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ABSTRACT

The aim of the present study was to investigate the potential of isolated fungus Aspergillus
flavipes MA-25 to decolorize the textile dye reactive black 5. The fungus was found to be
capable of removing the dye from the culture in a wide pH range (not only acidic but
also neutral and alkaline pHs) at high salt concentrations (0–50 g/L) and low temperatures
(535˚C) under non-sterile conditions. It was also observed that the fungus could tolerate
the dye at high initial concentrations up to 1 g/L. Especially, no significant inhibitory
effect on dye removal and fungal growth was seen at the initial dye concentrations of
≤0.4 g/L. At initial dye concentration of 0.2 g/L, complete removal of dye was achieved
with 4.71 g/L biomass production in 80 h. The bioadsorption was the principle mechanism
involved in dye removal by the fungus. Therefore, it was assumed that the fungus had a
great potential for the treatment of dye-bearing textile effluents which are alkaline, cold,
and saline.

Keywords: Aspergillus flavipes MA-25; Textile dye; Reactive black 5; Dye removal;
Cold-adapted

1. Introduction

There are more than 10,000 types of commercially
available dyes with over 700 tons of dyestuff
produced annually worldwide and used extensively
in textile, dyeing, and printing industries. The textile
industry is one of the greatest producers of liquid
effluent pollutants due to high quantities of water
used in the dyeing processes. It is estimated that
about 10–15% of the dyes were lost in industrial
effluents [1,2].

Among the various classes of dyes, reactive dyes
are among the most recalcitrant synthetic dyes against
biodegradative processes and are considered as a
worldwide problem. Their pollution hazard is primar-
ily based on carcinogenic or toxic components, such as
aromatic amines and related compounds. Also, due to
light absorption, they could significantly reduce
photosynthetic activity in water bodies [3].

Decolorization of textile dyes are possible using
physical and chemical methods such as adsorption,
oxidation, coagulation–flocculation, chemical degrada-
tion, and photodegradation [4], but these methods
are usually inefficient, costly, and not adaptable to a
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wide range of dye wastewaters [5]. Conversely, bio-
logical processes have received increasing interest
due to their low cost, effectiveness, ability to pro-
duce less sludge, and environmental benignity [6,7].
In this context, several investigations have been
performed on the biological decolorization of syn-
thetic dyes using bacteria, fungi, and algae [8–13].
However, it has been reported that the efficiency of
microbial dye decolorization is greatly influenced by
several parameters such as dye structure, dye con-
centration, aeration, temperature, pH, redox poten-
tial, as well as micro-organism kind and its
nutritional requirements [10,11,14]. Wastewater of
textile industries is generally characterized by neu-
tral or alkaline pH (approximately 7–11) [15]. As a
result, the optimum pH for microbial dye removal
from this wastewater is reported to be neutral or
slightly alkaline pH values and the rate of decolor-
ization tends to decrease rapidly at strongly acidic
or strongly alkaline pH values [14]. On the other
hand, it has been reported that wastewater of textile
industry contains high concentrations of salts, such
as NaCl [16]. Various types of salts are added to
dye baths to improve the dyeing efficiency. Usually,
sodium nitrate is used to improve the fixation of
dyes on textile fibers while sodium sulfate is added
for the adjustment of ionic strength of the dye
baths. Presence of salt residues in textile effluents,
particularly sodium ions leads to the inhibition of
most microbial activities [17]. Therefore, after dying,
bioremediation of textile effluents requires the use of
alkalophilic and halophilic micro-organism which is
capable of growing under such harsh conditions
[18]. Temperature is another important factor affect-
ing dye removal efficiency in bioremediation
systems. The temperature of systems can decrease or
increase the rate of dye removal by affecting
significantly growth performance and enzyme activ-
ity of micro-organisms [14]. However, additional
energy consumption is required in order to adjust
the temperature of textile effluents to the desired
temperature for micro-organisms. To solve this prob-
lem, cold-adapted micro-organisms (psychrophilic or
psychrotolerant) may be directly used in bioremedia-
tion systems for decolorization of textile effluents
with low temperature. However, there is only one
report on dye-decolorization potential of cold-
adapted micro-organisms [3].

