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AbSTRACT

 This study investigated the pretreatment of rice straw by crude laccase from Lentinus 
polychrous for preparation of lignocellulosic materials prior to be hydrolysed with cellulase for 
obtaining reducing sugar. Production of laccase involved cultivation of L. polychrous on solid media 
containing rice bran and rice husk supplemented with copper sulfate Pretreatment the rice straw 
was performed by incubating laccase (2, 5, 10 U) with 10 g of rice straw in buffer at 40 and 50oC 
for 24 hours. Then the rice straw was analyzed by fourier transform infrared spectroscopy (FT-IR). 
Laccase-pretreated rice straws were further hydrolyzed by commercial cellulase from Trichoderma 
reesei at activity of 0, 10, 20, 30 Filter Paper Unit (FPU) for 24 hours. Then reducing sugar was 
extracted and determined by the dinitrosalicylic acid (DNS) method. It was found that the rice straw 
pretreated with crude laccase gave a higher level of reducing sugar than that of crude laccase 
pretreatment. Rice straw hydrolyzed by 2 U of laccase at 40 and 50 oC yielded the highest reducing 
sugar at every cellulase activity used (10, 20 and 30 FPU). The results showed that crude laccase 
could be applied to increase the efficiency of lignocellulose hydrolysis by cellulase.
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INTROdUCTION

 Lignocellulosic biomass is a promising 
source for production of alternative fuels such as 
ethanol which can help to reduce the dependence 
on fossil fuels.  In addition, it can be transformed 
to a wide ranges of different renewable products 
such as feed additives, chemicals and materials1. 
These processes are likely to become increasingly 

important in the near future as alternatives to the 
current petroleum-based industry. Thailand is one 
of the world's top rice growers and exporters. There 
is a surplus of rice straw, but it is used for very little 
apart from as cattle feed and rice straw is left behind 
in the rice fields throughout the country. Natural rice 
straw degradation takes a long time and it does 
not fit the schedules of farmers especially in the 
irrigated areas, where there are several rice crops 
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each year. Therefore, many farmers choose the 
burn rice stubble on their fields which causes air 
pollution and loss of useful material. Effective use 
of this cellulosic material in our country will require 
much research. One of the most interesting uses is 
saccharification for the alcohol fermentation process. 
The rice straw, based on the dry weight composed of 
36.8% cellulose, 25.8% hemicellulose, 15.8% lignin, 
9.3% ash, 8% protein, and 6% extractives2.

 Biochemical conversion of lignocellulose 
to such products comprises three major steps; 
pretreatment, enzymatic hydrolysis and fermentation. 
Pretreatment is the step where lignin and hemicellulose 
are modified or removed and including altering the 
cellulose structure3. The enzymatic hydrolysis or 
saccharification step hydrolyses polysaccharides 
into fermentable sugars by the combined action of 
different enzyme activities. Finally, microorganisms 
convert sugars into alcohols, organic acids or other 
chemicals through fermentation processes4. At the 
pretreatment stage, several physical or chemical 
processes have been used. The drastic pretreatment 
conditions can not only result in biomass degradation 
but can generate different enzyme inhibitors such as 
phenolic compounds which decrease the efficiency 
of subsequent saccharification and fermentation 
steps5,6. Utilization of laccase has been reported 
to help hydrolysis of lignin therefore increasing 
sacharification yields5,6.  Laccase from L. polychrous 
has been studied by our group and in varieties of 
applications7,8. However, the enzyme has not yet been 
studied for pretreatment of lignocellulosic materials. 
Therefore, this study evaluated laccase from  
L. polychrous as a tool for rice straw lignocellulose 
pretreatment and provides a first report of a 
saccharification model process using laccase from 
L. polychrous in pretreatment of ligninocellulosic 
material for cellulase saccharification.

MATERIALS ANd METHOdS

Laccase preparation
 L. polychrous Lév. was cultured on GYP 
liquid medium (10 g/L glucose, 5 g/L yeast extract, 
5 g/L peptone, and 1 g/L MgSO4.7H2O) at room 
temperature (~28 ± 3oC) and 120 rpm shaking. 
Various concentrations of copper sulfate (0, 0.2, 
0.5, 1.0 and 2.0 mM) were added into the medium 
at the 2nd day after fungus was inoculated. Laccase 
activity was followed for 15 days.

