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i 

ABSTRACT 

The Sodom apple fruit where collected from Gonder zuria district by changing to 

powder form assess its functional group by using FTIR analysis and extract with 

soxhlet apparatus and separate with rotor vapor. The sample male got skin 

unhaired was using the drum machine in the lab. Then assessing the treated or 

unhaired sample with microscope image the result and FTIR assess and also 

check completely removed the hair. FTIR analysis the surface of unhaired got 

skin by investigating the molecular structure of elemental abundance 

correspondingly on unhaired and normal skin samples. The obtained 

experimental results indicate a change in molecular components with the skin by 

the action of unhairing material. Tensile strength checked with tensile strength 

machine. Tenso lab 1000 the result is related to the standard. 
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CHAPTER ONE 

1. INTRODUCTION  

1.1. Background  

As claimed by the Ethiopia leather industry and development institute (‗August, 

2013 1‘, 2013), Ethiopia possess 52 million cattle  population, 27 million sheep 

population, and 23 million goat population in which the hide take-off rate is about 

13.9, 27,4, and 40.3% for cattle, sheep and goat, respectively. However, Ethiopia 

did not get the expected outcomes form these big source. In order to solve these 

problems and to go further in this sector, the Ethiopian government established 

the Ethiopia leather industry and development institute (LIDI) since 1990).  

Hide and skin: - According to the British standard definitions; ‗hide‘ is the raw 

skin of a mature or fully-grown animal of larger kinds, e.g. cattle and horses and 

also other large animals. ‗Skin‘ is the skin of a mature or fully grown animal of 

smaller kinds, e.g. sheep, goats, pigs, reptiles, birds and fishes, or of immature 

animals of the large species, e.g. calves and colts.  

 In Ethiopia supply of raw hides and skins is totally from domestic sources 

(Berhanu Nega, 2002).  

Development of leather process:-Primitive people, who lived during the Ice 

Age some 500,000 years ago, were likely the first to use the skins of animals to 

protect their bodies from the elements. Just as leather today is a byproduct, 

our ancient ancestor‘s hunted animals primarily for food, but once they had eaten 

the meat, they would clean the skin by scraping off the flesh and then sling it over 

their shoulders as a crude form of a coat. They also made footwear to protect 

their bare feet from rocks and thorns by taking smaller pieces of animal skin 

made to fit loosely over the foot and tied at the ankle with thin strips of skin or 

even vines (Group-b, 2015). 

As time passed, it was eventually discovered that the bark of certain trees 

contained "tannin" or tannic acid which could be used to convert raw skins into  
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what we recognize today as leather. It is quite hard to substantiate  

chronologically at exactly what time this tanning method materialized,  

but the famous "Iceman" dating from at least 5,000 BC discovered in  

the Italian Alps several years ago, was clothed in very durable  

leather. Ancient Egypt, one of the most developed civilizations in this early 

period, valued leather was as an important item of trade. The Egyptians made  

leather sandals, belts, bags, shields, harness, cushions and chair  

seats from tanned skins. Many of these items are in fact still made  

from leather today. 

The growth of industrialization in the 18th and 19th centuries created a demand 

for many new kinds of leathers, e.g. belting leathers to drive the machines being 

introduced into industry, special leathers for use in looms in the textile industry, 

leathers for use as diaphragms and washers, leathers for use in transport and for 

furniture upholstery. Until the later part of the 19th century there were relatively 

few changes in the methods used to produce leather. In fact, the  

process had changed very little in over 200 years.  

Based on this, Ethiopia has different leather industries in held by government and 

private sectors. Leather making is a very long process and consists of many 

different chemical and mechanical process steps. The production of leather is an 

industry that dates back over 6000 years and elements of the process have 

changed relatively little in the past 100 years. Currently, there are 26 tannery 

industries in operation provide job for 6288 permanent and 7206 temporary 

totally for 13206 employment (United Nations industrial development 

organization Vienna, 2012). 

The tanning industry is a labor intensive one: even though progress has been 

made towards automation, the machines used require a rather high level of labor 

per machinery (on average 3 workers per machine). In a labor intensive industry, 

the labor productivity plays a central role. Ethiopian leather industry follows the 

Chinese model by taking advantage from cheap labor, used in large tanning 
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plants which in a work chain model combine both unskilled and semiskilled labor, 

thus increasing productivity.  

Dependency on costly imported chemicals:-due to a poor chemical industry 

sector, Ethiopian tanneries have to import their chemicals from foreign countries, 

which are very often non-African, leading to two main issues. The first is that 

tanneries are highly sensitive to the chemicals‘ price variations on the 

international market. Secondly, the logistics of acquiring chemical inputs is more 

complex and requires more working capital. Indeed, the cost of importing 

chemicals has drastically increased over the last years, particularly after the oil 

price hike of 2008, which led to considerable operating costs increases all over 

Ethiopia. These huge operating costs have made the business model very 

sensitive to the variation of the chemical prices, and have weakened the 

economy of the Ethiopian tanneries (Mines Paris Tech Working Paper Industrial, 

2016). 

Few Chemicals are produced in Ethiopia such as salt, lime, soaking, liming and 

bating enzymes, sulphuric acid, and some blending of fat liquors also done. Most 

of the chemicals are imported.         

     Unharing-Loosening (depilation) or unhairing may be considered as an 

extension of soaking. Its purpose is to separate the two structural proteins 

keratin and collagen. The aim of unhairing (depilation) and liming is 

to remove the hair, epidermis and to some degree the inter-fibrillary proteins, and 

to prepare the hide for removal of loose flesh and fat it is done by mechanical or 

chemical means. In hide and skins the entire corium is an interwoven structure 

consisting of several fibers grasped together.  

Description of the chemical source plant: - Solanum Incanum is a large group 

of plant about 1,500 species.  Widely  distributed  in  the Horn  of  Africa  it  is  

shows  characteristic  thorny leaves, yellow fruits and blue flowers with yellow 

pistils.  Solanum  Incanum  propagated  by  seeds, which  usually  don‘t  

germinate  quickly;  one month,  is needed  to  reach  a  germination  rate of 
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50%. It is common as a weed, around houses, in overgrazed grass land and in 

road sides. It  also found  at  forest  edges  and  in  bush  land  and grassland, 

from sea-level up to 2500 m altitude. Throughout  tropical  Africa  asore  throat,  

angina, stomach pain,  colic,  headache,  painful menstruation  and  liver  pain  

are  treated  with Solanum  Incanum. For these purposes, leaf, root and fruit 

decoctions are drank, roots  are chewed and sap swallowed, leaf sap is used for 

washing painful  areas,  and  ash  of  burnt  plants  is  mixed with  fat  and  

applied  externally .Leaves are added to soup to improve the flavor. The large 

variation in toxicity makes it dangerous to transfer specific uses from one region 

to another. The fruit and the seed are used in Africa and Asia to curdle milk and 

to make cheese. Also, the plant is employed in East and Southern Africa for the 

treatment of skin diseases, general infections, abdominal pains, fever, 

stomachache and indigestion. In addition the fruit of  Solanum Incanum  is  used  

for  the  treatment  of  dandruff, skin  diseases,  sores  and  wounds  in Tanzania. 

