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ABSTRACT 

Lignin, a high molecular weight, structurally complex carbohydrate having stable linkages due to non-hydrolysable bonds, is difficult to 

breakdown, and serve as a source of pollution from pulp-paper industrial effluent, as it has intense unaesthetic brown color, hydrophobic 

in nature with poor mechanical properties. Colored effluents released from various pharmaceutical, textile and other dye-based industries 

contain mixture of dyes, which may be hazardous to various life forms. Extracellular enzymes for instance lignin peroxidases have 

potential ligninolytic activity and also serve in biobleaching of effluents containing complex aromatic dyes. From various 

pharmaceuticals and textile industries 75 isolates were screened for ligninolytic activity, out of which four bacterial isolates Bacillus 

subtilis, Pseudomonas sp., Bacillus megaterium and Arthobacter sp. were found to decolorize lignin, and also have a potential dye-

degrading activity. Percentage decolorisation of Lignin was 85.49%, 84.5%, 82.74 and 87.64% respectively, whereas percentage 

decolorization of dye due to enzymatic activity was 91.66%, 80.2%, 90.62% and 94.79% respectively. 
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1. INTRODUCTION 

 

One of the major problems worldwide in general and in 

developing countries like India in particular is the degradation of 

environment due to discharge of polluting waste water from 

various industries. Majority of commonly used dyes in textile, 

food, paper making, printing, leather and cosmetic industries are 

azo dyes. The contribution from textile industry is more than 50% 

of the total dyes used in coloring process in different industries. 

The oldest manmade chemicals used in in textile, food, paper 

making, printing, leather and cosmetic industries are azo dyes 

which is produced worldwide at the rate of 7 lacs tons/annum 

approximately (Zollinger, 1987).  

Out of this amount approx 10-15% of the dyes are 

released into environment (Vaidya and Datye, 1982). These dyes 

and some of their bio-transformed products are toxic or even 

carcinogenic, thus needs to be considered as one of the important 

environmental pollutants (Chung & Cerniglia, 1992). The 

conventional aerobic wastewater treatments are not sufficient to 

degrade these azodyes (Pagga & Brown 1986; Shaul et al., 1991). 

However, their azo linkages are reduced under anaerobic 

conditions. (Brown and Labourieur, 1983 b). the reduction of azo 

dyes results in the formation of aromatic amine which are readily 

degradable under aerobic condition (Brown & Labourieur 1983 a; 

Konopkaa 1983). So, the present study was undertaken to isolate 

bacteria capable of degradation and detoxification of some of the 

commonly used azo dyes. Since, lignin another slow 

biodegradable compound, has azo bonds similar to azo dyes, it has 

been used as substrate for the isolation of azo dyes degrading 

bacteria.  

 

2. MATERIALS AND METHODS 

 

Alkaline Lignin Preparation 

Dried barks of woody and non-woody plants grounded to 

powder were used as a source for extraction of lignin as they 

contain lignocelluloses. Ten grams of powdered bark added with 

5ml of 1% sulfuric acid was heated for 20 mins. at 80
0
C and 

allowed to cool to obtain lignocellulosic mass. Further 100ml of 

4% NaOH was added and boiled for 30 mins. The dark brown 

colored alkali lignin was filtered and autoclaved at 15 lbs for 10 

min (Bholay et al., 2012). 
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Isolation, Screening and Characterization of Lignolytic 

Bacterial Isolates 

Soil samples from different areas contaminated with 

textile and pharmaceutical effluents were collected in sterilized 

screw cap bottles and stored at 4
0
C till further use. The bacteria 

present in the soil samples were enriched using Minimal Salt 

Media (MSM) supplemented with 1% lignin as a sole carbon 

source. Aliquots of 1ml of each of the enriched sample were 

transferred to 9ml of sterile 0.9% saline solution for serial dilution 

till 10
-7

. The solutions were stirred vigorously and allowed to 

settle down. About 100µl of serially diluted sample were spread 

on MSM containing alkaline lignin. The plates were incubated for 

5 days at 37
0
C. The isolated bacteria were streaked onto fresh 

alkaline lignin MSM repeatedly to obtain pure culture (Rahman et 

al., 2013). Four potential bacterial isolates showing lignolytic 

activity S21, S25, S31 and S34 were characterized 

morphologically and biochemically to identify the isolates as per 

the Bergey’s Manual of Determinative Bacteriology. These strains 

were further screened for their lignin degrading capability by 

shake flask method and the percent decolorization was calculated 

as (Prabhu et al., 2005): 

% Decolorization = (Initial A465 - Final A465) x 100 

Control A465 

 

Carbon Source Utilization and Optimization of Growth 

Factors 

Different carbon sources were assessed for their 

utilization by bacterial isolates. Five solid media were designed 

using lignin and glucose as sole carbon source and in combination 

along with trace elements as given in the Table 1. Also, different 

factors influencing growth of these isolates were optimized which 

include pH, temperature, incubation period etc. 