 Solid substrates of rice bran and rice husk 
were used as substrate for solid-state culture of 
the fungus L. polychrous, as previously described8 
but with the presence of Cu2+ as a laccase inducer. 
Crude enzyme from L. polychrous was prepared by 
water extraction from the fungus cultured substrate at 
the ratio of 1:4 (w/v). After centrifugation at 6,000xg 
for 15 min. the supernatant (crude enzyme extract) 
was assayed for laccase activity and protein.

Enzyme activity assay
 The crude enzyme was assayed for laccase 
activity based on the oxidation of 2,2’-azinobis 
(3-ethylbenzothiazoline-6-sulfonate) diammonium 
salt (ABTS; Sigma, USA), according to the previously 
described method8. Oxidation product of ABTS 
was monitored by a UV–Vis spectrophotometer at  
420 nm (ε = 3.6 × 104 L mol−1 cm−1). One unit of laccase 
activity is the amount of enzyme that catalyzes the 
oxidation of its substrate into corresponding product 
1 μmol/min. under the assay conditions.

 Cellulase activity assay was performed by 
the filter paper assay (FPA) using Whatman No. 1. 
filter paper as the substrate9.

Protein determination
 Soluble proteins in the crude enzyme 
extract were measured by the method of Bradford 
(1976)10 using the Bio-Rad Protein Assay Reagent 
(Bio-Rad, USA) with bovine serum albumin (BSA) 
as a standard protein.

Analysis of laccase pretreated rice straws by 
Fourier Transform-Infrared Spectroscopy
 Rice straws were washed with water to 
remove dust or contaminants, cut to a size of 0.5–1 cm 
and dried at 70°C. Removal of lignin in rice straw was 
performed by adding 80 mL of 10 mM sodium acetate 
pH 4.5 into a 250 ml-Erlenmeyer flask containing  
10 g rice straw followed by sterilization at 121°C for 
30 min. and left to cool down to room temperature. 
The crude laccase was added to sterilized rice 
straw at the ratio of enzyme per rice straw 2, 5, 10 
U per 10 g of rice straw (or 0.025, 0.062 and 0.125 
U/ml, respectively) and incubated at 40 and 50°C 
for 24 hours. The reactions were decanted and the 
pretreated rice straws were washed with 3X 100 ml 
deionized (DI) water and oven dried at 70°C until they 
reached a constant weight. The laccase pretreated 
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rice straws were analyzed by Fourier Transform-
Infrared Spectroscopy.

Analysis of reducing sugar release from laccase 
pretreated rice straw hydrolyzed with cellulase
 The laccase pretreated rice straws were 
further hydrolyzed by commercial cellulase (cellulase 
from Trichoderma reesei ATCC 26921, Sigma) at the 
ratio of cellulase per 1 g rice straws of 10, 20, 30 
FPU in 20 ml of 50 mM Na-citrate buffer pH 4.8 and 
incubate at 45°C for 24 hours. After that cellulase 
hydrolyzed rice straws were extracted with distilled 
water (30 ml) and were analysis for reducing sugar 
by dinitrosalicylic method (DNS method)11.

Statistical analysis 
 Results were presented as mean ± 
standard deviation and one-way analysis of variance 
(ANOVA) (SPSS Statistics version 18) in order to 
determine significant statistical differences among 
samples. The differences in means were determined 
at the confidence level P < 0.05.

RESULTS ANd dISCUSSION

Laccase production by L. polychrous in liquid 
and solid medium
 In liquid medium, highest laccase activity 

was observed on days 11–13 after inoculation. 
Using copper sulfate as inducer, it was found 
that highest laccase activity (about 3.6 U/mL) 
was obtained at day-13 using 1 mM CuSO4  
(Fig. 1). Laccase activity clearly dropped when 
using 2 mM CuSO4 indicating that toxicity of copper 
ions to the fungus as discussed in a previous 
report12. Laccase production by liquid culture in 250  
mL-Erlenmeyer flasks did not has enough laccase 
activity to study rice straw pretreatment. Therefore, 
laccase production by solid-state fermentation was 
chosen instead. Zymograms of laccase isozyme 
patterns produced by liquid culture at day-5,  
day-10 and day-15 were analyzed (Fig. 2). Laccase 
isozyme pattern at each concentration of CuSO4 

inducer (0, 0.2, 0.5, 1 and 2 mM) gave the same 
patterns at different times of growth. It was obvious 
that laccase induction with higher concentration of 
CuSO4 (2 mM) showed different isozyme pattern 
compared to lower CuSO4 induction.

