples Shrinkage 

Temperature (°C)

1 A. nilotica (Semi-Veg) 88 *

2 A. pindrow (Semi Veg) 85 *

3 C. deodara (Full Veg) 80 *

4 C. fistula (Semi-Veg) 93 *

5 E. globules (Full Veg) 65 *

6 M. azadarichta (Semi Veg) 93 *

7 P. roxburghii (Semi Veg) No shrinkage

8 P. wallichiana (Full Veg) 57 *

9 Q. dilatata (Full Veg) 50 *

10 Q. incana (Semi-Veg) No shrinkage

11 Tara (Semi-Veg) (commercial standards) 90 *

12 Mimosa (Full Veg) (commercial standards) 70 *

* Shrinkage star
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Figure 4.19 Shrinkage Temperatures of Vegetable Tanned Leather Samples

All the parameters of the physical and chemical properties were determined and used 

to describe the tanning effects in this study. The animal hides are not uniform in the 

different areas of the skin (belly, forelimb, hind limb) so a big difference in thickness 

and type of fibril weaving existing in the different areas of a hide or skin. So, skin 

pieces from adjacent positions were chosen in each sampling group, one of which 

served as the control, for every experiment. Results within experiments are 

comparable (due to samples being adjacent), but results between experiments are not 

easily comparable, due to in homogeneities between samplings.

In the comparison of the leather tanned with extracted plant tannin and commercially 

available tanning material tanned leather, the results of thickness of the plants showed 

that E. globulus is much better than the commercial available tannin material and C. 

fistula showed same thickness as Tara (Table 4.4). 
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The tensile strength of the leather tanned with C. deodara, A. indica, A. nilotica, A. 

pindrow and P. roxburghii showed excellent tensile strength as compared to 

commercial tannin agents (Table 4.5).

The percentage of elongation of leather tanned with A. nilotica, A. pindrow, A. indica 

showed excellent result as compared to Mimosa while A. pindrow showed equal result 

with Tara (Table 4.6).

The tearing strength of leather tanned with Q. dilatata, A. nilotica, C. fistula, C. 

deodara, P. wallichiana, M. azadarichta, A. pindrow and P. roxburghii showed 

excellent strength as compared to Tara and Mimosa (Table 4.7).

The results of endurance of the plant extracted leathers were same as the 

commercially available tannin agents (Tara and Mimosa) (Table 4.8)

Shrinkage temperature, defined as the temperature at which a hide or leather sample 

begins shrinking, is one of the main parameters signaling leather formation. The high 

shrinkage temperature indicates greater hydrothermal stability due to the increased 

formation of cross-links 

The leathers which were tanned with P. roxburghii and Q. incana did not shrink even 

at temperature 100°C (Table 4.9).

4.6 Fish Tanning

The bark tannin powder of five plants was used in fish tanning i.e.,

1 P. roxburghii,

2 P. wallichiana, 

3 C. fistula, 

4 A. indica

5 Tara 
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All plants showed good results but the Pinus roxburghii and Cassia fistula tannin 

powder had best tanning on skins. It is highly recommended to consider Pinus 

roxburghii and Cassia fistula as an eco-friendly tanning agent (Plates 8 - 15).From the 

results it was accessed that the skin can be processed and transferred into quality raw 

material after tanning due to its resistance and drawing on its surface. 

\



105

Discussion

The present study was designed to extract natural leather tanning agents from the 

barks of indigenous plants of Pakistan. The study recognized and identified ten 

indigenous trees from Pakistan as a source of vegetable tanning materials. Punjab, the 

largest populated province of Pakistan is highly blessed with natural resources and 

abundant range of biodiversity (Zareen et al., 2012; Pervaiz et al., 2014). For all the 

plant species, the main part of the plant utilized for the extraction of the tanning 

liquors was the bark. This study has been carried out for the first time in Punjab to 

extract natural leather tanning agents from the barks of indigenous plants of Central 

and Northern Punjab. Although there is not much documentation on the use of these 

trees in tanning hides and skins in Pakistan, some have been used in other parts of the 

world. A research carried out in Egypt showed that A. nilotica is utilized by native 

people in dyeing and tanning process of leathers (Lemmences and Spetdiptoed, 1991). 

