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Abstract: Effect of aeration (0.5, 1.0 and 1.5 vvm) and agitation rate (100, 300 and 500 rpm) on cellulase
production in submerged culture of Pycroporus sanguineus was studied in a 2.5 L stured-tank bioreactor using
Palm Oil Mill Effluent (POME) as a substrate. Maximum cell biomass (3.16 g 1.7") and cellulase activity
(0.1748 FPU mL.~") was obtained at aeration rate of 1.0 vvm and agitation speed of 300 rpm. Volumetric mass
transfer coefficient (k a) was found to be dependent on aeration and agitation rate, with maximum k;a (124.2h™)

attained at 300 rpm and 1.5 vvm.
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INTRODUCTION

Large amount of wastes in varying nature are
generated by the Malaysian palm o1l processing industry
on a regular basis. Of particular concern 1s the Palm Oil
Mill Effluent (POME), a High Biochemical Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD)
liquid waste generated during downstream processing or
extraction of crude palm oil. POME consists of 95-96%
water, 0.6-0.7% oil and 4-5% total solids, half of which 1s
suspended solid consisting of debris from the fruit. The
high amount of degradable orgamc matter, which can
cause severe pollution of waterways due to oxygen-
depletion and other related effects, renders POME as an
envirommental hazard. Freshly discharged POME 15 acidic
(pH 4-5) with temperatures around 80-90°C and contains
appreciable amounts of plant nutrients (Zinatizadeh et al.,
2006). POME is non-toxic in hature as no chemicals are
added during oil extraction (Zinatizadeh et al., 2006;
Mashitah et ai., 2002).

It 1s estimated that around 5-7.5 ton of water are
required to produce 1 ton of crude palm oil and more than
50% of the water end up as POME (Ahmad ef al, 2003).
Disposal of this voluminous liquid waste 1s expensive due
to hugh costs of transportation and limited availability of
landfills. Development of cost effective process for
treatment and utilization of POME is therefore essential in
order to improve the competitiveness of industrial
processing operations and to mimmize the environmental
hazards posed by suspended solids-containing effluent
(Thani et al., 1999). Substantial amount of work has been
carried out with regard to the treatment of POME and its

potential for biotechnological application, which saw
various products being developed such as  enzymes,
bio-fuels and bio-polymers.

It has been reported that Palm Oil Mill Effluent
(POME) could be used as a potential substrate for
cellulases production (Mashitah et al., 2002; Mashitah,
2007). Cellulases have seen notable increase of interest in
recent years due to their many potential applications. The
far-reaching roles of cellulases can be seen in their diverse
industrial scope, including food, animal feed, textile, fuel,
chemical, pulp and paper, waste management,
medical/pharmaceutical and pollution treatment (Bhat and
Bhat, 1997). Growing demand for microbial cellulases and
related enzymes saw cellulase becoming the third largest
industrial enzyme worldwide by dollar volume in 2008
(Wilson, 2009). Cellulase production has been attempted
on a wide range of substrates ranging from pure cellulose
to dairy manure and agro-residues have been used
frequently as carbon sources in cellulose fermentation.
Most of these are capable of inducing cellulase system in
fung1 often at par with known inducers or sometimes even
better (Mathew et al., 2008).

A complete cellulase system congists of three general
classes of enzymes: cellobiohydrolases (CBH I and II),
endoglucanases (EG I and IT) and beta-glucosidase (BGL),
which together act synergistically to degrade cellulose to
glucose (Reczey et al., 1996). Cellulolytic enzyme systems
are extensively studied in a wide varety of
microorganisms, both complex and non-complex,
including aercbic and anaerobic bacteria, white rot and
soft rot fungi and anaerobic fungi, though only a few
produce significant amount of extracellular cellulase
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complex. Fungal cellulases have proved to be a better
candidate than other microbial cellulases, with their
secreted free cellulase complexes comprising all three
components of cellulase (Mathew et al., 2008). The best
characterized and most widely studied cellulase system
is that of the soft rot fungus Trichoederma, particularly
T. reesei (Reczey ef al., 1996). While, Trichoderma 1s
known to produce high activities of overall cellulases, it
has been established that they secrete low amounts of
P-glucosidase, resulting in the accumulation of cellobiose,
which 13 a strong inhibitor of the cellobichydrolase
activity (Jorgensen and Olsson, 2006). Much research has
thus been directed towards finding new microbial sources
of cellulase.

