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The methylene blue (MB) dye is a compound that is widely applied for textile dyes, which has a negative
effect on the environment. MB can cause several effects such as irritation of the skin if touched,
gastrointestinal irritation if swallowed and cyanosis if inhaled. Due to the negative effects of MB, the
residue of MB in the environment must be removed. One of the effective methods are bioremediation
using microorganisms. In this study, the ability of brown-rot fungus Gloeophyllum trabeum to
decolourise and degrade MB was investigated. G. trabeum cultures were added to potato dextrose agar
(PDA) medium which contains MB at concentrations of 50, 75, and 100 mg L. The result shows that MB
was decolourised by G. trabeum in PDA medium with decolourisation index (DI) of 0.874, 0.879, and
0.878 at MB concentrations of 50, 75, and 100 mg L™, respectively. G. trabeum degraded MB
approximately 47, 62 and 76% of 100 mg L after incubated for o, 7, and 14 days, respectively. Five
metabolites were identified by LC-TOF/MS analysis. Based on data from m/z and references, the
metabolite products were 2-nitro-5-(IV,N-dimethyl)amino-benzene sulfonate (CsHioN2SOs), 2,5-
diaminobenzene sulfonic acid (CsHsN2SO3), 4-(dimethylamino)-2-[m-(dimethylamino) phenylsulfinyl]
benzenamine (Ci6H20N3SO), 2-amino-benzenesulfonic acid (C¢éH,;NSOs3), and thionine (Ci2H10N3S). This

study indicated that G. trabeum can be used to decolourise and degrade MB dye.
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I. INTRODUCTION

Synthetic dyes are widely applied in various industries to dye
materials such as in the paper, textile, cosmetics, leather,
wool, plastic, and printing industries (Rauf et al., 2010). The
dyes waste contains persistent organic residues such as
aromatic compounds which give a negative effect to the
environment. Some colouring wastes are generally
carcinogenic, mutagenic, and teratogenic to humans. Among
the synthetic dyes that often used is methylene blue (MB).
Besides being used as a textile dye, MB is a heterocyclic
aromatic dye that also used in many fields such as agriculture,
pharmaceutical, microscopy and bacteriology. MB is stable in
water that give negative effects on water ecosystems such as

hindering the light penetration which may influence the

biodecolourisation; biodegradation; brown-rot fungus; Gloeophyllum trabeum;

photosynthetic processes of water ecosystems. MB also can
cause several effects such as irritation of the skin if touched,
gastrointestinal irritation if swallowed and cyanosis if inhaled
(Rauf et. al., 2010; Guo et. al., 2014; Gonzélez et al., 2014).
Many methods have been studied to treat dye waste such as
chemical and physical processes. In the previous study,
physical method such as adsorption using activated carbon is
given good result, but this method needs more money to get
some adsorbent agent to bind the dye compounds (Guo et. al.,
2014; Laowansiri et. al., 2008; Rahman et al., 2012). The
chemical treatment such as using coagulants also give good
result but that method also resulting in some sludge, which
causes new environmental problems (Madhu et al., 2009).
MB degradation by the chemical Fenton reaction has been

reported (Dutta et. al., 2001; Zhou et. al., 2015; Wang et al.,
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2014). However, this reaction has some disadvantages such
as the generation of iron sludge in large quantity, deactivation
by the iron complexation reagents and difficult for recycling
On the other hand,

catalysts (Zhou et al, 2015).

biodegradation method offers more effective and
environmentally friendly method. In biodegradation, the use
of microorganisms such as using brown-rot fungi capable of
providing environmentally friendly degradation methods to
degrade some persistent organic pollutant such as pesticide
and dye (El-Sersy, 2007; Pant et. al., 2008; Purnomo et. al.,
2013; Purnomo et. al.,, 2014; Purnomo et. al.,, 2017a;
Purnomo et al., 2017b).

