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We investigated the ability of Pleurotus florida to produce laccase on coconut flesh 
as a solid substrate fermentation. the decolorization of two structurally different 
dyes such as azo (reactive Blue 198) and triphenylmethane dye (Malachite Green) 
were analysed. the decolorization of reactive blue 198 and Malachite Green  at 8 hrs 
was 93% and 63% respectiely. the untreated and treated dye was characterized by 
uV-Vis and fourier transform infrared (FtIr) spectroscopy scan. FtIr analysis 
pointed out the involvement of alkene (C = C) and carboxylic (C – o) groups in 
the decolorization process. the toxicity with respect to allium cepa root inhibition 
was measured to demonstrate the potential of laccase in the detoxication and 
bioremediation process.
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introduction

Synthetic dyes are extensively used in the textile industry. Due to inef-
ficiencies of industrial dyeing process, 10 – 15% of dyes are lost in the efflu-
ents of textile units, rendering them highly coloured [1, 2]. It is estimated that 
280,000 tons of textile dyes are discharged in such industrial effluents every 
year worldwide [3]. Large quantities of these dyes are released daily into the 
environment from various indust-ries. The discharge of waste waters contain-
ing recalcitrant residues into river and lakes leads to higher biological oxygen 
demand thus posing a serious threat to native aquatic life. The available waste 
water treatment systems are unable to completely remove the recalcitrant dyes 
and other organic residues from such effluents [4, 5].

White-rot fungi produce several types of oxidative enzymes, which are 
useful for remediation of environmental pollutants [6 –8]. Laccase (benzene-
diol: oxygen oxido reductase, EC 1.10.3.2) is one of such enzymes, which is also 
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found in plants and bacteria [9, 10]. Solid-state fermentation (SSF) is defined 
as any fermentation process occurring in absence or near absence of free liq-
uid, using an inert substrate or a natural substrate as a solid support [11]. The 
former only functions as an attachment place for the microorganism, where as 
the latter also acts as a carbon source, which considerably reduces the produc-
tion costs [12]. SSF is advantageous in obtaining concentrated metabolites and 
subsequent purification procedures are economical [13].

Coconut flesh has been selected to perform the present study due to its 
content in sugars easily metabolized by microorganisms, vitamins and miner-
als and it has the physical integrity to serve as a supporting material [14]. The 
aim of present study was to investigate the plausible of coconut flesh as a raw 
material for the production of laccase by Pleurotus florida under SSF condition. 
For azo and triphenyl dye decolorization and colour removal from a dye indus-
try effluent were examined. 

experimental

Microorganism.  The white rot fungus Pleurotus florida NCIM 1243 was 
obtained from Microbial Type Culture Collection, Institute of Microbial Tech-
nology, Chandigarh, India. The organism was maintained through fortnightly 
transfer at 25°C on potato dextrose agar plates and kept at 4°C until used.

dyes and chemicals. Malachite Green (MG), Reactive blue 198 (RB) were 
purchased from Qualigens chemicals, India and 2,22-azinobis-3-ethylbenzo-
thiazoline-6-sulfonic acid (ABTS) was purchased from "Sigma-Aldrich Chem-
ical Corporation" (USA) and all other chemicals were of analytical grade.

laccase production. Coconut flesh was used as a support-substrate for lac-
case production by Pleurotus florida under SSF conditions. Chemical composi-
tion of the coconut flesh (values per 100 g) [14]:         

                                    Compound (g)

Water……………..........46.990                  Carbohydrate………15.230

Protein……..................3.330                  Fibre…………………...9

Total lipid………........33.490 

                                            Minerals (mg)

Calcium………...........14                  Sodium………………..20

Iron………….................2.430                  Zinc………………….......1.100

Magnesium…….........32                  Copper………………......0.435

Phosphorus……….....113                  Manganese……………...1.500

Potassium……….......356                  Selenium (mcg)……...10.100 
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                                                   Vitamins (mg)

Vitamin C………..........3.300                   Pantothenic acid………0.300

Thiamine……….......... 0.066                   Vitamin B-6…………….0.054

Riboflavin………......... 0.020                   Folate (mcg)…………..26.400

Niacin…………............ 0.540 

Coconut flesh was pretreated as follows: they were first soaked for an hour in 
30 ml of 83.17 mM KOH (10 g of fresh support) to neutralize organic acids [15]. 
Then, they were thoroughly washed with distilled water and dried at moderate 
temperature. Prior to use, the flesh was autoclaved at 121°C for 20 min. The 
cultures were performed in cotton plugged erlenmeyer flasks (250 ml) containing 
3g of grated coconut flesh and 20 ml of culture medium. Inoculation was carried 
out directly in the erlenmeyer flasks. Three agar plugs (diameter, 7 mm), from 
an actively growing fungus on potato dextrose agar, per erlenmeyer were used 
as inoculum. The erlenmeyer flasks were incubated statically under an air 
atmosphere at 30°C and in complete darkness. The composition of the culture 
medium was prepared according to Rodriguez Couto et al. (2006) [16].

