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Biological remediation is always envisaged as cost effective and eco-friendly for the treatment of 
recalcitrant dyes and effluents. Aspergillus niger SA1, a brown rot fungi, isolated from storage pond of 
textile wastewater, showed a great mineralizing ability for azo dyes, acid red (AR) 151 and orange (Or) II. 
Decolorization assays were carried out for 24 h, by taking 100 ml of dye containing Simulated Textile 
Effluent (STE) with 5 g of freshly grown fungal pellets. Decolorization of AR 151 was well over 95% 
under different conditions, however, it reduced to 52% when treated with pre-used fungal biomass 
under shaking condition. In case of Or II, results were 50 and 61% under static while 65 and 85% under 
shaking condition with fresh and pre-used fungal biomass respectively. Primarily, dyes removal in STE 
appeared due to biosorption/bioadsorption of the fungal biomass. However, discoloration of dyes onto 
the biomass with subsequent formation and then decline in their products in STE suggested clearly that 
dyes were basically metabolically degraded by the fungal strain. 
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INTRODUCTION 
 
Various types of synthetic dyes and pigments are exten-
sively used (approximately 100,000 tons/year) worldwide 
in textile sector (Moreira et al., 2000; Park et al., 2006; 
Soares et al., 2002). Huge amount (5-50%) of dyes (spe-
cifically reactive azo), on account of their poor absorba-
bility into different fibers are continuously being exhaust-
ted in wastewater streams from textile industries 
(McMullan et al., 2001). Predominantly Synthetic dyes, 
including sulfonated and their biodegradation products 
contain structural elements, which are unknown or rare in 
nature. So, these chemicals are considered as major 
recalcitrant organic compounds in wastewater stream of 
textile industry. These chemicals not only have a nega-
tive aesthetic effect on water bodies but these also resist 
microbial degradation, thereby reducing self-purification 
ability of the water bodies. Furthermore, dyes and asso-
ciated chemicals have also been found contributing aqua- 
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tic toxicity in terms of mutagenicity (Grover et al., 1996; 
Reid et al., 1984; Rosenkranz and Klopman, 1990; 
Wagner, 1993).  

It is the complex changing nature and huge volume of 
textile effluent, which makes it difficult to be treated with a 
single conventional treatment technology (McMullan et 
al., 2001; O’Neill et al., 1999; Shaul et al., 1991). A va-
riety of physicochemical treatments have been devised 
previously for the dyes and textile wastewater. However, 
these suffered from some serious drawbacks in terms of 
their limited applications or their high cost. Besides, 
chemical treatments created an additional chemical load 
in water bodies that eventually resulted in sludge disposal 
problems. Several factors determine the technical and 
economic feasibility of each single dye removal tech-
nique. These include; dye type and its concentration, 
wastewater composition, operation costs (energy and 
material), environmental fate and handling costs of gene-
rated waste products (Cooper, 1993; Grau, 1991; 
Robinson et al., 2001; Vandevivere et al., 1998). The 
domain of biological remediation has been gaining a 
great deal of attention during the last  couple  of  decades  
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Figure 1. Structure of dyes and related products.  

 
 
 
for its cost-effective and eco-friendly evolving nature. In 
this context, researchers have paid much attention in 
exploring microbial and plant remediation techniques for 
water and soil polluted with different contaminants. Biolo-
gical dye removal techniques are either based on partial 
or complete biodegradation of dyes by pure and mixed 
cultures of bacteria, fungi and algae (Arora and Chander 
2004; Bhatt et al., 2000; Chen et al., 2003; Ferreira et al., 
2000; Machado et al., 2006; Sandhya et al., 2005; 
Semple et al., 1999; Wesenberg et al., 2003; Zheng et 
al., 1999). However, a great deal of expertise is a prere-
quisite in screening, selection and application of right 
organism(s) against specific dyes under different physico-
chemical conditions to achieve optimum results. 

