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Abstract 
 

Synthetic dyes have an adverse effect on the aquatic ecosystem and their toxic component has to be removed from the effluent before 

their exoneration. Microorganisms have the potentials to degrade complex and recalcitrant organic compounds into simpler fragments 

achieving complete mineralization. Thus, the aim of this work is to isolate and investigate the degradative potential of fungal isolates 

recovered from textile effluents. The fungal isolates encountered includes; Aspergillus niger (14.3 %), Aspergillus fumigatus (14.3 %), 

Cryptococcus sp. (28.6 %) and Candida albican (42.9 %). The fungal isolates utilized some selected synthetic dyes (Malachite green, 

Methylene blue, Eosin Y and Carbol fuchsine) as sole source of carbon and nitrogen. All the fungal isolates exhibited degradative and 

decolourization potential against the different dyes tested at varying degree. Highest decolourization (79.4%) was obtained by Aspergil-

lus niger for Eosin Y dye, followed by Cryptococcus sp. (77.0%) for the same dye after five days incubation. However the least decol-

ourization efficiency (35%) was obtained by Aspergillus fumigatus for Malachite green. The results have demonstrated the potential of 

the fungal isolates for the treatment of dye wastewater. 
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1. Introduction 

Growing environmental pollution resulting from rapid industrial 

development is one of the challenges facing the modern world. 

The textile industry releases about 10 to 15% of the dye, which 

find its way into waste water. It chiefly consists of residue dyes, 

surfactants, salts, and chlorinated compound (Selvam et al., 2003). 

Thus, the colour removal of textile waste water is a major envi-

ronmental concern. Therefore, industrial effluents like textile 

waste water containing dyes must be treated before their discharge 

into the environment. The dye waste water from the textile is one 

of the most difficult waste water to treat, because of their com-

mercial importance. The impact and toxicity of dyes have been 

extensively studied. Color can be removed from waste water by 

chemical and physical method including absorption, coagulation-

flocculation, oxidation and electrochemical methods (Thakur et 

al., 2012). Chemical and physical method used may also include 

ion-exchange, irradiation, precipitation, ozonation, and oxidation 

via chlorine, electro floatation, detrolysis, and petroxide (Nosheen 

et al., 2000). These methods are quite expensive, have operational 

problems and generate huge quantities of sludge. Among low cost, 

viable alternatives for effluent treatment and decolourization, the 

biological systems are recognized by their capacity to reduce bio-

chemical oxygen demand (BOD) and chemical oxygen demand 

(COD) by convectional aerobic degradation. 

The treatment based on using microbes capable of degrading or 

decolourizing these recalcitrant compounds is environmental 

friendly and can lead to mineralization of the target compounds. 

The effectiveness of these treatment systems depends upon the 

survival and adaptability of the microorganisms during the treat-

ment processes (Thakur et al., 2012). 

Biological processes convert organic compounds completely into 

water and carbon dioxide; it has low cost and is very easy to use 

(Ali et al., 2009) but due to the detrimental effect of reactive dyes 

on the microbial population, efficiency of the process is reduced 

(Ogawa et al., 1982). Some bacterial such as Micrococcus luteus, 

Staphylococcus aureus, Bacillus spp (Mahbub et al., 2001), Pro-

teus mirabilis (Joshi et al., 2008), Pseudomonas spp. (Zimmer-

mann et al., 1982), and Aeromonas spp. (Chen et al., 2008) has 

already been reported of having the capability decolorizing textile 

dye. Therefore, it is imperative to research into the organisms 

associated with effluent from textile and their ability to degrade 

dyes.  

2. Materials and methods 

2.1. Collection of sample 

The textile effluents (namely yellow and blue dyes) used in this 

research was collected the textile industries situated at Osogbo, 

Osun State, Nigeria. The samples were collected in sterile plastic 

container and transported to the laboratory for bacteriological 

analysis. 

2.2. Bacteriological analysis 

The standard pour plate method was used in the isolation process 

from the dye using nutrient agar. Isolates were characterized based 

on their cultural and biochemical characteristics. The following 

biochemical analyses were carried out: oxidase, catalase, coagu-

lase test, urease test, motility, sucrose, mannitol, glucose, and 

citrate utilization (Jason, 2004). The tests were used to identify the 
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isolates according to Bergey’s manual of determinative bacteriol-

ogy (Holt et al., 1994). 

2.3. Mycological analysis 

The Potato Dextrose Agar (PDA) was used in the isolation of 

fungi present in the effluent, a standard pour plate method was 

adopted, and inoculated PDA plates were incubated at room tem-

perature for 5 days. Further test were carried out to determine the 

sugar fermentation ability of each isolates in order to characterise 

the isolates. The sugar fermentation tests were carried out based 

on their ability to utilize lactose, maltose, sucrose and their ability 

to produce urea enzyme (urease) (Mobely et al., 1995). The identi-

fication was done by comparing the experimental results with the 

description in manual of imperfect fungi (Barnet and Hunter, 

1972).  

