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Abstract   

The azo dyes are aromatic compounds containing azo (–N=N–) groups 

enabling them to be potent in absorbing visible spectrum light. These are 

considered to be electron-deficient toxic effluents due to the non-

biodegradability function allowed through azo linking bonds. The azo 

bonds make the concerned dye resistant for preventing its degradation 

by enzymes produced by microorganisms. The most potent enzyme till 

now found for azo dye reduction is a group of reductase enzyme called 

azoreductase that facilitate the reaction using some suitable cofactors. 

Several microorganisms, especially the bacteria are readily used for 

successful azoreductase enzymes activity in azo dye decolourization. 

These enzymes are mostly isolated from bacterial cells and are found to 

be highly effective in case of partial or complete removal of azo dyes. 

Thus, the reason for the current review relies on a comprehensive 

systematization of various bacteria those are responsible for production 

of azoreductase enzymes and their application in azo dye 

decolourization. This review also compiles different bacterial enzymes 

responsible for degradation of the toxic azo dyes. 

 

Keywords: Bacteria, azo dyes, biologically induced azo dye degradation 

and azoreductase 

 

INTRODUCTION 

 

Textile industrial waste is one of the prime dye pollutant sources, maximum of which is due to production of 

several commercial natural or synthetic dyes (Ong et al., 2010).  More than 8000 artificial chemical compounds 

are used in dye formation techniques (Bhatia et al. 2017). On an average 10,000 chemically produced synthetic 

dyes are firmly with yearly production rate of 7×105 metric tons (Robinson et al., 2001; Khataee and Kasiri 

2010). Dyes are critical industrial colouring agents those are mostly organic or inorganic in chemical 

composition with permanent colour producing capacity on to the applied fibers and are resistant in terms of 

colour fading with application of any chemicals, water or any light intensity, even to the microbial application 

also (Rai et al., 2005). The azo dyes (Fig.1) are basically included within the class of aromatic compounds 

with–N=N– groups (Zollinger, 1991) enabling them to be potent in absorbing visible spectrum light (Chang et 

al., 2000). In accordance with IUPAC classification system, most of the azo dyes are derivatives of compounds 

are derived from diazine with incorporated substitution in form of hydrocarbyl or diphenyldiazene or 
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azobenzene groups that are interlinked with the phenyl/naphthyl rings (Bell et al., 2000; Chung, 2016). These 

dyes along with some of the nitro-aromatic compounds utilised in colouring industries are regarded as potent 

xenobiotic agents. 

 

Structurally these are categorized depending upon the available azo bond produced like as in monoazo, diazo, 

triazo and so on. Some of the prominent azo dyes are Acid blue 113, Reactive Black 5, Reactive Red 141, 

Reactive Red 198, Reactive Red 141, Reactive Blue 171, Congo red, Direct Brown MR, Methyl Red, Acid 

Orange 6, Acid Orange 52 and Acid Orange 7 etc.). Disposal of such dyes to surrounding causes serious 

hazardous condition with heavier impact on concerned living biota (Wijetunga et al., 2010). Industrialization 

has been the major cause for introduction of azo dye residues into water bodies. These toxic ions which being 

recalcitrant in nature remains within the water bodies and gets in food chain causing negative health issues. 

 
Fig. 1 Structures of some azo dyes (Singh et al., 2015) 

 

Many norms have been set by different pollution control bodies all across the world for limiting the disposal 

of toxic metals in industrial wastewater. However, the lack of adequate technology to remove such a micro 

pollutant from the waste water is yet another issue in this regard. This issue requires a substitute, biologically 

influenced, eco-friendly approach to have sustainable and balanced environmental biological factors by 

reducing any toxic pollutant generation or accumulation (Al-Hoqani et al., 2021).  

Most of the textile dyes are carcinogenic, which when accumulated in body, leads to alteration in several 

physiological and biological functions (Rawat et al. 2016). On an average around 2.8×105 tons/annum of 

industrial effluent dyes are dumped within water bodies making the concerned environment unfavourable (Jin 

et al., 2007; Wang et al., 2020). Due to complex aromatic molecular structure, synthetic dyes are highly stable 

and resistant to degradation. So, dye effluents are extremely toxic to plants, both aquatic fauna and flora, 

including human beings.  

