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Abstract Dehairing is one of the important operations in

leather processing where hair is removed by using suitable

chemicals. Conventional dehairing is based on application

of huge amount of chemicals such as lime and sodium

sulfide that generate lot of pollution problem. Enzyme

assisted dehairing is the eco-friendly option that reduces

nearly 40% of BOD and 50% of COD in leather process-

ing. For this; an alkaline protease producing strains namely

Bacillus subtilis was isolated from fresh goat skins and the

enzyme was extracted. The enzyme was applied on flesh

side goat skins at different concentration (1–4% with 10%

water) and dehairing was carried out. The complete

dehairing was achieved at 2% enzyme for duration of 16 h.

The pollution loads such as BOD, COD, TSS, and TDS

were reduced at the level of 62.8, 79.0, 88.2, and 82.5% in

comparison with the control sample. The enzymatic de-

haired leather was analyzed by scanning electron micro-

scopic (SEM) studies. The SEM analyses revealed similar

fiber orientation and compactness compared with control

sample. The color measurements of the enzyme dehaired

leather showed better color properties than control sample.

Keywords Bacillus subtilis � Alkaline protease �
Color measurement study � SEM analysis � Physical

strength properties

Introduction

Biotechnology is harnessing the power of the living

organisms to improve biological and chemical processes

thereby making them more effective, quicker, safer, and

more environmentally acceptable. Industrial biotechnology

can provide an unlimited and pure source of enzymes as an

alternative to the harmful industrial chemicals. Leather

industry makes use of enzymes like protease, lipase that

softens fibers; improve quality, and present alternatives to

chemical method (Dayanandan et al. 2003). Enzymology

is one of the avenues of biotechnology, which can provide

an unlimited and pure source of enzymes as an alternate to

the hazardous chemicals traditionally used in leather

industries. Large quantities of enzymes are often needed

for industrial use. Hence the microorganisms are multi-

plied through fermentation, which provides large quanti-

ties of enzymes (Kanagaraj 2009; Annapurna Raju et al.

1996).

Global concerns about the environmental impact of

leather industry have led tanners to try to reduce the ele-

ments of toxicity in their effluents. Dehairing procedures

are known for uncleanness and contribute to 60–70% of the

total pollution load in leather processing. The conventional

dehairing process with sodium sulfide and lime contributes

a significant amount of BOD, COD, sulfide, and solid

wastes. Extensive use of sodium sulfide bears unfavorable

consequences on environment and the efficacy of effluent

treatment plants. Consequently it will be worthwhile to

look for alternative dehairing process, to replace the lime

and sodium sulfide completely and diminish the ecotoxi-

cological parameters (Oppong et al. 2006).

Several researchers have reported that the protease

enzyme obtained from Thermoactinomyces sp. RM4, from

soil sample showed optimum activity at pH 10 and tem-

perature 80�C and retains 45% of its activity at 90�C in 3 h.

This enzyme showed good dehairing of hide with short

incubation time, intact hair recovery and clean pelt. The

complete dehairing was achieved in 24 h of treatment of
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enzyme (Arunachalam and Saritha 2009; Verma et al.

2011; Dettmer et al. 2011).

The alkaline protease produced by Bacillus circulans

showed optimum pH of 11 and temperature at 35�C. The

molecular weight of the purified enzyme was estimated to be

39.5 kDa on SDS-PAGE. By using the enzyme, the complete

dehairing was achieved in 12 h duration time. The other

advantage was that it could open up the collagen fiber structure

without hydrolyzing fiber protein (Subba rao et al. 2009).

Enzymatic unhairing using protease and related kinetics

was studied. The studies were useful in providing infor-

mation about total protein released in enzyme bath during

unhairing. A good linearity between released total protein

and square root of time was obtained at the initial stage.

The good linearity suggests that enzymatic unhairing by

protease was a diffusion controlled process at the initial

stage. The results showed that released total protein further

confirms that it is a hydrolysis of core protein by protease

that leads to the degradation of proteoglycans and release

of protein and saccharides (Jians et al. 2010; Song et al.

2011; Wang et al. 2009).

Several commercial enzyme formulations were chosen

in combination with hydrosulfide and peroxides for better

results. Results show that activity of enzyme is stabilized

by the addition of hydrosulfide through activity measure-

ments; peroxide has some activation effect on protease.

Hair removal is found to be complete using scanning

electron microscopic (SEM) analysis. Those two processes

enjoy a significant reduction in BOD, COD, TDS, and TSS.

