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Abstract
Dyes have wide range of applications in the textile printing, leather and paper dyeing, food
colouring, pharmaceutical and cosmetic industries. Dyes containing wastewaters originated from these
industries results in the pollution of aquatic ecosystems such as lakes and rivers. Decolourisation of
these dyes by using physical and chemical methods such as adsorption, oxidation, coagulationflocculation, chemical degradation and photo-degradation also produce toxic and carcinogenic dyederivatives. But biological decolourisation of dyes is more economic and ecologically friendly than
other methods. In this study, the effects of various conditions such as initial pH, dye concentrations,
glucose and yeast extract concentrations; temperature and agitation on decolourising activity of
Aspergillus oryzae were investigated. These were all found to be important for Drimaren Blue CL-BR
decolourising activity of A. oryzae. The decolourisation of the dye involved adsorption and absorption
of the dye compound by A. oryzae pellet at the initial stage, followed by the decolourisation through
fungal metabolism. The maximum decolourisation rate of the dye was determined as 94.4% under
optimum conditions. The toxicity of Drimaren Blue CL-BR at 300 mg/L and 15.3 mg/L concentrations
was also tested by analysis of DNA damage as measured by comet assay in peripheral erythrocytes of
Carassius aurotus exposed to the dye for 48 hours.
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1. Introduction
The first commercial synthetic dyes were discovered by W.H. Perkin in 1856 (1). The
use of synthetic dyes has been increasing rapidly since 1900 and currently, 100,000 different
dyes and pigments are used. Annual dye production is about 100,000 tons (2). Dyeing is an
important step particularly in textile industry. Also, dyeing is used in photography,
pharmaceutical, food, cosmetics, paper and other industries (3). During textile dyeing, 2-50%
dye is lost as effluent. The average loss rate is approximately 10-15% (4). The amount of the
azo dyes in these effluents was 5-1,500 mg/L (5). The amount of dye released into aquatic
ecosystems should be quite high given that 280,000 tons of annual textile waste waters (6).
Dyes are grouped in three classes. These are cationic (basic), anionic (direct, acid,
reactive), and non ionic (dispersed) dyes (7). Chromophores in anionic and non ionic dyes are
generally azo groups or anthraquinone (8). Azo dyes comprise approximately 70% of all dyes
used in industry (9). Azo compounds are a broad class of organic compounds with formula
R-N = N-R’ in which R and R’ can be either aryl or alkyl groups (10). The N=N group is
called an azo group. Aromatic rings bind to these groups. Due to the fact that reactive dyes so
readily soluble in water, easily flow to open ecosystems. It gives rise to visible colour
difference on the water surface. Therefore, light permeability, photosynthetic activity and
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dissolved oxygen concentration decrease (11). The discharge of these dye effluents into
aquatic ecosystems can result in environmental damages. Furthermore, many dyes and their
metabolites may be toxic, carcinogenic and even mutagenic for aquatic organisms (12, 13).
The elimination of coloured substances in wastewater is based mainly on physical or
chemical methods. Chemical methods comprise oxidation, ozonolysis and electrolysis
process. Physical methods involve reverse osmosis, filtration, and coagulation/flocculation.
Extensively used coagulation/flocculation techniques produce large amounts of sludge, which
require safe disposal (14). All of these methods have shortcomings because of they often
involve high capital and operational costs and may also be associated with the generation of
secondary wastes, which present treatment problems (15). Therefore an effective, inexpensive
and environmentally friendly alternative would be of great value. Textile dyes are also
relatively resistant to microbial degradation. However, bacteria such as Micrococcus sp.,
Pseudomonas sp., Bacillus sp., some Streptomyces strains and fungi like Phanerochaete
chrysosporium, Coriolus (Trametes) versicolour, Funalia trogii, Bjerkandera adusta,
Pleurotus and Phlebia species are used for decolourisation of dyes (16-20). Oxidative and
reductive enzymes like azoreductase were involved in bacterial degradation of dyes while,
ligninolitic enzymes such as laccase, manganese peroxidase and lignin peroxidase were
involved in fungal degradation. (21). Azoreductase catalyzes reductive cleavage of the azo
bond to produce aromatic amines (22). Azo dyes are degraded by fungi without direct
cleavage of the azo bond through a highly non-specific free radical mechanism, forming
phenolic type compounds (23). Dead cells or growing cells can be used for microbial
biosorption of dyes (24). A wide variety of microorganisms including Aeromonas sp.,
Aspergillus niger, Candida lipolitica, Candida utilis, Cryptococcuss sp., Endothiella
aggregata, Fonitopsis carnea, Geotrichum fici, Kluveromyces marxianus, Pseudomonas
luteola, Rhizopus arrhizus, Rhizopus oryzae, Saccharomyces cerevisiae, Streptomycetes
BW130 have been reported for their ability to decolourise dyes via biosorption (25-31). If
waste waters contain very toxic compounds and high dye concentrations that inhibit cell
growth, dead cells using for biosorption of dyes are preferable (32). The advantage of using
growing cells is that separate processes of biomass production, harvesting, drying and storage
can be avoided. Also, if microorganism is tolerant to different environmental and
physiological conditions, decolourisation process time may be shorter. The aim of the present
study was to investigate the potential of Aspergillus oryzae for the removal of Drimaren Blue
CL-BR from aqueous solutions. Various conditions required such as initial pH, initial dye,
glucose and yeast extract concentrations; temperature, agitation, carbon sources for
decolourisation have been optimized and decolourisation percentages have been analyzed.
Also, enzymatic activities of some extracellular enzymes during decolourisation and
microscopic examination of fungal biomass has been performed to prove biosorption.