Therefore, the present study focused on investigat-
ing the potential of actively growing biomass of cold-
active fungus Aspergillus flavipes MA-25 to decolorize
the reactive black 5 dye under harsh conditions
(alkaline, salty, and low temperatures) at laboratory
scale.

2. Materials and methods

2.1. Dye

Reactive black 5, which is commonly used in
cotton textile industry in Turkey, was obtained from
AYTEMİZ Textile Co., Turkey, in pure form and used
without further purification.

2.2. Isolation of dye-decolorizing fungi

The fungus used in this study was isolated from
the soil around Tuz (Salt) Lake, Konya (Turkey). In
brief, approximately 1 g of the salty soil was sus-
pended in 10mL sterile saline water. One milliliter of
this mixture was spread on the agar plate of isolation
medium. The isolation medium consisted of (g/L) glu-
cose 20, NaCl 10, ammonium sulfate 1, KH2PO4 1,
MgSO4·7H2O 0.5, CaCl2 0.01, dye 0.2, and agar 20 (pH
7.0). The inoculated petri dishes were aerobically incu-
bated at 15˚C for 144 h. The dye-decolorization capaci-
ties of isolates growing on agar medium were assessed
by the formation of clear zone around the colonies.
Among total 35 fungal isolates, six isolates displaying
wider clear zone diameter were subcultured, purified
and then, used for the following experiments. Six iso-
lates were screened for the determination of the best
dye-decolorizing one. The screening experiments were
performed in non-sterile basal medium. Unlike the iso-
lation medium, the basal medium did not contain agar.
But, the other components of isolation medium existed
in the basal medium. For the screening experiments,
one milliliter of spore suspension of each fungal isolate
was used for the inoculation of 100mL basal medium
in the flask. The flasks were agitated at 15˚C in an orbi-
tal shaker (ZHWY-200B, Zhicheng Analytical Co.,
Shanghai, China) at 150 rpm for 60 h. Screening experi-
ments exhibited that the best dye-decolorizing isolate
was MA-25. Therefore, the isolate MA-25 was selected
for the subsequent dye-decolorizing experiments. Tax-
onomic identification of the isolate MA-25 was per-
formed according to Ellis [19] by evaluation of the
macromorphological and micromorphological charac-
teristics. The fungal preparations were mounted in lac-
tophenol cotton blue. They were observed and
photographed using an Olympus BX51 microscope.
The isolate MA-25, which was identified as A. flavipes,
was maintained on PDA slants at 4–6˚C and subcul-
tured bimonthly.

2.3. Preparation of inoculum

The isolates were initially grown at 15˚C on potato
dextrose agar (PDA) slants. At the end of incubation
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period of 6 d, 10mL of sterile saline water (0.9% NaCl)
was added to culture slant of each isolate and the
slant was vortexed. The final concentration of each
spore suspension was adjusted to 106 /mL spores with
sterile saline water. Then, 1 mL of this spore suspen-
sion was directly used for the inoculation of dye-
decolorization medium [10].

2.4. Decolorization experiments with A. flavipes MA-25
in liquid medium

The decolorization experiments were performed in
250mL Erlenmeyer flasks containing 100mL of the
decolorization medium (basal medium) described
above. The flasks containing non-sterile basal medium
was supplemented with 0.2 g/L non-sterile dye and
then inoculated with 1 mL of the homogenized spore
suspension. To determine the most favorable initial
pH for dye decolorization and fungal growth, pH
range of 3–10 was screened. The optimization of tem-
perature was studied at 5–40˚C, and the optimization
of shaking speed was 60–200 rpm. The influence of
different NaCl concentrations on dye decolorization
was tested at 5–60 g/L levels. The optimization experi-
ments were carried out at an initial dye concentration
of 0.2 g/L for 60 h. Finally, effect of different dye con-
centrations (0.2–1 g/L) on dye removal and fungal
growth was studied at different incubation times.

2.5. Decolorization and biomass assays

Five milliliter sample taken from culture broth was
firstly centrifuged at 5,000 rpm for 10min to separate
the supernatant and mycelium from each other, and
3 mL of obtained supernatant was then used for the
determination of the degree of decolorization in liquid
culture medium. Percent decolorization was deter-
mined by measuring the absorbance of culture
supernatant at 595 nm by means of a UV–Vis spectro-
photometer (Shimadzu UV-160A). Control experi-
ments were performed using the same medium but
without the fungus (control flask). Percentage removal
of dye in liquid medium was determined using the
following formula: % decolorization (% dye removal)
= (initial absorbance − observed absorbance)/initial
absorbance × 100. The concentration of fungal biomass
produced was determined according to dry weight
method. For this, the obtained pellets or mycelia were
washed three times with distilled water. The washed
biomass was then dried up to constant weight at 80˚C
for 24 h.