A. nilotica is also used on a large scale in India and Sudan as source of tanning agents. 

In Sudan, Local tanners utilize barks and pods from A. nilotica for tanning leather 

(Engailani and Ishak, 2014). Many vegetable tanning materials have been utilized in 

the world to tan leather, relying on the percentage of tannin concentration in the 

plants. Some of the important plants used in tanning are; chestnut, hemlock, mimosa, 

wattle, canaigre, myrobalans, mangrove, bagaruwa, Quebracho, algarobilla, sumac, 

tara, valonia, gambir, acorns, davidivi (Musa and Gasmelseed, 2012).

The findings of this study varied slightly with research from other studies around the 

world. The variations and differences in the tannin content from the different studies 

may be due to the environmental and climate change. Water stress, elevated 

temperature, severe light intensities and poor quality of soil are well known to 

increase the tannin content in plants. The tannin content also differs with the thickness 



106

of bark, age of the trees and from the base of the trunk rising upwards with the 

branches having low tannin contents (Donlop, 2005). 

Coley (1986) studied that difference in tannin content might be due to genetic 

differences between plants. This was also verified and proved by the work of Verzele 

et al. (1986) which proposed that tannins present in different plants may have 

different molecular mass. The study presented that different plants comprise varying 

quantity of tannins. It also provided information on the availability of various kinds of 

vegetable tanned leathers for the production of leather products. Vegetable tanning 

includes processing the animal skins with leaves, root and barks having tannins as the 

"green tanning agent" because of its eco-friendly nature (Alex et al., 2016). Studies 

have shown that the barks of the trees having more than 10% tannins can be used for 

extraction of tannins on commercial scale (Haroun et al., 2013). 

In the present research, leather samples tanned by the selected bark extracts were 

found to be unique, versatile, and durable and can be used by local tanners to attract 

market forces. P. roxburghii, A. pindrow and C. fistula tanned leather samples gave 

best tanning results on Goat and Fish skins and it is highly recommended to use such 

eco-friendly plants for leather tanning in future to enhance development of Pakistan 

economy. 

A large amount of imported tannin powder is brought to country by spending enough 

money, therefore it is recommended to use local available resources to make 

vegetable tanning powder in leather industries and get self-sufficiency in production 

of environmental-friendly leather tanning agents by saving huge foreign-exchange. To 

provide the non-toxic, non-allergic, non-cancerous, non-poisonous, harmless and eco-

leather to people, Government should take steps to promote and upgrade vegetable 

https://scialert.net/fulltextmobile/?doi=jps.2015.159.166#856529_ja
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tanning of leather in Pakistan. In fact, tanning is one of the important sectors for 

growth, progress and development in newly industrialized nations.

Leather sector is exclusively based on world animal community and works with 

restricted sources. Due to the shortage in raw material, using other resources becomes 

more important for sustainability of leather industry. Hence, assessment of fish skins 

was a good choice. Gauntlets and bags were being made from fish skin leather in 

England, in the fifteenth century, and in the seventeenth century eel and whale were 

tanned (Ingram and Dixon, 1994). It is documented that a Canadian tanner bought a 

book covered in cod skin in 1627 (Ingram and Dixon, 1994).

The end product after the processing of different fish skins through a series of 

particular tanning techniques is known as Fish leather. Although, sheep cow and goat 

leather have been familiar and utilized since the stone ages, fish leather is still 

unconventional. There are many causes for this, at first the exceptional and additional 

care is required in removal of fish skin and there is also a restricted stock of flawless 

and perfect skins available. The small size of each skin makes the complete process 

lengthy, much complex and expensive than for large animals; therefore its availability 

is very short. Fish skin processing could be a solution for deficiency of raw material. 

Fish leather can be utilized to produce broad types of articles such as accessories 

including phone or iPad cases, bags, belts, jewellery, wallets, artwork and for book 

binding.

 In the present study, the bark tannin powder of five plants i.e., Pinus roxburghii, 

Pinus wallichiana, Cassia fistula, Tara, Neem were used for the tanning of fish skins. 

All plants showed good results but the P. roxburghii and C. fistula tannin powder had 

best tanning results on skins.
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UV-Vis spectroscopic analysis of plant extracts was carried out to determine the 

presence of tannins. The spectra for tannins are generally found in the range of 230-90 

nm. The bands were determined at 270-280 nm with various absorbance values 

(Prakash et al., 2013).

