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Abstract 

The textile industry is known to generate significant amounts of wastewater that contain various pollutants, 

including dyes, which can be harmful to the environment and public health. Therefore, effectively treating textile industry 

wastewater (TIWW) is crucial to ensure the environment's safety and human health. In this study, a mixed bacterial strain 

(RKS9) was isolated from TIWW samples, which showed potential for the biodegradation of Congo red (CR) dye. The 

bacterial isolates decolorized 99% of Congo red dye (60 mg/L) at 7.5 pH within 12 h from the salt broth solution, indicating 

their effectiveness in degrading the CR dye. Using bacterial consortia for the bioremediation of CR contamination is a 

promising approach, as it can effectively reduce pollution parameters. However, selecting bacterial strains and optimizing 

growth conditions are crucial to ensure the successful bioremediation of contaminants. Additionally, the bacterial consortium 

must be protected from toxic environments to ensure its effectiveness. Further research is needed to fully understand the 

potential of bacterial consortia in the bioremediation of CR and other contaminants. This will help develop effective and 

sustainable strategies for treating TIWW and other industrial wastewater. 
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1- Introduction 

The textile sector is a significant contributor 

to environmental pollution and health risks and a 

major driver of the global economy in developing 

nations. According to Biliska et al. (2019), several 

phases are involved in producing textiles, including 

sizing, bleaching, dyeing, printing, washing, and 

finishing. Various extremely hazardous recalcitrant 

coloring pollutants (residual dyes), dissolved solids, 

and toxic metals are in textile industry wastewater. 

These pollutants remain in the environment for a 

considerable amount of time and represent major 

risks to the environment, animal health, and human 

health (Zhan et al., 2020). Textile industry 

wastewater decreases dissolved oxygen (DO) levels 

and photosynthetic activity in the aquatic system, 

resulting in anoxic conditions that harm fauna and 

flora (Cao et al., 2019). Because of the buildup of 

harmful contaminants and metals in the terrestrial 

system decreases soil fertility (Kishor et al., 2021). 

Nevertheless, the environmental harm brought on 

by the textile sector is primarily due to the discharge 

of untreated effluents into water bodies, which 

typically account for 80% of all emissions produced 

by this industry (Juárez-Hernández et al., 2021). 

There are comparatively significant levels of 

biological oxygen demand (BOD) and chemical 

oxygen demand (COD) in the majority of the residual 

fluids from the textile industry. The abundance of 

organic molecules that cannot degrade, particularly 

textiles, should receive more attention(Orts et al., 

2018). The dyes are soluble organic molecules, 

particularly those within the reactive, direct, basic, 

and acid categories. They are very soluble in water, 

making it challenging to remove them using standard 

techniques. Due to the existence of chromophoric 

groups in its molecular structures, one of its 

characteristics is the capacity to color a particular 
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substrate. However, the auxotrophic groups, which 

are polar and may bind to polarity groups of textile 

fibers, are associated with the ability to attach color 

to the material (Hassan and Carr, 2018) 

The color associated with textile dyes taints water 

bodies and inhibits light from penetrating the water, 

slowing photosynthesis and lowering dissolved 

oxygen levels, negatively affecting the entire aquatic 

biota. The textile dyes also act as poisonous, 

mutagenic, and carcinogenic substances, linger in the 

environment as pollutants, and span whole food 

chains, giving biomagnification, causing species at 

greater trophic levels to exhibit more significant 

levels of contamination relative to their prey(Khatri 

et al., 2018). In this regard, azo-type textile dyes 

deserve special attention because, during the dyeing 

process, between 15 and 50 percent of them get out 

of wastewater frequently utilized in nations 

developing for irrigation in agriculture. The microbial 

populations in soil and plant germination and 

development are severely harmed by using these azo 

chemicals (Paździor et al., 2017). 

Azo dyes are one of the main synthetic dye 

families with complicated aromatic structures. Due to 

the compound's resistance to degradation, these dyes 

are often quite stable. As azo dyes deteriorate, toxic 

compounds that cannot be broken down by natural 

processes are produced. The creation of several 

application-oriented biomaterials makes use of 

commercial dyes, which are ideal due to their source 

accessibility, ease of use as chemical auxiliaries, and 

coloring features of azo dyes (Crespi et al., 2019). 

