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Abstract

Among the various industrial effluents, textile and the dye industry waste play a significant role in water pollution. These
dyes are toxic, mutagenic and carcinogen in nature and cause adverse effects on environment as well as on human health.
The aim of the study was to isolate potential fungal strains implicated in bioremediation of dye based effluents. From a total
of 14 fungal strains isolated from diverse habitats, only 5 strains were found to be positive for Azure B decolorization under
solid state condition, with a maximum decolorization index of 2.3mm by fungal strain DW3. Under liquid state conditions,
fungal strain CC3 resulted in maximum decolorization of 98.6% at 10™ day of incubation. The morphological, cultural and
microscopic characterization of potential fungal strain CC3 revealed it as Penicillium sp. The treatment of textile and
synthetic effluent (mixture of three dyes Azure B, Congo red and Remazol brilliant blue) by Penicillium sp. CC3 resulted in
maximum decolorization of 92.0% and 73.3% respectively. The seed germination bioassay using treated medium revealed a
plumule length of 3.3cm which is almost equivalent to the length observed in the distilled water.

Keywords: Azure B, decolorization, Penicillium sp., CC3, synthetic effluent, textile effluent.

Introduction

Among the most concerned environmental pollutions
threatening our biodiversity, water pollution is a major one,
where effluents from dye-based industries e.g. textile industries
serve as a principal source. The effluent released from textile
industries is a complex mixture of many polluting substances
such as, heavy metals, pigments and toxic dyes'. Due to
chemical diversity of dyes, they are broadly divided into many
categories such as, azo, reactive, anthraquinone,
triphenylmethane, heterocyclic, polymeric structures, etc.”.
Among these types, azo dyes constitute about 70%, while up to
50%of dyes find its ultimate way in the water as effluent’.
Recent studies have shown that azo dyes not only contribute to
the mutagenic activity of ground and surface waters® but also
lead to aesthetic problems and obstructs light penetration and
oxygen transfer into water bodies, hence affecting aquatic life.
Therefore, treatment of industrial effluents containing azo dyes
before its discharge into wastewater bodies is deemed
necessary’.

Commonly applied methods for effluent treatment consist of
biological, physical and chemical methods’. The chemical and
physical methods such as oxidative processes, ozonation,
photochemical, electrochemical destruction, irradiation and
electrokinetic coagulation, are not widely used for the treatment
of dye based waste water due to high costs and disposal
problem. To recover from these problem green technology is
opted for the treatment of the effluent, which includes bacterial
and fungal biomass for the adsorption of dye® or low-cost non-
conventional adsorbents’ e.g. various microorganisms like
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bacteria, actinomycetes, fungi and algae have been shown to
degrade and biotransform dyes'’. Fungi from the Basidiomycete
group, known as white-rot fungi (WRF) and enzymes linked to
lignocellulosic decolorization pathways have also been
indicated as capable of decolourizing several pollutants of
diverse structures including dyes''. These microorganism’s
secret a various types of enzymes such as laccase,
azoreducatase, manganese dependent or independent peroxidase
and lignin peroxidase to degrade these dyes'”.

Materials and methods

Effluents: Two types of effluents were used in the study, viz.
textile effluent, obtained from Madan dying, Pvt. Ltd.,
Ludhiana, India, and synthetic effluent, prepared in the
laboratory by mixing 3 dyes i.e. Remazol brilliant blue, Congo
red, Azure B in equal proportions at a final concentration of
0.01g/L.

Dyes: The structural information of the dyes used i.e. Remazol
brilliant blue, Azure B and Congo red is presented in Table-1.

