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Abstract

A comparative study on solid substrate fermentation (SSF) of sago hampas’, oil palm frond parenchyma tissue (OPFPt) and
rubberwood sawdust with Pycnoporus sanguineus for laccase production was carried out. Optimal mycelial growth of Pyc. sanguin-
eus was observed on all the substrates studied over a 21 days time-course fermentation. Laccase productivity was highest during
degradation of sago ‘hampas’ and OPFPt and a range from 7.5 to 7.6 U/g substrate on the 11th day of fermentation compared
to degradation of rubberwood sawdust with a maximum laccase productivity of 5.7 U/g substrate on day 11 of SSF. Further opti-
mization of laccase production was done by varying the inoculum age, density and nitrogen supplementation. SSF of OPFPt by Pyc.
sanguineus gave maximum productivity of laccase of 46.5 U/g substrate on day 6 of fermentation with a 30% (w/w) of 4 weeks old
inoculum and 0.92% nitrogen in the form of urea supplemented in the substrate.

The extraction of laccase was also optimized in this study. Recovery of laccase was fourfold higher at 30.6 U/g substrate on day
10 of SSF using unadjusted tap water at pH 8.0 as extraction medium at 25 + 2 °C compared to laccase recovery of 7.46 U/g sub-
strate using sodium acetate buffer at pH 4.8 at 4 °C. Further optimization showed that laccase recovery was increased by 50% with a
value of 46.5 U/g substrate on day 10 of SSF when the extraction medium was tap water adjusted to pH 5.0 at 25 £ 2 °C.
© 2005 Published by Elsevier Ltd.
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1. Introduction

In Malaysia, lignocellulosic agroindustrial residues
are abundant and readily available (Vikineswary et al.,
1997). The palm oil processing industry, sago starch
processing industries as well as industries that produce
rubber wood products are producing large amounts of

* Corresponding author. Fax: +60 3 79674178.
E-mail address: viki@um.edu.my (S. Vikineswary).

0960-8524/$ - see front matter © 2005 Published by Elsevier Ltd.
doi:10.1016/j.biortech.2005.02.015

residues. Currently, these agroresidues are either al-
lowed to decay naturally in the fields or burnt. These
residues are, however, potential substrates for microbial
conversion via solid substrate fermentation into value-
added products such as enzymes (Pandey et al., 2000).
In an oil palm plantation approximately 11 tonnes of
pruned fronds are generated per hectare of mature oil
palm per year. The felling of old palms yields about
115.4 kg dry frond matter per palm, too. About 35%
of the oil palm frond is oil palm parenchyma tissue
(OPFPt) and it has been reported to be suitable for


mailto:viki@um.edu.my
https://www.researchgate.net/publication/300554439_Solid_substrate_fermentation_of_agroresidues_for_value_added_products_the_Malaysian_experience?el=1_x_8&enrichId=rgreq-3da13188403b66d0dd95b2982d699ae4-XXX&enrichSource=Y292ZXJQYWdlOzc3NzUwOTg7QVM6MTAxMzc5MDk1OTI4ODQzQDE0MDExODIwNjkwMTQ=
https://www.researchgate.net/publication/300554439_Solid_substrate_fermentation_of_agroresidues_for_value_added_products_the_Malaysian_experience?el=1_x_8&enrichId=rgreq-3da13188403b66d0dd95b2982d699ae4-XXX&enrichSource=Y292ZXJQYWdlOzc3NzUwOTg7QVM6MTAxMzc5MDk1OTI4ODQzQDE0MDExODIwNjkwMTQ=
https://www.researchgate.net/publication/221948268_New_developments_in_solid_state_fermentation_I-Bioprocess_and_products?el=1_x_8&enrichId=rgreq-3da13188403b66d0dd95b2982d699ae4-XXX&enrichSource=Y292ZXJQYWdlOzc3NzUwOTg7QVM6MTAxMzc5MDk1OTI4ODQzQDE0MDExODIwNjkwMTQ=

