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Introduction

The microbiome of the rhizospheric area is generally 
viewed as a treasure trove to scrutinize the indigenous 
microbial communities in search of natural detoxifica-
tion of xenobiotics and other biotechnological perspec-
tive. It is estimated that one gram of this enriched soil 
comprises approximately 10 billion microorganisms, 
while only 1% of soil microbial population has been 
explored (Kakirde et al. 2010), which is widely reported 
for deterioration of organic polymers and pollutants.

Among numerous ventures, textile materials are 
directly associated with ecological angles to be une-
quivocally considered. With 10–15% of the share, the 
textile industry ranks on the top among all the dye 
consuming sectors utilizing 100,000 different synthetic 
coloring agents for various processes (Daassi et al. 2014). 
Discharge of dye-contaminated waste to receiving water 
bodies may cause immense ecological threats due to 
disturbances in photosynthetic activities of aquatic life, 
creating adverse effects on the amphibian territory 
(Husseiny 2008). It has been estimated that there are 
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A b s t r a c t

Microbial populations within the rhizosphere have been considered as prosperous repositories with respect to bioremediation aptitude. 
Among various environmental contaminants, effluent from textile industries holds a huge amount of noxious colored materials having 
high chemical oxygen demand concentrations causing ecological disturbances. The study was aimed to explore the promising mycobiome 
of rhizospheric soil for the degradation of azo dyes to develop an efficient system for the exclusion of toxic recalcitrants. An effluent 
sample from the textile industry and soil samples from the rhizospheric region of Musa acuminata and Azadirachta indica were screened 
for indigenous fungi to decolorize Congo red, a carcinogenic diazo dye, particularly known for its health hazards to the community. To 
develop a bio-treatment process, Aspergillus terreus QMS-1 was immobilized on pieces of Luffa cylindrica and exploited in stirred tank 
bioreactor under aerobic and optimized environment. Quantitative estimation of Congo red decolorization was carried out using UV-
Visible spectrophotometer. The effects of fungal immobilization and biosorption on the native structure of Luffa cylindrica were evaluated 
using a scanning electron microscope. A. terreus QMS-1 can remove (92%) of the dye at 100 ppm within 24 h in the presence of 1% glucose 
and 1% ammonium sulphate at pH 5.0. The operation of the bioreactor in a continuous flow for 12 h with 100 ppm of Congo red dye in 
simulated textile effluent resulted in 97% decolorization. The stirred tank bioreactor was found to be a dynamic, well maintained, no sludge 
producing approach for the treatment of textile effluents by A. terreus QMS-1 of the significant potential for decolorization of Congo red.
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more than 670 textile industries in Pakistan, and almost 
all are dumping their hued mechanical waste into natu-
ral water bodies without embracing the essential treat-
ment strategies (Andleeb et al. 2010). Although the 
worldwide figure demonstrates 280,000 tons discharge 
of textile dyes and colored pigments into water bodies, 
per annum (Maas and Chaudhari 2005), this situation 
can be mulled over to comprehend the gravity of the 
matter. Azo dyes representing 60–70% of the commonly 
used dyes are characterized by the presence of one or 
more chromogenic azo groups. Separate chromophore 
(N = N, C = C, C = O) and the auxochrome (−OH, −NH2, 
−NR2) are present in these dyes. These are intended to 
oppose the chemical and microbial assaults and stay 
stable in light and washing systems. A considerable lot 
of these dyes are cancer-causing and may trigger allergic 
reactions in human beings (Adedayo et al. 2004). There-
fore, industrial wastes carrying azo dyes must be pre-
treated prior to its disposal to the environment.

The physical and chemical effluent-treatment strate-
gies, for example, adsorption, synthetic precipitation, and 
flocculation, are inefficient because of the prerequisite of 
strong foundation, high cost, and generation of second-
ary-sludge (McMullan et al. 2001). Given the disadvan-
tages of chemical treatments, microbial remediation pro- 
cedures have gained strong consideration during recent 
decades. Fungi turned out to be the most reasonable 
species for the treatment of textile-effluents for the evac-
uation of toxic colors. Numerous fungal strains either 
in free-living or in the immobilized state have been 
utilized for the decolorization of various dyes (Prachi 
and Anushree 2009). The ability of fungi to decolorize 
dyes relies on three mechanisms, namely biosorption 
(Fu and Viraraghavan 2001), biodegradation (Conneely 
et al. 1999), and enzymatic mineralization (Wesenberg 
et al. 2003; Rojek et al. 2004). Bioreactors operated with 
immobilized fungal cells have shown enhanced produc-
tivity, and permit expanded process strength and resist-
ance to shock loadings in comparison to free fungal cells 
for decolorization of dyes (Hao et al. 2000).

