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ABSTRACT 
Dyes are synthetic recalcitrant aromatic compounds with various functional groups. Reactive 
azo dyes are considered as one of the most detrimental pollutants from industrial effluents and 
therefore their biodegradation is receiving constant scientific attention. Micrococcus 
glutamicus NCIM 2168 was exploited for its ability to degrade Reactive red 195 under static 
condition. The bacterium took 18 h to decolourize 94.25% of the dye. It decolourized the dye 
over a wide range of pH from 5-8 and in a narrow temperature from 37-40°C. Effect of 
various carbon and nitrogen sources on decolourization revealed enhanced decolourization in 
presence of sucrose followed by glucose, yeast extract and peptone. Cell free extract study 
showed involvement of oxidoreductases enzymes in decolourization. Degradation of the dye 
was confirmed by Uv-Vis spectroscopy, TLC, HPLC and GC-MS. Microbial toxicity of 
degraded products confirmed nontoxic nature of the product. The bacterium was also able to 
degrade mixture of five azo dyes. Operation over a wide range of pH and efficient 
decolorization of mixture of azo dyes suggested that M.glutamicus NCIM 2168 can be used to 
decolorize synthetic dyes from effluents. 
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INTRODUCTION 
Synthetic dyes, estimated at around 10,000,000 
tons per annum, the production and application 
of which release vast amounts of waste and 
unfixed colorants, causing serious health 
hazards and disturbing eco-balance of nature. 
Research has shown that synthetic dyes are 
suspected to release harmful chemicals that are 
allergic, carcinogenic and detrimental to 
human health.1 Dye effluents of these 
industries are coloured and toxic when high 
concentrations merged into ground water or 
drinkable water source. Most of the dyes used 
in the textile mills are difficult to remove by 
effluent treatment plant because they are stable 
against light and micro organisms.2 Convent-
ional and traditional methods for water 
remediation/treatment, including bio treatment, 
carbon adsorption, air stripping, pure ozone 
oxidation and chlorine treatment, suffer from 

various limitations.3 The microbial degradation 
and decolorization of dyes have received 
considerable attention in the recent past from 
the viewpoint of treating industrial wastewater 
containing textile dyes. As wastewater 
treatment facilities are often unable to 
completely remove commercial dyestuffs, thus 
contributing to the pollution of aqueous 
habitats. Microbial decolourization and 
degradation is an ecofriendly, cost-competitive 
alternative method to chemical decomposition 
process.4 Amount of loss in industrial effluent 
vary with the class of dyes. For example, 
release of 50% of reactive dyes and 2% of 
basic dyes in wastewater has been reported.5-7 

MATERIAL AND METHODS 
Microorganism and culture conditions 
An isolate Micrococcus glutamicus NCIM 
2168 known to be efficient in decolourization 
and degradation of azo dyes is used for 
decolourization    and   degradation of Reactive  *Author for correspondence 
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Red 195, an azo dye most commonly used in 
industries.  
Dyestuff and chemicals 
All chemicals used were of the highest purity and 
of analytical grade.2’-2’Azinobis-(3ethyl benthia 
zoline-6 sulphonate) (ABTS) was purchased 
from Sigma Aldrich, USA. Nutrient broth 
dehydrated was purchased from Hi-Media, 
Mumbai, India. Tartaric acid, n-propanol was 
purchased from Qualigenes, India. The textile 
dye Reactive red 195 (RR 195) was obtained 
from spectrum dyes, Surat, India. 
Decolourization experiments 
Micrococcus glutamicus NCIM 2168 was 
grown for 24 hrs at 37°C on nutrient agar. 10% 
inoculum of O.D600 1.0 was used throughout 
the study.8,9 The isolate was inoculated in 
nutrient broth to study the decolourization 
performance of the culture. The dye was filter 
sterilized by using 0.2 µm cellulose acetate 
paper filter, Sartorius Biolab, Germany and 
added after sterilization of medium throughout 
the study. The dye (50mg/L) was added 
immediately and incubated at static condition 
at 37°C. The aliquot (3ml) of culture media 
was withdrawn at different time intervals and 
centrifuged at 6000g for 20 min. 
Decolourization with respect to time was 
monitored by measuring the absorbance of the 
culture at λmax of the dye at 542 nm. Wet 
weight was recorded in mg/ml.  
Decolourization at different dye concentration 
To study the efficiency of the isolate to 
decolourize the dye at various initial dye 
concentrations ranging from 50-500 mg/L in 
static condition of RR 195 was added to the 
nutrient broth inoculated with 10% of 
Micrococcus glutamicus NCIM 2168 O.D600 
1.0 and incubated at 37°C. The % 
decolourization was measured every hour. All 
decolourization experiments were performed 
in three sets. Abiotic controls (without 
microorganism) were always included. The % 
decolourization was calculated as per 
Sahasrabudhe et al.10 