TLC is an easy, fast and low cost method that determines number of components that 

are in a crude extract. In this study, the most appropriate TLC system for evaluation 

was acetic acid-water-n-butanol (10:10:30, v/v/v) (Waksmundzka et al., 2008). 

Various bands were formed in this technique and their Rf values were from 0.46 to 

0.57. These values specified the presence of phenolic compounds.

For good quality leather products, quality standards have been established. Thus, the 

vegetable tanned leather must be exposed to physical testing to evaluate their standard 

and qualities. The properties that were determined are tearing strength, tensile 

strength, thickness, flexing endurance and shrinkage temperature. The properties of 

leather tanned with the selected vegetable tanning materials were compared with 

leathers tanned with commercial mimosa and Tara. 

Shrinkage temperature is the most important in specifying the thermal strength of 

leather. It is the temperature at which the leather starts shrinking over a heating media 

or in water (Ali et al., 2013). All the ten vegetable tanning materials had an adequate 

shrinkage temperature range of 50-93°C. Q. incana and P. roxburghii tanned leather 

samples showed no shrinkage at all. C. fistula tanned leather had the highest 

shrinkage temperature value of 93 °C. The standard Mimosa and Tara tanned leather 

samples had 70°C and 90°C respectively. C. deodara had 80°C and Melia 

azadarichta had 93°C values. Q. dilatata tanned leather sample had the lowest 

shrinkage temperature i.e., 50  C.
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Research by Covington presented that leathers tanned with condensed tannins have a 

shrinkage temperature of more than 80°C. He found that shrinkage temperature of 

80°C is strong evidence that in a tanning process, the condensed tannins have been 

used (Covington, 2011).

The highest longitudinal stress leather can tolerate without tearing apart is called 

tensile strength of leather. It is determined by the fibrous structures forming the 

collagen structure and the change in this structure by the tanning agents (Covington, 

2009). The best value of tensile strength of leather differs, based on the kinds of the 

tannins applied to them and the application levels (John, 1997). The C. deodara 

showed highest tensile strength i.e., 27.1 N/mm2 as compared to standard Mimosa 

used in this study which had 22N/ mm2. The M. azadirachta had a value of 

24.26N/mm2 and Q. dilatata had a value of 26N/mm2. The values of tensile strength 

of A. nilotica was (16.8), A. pindrow (19.4), E. globules (10.67), P. roxburghii 

(15.61), P. wallichiana (12), Q .incana (12).

The ability of a leather product to lengthen when stress or force is applied to it is 

called elongation and shows the highest extent, leather can elongate without breaking. 

It is a major feature in selecting garment leathers because a small elongation value 

causes easy tear while a high elongation value results in leather products to become 

disfigured very rapidly (Ork et al., 2014). Leathers possessing low tensile strength 

have a lower percentage elongation. High standard leathers have percentage 

elongation of ≥ 40% (Roigi, 2012). According to Teklebraham et al., (2012), the 

sheep skin leathers should have an elongation of 48.1%.  In this study, the percentage 

elongation of standard Mimosa and Tara was found to be 40.48% and 61.84% 

respectively. The values of percentage elongation of P. roxburghii was 38.1%, P. 

wallichiana (39.1%), E. globulus (37.7%), C. fistula (39.3%), A. pindrow (59.6%), Q. 
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dilatata (39.1%), Q. incana (38.32%), A. nilotica (48.42%), M. azadarichta (42.52%), 

C. deodara (39.36%). 

In Ethiopia, the potential of shoe upper leather products was determined and an 

elongation of 13.6% was observed (Ashebre, 2014). This low value in percentage 

elongation presented that the leather has no sufficient flexibility needed for 

manufacturing shoes uppers. The potential of the leather articles is showed by the 

quality associating with tearing strength. The least tearing load must be at least 20 N 

(Anonymous, 2007). In present research, it was discovered that the tearing force of all 

the vegetable tanned leathers was greater than 20 N with Eucalyptus globulus, 31.6 N, 

Acacia nilotica 56.05 N, Melia azadarichta 68.6 N, Pinus wallichiana 65.95 N, Pinus 

roxburghii 63.15 N, Cedrus deodara 74.05 N, Quercus dilatata 62.2 N, Abies 

pindrow 56.05 N, Cassia fistula 50.3 N, Quercus incana 39.71 N, Tara 44.99 N, 

Mimosa, 44.05 N. The kinds of tanning substances and the beamhouse operations are 

the causes which affect the tearing load of leather (Basaran et al., 2006).