The reported potential of mycobiota of rhizospheric 
soil for bioremediation and ecological effect of azo dyes 
envisaged the current study to isolate fungal species 
and to evaluate their ability to develop an efficient sys-
tem for removal of hazardous and toxic recalcitrants in 
stirred tank reactor.

Experimental

Materials and Methods

The chemicals used in the study include Congo red 
(Sigma-Aldrich), Sabouraud’s Dextrose Broth (Oxoid) 
as a fungal growth medium, Technical Agar (Oxoid), 

and 0.05% Tween 80 solution for the preparation of 
the spore suspension. Composition of Minimal Salt 
Media was [per l, Na2HPO4 ∙ 2H2O: 7.8 g; KH2PO4: 6.8 g; 
MgSO4 ∙ 7H2O: 0.2 g; NaNO3: 0.085 g; Ca(NO3)2 ∙ 4H2O: 
0.050 g; C6H8FeNO7: 0.01 g; trace elements solution: 
10 ml]. Simulated textile effluent (STE) was formu-
lated as [per l, acetic acid (99.9%): 0.15 ml; (NH4)2Cl: 
108.0 mg; KH2PO4: 67.0 mg; NaHCO3: 840.0 mg; 
MgSO4 ∙ 7H2O: 38.0 mg; CaCl2: 21.0 mg; FeCl3 ∙ 6H2O: 
7.0 mg; glucose: 860 mg].

Sampling and isolation of fungi. The rhizospheric 
soil samples of Musa acuminata (banana plant) and 
Azadirachta indica (neem tree) were collected from 
the garden area of Federal Urdu University of Arts, 
Science and Technology, Gulshan-e-Iqbal Campus, 
Karachi, Pakistan. The textile effluent sample was col-
lected from local textile industry in Karachi. The spread 
plate technique was adopted for the isolation of fungi 
from soil samples. Each soil sample (1 g) was serially 
diluted 104 times in sterile distilled water (10 ml), and 
0.1 ml of the diluted sample was spread on Sabouraud 
dextrose agar (SDA) plates followed by incubation at 
28°C for seven days. Fungal strains were also isolated 
from the sampled textile effluent by adopting a similar 
procedure. The fungal isolates were identified based 
on microscopic and colonial characteristics on SDA 
(Larone 1995).

Qualitative screening of fungal isolates for bio-
removal of Congo red. All the fungal isolates were 
screened qualitatively for removal of dye using SDA 
supplemented with 0.01% Congo red. Fungal discs 
(1 cm) were cut from the periphery of each colony, 
inoculated on center of the modified SDA, and incu-
bated for seven days at 28°C. The formation of the clear 
transparent zone around the fungal colony indicated 
the degradation of Congo red by fungi.

Quantitative screening of fungal isolates for bio-
removal of Congo red. Fungal isolates were screened 
quantitatively for removal of Congo red using SDB 
supplemented with 0.01% Congo red (modified SDB) 
through shake flask experiments. Fungal discs (1 cm) 
from SDA plates were cut from the periphery of each 
colony inoculated into the flask containing 20 ml of 
modified SDB and incubated at 28°C for three days on 
an orbital shaker at 150 rpm. The uninoculated flasks 
of the same medium served as controls in each case. 
A 4-ml sample was drawn aseptically from each flask 
after 72 h, filtered to separate biomass, and centrifuged 
at 5,000 rpm for 15 minutes. The degree of decoloriza-
tion of Congo red by each fungal strain was determined 
in terms of percentage, measuring the absorbance of 
the cell-free culture supernatant (CFCS) spectrophoto-
metrically at 498 nm (Mahbub et al. 2012).