Treatment of harmful dye effluent discharged from textile industry is very important for environment as well 

as human health. Several methods have been reported to be widely used for degradation of dyes: Physical, 

chemical and biological treatment either individually or in combination (Lu et al., 2019). But these methods 

remain lagging due to lower effects in terms of either efficacy or economic value or impact on environment. 

The traditional remediation methods are insufficient, as non-ionic dyes do not ionize in aqueous form, and 

produce a large amount of sludge which requires further safe dumping (Maier et al., 2004). This has paved the 

path to utilize natural resources for remediation process from environment. Microbial mediated enzymatic 

degradation and reduction of azo dyes is one of available forms of bioremediation that not only successfully 

cleaves the azo bonds but also prevents the further sludge formation (Ngo and Tischler, 2022). The toxic nature 

of azo dyes and several intermediate products before and after microbial treatment has been studied by several 

researchers using plants, algae and microorganisms (Verma et al., 2008; Samuel et al., 2010; Telke et al., 2012; 

Jairajpuri et al., 2016; Ngo and Tischler, 2022). 
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BIOLOGICAL DEGRADATION OF AZO DYES USING BACTERIA 

 

The biological degradation methods are considered as environment friendly, as they can mineralise organic 

contaminants without yielding secondary toxic sludge (Jirasripongpun et al., 2007). Toxic pollutants removal 

by microorganisms is less time-consuming process, with higher absorption rate and greater bioavailability. 

Among the methods of dye degradation, the bacterial azo dyes degradation process that occurs due to the 

activities of certain bacterial enzymes is way superior to normal physical or chemical or both physical and 

chemical combined methods. It is due to some of the remarkable benefits like ecologically feasibility, cost 

effectiveness, minimal sludge formation, reduced time requirement in processing of the entire process, 

biocompatibility with the media and minimal water utilisation for entire azo dye decolourization process to be 

completed (Dellamatrice et al., 2017; El-Borm et al., 2020; Ali et al., 2020). This method has gained popularity 

due to its efficient and selective nature (Sun et al., 2019) in degradation of toxic metal ions from large volumes 

of wastewater generated from industrial infrastructure. This review is a compilation of all the available 

enzymatic reactions from microbial sources, for biological degradation of these toxic azo dyes. These enzymes 

are mostly isolated from bacterial cells and enzymatic reactions are found to be highly effective in case of 

partial or complete removal of azo dyes (Table 1). 

 

Table 1 Bacterial enzyme induced azo dye reduction 
SI. No. Name of Dyes Bacteria Mechanism References 

1. Reactive Red 120 

dye and Reactive 

Orange 96 dye 

Desulfovibrio 

desulfuricans 

Oxidative 

reaction 

Yoo et al., 

2000 

2. Reactive Red 22 

dye 

Pseudomonas 

luteola 

Azoreductase 

reactions 

Chang and Lin, 

2000 

3. Reactive Orange 96 

dye 

Sulfate reducing 

bacteria 

extracellular 

reduction 

reaction 

Yoo et al., 2001 

4. Remazol Black B 

dye 

Paenibacillus 

azoreducens sp. 