Due to their nitro group, which is naturally 

poisonous, azo dyes pose the most threat to the 

environment due to the mineralization process, which 

might result in the breakdown of these azo dyes into 

aromatic amine (arylamine), they are both mutagenic 

and carcinogenic (Muliadi et al., 2021). Congo red 

(CR) as an azo dye type has a broad application in the 

world's clothing, textile, printing, culinary, and 

biomedical industries. Microbiology has employed it 

to identify curli fimbriae. The CR-containing effluent 

is intensely colored.  

 

By reducing light penetration, excessive discharge 

of this raw wastewater into aquatic ecosystems, 

including rivers, ponds, and cannels significantly 

reduces the capacity of aquatic plants to 

photosynthesize (Khadhraoui et al., 2009; Reichhardt 

and Cegelski, 2018). By reducing dissolved oxygen, 

altering pH, reducing gas solubility, and raising 

BOD, COD, and total organic carbon values, 

effluent-containing CR degrades water quality. CR-

mixed wastewater reduces soil fertility, biomass 

output, and seed germination. Therefore, before the 

wastewater containing CR is finally released into the 

natural environment, it must be processed (Kaur et 

al., 2023). 

Scientists are becoming more interested in the 

removal of dyes from wastewater. The process of 

getting rid of colored effluents in treatment facilities 

relies primarily on physical or chemical processes, 

such as adsorption, chemical transformation, and 

incineration, as they are generally resistant to 

biodegradation. However, these techniques are 

extremely costly, generate extensive sludge, and 

create secondary by-products (Muliadi et al., 2021). 

Biological techniques for eliminating colors must be 

created because they are cost-effective, efficient, and 

ecologically friendly than physical or chemical 

processes. An appealing option looks to be 

biodegradation by various microorganisms, which 

employs bacteria as a dye-decolorizing agent (Sarkar 

et al., 2017).   

Numerous circumstances can lead to microbial 

discoloration, including anaerobic, anoxic, and 

aerobic environments. Since the bacteria cannot use 

the dye as a growth substrate, natural carbon sources 

are frequently required to remove color under aerobic 

circumstances. In most cases, azo dyes undergo 

degradation and are decolored by bacteria throughout 

two phases. Reductive cleavage of the azo linkages in 

the dyes results in the creation of primarily colorless 

but potentially dangerous aromatic amines in the first 

step. Aromatic amine degradation occurs in the 

second step (Sarkar et al., 2017).  Therefore, the 

present research's primary purpose is to select new 

bacterial isolates capable of promoting a complete 

degradation of CR dyes which could have important 

implications for reducing environmental 

contamination caused by these dyes. Optimizing the 

conditions under which these selected bacterial 

strains can degrade CR dyes was also assessed. This 

work can potentially contribute to the development of 

biotechnological tools that can mitigate the harmful 

effects of CR dye contamination in various settings. 

1. Experimental 

1.1. Microorganisms used and culture 

condition According to the experimental study 

published previously by El-Liethy et al., (2023), 

twenty eight bacterial strains isolated from real textile 

wastewater from different factories and 

environmental samples were tested to determine the 

most suitable biodegradable bacterial strains. The 
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identified strains were divided into four other groups. 

One strain of each group was chosen based on its 

biodegradation performance of crystal violet under 

stable conditions (35
o
C and pH 7.5). Six best 

biodegrading species, including Citrobacter freundii, 

Klebsiella pneumonia, Enterobacter cloacae, 

Pseudomonas aeruginosa, and Aeromonas veronii 

have been selected for decolorization experiments. 

The inoculum was prepared before each test to 

determine the initial counts. Stock microbial strains 

with 10% glycerol at −20°C were inoculated in 50 

mL Tryptic Soya Broth (TSB) (Merck, Germany). 

The tubes were incubated at 37°C for 24h. The 

proliferated bacterial strain was centrifuged at 5000 

rpm for 20 min, and the pellet was re-suspended in 

sterile distilled water and then washed three times to 

remove any additive nutrients. The counts between 

10
5
 and 10

6
 CFU/mL were chosen by ten serial 

dilutions using the pour plate method. The resulting 

colonies were counted and expressed as colony-

forming units (CFU/mL). 