The biodegradation of dyes was first reported in White-
rot (Glenn and Gold, 1983) and since then many 
scientists have focused their efforts in exploring the bio-
mineralization properties of different fungi. Virtually, dyes 
from all chemically distinct groups have been found prone 
to fungal oxidation due to their lignin modifying systems 
(Arora and Chander, 2004; Fu and Viraraghavan, 2001; 
Libra et al., 2003). By far, the fungal decolorization/ 
degradation of dyes has been reported either through 
biosorption (Fu and Viraraghavan, 2000) or enzymatic 
mineralization (lignin peroxidase, manganese peroxidase, 
manganese independent peroxidase and laccases) 
(Ferreira et al., 2000; Wesenberg et al., 2003; Wong and 
Yu, 1999; Zheng et al., 1999). So, considering the meta-
bolizing properties, fungi were either used directly or their 
extracts (cultural filtrate) containing enzymes were exer-
cised for the degradation of dyes. Reports have, how-
ever, supported application of fungal biomass (pre-
grown) than cell-free system (containing enzymes) for the 

treatment of dyes, specifically, when fungi showed adsor-
ption as well as enzymatic degradation abilities for dyes 
(Aksu and Tezer, 2000; Braun and Vecht-Lifshitz, 1991; 
Coulibaly et al., 2003; Rojek et al., 2004; Zhau and 
Zimmerman, 1993). In this context, White-rot fungi have 
been mostly used in different types of reactors such as 
aerated reactor (Prout, 1990) packed bed (Schliephake et 
al., 1993) and rotating biological contactors (Alleman et 
al., 1995), though each reactor type has shown some 
limitation, considering the waste array of dyes and the 
time required for their treatment. 
The present study focused on the role of a brown-rot 

fungus, Aspergillus niger SA1, for the decolorization/ 
degradation of dyes and related products. Two important 
azo dyes including AR 151 and Or II were used in the 
research work because these dyes and their products 
(Figure 1) proved strong recalcitrant and hazardous in 
nature. Pre-grown biomasses (wet pellets) of fungus 
were repeatedly used for the removal of dyes in STE in 
batch mode static/shaking conditions. 
 
 
MATERIALS AND METHODS  
 
Chemicals 
 
Dyes and chemical compounds used in the research work were ob-
tained from BDH Laboratory Chemical Division, Poole, Dorset, 
England, Sigma chemicals Co., St, Lois and E. Merck, Darmstadt, 
Germany. 
 
 
Composition of simulated textile effluent (STE) 
 
Simulated textile effluent was made by adding  per  liter  of  distilled  



 
 
 
 
water; acetic acid (99.9%) 0.150 ml, (NH2)2CO 100.0 mg, KH2PO4 
67.0 mg, NaHCO3 840.0 mg, MgSO4.7H2O 38.0 mg, CaCl2 21.0 
mg, FeCl3 6H2O 7.0 mg and dye 20 mg. pH of the medium was ad- 
justed to 8 by using 0.1M HCl and NaOH (Luangdilok and 
Panswad, 2000).  
 
 
Isolation of fungal strain 
 
Fungal strain used in the present study was previously isolated and 
identified by Ali et al. (2008 a, b).  
 
 
Production of wet biomass of fungi 
 
A freshly grown fungal culture (on Saboraud dextrose agar) on petri 
plate was taken as an inoculum source for its bulk production. The 
fungal mycelia along with spores were scratched from the solid 
medium and then taken in 1000 ml cotton plugged flat bottom 
Erlenmeyer flask containing 500 ml Saboraud dextrose broth. 
Enhanced fungal growth was obtained by operating the culture on a 
shaker incubator at 30°C for 8 days. The fungal biomass (wet 
pellets) produced was filtered out from the liquid medium by using 
Whattman filter paper No. 1. It was washed twice with deionized 
water before application in the experiments.  
 