Flexing test is usually done on the leathers for preparing shoes or products that bend 

or flex many times (UNIDO, 1994). Flexing test was applied to the vegetable tanned 

leathers and there was no crack or damage at 50,000 flexes to any of the leathers. All 

leathers cleared the flexing test. The vegetable tanned leathers polished with polyvinyl 

alcohol did not pass the flexing test at 20,000 flexes while the leathers coated with 

nitrocellulose did not show any crack at 20,000 flexes.The finishing process types and 

heavy retanning influence the flexing endurance of the leather (Gumel and Dambatta, 

2013).
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5.1 Conclusion 

The present work estimated high percentage of tannins in bark samples of various 

plants. For example in Acacia nilotica; 8.7%, Pinus roxburghii; 10.06% , Eucalyptus 

globulus; 7.77%, Pinus wallichiana; 13.06%, Cassia fistula; 10.06%, Quercus 

dilatata; 7.28%, Quercus incana; 8.15% ,Azadarichta indica; 10.76%, Abies pindrow; 

11.6%, Cedrus deodara; 8.97%. This indicated that all the plant species have potential 

for commercial utilization.

The barks from all the local plants of central and northern areas of Punjab were 

recognized as a source of vegetable tanning materials. 

The leathers tanned with all the plant specimens were of comparable standard and 

grade with that of commercial Mimosa and Tara tanned leathers and they all showed 

the characteristics for best quality leather. The bark tannin powder of five plants i.e., 

P. roxburghii, P. wallichiana, C. fistula, Tara,  A. indica were used for the tanning of 

fish skins. All plants showed good results but the P. roxburghii and C. fistula tannin 

powder had best tanning results on Fish skins. It is highly recommended to consider 

P. roxburghii as an eco-friendly tanning agent. 

Plants of Nothern and Central Punjab of Pakistan showed rich potential for the 

isolation of tanning agents to be used for vegetable tanning. If Government of 

Pakistan utilize these plants for isolation of tanning material, they can play an 

important role in uplifting the economy of Pakistan and leather industries of Pakistan. 

These tanning compounds are cheaper as comapre to the commercial tanning 

compounds which are imported from other coutnries. The important aspect of the 

study is that all the compounds are eco-friendly, they do not pollute the environment 
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and are non-toxic to workers of such tanneries. To save Pakistan from this critical 

environmental pollution it is need of the time to use the eco-frienldy items.

Fish leather is a surprised entry into the leather industry and has great potential use in 

global fashion industry. Fish skins have gained interest among the leather industry as 

an additional alternative source of raw material for making leather due to their 

attractive and unique grain structure possessing high market quality. Tanning of fish 

skin is also a great opportunity for the fisher men to export the fish skin to the 

tanneries for the increase of income. 

It is suggested if Pakistan makes a policy for utilization of green tanning agents in 

leather industry, it will not only save the environment but will also play an important 

role in the improvement of economy of Pakistan and socio-economic conditions of the 

people of Pakistan attached with leather industry. It is also recommended that the 

selected vegetable tanning materials especially C. fistula and P. roxburghii ,A. 

pindrow & P.wallichiana should be used commercially for leather production
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Plate 1: Map of Province Punjab
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Plate 2: Prepared Tannin powders

                     

    Plate 3 : Lab Spray Dryer                      Plate 4: Aqueous Plant Extracts



137

Plate 5: Animal Skin Processing (Curing/Salting process in Leather Tannery)
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                                     Plate 6: Microdrums For Tanning
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Plate 7: Animal Skin Processing (Tanning drums  for Soaking /Tanning)

Plate 8: Animal Skin Processing (Tanning drums )
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                                                  Plate 9 : Pickled Leather