enzyme extraction and partial purification. Enzyme extraction and partial 
purification was performed according to a protocol described by Sathishku-
mar, et al. (2010) [17].

laccase assay and protein determination. Laccase activity was determined with 
ABTS as the substrate[18]. The reaction mixture contained 20 mM ABTS, 20 mM 
sodium acetate buffer (pH 5.6) and the culture filtrate. ABTS was monitored by an 
absorbance increase at 420 nm (e420 = 36,000M-1 cm-1) at 30°C. One unit of lac-
case activity was defined as the amount of enzyme that oxidised 1µmol of ABTS 
per min. The activities were expressed in Uml-1. Protein was estimated by Lowry 
et al. [19].

laccase dye decolorization. The decolorization of industrial dye RB 198 
and MG were investigated. Stock solutions of dye (RB 198 and MG) – 500 
ppm were stored in the dark at room temperature and the desired concentra-
tions of were obtained by further dilutions. The reaction mixtures contained 
sodium acetate buffer (pH 5.6), laccase, and dye in a final volume of 5 ml. All 
the reactions were incubated at room temperature, without shaking and kept 
in dark. The residual dye concentration was measured spectrophotometrically 
and was associated with decrease in the absorbance at the peak of maximum 
visible wavelength (590 nm for RB 198 and 620 nm for MG) and calculated by 
measuring the area under the plot. Dye decolorization was calculated by means 
of the formula 
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 is the area under 
the curve of the absorption spectrum at 590 and 620 nm at time zero and a

obs
 

is the area under the curve of the absorption spectrum at 590 and 620 nm at a 
determined time [20].

uV-Vis and  fourier transform infrared (FtIr) spectral analysis. Decolorization 
was monitored by UV-Vis spectroscopic analysis, where as biodegradation was 
monitored using FTIR spectroscopy. Decolorization of each dye was followed by 
monitoring changes in its absorption spectrum (190 – 700 nm) using a shimadzu 
UV-Vis spectrophotometer and comparing the results, to those of the respective 
controls. FTIR analysis was carried out using perkin elmer spectrophotometer and 
changes in % transmission at different wave lengths were observed. The analysis 
of extracted metabolites was done on perkin elmer, spectrum one instrument and 
compared with control dye in themed IR region of 4000 – 400 cm-1.

allium cepa linn assay. The allium cepa test  provides a rapid screening     
procedure for chemicals and environmental agents which may represent  envi-
ronmental  hazards. Root  growth inhibition assay was performed as a 96 hr 
semi-static exposure test [21]. Healthy equal sizes of common onions were 
obtained from Salem local market of Tamil Nadu, India.

The dried outer scales were carefully removed leaving the ring of the root 
primodial intact. a. cepa was exposed for 96 hr at various concentrations of  
RB 198 and MG whereas laccase treated RB 198 and MG. The base of each 
onion bulbs was placed on RB198 and MG samples inside a 30 ml beaker and 
kept away from the sunlight for 4 days after which the root length was mea-
sured. Growth inhibition was estimated as EC50 (the effective concentration 
of a chemical producing 50% of the total effect) [21].

results and discussion

Production and partial purification. The production of coconut in the world 
is around 50,000 millions of kg per year. Part of this production (damaged nuts, 
those without milk and germinating nuts) is rejected by the coconut process-
ing industries. The composition of coconut flesh  is very appropriate for the 
production of laccase.

Hence, its utilization as a raw material to produce laccase by Pleurotus 
florida operating in solid-state conditions was tested. The extracellular enzyme 
produced by Pleurotus florida on coconut flesh are shown in Fig. 1.
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Fig. 1. laccase production by solid substrate culture Pleurotus florida grown on 
coconut flesh.

The laccase production started on 8th day and increased to a maximum 
activity 5.78 Ug-1 on the 24th day there after gradually decreased. The pres-
ent report is similar to that of Susana Rodriguez Couto et al. [14] on laccase 
production from trametes hirsuta in coconut flesh. The high values of laccase 
detected in the present work are likely due to the content in soluble phenolic 
compounds of coconut flesh, which are known to stimulate laccase production 
[22]. In addition, they are also may be due to coconut maintaining high glucose 
values along cultivation, which is an essential factor to keep high laccase levels 
by this fungus as it was shown in Moldes et al. (2003) [23]. On the whole, it 
points out the enormous potential of coconut flesh as a raw material for laccase 
production.

The specific activity of partially purified laccase was found to be 124.4 Umg-1 
of protein. The percentage of final yield was 53.3% and its partially purified 
fold was 10.6 respectively. When compared to other reports the purification 
yield was increased in our approach [24, 25].

uV-Vis spectroscopic analysis and dye decolorization. Decolorization was 
monitored by UV-Vis spectroscopic analysis, decolorization of dyes using lac-
case was followed by monitoring, changes in their absorption spectrum (190 – 
700 nm) and comparing the results, to those of respective controls. UV-Vis 
spectrum of presented in Fig. 2 RB 198 and MG dyes, showed decreased in 
optical density. UV-Vis absorption, peaks decrease approximately in propor-
tion to each other, where as in biodegradation, either the major visible light 
absorbance peak disappears completely, or a new peak appears [26].
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Fig. 2. uV-Vis absorption spectrum of (100 ppm): a – rB 198 dye, b – rB 198 dye 
with laccase, c – MG dye, d – MG dye with laccase decolorization by Pleurotus 
florida laccase.