nov 

Azoreductase 

reactions 

Meehan et al., 

2001 

5. Azo dye and 

Triphenylmethane 

Dyes 

Citrobacter sp. Reductive 

reactions 

An et al., 2002 

6. Methyl Red dye Enterobacter 

agglomerans 

Reductive 

reactions 

Keharia et.al., 

2003 

7. Red RBN dye Aeromonas 

hydrophila 

Azoreductase 

reactions 

Chen et al., 

2003 

8. Acid Orange 6 dye, 

Acid Orange 52 

dye and Acid 

Orange 7 dye 

Shewanella sps Reductive 

reactions 

Yemashova et 

al., 2004 

9. Reactive Blue 172 Pseudomonas 

aeruginosa 

NBAR12 

Oxidative and 

reductive 

reactions 

Bhatt et al., 

2005 

10. Reactive Brilliant 

Red dye 

Rhodopseudomonas 

palustris AS1.2352 

Azoreductase 

reactions 

Liu et al., 2006 

11. Acid Red 97 dye, 

Acid Red 119 dye, 

Reactive Red 120 

dye, Acid Red 88 

dye and Acid Blue 

113 dye 

Bacterial 

consortium Bacillus 

cereus, 

Stenotrophomonas 

acidaminiphila, 

Pseudomonas 

putida and 

Pseudomonas 

fluorescens 

Reductive 

reactions 

Khehra et al., 

2006 

12. Red BLI dye Pseudomonas sp. 

SUK1 

aminopyrine N-

demethylase and 

NADH-DCIP 

reductase 

reactions. 

Kalyani et.al, 

2007 
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13. Direct Blue-15 dye Bacterial 

consortium 

Alcaligenes 

faecalis, Bacillus 

subtilis, Bacillus 

thuringiensis, 

Sphingomonas sp. 

EBD and 

Enterobacter 

cancerogenus 

Reductive 

reactions 

Kumar et al., 

2007 

14. Navy blue 3G dye Brevibacillus 

laterosporus 

MTCC2298 

Azoreductase 

reactions 

Jirasripongpun 

et al., 2007 

15. Acid Red GR dye Shewanella 

decolorationis S12 

Azoreductase 

reactions 

Xu et al., 2007 

16. Acid blue 113 dye Bacillus subtilis Azoreductase 

reactions 

Gurulakshmi et 

al., 2008 

17. Reactive Red 141 

dye 

Rhizobium 

radiobacter 

MTCC 8161 

Oxidative and 

reductive 

reaction 

Telke et al., 

2008 

18. Navy Blue HE2R Exiguobacterium 

sp. RD3 

Oxidative and 

reductive 

reaction 

Dhanve et al., 

2008 

19. Disperse Blue 79 

dye and Acid 

Orange 10 dye 

Bacillus fusiformis 

KMK 5 

Azoreductase 

reactions 

Kolekar et.al, 

2008 

20. Reactive Red 2 dye Pseudomonas sp. 

SUK1 

Oxidative and 

reductive 

reaction 

Kalyani et al., 

2008 

21. Reactive Yellow 84 

dye, Reactive Red 

198 dye, Reactive 

Red 141 dye, 

Reactive Black 5 

dye and Reactive 

Blue 171dye 

Aeromonas 

hydrophila 

Reductive 

reaction 

Hsueh et al., 

2009 

22. Azo dyes such as 

Methyl Red, 

Orange G, Orange 

II, Direct Blue 15 

Lactobacillus 

acidophilus and 

Lactobacillus 

fermentum 

Lactase reactions Chen et al., 

2009a 

23. Reactive Red 141 

dye 

Aeromonas 

hydrophila 

Azoreductase 

reactions 

Chen et al., 

2009b 

24. Reactive Orange 16 

dye 

Bacillus sp. Azoreductase 

reactions 

Telke et al., 

2009a 

25. Direct Brown MR 

dye 

Acinetobacter 

calcoaceticus       

NCIM 2890 

Oxidative and 

reductive 

Ghodake et al., 

2009 

26. Reactive Green 19 

A dye 

Micrococcus 

glutamicus           

NCIM 2168 

Oxidative and 

reductive 

reactions 

Saratale et al., 

2009 

27. Reactive Black 5 

dye 

Enterobacter sp. 

