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Abstract – The widespread industrialization and unconstrained growth of modern textile production
facilities coupled with the lack of proper treatment facilities have proliferated the discharge of textile dye
effluents enriched with toxic, recalcitrant, carcinogenic and mutagenic pollutants including dyes, metal ions,
heavy metals, organic compounds, and other hazardous supplies. Therefore, the development of cost-
effective and efficient control methods against such pollution is vital to safeguard ecosystems and natural
resources. In this regard, recent advances in science have propelled bioremediation as a potential alternative
to conventional treatment methods. This review was structured to address bioremediation as a practical
option for the treatment of textile dyes by evaluating its performance and typical attributes. It further
highlights the present hurdles and future expectations for the removal of dye containing wastewaters via
bioremediation techniques.

INTRODUCTION

Water is the most fundamental substance for all life
on earth and a valued resource for human
civilization. Reliable access to clean and affordable
water is considered one of the most basic human
requirements and remains a major challenge of this
century. All over the world, nearly 780 million
people still lack access to improved drinking water
sources (WHO, 2011). Recovery and recycling of
wastewater have become a growing trend in the
past decade due to rising water demand, and water
quality management has become a prime research
interest due to water pollution problems. Besides
the economy, the textile industry is one of the main
reasons for creating wastewater effluent due to its
high consumption of water for its different wet
processing operations. This effluent discharge
contains chemicals like acids, alkalis, dyes,
hydrogen peroxide, starch, surfactant dispersing
agents (Paul et al., 2012). So, in terms of its
environmental impact, the textile industry is
estimated to use more water than any other
industry, textiles mills of average size consume
water about 200 L/kg in processing the fabrics

(Wang et al., 2011; Kant, 2012). According to the
World Bank estimation, textile dyeing, and finishing
is given to a fabric that generates around 17 to 20 %
of industrial wastewater, globally (Kant, 2012).
Moreover, the rate of removal during primary and
secondary treatments observed in textile wastewater
treatment plants is low, due to their recalcitrant
property (the breakdown of aromatic structures and
amino groups), and it results in their easy carry-
over into the aqueous environment. As a result, the
accumulation of these compounds can occur in soil
sediments and extends to the drinking water supply
chain (Salter-Blanc et al., 2016; Xiang et al., 2016).
Synthetic dyes have been reported to be capable of
generating aromatic compounds that show high
toxicity with mutagenic and carcinogenic properties
(Bafana et al., 2011; Ito et al., 2016). The uncontrolled
discharge of textile waste water may cause severe
health problems and shows higher impact on the
environment due to their anaerobic degradation.
They also cause a variety of other chronic effects
(Bafana et al., 2011).

Most textile wastewaters are highly coloured
because they are typically discharged with dye
contents in the range of 10-200 mg/L, and many
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dyes are visible in the water at concentrations as low
as 1 mg/L (Cervantes, 2009). These wastewater
effluents often contain coloured substance along
with hazardous chemicals which reduces the soil
fertility when it gets discharged onto land
(Pourbabace et al., 2006) and also severely affects the
photosynthetic function of plants. Synthetic dyes
can affect plant growth by inhibiting seed
germination, seedling survival rate, and elongation
of shoot and root (Puvaneswari et al., 2006). The
presence of colour reduces the oxygen solubility
(due to high chemical oxygen demand (COD)) and
transparency of water due to low light penetration.
They may also be lethal to aquatic organisms like
daphnids, fishes, snails, and frogs due to the
presence of component metals and chlorine (Bafana
et al., 2011). Dyes can also inhibit algal growth and
photosynthesis by reducing the penetration of light
(Weisburger, 2002). They also lessen the ability of
algae to make food and oxygen. In addition, they
also cause an ecological imbalance in other life
forms (Rahimi et al., 2016; Wang et al., 2017). Not
only plants and other organisms but humans are
also greatly affected due to their toxicity.

Currently, there are stringent requirements for
the discharge of textile effluents as it is unsafe for
the environment and society. In the case of the
colour of the textile, effluent is the primary concern
due to its harmfulness to the environment and the
public. In recent times, the recovery and reuse of
wastewater have gained significant consideration
because of the scarcity of water. Many different
physio-chemical treatments are available to treat the
wastewater and include adsorption, coagulation,
membrane filtration, ion-exchange, sonication and
plasma treatment. However, these methods have
disadvantages, such as high operating/energy costs,
production of large amounts of sludge (resulting in
difficult handling and disposal), and production of
damaging by-products (Robinson et al., 2001). The
physio-chemical methods are more costly, although
the dyes are removed, accumulation of concentrated
sludge may create a disposal problem. There is also
a possibility that a secondary pollution problem will
arise because of excessive chemical use. The interest
today is not in technologies for colour removal but
in technologies that can produce reusable water,
remove toxicity, mineralizes aromatic compounds,
and possibly no sludge production (Holkar et al.,
2016). In that view application of living organisms,
such as plants and microorganisms for the
treatment of wastewater, has gained importance

over other conventional processes. The utilization of
microorganisms for the absorption and degradation
of toxic chemicals present in the wastewater is a
new way of treating toxic water. In this concern, the
current paper aims to discuss the advancement in
the application of microorganisms for the treatment
of wastewater. Further, our intention extended to
evaluate, whether the mixed microbial consortia
have a greater ability than monocultures.

Biological systems involved in the discolouration
of azo dyes

Due to a general concern about the treatment of
wastewater, the laws are becoming more stringent,
a large number of investigations have been recently
developed to find more efficient methodologies for
the treatment of wastewater. However, due to the
complexity of the nature of pollutants, there is no
single bioremediation technique that serves as a
‘silver bullet’ to restore polluted environments.
Microorganisms possess the versatile capability to
remove the pollutants from wastewater by
biodegrading the recalcitrant compounds
(Mahmood et al., 2016). Bioremediation using
microbes such as fungi, yeasts, bacteria, and algae
could not only decolourize several dyes but also
completely degrade them under certain ecological
conditions. Several recent investigations have been
reported on microbiological approaches for dye
decolourization (Song et al., 2018; Mani et al., 2019;
Zahran et al., 2019). Biological degradation methods
can be classified based on oxygen requirements:
aerobic, anaerobic, and anoxic (a combination of
both aerobic and anaerobic methods) (Ahmad et al.,
2015). Generally, the anoxic method is widely used.
In this method, the first anaerobic process has been
used to treat dye wastewater with high COD, while
the following one has been used for the resulting
effluents with relatively low COD (Xiang et al.,
2016). Based on the mechanism of degradation of
dye wastewaters, the degradation method can
further divide into biosorption and biodegradation
(Kaushik and Malik, 2009). In biosorption, microbial
biomass can be used as a bio-sorbent. For example,
fungi and algae are widely employed. Thiol,
phosphate, amino, and carboxyl groups present in
the cell walls of microbes bind to the
azocompounds; this process of binding is fast and
completed within a few hours of time (Chen et al.,
2016). In biodegradation, complete biodegradation
occurs is said to be mineralization. In
mineralization, organic compounds are converted
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into water and carbon dioxide. The biodegradation
process of textile dyes by bacterial strains can limit
substrate diffusion into the cell, while fungal strains
overcome this issue. Among various strains of
fungi, the white-rot fungus has been found to be
very effective at biodegradation (Ahmad et al.,
2015). Fungi produce ligninolytic enzymes that can
bind a variety of textile dyes (Kaushik and Malik,
2009). Enzymes like lignin peroxidases (LiP),
laccases, tyrosinases (Try), manganese peroxidases
(MnP), NADH-DCIP reductase, azo reductase,
hexane oxidases can be produced by diverse of
organisms to reduce azo compounds (Lade et al.,
2015; Chatha et al., 2017). Among these families of
enzymes, laccases and azo reductases have shown a
great potential to decolourize a broad range of
known synthetic dyes. Occasionally, under
unfavourable environment, some natural cellular
enzymes may also get converted into dye-
degrading enzymes, flavin reductase from E. coli
acts as azo reductase (Russ et al., 2000).

Dye decolourization by fungi

Currently, fungi have been proven to be useful in
degrading and mineralizing recalcitrant textile dyes
due to their powerful enzymatic machinery
(extracellular ligninolytic enzyme system),
morphology, and diverse metabolic capacity
(Ahmad et al., 2015; Rahimnejad et al., 2015; Guo et
al., 2020). The mechanism of fungal degradation
involves adsorption and enzymatic degradation or
a combination of both. Bio adsorption plays an
important role in the decolourization of dyes by
living fungi and also enzymatic degradation, which
includes different enzymes such as azo reductases,
laccases, Manganese peroxidases, and lignin
peroxidases. Thus the exact mechanism of azo dye
decolourization is still unknown. Various reports
have been submitted by researchers on fungal
biodegradation is mentioned in Table 3. Fungal
biodegradation, which includes so many factors
such as good optimal conditions, temperature, time
of decolourization, etc., with the optimal conditions,
more than 90% of colour reduction, can be achieved.
Fungi can be used in the decolourization process,
but they have low pH stability, and thus this is
considered a major disadvantage. For instance,
Wang et al. (2017) reported decolourization and
degradation of Congo red using Ceriporialacerata a
white-rot fungus isolated from decayed mulberry
branches. This study showed 90% degradation of

Congo red dye with 48 h.

