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Introduction 

Rapid industrialization and urbanization throughout the 

world have lead to decipher the relationship between 

environmental pollution and public health (WHO, 1982). 

Among different environmental pollutions, water pollution is the 

most threatening one where dyeing industries are playing the 

key role (Cripps  et al., 1990). At present, 7×105 tons of over 

100,000 types of dyes are produced annually (Meyer, 1981; 

Zollinger, 1987). But, due to inefficient dyeing process, upto 

50% of all dyestuff directly discharged in the environment as 

effluent (Pandey et al., 2007). The chemical structure of azo dye 

consists of substituted aromatic rings joined by one or more azo 

groups (-N=N-) (Pandey et al., 2007) which are unfortunately 

designed to be resistant to conventional wastewater treatment 

systems (Shaul et al., 1991; Seshadri and Bishop, 1994; Peralta 

– Zamora et al., 1999). Further, some azo dyes are carcinogenic 

and mutagenic too (Spadaro  et al., 1992). Usual dye 

concentration of 10- 200 mg/L in effluent not only aesthetically 

unacceptable (O’Neil et al., 1999); it also affects the aquatic 

ecosystem by decreasing the light penetration, solubility of 

gases and interferes with photosynthesis of phytoplankton 

(Saranaik and Kanekar, 1995). Aquatic biodivers ity is also 

disturbed by the increased alkalinity (Rao and Datta, 1987). Azo 

bonds in azo dye are highly resistant to breakdown, serving the 

dye to be persistent in the environment (Mahdavi et al., 2001). 

Though some physico-chemical methods like adsorption, 

oxidation and precipitation, bleaching, ozone photo degradation 

or membrane filtration have been proposed for treatment of 

textile effluent (Robinson et al., 2001), they cannot draw much 

attention due to the production of huge sludge and also for being 

expensive (Chen et al., 2003; Ponraj et al., 2011). In contrast, 

biotreatment of textile effluent have been proven to be the best 

remedy to overcome such drawbacks of physico-chemical 

treatment (Salar et al., 2012). Since metabolism of synthetic 

dyes has already been extensively examined for a number of 

pure bacterial and fungal strains, microbial pollutant treatment 

system have the advantage of being simple in design, 

environmentally friendly, publicly accepted and low in cost 

compared with other conventional treatments (Walker, 1970; 

Zimmermann et al. 1984; Pasti- Grigsby et al. 1992). Our study 

deals with the isolation and identification of indigenous fungi 

from dyeing industry effluent and evaluation of their dye 

decolourizing capability in order to find prominent textile dye 

degrader. 

Materials And Methods 

Sample 

Effluent samples were collected from 4 different discharge 

locations of Qualitex Industries (BD) Ltd, Export Processing 

Zone, Chittagong, Bangladesh. After collection, samples were 

quickly brought to the laboratory in a cooler box and processed 

within 5 hours.  

Dyes and media 

Five Novacron dyes viz. blue FNR, red FNR, yellow FN2R, 

orange W3R and navy WB used in our experiment was donated 

by Qualitex Industries (BD) Ltd, CEPZ, Chittagong, Bangladesh 

and all the medium except Winstead agar was brought from 

HiMedia Laboratories. Potato dextrose agar (PDA) medium was 

used for enumeration and isolation while along with PDA 

medium, Winstead agar (WA) and Czapek`s Dox agar (CDA) 

medium used for identification. Decolourization assay was 

measured in modified Czapek`s Dox Broth (CDB) medium with 
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particular dye after isolates being enriched in Potato Dextrose 

Broth (PDB). 

Plating 

10 ml of sample was diluted in an Earlenmeyer flask having 

90 ml of distilled water. After keeping the mixture in an orbital 

shaker at 120 RPM for 20 minutes to obtain homogeneity, it was 

further diluted upto 10-4 in distilled water. All the diluted 

samples were then plated according to pour plate method using 

PDA medium, pH 5.5 containing filtered Streptomycin solution 

(50mg/L) to prevent bacterial growth. The number of fungal 

colonies were counted after incubating at 28○C for 5 days, 

multiplied with dilution factor and expressed as cfu/ml of 

sample. 

Isolation and screening 

From the PDA plates, fungal colonies showing unique 

growth pattern were isolated in PDA slant on the basis of their 

colony morphology and cultural characteristics. These were then 

screened for dye decolourizing capability by inoculating 5 to 7 

days old 5mm of diameter fungal disk in 50 ml Czepex-Dox 

broth supplemented with 0.01% of the respective dye. After 

incubation at 28○C for 5 to 7 days, visual decolourization in the 

flasks indicates the potent isolate for further studies. (Moorthi et 

al. 2007) 

Identification 

Screened fungal species were identified by comparing their 

Mycellial morphology (branching, colour, septa), sporulation 

pattern (column or chain), size of the vegetative structures 

(conidiophores, vesicle, sterigmata, phialides) and cultural 

properties on PDA, WA and CDA medium with the standard 

description given in “Manual of Soil Fungi” 2nd ed. (Gilman, 

1957). 