RB 198 dye was used in the industry to dye wool, silk and leather industery. 
The RB 198 was effectively decolorized by laccase (Fig. 3). The rate of decol-
orization at 2 hr was 20% followed by after 4 hr (40%), and 8 hr (93%) respec-
tively. The observed reactive blue dye turned from deep blue to light black, 
reaching a decolorization. The present report with Pleurotus florida compared 
favorably with those of Soares et al. [27] on dye decolorization.
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Fig. 3. decolorization of rB 198 by Pleurtous florida.
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The colour removals versus time curves for MG are shown in (Fig. 4). MG 
was decolorized about 20% in 4 hr reaching a decolorization of after 63% at 8 
hr. The   dye   was   transformed   from   green   color   to   light   yellow   color    
and   then   turned colorless. As a result, the decolorization rate was slower than 
that of reactive blue. It has been reported that highly substituted triphenyl-
methane dyes required longer time to be decolorized or could only be decolor-
ized to a certain extent [28].
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Fig. 4. decolorization of MG by Pleurotus florida.

FtIr analysis. Spectrums of RB 198 are given in Fig. 5 (a) and (b). The 
FTIR spectroscopic analysis pointed out broad absorption bands of C – H 
groups of nanosubstituted alkyenes at 3405 cm-1 in control RB 198. After the 
laccase treatment peak had shifted the low wave number 3388 cm-1 that the O – 
H stretching. In untreated peaks are seen at 2081 cm-1, 1638 cm-1 and 1413 cm-1 

and this may be due to C ≡ C, C ≡ N and C = C (monosubstutited alkenes that 
is vinyl group) stretching frequency. After laccase treated slight change was 
observed in the corresponding peaks.Hence these corresponding groups are 
involved in decolorization process. The peaks are found at 1277 cm-1, 1119 cm-1 
and 1018 cm-1 this may be due to C  – O (carboxyl band), C – C stretching 
frequency. After laccase treatment there was a significant change observed sug-
gesting C – O and C – C groups are involved in the decolorization process of 
reactive blue. In addition peak at 658 cm-1 due to in reactive blue dye disap-
peared after laccase treatment, hence corresponding peak at 659 cm-1 slight 
changed.
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Fig. 5. the FtIr spectra of rB 198 untreated (a) and rB 198 treated (b).

The FTIR spectra Fig. 6 (a) and (b) of the untreated dye (MG) and lac-
case treated with different substitutions showed clear traces of modification. In 
the spectra of the untreated dye (MG) a broad band due to hydrogen bonded 
hydroxyl (O – H) group appeared at 3393 cm-1 after laccase treatment the peak 
had shifted to higher wave number 3411 cm-1 the C – H stretching group involved 
in the decolorization process. In untreated dye are seen at 2081 cm-1, 1639 cm-1 
and 1407 cm-1 this may be due to NH

3
, C = C and O – H stretching. 
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Fig. 6. the FtIr spectra of MG untreated (a) and of MG treated (b).

After laccase treatment a slight change was observed in the corresponding 
peaks. Hence these corresponding peaks may be involved in the decolorization 
process. The peaks are found at 1020 cm-1  and 660 cm-1 this due to C – C, phe-
nols stretching frequency, by the following laccase in treatment new peak was 
appeared at 1278 cm-1 and 1119 cm-1 that the C – O stretching frequency this 
group are involved decolorization process.
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toxicity assessment using allium test. The estimated EC50 of a. cepa exposed 
to effluent dye (RB 198 and MG) with laccase was 98 ppm and 72 ppm (Fig. 
7 (a) and (b)). Very little growth was observed in the a. cepa exposed to efflu-
ent dye (concentration greater than 100 ppm). The results obtained from lac-
case decolorization revealed a concentration of dye dependent decrease in root 
length, as the concentration increases from 25 – 125 ppm the root length sig-
nificantly decreased (p<0.05) when compared with the control. This result was 
compare to the other reports [29, 30].
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Fig. 7. Growth inhibition of a. cepa roots exposed to rB 198  (a) and MG (b) 
decolorised by Pleurotus florida laccase.

conclusions

The results implement that laccase was produced by enormous of coconut 
flesh as a cheapest source.

. The results obtained, it can be asserted enormous of coconut flesh to pro-
duce laccase by Pleurotus florida under solid state conditions.

. The laccase produced presented a highly decolourising ability, for azo 
and triphenylmethane dyes.

. Further structural characterization of the dye decolorization was achieved 
using UV-Vis spectral scan and FTIR spectroscopy.

. This will enable proper biochemical analysis of industrial effluent in order 
to identify the constituent that is really toxic and its prompt removal from the 
effluent before discharge.
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