Dye decolourization using yeast

Yeast decolourization and degradation of dyes have
not been extensively studied. Yeast has mainly been
studied with Biosorption mechanisms. Yeasts have
been employed in the decolouration of different azo
dyes because they have many advantages in
bioremediation purposes, such as accumulation of
dyes in high capacity and heavy metals, such as lead
and cadmium (II) (Fairhead and Thöny-Meyer,
2012), fast growth and decolouration than
filamentous fungi and the ability to survive under
unfavourable conditions (Martorell et al., 2012).
Sludge from wastewater harbours wide varieties of
yeast strains compared to other environments,
although yeasts are still a negligible fraction of the
microorganisms present in activated sludge. The
mechanisms of yeast can involve adsorption,
enzymatic degradation, or a combination of both in
decolourization processes (Grassi et al., 2011; Tan et
al., 2013) yeast can withstand very low pH.
Comparing decolourization activity in terms of low
pH, yeast is much capable than fungi during the
bioremediation of textile dyes. Yeast can also
undergo enzymatic degradation with more stability.
Information on the use of yeast to decolourize dyes
is presented in  (Table 4).

Dye decolourization by algae

Algae are ubiquitous and are getting an increasing
concern in the area of degradation of textile dyes.
Several species of algae that have been successfully
used are reported in Table 5. Algae act as adsorbent
comparing with commercial synthetic adsorbents
and treat higher volumes of dye wastewater because
of higher biomass content, and also, they can
undergo biodegradation mechanisms. Processing
and utilization of algae is easy than other
organisms. A literature review recommends that
degradation of dyes by algae occurs through three
different mechanisms such as a) utilization of dyes
for their growth, b) transformation of dyes into
other intermediates or CO2  and water c) adsorption
of chromophores on algae. Biosorption and
biodegradation are very dissimilar phenomena.
Biosorption implies adsorption of dyes from water
to solid phase (bio-adsorbents), while
biodegradation means the transformation of one
compound to another by enzymes.
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Table 3. Dye decolourization by fungi

Fungi Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes

Armillaria sp. Reactive Black 5, Remazol Degradation; Reactive Black 5, Hadibarata et
Brilliant Blue R pH 4, 120 rpm, 65 % colour; al., 2012
(100 ppm) 40 °C, 96 h Remazol Brilliant

Blue R, 70 % colour
Aspergillus niger Acid Red 151, Adsorption and Acid Red 151, Ali et al., 2009

Orange II degradation; 98 % colour;
(20 ppm) 100 rpm, 30 °C, 24 h Orange II, 84

% colour
Congo Red Degradation; 99 % colour Karthikeyan et
(10 ppm) pH 3-11, 60 °C, al., 2010

36 h
Direct red Degradation and 58.6% colour Mahmoud et
(100ppm), biosorption; al., 2017

pH 9, 28 °C, 168 h
Coriolus versicolour Acid Orange II Degradation; 85 % colour Hai et al., 2012

(33-100 ppm) 30 °C
Aspergillus flavus, Acid Red 151, Adsorption and Acid Red 151, Ali et al., 2010
Alternaria sp. Orange II degradation; 30 °C, 98 % colour;
Penicillium sp., (20 ppm)  8 d Orange II, 58

% colour
Bjerkanderaadusta Reactive Yellow 145, Adsorption and Mixture of all Anastasi et al.,

Reactive Red 195, degradation; pH dyes, 91 % 2011
Reactive Blue 222, 10, 130 rpm, 28 °C colour
Reactive Black 5
(1250 ppm each)

Cunninghamella elegans Reactive Orange II, Adsorption; pH 93 % colour Ambrósio et
Reactive Black 5, 5.6, 28 °C, 120 h al., 2012
Reactive Red 198,

Datronia sp., Reactive Blue 19, Adsorption and Reactive Blue 19, Vaithanomsat
Reactive Black 5 degradation; pH 95 % colour at et al., 2010
(1000 ppm) 3-9, 150 rpm, 30 °C; 20 h; Reactive

Laccase, MnP Black 5, 90 %,
colour at 70 h

Dichomitussqualens, Orange G, Degradation; mixture of dye, Eichlevora et
Ischnodermaresinosum, Remazol Laccase, MnP 95% colour al., 2005
Pleurotuscalyptratus. Brilliant Blue R after 14 d
Fusarium oxysporum, Yellow GAD Degradation; 100 % colour Porriet al., 2011

(100 ppm) 160 rpm, 24 °C; 144 h
Phanerochaetechryso- Reactive Orange II Degradation; 85 % colour Sharma et al.,
sporium (100 ppm) pH 4-7, 24-34 °C; 2009

7 d; MnP
Direct Red 80 Degradation; 100 % colour Sen et al., 2012
(20 ppm) pH 4.5, 150 rpm,

30 °C, 72 h; LiP
Acid Red 88, Adsorption and Acid Red 88, Ghasemi et al.,
Reactive Black 5, degradation; 99 % colour; 2010
Reactive Orange 16, 30 °C, 24 h; Reactive 5, 100 %;
Acid Red 114 MnP, LiP Reactive
(24 ppm) Orange 16, 100

% colour; Acid
Red 114,
90 % colour
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Table 3. Continued ...

Fungi Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes

at 5 d;
Direct Violet
55, 90 % colour
at 5 d

Direct Red 80 Degradation; 100 % colour Singh et al.,
(50 ppm) 180 rpm, 39 °C, 2010

24 h; LiP
Astrazon Red Degradation; 87 % colour, Sedighi et al.,
FBL (1600 ppm) 37 °C, 2 d 42 % COD 2009

Pleurotusflorida Blue CA (20ppm) Degradation; 93.54% colour Sathiya
Laccase  Moorthi et al.,

2007
Immobilized Reactive Black 5 Degradation; 90 % Colour. Enayatizamir
Phanerochaete (100 ppm) pH 4.4, 25 °C, Degradation et al., 2011
Chrysosporium 72 h; LiP, MnP  products nottoxic
Trametes versicolour Direct Brown 2 Degradation; 100 % colour Cano et al.,

(100 ppm) pH 4.5, 800 rpm, 2012
25 °C, 3 h

Sirius Blue K-CFN Adsorption; 62.62 mg dye/g Erden et al.,
(500 ppm) pH 2-7, 150 rpm, fungi 2011

45 °C, 2 h
Reactive Blue 4 Degradation; 90 % colour Yemendzhiev
(125 ppm) pH 6.5, 240 rpm, et al., 2009

26 °C, 384 h;
Laccase

Blue 49, Black 5, Degradation; Blue 49, 94 Pilatin and
Reactive Brilliant pH 3.5-6.5, % colour; Kunduhoglu,
Blue R, Orange 12, 200 rpm, Black 5, 88 % 2011
Orange 13 40 °C, 7 d colour;
(50 ppm each) Reactive Brilliant

Blue R, 97 %
colour;
Orange 12, 83
% colour;
Orange 13,
84 % colour

Trametes sp., Orange II, Degradation; Both, 100% colour Grinhut et al.,
Brilliant Blue 10 d; Laccase, 2011
R250(180 ppm each)  MnP

Trametestrogii Remazol Brilliant Degradation; Remazol Brilliant Grassi et al.,
Blue R, (133 mM) pH 4.5 and 7, Blue R, 82 % colour; 2011
Indigo Carmine 30 °C, 30 min; Indigo Carmine,
(50 mM), Bromophenol Laccase, MnP 84.5 % colour;
Blue (40 mM) Bromophenol Blue,

75 % colour
Anthraquinone blue Degradation; Anthraquinone Levin et al.,

blue, 88% colour 2001
Rhizopus oryzae Rhodamine B pH 7, 40 °C, 5h; Rhodamine B Das et al., 2006

(xanthine dye) Laccase; 4 h; (xanthine dye),
Chemical interaction, 90% colour
ionic interaction,
physical forces
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Table 3. Continued ...

