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FUNGI ON DRIFTWOOD COLLECTED FROM THE
SANDY BEACHES OF PORT DICKSON, MALAYSIA.

. Ny §orF
ﬂs. VIKINESWARY and Mﬁ&h——i&#.
INSTITUTE OF ADVANCED STUDIES,

UNIVERSITY OF MALAYA.

INTRODUCTION

The sand, beaches harbor interesting organisms that
are adapted'tg living in the water-filled spaces 'between
grains of sand. These spaces are small and mostly micro-
scopic. The organisms that live there are therefore
minute and provided with adaptations to life in such a
habitat, The mycota of such habitats is .akes not well
known and investigations of sand-inhabiting or arenicolous
fungi have been restricted mainly to taxonomic and morpho-
logical studies.p* Ecological observations are rare and
have only started recently (1, 2y, 3).,
'v'w‘“

Arenicolous fungi can be defined as fungiramoﬂg or on
grains of sand without implying that they obtain any
nutrients from the sand itself, Pieces of driftwood found
on the sandy beaches and pieces of wood partially buried
in the sand are rich sources of sand - inhabiting fungi.
These microscopic fungi play an . important role in degrada-

tion of organic material namely lignocellulose found in
wood.,

Although there are many sandy beaches along the
Malaysian coastline, they have not been investigated for
marine fungi. In order to characterise the fungi found on
driftwood along sandy beaches, a wide range of localities
have to be investigated and an estimate made as to their
frequency of occurrence.

Materials and Methods

Collection of driftwood was made at the sandy beaches
of Blue Lagoon and Pantai Port Dickson, Port Dickson.
Driftwood was collected randomly from the sandy beaches
and placed in polythene bags for return to the laboratory.
The wood was examined for the presence of fungli, and then
incubated in the laboratory as described by (4). Further
fungi appeared on incubation and these were added to the
list of species already recorded. '




Results and Discussion
lable I lists the fungl encountered. The most common

sprcies were Sawvoryvella ligniceola, Corolleosvora pulchells
and Fericonia prolifica.

Table I: Fungi found on driftwood from Port Dickson, Malaysia

Fungi Number
collactions

o

Savorvella Ifgnicolga

Ferliconl’a orolifica

Corollospora pulchel1a®

corallospora mart tima®

Humicola sp.

areniriomvees trifurcatus® v
carLosanasiella lépCObphqerzozobu
DTﬁ%mﬁlojodza sp.

Savoryells appendiculata®

Monodictvs sp.

Zalerion sp.d

reicheocl acdium ooacumd ) @ ¢ PR g
ARLLernarid sp.

Cirrenalia pypmead
Sawvorvella &Iongataa
lricnocladium 1inderii Jiked
sicaniosporella sp. like®

= = = NP NIl &=~ ON

Total number collections : 80
Empty perithecia , 15
Collections with no” fungi =-- ‘' -*-° 3

Tohat 28

- Ascomycotina
- Deuteromycotipa - " O i _—

a
d

- : ot e . “w

Little is known of the arenlcolous fungl from the
tropics. In fact little is ‘known of the arenicolous fungi-

in Malaysia. More investigative work has to be done in
this area in order to characterise the marine fungi found
on driftwood and sand. There has been some work don

of the arenicolous fungi-so f obseived: have carbo eous.
ascomata which may be an a tive feature for r851st1ng
desiccation in the habitat of the sandy beaches (6).

manglicolous fungi in Malayjéz)as reported by (5) Most
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Draft 1

Growth of Pleurotus sajor-caju on oil palm frond
parenchyma tissue '

S - . kaincsnry and §. Balsbaskarans
Institute of Advanced Studies, Univereity of Malaya
Department of Blochemistry, University of Malaya*

MATERIALS AND METHODS

Raw substrate

0il palm frond parenchyma tissue (OPFPt) was obtained from the United
Plantation, Telok Intan, Perak.

Inoculum

Pleurotus sajor-caju was obtained from MARDI, Serdang and used as the
spawn culture for all experiments,

_Fermentation

oPFlt .

In this experiment, about 25 g .smratrﬁte' was weighed into each 250 ml
conical flask with 1% calcium carbonate. Two types of nitrogen
supplementation were used, ie. 20% POME and one level of urea at 1.0
nitrogen unit (wrt 20% POME). The culture flasks were autoclaved at
121°c¢, 15 psi for 30 min. The moisture content wis adjusted to 75%
(v/w). Each flask was then inoculated with 10% (w/w) spawn culture.
Incubation was done at room temperature for 30 days without shaking.

Enzyme harvesting

At suitable interval of time, triplicate culture flasks from each

treatment (20% POME and urea) were sampled at random. About 75 ‘ml of

cold 50 mM sodium acetate, pH 4.8 was added to the content of each .
flask. The flasks were transferred iffto an incubator cum shaker at 4°C,

150 rpm aﬂd—ﬁﬂowed—tv-be—ehakan—ovem%-@wappmximtely 18 hours).

Ouhe_mlmmngfomingﬁh&—eu;m:e.ﬂasks_ummd-fmm—chamber
afhd the solids Temoved through centrifugation at 5000 rpm at 4 °C for 20
min. In all t procedures, the-slurry-and-supernatant must bekept—at
"4 °C with.d ips. The supernatant, designated as crude culture

extract contained the fungal enzymes, and was stored in small vials at.
-20°C for enzyme assays. : Yept



Analytical determination
Enz assays.

