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ABSTRACT

The exponential increase in anthropogenic activities has led to the accumulation of xenobiotics 
into the environment, synthetic dyes being one of the culprits. Noteworthy is the fact that the textile 
industry utilizes enormous volumes of water for dyeing and printing unit operations thereby generating 
wastewater proportionately. Taking into consideration, implications of toxic textile effluents, a pilot study 
was planned to screen for naturally attenuated bacterial isolates capable of degrading textile effluents. 
Requisite effluent samples were collected from Kelki Printers Co-operative Society Limited, Sanganer, 
Jaipur and bacterial screening was carried out by bioaccumulation of Remazol Brilliant Blue R (RBRR) 
(formation of halo around colonies). Of the 19 bacterial isolates obtained, the most promiscuous 
isolate was biochemically characterized as Enterobacter sp. For biodegradative investigations, it was 
inoculated in sterilized textile effluent and incubated at 37°C for 7 days under agitating conditions. Pre 
and post bacterial inoculation (1% v/v), Physico-chemical parameters were analysed following standard 
procedures. A significant (p<0.05) lowering of pollution indicators was monitored when contrasted with 
abiotic control. The present study was aimed to explore the role of naturally attenuated and effluent 
adapted Enterobacter sp. screened from untreated textile effluent based on its colour (RBRR) removal 
efficacy under in vitro conditions. Furthermore, it was also explored for its biodegradative properties 
to minimize the level of potential pollution indicators through the microcosm approach. This pilot study 
based on a three-tier approach encompassing bioprospecting, bio enrichment and bioaugmentation 
plausibly provided insights for enhanced degradation of real dye wastewaters by unlocking the 
biochemical pathways of adapted microbes.  

INTRODUCTION

Attainment of Sustainable Development Goals (SDGs) has 
become questionable in the current scenario, taking into 
account the ever-increasing concerns of environmental pollu-
tion. Industrial practices have contributed to socio-economic 
development but lack of sustained industrial practices aggra-
vates bioaccumulation and persistence of toxicants. Synthetic 
dyes are extensively used by textile industries leading to the 
generation of enormous volumes of coloured effluents post 
dyeing and printing process (Sharma et al. 2019).  Besides 
synthetic dyes, effluents are composed of heavy metals, 
bleaching agents, surfactants and other recalcitrant com-
pounds (Mondal et al. 2017). Mainstream investigations 
have focused upon evaluation of physico-chemical profile of 
textile effluents and their potential toxicological implications 
(Bhatia et al. 2018). 

Catering to address toxicity hazards generated by textile 
effluents, biological interventions utilizing the role of indig-

enous microbes for biodegradation have been investigated 
in recent past (Chanwala et al. 2019, Vikrant et al. 2018). 
Majorly, bacteria have been explored for their metabolic po-
tential to degrade synthetic dyes, heavy metals and chemical 
surfactants from dye house effluents. Different mechanisms 
have been explored for microbial mediated dye removal like 
biosorption (Solis et al. 2012), biodegradation by catalytic 
enzymes like azoreductase (Ehlfarash et al. 2017), laccase 
(Mirzadeh et al. 2014), peroxidase (Saroj et al. 2014).

Considering the above-cited facts, we proposed an in situ 
bioremediation study wherein, the role of microbes native to 
dye house effluent was explored to biodegrade textile effluent 
based on its dye removal efficacy in synthetic medium. 

MATERIALS AND METHODS

Study Area: Sanganer town with co-ordinates (26°49¢ to 
26°51¢N latitude and 75°46¢ to 75°51¢ longitude) is located 
within outskirts of Jaipur, famous for its ethnic hues, hand-
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made paper and block prints. It houses around 700 small 
and medium textile units which release toxic effluents into 
adjoining drains (Tambi 2013).