Isolation of fungal strains: The dye decolourizing fungal
strains were isolated from diverse habitats such as litter sample
(LS), cow dung (CD), cow cud (CC), decomposed wood (DW)
and decomposed straw (DS). The isolations were carried out by
pour plating technique using Potato dextrose agar (PDA)
medium, supplemented with 50ul/ml of Gentamycin. The
inoculated Petri plates were incubated at 28+2°Cin a BOD
incubator. The strains with different morphologies were
subcultured on fresh PDA medium. The purified fungal strains
were stored as slant cultures at 4°C for further experimentation.
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Table-1: Structural information of dyes
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Screening of fungal strains for dye decolourizing enzymes:
Primary screening: The fungal strains were inoculated in a
basal medium supplemented with 0.02% (w/v) Azure B. The
composition of the medium is as follows (g/L): monopotassium
phosphate  (1.0), ammonium tartarate (0.5), magnesium
sulphateheptahydrate (0.5), calcium chloride (0.01), yeast
extract (0.01), copper sulphatepentahydrate (0.001), ferric
sulphate (0.001), manganese sulphate monohydrate (0.001). The
inoculated Petri plates were incubated at 28+2°C in a BOD
incubator under dark conditions and growth was followed for a
period of approximately 2 weeks. The formation of a clear zone
around the fungal colonies indicate the production of
peroxidases such as lignin peroxidase (LiP) and manganese
peroxidase (MnP). Decolorization index was calculated as
follows:

Decolorization zone

Decolorization index (mm) = -
Colony size
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Secondary screening: Secondary screening of fungal strains
was carried out in liquid basal medium comprising of 0.02%
(w/v) of Azure B. Two agar discs (approximately 8-10mm) of
actively growing mycelia were inoculated in the medium. The
flasks were incubated under dark conditions at 28+2°C in a
shaking incubator (100rpm). In addition, control sample
consisting of media that contained dye but was not inoculated,
were also maintained. Once a day, aliquot was withdrawn from
the medium and centrifuged at 5000rpm for 10 minutes. The
supernatant was read at absorption maxima of the Azure B i.e.
650nm. The percent decolorization was calculated using the
following formula'":

—A
x 100

0

Decolorization (%) =

Where: A, is the initial absorbance and A is maximum
absorbance.
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Characterization of fungal strains: The selected fungal strains
were initially identified on the basis of their morphological and
cultural characteristics. Further identification was done using
microscopic observation such as conidia, their shape and
arrangements, conidiophores and hyphae, after lactophenol
cotton blue staining.

Effluent treatment: Two types of effluents were used for the
bioremediation study, textile and synthetic effluent. The
effluents were added with basal medium components and
autoclaved at 121°C for 15 minutes. The experimental flasks
were inoculated with actively growing mycelia discs
(approximately 8-10mm diameter) of selected fungal strains and
incubated at 28+2°C in a shaking incubator at 100rpm under
dark conditions. In addition, control samples were also
maintained. Once a day, aliquot was withdrawn from the flasks
and centrifuged for 10 minutes at 5000 rpm. For textile effluent,
the absorbance of the supernatant was read at a broad visible
range i.e. 400-700nm and for synthetic effluent, absorption
maxima of dyes used, i.e. 540nm (Congo red), 592nm (Remazol
brilliant blue)"?, 650nm (Azure B)"* were recorded for percent
decolorization.

Seed germination bioassay: The decolorized medium was
assessed for the reduction in toxicity on the basis of wheat seed
germination bioassay. The wheat seeds were sterilized using
0.01% mercuric chloride (HgCl,) solution for 50 sec., washed 6-
7 times with sterile distilled water to remove traces of HgCl, and
soaked in water for 3-4h. The bottom of the Petri plates were
padded with layers of tissue papers and presoaked seeds were
placed in each Petri plate followed by soaking of tissue paper
with treated and untreated medium. A control using sterile
distilled water was also maintained. The plates were incubated
at 28+2°C in a BOD incubator for about 3 days. The tissue was
kept moist by intermittently spraying the respective medium and
sterile distilled water. The plates were observed daily for the
germination and plumule lengths of germinated seeds were
recorded.

