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Azodyes are toxic synthetic dyes and considered as the largest group of dyes used in textile 
industry paint, ink, and plastic industries. Textile processes drain a large amount of water 
contaminated with azodye that consequently, form the basic sources of water pollution all 
over the world. There are various technologies used to effectively remove these dyes from 
effluent water. The manipulated methods have advantages and disadvantages of various 
technologies applied in azodye degradation. Special emphasis is made on removal of 
azodyes using biosorption method. Biological methods are alternative for azodyes removal 
due to its low-cost, effectiveness and eco-friendly nature. Microorganisms (Such as - fungi, 
bacteria, algae) and plants possess different physiological enzymes required in 
environmental azodyes degradation either by biosorption and/or biotransformation and/or 
biodegradation. A vast array of reductive and oxidative enzymes may be involved in this 
degradation of this dye. The current review will pay a special attention to the updated 
knowledge concerning azodye biological removing. 
 

 
 

1. Introduction 
 
The name azo is the French term for nitrogen originated 
azote. Azo-compounds have the functional group R-N=N-R' 
in which R and R' can be either alkyl or aryl groups that is 
functioning as dyes. Azo dyes have various structures but 
their most important structural feature is presence of azo 
linkage i.e.  -N=N-. This linkage is one azo as in mono-azo, 
two as in diazo and three as in triazo.  These azo groups are 
linked on both sides with aromatics like benzene and 
naphthalene moiety. Aromatic heterocyclic units sometimes 
are also present and connected with azo groups (Zollinger 
1991). Azo dyes are used in several industries like textile, 
dyeing, printing, and cosmetic industries. Untreated or 
partially treated azo dye effluent in water bodies can cause 
severe environmental or human health hazards (Ali 2010). 
Several physical methods (adsorption, coagulation, and 
membrane filtration), chemical (chemical oxidation, photo-
catalytic, electrolysis, and Fenton reagent), and biological 
(biosorption, and enzymatic degradation) have been 

employed for the treatment of dye wastewater (Singh 2015). 
Among them, microbial degradation of dyes has received 
significant research attention (Banat et al.1996). Anaerobic-
aerobic biological methods appear to be suitable for the 
degradation of dye-containing wastewater, because the –
N=N– azo bond can be easily broken under anaerobic 
conditions and residual substances can further degrade under 
aerobic conditions (García-Martínez et al. 2015). However, 
aromatic amines produced by anaerobic process may 
decrease the microbial activity (Gavazza et al. 2015; Popli 
and Patel 2015). Hence, the restraint of noxious product or 
rapid degradation of aromatic amines should be considered 
in any microbial treatment process (Pandey et al. 2007). Sen 
et al. (2016) mentioned that the textile industry is water 
consumer and produces enormous volumes of contaminated 
water; the most important contaminants are azo dyes. Fungi 
possess strong ability of degrading complex organic 
compounds by producing extracellular ligninolytic enzymes 
including laccase, manganese peroxidase and lignin 
peroxidase, hence, researchers paid more attention on fungi 
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in recent years. The mechanism of fungal decolorization 
occurs from adsorption, enzymatic degradation, or a 
combination of both. The goal of fungal treatment is to 
decolorize and detoxify the dye contaminated effluents. In 
this review, we summarize the different aspects of azodyes 
biodegradation.  
 
2. Toxicity of dyes 
 
High concentration of textile dye in water stop the 
deoxygenating capacity of the contaminating water and 
prevent sunlight to go through water layers and so, aquatic 
organism's life disturbs (Zollinger 1987). Therefore, the 
photosynthesis activity is largely affected in aquatic plants. It 
has been observed that the synthetic chemicals used to 
produce dyes today are offered highly carcinogenic and 
harmful effects on an environment. In addition to being toxic, 
dye effluents also contain chemicals that are carcinogenic, 
mutagenic, or teratogenic (Hameed et al. 2008). This is 
especially serious because many chemicals might lead to 
damage of organism's genetic material without being 
expressed immediately. 
 