 

Table 1. Tested bacterial strains and their 

accession number 

Strain 

code 

Strains Accession 

number 

11 Citrobacter freundii MW485549 

53 Enterobacter cloacae MW485575 

142 Aeromonas veronii MW485582 

203 Pseudomonas 

aeruginosa  

MW487241 

 

1.2 Media 

In this stage of the project, mineral salts 

medium (MSM) was used as a synthetic solution 

(MSM) (g/L, Na2HPO4.2H2O (7.89); KH2PO4 

(6.8); MgSO4 (0.2); Fe(CH3COO).NH4 (0.05); 

Ca(NO3)2.4H2O (0.05); NaCO3 (0.085) was 

prepared. pH of this medium was adjusted to 7.5 to 

test the biodegradation activities of different dyes 

using the previously identified bacterial strains to 

optimize the most suitable biodegrading conditions at 

lab. Scale (Deng et al., 2020).  

 

1.3. Preparation of dyes Standard Curve 

Dyes solutions with various concentrations 

(0-25 mg/l) CR were prepared to obtain the standard 

curves at their max absorbance wavelength. The 

standard curves were obtained by plotting the 

recorded absorbance versus the prepared 

concentration of the dyes. 

 

1.4. Factors affecting the decolorization activity 

for optimizing condition  
Optimization of various environmental 

parameters (pH, temperature, and initial dye 

concentration) for decolorization of CR dye was 

studied as follows: 

 

1.4.1. Effect of pH 

250 mL liquid medium was prepared. The 

pH of each medium was adjusted to (6, 7.5, and 9) 

using NaOH and HCL. Each flask was supplemented 

with (50-60 mg/l) CR dye separately and incubated at 

room temperature for intervals times (2, 4, 6, 24, 30, 

and 48 h). 10 mL of solutions were centrifuged after 

each time and the clear supernatant was measured 

using a spectrophotometer to identify the remaining 

dye concentration. 

 

14.2. Effect of temperature 

To determine the optimum decolorization 

temperature of CR dye by the bacterial strains, 50-60 

mg/L of each dye was added to the media at pH 7.5 

and 9. The mixtures were incubated at different 

temperatures, including room temperatures, 35
o
C, 

and 40
o
C, for different intervals time. The solutions 

were centrifuged after a contact time of (2, 4, 6, 24, 

30, and 48hrs.) and the clear supernatant was 

measured. 

 

1.4.3. Effect of dye concentration 

The various concentrations (25, 50, and 75 

mg/l) of CR dye were added separately into the 

medium at 35oC and pH (7.5 and 9) to examine the 

initial dye's effect on the decolorization. The regular 

procedure of centrifuge and analysis was next applied 

at time intervals (2, 4, 6, 24, 30, and 48 h.). 

Subsequently, the decolorization study of CR dye 

was carried out at optimum decolorization conditions 

by using 50 mg/L of each dye in a 250 ml flask 

containing media at pH 7.5. The mixture was 

incubated at 35oC for 24 h, solutions were 

centrifuged after time, and the clear supernatant was 

measured using a spectrophotometer. 

 

1.5. Physico-chemical analysis 

The Physicochemical analysis included pH, 

total dissolved solids (TDS), chemical oxygen 

demands (COD), and color were analyzed for the 

initial and treated dye solutions according to APHA 

(2017). 
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2. Results and discussion 

Potential capability of dye-degrading species for 

degradation and decolorization of Congo red dye. 

It's interesting to note that CR dye is a highly stable 

and toxic azo dye, and its biodegradation can be 

challenging. Study is focused on the efficiency of 

degradation through biological treatment by bacteria 

on stimulated industrial wastewater as a culture 

medium, which is an essential step towards 

developing an effective bioremediation strategy 

(Asses et al., 2018).The physicochemical operational 

parameters can affect the ability of bacteria to 

degrade Congo Red. The dye concentration, pH, 

temperature, and exposure time are all crucial factors 

that can impact the efficiency of bacterial 

degradation. By carefully studying these factors, you 

can identify the optimal conditions for the efficient 

degradation of CR dye by the selected bacterial 

strains. Ultimately, learning these factors aims to 

make the bacterial degradation process faster and 

more efficient. By optimizing the conditions under 

which the bacteria are grown, and the dye is 

degraded, you can maximize the efficiency of the 

bioremediation process and potentially reduce the 

environmental impact of CR dye contamination. 

 

a. Effect of different pH on congo red 

decolorization activity 

The optimization of conditions for the selected 

bacterial strains can involve several steps, depending 

on the specific goals of the study. Some key factors 

that can be optimized include: The pH of the growth 

medium, can also impact the growth of the bacterial 

strains and their ability to degrade the CR dye. By 

optimizing the pH, it may be possible to create an 

environment that is more conducive to bacterial 

growth and dye degradation. The temperature at 

which the bacterial strains are grown can also impact 

their growth and activity. By optimizing the 

temperature, it may be possible to create conditions 

that enhance the bacterial growth rate and improve 

the efficiency of dye degradation. The length of time 

that the bacterial strains are incubated can also impact 

their growth and activity. By optimizing the 

incubation time, it may be possible to create 

conditions that maximize the bacterial growth rate 

and enhance the efficiency of dye degradation. 