Another widespread use of Solanum Incanumisin the treatment of venereal 

diseases. In Senegal, Kenya,  Uganda  and  Zimbabwe  different  plant parts are 

used to treat snake bites: a decoction of the  roots  is  drunk,  roots  are  chewed  

and  sap  is swallowed,  and  young  chewed  leaves  or  pulped fresh  roots  are  

applied  to  the  bite  wound.  In Niger, Sudan, Rwanda and Namibia the fruits are 

used  as  an  ingredient  of  arrow  poison  and  in Mozambique  of  fish  poison 

[Sambo, H.S., C.S. Pam and D. Dahiru, (2012). 
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Table 1-1: Minerals /Vitamin Composition (mg/100g) Composition of Solanum 

Incanum Fruit   

Phosphorus (1082.50±3.35   

Moisture content (91.40±0.56%)                                                        Ash (21.20±0.42%) 

Magnesium (38.99±0.01)                                                            Potassium (215.45±0.63)   

Crude fat (12.50±0.07%)                                                         Crude protein (7.80±0.21%)   

Manganese (147.00±0.01)                                                      

Copper (256.05±1.23)                                                                Crude fiber (7.10±0.38%)   

Sodium (147.00±0.42)                                                         Carbohydrate (51.74±0.32%)   

Iron 3(25.75±0.32)                                                   Estimated calorific value (kcal308.90)   

Calcium (15.00±0.03)                                                acid (6.28±0.01) 

 

There  is  abundant  number  of  medicinal  plants  and only  small  amounts  of  

them  are  investigated  for  its biological  and  pharmacological  activities.  The  

wide range  of  medicinal  plant  parts  like  flowers,  leaves, barks,  stems,  fruits,  

roots  extracts  are  used  as powerful  raw  drug  possessing  a  variety  of 

pharmacological activities. 

Alkaloids: They are known to have antibacterial and antifungal activities and 

hypoglycaemic activity.  

Steroids: Steroids might be responsible for some pharmacological activities of 

the plant.  

Saponins: It has been reported to exhibit hypocholesterolemic, antioxidant, anti-

inflammatory, anticancer effects and to have antibacterial and antifungal 

properties.  

Flavonoid: Have been reported to possess antioxidant, anticancer and anti-

inflammatory. In addition flavonoid possesses antimicrobial activities. Tannins: 

Tannins are widely reported to possess antimicrobial and antioxidant activities 
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and also it include protection against allergies, inflammation, platelets 

aggregation and microbes. (Haruna Sarah Sambo et al., 2016). 

1.2. Problem of Statement 

Leather industry is one of the highly polluting industries contributing large amount 

of pollutants to the environment. Major  chemicals  used  are  lime,  sodium 

sulphide,( Na2S) salt, solvents, etc. produced from pre-tanning operations  such  

as  soaking and dehairing. The alkaline  nature  of  tannery  effluents  and  the  

high sulphide  content  directly  pollute  the  surface  water and also  the  ground  

water  sources,  causing  serious  health problems  to  the  people  living  in  the  

vicinity  of leather processing industries in addition to affecting the health of  

tannery  workers (Thanikaivelan et al. 2003).Therefore, this thesis study will 

investigate other means to replace the emission of heavy metals to the 

environment and solve shortage of unharing chemicals in our country. 

1.3. Research questions 

2. Is the sodo aple extraction unhairing chemical preferable in productivity? 

3.  Is sodo aple extraction unhairing chemical environmental fraindly? 

4. Is sodo aple extraction unhairing chemical important in economical 

development? 

1.4. Justification  

Ecological pressures on pollutants during the tanning have now forced the 

leather industry to look for possible alternatives. The leather industry converts 

hide (putrescible) into commercial leather (non-putrescible) using large amounts 

of chemicals, generating an environmental impact. Leather processing involves a 

series of unit operations, of which the process of unhairing is the first major step 

in leather making.  

In general, the advantages of this thesis work is Increasing the effectiveness of 

the unhairing of the animal skin/hide. By then, unharing chemical can be widely 

applied in many leather processers /tanners. Widening the use of unharing 
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chemicals and Leather technologists and leather industries at large can benefit 

from the research outputs. 

1.5. Objectives of the study 

1.2.1. General Objective  

The main objective of this study is to extract and characterize unhairing chemical 

from Sodom apple. 

1.2.2. Specific Objectives  

The specific objectives of this thesis work are: 

 To extract the unhairing chemical from Sodom apple 

 To characterize unhairing chemical obtained from Sodom apple. 

 To study the quality of unhairing process using Sodom apple  

 

1.6. Delimitation of the study 

The study was focus at Bahirdar which, is found 563 km far from Addis Ababa in 

Ethiopia. 

1.7. Limitation of study  

Because of time shortage and lack of finance the study was conducted at 

Bahirdar only. In addition accessibly some   laboratories equipment  in the 

institution.  
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CHAPTER TWO 

2. LITERATURE REVIEW  

2.1. Unhairing and unhairing chemicals  

Historically Primitive man hunted wild animals for food; he removed the hides 

and skins from the dead animal carcass and used them as crude tents, clothing 

and footwear. The earliest record of the use of leather dates from the Palaeolithic 

period, cave paintings discovered in caves near Lerida in Spain depict the use of 

leather clothing. Excavation of palaeolithic sites has yielded bone tools used for 

scraping hides and skins to remove hair (World book of encyclopedia).  

The skins rapidly putrefied and became useless, so a method of preservation 

was needed. The earliest method was to stretch the hides and skins on the 

ground to dry, rubbing them with fats and animals brains while they dried. This 

had a limited preserving and softening action. Primitive man discovered also that 

the smoke of wood fires could preserve hides and skins, as did treating them with 

an infusion of tannin-containing barks, leaves, twigs and fruits of certain trees 

and plants. It seems likely that man first discovered how to make leather when he 

found that animal skins left lying on a wet forest floor became tanned naturally by 

chemicals released by decaying leaves and vegetation. 

There  is  abundant  number  of  medicinal  plants  and only  small  amounts  of  

them  are  investigated  for  its biological  and  pharmacological  activities.  The 

wide range  of  medicinal  plant  parts  like  flowers,  leaves, barks,  stems,  fruits,  

roots  extracts  are  used  as powerful  raw  drug  possessing  a  variety  of 

pharmacological activities. There are various chemical components present in 

plants with unhairing effect including saponin, flavonoid, thiosulfinates, 

glucosinolates, phenolics, and organic acids. However, the main components in 

plants with unhairing activity are organic acids (Demisse et al., 2016). 

Traditionally, farmers used various solutions and chemicals to remove the hair 

from the hide. One of the most common methods and hence the focus of this 

javascript:void(0)
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research is removing the hair from the hide using Sodom apple locally known as 

enbuay. Sodom apple is obtained from a plant which has scientific name of 

Solanum incanum Linnaeus (Waweru, Muthamia and Otaye, 2017). Solanum 

incanum was investigated by a scientist Linnaeus for its medicine purpose. 

Solanum incanum or Sodom apple fruit was extracted for its potential use in 

curing the disease caused by Meloidogyyne spp.  Sodom apple has been also 

used to the production of food items as a coagulant to replace Alum in soy 

cheese production (Chikpah, 2015). This proves Sodom apple is environmentally 

friendly as well as no toxic chemical that could harm people. Dakone et al. 