EC3 

Reductive 

reactions 

Wang et al., 

2009 

28. Congo Red dye Bacillus sp. ACT2 Reductive 

reactions 

Gopinath et al., 

2009 

29. Direct Black 38 

dye 

Enterococcus 

gallinarum 

Azoreductase 

reactions 

Bafana et al., 

2009 

30 Direct Blue 71 dye Escherichia coli 

JM109 

(pGEX-AZR) 

Reductive 

reaction 

Jin et al., 2009 

31. Congo red dye Pseudomonas sp.     

SU-EBT 

Oxidative 

reaction 

Telke et al., 

2009b 
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32. Golden Yellow 

HER dye 

Brevibacillus 

laterosporus        

MTCC 2298 

Oxidative and 

reductive 

reaction 

Gomare et al., 

2009 

33. Reactive Blue 13 

dye 

Pseudomonas sp. Azoreductase 

reactions 

Lin et al., 2010 

34. Remazol Orange 

dye 

Pseudomonas 

aeruginosa 

Reductive 

reaction 

Sarayu and 

Sandhya, 2010 

35. Green HE4BD dye 

 

Bacterial 

consortium 

Miccrococcus 

glutamicus and 

Proteus vulgaris 

Azoreductase 

reactions 

Saratale et al. 

2010 

36 Direct Red 5B dye Shingobacterium 

sp. 

Reductive 

reaction 

Tamboli et al., 

2010 

37. Acid Red dye Acinetobacter 

radioresistens 

Azoreductase 

reactions 

Ramya et al., 

2010 

38. Reactive Blue 160 

dye, Reactive Red 

198 dye and 

Reactive Black 5 

dye 

Staphylococcus 

gallinarum, 

Exiguobacterium 

acetylicum, 

Exiguobacterium 

indicum 

Azoreductase 

reactions 

Chen et al., 

2011 

39. Orange II dye, 

Sudan III dye 

Staphylococcus 

aureus 

Azoreductase 

reactions 

Pan et al., 2011 

40. Red 2G dye Bacillus 

megaterium 

Azoreductase 

reactions 

Khan, 2011 

41. Reactive Red 195 

dye 

Rhodopseudomonas 

palustris 

Azoreductase 

reactions 

Celik et al., 

2012 

42. Reactive Red BL 

dye 

Alcaligenes sp. 

AA09 

Azoreductase 

reactions 

Pandey and 

Dubey, 2012 

43. Methyl Red dye Bacillus subtilis 

ORB 7106 

Azoreductase 

reactions 

Leelakriangsak 

and Borisut, 

2012 

44. RY107 dye Brevibacterium sp. 

strain VN-15 

Azoreductase 

reactions 

Franciscon et 

al., 2012 

45. Congo Red dye Proteus sp. Azoreductase 

reactions 

Perumal et al., 

2012 

46. Reactive Red 141 

dye 

Bacillus lentus 

BI377 

Azoreductase 

reactions 

Oturkar et al., 

2013 

47. Reactive Red 195 

 

Bacillus sp. ARd, 

Pseudomonas sp. 

ARa, Bacillus sp. 

ARc and 

Ochrobactrum sp. 

ARf 

Dye-decolorizing 

peroxidases 

reactions 

Khan et al., 

2014 

48. Methyl Red dye Rhodococcus 

opacus 

 

Azoreductase 

reactions 

Qi et al., 2016 

 

49. Congo Red dye Micrococcus luteus 

24M 

Azoreductase 

reactions 

Ito et al., 2018 

50. Congo Red dye 

 

Aliiglaciecola 

lipolytica 

Laccase reactions Wang et al., 

2020 

51. Methyl Red dye Kocuria indica DP-

K7 

Reductive 

reaction 

Kumaran et al., 

2020 

52. Methyl Red dye Rhodococcus sp. 

UCC 0008 and 

UCC 0016 

Reductive 

reaction 

Maniyam et al., 

2020 

53. Novacron Red dye Bacillus firmus H4, 

Bacillus 

filamentosus T13, 

Azoreductase 

reaction 

Guembri et al., 

2021 
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Bacillus 

subterraneus A36 

54. Methyl Red dye 

and Brilliant Black 

dye 

Arthrobacter 

bambusae DP-A9, 

Leifsonia 

shinshuensis DP-

L11, Dermacoccus 

nishinomiyaensis     

DP-D10 and 

Paraburkholderia 

sp. DP-P12 

Laccase reactions Kumaran et al., 

2022 

 

BACTERIAL ENZYMES INVOLVED IN AZO DYE DEGRADATION 

 

