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Abstract 

 

Effluents containing azo dyes from textile and dyeing industries cause serious pollution to 
aquatic environments. In this study, azo dye decolourization potential of five bacterial 
isolates was examined in different physicochemical conditions such as pH, temperature and 

glucose concentrations. Based on biochemical characteristics the isolates were identified as 
Bacillus badius (isolate A3 and A4) and Bacillus sphaericus (isolate A5, B8, C5). These 
bacteria showed decolourization of two experimental azo dyes, Novacron Blue and 
Novacron Super Black at different temperatures, pH and glucose concentrations up to 92% 
after 72 h of incubation. Decolourization increased with time and temperature. Neutral to 
alkaline pH with increased concentration of glucose facilitated dye removal. The maximum 
decolourization (92%) of experimental dyes was observed at 35°C, pH 7-8 with 2% glucose. 
Bacillus badius demonstrated better decolourization. 
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1. Introduction 

 

Highly colorful textile effluents when discharged into open water create environmental 

pollution. The discharge of untreated dye-containing effluents into the aquatic 

environment is undesirable, not only because of their color, but also because many of 

residual dyes and their breakdown products such as benzidine, naphthalene and other 

aromatic compounds are toxic, carcinogenic or mutagenic to life forms [1-3]. If not 

treated, these dyes can remain in the environment for a long period of time. For instance, 

the half-life of hydrolyzed Reactive Blue 19 is about 46 years at pH 7.0 and 25°C [4]. Due 
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to their synthetic nature and aromatic structure, these azo dyes are classified as non-

biodegradable, having carcinogenic action or causing allergies, dermatitis, skin irritation 

or different cellular changes with either acute or chronic toxicity. The health risk is caused 

by adsorption of azo dyes and their breakdown product (toxic amines) through the 

gastrointestinal tract, skin, lungs, and by the formation of haemoglobin adducts and 

disturbance of blood formation. LD50 values reported for aromatic azo dyes range 

between 100 to 2000 mg/kg body weight [5]. Azo dyes can cause the genesis of malignant 

tumors due to DNA damage. Carcinogenic potential is attributed to electron-donating 

substituents in ortho and para position. The toxicity is diminished with the protonation of 

aminic groups [6]. Bioaccumulation of azo dyes in food chain and hypopigmentation by 

inhibiting tyrosinase enzyme activity has been demonstrated [7]. The traditional 

physicochemical processes of azo dye remediation are costly, less efficient and cause 

sludge problems. A number of bacteria capable of aerobic decolourization of azo dyes 

were reported in different literature which included Bacillus thuringiensis, Bacillus 

subtilis, Bacillus megaterium, Proteus vulgaris, Pseudomonas aeruginosa, 

Staphylococcus aureus, Escherichia coli [8-18], but these studies are limiting. The present 

study was aimed at studying the potential of some bacterial isolates in azo dye degradation 

and to optimize various physicochemical parameters such as pH, temperature and glucose 

sources for efficient azo dye removal under laboratory conditions.  

 

2. Experimental 

 

Experimental organisms were collected from the culture collection of the Industrial 

Microbiology Laboratory at IFST, BCSIR, Dhaka, Bangladesh. These bacteria were 

previously isolated from a textile effluent contaminated area situated in Gazipur, Dhaka, 

Bangladesh and stored at -80 °C by liquid freezing and coded as A3, A4, A5, B8 and C5 

[15]. The isolates were reactivated by thawing at 4 °C and growing in nutrient broth and 

working stocks were prepared and maintained at 4°C.  

Novacrone Blue and Novacrone Super Black were used throughout the study. These 

dyes are reactive azo dyes, water soluble and are frequently used in most of the textile 

industries in Bangladesh. Although these dyes have different reactive systems, the dyes 

are of the same chemical class and function by forming reactive bonds with the substrates. 

