
Biotechnology Reports 23 (2019) e00327
Demethylation and desulfonation of textile industry dye, Thiazole
Yellow G by Aspergillus niger LAG

Paul O. Bankolea,b,*, Adedotun A. Adekunlec, Sanjay P. Govindward

aDepartment of Pure and Applied Botany, College of Biosciences, Federal University of Agriculture Abeokuta, Ogun State, Nigeria
b Lancaster Environment Centre, Lancaster University LA1 4YQ, Lancaster, United Kingdom
cDepartment of Botany, University of Lagos, Lagos State, Nigeria
dDepartment of Earth Resources and Environmental Engineering, Hanyang University, Seoul, 04763, South Korea

A R T I C L E I N F O

Article history:
Received 27 November 2018
Received in revised form 18 February 2019
Accepted 19 March 2019

Keywords:
Biodegradation
Aspergillus niger
Thiazole yellow G dye
Detoxification

A B S T R A C T

Filamentous fungi perform tremendously in adsorption of dyes from polluted environment. In this study,
Aspergillus niger LAG decolorized thiazole yellow G dye within 5 days. Scale up studies done revealed that
maximum decolorization (98%) was achieved at a concentration (10 mg L�1), temperature (35 �C) and pH
6. The fungus exhibited significant inductions in laccase (71%) and lignin peroxidase (48%) respectively.
Spectrometric analysis (UV–vis, HPLC and gas chromatography-mass spectrometry) was used in
analyzing the degraded products of the dye. The GCMS analysis revealed the production of two
metabolites; sodium 6-methyl-2-phenyl-1,3-benzothiazole-7-sulfonate and 2-phenyl-4,5-dihydro-1,3-
thiazole after degradation of thiazole yellow G dye. A metabolic pathway of thiazole yellow G dye
degradation by Aspergillus niger was proposed. Significant growth in plumule and radicle couple with an
attendant increase in germination further confirmed the detoxified status of the dye after degradation.
© 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The brunt (toxigenic and carcinogenic hazards) of indiscriminate
disposal of dyeing effluents are borne by the aquatic systems and
humans [1]. These adverse effects are made worse due to the
complex aromatic nature of most dyes which makes the treatment of
dyeing effluent extremely difficult [2]. Mishra and Tripathy [3]
reported that synthetic dyes (direct, acid and reactive dyes) are ionic,
basic are cationic and disperse are non-ionic in nature. Different
reactive groups (vinyl sulfone, chlorotriazine, trichloropyrimidine
and difluorochloropyrimidine) makes up the chromophores of most
azo dyes [4]. Excellent light fastness, water fastness, wash fastness,
colour fastness, and perspiration fastness qualities endeared most
dye practitioners to the use of reactive dyes [4]. Little success has
been recorded on dye effluent treatment through convention means
[5]. Thiazoleyellow G is a cationic basic thiazine dye extensively used
indyeingcotton[6].ThiazoleyellowGdyecancausehealth problems
in humans after inhalation [7]. It is important to treat dyeing
wastewaters containing reactive dyes and thiazole yellow G dye
because of their harmful effects.
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Ayed et al. [8] reported that dye effluent management could be
relatively expensive using known physical (biosorption and
adsorption) and chemical methods (oxidation, ozonation, and
flocculation). The non- functionality and non- feasibility of these
methods were further corroborated by Dönmez [9]. Biotreatment
of dye wastewater is regarded and accorded the most economical
and eco-friendly alternative [10]. Several microbial dye treatment
systems have been employed which includes the use of growing
culture in medium and biosorption (living or dead). Fu and
Viraraghavan [11] reported that bacteria, fungi, algae and yeasts
have been found very potent in the treatment of virtually all classes
of dyes.

The polymers obtainable in the cells of some filamentous fungi
like Aspergillus niger gave them the edge in the biotechnological
treatment of textile dye wastewater through adsorption process
[12]. This was demonstrated when Aksu and Karabayır [13]
reported effective dye removal properties of Rhizopus arrhizus dead
biomass. Several enzymes (lignin peroxidase, laccase and manga-
nese peroxidase) have been implicated in the dye decolorization
potency of some filamentous fungi [14].