Pyenoporus fungus
commonly found in the Malaysian forest, 1s generally
known to produce laccase as the sole or major lignolytic
enzyme (Luet al, 2008). To a lesser extent, P. sanguineus
has alse been found to produce c-amylase and
extracellular cellulases depending on the carbon source
used to grow the microorganism (Almeida et al., 1997).
However, no studies have been reported on the utilization
of thus particular species on the production of cellulases
using POME as a substrate. Thus, the present study aims
to investigate the potential of partially treated POME for
cellulases production through submerged cultivation of
P. sanguineus.

sanguineus, a white-rot

MATERIALS AND METHOD

Microorganism: Fycnoporus sanguineus was obtained
from the Forest Research Institute of Malaysia (FRIM). It
was grown on potato dextrose agar at 30°C for 7-10 days
and stored at room temperature until further use. Stock
cultures were sub-cultured monthly.

Fermentation medium: POME was collected from the
United Ol Palm (M) Sdn. Bhd., Penang, Malaysia. Raw
POME was subjected to ultrasonic treatment (40 kHz,
50°C) for an hour and subsequently stored at 4°C until
further use. Diluted POME (70% v/v) was used as
fermentation media. Sigmacell cellulose Type 101
(10 g L™" and peptene (5 g L") were added to the media
as co-substrate/cellulase inducer and mitrogen source,
respectively.

Cell suspension preparation: Cell suspension was
prepared by suspending cell discs taken from 2 weeks-old
P. sanguireus culture plate in standard bottle containing
sterilized distilled water and a few drops of Tween 0.
Using a 5 mm (o0.d.) cork borer, the discs are taken by
count of 10 discs per 100 mL of distilled water.

Inoculum preparation: Seed culture or inoculum was
prepared by inoculating 15 mlL of cell suspension into a
500 mL Erlenmeyer flask contammg 135 mL of
fermentation medium. The flask was incubated m a rotary
shaker at 30°C, 250 rpm for 48 h.

Fermentation study: Batch fermentation was carried out
in a 2.5 L bioreactor (Mimfors, Infors HT, Switzerland)
with a working volume of 1.5 L. The pH was maintained at
7.020.1 using 2N HCl and 2N KOH. Three agitation
(100, 300 and 500 rpm) and aeration (0.5, 1.0 and 1.5 vvm)
rates were studied. Fermentation was conducted for 7
days with samples taken at 12 h interval for the
determination of cell biomass, cellulase activity and
residual cellulose.

Analytical study: The samples taken from the bioreactor
were centrifuged (4500x g) for 30 min to separate the cells
and residual solids from the supernatant. The collected
supernatant was analyzed for cellulase activity. Sediments
were used to determine dry cell weight and residual
cellulose.

Residual cellulose: Residual cellulose was determined by
a shortened procedure of Updegraff (Ahamed and
Vermette, 2009). Sediments from centrifuged sample were
suspended in 3 mL acetic-mutric reagent and boiled for
30 min. It was centrifuged again prior to washing and
drying the filtered residues at 40°C until constant weight.
The resulting solids were mainly composed of cellulose.

Biomass: The fungal dry biomass was determined by
measuring the solid dry weight. Mycelial weight was
calculated from the difference between the total dry
weight of the solids (comprising mycelium and cellulose)
and that of the residual cellulose as determmed in the
previous section.

Cellulase assay: Cellulase assay with the culture
supernatant of P. sanguineus was carried out m 0.05 M
citrate buffer (pH 4.8) at 50°C. Filter paper (FPase) activity
was determined as total cellulase activity by the method
of Ghose (1987). One Filter Paper Unit (FPU) was defined
as 1 pmol of glucose equivalent liberated per minute under
the assay conditions.

Volumetric mass transfer coefficient: The overall k;a
value (gas to cell) was determined after inoculation by the
dynamic gassing out method (Nadeem et al., 2009). This
technique monitors the change of oxygen concentration
when air supply 1s tumed off in an oxygen-saturated
culture broth with respiring orgamism. Dissolved oxygen
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tension was then measured using a polarographic
electrode. The mass balance in a vessel give,

ac, (1)

e 1
1)~ alC] -, (0] (1)

mtegrating Eq. 1 results in

T -C)
:m[c}cL(tz)} (2)

t, =t

from which Ik a can be calculated based on the measured
values of C(t;) and C,(t,).

RESULTS AND DISCUSSION

Dissolved oxygen tension and stirrer speed are
unportant parameters for performing a desired fungal
fermentation with a given stramn and medum (Cw et al.,
1998). The availability of oxygen is a major parameter to be
considered for effective microbial cell growth rate;
agitation 1s directly related to oxygen transported from the
gas phase to liquid phase followed by oxygen uptake by
individual microbial cell (Najafpour, 2007). Therefore, the
effect of different aeration (0.5, 1.0, 1.5 vvm) and agitation
rate (100, 300, 500 rpm) on growth of microorganism,
substrate consumption, enzyme yield and volumetric mass
transfer coefficient (ka) were investigated in a 2.5 L
stirred tank bioreactor.