(1)  Exocellulase. A quantity, 0.5 ml of the crude culture extract was
. added to 1.0 ml of 20 mg Avicel/ml 50 mM sodium acetate buffer, pH 4.8
and incubated for 4 h. at 40°C (Wood and Bhat, 1988). The reducing
sugars released after incubation was determined by the dinitrosalicylic
(DNS) method (Miller, 1959). The enzyme activity is expressed as jmol
glucose released/min/g of substrate.

(2) Endocellulase. The reaction mixture, consisted of 1.8 ml 1% solution
of sodium carboxymethyl cellulose in 50 mM sodium acetate buffer, pH 4.8
and 0.2 ml of crude culture extract was incubated for 30 min at 40°C
- (Dong et al., 1992). The reducing sugar released was measured by the
dinitrosalicylic (DNS) method (Miller, 1959). One unit of enzyme
activity was expressed as 1 umol of glucose released/min/g substrate.

(3) A-glucosidase. ACtivity towards p-nitrophenyl-f-D-glucopyranoside
(PNPG) was estimated by measuring spectrometrically the release of p-
nitrophenol from PNPG (Dong et &l., 1992). One unit of enzyme activity
was expressed as 1 umol of p-nitrophenol produced/min/g substrate.

(4) xylanase. Xylanase activity was assayed by mixing 0.2 ml of
crude culture extract with 1,8 ml of 1% xylan in 50 mM sodium acetate
buffer, pH 4.8 and incubated for 1 h. at 40°C (Bailey et al., 1992) in a
water bath with moderate shaking. Reducing sugar was measured with
dinitrosalicylic acid reagent (DNS)(Miller, 1959). One unit of enzyme
- activity was defined as 1 pumol of xylose liberated/min/g substrate.

(5) Laccase. The assay mixture consisted of 0.1 ml crude culture
extract, 3.0 ml distilled water and 0.1 ml of 1% syringaldazine in
ethanol (Harkin and Obst, 1973). One unit of enzyme activity is defined
as the amount of enzyme producing 1 OD unit/min/g substrate at 527 nm.

Protein. The extracellular soluble protein was measure(i' by the method

of Bradford (1976). Crystalline bovine serum albumin served as the
standard. .

RESULTS

A time course study was perfdrmed to compare solid state fermentation By

Pleurotus sajor-caju on oil palm frond parenchyma tissue (OPFPt)
supplemented with POME or urea. 3

Cellulolytic activity

Pleurotus sajor-caju is llgnOCellulolytJ.c, producing extracellular
cellulases and P-glucosidase in OPFPt supplemented with POME or urea!hj
In POME supplemented culture, the changes in exocellulase activity was



slight throughout the course of fermentation (0.26-0.32 U/g substrate).
The endocellulase activity also increased gradually with an initial
activity of 0.54 U/g substrate and reaching a maximum value of 2.91 U/g
substrate at the end of fermentation period. The initial B-glucosidase
activity was low which rose gradually and. attained 0.23 U/g substrate
towards the end. : :

The exocellulase activity of culture with urea supplementation showed a
similar pattern with that of POME supplementation. However,
endocel lulase activity showed a more pronounced increase during the
first 10 days with a maximum activity of 4.38 U/g substrate. Then the
activity decreased which later stabilised at 3.03-3.5 U/g substrate.
The initial B-glucosidase activity was also low at 0.0096 U/g substrate,
This increased gradually to a naximum of 0.35 U/g substrate at the end
of fermentation.

Xylanplytic activity

The xylanase activity of culture with POME supplementation showed a
similar profile with that of e docellulase with a maximum activity of
2.85 U/g substrate at day 30. owever, in urea supplemented culture, a
very sharp increase of activity was observed during the first 5 days of
which the maximum activity was 6.6 U/g substrate on day 5. After that,
there was a decreasing trend in the activity, the lowest activity been
4.17 U/g substrate on day 30.

Ligninolytic activity .

For both the POME and urea supplemented culture, there was a rapid
increase in laccase activity, peaking o ﬂay 10 with activities of 10.53
and 15.93 U/g substrate respectively.\ﬁg‘? m day 10 onwards, the activity
decreased rapidly to values in the range of 6.6-7.6 U/g substrate on day
15. After this, there was a slight increase in activity ranging between
6.5-9.5 U/g substrate until the end of fermentation. . -

4

<

Soluble protein

The initial concentzftion of soluble protein was in the range of 0.14-
0.21 mg/g substrate“)skor POME supplemented culture, the extractable
protein reached 1.1 mg/g substrate with the first 15 days of incubation.

An increase in the soluble protein concentration was also observed after
day 20. ’

In urea supplemented culture, the increase in soluble protein was more
rapid peaking on day 10 and 25 with values of 2.07 and 2.67 mg/g

substrate respectively. In both cases, the soluble protein decreased
sharply after day 25.



DISCUSSION

The present study indicated that the general composition of the oil palm
frond parenchyma tissue (OPFPt) would support good fungal growth, though
requiring supplementary nitrogen to maximise protein yield. This was
confirmed by the results of growth experiments (Dinesh, 1994).

: wisst
Appreciable amounts of enzyme activities age measured during the course
of fermentation. Generally, culture with ures supplementation is more
favourable in terms of higher enzyme activities compared to POME
supplementation, which effected an increase degradation of the
substrate. ‘The detection of high level of laccase activity in the early
stage showed that lignin was consumed preferably.