Fungi Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes

Penicillium oxalicum Reactive Blue 19 Absorption; 91% removal Zhang et al.,
(100ppm) pH 7; 80 min 2003

Penicillium Reactive Black 5 Absorption; 48 h > 99% colour Yang et al.,2003
geastrivorus Triphenylmethane Degradation; CV, 94 % Chen and Yien
Coriolopsis sp. dyes (Crystal Violet MV-7 d; colour; MV 97 % Ting, 2015

(CV), Methyl Violet CV- 7d; CB- 1d; colour; CB, 91 %
(MV), Cotton Blue MG- 9 d; colour;MG 58%,
(CB) (50ppm) and Laccase colour
Malachite
Green (MG)
(100ppm)

Lichen Permeliaperlata Solvent Red 24 Transformation, Solvent Red Kulkarni et
pH 8, 50 °C; 24 100% al., 2014
Laccase, MnP colour

Trichoderma tomentosum Acid Red 3 R Degradation; pH 8.4, 94.9% colour He et al., 2018
(85.5ppm) 72 h; MnP

Keys: Lignin peroxidases (LiP), Laccases, Tyrosinases (Try), Manganese peroxidases (MnP)

Dye decolourization by bacteria

Usually, azo dye decolourization occurs under
aerobic, anaerobic and facultative anaerobic
conditions by diverse groups of bacteria. Anaerobic
bacteria highly achieve colour removal by
producing azo reductases that cleave azo bonds
(–N=N–) and result in the formation of aromatic
amines, which is mutagenic in nature (de Souza et
al., 2019; Fu et al., 2019). Under anaerobic conditions,
the azo dyes act as a terminal electron acceptor (de
Souza et al., 2019). In contrast, activated sludge
processes being aerobic, but they do not actively
involved in the colour removal process (Roy et al.,
2018). Many research studies have been carried out
to find out the role of various groups of bacteria in
the decolourization of azo dyes in monocultures
(table 6) and by a mixed consortium (Table 7). The
bacterial decolourization has gained interest since it
can reach a higher degree of biodegradation and
mineralization, applies to a wide variety of azo dyes
which is inexpensive and biodegradable, and
produces less sludge and said to be
environmentally friendly (Saratale et al., 2009) and
also bacterial degradation is considered much faster
than all other organisms. They have high stability in
terms of pH and can thrive under stressful
conditions also. Bacterial degradation can be of
either usage of pure cultures or mixed cultures.

Application of microbial consortia-based
bioremediation

Monocultures can decolourize only a narrow range
of different azo dyes and has less efficiency to
degrade it completely (Khan et al., 2014). The use of
mixed microbial inhabitants for dye wastewater
treatment is essential to achieve an elevated rate of
decolourization, degradation, and mineralization.
Synergistic activities of mixed cultures during the
degradation of synthetic dyes have advantages over
the usage of monocultures (Raman and Kanmani,
2016; Shah et al., 2016). In the microbial consortium,
the individual strains may attack the dye molecule
at a different position or make use of other
metabolites produced by the co-existing strains for
further decomposition. In such cases, microbes
adapt themselves to the toxic wastes and develop
resistance naturally, which then transform various
toxic chemicals into less toxic ones (Ratho et al.,
2013). Several enzymes produced by the consortium
may lead to complete degradation of chemical
compounds (Holkar et al., 2016). Cleavage of azo
bond results in aromatic amines generation is often
toxic. However, in a mixed culture, these aromatic
amines can be degraded by the synergistic activity
of microbes. The bacterial consortium is the most
often used for decolourization of azo dyes, as they
are usually fast to multiply rapidly under aerobic,
anaerobic, anoxic conditions, as well as in extreme
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Table 4. Dye decolourization using yeast

Yeast Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes

Rhodotorulamucilaginosa Remazol Blue Adsorption; pH 3-6, 96 % colour Ertugrul et al.,
(389 ppm) 100 rpm, 30 °C, 6 d 2008

Candida tropicalis and Reactive Black 5 Adsorption; 95 % colour Yang et al.,  2008
Debaryomyces polymorphus (200 ppm) 140 rpm, 28 °C, 66 h
Candida albicans Direct Violet Adsorption; pH 2.5, 73.2 % colour Vitor and Corso,

51(100 ppm) 150 rpm, 35 0C, 72 h 2008
Candida utilis Remazol Turquoise Adsorption; 150 rpm, 82 % colour Gonen and

Blue- G, (50 ppm) 25 °C, 10 d Aksu, 2009
Candida tropicalis Acid Blue 93, Degradation Acid Blue 93, Charumathi

Direct Red 28, (aerobic); pH 3-9, 100 % colour; and
Basic Violet 3 120 rpm, 28 °C, Direct Red 28, Nilanjana, 2010
(50 ppm) 100 % colour;

Basic Violet 3,
90 % colour, 30 h

Candida tropicalis Basic Violet 3 Adsorption; pH 3-7, 85.3 % colour Das et al.,  2011
(10 ppm) 120 rpm, 28 °C, 2 d

Trichosporonakiyos hidainum Reactive Blue 221, Adsorption; pH 2, Reactive Blue 221, Pajot et al., 2011
Reactive Red 141, 12 h; degradation 65% by adsorption
Reactive Black 5 (Aerobic), pH 7, at pH 2; others
(200 ppm each) 250 rpm, 26 °C, 100 %

16 h; MnP, Tyr
Galactomyces geotrichum Mixture of Remazol Degradation 88 % colour, Waghmode et

Red, Golden Yellow (Aerobic); pH 7, al., 2011
HER, Rubine GFL, 120 rpm, 30 °C,
Scarlet RR, Methyl 24 h; Tyr,
Red, Brown3 REL, NADH-DCIP
Brilliant Blue reductase, Laccase
(10 ppm each)

Candida sp., Reactive Yellow 84, Degradation 96 % colour Grassi et al.,
Reactive Black 5, (Aerobic); 250 rpm, 2011
Reactive Blue 221, 25 °C, 24 h; MnP,
Reactive Red 141 Tyr
(200 ppm)

Paraconiothyrium variabile Sudan Black Degradation Sudan Black, 84 Aghaie-
(200 ppm), (Aerobic); 40 °C, % colour; Remazol Khouzani et al.,
Remazol Brilliant 3 h; Laccase Brilliant Blue R, 2012
Blue R (600 ppm) 93 % colour

Candida tropicalis Acid brilliant scarlet Oxidation, reduction, 97.2% colour Tan et al., 2013
GR (20ppm) hydrolyation; 35 °C,

10 h
Scheffersomyces spartinae Acid Scarlet 3R Azo reduction, >90% colour Tan et al., 2016

(80ppm) deamination,
desulfonation,
pH 5-6, 160 rpm,
30 °C, 16h

Cyberlindnerasamut- AcidRed B, Degradation; 97% colour Song et al., 2018
prakarnensis Reactive Yellow 160rpm,

3RS Reactive Violet pH 6, 30 °C,
KN-4R, Acid Scarlet 18 h; NADH DCIP
3R, Reactive Brilliant reductase and LiP
Blue K-R, Acid
Orange II, Reactive
Brilliant Red
K-2G (50ppm)
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Table 5. Dye decolourization by algae

Algal species and sources Dyes used Mechanism, Decolourization References
Optimal conditions rate (%)
and enzymes

Caulerpa scalpelliformis Sandocryl golden Absorption 95% colour Aravindhan et
yellow 39 al., 2007

Chlorella ellipsoidea, Tartrazine, Degradation; 68%, 62% colour Omar, 2008
Chorellakessleri, Ponceau SS azo reductase
Chlorella vulgaris,
Scenedesmus bijuga,
Scenedesmus bijugatus,
Scenedesmus obliquus
Spirogyra sp. from a Direct Brown Adsorption 70% colour Sivarajasekar
forestry waste et al., 2009
Chlorella vulgaris, Methyl Red, Degradation, 82%, 47%, EL-Sheekh et
Lyngbyalagerlerimi, Orange II, azo reductase 59% colour al., 2009
Nostoclincki, G-Red (FN-3G)
Elkatothrix viridis and
Volvox aureus from
polluted sites
Oscillatoria curviceps Acid Black Azoreductase, 84% colour Priya et al.,

polyphenol oxidase 2011
and Laccase

Spirulina platensis Reactive red 120 Absorption 99% colour Cardoso et al.,
2012

Stoechospermum marginatum Acid orange II Adsorption >50% colour Kousha et al.,
2012

Enteromorpha sp. Basic Red 46 Biodegradation 83.45% colour Khataee et
al., 2013

Shewanella algae (SAL) Acid red 27 Biodegradation 95% colour Meng et al.,
2014

Chlorella pyrenoidosa Methylene Blue Absorption > 90 % colour Pathak et al.,
2015

Desmodesmus sp. Malachite Green, Absorption 98% colour Al-Fawwaz
Methylene Blue and Abdullah,

2016
Phormidium autumnale and Indigo, sulfur black, Absorption Phormidiumautumnale Dellamatrice et
Synechococcus sp. Remazol Brilliant (91% colour- Indigo) al., 2017

Blue R

stress conditions, like high salinity and extensive
variations in both pH and temperature (Holkar et
al., 2016). The efficiency of decolourization of the
consortium is compared to monoculture removal is
may be due to the involvement of quorum sensing:
the mechanism by which bacteria regulate their
gene expression within their population. Quorum
sensing allows bacterial populations to
communicate and organize group activities. Recent
studies regarding the biodegradation of dyes using
bacterial consortia are reported in Table 7. The
bacterial decolourization can be directly influenced
by various factors (Netzker et al., 2018) such as the
temperature, pH, dye structure, inoculum
concentration, dye concentration, different carbon

and nitrogen sources, electron donor, agitation
speed, oxygen transfer rate, redox mediator
(Alvarez et al., 2016) and NaCl concentrations.
Therefore, adapted bacterial strains, isolated from
dye contaminated sites, are very efficient in the
removal process due to adaption to different
extreme environmental conditions (Holkar et al.,
2016). In contrast to bacterial consortium
degradation, few reports are available on
decolourization of dyes by yeast, algal, fungal
consortia also(Ito et al., 2016; Ghosh et al., 2017).
Another approach is the synergistic action of a
fungal-bacterial consortium, which provides an
alternate approach for the efficient removal of
various contaminants. Some reports indicated that
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Table 6. Dye decolourization by monocultures

Bacteria Source Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes References

Enterobacter sp. SXCR Petroleum Congo red Anaerobic 99% colour Prasad
polluted soil (200ppm) degradation; pH 7, and

34 °C, 93 h Aikat, 2014
Staphylococcus hominis Dye Acid Orange Aerobic degradation; 92.32% colour Singh et al.,

contaminated (100ppm) pH 7, 35 °C, 60 h 2014
soil

Shewanellaxiamenensis Sea water Congo red Degradation; 96% colour Chen et
BC01 (SXM) sample (100ppm) pH 4.5, 37 °C, al., 2014
Micrococcus luteus Textile Direct Orange Degradation; 96% colour Singh et
strain SSN2. effluent 16 (100ppm) pH 8, 37 °C 6 h al., 2015

under static
conditions.