Brown-rot fungi (BRF) is used for biodegradation due to
their ability to produce hydroxyl radicals from the Fenton
reaction (Purnomo et. al., 2008; Purnomo et. al.,, 2010;
Purnomo et. al., 2011a; Purnomo et al., 2011b). Hydroxyl
radicals are commonly used by BRF as tools to degrade
cellulose as well as hemicellulose in wood to obtain carbon
source for food (Kaneko et al., 2005). Gloeophyllum trabeum
is one species of BRF that produces hydroxyl radicals. G.
trabeum has been reported degrades DDT (aromatic organic
pesticide) by involving the Fenton reaction (Purnomo et. al.,
2010; Purnomo et al., 2011). Therefore, G. trabeum may also
can degrade MB as an effective way to clear up the waste
textile dye problem. Thus, G. trabeum is an appropriate
alternative to degrade MB by providing bio-Fenton reaction.
This study is the first report on decolourisation and

degradation of MB by G. trabeum.

II. MATERIALS AND METHOD

A. Materials and Fungus

MB powder was purchased from SAP Chemicals. Analytical
grade of methanol and acetone were purchased from Merck.
Brown-rot fungus G. trabeumn NBRC 6509 was purchased
from the NBRC (Chiba, Japan). The fungus was cultured on
potato dextrose agar (PDA; Merck, Darmstadt, Germany).

B. Decolourisation of MB in Solid Medium

The mycelia of fungus (diameter 1 cm) were put into PDA
containing 50, 75, and 100 mg L-* of MB, and was further
incubated at 30 °C for 12 days. Decolourisation diameter

(DD) and mycelium diameter (MD) were measured based on

result on the agar plate. For positive control, G. trabeum was
cultured in PDA without MB was used, while MB in PDA
without fungus was used as a negative control. The
decolourisation index (DI) of MB was calculated according to
Equation (1) (Jayasinghe et. al., 2008; Purnomo et al.,

2019b):

pr = 2
MD

@®

C. Degradation of MB in the liquid medium

The mycelia of fungus (diameter 1 cm) were inoculated into
potato dextrose broth (PDB, 10 mL) medium, and then pre-
incubated at 30 °C for 7 days. After the pre-incubation, MB
(final concentration, 100 mg L) was inoculated to the
cultures and incubated for 7 and 14 days. The cultures were
centrifuged to separate the biomass, and the absorbance of
the supernatant was measured using UV-Vis
spectrophotometer (Genesys 10S) at a wavelength of 400-750
nm. The remaining supernatant was further used to identify
the metabolites. MB in PDB cultures without fungal was used
for control. The percentage of decolourisation of MB was
calculated according to Equation (2):

Ac_- At

e 100%

% decolorization = (2)
where Ac is the absorbance of control culture, and At is the

absorbance of treatment.

D. Identification of Metabolites

Metabolites of MB were identified using LC-TOF/MS (Agilent
Technologies) by analysing the supernatants which ionisation
source with a mass range of 50-350. The sample was eluted
by water and methanol at ratio of 1:99 in 3 min with the flow
rate of 0.2 mL min=, and then 39:61 in 7 min with the flow
rate of 0.4 mL mint. TM RSLC Acclaim 120 C18 with 2.1 x

100 mm size was used as column.

ITII. RESULT AND DISCUSSION

The ability of brown-rot fungus G. trabeum to decolourise
MB was investigated in PDA medium as the initial screening
to justify the ability of G. trabeum to decolourise MB and

determine the optimal concentration of MB for degradation
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process in liquid medium.

During the incubation period, the decolourisation index
(DI) was determined by measuring the decolourisation
diameter (DD) and mycelium diameter (MD). DI, DD, and
MD were tabulated in Table 1. After 12 days incubation, MD
of G. trabeum in PDA medium contains a various
concentration of MB did not show significantly different
comparing with control (without the addition of MB), which
indicated the addition of MB into the PDA medium did not
inhibit the G. trabeum growth. The growth of isolated white-
rot fungi (WRF) had no effect on the presence of dyes in the
medium, indicated the fungi were able to tolerate the dyes
(Vasudev, 2011). Jayasinghe et al. (2008) also reported some
fungi that have good mycelial growth on medium containing
MB, but poor in MB degradation. On the other hand, the PDA
medium containing MB did not inhibit the growth of brown-
rot fungus Daedalea dickinsii (Rizqi & Purnomo, 2017). The
growth of some BRF including G. trabeum did not show any
significant differences in medium contain methyl orange
(Purnomo et al., 2019b). Besides, some bacteria were able to
growth in medium containing MB and congo red as well as
decolourise them (Fulekar et. al., 2013; Li et. al., 2014; Liu et
al., 2016). These reports proved that the growth of some
microorganisms including G. trabeum in medium with the

presence of MB could be tolerated.

