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ABSTRACT
The use of biological methods is a promising alternative to the harsh physico-chemical methods
usually employed in textile industries. Laccase-producing Pleurotus pulmonarius mediated
decolourization of Reactive Orange dye was investigated. The dye was degraded into various
molecular fragments. The degradation products were identified by FTIR and GC-MS analysis
and a tentative pathway for the oxidative degradation of Reactive Orange dye was postulated.
Pleurotus pulmonarius showed promising efficiency for degradation of Reactive Orange dye and
could possibly be used for the remediation of textile effluents.
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1.0 INTRODUCTION
Dyes are widely used in cosmetics, textile, leather, food, paper and plastic industries and in view
of toxicity of dyes; the environment is under the threat (Iqbal, 2016; Nouren et al., 2017).
Synthetic dyes are widely used in the textile, paper, cosmetics, leather, dyeing, colour
photography, pharmaceutical and food industries. In textile industries, during dyeing process,
about 10 to 30 per cent or more of the dyes are released into water bodies causing serious
environmental problem in many parts of the world (Shanmuga Priya, 2013).
Water pollution has become one of the seriously environmental questions in the world. Most of
The textile industries consume a large quantity of water, and generate a large amount of
wastewater and effluents containing dyes that are very recalcitrant to treatment, then toxic and
potentially carcinogenic compounds into receiving River (Nataraj et al., 2007; Yuan et al., 2016;
Kurade et al., 2016).
Coloured effluents from textile wastewater which are discharged from textile industries pose a
significant environmental pollution problem. Even at low concentrations, textile wastewaters are
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intensely coloured (Ayed et al., 2017). About 11 % of the wastewater entered natural water
directly without treatments (Robinson et al., 2001). Azo dyes contain (N=N) functional group,
which make them persistent under natural environmental conditions (Nouren et al., 2017).
The dye-containing wastewater discharged from industries can adversely affect the aquatic
environment by impeding light penetration. Moreover, many of the dyes are toxic, carcinogenic
and harmful to the human health. Even at low concentration, dyes could cause aesthetic pollution
(Ayed et al., 2017). Therefore, there is an increasing demand of efficient and economical
technologies to remove dyes from water environment in the world (Ayed et al., 2017).
Conventional treatments are either ineffective or incur considerable costs (Santos et al., 2015),
hence, to develop a technique based on biological treatment seems to be an inspiring solution.
The biological methods have been paid more attention because of their strong adaptability, easy
operation, low cost and mild reaction condition, lower sludge production, and ecological
sociability (Kurade et al., 2016; Wang et al., 2017). The use of Laccase catalysis in different
applications such as textile dye bleaching, pulp bleaching, bioremediation and biotransformation
might be an environmentally friendly way that can replace the used chemical processes (Usha et
al.,., 2014). A number of species of genus Pleurotus have been explained as manufacturers of
laccase (Leonowicz et al., 2001). However, few reports are available on the intermediate or
products of biodegrdation of reactive orange dye so also the possible mechanism of
biodegradation pathway of reactive orange by Pleurotus pulmonarius. Present study was
conducted to affirm the decolorization, detoxification and laccase production potential utility of
Pleurotus pulmonarius as the candidates for biodegradation of reactive orange dye.
2.0 MATERIALS AND METHODS
2.1 Microorganism and Culture Conditions
The culture of white rot fungal strain of Pleurotus pulmonarius was obtained from Federal
Institute of Industrial Research Oshodi Collection Center in Lagos State, Nigeria. The culture
mycelium was stored on malt extract agar slant at 4 0C.
2.2 Screening for Laccase Production
The screening for the production of laccase by the test organism was done using potato dextrose
agar. The potato dextrose agar (PDA) plates were prepared in duplicate maintaining the pH at 6.5
with the addition of 0.02 % of guaiacol. The cultures were supplemented with 150mM copper
sulfate (CuSO4) sterile solution as laccase-inducer and incubated at 25 0C for 5days (Kiiskinen et
al., 2004).
2.3 Qualitative Analysis for Decolorizing Ability
The decolorizing ability of the isolated fungal strain was evaluated by inoculating the fungus on