Laccase activity was determined using ABTS as the
substrate [20]. The reaction mixture contained 0.5mL

ABTS (5mM) dissolved in 100mM acetate buffer (pH
= 4.5) and 0.5mL of culture supernatant (after diluted).
It was then incubated at 37˚C and 120 rpm. Oxidation
of ABTS was monitored by an increase in absorbance
at 420 nm (ε420 = 36,000/M cm). One unit laccase activ-
ity was defined as the amount of enzyme required to
oxidize 1 μmol of ABTS/min. Manganese peroxidase
activity was determined at 468 nm using dimethoxy-
phenol (DMP) as the substrate [21]. Lignin peroxidase
(LiP) activity was determined by the oxidation of
veratryl alcohol at 310 nm [22].

2.6. Statistical analysis

Each experiment was repeated at least three times
in two replicates. The analysis of variance was con-
ducted using one-way ANOVA test using SPSS 13.0
for Microsoft Windows, and means were compared by
Duncan test at the 0.05 level of confidence.

3. Results and discussion

3.1. Isolation and screening of reactive black 5-decolorizing
fungi

Selecting a salt and alkaline tolerant micro-organ-
ism is usually considered as a major aspect for
improvement in bioremediation studies, since the tex-
tile effluents contained high concentrations of salts
and are generally characterized by neutral or alkaline
pH. With this regard, several investigators have paid
a lot of attention to the isolation of salt and alkaline
tolerant micro-organisms from various sources
[10,18,23]. On the other hand, use of cold-adapted
micro-organisms in bioremediation studies may be
accepted as a new approach, especially for decoloriza-
tion of textile effluents with low temperature. There-
fore, the first step of the current study focused on
isolation of a new fungal strain having three proper-
ties (cold-active, alkaline, and salt tolerant). For the
isolation of salt-tolerant fungi, soil samples taken
around Tuz (Salt) Lake (Konya, Turkey) were used as
isolation source, and the isolation medium contained
NaCl at a high concentration of 10 g/L. On the other
hand, the pH of the isolation medium was adjusted to
the alkaline value (pH 8.0) for the selection of alkaline
tolerant ones. The isolation experiments were per-
formed at a low temperature (15˚C) in order to select
both cold-active and alkaline-tolerant ones among the
salt-tolerant fungal strains. At the end of the isolation
experiments, 35 fungal strains capable of decolorizing
reactive black 5 dye under these severe conditions
could be isolated from the soil. These fungal isolates
were then screened for the determination of the most
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efficient isolate. The screening experiments showed
that only six isolates (MA-4, MA-9, MA-10, MA-21,
MA-25, and MA-33) possessed noteworthy potential to
decolorize the dye. Therefore, dye removal rates
obtained for only six isolates were given in Table 1.
The data given in this table clearly show that the max-
imum dye decolorization was achieved with the fun-
gal isolate MA-25 in 60 h. This isolate was identified
as A. flavipes and then used in the following dye-
decolorization experiments.

3.2. Effects of pH and temperature on dye decolorization
and mycelial biomass

The experiments demonstrated that although the
maximum dye removal (84%) and biomass production
(5.39 g/L) was achieved at pH 6.5, the fungus had the
potential both decolorize dye and growth in a wide
pH range from 4 to 9 (Table 2). This result was in
good agreement with the fact that Aspergillus species
may possess alkali-tolerant character [23–25]. On the
other hand, it was seen that color removal rates were
much closed to each other between pH 5.5 and 8.
Even, the fungus possessed high ability to decolorize
dye at neutral and slightly alkaline pHs. For example,
although the maximum dye removal was achieved at
pH 6.5, the fungus was able to remove 74% of the
total dye at pH 8.0 within 60 h. These results will be
very interesting for microbial remediation systems.
This is because that pH of textile effluents is reported
to be neutral or slightly alkaline pH value [14].
Although no microbial growth was observed at strong
acidic (pH 3 and 3.5) and alkaline pHs (pH 9.5 and
10), a slight dye removal was detected at these pHs.
For example, a dye removal rate of 6% was detected
at pH 3.0. This situation may be explained by the fact
that strong acidic or alkaline pHs have a potential to
degrade textile dyes. Based on the present results, the

following experiments were performed at a high alka-
line pH of 8.0, which the fungus could effectively
decolorize the dye.