2. Materials and methods
2.1. Organisms and chemicals: Pure cultures of Aspergillus oryzae were maintained at
30 C on Malt Extract Agar. This medium contains 30 g malt extract, 3 g peptone from
soymeal and 15 g agar per 1,000 mL of distilled water. Final pH of the medium was 5.5 ± 0.2.
Drimaren Blue CL-BR, Cibacron Gelp NP, Foran Scharlock and Dispersol Flavine dyes
were obtained local textile factory in Turkey. Poly R-478, Methyl Green, Acid Orange 63,
Methyl Red, Azure A, Bismarck Brown Y and Acid Blue 74 dyes were purchased from
Sigma and Fluka. Media components were obtained from Merck. All other chemicals were
obtained analytical grade from Sigma and Merck.
0
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Goldfish, Carassius auratus (Linnaeus, 1758) belonging to the family of Cyprinidae
was chosen for micronucleus test and comet assay because of sensitivity of the goldfish to
genotoxic chemicals.
2.2. Decolourisation experiments: For observation on the time course of Drimaren Blue
CL-BR decolourisation, cultures were incubated in basal medium, which described below and
supplemented with 300 mg/L dye, 10 g/L glucose and 5 g/L yeast extract at pH 4.0, 30 C and
150 rpm for up to 7 days. However, for examination of the effects of initial dye concentration
(25-1.600 mg/L), incubation pH (3.0-10.0), temperature (30-60 C), agitation rate (50-200 rpm)
and different concentration of glucose (0-10 g/L) and yeast extract (0-5 g/L) as main carbon and
energy source, cultures were incubated at 30 C at 150 rpm for 2 days. Also, effects of different
carbon sources on the dye decolourisation were investigated. For this purpose, suspensions of
sporulating growth were used to inoculate of basal medium (pH 4.0) which described below,
supplemented with one of the eleven different carbon sources (i.e, wheat straw, poplar and oak
sawdust and banana leaf) (0,8% wt/v) at pH 4, 30 0C, 150 rpm in the presence of 300 mg/L dye.
After 2 days incubation, the culture supernatant fluids were centrifuged at 10.000 x g at 4 C for
10 min and then used for decolourisation assays.
2.3. Decolourisation assays: Decolourisation studies were carried out by using basal
medium which consisting of (in g/L): Drimaren Blue CL-BR 0.1; glucose 10; (NH4)2HPO4
0.5; KNO3 0.5; NaCl 1; yeast extract 5 and MgCl 0.5. The experiments were performed in
batch mode in 250 mL Erlenmayer flasks. In order to ensure aerobic conditions, the volume
of the medium was restricted to 1/5 of the total volume of each flask. All the experiments
were carried out in triplicate. Each flask was inoculated with 1 mL of suspension of spores
(106 cfu). Decolourisation was determined through measurements of culture supernatant
absorption at Drimaren Blue CL-BR dye max (595 nm) using a spectrophotometer.
Percentage decolourisation was calculated using equation:
% Decolourisation: [(A0 - A1) / A0] x 100
A0: initial absorbance, A1: final absorbance
2.4. Harvesting of biomass and culture supernatant: After 48 hours incubation
period, culture samples were filtered through Whattman filter paper No 1 and 1.5 mL of
filtrate in eppendorf tubes was centrifuged at 10.000 rpm for 10 minute to remove any
particulate material. The weight of harvested biomass was determined gravimetrically. After
filtration, residual biomass was washed and completely dried at 100 C for 12 hours. A.
oryzae biomass (dyeless as control) and biomass after bioabsorption of dye was illustrated
with light microscopy.
2.5. Determination of enzyme activities: Laccase activity was analyzed by the oxidation
of ABTS (2,2’-azino-bis (3-ethylthiazoline-6-sulfanote). The reaction mixture contained 600 µL
supernatant, 300 µL sodium acetate buffer (pH 5, 0.1 M) and 100 µL ABTS solution (1 mM).
Oxidation of ABTS was monitored at 30 C for 1 min at a wavelength of 420 nm (33).
Tyrosinase activity was determined in 1 mL reaction mixture containing 200 µL supernatant,
700 µL phosphate buffer (pH 7, 0.1 M) and 100 µL catechol solution (0.1%) and the reaction
was monitored at 30 C for 5 min at a wavelength of 420 nm (34). Peroxidase activity was
assayed using 2,4-dichlorophenol (2,4-DCP) as the substrate. The reaction mixture (total
volume 1 mL) contained equal volumes (0.2 mL) of potassium phosphate buffer (100 mmol/L,
pH 7.0) 2,4-DCP (25 mmol/L), 4-aminoantipyrine (16 mmol/L), culture supernatant as enzyme
solution and H2O2 (50 mmol/L). The reaction was initiated with the addition of H2O2 and the
reaction was monitored at 30 C for 1 min at a wavelength of 510 nm (35, 36).
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One unit (U) of laccase, tyrosinase and peroxidase activities were defined as the amount
of enzyme required for an increase in absorbance of 1 unit per minute. The absorbance values
obtained at the end of the incubations were corrected by subtracting corresponding controls
absorbance values obtained by omitting of substrates in the reaction mixture.
2.6. Micronucleus test and comet assay: The micronucleus test and comet assay were
performed using goldfish (Carassius aurotus) because of its common availability in most fish
markets and due to proven sensitivity to genotoxic chemicals (37). Five goldfishes were
placed in each of four different aquaria. First aquarium containing dechlorinated tap water
was used as negative control. Cyclophosphamide (5 mg/L) was used as positive control in
second aquarium. For the evaluate toxicity of initial 300 mg/L Drimaren Blue CL-BR
concentration, which was used in experimental studies and the final 15.3 mg/L dye
concentration, which retained in culture media after 2 days incubation, were added to third
and fourth aquaria, respectively.