Likewise, the specific optimization strategies will 

depend on the specific bacterial strains being studied 

and the research goals. By systematically testing 

different conditions, it may be possible to identify the 

optimal conditions for the efficient degradation of CR 

dyes by the selected bacterial strains. 

 

The present research employed five indigenous 

dye biodegrading species to decolorize CR dye in 

mineral salt broth medium at different pH, 

temperatures, and dye concentrations. The 

decolorization of CR dye by the strains mentioned 

above in terms of the response decolorization 

efficiency as a function of pH, temperature, and dye 

concentrations is documented. The results of the 

effect of three various pH (6, 7.5, and 9), which were 

employed as a variable factor, on tested bacterial 

efficiency in the biodegrading performance of 50 

mg/L of Congo red at ambient temperature within 

different contact time intervals. Investigational data 

displayed that the most significant decolorization 

activity after 48 h as an exposure time at 25
o
C with 

different decolorizing levels was reported with all 

selected bacterial species, depending on each 

bacterial species used. Similarly, the decolorization 

rate of Congo red at pH 6 after 48hr was 

progressively reduced from initial concentration (50 

mg/L) up to 8.5 mg/L using bacterial strain no. 11 

followed by strain no. 203.  Nevertheless, the lowest 

biodegradation rate (26.4 mg/L as residual dye 

amount) was found in strain No. 53 (Table 2). 

 

Table 2. Congo red decolorization at pH 6 and 25
o
C, 50 mg/L dye concentration and different contact 

times 

Strai

ns 

2h 4h 6h 24h 30h 48h 

Co

nc. 

Ab Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

53 44.

3 

0.1

1 

44 0

.11 

39.

6 

0

.1 

28.

6 

0

.08 

30.

3 

0

.11 

26.

4 

0

.09 

203 30.

4 

0.1

8 

28.

7 

0

.17 

26.

5 

0

.18 

22.

4 

0

.17 

16.

9 

0

.14 

15.

8 

0

.14 

142 35.

4 

0.1

8 

31.

5 

0

.18 

28.

8 

0

.15 

23.

1 

0

.14 

17.

5 

0

.11 

17.

8 

0

.09 

11 24.

5 

0.1

5 

23.

5 

0

.14 

22.

1 

0

.12 

18.

6 

0

.11 

10.

3 

0

.04 

8.5 0

.09 
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Mix 26.

5 

0.1

6 

25 0

.15 

22.

5 

0

.14 

17.

8 

0

.11 

17.

5 

0

.1 

16.

9 

0

.05 

149 29.

9 

0.1

7 

28.

1 

0

.16 

26.

1 

0

.15 

22.

4 

0

.14 

17.

8 

0

.06 

19.

5 

0

.06 

Initial 47.

7 

           

 

Simultaneously, the results gained exhibited that 

the removal effectiveness of Congo red at neutral 

conditions (pH 7.5) with 48hr was dramatically 

increased. The best Congo red biodegrader was the 

mixed bacterial culture in which the highest 

decolorization rate and residual dyes concentration 

was reduced to 6.2 mg/L. In opposition, strain No. 53 

was considered an ineffective biodegrader, where the 

remaining dye concentration was 20.5 mg/L after 48 

h (Table 3). 

 

 

Table 3. Congo red decolorization at pH 7.5 and 25
o
C, 50 mg/L dye concentration and different contact 

times 

Strai

ns 

2h 4h 6h 24h 30h 48h 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

53 44.

1 

0

.12 

44 0

.12 

38 0

.08 

24.

6 

0

.07 

22.

9 

0

.07 

20.

58 

0

.71 

203 22.

5 

0

.11 

21 0

.1 

21 0

.11 

18 0

.01 

2.8 0

.38 

19.

8 

0

.037 

142 33.

8 

0

.19 

30.

5 

0

.17 

29.

5 

0

.11 

26.

1 

0

.15 

22.

2 

0

.8 

19.

5 

0

.047 

11 29 0

.16 

26 0

.15 

25 0

.15 

24.

2 

0

.05 

9 0

.85 

7.6 0

.097 

Mix 30 0

.16 

28.