Decolourization activities of the isolates were studied on a chemically defined medium 

which was named M1 medium. The composition is as follows: Glucose 0.1-2%, Yeast 

extract 0.034%, NH4Cl 0.084%, KH2PO4 0.0134%, K2HPO4 0.0234%, MgCl2.6H2O 

0.0084%, Nutrient broth 0.01%. These ingredients were dissolved in distilled water, 

sterilized and supplemented with filter sterilized dye solutions. 

Bacterial cultures were grown on nutrient agar to observe colony morphologies. Cell 

morphologies were characterized by Gram and spore staining. Biochemical tests 

performed included motility, indole, methyl red, Voges Proskauer, citrate utilization, 

catalase, oxidase, starch and casein hydrolysis, lysine iron agar, triple sugar iron agar, 

nitrate reduction, gelatin liquefaction, proteolysis, urease and carbohydrate fermentation 
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tests as well as growth response at different temperatures, pH and salt concentrations [15]. 

Isolates were characterized by growing on polymixin pyruvate egg yolk mannitol 

bromothymol blue agar (PEMBA) (HiMedia, India) which is recommended for Bacillus 

selection. The isolates were then identified by comparing the test results with the 

descriptions in Bergey's Manual of Determinative Bacteriology [16]. 

To study the effect of different parameters on dye decolorization, M1 medium with 

different glucose concentrations and different pH values were prepared and dispensed into 

the test tubes (10 mL per test tube) and autoclaved. After autoclaving, the experimental 

dyes were individually mixed with filter sterilization to achieve 0.1 mg/L final 

concentration in M1 medium. The broths were inoculated with the individual test 

organisms and incubated in static condition.  

During incubation decolorization of the azo dyes was determined at their respective 

maximum wavelength in the culture supernatant using a T60 UV VIS spectrophotometer 

(PG Instruments) [15]. Culture supernatants were prepared after centrifugation of broth 

culture at 10000 rpm for 8 min and the absorbance was recorded at 595.5 nm.  This 

absorbance was compared with a standard curve prepared using concentrations of 0.0001, 

0.001, 0.01, 0.1 mg/L of the dyes. Then the efficiency of color removal was expressed as 

the percentage ratio of the decolorized dye concentration to that of initial one based on the 

following equation:  

 

 
 

3. Results and Discussions 

 

The bacterial isolates were identified on the basis of their morphological, physiological 

and biochemical characteristics as described [16]. The test results are presented in Table 

1. All of the isolates were gram positive short rods, arranged singly, in pair and sometimes 

in chains (Fig. 1a). Centrally located cylindrical endospores were found in isolate A3 (Fig. 

1b) and A4 whereas endospores in the other isolates were located terminally. 

 
 

 

 

 

 

 

 

 

 
 
 

Fig. 1. (a) Vegetative cells of the isolate B8 (40X); (b) endospore of the isolate A3 (100X). 
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After detail characterization, the test results were compared with the description in 

Bergey‟s Manual of Determinative bacteriology [16] and the isolates were identified as 

Bacillus badius (Isolates A3, A4) and Bacillus sphaericus (Isolates A5, B8, C5). 

 
Table 1. Biochemical behavior of the selected bacterial isolates. 
 

Test parameters Biochemical test results 

Isolate A3 Isolate A4 Isolate A5 Isolate B8 Isolate C5 

Colony on NA Cream, 
irregular, 
raised, rough 

Cream, 
irregular, 
raised, rough 

Cream, 
irregular, 
raised, 

smooth 

Cream, 
irregular, 
raised, rough 

Cream, 
irregular, 
raised, rough 

Colony on 
PEMBA 

Irregular, 
white, 
rough, blue 
ppt 

Irregular, 
white, rough, 
blue ppt. 

Irregular, 
white, 
rough, blue 
ppt. 

Irregular, 
white, rough, 
blue ppt. 

Irregular, 
white, rough, 
blue ppt. 