Lactobacillus paracase Deep sea Acid Black Degradation; 92.3% colour Huang
CL1107 sediment ATT (100ppm) pH 5-7, 25-35 °C et al.,

2015
Aeromonas hydrophila Waste water Reactive Black Degradation; 76% colour El Bouraie

samples 5 (100ppm) pH 7, 35 °C, and
24 h under El Din, 2016
static conditions

Pseudomonas entomophila Soil sample Reactive Black Degradation; 93% colour Khan and
5 (50ppm) pH 5-9, 37 °C 120 h; Malik, 2016

azoreductase
Alcaligenes sp. AP04 Activated Reactive Red Aerobic

sludge 198 (50-200ppm) Degradation by 90% colour Pandey et
azo reductase, al., 2016
pH 7, 25 °C 24 h.

Pseudomonas stutzeri Textile Disperse Blue Degradation; Mixture of Fouda et al.,
(SB_13) effluent (R16), Disperse pH 5-7, 35 °C, dyes- 61% 2016

Yellow (D4), 72-96 h. Colour
Reactive Red
Synozol (R4)

Nesterenkonialacusekhoensis Textile Methyl red Degradation; 97% colour Bhattach-
EMLA3 effluent (50 ppm) pH 11.5, 30 °C, arya

sample 16 h. et al., 2017
(pH-13)

Bacillus circulans BWL1061 Dyeing Methyl orange Degradation; >98% colour Liu et al.,
wastewater (50ppm- pH 7.5 47°C, 2017

200ppm) 24 h;
azoreductase,
NADH-DCIP
reductase,
Laccase,

Bacillus sp. Soil sample Acid red 2 Degradation; Acid red 2- Jaiswal and
and Acid pH 5-9, 79.64% colour, Gomashe,
orange 7 25-45 °C Acid Orange 2017
(100ppm) 7 – 98.51%

colour at
pH-7
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Table 6. Continued ...

Bacteria Source Dyes and Mechanism, Decolourization References
concentration Optimal conditions rate (%)

and enzymes References

Alishewanella sp. CBL-2 Industrial SumifexTourqi Degradation by >80% colour Ajaz et al.,
effluent blue (100- azo reductase, 2018

200ppm) pH 7, 37 °C,
144 h

Proteus mirabilis Effluent Reactive Red pH 7-7.5, 94% colour Madhushi-
treatment EXF (50ppm) 40 °C, 72 h ka et al.,
plant under static 2018

conditions
Enterobacter aerogenes Textile Direct Blue Degradation, >96 % colour Sudha et al.,

effluent 71 and Direct pH 7, 37 °C; 2018
tainted soil Green 28 60 rpm; 168 h
sample (100ppm)

Proteus mirabilis Effluent Sumifix pH 7, >90% colour Madhushika
treatment Supra Yellow 35 °C, 24-72 h et al., 2019a
plant EXF, Sumifix

Supra Red
EXF, Sumifix
Supra Blue
EXF and
Cibacron
Black WNN
(50ppm)

Alcaligenes aquatilis 3C Industrial Synazol red Degradation; 82% colour Ajaz et al.,
effluent 6HBN pH 7, 37 °C 2019
samples 96 h under

static
conditions

fungi-bacteria co-cultures showed higher efficiency
and stability (Yuan et al., 2018) to degrade the
mixture of many kinds of macromolecule organics
into small-molecule substances, which can be
further degraded or even mineralized by bacteria
(Lade et al., 2016).

Challenges faced and future prospects

Bioremediation is a widely used effective method
for the treatment of dye effluents. Though they have
significant positive aspects, there are many
challenges that have to be discussed. The main
problem of textile effluents is colour, COD, and
other non-biodegradable matter. It is now possible
to reduce BOD and COD in textile wastewater by
practically available methods. Nevertheless, in the
case of other substances, the bioremediation lacks
the capability to treat them. In those cases,
bioremediation can be used in combination rather
than a single method of treatment. Thus, this would
help in removing the pollutants from the
wastewater. The presence of aromatic amines after

treatment will also affect the quality of treated
wastewater because they are very diverse in their
chemical nature so that biological treatment would
not remove all amines present in the textile dye
waters. The excess sludge production is also a major
problem, which should take into account. This
would cause a problem for the environment in
many aspects. So, designing and implementing
combined treatment is necessary, which also should
focus on treating real textile effluents in the future.

CONCLUSION

Bioremediation is an eco-friendly approach to
alleviate the impacts and toxicities of the
intermediate metabolites produced by textile
effluents. Bioremediation using pure cultures and
consortia provides an efficient and trustworthy way
to mineralize and reduce the toxicity of dyes. They
use various mechanisms to detoxify dyes, especially
enzyme-mediated bioremediation. At present, the
design of such consortia is gaining importance as
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Table 7. Dye decolourization by mixed bacterial cultures

Mixed bacterial Source Dyes and Mechanism and Decolourization Reference
cultures concentration optimal rate (%)

conditions

Pseudomonas sp. Soil sample Reactive Red Degradation; 99- 45% Khan et al.,
ARa Bacillus sp. 195 (100 ppm- pH 8, 40 °C, colour 2014
ARc Bacillus sp. 2000 ppm) 14-92 h under
ARd) and static conditions.
Ochrobactrum sp.
ARf
(Consortium- AR1)
Citrobacterfreundii – Domestic Mordant Degradation; 95% colour Karunya
SUB 3, Moraxella Sewege black pH 7.5, (100ppm) et al., 2014
osloensis – SUB 4, 17 (100 ppm) 37 °C, 14-48 h
Pseudomonas under shaking
aeruginosa – SUB conditions
10, Citrobacter
freundii – SUB 6,
Pseudomonas
aeruginosa BL22
(Consortia CN-1)
Providencia rettgeri Dye Reactive black Degradation; RB 5 (98 % in Lade et al.,
strain HSL1 and contaminated 5, Reactive pH 7, 30 °C, 30 h), RO 16 2015
Pseudomonas sp. SUK1 soil orange 16, 12-30 h; (99 % in 12 h),

Disperse red azo reductase, DR 78 (98 %
78, Direct red NADH-DCIP in 18h) and
81 (100ppm) reductase DR 81 (99%

in 24 h)

Bacillus subtilis, Wastewater, Carmine Red, Degradation; Carmine Red- Mahmood et
Bacillus cereus, sludge, and Light Green, pH 7.5, 93%, Light al., 2015
Bacillus mycoides soil Eriochrome 37 °C, 24 h Green-94%,
Bacillus sp., Black T, Eriochrome
Micrococcus sp., and Metanil Yellow Black T-93%,
Pseudomonas sp. (200ppm) Metanil Yellow-
(Consortia-BMP1/ 94%, mixture of
SDSC-01) dyes- 89% colour
Pseudomonas From a Acid blue Degradation; 93.7 % colour Shanmugam
aeruginosa, collection 113 36 °C, 16 h and
Bacillus flexus and (600ppm) Mahadevan,
Staphylococcus 2015
lentus
Citrobacterfreundii – Domestic Acid blue Degradation; 93.34% colour, Nachiyar et
SUB 3, Moraxella Sewege 113, Acid black pH 6-9, after 48 h al., 2016
osloensis – SUB 4, 24, Mordant 20-40 °C,
Pseudomonas black 17 24-48 h
aeruginosa – SUB 10, (100ppm)
Citrobacter freundii –
SUB 6, Pseudomonas
aeruginosa BL22
(Consortia CN-1)

Bacillus flexus Soil samples Direct Blue Degradation; DB 151 and Lalnunhlimi
strain NBN2, 151 (DB 151) pH 9.5, DR 31 up to and
Bacillus cereus and Direct 30-36 °C, 97.57% and Krishnaswamy,
strain AGP-03, Red 31 (DR 31) 120 h 95.25 at 36°C 2016
Bacillus cytotoxicus (200ppm).
NVH 391-98 and
Bacillus sp. L10
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Table 7. Continued ...