As seen from Table 3, the fungus was capable of
growing and decolorizing the dye in the range of tem-
perature 5–35˚C, however, the maximum biomass pro-
duction (4.81 g/L) and dye removal (83%) rate were
achieved at the temperature of 20˚C. Cell growth and
dye removal were not observed at 40˚C. These results

Table 1
Screening of dye-decolorizing fungal isolates screening

Isolate code Dye removal (%) Biomass (g/L)

MA-4 58 ± 1.35d 3.91 ± 0.16d

MA-9 65 ± 1.39c 3.94 ± 0.25cd

MA-10 51 ± 1.51e 4.33 ± 0.38bc

MA-21 70 ± 1.58b 4.76 ± 0.24a

MA-25 74 ± 2.15a 4.41 ± 0.22b

MA-33 62 ± 1.95c 4.03 ± 0.18bcd

All values are the means ± standard error of six determinations

(n = 6). Alphabet letters with the same letters in the same column

are not significantly different at p < 0.05. Initial pH = 8.0, shaking

speed = 150 rpm, temperature = 15˚C, and incubation time = 60 h.

Table 2
Effect of initial pH on dye-decolorization potential of A.
flavipes MA-25

Initial pH Dye removal (%) Biomass (g/L)

3.0 7 ± 0.12g No-growth
3.5 6 ± 0.10g No-growth
4.0 12 ± 0.15f 1.13 ± 0.06g

4.5 23 ± 2.2c 1.61 ± 0.10f

5.0 43 ± 3.4d 2.65 ± 0.05d

5.5 73 ± 4.6c 4.48 ± 0.22c

6.0 81 ± 4.2ab 5.18 ± 0.18b

6.5 84 ± 2.0a 5.39 ± 0.14a

7.0 79 ± 3.3b 5.11 ± 0.13b

7.5 75 ± 2.1c 4.52 ± 0.12c

8.0 74 ± 3.2c 4.41 ± 0.26c

8.5 22 ± 1.1e 2.04 ± 0.08e

9.0 12 ± 0.5f 1.05 ± 0.05g

9.5 4 ± 0.25g No-growth
10 5 ± 0.2g No-growth

All values are the means ± standard error of six determinations

(n = 6). Alphabet letters with the same letters in the same column

are not significantly different at p < 0.05. Salt concentration = 10 g/L;

shaking speed = 150 rpm; temperature = 15˚C; and incubation

time = 60 h.

Table 3
Effect of temperature on dye-decolorization potential of A.
flavipes MA-25

Temperature (˚C) Dye removal (%) Biomass (g/L)

5 21 ± 1.02f 2.02 ± 0.08e

10 50 ± 1.82d 3.82 ± 0.2c

15 74 ± 2.20b 4.41 ± 0.11b

20 83 ± 3.4a 4.81 ± 0.14a

25 58 ± 2.7c 4.21 ± 0.26b

30 43 ± 1.5e 3.14 ± 0.12d

35 18 ± 0.8f 1.91 ± 0.10e

40 0 No growth

All values are the means ± standard error of six determinations

(n = 6). Alphabet letters with the same letters in the same column

are not significantly different at p < 0.05. Initial pH = 8.0, salt

concentration = 10 g/L. Shaking speed = 150 rpm; and incubation

time = 60 h.
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confirmed that the fungus had a psychrotolerant char-
acter. This is because that obligate psychrophiles are
not able to grow at temperatures above 20˚C, whereas
facultative psychrophiles (psychrotolerant) are able to
grow at or below 5˚C and tolerate temperatures above
20˚C [26]. This finding can make the fungus an
important tool in bioremediation studies. When the
dye-decolorization process is performed at the low
temperature using this cold-adapted fungus, there will
be no requirement to heat textile effluents. Thanks to
this, energy saving will be possible.