 The crude enzyme in solid medium was 
extracted by distilled water (1 g solid medium: 4 mL 
distilled water). It was found that the crude enzyme 
had a protein concentration of 0.265 mg/mL and 
laccase activity of 3.96 U/mL, therefore, the specific 
activity was 14.94 U/mg protein. In solid state 
fermentation we used 1 mM CuSO4 for induction 
and we cultured for three weeks.

Fig. 1. Laccase production at various times and induced by various concentrations of CuSO4. different letters showed 
above the columns of each time demonstrate significant difference (p < 0.05)
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Fig. 2.  Zymogram of laccase activity at various 
concentrations of CuSO4 induction at various culture 

times; day-5 (a), day-10 (b) and day-15 (c). lane 1; 0 mM, 
lane 2; 0.2 mM, lane 3; 0.5 mM, lane 4; 1 mM, lane 5; 2 mM, 

respectively

Rice straw pretreated by crude laccase and 
analysis by Fourier Transform-Infrared (FT-IR) 
Spectroscopy 
 Rice straws were pretreated with the crude 
laccase at two different temperatures (40oC and 
50oC). After that they were analyzed by FT-IR. The 
FT-IR spectra shown here are the spectra of rice 
straw pretreated with laccase at 40oC compared to 
the untreated one (Fig. 3.). The untreated rice straw 

showed a broad peak at 3414 cm–1 which is associated 
with the stretching of H-bonded OH groups13, and 
showed increased absorbance with narrowing peak 
in case of crude laccase pretreatment which indicates 
the change in hydrogen bonding energy occurred14. 
The peak intensity at 2918 cm-1 from –CH2 groups 
slightly reduced in the crude laccase pretreated 
rice straw which was due to degradation of the 
lignocellulosic content of rice straw15. 

 The band at 1735 cm−1 characteristic 
of C=O stretching, which has been ascribed to 
hemicelluloses is reduced in pretreated wheat 
straw16. In our work, the band observed slightly 
reduced at around 1742 cm−1 also confirmed the 
presence of the carbonyl group of hemicellulose17. 
Absorption at 1638 cm−1 could be attributed to the 
vibration of aromatic units in the lignin of rice straw. 
Lower band intensity at 1638 cm−1 in laccase-
pretreated sample was observed due to aromatic 
skeletal vibration18.

Fig. 3. The FT-IR spectra of the laccase pretreated (2 U laccase, 0.025 U/ml) and untreated rice straw (control)

 Slight decreases in the regions around 
1330 cm−1 and 1265 cm−1 were observed in the 
laccase pretreated sample which referred to 
vibrations of the aromatic skeleton of syringyl alcohol 
and guaiacol alcohol, respectively19. The decrease 
in the transmission of these regions revealed the 
destruction of lignin structures in pretreated rice 
straw compared to the untreated. The adsorption 
at about 1160 cm−1 and 1106 cm−1 are from C–O–C 
bonds of b(1→4)-glycosidic bond. These absorption 

bands indicated the presence of cellulose units in 
rice straw15. And after pretreatment in this study 
showed the absorption band at 1106 cm−1 indicating 
the remaining glycosidic bond of cellulose unit which 
support the low biomass loss before saccharification 
process.

 Two temperatures (40 and 50oC) were 
chosen for rice straw pretreatment by crude laccase, 
which based on our previous studies, laccase from 
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L. polychrous has been shown to work well between 
40-50oC20. The FT-IR spectrum of crude laccase 
treated rice straw was generally similar to untreated 
rice straw. This result implied that crude laccase 
from L. polychrous under the chosen experimental 
conditions showed insufficient ability for degradation 
of rice straw. However, slightly differences could be 
observed between FT-IR spectrum derived from 
rice straw pretreated and untreated with laccase. 
Previous study showed a significant difference of  
FT-IR spectra between untreated and laccase treated 
saw dust18 although a laccase mediator system was 
used which made laccase more powerful activity for 
delignification.