5 

0

.14 

26.

5 

0

.14 

24.

6 

0

.11 

11.

9 

0

.25 

6.2 0

.093 

149 31 0

.17 

28.

4 

0

.14 

26.

4 

0

.13 

6.1

3 

0

.46 

16.

9 

0

.4 

15.

8 

0

.05 

Initi

al 

49.

2 

           

 

In the case of increasing the pH over 9, meaning 

an alkaline condition, the results of the level of 

Congo red decolorization using five particular 

bacterial strains are displayed in Table 4. 

 

Table 4. Congo red decolorization at pH 9 and 25
o
C, 50 mg/L dye concentration, and different contact 

times  

Strains 2h 4h 6h 24h 30h 48h 

Conc. Ab Conc. Ab Conc. Ab Conc. Ab Conc. Ab Conc. Ab 

53 32.2 0.12 30.5 0.12 28.6 0.18 23.5 0.15 18.9 0.057 17.5 0.042 

203 23.6 0.17 26.2 0.14 24.5 0.13 21.8 0.11 19 0.057 17.0 0.042 

142 29.9 0.19 26.6 0.15 21.2 0.14 18 0.11 14 0.066 12.6 0.052 

11 24.6 0.16 22.5 0.15 22 0.14 16.8 0.11 17.5 0.05 8.5 0.046 

Mix 22.8 0.12 21.1 0.12 20.2 0.1 15.3 0.08 9.8 0.063 7.5 0.049 

149 28.4 0.17 26.4 0.16 23.5 0.15 18.4 0.12 16.5 0.1 17.2 0.036 

  

The results revealed that the mixture of bacterial 

strains had been the most potent biodegrader, with a 

residual dye concentration of 7.5 mg/L. On the 

contrary, strain No. 53 needed a relatively long 

adaptation interval because the greatest residual dye 

was 17.5 mg/L, implying that the biodegradability of 

this strain using this strain was low compared to all 

others. Results could be cleared that the bacterial 
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activity and biodegradation rate at pH 7.5 was in the 

best way. Further, the results exhibited that the 

highest biodegradability of congo red dye using 

selected bacterial species was documented at pH 7.5. 

Besides, the results demonstrated that the mixture of 

bacterial multispecies had outstanding decolorization 

ability when compared with the mono-species. 

 

b. Effect of Congo red decolorization on some 

physicochemical parameters at different pH 

Table 5 and Fig.1, illustrated the effect of different 

pH on decolorization of Congo red at 50mg/L and 

25
o
C. The results showed that the best decolorzaition 

was observed at pH 7.5, which reached 53 and 69% 

for removal of color and COD, respectively.  

 

 

Fig. 1. Effect of different pH levels (6, 7.5, and 9) on Congo red decolorization in terms of dye, COD and 

color removal.  

Table 5. Some physicochemical analysis for congo red decolorization at different pH 

  pH= 6 

  pH Color COD TDS EC 

pH= 6 Control 6.29 1010 62 5800 9667 
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53 6.24 880 38 5510 9183 

142 6.28 760 36 5460 9100 

203 6.26 850 42 5490 9150 

149 6.25 820 45 5460 9100 

11 6.28 760 34 5360 8933 

Mix 6.26 720 32 5210 8683 

pH= 7.5 

  pH Color COD TDS EC 

pH= 7.5 Control 7.6 1570 72 7540 12567 

53 7.62 1170 52 7160 11933 

142 7.66 880 36 6890 11483 

203 7.46 1060 54 7230 12050 

149 7.45 1177 55 7250 12083 

11 7.48 720 24 6980 11633 

Mix 7.44 730 22 6750 11250 

pH= 9 

  pH Color COD TDS EC 

pH= 9 Control 9.11 2030 73 11130 18550 

53 9.01 1150 50 10310 17183 

142 9.2 918 45 10070 16783 

203 8.99 1340 60 10420 17367 

149 9.12 1259 58 10510 17517 

11 9.1 880 37 10050 16750 

Mix 9.2 870 35 10100 16833 

 

c. Effect of different temperatures on Congo red 

decolorization activity 

To evaluate the impact of temperature on 

CR dye  degradation activity using selected bacterial 

strains, three different temperatures (25, 35, and 

40°C), were chosen to determine the optimal 

temperature for promoting bacterial growth and 

higher biodegradability with keeping the pH constant 

at the optimum value of 7.5, which allows you to 

isolate the effect of temperature on the degradation 

process. Maintaining a constant CR dye  

concentration of 50 mg/L ensures that the bacterial 

strains are exposed to the same level of contaminant 

throughout the experiments. From the above-

mentioned experimental work, optimum pH (7.5) was 

applied as a constant environmental condition (25
o
C). 