172 S. Vikineswary et al. | Bioresource Technology 97 (2006) 171-177

production of laccase via SSF using Pleurotus sajor-caju
(Ling, 1994). Sago ‘hampas’ is a starchy lignocellulosic
by-product generated from pith of Metroxylon sagu
(sago palm) after starch extraction. In Sarawak, in the
Sibu Division alone about 50-110 tonnes of sago ham-
pas are produced daily. ‘Hampas’ contains approxi-
mately 66% starch and 14% fibre on a dry weight basis
of which about 25% is made up of lignin (Chew and
Shim, 1993). Kumaran et al. (1997) had reported that
sago ‘hampas’ can be used as substrate for the produc-
tion of laccase via SSF using Ple. sajor-caju. In Malaysia,
rubberwood sawdust is used to cultivate Ple. sajor-caju
on a commercial scale and the spent compost is an
optimal source of lignin modifying enzymes (Avneesh
et al., 2003).

Laccases are able to depolymerize lignin (Kawai
et al., 1999) and delignify wood pulps (Bourbonnais
et al., 1997) when they are combined with various low
molecular weight electron transfer agents. Hence, lac-
case is potentially applicable for pulp bleaching (Srebot-
nik and Hammel, 2000) and detoxification of phenolic
pollutants (Collins et al., 1996; Johannes et al., 1996;
Hublik and Schinner, 2000). Pycnoporus cinnabarinus
and Pyc. sanguineus have been reported to produce lac-
case as the sole lignolytic enzyme (Eggert et al., 1996;
Sigoillot et al., 1999; Pointing, 2001) and this is benefi-
cial for industrial applications, as purification steps are
both costly and time consuming.

The aims of this study were (a) to assess the potential
of selected agroresidues for laccase production via SSF
using Pyc. sanguineus, (b) to optimize extraction and
recovery of enzymes from SSF and (c) to optimize the
inoculum age and size and nitrogen supplementation
of the substrate for laccase production.

2. Methods
2.1. Fungal source

The stock cultures of Pyc. sanguineus CY788 were
maintained on potato dextrose agar (PDA) slants at
4 °C. The fungus was transferred to PDA plates and
incubated for seven days at 27 °C before koji develop-
ment using autoclaved precooked whole wheat grains.

2.2. Selection of agro-residues as substrate
for laccase productivity

The three substrates selected for this study were sago
‘hampas’, rubberwood sawdust, and OPFPt. Sago ‘ham-
pas’ was collected from Hup Guan Sago Factory in
Johor, OPFPt was collected from United Plantations
Sdn. Bhd. in Teluk Intan, Perak, and rubberwood saw-
dust was collected from a mushroom farm in Semenyih,
Malaysia.

Solid substrate fermentation of sago ‘hampas’ and
rubberwood sawdust were followed according to Kum-
aran et al. (1997). Ten grams of sterilized sago ‘hampas’
and rubberwood sawdust were supplemented with nutri-
ent solution containing (w/v): 0.2% KH,POy,, 0.05%
MgSO, - 7TH,0 and 0.38% nitrogen (N) in the form of
filter sterilized urea. Solid substrate fermentation of
OPFPt was according to Ling (1994). Ten grams of ster-
ilized OPFPt was supplemented with 1% CaCO; and
0.46% N in the form of filter sterilized urea. The mois-
ture content for each substrate was adjusted within the
range of 75-85% (v/w). The contents of the flasks were
inoculated with 10% (approximately 2.35 * 0.05 g wet
weight) of Pyc. sanguineus whole wheat grain inoculum
and incubated at 25 = 2 °C in static condition. The fer-
mentation was carried out for 21 days and at suitable
time intervals, three culture flasks of each substrates
were randomly sampled for laccase assay.

The contents of each flask were extracted with 100 ml
of cold 50 mM sodium citrate buffer (pH 4.8). A spatula
was used to break the solid culture into smaller particles.
The flasks were subsequently transferred to an incubator
shaker at 4°C and 200 rpm for approximately 18 h
(Kumaran et al., 1997). After shaking, the contents were
centrifuged at 9000 rpm for 20 min. The crude culture
filtrate containing fungal enzymes were stored at
—20 °C for 24 h prior to laccase assays.

