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Abstract: Reactive synthetic dyes, particularly Remazol Blue, are widely used in the textile industry 

and contribute to significant aquatic pollution when discharged untreated. This study aimed to isolate 

and evaluate indigenous bacteria from textile effluent for their ability to decolorize Remazol Blue. A 

total of 66 bacterial isolates were obtained and screened on Mineral Salt Medium supplemented with 

200 ppm dye. Six isolates demonstrated decolorization efficiencies ranging from 30–41% at 200 ppm. 

These isolates were subsequently combined into a consortium and tested at increasing dye 

concentrations (200, 400, and 600 ppm). The consortium achieved maximum decolorization of 41.2% 

at 200 ppm after 96 hours, while lower efficiencies were observed at 400 ppm (18.3%) and 600 ppm 

(17.1%). The findings highlight the potential application of indigenous bacteria for the biological 

treatment of textile dye effluents and provide a basis for further optimization and scale-up studies. 
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1. Introduction 

The textile industry is a major contributor to Indonesia’s economy through production, 

export value, and employment opportunities [1]. However, its rapid expansion has led to 

increased discharge of dye-containing effluents, which pose significant environmental 

challenges. During the dyeing process, up to 50% of synthetic dyes may remain unbound to 

fibers and be released into wastewater streams [2]. Among various dye classes, reactive dyes 

are widely used for their broad colour range, fabric versatility, and cost-effectiveness [3]. 

Remazol Blue, a widely applied reactive dye, belongs to the anthraquinone group and 

is known for its high solubility, chemical stability, and recalcitrance to degradation [4]. These 

properties, combined with its toxicity, make Remazol Blue a persistent pollutant that can 

disrupt aquatic ecosystems and pose risks to human and environmental health [5,6]. 
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Conventional physicochemical treatment processes for dye removal are often costly, generate 

secondary pollution, and may be ineffective for complete mineralization of complex dye 

structures. Biological treatment has emerged as a promising alternative due to its cost 

efficiency, sustainability, and potential to completely degrade dye molecules. Indigenous 

bacteria from textile effluent environments are particularly advantageous, as they are naturally 

adapted to chemical stressors and may possess specialized metabolic pathways for dye 

transformation [7,8]. Several bacterial genera, including Bacillus, Proteus, Pseudomonas, and 

Cyanobacteria such as Anabaena, have demonstrated dye-decolourising and biodegrading 

capabilities through enzymatic mechanisms [9,10]. However, studies specifically examining 

indigenous bacterial communities capable of degrading anthraquinone-based dyes, such as 

Remazol Blue, remain limited. 

Therefore, this study focuses on isolating and characterising native bacterial strains 

from textile factory effluent and on evaluating their ability to decolourize Remazol Blue. By 

identifying naturally adapted microbial candidates, this research aims to support the 

development of sustainable and environmentally compatible bioremediation strategies for 

textile wastewater treatment. 

2. Materials and Methods 

2.1. Sample collection and bacterial isolation. 

Water and sediment samples were collected from three stages of a textile wastewater 

treatment system: the inlet tank, the physicochemical treatment tank, and the biological 

treatment tank. Each sample (1 mL or 1 g) was diluted to 9 mL with sterile 0.85% NaCl 

solution, homogenised, and then serially diluted to 10⁻⁵. Aliquots (100 µL) of each dilution 

were plated in duplicate on Nutrient Agar (NA) using the spread-plate technique, and the plates 

were incubated at 37°C for 24 h. Distinct colonies were purified by morphology-based 

streaking on NA. Pure isolates were maintained on NA slants at 4°C for further analysis. 

2.2. Screening of potential dye-decolorizing isolates. 

Screening was performed following a modified method described by [11]. Single 

colonies from NA plates were inoculated into 5 mL Mineral Salt Medium (MSM) and 

incubated at 37°C and 150 rpm for 48 h until the culture reached an optical density (OD₆₀₀) of 

0.5. A 10% (v/v) inoculum was transferred into fresh MSM containing 200 ppm Remazol Blue. 

Cultures were incubated at 37°C, 150 rpm for 72 h. After incubation, 3 mL samples were 

centrifuged at 6,000 rpm for 10 min. Supernatants were analysed using a UV-Vis 

spectrophotometer (Shimadzu UV-1800) at λmax = 600 nm. A medium containing the dye 

without a bacterial inoculum served as an abiotic control, and blank-corrected initial 

absorbance values (A₀) were recorded before incubation. Decolorization percentage was 

calculated as: 

 

Decolorization (%) =
𝐴0−𝐴𝑖

𝐴0
× 100                  (1) 

 

Where A₀ = initial absorbance and Aᵢ = absorbance after incubation. All experiments 

were conducted in triplicate. 
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2.3. Dye decolorization by bacterial consortium. 