% 
Decolouri

sation 
=

Initial absorbance-
observed observance X   100 

Initial observance 

The decolourization experiment was 
performed by using mixture of five dyes 
namely, Reactive Red 195, Direct Red 81, 
Acid Blue 113, Reactive Orange 16 and 
Reactive Yellow 145 at 50mg/L concentration 
at static condition in terms of ADMI value as 
mentioned by Sartale et al.11 
Effect of pH on dye decolourization 
 Sterile nutrient broth of different pH ranging 
from 3-8 was inoculated with 10% inoculum 
and incubated at 37°C under static condition. 
The dye concentration was 50mg/L. All 
decolourization experiments were performed 
in three sets. Abiotic controls (without 
microorganism) were always included. The % 
decolourization was measured. 
Effect of temperature on dye decol-
ourization 
 Sterile nutrient broth of pH 7 was inoculated 
with 10 % inoculum and filter sterilized dye at 
50 mg/L was added after sterilization. The 
broth was incubated at various temperatures 
from 28°C-50°C. The experiment was carried 
out in triplicate. Abiotic controls (without 
microorganism) were always included. The % 
decolourization was measured 
Effect of carbon and nitrogen sources 
To study the effect of carbon and nitrogen 
sources on decolourization of RR 195, semi 
synthetic medium11 having following compos-
ition was used (g/L)- ( NH4)2SO4 0.28, NH4Cl 
0.23, KH2PO4 0.067, MgSO4.7 H2O 0.04, 
CaCl2.2 H2O 0.022, FeCl3.6 H2O 0.005, yeast 
extract 0.2, NaCl 0.15, NaHCO3 1.0 and 1 ml/ 
L of trace element solution containing (g/L) 
ZnSO4. 7 H2O 0.01,  MnCl2:4 H2O 0.1, CuSO4 
.5 H2O 0.392, COCl2. 6 H2O 0.248,  NaB4O7.7 
H2O 0.177 and NiCl2 .6 H2O 0.02 with 
different carbon and nitrogen sources.11 (1% 
each) such as glucose, sucrose, lactose and 
starch, yeast extract, peptone, malt extract, 
meat extract and urea respectively. 50 mg/L of 
the dye concentration used. Filter sterilized dye 
was added after sterilization of the medium 
and after inoculation of the isolate.  
Preparation of the cell free extract 
Micrococcus glutamicus NCIM 2168 cells 
were grown in nutrient broth at 37oC for 24 h 
centrifuged at 10,000 rpm for 20 minutes. 
These cells were suspended in the potassium 
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phosphate buffer (50mM, pH 7.4) and 
sonicated output at 50A and giving 7 strokes 
each of 30sec for 12 minutes at 4oC. The 
homogenate was centrifuged and supernatant 
was used as a source of enzymes.11,12 
Enzyme assays 
Oxidative enzymes during decolourization 
The activities of laccase and lignin peroxidase 
were assayed spectrophotometrically in the cell 
free extract as per method by Mate and Pathade13 
All enzyme assays were conducted in triplicates 
and the average rates were calculated to represent 
the enzyme activity. One unit of enzyme activity 
was defined as a change in absorbance U/ min. 
Reductive enzymes during decolourization 
NADP-DCIP reductase and azoreductase 
activity was assayed by following the 
procedure reported by Telke et al.14  
All enzyme assays were conducted in 
triplicates and the average rates were 
calculated to represent the enzyme activity 
Analytical procedure 
The metabolites produced during the 
biodegradation of RR 195 at 18 hrs i.e. after 
decolourization of the medium were extracted 
twice with equal volume of Di-Chloro Methane 
(DCM). The DCM extracts were pooled and 
evaporated at 40°C in a rotary evaporator and 
then transferred to a test tube.15,16 The extracted 
residue was dissolved in small volume of HPLC 
grade methanol and the same sample was used 
for analysis. During UV visible spectral analysis, 
changes in absorption spectrum in the 
decolourized medium (400-800nm) were 
recorded in comparison with the results from the 