The soluble protein can be used to relate the growth of fungus in the

substrate. First, the usual fungal growth and germination occurred,

followed by exponential growth, decelera jon and finally autolysis.
Btgss Uoels 4 golds polein T Garre F M pweane
sbinlie, . -

CONCLUSION
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As the growth conditions of solid state fermentation are closed to the
natural ones, the results may be useful for investigating biodegradation
in nature, improving the existing techniques, product quality and to
increase our knowledge of fungal growth on solid substrate.
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i

MATERIALS AND METHODS

Raw substrate

0il palm frond parenchyma tissue (OPFPt) was obtained from the United
Plantation, .Telok Intan, Perak.

Inoculum

Pleurotus sajor-caju was obtained from MARDI, Serdang and used as the
spawn culture for all experiments.

Fermentation
Im%s_enmm about 25 g OPFPt was y_gi into each 250 ml
conical flask 1% calcium carbonate. Tw ypes of nitrogen

supplementation were used, ie. 20% POME and one level of urea at 1.0«
nitrogen unit (wrt 20% POME).¥ The culture flasks -were autoclaved at
121°C, 15 psi for 30 min. /he moisture content was adJusted to 75%
(v/w). Each flask was then inoculated with 10% (w/w) ‘spawn culture.

Incubation was done at room te rature for 30 days without shakm
“[tu wede Solubow wes e S-lz-jhplte'\c.d md added b Lo Qhkml %m.—l “H"“k‘ .

Enzyme harvesting

regd ar
At suiteble intervals of time, triplicate culture flasks from each
treatment (20% POME and urea) were sampled at random. About 75-ml of
cold 507mM sodium acetate, pH 4.8 was added to the contentf of each

flask. The flasks were transferred to an incubator ews shaker at 4°C
150 rpm for approximately 18 hours.

The solids were removed through centrifugation at 5000 rpm at 4 °C for
20 min. The supernatant, designated as crude culture extract contained

the fungal enzymes, and was kept in small vials at -20°C for enzyme
assays.
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Analytical determ"rﬁ‘t%gﬁj>
Enzyme assays.

(1) Exocellulase, A quantity, 0.5 ml of the crude culture extract
was added to 1.0 ml of 20 mg Avicel/ml S0 mM sodium acetate buffer, pH
4.8 and incubated for 4 h. at 40°C (Wood and Bhat, 1988). The reducing
sugars released after incubation was determined by the dinitrosalicylic
(DNS) method (Miller, 1959). The enzyme activity is expressed as umol
glucose released/min/g of substrate. ’

(2) Endocellulase. The reaction mixture, consisted of 1.8 ml 1%
solution of sodium carboxymethylTcellulose in 50 mM sodium acetate
buffer, pH 4.8 and 0.2 ml of crude culture extract was incubated for 30
min at 40°C (Dong et &al., 1992). The reducing sugar released was
measured by the dinitrosalicylic (DNS) method (Miller, 1959). One unit
of enzyme activity was expressed as 1 umol of glucose released/min/g
substrate.

(3) B-glucosidase.Activity towards p-nitrophenyl-B-D-glucopyranoside
(PNPG) was estimated by measuring spectrometrically the release of p-
nitrophenol from PNPG (Dong et al., 1992). One unit of enzyme activity
was expressed as 1| pumol of p-nitrophenol produced/min/g substrate.

(4) Xylanase. Xylanase activity was assayed by mixing 0.2 ml of
crude culture extract with 1.8 ml of 1% xylan in 50 mM sodium acetate
buffer, pH 4.8 and incubated for 1 h. at 40°C (Bailey et al., 1992) in a
water bath with moderate shaking. Reducing sugar was measured with
dinitrosalicylic acid reagent (DNS)(Miller, 1959). One unit of enzyme
activity was defined as 1 umol of xylose liberated/min/g substrate.

(5) Laccase. The assay mixture consisted of 0.1 ml crude culture
extract, 3.0 ml distilled water and 0.1 ml of 1% syringaldazine in
ethanol (Harkin and Obst, 1973). One unit of enzyme activity is defined
as the amount of enzyme producing 1 OD unit/min/g suhstrate at 527 nm.

Protein. The extracellular soluble protein was measured by the method
of Bradford (1976). Crystalline bovine serum albumin the
standard. ' JB&s Yk
RESULTS

A time course study was performed to compare solid state fermentation by

Pleurotus sajor-caju on oil palm frond parenchyma tissue (OPFPt)
supplemented with POME or urea.

Cellulolytic activity

Pleurotus sajor-caju is lignocellulolytic, producing extracellular
ce!lulases and fB-glucosidase in OPFPt supplemented with POME or urea
(Fig. 1 & 2). In POME supplemented culture, the changes in exocellulase



activity was slight throughout the course of fermentation (0.26-0.32 U/g
substrate). The endocellulase activity also increased gradually with an
initial activity of 0.54 U/g substrate and reaching a maximum value of
2.91 U/g substrate at the end of fermentation period. The initial B-

glucosidase activity was low which rose gradually and attained 0.23 U/g
substrate towards the end.

The exocellulase activity of culture with urea supplementation showed a
similar pattern with that of POME supplementation. However,
endocellulase activity showed a more pronounced increase during the
first 10 days with a maximum activity of 4.38 U/g substrate. Then the
activity decreased which later stabilised at 3.03-3.5 U/g substrate.
The initial B-glucosidase activity was alse low at 0.0096 U/g substrate.
This increased gradually to a maximum of 0.35 U/g substrate at the end
of fermentation.