Plate 10: Animal Skin Processing 
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                                             Plate 11: Wet Blue Leather
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Plate 12 : Vegetable Tanned Leather Samples 
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Plate 13: Fish Tanning (Scale Removing)
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Plate 14: Fish Skin Liming
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Plate 15: Fish Leather Tanned with Pinus roxburghii



146

Plate 16: Fish Leather Tanned with Acacia nilotica
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Plate 17: Fish Leather Tanned with  A. indica
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Plate 18: Fish Leather Tanned with Tara (commercial standards)
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Plate 19: Fish Leather Tanned with Cassia fistula
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Plate 20: After Tanning, all the Fish skins were hanged for Drying
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Material testing 
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Plate 21: Calculation of Tear strength & Tensile strength of leather samples
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Introduction 

Almost all of the assays of polyphenolics and tannin 

content in current chemical Codexes and 

Pharmacopoeias are based on polyphenol-protein 

binding. For that purpose hide-powder and casein are 

normally used as protein substrates (Farmacopia 

Brasileira 1988; British Pharmacopoeia 1999; 

European Pharmacopoeia 2002; Soares et al. 2006). 

On a following step the assays are accomplished with 

a spectrophotometric quantitation by the Folin-

Ciocalteu method (AOAC 1975; FAO/IAEA 1975).  It 

was recently demonstrated that methods using hide-

powder and casein are non-specific when flavonoids 

are also present in the reaction milieu (Soares et al., 

2006; Verza et al., 2007). 

 

The capacity of insoluble cross-linked povidone 

(PVPP) to bind polyphenols arises in this context as a 

seldom explored analytical alternative (Soares et al., 

2006; Horn et al., 1982; Makkar et al., 1995). One 

example of this is the FAO/IAEA method for 

the Quantification of Tannins in Tree 

Foliage Monograph (FAO/IAEA 1975). 

 

Materials and methods 

Collection of plant material 

Plant barks of fifty plants were collected from the 

selected areas of Northern & Central Punjab by using 

the criteria viz. easy approachable, abundant 

available, cosmopolitan, easy to grow and easy to 

maintain. 

 

Extraction of plant material 

Two extraction techniques i.e., maceration and 

ultrasonic extraction was used for the extraction of 

plant material (Sarkar et al., 2005). Extraction of 

tannins was followed by the concentration and spray 

drying to get powder extract. (Musa and Gasmelseed 

2012). 

 

Extraction of tannins  

All plant samples (bark) were dried under shade to 

remove excess moisture. The over drying of samples 

was done for two days. Dried samples of plants were 

grounded into a fine powder and placed in air tight jar 

for further use.  

 

Maceration:5.0gm of powder sample was mixed with 

250ml of ethanol in a beaker. The prepared solution 

was macerated under room temperature for 48 hours 

with agitation at rate of 360 rpm. After required time 

in the solution was filtrated under vacuum and 

concentrated by a rotary evaporator under 40°C and a 

low pressure. Finally extracts obtained were stored in 

the refrigerator for further analysis (Bandar et al., 

2013). 

 

Ultrasound-assisted Extraction (UAE): In 

Ultrasound-assisted extraction, 5.0 g of bark was 

mixed with 200 ml of methanol as extracting solvent 

in a 500 ml of beaker. The beaker was immersed in 

ultrasound cleaning bath at 40℃. 

 

The amplitude, time of extraction and frequency were 

set accordingly. Temperature of sample was 

continuously controlled manually by using water 

bath. The solution was then filtered. The solution was 

then mixed with 70% methanol/ethanol for different 

samples. Centrifuged and supernatant was collected 

for further use. 

 

Qualitative test for the determination of the presence 

of polyphenols/tannins: 

Phytochemical analysis of plant bark extracts.  

Following test were performed to check the presence 

of tannins. 

 

Ferric chloride test: To 3 ml of extract, 3 ml of 5% w/v 

ferric chloride solution was added. The blue – black 

colour indicated the presence of tannins and phenols 

(Ukoha et al. 2011). 

 

Lead acetate test: To 3ml of extract, 3 ml of lead 

acetate solution was added. The occurrence of white 

precipitates indicated the presence of tannins and 

phenols (Ukoha et al. 2011).  

 

Gelatin test: To the extract, 1% gelatin solution 

containing sodium chloride was added. Formation of  
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white precipitate indicated the presence of tannins. 