Each selected isolate was cultured in MSM to an OD₆₀₀ = 0.5 under the same conditions 

as above. Equal volumes of each suspension were mixed to form the bacterial consortium. The 

consortium (10% v/v inoculum) was transferred into MSM containing Remazol Blue at 200, 

400, and 600 ppm. Cultures were incubated at 37°C, 150 rpm for 5 days, and absorbance was 

measured every 24 h after centrifugation. Uninoculated dye-containing MSM served as abiotic 

controls; MSM without dye served as negative controls. Mineral Salt Medium contained (g/L): 

NH₄Cl 1.0, MgSO₄·7H₂O 0.2, K₂HPO₄ 1.0, KH₂PO₄ 0.2, CaCl₂·2H₂O 0.02, NaCl 5.0; pH was 

adjusted to 7.0 before sterilisation. 

2.4. Data and statistical analysis. 

All experiments were performed in triplicate. Data were expressed as mean ± standard 

deviation. Statistical significance among treatments was evaluated using one-way ANOVA (p 

< 0.05) in IBM SPSS. 

3. Results and Discussion 

3.1. Isolation of bacteria from textile waste. 

The results of bacterial isolation from water and sediment samples from the inlet, 

physicochemical, and biological tanks yielded 66 isolates with distinct morphological 

characters. Where in the inlet tank of water sample obtained 11 isolates (BIA 1-11), the 

physicochemical tank of water sample obtained 10 isolates (BFA 1-10), the physicochemical 

tank of sediment sample obtained 13 isolates (BFS 1-13), the biological tank of water sample 

were obtained 7 isolates (BBA 1-7), and) from the biological tank of sediment samples were 

obtained 25 isolates (BBS 1-25) (Figure 1). The number of isolates in the inlet and 

physicochemical tanks tended to be less than the number of isolates obtained from the 

biological tank. This can be caused by the fact that the incoming waste has not undergone 

processing in the inlet tank and still contains a large amount of pollutants.  
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Figure 1. Bacterial Isolates from (a) the Water Sample of Inlet Tank; (b) the Water Sample of Physico-

Chemical Tank; (c) Sediment Sample of Physico-Chemical Tank; (d) Water Sample of Biological Tank;  

(e) Sediment Sample of Biological Tank. 

In the physicochemical tank, FeCl3 coagulant is added, producing Fe2+ ions that can 

form free radicals and inhibit bacterial growth. This is in accordance with the research of [12], 

which states that the addition of FeCl3 to growth media at higher concentrations inhibited the 

growth of Pseudomonas sp. isolates. Kumar et al. [13] reported that the addition of FeCl3 in 

large quantities to the media can cause the formation of free radicals, which are toxic, and can 

degrade bacterial DNA and kill bacteria. Meanwhile, in the biological tank, the incoming waste 

has undergone processing, the pollutant content has been reduced compared to the inlet and 

physicochemical tanks, and aeration treatment ensures sufficient oxygen for bacterial growth. 

The concentration of dissolved oxygen is crucial, as it is required by bacteria for cell synthesis, 

which in turn influences their growth rate [14, 15]. 

3.2. Screening for potential isolates. 

The results of the potential isolate screening showed that 6 isolates decolourised 

Remazol blue dye, with decolorization percentages ranging from 30.9% to 41.3% (Table 1). 

Of the 66 bacterial isolates obtained, only 6 were able to decolourise Remazol blue dye; this 

may be because not all isolates were specifically able to do so. This is consistent with the 

findings of [16], which showed that decolorization test results for a single isolate against textile 

dyes differed across the azo, anthraquinone, and triphenylmethane groups; no isolate yielded 

the same decolorization percentage across all dye types. 

Table 1. Decolorization percentage from potential isolates. 

Isolate 
Absorbance 

% Decolorization 
0 hours 72 hours 

K 1.325 1.288 2.8 

BIA 7 1.325 0.778 41.3 

BBS 11 1.325 0.796 39.9 

BBS 9 1.325 0.815 38.5 

BBS 5 1.325 0.869 34.4 

BBS 15 1.325 0.907 31.5 

BFS 5 1.325 0.915 30.9 
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Although microbial consortia often exhibit enhanced biodegradation efficiency through 

metabolic complementarity, our consortium did not demonstrate synergistic performance. 