 
Decolorization assays 
 
Decolorization assay was carried out by taking an aliquot of 100 ml 
of STE containing 20 mgl-1 of a dye in 250 ml cotton plugged Erlen-
meyer flask. Each dye containing solution was treated with 5 gm of 
freshly grown fungal biomass (wet pellets) for 24 h under static or 
shaking (orbital shaker at 100 rpm) condition. After each experi-
ment, the fungal biomass was washed with deionized water, stored 
for 24 h in the incubator (30°C), and then re-used in the subsequent 
experiment. 
 
 
Analytical  
 
Residual amount of dye and different products in each experiment 
were analyzed by taking samples of treated dye containing STE in 
epindorff tubes (size 2.5 ml) at regular intervals. Samples were 
initially filtered through Whattman filter paper No. 1, filtrate was 
centrifuged at 10,000 rpm for 10 min on a micro-centrifuge and the 
supernatant was then filtered through 0.2 µm syringe filter to 
remove any tiny particulate material in it. The residual amount of AR 
151 (� max = 225 nm) and Or II (� max = 231 nm) was monitored 
by analyzing them though High Performance Liquid Chromato-
graphy (HPLC) (Agilent 1100 ChemStation HPLC, equipped with a 
diode array detector and a 100 RP-18 column (4 mm i.d. x 250 mm 
length) containing 5 µm packed particles (Merck KgaA, Darmstadt, 
Germany)). The solvent system (mobile phase) used for Or II was 
acetonitrile and 0.03 M ammonium carbonate buffer (30:70 %) and 
for AR 151, it was acetonitrile and H2O (30: 70). The flow rate was 
kept 1.5 ml mn-1 during analysis.  

Result obtained in each experiment was expressed as mean 
with standard error. Results obtained in different operational 
conditions (static and shaking with fresh and pre-used biomass) 
were statisti-cally compared with each other by using T-Test 
(Paired; two samples for means/2 samples; assuming equal 
variance). Correla-tion (Bi-variant) indices of decolorizations of each 
dye and its associated products formed in different experiments 
were also determined. Probabilities (p-values) of <0.05 and <0.01 
were considered significant and highly significant, respectively.  
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Precaution  
 
The entire experimental work was carried out under standard steri-
lize conditions. Each experiment was conducted in triplicate in order 
to ovoid errors.  
 
 
RESULT  
 
The present study clearly validated the role of an indige-
nous brown-rot fungal isolate A. niger SA1 for achieving 
enhanced decolorization/degradation of azo dyes AR 151 
and Or II. Application of biomass in STE containing AR 
151 or Or II yielded 50-100% results in 24 h in different 
condition studied. Besides, removal of AR 151 was consi-
derably higher than Or II. Primarily, fungal biosorption/ 
bio-adsorption appeared to be associated with dyes 
removal in STE (specifically in case of AR 151). 
However, HPCL analysis of the treated STE samples 
showed that dyes were degraded into their constituent 
products. Furthermore, culture stability (static/shaking), 
mode of application of biomass (fresh or pre-used) and 
dyes types were found to be playing a major role on the 
metabolizing properties of fungus related to dyes removal 
(Figures 2-4). 
Decolorization of AR 151 (20 mgl-1) was 97-98% in 24 h 

in most of the conditions employed; however, it declined 
considerably (52.62%) (significantly at p < 0.01) with pre-
used biomass under shaking condition. Under stationary 
mode, the final residual amount of aniline was maximum 
(10.97 mgl-1) followed by sulfanilic acid (5.55 mgl-1) with 
fresh biomass and only aniline (8.67 mgl-1) was quantified 
with pre-used biomass. The production of aniline kept on 
increasing during the experiments, though the amount of 
remaining two products started decreasing even after 2 h. 
However, under shaking condition, the only product 
quantified at 24rth h was sulfanilic acid both with fresh 
(18.55 mgl-1) and pre-used (3.25 mgl-1) biomass (Figure 
2).  
In case of Or II, the fungal decolorization abilities ap-