3. Dye removal techniques 
 
There are several methods for the removal of environmental 
pollutants (dyes, toxic elements etc.) from effluents 
(Robinson et al. 2001; Kharub 2012). There are several tools 
like 1. Ion Exchange Technique, 2. Coagulation and 
Flocculation Technique and 3. Microbial decolorization 
technique. 

Dye removing from water through Microbial 
decolorization using microorganisms. Bioremediation through 
microorganism has been identified as a cost effective and safe 
to environment and considered to be an alternative for textile 
effluent disposal (Maulin shah et al. 2013). The 
environmental problems arise from dyeing processes that 
were created by the textile industry have received great 
attention for several years because of contaminated effluents 
(Robinson et al. 2001). Azo dyes are the most widely used 
dyes and represent over 60% of the total used dyes, that are 
resistant to degradation (Butnaru 2008). Furthermore, the 
reductive cleavage of azo linkages leads to the formation of 
amines, which are classified as carcinogenic and toxic. The 
application of microorganisms for the biodegradation of azo 
dyes is an attractive alternative to the development of 
bioremediation processes for the treatment of textile 
wastewater (Puvaneswari et al. 2006). Traditional biological 
processes cannot efficiently decolorize synthetic dyes 
(Ghoreishi and Haghighi 2003). Microbial decolouration can 
occur through two principle mechanisms: biosorption and 
enzymatic degradation, or a combination of both (Wu and 
Yang 2012). Reductases and oxidases are involved in the 
microbial degradation process. The main goal of microbial 
treatment is to decolorize and detoxify the dye-contaminated 
effluents (Phugare et al. 2010).  

Microbial biomass from algae, yeast, filamentous fungi, 
and bacteria has been used to remove dyes by biosorption 
(Bhatnagar and Sillanpaa 2010). The biosorption capacity of a 
microorganism is attributed to the heteropolysaccharide and 
lipid components of the microorganism cell wall, which 

contain different functional groups, including carboxyl, 
amino, hydroxyl, phosphate, and other charged groups, 
causing strong attractive forces between the azo dye and the 
cell wall (Vitor and Corso 2008). The effectiveness of 
biosorption depends on the following conditions: pH, 
temperature, ionic strength, time of contact, adsorbent and 
dye concentration, dye structure and type of microorganism 
(Ambrosio et al. 2012). Recently, Alishewanella sp. CBL-2 
can be used to ameliorate wastewater containing azo dyes 
(Sumifex Tourqi blue) by utilizing the decolorization 
potential ability of the bacterium. Alishewanella sp. CBL-2, 
has promising potential to decolorize Sumifex Tourqi blue 
(83%) after 6 days of incubation at 37oC and pH 7 (Ajaz et 
al. 2018). 
 
4. Enzymatic degradation  
 
Azo dyes are electron-deficient xenobiotic components 
because of their azo linkage (–N N), and in many cases, they 
have sulphonic or other electron-zwithdrawing groups, 
which generate an electron deficiency and make the dye less 
susceptible to degradation by microorganisms (Santos dos et 
al. 2007). Under the suitable conditions, reductases can 
degrade them. The anaerobic mechanism of microbial 
degradation of azo dyes to their corresponding amines is 
initiated by the cleavage of the azo linkage with the help of 
an anaerobic azo reductase (Burger and Stolz 2010). 
Different enzymes that reduce azo linkages have been 
identified: Flavin mononucleotide (FMN) -independent 
reductases (Ooi et al. 2007) and sNADPH-dependent 
reductases (Liu et al. 2007). For living cells, the major 
mechanism for decolorization of dyes is biodegradation due 
to the production of lignin modifying enzymes, laccase, 
manganese peroxidase (MnP) and lignin peroxidase (LiP) 
(Raghukumar et al. 1996). The relative contributions of LiP, 
MnP and laccase to the decolorization of dyes may be 
different for each fungus. Recently, there has been an 
increased interest in determining the exact mechanism of 
how these organic pollutants are broken down. Depending on 
the enzyme used, different mechanistic pathways have been 
reported in the literature and reviewed below: 
 