Table 1. MB decolourisation by G. trabeum in PDA medium

MB . MD DD DI
Concentration (cm) (cm)

(mg L)
50 8.20 7.17 0.87
75 8.00 7.03 0.88
100 7.67 6.73 0.88
(-) control

. 8.20

(Without MB)

Data are presented as the mean (n = 3).

However, the DI and DD decrease with the increase of MB
concentration. DD values showed significant different which
the highest DD value (7.17 cm) was obtained at MB
concentration of 50 mg L while the lowest ones were that at
100 mg L about 6.73 cm. It indicated that the decrease of DD
was caused by the increase of MB concentration.
Furthermore, the DI values did not show significant

differences among various concentrations of MB (Table 1),

which the highest DI was obtained at MB concentration of
100 mg L. Zeng et al. (2015) reported that slower
decolourisation rate was caused by high concentrations of
dye. Rizqi and Purnomo (2017) reported D. dickinsii
decolourised MB with the highest ID value (92%) at 50 mg L-
1, Jayasinghe (2008) and Vasudev (2011) were also used
initial concentration of 100 mg L* in MB decolourisation by
some WRF. However, MB initial concentration of 20 mg L
was used in MB decolourisation by some bacteria (Fulekar et.
al., 2013; Li et. al.,, 2014; Liu et al., 2016). It indicated that
fungi more tolerate high concentration of MB rather than
bacteria. Based on screening results in Table 1, 100 mg L was
selected as the initial concentration for degradation
experiment in the liquid medium.

Biodecolourisation of MB in PDB medium was measured
using UV-VIS spectrophotometer, which monitored at o-, 7-,
and 14-days incubation period. The profile of MB absorbance
was shown in Figure 1. Maximum absorbance at 665 nm was
detected in all absorbance profiles which indicated the
maximum absorbance of MB, in line with previous report
(Rahman et al., 2012). At 0 days incubation, the absorbance
was lower than controls, which assumed that MB was
degraded by the presence of secondary metabolites or
enzymes which is produced by fungus during pre-incubation.
Hydrogen peroxide (H=0.) was one of the secondary
metabolites that could be produced and formed hydroxyl
radical via Fenton reaction (Kaneko et. al., 2005; Arantes et
al., 2012), which used for MB degradation. Furthermore, at
7 days incubation, the absorbance of MB was slightly
decreased compared that at o days, due to the fungus might
adapt to the addition of MB. However, at 14 days incubation,
the MB absorbance was lower than that at 7 days incubation,
which assumed that G. trabeum might successfully adapt as
well as produce more hydroxyl radical to degrade MB

intensively.
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Figure 1. The absorbance profiles of MB degradation by G.

trabeum

G. trabeum degraded MB in PDB medium was determined

quantitatively by determining the decolourisation
percentage. The MB decolourisation was approximately 47,
62 and 76% during o-, 7-, and 14-days incubation periods,
respectively, which showed significant differences among
them (Figure 2). It indicated that the incubation periods have
effect on the decolourisation of MB by G. trabeum. During
incubation, G. trabeum may produce hydroxyl radicals from
Fenton reaction as degradative tools. Rizqi and Purnomo
(2017) reported D. dickinsii decolourised 54% of MB. Some
WREF degraded MB (initial concentration 100 mg L) in PDB
within 20 days incubation (Fulekar et al., 2013). Besides,
among some bacteria, Pseudomonas putida showed the
highest ability to degrade MB by 69% (initial concentration
20 mg L) in minimal salt medium (MSM) for 5 days
incubation (Li et. al., 2014; Liu et al., 2016). Compared with
other microorganisms, G. trabeum has high ability to

