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ABSTRACT 

The objective of this study was to investigate mechanism for decolorization of congo red dye by 

cultivation of fungi in a liquid phase and to confirm the possibility of practical application via repeated-

batch cultivation.Biodegradation and detoxification of azo dye, congo red have been carried out using ten 

fungal isolates Alternaria raphanin, Alternaria solani, Aspergillus flavus, Aspergillus niger, Cladosporium 

oxysporum, Fusarium monilliformae, Fusarium oxysporum, Penicillium citrinum, Penicillium sp., 

Trichoderma atroviridae, isolated from dye effluent soil. Liquid media method at stationary state was 

adopted to study biodegradation of congo red dye by fungi. Fusarium oxysporum have greater potential to 

degrade the congo red dye. Alternaria raphani, Alternaria solani, Aspergillus flavus, Cladosporium 

oxysporum, Fusarium monilliformae, Penicillium citrinum, Penicillium sp. are recorded as moderate 

degrader of congo red dye 

Key words: Optical density, Congo red degradation, laccase enzyme, isolation and identification of 

fungi. 

INTRODUCTION 

Synthetic dyes are widely used in textile, paper, food, color photography, paper printing, plastic, 

cosmetics, pharmaceutical, leather and toy industries (Zollinger, 1987; Carliell et al., 1995). Azo dyes are 

largely used in the textile industry which possess one or more azo bonds (N = N) coupling between 

diazonium compounds and aniline, phenol or other aromatic compounds. A considerable part, around 10–

15%, of the azo dyes is released as effluent into the open streams presenting ecotoxic danger (Prasad and 

Rao, 2013). Penetration of light into water is prevented due to water pollution with dyestuff directly 

interferes with survival of aquatic organisms (Chen et al., 2003).In the effluents of the textile and paper 

industries the azo dye Congo red (C.I. No. 22120, Direct Red 28) is abundant and has been reported to be 

extremely carcinogenic and toxic to both environment and humans (Chung, 2016). Dyes in wastewater 

often lead to calamities viz. the incidence of bladder tumors has been reported to be particularly higher in 

dye industry workers than in the general population (Suryavathi et al., 2005). All these facts make its 

degradation and detoxification highly desirable. For Congo red degradation, several physical and chemical 

methods such as adsorption, coagulation/flocculation, photocatalytic ozonation, and inorganic catalysis 

have been proposed by several workers (Atkin et al., 2016; Chen et al., 2014; Devi and Saroha, 2017; 

Nasiem et al., 2018).But these methods are very time consuming and costly with low efficiency. For 

decolorization and degradation of synthetic dyes numerous water treatment technologies are available, but 
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research interest in the fungal bioremediation due to their biomass compared to the bacteria, has increased 

significantly (Shahid et al., 2013).Keeping the above points in view, the main objectives of the problem 

were to screen and employ selected potential textile dye effluent soil fungal sp. capable to decolorize and 

detoxify the textile dyes using liquid media under stationary condition. 

MATERIAL AND METHODS 

Selection of sites and collection of samples 

Three different sites were selected from Aurangabad industrial area which includes Shendra MIDC, 

Waluj MIDC and Railway station MIDC. Coloured soil samples were collected with the help of sterile 

forceps and sterilized polythene bags which brought to laboratory for further experiments. 

 

Isolation and identification of fungi 

The fungi were isolated on PDA medium from soil contaminated with industrial effluents by serial 

dilution method (10-5). Then dilutions were spread on respective solid PDA medium. For growth of fungi, 

inoculated plates were kept at room temperature. To obtain pure cultures isolates were again inoculated on 

sterilized PDA medium. Characters like colour, texture, colony diameter, appearance, morphology, growth 

pattern, microscopic structures of the pure cultures were considered for identification of fungi. Isolated 

fungi were identified by Gilmon, 1957, Ellies, 1971 and Mukadam et al., 2006. Identified fungi were 

further confirmed from Agharkar Research Institute, Pune.  