control runs. The mobile phase used for TLC 
was composed of methanol, ethyl acetate, n-
propanol, water and acetic acid (1:2:3:1:0.2 v/v) 
and silica gel plates ‘Merck’ was used for 
separation. TLC plate was developed using 
iodine chamber.11 HPLC analysis was performed 
in an isocratic system Shimadzu (SCL 10 AVP) 
equipped with dual absorbance detector using C 
18 column with HPLC grade methanol as mobile 
phase at the flow rate of 1.0 ml / min for 10 min.  
Toxicity study 
Microbial toxicity of the control dyes and its 
degradation products of 400mg/L dye 
concentration was also carried out by using 
Staphylococcus aureus NCIM 2079 by 
measuring diameter of zone of inhibition in mm 
after 24 hrs of incubation at 37ºC.11,17  
Staphylococcus aureus NCIM 2079 was 
obtained from National Collection of Industrial 
Microorganisms (NCIM), National Chemical 
Laboratory, Pune, India  
Statistical analysis 
Data was analyzed by one way analysis of 
variance (ANOVA) with Turkey-Kramer 
multiple comparison test. Readings were 
considered significant when P was ≤0.05. 

RESULTS AND DISCUSSION 
Decolourization experiment 
The isolate took 18 h to decolourize 94.25% of 
the dye. The decolourization of the dye was 
associated growth of the isolate (Fig 1). 
M.glutamicus NCIM 2168 showed 100% 
decolourization of the dye Reactive Green 19A 
in 42h.11 

 
Fig. 1: Decolourization with respect to time
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Decolourization at different dye concentration 
The isolate was able to decolourize the dye up to 
300 mg/L in proportion to the time. It took 70 
hours to decolourize 66.08% of 500 mg/L of the 
dye above this concentration the isolate was 
unable to grow (Fig. 2). Enterococcus faecalis 
YZ 66 decolorized 99.5% of RR 195 in one and 
half hour.13 Georgenia sp. CC-NMPT-T3 
95.93% of the dye in five hours.18 Percent 
decolorization of Reactive Yellow 145 by B. 
boroniphilus was decrease with increase in initial 

dye concentration (50-500 mg/L) when studied 
up to 24h at static condition. The time required 
for decolorization was inversely proportional to 
dye concentration.4 The isolate showed reduction 
in ADMI value by 89.04% in 80 hours at 
50mg/L concentration of mixture of five azo 
dyes. The reduction in ADMI value was much 
above the reported value.  Saratale et al. showed 
M.glutamicus could achieve high colour removal 
in terms of ADMI value up to 63% within 72 h at 
30mg/L concentration of ten reactive dyes. 

 

 
Fig. 2 : Decolourization at different dye concentration 

Effect of pH on dye decolourization 
M. glutamicus decolourized RR 195 with 
average value of 97.35% at pH 5-8. Optimum 
decolourization was found to be at pH 5 (Fig. 3). 
Within 12 h it decolourized 98.59% of the dye 
while 40 % decolourization was shown at pH      
3  and  4.  The  isolate  was  able   to  decolourize  

Reactive Green 19 A maximally at pH 8.11 
P.putida decolourized methyl red in the range of 
6.5-7.5 maximum being 7.19 E. coli and Pseud-
omonas luteola both exhibited best decolorize-
ation at pH 7.0 with constant decolorization rate 
up to pH 9.5.20 Bacillus spp. ETL-2012 
decolourized 99% of Ramazol Black B at pH 6.21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Effect of pH on decolourization 
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Effect of temperature on decolourization 
The isolate showed decolourization of the dye 
within temperature range of 28-50°C. 
Maximum decolourization was observed         
at   37°C    (Fig. 4).   Similar   results were also  

reported by Sartale at al.9 P.putida 
decolourized methyl red in the temperature 
range of 34-37°C.19 Maximum decolourization 
of Remazol Black B by Bacillus ETL-2012 
was observed at 37°C.21 

 
Fig. 4 : Effect of temperature on decolourization 

Effect of carbon and nitrogen sources on 
decolourization 
M.glutamicus showed 100 % decolourization 
of RR195 in presence of sucrose followed by 
90.05 in presence of glucose while 88-89% of 
decolourization was shown in presence of 
yeast extract and peptone. Similar results were 
also reported in Table 1 by Sartale et al.11 

Enzymes involved in decolourization 
Combined activity of oxidoreductive enzymes 
may be responsible for faster decolorization and 
degradation of the dye. M. glutamicus significant 
increase in azoreductase was observed (Fig. 5). 
Similar results were also reported by Sartale et 
al.11 in decolourization of Reactive Green 19A by 
M.glutamicus NCIM 2168.   