peared to be declining when they were used in repeated 
batch modes under static/shaking condition (Figure 3). 
Nevertheless, decolorization of dye remained more than 
50% under all treatment conditions in 24 h. It was signifi-
cantly higher (p < 0.01) in shaking (84.91 and 64.86%) 
compared with static (61.08 and 50.62%) condition both 
with fresh and pre-used biomass respectively (Figure 3). 
The total residual amount of three products in Or II treat-
ment kept considerably lower that is. <10 mgl-1 and 
started decreasing in the initial 1-2 h. The major product 
analyzed at 24rth h was aniline (2.71 and 5.78 mgl-1) in 
static, while sulfanilic acid (2.7 and 1.4 mgl-1) in shaking 
conditions with fresh and pre-used biomass respectively.  
Correlation indices showed a strong positive correlation 

(r = 0.793) (though non-significant at p = 0.05) between 
decolorization (percent) of AR 151 and total residual 
amounts (at 24rth h) of 3 products under different 
treatment conditions. Contrarily, correlation was 
moderate  negative  (r = -0.332)  in  case  of  Or II,  which  
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Figure 2. Time course of decolorization of AR 151 and different products formation by fresh and pre-used biomass of A. niger SA1; in 
static (a and b) and in shaking (c and d) conditions, respectively.  

 
 
 
indicated better mineralization of products (total) than 
was analyzed in case of AR 151 while considering the 
amount of respective decolorizations (percent) in two 
dyes. 
 
 
DISCUSSION 
 
Application of biomass (pre-grown) of A. niger SA1, 
proved and emerged as a superior approach in achieving 
enhanced decolorization/degradation (up to 98% in AR 
151 and 85% in Or II in 24 h) of azo dyes in STE (Figures 
2 and 3). This approach is essentially required when 
fungus shows both metabolically mediated biosorption/ 
bioadsorption as well as biodegradation of dyes. Pre-
viously, the same fungal strain when seeded as an 
inoculum source to grow with AR 151 or Or II in STE 
(with glucose as an additional C source) exhibited a 

significant decline in its biomass production. Furthermore, 
it took about 6-8 days to produce 80-90% results (Ali et 
al., 2008 a, b). So, it is inferred from the present and pre-
vious results that the growth and metabolizing abilities of 
fungal strain can be restricted to certain extent when it is 
allowed to grow in presence of a specific azo dye.  
Apparently, dyes removal in the present study was seen 

merely due to biosorption/bioadsorption of fungal hyphae 
(Figure 4). Likewise, few other studies have also clearly 
mentioned biosorption/bioadsorption of certain brown-rot 
fungi (A. niger and A. foetidus) (Ali et al., 2008a; Fu and 
Viraraghavan 2000; Knapp and Newby 1995; Sumathi 
and Manju 2000) as the primary dyes removal phenol-
menon coupled with electrostatic pull between the 
positively charged cell wall and negatively charge dyes 
(Aksu et al., 1999; Aksu and Tezer, 2000). In this context, 
divalent dye (Acid Red 114) was found more attracted 
towards the fungal  cell  wall  (of  M. verrucaria)  than  the  
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Figure 3. Time course of decolorization of Or II and different products formation by fresh and pre-used biomass of A. niger SA1; in 
static (a and b) and in shaking (c and d) conditions respectively. 

 
 
 
monovalent dye (Acid Orange II) (Laszlo, 1994). Similar 
electrostatic attraction seemed to be responsible in the 
greater removal of AR 151 (50-100%) than Or II (50- 
85%) in STE.  