The azo dyes degradation process as includes microbial mediated enzymatic reactions was found to be better 

one. However, the efficacy of microbial mediated azo dye decolourization is greatly affected by certain 

external and internal factors like temperature, pH, microbial enzyme production rate, adaptability of the 

concerned bacteria etc (Pandey et al., 2007). Different types of microbial enzymes retain different types of 

mechanism for breakdown of the desired azo bonds (Saratale et al., 2011). The bacterial mediated azo dye 

degradation is facilitated by mainly two broad enzyme groups, namely Laccases enzyme and Azoreductases 

enzyme (Singh et al., 2015). Although, the most potent bacterial enzyme till now found for azo dye reduction 

is azoreductase (Misal et al., 2011; Chacko and Subramaniam, 2011; Saratale et al., 2011).  Besides, certain 

other enzymes are also found to be potent in azo dye degradation and decolourization, for example Lignin 

peroxidase enzyme, Manganese peroxidase enzyme and Polyphenol oxidase enzyme. The degradation of azo 

dyes can be facilitated by both aerobic and anaerobic conditions (Khehra et al., 2005).  

 

Azoreductase Enzyme (EC 1.7.1.6)  

 

The azoreductase enzymes are the prime enzymes, secreted specially by microorganisms and are involved 

actively in azo dye degradation through bond cleavage (Pandey et al., 2007; Ngo and Tischler, 2022). The 

functionality of azoreductase enzyme relies greatly within the activity of reducing agents (FADH and 

NADPH), those are present during the reactions (dos-Santos et al., 2007; Van and Cervantes, 2009). Many of 

the bacterial groups with this enzyme are being explored for this reason, some of which include Bacillus sp. 

OY1-2, Escherichia coli, Staphylococcus aureus, Xenophilus azovorans and Enterococcus faecalis (Suzuki et 

al., 2001; Blumel et al., 2002; Bin et al., 2004; Chen et al., 2005). The intracellular azoreductase enzyme 

efficacy for azo dye decolourization is a little complicated due to the concerned dye structural complexity and 

polarity difference (Mota et al., 2021). 

As most of the azo dyes are basically with larger molecular weight and contain sulphonate groups; hence, it is 

quite unmanageable for these dyes to move across through the bacterial membrane (Kumaran et al., 2020; 

Guembri et al., 2021). Due to this reason most of the azo dye reduction mechanisms involve enzyme mediated 

shuttle arrangements (Ramalho et al., 2002). In the technique of anaerobic mediated bacterial decolourization 

of azo dyes, the focus is on breakage of the azo bonds facilitated by azoreductase enzyme followed by redox 

mediator induced electron shuttle system that revolves around inner azoreductase and extracellular azo dye to 

produce the corresponding amine groups (McMullan et al., 2001; Ramalho et al., 2002; Chacko and 

Subramaniam, 2011). The entire reaction is being facilitated only in presence of certain reducing factors such 

as NADH or FADH (dos-Santos et al., 2007; Van and Cervantes, 2009) and is carried out through two steps, 

each of which leads with transfer of two electrons (Chang et al., 2000). The azoreductase enzymes are 

categorized and differentiated as flavin dependant (Chen et al., 2004; Chen et al., 2005) or flavin independent 

ones (Blumel et al., 2002; Blumel and Stolz, 2003). The prior one is further classified depending upon the use 

of different types of reducing agents, such as NADH only (Chen et al., 2004), NADPH only (Chen et al., 2005) 

or NADH and NADPH both (Wang et al., 2007).  

This azo dye decolourization results in production of toxic amine groups those are the unstable intermediates 

and are further reduced to simpler forms either in presence or absence of oxygen by the same microorganisms 

(Joshi et al., 2010; Kumaran et al., 2020; Guembri et al., 2021). The efficacy of this enzyme in degrading azo 

dyes is directly proportional to its substrate specificity (Singh et al., 2015). 
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Laccase Enzyme (EC 1.10.3.2)  

 

Another vital enzyme that is majorly used in azo dye decolourization is Laccase enzyme (Birhanli and 

Yesilada, 2006). It is one of the multicopper oxidase protein enzymes representing the copper containing 

polyphenol oxidases family. This enzyme is also known as multicopper oxidases (Arora and Sharma, 2010; 

Giardina et al., 2010). The larger scale utilisation of these enzymes has been extensively studied by several 

researchers (Kirby et al., 2000; Novotny et al., 2004). Though maximum percentage of laccase enzymes are 

being biosynthesized and extracted either from plant origin or from white-rot fungi origin; a remarkable 

amount is also being biosynthesized and extracted from bacterial groups (Gianfreda et al., 1999; Claus, 2003). 