The qualities of leathers were comparable to that of con-

ventional ones. These cleaner process technologies were

chosen to mitigate the problems of traditional unhairing

methods (Wei et al. 2010).

The pollution control board in India is strictly following

the discharge norms for bio-chemical oxygen demand

(BOD) and chemical oxygen demand (COD) as 40 and

200 ppm for treated effluent. Maintenance of this norm is

very difficult without cleaner leather processing such as

enzymatic unhairing. The aim of this study is to remove the

hair with no destruction of the collagen network, which is

the building network for the leather. The Bacillus subtilis

commonly produces a large variety of extra-cellular

enzymes of proteases that offers significant industrial

importance. The purified enzyme proved to be a potential

dehairing agent, which completely dehairs the goat skin

and helps for obtaining cleaner leather.

Materials and methods

Fresh goat skins, nutrient broth medium, nutrient agar

medium, skimmed milk agar medium, simmon’s citrate agar

medium, 2% sodium carbonate, 0.1 N sodium hydroxide,

0.5% copper sulphate, 1% sodium potassium tartrate, folin’s

phenol reagent, standard bovine serum albumin (BSA). 2%

casein, citrate–phosphate buffer (pH 7.0), 0.1 M citric acid,

0.2 M dibasic sodium phosphate, 10% TCA, Folin–Ciocal-

teau reagent (FCR), tyrosine (all microbial media and

chemicals were purchased from Hi-media and Sigma

Aldrich chemicals, Mumbai, India).

Isolation of organism

The fresh goat skins were taken for this study, which were

purchased from commercial market in Chennai after

immediate flaying house operation. The skins were unhaired

by using scissors. 50 g of skin samples (four nos) from each

skin were taken. These skins were cut into small pieces and

soaked well in the sterile water in four different beakers.

After soaking the skins; the skin samples were suspended in

four different conical flasks containing 100 ml nutrient

broth. Then all conical flasks were incubated for 24 h at

37�C; the broth was then serially diluted. This method was

followed to isolate and enumerate different types of bacteria

that are obtained from the skin samples (Kayalvizhi et al.

2008). Serial dilution was repeatedly performed from 10-1

to 10-9 dilution. Suspensions of volumes 0.1 ml from 10-4

to 10-8 were streak on to the nutrient agar plates using

inoculating loop. They were then incubated at 37�C for

24–48 h. Individual colonies were isolated from the plates

and sub cultured on nutrient agar plates which were in turn

taken for enzyme production. The organism was systemati-

cally checked for the presence of proteolytic activity and

collagenolytic activity by using skim milk agar and gelatin

agar medium. The organism that showed protease activity

was taken for enzyme production and further tested for the

dehairing of goat skin.

Identification of micro organisms

The various staining techniques, such as, grams staining,

spore staining and motility test, and biochemical tests, such

as, indole production test, methyl red test, vogues–pros-

kauer test, citrate utilization test, urease test, triple sugar

iron agar test, mannitol motility test, catalase test, and

oxidase test were carried out for the identification of

morphological, physiological, and biochemical character-

ization of isolated microorganism (Gehring 2002). For

further conformation it was sent to IMTECH, Chandigarh,

India and was identified as Bacillus subtilis.

Selective screening for collagenase activity on gelatin

agar plates

Glucose and gelatin agar powder were added to autoclaved

medium containing agar, tryptone, and yeast agar. This
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medium was poured into petri plates and inoculums were

added to these media after solidification. Then the plates

were incubated at 37�C and no colonies were formed on

selective media. The strains that did not show any clear

zone in petri plates were identified.

Selective screening for protease activity on skimmed

milk agar plates

Glucose and skimmed milk agar powder were added to

autoclaved medium containing agar, tryptone, and yeast

extract. This medium was poured into petri plates and

inoculums were added to these media after solidification.

Then the plates were incubated at 37�C and the strains that

show clear zone were identified.

Production of enzyme

Nutrient broth was used for studies related to production of

proteolytic enzyme. A quantity of 250 ml of this broth was

dispensed in 500 ml of Erlen Meyer flask and sterilized in

121�C at 1 atm for 15 min in autoclave and inoculated with

the desired cultures. It was then incubated at 37�C for

24–48 h. Then the broth was centrifuged at 12,000 rpm for

20 min at 4�C and the supernatant was taken for the

experiment. The supernatant containing the crude enzyme

was assayed for its activity. The protein content present

was estimated by Lowry’s method using bovine serum

albumin (BSA) as standard.