Development of inoculum. The promising fungal 
strain, A. terreus QMS-1 was revived on the SDA plate 
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for a week at 28°C. The spores of A. terreus QMS-1 were 
harvested using a wire loop and shifted to the flask 
containing 50 ml of sterile distilled water with 0.05% 
Tween 80 (v/v). Following 30 minutes of vigorous shak-
ing, 10 µl of the spore suspension was utilized for spore 
count. This inoculum was immediately used for fur-
ther experimentation or stored in a refrigerator at 4°C 
for one week.

Optimization of physicochemical parameters 
for degradation of Congo red. The effect of agita- 
tion on biodegradation efficiency was studied by 
using SDB supplemented with 0.01% Congo red. Test 
flasks were inoculated with 1 ml spore suspension of 
A. terreus QMS-1, whereas uninoculated flasks served 
as control. One set of test and control flasks was incu-
bated at room temperature in an orbital shaker at 
100 rpm, while another set was incubated without 
shaking. Likewise, keeping shaking as constant, the 
effect of concentration of Congo red on biodegrada- 
tion efficiency was investigated using 50 ml of Mini-
mal Salt Medium (MSM) supplemented with different 
concentrations of Congo red (from 100–500 ppm) as 
described previously (Ali et al. 2008a). Similarly, the 
effect of carbon source in the medium on the ability 
of A. terreus QMS-1 to reduce Congo red was studied 
with different carbon sources like glucose, fructose, 
lactose, maltose, sucrose and starch in MSM contain-
ing a  100-ppm dye. When determining an optimum 
nitrogen source, the previously known factors were kept 
constant, and nitrogen source present in MSM (pep-
tone, yeast extract, ammonium sulfate, and ammonium 
nitrate) was varied. The effect of pH was also investi-
gated in a similar way by maintaining pH to 5.0, 7.0, 
and 9.0 with 1 M HCl or 1 M NaOH keeping other 
parameters unchanged.

In all the experiments, each test flask was inocu-
lated with 1 ml spore suspension of A. terreus QMS-1, 
whereas uninoculated flasks served as controls. A 4-ml 
sample from each flask was taken aseptically after every 
24 h up till 120 h, filtered and centrifuged at 5,000 rpm 
for 15 minutes, and used as cell-free culture supernatant 
(CFCS) to check the percent decolorization.

Immobilization of A. terreus QMS-1 on carrier 
materials. Seventeen natural and synthetic carrier 
materials were selected for fungal immobilization based 
on their stability and cost effectiveness, including poly-
ethene polymer, sand, gravels, natural loofah sponge, 
corn cob, used steel wool, orange peels, banana skins, 
nylon net, polyurethane foam (PUF), coconut bagasse, 
sugarcane bagasse, water beads, scouring pad, sandpa-
per, pistachio shells, and sunflower seed shells. All the 
supports were washed thoroughly with distilled water. 
Flasks containing 200 ml of SDB and 12–15 pieces of 
carrier material were autoclaved, inoculated with 10 ml 

of spore suspension of A. terreus QMS-1, and kept on 
a rotary shaker at room temperature for 15 days.

Degradation of Congo red by immobilized cells 
in the stirred tank bioreactor. A benchtop stirred tank 
bioreactor (STR) comprised of an overhead impeller, 
and a vessel body (2 l volume) was used. The reactor 
was run at room temperature, pH 5.0, with a  work-
ing volume of 1 l of simulated textile effluent (STE) 
containing 100 ppm of Congo red. The medium was 
inoculated separately with different carrier materi-
als with immobilized A. terreus QMS-1. The hydrau-
lic retention time was 12–120 h. The effluent samples 
were taken intermittently after every 12 h and analyzed 
for percent degradation of dye. When investigating 
the dye adsorption on the carrier materials, similar 
experiments were performed using carrier supports 
without immobilized cells.

Recycling of immobilized A. terreus QMS-1. In 
another experiment using the same procedure, STR 
was run and fed with immobilized carrier material 
yielding maximum decolorization of STE. The matrix 
with immobilized cells was checked for repeated use by 
reusing the previously withdrawn immobilized carrier 
supports from the reactor tank to fresh STE.