decolourise MB.
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Figure 2. MB Decolourisation by G. trabeum in PDB

medium during o-, 7-, and 14-days incubation periods
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Figure 3. Chromatogram of MB degradation by G. trabeum
for 14 days incubation. Black line was control, while pink

line was treatment

The MB metabolites were identified by using LC-TOF/MS
(Figure 3). The MB peaks appeared both in control and
treatment samples which had m/z 284 at a retention time of
5.57 min. The MB peak treatment was lower than control,
indicated the MB was degraded. Five metabolites were
detected at 1.63; 2,64; 3.04; 4.66 and 5.40 min (Figure 3).
The peak at a retention time of 1.63 min had m/z 245, which
identified as 2-nitro-5-(N, N-dimethyl) aminobenzene
sulfonate with molecular formula CsHioN2SOj5 (Table 2). It
was supported by Zhang et al. (2011), who identified this
compound from MB degradation by photocatalytic. The peak
at retention time 2.64 min had m/z 187, which identified as
2,5-diaminobenzene sulfonic acid with a molecular formula
CsHsN2SO3 (Table 2). This compound was also identified
from MB degradation by chemical Fenton reaction method
(Liu et al., 2016). 4-(dimethylamino)-2-[m-(dimethylamino)
phenylsulfinyl] benzenamine was identified from the peak at
retention time of 3.04 min, which had m/z 302, with
molecular formula CicH20N3SO (Table 2). Ejhieha and
Shamsabadi (2014), also identified this compound from MB
degradation by photocatalytic with the present of zeolite X
and CuO nanoparticles. The peak at retention time 4.66 min
had m/z 172, which identified as 2-amino-benzenesulfonic

acid with a molecular formula CsH,NSO3; (Table 2). This
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compound was also identified from MB degradation by
chemical Fenton reaction method (Wang et al, 2014).
Thionine was identified from the peak at retention time of
5.40 min, which had m/z 227, with molecular formula
Ci12H10N3S (Table 2). Rauf et al. (2010), also identified this
compound from MB degradation by photocatalytic. All
identified metabolites that reported previously were
produced by involving hydroxyl radical. Since this fungus had
been reported degraded DDT by involving hydroxyl radical
(Purnomo et. al., 2010; Purnomo et al., 2011), it suggested
that G. trabeum might also degrade MB by this system.
further in Fenton reaction

However, investigation

involvement on MB degradation is needed.

Table 2. Metabolites of MB degradation by G. trabeum

of the methyl group) occurred in the tertiary amine group,
which is replaced by hydrogen, so that a primary amine group
was formed, followed by cleavage of the bond secondary and
sulfide ketimine groups with the aromatic ring. The
secondary ketimine group was transformed into a primary
amine while the sulfide group was transformed into a sulfo
group. The subsequent breaking of the bond occurred by
removing another primary amine group. (3) Oxidation of the
sulfide group to form 4-(dimethylamino)-2-[m-
(dimethylamino) phenylsulfinyl] benzenamine, as reported
by Rauf et al. (2010), following oxidation on the MB sulfide
group to 3,7-bis(dimethylamino)-4OH-phenothiazin-5-one
(Huang et al., 2010). Further reduction on the C=N double
bond was occurred to yield 4-(dimethylamino)-2-[m-

(dimethylamino) phenylsulfinyl] benzenamine (Ejhieha &

Shamsabadi, 2014).