This study aims to investigate the decolorization and
detoxification efficiency of Aspergillus niger on thiazole yellow
G dye. The physico-chemical parameters were further scaled up
during the experiment to study their effect of decolorization
process. The toxic status were determined using toxicity analyses
after degradation.
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.btre.2019.e00327&domain=pdf
mailto:bankolepo@funaab.edu.ng
https://doi.org/10.1016/j.btre.2019.e00327
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.btre.2019.e00327
http://www.sciencedirect.com/science/journal/2215017X
www.elsevier.com/locate/btre


2 P.O. Bankole et al. / Biotechnology Reports 23 (2019) e00327
2. Materials and methods

2.1. Dye collection

Thiazole yellow G dye was kindly donated by Sunflag Nigeria
Limited, textile manufacturing industry in Surulere, Lagos State,
Nigeria. The dye collected was kept in sterile airtight plastic can. It
was of best analytical grade and high purity (97%).

2.2. Description of the dye

Thiazole yellow G dye is a complex di-azo dye with the chemical
formula C52H26Cl2N14Na8O26S8, Molecular weight 680 g mol�1, and
chemical structure (Fig. 1).

2.3. Micro-organisms and culture conditions

The method used by Bankole et al [15].was adopted in the
polluted soil collection procedure. Isolation of the fungus was then
carried out on potato dextrose agar (PDA) slants and maintained at
4 �C. The fungus was later grown in 250 ml flask (Erlenmeyer)
containing 100 ml potato dextrose broth (PDB) at 37 �C for 24 h. The
24 h culture was kept at 4 �C.

2.4. Decolorization experiments

The maximum wavelength (lmax-503 nm) of thiazole yellow G
dye solution was determined and recorded using UV–vis spectro-
photometer. Spore suspension (5 ml) was later transferred into an
Erlenmeyer flask (already containing 100 ml of PDB and 100 mg L�1

of the dye). The set up was done in triplicates with respective
biocontrols (non-inoculated) and monitored for 15 days at room
temperature. The supernatant obtained after centrifugation
(10,000 x g for 10 min) of aliquots taken after 0, 3, 6, 9, 12 and
15 days were later diluted (at 1:15 ratio) with sterile distilled water.
Spectrophotometer-UV/Vis was used in monitoring change in
absorbance as described by Bankole et al [15].

2.4.1. GCMS analysis
Helium was used as carrier gas. Shimadzu QP 2010 GCMS

Engine (Shimadzu Corporation, Japan) was used following the
earlier procedure reported by Bankole et al [14]. The pattern of
spectral peaks and retention times were used in identifying the
metabolites.

2.4.2. HPLC analysis
The HPLC machine has a dual wavelength UV detector and C18

column (symmetry, 4.6 � 250 mm) (Waters, USA 2690 system). The
flow rate was set at 0.80 mL min�1 with methanol (being used as
the mobile phase). The analysis was left to run for 10 min.

2.5. Optimization of physicochemical parameters during
decolorization studies

The pH values were varied from 4 to 9 for the experiments in
static cultures in a water bath with the temperature preset and
maintained at 32 �C. The studies were equally repeated by
Fig. 1. Chemical structure of thiazole yellow G dye.
varying the temperature between 30 and 40 �C at pH of 7.0.
Effect of initial concentrations (10–60 mg L�1) on decolorization
of thiazole yellow G dye by Aspergillus niger was further done
Bankole et al. [15].

2.6. Enzymatic analyses

Time course laccase and lignin peroxidase enzyme analyses
were conducted using the method used by Bankole et al. [16].

2.7. Phytotoxicity studies

The toxic effects on plants of the dye and dye metabolites after
decolorization by the fungi were determined using the method of
Bankole et al. [17] with slight modifications. Ethyl acetate extract of
Thiazole Yellow G dye metabolic products was dried and dissolved
in sterile distilled water to a final concentration of 1000 ppm. The
phytotoxicity studies were performed on seeds of Sorghum biocolor
and Vigna unguiculata, two plants commonly found in Nigeria.
Sixty seeds (60 each) were wetted (20 ml per day) with dye
metabolites and dye (1000 ppm) in separate petri plates. Seeds wet
with tap water were included as controls. Germination percentage
(%), Length of plumule (cm), and radicle (cm) and was recorded
after 12 days.