PDA plates containing 0.02 % reactive orange dye. Fungal culture about 1cm agar disc was then
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inoculated on the plates and incubated for 10 days at 25 0C. Formation of zone of clearance
under and around the fungli colony indicated the decolorizing potential of the isolated culture
(Dhouib et al., 2005). Dye plates that were not inoculated served as control.
2.4 Decolorization and Detoxification Experiment
Two hundred milliliters of prepared Potato Dextrose broth supplemented with 0.02 % of reactive
orange dye with 150mM of copper sulfate (CuSO4) was used. The medium was sterilized at 121
0
C for 15 minutes in the autoclave and allowed to cool and thereafter inoculated with fungal
spore suspensions (105 spores/ml) and incubated in an orbital shaker at 120 rpm with a
temperature of 25 0C for a period of 10 days (Shanmuga Priya et al., 2013). Decolorizing activity
was observed for the period of days and the preparation was done in duplicate. Aliquots of the
fungal culture incubation were collected at an interval of 3 days; centrifugation of the aliquots
were carried out using the centrifuge at 4,000rpm for 15 minutes, and then the supernatants were
used to determine dye decolorization by monitoring the decrease in absorbance at the wavelength
of maximum absorption for each dye using a spectrophotometer (Visible Spectrophotometer L1722) (Da Silva et al., 2009).
The color removal was recorded as percentage:
Decolorization =
Ao = Absorbance of the initial dye solution (day 0)
At = Absorbance after incubation (Da Silva et al.,., 2009)
2.5 Biodegradation Analysis
Biodegradation was determined by comparing the Fourier Transformed Infrared Spectroscopy
(FTIR) peak profiles of the metabolites of reactive orange dye. Attempt was also made to
identify the dye metabolites using their Gas Chromatography-mass Spectroscopy (GC-MS)
spectra. The decolorized reactive orange solution, withdrawn after 10 days of incubation and
centrifuged at 8,944 ×g for 10 min, extracted using ethyl acetate. The extract was dried in a
rotary evaporator and re-dissolved in High-Performance Liquid Chromatography grade methanol
for GC-MS analyses. FTIR analysis of biodegraded reactive orange dye was carried out using a
Shimadzu 800 spectrophotometer and compared with that of the control dye. The FTIR analysis
was done in the IR region of 400-4,000 cm-1 with 10 scan speed. The identification of
metabolites formed after degradation was done using a GCMS-QP2010 PLUS
SHIMADZU,JAPAN.
3.0 RESULTS
The ability of the Pleurotus pulmonarius to utilize reactive orange dye and other synthetic dyes
as source of carbon and energy using Bushnel-Haas medium was demonstrated. The findings
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show that the organism cannot utilize any of the synthetic dyes as source of carbon and energy.
While tremendous growth was seen in the plate of PDB supplemented with each of the dye
indicating co-metabolic method of degradation as shown in Plate 1.
Plate 1: Growth patterns of Pleurotus pulmonarius on PDB supplemented with different
synthetic dyes
Guaiacol is an indicator which reported to be used for laccase production. Reddish brown color
due to the oxidative polymerization of guaiacol in the presence of extracellular fungal laccase
was demonstrated. Laccase production increases with increase in incubation as shown in Plate 2
Plate 2: Laccase production by Pleurotus pulmonarius after 5 days of incubation
Figure 1: Graph of % decolorization plotted against time (days) at 490nm wavelength. Ao is
Absorbance of the initial dye solution (day 0) and AT is the absorbance at cultivation time.
Fourier transform infrared spectroscopy (FTIR) was used to monitor the biodegradation and
detoxification of reactive orange dye. FTIR spectra of non-degraded reactive orange dye showed
the specific peaks in the region of fingerprint. The various peaks were shown which correspond
to alkyne, alkene, alcohol, carboxylic acid and ester found to be dominant in in non-degraded
reactive orange as presented in Figure 2 and Table1.
Figure 2: FTIR Spectrum of non-degraded Reactive Orange dye (control)
Table 1: FTIR analysis of non-degraded reactive orange dye (control)
Fig 3: GC-MS fingerprint of non-degraded Reactive Orange (control)
The FT-IR spectral of functional groups of degraded dye is presented in Fig. 3. Also, it was
observed from the Table 3. The following functional groups Alcohol, carboxylic acids,
Aromatic, Alkenes, Alkane and both primary and secondary amines were the most abundant in
non-degraded dyes, and most of them possess stretching type of vibrations appearing at low peak