Purification of enzyme

The ammonium sulphate precipitation method was used for

protein precipitation, because it was highly soluble in water

and had no deleterious effect. This process was carried out

at 0–10�C to minimize the supernatant denaturation and

was fractioned by adding 30% ammonium sulphate (Hi-

pure fine chem, Industry) and incubated overnight for at

4�C (Qiang He et al. 2006). The precipitated biomass was

separated and dried; after that protein was estimated by

Lowry’s method. Further the dried biomass was used for

application process.

Enzyme assay

The enzyme activity in the crude enzyme powder was

determined by a modified method of Anson (Anson 1938).

Using 1% w/v casein containing 2 Mm CaCl2 in 0.02 M

Borate buffer, pH 8.0, and incubating the reaction mixture at

45�C for 30 min. One unit of enzyme activity is defined as

the amount of enzyme required to liberate 1 lg of tyrosine

under standard assay conditions. The data represent the mean

of three sets of experiments performed in duplicate.

Dehairing studies

Dehairing study was carried out at commercial level

(400 kg) at one of the tannery in Pernambut sector. Paste

method of dehairing was followed for both experiments

and control sample. Protease at different levels (1, 2, and

4% for Experiment 1, 2, 3) were dissolved in the water

(10%) and made into paste. The paste was applied on the

flesh side of the skin then folded and left for 12–24 h. After

this duration, dehairing was done manually and carefully

with a blunt knife. Similarly to compare the efficacy of

dehairing of the experimental samples; conventional

dehairing was also carried out using water 10%, sodium

sulfide 2%, and lime 10% (weight is based on wet salted

skin weight basis). The control experiment was also carried

out in a similar (basis taken carefully before starting pro-

cess) way as described above and dehaired with the same

duration. The scale of dehairing was observed as follows:

(a) difficult dehairing, (b) slight dehairing, (c) moderate

dehairing, (d) complete dehairing. The dehaired skins were

processed to crust leather and the leather properties were

observed at each step. The pollution load generated in

dehairing process, the functional groups observed in the

spent liquor of the dehaired sample was carried out before

the skin was processed into the leather (Punitha et al.

2008). The skin was then tanned and dyed and made into

crust leather. Then the leathers were assessed for color

measurement properties, SEM properties, and physical

testing properties.

Pollution load generated in dehairing process

The spent liquor from control and experimental sample

after dehairing process were collected from various stages

and analyzed for the pollution loads such as bio chemical

oxygen demand (BOD), chemical oxygen demand (COD),

total dissolved solids (TDS), and total suspended solids

(TSS) using the standard method (Eaton et al. 1995;

Thangam et al. 2001). The results are expressed in parts per

million (ppm) of the sample.

Color measurement studies

It is obvious that the crust leather obtained from the

dehairing experiments by treating with enzyme may vary

fiber splitting property and therefore it is important to study

the color values of the dyed crust leathers, which had been

dehaired using protease in the experiment. All color mea-

surements were carried out using Gretag Macbeth Spec-

trolino spectrophotometer with the measurement geometry

of 45�/0� and L, a, b, c, H, and DE were obtained using

standard procedure.
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Physical testing

Samples for various physical tests from experimental and

control crust leathers were obtained as per IULTCS stan-

dard method. Specimens were conditioned at 80 ± 4�C

and 65 ± 2% RH. Over a period of 48 h, physical prop-

erties such as tensile strength, % elongation at break, tear

strength, and grain crack were examined for both experi-

mental and control sample.

SEM studies

The samples, after making the crust leather, were subjected

to SEM studies to assess the effect of fiber splitting in the

experimental sample for the presence of hair in the grain

surface and fiber orientation in the cross section of leather.

A JOEL JSM 5300 scanning electron microscope was used

to study cross section of the leather.

Results and discussion

Enzyme is a kind of biocatalyst which can react with

components of skin such as collagen protein, keratin, gly-

coprotein and fat, etc., and is helpful in removing unwanted

components of leather during leather processing. Several

researchers have tried and rationalized enzymatic dehairing

as an alternative to sulfide dehairing. Even then, tanners are

hesitant to use the enzyme because the quality and activity

of proteases used in traditional process are so unstable that

it can lead to inefficient dehairing. Therefore, application

of enzymes in dehairing is limited to some extent. Taking

into account of limitations of conventional dehairing,

enzymatic dehairing process with or without sulfide plays a

major role that needs much attention.