Quantitative estimation of decolorization. Decol-
orization was determined using a method described by 
Mahbub et al. (2012), measuring the absorbance of the 
CFCS at 498 nm by UV-Visible spectrophotometer. The 
extent of dye degradation was calculated in terms of 
percentage, using the following equation:

% decolorization =                                                                    × 100initial obsorbance – final absorbance
initial obsorbance

where, initial absorbance is the absorbance taken at 
0 h after the inoculation, and final absorbance is the 
absorbance taken at after every 12–24 h.

Physico-chemical characterization of treated and 
untreated effluent samples under STR conditions. 
Treated and untreated STE samples were tested by 
using standard methods of Biological Oxygen Demand 
(APHA 5210 B), Chemical Oxygen Demand (APHA 
5220 C), Total Dissolved Solids (APHA 2540 C), and 
Total Suspended Solids (APHA 2450 D).

Scanning electron microscope analysis. The sur-
face morphology of the best carrier material (natural 
loofah sponge) before and after the immobilization and 
biosorption was investigated using scanning electron 
microscope (SEM) analysis (JEOL, Model number: 
JSM-6380A).

Statistical analysis. All the experimental attempts 
were executed in triplicate, and the findings were decla
red as mean ± standard deviation. Experimental data 
were analyzed by the one-way and two-way analysis of 
variance (ANOVA) using GraphPad Prism (version 6.0).
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Results and Discussion

Based on the environmental impact of azo dyes as 
well as reported bioremediation potential of fungi, the 
present study was aimed to isolate and screen indig-
enous mycobiota for developing a process of biore-
mediation. For this purpose, 56 fungal strains isolated 
from different samples of soil and textile effluent were 
identified by standard mycological protocols (Table I). 
The identified fungal strains included Alternaria sp., 
A. flavus, A. niger, A. terreus, Cladosporium sp., Curvu-
laria sp., Fusarium sp., Helimenthosporium sp., Mucor 
sp., Penicillium sp., and Rhizopus sp.

This data also revealed that most of the fungal strains 
belonged to the genus Aspergillus. Amongst Aspergilli, 
A. flavus was found most frequent (19%) as compared 

to the other fungal strains isolated from different soil 
and textile effluent samples followed by A. niger (13.4%), 
A. terreus (13.4%), Mucor sp. (11.5%), Penicillium sp. 
(11.5%), Rhizopus sp. (9.6%), Curvularia sp. (7.69%), 
Cladosporium sp. (5.7%), Fusarium sp. (5.7%), Heli-
menthosporium sp. (5.7%), and Alternaria sp. (3.8%). 
Earlier, Cardoso Duarte and Costa-Ferreira (1994) have 
reported the abundance of Aspergillus in soil, whereas, 
Sohail et al. (2009) found Aspergillus as the predominant 
genus of the hydrolytic-enzyme producing fungi in soil.

Out of 56 fungal isolates, 42 strains showed decolo
rization of Congo red in the qualitative screening 
method. The ability of the fungi tested to remove dye 
was confirmed by the appearance of clear zones around 
the fungal colonies whereas, 14 strains were found una-
ble to decolorize the Congo red, forming no zones of 

01	 Alternaria sp QMS-1	 –	 –
02	 Alternaria sp QMS-2	 +	 66
03	 Aspergillus flavus QMS-1	 +	 60
04	 Aspergillus flavus QMS-2	 +	 55
05	 Aspergillus flavus QMS-3	 +	 80
06	 Aspergillus flavus QMS-4	 +	 17
07	 Aspergillus flavus QMS-5	 +	 80
08	 Aspergillus flavus QMS-6	 –	 –
09	 Aspergillus flavus QMS-7	 –	 –
10	 Aspergillus flavus QMS-8	 +	 26
11	 Aspergillus flavus QMS-9	 +	 42
12	 Aspergillus flavus QMS-10	 +	 28
13	 Aspergillus niger QMS-1	 –	 –
14	 Aspergillus niger QMS-2	 +	 54
15	 Aspergillus niger QMS-3	 +	 26
16	 Aspergillus niger QMS-4	 +	 53
17	 Aspergillus niger QMS-5	 +	 18
18	 Aspergillus niger QMS-6	 +	 89
19	 Aspergillus niger QMS-7	 +	 54
20	 Aspergillus terreus QMS-1	 +	 92
21	 Aspergillus terreus QMS-2	 +	 35
22	 Aspergillus terreus QMS-3	 +	 12
23	 Aspergillus terreus QMS-4	 –	 –
24	 Aspergillus terreus QMS-5	 +	 12
25	 Aspergillus terreus QMS-6	 +	 31
26	 Aspergillus terreus QMS-7	 +	 79
27	 Cladosporium sp QMS-1	 +	 65
28	 Cladosporium sp QMS-2	 +	 66

Table I
Identification and screening of fungal isolates for biodegradation potential of Congo red.