of the spectrum interestingly, some functional groups were not seen in non-degraded dye, such as
alkyne, Alkyl-halide, Thiol and phenol.
Fig 3: FTIR Spectrum of degraded Reactive Orange
Table 2: FTIR analysis of the degraded reactive orange
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The GC-MS profiling of the degraded reactive orange dye showed various peaks which
correspond to various metabolites as shown in Fig. 4. The Table 4 the retention time and the
corresponding metabolites such as 3-Benzylhexahydropyrrolo[1,2-a]pyrazine-1,4-dione, 1-Ethyl1,5-cyclooctadiene, Crodamide O, cis-13-Docosenamide, Caprylamide.
Figure 4: GC-MS fingerprint of degraded Reactive Orange dye
Table 4: GC-MS analyses of fragmentation products (reactive orange)
4.0 DISCUSSION
One of the parameters widely used in the detection of ligninolytic enzymes is the chromogen. In
the present study, guaiacol was used as a chromogen. The reddish brown zone surrounding the
mycelia of the culture on the plate supplemented with guaiacol was an indication of
Bevandamm’s reaction (Thakur and Gupte, 2014; Sara et al., 2016).The fungus pattern of
degradation was found to be co-metabolism due to its failure to utilize reactive orange dye as
carbon source as demonstrated on Minimum basal medium, when co-substrate was excluded,
this underscore the fact that the higher glucose consumption by the fungus in the presence of
synthetic effluent might be evidence of increased metabolism due to the detoxification
mechanism (Machado et al., 2009). Also, glucose supplementation has been proved as an
important factor in order to bioremediate textile effluents with ligninolytic fungi (Novotný et al.,
2011; Plácido et al., 2016).
The chemical structural differences in textile dyes due to the substitution of various functional
groups on aromatic base greatly influence their decolorization rates (Lade et al., 2014).This
clearly indicates that decolorization was due to degradation of dyes into intermediate products.
The initial step in this degradation pathway of reactive orange was reductive cleavage of N=N
(azo) bond leading to formation of colorless aromatic amines. These amines are further oxidized
to simpler forms. FTIR analysis was done to characterize the metabolite produced. The results of
FT-IR analysis of the dye and control sample obtained after decolorization showed various
peaks. The FT-IR spectra of control reactive orange dye display peaks at 630, 683.5, 1048.91112, 1195.2, 2550, and 3410. The IR spectra of degradation products display peak for –C=C,
=C-H, C-O, C-H, S-H and O-H all stretching. The peak characteristic of azo bond at 630,685.5,
1195.2,1655, 2550 which correspond to –C=C-H:C-H,=C-H,C-H,S-H. Also the following peaks
(1018.45-111.03), (1411.94-1450.52), (2522.98-2839.31) and 3356.25 which correspond to C-O,
C-C, O-H and both primary and secondary amine were found to be dominant in the degraded
reactive dyes .The FTIR spectra of dye of Fig. 3 and reactive orange degradation products
differed with number of peaks and their positions Fig. 4. The appearance of peak at 1,018.45 cm1 confirmed the presence of carbonyl compound and azo group in dye whereas peaks at 1,411.94
and 1,450.52 cm-1 were related to aromatic compounds. The -C=C-stretching is indicated by peak
at 1651.12 are due to the presence of the sulphonated dye compound. The peak at 3356.25 cm-1
indicates amines and amides. The sharp peak at 3356.25 cm-1 in azo compounds absent in the
FTIR spectral analysis of degraded products confirms the cleavage of azo bonds. The peak
at2839.31 cm-1 due to O–H stretching indicates hydroxylation of the product. A significant
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change in FTIR spectrum in degraded dye sample which displayed peaks at 2522.98 and 2839.31
cm-1 for–OH stretching and 3356.25 for N-H strecthing. Thus, the FTIR analysis confirms
biotransformation of dye into other compounds. The IR spectrum for reactive orange shows that
the vibrations between 3700-3100 cm-1 are associated with the –OH (carboxylic acids), -NH(Amine) is almost changed after degradation by consortia as shown in Fig 1. The strong
absorption at2550 is because of presence of Azo bond (S-H). Absence of these peaks after
decolorization indicates cleavage of azo bond and also the disappearance of the peaks at the
fingerprint region in the FTIR spectrum of extracted metabolites is clear evidence of
biodegradation (Olukanni et al., 2013).
In IR spectra of treated sample Fig.1, new peak at 3356.25 was observed which indicates that
there may be formation of new compounds which originated from the fragmentation of parent
dye molecule. The control IR spectrum of CF shows the following observation. The peaks in