Dehairing of skin is removal of hair by using enzyme,

where the root of the hair is attacked by a selective pro-

teolytic action. The mechanism of enzymatic dehairing is

based on the capacity to break the number of peptide bonds

that surrounds the basement membrane of the hair bulb that

constitutes mainly proteoglycans such as glycosaminogly-

cans and dermatan sulphate, thereby, removing hair very

safely. The primary objective of the experiment is to isolate

and utilize the enzyme for dehairing of skin to reduce

pollution problem that are arising out of using lime and

sodium sulfide in the conventional dehairing of leather in

leather processing.

Biochemical tests

The bacterial sp. isolated from fresh goat skins were cul-

tured by nutrient agar medium and the cultures were

examined for various biochemical tests for the suitability of

using for further operation.

The cultures were tested for various biochemical tests

and the results are shown in Table 1 and Fig. 1. The

identified cultures were of Bacillus subtilis and they were

selected for further study. The present culture showed

positive result with the Indole test. Hence it is confirmed

that the culture is Bacillus in nature (Fig. 1). It is seen from

the Fig. 1 that the sample produces pink color and this due

to hydrolysis of tryptophan by tryptophanase enzyme and

subsequent release of indole, pyruvic acid, and ammonia

that produces pink color in the medium used.

Screening of protease producing bacteria

The four obtained cultures were further screened for pro-

tease activity. For this; the cultures were treated in the

skimmed milk agar medium and observed for clear zone in

the plate and the results are shown in Fig. 2. It is shown

from the Fig. 2 that there is a clear zone in the plate and

this is due to the hydrolysis of protein of milk by protease.

It is evident that the enzyme produced by species is of

protease in nature. Among four, two were found to be the

Table 1 Biochemical tests of the identification of organism

Types of biochemical test Result

1. Indole test Positive

2. Methyl red test Negative

3. Vogues proskauer test Negative

4. Citrate test Positive

5. Urease test Positive

6. Triple sugar iron agar test Positive

7. Mannitol motility test Positive

8. Catalase test Positive

9. Oxidase test Positive

Fig. 1 Biochemical analysis—Indole test
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best protease producers. The culture that gave the maxi-

mum zone of proteolysis was taken for enzyme production.

The identified culture was further tested for collageno-

lytic activity by using gelatin agar medium and is presented

in the Fig. 3. It is seen from the figure that there is no clear

zone formation in the gelatin agar plate and this may be

due to the fact that the present culture does not produce any

collagenases and therefore the culture can be very well

used for the dehairing study.

Purification of enzyme

The enzyme that can dehair the skin belongs to the cate-

gory of protease. Bacillus subtilis also produces protease

enzyme and hence the enzyme is of greater significance in

the present approach. The protease enzyme obtained from

Bacillus subtilis was partially purified and used for dehai-

ring of skin in leather processing operation (Fig. 4). The

crude enzyme was purified by using ammonium sulphate

and ice cold ethanol.

Enzyme activity

The activity of the enzyme was found out at the different

parameters of pH, duration and temperature. The results of

the activity of the enzyme are presented in Table 2. The

activity of the protease is very high at pH of 9. It was 1.42

(U/ml). The activity shows decreased trend on either side

of the optimum pH. Similarly the activity is high at 37�C

and the activity was 1.46 (U/ml). The optimum duration is

36 h for the enzyme activity. However, the enzyme showed

better activity in the purification step. The activity of the

enzyme was increased to three fold after purification step.

It has been found that Bacillus subtilis are producers of

large variety of extra-cellular enzymes of proteases. The

purified enzyme proved to be a potential dehairing agent in

leather processing.

Application of the protease enzyme on fresh goat skins

for dehairing studies

Tables 3 and 4 show dehairing efficacy of various dehai-

ring experiments. The dehairing effect was observed at

different duration from 12 to 24 h. It is seen from the tables

that experiment 3 (carried out with protease 4% ? water

10%) shows complete dehairing at the end of 12 h as

compared with other two experiments (1 and 2). The

experiment 2 shows complete dehairing at the end of 16 h.

The reason behind complete dehairing of the skin in the

experiment 3 was due to the use of optimum quantity of

protease that expedited the dehairing activity. The experi-

ment 1 shows moderate dehairing and this may be due to

the fact that the enzyme concentration was not sufficient to

dehair completely. The Fig. 5 shows dehaired skin sample

and Fig. 6 shows control sample of skin before dehairing.