A comprehensive reduction of dyes after taken 
into/onto the fungal biomass (Figure 4) with  formation  
and  further mineralization of their reduction products 
(analyzed through HPLC) indicated degradation of dyes 
(Figures 2 and 3); a metabolically triggered phenomenon 
linked with certain fungal oxidases (Ferreira et al., 2000; 
López et al., 2004; Rojek et al., 2004; Wesenberg et al., 
2003). Similarly, Balan and Monterio (2001) associated 
bioremo-val of Indigo with adsorption as well as extra-
cellular fungal activity. In this context, Rojek et al. (2004) 
specifically linked 60-70% of dye removal with biosorption 
(physicochemical/metabolically-dependent) and 30-40% 
to biodegradation in case of P. chrysosporium. In addi-

tion, biodegradation of metal complex dyes by Trametes 
versicolor has been categorized into a number of stages 
including; the primary adsorption of the dyes into the 
hyphae, followed by breaking of the metal complex bonds 
and then enzymatic degradation (90%) of the dye took 
place (Blanquez et al., 2004).  

Culture stability has been found playing an important 
role in the production, stability and dyes catabolizing pro-
perties of the certain fungal enzymes (Glenn and Gold, 
1983; Kirby et al., 2000; Kuwahara et al., 1984). It was 
stable (static) culture of A. niger SA1 that exhibited higher 
removal of AR 151 and its associated products. On the 
contrary, the same fungus showed higher removal of Or II 
under agitated (shaking) condition. Static culture might 
have also created an anoxic condition in the broth sur-
rounding (in/out) the fungal pellets, thereby facilitating 
bio-chemically mediated anaerobic reduction of dyes.  
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Figure 4. Decolorization (reduction) of AR 151 and Or II after biosorption/bioadsorption by A. niger SA1 in 
static/shaking conditions. 

 
 
 
Nevertheless, enhanced degradation of dyes by fungal 
peroxidases has generally been linked to shaking 
cultures (aerated), where nutrients and oxygen are easily 
accessible to the cells for oxidative metabolism (Arora 
and Chander, 2004; Fu and Viraraghavan, 2001; Jarosz-
Wilkolazka et al., 2002; Libra et al., 2003; Machado et al., 
2006; Wesenberg et al., 2003). This aforementioned logic 
clearly supported results obtained in case of Or II, where 
decolorization was considerably higher (15-25%) with 
comparatively less amount of total residual products 
under shaking compared to static condition. Despite all, 
dyes removal abilities of A. niger SA1 appeared to be 
declining (10-50%) in almost all cases (with an exception 
of AR 151 under static mode) when used in two conse-
cutive experiments (Figures 2 and 3). Sam and Yesilada 
(2001), however, reported a little decrease in decolori-
zation ability of Coriolus versicolor and Funalia trogii for 
Or II in repeated batch mode application. So, it would 
have been a better choice if biomass were used intermit-
tently rather than being applied continuously in the ex-
periments. In periodic applications, fungal biomasses 
might regain their metabolizing abilities for further appli-
cation in bioremediation experiments. 

Previous reports have depicted both partial and com-
plete biodegradation of dyes including AR 151 and Or II 
(Blanquez et al., 2004; Coughlin et al., 1997 and 1999; 
López et al., 2004; Quezada et al., 2000; Sam and 
Yesilada, 2001). In this respect, the possible degradation 
pathways of these dyes have mostly been considered 
uncertain due to their end products of unstable chemical 
nature (Field et al., 1995; Kudlich et al., 1999). Still, 
Lopez et al. (2004), in one of their study analyzed nine 

transformation products of Or II, suggesting both its 
symmetrical and asymmetrical cleavage (with reference 
to azo bond). Current research work predicts similar de-
gradation patterns in case of both dyes which resulted in 
the formation of products like a naphthol, sulfanilic acid 
and aniline.  
 
 
Conclusion 
 
Present study has revealed that A. niger SA1 a brown-rot 
fungus has similar capabilities like white-rot in the 
efficient and comprehensive degradation of pollutants like 
dyes. Besides, the fungal isolate has also shown a trend 
towards its long term applicability in bio-reactors; how-
ever, it could be better if used intermittently so that it 
regains its metabolizing properties. 
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