Several ecological and metabolic factors may explain this outcome. First, competitive substrate 

uptake can occur when isolates share overlapping nutrient preferences or dye-utilisation 

pathways, leading to resource partitioning rather than cooperation. Such competition may limit 

the growth and metabolic activity of individual strains, thereby reducing overall degradation 

efficiency [13]. Second, antagonistic interactions, including secretion of inhibitory metabolites, 

quorum-sensing–mediated suppression, or local pH/oxygen shifts, may hinder partner cells and 

impair enzyme production [14]. Third, disruption of enzyme expression dynamics may arise in 

co-culture: strains that efficiently produce key oxidative or reductive enzymes under 

monoculture conditions may down-regulate these pathways due to altered regulatory signals, 

different redox balances, or competition for cofactors in mixed culture [15]. Finally, the 

absence of true metabolic complementarity could mean that the strains perform similar rather 

than sequential catabolic reactions, resulting in functional redundancy rather than cooperative 

enhancement [16]. Together, these factors suggest that microbial compatibility and ecological 

interactions are critical determinants of consortium performance and that rational strain pairing 

or metabolic engineering may be necessary to achieve synergistic dye degradation [17]. 

3.3. Decolorization test using a consortium of potentially isolates. 

Follow-up tests used a consortium of potential isolates on MSM media containing 

Remazol blue 200, 400, and 600 ppm. The use of a consortium of potential bacterial isolates is 

expected to give a higher decolorization percentage than a single isolate. According to [17], 

the use of a consortium of bacterial isolates enables exploration of synergistic interactions. The 

results of decolorization by a consortium of potential isolates are shown in Table 2. 

Table 2. Decolorization percentage of Remazol Blue by bacterial consortium. 

Dye concentration 

(ppm) 

Inoculum 

volume (%) 

Decolorization percentage (%) 

Observation time (hour) 

24 48 72 96 120 

200 
0 1.6 2.2 3 3.6 3.6 

10 26.5 36.1 38.8 41.2 37.9 

400 
0 0.8 1.1 2 2.5 3.2 

10 8.6 11.7 16.1 18.3 15.9 

600 0 1.4 2.5 3.6 3.4 3.8 

 

Remazol blue dye decolorization by a consortium of potential isolates showed the 

highest percentage (41.2%) at 200 ppm for 96 hours of incubation, while those at 400 and 600 

ppm were lower at 18.3% and 17.1%, respectively (Figure 2). The greater the dye 

concentration, the lower the percentage of decolorization appears to be. This can be caused by 

the toxic effects of dyes at high concentrations, which inhibit bacterial growth and their ability 

to decolourise dyes. According to Ahmed et al. [18], the decolorization percentage decreases 

as the dye concentration reaches 400 ppm. The decrease in decolorization percentage can be 

attributed to the dye's toxic effects, changes in enzyme metabolism, and the accumulation of 

by-products. 

The percentage of decolorization increased from 24 hours to 96 hours of incubation, 

then decreased at 120 hours. This can occur because all the bacteria in the media are dead, 

leading to reduced decolorization. The same results were also reported in the study by [18], 

which found that the decolorization of textile dyes using isolate S8 increased up to 96 hours of 

incubation. After an incubation time of 96 hours, the percentage of decolorization appeared to 
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decrease. According to Afrin et al. [19], the percentage of decolorization of textile dyes 

decreased with increasing incubation time, due to the bacterial consortium entering a death 

phase, which reduced enzymatic activity in the media. 

 
Figure 2. Decolorization kinetics of Remazol Blue by bacterial consortium at different initial dye 

concentrations. 

The decolorization value in the abiotic control ranged from 0.8 to 3.6%. This could be 

due to the Remazol blue dye being decolourised abiotically via a chemical reaction. Based on 

Boonyakamol et al.  [20], the abiotic decolorization of RB4 dye is through the process of dye 

precipitation. The same was also reported in the study by Khalid et al. [21], which conducted 

decolorization tests of Acid Red-88, Reactive Black-5, Direct Red-81, and Disperse Orange-3 

dyes in abiotic controls, showing decolorization values of 5.4%-8.5%. This value is smaller 

than the biotic decolourization value obtained with bacterial isolates so that it can be 

disregarded.  

Based on follow-up test results, the consortium of potential isolates at 200 ppm did not 

achieve a higher decolorization rate than a single isolate. This could be due to a lack of 

synergistic activity among the isolates in the bacterial consortium. The same was also reported 

in the study by Abd El-Rahim et al. [22]. In the Ponceau S and Evans Blue dye decolorization 

test, the decolorization value of the bacterial consortium was lower than that of a single isolate. 

This could be due to antagonism between isolates in the consortium. 