Mixed bacterial Source Dyes and Mechanism and Decolourization Reference
cultures concentration optimal rate (%)

conditions

Zobellellataiwanensis Textile Reactive Degradation; 97% colour Das and
and Bacillus pumilus wastewater green-19 32.04 °C, (100ppm) Mishra, 2017

(100 ppm) pH 8.3, 24 h
Citrobacter freundii A1 From a Acid Red 27 72 h, under 98% colour Sabaruddin et
and Enterococcus collection facultative al., 2018
casseliflavus C1 anaerobic

condition,
29±2ºC,
under static
conditions

Bacillus odyssey, Textile Reactive 37 °C, 96 h Reactive Orange Saranraj et al.,
Bacillus thuringiensis, effluent Orange 16, 16 (98.65% 2018
Bacillus subtilis, Reactive colour),
Bacillus cereus, Black B, Reactive Black B
Alcaligenes sp. and Reactive (97.80% colour),
Nocardiopsis alba. Yellow MR Reactive

(500ppm) Yellow MR
(96.30% colour)

Pseudoarthrobacter, Soil from Reactive Degradation; >90 % colour Eskandari et al.,
Gordonia, mountains, Black-5 pH 6-11, 2019
Stenotrophomonas, textile (50ppm) 25-37 °C, 168 h
and Sphingomonas effluent
(PsGo) + (StSp)
Gammaproteobacteria, Sludge Direct Blue Degradation; >90% colour Cao et al., 2019
Betaproteobacteria, and sample 2B (100ppm) pH 7.57,
Bacilli (Consortia-YHK) 38.7 °C, 48 h
Enterococcus faecalis and Wastewater Reactive red Degradation; 98.57% colour Eslami et al.,
Klebsiella variicola sludge 198 (10-25ppm) pH 8, 36 °C, 2019

72 h
Bacillus cereus, Effluent Remazol yellow pH 7, 37 °C, 83.26% colour Kannan et al.,
Pseudomonas fluroscence, sample (20ppm) 96 h by consortium 2019
Staphylococcus aureus,
Escherchia coli,
Lactobacillus
Proteus mirabilis, Effluent Sumifix Supra pH 7, 35 °C, >90% colour Madhushika et
Morganella morganii treatment Yellow EXF,  24-72 h  al., 2019b
and Enterobacter plant Sumifix
cloacae Supra Red

EXF, Sumifix
Supra Blue
EXF and
Cibacron
Black WNN
(50ppm)

Zobellella (62.25%), Saline Metanil Yellow pH 6,4-9 h; Metanil Yellow Guo et al., 2020
Rheinheimera (12.4%) environments (400ppm), Azo reductase, (400ppm)-
and Marinobacterium Direct Blue B, Laccase, LiP 96 % colour in
(9.44%) Direct Black 5h. All other
(Consortium CG-1) 19, Acid Black dyes >70%

ATT, Acid colour in 6 h
Violet 7, Direct
Pink 5B Acid
Orange 7 and
Brilliant
Crocein GR
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they work under adverse and stressful conditions.
Further, optimizations of various parameters are
required for better utilization of consortia and
maintain environmental safety and health of all life
forms.

REFERENCES

Aghaie-Khouzani, M., Forootanfar, H., Moshfegh, M.,
Khoshayand, M.R. and Faramarzi, M.A. 2012.
Decolouration of some synthetic dyes using
optimized culture broth of laccase producing
ascomycete Paraconiothyrium variabile. Biochem. Eng.
J.60 : 9-15.

Ahmad, A., Mohd-Setapar, S.H., Chuong, C.S., Khatoon,
A., Wani, W.A., Kumar, R. and Rafatullah, M. 2015.
Recent advances in new generation dye removal
technologies: novel search for approaches to
reprocess wastewater. RSC Adv. 5(39) : 30801-30818.

Ajaz, M., Elahi, A. and Rehman, A. 2018. Degradation of
azo dye by bacterium, Alishewanella sp. CBL-2
isolated from industrial effluent and its potential use
in decontamination of wastewater. J. Water Reuse
Desalin. 8(4) : 507-515.

Ajaz, M., Rehman, A., Khan, Z., Nisar, M. A. and Hussain,
S. 2019. Degradation of azo dyes by Alcaligenes
aquatilis 3c and its potential use in the wastewater
treatment. AMB Express. 9(1) : 64.

Al-Fawwaz, A.T. and Abdullah, M. 2016. Decolourization
of Methylene Blue and Malachite Green by
Immobilized Desmodesmus sp. isolated from North
Jordan. Int. J. Environ. Sci. Dev. 7 : 95-99.

Ali, N., Hameed, A. and Ahmed, S. 2010. Role of brown-
rot fungi in the bioremoval of azo dyes under
different conditions. Braz. J. Microbiol. 41 : 907-915.

Ali, N., Hameed, A., Siddiqui, M.F., Ghumro, P.B. and
Ahmed, S. 2009. Application of Aspergillus niger SA1
for the enhanced bioremoval of azo dyes in simulated
textile effluent. Afr. J Biotechnol. 8 : 3839-3845.

Alvarez, L.H., Meza-Escalante, E.R. and Gortáres-
Moroyoqui, P. 2016. Influence of redox mediators and
salinity level on the (bio) transformation of Direct
Blue 71: kinetics aspects. J. Environ. Manage. 183 : 84-
89.

Ambrósio, S.T., Vilar Júnior, J.C., da Silva C.A.A., Okada,
K., Nascimento, A.E. and Longo, R.L. 2012. A
biosorption isotherm model for the removal of
reactive azo dyes by inactivated mycelia of
Cunninghamella elegans UCP542. Molecules. 17 : 452-
462.

Anastasi, A., Parato, B., Spina, F., Tigini, V., Prigione, V.
and Varese, G.C. 2011. Decolourisation and
detoxification in the fungal treatment of textile
wastewaters from dyeing processes. New Biotechnol.
29 : 38-45.

Aravindhan, R., Rao, J.R. and Nair, B.U. 2007. Removal of
basic yellow dye from aqueous solution by sorption
on green alga Caulerpa scalpelliformis. J. Hazard Mater.

142 : 68-76.
Bafana, A., Devi, S.S. and Chakrabarti, T. 2011. Azo dyes:

past, present and the future. Environ Rev. 19: 350-371.
Bhattacharya, A., Goyal, N. and Gupta, A. 2017.

Degradation of azo dye methyl red by alkaliphilic,
halotolerant Nesterenkonialacusekhoensis EMLA3:
application in alkaline and salt-rich dyeing effluent
treatment. Extremophiles. 21 (3) : 479-490.

Cano, M., Solis, M., Diaz, J., Solis, A., Loera, O. and Teutli,
M.M. 2011. Biotransformation of indigo carmine to
isatin sulfonic acid by lyophilized mycelia from
Trametesversicolour. Afr. J. Biotechnol. 10 : 12224-12231.

Cao, J., Sanganyado, E., Liu, W., Zhang, W. and Liu, Y.
2019. Decolourization and detoxification of Direct
Blue 2B by indigenous bacterial consortium. J.
Environ. Manage. 242 : 229-237.

Cardoso, N.F., Lima, E.C., Royer, B., Bach, M.V., Dotto,
G.L. and Pinto, L.A.A. 2012. Comparison of Spirulina
platensis microalgae and commercial activated carbon
as adsorbents for the removal of Reactive Red 120
dye from aqueous effluents. J Hazard Mater. 241-242:
146-153.

Cervantes, F.J. (Ed.). 2009. Environmental Technologies to treat
Nitrogen Pollution. IWA Publishing.

Charumathi, D. and Nilanjana, D. 2010. Bioaccumulation
of synthetic dyes by Candida tropicalis growing in
sugarcane bagasse extract medium. Adv. Biol. Res.4 :
233-240.

Chatha, S.A.S., Asgher, M. and Iqbal, H.M.N. 2017.
Enzyme-based solutions for textile processing and
dye contaminant biodegradation- A review. Environ.
Sci. Pollut. Res. 24 (16) : 14005-14018.

Chen, B.Y., Ma, C.M., Han, K., Yueh, P.L., Qin, L.J. and
Hsueh, C.C. 2016. Influence of textile dye and
decolorized metabolites on microbial fuel cell-
assisted bioremediation. Bioresour. Technol. 200 : 1033-
1038.

Chen, S.H. and Yien Ting, A.S. 2015. Biodecolourization
and biodegradation potential of recalcitrant
triphenylmethane dyes by Coriolopsis sp. isolated
from compost. J. Environ. Manage. 150 : 274-280.

Das, A. and Mishra, S. 2017. Removal of textile dye reactive
green-19 using bacterial consortium: process
optimization using response surface methodology
and kinetics study. J. Environ. Chem. Eng. 5(1) : 612-
627.

Das, D., Charumathi, D. and Das, N. 2011.
Bioaccumulation of the synthetic dye Basic Violet 3
and heavy metals in single and binary systems by
Candida tropicalis grown in a sugarcane bagasse
extract medium: modelling optimal conditions using
response surface methodology (RSM) and inhibition
kinetics. J. Hazard. Mater. 186 : 1541-1552.

