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Abstract
Leather industry has commonly been associated with high pollution due to the bad smell, organic wastes and 

high water consumption caused during traditional manufacturing processes. Different forms of waste in quality and 
quantity, which emerge during the transformation of hides and skins into leathers in thousands of leather factories, 
from primitive to modern all around the world, have negative impacts on the environment. In leather factories solid 
waste containing protein that constitute more than 60% of raw hide weight are disposed to the environment without 
turning them into good use at industrial level. A biological approach such as alkaline protease production by different 
microorganism is prominent way to utilization of tannery proteinaceous solid waste.

In this research work four different species Bacillus licheniformis, Bacillus coagulans, Bacillus polymxa and 
Bacillus amyloliquefaciens were isolated from soil sample and identified by biochemical tests. These species 
efficiently produce alkaline using animal fleshing (ANFL) which is an untanned tannery solid waste as prominent 
source of protein .The efficiency of protease production was measured on different temperature, pressure and 
incubation time. Bacillus licheniformis gave highest protease production. Due to efficient production of alkaline 
protease by same bacillus species, it can be use at industrial level.

Alkaline Protease Production Using Proteinaceous Tannery Solid Waste
Javed Ahmad* and Tauseef A Ansari
Department of Biochemical Engineering and Food Technology, Harcourt Butler Technological Institute, Nawabganj, Kanpur 208002, India

Keywords: Leather industries; Environment; Solid waste; ANFL;
Biological process; Bacillus species; Alkaline proteases

Introduction
The leather industry generally uses hides and skins as raw materials, 

which are the by-products of meat and meat products industry [1]. So 
in this reverence the leather industry is an environmentally friendly 
industry because it processes waste products from meat production 
industries [2]. However, the leather industry has frequently been allied 
with high pollution due to the bad smell, organic wastes and high water 
consumption caused during traditional manufacturing and processing 
[3]. Diverse types of waste in quality and quantity, which come out 
during the process of hides and skins into leathers in many leather 
factories, impacts negatively on the environment to all around the 
world [1].

Solid waste generated in leather industry is contribute mainly 
through processes like skin trimming keratin waste ,flesh waste chrome 
shaving waste and buffing waste. Its main component is protein. If these 
proteins and other chemical which are present in the chemical treated 
protein are not utilized properly it will pose hazardous pollution problem 
to the environment [4]. The microorganisms represent an exceptional 
source of protease owing to their extensive biochemical diversity and 
susceptibility to genetic manipulation. Among the various proteases, 
bacterial proteases are the generally most noteworthy than others such 
as animal and fungal proteases [5]. The proteolytic enzymes have many 
physiological functions, ranging from the generalized protein digestion 
to the more specific regulated processes [6,7]. Alkaline proteases, an 
important group of industrial enzymes (Figure 1), are produced by a 
wide range of microorganisms, including fungi and bacteria. Bacillus 
spp. have been reported to produce alkaline protease from various 
substrates, viz. green-gram husk [8], mustered-oil cake, wheat bran, 
rice bran, Impetrate cylindrical grass, banana leaves, potato peels and 
used tea leaves [9], wheat bran and lentil husk [10]. However, few 
reports are available on alkaline proteolytic enzymes from Bacillus 
cereus [11].          

ANFL is one of the major solid wastes that are generated during 
pretanning process of leather industry operation [12] (Figure 1). 
It contains the highest protein content (50 to 60%) [13,14]. ANFL 

discharged from the tannery industries are processed by different types 
of chemical or thermal operation. This is an energy intensive and time 
consuming process [15].

In our study, alkaline proteases were produced from various 
microorganisms by using untanned (ANFL) as substrate. Microbial 
isolates species are Bacillus licheniformis, Bacillus coagulans, Bacillus 
polymxa and Bacillus amyloliquefaciens. The alkaline protease generally 
used as biocatalyst for industrial and laboratory purposes [16]. 
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Figure 1: The contribution of different enzymes to the total sale of enzymes is 
indicated. The shaded portion indicates the total sale of proteases [12].
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Proteases constitute at least 65% of the total industrial enzyme market 
[17]. They are used for various industrial applications, such as laundry 
detergents, protein recovery, leather preparation, solubilisation and 
organic synthesis [18]. Alkaline proteases have many physiological 
functions, ranging from generalized protein digestion to more specific 
regulated procedures [7]. Bacillus licheniformis and Bacillus coagulans 
can be used profitably for large scale production of alkaline protease to 
meet the present day demand of the industrial sector [19].