Dye decolourization assay 

Decolourization activity of the screened isolates against 5 

commercially important Novacron dyes viz. Orange W3R, Red 

FNR, Yellow FN2R, Blue FNR and Navy WB was measured by 

following method described by Jothimani and Prabakaran, 2003. 

Inoculum was prepared by inoculating a loopful of fungal 

culture in potato dextrose broth and incubating at 200 RPM in a 

shaker (Model SI50, Stuart Scientific, U.K) for 3 days at 28oC. 

Experiment was begun by incubating 1 ml culture suspension 

into each 250 ml Erlenmeyer flask containing 50 ml of Czepex-

Dox broth modified with 0.05% of particular Novacron dyes at 

200 RPM at room temperature.  

Uninoculated flasks were also made which serves as 

control. After a regular interval of incubation period (3, 5 and 7 

days), culture was withdrawn, filtered (Whatman no. 1 filter 

paper), centrifuged at 5000 RPM for 15 minutes at 4○C and OD 

(optical density) of the collected supernatant was measured at 

594 nm under visible light in spectrophotometer (UV- VIS RS 

spectrophotometer, LaboMed. Inc.).  

OD of the uninoculated (control) flasks also measured by 

the same way. From these OD values, residual dye concentration 

was measured from the standard curve that is developed by 

plotting the absorbance of different concentrations of the 

respective tested dyes. The rate of decolourization was 

calculated as percent of decolourization (%) = (A i – At) ∕ Ai  × 

100, where Ai is the concentration of the initial dye solution and 

At is the concentration at cultivation time (3, 5  and 7 days ). 

Each test was done in triplicate and mean values expressed as 

result. 

 

 

Results 

Indigenous fungi of the dye effluent 

The presence of various microorganisms including fungi in 

dyeing industry effluent have been known for a long time 

though azo dye contaminated environment is highly toxic for the 

growth of many microorganisms. In our study we found an 

average fungal count of 5 × 104 cfu/mL of sample after 

performing serial dilution and subsequent plating in PDA 

medium through pour plate method. From these plates, 10 

colonies were isolated for further studies on the basis of their 

unique colony characteristics. This result revealed that a 

significant number of fungi could thrive in the effluent by 

utilizing them as their source of essential growth element.  

Fungi capable of decolourizing dyes  

Screening was done to sort out the potential fungal isolates 

capable of decolourizing our tested Novacron dyes viz. Blue 

FNR, Red FNR, Yellow FN2R, Orange W3R and Navy WB in 

Czepex-Dox broth having 0.01% of particular dye. Through the 

screening process, a total of 4 fungal species were selected as 

the potential decolourizer of our tested Novacron dyes. 

Identification of potential fungal isolates  

Identification of the potential isolates was done by 

analyzing their growth characteristics, mycellial morphology, 

sporulation pattern, vegetative structure in Potato Dextrose, 

Winstead and Czepex-Dox Agar medium. After comparing all 

these properties with the standard description in “Manual of Soil 

Fungi” 2nd ed. (Gilman, 1957), screened fungal isolates was 

found to be the members of Deuteromycotina and identified as 

Aspergillus luchuensis (Figure 1), Aspergillus fumigatus 

(Figure 2), Aspergillus flavipes (Figure 3) and Penicillium 

rubrum (Figure 4).  

 

Figure 1: Microscopic view of Aspergillus luchuensis (10x 

view) 

 

Figure 2: Microscopic view of Aspergillus fumigatus (40x 

view) 
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Figure 3: Microscopic view of Aspergillus flavipes (40x view) 

 

Figure 4: Microscopic view of Penicillium rubrum (40x view) 

Assesment of dye decolourization 

Isolates were subjected to dye decolourization test in 0.05% 

concentration of each Novacron dyes (Orange W3R, Red FNR, 

Yellow FN2R, Blue FNR and Navy WB) where assessment was 

performed on a regular interval (3, 5 and 7 day) to estimate the 

proceedings of decolourization. All data were then plotted on 

Table 1, from which we can easily identify the most potential 

fungal isolates for our tested dye degradation. 