Estimating suitable temperatures for promoting 

bacterial growth and higher biodegradability was 

performed under constant conditions, including pH 

(7.5) and 50 mg/L of Congo red. 

The observed results suggest that the Congo 

red decolorization performance employing all 

bacterial species was at its peak after 24hrs with 

various removal grades, where the biodegradation 

rate was boosted in durations of time up to 24hrs, 

whereby it became steady. The findings demonstrate 

that the minor residual dye concentration equals the 

highest dye biodegradability, with a mixture of 

bacterial strains being the strongest Congo red 

decolorizer (9.2 out of 50 mg/L), followed by strain 

No.11 (Table 6). While, at 9 pH and 40 
o
C mixed 

culture degraded Congo red to 12.8 out of 50 mg/L 

(Table 7). Strain no. 53, on another side, seemed to 

have the most minor decolorization frequency, with a 

persisting dye concentration of 25.8 mg/L (Table 26). 

This was confirmed by the results of physic-chemical 

analyses (Tables 8 and 9, Fig.2)  

 

Table 6. Congo red (50 mg/L) decolorization at 9 pH and 35
o
C and different contact times 

Strains 2h 4h 6h 24h 

Conc. Ab Conc. Ab Conc. Ab Conc. Ab 

53 34.1 0.17 30.8 0.172 26.3 0.138 25.8 0.122 

203 41.2 0.14 30.4 0.13 28.3 0.148 24.3 0.119 

142 32.3 0.18 26 0.13 18.4 0.138 14.7 0.167 

11 38.5 0.15 30.4 0.149 29.5 0.1 14 0.12 
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Mix 31.5 0.14 20.8 0.14 15.8 0.16 9.2 0.16 

149 31.8 0.0139 24.4 0.14 19.5 0.17 12.6 0.12 

 
Table 7. Congo red (50 mg/L) decolorization at pH 9 and 40

o
C, at different contact times 

Strains 2h 4h 6h 24h 

Conc. Ab Conc. Ab Conc. Ab Conc. Ab 

53 33.7 0.179 30.8 0.12 27.1 0.148 23.5 0.119 

203 34.1 0.141 31.5 0.13 28 0.112 23 0.096 

142 32.6 0.186 28.5 0.16 22.7 0.117 17.5 0.089 

11 38.5 0.16 37 0.141 33.1 0.112 23.3 0.101 

Mix 26.4 0.14 20.1 0.123 18.7 0.136 12.8 0.112 

149 27.1 0.133 22.6 0.14 22.7 0.118 16.7 0.098 

 

Table 8. Some physicochemical analysis for Congo red decolorization at pH 7.5 and 9 and 25
o
C  

  Temperature, 35
o
C 

  pH Color COD TDS EC 

pH= 7.5 Control 7.6 1570 72 7540 12567 

53 7.62 1170 52 7160 11933 

142 7.66 880 36 6890 11483 

203 7.46 1060 54 7230 12050 

149 7.45 1177 55 7250 12083 

11 7.48 720 24 6980 11633 

Mix 7.44 730 22 6750 11250 

 Temperature, 40
o
C 

  pH Color COD TDS EC 

pH= 9 Control 9.11 2030 73 11130 18550 

53 9.01 1150 50 10310 17183 

142 9.2 918 45 10070 16783 

203 8.99 1340 60 10420 17367 

149 9.12 1259 58 10510 17517 

11 9.1 880 37 10050 16750 

Mix 9.2 870 35 10100 16833 

Control = without adding bacterial strains  

d .Effect of different dye concentrations on 

Congo red decolorization activity 

As seen in Table 10, this was created with a 

dye concentration of 25 mg/L after 24hrs. A mixed 

bacterial culture with a decolorizing value of 17.3 

mg/L had the highest decolorization rate of Congo 

red after 24 h with mixed culture, whereas the lowest 

decolorizing rate of 25 mg/L was found in strain No. 

203. Table 11 shows that the dye concentration (75 

mg/L) was applied to be degraded using tested 

bacterial species at stable conditions (pH 9 and 

35oC). Results exhibited the maximum 

decolorization rate that the highest decolorizing rate 

was 29 mg/L for mixed bacterial culture, while the 

lowest decolonizing rate (52 mg/L) was recorded for 

strain No. 203. 