Assay for the dye decolorization activities of fungi in liquid media 

Spore suspension of selected fungi includes Alternaria raphanin, Alternaria solani, Aspergillus 

flavus, Aspergillus niger, Cladosporium oxysporum, Fusarium monilliformae, Fusarium oxysporum, 

Penicillium citrinum, Penicillium sp., Trichoderma atroviridaeinoculated in each conical flask containing 

100ml GN broth medium with congo red dye (100mg/l) proportion under aseptic condition. Simultaneously 

same procedure was used without congo red dye for comparison purpose.  After 7 days interval parameter 

like change in colour of medium, growth of fungi, sporulation, and growth pattern wasconsidered to know 

the percentage of dye degradation with respect to the control sample. Broth along with mycelium mat was 

then filtered with Whatman’s filter paper. Collected filtrate was then used to measure OD. The degree of 

decolorization was measured spectrophotometrically by using a UV/vis spectrophotometer 

 

RESULT AND DISCUSSION 

Preliminary experiments in liquid media were performed to determine the decolorization ability of 

Alternaria raphani, Alternaria solani, Aspergillus flavus, Aspergillus niger, Cladosporium oxysporum, 

Fusarium monilliformae, Fusarium oxysporum, Penicillium citrinum, Penicillium sp., Trichoderma 

atroviridae. On the basis of optical density, growth pattern of fungi, sporulation and pigmentation it was 

cleared that fungi such as Fusarium oxysporum have greater potential to degrade the congo red dye. 

Trichoderma atroviridae, Aspergillus niger showed very slow dye degradation while Alternaria raphani, 

Alternaria solani, Aspergillus flavus, Cladosporium oxysporum, Fusarium monilliformae, Penicillium 

citrinum, Penicillium sp. are recorded as moderate degrader of congo red dye (Table 1 and Table 2). 

Several researchers were earlier worked on this aspect. Some fungi produces extracellular enzymes 

involved in degradation of the dye (Ademola and Ogunjobi 2012). It was found that, microbes can catalize 

the degradation of synthetic dyes and adapted to environment which containing industrial effluents. 

Kaushik and Malik (2009) reported that the crystal violet and congo red dye degradation done by 

absorption of soil fungi. During the period of growth of fungi, it was noted that as fungal growth increases, 

decolourisation of congo red also increases. Ezeronye and Okerentugba, (1999) observed that fungal 

systems appear to be most appropriate in the treatment of azo dyes. Ali et al. (2009) and Vasudev (2011) 

reported that Malachite green was readily degraded in liquid culture by A. flavus, and A. solani. Further, 

researchers reported the involvement of lignolytic enzymes of Aspergillus sp. in the degradation of azo 

dyes in textiles wastewaters (Rana, et. al., 2017). Similar results were earlier reported by Singh and Singh, 
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2010. They found that, microbial degradation of Congo red, Bromophenol blue, Acid red and some others 

textile dyes by the fungi, A. flavus and T. harzianum. In this link, Muthezhilan et al. (2008) also found 

some species of genus Aspergillus, positive for the biodegradation of dyes; Methylene blue, Gentian violet, 

Crystal violet, Cotton blue, Sudan black, Malachite green and Methyl red, in liquid medium. 

This study suggests that it is possible to decolorize a high concentration of commercial dyes, which would 

be a great advance in the treatment of dye containing wastewater. These methods may have a potential 

application for dye decolorization and for textile effluent treatment. 

 

Table 1: Study of congo red dye degradation by selected fungi 

Fungi name Colour of 

medium 

Growth Sporulation  Special character 

Alternaria raphani Reddish 

transparent 

+++ +++ Slow growth, Blackish 

cottony mycelium  

Fusarium oxysporum Redish 

transparent 

+++ + Light pink, Mycelium is 

solid white cottan like  

Alternaria solani Light red ++ ++ Blackish solid mycelium 

Fusarium monilliformae Crimson to 

brown 

+++ +++ Compact Cottan like 

growth 

Trichoderma atroviridae Light red to 

brown 

+++ +++ Bluish green-yellow 

mycelim 

Aspergillus niger Transparent +++ +++ Black colour mycelium 

with easily observed 

spores 

Aspergillus flavus Light red +++ +++ Mycelium is tightly 

packed 

Penicillium citrinum Transparent +++ +++ Compact Yellow colour 

mycelium 

Penicillium sp. Light red +++ +++ Solid Bluish mycelium 

Cladosporium 

oxysporum 

Crimson +++ +++ Compact Mycelium in 

dark black patches 
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Table 2: O.D. of filtrate obtained after degradation of dye by selected fungi 

Fungi Optical density 

(490nm) 

Alternaria raphani 0.251 

Alternaria solani 0.147 

Aspergillus flavus 0.125 

Aspergillus niger 0.527 

Cladosporium oxysporum 0.220 

Fusarium monilliformae 0.176 

Fusarium oxysporum 0.099 

Penicillium citrinum 0.083 

Penicillium sp. 0.102 

Trichoderma atroviridae 0.363 

Control OD 1.31 

 

 

Fig 1: Dye decolorization activities of fungi in liquid media 
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