4.1. Degradation of azo dyes by azo reductases 
 
Degradation of azo compounds by azo reductases has been 
shown to be almost exclusively anaerobic in nature. There 
are numerous reports of recalcitrant azo dyes being 
efficiently degraded by anaerobic microbes (due to their azo 
reductases) or purified azo reductase enzymes, but only 
under anaerobic conditions (Chen et al. 2005). These 
reactions require reducing co-factors like nicotinamide 
adenine dinucleotide (NAD ), nicotinamide adenine 
dinucleotide phosphate (NADP ), etc. for catalyzing the 
enzymatic reduction of azo dyes by azo reductases. Since 
these azo reductases are cytosolic in nature, it is assumed 
that azo dyes must be transported into cell before dye-
degrading anaerobic microbes degrade them. However, some 
studies have suggested an alternative mechanism for high 
molecular weight and highly charged dyes, which are 
unlikely to pass through the cell membranes. It has been 
hypothesized that some of the azo dye reducing activity of
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the dye may not be dependent on the intracellular uptake of 
the macromolecule (Robinson et al. 2001). This alternate 
proposed mechanism suggests the involvement of the electron 
reduction of these dyes in the extracellular environment of the 
microbes. To accomplish this, the fungi should firstly link 
itself with the intracellular electron transport system and the 
dye molecules. This linkage requires that the electron 
transport component must be present in the outer membrane 
of the fungal cells, so that at the cell surface, the dye and the 
redox ediator comes in a direct contact. Furthermore, it has 
been shown that redox mediators acting as electron carriers 
can dramatically increase the degradation of dye molecules 
by azo reductases (Robinson et al. 2001; Sen et al. 2016). The 
mediator compounds can be generated by the fungal 
metabolism or they may need to be added externally. As 
mentioned earlier these reactions work only in the absence of 
oxygen, where oxygen can inhibit the reduction mechanism 

and preferentially oxidize the redox mediators as compared 
to the dye molecule (Pricelius et al. 2007).  
 
4.2. Azo dye degradation by laccases 
 
Laccases are copper-containing multimeric glycoproteins 
that have generic phenol oxidase activity (Majeau et al. 
2010). The presence of copper gives a blue color to these 
enzymes act on the actual oxidation of the substrate. 
Laccases use molecular oxygen to oxidize various aromatic 
and nonaromatic compounds by abstracting protons and 
creating radicals in the mechanistic process. These radicals 
can then further participate in other reactions such as 
polymerization, hydration, or proton abstraction (Fig 1).  

Degradation of phenols and aromatics in effluents either 
in the free or immobilized form have been explored by using 
various enzymes (Sen et al. 2016). 
  

 

 
 

4.3. Dye degradation by peroxidases 
 
Decolorization of Acid Orange 7 using Coprinus cinereus 
peroxidase enzyme under optimized conditions of pH, dye 
concentration and temperature, an overall removal of the dye 
was reported in a very short time (Yousefi et al. 2010). 
Although these enzymes are more genetically related to other 
fungal peroxidases including lignin peroxidase (LiP) and 
manganese peroxidase (MnP), they are very similar to 
classical plant peroxidases such as horseradish peroxidase 
(HRP) rather than the ligninolytic peroxidases in substrate 
specificity, pH optimum (nearly neutral) and specific activity. 

Extensive work has been done to screen out the role of 
taxonomically different groups of bacteria in the 
decolorization of azo dyes which have been isolated from 
ecological niches such as water, soil, animal, and human 
excreta and even from contaminated food materials. Bacteria 
are performed fine for decolorization and complete 
mineralization of azo dyes as they are easy to cultivate and 
grow rapidly. Recently, Singh and Singh (2017) have 
proposed the following mechanism for degradation of Azo 
dye under aerobic and anaerobic condition of bacteria (Fig. 
2). 