Rett?ntlon Molecular Molecular
No Time Mr
. Formula Structure
(min)
NO,
1 1.63 246 CsH1oN2SOs5 \N/©:SO H
‘ 3
HN
2 2.64 188 CeHsN2SO; ]@
SOH NH,
H,N
3 3.04 303 CiH20N3SO @\ ]@\ ~
N S N
\ i \
H,N
4 4.66 173 CsH;NSO3 j@
SOH
5 5.40 228  Ci2HioN3S

N
=
HN s NH,
+

Transformation pathway of MB by G. trabeum was
proposed based on the identification of metabolic products
(Figure 4). MB was degraded initially via three pathways: (1)
oxidation to 2-nitro-5-(IV,N-dimethyl)amino-
benzenesulfonate. MB was oxidised at the secondary
ketimine and sulfide groups. Oxidation of the secondary
ketimine group breaks the bonds of the secondary ketimine
group with aromatic rings and forms a nitro group. Likes
oxidation in the secondary ketimine group, oxidation of the
sulfide group also breaks the sulfide group bond with the
aromatic ring and forms a sulfo group. (2) Demethylation to
thionine, followed oxidation cleavage to 2,5-
diaminobenzenesulfonic acid, then undergo to release NH- to

form o-amino benzenesulfonic acid. Demethylation (removal

Figure 4. Proposed MB degradation pathway by G. trabeum

MB degradation pathway was reported by Huang et al.
(2010) by atmospheric pressure dielectric barrier discharge
plasma. Firstly, chloride ion (CI) is ionised and exists in the
detached state during dissolution of MB. The radical species
bombardment caused the N—CHj; bond broken, followed by
oxidation of the —CHj3 into HCHO or HCOOH, and left the
most active parts (C—S and C-N) in MB structure molecule.
During the bombardment of «OH, the two bonds are broken
more easily. At the same time, phenyl thiophene and other
molecular structures were determined. In another research
by Li et al. (2014) reported Azure B (MB derivate) dye

decolourisation mechanism by Bacillus sp. MZS10 that the
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mechanism of decolourisation mostly involved quinone
dehydrogenase. This enzyme reduces the C=N double bond to
leuco form, followed by a combined amine group with the
other group to form a stable compound. MB degradation
pathway by hydroxyl radicals via photocatalytic was also
reported by Houas et al. (2001). The cleavage N=C double
bond at central amino group of MB was induced by the
cleavage of the double bond of the —S*= group in para
position of the central aromatic ring. Hydroxyl radical
substituted the amino group to form phenol and release NH-
radical. Considering above references, MB transformation
pathway in this study has similarity, especially in the central
aromatic ring by the involvement of N=C double bond

cleavage.

VI. REFERENCES

IV. CONCLUSION

G. trabeum degraded 76% of MB (initial concentration 100
mg L) after incubated for 14 days. Five metabolites of MB
degradation were identified: 2-nitro-5-(N,N-dimethyl) amino
(CsH10N2S0s),
(C6HsN2S03),
(dimethylamino) phenylsulfinyl] benzenamine (C:sH20N3SO),

benzene sulfonate 2,5-diaminobenzene

sulfonic acid 4-(dimethylamino)-2-[m-
2-amino-benzenesulfonic acid (CéH;NSOs3), and thionine
(C12H10N3S), which hydroxyl radical might be involved in the
degradation pathway. This study proved that G. trabeum

have ability to decolourise and degrade MB.

V. ACKNOWLEDGEMENT

This work was supported by fundamental research grant
(number: 5/E1/KP.PTNBH/2019) from the Ministry of

Research, Technology and Higher Education, Indonesia.

Arantes, V, Jellison, J & Goodell, B 2012, ‘Peculiarities of
brown rot fungi and biochemical Fenton reaction with
regard to their potential as a model for bioprocessing
biomass’, Appl Microbiol Biotechnol, vol. 94, pp. 323-338.

Dutta, K, Mukhopadhyay, S, Bhattacharjee, S & Chaudhuri, B
2001, ‘Chemical oxidation of methylene blue using a
Fenton-like reaction’, J Hazard Mater, vol. 84, pp. 57-71.

Ejhieha, AN & Shamsabadi, MK 2014, ‘Comparison of
photocatalytic efficiency of supported CuO onto micro and
nano particles of zeolite X in photodecolorization of
Methylene blue and Methyl orange aqueous mixture’, App
Catal A: General, vol. 477, pp. 83-92.

El-Sersy, NA 2007, ‘Bioremediation of Methylene blue by
Bacillus thuringiensis 4 G1: application of statistical
designs and surface plots for optimization’, Biotech, vol. 6,
no. 1, pp. 34-39.