between 3700-3100 cm-1shows the presence of –OH,-NH-, =C-H (amides and amines).The
peaks in between 2700-2000cm-1 responsible of Nitriles,azide compounds in the sample and
800-400cm-1 peaks are associated with Aromatic compounds in the sample Fig.3. The IR spectra
obtained from treated sample shows the several variations in the region at 3700-3100 cm-1,
2700-2000cm-1 and 800-400cm-1as it is compared with control IR spectra of CF (Fig.2b). It
may be the because of degradation of reactive orange by Pleurotus pulmonarius. The presence of
aromatic amine in the degraded sample indicates the effect of laccase activity. Park et al., (2006)
reported that the biodegradation was more important than biosorption for decolorization because
F. trogii ATCC 200800 was able to produce the laccase or MnP to mineralize synthetic dyes. It
has been reported that the azo compounds with hydroxyl or amino groups were more likely to be
degraded than those with methyl, methoxy, sulfo or nitro groups. In this study, the metabolites of
reactive orange fractions were identified by comparing the mass spectra with data in the NIST98
library and independently by interpreting the fragmentation patterns. GC-MS analysis of the dye
metabolite showed the presence of derivatives of reactive orange with clear evidence of ring
cleavage. Based on the analytical profile analysis and the identified metabolites, a pathway was
proposed for the biodegradation of reactive orange by Pleuroteus pulmonarius Enzymatic
activities that resulted in intermediate products, some of which were identified as 2-Ethyl-4methyl-1-pentanol with the retention time of 4.450min and a mass peak of 128; 2(2ethylhexyloxy) ethanol with the retention time of 10.175min and a mass peak of 174; and Alphatridecene with the retention time 11.367min and a mass peak of 182.The dye that undergoes
degradation process results in generating intermediate metabolites. These metabolites are
identified with respect to their molecular weight and the resulting intermediates are presented in
Table 4. It is seen from the Tables, that reactive orange is degraded into various intermediates the
mechanism of degradation can be proposed as reactive orange being degraded into intermediates
compounds such as n-Octyl phthalate, 13-Methyloxacyclotetradecane-2,11-dione, 3Benzylhexahydropyrrolo[1,2-a]pyrazine-1,4-dione, 3-Isobutylhexahydropyrrolo[1,2-a]pyrazine1,4-dione, 1-Ethyl-1,5-cyclooctadiene with respective mass of 390, 240, 244, 210 and 136.It is
evident from the mass analyses report that the above dye in the presence of laccase undergoes
degradation phenomenon and resulted in various intermediate metabolites (Pandey et
al.,.,2007).White rot fungi posses different degradative capacity towards azo dyes may be
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attributed to their structural differences in dyes. These isolates probably have acquired natural
adaptation to survive in the presence of the dyes (Khadijah et al., 2009).The complete
degradation of dye could be achieved during study which was confirmed by FT-IR analysis. This
suggests that Pleuroteus pulmonarius may have an efficient enzymatic system for the cleavage
of parent dye. The hypothesis that could explain mechanism of biodegradation of reactive orange
somewhat similar to ara operon through which certain metabolites produced from co-substrate
may have induced synthesis of various enzymes involved in biodegradation of reactive orange. It
could successfully be employed in the treatment of textile effluent. Gomare and Govindwar
(2009), Yuan et al.,.(2016)reported that the metabolites of dyes can induce or inhibit
biotransformation, so the metabolites generated during the degradation process of dye might
cause different side effects on enzymes. However, further work is needed to identify the genes
responsible for this kind of textile azo dyes decolorization.
5.0 CONCLUSION
The complete degradation of dye could be achieved during study which was confirmed by FT-IR
and GC-MS analysis. This suggests that Pleuroteus pulminorius posses an efficient enzymatic
capacity for the cleavage of reactive orange dye. It could successfully be employed in the
treatment of textile effluent. However, further work is needed to identify the genes responsible
for this kind of textile azo dyes decolorization. This study shows that laccase enzyme from
fungus Pleurotus pulmonarius possesses a significant dye degradation capacity and further can
be applied in biodegradation of toxic industrial dyes in the environment.
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Plate 1: Growth patterns of Pleurotus pulmonarius on PDB supplemented with different
synthetic dye