2.3. Laccase assay

Laccase activity was determined by the increase in the
absorbance due to the formation of tetramethoxy-azo-
bis methylenequinone from the reaction of laccase with
syringaldazine (Harkin and Obst, 1973; Leonowicz and
Grzywnowicz, 1981). One unit (U) was defined as the
amount of enzyme producing one unit change in absor-
bance/min at / = 525 nm.

2.4. Optimization of extraction and recovery of laccase

OPFPt was chosen for further studies as laccase pro-
ductivity was the highest among the substrates investi-
gated. Solid substrate fermentation of OPFPt was
carried out as described in the previous section and at
suitable time intervals, the optimum method of laccase
extraction was determined. The above extraction
method was modified by changing the incubation tem-
perature to 4 °C and 25 °C and using sodium acetate
buffer at pH 4.8 or tap water having pH 8.0 as the
extraction medium.

Laccase extraction of OPFPt fermented for 10 days
using Pyc. sanguineus was further optimized by varying
the pH of the best extraction medium and using the
best incubation temperature obtained in the previous
section. The pH levels investigated were 4, 5, 6, 7
and 8.
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2.5. Optimization of laccase productivity by SSF of
OPFPt by varying inoculum age and density
and urea levels

Solid substrate fermentation of OPFPt was carried
out as described in the previous section but with varying
inoculum ages of 2 weeks, 4 weeks and 6 weeks. The SSF
was then repeated using the optimum inoculum age
at a density of 10%, 20% and 30%. Laccase was then
extracted using the optimum extraction medium at
optimum pH and using the optimum incubation
temperature determined previously.

Further studies of SSF was done using the optimum
inoculum age and density with varying levels of nitrogen
supplementation in the substrate. The level of urea
tested were 0.46%, 0.69%, 0.92% and 1.15% N. Laccase
was extracted using the optimum extraction medium at
optimum pH and temperature determined previously.

2.6. Statistical analysis

In all the experiments described in this study tripli-
cates were set up for each parameter tested. The design
was completely randomized and sampling was random.
The means of three replicate values for all data in the
experiments obtained were tested in a one-way analysis
of variance using the Statgraf programme.

3. Results and discussion
3.1. Selection of solid substrate for laccase production

All three agro-residues tested supported good growth
and laccase productivity. The first signs of growth was
seen two to three days after inoculation. As the culture
grew older, the colour of the mycelia changed from
white to reddish orange and complete colonization of
the fungus was seen within 11 days of fermentation.

The profile of laccase productivity during degrada-
tion of various agro-residues by Pyc. sanguineus is given
in Fig. 1. There was rapid increase in laccase productiv-
ity during SSF in both ‘hampas’ and OPFPt during the
first 11 days of fermentation with maximum laccase pro-
ductivity of 7.6 U/g ‘hampas’ and 7.5 U/g OPFPt on day
11. However, a rapid decline in laccase productivity was
observed during SSF of ‘hampas’ which reduced to
3.1 U/g substrate at the end of 21 days of fermentation.
There was, however, sustained laccase productivity dur-
ing SSF of OPFPt after day 11 till day 15. After day 15,
laccase productivity reduced but at a lower rate which
gave 5.4 U of laccase per gram of substrate on day 21.
Degradation of rubberwood sawdust produced maxi-
mum laccase of only 5.7 U/g substrate on day 11.

The highest laccase productivity during SSF of ham-
pas using Pyc. sanguineus was lower compared to the

9.00 -

— & — sawdust
8.00 - —e— OPFPt
7.00 1 —a—‘hampas’

6.00 -
5.00 -
4.00 1
3.00 7
2.00

Productivity (U/g substrate)

0 2 4 6 8 10 12 14 16 18 20
Days

Fig. 1. Laccase productivity during SSF of various substrates using
Pyc. sanguineus. SSF conditions: 18-days old inoculum, 10% inoculum
density, 25 + 2 °C incubation.

reported value of 10.6 U/g hampas using Ple. sajor-caju
(Kumaran et al., 1997). Maximum laccase productivity
using Pyc. sanguineus was also lower compared to deg-
radation of OPFPt using Ple. sajor-caju which yielded
maximum of 16.9 U/g substrate on day 10 as reported
by Ling (1994).