2.4. Decolorization and degradation studies of the fungi 

isolates 

2.4.1. Media 

Dye decolourization was determined qualitatively using Saboraud 

Dextrose Agar (SDA) and Potato Dextrose Agar (PDA). Fungal 

inoculums were prepared in Potato Dextrose Broth. Czapek-Dox 

Broth (g l-1 sucrose 30g, sodium nitrate 2g, potassium hydrogen 

phosphate 1g, magnesium sulphate 0.5g, potassium chloride 0.5g, 

iron (ii) sulphate 0.01g and distilled water 1000 ml): serves as the 

complex medium to conserve the inoculums and enhance the 

proper optimization of the conditions required for the dye decolor-

ization. 

2.4.2. Degradation studies on solid media 

Fungal isolates were inoculated onto SDA plate containing the dye 

samples for the demonstration of dye degradation on solid media. 

The degradation was observed by measuring the clearance zone 

around the fungi colonies after being incubated for 12 days at 25-
oC. 

2.4.3. Decolourization analyses 

Fifty millilitres of Czapek-Dox Broth (pH 5.5) contained in 250ml 

conical flask was sterilized by autoclaving at 121oC at 15psi for 15 

minutes in an autoclave. The inoculums of 2ml (fungal mycelia) 

were taken from pre-cultured Potato Dextrose broth media and 

introduce into the complex salt media for the decolorization study. 

The fungal inoculums were incubated for 5 days, on the fifth day, 

samples of dye were added (3ml each 0.05% v/v) to the culture 

media and were kept at 30oC and were manually stirred at every 6 

hrs for 6 days to achieve uniform distribution of dyes and inocu-

lums. Control media were also prepared without inoculums added 

(Jothimani and Prabakaran, 2003). Laboratory dyes used includes 

malachite green, carbon fuchsine, methylene blue and eosin Y. 

Five millimetres of content were mixed well and filtered through 

Whatman no 1 filter paper and absorbance were measured for tests 

and controls of all samples at 590nm to estimate the decolorization 

percentage using the formula: 

 

D= (A0-A1) × 100 

           A0 

D= Decolorization rate 

A0= Initial absorbance or absorbance of control 

A1= final absorbance or the absorbance of the samples test 

(Moorthi et al, 2007). 

3. Results 

The total viable bacteria found in the dye sample Y and X were 

5.0 x 106 and 7.0 x 107CFU ml-1 respectively and the total viable 

fungi cells in the two dyes samples were both 7 x 107 cell propa-

gules ml-1. The bacteria isolated from the two effluents were 

Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus 

faecalis, Escherichia coli and Bacillus subtilis.  

 
Table 1: Physiochemical Characteristics of Effluent Samples and the Total 

Viable Count of Microbes Present 

Effluent 
samples 

Color 
Total bacteria count 
(CFU ml-1) 

Total fungal count 
(ml-1) 

X 
 Yel-

low 
 7.0 x 107  7.0 x 107 

Y  Blue  5.0 x 106  7.0 x 107 

 

The fungal isolates encountered include Candida albican, Asper-

gillus niger, Aspergillus fumigatus and Cryptococcus spp. with 

occurrence rate of 42.9 %, 14.3 %, 28.6 % and 14.3 % respective-

ly (Table 2). 

 
Table 2: Rate of Occurrence of Fungal Isolates in Dye Samples 

Organism No of occurrence Occurrence rate (%) 

Aspergillus niger 2 14.3±0.1 

Aspergillus fumigatus 2 14.3±0.1 

Cryptococcus spp. 4 28.6±0.1 
Candida albican 6 42.9±0.1 

 

Aspergillus niger shows considerable degradation ability on all 

dyes by at least 47mm (26%), Aspergillus niger was able to de-

colorize methylene blue more than any of the fungi isolates. There 

were significant decolorization of malachite green by Cryptococ-

cus spp., it was able to decolorize eventually all dyes on the medi-

um and this specie shows considerable decolorization ability on 

other dye samples. Malachite green and metyhlene blue were re-

calcitrant to Aspergillus fumigatus and Candida albican respec-

tively and both show low decolorization ability on carbon fuchsine 

by creating zone of clearance of 5mm and 20mm in diameter re-

spectively (figure 1). 