3. Results and discussion
3.1. Effect of incubation time on decolourising activity of A. oryzae: A typical
growth curve and decolourising activity of A. oryzae in basal medium containing 300 mg/L of
Drimaren Blue CL-BR dye was obtained at pH 4.0, 30 C, 150 rpm. The decolourisation of
the dye increased significantly during the growth phase of culture and followed by an
insignificant change in decolorization for the next 2 days, which corresponded to the
stationary phase of fungal growth cycle. After this point of incubation, decolourising activity
of the fungus sharply decreased, while dye content of culture medium increased gradually
until end of the incubation (10 days) (data not shown). Decolourisation of Drimaren Blue CLBR dye by A. oryzae could be due to adsorption onto the fungal cell surfaces or
biodegradation. To confirm the mode of decolourisation by A. oryzae the absorption spectrum
of the dye, which remained in culture supernatants during incubation period, was examined
and results reveal that all peaks decreased approximately in proportion to each other.
Therefore, dye removal by A. oryzae was attributed to biosorption. Dye adsorption onto the
fungal cell surfaces was also judged clearly by inspecting the fungal hyphea by microscopic
examinations (figure 1). Moreover, some enzymes which could involve in dye decolourising
activity of organisms such as laccase, tyrosinase and peroxidase were also assayed during
decolourisation by 24 hours intervals. But enzymatic activities weren’t detected related to dye
decolourisation. Consequently, according to the above results, the colour removal by A.
oryzae might be largely attributed to biosorption onto the fungal cell surfaces, and the
biodegradation was not significant.