Gram staining +ve, short 
rod, single 

+ve, short rod, 
single 

+ve, short 
rod, single 

+ve, short 
rod, chain 

+ve, short 
rod, Chain 

Spore staining Spore 
(central) 

Spore (central) Spore 
(terminal) 

Spore 
(terminal) 

Spore 
(terminal)  

Growth 
at 
different 
Tempera
tures 

 

4°C - - - - - 
10°C - - - - - 
20°C + + - - + 

25°C ++ ++ + + ++ 
30°C +++ +++ ++ ++ ++ 

35°C ++++ ++++ +++ +++ +++ 
40°C +++ ++ ++ ++ ++ 
45°C + + - - - 
50°C - - - - - 

Growth 
at 
different 
NaCl 

concentr
ations 

2% +++ +++ +++ +++ +++ 
4% - + ++ + - 
6% - - + - - 

7% - - - - - 

8% - - - - - 

Indole -ve -ve -ve -ve -ve 

MR -ve +ve +ve +ve -ve 

VP -ve -ve -ve -ve -ve 

Citrate utilization -ve +ve -ve -ve -ve 

Gelatin 
liquefaction 

+ve +ve -ve +ve +ve 

H2S production -ve -ve -ve -ve -ve 

Nitrate reduction -ve -ve -ve -ve -ve 

Urease -ve -ve -ve -ve -ve 

Proteolysis -ve +ve +ve -ve -ve 

Arabinose 
fermentation 

-ve -ve -ve -ve -ve 

Rhamnose 
fermentation 

-ve -ve -ve -ve -ve 

Aesculin 
fermentation 

-ve -ve -ve -ve -ve 
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 Isolate A3 Isolate A4 Isolate A5 Isolate B8 Isolate C5 

Melibiose 
fermentation 

-ve -ve -ve -ve -ve 

Glucose 
fermentation 

-ve -ve -ve -ve -ve 

Xylose 
fermentation 

-ve -ve -ve -ve -ve 

Sucrose 
fermentation 

-ve -ve -ve -ve -ve 

Mannitol 
fermentation 

-ve -ve -ve -ve -ve 

Arginine     +ve +ve +ve +ve +ve 

Oxidase -ve +ve +ve -ve -ve 

Catalase +ve +ve +ve +ve +ve 

TSI ys/yb ys/yb ys/yb rs/yb ys/yb 

LIA ps/yb ys/yb ys/yb ps/pb ys/yb 

Isolates identified* Bacillus 

badius 

Bacillus 

badius 

Bacillus 

sphaericus 

Bacillus 

sphaericus 

Bacillus 

sphaericus 

Note: “+ve” indicates positive reaction, “-ve” indicates negative reaction,„rs‟= red slant, „yb‟= 
yellow butt, „ys‟=yellow slant, „ps‟= purple slant, „pb‟=purple butt.  “+” indicates growth (+ = 

Scanty, ++ = Moderate, +++ = Good, ++++heavy); “-” indicates no growth. *[16] 

 

The effect of glucose concentration on the rate and extent of decolorization were 

measured using all five bacterial isolates. The initial concentration of dye used was 0.1 

mg/L and 0.1, 0.25, 0.5, 1.0 and 2.0% glucose solutions were used. The percentages of 

decolorization of Novacrone Blue for each isolate using the five glucose concentrations 

are presented in Fig. 2. It is apparent that increasing the glucose concentration increases 

the extent of dye decolorized. It was also obvious that the five bacterial isolates had 

similar capacity to decolorize the dye. All five selected isolates were tested on Novacrone 

Super Black and again 2% glucose provided the highest decolorization (Fig. 3). The effect 

of glucose on the removal of Novacrone Super Black was similar in isolate A3 and A4, 

both from same group (Bacillus badius). Therefore data for only A3 is shown in Fig. 3.  

The results of the three other isolates of Bacillus sphaericus were similar and therefore the 

results of B8 are presented depicted only in Fig. 3. The extent and the rates of 

decolorization of both Novacrone Blue and Novacrone Super Black are not very different, 

indicating that both dyes degraded similarly. 