 

Fig 1 Proposed pathway for 
Red HE3B degradation with 
bacterial consortium as cited by 
Phugare et al. (2011) and Singh 
and Singh (2017). 
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5. Factors affecting removal of azo dyes 
 
Microorganisms are sensitive to the presence of 
environmental chemical substances, such as dyes, high 
salinity, variations in pH and high content of organic 
compound. For bioremediation processes, the most useful 
microorganisms are those isolated from textile industry-
contaminated environments, including soil, effluents, and 
sludge from wastewater treatment plants, because they are 
adapted to grow in extreme environmental conditions (Yang 
and Yu 2009). The bio-decolorization process is dependent on 
many factors. 
 
5.1. Effects of the azo dye structure 
 
It has been observed that the enzymatic degradation of azo 
dye is highly influenced by its structure. The azo dyes with 
electron-withdrawing groups are easier to degrade than those 
with electron-releasing groups, such as –NH–triazine. 
Therefore, azo dyes that contain more electron-withdrawing 
groups show faster decolorization. 
 
5.2. Influence of carbon and nitrogen sources 
 
Carbon and nitrogen sources have an important influence on 
the extent of dye decolourization using microorganisms. 
Different microbial metabolic characteristics lead to 
differences in the uptake of sources, thus affecting azo dye 
decolorization (Moosvi et al. 2007). Carbon sources have two 
purposes: as sources of carbon and energy for the growth and 
survival of the microorganisms and as electron donors, which 
are necessary for the breakage of the azo bond. Carbon 
sources are accepted differently by different microorganisms 
and have an important effect on the extent of decolorization.  
Of course, the percentage between both the carbon and the 
nitrogen sources will play a vital role in azodye degradation. 

 
 
5.3. Influence of environmental conditions 
 
Environmental conditions such as - salinity, dye 
concentration, pH, temperature, and oxygen have significant 
influence. The operation conditions which affect the 
efficiency of microorganisms to decolorate azo dyes, are 
dyes concentration, the presence of salts, pH, temperature, 
and oxygen. Generally, a sodium concentration above 3000 
ppm causes moderate inhibition of most bacterial activities, 
thus, azo dye removal efficiencies under saline conditions 
decrease. The study showed that adsorption and enzymatic 
activity is dependent on the pH also. As the extent of 
decolorization is influenced by the pH of the media, pH also 
affects the color of the solution and the solubility of the dye. 
Candida tropicalis adsorbs 45%, 85% and 33% of Basic 
Violet 3 at pH 3, pH 4 and pH 9 respectively (Das et al. 
2011).  
 
6. Biological systems in azo dyes decolorization 
 
The mechanisms of algae decolorization can involve 
enzymatic degradation, adsorption, or both (Sivarajasekar et 
al. 2009). Like bacteria, algae are capable of degrading azo 
dyes through azo-reductase induction to break the azo bond, 
resulting in the production of aromatic amines. High 
adsorption capacity has been demonstrated at pH 2 using 
Scenedesmus quadricauda, Chlorella vulgaris and non-
viable Spirogyra sp. However, Biological treatment is unable 
to obtain satisfactory color removal with current 
conventional biodegradation processes. Moreover, many 
organic molecules degrade, many others are recalcitrant 
because of its complex chemical structure and organic 
synthetic to, the nature of xenobiotics, the biodegradability 
of azo dyes is very limited. 
 

Fig 2 Proposed azo dye degradation 
mechanisms under aerobic and 
anaerobic conditions (Singh and 
Singh 2017) 
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7. Decolourization of azo dyes by fungi 
 
Azodye decolorization by fungi and yeasts involve adsorption 
(Safarik et al. 2007), enzymatic degradation, or a combination 
of both. Adsorption on yeast biomass is more efficient at low 
pH (Husain 2010) as in the case of maximal accumulation of 
Direct Violet 51 in Candida albicans occurs at pH 2.5 and 
that of Violet 3 in Candida tropicalis occurs at pH 4.0 
(Charumathi and Nilanjana 2010).   