(+) – it indicates the zone of Congo red decolorization around the fungi
(–) – it indicates no zone of Congo red decolorization around the fungi

Fungal
isolate 
num-

ber

The fungi identified

Qualitative 
screening
for Congo 

red dye

Quantitative
screening
for Congo

red dye (%)

29	 Cladosporium sp QMS-3	 +	 62
30	 Curvularia sp QMS-1	 –	 –
31	 Curvularia sp QMS-2	 +	 56
32	 Curvularia sp QMS-3	 –	 –
33	 Curularia sp QMS-4	 –	 –
34	 Fusarium spQMS-1	 +	 43
35	 Fusarium sp QMS-2	 +	 66
36	 Fusarium sp QMS-3	 +	 81
37	 Helimenthosporium sp QMS-1	 +	 74
38	 Helimenthosporium sp QMS-2	 +	 62
39	 Helimenthosporium sp QMS-3	 +	 54
40	 Mucor sp QMS-1	 +	 31
41	 Mucor sp QMS-2	 –	 –
42	 Mucor sp QMS-3	 +	 62
43	 Mucor sp QMS-4	 –	 –
44	 Mucor sp QMS-5	 –	 –
45	 Mucor sp QMS-6	 +	 82
46	 Penicillium sp QMS-1	 _	 _
47	 Penicillium sp QMS-2	 +	 43
48	 Penicillium sp QMS-3	 +	 83
49	 Penicillium sp QMS-4	 +	 79
50	 Penicillium sp QMS-5	 +	 65
51	 Penicillium sp QMS-6	 –	 –
52	 Rhizopus sp QMS-1	 +	 11
53	 Rhizopus spQMS-2	 +	 25
54	 Rhizopus sp QMS-3	 –	 –
55	 Rhizopus sp QMS-4	 +	 56
56	 Rhizopus sp QMS-5	 +	 43

Fungal
isolate 
num-

ber

The fungi identified

Qualitative 
screening
for Congo 

red dye

Quantitative
screening
for Congo

red dye (%)
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decolorization. Since the screening was mainly carried 
out using SDA that supports the growth of fungi and, 
therefore, growth-linked removal of the dye was inves-
tigated. The absence of zones around 14 strains may be 
linked with the inhibitory effect of the dye on the growth 
rate of fungi due to which degradation of dye proceeded 
more slowly as compared to radial growth of fungi; con-
sequently, zone of decolorization did not appear around 
the fungal mycelia (Machado et al. 2006).

The findings of quantitative screening assay showed 
that fungal isolates namely A. flavus QMS-3, A. flavus 
QMS-5, A. niger QMS-6, Fusarium sp. QMS-3, Mucor 
sp. QMS-6, Penicillium sp. QMS-3 and A. terreus 
QMS-1 were found to possess excellent dye removal 
potential. However, amongst all the outstanding dye 
degraders, the strain QMS-1 of A. terreus exhibited 
promising potential for degradation of Congo red 
(92%) as compared to other fungal strains (Table I).

The dye removal ability of fungi is attributed to dif-
ferent phenomena such as bio-sorption/ bio-adsorption 
followed by bio-degradation (Knapp and Newby 1995; 
Fu and Viraraghavan 2000; Sumathi and Manju 2000; 
Ali et al. 2008b). Bio-sorption is regarded as the primary 
process of dye removal, which enables the fungi to bind 
with molecules of dyes in the vicinity of fungal biomass 
due to electrostatic attraction between the positively 
charged cell walls and negatively charged dye molecules 
(Aksu and Tezer 2000). Bio-degradation enables the 
fungi to break down the dye molecule enzymatically 
into various products (Saranraj et al. 2010). It has been 
reported that some species belong to genus Aspergillus 
can produce enzymes like laccase, lignin peroxidases, 
and manganese peroxidases (Kanayama et al. 2002). In 
this context, it may be suggested that high electrostatic 
attractions due to the increased number of positively 
charged receptors on the cell wall of A. terreus QMS-1 
were responsible for the efficient removal of Congo red 
in comparison with other fungal strains.