3. Results and discussion

3.1. UV–vis spectroscopy

There was relative disappearance (at day 5) of the peak
observed at 503 nm (control-day 0) in the UV/Vis absorbance
spectra of thiazole yellow G dye (Fig. 2). Significant disintegration
of peaks was observed which suggested a reduction of the dye
components thus decolorization. The visual changes observed in
the Erlenmeyer flasks corroborated the near disappearance of the
peak at day 5.

3.2. Decolorization at different pH

Optimum decolorization efficiency, 97.85 and 99.97% was
observed at pH 5 and 6 respectively while a steady decline was
recorded from pH 4 to pH 9 (Fig. 3). Previous works by Kaushik
and Malik [18] and Tian et al [19] reported that at pH 2–6,
optimum dye adsorption is greatly enhanced between the
adsorbent and adsorbate. The result of this study further
corroborated Wu et al [20] suggestion that fungal cell surface
is highly charged and active in acidic medium. Dye decolorization
is largely due to the van der waal forces between the negatively
charged thiazole yellow G dye anions and positively charged
Aspergillus niger cells. Iscen et al [21] reported that alkaline pH
brings about depletion in adsorption process between the dye and
the adsorbent due to repulsion on the active sites of the fungal
biomass surface.

3.3. Decolorization at varying concentrations

An upsurge in concentration (10, 20, 30, 40, 50 and 60 mg L�1)
of thiazole yellow G dye led to depletion in decolorization
efficiency (99.1, 96.54, 91.44, 89.67, 85.76 and 82.44%) (Fig. 4).
Higher concentrations of the dye exhibited a negative effect on
adsorption process. This result was in concordance with previous
work done by Solís et al [22]. Yargic et al [23] also corroborated
the fact that lower concentrations of thiazole yellow G dye propel
mass transfer resistance between adsorbent and adsorbate.
Increasing dye concentration usually leads to surface saturation



Fig. 2. UV/Vis spectra of thiazole yellow G dye before and after treatment with Aspergillus niger.

Fig. 3. Effect of pH on decolorization of thiazole yellow G dye by Aspergillus niger.
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of the fungal cell surface which in turn depletes decolorization
efficiency [21].

3.4. Decolorization at different temperatures

At lower temperatures (20 and 25 �C), significant decolorization
was recorded while optimum decolorization (99.95%) of thiazole
yellow G dye was observed at almost ambient temperature (40 �C)
(Fig. 5). Decolorization by biosorption is actively aided through an
increasing temperature of the reaction medium of the biomass and
thiazole yellow G dye [19]. Our study characteristically showed
that myco-removal of colour usually decreases with attendant
increase in temperature.
3.5. GCMS analysis

The GCMS analyses results (Table 1) revealed the formation of
two major intermediate products with a molecular weight of 327
and 163 g mol�1 representing sodium 6-methyl-2-phenyl-1,3-
benzothiazole-7-sulfonate and 2-phenyl-4,5-dihydro-1,3-thia-
zole (Fig. 6) respectively. Laccase was however responsible for
the demethylation and desulfonation of the intermediate
metabolites to 2-phenyl-4,5-dihydoxy-1,3-thiazole. Laccase is
known for its azo dye desulfonation dexterity during biodegra-
dation process [16]. The GCMS data obtained was used to propose
a schematic pathway of degradation of thiazole yellow G dye by
Aspergillus niger (Fig. 6).



Fig. 4. Effect of initial concentrations (mg L�1) on decolorization of thiazole yellow G dye by Aspergillus niger.

Fig. 5. Effect of temperature (�C) on decolorization of thiazole yellow G dye by Aspergillus niger.
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3.6. HPLC analysis

HPLC spectra of thiazole yellow G dye showed the peaks at
retention time 4.321, 6.019 and 7.298 min (Fig. 7a) and the
metabolites obtained after its degradation by Aspergillus niger
showed the peaks at retention time 4.889, 6.117, 9.564, and
11.232 min (Fig. 7b). The abundance of enzymes usually dictates
the cleavage of a typical azo dye [14].