Ulirasound as POME pre-treatment method: Ultrasomc
treatment is one of the most promising technologies
recently adopted in wastewater treatment plant, whereas
application of ultrasound as a pretreatment step was
found to enhance sludge  biodegradability for
subsequent aerobic oxidation (Sangave and Pandit, 2006;
Laurent et al., 2009). As shown in our preliminary study
i shake flask, culture cultivation of P. senguineus in
somcated POME resulted mn a 15% mcrease in cellulase
activity [unpublished data]. Tt has been established by
Sangave and Pandit (2006) and Wang et al. (2006) that
low intensity ultrasound are sufficient to bring about
transformation of the effluent constituents at a molecular
level; sludge disintegration was reported to be
predominant at lower frequencies (less than 100 kHz). The
use of ultrasound resulted in cavitation phenomena,
which 18 defined as the phenomena of the formation,
growth and subsequent collapse of microbubbles or
cavities (Sangave and Pandit, 2006). Several mechanisms
have been suggested as to the effect of somication on
particles of a material in a liquid suspension, meluding: (1)
swrface erosion of particles due to cavitational collapse in

the surrounding liquid, (2) particle size reduction due to
fission caused by interparticle collisions and (3) the
collapse of cavitation bubbles formed on the surface
(Mason, 1998). As a result, hydro mechamcal shear forces
caused the disintegration of pollutant molecules into
smaller fractions.

Effect of aeration rate: To determine the effects of
aeratior, the agitation rate was fixed at 300 rpm while
aeration was varied (0.5, 1.0 and 1.5 vvm). It was observed
that cell growth proceeded in two distinct stages: in the
first two days, dry cell weight showed a rapid rise that
was followed by slower growth (Fig. la). Dissolved
Oxygen (DO) concentration, which was not controlled in
all cultures, dropped rapidly during the first growth phase
as oxygen demand was high (Fig. 1b). As growth slowed
down in the second phase, the DO increased until it
reached steady-state. This biphasic cell growth could be
the result of rapid conversion of nutrients in the medium
to cell mass, corresponding to the rapid growth m the first
2 days of culture. In this study, elevated aeration rate
were accompanied by a comesponding increase in
biomass, with highest growth (3.61 g L.™") observed at
1.0vvm. As stated by Xu and Yun (2004), aeration results
in better mixing of the exopolysaccharides
Paecilomyces temuipes C240 in a stirred-tank fermenter.
This in turn helps to maintain a concentration gradient

from

between the interior and exterior of the cell, allowing
better diffusion of nutrients to the cells. Increasing air
flow rate further (1.5 vvm) saw cell dry weight dropping
shightly. Reddy et al. (2002) reported that combining ligh
flow rate with low agitation resulted in impeller flooding.
This phenomenon occurred when the impeller is
surrounded by air column, causing air flow pattern in the
vessel to be dominated by air flow up the stirrer shaft.
Improper contact between impeller and liquid then
resulted in poor mixing, reduced air dispersion and
diminished oxygen transfer rates. Culture broth exhibited
non-Newtonian behavior for all aeration rates; broth
became increasingly viscous during cell growth as a
structured filamentous network was developed. Growth
was still apparent at the end of fermentation period
(day 7). As a wood-degrading fungus, P. sanguineus
requires longer incubation time to reach stationary growth
phase. However, this was not attempted due to time
constraint. The heterogeneity of POME also presented a
challenge in determining cell dry weight, direct
determination of the cell dry weight was a problem due to
the presence of suspended solids.

Enzyme activity and fungal biomass accumulated
over the fermentation period suggested that there is a
strong relationship between biomass formation and
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Fig. 1. Effect of aeration rate on (a) cell dry weight, (b)
dissolved oxygen tension (DOT), (c) cellulase
activity and (d) residual cellulose

cellulase synthesis. Previous studies have reported that
cellulase production is a growth-associated process
(Mathew et al, 2008). Total cellulase activity, represented
by filter paper (FPase) activity (Badhan et al., 2007),
increased rapidly within the first 2 days of fermentation,
following which cellulase activity was more or less
stationary  (Fig. 1¢). Maximum cellulase activity
(0.1748 FPU mL™") was observed at 1.0 vvm after & days
incubation. Enzymatic activity dropped at the seventh day
of fermentation at 1.0 vvm aeration rate, possibly due to
protease formation. Romero ef al. (1999) reported that
decrease 1n cellulase activity after a certam period could
be due to protemn hydrolysis by protease secreted by the
fungus when there was a lack of essential nutrients in the
medium. Cellulose consumption during cell growth, as
shown by decreasing cellulose content (Fig. 1d) in the
present work corroborated with this hypothesis. Previous

@

Cell dry weight (g L)

£
[
[=}
A
0 20 40 60
Fermentation period (h)
0.204 ©

Filter papter activity
(FP -

Residnal cellulose

T T T L T T
D1 23 456 78
Fermentation period (day)

Fig. 2: Effect of agitation rate on (a) cell dry weight, (b)
dissolved oxygen tension (DOT), (c) cellulase
activity and (d) residual cellulose

work by Agamuthu et al. (1986) also reported that aerobic
digestion of POME decreased the carbon content.