Plate 2: Laccase production by Pleurotus pulmonarius after 5 days of incubation
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Figure 1: Graph of % decolorization plotted against time (days) at 490nm wavelength. Ao
is Absorbance of the initial dye solution (day 0) and AT is the absorbance at cultivation
time.
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Figure 2: FTIR Spectrum of non-degraded Reactive Orange dye (control)

Fig 3: FTIR Spectrum of degraded Reactive Orange
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Figure 4: GC-MS fingerprint of degraded Reactive Orange dye
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Table 1: FTIR analysis of non-degraded reactive orange dye (control)
Peak

Frequency
cm-1

Type of
Type of
vibration bond

630

650-600

bend

-C=C-H:CH

Alkynes

683.5

700-650

Bend

=C-H

Alkenes

1048.9 1050-1000

Stretch

C-O

Alcohols, carboxylic acids,
esters, ethers

1112

Stretch

C-O

Alcohols, carboxylic acids,
esters, ethers

1195.2 1200-1150

Wag

C-H

Alkyl halides

1655

1700-1650

Stretch

-C=C-

Alkynes

2550

2600-2550

Stretch

S-H

Thiol

2965

3000-2900

Stretch

C-H

Alkanes

3410

3500-3400

Stretch

O-H

Alcohols, phenols

1150-1100

Functional group

Table 2: FTIR analysis of the degraded reactive orange

Peak

Frequency cm-1

Type of
Type of bond
vibration

Functional group

1018.45

1050-1000

Stretch

C-O

Alcohols, carboxylic acids,
esters, ethers

1111.03

1150-1100

Stretch

C-O

Alcohols, carboxylic acids,
esters, ethers

1411.94

1450-1400

Stretch
(in-ring)

C-C

Aromatics

1450.52

1500-1450

Stretch

C-C

Aromatics

www.ijaeb.org

Page 161

International Journal of Agriculture, Environment and Bioresearch
Vol. 3, No. 01; 2018
ISSN: 2456-8643
(in-ring)
1651.12

1700-1650

Stretch

-C=C-

Alkenes

2522.98

2550-2500

Stretch

O-H

Carboxylic acids

2839.31

2850-2800

Stretch

O-H

Carboxylic acids

2924.18

3000-2950

Stretch

C-H

Alkanes

3356.25

3400-3350

Stretch

N-H

1°, 2° amines, amides

Table: GC-MS analyses of fragmentation products (reactive orange)

Peak

Retentio
Compound name
n Time

Molar
Mass

Chemical
Formula

1

4.133

Octaldehyde

128

C8H16O

2

10.175

2(2-ethylhexyloxy
)ethanol

174

C10H22O2

3

11.367

Alpha-tridecene

182

C13H26

4

13.625

Hexadecene-1

224

C16H32

5

14.842

Pelargone

254

C17H34O

6

15.642

Methyl 14methylpentadecanoat
e

270

C17H34O2

7

16.467

(2Z)-3-methyl-2decene

154

C11H22

8

16.733

1,1dimethyldecylhydros
ulfide

202

C12H26S
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9

16.858

3Isobutylhexahydropyr
210
rolo[1,2-a]pyrazine1,4-dione

10

18.683

(14E)-14Hexadecenal

238

C16H30O

11

18.833

1-Ethyl-1,5cyclooctadiene

136

C10H16

12

18.900

`Methyl (11E)-11octadecenoate

296

C19H36O2

13

19.258

Methyl 15methylhexadecanoate

284

C18H36O2

14

20.108

Hexadecene-1

224

C16H32

15

20.433

Caprylamide

143

C8H17NO

16

22.583

Crodamide O

281

C18H35NO

17

22.817

Tetradecylamide

227

C14H29NO

18

23.308

3Benzylhexahydropyrr
olo[1,2-a]pyrazine1,4-dione

244

C14H16N2O2

19

23.492

13Methyloxacyclotetrad 240
ecane-2,11-dione
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20

24.092

isobutyl undec-10enyl ester

270

C16H30O3

21

24.192

n-Octyl phthalate

390

C24H38O4

22

24.533

cis-13-Docosenamide

337

C22H43NO

23

26.267

Z-3-Hexadecen-7-yne 220
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