However, previous studies among species of Pycnop-
orus in liquid fermentation are sparse and showed varied
responses. This species has been reported to produce
22 U/l (0.022 U/ml) in a non-induced liquid growth
medium and optimum induced laccase production was
1368 U/1 (Pointing et al., 2000), which was higher than
that reported for many other basidiomycetes cultured
under similar conditions (Orth et al., 1993; Kantelinen
et al., 1989; Srinivasan et al., 1995). However, it was
not clear if such culture conditions were optimal for
every fungi. Conversely few species are also reported
to produce laccase at greater levels than those recorded
for Pyc. sanguineus by Pointing et al. (2000) under sim-
ilar growth conditions. Notable exceptions are Trametes
versicolor (5000 U/l) (Collins and Dobson, 1997) and
Ple. sajor-caju (4000 U/l) (Buswell et al., 1996). Further,
Pyc. cinnabarinus has been reported to produce laccase
at higher levels compared to Pyc. sanguineus under sim-
ilar growth conditions (Eggert et al., 1996) but laccase
from Pyc. coccineus showed relatively lower levels
(Oda et al., 1991).

Pointing et al. (2000) suggested that Pyc. sanguineus
may be grown effectively on agricultural lignocellulose
residue as laccase production increased by 12 fold by
the addition of wood fibres to liquid cultures without
inducers. This value was also reported to be 3 fold
higher than those reported for Pyc. sanguineus grown
on Eucalyptus grandis wood chips. In this unoptimised
study using Pyc. sanguineus, laccase productivity in the
selected agro-residues at 5.7-7.6 U/g was higher com-
pared to reported studies using this specie. Further, lac-
case productivity was high in OPFPt (7.5 U/g) compared
to sawdust (5.7 U/g) and this high level was produced
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for a longer period i.e. until day 15 compared to sago
‘hampas’ (7.6 U/g) which immediately dropped after
day 11. Hence, OPFPt was selected as the substrate
for laccase productivity by Pyc. sanguineus and the
SSF was optimized.

3.2. Optimization of extraction of laccase

Laccase recovery from fermented OPFPt using differ-
ent extraction temperature and medium are shown in
Fig. 2. At day 10, laccase recovery was four times higher
at 30.6 U/g substrate when extracted with tap water hav-
ing pH 8.0 and a temperature of 25 °C compared to
the recovery of 7.46 U/g substrate using sodium acetate
buffer at pH 4.8 and 4 °C. However, there was no
significant difference (p < 0.001) in laccase recovery by
extraction with tap water (pH 8.0) and sodium acetate
buffer (pH 4.8) extracted at 25 °C. The four types of
extraction conditions tested had significant effects on
laccase recovery with varying incubation time. Studies
showed that laccase of Pyc. sanguineus from liquid
growth medium was very stable at 4 °C compared to
35°C (Pointing et al., 1998). However, optimum tem-
perature for laccase activity of Ple. ostreatus was 30—
35°C (Youn et al., 1995). Similarly, optimum laccase
production by Polyporus sanguineus (Sandhu and Arora,
1984) and Pyc. cinnabarinus (Schliephake et al., 2000)
was carried out at 37 °C. Laccase production from
Tra. versicolor was also successfully enhanced in a study
done at 27 °C (Lee et al., 1999). Most proteins exhibit
normal increased solubility with temperature elevation.
Because enzymes generally show normal temperature
dependence, temperature change was not often used to
fractionally precipitate them. However, the differences
in enzyme stability at higher temperatures are quite
marked.