The mechanism of dye decolorization by bacterial isolates can involve biosorption and 

biodegradation. In the biosorption process, the dye is trapped in the bacterial cell matrix, and 

its chemical structure remains unchanged. Meanwhile, the dye biodegradation process occurs 

enzymatically, altering its chemical structure. This is in accordance with Madhushika et al. 

[23], who reported that biosorption occurs by trapping the dye within the bacterial cell. This 

occurs because electrons are transferred between the adsorbate and the adsorbent, leading to a 

high correlation coefficient. 

Biosorption is a passive physicochemical process in which dye molecules bind to the 

surfaces of bacterial cells. This process does not require metabolic activity and can occur in 

both living and dead bacterial biomass. Bacterial cell walls contain various functional groups, 

such as carboxyl, hydroxyl, amino, and phosphate groups, which interact with dye molecules 

via mechanisms including ion exchange, hydrogen bonding, van der Waals forces, and 

electrostatic interactions (Figure 3). Biosorption is influenced by factors such as pH, 

temperature, dye concentration, and the dye's nature (anionic or cationic). For example, at 

lower pH, positively charged dye molecules may more readily bind to negatively charged sites 
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on the bacterial surface. The process is generally rapid and reversible, making it suitable for 

initial dye removal and concentration from wastewater [23]. 

 

Figure 3. Proposed biosorption–biodegradation pathway for Remazol Blue by microbial cultures. Dye 

molecules first adsorb onto the microbial cell surface, followed by enzymatic attack mainly via laccases and 

azoreductases, generating intermediate aromatic amines and organic acids, which are subsequently mineralized 

to CO₂ and H₂O. 

In contrast to biosorption, biodegradation is an active, enzymatic process in which 

bacteria metabolise dye molecules, breaking them down into simpler, non-toxic compounds. 

This process depends on the metabolic capacity of specific bacterial strains, which produce 

enzymes such as azoreductases, laccases, and peroxidases (Figure 3). These enzymes cleave 

complex dye structures, including azo bonds (–N=N–), phenolic rings, and other chromophores 

responsible for colour. Biodegradation often results in complete mineralization of the dye into 

CO₂, water, and inorganic salts, thereby offering a permanent solution to dye pollution. This 

process typically requires optimal conditions such as suitable temperature, pH, oxygen levels, 

and a carbon source for co-metabolism. Facultative or anaerobic conditions are often required 

for the initial breakdown of azo dyes, followed by aerobic conditions for the degradation of 

resulting aromatic amines [24]. 

Based on the research of Andleeb et al.  [24], the mechanism of biodegradation of 

anthraquinone dyes occurs first through the separation of small molecule groups around the 

anthraquinone ring from the parent compound aerobically. According to Li et al. [25], the 

anthraquinone ring gradually breaks to form compounds with smaller molecules through 

oxidation and hydrolysis. Further cleavage of the anthraquinone metabolites forms benzoic 

acid. According to Thakur et al.  [26], the biodegradation of dyes by bacteria involves 

enzymatic processes, including laccase, lignin peroxidase, tyrosinase, oxidoreductase, and 

azoreductase. 

In many studies, the primary enzymatic actors in Remazol Brilliant Blue R (RBBR) 

decolourization are extracellular oxidative enzymes produced by ligninolytic fungi, 

particularly laccases (multicopper oxidases) and peroxidases (including H₂O₂-dependent lignin 
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peroxidase-type activities). For example, a crude laccase preparation from Trametes versicolor 

achieved substantial decolourization of RBBR [26]. Another study using soybean peroxidase 

reported the effective decolourization of RBBR, indicating that peroxidase-based oxidation 

also contributes significantly [27]. These enzyme systems begin by oxidising the anthraquinone 

chromophore or its substituents, generating radical species that destabilise the conjugated 

aromatic system and initiate breakdown.  

Once the initial oxidation occurs, published pathways indicate that subsequent chemical 

transformations include hydroxylation, demethylation, desulfonation (loss of –SO₃⁻ groups), 

and, eventually, aryl-ring cleavage, producing lower-molecular-weight aromatic acids. For 

instance, in a mechanistic diagram for RBBR laccase degradation, reduction of the dye is 

followed by hydroxylation of aromatic rings and deamination, then oxidation and ring opening 

[5]. In fungal culture studies (e.g., Aspergillus fumigatus and Aspergillus terreus degrading 

RBBR), HPLC profiles documented the disappearance of principal dye peaks and the 

appearance of new minor peaks after treatment, consistent with the formation of transformation 

products [28]. Importantly, because RBBR is anthraquinone-based and not azo-based, the 

mechanism is dominated by these oxidative transformations rather than simple azo-bond 

reductive cleavage (which is more common for azo dyes). 