Figure 1. Biosorption of Drimaren Blue CL-BR by A. oryzae hyphea after 2 days incubation
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3.2. Effect of incubation pH and temperature on decolourising activity of A. oryzae:
The effect of pH on the decolourisation of Drimaren Blue CL-BR by A. oryzae was
investigated by adjusting the pH of the growth medium in a pH range of 3.0 to 10.0. A. oryzae
was also capable of growth in basal medium containing the dye at these pH ranges (figure 2
a). However, decolourisation of the dye by A. oryzae was found to vary between the different
pH values. The optimum pH for the decolourisation of the dye occurred in the pH range of 4.0
and 7.0. The highest decolourisation of the dye (83.5% and 77%) was detected at these pH
points, respectively. These also corresponded to the maximum growth yield for A. oryzae
biomass (7.39 and 7.06 g/L). At pH 3.0 and pH 10.0, the decolourisations of the dye (71%
and 9.7%, respectively) were significantly decreased. These findings indicating that the A.
oryzae could be used in treatment of effluents which are either acidic or neutral. The optimum
pH for decolorization of Drimaren Blue CL-BR by A. oryzae however remains 4.0. The
optimum pH for decolourisation Drimaren Blue CL-BR by A. oryzae was found to occur at
pH 4.0. This result is similar to those reported for Aspergillus foetidus, Rhizopus stolonifer
and Lentinus sajur-caju (38) and generally in accordance with fungal physiology.
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Figure 2. Effect of initial pH (a) and incubation temperature (b) on decolourisation of Drimaren Blue CL-BR
by A. oryzae and fungal growth as measure of biomass after 2 days incubation at different pH values.
All data are presented as means of three replicates with SEs

The effect of temperature on the decolourisation activity of Drimaren Blue CL-BR by
A. oryzae was investigated by growing the organism at a temperature range of 30 °C to 60 °C.
From the analysis of the results, it is evident that the highest decolourisation (94%) of the dye
by A. oryzae occurred at 30 C (figure 2 b). Fungal growth was also greater at 30 °C (6.36
g/L) and it reduced with higher temperatures. There wasn’t significant alteration on fungal
growth between 30 °C to 40 °C (5.39 g/L). However, at 35 °C and 40 °C the decolourisations
of the dye (53.8% and 57.3%, respectively) were significantly decreased, while at 50 °C and
60 °C decolourisation and fungal growth weren’t detected at all. According to the reports (3941) the optimum growth temperature of A. oryzae is 32-36 °C.
3.3. Effect of Drimaren Blue CL-BR concentrations on decolourising activity of A.
Oryzae Different concentrations of Drimaren Blue CL-BR on decolourising activity of A.
oryzae was investigated by adjusting the initial dye concentrations of the growth medium
ranges from 25 to 1.600 mg/L. In 48 hours it has been found that with increase in dye
concentration up to 1.000 mg/L the dye decolourising efficiency of A. oryzae remained fairly
constant (between 82.2% and 85.3%), but slightly decreased (80.5%) on 1.200 mg/L and
(71.2%) on 1.400 mg/L concentrations. The maximum decolourisation (87.8%) was found on
300 mg/L concentration and minimum decolourisation (1%) was found on 1.600 mg/L
concentration (figure 3). These findings indicating that the A. oryzae could be used in
Romanian Biotechnological Letters, Vol. 22, No. 5, 2017
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between 50 to 1.000 mg/L. There were no significant differences at fungal growth between
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Figure 3. Effect of initial dye concentration on decolourisation of Drimaren Blue CL-BR by A. oryzae
and fungal growth after 2 days incubation. Data are presented as means of three replicates with SEs.