Each of the selected isolates was tested on both Novacrone Blue and Novacrone Super 

Black separately to study the effect of different temperatures on decolorization. The 

different temperatures used were 20°C, 30°C, 35°C and 40°C. After 72 h of incubation all 

five isolates showed similar decolorization pattern for both dyes. Decolorization increased 

with temperature and the highest was observed at 35°C. Decolorization was observed to 

decrease at 40°C. Therefore the optimum temperature for decolorization of the 

experimented dyes was 35°C. Since the decolorization patterns at different temperatures 

were similar, so only the activities of isolate A4 from Bacillus badius and isolate C5 from 

Bacillus sphaericus are presented in Fig. 4.  
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Fig. 2. Decolorization percentages of Novacron Blue by selected isolates at different glucose 

concentrations after 72 h. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Decolorization percentages of Novacron Super Black by B8 and A3 at different glucose 
concentrations after 72 h. 

 

The five isolates were experimented on both Novacrone Blue and Novacrone Super 

Black separately to study the effect of pH on decolorization. All isolates showed same 

decolorization pattern at different pH. Both B badius and B sphaericus demonstrated that 

the optimum pH for decolorization is close to pH 7 and rate of decolorization are reduced 

below pH 6 and above pH 8.5. All isolates gave the same result; therefore results of only 

isolates A4 and A5 for both dyes are given in Fig. 5. 

This study has demonstrated that Bacillus badius and Bacillus sphaericus can 

decolorize upto 90% of Novacrone blue and Novacrone super black at 35°C and neutral 

pH when 1-2% glucose is available. In the present study it was observed that neutral to 

alkaline pH favours decolorization and this is most effective at approximately 35°C. In 

previous literatures, optimal pH for decolorization of most of the dyes was reported to be 

6 to 10 [19]. Bacillussp was observed to perform good decolorization at pH 8.0, 35°C and 
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in static conditions [20]. Since azo dyes bind to fibres in alkaline conditions, the pH 

tolerance is an important factor for adapted bacteria [21]. Decolorization of azo dyes such 

as ramazol blue ceased at higher temperatures because of enzyme deactivation or viability 

loss [22]. Previous studies [23] suggested that 1% glucose is good for decolorization of 

azo dye ramazol black and the rate minimizes at 2% concentration which is contradictory 

to the present research where 2% glucose gave the best result. 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 4. Decolorization of Novacron Blue (a) and Novacrone Super Black (b) by isolates A4 (B. 
badius) and C5 (B. sphaericus) at different temperatures after 72 h. 

 

 

 

 

 

 

 

 
 

 

 

 
Fig. 5. Decolorization of Novacrone Blue (a) and Novacrone Super Black (b) by isolates A4 and A5 
at different pH after 72 h 

 

Effluent adapted bacteria can be used as better candidates for decolorizing the effluent 

[24]. In a study, Bacillus subtilis SPR42 isolated from soil in the vicinity of textile 

industry was reportedly removed 60 to 80% of vaxent red and vaxent yellow azo dyes at 

37°C [25]. Conversely present study shows 40 to 90% removal of two different azo dyes 

in almost same physical conditions. The Bacillus isolates reported in this study shows 

very good decolorization potential in laboratory condition. Since they are recovered from 

real contaminated area and show decolorization activity in a wide range of physico-

chemical parameters; can withstand higher pH and temperature similar to real effluent; 

these bacteria can be effectively used as biological tools for the treatment of textile 

effluents. 
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4.  Conclusion 

 

Textile effluents in Bangladesh are a huge environment concern, setting up of ETP 

(Effluent Treatment Plant) is mandatory by present environment law. Along with 

chemical ETP, biological ETPs are getting established in the country day by day. In this 

context present study suggests that Bacillusspp isolated from local textile effluents can be 

used for further detailed investigation and applied research and might be exploited for 

decolorization of textile azo dyes present in textile industry effluents. 
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