The major mechanism involved in laccase enzyme activity during azo dye decolourisation is the biological 

oxidation of particular groups of phenolic and nonphenolic substitutes through utilisation of a specific type of 

electron acceptor, i.e., the molecular oxygen (Sharma et al., 2007). As these enzymes are weaker in substrate 

specificity, hence are mostly used in decolourization or degradation of a broad-spectrum azo dyes (De'Souza 

et al., 2006). The most affecting targets for laccase enzymes are the phenolic groups. The specific mechanism 

involved in laccase enzyme regulated azo dye decolourization and degradation is the oxidation of the targeted 

phenol rings through use of one electron for production of phenoxy radical (Peralta-Zamora et al., 2003; 

Blanquez et al., 2004; Dellamatrice et al., 2017; El-Borm et al., 2020; Ali et al., 2020). This phenoxy radical 

is then again oxidized through the same laccase enzyme to generate carbonium ion. This is so called as the 

entire created charge is localized on the specific carbon atom within the phenol ring that is having the azo 

bond. As the water molecule induced nucleophilic interaction generates 4 -sulfophenyldiazene along with 

benzoquinone; the 4 - Sulfophenyldiazene is oxidized to produce phenyldiazene radical due to its instability 

in the presence of oxygen molecules. In the process, the benzoquinone also loses nitrogen molecule to be 

converted into sulfophenyl radical that is attacked by molecular oxygen to generate 4 

sulfophenylhydroperoxide (Singh et al., 2015). 

 

Peroxidases Enzyme (EC 1.11.1.x)  

 

These enzymes are kind of hemoproteins that functions mostly in comportment of hydrogen peroxide (H2O2) 

(Duran et al., 2002). These enzymes are generally biosynthesized within wide range of organisms. However, 

these are widely grouped into different categories in accordance with their biological source of development, 

chemical structure and substrate specificity (Koua et al., 2009). These are di-heme cytchrome-c peroxidase, 

haloperoxidase, non-animal peroxidase, animal peroxidase, DyP-type peroxidase and catalase. 

These enzymes are having different substrate specific binding sites namely heme d, heme c and tryptophan 

residue (Gumiero et al., 2010). Mostly these enzymes initiate and facilitate the complete degradation and 

decolourization of textile dyes. In a study, orange G and sunset yellow dye degradation and decolourization 

was achieved by application of hydrogen peroxide in the presence of chloroperoxidase enzyme (Zhang et al., 

2012). This enzyme is highly effective in degradation of aromatic amines and phenolic compounds from liquid 

wastes. Even the horseradish peroxidase enzyme was found to achieve 59% of degradation of remazol 

turquoise blue G dye, 94% of degradation of lanaset blue 2R dye and 52% of degradation of textile effluents 

(De'Souza et al., 2007; Mota et al., 2021). 

 

Polyphenol oxidase (PPO) Enzyme (EC 1.14.18.1)  

 

Polyphenol oxidase is another vital enzyme used for azo dye degradation frequently, containing 4 copper atoms 

per enzyme molecule with three binding sites, out of which two are for aromatic compounds and the other one 

is for oxygen molecule. Polyphenol oxidase enzyme accelerates the hydroxylation reaction for production of 

o-diphenol from monophenols. Even this series of reaction continues with conversion of o-diphenols to o-

quinones (Mota et al., 2021; Dellamatrice et al., 2017). As tyrosine with single phenolic ring is easily oxidized 

in the comportment of (PPO) Polyphenol oxidase enzyme to form o-quinone; hence the enzyme is also known 

as tyrosinase (Solis et al., 2012; Kumaran et al., 2020; Guembri et al., 2021). 