The strain A. terreus QMS-1 was found capable of 
exhibiting maximum degradation of Congo red (95%) 
under shaking (100 rpm) conditions after 24 h of cul-
tivation, although degradation was increased to 96% 
when cultivation was extended to 48 h. In contrast, 
the cultivation of A. terreus QMS-1 under static con-
ditions caused a decrease in decolorization, and only 
62% and 63% reduction was noted in 24 h and 48 h, 
respectively (Fig. 1). The aeration has its recognizable 
effect on the growth and metabolic activities of all the 
obligate aerobes including fungi by expanding oxygen-
ation and dissemination of nutrients in the medium 
that lead to the increased fungal mass and might be 
heightened expression of oxidative enzymes for the bio-
transformation of dye (Rani et al. 2014). However, static 
cultural medium causes a reduction in decolorization 
potential of the fungal strains by limiting oxygen just 

in inward layers of fungal mycelia triggering suppres-
sion of oxidative enzymes and considerable reduction 
in biodegradation activities.

The concentration of dye has a marked impact on 
the dye removal efficiency as a higher concentration 
may inhibit fungal growth. The strain was found capa-
ble of degrading the dye at all concentrations after 72 h; 
however, maximum degradation (95%) was observed 
with 100 ppm of dye followed by 84%, 78.6%, 70%, and 
76% at 200, 300, 400, and 500 ppm, respectively (Fig. 2). 
Hence, it could be stated that the decolorization ability 
of A. terreus QMS-1 decreased with the increasing con-
centration of dye, which may be attributed to the toxic-
ity of Congo red at higher concentrations as reported 
for some other fungi (Sponza and Isik 2005; Siddiqui 
et al. 2009). Nonetheless, the dye at a  concentration 
equal to 90 ppm was being removed within 24 h regard-
less of the initial concentration used. In the studies by 
Gharbani et al. (2008), 60 ppm of Congo red was used 
as ‘simulated loaded textile wastewater’ implicating the 
importance of dye removal ability by A. terreus QMS-1 
and its possible application for in situ dye removal.

The strain, A. terreus QMS-1 showed maximum 
degradation of Congo red in the presence of 1% glu-
cose (95.2%) followed by maltose (90.3%), fructose 
(76%), sucrose (73%), lactose (66.6%), and starch 
(56.70%) after 24 h of cultivation under shaking con-
ditions in the medium containing 100 ppm of Congo 
red (Fig. 3). These findings showed that glucose was the 
most suitable catabolisable carbon source for A. terreus 
QMS-1 that accelerated the decolorization of Congo 
red. Nevertheless, monosaccharides like glucose are 
decomposed readily as compared to the disaccharides 
or polysaccharides. Earlier research findings suggested 
that 5.0 g l−1 glucose was sufficient to achieve maximum 
decolorization of Congo red as a further increase in 

Fig. 1.  Effect of agitation and static conditions on biodegradation 
efficiency of Aspergillus terreus QMS-1.
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glucose concentration resulted in a decline in the rate of 
dye decolorization (Radha et al. 2005). Furthermore, it 
is also reported that polysaccharides such as starch, cel-
lulose, and its derivatives did not support the dye decol-
orization process by fungi (Vaidyanathan et al. 2011).

The strain, A. terreus QMS-1, exhibited maximum 
dye removal, i.e., 92.3% and 91% in the presence of 
ammonium nitrate and ammonium sulfate after 24 h of 
cultivation, respectively. However, a noticeable decline 
in the removal of dye was observed, i.e., 55.2% and 
39.2% in the presence of organic sources of nitrogen, 
i.e., peptone and yeast extract, respectively (Fig. 4). The 
results obtained are in agreement with those of Kashif 
et al. (2011) who reported the maximum decolorization 
of dye, Sollar Golden Yellow R by Pleurotus osttreatus 
species in the presence of ammonium sulfate that facili-

tated in the regeneration of NADH in the medium as 
electron donor, causing reduction of the dye.

