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    INTRODUCTION 
          Dyes have proven to be a key environmental threat and a serious public health problem 

in spite of its numerous industrial applications (Nourein et al., 2017). Several manufacturing 

sectors use large volume of water for the production, thereby generating large quantities of 

dye-containing wastewater which can present a significant environmental threat to the 

environment constituting threats to biodiversity and integrity of marine ecosystems (Kurade 

et al., 2016; Rashid et al., 2016; Saeed et al., 2016; Nouren et al., 2017). 
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        Wide spectrum of the industrial applications of Malachite green dyes and its 

lethal effect on the living organisms become major source of concerns as this causes 

damage to tissues, hindered growth and development system, developmental 

abnormalities, and mutagenic/carcinogenic potentials. This study evaluated the 

degradation of malachite green by laccase producing Pleurotus pulminarious. The 

pH, Total Protein, and laccase activities were used to monitor the progress of the 

degradation. The laccase activity and protein contents increased as the 

biodegradation process progressed with the highest Laccase activities and 

extracellular protein values of 0.2867±0.00 and 14.872±0.43 respectively at pH 3.9 

and decreased progressively with increase in pH.  Metabolites obtained after 

decolorizations were analyzed with GC-MS and FTIR studies and confirmed the 

biodegradation of dye. GC-MS analysis identified metabolites that were produced 

after the degradation of MG. This study demonstrated complete degradation of MG 

into low molecular weight compounds such as 3-Benzylhexahydropyrrolo[1,2-a] 

pyrazine-1,4-dione,3-Isobutylhexahydropyrrolo [1,2-a] pyrazine-1,4-dione, 3-

Aminoacetophenone, N,4,4-Trimethylcyclohexanamine, 2,3,4-Trimethylhexane. It 

was concluded that the organism posses multifunction of having medicinal values, 

production of industrially important laccase, and for the treatment of industrial 

effluent containing malachite green. 
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Dyes are chromophore compounds which are 

highly visible even at low concentrations (1 

mg L-1) and could cause visual pollution and 

disruption to the environment and water 

supplies (Ayed et al., 2017). 

Physicochemical methods have been the 

common strategies for the decolorization and 

detoxification of dyes with peculiar 

limitations such as low performance, high 

expense, poor quality and intrusion by other 

wastewater constituents, attention has been 

shifted from most of the available 

physiochemical methods for treating 

wastewater-containing dye (Banat et al., 

1996), due to the generation of large 

quantities of sludge that may constitute a 

secondary pollutant (Du et al., 2011, 

Charturvedi and Verma, 2015; Al-Jawhari and 

Al-Mansor, 2017). 
In an attempt to find an alternative 

solution, an environmentally safe, reliable 

and cost-effective method to handle 

wastewater-containing dyes (Hazrat, 2010; 

Ayed et al., 2017), Biological approaches, 

however, are the most attractive alternative 

solution suitable to treat dye-containing 

wastewater due to the following attributes: 

cheap, wide range of applicability, low 

running cost, non-toxic end product 

development and environmentally safe 

(Forgas et al., 2004; Pandey et al., 2007; Al-

Fawwaz and Abdullah, 2016).  

         Though bacterial dye treatment is 

inexpensive but there is a high chance of 

toxic aromatic amine formation (Vyrides et 

al., 2014; Adnan et al., 2015). Alternatively, 

Fungi have demonstrated high adaptability, 

effective removal and mineralization due to 

their enzymatic machinery (Ciullini et al., 

2008; Tana et al., 2014) and as such the use 

of fungi is a potential option for replacing or 

supplementing existing treatment (Fu and 

Viraraghavan, 2001 ; Dos santos et al ., 

2004). Laccase enzyme plays a crucial role 

in the mycodegrading capability of fungi (Fu 

et al., 2001; Olukanni et al., 2010). Laccases 

are useful biocatalysts for a broad range of 

biotechnological applications, including 

decoloration, detoxification of a wide range 

of pollutants, bleaching of pulp, and 

decoloration of black liquor (Giardina et al., 

2010). 

          Malachitegreen (MG) is a water-

soluble cationic dye made of 

triphenylmethane used in fabric coloring 

(Zhou et al., 2015). It has a wide variety of 

applications both in the food and healthcare 

field (Chowdhury et al., 2011). 