Finally, several studies emphasise that reaction conditions, enzyme cofactors, and 

mediators affect pathway efficiency and the depth of degradation. For example, the presence 

of redox mediators such as N-hydroxybenzotriazole (HBT) enhanced laccase-mediated RBBR 

decolourization. Also, a study on the fungal pellet treatment of RBBR noted significant 

combined contributions of biosorption (substrate pre-concentration on biomass) and enzymatic 

oxidation. Additionally, optimal pH, temperature, H₂O₂ concentration (for peroxidase) or 

oxygen supply (for laccase) are often critical parameters that determine whether the pathway 

stops at chromophore disruption (decolourisation) or proceeds to full 

breakdown/mineralisation [29].  

In many cases, bacterial dye decolorization involves a synergistic effect of biosorption 

and biodegradation. Initially, dyes may be adsorbed onto the cell surface, concentrating them 

near bacterial enzymes and facilitating subsequent enzymatic breakdown. This combination 

enhances the efficiency and speed of the decolorization process. Bacterial dye decolorization 

through biosorption and biodegradation offers an effective, sustainable, and environmentally 

friendly approach to treating dye-laden wastewater. While biosorption provides a quick means 

of removing dyes from solution, biodegradation ensures complete detoxification and 

mineralization. Future research focused on isolating highly efficient bacterial strains, 

optimizing environmental conditions, and applying genetic and metabolic engineering can 

further enhance the potential of bacterial systems in industrial wastewater treatment [30]. 

Several factors, including pH, temperature, dye concentration, and incubation time, 

influenced the effectiveness of decolorization. Higher dye concentrations generally led to 

reduced decolorization efficiency, possibly due to toxic effects or saturation of bacterial 

degradation pathways. The mechanism of decolorization is likely enzymatic, involving 

reductive cleavage of the azo bond and the further breakdown of the dye structure into simpler, 

potentially less toxic metabolites. Although this study did not involve detailed metabolite 

analysis, the observed colour loss and changes in absorbance spectra suggest biodegradation 

rather than mere adsorption. Compared to physical and chemical methods, using indigenous 

bacteria offers several advantages, including lower operational costs, minimal sludge 
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generation, and greater environmental sustainability. Moreover, using bacteria already present 

in textile effluents eliminates the need for external inoculants and enhances the feasibility of in 

situ bioremediation strategies. However, it is important to note that this study did not assess 

the complete mineralisation of the dye compounds or the fate of their breakdown products. 

Future work should include advanced analytical techniques such as GC-MS or HPLC to 

identify intermediate and final degradation products and assess their toxicity. In addition, 

scaling up the process in bioreactors and integrating it with existing treatment systems will be 

essential to evaluate its practical applicability. The indigenous bacterial isolate(s) investigated 

in this study offer a promising solution for the biological treatment of dye-laden effluents, 

supporting the growing emphasis on green and sustainable technologies in industrial 

wastewater management. 

4. Conclusions 

This study successfully isolated 66 bacterial strains from textile effluent treatment units, 

exhibiting diverse morphological characteristics. Screening on MSM medium supplemented 

with 200 ppm Remazol Blue identified six indigenous isolates capable of achieving ≥ 30% 

decolorization, indicating their inherent adaptation to dye-polluted environments. Subsequent 

consortium testing demonstrated a maximum decolorization efficiency of 41.2% at 200 ppm; 

however, no synergistic enhancement was observed compared to the most effective single 

isolate. Moreover, decolorization efficiency declined at higher dye concentrations, suggesting 

inhibitory or toxic effects at elevated pollutant loads. While the findings highlight the 

promising potential of indigenous bacteria for reactive dye removal, the scope of this work 

remains preliminary. Key limitations include the absence of molecular identification of 

isolates, the lack of enzymatic or metabolite-level confirmation of biodegradation pathways, 

and a relatively short incubation period. Therefore, further investigation is needed to verify 

whether color loss resulted primarily from biodegradation or biosorption. Future research 

should focus on molecular characterization of the isolates, enzyme profiling to elucidate dye-

degrading mechanisms, optimization of environmental and nutritional parameters to enhance 

performance, and validation in pilot-scale wastewater treatment systems. Such efforts will 

contribute to the development of more robust, sustainable bioremediation strategies for textile 

dye effluents. 