Analysis of reducing sugar derived from rice 
straw after pretreatment with crude laccase and 
hydrolysis with cellulase
 Rice straws pretreated with the crude 
laccase (40 and 50oC) were further hydrolyzed by 
different concentrations of commercial cellulase  
(0, 10, 30 and 30 FPU) per 1 g pretreated rice 
straw for 24 hours. Reducing sugar released were 
estimated by the DNS method. It was found that 
the amount of reducing sugar of the extracts of rice 
straws pretreated with laccase and then hydrolyzed 
with cellulase at all concentrations performed gave 
reducing sugar ranging from 9.9-17.3 mM. However, 
in rice straw pretreated with laccase at 40oC (Fig. 4a), 
there was no significant difference in the maximum 
reducing sugar using cellulase 20 FPU or 30 FPU.  It 
was obvious that at every concentration of cellulase 
used, the maximum amount of reducing sugar was 
obtained when 2 U of crude laccase applied. The 
highest glucose concentration obtained were about 
15.7 and 17.3 mM at 20 FPU and 30 FPU of cellulase 
with no significant difference. Similar results have been 
obtained with the rice straw pretreated with laccase at 
50oC (Fig. 4b). The maximum glucose concentration 
obtained were about 14.7 and 16.5 mM at 20 FPU 
and 30 FPU of cellulase with significant difference. 
It is obvious that the highest glucose concentration 
obtained with laccase pretreatment at 40oC was a 
bit higher than that at 50oC at every cellulase activity 
used. Enzyme stability might be affected with high 
temperature. Therefore, between the two temperatures 
tested, 40oC should be chosen for pretreatment of rice 
straw with crude laccase from L. polychrous. 

 It was also clear that pretreatment with 
laccase higher than 2 U (per 10 g rice straw) 
yielded glucose levels lower than with no laccase 
pretreatment. Since we used the crude laccase 
from rice solid-state culture of the rice husk and 
bran, it is possible that the enzyme solution may 
have contained phenolic compounds of lignin 
monomer derived from substrates. Moreover, 
lignin monomers and other phenolic compounds 
derived from the laccase catalyzed the rice straw 
might also have been present. The higher activity 
of crude laccase may yield higher levels of such 
inhibitor compounds. It is possible that cellulase 
enzyme was inhibited by these compounds21. High 
amounts of crude laccase used therefore could 
have contained higher amount of compounds with 
cellulase inhibitory ability. Laccase enzyme itself had 
been reported to inhibit cellulase and even when 
inactive could affect glucose releasing efficiency of 
cellulase hydrolysis22. Our study would suggest that 
using proper amount of crude laccase and more 
purified laccase, contain less inhibitor compounds 
before enzymatic hydrolysis process, should be in 
much more consideration. Laccase pretreatment of 
rice straw in this study could give maximum yields 
of reducing sugars (equivalent to glucose) of about 
17.3 mM which equals to 155.8 mg/g-substrate  
(rice straw) and corresponds to 15.58%. Simultaneous 
pretreatment and saccharification of biomass (SPS) 
process for rice straw and willow has been reported 
effectively using crude laccase from Tyromyces 
chioneus (TcLac)23. In comparison with this latter 
study, our results yielded 2-times lower yield of 
reducing sugar. However, the results from this study 
are similar as pretreatment of corn stover with crude 
laccase from Coridus versicolor which gave a sugar 
yield 153 ± 2.6 mg/g22.

 However, sugar yield might be improved 
when (a) rice straw is soaked (for several days) before 
pretreatment (b) milling and sieving rice straw to mm 
scale (c) using longer crude laccase pretreatment 
times (d) excessive washing after pretreatment to 
remove lignin, phenolic and compounds produced 
from laccase pretreatment that could be the 
inhibitors of subsequence hydrolysis enzyme in 
saccharification process22. 
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Fig. 4. Reducing sugar released from rice straw hydrolyzed with crude laccase at 40oC (a) and 50oC (b) and followed by 
hydrolysis with cellulase at different activities. different letters showed above each columns demonstrate significant 

difference (p < 0.05)

CONCLUSION

 A crude laccase from L. polychrous might 
be an alternative choice for pretreatment of rice 
straw lignocellulosic material in the hydrolytic 
processing by cellulase. This treatment could help 
cellulase to hydrolyse cellulose in rice straw more 
efficiency as observed from higher amount of 
reducing sugar released in laccase pretreated rice 
straw than without pretreatment. The results implied 
the potential application of the crude laccase, in a 

low cost biorefinery production process to produce 
alternative fuels or fine chemicals from rice straw 
and other biomass.
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