(Dakone and Guadie, 2016)claim that Sodom apple extracts has alkaloid, steroid, 

risin, glycosides, flavonoid, sponin, tannis, titerpens and cardicglycosides 

compounds. One these chemicals, tannis, is an acidic chemical which may help 

to remove a hair from the hide by swelling the collagen in the hair. After the 

swelling of collagen in the acidic media, the hair can be removed easily from the 

hide. This theoretical approach will be proved by this thesis work. 

2.2. Chemical constituent’s Sodom apple plant 

The English name of solanum incanum is Apple of Sodam, Bitter Apple and its 

Amharic name is Inboye (Hedberg et al., 1995). 

 

Figure 2-1: Carl Linnaeus  a Swedish scientists (botanist, physician, and 

zoologist) (1707 – 1778) 

  

https://wikivividly.com/wiki/Carl_Linnaeus
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Solanum incanum contains the photochemical that is (Alkaloids, Steroids, 

Cardiac glycosides, Saponins, Flavonoids,Tannins, Oxalates and Cyanogenic 

glycosides).  

Table 2-1: Classes and sub-classes of Solanum 

Kingdom Plantae

Subkingdom Tracheobionta

Super Division 

SpermatophyteDivision

Magnoliophyta

Class

Subclass Asteridae

Magnoliopsida

Order Solanales

Family Solanaceae

Genus Solanum L.

Species Solanum incanum L

 

Solanum incanum L. ―L‖ is indicates that Linnaeus a Swedish scientists (botanist, 

physician, and zoologist) (1707 – 1778) and he was known by the father of 

modern taxonomy. Who is the investigator of Solanum incanum in 1753 

(http://linnaeus.c18.net/Doc/lbio.php). 

In  Ethiopia,  the fruit  juice  is  used  by  peasant  farmers  to  control ticks. The 

boiled fruits are used as soap and in tanning leather. In southern part of Ethiopia, 

like haddiya peoples use the root of the plant to get relief from stomach problem, 

the root is chewed and sap swallowed. Fruit sap is mixed with butter and applied 

to cattle to control ticks. In general, Solanum Incanum is one of the most 

important medicinal plants in Ethiopia. Never the less,  up  to  now  there  is  no  

research  report  on extraction  and  characterization  of  active constituents of 

Ethiopian species. [James, S.A.,T. &Sofa, E. M.,2011).Thus this work is believed 
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to fill the gap. On different area of studies showed that extracts from the Sodom 

apple fruit.  

Several  compounds  have  been  isolated  from  different fractions  of  Sn  which  

have  shown  pharmacological relevance  to  the  observed  effects  of  whole  

plant  preparation  of Solanum. Sun  et  al.  (2006)  reported  the  variability  of 

the  concentration  of  organic  acids  between  seedlings  of Sn  and  the  mature  

plants.  Acetic  acid,  tartaric  acid,  malic acid  and  citric  acid  were  identified  

as  the  major  organic acids  in  Solanum.  Tartaric  acid  and  citric  acid  

however,  were said  to  be most  important  in  adaptive  responses  by  

Solanum  to environmental  stresses.  High  concentrations  of  solanine, a  

glycoalkaloid  is  found  in  most  parts  of  Solanum nigrum  but  highest levels  

are  found  in  unripe  berries  of  Solanum nigrum.  However,  when ripe,  the  

berries  are  the  least  toxic  part  of  the  plant  and are  sometimes  eaten  

without  ill  effects.  Similarly,  the solanine  increases  in  the  leaves  as  the  

plant  matures (Cooper  and  Johnson,  1984).  Solanine  presented  in Figure  1  

may  be  separated  by  chromatography  into  six components (Atanu, Ebiloma 

and Ajayi, 2011).  

Leather industry is one of the most polluting industries to the environment due to 

various toxic chemical employed staring from unharing to the final finishing. Due 

to this fact, most recently researchers in this area dealt with environmentally 

friendly chemicals to finish the leather product. One of the most pollution 

chemical in leather processing is chrome. Chrome is used more than 90% of 

leather processing (Sundar, Raghava Rao and Muralidharan, 2002).Reuse or 

recovery of chrome (Kanagaraj, Chandra Babu and Mandal, 2008) also helps the 

zero discharge of such pollutions to the environment. For this reason other 

methods such as enzymatic solution have been utilized for unharing purpose 

(Saravanabhavan et al., 2003). This helps to adopt the greener leather 

processing. In order to reduce the biological oxygen demand (BOD) the 

conventional methods of leather processing should be replaced other 

environmentally friendly methods.  
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Unharing is one of the fundamental and first steps of leather processing. 

Unharing is a process by which the hair is removed from the skin such that the 

hide (putrescible) is changed into the commercial leather (non-putrescible) 

(Dettmer, Ayub and Gutterres, 2011). Like other leather processing, unharing 

should be within the range of rules and regulations of the environmental 

pollutions. Otherwise, the unharing will never be a promising technology. 

2.3. Unhairing process 

Unharing-Loosening (depilation) or unhairing may be considered as an 

extension of soaking. Its purpose is to separate the two structural proteins 

keratin and collagen. The aim of unhairing (depilation) and liming is 

to remove the hair, epidermis and to some degree the inter-fibrillary proteins, and 

to prepare the hide for removal of loose flesh and fat. In hide and skins the entire 

corium is an interwoven structure consisting of several fibers grasped together.   

The fibril again consists of several proto fibrils. In practice, the corium or true skin 

is that portion of the hide or skin. Which is called pelt, and from which the hair 

has been removed. Chemical Composition of Hides & Skins The raw hide or skin 

is composed of about 60% water, 35% proteins (fibrous as well as non-fibrous) 

and the rest lipids, carbohydrates and mineral salts (Buljan et al., 1997). The 

fibrous protein collagen is the leather making material. The various components 

of the animal skin except the fibrous network of collagen are no more useful and 

often detrimental to the making of good quality leather. 

The effect of unhairing-liming residual: - Leather production contains three main 

wet stages known as beam house (pre-tanning), tanning and post tanning 

processes (Aravindhan et al., 2007). Salt, dirt, hair, non-structured protein, 

proteoglycan and fat are removed from hides in the beam house processes. 

Beam house operations start with the soaking process (SP) and usually cover 

unhairing-liming process (ULP) and deliming-bating process (Thorstensen, 

1993). 
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Around 6.5 million tones of wet salted  hides  are  processed  annually  using  an  

estimated  3.5  million tons  of  chemicals. Leather industry is one of the highly 

polluting industries contributing large amount of pollutants to the environment.  

Major  chemicals  used  are  lime,  sodium sulphide, salt, solvents, etc. produced 

from pre-tanning operations  such  as  soaking,  dehairing,  bating  & degreasing. 