When effect of agitation speed on dye removal
was investigated, it was seen that dye removal per-
centage was maximum (95%) with 4.48 g/L biomass
production at a shaking speed of 120 rpm (Table 4).
When shaking speed was increased from 120 to
200 rpm, biomass production increased but dye
removal rate decreased. This result could be attributed
to the increasing oxygen concentration in the culture
depending on the increase in shaking speed. Some
researchers have reported that if the extracellular envi-
ronment is aerobic, oxygen, a high redox potential
electron acceptor, may inhibit dye reduction mecha-
nism. Namely, electrons liberated from oxidation of
electron donors are preferentially used to reduce oxy-
gen rather than the azo dye in microbial systems, and
the reduction product, water, is not a reductant.
Therefore, it has been suggested that high levels of
aeration and agitation, which increase the concentra-
tion of oxygen in solution, should be avoided for effi-
cient color removal [14,27,28].

High salt concentration of wastewater of textile
industry is another important factor, which restricts the
dye removal capacity of micro-organisms [17,29,30].
Therefore, effect of salt concentration on dye removal
potential of the fungus was also studied in detail. The
fungal strain was able to effectively decolorize dye at

salt concentrations of 0–30 g/L NaCl, while salt concen-
trations above 30 g/L significantly decreased the dye-
decolorization potential of the fungus (Table 5). For
example, only 10% dye decolorization was achieved in
60 h in the medium containing 50 g/L NaCl. No dye
decolorization and fungal growth was observed at an
NaCl concentration of 60 g/L. Subsequently, the fol-
lowing experiments were performed at a high NaCl
concentration of 30 g/L, at which the fungus showed
high dye-decolorization potential.

3.3. Effect of initial dye concentration on dye removal and
fungal growth

The experiments exhibited that initial dye concen-
tration affected not only fungal growth (Fig. 1) but also
dye decolorization (Fig. 2). Fungal growth was not sig-
nificantly inhibited by initial dye concentrations of
≤0.4 g/L. At all the initial dye concentrations tested,
fungal growth continued up to 80 h of incubation per-
iod and further incubation periods did not increase
biomass concentration. Biomass concentrations were
determined as 4.71, 4.58, 3.62, 2.41, and 1.72 g/L at
initial dye concentrations of 0.2, 0.4, 0.6, 0.8, and 1 g/L
at the end of 80 h, respectively. In the case of fungal
growth, no significant inhibitory effect on dye removal
was observed at the initial dye concentrations of
0.2 g/L. At this initial dye concentration, the complete
removal (100%) of dye was achieved with 4.71 g/L bio-
mass production in 80 h. Dye removal potential and
mycelial growth of the fungus were slightly inhibited
at an initial dye concentration of 0.4 g/L. Even so, dye
removal efficiency reached up to 58% (0.232 g removed
dye) with 4.53 g/L of biomass production in 100 h and
no further removal was detected. In contrast to initial
dye concentrations of ≤0.4 g/L, initial dye concentra-
tions above 0.4 g/L significantly inhibited the dye
removal potential of the fungus. In contrast to fungal
growth, no dye removal was detected in 30 h at the ini-
tial dye concentrations of 0.6 and 0.8 g/L. On the other
hand, no further dye removal was detected at 0.6 and
0.8 g/L initial dye concentrations after 80 h of growth.
At 1 g/L concentration of dye, no dye removal occurs
within the first 40 h of growth. Similarly, no further
dye uptake was detected at this dye concentration after
80 h of growth. Therefore, dye removal rate was only
5% at initial dye concentrations of 1 g/L in 100 h. These
results showed that the dye removal potential of the
fungus was affected by initial dye concentrations, as
reported by the previous studies [23,24,31,32]. The
present results also exhibited that dye removal was
faster within the first 60 h of growth and then
gradually slowed down. Hence, it was assumed that
young biomass was more effective than old fungal

Table 4
Effect of shaking speed on dye-decolorization potential of
A. flavipes MA-25

Shaking speed (rpm) Dye removal (%) Biomass (g/L)

60 50 ± 2.3d 2.50 ± 0.3e

90 72 ± 3.3c 3.22 ± 0.2d

120 95 ± 2.5a 4.48 ± 0.24c

150 83 ± 3.0b 4.81 ± 0.4bc

180 70 ± 2.7c 5.19 ± 0.4ab

200 49 ± 1.75d 5.62 ± 0.3a

All values are the means ± standard error of six determinations

(n = 6). Alphabet letters with the same letters in the same col-

umn are not significantly different at p < 0.05. Initial pH = 8.0;

salt concentration = 10 g/L; temperature = 20˚C; and incubation

time = 60 h.
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biomass for dye removal, as reported by Taskin and
Erdal [10].