Author Contributions 

Conceptualization, A.B. and D.W.; formal analysis, D.R.; investigation, A.A.K.P.; writing—

original draft preparation, A.B., D.W., R.H.B.S., and M.P.; supervision, A.B. and A.S. All 

authors have read and agreed to the published version of the manuscript. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

 

 

https://doi.org/10.33263/LIANBS151.009
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS151.009  

 https://nanobioletters.com/ 10 of 12 

 

Data Availability Statement 

Data supporting the findings of this study are available upon reasonable request from the 

corresponding author. 

Funding 

AB would like to thank Diponegoro University – Indonesia for the RPP Grant no: 185-

39/UN7.6.1/PP/2022 and RAR Grant no: 222-055/UN7.D2/PP/IV/2025. 

Acknowledgments 

Declared none. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Dasman, S.; Febrian, E.; Nidar, S.; Herwany, A. Microeconomics and raw material price on capital structure 

adjustment through dynamic target in Indonesian textile industries. Accounting 2021, 7, 231-238, 

https://doi.org/10.5267/j.ac.2020.9.013.  

2. Ogugbue, C.J.; Sawidis, T. Bioremediation and Detoxification of Synthetic Wastewater Containing 

Triarylmethane Dyes by Aeromonas hydrophila Isolated from Industrial Effluent. Biotechnol. Res. Int. 2011, 

2011, 967925, https://doi.org/10.4061/2011/967925.  

3. Rahman, M.M.; Howlader, M.I.; Mofasser, A.Z.M.; Sayed, N.I.; Shuva, I.B.; Mia, R.; Habila, M.A.; 

Hossain, M.K.; Shen, Z. Colour dynamics and compatibility: A comparative analysis of reactive dyes on 

ramie and cotton fabrics. J. Eng. Fiber. Fabr. 2024, 19, 15589250241256211, 

https://doi.org/10.1177/15589250241256211.  

4. Tolkou, A.K.; Tsoutsa, E.K.; Kyzas, G.Z.; Katsoyiannis, I.A. Sustainable use of low-cost adsorbents 

prepared from waste fruit peels for the removal of selected reactive and basic dyes found in wastewaters. 

Environ. Sci. Pollut. Res. 2024, 31, 14662-14689, https://doi.org/10.1007/s11356-024-31868-3.  

5. LegerskÁ, B.; ChmelovÁ, D.; OndrejoviČ, M. Degradation of Synthetic Dyes by Laccases – A Mini-

Review. Nova biotechnol. Chim. 2016, 15, 90–106, https://doi.org/10.1515/nbec-2016-0010.  

6. Xu, M.; Guo, J.; Zeng, G.; Zhong, X.; Sun, G. Decolorization of anthraquinone dye by Shewanella 

decolorationis S12. Appl. Microbiol. Biotechnol. 2006, 71, 246-251, https://doi.org/10.1007/s00253-005-

0144-1.  

7. Shah, P.D.; Dave, S.R.; Rao, M.S. Enzymatic degradation of textile dye Reactive Orange 13 by newly 

isolated bacterial strain Alcaligenes faecalis PMS-1. Int. Biodeterior. Biodegradation 2012, 69, 41-50, 

https://doi.org/10.1016/j.ibiod.2012.01.002.  

8. Phugare, S.S.; Kalyani, D.C.; Patil, A.V.; Jadhav, J.P. Textile dye degradation by bacterial consortium and 

subsequent toxicological analysis of dye and dye metabolites using cytotoxicity, genotoxicity and oxidative 

stress studies. J. Hazard. Mater. 2011, 186, 713-723, https://doi.org/10.1016/j.jhazmat.2010.11.049.  

9. Mohanty, S.S.; Kumar, A. Enhanced degradation of anthraquinone dyes by microbial monoculture and 

developed consortium through the production of specific enzymes. Sci. Rep. 2021, 11, 7678, 

https://doi.org/10.1038/s41598-021-87227-6.  

10. Ogola Henry Joseph, O.; Kamiike, T.; Hashimoto, N.; Ashida, H.; Ishikawa, T.; Shibata, H.; Sawa, Y. 

Molecular Characterization of a Novel Peroxidase from the Cyanobacterium Anabaena sp. Strain PCC 7120. 

Appl. Environ. Microbiol. 2009, 75, 7509-7518, https://doi.org/10.1128/AEM.01121-09.  

11. Khan, S.; Joshi, N. Molecular identification of dye degrading bacterial isolates and FT-IR analysis of 

degraded products. Environ. Eng. Res. 2020, 25, 561-570, https://doi.org/10.4491/eer.2019.224.  