The application of filamentous fungi in the decolorization 
process is an attractive alternative due to low cost and the 
possibility of total mineralization of the dye according to 
(Erden et. al 2011). Adsorption is enhanced at pH 2–3, which 
is probably due to electrostatic attractions between charged 
dye molecules and the charged cell surface. Decolorization is 
decreased at very high temperatures, which is possibly due to 
the deactivation of the adsorbent surface or the destruction of 
some active sites (McMullan et al. 2001). Dye adsorption is 
dependent on dye concentration. At higher concentrations, 
adsorption get diminished (Renganathan et al. 2006). The 
percentage of Acid Red 18 and Reactive Black 5 adsorbed by 
Schizophyllum commune diminished from 90% to 27% and 
from 92% to 40%, respectively, when the initial dye 
concentration was changed from 10 to100 ppm.  
Decolorization of azo dyes using genetically modified 
microorganisms or enzymes. It has become clear that it is 
necessary to have more active and versatile enzymes and 
microorganisms with high stability, high production and low 
cost that are suitable to meet the requirements of textile 
industry wastewater treatment.  

The Synthesis and microbial degradation of azopolymers 
for possible applications for colon specific drug delivery was 
studied by (Kenawy et al. 2011). Degradation of poly 
azobenzene diacid-co-ethylene glycol 4000 and polyazo 
benzene diacid-cojeffamine 4000 as azopolymer by 
microorganisms was investigated and the results 
demonstrated that Aspergilli fungi have produced almost the 
highest value, however, Ganoderma resencium and Pleurotus 
ostreatus came in the last rank. The highest poly azobenzene 
diacid-co-jeffamine 4000 degradation rate constant 
(mol/ml/h) was performed by Aspergillus fumigatus which 
produced 5.73±0.23 mol/ml/h at 228 nm; whereas Aspergillus 
ochraceous produced the lowest poly azobenzene diacid-co-
jeffamine 4000 degradation rate constant of 0.94 ±0.72 
mol/ml/h at 332 nm (Fig. 3 a - f). 

He et al. (2018) has isolated and identified a fast-growing 
fungus Trichoderma tomentosum with a remarkable ability to 
degrade several azo dyes under non-sterile conditions. Textile 
effluent of ten-fold dilution could be decolorized by 94.9% 
within 72 h before optimization with this fungus. Acid Red 
3 R model wastewater with a concentration of 
85.5 mg L−1 could be decolorized by 99.2% within the same 
time after optimization. Fungus enzyme play the key role in 
degradation process, where high-level of manganese 
peroxidase and low-level of lignin peroxidase activities were 
recorded during the process of decolorization from the culture 
supernatant, indicating the possible involvement of two 
enzymes in azo dye decolorization. No aromatic amine 
products were detected from the degradation products of Acid 
Red 3 R as shown with gas chromatography–mass 
spectrometry (GC/MS) analysis, indicating the possible 

involvement of a special symmetrical oxidative degradation 
pathway.  
 
8. Advantages of microbial decolorization 
technique 
 
Because of no harmful side effect microbial biodegradation 
of dyes is a better alternative to the dye chemical degradation 
(An et al. 2002). Some microorganisms, including fungi, 
bacteria, and algae, can degrade, or absorb a wide range of 
dyes (Robinson et al. 2001). The biological mode of 
treatment of dye bath effluents offers distinct advantages 
over the conventional modes of treatment. This method is 
more economical and leads to less accumulation of relatively 
harmless sludge. Most importantly, biological treatment of 
dye bath effluents is ecofriendly. It causes mineralization of 
dyes to simpler inorganic compounds which are not lethal to 
different life forms in environment (Kapdan et al. 2003). 
 
9. Constraints of microbial decolorization 
Technique 
 
Microbial decolorization is water treatment (decolouration) 
through microorganisms like yeast, fungi, bacteria, algae etc. 
Bioremediation through microorganism has been identified 
as an economic effective tool and ecofriendly alternative for 
disposal of textile effluent (Maulin shah 2012). 