3.4. Investigation of dye removal mechanism

Two main dye-decolorization mechanisms of
actively growing micro-organisms are biodegradation
and bioadsorption. Adsorption using biomass occurs

by ion exchange [33]. It has been reported that azo dyes
adsorbed by fungal biomass can be effectively recov-
ered through extraction with methanol. If dye can be
recovered from fungal biomass with methanol treat-
ment, dye decolorization mechanism is termed as bio-
adsorption [34]. Therefore, the methanol extraction
method was applied to the colored fungal biomass in
order to elucidate the dye-decolorization mechanism.

Table 5
Effect of NaCl concentration on dye-decolorization potential of A. flavipes MA-25

NaCl concentration (g/L) Dye removal (%) Biomass (g/L)

5 98 ± 1.8a 4.55 ± 0.3a

10 95 ± 1.5b 4.48 ± 0.2a

20 91 ± 1.0c 4.31 ± 0.2ab

30 88 ± 1.0d 4.11 ± 0.1b

40 41 ± 1.4e 2.02 ± 0.1c

50 10 ± 0.6f 1.13 ± 0.08d

60 0 No-growth

All values are the means ± standard error of six determinations (n = 6). Alphabet letters with the same letters in the same column are

not significantly different at p < 0.05. Initial pH = 8.0; shaking speed = 120 rpm; temperature = 20˚C; and incubation time = 60 h.

Fig. 1. Effect of initial dye concentration and incubation time on fungal growth. Initial pH = 8.0; shaking speed = 120 rpm;
temperature = 20˚C; and salt concentration = 30 g/L.
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The methanol treatment was applied to biomass several
times until biomass became entirely colorless. How-
ever, spectrophotometric analyses demonstrated that
about 94% of the total dye (0.2 g/L) could be recovered
from biomass. Biodegradative abilities of fungi are
depended on their extracellular enzymes such as lac-
cases, lignin peroxidases, and manganese peroxidases
[2,33]. Therefore, it was assumed that unrecovered part
(only 6%) of the total dye might be converted to by-prod-
ucts in the medium through the biodegradation mecha-
nism. The activities of the enzymes were analyzed to
elucidate whether enzymatic biodegradation mechanism
was or not effective in the dye decolorization. The exper-
iments demonstrated that the activities of the three bio-
degradative enzymes were too low in the dye-containing
medium during the growth period. No lignin peroxidase
and manganese peroxidase activities were detected in
the medium after completion of dye removal. There was
very little laccase activity at all the initial dye concentra-
tion tested. Only fungal laccase activity of 16 U/L was
determined in the medium after the complete decolor-
ization of 0.2 g/L dye. The activity of A. flavipes MA-25
laccase was too lower than those reported for the same

enzyme in the previous studies [2,13,35]. Based on the
present results, we concluded that the dye removal
mechanism was mainly associated with hyphal uptake
mechanism (which is also known as bioadsorption)
rather than enzymatic-decolorization mechanism (which
is also known as biodegradation) [36,37].

4. Conclusions

The essential characteristics of micro-organisms
used in dye removal process are reported to be toler-
ant and have high decolorization potential. The pres-
ent study showed that the fungus was able to
decolorize the high concentrations of the dye under
alkaline, saline, and low temperatures. The fungus
could be directly used as bioadsorbent in the dye-con-
taining medium under non-sterile conditions. Unde-
sired contaminations could be prevent, since the
medium contained high salt concentration and had
low temperature. Therefore, we think that the local
fungal isolate A. flavipes may be an excellent tool for
use in the treatment of industrial effluents that contain
residual textile dyes.

Fig. 2. Effect of initial dye concentration and incubation time on dye removal. Initial pH = 8.0; shaking speed = 120 rpm;
temperature = 20˚C; and salt concentration = 30 g/L.
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