 

Confirmation of tannins  

Two tests were performed for the confirmation of 

tannins. 

 

Match stick test: A match stick is dipped in aqueous 

plant extract, dried near burner and moistened with 

concentrated hydrochloric acid. On warming near 

flame, the matchstick wood turns pink or red due to 

formation of phloroglucinol. 

 

Potassium Dichromate test: If on an addition of a 

solution of potassium dichromate in test filtrate, dark 

color is developed, tannins are present. 

 

Quantification of tannins/phenolics content  

The method for total phenol is useful in order to know 

the efficiency of extraction of phenolics in solvents. 

This method can be coupled with the use of insoluble 

matrix, polyvinyl polypyrrolidone (PVPP; binds 

tannin-phenolics) for measurement of tannins. The 

results can be expressed as tannic acid equivalent. 

The nature of tannic acid varies from one commercial 

source to the other.  

 

Total tannin content in each plant extract was 

determined by using Folin-Ciocalteau method 

(Sadasivam and Manickam, 2008; Makkar et al. 

1993). 

 

Analysis of total phenols 

To calculate the tannin and non-tannin content in the 

plant sample, following procedure was adopted. 50 

µml tanning containing extract of plant sample was 

transferred with micropipette into a labelled test 

tube; 0.25ml Folin- Ciocaltue reagent and 1.25ml 

sodium carbonate solution was added in it. All tubes 

were placed in the Vortex for five minutes and then 

the tubes were kept at room temperature for 40 

minutes. The absorbance of sample was recorded at 

725nm with the help of spectrophotometer (UV-

2800) Hitachi. 

 

Removal of tannins from extract  

PVPP function to binds tannins. 100mg PVPP was 

taken in a test tube. 1.0 ml distilled water and 1.0 ml 

tannin-containing extract were added to it. Vortex it 

and then placed the tube at 4 ˚C for 15 min, again 

vortex it and centrifuged (3000rpm for 10 min) and 

the supernatant was collected. Phenolic content of the 

supernatant was calculated (took at least double the 

volume used for total phenol). Measured the Non-

tannin content of phenols on dry matter (y%).  

 

Estimation of extraction yield of tannin  

The dried bark material was extracted with extracting 

solvent at room temperature by maceration & 

ultrasonic extraction methods. After removing 

residues by filtration, methanol extract was 

concentrated on rotary evaporator and water extract 

was dried using spray dryer.  

 

The amount of product which was obtained by drying 

was divided by weight of original sample and the 

extraction yield was calculated (Tonon et al., 2008). 

 

 

Results and discussion 

In order to determine the tannin contents in bark 

extracts of plants, qualitative and quantitative tests 

are carried out.  

 

Table 1.List of collected plants. 

Sr.No. Family Botanical name of plant/Local name 

1. Pinacae Pinus roxburghii 

Pinus wallichiana 

Abies pindrow 

Cedrus deodara 

2. Myrtaceae Eucalyptus globulus 

Callistemon citrinus (Bottle Brush) 

Eugenia jambolana (jamun) 

Psidium guajava 
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Syzygium cumini 

3. Cupressaceae Cupressus funebris 

Taxodium mucronatum 

4. Fabaceae Acacia niloctica 

Acacia modesta 

Crateva religiosa 

Dalbegria sisso 

Tarmindus indica 

Millettia ovalifolia 

Butea frondosa 

5. Fagaceae Quercus dilatata 

Quercus incana 

6. Araucariaceae Arucaria angustifolia 

7. Mimosaceae Albizzia lebbek 

8. Apocynaceae Alstonia scholaris 

9. Caesalpiniaceae Bauhinia variegata 

Saraca declinata 

10. Bombacaseae Bombax malabaricum 

11. Caricaceae Carica papaya 

12. Bignoniaceae Jacaranda mimosifolia (Guleneelum) 

Spathodea campanulata 

13. Simaroubaceae Alianthus altissima (Tree of Heaven) 

14. Combrataceae Angeissus acuminata 

15. Rosaceae Eriobotrya japonica 

16. Moraceae Ficus bangalensis 

Ficus infectoria 

Ficus elastic (rubber plant 

Morus alba 

17. Meliaceae Melia azedarach 

18. Rutaceae Murraya koenigii (curry leaf) 

19. Anacardiaceae Magniferaindica 

20. Salicaceae Populas alba 

21. Phyllanthaceae Pyhllanthusemblica (amla) 

22. Oxalidaceae Averrhoa carambola (star fruit) 

23. Malvaceae Chorisia insignis 

Brachychiton rupestris 

24. Rhamnaceae Ziziphus jujube 

25. Euphorbiaceae Sapium sebiferum 

26. Magnoliaceae Magnolia grandiflora 

27. Juglandiaceae Juglans regia 

 