The alkaline  nature  of  tannery  effluents  and  the  high sulphide  content  

directly  pollute  the  surface  water and also  the  ground  water  sources,  

causing  serious  health problems  to  the  people  living  in  the  vicinity  of  

leather processing industries in addition to affecting the health of  tannery  

workers. To get the expected findings from this project will conduct a thorough 

study to establish the factors that have led to the success of unharing the hide 

with the Sodom apple extract solution. Leather is produced traditionally even 

today in Micro and Small Scale enterprises: There are 368 Micro and small scale 

enterprises producing leather products with small capital ranging from 2000 ETB 

to 220,000 ETB in different regions of the country (Amde, 2017). 

The potential environmental impacts of tanning are significant. Composite 

untreated wastewater, amounting to 20–80 cubic meters per metric ton (m3/t) of 

hide or skin, is turbid, colored, and foul smelling Decaying organic material 

produces strong odors. Hydrogen sulfide is released during dehairing, and 

ammonia is released in declaiming. Air quality may be further degraded by 

release of solvent vapors from spray application, degreasing, and finishing (for 

example, dye application).The tanning Industry involves the following processes 

linked closely with  Pollution. 

As the name implies unhairing is the process of removing the hair from the pelt It 

is one of the dirtier processing from the point of difficult odor  created (typically 

from the sulphide employed and decomposing of proteins) and the polluting load 

(Covington, 2009). From the 1880's onwards, hair-destroying unhairing 

processes using lime and sulphide were used in tanneries: a practice that has 

since been generally adopted in most countries.  Given that it renders 
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mechanical unhairing superfluous, it saves both labor and time.  It also ensures a 

clean pelt and opens up the hide substance to a satisfactory degree. 

Soaking after Desalting: Normally for soaking in the conventional system, three 

changes of' water is given at 300% per soak, which lead to larger consumption of 

water. To reduce the consumption of water in soaking, counter current soaking 

system can be followed. By this method, the spent liquors of the second soak 

and third soak can be used for first and second soak respectively for the next 

batch of raw stock. By adopting the counter current method, it is possible to 

reduce 60-65% water in soaking operation (Viswanathan 1998). It is also found 

by adopting this system of soaking, there is no deterioration in physical or 

functional properties in the resultant leathers. 

Green fleshing: Another important step in the cleaner technology is the green 

fleshing. Green fleshing helps to reduce the consumption of chemicals because it 

reduces the weight of the stock by 10%. Apart from reduction in the consumption 

of chemicals, green fleshing facilitates better penetration of chemicals in the 

subsequent operations. By green fleshing, the consumption of chemicals gets 

reduced and thereby the load on the effluent also gets reduced. The green 

fleshing has got better market demand than the fleshing after lime sulphide 

processes.  
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Figure 2-2: Modified schematic diagram indicating type of pollutants during the 

tanning process (UNEP 1994) 

Liming: After soaking in the sequence of operations, liming is done in the 

conventional system by hair destructive method using sodium sulphide and lime. 

Hair destructive method not only increases BOD and COD levels in effluent but 

also interferes with the biological oxidation process. So, it is very important to 

adopt hair shaving process to reduce BOD and COD levels in the effluent 

(Ravindranath et. a! 1999). Hair shaving method can be followed by employing 

enzyme alone if possible or combination of enzyme and sulphide or sulphide 

alone in the liming process for dehairing (Reeder 1998). 

Keratin differs from the other main proteins in skin in its elemental composition 

Keratins vary in structure and composition, depending on the application. The 

amino acid composition varies: keratins contain less glycine and proline than 

collagen and no hydroxylysine, but the contents of cystine and tyrosine are high. 

The feature of importance here is the ease with which cysteine can be converted 

into cystine by oxidation this is the reaction that takes place in the prekeratinised 

zone during the growth of hair and which is an equilibrium that can be exploited 
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in the removal of hair from hides and skins. Keratin is usually encountered in the 

b-form, which is a stretched helix, in the way collagen‘s fundamental structure is 

helical. It forms fibrils created from protein chains linked via disulfide bonds, 

which are the target of many of the unhairing techniques (Covington, T. 2009). 

 

Figure 2-3: Inter-conversion of cysteine and cystine 

The structure of hair or wool is illustrated in Figure 5.2, using human hair as an 

example (originally published in Gray‘s Anatomy). The figure also demonstrates 

the relationship between the hair, with its accompanying structures, and the 

epidermis illustrating the scales that form the outer surface. The degree to which 

they lie flat determines the ability or otherwise to lock the shafts together, seen in 

the tangling of long human hair, usually a relatively mild effect, or the creation of 

felt from fur or sheep fibre, an extreme effect. In the latter case, the cuticle scales 

can be chemically lifted for great tangling effect, when the traditional material for 

hats is felt made from beaver or hare fur. The cuticle has an inner structure: 

layers are the epicuticle, the exocuticle and the endocuticle. in the former, 

alkaline degradation of the whole of the cuticle leaves the cortex exposed, in the 

latter, sulfide and enzyme degradation leaves the cuticle layer, from which the 

scales can flake away At the same time as hair is attacked in hair burning, the 

epidermis is also attacked. Since it is primarily composed of keratin, the structure 

is degraded under the conditions of hair burning, using a reducing nucleophile in 
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alkali. It is worth considering that not all hair saving processes include epidermis 

removal, but this must be undertaken at some time before tanning is initiated. 

The epidermis consists of five layers of structure. Stratum basale (stratum 

germinativum): the closest layer to the grain surface. It is a single layer of 

cylindrical cells that is the source of cells to create the other layers in the 

epidermis. Melanin is found in this layer, although it can also be found within the 

grain. Stratum spinosum (stratum mucosum): the layer above the stratum basale, 

consists of several layers of polyhedral cells, where keratin synthesis occurs. 

Stratum granulosum: the layer above the stratum spinosum. It is one to three 

layers of cells that participate in the keratinisation process. Stratum lucidum: the 

layer above the stratum granulosum. This is two to three layers of cells that have 

no nuclei: they are characterised by exhibiting high gloss. Stratum corneum: this 

is the outermost layer. The cells are flattened and in the uppermost part of the 

layer they can flake off. The keratinous nature of the epidermis and its physical 

structure mean that in the production of grain leather it must be removed. If 

epidermis is present, the difference in chemistry between keratin and collagen 

results in areas of dye resist. The flaking nature of the epidermal surface means 

that the surface is not reflective, as is the case of the grain enamel, so the 

scattering of light by epidermis means that the surface appears dull. The 

epidermis is attached to the grain by the basement membrane, consisting of 

collagens types IV and VII (Chapter 2): this is also a potential site of attack for 

hair saving unhairing. In hair burning, the combination of alkali and reducing 

nucleophile is usually enough to degrade and displace the epidermis efficiently 

(Covington, T. 2009)   

Chemistry of collagen in its natural state, and collagen that has received the 

typical hydrolytic alkali treatment at the early stage of processing, called liming 

It is useful to make comparisons between the amino acid content of collagen and 

other proteins associated with skin Compare the amino acids contents of 

collagen types I and III. There are differences, but not to the extent that 

significant differences in chemical properties might be expected: the carboxy 
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amino acid content is similar, so the reaction with chromium(III) in tanning will be 

the same. 