12. Tank, N.; Rajendran, N.; Patel, B.; Saraf, M. Evaluation and biochemical characterization of a distinctive 

pyoverdin from a Pseudomonas isolated from chickpea rhizosphere. Braz. J. Microbiol. 2012, 43, 639-648, 

https://doi.org/10.1590/S1517-83822012000200028.  

https://doi.org/10.33263/LIANBS151.009
https://nanobioletters.com/
https://doi.org/10.5267/j.ac.2020.9.013
https://doi.org/10.4061/2011/967925
https://doi.org/10.1177/15589250241256211
https://doi.org/10.1007/s11356-024-31868-3
https://doi.org/10.1515/nbec-2016-0010
https://doi.org/10.1007/s00253-005-0144-1
https://doi.org/10.1007/s00253-005-0144-1
https://doi.org/10.1016/j.ibiod.2012.01.002
https://doi.org/10.1016/j.jhazmat.2010.11.049
https://doi.org/10.1038/s41598-021-87227-6
https://doi.org/10.1128/AEM.01121-09
https://doi.org/10.4491/eer.2019.224
https://doi.org/10.1590/S1517-83822012000200028


https://doi.org/10.33263/LIANBS151.009  

 https://nanobioletters.com/ 11 of 12 

 

13. Kumar, D.; Singh, A. Salmonella typhimurium grown in iron-rich media, inactivated with ferric chloride 

and adjuvanted with homologous bacterial DNA is potent and efficacious vaccine in mice. Vaccine 2005, 

23, 5590-5598, https://doi.org/10.1016/j.vaccine.2005.06.032.  

14. Grifes Paisan, L.; Carballo, R.A.; Papalia, M.; Fortunato, M.S.; Radice, M.; Korol, S.E.; Gallego, A. 

Detection and selection of dye-degrading bacteria from surface waters with different degrees of 

contamination. J. Water Health 2025, 23, 140-154, https://doi.org/10.2166/wh.2025.264.  

15. Jamee, R.; Siddique, R. Biodegradation of synthetic dyes of textile effluent by microorganisms: an 

environmentally and economically sustainable approach. Eur. J. Microbiol. Immunol. 2019, 9, 114-118, 

https://doi.org/10.1556/1886.2019.00018.  

16. Cui, D.; Zhang, H.; He, R.; Zhao, M. The Comparative Study on the Rapid Decolorization of Azo, 

Anthraquinone and Triphenylmethane Dyes by Anaerobic Sludge. Int. J. Environ. Res. Public Health 2016, 

13, 1053, https://doi.org/10.3390/ijerph13111053.  

17. Shanmugam, B.K.; Easwaran, S.N.; Lakra, R.; Deepa, P.R.; Mahadevan, S. Metabolic pathway and role of 

individual species in the bacterial consortium for biodegradation of azo dye: A biocalorimetric investigation. 

Chemosphere 2017, 188, 81-89, https://doi.org/10.1016/j.chemosphere.2017.08.138.  

18. Ahmed, A.I.; Abou-Taleb, K.; Ebeed, N.; Khalil, H.B. Role of Some Enzymes Produced by Egyptian 

Bacterial Isolate on Decolorization of Blue and Yellow Textile Dyes. Egypt. J. Microbiol. 2019, 54, 77-89, 

https://doi.org/10.21608/ejm.2019.15326.1107.  

19. Afrin, S.; Shuvo, H.R.; Sultana, B.; Islam, F.; Rus'd, A.A.; Begum, S.; Hossain, M.N. The degradation of 

textile industry dyes using the effective bacterial consortium. Heliyon 2021, 7, e08102, 

https://doi.org/10.1016/j.heliyon.2021.e08102.  

20. Boonyakamol, A.; Imai, T.; Chairattanamanokorn, P.; Higuchi, T.; Sekine, M. Key Factors Regarding 

Decolorization of Synthetic Anthraquinone and Azo Dyes. Appl. Biochem. Biotechnol. 2009, 158, 180-191, 

https://doi.org/10.1007/s12010-008-8330-0.  

21. Khalid, A.; Arshad, M.; Crowley, D.E. Biodegradation potential of pure and mixed bacterial cultures for 

removal of 4-nitroaniline from textile dye wastewater. Water Res. 2009, 43, 1110-1116, 

https://doi.org/10.1016/j.watres.2008.11.045.  

22. El-Rahim, W.M.A.; Moawad, H.; Azeiz, A.Z.A.; Sadowsky, M.J. Biodegradation of azo dyes by bacterial 

or fungal consortium and identification of the biodegradation products. Egypt. J. Aquat. Res. 2021, 47, 269-

276, https://doi.org/10.1016/j.ejar.2021.06.002.  