Das, S.K., Bhowal, J., Das, A.R. and Guha, A.K. 2006.
Adsorption behavior of Rhodamine B on Rhizopus
oryzae Biomass. Langmuir. 2 : 7265-7272.

de Souza, N.A., Ramaiah, N., Damare, S., Furtado, B.,
Mohandass, C., Patil, A. and De Lima, M. 2019.
Differential protein expression in



A Review on Bioremediation of Azodyes using Microbial Consortium from Different Sources 627

Shewanellaseohaensis decolourizing azo dyes. Curr
Proteomics. 16 : 156-164.

Dellamatrice, P.M., Silva-Stenico, M.E., Moraes, L.A.B.D.,
Fiore, M.F. and Monteiro, R.T.R. 2017. Degradation
of textile dyes by cyanobacteria. Braz. J. Microbiol. 48
(1) :  25-31.

Eichlevora, I., Homolka, L., Lisa, L. and Nerud, F. 2005.
Orange G and Remazol Brilliant Blue R
decolourization by whit rot fungi Dichomitus qualens,
Ischnodermaresinosum and Pleurotus calyptratus.
Chemosphere. 60 : 398-404.

El-Bouraie, M. and El-Din, W. S. 2016. Biodegradation of
Reactive Black 5 by Aeromonas hydrophila strain
isolated from dye-contaminated textile wastewater.
Sustainable Environ. Res. 26 (5) : 209-216.

El-Sheekh, M.M., Gharieb, M.M. and Abou-El-Souod, G.W.
2009. Biodegradation of dyes by some green algae
and cyanobacteria. Int. Biodeter. Biodegr. 63: 699-704.

Enayatizamir, N., Tabandeh, F., Rodriguez Couto, S.,
Yakhchali, B., Alikhani, H.A. and Mohammadi, L.
2011. Biodegradation pathway and detoxification of
the diazo dye Reactive Black 5 by
Phanerochaetechrysosporium. Bioresour. Technol. 102 :
10359-10362.

Erden, E., Kaymaz, Y. and Pazarlioglu, N.K. 2011.
Biosorption kinetics of a direct azo dye Sirius Blue
K-CFN by Trametesversicolour. Electron J. Biotechnol.
14: 1-10.

Ertugrul, S., Bakir, M. and Donmez, G. 2008. Treatment of
dye-rich wastewater by an immobilized thermophilic
cyanobacterial strain: Phormidium sp. Ecol. Eng. 32 :
244-248.

Eskandari, F., Shahnavaz, B. and Mashreghi, M. 2019.
Optimization of complete RB-5 azo dye
decolourization using novel cold-adapted and
mesophilic bacterial consortia. J. Environ. Manage.
241: 91-98.

Eslami, H., Shariatifar, A., Rafiee, E., Shiranian, M., Salehi,
F., Hosseini, S.S. and Ebrahimi, A.A. 2019.
Decolourization and biodegradation of reactive Red
198 azo dye by a new Enterococcus faecalis–Klebsiella
variicola bacterial consortium isolated from textile
wastewater sludge. World J. Microbiol. Biotechnol.
35(3): 38.

Fairhead, M. and Thöny-Meyer, L. 2012. Bacterial
tyrosinases: old enzymes with new relevance to
biotechnology. New Biotechnol.29 : 183-191.

Fouda, A., Hassan, S. E. D., Azab, M. S. and Saied, E. 2016.
Decolourization of different azo dyes and
detoxification of dyeing wastewater by Pseudomonas
stutzeri(SB-13) isolated from textile dyes effluent.
Biotechnol. J. Int. 1 : 18.

Fu, L., Bai, Y.N., Lu, Y.Z., Ding, J., Zhou, D. and Zeng, R.J.
2019. Degradation of organic pollutants by anaerobic
methane-oxidizing microorganisms using methyl
orange as example. J Hazard Mater. 364 : 264-271.

Ghasemi, F., Tabandeh, F., Bambai, B. and Sambasiva,
K.R.S. 2010. Decolourization of different azo dyes by
Phanerochaetechrysosporium RP78 under optimal

condition. Int. J. Environ Sci. Technol. 7 : 457-464.
Ghosh, A., Dastidar, M.G. and Sreekrishnan, T.R. 2017.

Bioremediation of chromium complex dyes and
treatment of sludge generated during the process.
Int. Biodeterior. Biodegrad. 119 (Supplement C) : 448-
460.

Gonen, F. and Aksu, Z. 2009. Predictive expressions of
growth and Remazol Turquoise Blue-G reactive dye
bioaccumulation properties of Candida utilis. Enzyme
Microbiol. Technol. 45 : 15-21.

Grassi, E., Scodeller, P., Filiel, N., Carballo, R. and Levin,
L. 2011. Potential of Trametestrogii culture fluids and
its purified laccase for the decolourization of different
types of recalcitrant dyes without the addition of
redox mediators. Int. Biodeter. Biodegr. 65 : 635-643.

Grinhut, T., Salame, T.M., Chen, Y. and Hadar, Y. 2011.
Involvement of ligninolytic enzymes and Fenton-like
reaction in humic acid degradation by Trametes sp.
Appl. Microbio. Biotechnol. 91 : 1131-1140.

Guo, G., Li, X., Tian, F., Liu, T., Yang, F., Ding, K. and
Wang, C. 2020. Azo dye decolourization by a
halotolerant consortium under microaerophilic
conditions. Chemosphere. 244 : 125510.

Hadibarata, T., Yusoff, A., Aris, A., Salmiati, S., Hidayat,
T. and Kristanti, R. 2012 Decolourization of azo
Triphenylmethane and Anthraquinone dyes by
Laccase of a newly isolated Armillaria sp.  F022. Water
Air Soil Pollut. 223 : 1045-1054.

Hai, F.I, Yamamoto, K., Nakajima, F. and Fukushi, K. 2012.
Application of a GAC-coated hollow fiber module
to couple enzymatic degradation of dye on
membrane to whole cell biodegradation within a
membrane bioreactor. J Membr. Sci. 389 : 67-75.

He, X.L., Song, C., Li, Y.Y., Wang, N., Xu, L., Han, X. and
Wei, D.S. 2018. Efficient degradation of Azo dyes by
a newly isolated fungus Trichoderma tomentosum
under non sterile conditions. Ecotoxicol. Environ. Saf.
150 : 232-239.

Holkar, C.R., Jadhav, A.J., Pinjari, D.V., Mahamuni, N.M.
and Pandit, A.B. 2016. A critical review on textile
wastewater treatments: possible approaches. J.
Environ. Manage. 182 : 351-366.

Huang, G., Wang, W. and Liu, G. 2015. Simultaneous
chromate reduction and azo dye decolourization by
Lactobacillus paracase CL1107 isolated from deep sea
sediment. J. Environ. Manage. 157 : 297-302.

Ito, T., Adachi, Y., Yamanashi, Y. and Shimada, Y. 2016.
Long-term natural remediation process in textile dye-
polluted river sediment driven by bacterial
community changes. Water Res. 100 (Supplement C):
458-465.

Jaiswal, S. S. and Gomashe, A.V. 2017. Bioremediation of
textile azo dyes by newly isolated Bacillus sp. from
dye contaminated soil. Int. J. Biotechnol. and Biochem.
13 (2) : 147-153.

Kannan, D., Rajan, S. and Murugesan, A.G. 2019.
Decolourization of azo dye by native microbial
consortium. J. Adv. Sci. Res. 10(3).

Kant, R. 2012. Textile dyeing industry an environmental



628 KIRUTHIKA AND RAJENDRAN

hazard. Natural Science. 4 (1) : 22-26.
Karthikeyan, K., Nanthakumar, K., Shanthi, K. and

Lakshmanaperumalsamy P. 2010. Response surface
methodology for optimization of culture conditions
for dye decolourization by a fungus Aspergillus niger
HM11 isolated from dye affected soil. Iran J. Microbiol.
2 : 213-222.

Karunya, A., Nachiyar, C.V., Ananth, P.B., Sunkar, S. and
Jabasingh, S.A. 2014. Development of microbial
consortium CN-1 for the degradation of Mordant
Black 17. J. Environ. Chem. Eng. 2(2) : 832-840.

Kaushik, P. and Malik, A. 2009. Fungal dye
decolourization: recent advances and future
potential. Environ. Int. 35 (1) : 127-141.

Khan, R., Khan, Z., Nikhil, B., Jyoti, D. and Datta, M. 2014.
Azo dye decolourization under microaerophilic
conditions by a bacterial mixture isolated from
anthropogenic dyecontaminated soil. Bioremediat. J.
18(2) : 147-157.

Khan, S. and Malik, A. 2016. Degradation of Reactive Black
5 dye by a newly isolated bacterium Pseudomonas
entomophila BS1. Can. J. Microbiol. 62 (3) : 220-232.

Khan, Z., Jain, K., Soni, A. and Madamwar, D. 2014.
Microaerophilic degradation of sulphonated azo
dye–Reactive Red 195 by bacterial consortium AR1
through co-metabolism. Int. Biodeter. Biodegr. 94 : 167-
175.

Khataee, A.R., Zarei, M., Dehghan, G., Ebadi, E. and
Pourhassan, M. 2011. Biotreatment of a
triphenylmethane dye solution using a Xanthophyta
alga: Modeling of key factors by neural network. J.
Taiwan Inst. Chem. Eng. 42(3) : 380-386.