Table 1 : Effect of carbon and nitrogen sources on decolourization 

S/N Nitrogen/Carbon source Decolourization (%) 
1 SM            0 

2 SM + YE 88.953 

3 SM + Peptone 89.21 

4 SM + Malt extract 83.83 

5 SM + Meat extract 71.04 

6 SM + Urea 55.49 

7 SM + Glucose 90.50 

8 SM + Sucrose 100 

9 SM + Lactose 74.67 

10 SM + Starch 68.01 
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Fig. 5 :  Enzymes involved in dye degradation 

Analysis of the products 
UV-vis analysis 
Degradation products of RR 195 formed by 
M.glutamicus showed a shift from λmax of 542 
nm to 240nm. Peaks obtained at λ max 
disappeared at complete decolourization. The 
absorbance peak in the visible region 
disappeared indicating complete decolourization. 
Evidence of the removal of dye can be observed 
with absorbance at λ max being virtually zero after 
24 h and increase in absorbance towards 
ultraviolet light.11,22  
Thin Layer Chromatography 
RR 195  showing  Rf  value  of 0.9 whereas the  

product produced showed 0.6 while 
degradation product of E.faecalis YZ 66 gave 
Rf value of 0.713 and that of Georgenia sp 
showed 0.65.18 
HPLC 
RR 195 showed two distinct and major peaks 
at 1.58 1.95, 2.25 and 2.96 min and 
M.glutamicus showed peaks at 2.933 and 3.019 
min (Fig. 6). HPLC elution profile showed 
prominent peak at retention time at 2.56 and 
2.78 min when products were separated from 
the sample obtained after decolourization 
compared to control peaks with retention time 
at 1.95 and2.25 min.13 

 
Fig. 6 : HPLC of  RR 195 and products of M. glutamicus 
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comparatively less zone of inhibition. These 
findings suggest that the products formed from 
methyl violet by R.radiobacter were less toxic in 
nature as compared to parent dye. Sartale et al.11 
studied microbial toxicity at 300 ppm 
concentration, control dye showed zone of 
inhibition in cm with M.glutamicus (0.4), P. 
vulgaris (0.3), E.coli DH5α (0.6), 
P.desmolyticum (0.5), respectively whereas the  
 
 
 

extracted metabolites of the dye did not show 
any growth inhibition in all soil organisms 
studied. In the present study, the selected dye 
for study showed distinct zone of inhibition of 
18 mm against Staphylococcus aureus in mm 
RR 195 whereas the extracted metabolites of 
the dyes did not show any growth inhibition 
confirming nontoxic nature of the metabolites 
(Fig. 7). 
 

 

 

 

 

 

 

 

 
Fig. 7 : Microbial toxicity on S.aureus  of RR 195 and degradation products  by M.glutamicus 

GCMS analysis 
GCMS analysis of degradation products 
produced by M. glutamicus showed distinct 
peaks with m/z values of 155,142 and 
128.Thus formation of low molecular weight 

confirms drgradation of the dye by M. 
glutamicus NCIM 2168 (Fig.8). 
Similar results were reported by Sartale et al.11 
during degradation studies of Reactive Green 
19A by the same isolate.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 :  GCMS analysis of the degradation products 
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CONCLUSION 
Toxic Reactive Red 195 completely 
biodegraded by the M. glutamicus NCIM 2168 
strain. It effectively decolourized under static 
condition various azo dyes which are 
commonly used in the industries. Addition of 
carbon and nitrogen sources seems to enhance 
decolourization remarkably. UV visible 
analysis, TLC, HPLC and GCMS analysis of 
extracted products confirmed the bio-
degradation of RR 195. Microbial toxicity 
showed nontoxic nature of the degradation 
products.  Hence this bacterial strain could be 
utilized for treatment of azo dye containing 
wastewater. 
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