Chemical composition of tannery solid waste used in experiment

Chemicals                     % in dry matter (mg/g)

Protein                -                79

Fat                      -                7.57

P                         -                1.476

K                        -                0.47

Ca                    -                0.59

Iron                  -                2.24

Mg                   -                1.84

Zn                    -                0.116

Cu                   -                0.002

Material and Method
Sample collection

Soil samples collection area was campus area of Chander Shekhar 
Azad Agriculture University, Kanpur (Near H.B.T.I., Kanpur Main 
Campus) Nawabganj, Kanpur District, and Uttar Pradesh in the month 
of July. The samples were collected at a depth of 8 cm to 10 cm in soil. 
The collected soil samples were brought to the laboratory in sterilized 
caped flask, air dried & air tied and stored at room temperature. 1(±0.04) 
gram of soil sample was taken in conical flask (250 ml) containing 100 
ml sterile distilled water (DW).

The content was mixed well for homogenous mixture. This 
suspension was serially diluted up to 10ˉ5 with sterile distilled water. 
The samples were transferred aseptically to Petri dishes containing 
sterile nutrient agar medium by pour plating technique. After 
inoculation, plates were incubated at 35-37°C, for 2 to 4 days. After 
that Bacterial colonies appeared. Then cultures were identified based 
on characteristics and they were identified by the help Gram staining 
methods and by biochemical tests as suggested by Bergey’s manual 
[20] as well as Cappuccino and Sherman [21]. Colonies were examined 
by microscopic observations. The analysis of physiological and 
biochemical characteristics (Table 1) of colonies were done by using 
methods, as suggested by Josey et al. [22] and Watanabe and Hayano 
[23] respectively. Here the biochemical tests have shown only for the 
Bacillus Species, although testing has been done on most of the colonies.   

Inoculums preparation

B. licheniformis, B. coagulans, B. Polymxa and B. amyloliquefaciens 
were found predominantly in the soil sample. The pure culture of test 
organisms was maintained in nutrient agar slants for further studies 
for a period of 24 h. 

Substrate preparation

The sufficient amount of ANFL, of Beef skins were collected from 

a commercial tannery, Jajmau Industrial Area, Kanpur, India. It was 
treated with ammonium chloride (1.25% w/v) for 3–4 h to remove 
the adsorbed calcium salts on the collagen fibres. The delimed ANFL 
fleshing was suspended in water for 1 to 2 h at neutral pH [23]. Very 
small pieces of ANFL were obtained by manual scissoring. The 24 h 
grown culture of B. licheniformis, B. coagulans, B. Polymxa and B. 
amyloliquefaciens were inoculated in sterilized minimal medium 
and poured into the ANFL containing flask initial moisture content 
maintained at 60-65%. 

Optimization of enzyme activity 

To optimize the alkaline protease production at various levels, as 
the effect of pH, temperature and harvest time on alkaline production 
protease production by B.licheniformis, B. coagulans, B. polymxa and 
B. amyloliquefaciens were monitored in the minimal salt medium 
containing ANFL. Protease activity was determined for 98 h with an 
interval of 14 h. Incubation periods were set as 14, 28, 42, 56, 84 and 
98 h for a wide range study. Protease production efficiency obtained at 
wide range of temperatures (30, 40, 50, 60, 70 and 80°C) and pH (5.5, 
6.5, 7.5, 8.5, 9.5, 10.5, and 11.5). Estimation of enzyme did as prescribed 
by Neheta et al. [24].

Results
Effect of pH levels on alkaline protease production

The effect of pH on enzyme production is shown in following Table 
2 and Figure 2. All the microorganism were able to produce high levels 
of enzyme at pH 9.5.The Bacillus licheniformis was able to produce 
highest level of enzyme (0.170 ± 0.099 mg/l ) at pH 9.5 with respect to 
others. All the steps done in triplicates.

Effect of temperatures on alkaline protease production

The effect of temperature on enzyme production is shown in 
fallowing Table 3 and Figure 3. All the microorganism were able to 
produce high levels of enzyme at 30°C, the optimal temperature for 
alkaline protease production. The Bacillus licheniformis was able to 
produce highest level of enzyme (0.214 ± 0.099 mg/l) at 30°C with 
respect to others. All the steps done in triplicates.

Effect of incubation periods on alkaline protease production

The effect of incubation periods on enzyme production is shown 

Sr.No. Biochemical 
Test 

B. 
licheniformis 

B. 
coagulans B. polymxa B. 

amyloliquefaciens

1 Gram’s 
Staining + + + +

2
Nitrate 

reduction 
test 

- - - -

3  Catalase 
test - - - -

4
 Starch 

hydrolysis 
test

+ + + +

5 Mac Conkey 
agar test + + + +

6
Citrate 

utilization 
test 

+ + + +

7 Nitrate 
Reduction - - - -

Table 1: Biochemical Characteristic of isolated bacteria. (+positive result, 
-Negative result).
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in fallowing Table 4 and Figure 4. All the microorganism were able 
to produce high levels of enzyme at incubation time period 98 h, the 
optimal time period for alkaline protease production. The Bacillus 
licheniformis was able to produce highest level of enzyme (0.186 mg/l) 
at 98 h with respect to others. All the steps done in triplicates.