The physico chemical analyses indicated that, 

regarding to the dye concentrations (25 mg/L) of 

Congo red, it was found that the highest removal 

efficiency was observed with the mixed culture 

followed by strain no. 149 (Table 12 and Fig. 3). 

Concerning the dye concentrations (75 mg/L) of CR 

dye, it has given the same results as Table (11).  
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Fig. 2. Effect of different temperature (25, 35, and 40
o
C) on Congo red decolorization in at 

different pH 7.5 and 9. 
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Table 9. Some physicochemical analysis for congo red decolorization at pH 9 and 35
 
and 40

o
C 

 Temperature, 35
o
C 

  

pH 

Col

or 

CO

D 

TD

S EC 

pH

= 9 

Con

trol  8.88 

232

0 51 

778

0 

129

66.7 

53 8.91 

160

0 37 

755

0 

125

83.3 

142 8.91 

136

9 36 

747

0 

124

50 

203 8.9 

167

0 42 

770

0 

128

33.3 

149 8.91 

156

0 43 

778

0 

129

66.7 

11 8.95 

105

0 29 

726

0 

121

00 

Mix 8.97 

107

0 25 

730

0 

121

66.7 

 Temperature, 40
o
C 

  

pH 

Col

or 

CO

D 

TD

S EC 

pH

= 9 

Con

trol 8.87 

203

0 72 

762

0 

127

00 

53 8.9 

165

0 63 

761

0 

126

83 

142 8.95 

134

0 42 

723

0 

120

50 

203 8.9 

154

0 55 

756

0 

126

00 

149 8.91 

156

0 54 

750

0 

125

00 

11 8.91 

112

0 37 

714

0 

119

00 

Mix 8.89 

107

0 34 

723

0 

120

50 

Control = without adding bacterial strains  

Table 10. Decolorization of Congo red at pH 9 and 35
o
C, 25 mg/L  

Strains 2h 4h 24h 

Co

nc. 

A

b 

Co

nc. 

A

b 

Co

nc. 

A

b 

53 32 0.1

3 

27.7 0.1

07 

22.6 0.1

0 

203 1.8 0.1

1 

18 0.1

2 

25 0.1

12 

142 22.7 0.1

29 

29.2 0.1

17 

19.2 0.1

0 

11 21.4 0.1

19 

21.8 0.1

15 

22.6 0.1

0 

Mix 15.6 0.1

32 

18.5 0.1

1 

17.3 0.1

08 

149 20.2 0.0

89 

19.2 0.0

67 

18.5 0.0

5 
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Table 11. Decolorization of Congo red at pH 9 and 35
o
C, 75 mg/L  

Strains 2h 4h 24h 

Con

c. 

Ab Con

c. 

Ab Con

c. 

Ab 

53 43 0.5

1 

53 0.4

2 

43 0.4 

203 66 0.4

2 

52 0.5

2 

52 0.4

8 

142 55 0.5 45 0.4

2 

39 0.3

9 

11 48 0.4

9 

53 0.4

9 

32 0.4

6 

Mix 48 0.4

2 

35 0.3

6 

29 0.3

0 

149 46 0.4

6 

48 0.4

6 

37 0.4

1 

initial 64 0.5

7 

    

 

Table 12. Some physicochemical analysis for Congo red decolorization at fixed pH 9 and at 35
o
C 

with different dye concentrations (25, 50,
 
and 75 mg/L) 

  25 mg/L 

  

pH 

Col

or 

CO

D 

TD

S EC 

pH= 

9 

initi

al 

8.9

3 

151

9 51 

815

0 

135

83 

11 

8.9

1 760 43 

715

9 

119

32 

53 

8.9

6 400 32 

699

0 

116

50 

203 

8.9

3 770 41 

710

0 

118

33 

149 

8.9

1 430 28 

694

0 

115

67 

124 

8.9

9 490 36 

698

0 

116

33 

Mix 

9.9

5 380 25 

617

0 

102

83 

50 mg/L 

  

pH 

Col

or 

CO

D 

TD

S EC 

pH= 

9 

initi

al 

9.1

1 

203

0 73 

111

30 

185

50 

11 

9.0

1 

115

0 50 

103

10 

171

83 

53 9.2 918 45 

100

70 

167

83 

203 

8.9

9 

134

0 60 

104

20 

173

67 

149 

9.1

2 

125

9 58 

105

10 

175

17 

124 9.1 880 37 

100

50 

167

50 
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Mix 9.2 870 35 

101

00 

168

33 

75 mg/L 

 