  

Figure 2-4: Illustration of the structure of the basement membrane 

Technologically it is typically assumed that processing reactions will affect the 

collagen types equally and equivalently. For comparison, the amino acid 

compositions of elastin and keratin are included: these are proteins of importance 

in leather making, the former for the physical properties of skin and leather, the 

latter for hair and epidermis removal, which are contributors to leather quality: 

The polymerisation of sulfur will not progress much further, because the bisulfide 

ion is a weaker nucleophilic than sulfide and therefore is less effective in 

attacking the disulfide link. This which sets out the redox potentials. The 

presence of lime in the reaction is critical: its function is to buffer the system, so 

that the equilibrium between the sulfide species is controlled in favour of sulfide 

over hydrosulfide since hydrosulfide does not unhair. Calcium hydroxide buffers 

by virtue of its limited solubility. At 201C the solubility is about 1.6gl1, so the 

hydroxyl concentration is 0.043 M, corresponding to pH12.6. While sulfide is still 

used in hair burning technology, it is very important for the tanner to be aware of 

these equilibria, because they determine what is in solution at any given pH; in 

particular, which species are present at pH values of significance in the 
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beamhouse processes. Within these considerations, the conditions that might 

lead to the production of hydrogen sulfide gas are critical for safety (Covington, 

T. 2009)  Note, H2S attacks the nervous system – it is more toxic than hydrogen 

cyanide 

 

Figure 2-5: Chemical mechanism of hair burning 

purposes of liming and role of swelling In hair burning, the pelt will be swollen 

by the alkaline conditions This can contribute to a problem if the rate of swelling 

is faster than the rate of hair degradation.The purposes of liming are set out 

below, which together constitute controlled damage to the pelt and to the 

collagen in particular. This is illustrated in the time-dependent changes in bovine 

pelt upon alkali treatment. 

.One of the main purposes of the soaking stage is to remove dirt (blood, body 

fluids, mud, soil, dung, etc.) and salt form the raw hides. Actually a residual 

concentration of sodium chloride is still desirable in the process bath, as it helps 
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diffusion of water down the hierarchical structure of skin fibres. In fact, ab-

sorption of water helps opening up the fibres pre-paring the collagen to the 

subsequent liming step. When fresh raw stocks are processed the salinity of the 

float may be adjusted by addition of sodium chlo-ride. Soaking is generally 

carried out at pH values between  and  by addition of sodium carbonate or 

sodium sulphide, which leads to moderate swelling of the hides, beneficial for 

rehydration. Swelling of collagen is a very important phenomenon intimately 

involved with the tanning of hides and is observed when the pH of the 

surrounding matrix differs from the isoelectric point (I.P.) of the protein which is 

defined as the pH at which a particular molecule carries no net electrical charge; 

typically for native collagen I.P. is around 7.4. Thus, during the tanning process 

both acid and basic swelling are observed  

For example at high pH values the amino groups of collagen are 

uncharged while the carboxylic group are quantitatively in their anionic form; the 

repulsive forces between the negative charge of the anions are no more 

counterbalanced by amino cations, and produce a modification of the structure 

that allows more water molecules to accommodate inside. An opposite behaviour 

is observed when pH is bellow I.P. 

 

Figure 2-6: Protein moiety (collagen) 

Effect of pH on the charge status of collagen pThe substantial difference 

between basic and acid swelling is the high risk of denaturation of the protein 

which can suddenly occur when pH is around 2.0-2.5, while a much more 

gradual swelling occurs when I.P. < pH although denaturation is observed when 

pH is higher than 13. Soluble proteins, hyaluronic acid, dung and other 
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components are partially dissolved by the diffusion of water inside the cross 

section of the skin. The processing float is discarded and substi-tuted with fresh 

water three or more times in order to optimise the cleaning action. The 

temperature is ad-justed in the optimal range 20-30 °C; particular care is taken to 

avoid overheating (possibly by friction), as this can irreversibly damage the hide 

structure. Soak-ing usually requires 6 to 24 or more hours according  

to the size and the degree of drying of the raw stock. Detergents are added to 

mostly accelerate wetting of the fibre surfaces and, to a lesser extent, to remove 

fat. As long as rehydration of the organic substrate takes place, microorganisms, 

initially inactivated by salting and drying, begin to proliferate. Therefore, the 

addition of bacteriostatic or bactericide chemicals  

is necessary to prevent rapid collagen degradation. Proteolytic enzymes may be 

used to help removal of non-structural proteins, although their action can 

irreversibly damage the collagen structure; for this reason many tanners are 

extremely cautious regarding the use of enzymatic soaking. 

It is nowadays a common industrial practice to run unhairing and liming in one 

step. Unhairing is the process of removing the hair from the pelt. Once the hair 

shaft detaches from the hide surface it is free to float in the bath and can be 

separated by filtration (hair saving) or chemically dissolved in the bath itself 

(destructive unhairing). On the one hand hair dissolution implies a much higher 

organic pollution of the wastewater on the other hair saving technologies need a 

proper disposal of the recovered hair The mechanism of unhairing is based on 

the chem-ical attack at the sulphur bridge of cystine (CyS-SCy); this sulphur 

amino acid is the most abundant one (14%) in keratin, the protein constituting the 

hair, while it is practically missing in collagen (see Table 2). Although the 

disulphide bond is susceptible both to reduction and oxidation, almost all working 

technologies employ a reductive chemical environ-ment to unhair raw hides. The 

typical reagents in the liming stage are Ca(OH)2, used to rise the pH in a 

controlled way, and Na2S, possibly combined with NaHS, as reductant. 

However, sulphide ion is a strong base itself and boosts pH values upward too.  
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Although NaOH may be also used as a base, Ca(OH)2 is preferred for its low 

solubility (1,3 g/L), that limits the rise of pH to 12.6; when pH exceeds  in fact, a 

rapid hydrolytic damage of collagen takes place and must absolutely be avoided 

The high density of disulphide bonding between proteic backbones contributes to 

the thermal stabili-ty and insolubility of keratins, as long as the sulphur-sulphur 

link in CyS-SCy is not cleft off. An example of the reaction between cystine and 

Na2S in a basic aqueous solution is reported in Scheme where two equivalents 

of Cysteine ((R)-2-amino-3-mercap-topropanoic acid) are formed by reduction, 

which are further transformed in the correspondent cal-cium salt by the counter 

ion of the base (Ca(OH)2). 