The ability of the four different fungal isolates to decolorize dyes 

in liquid was determined using Czapek Dox broth. The four isolat-

ed fungal strains (C. albican, A. niger, A. fumigatus and Crypto-

coccus spp.) were used to study decolorization of the selected 

laboratory dyes namely; methylene blue, malachite green, carbon 

fuchsine and eosin Y which were added on the 5th day of prior 

incubation in Czapek Dox broth. The decolorization efficiencies 

were measured on the 6th day of incubation. The result revealed 

that all the isolated fungal species had variable potential to decol-

orize different textile dyes (Figure 2, 3, 4, 5). The most potent 

fungal strains in decolorizing methylene blue was A. niger fol-

lowed by Cryptococcus spp. and the most recalcitrant among all 

the dye studies for degradation by the isolated fungi was malachite 

green in which the total % decolorization by the four fungal iso-

lates was 48 %. The degradation efficiencies by the fungi strains 

varied from 48 to 66 %. 
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Fig. 1: Decolourization of Dyes by Fungal Isolates on Solid Media. 

 

 
Fig. 2: Dyes Decolorization by A.Niger Inoculums from Day 1- 5. 
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Fig. 3: Dyes Decolorization by A. Fumigatus Inoculums from Day 1-5. 

 

 
Fig. 4: Dyes Decolorization by Cryptococcus Spp. Inoculums from Day 1- 5. 
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Fig. 5: Dyes Decolorization by Candida Albican Inoculums from Day 1-5. 

 

4. Discussion 

In the past years microbes have been drawing tremendous atten-

tion due to their ability to treat waste water and thereby improve 

water quality. Some microbes have the capability of coexistence 

with higher toxic level of contaminants such as dyes used in the 

textile industry which are highly recalcitrant to degradation. Con-

sequently the identification and characterization of halotolerant 

and halophilic microbes that can degrade azo dyes may facilitate 

the development of biological method for treatment of saline azo 

dyes waste water (Ponraj et al., 2011). 

Biological methods are environmentally safe and convert organic 

compounds completely into water and carbon dioxide; they are 

cost effective and easy to use (Ponraj et al., 2011). The result ob-

tained in this research is in agreement with earlier reports from 

textile effluents study by Devi and Kaushik (2005), who reported 

that effluent of textiles can be treated with Aspergillus spp. Since 

they are well adapted to textile waste effluents and contaminated 

soils (Devi and Kaushik, 2005; Raju et al., 2007; Ponraj et al., 

2011). The decolorization potential of the organisms most espe-

cially the white rot fungus Aspergillus niger has over the years 

been discovered to be due to their ability to produce extracellular 

ligninolytic enzymes which are observed by the oxidation of 3,4 

dimethoxybenzyl alcohol to veratyldehyde in the presence of 

H2O2. Ligninase present in the extracellular extract of Aspergillus 

spp. were reported to exhibit properties comparable of other pe-

roxidase with respect to their physiochemical properties (Jothima-

ni and Prabakaran, 2003). 

Moreover these lignin-degrading enzymes in Aspergillus spp. are 

directly involved not in the degradation of lignin in their natural 

ligninocellulose substrate but also in their degradation of various 

xenobiotics compounds, inclusive of dye (Wesenberg et al., 2003). 

Ligninolytic enzymes have been reported to oxidize many recalci-

trant substances such as chlorophenols, polycyclic aromatic hy-

drocarbons (PAHs), organophosphorus compounds and phenols 

(Wesenberg et al., 2003). Our result support the idea that lignino-

lytic enzyme act on decolorizing the dye, it is possible that the 

ability of the fungi isolates to degrade dyes as shown in this study 

is coupled with their biosorption abilities in addition to their abil-

ity to produce extracellular enzymes (Park and Hausinger, 2007). 

Enzymes involved in the degradation of textile dyes are mainly 

peroxidases and laccases (Leena and Selva-Raj, 2008). In present 

study, laccase and peroxidase production by isolate was not de-

tected in plate. Further investigation is needed to clarify the enzy-

matic mechanism responsible for dye biodegradation. 

From the result, it was observed that carbon fuchsine dye was 

highly decolorizable by all fungal strains and the degradation effi-

ciency varied from 58.2 to 76.3%, exceeding the average percent-

age. Most of the isolated fungal species were able to decolorize 

eventually all selected dyes between 6-10 days (i.e. within 4 days), 

these decolorization efficiency of fungi can be due to the presence 

of chitin with hydroxyl and amino groups in their cell wall, which 

makes them an efficient absorbent of dye effluent (Park and 

Hausinger, 2007). Differences in the capacity of dye decoloriza-

tion between fungi have been related to inter and intraspecific 

variations, the molecular complexity of the dye and the culture 

condition (Kirk et al., 1978).  

5. Conclusion 

The study has revealed that the fungal species examined are suita-

ble candidates for decolorization and treatment of dye effluent and 

also seems to have a great significance for future development in 

removal and recovery of dyes. Biological systems appears to be 

the most economically viable choices available for effluent treat-

ment/decolorization and the most practical in terms of manpower 

requirements and running expenses to adopt and develop. 
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