The conventionally dehaired sample carried out with the

help of lime 10% and sodium sulphide 2% showed com-

plete dehairing. The major differences observed in the

Fig. 2 Screening of protease activity

Fig. 3 Screening of collagenase activity

Fig. 4 Crude protease enzyme
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control sample are black coloration and better swelling and

plumping as compared to the experimental sample. This

may be due to the fact more amounts of lime and sulphide

used in the control sample. Several workers have carried

out enzymatic dehairing by using protease. It has been

concluded that the skin hydrolyzed by facultative anaerobic

microbes such as Bacillus species and Pseudomonas spe-

cies are capable of dehairing the skins at both aerobic and

anaerobic conditions, but the hydrolysis of skin collagen

was found less when the organisms were grown anaerobi-

cally studied on jawasee protease, microbial protease, and

on lime for dehairing system.

Alkaline protease isolated from a new strain Alcaligenes

faecalis was evaluated for its unhairing potential in leather

processing. The enzyme is relatively stable in the pH range

of 8–11 and at temperature up to 30�C for 24 h. Unhairing

action was found to be best at pH 9 and at the temperature

of 30–37�C with 0.5% w/w enzyme concentration.

Microscopic studies of the unhaired skins and the physical

properties of the enzyme-treated finished leathers were

well comparable with leather processed by conventional

methods. These results indicate that the protease produced

by A. faecalis is suitable for unhairing and can be exploited

as an eco-friendly unhairing agent for leather processing.

It has been found that proteases were capable of causing

depilation of skins. If, however, the skin is pre-treated with

strong alkali, a preparation that includes proteases with a

narrower range of specificities may be sufficient to induce

depilation. The model helped to disrupt the basal mem-

brane at the dermal-epidermal junction through the deg-

radation of its constituent molecular components by

combination of proteases with alkali, resulting in the

removal of both the epidermis and associated wool or hair

(Brady et al. 2002).

It is evident from these results that complete dehairing

was possible in 16 h duration by using 2% of enzyme in

Table 2 Enzyme activity

S.no. Enzyme conc. (%) pH Enzyme activity (U/ml) Duration Enzyme activity (U/ml) Temperature (�C) Enzyme activity (U/ml)

1. 1 7 1.20 26 1.32 30 1.25

2. 2 8 1.38 36 1.48 35 1.38

3. 3 9 1.42 48 1.40 37 1.46

4. 4 10 1.40 72 1.26 40 1.32

Table 3 Dehairing experiments with protease enzyme

Experiments Chemicals used

Experiment 1 Protease 1% ? water 10%

Experiment 2 Protease 2% ? water 10%

Experiment 3 Protease 4% ? water 10%

Control Lime 10% ? sodium sulphide 2% ? water 10%

Table 4 Efficacy of dehairing at various time duration

Time (h) Experiment 1 Experiment 2 Experiment 3 Control

12 * * X XXX

16 * X XXX XXX

20 X XX XXX XXX

24 XX XX XXX XXX

* difficult dehairing; X minimum dehairing efficacy; XX moderate

dehairing efficacy; XXX complete (maximum) dehairing efficacy

Fig. 5 The figure shows the sample of goat skin that was dehaired by

using protease (after dehairing)

Fig. 6 The figure shows the sample of goat skin that was used for the

experiment (before dehairing process)
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our experiments, where as, it requires 24 h in the case of

protease produced by Alcaligenes faecalis (Thangam et al.

2001). The other difference was the strain and the strain

was produced from tannery soil as compared to the strain

produced from skin in our experiment. The dehairing work

carried out by Brady et al. (2002) showed that skins pre-

treated with alkali produced better results. It has been

found that complete dehairing was achieved for the above

work at the duration of 12 h, whereas, this study had no

such pretreatments and has been carried out with enzyme

alone. The alkaline pretreatment helps to reduce the

amount of enzyme and also the duration of dehairing.

Compare to the above methods, this study is very eco-

nomical and helps in reducing the chemical usage thereby

reducing the environmental pollution.

Pollution load generated in dehairing experiments

Table 5 shows the pollution load generated in dehairing

process. It is seen from the table that due to use of protease

there is a reduction in pollution loads such as BOD, COD,

TDS, and TSS in comparison with control sample. The

control sample shows more amounts of pollution loads in

dehairing experiment. It has been found from the experi-

ment 3 that there is a reduction of BOD, COD, TDS, and

TSS at the level of 62.8, 79, 88.2, and 82.5%, respectively.