Xylanolytic activify

The xylanase activity of culture with POME supplementation showed a
similar profile with that of endocellulase with a maximum activity of
2.85 U/g substrate at day 30 (Fig. 3). However, in urea supplemented
culture, a very sharp increase of activity was observed during the first
5 days of which the maximum activity was 6,6 U/g substrate on day S.
After that, there was a decreasing trend in the activity, the lowest
activity been 4.17 U/g substrate on day 30.

Ligninolytic activity

For both the POME and urea supplemented culture, there was a rapid
increase in laccase activity, peaking on day 10 with activities of 10.53
and 15.93 U/g substrate respectively (Fig. 4).. From day 10 onwards, the
activity decreased rapidly to values in the range of 6.6-7.6 U/g
substrate on day 15. After this, there was a slight increase in

activity ranging between 6.5-9.5 U/g substrate until the end of
fermentation. ’

-

Soluble protein

The initial concentration of soluble protein was in the range of 0.14-
0.21 mg/g substrate (Fig. 5). For POME supplemented culture, the
extractable protein reached 1.1 mg/g substrate with the first 15 days of

incubation. An increase in the soluble protein concentration was also
observed after day 20.

In urea supplemented culture, the increase in soluble protein was more
rapid peaking on day 10 and 25 with values of 2.07 and 2.67 mg/g

substrate Téspectively. 1In both cases, the soluble protein decreased
sharply after day 25.



DISCUSSION

The present study indicated that the general composition of the oil palm
frond parenchyma tissue (OPFPt) would support good fungal growth, though

requiring supplementary nitrogen to maximise protein yield. This was
confirmed by the results of growth experiments (Dinesh, 1994) .

Appreciable amounts of enzyme activities were measured during the course
of fermentation. Generally, culture with urea supplementation is more
favourable in terms of higher enzyme activities compared to POME
supplementation, which effected an increase degradation of the
substrate. The detection of high level of laccase activit{'in the early
stage showed that lignin was consumed preferably. achJg g s JLMUL”

The soluble protein can be used to relate the growth of fungus in the
substrate. First, tte—usuel fungal growth and—germinatian occurred,
followed by exponential growth, deceleration and finally autolysis.

Higher levels of soluble protein is correlated with increased enzyme
activities.

CONCLUSION

0il palm frond parenchyma tissue can be used as a potential substrate
for Pleurotus sajor-caju. As the growth conditions of solid state
fermentation are closed to the natural ones, the results may be useful
for investigating biodegradation in nature, improving the existing

techniques, product quality and to increase our knowledge of fungal
growth on solid substrate.
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MATERIALS AND METHODS

Raw substrate

0il palm frond parenchyma tissue (OPFPt) was obtained from the United
Plantation, Telok Intan, Perak,M ‘1‘"“ .

Inoculum ) | / Mpu-(gt &

Pleurotus sajor-caju was obtained from MARDI, SerdangAand used as the
spawn culture for all experiments.

Fermentation

About 25g OPFPt was weighed into each 250ml conical flask and 1% calcium

carbonate was added. Two types of nitrogen supplementation were used, -
ie. 20% POME and one level of urea at 1.0 nitrogen unit (wrt 20% POME).

The culture flasks were autoclaved at 121°C, 15psi for 30min. The urea

solution was filter sterilised and added to. the contents of autoclaved

flasks. The moisture content was adjusted to 75% {(v/w). Each flask was

then inoculated with 10% (w/w) spawn culture. Incubation was done at

room temperature for 30 days without shaking.

Enzyme harvesting

At regular —intervals--;df?.t-ine, .-‘t.'nip.licate culture flasks from each - -
treatment (20% POME and urea) were sampled at random. About 75ml’ of
cold 50mM sodium acetate, pH .4.8 was added to the contents of each

flask. The flasks were transferred to an incubator shaker .at 4°C and
150rpm for approximately 18h.

Tl‘me solids were removed through centrifugation at 5000rpm at 4°C for 20
min. The supernatant, designated as crude culture extract contained the
fungal enzymes, and was kept in small vials at -20°C for enzyme assays.



Analytical Techniques

Enzyme assays
(1) Exocellulase. = A quantity, 0.5ml of the crude culture extract

was added to 1.0m! of 20mg Avicel/ml 50mM sodium acetate buffer, pH 4.8
and incubated for 4h. at 40°C (Wood and Bhat, 1988). The reducing
sugars released after incubation was determined by the dinitrosalicylic
(DNS) method (Miller, 1959). The enzyme activity is expressed as umol
glucose released/min/g of substrate,

(2) Endocel lulase. The reaction mixture, consisted of 1.8ml 1%
solution of sodium carboxymethylcel lulose in 50mM sodium acetate buffer,
PH 4.8 and 0.2ml of crude culture extract was incubated for 30min at
40°C (Dong et al., 1992). The reducing sugar released was measured by
the dinitrosalicylic (DNS) method (Miller, 1959). One unit of enzyme
activity was expressed as lumol of glucose released/min/g substrate.

(3) B—glucosidbse.Activity towards p—nitrophenyl-B—D—glucopyranoside
{PNPG) was estimated by measuring spectrometrically the release of p-
nitropheno! from PNPG (Dong et al., 1992). One unit of enzyme activity
was expressed as lumol of p-nitrophenol produced/min/g substrate.

(4) Xylanase. Xylanase activity was assayed by mixing 0.2ml of crude
culture extract with 1.8ml of 1% xylan in 50mM sodium acetate buffer, pH
4.8 and incubated for 1h. at 40°C (Bailey et al., 1992) in a water bath
with moderate shaking. Reducing sugar was measured with
dinitrosalicylic acid reagent (DNS)(Miller, 1959). One unit of enzyme
activity was defined as 1umol of xylose liberated/min/g substrate.