A. terreus QMS-1 showed maximum mineraliza-
tion of Congo red at pH 5.0, i.e., 95% and 99% after 
24 h and 48 h, respectively. In contrast, an increase in 
pH (alkaline pH) proved to have an undesirable effect 
on the biodegradation potential of A. terreus QMS-1, 
and decolorization was decreased considerably to 39% 
(Fig. 5). In this regard, it was reported that the effec-
tive dye biotransformation/decolorization process and 
fungal growth usually required pH between 3 and 6 
(Mansur et al. 2003; Baldrian 2004). Low pH enables 
the fungi to show maximum dye removal potential by 
providing an increased number of H+ ions located on 
the fungal cell wall and facilitating the uptake of nega-
tively charged dye molecule (Won et al. 2009). It has 

Fig. 2.  Effect of different concentration of dye on biodegradation efficiency of Aspergillus terreus QMS-1.

Fig. 3.  Effect of carbon sources on biodegradation efficiency of Aspergillus terreus QMS-1.
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Fig. 5.  Effect of pH on biodegradation efficiency of Aspergillus terreus QMS-1.

Fig. 4.  Effect of nitrogen sources on biodegradation efficiency of Aspergillus terreus QMS-1.

also been observed and suggested that a further increase 
in pH greater than 5.0 leads to the disintegration of fun-
gal mycelia and reduction in fungal growth, therefore, 
the dye removal process decreases.

Using the STR system, the effect of various natu-
ral and synthetic immobilization support matrices on 
Congo red removal efficiency was investigated. A. ter-
reus QMS-1 was immobilized over 17 different support 
matrices to select the one best for decolorization/deg-
radation of dye. The selection of support matrices was 
based on high porosity, inert nature, easy availability, 
and low cost. It was found that A. terreus QMS-1 immo-
bilized over natural loofah sponge showed maximum 
removal of Congo red, i.e., 97%, followed by polyethene 
polymer (92%), sugarcane bagasse (86.3%), nylon net 
(83%), used steel wool (83%), orange peels (81%), scour-
ing pad (80%), sand (77.3%), coconut bagasse (77.3%), 

polyurethane foam (74.87%), banana skins (67.8%), 
water beads (63%), corn cob (62%), sand paper (62%), 
pistachio shells (65%), sunflower seed shells (55.5%) 
and gravels (48.9%) at a hydraulic retention time of 12 h 
under STR conditions. However, complete decoloriza-
tion, i.e., 100% removal of Congo red dye, was achieved 
at a  hydraulic retention time of 48 h by employing 
A. terreus QMS-1 immobilized over natural loofah 
sponge (Fig. 6). The results of removal of Congo red 
dye (100 mg/l) under STR conditions revealed the supe-
riority of natural loofah sponge as an immobilization 
support matrix for A. terreus QMS-1, as compared to 
the other immobilization supports (Fig. 7), in terms of 
decolorization of dye and reduction in the treatment 
time. Natural loofah sponge is derived from the veg-
etable fibre of Luffa cylindrica or Luffa aegyptiaca. The 
spatial structure of natural loofah sponge is formed 
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by the parallel and antiparallel arrangement of fibres, 
thereby creating open and free spaces for the exchange 
of nutrients. Moreover, it provides enough space for the 
diffusion of oxygen and contains sites for the physical 
confinement or localization of fungal hyphae. Other 
advantages of this carrier include its high porosity (85–
95%) with simultaneous low density (0.018–0.05 g/cm3) 
and mechanical strength. Previously, natural loofah 
sponge has been applied as a Microalgal-luffa sponge 
immobilized discs for biosorption of nickel (Akhtar 
et al. 2003). Furthermore, due to the robustness, sta-

bility, and regenerating capability of this matrix, the 
immobilized culture can be recycled for at least seven 
times. Besides, loofah sponge is also used as a nutri-
ent source for white-rot fungi providing carbon and 
energy contributing towards long-term bioremediation 
(Mazmanci et al. 2005).