23. Madhushika, H.G.; Ariyadasa, T.U.; Gunawardena, S.H.P. Decolourization and Degradation of Reactive 

Textile Dyes by Isolated Strain Proteus mirabilis. Asian J. Water Environ. Pollut. 2019, 16, 1-6, 

https://doi.org/10.3233/AJW190042.  

24. Andleeb, S.; Atiq, N.; Robson, G.D.; Ahmed, S. An investigation of anthraquinone dye biodegradation by 

immobilized Aspergillus flavus in fluidized bed bioreactor. Environ. Sci. Pollut. Res. 2012, 19, 1728-1737, 

https://doi.org/10.1007/s11356-011-0687-x.  

25. Li, H.-h.; Wang, Y.-t.; Wang, Y.; Wang, H.-x.; Sun, K.-k.; Lu, Z.-m. Bacterial degradation of anthraquinone 

dyes. J. Zhejiang Univ. Sci. 2019, 20, 528-540, https://doi.org/10.1631/jzus.B1900165.  

26. Palmieri, G.; Giardina, P.; Sannia, G. Laccase-Mediated Remazol Brilliant Blue R Decolorization in a Fixed-

Bed Bioreactor. Biotechnol. Prog. 2005, 21, 1436-1441, https://doi.org/10.1021/bp050140i.  

27. Silva, M.C.; Torres, J.A.; Vasconcelos de Sá, L.R.; Chagas, P.M.B.; Ferreira-Leitão, V.S.; Corrêa, A.D. The 

use of soybean peroxidase in the decolourization of Remazol Brilliant Blue R and toxicological evaluation 

of its degradation products. J. Mol. Catal. B Enzym. 2013, 89, 122-129, 

https://doi.org/10.1016/j.molcatb.2013.01.004.  

28. Nabeela; Khan, S.A.; Mehmood, S.; Shabbir, S.B.; Ali, S.; Alrefaei, A.F.; Albeshr, M.F.; Hamayun, M. 

Efficacy of Fungi in the Decolorization and Detoxification of Remazol Brilliant Blue Dye in Aquatic 

Environments. Microorganisms 2023, 11, 703, https://doi.org/10.3390/microorganisms11030703.  

29. Daniel-González, G.L.; Nava-Galicia, S.B.; Arroyo-Becerra, A.; Villalobos-López, M.A.; Díaz-Godínez, 

G.; Bibbins-Martínez, M.D. Characterization of the Enzymatic and Biosorption Processes Involved in the 

Decolorization of Remazol Brilliant Blue R Dye by Pleurotus ostreatus Pellets. J. Fungi 2025, 11, 572, 

https://doi.org/10.3390/jof11080572.  

30. Thakur, J.K.; Paul, S.; Dureja, P.; Annapurna, K.; Padaria, J.C.; Gopal, M. Degradation of Sulphonated Azo 

Dye Red HE7B by Bacillus sp. and Elucidation of Degradative Pathways. Curr. Microbiol. 2014, 69, 183-

191, https://doi.org/10.1007/s00284-014-0571-2.  

https://doi.org/10.33263/LIANBS151.009
https://nanobioletters.com/
https://doi.org/10.1016/j.vaccine.2005.06.032
https://doi.org/10.2166/wh.2025.264
https://doi.org/10.1556/1886.2019.00018
https://doi.org/10.3390/ijerph13111053
https://doi.org/10.1016/j.chemosphere.2017.08.138
https://doi.org/10.21608/ejm.2019.15326.1107
https://doi.org/10.1016/j.heliyon.2021.e08102
https://doi.org/10.1007/s12010-008-8330-0
https://doi.org/10.1016/j.watres.2008.11.045
https://doi.org/10.1016/j.ejar.2021.06.002
https://doi.org/10.3233/AJW190042
https://doi.org/10.1007/s11356-011-0687-x
https://doi.org/10.1631/jzus.B1900165
https://doi.org/10.1021/bp050140i
https://doi.org/10.1016/j.molcatb.2013.01.004
https://doi.org/10.3390/microorganisms11030703
https://doi.org/10.3390/jof11080572
https://doi.org/10.1007/s00284-014-0571-2


https://doi.org/10.33263/LIANBS151.009  

 https://nanobioletters.com/ 12 of 12 

 

Publisher’s Note & Disclaimer 

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and 

contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or 

the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the 

publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the 

use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any 

liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods, 

instructions, or products mentioned in the content. Readers are encouraged to independently verify any 

information before relying on it, and the publisher assumes no responsibility for any consequences arising from 

the use of materials contained in this publication. 

 

https://doi.org/10.33263/LIANBS151.009
https://nanobioletters.com/