Sampling: Kelko Printers Co-operative Society Limited, 
Sanganer, Jaipur (Fig. 1a) was chosen for the collection of 
requisite samples (Fig. 1b) which were transported and stored 
following standard procedures (APHA 2000).  
Screening and characterisation of indigenous bacteria: 
Naturally attenuated bacterial strains were isolated from 
textile effluent and qualitatively screened by plate assay by 
supplementing Remazol Brilliant Blue R (RBRR) dye (1% 
w/v) in Nutrient Agar with following composition (Table 1) 
(Shah 2014). Based on the formation of halo, the most prom-
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	 Fig. 1a: Sampling site.	 Fig. 1b: Raw textile effluent.

Table 1: Composition of Nutrient Agar.

S. No Component Quantity (g)

1 Beef extract 3

2 NaCl 5

3 Peptone 5

4 Agar 15

5 Remazol Brilliant Blue R 1

6 Distilled Water 1000 mL
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                                                       Fig. 2: Experimental set-up for biodegradation study. 

Pre-sterilized textile effluent samples were analysed for the reduction in pollution 

indicators viz. colour, pH, biochemical oxygen demand (BOD), chemical oxygen demand 

(COD), chloride, nitrate and phosphate (APHA 2000). Degradation study was carried out 

following the protocol devised by Rajeswari et al. (2013). Briefly, aliquots of samples (50 mL) 

were withdrawn and centrifuged at 4,000 rpm (REMI CM-8 Plus) for 15 minutes to remove 

biomass. Bio-efficacy of bacterial strains to reduce pollution indicators was analysed in Cell-

Free Extract (CFE) and expressed as % pollutant removal (Sharma et al. 2014) as shown in the 

following equation: 
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RESULTS AND DISCUSSION 

Screening and characterisation of indigenous bacteria: Based on the halo formation, the most 

potential bacterial isolate was biochemically characterized as Enterobacter sp. (Fig. 3a). 

Formation of halo around bacterial colonies (Fig. 3b) is the phenomenon attributed to uptake of 

dye by cell membranes and/or cell walls through physical adsorption, electrostatic interaction, 

ion exchange, chelation and chemical precipitation and the structure remains intact (Ali 2010) 

concomitant with accumulation of redox-active enzymes or biochemical substances being 
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ising strain was biochemically characterized (Cappucino & 
Shermann 2009).

Acclimatisation assay: The screened isolate was grown in 
Nutrient Broth (NB) (composition similar to Nutrient Agar 
with the exclusion of agar) comprising two sets. In the first 
set, RBRR was amended (1% w/v) (NBD), while another set 
was devoid of RBRR and was referred to as negative control 
(NBND). Both the sets were incubated at 37°C for 24 to 48 
hours under agitated conditions (120 rpm) till a desirable 
(O.D.600= 0.6) was attained (Sharma et al. 2019). 

Biodegradation assay: Heat killed effluent (500 mL) was in-
oculated with acclimatized bacterial cells (1%w/v) (TEXE). 
Similarly, 500 mL heat-killed effluent devoid of inoculum 
(TEXC) was used as abiotic control to obliterate the role of 
pre-existing micro-flora in a biodegradation study (Bennet 
et al. 2002) (Fig. 2).

Pre-sterilized textile effluent samples were analysed 
for the reduction in pollution indicators viz. colour, pH, 
biochemical oxygen demand (BOD), chemical oxygen 
demand (COD), chloride, nitrate and phosphate (APHA 
2000). Degradation study was carried out following the pro-
tocol devised by Rajeswari et al. (2013). Briefly, aliquots of 
samples (50 mL) were withdrawn and centrifuged at 4,000 
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rpm (REMI CM-8 Plus) for 15 minutes to remove biomass. 
Bio-efficacy of bacterial strains to reduce pollution indicators 
was analysed in Cell-Free Extract (CFE) and expressed as 
% pollutant removal (Sharma et al. 2014) as shown in the 
following equation:
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RESULTS AND DISCUSSION