MG is one of the Azo dyes known to have 

one or more azo bonds (-N = N-), typically 

connected to lateral OH and/or SO3 groups 

of benzene or naphthalenic rings (Garcia-

Segura and Brillas, 2016). 

         MG has a wide toxicity spectrum 

affecting microorganisms and higher 

eukaryotes (Tamayo-Ramos et al., 2012). 

Carcinogenesis, mutagenesis, chromosomal 

disruption, teratogenicity, and respiratory 

toxicity have also been recorded (Daneshvar 

et al., 2007; Al-Fawwaz and Jacob, 2011; 

Al-fawwaz and Abdullah, 2016).  

MG is banned in many countries and is still 

used in many places around the world 

because of its effectiveness, low cost, and 

availability, and thus continues to present 

environmental, food safety and human health 

risks (Yang et al., 2015). There is 

considerable interest in developing an 

alternative approach that is environmentally 

safe, effective, and low-cost to degrade this 

kind of recalcitrant molecules (Wang et al., 

2012). This study evaluated the capability of 

Pleurotus pulminarious for the detoxification 

and degradation of MG. 

MATERIALS AND METHODS 

Organisms and Culture Conditions: 

Pleurotus pulminarious white-rot fungal 

strain was collected from the Federal 

Institute of Industrial Research Oshodi in 

Lagos State, Nigeria. The mycelium was 

cultivated on the potato Dextrose Agar 

(PDA) slant, subculture periodically, and 

maintained 4 0C. 

Chemicals: 

         The common name of the dye was 

used. The analytical grade of Malachite 

Green (MG) and other chemicals used were 

obtained from Sigma (U.S.A.). 
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                           Fig.1. Chemical structure of Malachite green 

 

 

Decolorization Protocol:  

     The decoloration of dyes in the liquid 

phase was evaluated using the PDB (Potato 

Dextrose Broth) medium containing 150 

mgl−1 of green malachite dyes. In 250 mL 

Erlenmeyer flasks, hundred milliliters of 

potato dextrose broth were prepared and the 

pH was adjusted to 5.8 with 0.1 N HCl or 0.1 

N NaOH. MG stock was prepared in sterile 

distilled water at a concentration of 1 mg 

mL-1, filter-sterilized, and stored at 4 oC for 

further use. A 5 mycelial agar plugs (5 mm 

diameter) were inoculated into Flasks 

containing 100 ml of liquid medium obtained 

from the edge of mycelia of actively growing 

selected fungus. 

        These flasks were then incubated The 

inoculated flasks were held at 37 oC for 8-10 

days under static conditions (Two milliliters 

of the aliquot were taken from the cultures 

periodically and then centrifuged at 25 oC for 

2 minutes (4000 rpm) (Barapatre et al., 

2017). The following parameters were 

monitored: Extracellular Laccase activity 

assay (Collins and Dobson, 1997) 

         Determination of protein content Singh 

and Abraham (2013) and Analysis of MG 

degradation by GC-MS and FTIR 

spectroscopy over a period of the experiment 

as earlier described in previous work 

(Zubbair et al., 2019). 

RESULTS AND DISCUSSION  

 The mean values of pH of the 

experimental culture medium during 

biodegradation of MG by Pleurotus 

pulminarious shown in Table 1 ranged from 

3.90 ±0.12) to 10.5 ± 1.20, where highest pH 

value was recorded after 288 hours of 

incubation. The pH tends to increase as the 

incubation progressed. Both the extracellular 

protein and Laccase activities with the initial 

mean values of 14.872mg/mL and 0.2867 

U/mL after 48 hours of incubation 

respectively and decreased progressively. 

There is a relationship between the pH and 

other monitoring indices. 

Laccase activities found to be highest 

at pH of 3.9 with laccase activities of 

0.2867±0.00. The results showed that the 

acidic medium favoured Laccase activities 

and protein secretion. Laccase activities were 

not detected at the pH of 8.6 after 288 hours 

of incubation. 

In the control of the Malachite Green IR 

spectrum revealed the following 

observations. The peaks in the range 400-

2900 cm-1 display the existence of –OH, -

NH-, -C-H (amides and amines). 