Zeroval et al. reported similar results for biosorption of Bromophenol Blue with R.
solonifer (15). When initial dye concentration was set as 1.600 mg/L, there wasn’t any fungal
growth in medium. Because of chemical structure of Drimaren Blue CL-BR, fungal growth
was inhibited by high concentration of the dye. This is also supported by earliest study.
Parshetti et al. determined that higher dye concentration (0.6-1 g/L) showed a toxic effect that
adversely affected adsorption and decolourisation performance of Aspergillus ochraceus (34).
This is most important disadvantage for bioadsorbtion with growing cells.
3.4. Effect of glucose and yeast extract concentrations on decolourising activity of
A. oryzae: Different concentrations of glucose (0-10 g/L) and yeast extract (0-5 g/L) have
been utilized the determination of effect of glucose as main carbon source and yeast extract as
nitrogen source for decolourisation efficiency of A. oryzae (figure 4). With increase
concentration of glucose from 0 to 8 g/L achieved decolourisation was also increased from
27.6% to 94.9% (figure 4 a). However, at 10 g/L glucose concentration the decolourisation
was slightly decreased and found to be 91.1% with the maximum growth yield for A. oryzae
biomass (8.13 g/L). Glucose has been added to enhance the decolourisation performance of
biological systems in some studies (42-44). However, others reported that glucose inhibited
the decolourising activity (45, 46). The reason for this variability may be due to the different
microbial characteristics. In this study, various concentrations of glucose (0-8 g/L) were first
evaluated for decolorization of Drimaren Blue CL-BR by A. oryzae (figure 4 a). Dong et. al.
tested effect of different glucose concentrations on decolourisation of Direct Black 22 by
Aspergillus ficuum and they obtained 61.63% and 98.17% decolourisation when glucose in
medium were 0 g/L and 20 g/L, respectively (47). However, figure 4a clearly indicates that
glucose concentration of higher than 8 g/L inhibited slightly the decolourisation of Drimaren
Blue CL-BR by A. oryzae. Fig. 4b shows the influence of yeast extract as a nitrogen source on
the efficiency of decolourisation of Drimaren Blue CL-BR by A. oryzae. The metabolism of
yeast extract is considered essential to the regeneration of NADH that acts as the electron
Romanian Biotechnological Letters, Vol. 22, No. 5, 2017

12881

ALİ OSMAN ADIGÜZEL, ERDİ KESELİK, MÜNİR TUNÇER

donor for the reduction of azo bonds [43]. Therefore, yeast extract was tested as a part of
culture medium for further experiments because yeast extract is cheap nitrogen source. At 300
mg/L dye concentration and in presence of yeast extract from 0 to 3 g/L concentrations
achieved decolourisation was also increased from 6.4% to 94.0% (figure 4 b). However at 5
g/L of yeast extract concentration in medium showed no any more beneficial effects on
decolourisation (89.3%).
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Figure 4. Effect of glucose (a) and yeast extract (b) concentrations on decolourisation of Drimaren Blue CL-BR
by A. oryzae and fungal growth after 2 days incubation. All data are presented as means of three replicates with SEs.