 pH 

Col

or 

CO

D 

TD

S EC 

pH= 

9 

initi

al 

8.8

9 

337

0 91 

804

0 

134

00 

11 

8.9

3 

218

0 65 

713

0 

118

83 

53 

8.9

1 

183

0 58 

709

0 

118

17 

203 8.9 

196

0 71 

725

0 

120

83 

149 

8.9

2 

193

0 70 

732

0 

122

00 

124 9 

132

0 43 

698

0 

116

33 

Mix 

8.9

7 

123

0 40 

690

0 

115

00 
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Fig. 3. Decolorization of different CR concentrations at pH=7.5 and Temperature 35
o
C  

 

 

Interestingly, a bacterial consortium, which is 

a mixture of different bacterial strains, can be more 

effective at degrading Congo Red than a single 

bacterial strain. This is because each bacterial strain in 

the consortium may attack the dye molecule at 

different points or use the metabolites generated by 

co-existing strains for further degradation, leading to 

faster and more complete degradation of the 

contaminant (Lade et al., 2015). However, while 

bacterial consortia can effectively degrade Congo 

Red, it's important to note that they can also be 

vulnerable to toxic environments. Free-living 

planktonic bacterial consortia, in particular, may be 

susceptible to lowered defense, low metabolic 

activity, and reduced bioavailability of contaminants, 

which can limit their ability to degrade Congo Red 

efficiently (Sotelo et al., 2022). It is important to 

carefully select the appropriate bacterial strains for the 

consortium and optimize the growth conditions to 

maximize their ability to degrade Congo Red to 

overcome these limitations. Additionally, 

immobilizing the bacterial consortium in a matrix 

such as activated carbon or alginate beads can help 

protect them from toxic environments and enhance 

their stability and efficiency (Moyo et al., 2022).  

Bacterial consortia have shown great promise in 

degrading Congo Red and other contaminants, but 

much research is still needed to understand their 

potential and optimize their use fully. The ability of a 

bacterial consortium to attack the dye molecule at 

various places or utilize metabolites produced by co-

existing strains for further degradation is undoubtedly 

advantageous. Still, the vulnerability of free-living 

planktonic bacterial consortia to toxic environments is 

also a concern. Further research is needed to identify 

suitable bacterial consortia that can effectively 

degrade Congo Red into less hazardous by-products 

even in harsh conditions. This may involve careful 

selection of bacterial strains, optimization of growth 

conditions, and immobilization of the bacterial 

consortium in a protective (Jamee and Siddique, 

2019). Additionally, more research is needed to 

understand how bacterial consortia degrade Congo 

Red and other contaminants and the potential risks 

associated with using bacterial consortia in 

bioremediation applications. Generally, using 

bacterial consortia for the bioremediation of Congo 

Red and other pollutants is a promising approach that 

requires continued research and development to fully 

realize its potential and ensure its safety and 

effectiveness (Khan et al., 2021). 

 

Conclusion  

Congo red is a synthetic diazo dye that is 

commonly used in the textile industry. It is known to 

be toxic to aquatic life and can also have adverse 

effects on human health. Therefore, it is important to 

develop eco-friendly and sustainable methods for the 

removal of Congo red from textile wastewater. One 

approach to the removal of Congo red from 

wastewater is through the use of biological 

degradation. This involves the use of microorganisms, 
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such as bacteria, to break down the dye molecules into 

less harmful substances. Mixed bacterial strains have 

been found to be effective in the degradation of 

Congo red, as they can work together to break down 

the dye more efficiently. To isolate bacterial strains 

for the degradation of Congo red, wastewater samples 

were collected from textile industries and screened for 

their ability to degrade the dye. The isolated strains 

were then tested for their ability to degrade the dye 

under different conditions, such as different 

temperatures and pH levels. This approach is eco-

friendly and sustainable, as it does not require the use 

of harsh chemicals or energy-intensive processes. 

Overall, the use of mixed bacterial strains for the 

biological degradation of Congo red is a promising 

approach for the eco-friendly and sustainable removal 

of this toxic dye from textile wastewater. The present 

study could recommend that once the most effective 

bacterial strains have been identified, they were used 

in a bioreactor system for the large-scale removal of 

Congo red from textile wastewater. 
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