(5) Laccase. The assay mixture consisted of 0.1ml crude culture
extract, 3.0ml distilled water and 0.1m! of 1% syringaldazine in ethanol
(Harkin and Obst, 1973). One unit of enzyme activity is defined as the
amount of enzyme producing 10D unit/min/g substrate at 527nm.

Protein. The extracellular soluble protein was measured by the method

of Bradford (1976). Crystalline bovine serum albumin was used as the
standard.
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Cellulolytic activity :3

Pleurotus sajor-caju is lignocellulolytic, producing extracelliular
cellulases and B-glucosidase in OPFPt supplemented with POME or urea
(Fig. 1 & 2). In POME supplemented culture, the changes in exocellulase
activity was slight throughout the course of fermentation (0.26-0.32U/g



substrate). The endocellulase activity also increased gradually with an
initial activity of 0.54U/g substrate and reaching a maximum value of
2.91U/g substrate at the end of fermentation period. The initial B-

glucosidase activity/WEE—TEW\ﬂhigE)rose gradually and attained 0.23U/g
substrate towards the end.

The exocellulase activity of culture with urea supplementation showed a
similar pattern with that of POME supplementation. However,
endocellulase activity showed a more pronounced increase during the
first 10 days with a maximum activity of 4.38U/g substrate. Then the
activity decreased which later stabilised at 3.03-3.5U/g substrate. The
initial B-glucosidase activity was low at 0.0096U/g substrate. This

increased gradually to a maximum of 0.35U/g substrate at the end of
fermentation.

Xylanolytic activity

The xylanase activity of culture with POME supplementation showed a
similar profile with that of endocellulase with a maximum activity of
2.85U/g substrate at day 30 (Fig. 3). However, in urea supplemented
culture, a very sharp increase of activity was observed during the first
5 days of which the maximum activity was 6.6U/g substrate on day 3.
After that, there was a decreasing trend in the activity, the lowest
activity been 4.17U0/g substrate on day 30.

Ligninolytic act1v1ty

For both the POME and urea supplemented culture, there was a rapid
increase in laccase activity, peaking on day 10 with activities of 10.53
and 15.93U/g substrate respectively (Fig. 4). From day 10 onwards, the
activity decreased rapidly to values in the range of 6.6-7.6U/g
substrate on day 15. After this, there was a slight increase in

activity ranging between 6.5-9.5U/g substrate until the end of
fermentation.

1
Soluble protein
The initial concentration of soluble protein was in the range of 0.14-

0.21mg/g substrate (Fig. 5). For POME supplemented culture, the
extractable protein reached 1.1mg/g substrate with the first 15 days of

incubation. - An increase in. the soluble protein concentratxon was. also PR

observed after day 20

In urea supplemented culture, the increase in soluble prote1n was more
rapid peaking on day 10 and 25 with values of 2.07 and 2.67mg/g

substrate respectively. In both cases, the soluble prote1n decreased
- sharply after day 25.. R - :

‘\,. . S e 'l-!“‘,!‘.



DISCUSSION

The present study indicated that the general composition of the oil palm
frond parenchyma tissue (OPFPt) would support good fungal growth, though
requiring supplementary nitrogen to maximise protein yield. This was
confirmed by the results of growth experiments (Dinesh, 1994).

Appreciable amounts of enzyme activities were measured during the course
of fermentation. Generally, culture with urea supplementation is more
favourable in terms of higher enzyme activities compared to POME
supplementation, which effected an increase degradation of the
substrate. Considering the huge amount of OPFPt available in the
plantation, laccase activity as high as 15900U/kg substrate can be
obtained in the upscaled processes. The detection of high level of

laccase activity in the early stage showed that lignin was consumed
actively by the fungus. '

The soluble protein can be used to relate the growth of fungus in the
substrate. First, fungal growth occurred, followed by exponential
growth, deceleration and finally autolysis. Higher levels of soluble
protein is correlated with increased enzyme activities.

CONCLUSION

0il palm frond parenchyma tissue can be used as a potential substrate

for Pleurotus sajor-gaju. As the growth conditions of solid state
fermentation are closo the natural ones, the results may be useful
for investigating bi\dégradation in nature, improving the existing

techniques, product quality and to increase our knowledge of fungal
growth on solid substrate.
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\TERIALS AND METHOOS

ﬂ substrate

il palm frond parenchyma tissue (OPFPL) wWas obtained from the
nited plantation. Telok Intan, Perak.

poculum

aeurotus sajor-caju was obtainad from MARDL, Serdang and used as
-he spawn culture for all gxpariments.