Screening of Bio-Bleaching Ability 

Bio-bleaching activity of the four isolates was determined 

under aerobic as well as static condition until no color was 

observed.  Media used for the experiment was Nutrient Media 

(NM) and Minimal Salt Media (MSM) supplemented with a range 

of concentration of azo dyes viz., Congo red and Methyl Red.  

Enzyme Assay 

Lignin peroxidase enzyme was assayed using spectrophotometric 

technique. To the solution of Sodium Potassium Tartarate (pH- 4) 

buffer 50mM, H2O20.1mM, methylene blue32uM was added 10uL 

of enzyme solution and incubated for 1hr at room temperature and 

absorbance was measured at 650nm. The interpretation of the 

results was based on the calculation given by (Denise et al., 

1996).: 

Enzyme activity= (A650 for control – A650 for test) x 100 

A650 for control 

Dye Decolorization Assay  

All the potential strains isolated, were incubated with 

different concentrations of congo red dye solution i.e. 250 ppm, 

500 ppm and 750 ppm in 50ml Erlenmeyer flasks at 30
◦
C at 120 

rpm for 7 days in shaker incubator and absorbance was taken on 

each day. The percentage decolorization of dye for each isolate 

was calculated as (Initial A495 –Final A495/control A495) x 100.  

 

Optimization of factors influencing growth 
Some of the important factors influencing growth of the 

microbes such as temperature and pH were optimized. 

 

Temperature optimization 
The potential isolates i.e. S21, S25, S31 and S34 were 

inoculated in flasks containing nutrient media along with 1% of 

lignin as sole carbon source in 3 different sets. Three sets were 

incubated at 25
0
C, 37

0
C and 42

0
C respectively for 7 days in 

triplicate. The growth of the bacterium was measured by taking 

the O.D at 465nm after a regular interval of 24hr. 

 

pH optimization 

The potential isolates i.e. S21, S25, S31 and S34 were 

inoculated in flasks containing nutrient media along with 1% of 

lignin as sole carbon source in 3 different sets. Three sets having 

pH 5.5, 7.4 and 8.5 respectively were incubated for 7 days in 

triplicate. The growth of the bacterium was measured by taking 

the O.D at 465nm after a regular interval of 24hr. 

3. RESULTS  
  

Isolation and screening of bacterial strains 

After the incubation in MSM containing 1% lignin for 5 days at 

30
0
C ,75 colonies showing growth were isolated and purified, 

among which isolates S21, S25, S31 and S34 showed growth on 

both MSM and Nutrient agar medium containing lignin leading to 

decolorization of lignin. 

Characterization of lignolytic bacterial isolates 

Among 75 isolates, 4 bacterial isolates S21, S25, S31 and 

S34 showed highest results and were selected for further 

characterization. As per Bergey’s manual of Determinative 

Bacteriology 9
th

 edition. It was concluded that the isolates S21 & 

S31 were Bacillus sp, while S25 and S34 Pseudomonas sp., and 

Arthobacter sp. respectively. 

Screening of lignin degrading isolates for their dye 

degradation capability 
Different isolates were screened on dye containing agar plates i.e. 

both MSM and nutrient agar medium containing Azo and Triaryl 

methane dyes as a sole carbon source. Bacterial isolates showed 

the growth and decolorization of dye on solidified medium. 

Decolorization was enhanced when isolates were grown on 

nutrient agar media containing dye as compared to MSM 

containing dye.  

Lignolytic activity 

Percentage Lignin degradation by the bacteria: 

Lignin degradation shown by the isolates s21, S25, S31 and s34 

after the incubation of 7 days were remarkable which were 

85.49%, 84.5%, 82.74 and 87.64%  respectively (Fig 1). 
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Enzyme Assay 

Lignin Peroxidase Enzyme Assay: 

Lignin peroxidase enzyme activity of the isolates was in the range 

of 80.2% to 94.79%. All the isolates showed remarkable activities. 

The activities obtained by S21, S25, S31 and S34 were 91.66%, 

80.2%, 90.62% and 94.79% respectively. (Fig 2). 