From the decolourization assay, it is clear that the dye 

Novacron Blue FNR was extensively degraded by all of the 

isolates except Penicillium rubrum. Aspergillus luchuensis 

decolourised more than 80% of dye while Aspergillus fumigatus 

and A. flavipes caused almost complete degradation after 7 days 

of incubation.  But, in all cases decolourization around 

maximum value was achieved after 5 days of incubation and 

surprisingly near 80% to more than 85% decolourization of this 

dye was performed by Aspergillus fumigatus and A. flavipes 

respectively after 3 days of incubation (Figure 5). Similar case 

also found in case of Novacron Yellow FN2R decolourization. 

Here, Aspergillus luchuensis and Penicillium rubrum performed 

their maximum decolurisation i.e. 75% and 74.1% respectively, 

after 5 days of incubation and there was only a slight increase of 

decolourization afterwards.  Prompt decolourization during the 

early stage of incubation was may be due to the young fungal 

myceliums which are metabolically very active whereas in most 

cases aged fungal myceliums showed incapability or sluggish 

decolourization of the dyes even with increase of incubation 

period. Both Aspergillus fumigatus and A. flavipes decolourise 

around 90% of Yellow FN2R after 7 days of incubation and 

proving them as the most potential degrader of these two dyes 

(Figure 6).   

A. fumigatus and A. flavipes also showed a tremendous 

decolourization capability against Red FNR and OrangeW3R 

where both of them decolourised more than 90% of these dyes 

within 5 days of incubation. Finally, after 7 days of incubation 

they were found to cause almost complete degradation of 

Novacron Red FNR and around 95% degradation of Novacron 

Orange W3R. Besides, P. rubrum cause 71.5% decolourization 

of Orange W3R after 5 days of incubation and there was no 

further progress of decolourization later on. In addition, it 

degraded 60% of Red FNR after 7 days of incubation. 

Surprisingly, A. luchuensis couldn’t perform any notable 

degradation of either Novacron Red FNR or OrangeW3R. 

(Figure 7 and 8) 

 

Figure 5: Decolourization of Novacron Blue FNR by fungal 

isolates. The assay was performed by using isolates 
Penicillium rubrum, Aspergillus luchuensis, A. fumigatus and 

A. flavipes in modified Czepex-Dox broth medium with 

0.05%  of dye. Decolourization was measured 

spectrophotometrically after 3, 5 and 7 days of incubation by 

using the formula: Decolourization (% ) = (Ai – At) ∕ Ai × 100, 

where Ai is the concentration of the initial dye solution and 

At is the concentration at cultivation time. The data is 

representative of three independent experiments. Here, * = P 

<0.05, ** = P< 0.01 and *** = P< 0.001, P = significance level 

 

Figure 6: Decolourization of Novacron Yellow FNR by 

fungal isolates. The assay was performed by using isolates 
Penicillium rubrum, Aspergillus luchuensis, A. fumigatus and 

A. flavipes following the similar process described in Figure 

5. The data is representative of three independent 

experiments. Here, * = P <0.05, ** = P< 0.01 and *** = P< 

0.001, P = significance level 

 

Figure 7: Decolourization of Novacron Orange W3R by 

fungal isolates. The assay was performed by using isolates 
Penicillium rubrum, Aspergillus luchuensis, A. fumigatus and 

A. flavipes following the similar process described in Figure 

5. The data is representative of three independent 

experiments. Here, * = P <0.05, ** = P< 0.01 and *** = P< 

0.001, P = significance level
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Figure 8: Decolourization of Novacron Red FNR by fungal 

isolates. The assay was performed by using isolates 
Penicillium rubrum, Aspergillus luchuensis, A. fumigatus and 

A. flavipes following the similar process described in Figure 

5. The data is representative of three independent 

experiments. Here, * = P <0.05, ** = P< 0.01 and *** = P< 

0.001, P = significance level. 

The dye found to be the most resistant in this study is 

Novacron Navy WB which was only decolourized by A. 

fumigatus and A. flavipes with a decolourization rate of just 

more than 85% after 7 days of incubation. This is the lowest 

among the highest decolourization rates achieved against any 

dyes. However, there was no significant decolourization of this 

dye by either A. luchuensis or P. rubrum (Figure 9). 

Discussions 

From our experiment it is quite clear that Aspergillus 

fumigatus and Aspergillus flavipes are the most potential agent 

for decolourization of all tested Novacron dyes. In the most 

cases of this study, it was observed that initially dye removal 

was faster and with time it gradually slowed down. Hence, we 

can assume in dye decolourization aspect that young fungal 

biomass is more effective than that of old fungal biomass. This 

is not unexpected, since dye uptake mostly dependent on 

metabolic activity of actively growing mycelium. 