Laccase from Pyc. sanguineus was reported to have
higher activity in glycine-HCL buffer at pH 3.0 com-
pared to sodium tartrate or sodium acetate buffers at
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Fig. 2. The effect of extraction temperature and medium on laccase
recovery in SSF of OPFPt using Pyc. sanguineus. SSF conditions: 18
days old inoculum, 10% inoculum density, 0.46% N, 25%2°C
incubation temperature.

the same pH (Pointing et al., 2000). Stability of laccase
activity in buffers with variable pH values showed lac-
case activity decreasing in the order: phosphate-
buffer > sodium-acetate-buffer > citrate-buffer in a study
done using Ple. ostreatus (Hublik and Schinner, 2000).
This study showed that extraction of crude enzyme
using tap water at 25 £ 2 °C gave high yields of laccase.
Thus, extraction with tap water at 25 + 2 °C was chosen
as the extraction method and further studies were car-
ried out to optimize enzyme recovery in tap water at
various pH levels. In this study, the stability of laccase
in tap water and the effect of storage, if any, was not
investigated.

On day 10 of SSF, laccase recovery was 50% higher at
46.5 Ulg substrate using tap water at pH 5.0 as extrac-
tion medium at 25 * 2 °C compared to the recovery of
30.6 U/g substrate obtained using tap water at pH 8.0
(Fig. 3). There was however, no significant difference
(p <0.001) in laccase recovery between pH 5.0 and pH
4.0. However, the various level of pH tested caused a
significant difference (p < 0.001) in laccase recovery with
incubation time.

Laccase recovery seemed to be more enhanced in an
acidic condition compared to alkaline medium (pH 7
and 8). Several workers have also reported that pH opti-
mum for laccase activity is in the acidic region (Bollag
and Leonowicz, 1984; Pointing et al., 2000). Elsewhere,
optimum laccase activity from Pyc. cinnabarinus was
achieved between pH 4.4 and 5 (Eggert et al., 1996;
Schliephake et al., 2000). The low pH value has also
been reported to be favorable for the release of laccase
by Pol. sanguineus (Sandhu and Arora, 1984). It was
suggested that the recovery at low pH may be physiolog-
ically more significant and depends on the natural hab-
itats of the laccase producing fungi. Fungi growing in
acidic environments come in contact with various acidic
plant phenols or pesticides, and the lower pH optima of
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Fig. 3. Effect of pH of tap water medium on laccase recovery from
fermented OPFPt using Pyc. sanguineus. SSF conditions: 18 days old
inoculum, 10% inoculum density, 0.46% N, 25+ 2°C incubation
temperature.
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the laccase allows a more effective oxidation of toxic
compounds (Leonowicz et al., 1978). However, maxi-
mum laccase activity of Ple. ostreatus was obtained at
pH 5.8 and this activity has been preserved in extreme
alkaline environment of pH 10 which is very unusual
and has not yet described for other laccases (Hublik
and Schinner, 2000).

3.3. Optimization of laccase productivity
during SSF of OPFPt by Pyc. sanguineus

Laccase activity during SSF of OPFPt using different
inoculum age and density are shown in Figs. 4 and 5
respectively. The inoculum age had a significant effect
on the laccase productivity (p < 0.05). A similar trend
was observed for all levels of inoculum tested. There
was a gradual rise in laccase productivity which peaked
at day 10 of fermentation for all the three different ages
of inoculum (Fig. 4). However, SSF using 4 weeks old
inoculum had the highest laccase productivity of
46.6 U/g substrate at day 10 compared to 2 weeks and
6 weeks old inoculum. This maximum laccase productiv-
ity, however, was not different from the previous SSF
done using 18 days old inoculum with optimised extrac-
tion technique at day 10. However, when a 6 weeks old
inoculum was used, the laccase productivity was 45%
lower at day 10 compared to 4 weeks old inoculum.
Optimum laccase productivity using a 4 weeks old
inoculum was also reported by Kumaran et al. (1997)
and Ling (1994) using Ple. sajor-caju from SSF of sago
‘hampas’ and OPFPt respectively.