 

 

Figure 2-7: Reduction of cystine to the calcium salt of cysteine 

It is commonly accepted that high values of the pH lead to four different effects 

i) Alkaline hydrolysis of amide sidechains (aspar-agine and glutamine), that 

results in a shift of  

the isoelectric point (I.P.) of collagen from na-tive pH 7.4 to pH 5-6; 

ii) removal of residual non-collagenous compo-nents of the skin (albumins, 

globulins, der- 

matan sulphate, etc.). Hydrolysis of peptide bonds is particularly effective in 

removing lincations, and produce a modification of the structure that allows more 

water molecules to accommodate inside. An opposite behaviour is observed 

when pH is bellow I.P. (Scheme 2ear proteins, as they are progressively broken 

down into smaller and more soluble peptides. Being collagen a hierarchical 

structure (poly-peptide chain, tropocollagen, microfibrils, fi-brilsit is much less 

affected by hydrolytic phenomena; 

iii) saponification and emulsification of fats;  
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iv) osmotic swelling of the hide.Osmotic swelling (Donnan swelling) brings about  

significant chemical and physical modifications of the fibrous network (called 

―opening up‖ in the tan-ning jargon) that irreversibly determine the features of the 

final leather As previously mentioned, swelling of collagen is generally observed 

when the pH of the solution moves apart from the isoelectric point. A concurrent 

lyotropic effect contributes to the swelling by disrupting the network of collagen 

fibres. This phenomenon depends on the capabil-ity of some charged chemical 

species to insert into structural hydrogen bonding and its effectiveness is 

proportional to the polarisability of the ion; the polarising power is ordered in the 

Hofmeister series An important role in the swelling phenomenon is also played 

by the osmotic effect operating be-tween the inner and the outer side of the pelt 

Once unhaired, swollen hides are off-loaded from the reaction vessels (drums) in 

order to be mechani-cally cleaned from subcutaneous tissue still present on the 

flesh side. This operation is called fleshing, and can be followed by another 

mechanical opera-tion, named splitting, where the thickened hides are split 

longitudinally into two or more layers. The upper layer, where hair was originally 

present, is the most valuable one and is called grain, while the other ones are 

defined split or crust. Prolonged con-tact with air of limed pelts should be 

avoided, as CO2present in the atmosphere may lead to surface carbonation 

(limeblast) that results in an irrevers-ible staining of the final leather (Valentina  

Beghetto etal,2013). 

2.4. Unharing Techniques 

2.4.1. Enzymatic unharing  

To avoid the huge amount of pollution discharge to the environment, enzymes 

are the best solution. The use of enzymatic unharing is increasing the in the 

leather industry due to environmentally friendly processing (Crispim and Mota, 

2003). In addition to the reduction of pollution, enzymes used to recycle leather 

wastes. Therefore, the use of enzymes is twofold in the leather industry.  A 

bacterial protease enzyme has been used for unharing the hide (Anonymus, 

2015). This enzyme avoids the use of lime sulfide in the traditional unharing 
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methods. This helps the environmentally friendly process. One of the limitations 

of enzymatic unharing is its cost. Some researchers have been work on to 

investigate the enzyme/substrate reaction (Saravanan et al., 2014) so that the 

enzyme free cleaner unharing process could be realized. 

2.4.2. Oxidative unharing 

Most recently, oxidative unharing is used instead of reductive unharing 

processes (Morera, Bartolí and Gavilanes, 2016). This helps to reduce the 

discharge of toxic chemicals to the environment. As Morera et al. claimed that 

hydrogen peroxide has been employed instead of sulfides to reduce the toxic 

chemical released due to the reduction agent that contains sulfides. This reduces 

not only the toxic chemical but also the effect of chrome tanning in the leather 

industry. In addition to hydrogen peroxide, calcium hydroxide can also be used to 

remove the hair from the skin.  

 

 

 

 

 

 

 

 

 

Figure 2.3. flow process of oxidative unharing (Castiello et al., 2008) 
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2.4.3. Thermal unharing  

The unhairing is used for the removal of bristles from the hide, Histological 

changes in the skin immersed in water heated to 58-60oc for a longer time have 

been tested (Bienkiewicz, 1983) they came to the conclusion that germinative 

layers  of epidermis is more sensitive thermal decomposition than other which 

contains much more keratin short time scalding or unharing short time scalding 

does not affect the collagen  and one may obtain the hides highly desirable 

properties in processed leather  scalding   requires  very exact temperature and 

time  regime to be maintained as slight change in parameters  applied may very 

easily make the skin useless.  

A very promising method of hair removal from the hide is worked out in the 

leather industry  research institute (Bienkiewicz, 1983) in this method limed hide 

is passed through very quickly between a pairs of rollers one of them heated to 

160-200oc a contact time is about 0.05-1.0s in this process the grain 

protein/collagen denatured. However, denatured is very shallow and nubuck hide 

is obtained without buffing, denatured layer dissolves very easily may 

spontaneously. In this way several finishing operations are variable and the 

nubuck obtained particularly soft    and of uniform surface.  

2.5. Mechanism of hair removal from the skin 

The quality of leather depends on the quality of unharing. Unharing can occur 

only when swelling occurs on the hide (Basford, 2006). Swelling occurs when the 

pH of the solution increases (alkaline medium) or decreases (acidic medium). 

The increase or decrease in the pH of the solution cause the hide to swell and 

take up more water, therefore, facilitating the rate of rehydration. Alkaline 

solutions such as sodium hydroxide, sodium sulfide can increase the pH of the 

solution. In addition to acidic and alkaline mediums, non-ionic wetting agents and 

enzymes cause rehydration (take more water). Non-wetting agents cause the 

fats in the hide to emulsify so that it can be removed by water easily. Swelling in 

the increase in the volume of a material due to the absorption or retention of a 

solvent (Dr. J. Guthrie-Strachan, 2006). When swelling occurs, there is always a 
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structural change in the material or may be heat observed. Swelling of leather 

means, leather could be changed from compressed state into loosened state that 

the hair can be removed easily by mechanical means. However, swelling is a 

complex process because there is no single case for swelling. Let‘s see one 

example of swelling as claimed by Guthrie-Strachan. 

                       

Figure 2-8: Mechanism of swelling 

As shown in the figure 2.2, the addition (protonation) or removal (deprotonation) 

of hydrogen form the material is one cause of swelling. In similar manner, in the 

soaking of salted hides, the migration of water from the float into the hide, and 

the salt out of the hide into the float in an attempt to balance the concentration of 

each and hence swelling occurs. 
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CHAPTER THREE 

3. MATERIALS AND METHODOLOGY  

3.1. Materials and Equipment 

3.1.1. Materials 

Skin: A goat Skin of which available in local market is used.  

Unhairing chemical: which obtains from Sodom apple plant Amharic name 

Inbuay that used for unhairing the Skin. It collected from Gondar Zuria district. It 

is located in Amhara region in the north western and north central part of 

Ethiopia. Geographically located at 37°24'24''E-37°45'43''E longitude and 

12o7'23''N-12°39'24''N latitude.   

It is being part of the north Gondar Zone in the low lying Kola Agro-Ecology of 

Amhara National Regional State at about 135k/m north-west of the city of Bahir 

Dar.  

It shares a border with Gondar town and Wegra Woreda in the North, West 

Belesa Woreda in the East, Denbia in the West and Libo Kemkem Woreda in the 

South. Gondar Zuria Woreda has an average rainfall of 906mm-1035mm per 

year. Towns and cities in Gondar zuria woreda include Degoma, Emfraz, 

Maksegnit and Teda. The city and district of Gondar surround this district in the 

northern part (CSA, 2005). 

3.1.2. Equipment 

Safety wears: to protect from risky  

Soxhlet: For extract the active ingredient from powder of Sodom apple with 

Soxhlet apparatus with methanol. 

Autoclave: For serialization different equipment and media; 

Knife: to cut the Sodom apple fruit in small piece; 

Drum: to carryout laboratory soaking tests; 

Dryer: After applying finishing agent to remove the excess water from the 

sample; 
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Grinder: To reduce the size of fruit into coarser powder form use disc grinder (ZM 

100 ULTRA); 

And (ZM 100 ULTRA Centrifugal mill) to reduce the size of fruit into powder form; 

Plastic tubes: to measuring recipes.   

pH meter: To measure  the PH levels. 