Biodegradation methods such as fungal decolorization, 
requires a large land area and is constrained by sensitivity 
toward diurnal variation as well as toxicity of some 
chemicals, and less flexibility in design and operation 
(Husain 2010). The treatment is incapable of obtaining 
satisfactory color elimination with current conventional 
biodegradation processes. Many organic molecules are 
degraded, many others like synthetic dyes are recalcitrant 
due to their complex chemical structure and synthetic 
organic origin (Ghoreishi and Haghighi 2003).  Microbial 
decolorization can occur via two principle mechanisms: 
biosorption and enzymatic degradation, or a combination of 
both (Li et al. 2012). Both reductases and oxidases are 
involved in the microbial degradation process. The goal of 
microbial treatment is to decolorize and detoxify the dye-
contaminated effluents (Phugare et al. 2010). 
 
9.1. Biosorption technique   
 
Biosorption is a metabolically passive process, where it does 
not require energy, and the number of contaminants to be 
removed is dependent on kinetic equilibrium and the 
composition of the sorbents cellular surface (Kargi and 
Ozmihci 2004). Biosorption is a property of certain types of 
inactive, dead, microbial biomass to bind and concentrate 
heavy metals from even very dilute aqueous solutions.  

The biosorption is a process which involves a solid phase 
(biosorbent, adsorbent, biological material) and a liquid 
phase (solvent) containing a dissolved species to be 
biosorbed (adsorbate, dye, metal). It is a physiochemical 
process that occurs naturally in certain biomass which allows 
it to passively concentrate and bind contaminants onto their 
cellular structure. If physical forces are involved then dyes 
would be adsorbed and if chemical forces are involved, then 
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Fig 3 (a) Degradation percent for poly azo benzene diacid-co-ethlene glycol 4000 (XXVIII) against different microorganisms 
(Kenawy et al. 2011), (b) Degradation percent for poly azo benzene diacid-co-jeffamine 4000 (XXII) against different 
microorganisms (Kenawy et al. 2011),  (c) Degradation rate constant for poly azo benzene diacid-co-ethlene glycol 4000 
(XXVIII) against different microorganisms (Kenawy et al. 2011), (d) Degradation rate constant for poly azo benzene diacid-
co-jeffamine 4000 (XXII) against different microorganisms (Kenawy et al. 2011), (e) Poly azo benzene diacid-co-ethlene 
glycol 4000 (XXVIII) against different microorganisms (Kenawy et al. 2011) and (f) Poly azo benzene diacid-co-jeffamine 
4000 (XXII) against different microorganisms (Kenawy et al. 2011) 
 
metal will be removed (Bajpai and Rajpoot 1999). Among 
various water purification and recycling technologies, 
adsorption is fast, inexpensive, and universal method (Ali and 
Gupta 2006). The development of low cost adsorbents has led 
to the rapid growth of research interest in this field. Activated 
carbon is the most commonly used method of dye removal by 
adsorption (Nasse and El. Geundi 1991). The performance 
depended on the type of carbon used, the characteristics of 

waste water and the type of dye. The activated carbon is 
expensive therefore the carbon should be reactivated 
(Figueiredo and Loureiro 2000). From this point of view, 
many researches carried out to search low cost adsorbent 
which has low density, biological degradability, and 
renewability with a good mechanical property and is 
nontoxic in environment. Removals of some of the dyes 
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using low cost biosorbents by the process of green technology 
(biosorption) are employed.  
 
9.2. Examples for dyes removal  
 
There are many fungal species are successfully employed in 
the decolorization and degradation of azo dyes but at the 
same time they encounter many problems for the removal of 
dyes from textile wastewaters such as large volume produces, 
control of biomass and the nature of synthetic dyes (Stolz 
2001). 

1. Kinetics of Reactive blue 140 were examined using 
dead fungal biomass of Aspergillus niger HM11, the results 
showed that the maximum adsorption capacity was calculated 
for dead biomass indicating that dead biomass can be 
considered as a good sorbent material for Reactive blue 140 
solutions (Nanthkumar et al. 2009).  