J. sfafe o
rermentation .
p\ WL

about 25g OPFPL was weighed into each. 250ml1 conical flask and 1%
calcium carbonate wWas added. Two tyé%s of nitrogen supplementa-
tion were used, 1le. ~0% POME and one level of urea at 1.0 nitro-
gen unit (wrt 20% POME). The culture flasks were autoclaved at
121°Cc, LsSpsi for 30min. The urea solution was filter sterilised
and added to the contents of autoclaved flasks. The moisture
content was adjusted to 75% (v/w). Each flask was then inoculat-
ed with 10% (w/w) spawn culture. Incubation was done at room
temperature for 30 days without shaking.
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at regular intervals of time, triplicate culture flasks from each
treatment (20% POME and urea) were sampled at random. About 75ml
of cold 50mM sodium acetate;r pH4 .8 was added to the contents of
each flask. The flasks were transferred to an incubator shaker

at. 4°C and 150rpm-for approximately 18h.. prngETETY B



fugation at 50Q0rpm at 4°C
d as crude culture extract
in small wvials at

salics were removed through centri
20 min. The supernatant. designate
tained the fungal enzymas, and Was kept
‘C_for enzyma 3a$says.

lytical Techniques

yme assays //,W
cellulase < *
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danbitysA 0.5ml of the crude culture extract wWas—acsedte- 1.0ml
20mg Avicel/ml 50mM sodium acetate buffergl pH4.8 aRa incubated

4hy at 40°C (Wood and Bhat, 1988). The reducing sugars
eased after incubation was determined by the dinitrosalicylic
S) method (Miller, 1959). The enzyme activity is expressed as

1 glucose released/min/g of substrate.

focellulase
b

reaction mixture. consisted of 1.8ml. 1% solution of sodium
‘boxymethylcellulose in 50mM sodium acetate bufferd pH4.8 and
'ml of crude culture extract was incubated for 30min at 40°C

ng et al,, 1992). The reducing sugar released was measured by
, dinitrosalicylic (DNS) method (Miller, 1959). One unit of
:yme activity was expressed as 1lumol of glucose released/min/g
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tivity towards p—nitrophenyl-B—D~gluc0pyranoside .PNPG) was
timated by measuring spectrometrically the release of p-nitro-
anol from PNPG (Dong et al., 1992). One unit of enzyme activi-

was expressed as lpmol of p-nitrophenol produced/min/g sub-

rate.

rlanase

lanase activity was assayed by mixing ©0.2ml of crude culture
‘tract with 1.8ml of 1% xylan in 50mM sodium acetate buffen;f
4.8 and incubated for Lhs at 40°C (Bailey et al., 1992) in a
iter bath with moderate;shaking. Reducing sugar was measured
.th dipitrosalicylic.acid reagent _(DNS)(Miller,, 1959)... Ope. UAdL- - -
enzyme . activity was defined as lumolrdf,xylose-1§berated/min/g~f4

ibstrate. . T o _— dﬂkJ"'“Vﬁ:;;:rd’*aﬁvM_W‘ i
accase 3
P . e .
d :

he assay mixture cdnsisted of 0.1ml crude cultore extract, 3.0ml
istilled water and O.lml of 1% syringaldazine in ethanol (Harkin
nd Obst, 1973). One unit of enzyme activity is defiped as the



amount of enzyme producing 10D unit/min/g substrate at S527nm.

srotein// indecs

The extracellular soluble protein Was measured by the method of
Bradford (1976). Crystalline bovine serum albumin was used as
the standard.

ESULTS :
" time course study was_perforpes tg CcOmMpare solid state fermen-
tation Y Burotus sajor-caju cmﬁ 0il palm frond parenchyma

tissue (OPFPL) supplemented with ME or urea.j

Cellulolytic activity

pleurotus sajor-caju is lignocellulolytic, producing extracellu-
lar cellulases and R-glucosidase in OPFPt supplemented with POME
or urea (Fig. 1 & 2). In POME supplﬁmented culture, the changes
in exocellulase activity was mpiE® throughout the course of
fermentation (0.26-0.32U/g substrate). The endocellulase activi-
ty alse increased gradually with an initial activity of 0.54U/g
substrate and reaching a maximum value of 2.91U/g substrate at

the end of fermentation period. The initial f-glucosidase activ-
ity wcc-4aw—ﬁkdeg!¥455'gradually and attaiped 0.23U/g substrate
Rnﬂntb-&b&—nnd.ai' 30 Japjﬂ 15 4~§44Lﬂip.ﬂ .

The exocellulase activity of culture with urea supplementation
showed a similar pattern with that of POME_.«sup lemgntation.
However, endocellulase activity showed a more p#@ﬁ&ﬁ?ﬁ£=??ncrease
durina the first 10 days with a maximum pctivity of 4.38U/9

substrate. Then the activity decreased latar stabilised at
z.03-3.5U/g9 substrate. The initial f-glucosidase activity was
low at 0.0096U/g substrate. This increased gradually to a maxi-

mum of 0.35U/g substrate at the end of fermentation.

Xxylanolytic activity

The xylanase activity of culture with POME supplementation showed
a similar profile with that of endocellulase with a maximum
activity of 2.85U/g. substrate ,.at day. 30 (Fig. 3). However, 1in
urea=.supplemented cultureﬁ;aiuepxyghatpsi crease of. activity -was:-

obeerved during the firgt S5 days 'E%? mapigum a3
6.6U/g substrate on day 5. 4 wa
trg” tremd in  the activity he lowest activity oA 4.17U/9

cihaetrate on day 30. { i




LL\L—C_W
Agninalytic activity . -

‘or both the POME and urea supplemented culture, there was a
-~apid increase in laccase activity, peaking on day 10 with activ-
lties of 10.53 and 15.93U/g substrate respectively (Fig. 4).
‘rom day 10 onwards, the activity decreased rapidly to values in
the range of 6.6 - 7.6U/g substrate on day LS. After this, there
Nas a slight increase in activity ranging between 6.5-9.5U/g
substrate until the end of fermentation.

Soluble protein

The initial concentration of soluble protein was in the range of
0.14-0.21lmg/g substrate (fFig. S). For POME supplemented culture,
the extractable protein reached 1.lmg/g substrate with the first
15 days of incubation. An increase in the soluble protein con-
centration was also observed after day 20.