Separator funnel:  to separate or select the required output. 

Vortex mixer: to well mixing the recipes. 

Rot vapor: to remove methanol after extraction. 

Filter paper: to separate residues.  

Rotary shaker: to facilitate the extraction process. 

Timer: to control the process.  

Microscope/ LEICA biological microscope /: image analysis of treated and 

untreated hide 

FTIR: For functional group analysis of Sodom apple 

Tensile testing machine (Tenso lab.1000): For tensile testing of the hide 

3.2. Methodology 

3.2.1. Preparation and Extraction process Sodom apple /Solanum 

/fruit 

The extraction and experimentation was performed in laboratory. After dying 

the Sodom apple /Solanum /fruit it is object to size reduction by using by disc 

grinder then by grinder (Z M 100 ULTA centrifugal mill). Then the powder of 

50gm of the Sodom apple /Solanum /fruit exhaustively extracted by using soxhlet 

apparatus with 500ml  methanol that is with the weight of the powder  (1:10)  

which means for 1gm powder = required 10ml methanol therefore  methanol for 

50gm powder , 50x10 = 500ml methanol. 

The extraction continues for 14 hrs with (80oc). After the extraction properly 

carried out then it is evaporated using rotary evaporator for one hour at 60oc to 

separate the required sample from the solvent and get the final result. Using 

soxhlet is because of saving solvent. Using methanol is as a result of the yield 

percentage is better than other chemicals due to polarity. 
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Figure 3-1: Flow process of Sodom apple preparation. 

 

Figure 3-2: Experimental methods for Unhairing 

3.2.2. Methods of Unhairing activity  

Preparations after selecting   the raw skin is trim  the unnecessary is part 

and cleaned which means  raw hide is washed and under this process all the 

unwanted matters like flesh and blood stain are removed. After that measure the 

weight because we use chemicals based on this weight. and put in water 
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temporarily . Then  soaking  is takes place  for the purpose of to bring the skin to 

the same condition in which it was immediately after separation of from the 

goats. After this soaking process the mechanical impurities such as scud blood 

salt of which used for preservations a part of nonstructural proteins and remain of 

fat and meat are removed and the skin is swollen up. Then by reducing the 

surface tension of water in the skin  by  surfactant agent making the collagen 

structure immobile.  

By doing the denaturation process be sides intra molecular H- bonds the 

bond joining together the water molecules bound to protein become split. Thus 

process rebuilding the hydration layers that is melting of collagen molecule. In 

this soaking process the skin imbibes and binds more water forthis reason the 

process temperature is lower to increase mobility of water molecule.  

Under soaking /soaking / rehydration/ we consider that adjust the PH 9.5 -

10 , check the cross section  if the entire part feel wet uniformly there soaking 

has done.Duration of process 18 hours agitate the drum for 50 minutes interval of 

every hour. Different check after two hours after soaking touch the skin with hand 

if it is feels softy it is ok. Drop the soaked bide from high place if it falls down in a 

place uniformly then it is Ok done  other  wise If flesh side slippery then soaking 

has do.If the PH goes over 11. It is called immunization of soaking. In this case 

hair gets fixed in its root and cause problem of in liming process.  

Chemicals use soda ash or Na3Co3 to increase the PH and Wetting 

agent and to wets back the dry skin .Bactorioside to prevent bacterial 

growth. Soaking enzyme, use as a catalyst to return the wet condition 

completely in the skin and remove loose plunk which grow mechanical 

agitation of soaking it  is also assist to control the PH in optimum level . 

After the  skin well soaked  sample  is  now ready to remove the hair from the 

grain surface of the skin with milk of (Cao) and Sodom apple extracted . 

unhairing activity in the drum to goat skin with waiting agent and lime powder. 

Waiting agent is important for facilitating shortening the process time and lime 

powder for loosening the skin. The studies were carried out on goat and skins. 

Each experiment was carried out in two batches; one with Sodom apple 

unhairing and one for conventional lime sulphide process.  

Lime Sulphide Process: Sodium sulphide, lime and water (on wet basis) were 

used on the skins to overnight. Unhairing with Sodom apple extracted materials: 

After soaking was done. The unhairing of skin was carried out on the next day.  
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In the liming or unhairing process adjust  the PH 12- to 12.5 and  test the 

cross section drip phenolphthalein in the cross section of limed skin if  Pink color 

appears, liming is confirmed. layer check if double layers appears in the cross 

section of limed skin then limed has done. Swelling and plumbing test. If the skin  

uniformlydistened then that is plumping and if the skin instate in different place 

that is welling is takes place.Duration of the process 18 hours  and test the hair 

split. Soaking liming are carried out in the same drum 

Traditionally lime and sulphide are used in combination with different auxiliaries 

such as sharpening agent and ten sides. The extract sample where tested for  

Table 3-1: Recipe of soaking based on weight for goat skin (6kg) 

Run 3min stop 27min automatic for 18hours next day drain up to 100% start 
liming or unhairing process. 

 

Table 3-2: Recipe of soaking based on weight for goat skin (1.5kg) 

Ingredient  Amount (%) Kg/lt Time/min Temp 

Water  200 3L  20 

Waiting   0.5 0.75   

Lime   1.2 1.8 70  

Ingredient Amoun

t (%) 

Kg/lt run 

Time/min 

Temp remark 

Water 300 12L  0  

Waiting agent 0.5 10gm 01  Stop 60 min 

 +  30  Drain float 

Water 200 12L 15 20 Drain float 

completely 

Main soaking 

water 

200 12L 70   

Waiting agent 0.2 

 

12g    

Sodium silicot 0.2 12g    

Soda ash 0.5 30g 15   

Soda ash 0.5 30g 15  Stop & check PH 

Soda ash 0.5 30g 30  Stop & check PH 

=9.5—10.5) 
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  +    

Ex. unhair  1.4 2,1   

>>  1.4 2.1   

Water  50 1.5L  20 

Lime  2 3 30 Automatic of/on 5‘/55‘ for 

three days 

For unhairing a goat skin the extracted unharing applied or added twice first the 

after all unhairing or liming chemicals measured and well mixed in the float which 

then processed for 70 minute with waiting agent then the second batch after 30 

minute processed. The dosage of for this experiment is based on the skin weight 

after all recipes applied the unhairing process continue for three days in the 

drum. 

3.3. Microscopic Analysis of Unhaired skin 

The raw skin and  unhaired or treated  skin of each batch was subjected to 

microscopic examination to compare the effect on the properties of this sample   . 

Samples were mounted on a glass slide and photographed. 

3.4. FTIR (Fourier transform infra red) spectroscopy analysis 

All samples which is used to test  in this  experiment that means raw goat, 

treated goat  skin and  Sodom apple fruit unhairing chemical are checked with 

Fourier transform infra red (FTIR) spectroscopy in transmittance to analyze such 

functional groups.  . 