The confirmation tests for the presence of tannins 

and polyphenols showed the presence of these 

compounds in all the 10 different plant species 

selected for the study as seen in the table 2.  

 

Table 2.Confirmation of tannins and phenols. 

Sr.No. Plant Tannins Polyphenols 

1. Pinus roxburghii +++ +++ 

2. Pinus wallichiana +++ +++ 

3. Eucalyptus globulus +++ +++ 

4. Cassia fistula +++ +++ 

5. Quercus dilatata +++ +++ 

6. Melia azadirachta +++ +++ 

7. Acacia nilotica +++ +++ 

8. Abies pindrow +++ +++ 

9. Cedrus deodara +++ +++ 

10. Quercus incana +++ +++ 

*+++=Extremely present, ++=Moderately present, + = Present, ---- = Absent 

https://davesgarden.com/guides/pf/go/67517/
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Table 3. Calibration curve (Absorbance of tannic acid at 725nm). 

Test Tube No. Gallic acid 0.1mg/ml Distilled 

water 

Folin Reagent Sodium carbonate 

solution 

Tannic acid absorbance at 725nm Gallic/Tannic acid 

M1 M1 M1 M1 Nm µg 

Blank 0.00 0.50 0.25 1.25 0.00 0.00 

T1 0.02 0.48 0.25 1.25 0.08 2.0 

T2 0.04 0.46 0.25 1.25 0.156 4.0 

T3 0.06 0.44 0.25 1.25 0.23 6.0 

T4 0.08 0.42 0.25 1.25 0.31 8.0 

T5 0.10 0.40 0.25 1.25 0.38 10.0 

 

Table 4.Percentage of extraction yield of selected plant samples. 

Sr.No Plant samples Extraction yield (%) 

1 Acacia nilotica 12% 

2 Cedrus deodar 12% 

3 Cassia fistula 23.3% 

4 Eucalyptus globulus 18.6% 

5 Abies pindrow 20% 

6 Quercus dilatata 15% 

7 Quercus incana 15% 

8 Melia azdarichta 16% 

9 Pinus wallichiana 25% 

10 Pinus roxburghii 16.6% 

 

The percentage of extraction yield was found 

maximum i.e. 23.3% in cassia fistula plant whereas 

the minimum extraction yield was seen in Acacia 

nilotica and Cedrus deodar which were 12% each as 

seen in table 4.  

Fig. 1. Tannin concentration absorption 

Spectrophotometer at 725nm. 

 

Tannin concentration of bark extracts of all the plants 

was determined using UV spectrophotometer.   

The total tannin contents at 725 nm were found 

maximum in Cassia fistula as seen in figure 1.  

Fig. 2. Concentration of tannin absorption at 725nm 

after PVPP treatment. 

 

On the other hand, concentration of tannin 

absorption at 725 nm after PVPP treatment was found 

maximum in Pinus wallichiana and minimum in 

Acacia nilotica as shown in figure 2. PVPP method is 
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considered to be a simple, inexpensive, rapid and 

efficient method and can be used to determine the 

presence of tannins and polyphenols in different plant 

materials. 

Fig. 3. Tannin and non-tannins content in plants. 

 

It was seen that all the bark extracts contained higher 

concentration of tannins as compared to the non 

tannin contents. According to the figure 3, maximum 

tannin contents were found in Cassia fistula whereas, 

maximum non-tannin contents were found in Acacia 

nilotica. 

Fig. 4.Standard calibration curve. 

 

The present study shows that relevant amount of 

tannins can be found in all the plants mentioned and 

further studies can be done to use them as an eco-

friendly approach for various activities. 
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