2. Also researchers studied the the ability of coconut 
bunch waste (CBW), an agriculture waste to remove basic 
dye (methylene blue) from aqueous solution by adsorption. 
Batch mode experiments were conducted at 300c to study the 
effects of pH and initial concentration of methylene blue 
(MB). Equilibrium adsorption isotherms and kinetics were 
investigated (Hameed et al. 2008). The experimental data 
were analyzed for dye removal investigation using low cost 
biosorbent as a replacement for the current expensive 
methods of removing dyes from wastewater. Neem bark and 
Mango bark generated as a wood waste is collected and 
converted into a powder from and then used as a low-cost 
adsorbent for removal of dyes from wastewater. Adsorption 
studies are carried out at different temperatures, pH, initial 
dye concentrations and adsorbent doses. The adsorption of 
malachite green (dye) is found to increase with increase in 
temperature. Mahmoud (2017) mentioned that exploring of 
suitable technology on contaminated sites need specific 
requirements such as availability of microorganisms with 
degrading capability in sufficient quantities, nutrient 
availability to support microbial growth and multiplication as 
well as suitable environmental parameters such as pH, O2 etc. 
in combination with suitable exposure duration time  
 
10. What is new in azo dye degradation? 
 
There are many different physicochemical methods namely 
hydrolysis, photocatalysis, electrochemical adsorption and 
biological methods. Discussing the advantages and 
disadvantages of these methods involved in azo dye 
decolorization led to that the main disadvantages of physical 
methods such as adsorption, ion exchange and membrane 
filtration were simply transferred dye molecule to another 
phase rather than destroy them and are only effective when 
the volume of effluent is small (Shah 2018). The main 
disadvantage of chemical methods such as chemical 
oxidation, electrochemical degradation and ozonation were 
the requirements of an effective pretreatment sludge 
production, where its inefficient came from this point of view.  

Biological degradation, bioaccumulation and biosorption 
were the three most important technologies used in biological 
dye removal process. They have a good potential to replace 
conventional methods for the treatment of dye carrier of 
industrial wastewater. Biological processes can be applied in 

situ at the infected site, these were usually environmental 
friendly, that is, no secondary pollution and they were cheap. 
These were the principle benefits of biological technologies 
for treatment of industrial waste. Therefore, recently the 
focus of the research is strongly focused on biological 
methods for the treatment of waste water. The downside of 
the degradation process is its low degradation efficiency for 
some dyes and practical difficulties in continuous method. 
The major disadvantage of bioaccumulation process is using 
living organism that is not recommended for the continuous 
treatment of highly toxic wastewater. This problem can be 
overcome with biosorption using dead biomass. In this 
context, the literatures suggested that biosorption is an 
inoffensive and a cost-effective method; and, does not 
produce any secondary pollutants which might be harmful 
(Shah 2018). To the best of our knowledge there is nothing 
new in that field till now. 
 
11. Conclusion 
 
The adaptability and the activity of different microorganisms 
are playing a major role in Azo dyes degradation. 
Mineralization of azo dyes, employing mixed microbial 
populations or consortium that are more effective due to 
concerted metabolic activities of the microbial community.  

Fungi, bacteria, and algae are important microorganisms 
for the transformation /degradation and decolorization of azo 
dyes. In this article, we have reviewed the various 
biochemical processes of dye degradation using pure 
enzymes or biosorption. Enzymes and biosorbents capability 
of decolorizing azo dyes present in wastewater have been 
reviewed and proved to be an excellent candidate for 
removal of azo dyes within broad pH, temperature, and 
aeration range. Literatures indicated that degradation/ 
decolorization rates can be largely affected by operational 
parameters such as pH, nutrients, temperature, oxygen, dye 
structure and concentration of organic dyestuff besides the 
presence of mediators and other additives. Moreover, many 
of the published studies focus on the optimization of the 
above physical conditions. The crucial point is that 
systematic and careful optimization studies as well as 
metabolite toxicity testing must be carried out for each 
system (dye and microbe (or enzyme) or mediator), till now 
it is not very clear how and why certain dyes are degraded 
while others are not. The nature of functional groups in the 
biosorbents makes them selective and highly capable of 
biodegrading and biosorbing dyes from wastewater.  

 The extensive research conducted on various biosorbents 
showed that they are emerging as a promising alternative to 
conventional treatment strategy such as using fungi dead 
mycelial, or nanoparticle. 
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