The optimum concentration of yeast extract on decolourisation activity of A. oryzae was
3 g/L with a biomass of 6.36 g/L, while the highest fungal growth was observed in the
medium containing 5 g/L yeast extract (7.1 g/L of biomass). The results clearly indicate that
optimal glucose and yeast extract concentrations for the maximum decolourisation of the dye
by the fungus were 8 g/L and 3 g/L, respectively (figure 4). Therefore, yeast extract at a
concentration of 3 g/L as nitrogen source for decolorization of Drimaren Blue CL-BR by A.
oryzae was added in further experiments.
3.5. Effect of agitation on decolourising activity of A. oryzae: The effect of
incubation conditions namely shaking (50, 100, 150 and 200 rpm) and stationary condition on
decolourisation of Drimaren Blue CL-BR by A. oryzae, revealed that shaking condition was
more suitable for decolorization, where the activity was found to be 90.9% and in stationary
condition it was 16.7%. The data suggest that at shaking condition (150 rpm) is more
appropriate for the decolourisation of the dye by the fungus (figure 5). This probably because
of different growth form of A. oryzae in stationary and shaking conditions, where fungal
biomass growth was occurred on the medium surface as a layer in stationary condition, while
fungal biomass formed as pellet like beads in shaking condition. Morover, decolourisation
rate was also higher in agitated cultures. This could be due to the physiological state of A.
oryzae as pellets and increased mass transfer between the cells. Kaushik and Malik reported
that the higher decolourisation was occured in agitated cultures because of better oxygen
transfer and nutrient distribution compared to the stationary cultures (38).
3.6. Effect of various carbon sources on decolourising activity of A. oryzae: To
investigate effects of differnt carbon and energy sources on Drimaren Blue CL-BR
decolourisation were investigated by replacing glucose with varying carbon sources at 8 g/L,
while maintaining a fixed yeast-extract concentration (3 g/L) (figure 6). Decolurisation of
Drimaren Blue CL-BR by A. oryzae reached the maximum leveles on sucrose (84.9%) and cotton
pulp (84.0%), while the highest decolurisation of the dye was detected on glucose (90.7%).
However, decolourisation performance of used carbon sources weren’t effective and obtained as
follows: starch (7.6%), lactose (27.9%), banana leaf (34.5%), lentil straw (38.7%), corn stalk
Romanian Biotechnological Letters, Vol. 22, No. 5, 2017
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(69.7%), wheat straw (56.0%), oak sawdust (43.5%) and poplar sawdust (46.6%). Ramya et al.
repotred that sucrose, mannitol and glucose were the best carbon sources for decolourisation of
Reactive Blue by Aspergillus sp. (48). Hadiborata et al. reported to 85% and 63% decolourisation
of RBBR by growing Polyporus sp. S133, when glucose and sucrose were used as carbon
sources, respectively (49). Glucose is the most readily usable carbon source for most fungi.
However, it is not commonly used in wastewater treatment since it is an expensive carbon source.
Therefore, as can be seen from Fig. 6, cotton pulp and corn straw could occupied as carbon sorces
for alternative to glucose for decolourisation of Drimaren Blue CL-BR A. oryzae.
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Figure 5. Effect of agitation on decolourisation of
Drimaren Blue CL-BR by A. oryzae and fungal growth
after 2 days incubation. Data are presented as means
of three replicates with SEs.
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A. oryzae was also tested for decolourisation of different dyes. Decolourisation was
examined at 30 °C, 150 rpm for 2 days (Initial dye, glucose and yeast extract concentrations
were 300 mg/L, 8 g/L and 5 g/L, respectively). Most of these dyes such as Methyl Red (83%),
Acid Orange 63 (83,2%), Lewofix Brillant Blue (82,4%), Cibacron Gelp NP (88.7%), Poly R
478 (88.7%) and Acid Blue 74 (85.6%) were decolourised by A. oryzae significantly.
However, decolourisation of some dyes, like Bismark Brawn (11.9%), Foran Scharlock
(23.6%) and Azure A (32.2%) by A. oryzae was occurred quite inefficiently. Methyl Green
(45.4%) and Dispersol Flavine (73.3%) were decolourised moderately (figure 7).

Figure 7. (a) Decolourisation (%) of different dyes by A. oryzae at pH 4, 30 °C, 150 rpm for 2 days (Initial dye,
glucose and yeast extract concentrations were 300 mg/L, 8 g/L and 5 g/L, respectively). (b) Visual appearance
of different dyes before (C) and after (R) decolourisation by A. oryzae. (CK: control, R: after decolourisation).
Dyes are MR: Methyl Red, AO63: Acid Orange 63, LBB: Lewofix Brillant Blue , CGNP: Cibacron Gelp NP,
PR478: Poly R 478, AB74: Acid Blue 74, DF: Dispersol flavine, BB: Bismark Brawn, FS: Foran Scharlock,
AA: Azure A, and DBCLBR: Drimaren Blue CL-BR