3.7. Enzymatic analyses

Fungi elicit extracellular non-stereotypic enzymes which play
vital roles in the biodegradation process. There were 71% and 48%
inductions of laccase and lignin peroxidase respectively during the
decolorization process (Table 2).

3.8. Toxicity study

The phytotoxicity experiment results showed a significant
effect on the % germination and length of the plumule and radicle
of the thiazole G dye solution (1000 ppm) wetted seeds. The
germination percentage of Sorghum bicolor and Vigna unguiculata
seeds was higher (100%) when treated with water than the dye 5
days decolorized metabolites on treatment with A. niger. The
results as presented in Table 3 revealed remarkable growth with
attendant changes in the length of plumule and radicle when



Table 1
GC–MS data of obtained metabolite after degradation of thiazole yellow G dye by Aspergillus niger.

Peak RT
(min)

m/z Mol. weight Description Mass spectrum

1 19.689 329 327 sodium 6-methyl-2-phenyl-1,3-benzothiazole-7-sulfonate

2 11.421 165 163 2-phenyl-4,5-dihydro-1,3-thiazole

Fig. 6. Proposed schematic pathway for degradation of thiazole yellow G dye by Aspergillus niger.
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wetted with the dye metabolites. These results further elucidated
dye detoxifying potency of A. niger on thiazole yellow G. This may
be due to the removal of aromatic amines by the fungus used in this
study [17].
Root and shoot lengths of fifty (50) plants grown in thiazole
G dye and its metabolites are significantly different from that
of plants grown in sterile distilled water by *P < 0.001,
**P < 0.01.



Fig. 7. HPLC pattern of (a) thiazole yellow G dye before degradation, (b) metabolites
obtained after degradation of thiazole yellow G dye by Aspergillus niger.

Table 2
Enzyme profile in control Aspergillus niger cells (0 h) and the induced cells obtained
after complete decolorization (96 h) of thiazole yellow G dye.

Enzymes Control cells (0 h) Cells obtained after complete
decolorization (96 h)

Lignin peroxidasea 2.74 � 0.002 4.75 � 0.02*

Laccasea 0.635 � 0.007 0.899 � 0.022*

Values are mean of three experiments � SEM. Significantly different from the
control cells at.

* P < 0.05 by one-way ANOVA with Tukey-Kramer multiple comparisons test.
a U min�l mg protein�l.

Table 3
Phyto-toxicity study of thiazole yellow G dye and its degraded products after 5 days
of treatment using Aspergillus niger.

Parameters
studied

Water Thiazole Yellow G
dye
(Control)

Thiazole Yellow G
dye
(metabolites)

Vigna unguiculata
(dicot)

Germination (%) 100 70 100
Plumule (cm) 11.42 � 0.05 5.89 � 0.01* 9.15 � 0.09**
Radicle (cm) 5.76 � 0.02 2.05 � 0.02* 4.43 � 0.01**
Sorghum bicolor
(monocot)

Germination (%) 100 80 90
Plumule (cm) 6.47 � 0.04 3.21 � 0.05* 5.17 � 0.03**
Radicle (cm) 5.15 � 0.01 2.57 � 0.09* 4.03 � 0.15**

Valuesa are presented as mean of three experiments � S.E.M.
Root and shoot lengths of fifty (50) plants grown in thiazole G dye and its
metabolites are significantly different from that of plants grown in sterile distilled
water by *P < 0.001, **P < 0.01.
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4. Conclusion

The degradation process of thiazole dye by Aspergillus niger
proved to be dependent largely on the pH of the solution,
temperature and concentration of the dye. The study reported
three major intermediate metabolites after degradation of thiazole
yellow G dye. Thiazole yellow G dye degraded dye products
exhibited less toxic potentials on V. unguiculata and S. bicolor than
the control dye. Conclusively, Aspergillus niger has proven to be a
cheap, economic, effective, efficient and eco-friendly alternative in
the bio-removal of azo dyes from polluted environment.
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