Fulekar, MH, Wadgaonkar, SL & Singh, A 2013,
‘Decolorization of dye compounds by selected bacterial
strains isolated from dyestuff industrial area’, Int J Adv Res
Technol, vol. 2, no. 7, pp. 182-192.

Gonzalez, RG, Garcia, AC, & Abedul, MTF 2014, ‘Enhanced
detection of the potential electroactive label methylene blue
by electrode nanostructuration with carbon nanotubes’,

Sens Actuators B Chem, vol. 202, pp. 129-136.

Guo, JZ, Li, B, Liu, L & Lv, K 2014, ‘Removal of methylene
blue from aqueous solutions by chemically modified
bamboo’, Chemosphere, vol. 111, pp. 225-231.

Houas, A, Lachheb, H, Ksibi, M, Elaloui, E, Guillard, C &
Herrmann, JM 2001, ‘Photocatalytic degradation pathway
of methylene blue in water’, Appl Catal B, vol. 31, pp. 145-
157.

Huang, F, Chen, L, Wang, H & Yan, Z 2010, ‘Analysis of the
degradation mechanism of metilen biru by atmospheric
pressure dielectric barrier discharge plasma’, Chem Eng J,
vol. 162, pp. 250-256.

Jayasinghe, C, Imtiaj, A, Lee, GW, Im, KH, Hur, H, Lee, MW,
Yang, HS & Lee, TS 2008, ‘Degradation of three aromatic
dyes by white rot fungi and the production of ligninolytic
enzymes’, Mycobiology, vol. 36, no. 2, pp. 114-120.

Kaneo, S, Yoshitake, K, Itakura, S, Tanaka, H & Enoki, A
2005, ‘Relationship between production of hydroxy
radicals and degradation of wood, crystalline cellulose, and
a lignin related compound or accumulation of oxalic acid in
cultures of brown rot fungi’, J Wood Sci, vol. 51, pp. 262-
269.

Laowansiri, S, Vinitnantharat, S, Chaiprasert, P & Ha SR
2008, ‘Anaerobic degradation kinetics of reactive dye with

different carbon sources’, J Environ Biol, vol. 29, pp. 309-

105



ASM Science Journal, Volume 16, Special Issue 1, 2021 for SCCEMATHIC2019

314.

Li, H, Zhang, R, Tang, L, Zhang, J & Mao, Z 2014, ‘Evaluation
of Bacillus sp. MZS10 for decolorizing Azure B dye and its
decolorization mechanism’, J Environ Sci, vol. 26, pp. 1125-
1134.

Liu, W, Liu, L, Liu, C, Hao, Y, Yuan, B & Jiang, J 2016,
‘Methylene blue enhances the anaerobic decolorization and
detoxication of azo dye by Shewanella onediensis MR-1’,
Biochem Eng J, vol. 110, pp. 115-124.

Madhu, GM, Raj, MA, Lourdu, A, Pai, K & Vasantha, K 20009,
‘Titanium oxide (TiO-) assisted photocatalytic degradation
of methylene blue’, J Environ Biol, vol. 30, no. 2, pp. 259-
264.

Pant, D, Anoop S, Yamini, S & Gupta, RK 2008, ‘Effect of
carbon and nitrogen source amendment on synthetic dyes
decolorizing efficiency of white-rot fungus, Phanerochaete
chrysosporium’, J Environ Biol, vol. 29, 79-84.

Purnomo, AS, Mori, T, Putra, SR & Kondo, R 2013,
‘Biotransformation of heptachlor and heptachlor epoxide
by white-rot fungus Pleurotus ostreatus’, Int Biodet Biodeg,
vol. 82, pp. 40-44.

Purnomo, AS, Putra, SR, Shimizu, K & Kondo, R 2014,
‘Biodegradation of heptachlor and heptachlor epoxide-
contaminated soils by white-rot fungal inocula’, Environ Sci
Pollut Res, vol. 21, pp. 11305-11312.