In urea supplemented culture, the increase in soluble protein was
more rapid peaking on day 10 and 25 with values of 2.07 and
2.67mg/g substrate respectively. In both cases, the soluble
orotein decreased sharply after day 25.

DISCUSSION

The present study indicated that the general composition of the
0il palm frond parenchyma tissue (OPFPt) would support good
fungal growth, though requiring supplementary nitrogen to maxi-
mise protein yield. This was confirmed by the results of growth
experiments (Dinesh, 1994).

Appreciable amounts of enzyme activities were measured during the
course of fermentation. Generally, culture with urea supplemen-
tation is more favourable in terms of higher enzyme activities
compared to POME supplementation, which ffected- an increase
deqgradation of the substrate. Considering the huge amount of
OPFP vailable in the plantation, laccase activity as high as
: 15900U/kg) substrate can be obtained in the upscaled processes.
The detection of high level of laccase activity in the early
stage showed that lignin was consumed actively by the fungus.

¥
The soluble protein can be used to -relate-the growth of fungus in -
the substrate. First, fungal growth occurred, fcllowed by expo-
nential growth, deceleration and finally autolysis. Higher
levels of soluble protein is correlated with increased enzyme
activities.



INCLUSION

Il palm frond pairenchyma tissue can be used as a potential
Ibstrate for Fleurotus sajor-caiu. As the growth conditions of
\1id state fermentation are closed to the natural ones, the
wsults may be useful for investigating biodegradation in nature,
pwroving the existing techniques, product quality and to in-
‘ease our knowledge of fungal growth on solid substrate.
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Growth of Pleurotus sajor-caju on oil palm frond

parenchyma tissue

GEEENENSEEe Vikineswary, S. and Balabaskaran, S.°
Institute of Advanced Studies, University of HMalaya

*Department of Biochemistry, University of Malaya

INTRODUCTION

Liranocellulasic materizl 13 conhtinuosiy produced 1n lLarge quanti-
Lties as residual wastes in agriculture and forestry and consti-
tutas an anupdant and underutiliszea source of renawzbila D1OMIss.
Ine o0ii palm industry croguces a varliety of py-productz. 1ln the
Field., & Larjze auantity ot oil palm fronas are produces during
oruning ana replanting programmes. which amount to (L1 tonnes/
nectare, vear ana Lé tonnasshectars rezpechivaely (Monamad S£ af. .,
13351, This aariculeoural residue wilcn contain lignocellulozsa2 in
aripciole., oan De utilised by wnite rot fungl 1n solid state
feirmentation. Preliminary studies by Dinesh (1994) have shown
that Fleurotus sajor-caju can agrow in oil palm frond paranchyms
tissue OPFPL) and the piomass nrocucec haz potantial as animai
reed  supodlement. This paper reports the blochemical changes
related to the growth of the fungus in OPFPt.

REFGrepes

MATERIALS AND METHODS
Substrate

ULl »nalm frond oparenchyma tizssue (0QPFPL) was obtainsd fron rhe
igniced Plantacion, Telok Intan, Perak, Malaysia.

I nocu_l_um e e m WA ez oom e e S PTRITSL U TRITS TR A

.

pleurotus sajor-caju was obtained from MARDI, Serdang, Malaysia
ancg used as the spawn culture for all experiments. ‘ ‘



ol Seglucosludsse
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ICLivIbyY  Towa: Jds n-nitropinenyi-3-L-glucopvranvuslde tPMPGL) was
sstimated pv measurina spectromecrically the release of p-nitro-
henol From PNPG (Dong &t al., L992). 0One unit of enzym2 Actlvi-

2y was a2xpressad as Lpumol or w-nitrophenol produced/smin/g s2D-
PLraCE.

(" Xwianadss

<vlianase acrivity was assayed py mlxing O.2mlL o7t crude culture
sxtract with 1.8ml of 1% xvlan in 50omM sodium acetate puffar at
5Ha .8 and incupated for Lh at #40’C (Bailey et =2i.. 19=22) 1n a
nater bath with moderate shaklng. Reducing 3uUdgar was measured
Aith dinitresalicylis acid raagent (odsi(Miller, 1%52). 0On= unit
of enzvme actiwvity was defined as Lumol of xylose liberated/min/a
zubscratea.,

2 lLaccise

L ae assav misrure consisted af O.Llml crude culturz extract, S.uml
Sistilled water ancg O.lml of i% sviingaldazine in etnanol (Harkin
<nd Obst. 1973). On2 unit of enzym2 activity was definad as tn3
AamouUnt of anzvme pioducing L Ul unit/min/g substrace at S27 0.

Protein

rhe extracellular soluble protein was measured by the ma2thod of

Bradford (1976). Crystalline bovine serum albumin was used as
rae standard. -

RESULTS

[ne enzyme activities during the growth of Fleurotus sajor-caju
on UPFRT in S8F is given in Fia. L-4.

Cellulolytic activity

fleurocus sajor-caju is lignocellulolytic, producing extracellu-
lar cellulases and B-glucpsidase in OPFPt supplemented with POME
or urea-(Fig. 1 & 2)..-In POME. supplemented-culture, the changes-
in evncellulase activity was minimal -throughout the ccource of
fermentation (0.26-0.32U/g substrate). The endocellulase activi-
ty increased gradually with an initial activity of 0.54U/g.sub-
strate and reaching x maximum value of 2.91U/¢g substrate at the
end of fermentation period. The initial R-glucosidase activity

increased gradually and attained 0.23U/g substrate at 30 days of
incubation.