Screening and characterisation of indigenous bacteria: 
Based on the halo formation, the most potential bacterial 
isolate was biochemically characterized as Enterobacter sp. 
(Fig. 3a). Formation of halo around bacterial colonies (Fig. 
3b) is the phenomenon attributed to uptake of dye by cell 
membranes and/or cell walls through physical adsorption, 
electrostatic interaction, ion exchange, chelation and chem-
ical precipitation and the structure remains intact (Ali 2010) 
concomitant with accumulation of redox-active enzymes or 
biochemical substances being released into medium during 
the growth of bacterial cells (Khalid et al. 2008). Screening 
of micro-organisms from dye contaminated sites has gained 
momentum in the recent past, the strategy being explored for 
biodegradation of textile effluents (Lalnunhlimi & Krishnas-
wamy 2016). Chaube et al. (2010) analysed soil samples col-
lected from Nag Nadi (River) for isolation of dye degrading 
bacteria and found the isolates to be chromogenic mixture 
used for differentiation of organism found to be Proteus sp., 
Pseudomonas sp. and Enterococcus sp. 

Acclimatisation assay: Bacterial growth curve was plotted 
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Fig. 3a: Pure culture of Enterbacter sp.  Fig. 3b: Halo around bacterial colonies.         

  

          Fig. 3a: Pure culture of Enterbacter sp.		  Fig. 3b: Halo around bacterial colonies.  

as a measurement of O.D 600 versus incubation duration (in 
hours) (Fig. 4).

Enterobacter sp. was grown in nutrient broth amended 
with RBRR (1% w/v) and growth pattern was observed. 
Growth was found to be significantly increased (p<0.05) 
under dye induced conditions (NBD) (Sinha et al. 2009) 
attributing to the utilization of dye as a sole source of carbon 
and energy (Agarval & Singh 2012). Kuberan et al. (2011) 
reported a higher concentration of protein in Listeria sp. 
under (Black B) dye induced conditions. Contrary to the 
above-cited fact, Anjanyulu et al. (2005) have speculated the 
possibility that upon utilization of pollutants as a sole source 
of carbon and nitrogen, it is the toxicological manifestation 
which is apparent thus deteriorating the bacterial growth.

Biodegradation assay: A significant reduction in pollution 
indicators (p<0.05) of pre-sterilized textile effluent was ad-
judged as bioefficacy of Enterobacter sp. when contrasted 
with abiotic control and was expressed as per cent decrease. 
Table 2 elucidates the reduction in Physico-chemical proper-
ties in the effluent. The values are expressed at Mean ±S.D.

Colour: Our findings suggested, the dark blue colour of the 
effluent is attributed to excessive usage of anthraquinone 
dyes, Remazol Brilliant Blue R (RBRR) being commonly 
used for dyeing of cotton fabrics (Velayutham et al. 2018). 
Post bacterial treatment, 57.3% colour was removed owing 
to bacterial biosorption which is accumulation of chemicals 
and dyes by microbial mass (Bras et al. 2001).  

pH: The pH of textile effluent was found to be 12 which is 
reportedly found to be associated with the use of bleaching 
agents and chemicals like sodium hypochlorite, sodium 
hydroxide, sodium phosphate and surfactants (Paul et al. 
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2012). A similar trend (11.3±1.6) in pH of textile effluent 
was reported in our previous study (Sharma et al. 2013). 

BOD: It is estimated as the amount of oxygen required for 
oxidation of organic matter by microbes. Significantly, the 
reduction of 54.8% (130±0.28 mg/L) was observed. High 
load of organic and inorganic constituents contributes to 
depletion in dissolved oxygen (DO) and an increase in BOD 
(Garg & Kaushik 2008).