 

 

Figure 9: Decolourization of Novacron Navy WB by fungal 

isolates. The assay was performed by using isolates 
Penicillium rubrum, Aspergillus luchuensis, A. fumigatus and 

A. flavipes following the similar process described in Figure 

5. The data is representative of three independent 

experiments. Here, * = P <0.05, ** = P< 0.01 and *** = P< 

0.001, P = significance level. 

During 7 days of incubation period, it was found that 

Aspergillus fumigatus and Aspergillus flavipes decolourized all 

of the Novacron dyes to a greater extent. The decolourization 

(%) was found more effective than that of many previous and 

recent findings (Ryu and Weon, 1992; Jothimani and 

Prabakaran, 2003; Muthezhilan et al., 2008 and Saranraj et. al. 

2010) in terms of time required for maximum decoloutization. 

In their experiment, Saranraj et. al., found the complete 

degradation of Direct violet BL and Direct Sky Blue FF by 

Aspergillus niger and A. flavus respectively took 9 days while 

Direct violet BL, Direct Sky Blue FF and Direct Black E by 

Trichoderma viride, Mucor sp. and Penicillium chrysogenum 

respectively took 12 days of incubation. In another experiment, 

highest decolourization (%) of 86.5 after 8 days of incubation 

was reported by Aspergillus terreus (Muthezhilan et al., 2008). 

In contrast, we found almost complete degradation of Blue FNR 

by A. flavipes within 5 days and Red FNR by A. fumigatus 

within 7 days of incubation. Moreover, the degradation value 

achieved by A. flavipes against Yellow FN2R and Orange W3R 

Table 1: Decolourization (% ) of textile dyes by fungal isolates at 0.05%  concentration 
                                                                              

           Fungal 
           Isolates 

   

   

  Textile 

   Dyes 

Aspergillus luchuensis Penicillium  

rubrum 

Aspergillus fumigatus Aspergillus  

flavipes 

    Decolourization 

           (%) 

   Decolourization 

             (%) 

  Decolourization 

          (%) 

   Decolourization 

              (%) 

3rd  

day 

5th  

day 

7th  

day 

3rd  

day 

5th  

day 

7th  

day 

3rd  

day 

5th  

day 

7th  

Day 

3rd  

day 

5th  

day 

7th  

day 

Novacron blue 

FNR 

53.0 79.7 80.8 13.2 20.5 31.4 77.4 93.2 98.8 85.2 98.4 98.6 

Novacron yellow  
FN2R 

50.2 75 76.6 50.7 74.1 75 50 80 90 67.0 81.7 92.5 

Novacron orange 

W3R 

7.25 14.8 36.4 50.2 71.6 71.6 75.8 92.3 93.7 78.0 92.8 94.6 

Novacron red 

FNR 

5.02 11.0 26.3 27.2 54.4 60.2 79.2 91.7 98.5 70.2 93.4 97.2 

Novacron navy 

WB 

1.28 1.78 24.8 1.4 2.31 5.41 53.1 64.5 86.4 46.3 65.3 85.1 

All the tested dyes were provided by Qualitex industries (BD) limited, CEPZ, Chittagong, Bangladesh. Decolourization assay was done in 
modified Czepex Dox broth media and decolourization (%) was measured spectrophotometrically after 3 rd, 5th and 7th day of incubation.  

Each decolourization (%) value was measured by using the formula: Decolourization (%) = (A i – At) ∕ Ai × 100, where Ai is the 

concentration of the initial dye solution and A t is the concentration at cultivation time 
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was just below 95% after 7 days of incubation. These results 

revealed A. fumigatus and A. flavipes as the most efficient textile 

dye degrader.  In the experiment done for the evaluation of 

interactive effects of temperature, pH and enzyme concentration 

by response surface methodology, the maximum colour removal 

was found 98.9% (Imen et al., 2010). Here, we found that both 

Aspergillus fumigatus and Aspergillus flavipes can decolourize 

most of the textile dyes nearly at that extent after 7 days of 

incubation. 

Conclusion 

This study clearly reveals that some fungi especially 

Aspergillus sp. and Penicillium sp. can thrive in dyeing industry 

effluent by using dyes as their source of nutrient while some of 

them found to have tremendous dye decolourizing capability. 

Among 4 isolates, we found two Aspergillus sp. to degrade all of 

the tested dyes with an excellent decolourization rate, rest two 

were also satisfactory. So, this mysterious property of fungi as 

well as other microorganisms could be used as effective arms to 

fight with dyeing effluent related water pollution that becoming 

the most concerned topic throughout the world. Further study on 

their enzymatic property and optimization of their dye degrading 

process parameter could make them more efficient in textile dye 

degradation. 
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