Kousha, M., Daneshvar, E., Sohrabi, M.S., Jokar, M. and
Bhatnagar, A. 2012. Adsorption of acid orange II dye
by raw and chemically modified brown macroalga
Stoechospermum marginatum.Chem. Eng. J. 192 : 67-76.

Kulkarni, A.N., Kadam, A.A., Kachole, M.S. and
Govindwar, S.P. 2014. Lichen Permeliaperlata: a novel
system for biodegradation and detoxification of
disperse dye solvent red 24. J. Hazard. Mater. 276 :
461-468.

Lade, H., Kadam, A., Paul, D. and Govindwar, S. 2016.
Exploring the potential of fungal-bacterial
consortium for low-cost biodegradation and
detoxification of textile effluent. Arch. Environ. Prot.
42 (4) : 12-21.

Lade, H., Kadam, A., Paul, D. and Govindwar, S. 2015.
Biodegradation and detoxification of textile azo dyes
by bacterial consortium under sequential
microaerophilic/aerobic processes. EXCLI J. 14 : 158.

Lalnunhlimi, S. and Krishnaswamy, V. 2016.
Decolourization of azo dyes (Direct Blue 151 and
Direct Red 31) by moderately alkaliphilic bacterial
consortium. Braz. J. Microbiol. 47(1) : 39-46.

Levin, L., Jordan, A., Forchiassin, F. and Viale, A. 2001.
Degradation of anthraquinone Blue by Trametestrogii.
Rev. Argent. Microbiol. 3 : 223-228.

Liu, W., Liu, C., Liu, L., You, Y., Jiang, J., Zhou, Z. and
Dong, Z. 2017. Simultaneous decolourization of

sulfonated azo dyes and reduction of hexavalent
chromium under high salt condition by a newly
isolated salt-tolerant strain Bacillus circulans
BWL1061. Ecotoxicol. Environ. Saf. 141 : 9-16.

Madhushika, H.G., Ariyadasa, T U. and Gunawardena,
S.H.P. 2019 a. Decolourization and Degradation of
Reactive Textile Dyes by Isolated Strain Proteus
mirabilis. Asian J. Water Environ. Pollut. 16(4) : 1-6.

Madhushika, H.G., Ariyadasa, T.U. and Gunawardena,
S.H. 2018. Decolourization of Reactive Red EXF Dye
by Isolated Strain Proteus Mirabilis. 2018 Moratuwa
Engineering Research Conference (MERCon). 231-234.

Madhushika, H.G., Ariyadasa, T.U. and Gunawardena,
S.H. 2019 b. Biological decolourization of textile
industry wastewater by a developed bacterial
consortium. Water Sci. Technol. 80(10) : 1910-1918.

Mahmood, R., Sharif, F., Ali, S. and Hayyat, M.U. 2015.
Enhancing the decolourizing and degradation ability
of bacterial consortium isolated from textile effluent
affected area and its application on seed germination.
The Scientific World Journal.

Mahmood, S., Khalid, A., Arshad, M., Mahmood, T. and
Crowley, D.E. 2016. Detoxification of azo dyes by
bacterial oxidoreductase enzymes. Crit. Rev.
Biotechnol. 36(4) : 639-651.

Mahmoud, M.S., Mostafa, M.K., Mohamed, S.A., Sobhy,
N.A. and Nasr, M. 2017. Bioremediation of red azo
dye from aqueous solutions by Aspergillus niger strain
isolated from textile wastewater. J. Environ. Chem.
Eng. 5 (1) : 547-554.

Mani, S., Chowdhary, P. and Bharagava, R.N. 2019. Textile
wastewater dyes: toxicity profile and treatment
approaches. In Emerging and Eco-Friendly Approaches
for Waste Management (pp. 219-244). Springer,
Singapore.

Martorell, M.M., Pajot, H.F. and de Figueroa, L.I. 2012.
Dye-decolourizing yeasts isolated from Las Yungas
rainforest. Dye assimilation and removal used as
selection criteria. Int. Biodeter. Biodegr. 66(1) : 25-32.

Meng, X., Liu, G., Zhou, J. and Fu, Q.S. 2014. Effects of
redox mediators on azo dye decolourization by
Shewanella algae under saline conditions. Bioresour.
Technol. 151 : 63-68.

Nachiyar, C.V., Sunkar, S., Karunya, A., Ananth, P.B. and
Jabasingh, S.A. 2016.  Aerobic bacterial consortium
CN-1: Potential degrader of azo dyes. J. Environ. Biol.
37(3) : 361.

Netzker, T., Flak, M., Krespach, M.K., Stroe, M.C., Weber,
J., Schroeckh, V. and Brakhage, A.A. 2018. Microbial
interactions trigger the production of antibiotics.
Curr. Opin. Microbiol. 45 : 117-123.

Ng, I.S., Chen, T., Lin, R., Zhang, X., Ni, C. and Sun, D.
2014. Decolourization of textile azo dye and Congo
red by an isolated strain of the dissimilatory
manganese-reducing bacterium Shewanella
xiamenensis BC01. Appl. Microbiol. 98(5) : 2297-2308.

Omar, H.H. 2008. Algal decolourization and degradation
of monoazo and diazo dyes. Pak J. Biol. Sci. 11: 1310-
1316.



A Review on Bioremediation of Azodyes using Microbial Consortium from Different Sources 629

Pajot, H.F., Farina, J.I. and de Figueroa, L.I.C. 2011.
Evidence on manganese peroxidase and tyrosinase
expression during decolourization of textile industry
dyes by Trichosporonakiyoshidainum. Int. Biodetr.
Biodegr. 65 : 1199-1207.

Pandey, A.K., Sarada, D.V. and Kumar, A. 2016. Microbial
decolourization and degradation of reactive red 198
azo dye by a newly isolated Alkaligenes species.
Proceedings of the National Academy of Sciences,
India Section B: Biological Sciences. 86 (4) : 805-815.

Pathak, V.V., Kothari, R., Chopra, A.K. and Singh, D.P.
2015. Experimental and kinetic studies for
phycoremediation and dye removal by Chlorella
pyrenoidosa from textile wastewater. J. Environ. Manag.
163 : 270-277.

Paul, S.A., Chavan, S.K. and Khambe, S.D. 2012. Studies
on characterization of textile industrial waste water
in Solapur city. Int. J. Chem. Sci. 10 (2) : 635-642.

Pilatin, S. and Kunduhoglu, B. 2011. Decolourization of
textile dyes by newly isolated Trametesversi colour
strain. Life Sci. Biotechnol. 1 : 125-135.

Porri, A., Baroncelli, R., Guglielminetti, L., Sarrocco, S.,
Guazzelli, L., Forti, M. and Vannacci, G. 2011.
Fusarium oxysporum degradation and detoxification
of a new textile-glycoconjugate azo dye (GAD).
Fungal Biol. 115 (1) : 30-37.

Pourbabaee, A.A., Malekzadeh, F., Sarbolouki, M.N. and
Najafi, F. 2006. Aerobic decolourization and
detoxification of a disperse dye in textile effluent by
a new isolate of Bacillus sp. Biotechnol. Bioeng.  93 (4):
631-635.

Prasad, S.S. and Aikat, K. 2014. Study of bio-degradation
and bio-decolourization of azo dye by Enterobacter
sp. SXCR. Environ. Technol. 35 (8) : 956-965.

Priya, B., Uma, L., Ahamed, A.K., Subramanian, G. and
Prabaharan, D. 2011. Ability to use the diazo dye C.
I. Acid Black 1 as a nitrogen source by the marine
cyanobacterium Oscillatoria curviceps BDU92191.
Bioresour. Technol. 102 : 7218-7223.

Puvaneswari, N., Muthukrishnan, J. and Gunasekaran, P.
2006. Toxicity assessment and microbial degradation
of azo dyes.

Rahimi, S., Poormohammadi, A., Salmani, B., Ahmadian,
M. and Rezaei, M. 2016. Comparing the
photocatalytic process efficiency using batch and
tubular reactors in removal of methylene blue dye
and COD from simulated textile wastewater. J. Water
Reuse Desal. 6(4) : 574.

Rahimnejad, M., Adhami, A., Darvari, S., Zirepour, A. and
Oh, S.E. 2015. Microbial fuel cell as new technology
for bioelectricity generation: a review. Alexandria Eng.
J. 54(3) : 745-756.

Raman, C.D. and Kanmani, S. 2016. Textile dye
degradation using nano zero valent iron: A review.
J. Environ. Manage. 177 : 341-355.

Ratho, J. and Archana, G. 2013. Molecular fingerprinting
of bacterial communities in enriched azo dye
(Reactive Violet 5R) subterranean native
subterranean bacterial consortia. Bioresour. Technol.

142 : 436-444.
Robinson, T., McMullan, G., Marchant, R. and Nigam, P.

2001. Remediation of dyes in textile effluent: a critical
review on current treatment technologies with a
proposed alternative. Bioresour. Technol. 77(3) : 247-
255.

Roy, U., Manna, S., Sengupta, S., Das, P., Datta, S.,
Mukhopadhyay, A. and Bhowal, A. 2018. Dye
removal using microbial biosorbents. In: Green
Adsorbents for Pollutant Removal. Springer, pp. 253-
280.