COD: It determines the amount of chemically oxidizable 
organic matter. We observed a reduction of 61.1% (270±0.36 
mg/L) in the bacterially treated effluent. Previously, we 
explored the effect of different inoculum concentration of 
monocultures and bacterial consortium for COD reduction in 
textile effluents (Sharma et al. 2014). Sur & Mukhopadhya 
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Fig. 4: Bacterial growth curve under dye induced and uninduced conditions.

(2017), have explored the potential of Pseudomonas aure-
ofaciens and Escherichia coli using three-phase fluidized 
bioreactor for COD reduction in textile effluent. 

Nitrate: Our findings reported a reduction of 16% (11.5±0.06 
mg/L) owing to bio×efficacy of Enterobacter sp. Sahari-
moghaddam et al. (2018) explored the combinatorial effect 
of Gambusia fish and Phragmites australis in constructed 
wetlands for nitrate reduction in textile effluent. The bio-
logical denitrification is recommended for the removal of 
relatively low concentration of nitrogen components and it 
is operated by the so-called denitrifying bacteria in anoxic 
conditions, where they use nitrates as electron acceptors 
during their respiratory process in the place of the oxygen 
(Sharma & Dwivedi 2017).

Table 2: Reduction in Physico-chemical attributes of textile effluent post bacterial treatment. 

Pollution indicators Units TEXC TEXE % Pollutant Removal 
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Phosphate: Different types of chemicals used in unit pro-
cesses and unit operations contribute to high phosphate 
levels (Metcalf & Eddy 2003). Post bacterial inoculation, 
10.5 % (9.5±0.04 mg/L) reduction was observed. Enhanced 
Biological Phosphate Removal (EPBR) has been investigated 
in industrial wastewaters, the fact based on extrapolation of 
bacterial metabolism leading to biomineralization of phos-
phate (Sharma 2018). 

CONCLUSION

Textile effluents are characterized by the presence of syn-
thetic colourants, heavy metals, bleaching agents, chlorinated 
compounds and other xenobiotic compounds significantly 
contributing to excessive water pollution. Microbes adapted 
to a harsh environment have been known to degrade and min-
eralize toxic components of effluents. The present study was 
aimed to explore the role of naturally attenuated and effluent 
adapted Enterobacter sp. screened from untreated textile 
effluent based on its colour (RBRR) removal efficacy under 
in vitro conditions. Furthermore, it was also explored for its 
biodegradative properties to minimize the level of potential 
pollution indicators through the microcosm approach.  This 
pilot study based on a three-tier approach encompassing 
bioprospecting, bioenrichment and bioaugmentation plau-
sibly provided insights for enhanced degradation of real 
dye wastewaters by unlocking the biochemical pathways of 
Enterobacter sp. which led to biodegradation. Further, our 
lab is focused on developing fungal-bacterial consortium for 
in situ bioremediation models. 

ACKNOWLEDGEMENTS 

The authors thank authorities of Poddar International Col-
lege, Jaipur for providing necessary infrastructural facilities, 
Kelko Printers Co-operative Society Limited, Sanganer, 
Jaipur for requisite sample collection and Department of 
Science and Technology, Government of Rajasthan, Jaipur 
for providing financial assistance under the Sanctioned 
Project Biotechnology Business Incubator [F 15(12) DST/
EDP-SDP/2017-18/Part I/6032].

REFERENCES

Agarval, T. and Singh, R. 2012. Bioremedial potential of a moderately 
halophilic soil bacteria. Journal of Pharmaceutical and Biological 
Sciences, 19(16): 1-6. 

Ali, H. 2010. Biodegradation of synthetic dyes-a review. Water, Air & Soil 
Pollution, 213(3): 251-273. 

Anjaneyulu, Y., Sreedhara, N.C. and SumanRaj, D.S. 2005. Decolourisation 
of industrial effluents - available methods and emerging technologies 
– A Review. Reviews in Environmental Science and Biotechnology, 
4: 245–273.