3.7. The toxicity of Drimaren Blue CL-BR As shown in Table 1, micronucleus
frequencies of lowest dosage of Drimaren: Blue CL-BR (15.3 mg/L), which correspond to
Romanian Biotechnological Letters, Vol. 22, No. 5, 2017
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dye concentration that left in culture media after 2 days incubation, was similar to negative
control. But, frequency of blebbed nuclei are increasing significantly in the 15.3 mg/L dye
exposed group. However, other frequencies of nuclear anomalies (lobed nuclei, notched
nuclei, binucleated cells) were observed more than negative control (figure 8 b). For the
micronucleus test, nuclear anomalies lower than positive control. Goldfishes in aquaria with
300 mg/L Drimaren Blue CL-BR were died at the end of 18 hours.
Table 1. Micronucleus frequencies in peripheral blood erythrocytes of C. auratus exposed to Drimaren Blue CLBR (15.3 mg/L) for 2 days.
Negative control

Positive control

Drimaren Blue CL-BR (15.3 mg/L)

3.15 ± 0.46

20.1 ± 3.98

3.17 ± 0.48

Table 2 summarizes the proportion of damaged nuclei and genetic damage index (GDI)
as measured in the comet assay. Compared to the negative control, increase of DNA
migration was determined in the Drimaren Blue CL-BR (15.3 mg/L) exposed group. But,
detected DNA damage was less than positive control. As these data indicates, Drimaren Blue
CL-BR dye may cause significant DNA damage at 15.3 mg/L in aquatic biota. Undamaged
and damaged fish erythrocytes cells were classified in to 5 categories (Type 0: undamaged,
Type 1: low damage, Type 2: medium damage, Type 3: large damage and Type 4:complete
damage) (figure 8a).
Table 2. Analysis of DNA damage as measured by comet assay in peripheral erythrocytes of C.
auratus exposed to Drimaren Blue CL-BR (15.3 mg/L) for 2 days. Percentage of damaged cells =
Type 2 + 3 + 4. GDI = (Type 1 + 2 x Type 2 + 3 x Type 3 + 4 x Type 4)/(Type 0 + 1 + 2 + 3 + 4) (37).
Treatment group
Negative control
Positive control
Drimaren
Blue
CL-BR(15.3 mg/L)

Type
0
75.67
56.33
56.00

Type 1

Type 2

Type 3

Type 4

17.00
19.67
23.00

4.67
10.37
12.66

1.67
6.63
9.33

1.00
7.00
5.33

% of damaged
cells
7.33 ± 1.20
24.00 ± 2.08
21.00 ± 2.08

GDI
0.35 ± 0.04
0.88 ± 0.04
0.85 ± 0.09

Figure 8. (a) Images of Type 0, 1, 2, 3 and 4 cells of comet assay and (b) binucleated cell,
blebbed nuclei and notched nuclei of micronucleus test

4. Conclusions
The decolourisation process was affected by various experimental conditions such as pH,
initial dye concentration, glucose and yeast extract concentrations, incubation temperature,
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agitation rate and carbon sources. Maximum decolourisation (94.9%) was observed at pH 4, 30
0
C, 150 rpm, with 300 mg/L initial dye concentration in the presence of 8 g/L glucose and 3 g/L
yeast extract concentrations. Enzymatic studies indicated that there was not involvement of
some enzymes, which could involve in dye decolourising activity of organisms such as laccase,
tyrosinase and peroxidase. Despite the fact that untreated dyeing effluents might cause serious
environmental and health hazards, they are being disposed off in aquatic ecosytems. Use of
untreated dyeing effluents in the agriculture has also direct impact on fertility of soil. Thus, it
was of concern to assess the toxicity of the effluent before and after decolourisation. Therefore,
especially when consider the toxicity of Drimaren Blue CL-BR as indicted by analysis of DNA
damage as measured by comet assay in peripheral erythrocytes of C. auratus exposed to the dye
(15.3 mg/L) for 2 days, it may be urged that A. oryzae is good candidate for the decolourisation
of the dye and possibly other dyes form effluents for environmental-friendly applications. Such
a biosorption process could be adopted as a cost effective, sustainable, and safer for effluents
that have dyes and dyestuff like textile wastewater. Furthermore, adsorbed dye by fungal
biomass may be recovered with convenient recovery processes.
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