 

3.5. Physical Test Of treated leather  

The unhaired or treated samples were test or by using a tenso lab tensile 

strength tester machine to checked the tensile strength and elongation at break. 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

The results of this study confirmed the rational of the traditional use of this plant 

and opened the way of more studies in this plant extracts. The application of this 

unhairing gives an optimum result as well as reduced use of chemicals and 

auxiliaries. The use of this unhairing is give a skin in a clear grain and 

improvement tear strength  with  an better opening up of the collagen structure.    

In general this unhairing process provides the benefits like lower COD load, more 

efficient unhairing results on the skin, consistency of high quality of the grain. It 

has the environmental significance  by the elimination / reduction of auxiliary 

agents and the use of standard unhairing agent. The key element in unhairing is 

the opening up of the collagen structure this extracted unhairing materials where 

tested in a standard unhairing /hair burning or liming process the effect of this 

unhairing chemicals a accessed by using electronic microscope the result 

showed that a controlled look like more coarser while the collagen fibers of which 

treated with Sodom apple fruit extracted chemical the skin is showed that more 

fine. Hair root degradation was also examines with the micrograph showed intact 

roots in the controls area as opposed to empty roots in the extracted chemical 

treated side. 

4.1. The main effects /characters/  on  unhairing skin 

After the sample treated with the extracted of Sodom apple unhairing and 

auxiliaries. the sample showed that loosening of hair on outermost sheath and  

swelling on the inner root sheath. And also  the hair is completely remove from 

the skin. Similarly the treated sample  shown better strength properties. 

 

 

 
 
 



34 

 

 

The obvious advantages is the action of the lime making the space by swelling 

up in the hair shaft that is clearing action on the hair root  as shown with 

electronic microscope image.  

4.2. Unhairing performance assessment 

  Note: 

a)raw goat skin, be fore unhairing b) unhaired skin using Sodom apple extracts at 

room temperature, c) controlled and d) unhaired skin industrially using 

conventional method using sulfide 

Figure 4-1: sample leather as raw material 

4.3. Microscope Image Assessment  

In lime sulphide treatment epidermis completely removed but fine hair roots left. 

The hair was broken into several pieces (Figure 4. A). In Sodom apple treated 
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sample epidermis and hair roots completely removed. The hair remain intact and 

then collected (Figure 4.2 B).  

    

A/ Goat skin  before Unhaired                   B/ Unhaired at room Temperature  

 

C/ controlled.                         D/ unhaired with conventional  Method 

Figure 4-2: microscopic images of the sample  
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4.4. FTIR (Fourier transform infra red) spectroscopy analysis 

 

Figure 4-3: FTIR analysis of Sodom apple powder 

Table 4-1: functional group wave numbers  

Bond  Wave numbers Intensity  

 C-H 2918 Strong broad 

 >> 2850 Medium 

C=O 1744 Medium, broad 

C=O 1603 Medium 

C-O  1200 Weak-medium 

C- C & C-N 1017 Medium 

>> 523.42 Medium 

>> 472.13  Strong 

>> 411.22 Strong  
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Figure 4-4: FTIR analysis of before and after unhairing skin 

Table 4-2: functional group wave numbers  

 

 

 

 

 

4.5. Effect of unhairing treatment on physical properties the skin 

Table 4-3: Results of treated skin of Tensile strength Test 

Raw leather Unhaired at room temperature  

Bond  Wave  Intensity  Bond  Wave  Intensity  

O-H 3283 Strong broad O-H 3309 Strong broad 

C-C 1626 Medium C-C 1645 Medium 

C=N 1536 Medium, broad C=N 1417 Medium, broad 
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As we can see from the above table which compared against the standard the 

treated sample shown that better strength properties. 

 

 

 

 

 

Physical Test Treated sample  Standard 

Tensile strength F (N) 262.5 260.9 

Elongation at break (%) 57.2 57.0 
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

The finding of the study is significant while one of the most pollution leather 

processing is due to the conventional methods where extensive use of chemical 

results damage not only to that environment but population surrounds. Unhairing 

of hides is an important and unavoidable step involved in the processing of 

leather. The conventional lime sulphide method employed for this purpose must 

be change to avoid chemical pollute application. The potential for use of Sodom 

apple in leather processing mainly replace pollution-causing chemicals, such as 

sodium sulphide. With FTIR spectroscopy analysis Comparison of spectra 

Fourier transform infra red (FTIR) was show the various components of the 

material. In an FTIR spectrum, the various bonds in the molecules of a sample 

are detected according to their various vibration modes.  This unhairing method 

has been considered an environmentally friendly alternative to the conventional 

chemical process. The ability of to digests the basal cells of the hair bulb and the 

cells of the Malphigian layer found more efficient without disturbing the native 

state of skin.  As a result, loosening of hair by attacking on the outermost sheath 

and subsequent swelling and breakdown of the inner root sheath and parts of the 

hair that are not keratinized have significant advantages of enzymatic dehairing. 

In general the advantages of this method are replacing of use of sulphide,  it 

provides complete hair removal  with optimum opening up of the collagen 

structure and resulting quality leather, Creation of an ecologically conducive 

atmosphere for the workers by reducing COD  load and it gives better strength 

properties. It is also highly reducing the difficult odor which create by typically 

from sulphide employed and decomposed proteins. Sodom apple extracted 

unhairing can be used in both that is in  burring and hair  saving  specially  to hair 

saving more applicable unhairing or liming process set –up this can be used 

enzyme to give synergy effect that is for fasting the processing time. The 
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extracted unhairing chemical with the combination of enzyme and lime Sodom 

apple extracted unhairing is properly removed the hair from the skin of the goat. 

5.2. Recommendation 

Currently the leather processing industries depend on use of polluting chemicals 

special for beam house process mainly for unhairing process of skin/ hide. 

Therefore by using alternative that is by using and adapting Sodom apples 

source materials specially instead of  sulphide they should be  reduces 

environmental pollution and risk of leather industry workers.  

Using natural Sodom apple fruit is economical advantages in leather industries 

because as dual functional purpose that it use as bacterial protection by it self . 

The concerned body should create awareness for those leather processers 

/tanners industries to be widely applied specially  to hair saving unhairing  in 

many leather processers /tanners. Leather technologists should be used of this 

output at large. 
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7. APPENDIX  

 

 

Appendix Figure 1: Old Days a tanner and his beam 

 

 

Appendix Figure 2: Traditional process in Gondar Zuria 2010 E.C 
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Appendix Figure 3: Traditional process in Gondar Zuria 2010 E.C 

 

Appendix Figure 4: Collection of Sodom apple fruits 

 

 

 

Appendix Figure 5: Historical development in using leather 
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Appendix Figure 6: Chemical l selection for extraction (BDU_BIT, 2010) 

 

Appendix Figure 7: soxhlet apparatus (BDU_BIT, 2010) 
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Appendix Figure 8: Rotary vapor (BDU_BIT, 2010) 

 

Appendix Figure 9: Unharing with drum machine at laboratory (LIDI, 2010) 
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Appendix Figure 10: Sample unharing processes in the drum (LIDI, 2010) 

 

Appendix Figure 11: FTIR Spectroscopy (BDU_BIT, 2010) 

Sample in processes  
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Appendix Figure 12: Tensile strength tester (BDU_BIT, 2010) 

 

 

 

  

 

 

 

 

 

  

 