Results and discussion

Isolation and screening of dye decolorizing fungal strains: A
total of 14 fungal strains were isolated on PDA medium by
pour plating technique and labeled according to their site of
isolation such as litter sample (LS1), cow dung (CD1), cow cud
(CC1, CC2 and CC3), decomposed wood (DW1, DW2, DW3,
DW4, DW5 and DW6), Decomposed straw (DS1, DS2, DS3) .
In recent years, microorganisms producing ligninolytic enzymes
have widely been reported for dye decolorization and waste
water treatment studies'®. Azure B, an azo dye is a substrate for
peroxidase enzymes e.g. lignin peroxidase and manganese
peroxidase which results in its decolorization from an initial
blue color'®. The ability of individual fungal strains to
decolorize Azure B was initially investigated under solid state
conditions. Five fungal strains (CC3, DW6, DW2, DW3, DS3)
were selected on the basis of clear zone production. The strain

International Science Community Association

Int. Res. J. Biological Sci.

DW3 exhibited the highest decolorization index of 2.3mm
followed by 1.6mm (DW6), 1.7mm (DS3) and 1. 2mm (CC3
and DW2) (Figure-1).

Figure-1: Azure B decolorization by fungal strain CC3 on solid
medium.

The further screening of strains was carried out under liquid

state conditions. The rate of decolorization by fungal strains
DW6 and CC3 was observed to be very high from the beginning

20
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of the experiment, as these strains resulted in 76.2% and 65.2%,
respectively after first day of incubation. Thereafter, a gradual
increase in decolorization was observed and finally a maximum
decolorization of 95.6% and 98.6% (Figure-2), respectively at
10" day of incubation was achieved. All the other fungal strains
showed less than 90% decolorization on 10™ day of incubation
ie. 81.9% (DS3), 80.1% (DW2) and 79.9% (DW3). The rate
and extent of decolorization by fungal strains in the present
study were similar or even better than those by other fungi
reported in literature such as 83% decolorization in 11 days by
Phanerochaete chrysosporium'’, 65% of decolorization in 20
days by Bjerkandera sp. BOS55', 70.61% and 85.75% of
decolorization in 15 days by Perreniporia tephropora'®. As
explained by Ghasemi et al.'® the decolorization of several types
of dyes by Phanerochaete chrysosporium were associated with
production of extracellular ligninolytic enzymes e.g. MnP and
LiP. Another study by Singh et al.” also reported that enzyme
LiP was responsible for 100% decolorization of Direct red dye
(30ppm) by P. chrysosporium within 24 h.

On the basis of

Characterization of fungal isolates:

morphological, cultural and microscopic characterization, the
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fungal strains were classified into different genera as follows:
DW2 and DW3 as Rhizopus sp., DW6 as Gliocladium sp., DS3
as Microsporum sp. and CC3 as Penicillium sp.

Effluent treatment: The fungal strain with greatest
decolorization ability i.e. Penicillium sp. CC3 was evaluated
using two types of effluents (textile and synthetic). The textile
effluent had the following characteristics, neutral pH, pinkish
color and presence of suspended particles. The percent
decolorization of textile effluent was calculated on the basis of
absorption value of decolorized medium, measured at broad
visible range (400 - 700nm). A maximum decolorization of 93%
was observed at 600nm followed by 92% at 400nm and 91% at
500nm and 700nm each, at 10" day of incubation. (Figure-3 and
4). The synthetic effluent treatment demonstrated percent
decolorization of 73.25% for Azure B, 57.14% for Congo red
and 55.55% for Remazol brilliant blue (RBB) at 10™ day of
incubation at 650nm, 540nm and 592nm respectively absorption
maximas (Figure-5 and 6). Placido®' reported, more than 90% of
decolorization of two real effluents from a textile industry by
Leptosphaerulina sp.

e ..

s
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Iﬁgur-Z: Azure B decolorization by fungal strain CC3 in liquid medium.
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Figure-3: Decolorization of textile effluent by Penicillium sp. CC3
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Figure-4:Percent decolorization of textile effluent by Penicillium sp. CC3

International Science Community Association



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 7(11), 18-26, November (2018)

Int. Res. J. Biological Sci.