Purnomo, AS, Nawfa, R, Martak, F, Shimizu, K & Kamei, I
2017, ‘Biodegradation of aldrin and dieldrin by the white-
rot fungus Pleurotus ostreatus’, Curr Microbiol, vol. 74, no.
3, Pp- 320-324.

Purnomo, AS, Ashari, K & Hermansyah, F 2017, ‘Evaluation
of the synergistic effect of mixed cultures of white-rot
fungus Pleurotus ostreatus and biosurfactant-producing
bacteria on DDT biodegradation’, J Microbiol Biotechnol,
vol. 27, no. 7, pp. 1306-1315.

Purnomo, AS, Kamei, I & Kondo, R 2008, ‘Degradation of
1,1,1-trichloro-2, 2-bis (4-chlorophenyl) ethane (DDT) by
brown-rot fungi’, J Biosci Bioeng, vol. 105, pp. 614-621.

Purnomo, AS, Kondo, R & Mori, T 2010, ‘Involvement of
Fenton reaction in DDT degradation by brown rot fungi’,
Int Biodeter Biodegrad, vol. 64, pp. 560-565.

Purnomo, AS, Mori, T, Takagi, K & Kondo, R 2011,
‘Bioremediation of DDT contaminated soil using brown-rot

fungi’, Int Biodeter Biodegrad, vol. 65, no. 5, pp. 691-695.

Purnomo, AS, Mori, T, Kamei, I & Kondo, R 2011, ‘Basic
studies and applications on bioremediation of DDT: a
review’, Int Biodeter Biodegrad, vol. 65, no. 7, pp. 921-930.

Purnomo, AS, Mauliddawati, VT, Khoirudin, M, Yonda, AF,
Nawfa, R & Putra, SR 2019b, ‘Biodecolorization and novel
bio-transformation of methyl orange by brown-rot fungi’,
Int J Envir Sci Tech, in press.

Rahman, MA, Amin, SM, Ruhul, AAM & Shafiqul 2012,
‘Removal of methylene blue from wastewater using
activated carbon prepared from rice husk’, Dhaka Univ J
Sci, vol. 60, no. 2, pp. 185-189.

Rauf, MA, Meetani, MA, Khaleel, A & Ahmed, A 2010,
‘Photocatalytic degradation of Methylene Blue using a
mixed catalyst and product analysis by LC/MS’, Chem Eng
J, vol. 157, pp. 373-378.

Rizqi, HD & Purnomo, AS 2017, ‘The ability of brown-rot
fungus Daedalea dickinsii to decolorize and transform
methylene blue dye’, World J Microbiol Biotechnol, vol. 33,
pPp- 92.

Vasudev, K 2011, ‘Decolorization of triphenylmethane dyes by
six white-rot fungi isolated from nature’, J Bioremed
Biodegrad, vol. 2, no. 5, pp. 61-66.

Wang, Q, Tian, S, Long, J & Ning, P 2014, ‘Use of Fe (II)Fe
(IID)-LDHs prepared by co-precipitation method in a
heterogeneous-Fenton process for degradation of
Methylene Blue’, Catal Today, vol. 224, pp. 41-48.

Zang, J, Hu, FT, Liu, QQ, Zhao, X, & Liu, SQ 2011,
‘Application of heterogenous catalyst of tris (1,10)-
phenanthroline iron (II) loaded on zeolite for the photo-
Fenton degradation of methylene blue’, Reac Kinet Mech
Catal, vol. 103, pp. 299-310.

Zeng, G, Cheng, M, Huang, D, Lai, C, Xu, P, Wei, Z, Li, N,
Zhang, C, He, X & He, Y 2015, ‘Study of the degradation of
methylene blue by semi-solid-state fermentation of
agricultural residues with Phanerochaete chrysosporium
and reutilization of fermented residues’, Waste Manag, vol.
38, pp. 424-430.

Zhou, G, Chen, Z, Fang, F, He, Y, Sun, H & Shi, H 2015,
‘Fenton-like degradation of methylene blue using paper
mill sludge-derived magnetically separable heterogeneous
catalyst: characterization and mechanism’, J Environ Sci,

vol. 35, pp. 20-26.

106