APHA 2000. Standard Methods for Examination of Waters and Wastewater. 
American Public Health Association, Washington American Water 

Works Association (AWWA), Water Environment Federation (WEF) 
Washington DC USA (20th Ed.).

Bennet, J.W., Wunch, K.G. and Faison, B.D. 2002. Use of Fungi Biodegra-
dation. Manual of Environmental Microbiology, (2nd Ed.) ASM Press, 
Washington, D.C., pp. 960-971. 

Bhatia, D., Sharma, N.R., Kanwar, R. and Singh, J. 2018. Physicochemical 
assessment of industrial textile effluents of Punjab (India). Applied 
Water Sciences, 8(83): 1-12.

Bras, R., Ferra, I.A., Pinheiro, H.M. and Goncalves, I.C. 2001.  Batch tests 
for assessing decolourisation of azo dyes by methanogenic and mixed 
cultures. Journal of Biotechnology, 89(2-3): 155-62.

Cappucino, J.G. and Shermann, N. 2009. Microbiology: A Laboratory 
Manual. 6th Edition. Pearson Education. Benjamin Cummings, San 
Francisco. 

Chanwala, J., Kaushik, G., Ashraf, D.M., Upadhyay, S. and

 

Agrawal, A. 
2019. Process optimization and enhanced decolorization of textile ef-
fluent by Planococcus sp. isolated from textile sludge. Environmental 
Technology and Innovation, 13:122-129.

Chaube, P., Indurkar, H. and Moghe, S. 2010. Biodegradation and decol-
orization of dye by mix consortia of bacteria and study of toxicity on 
Phaseolus mungo and Tritium aestivum. Asiatic Journal of Biotechnol-
ogy and Research, 1: 45-56.

Ehlfarash, A., Mawaad Asma, M.M., Yousef Naeima, M.M. and Shoreit 
Ahmed, A.M. 2017. Azoreductase kinetics and gene expression in 
synthetics dyes-degrading Pseudomonas sp. Egyptian Journal of Basic 
and Applied Sciences, 4: 215-222.

Garg, V.K. and Kaushik, P. 2008. Influence of textile mill wastewater 
irrigation on growth of sorghum cultivars. Applied Environmental 
Research, 6:1-12.

Khalid, A., Arshad. M. and Crowley, D.E. 2008. Accelerated decolorization 
of structurally different azo dyes by newly isolated bacterial strains. 
Applied Microbiology and Biotechnology, 78(2): 361-369.

Kuberan, T., Anburaj, J., Sundaravadivelal, C. and Kumar, P. 2011. Biodegra-
dation of azo dye by Listeria sp. International Journal of Environmental 
Sciences, 1: 1760-1770.

Lalnunhlimi, S. and Krishnaswamy, V. 2016. Decolorization of azo dyes 
(Direct Blue 151 and Direct Red 31) by moderately alkaliphilic bacterial 
consortium. Environmental Microbiology, 47: 39-46.

Metcalf and Eddy 2003. Wastewater Engineering: Treatment and Reuse. 
4th Ed., McGraw-Hill, Boston.

Mirzadeh, S.S., Khezri, S.M., Rezaei, S., Forootanfar, H., Mahvi, A.H. and 
Faramarzi, M.A. 2014. Decolorization of two synthetic dyes using 
the purified laccase of Paraconiothyrium variabile immobilized on 
porous silica beads. Journal of Environmental Health, Science and 
Engineering, 12: 1-9.

Mondal, P., Baksi, S. and Bose, D. 2017. Study of environmental issues in 
textile industries and recent wastewater treatment technology. World 
Scientific News, 61: 98-109.

Paul, S.A., Chavan, S.K. and Khambe, S.D. 2012. Studies on characterization 
of textile industrial wastewater in Sholapur city. International Journal 
of Chemical Sciences, 10: 335-342.