          The peaks in the range of 2700-

2000cm-1 accounted for the presence of 

Nitriles, azide compounds in the sample 

while peak at 1650 cm−1 represents aromatic 

ketones. The peaks in the following range 

1500-600cm-1 are associated with specific 

peaks in the fingerprint region for the 

aromatic metabolite mono-substituted and 

para-disubstituted benzene rings. 

Noticeable variations in the 

fingerprint region of MG's FTIR spectra and 

its metabolites (4000-400 cm-1) are shown 
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in Figure 1. The new peaks at 3363 cm-1 for -

OH stretching vibrations of the FTIR 

spectrum of biodegraded products shown in 

Figure 2 illustrated the formation of the 

hydroxylated metabolites, similarly, the 

sharp peaks at 2947 cm-1, 2908cm-1 cm-1, 

and 2831 cm-1 for -CH stretching by 

asymmetric CH2 groups, while the marginal 

peak at 1651 cm-1 corresponds to the C-O 

stretch of ketones. The peaks at 1111 cm-1   

and 1026cm-1 correspond to aromatic C-N 

stretching vibration. The peak at 1450cm-1 

depicts -CH2 scissoring and 1450cm−1 and 

1411cm-1 for aromatic group with a support 

to the peak at 1651 cm-1 for the C=C 

stretching of the benzene rings. Also, the 

peak at 1130cm-1 cm-1 is for aromatic C–N 

stretching vibrations. Moreover, new peaks 

were also detected at 1211 cm-1 and 1111cm-

1 (C-C). The results of the FTIR study, 

therefore, suggest that the notable identified 

chemical groups in the MG metabolites are -

OH, -C = O and -NH2, which substantiate the 

degradation. The reduction of peaks along 

the fingerprint region such as 950, 850, 800, 

750, and 600 cm-1 can be attributed to the 

loss of aromaticity of the metabolites 

(Chaturvedi and Verma, 2015). 

 

Table 1: Changes in pH, Protein and Laccase Activities during Biodegradation of Malachite 

green by P.pulminarious 

 
Values are presented as Mean ± SEM (n = 3). All groups are compared to each other at P < 0.05. Values with 

the same superscripts along the same column are not statistically different from each other. ND; Not detected 

 

 
                                 Fig. 1: FTIR spectral of non degraded malachite green dye (control) 
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                 Fig. 2: FTIR spectral of degraded malachite green dye  

 

Similarly, the sharp peaks at 2947 

cm-1, 2908cm-1 cm-1, and 2831 cm-1 for -

CH stretching by asymmetric CH2 groups, 

while the marginal peak at 1651 cm-1 

corresponds to the C-O stretch of ketones. 

The peaks at 1111 cm-1   and 1026cm-1 

correspond to aromatic C-N stretching 

vibration. The peak at 1130cm-1 cm-1 is for 

aromatic C–N stretching vibrations. 

Moreover, new peaks were also detected at 

1211 cm-1 and 1111cm-1 (C-C). The results 

of the FTIR study, therefore, suggest that the 

notable identified chemical groups in the 

MG metabolites are -OH, -C = O and -NH2, 

which substantiate the degradation. The 

reduction of peaks along the fingerprint 

region such as 950, 850, 800, 750, and 600 

cm-1 can be attributed to the loss of 

aromaticity of the metabolites (Chaturvedi 

and Verma, 2015). 

         In this study, the GC – MS analysis 

identified the metabolites of MG in neutral 

fractions by contrasting the mass spectra 

with data in the NIST98 library and by 

interpreting the fragmentation patterns 

 

 

 

 

 

independently. 5 Metabolites, including3-

Benzylhexahydropyrrolo [1,2-a]pyrazine-

1,4-dione, 3-Isobutylhexahydropyrrolo[1,2-

a]pyrazine-1,4-dione, 3-

Aminoacetophenone, N-4,4-

Trimethylcyclohexanamine, 2,3,4-

Trimethylhexane were found to be resulting  

metabolites. The mass spectral 

characteristics of metabolites are m/z= 128, 

135, 141, 210, and 244 respectively. While 

retention times are 7.433, 15.400, 8.333, 

16.508, and 23.317 minutes respectively. 