Polyphenol oxidase enzymes are considered as oxidoreductive enzyme and are capable of degradation and 

removal of aromatic toxicants from various contaminated sites including the azo dyes. This enzyme is having 

a higher and quite broader range of substrate specificity and hence is able to degrade maximum amount of azo 

dyes even at a very lower concentration (Husain and Jan, 2000). 

As discussed briefly, the different types of bacterial enzymes those contribute towards azo dye degradation are 

azoreductase enzymes, polyphenol oxidase enzymes, peroxidase enzymes and laccase enzymes (Mota et al., 

2021). Due to structural complexity, substrate specificity, pH, temperature sensitivity and some of the related 
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internal and external factors, the degradation rate of azo dyes through utilisation of the selected bacterial strains 

and their enzymes may vary greatly (Kumaran et al., 2020; Guembri et al., 2021). 

 

RECENT ADVANCEMENTS 

 

The recent advancement in treatment of azo dyes is use of bacterial fuel cell for dye degradation. The bacterial 

fuel cells along with specific bacterial cells can also facilitate not only bioelectricity generation, but also 

enhance the degradation of several nitrogenous, sulphur related toxic pollutant removes from the waste water 

along with the azo dyes along. These bacterial cells also help in microbial mediated electrosynthesis of related 

by products and can also function as active biosensor for easy detection of pollutants from waste water system 

from different sources (Wang et al., 2020; Kumaran et al., 2022). However, the biodegradation of each kind 

requires variable bacterial fuel cell structural design, varying types of electrode selection, mechanism set up at 

optimized condition. These factors would ease the method processing in a smoother way (Bakhshian et al., 

2011; Hou et al., 2012). The entire process requires proper set up conditions with accurate percentage of 

substrate concentration followed by type of microorganisms to be used with constant maintenance of medium 

pH, temperature etc. The methodology optimization is a greater challenge for large scale processing as it has 

monetary constrain followed by consistency of the given methodology. This would be resolved by utilization 

of organic compounds derived from easily available source to be treated as substrate. Furthermore, the 

formation and disposal rate of such waste water is the maximum and are derived from different types of 

sources. Some of the bacteria those are used frequently in microbial fuel cells for degradation of azo dyes are 

Shewanella oneidensis (Fernando et al., 2012), Proteus hauseri (Chen et al., 2011). The azo dye Acid Orange 

7 was successfully degraded by Shewanella oneidensis through utilisation within a microbial fuel cell. 

Similarly Reactive Blue 160 dye was successfully degraded by Proteus hauseri through utilisation within a 

microbial fuel cell. 

 

CONCLUSION 

 

The azo dyes are structurally larger molecules with aromatic compound link ups and azo bond additions that 

make them way more advances and resistance to degradation than compared to normal synthetic dyes or textile 

dyes. These are widely utilized in food industries, tannery industries, textile industries, pharmaceutical 

industries, cosmetic industries and many more, creating maximum pollution and toxicity and generating huge 

wastewater system. In order to get rid of the detrimental consequences of these toxic metal ions and dye, 

several techniques (chemical, physical, biological) are employed individually or in combinations. But the 

potency of all the available systems can decline or reduced may be due to inefficiency, inadequate activity of 

dye degradation or reduced quantity and quality of degraded product. This opens the ways for utilization of 

natural resources for bioremediation of waste water.  The sustainable utilization of bacterial consortium 

individually or with some other sources like plant species can mediate the complete removal of available toxic 

sources without production of any associated sludges. Moreover, the waste water, as consisting of several 

organic compounds, can act as suitable substrate for bacterial bioremediation to degrade all the toxic pollutants. 

The azo dye emitted or mixed toxicity within the wastewater system and the corresponding pollution can be 

reduced greatly through the utilisation of bacterial remediation technology that includes the application of 

bacterial enzyme systems in a conjugated manner. 

 

This review compiles the available literatures and studies on bacterial enzyme mediated biodegradation of azo 

dyes through a low cost and highly potent mechanism for further enlightening future researchers on this field. 
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