Bio-bleaching activity of enzyme 

With the increase in time of incubation, all the isolates showed 

high dye decolorization at various concentrations of dye i.e., 

250ppm, 500ppm, and 750ppm. The decolorization obtained by 

S21, S25, S31 and S34 after 7 days of incubation were as shown in 

Table 2. & Fig. 3 

Optimization of Growth Factors   

Effect of temperature on the growth of bacteria 

Growth of the isolates incubated at different temperatures was 

observed spectrophotometrically. The isolates showed growth at 

all the selected temperatures, but S21 showed best growth at 40
0
C, 

S25 and S31 at 30
0
C and S34 at 37

0
C. (Fig.4) 

Effect of pH on the growth of bacteria 

Growth of the isolates, incubated in media having different pH, 

kept at room temperature in shaking condition, was observed 

spectrophotometrically. The isolate showed growth at all the 

selected pH levels, but S21 showed best growth at pH 8.5, S25, 

S31 and S34 at pH 7.4. (Fig.5) 

 

 

Discussion 

 
Biodegradation of various xenobiotic compounds including range 

of dyes has attained popularity as this method is inexpensive, less 

arduous, eco friendly and can be applied in-situ to recover the sites 

from these obstinate contaminants of environment. In the present 

study, lignin degrading bacterial isolates have shown potential dye 

degradation, giving the prospect for constructing a strategy for 

development of low cost and eco friendly substrate for the action 

of enzymes involved in degradation of dyes.  Crude extract as well 

as purified immobilized enzyme can be used repeatedly for 

treatment of colored effluents (Arulmani et al., 2008).   

 

Percentage decolorization of azo dye with concentration 

500pm recorded for Bacillus sp, Pseudomonas sp., Bacillus sp. 

and Arthobacter sp. was 75.93,67.9, 79.82 and 83.7 respectively, 

when lignin was taken as the carbon source, the optimum growth 

temperature was found to be 40
0
C, 30

0
C, 30

0
C and 37

0
C, whereas 

in a study conducted by Shah et al 2013, percentage decolorization 

of azo dye with concentration 20ppm recorded for Bacillus cereus 

and Bacillus megaterium was found to be 95% and 98% 

respectively, when carbon source was taken as peptone and 

glucose and the growth temperature and pH for former strain was 

37
0
C and pH 7 and for later it was 37

0
C and pH 6. Study 

conducted by Telke et al., 2010 showed 90% decolorization of 

textile effluent containing 100 ppm of azo dye at pH 8 and 

temperature 40
0
C. Hence the present study showed efficient 

degradation of dyes with high concentration taking lignin as a 

natural carbon source. Using purified enzyme Lignin peroxidase 

for bioremediation can give the momentum to the process of 

biodegradation of dyes, however some modifications are required 

before it is implemented.  

 

 

Table 1. Media used for screening of lignin degrading capability of bacterial isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Percentage decolorization at various dye concentrations obtained by potential strains after 7 days of incubation. 

Isolates  % degradation 

 Concentration of dye (ppm) 

 250 500 750 

S21 69.48 75.93 36.08 

S25 39.9 67.91 35.24 

S31 67.13 79.82 37.76 

S34 76.99 83.7 43.65 

  

MEDIA COMPOSITION 
MEDIA I Lignin 

MEDIA II Glucose 

MEDIA III Lignin+ Glucose 

MEDIA IV TE+ Lignin 

MEDIA V TE+ Glucose 

MEDIA VI TE+Lignin+ Glucose 
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Fig 1: - Lignolytic activities in terms of percentage 

decolorization over an incubation period of 7 days  

 

 

Fig 2: - LiP enzyme assay (% decolorization). 

 

  

 

 

Fig 3: Percentage dye decolorization by lignin degrading 

bacterial isolates at different dye concentrations  

 

Fig 4: - Effect of temperature on the growth of lignin degrading 

bacterial isolates 

 

. 

Fig 5: - Effect of pH on the growth of on the growth of  lignin 

degrading bacterial isolates 
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4. CONCLUSION 
Every year million tones of these colored effluents are being 

discharged as wastes in different river bodies by textile, 

pharmaceutical and various other industries which is  not only 

effecting the water quality but it is toxic for the aquatic life too. 

Therefore, there is an urgent need for planning and designing of 

the in-situ bioremediation protocol to get rid of these pollutants. 

Extracellular lignin peroxidases have potential application in  

biobleaching of colored effluents. Therefore, the bioremediation 

treatment method can be proved beneficial for industrial level 

decolorization of various colored effluents. 
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