Conclusion
The leather industries are widely known for its effluent problems 

and environment pollution. The biological approach discussed is one 
of the best ways to solve this problem as well as utilization. Our results 

indicated that optimum condition for alkaline protease productivity 
on the basis of pH, temperature and pressure. Characterization as 
well as optimization for each feature of growth and production yield 
is essential requirements. Bacillus licheniformis gave best result for 
maximum efficiency. It can be use on industrial level. Further research 
is required on full purification of alkaline protease for its complete 
utilization and meeting the needs of the industry.
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Figure 2: Effect of pH levels on alkaline protease production by B. 
licheniformis, B. Polymxa, B. amyloliquefaciens and B. coagulans. (All the 
steps done in triplicates).
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Figure 3: Effect of temperature levels on alkaline protease Production by B. 
licheniformis, B. Polymxa, B. amyloliquefaciens and B. coagulans. (All the 
steps done in triplicates).
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Figure 4: Effect of incubation periods on alkaline protease production by B. 
licheniformis, B. Polymxa, B. amyloliquefaciens and B. coagulans. (All the 
steps done in triplicates).

S.No 
The 

level of 
pH

B.licheniformis 
(mg/l) 

B. Polymxa 
(mg/l)

B. 
amyloliquefaciens 

(mg/l)

B. coagulans 
(mg/l)

1. 6.5 0.138 ± 0.099 0.132 ± 0.098 0.141 ± 0.099 0.135 ± 0.099
2. 7.5 0.146 ± 0.099 0.137 ± 0.098 0.148 ± 0.099 0.141 ± 0.099
3. 8.5 0.178 ± 0.099 0.145 ± 0.099 0.159 ± 0.099 0.151 ± 0.098
4. 9.5 0.191 ± 0.098 0.151 ± 0.099 0.171 ± 0.099 0.161 ± 0.099
5. 10.5 0.170 ± 0.099 0.145 ± 0.098 0.147 ± 0.098 0.143 ± 0.098
6. 11.5 0.168 ± 0.099 0.142 ± 0.099 0.145 ± 0.099 0.141 ± 0.099

Table 2: Effect of pH levels on alkaline protease production by B. licheniformis, B. 
polymxa, B. amyloliquefaciens and B. coagulans. (All the steps done in triplicates).

S.No Tempera
ture (°c)

B. 
licheniformis 

(mg/l) 

B. Polymxa
(mg/l)

B. amylolique
faciens (mg/l)

B. coagulans 
(mg/l)

1. 30 0.214 ± 0.099 0.198 ± 0.099 0.159 ± 0.099 0.172 ± 0.099
2. 40 0.199 ± 0.099 0.178 ± 0.098 0.156 ± 0.099 0.164 ± 0.099
3. 50 0.190 ± 0.099 0.175 ± 0.098 0.150 ± 0.099 0.160 ± 0.098
4. 60 0.185 ± 0.099 0.170 ± 0.098 0.145 ± 0.099 0.156 ± 0.098
5. 70 0.175 ± 0.099 0.165 ± 0.098 0.140 ± 0.099 0.149 ± 0.098
6. 80 0.164 ± 0.099 0.156 ± 0.098 0.131 ± 0.099 0.138 ± 0.098

Table 3: Effect of temperature levels on alkaline protease Production by B. 
licheniformis, B. Polymxa, B. amyloliquefaciens and B. coagulans. (All the steps 
done in triplicates).

S.No Incubation 
time (h)

B.licheniformis 
(mg/l) 

B. polymxa 
(mg/l)

B. amylolique
faciens (mg/l)

B.coagulans
(mg/l)

1 14 0.146 ± 0.103 0.136 ± 0.103 0.142 ± 0.103 0.132 ± 0.102
2 28 0.154 ± 0.102 0.146 ± 0.102 0.149 ± 0.102 0.138 ± 0.103
3 42 0.161 ± 0.103 0.151 ± 0.102 0.157 ± 0.103 0.147 ± 0.102
4 56 0.164 ± 0.102 0.156 ± 0.103 0.165 ± 0.102 0.154 ± 0.103
5 84 0.178 ± 0.102 0.169 ± 0.102 0.176 ± 0.103 0.168 ± 0.102
6 98 0.186 ± 0.102 0.179 ± 0.102 0.185 ± 0.102 0.172 ± 0.103

Table 4: Effect of incubation periods on alkaline protease production by B. 
licheniformis, B. Polymxa, B. amyloliquefaciens and B. coagulans. (All the steps 
done in triplicates).
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