Laccase activity increased more rapidly with 30%
inoculum density and peaked at day 8 with 48.7 U/g
substrate compared to 10% and 20% densities which
peaked at day 10 (Fig. 5). However, there was a decline
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Fig. 4. Effect of various ages of inoculum on laccase productivity
during SSF of OPFPt using Pyc. sanguineus. SSF conditions: 10%
inoculum density, 0.46% N supplementation, 25 * 2 °C incubation
temperature. Extraction method: tap water at pH 5 and 25+ 2°C
temperature.
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Fig. 5. Effect of various inoculum density on laccase productivity
during SSF of OPFPt using Pyc. sanguineus. SSF conditions: 4 weeks
old inoculum, 0.46% N supplementation, 25 * 2 °C incubation tem-
perature. Extraction method: tap water at pH 5 and 25%2°C
temperature.

in laccase activity after day 8 with 30% inoculum density
and this may be due to enzyme inhibition (Bastawde,
1992). Similar trend was reported by Kumaran et al.
(1997) using Ple. sajor-caju on sago ‘hampas’.

A gradual increase in laccase productivity with all
four levels of nitrogen tested during the first four days
of fermentation was observed (Fig. 6). Maximum yield
was observed much earlier in fermentation using
0.92% N and 1.15% N on day 6 compared to day 8 of
SSF for 0.46% N and 0.69% N. However, maximum lac-
case productivity of 46.5 U/g substrate was obtained
with 0.92% N which was maintained till day 10. There
was however, a decline laccase productivity with sup-
plementation of 1.15N which dropped to 37.9 U/g
substrate after day 6 of fermentation. An increase in
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Fig. 6. Effect of various level of nitrogen supplementation of on
laccase productivity during SSF of OPFPt using Pyc. sanguineus. SSF
conditions: 4 weeks old inoculum, 30% inoculum density, 25+ 2 °C
incubation temperature. Extraction method: tap water at pH 5 and
25 * 2 °C temperature.
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nitrogen content had a significant effect (p <0.01) on
laccase production. It was also reported that urea stim-
ulated fungal growth when it made up to 40-50% of to-
tal nitrogen in the substrate (Raimbault and Alazard,
1980). There was a reduction in laccase productivity
after the peak, and this may be due to inhibition which
suggests the existence of an optimum nitrogen level for
enzyme production by Pyc. sanguineus. Optimum lac-
case production of 1368 U/l by Pyc. sanguineus was re-
ported by Pointing et al. (2000) in a culture condition
of high carbon and low nitrogen medium. Slight repres-
sion of laccase production was also noticed at high
nitrogen levels. Similarly, laccase of Pyc. cinnabarinus
was also reported to be slightly repressed by high nitro-
gen levels (24 mM) (Eggert et al., 1996). In contrast, lac-
case activity was only detectable in Pha. chrysosporium
under a high nitrogen level (24 mM) (Srinivasan et al.,
1995). This study also showed slight repression in lac-
case productivity at a high nitrogen level of 1.15%.

4. Conclusions

Pycnoporus sanguineus was the chosen fungi in this
study as suggested and supported by the study done
by Pointing et al. (2000). This study revealed high lac-
case productivity during SSF of sago ‘hampas’ and
OPFPt compared to sawdust with maximum activity
of 7.60 U/g substrate, 7.52 U/g substrate and 5.68 U/g
substrate respectively. Laccase recovery was fourfold
higher using extraction with tap water at pH 8.0 and
at 25 £ 2 °C compared to extraction with sodium citrate
buffer at 4 °C. Although extraction using tap water with
adjusted pH of 5 gave higher enzyme recovery, the sta-
bility of the enzyme has yet to be studied. The yield of
laccase was about eightfold higher using a 30% (w/w)
of 4 weeks old inoculum with 0.92% (v/w) of nitrogen
supplementation of the substrate compared to the initial
cultivation conditions of 10% of 18 days old inoculum
and 0.46% N level of substrate.
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