The decolorization of Congo red dye in simulated 
textile effluent was also investigated in the bioreactor 
with entire pieces of natural loofah sponge without fun-
gal cells to determine the physical adsorption capac-
ity of the support matrix. It was found that removal of 
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Fig. 6.  Effect of different immobilization supports on biodegradation efficiency of Aspergillus terreus QMS-1
in the stirred tank bioreactor.

Fig. 7.  Luffa cylindrica (a) before and (b) after with immobilization
of Aspergillus terreus QMS-1.
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Congo red from simulated textile effluent by the intact 
pieces of natural loofah sponge was not significant, and 
hence the dye removal was not because of adsorption 
by the natural loofah sponge.

These experimental findings suggested that natural 
loofah sponge possessed all the required characteris-
tics to be utilized as an ideal bio-support. Therefore, 
it was further subjected to SEM analysis at various 
magnifications (× 20 and × 50) to observe the morpho-
logical changes before and after the immobilization of 
A. terreus QMS-1, and was later applied in STR sys-
tem. SEM micrographs of intact natural loofah sponge 
indicated porous, hollow, and rough topography with 
a greater number of interstitial voids and inner channels 
(Fig. 8a). This was converted into a compact, tighter, and 
smooth material as fungal mycelia covered interstitial 
voids, inner channels, and superficial surfaces (Fig. 8b). 
The channeled structure has an identifiable effect as it 
allows respiratory gases and essential elements effec-
tively through fungal mycelial mass, increasing meta-
bolic efficiency of the strain. Therefore, immobilized 
fungi are viewed as more proficiently than suspended 
mycelia in many frameworks (Villena et al. 2010).

Effect of repeated use of A. terreus QMS-1 immobi-
lized over the most promising carrier matrix (natural 
loofah sponge) on decolorization of Congo red dye in 
STE was also evaluated to make the use of bioreac-

tor more affordable and economical. Moreover, it was 
found that loofah sponge was an extremely stable car-
rier and can be reused for at least eight times with the 
same rate of decolorization, i.e., 97% (12 h). However, 
further recycling for more than eight cycles resulted in 
a gradual reduction in the rate of decolorization by the 
immobilized A. terreus QMS-1. In this regard, several 
factors including higher molecular mass, structural 
complexity, a saturation of receptors on fungal cells, and 
the presence of inhibitory functional groups may cause 
desorption or removal of dye from fungal cells, espe-
cially at the long contact time, thereby declining the 
recyclability of immobilized fungus and affecting the 
process of decolorization (Ali and Muhammad 2008b).

Although microbes can remove color-producing 
recalcitrant compounds by a wide variety of mecha-
nisms, it has also been indicated by several research 
studies that detoxification of reactive group of azo 
dyes leads to the generation of robust and even more 
lethal intermediates during biodegradation processes 
(Gottlieb et al. 2003). Therefore, Biological Oxygen 
Demand (BOD), Chemical Oxygen Demand (COD), 
Total Dissolved Solids (TDS), and Total Suspended 
Solids (TSS) analysis of the dye-containing effluent 
samples (before and after treatment under STR) were 
carried out to evaluate and confirm the extent of degra-
dation of Congo red dye by A. terreus QMS-1 through 

Fig. 8.  SEM micrographs of Luffa cylindrica, a) before and b) after immobilization
of Aspergillus terreus QMS-1.
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quantifying and comparing their organic loads. In case 
of STR treatment system, the BOD, COD, TDS and TSS 
values decreased from 1,260, 2,657, 3,000, and 500 mg/l 
to 300, 1,180, 2,160, and 160 mg/l at HRT of 12 h 
respectively, showing the acceptable values according 
to National Environmental Quality Standards (NEQs) 
range. The drastic reduction of BOD, COD, TDS, and 
TSS values suggests the significance of STR treatment 
technology, even though it is crucially imperative to 
explore final residues of dye mineralization to render 
this system as an ecologically perfect and economical 
alternative to conventional treatment methods.

Conclusions

This research study proclaimed the excellent attempt 
of immobilized A. terreus QMS-1 under STR conditions 
for the reduction of Congo red, i.e., 97% decoloriza-
tion within 12 h, reinforcing its potential for a safer 
environment by reducing the hazardous effects of 
textile dyes and proposing this technology as an adapt-
able, proficient and sustainable way for dealing with 
textile effluents.
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