Russ, R., Rau, J. and Stolz, A. 2000. The function of
cytoplasmic flavin reductases in the reduction of azo
dyes by bacteria. Appl. Environ. Microbiol. 66(4) : 1429-
1434.

Sabaruddin, M.F., Nor, M.H.M., Mubarak, M.F. M., Rashid,
N.A.A., Far, C.G., Youichi, S. and Ibrahim, N. 2018.
Biodecolourisation of acid red 27 Dye by Citrobacter
freundiiA1 and Enterococcus casseliflavus C1 bacterial
consortium. Mal. J. Fund. Appl. Sci. 14(2) : 202-207.

Salter-Blanc, A.J., Bylaska, E.J., Lyon, M.A., Ness, S.C. and
Tratnyek, P.G. 2016. Structure activity relationships
for rates of aromatic amine oxidation by manganese
dioxide. Environ. Sci. Technol. 50 (10) :  5094-5102.

Saranraj, P., Sivasakthivelan, P., Jayaprakash, A. and
Sivasakthi, S. 2018. Comparison of Bacterial
Decolourization of Reactive Textile Dyes under Static
and Shaking Conditions. Adv Biol Res. 12(6) : 199-
203.

Saratale, R.G., Saratale, G.D., Chang, J.S. and Govindwar,
S.P. 2009. Ecofriendly degradation of sulfonated
diazo dye CI Reactive Green 19A using Micrococcus
glutamicus NCIM-2168. Bioresour. Technol. 100(17) :
3897-3905.

Sathiya Moorthi, P., Munuswamy, D., Sellamuthu, P.S.,
Kandasamy, M. and Thangavelu, K.P. 2007.
Biosorption of textile dyes effluents by
Pleurotusflorida and Trameteshirsuta with evaluation
of their laccase activity. Iran. J. Biotechnol. 5 (2) : 114-
118.

Sedighi, M., Karimi, A. and Vahabzadeh, F. 2009.
Involvement of ligninolytic enzymes of Phanerochaete
chrysosporium in treating the textile effluent
containing Astrazon Red FBL in a packed-bed
bioreactor. J. Hazard. Mater. 169 : 88-93.

Sen, K., Pakshirajan, K. and Santra, S.B. 2012. Modelling
the biomass growth and enzyme secretion by the
white rot fungus Phanerochaete chrysosporium in
presence of a toxic pollutant. J. Environ. Protect. 3 :
114-119.

Shah, B., Jain, K., Jiyani, H., Mohan, V. and Madamwar,
D. 2016. Microaerophilic symmetric reductive
cleavage of reactive azo dye-Remazole Brilliant Violet
5R by consortium VIE6: community synergism. Appl.
Biochem. Biotech. 180(6) : 1029-1042.

Shanmugam, B. K. and Mahadevan, S. 2015. Metabolism
and biotransformation of azo dye by bacterial
consortium studied in a bioreaction calorimeter.
Bioresour. Technol. 196 : 500-508.



630 KIRUTHIKA AND RAJENDRAN

Sharma, P., Singh, L. and Dilbaghi, N. 2009.
Biodegradation of Orange II dye by Phanerochaete
chrysosporium in simulated wastewater. J. Sci. Ind. Res.
68 : 157-161.

Singh, R.P., Singh, P.K. and Singh, R.L. 2014. Bacterial
decolourization of textile azo dye acid orange by
Staphylococcus hominis RMLRT03. Toxicol. Int. 21(2) :
160.

Singh, S., Chatterji, S., Nandini, P.T., Prasad, A.S.A. and
Rao, K.V.B. 2015. Biodegradation of azo dye Direct
Orange 16 by Micrococcus luteus strain SSN2. Int. J.
Environ. Sci. Technol. 12(7) : 2161-2168.

Singh, S., Pakshirajan, K. and Daverey, A. 2010. Enhanced
decolourization of Direct Red-80 dye by the white
rot fungus Phanerochaete chrysosporium employing
sequential design of experiments. Biodegradation. 21
: 501-511.

Sivarajasekar, N., Baskar, R. and Balakrishnan, V. 2009.
Biosorption of an azo dye from aqueous solutions
onto Spirogyra. J. Univ. Chem. Technol. Metall. 44 :
157-164.

Song, L., Shao, Y. and Tan, L. 2018. Degradation and
detoxification of azo dyes by a salt-tolerant yeast
Cyberlindnerasamutprakarnensis S4 under high-salt
conditions. World J. Microbiol. Biotechnol. 34 : 131.

Sudha, M., Bakiyaraj, G., Saranya, A., Sivakumar, N. and
Selvakumar, G. 2018. Prospective assessment of the
Enterobacter aerogenes PP002 in decolourization and
degradation of azo dyes DB 71 and DG 28. J. Environ.
Chem. Eng. 6 (1) : 95-109.

Tan, L., He, M., Song, L., Fu, X. and Shi, S. 2016. Aerobic
decolourization, degradation and detoxification of
azo dyes by newly isolated salt-tolerant yeast
Scheffersomyces spartinae TLHS-SF1. Bioresour. Technol.
203 : 287-294.

Tan, L., Ning, S., Zhang, X. and Shi, S. 2013. Aerobic
decolourization and degradation of azo dyes by
growing cells of a newly isolated yeast Candida
tropicalis TL-F1. Bioresour. Technol. 138 : 307-313.

Vaithanomsat, P., Apiwatanapiwat, W., Petchoy, O. and
Chedchant, J. 2010. Production of ligninolytic
enzymes by white-rot fungus Datronia sp. KAPI0039
and their application for reactive dye removal. Int. J.
Chem. Eng.

Vitor, V. and Corso, C.R. 2008. Decolourization of textile
dye by Candida albicans isolated from industrial
effluents. J. Ind. Microbiol. Biotechnol. 35 : 1353-1357.

Waghmode, T.R., Kurade, M.B. and Govindwar, S.P. 2011.
Time dependent degradation of mixture of
structurally different azo and non azo dyes by using
Galactomyces geotrichum MTCC 1360. Int. Biodeter.
Biodegr. 65 : 479-486.

Wang, H.C., Cui, D., Yang, L.H., Ding, Y.C., Cheng, H.Y.
and Wang, A.J. 2017. Increasing the bio-
electrochemical system performance in azo dye
wastewater treatment: Reduced electrode spacing for
improved hydrodynamics. Bioresour. Technol. 245 :
962-969.

Wang, N., Yanliang, C., Fuan, W., Zhilin, Z. and Xiangyu,
X. 2017. Decolourization and degradation of Congo
red by a newly isolated white rot fungus,
Ceriporialacerata from decayed mulberry branches.
Int. Biodeterior. Biodegrad. 117 : 236-244.

Wang, Z., Xue, M., Huang, K. and Liu, Z. 2011. Textile
dyeing wastewater treatment. Advances in Treating
Textile Effluent. 5 : 91-116.

Weisburger, J.H. 2002. Comments on the history and
importance of aromatic and heterocyclic amines in
public health. Mutat. Res./Fund. Mol. M. 506 : 9-20.

World Health Organization (WHO). 4th (ed). 2011.
Guidelines for Drinking-Water Quality, WHO Press,
Geneva, Switzerland.

Xiang, X., Chen, X., Dai, R., Luo, Y., Ma, P., Ni, S. and Ma,
C. 2016. Anaerobic digestion of recalcitrant textile
dyeing sludge with alternative pretreatment
strategies. Bioresour. Technol. 222 (Supplement C) :
252-260.

Yang, Q., Yang, M., Pritsch, K., Yediler, A., Hagn, A.,
Schloter, A. and Kettrup, A. 2003. Decolourization
of synthetic dyes and production of manganese-
dependent peroxidase by new fungal isolates.
Biotechnol. Lett. 25 : 709-713.

Yang, S.F., Li, X.Y. and Yu, H.Q. 2008. Formation and
characterization of fungal and bacterial granules
under different feeding alkalinity and pH conditions.
Process Biochem. 43 : 8-14.

Yemendzhiev, H., Alexieva, Z. and Krastanov, A. 2009.
Decolourization of synthetic dye Reactive Blue 4 by
mycelial culture of white-rot fungi Trametes
versicolour 1. Biotechnol Biotec. Eq. 23 : 1337-1339.

Yuan, X., Zhang, X., Chen, X., Kong, D., Liu, X. and Shen,
S. 2018. Synergistic degradation of crude oil by
indigenous bacterial consortium and exogenous
fungus Scedosporium boydii. Bioresour. Technol. 264 :
190-197.

Zahran, S.A., Ali-Tammam, M., Hashem, A.M., Aziz, R.K.
and Ali, A.E. 2019. Azoreductase activity of dye-
decolourizing bacteria isolated from the human gut
microbiota. Sci. Rep. 9 : 5508

Zhang, S.J., Yang, M., Yang, Q.X., Zhang, Y., Xin, B.P. and
Pan, F. 2003. Biosorption of reactive dyes by the
mycelium pellets of new isolate of Penicillium
oxalicum. Biotechnol. Lett. 25 : 1479-1482.