There are many other metabolites’ 

chromatographic peaks in GC–MS 

chromatograms which are ignored as a result 

of their simplicity. The GC degradation 

products of Malachite green dye showed the 

presence of several peaks (Figs. 3 & 4). The 

peaks represent the number of compounds 

present in the dye, before and after 

degradation. The degraded dye contains a 

total of 22 peaks compared to the non-

degraded dye which has a total of 30 

compounds present indicating that some 

compounds have been degraded. 

 

 

 

 

 

 



Zubbair N. A., et al. 84 

 

 
Fig.3: GC-MS Fingerprint of non-degraded malachite green dye (control) 

 

 
       Fig.4: GC-MS Fingerprint of degraded malachite green dye. 
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            The structures of the detected 

compounds were determined using the 

fragmentation method and the m / z values 

obtained through mass spectral analysis (Fig. 

5). The result of the GC-MS analysis of the 

treated dye in comparison with the control 

dye revealed the ability of the Pleurotus 

pulminarious to degrade the components of 

the complex dye molecules as seen in terms 

of the reduction or total removal of some 

compounds and functional groups 

Degradation of azo dyes has been 

documented involving aromatic cleavage, 

which was found to base on the identity of 

phenolic, amino, acetamide, 2-

methoxyphenol, or other easily 

biodegradable functional groups of the ring 

substituents, leading to greater degradation 

(Paszczynski et al., 1991). 

 

 
           Fig. 5: Identification of MG biotransformation products by using GC–MS 
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The effect of laccase activity is 

indicated by the presence of aromatic amine 

in the degraded sample. It was found that the 

azo compounds with hydroxyl or amino 

groups are more likely to degrade than those 

with methyl, methoxy, sulfo, or nitro groups. 

Apparently, the presence of laccase 

accounted for the degradation process of the 

dye as it confirmed from the mass analysis 

report leading to the formation of different 

intermediate metabolites (Pandey et al., 2007).  
           The ability of the isolates to secrete 

laccase enzyme demonstrated in the previous 

work can be attributed to its ability to 

degrade malachite green. It has been reported 

that laccase from white-rot fungi play a key 

role in the decoloration of textile effluents 

(Eichlerov´a et al., 2003). Some Pleurotus 

laccases have also been reported to have 

colour removal potential (Zilly et al., 2002). 

Highest laccase activity recorded at the pH 

of 3.90±0.12 observed in this study agreed 

with the work of Singh and Abraham (2013) 

who reported that fungal growth is optimal at 

low pH and that the maximum laccase 

activity of the fungus was found to be at 

optimum pH 4 with maltose and peptone as 

ideal carbon and nitrogen sources, also that 

the F11 strain was able to produce maximum 

protein content of 1.9 mg/ml at pH values 5 

and 6 optimum pH being 5.5 with laccase 

activity at pH 4.In similar study Hou et al. 

(2004) demonstrated that laccase was the 

only ligninolytic enzyme activity identified 

in the supernatant when the fungus grew 

with or without shaking in liquid culture. 

          Arul Diana Christie and Shanmugam 

(2012) reported that their four fungal isolates 

demonstrated maximum activity yielded 

within the temperature range of 35 to 45 0C 

under acidic medium 

          Dye decoloration by ligninolytic fungi 

has been attributed in previous studies to 

extracellular laccase activity (Abadulla et al., 

2000; Minussi et al., 2001; Salony et al., 

2006),This claim was supported by 

Priyadarsini et al. (2011) who documented 

that the involvement of the laccase gene and 

the successful transformation of the gene 

into E.coli from a white rot fungus led to the 

higher percentage of decoloration which 

affirmed the role of the laccase. Besides 

extracellular enzymes, it is also possible that 

these fungi's dye decolorization activity may 

also be due to their mycelia's ability to 

adsorb/absorb the dye (Shahid et al. 2013). It 

was thought that decoloration by the fungal 

strain would also occur in the sequence of 

intermediates that generates similar color 

change to other work (Sharma and Sobti, 

2000). An interpretation of the molecular 

biodegradation that occurred will include the 

chemical recognition of the breakdown 

products (Park et al., 2007), which informed 

the analysis of degraded products using GC-

MS and FTIR rather than the phenomenon of 

color changes. 

          It can be concluded that Pleurotus 

pulminarious posses Genetic and enzymatic 

capability to degrade malachite green which 

can, be adopted for the remediation of textile 

effluent and production of industrially 

important laccase enzyme. 
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