Figure-5: Decolorization of synthetic effluent by Penicillium sp. CC3.
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Figure-6: Percent decolorization of synthetic effluent by Penicillium sp. CC3.

Comparative evaluation of dye decolorization by Penicillium
sp. CC3 on different media: The Figure-7 depicts the comparison
of dye decolorization potential of Penicillium sp. CC3 on Azure B,
textile and synthetic effluent. As observed, Penicillium sp. CC3
achieved 73.25%, 93.0% and 98.6% decolorization of synthetic,
textile effluents and Azure B respectively at 10" day of incubation.
Eichleiova et al.”” stated that difference between decolorization
of structurally different dyes is due to the complexity of
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chromophores present in the mixture resulting in slow
decolorization rate of some dyes. Rani et al’ reported
biodegradation and detoxification of Malachite green, Nigrosin
and Basic fuchsin using two fungal isolates Aspergillus niger,
and Phanerochaete chrysosporium, isolated from dye effluent
soil. The maximum decolorization of 81.85% was achieved for
Basic fuchsin followed by 77.47%, (Nigrosin), 72.77%
(Malachite green) and 33.08% (dye mixture) under shaking
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condition, whereas, P. chrysosporium recorded maximum
decolorization of 90.15% (Nigrosin), 89.8% (Basic fuchsin),
83.25% (Malachite green) and 78.4% (dye mixture).

Seed germination bioassay: The detoxification of the
decolorized medium was assessed by wheat seed germination
bioassay. The wheat seed were allowed to germinate under three
sets of conditions, i.e. in the presence of decolorized/ treated
medium, untreated medium and distilled water. The growth
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index of seed is measured in terms of plumule length. The wheat
seeds grown on untreated medium showed less plumule length
due to the toxicity of dye, as compared to the seeds grown in
decolorized medium. In fact, the plumule length in presence of
decolorized medium was almost equivalent to growth observed
in the presence of distilled water. The seeds in decolorized
medium showed plumule length of 3.3cm, 3.4cm in distilled
water and 1.3cm in untreated medium (Figure-8).

B Synthetic effluent

1 2 3 4 5 6 7 8 9 10

Incubation Period

Figure-7: Comparative evaluation of dye decolorization by Penicillium sp. CC3 on different media.
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Figure-8: Seed gennjnatioh bioassay.
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In accordance with our study, Li et al.” reported phytotoxicity
evaluation for both Azure B and its related derivatives by
Bacillus sp. MZS10, indicating that decolorization metabolites
were less toxic then original dye. Barapatre et al.** grew
Phaseolusmungo in the presence of textile effluent, distilled
water and untreated effluent and reported a higher shoot length
of 14.5cm in textile effluent as compared to 10.6cm in untreated
effluent.

Conclusion

The bioremediation process for synthetic and textile effluent
using fungi is acost-effective process and poses little
disturbance to enviroment as compared to conventional
technologies, rendering this technology a very attractive and
alternative method of choice. The Penicillium sp. CC3 isolated
in the present study resulted in the dramatic decolorization of
Azure B (>90%) in an incubation period of 10 days.
Furthermore, the toxicity test of the decolorized medium by
seeds germination bioassay showed that there was a reduction in
the toxicity of the dye after treatment. The toxicity reduction of
the dye is attributed to biodegradation of chromophore in dye
molecule owing to extracellular peroxidase enzyme production.
Thus, the potential isolate, Penicillium sp. CC3 holds a good
potential to be used as an dye decolorizing agent in the textile
and dying industries, considering its impeccable decolorization
potential. In order to ensure the potential application of
microorganisms especially for the fungi, for large scale
application of dye based waste water treatment, optimization of
process parameters and experiments to study the toxic effect of
different dyes on microbial strains need to be studied. The
identification and research of new microbial strains with the aid
of molecular techniques will further improve practical
applications of microorganism. Thus, it is anticipated that
biodegradation will be soon a reliable and competitive dye
remediation technology.
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