Effect of agitation rate: Agitation is important for proper
oxygen transfer and homogenous mixing of nutrients in
fermentation system. To create an optimal environment in
a bioreactor, agitation is required for cells to have access
to all the substrates including oxygen in aerobic culture
(Najafpour, 2007). To determine the effects of agitation,
aeration rate was fixed at 1.0 vvmn while stirrer speed was
varied (100, 300 and 500 rpm). Similar pattern of two
distinct growth phases as in the previous section were
observed, although the difference in cell dry weight was
found to be more pronounced by varying agitation rate.
At 100 rpm, low cell growth was observed (Fig. 2a). This
could be attributed to improper mixing which led to
oxygen limitation, whereas death phase was observed
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after the fifth day of fermentation as limited dissolved
oxygen in the fermentation media was used up. Cui et al.
(1998) concluded that mcreasing agitation intensity
enhances gas-liquid mass transfer as well as the
mechanical forces that act on the fungal cells. The latter
effect can be seen from the reduced cell growth at higher
agitation (500 rpm), which could be attributed to shear
stress and heterogenous mixing effects. Similar results
were also reported in other studies (Nadeem et al., 2009).
The 300 rpm of stirring speed was found to be most
conducive for cell growth, whereas growth 1s still
apparent towards the end of fermentation period at this
rate. Agitation was also shown to be a factor for DO level,
as they dropped rapidly during the first growth phase
(Fig. 2b). As stated by Garcia-Ochoa ef al. (2000), oxygen
uptake rate mcrease during lag phase and especially
during the exponential growth phase, followed by a
constant rate during stationary growth phase.

Cellulase activity was also consistent with the
growth trend, whereas a rapid increase m FPase activity
was observed in the first 2 days of fermentation or during
exponential growth phase. FPase activity increased as
agitation speed was increased from 100 to 300 rpm.
Further increase to 500 rpm saw cellulase activity
decreasing. This may be the result of the formation of
high shear zones close to the impellers caused by high
mnpeller speed, with subsequent physical damage to
the cells and a reduction in process productivity
(Badino et al, 2001). Cellulase activity was also observed
to decrease nearing the end of fermentation at both 300
and 500 rpm, possibly as a result of nutrient exhaustion
and cell lysis. A study on cellulase deactivation i a
stirred tank bioreactor by Gunjikar et al. (2001 ) concluded
that: (1) the extent of deactivation increased with an
increase in agitation speed, (2) the extent of deactivation
for cellulase and its three components differed
significantly and that (3) exoglucanase (FPase)
contributes to the major decrease in cellulolytic activity in
the mitial stage of shearing.

Effect of aeration and agitation rate on volumetric
mass transfer coefficient: Many factors are known to
affect aeration efficiency including parameters such as
agitation, air flow rate, air pressure, temperature, vessel
geometry, fluid characteristics (density, viscosity, surface
tension, etc.) and presence of antifoam agents (Ozbek and
Gayik, 2001).

Overall oxygen transfer rate was assessed as the
oxygen volumetric mass transfer coefficient (k.a). The
effect of aeration and agitation rate on lga was shown in
Table 1 and 2, respectively. k;a values increased greatly
when the air flow rate was increased up to 1.0 vvm. At

Table 1: Volumetric mass transfer coefficient (k; a) at different aeration rate

Air flow rate (vvm) kach™)
0.5 21.64
1.0 124.20
1.5 70.20

Table 2: Volumetric mass transfer coefficient (k;a) at different agitation rate

Agitation (rpm) kach™)
100 0.288
300 15.13
500 31.62

1.5 vvm, however, k;a value was found to decrease.
Although oxygen is necessary for the growth of aerobic
cultures, high aeration rates probably disturb cell growth
by damaging the cells. As stated by Nadeem et al. (2009),
high aeration rate intubited cell growth by creating air
dispersion problem in the fermentation system which in
turn affected cell biomass concentration. Elevating the
stirring rate also increase the ka values, although the
increment was significantly lower than by varying
aeration rate.

CONCLUSION

Submerged cultivation of P. sanguineus in
ultrasonically-treated POME in a stured tank bioreactor
for the production of cellulase showed considerable
potential  with  maximum cellulase production of
0.1728 FPU mL~". Aeration and agitation rates were found
to affect cell growth and cellulase production. Low
aeration (0.5 vvm) and high agitation rate (500 rpm)
adversely affected cell growth and cellulase production.
Balance between aeration and agitation rates is thus
essential for the optimum yield of cell biomass and
cellulase production.
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