The experimental skin also shows complete dehairing

along with 50% reduction in the suspended solids level.

This study carried out using enzyme for hide depilation

without sulfur contaminant has been studied (Nashy et al.

2005). The process does not use sodium sulfide, involves

recycling of lime liquor. It has performed successful

unhairing of sheep skins and cattle hides with a neutral

amylase containing metallic proteinase derived out of

Streptomyces hygroscopicus to reduce the sulfide loads in

the waste waters of conventional unhairing process. There

was a tremendous reduction in pollution load in the de-

hairing process that was dehaired with enzyme. The skins

dehaired with jawasee protease showed the reduction of

BOD value in the effluent.

Color measurement study for the leather

The enzymatic dehairing in general, increases the fiber

splitting of the collagen fibers. These ‘fibers splitting’ some

time may influence the uptake of the chemicals. Hence, the

color measurements of the crust leather were studied after

dyeing with suitable dye. The experimental sample shows

lighter in shade as indicated by DL value. It is seen from

the Table 6 that the chrome treated experimental leather

had more of greener component in comparison with that of

control sample as shown by Da value. Similarly Db value

for the experimental sample shows bluer shade. There is

not much appreciable change noted in experimental sam-

ple. The hue difference of the experimental sample shows a

decreasing trend towards the greenish bluer hue. The

magnitude of the overall color difference DE CIE for the

experimental sample is increasing and this is due to the

increase in color uptake of the leather.

Physical testing for crust leather

Table 7 shows the physical strength properties of the crust

upper leather. The leathers obtained from all the experi-

ments show comparable tensile and tear strength values

relative to control leather. The elongation at break for the

experimental leathers made out of this study was compa-

rable to the control sample. The ‘strength’ property is the

evidence that the leather produced in the experiment does

not show any alteration in leather property.

SEM studies

The Figs. 7a–d shows the SEM for the crust leather that

has been dehaired with protease enzyme and control

Table 5 Pollution load generated in dehairing experiments

Pollution

loads(ppm)

Experiment 3 Control Percentage reduction

of pollution (%)

BOD 980 1,560 62.8

COD 3,200 4,050 79.0

TDS 12,800 14,510 88.2

TSS 4,300 5,210 82.5

Table 6 Color measurement study for the leather

Sample L a b C H DE CIE

Control 38.122 8.725 4.134 9.652 25.340

Exp1 37.970 8.610 3.987 9.493 24.880 1.190

Exp2 35.031 7.980 3.721 8.810 24.925 4.216

Exp3 33.506 7.346 3.424 8.122 24.540 5.520

L lightness, a green shade, b bluer shade, C chromaticity, DE CIE
overall color difference

Table 7 Physical testing data for the crust leathers made from

experiment and control sample

Characteristics Experiment 3 Control

Tensile strength (kg/cm2) 210 ± 3 205 ± 2

Elongation (%) 41 ± 2 42 ± 1

Tear strength (kg/cm thickness) 32 ± 1 30 ± 1

Load at grain crack (kg) 32 ± 1 30 ± 1

Distention at grain crack (mm) 10 ± 0.2 10 ± 0.2
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sample. The figure shows the grain surface of the crust

leather and cross section view of the samples. It is seen

from the figure that there was absence of short hair in the

sample from SEM figures. It is also evident that there

was comparable fiber orientation and compactness in

both experimental and control samples. The angle of

view of the experiment sample was similar to the control

sample.

Conclusion

In this study, the protease enzyme is found to be capable of

dehairing goat skins at commercial level. The enzyme

helps to replace/reduce the sodium sulfide that is harmful

and causes lot of pollution problem in terms of BOD and

COD. Hence, the enzyme developed is not only advanta-

geous in eliminating sulfide but also benevolent in attaining

better leather qualities. The pollution loads such as BOD,

COD, TSS, and TDS were reduced at the level of 62.8,

79.0, 88.2, and 82.5% in comparison with the control one.

The color measurements of the experimental leather were

better than the control sample because of more uptake of

dye in the experimental sample than in the control sample.

The physical strength properties of the experimental crust

upper leathers were comparable to the control leather. The

SEM studies showed the absence of short hair and com-

parable fiber orientation and compactness in both experi-

mental and control samples.
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