Rajeswari, K., Subhaskumar, R. and Vijayaraman, K. 2013. Decoloriza-
tion and degradation of textile dyes by Stenotrophomonas maltophila 
RSV-2. International Journal of Environmental Bioremediation and 
Biodegradation, 1: 60-65.

Saharimoghaddam, N., Massoudinejad, M. and Ghaderpoori, M. 2018. 
Removal of pollutants (COD, TSS, and NO3

−) from textile effluent 
using Gambusia fish and Phragmites australis in constructed wetlands. 
Environmental Geochemistry and Health. 41(3): 1433-1444.

Saroj, S, Karunesh, K., Prasad, M. and Singh, R. 2014. Differential 
expression of peroxidase and ABC transporter as the key regulatory 
components for degradation of azo dyes by Penicillium oxalicum 
SAR-3. Functional & Integrative Genomics, 14(4): 631-642. 

Shah, M.P. 2014. Microbial degradation of textile dye (Remazol Black B) 



850 N. Sharma et al. 

Vol. 19, No. 2, 2020 • Nature Environment and Pollution Technology  

by Bacillus sp. ETL-2012. Journal of Applied Environmental Micro-
biology, 1: 6-11.

Sharma, N. 2018. Screening of phosphate accumulating bacteria (PAB) from 
dairy wastewater. International Journal of Pharma and Bio Sciences, 
9: 102-107.

Sharma, N. and Dwivedi, A. 2017. Bioremediation of dairy wastewater for 
nitrate reduction. World Journal of Pharmaceutical and Life Sciences, 
3: 375-384.

Sharma, N., Chatterjee, S. and Bhatnagar, P. 2019. Degradation of Direct Red 
28 by Alcaligenes sp. TEX S6 isolated from aeration tank of common 
effluent treatment plant (CETP), Pali, Rajasthan. Nature Environment 
and Pollution Technology, 18: 9-20.

Sharma, N., Saxena, S., Fatima, M., Iram, B., Datta, A. and Gupta, S. 2014. 
Microcosm analysis of untreated textile effluent for cod reduction by 
autochthonous bacteria. International Journal of Current Research in 
Chemistry and Pharmaceutical Sciences, 1: 15-23.

Sharma. N., Chatterjee, S. and Bhatnagar, P. 2013. Assessment of physic-
ochemical properties of textile wastewaters and screening of bacterial 
strains for dye decolourisation. Universal Journal of Environmental 
Research and Technology, 3: 345-355.

Sinha, S.P., Chattopadhyay, I., Pan, S., Chatterjee, P., Chanda, D., Ban-
dyopadhyay, K.D. and Sen, S.K. 2009. Microbial transformation 
of xenobiotics for environmental bioremediation. African Journal of 
Biotechnology, 8: 6016-6027.

Solis, M., Solis, S., Perez, H.I. and Manzarezz, N. and Flores, M. 2012. 
Microbial decolorisation of azo dyes: a review. Process Biochemistry, 
47: 1723-1748.

Sur, D.H. and Mukhopadhyay, M. 2017. COD Reduction of textile effluent 
in three-phase fluidized bed bioreactor using Pseudomonas aureofa-
ciens and Escherichia coli. 3 Biotech, 7:141.

Tambi, S. 2013. The challenges faced by SMEs in the textile industry: 
special reference to hand printing enterprises in Jaipur. Global Journal 
of Management and Business Studies, 3: 741-750.

Velayutham, K., Madhava, A.K., Pushparaj, M. Thanarasu, A., Devaraj, T., 
Periyasamy, K. and Subramanian, S. 2018. Biodegradation of Remazol 
Brilliant Blue R using isolated bacterial culture (Staphylococcus sp. 
K2204). Environmental Technology, 39: 2900-2907. 

Vikrant, K., Giri, B.S., Raza, N., Roy, K., Kim, K.H., Rai, B.N. and Singh, 
R.S. 2018. Recent advancements in bioremediation of dye: Current 
status and challenges. Bioresource Technology, 253: 355-367.