@ scocellulasze activiby of cultine2 with urTa Seoplemantation
owed a simviar pantern with that ot #OMe supolementation.
wWavar, enancel lulase activity showad a wove significant in-
reaza during the ftirst 10 days Wlth a maximum activity of
.38L /g supstrate. Then the actlvity decrea:zed and stabillized at
w3-005%U/a substirace. ihe 1nitial R-glucosidase activity was
NDW at 0.00%96U/qg subsltrate. This increased gradually to a maxi-
um of V.3%UJs/qg subskhrate at tha enc of fermentation.

‘yYlanolytic activity

‘he xylanase activity of culture with POME supplementation showad
1 aimilar m»rorile with that of endocelluiase with 2 maximum
ictivity of 2.855U/qa substrate at day 30 (¥ig. S).  towever, 1in
drea supplementa2d cultuire, a4 very sharp 1ncrease ©f attivity Was
obsarved during the first 5 days and the maximum activity of
©.6U/g supztrate was on day 5. After tnat, the&re was a gradual
decreas2 1n the activity and - the lowest actliviry was 4. 17U/
substrate onh day 30.

Laccase activity

For koth the POME and urea suppblemented cultuire, thera wWwaz 3
Fapld 1ncrease 1n iraccase activity, peaking on cay LU wilith activ-
ities of 10.53 and 15.93u/g substrate respectively (Fig. 4).
From day 10 onwards. the activity decreased rapidly to values in
tha ramge of 6.6 - 7.6U7a substrate on day LS. After this, theare
was a =3light 1increase in activity ranging between 6.5-9.5L/4g
substrate until the end of fermentation.

Soluble protein

fhe inirial concentration of soluble protein was in the range of

G.i40.21masg substrate (Fig! 5). ror POM: 3upplemented culture,
the extractable protein reacn=d 1.lmg/g substrate with the first
15 gays of incubation. An increase in the soluble protein con-

centration was also observed after day 20.

In urea supplemented culture. the increase in soluble protein was
maore rapid peaking on day 10 and 25 with values of 2.07 and
2.67mg/ga substrate respectively. In both cases, the soluble
protein decreased sharply after day 25. :
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DISCUSSIOHN '

o orazant study indicated that the qeneral composition of tna
Oll  palm  frana parenchyma tissuz (0PFPt) would support good
rungxl growth, though requiring supplamentary nitrogsn to maxi-
mise protein vield. This was confirmed by the results of growth
axpariments (Dinesh, L1974).

Rpptaciable amounts of enzyme activities were measured during tha
course of fermentation. Generally, culture with urea supplemen-
TALION 1S more favourable in tearms of higher enzyme activities
Compared to POME supplementation, which affected an increase
Gd2acadantion of the substrate. Considering the huge amcunt of
UPFI L avallable in the plantation. laccase activity as high a=
L53C0U/ kg substrats can be obtained in the upscaled pProcassas.
The detection of high level of laccase activity in the early
3raze showed that lignin was consumed actively by the fungus.

The soluble protein can be used to relate the growth of fungus in
Fha syostrate. First, fungal growth occurred, followed by expo-
fential  growth. aeceleration and finally autolysis. Higher
levels of soluble protein is correlated with increased enzyme
activities.

CONCLUSION

1l ealwm frond parenchyma tissue can be used as a3 potential
zupbstrate for Pleurotus sajor-caju. As the growth conditions of
sagivi-state fermentation are closer to nature, the results may be
uzeful for invesztigating bicdearadation .in nature: improving the
8x13ting techniques. product quality and to increase our knowi-
edae of funagal arowth on solid substrate. 4
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Growth and product formation of Ankistrodesmus convolutus in an
air-1ift fermenter

q S.M. Phang and S.H. Goh
Institute of Advanced Studies, University of Malaya, 59100 Kuala
Lumpur, MALAYSIA

; . )
Absract &5, Arien M

.

carbohydrates and pigments /in the green alga{Ankistrodesmué\
convolutus ) were-investigated. Four batches of¥culture in an
airlift fermenter were compared for growth and product“f mationt
The four batches were grown under the following conditions: (1)
unbuffered at low light intensity, (2) pbuffered at low light
intensity, (3) buffered at high light intensity and (4) buffered
at low light intensity and aerated with 5% CO,. The CO,-aerated
culture attained the highest biomass (308 mg dry weight/L)
compared to the other batches (122 - 150 mg dry weight/L). Cells
grown at high light contained more lipids (26.0% dry weight) than
under other culture conditions studied. No significant variations
in fatty acid composition (predominantly 18:3n-3) and
pigmentation were observed in the four batches of cultures.

Ankistrodesmus convolutus produced g&?g?fi?ant amounts of
carotenoids (especially lutein). ‘Pr vab (<

Introduction

Gfowth_aﬁd"production ofC%ipids, fatty acids, proteins,

Microalgae are potential sources of a wide range of useful
natural products. The products which are commercially important
include specialty lipids (eg. arachidonic acid, eicosapentaenoic
acid and docosahexaenoic acid) and pigments such as carotenoids
and phycobiliproteins (1). Mass culturegyof microalgae is vital
in generating sufficient biomass for th extraction of various
products. In parallel with the advancement of microalgal
biotechnology, various mass-culture systems have been developed.
Mass culture systems of microalgae include both open (raceway
ponds) and closed systems (phototubular bioreactor and air-lift

fermenter). Closed systems are mo;e&i table than open systems
for physiological and productivityf%h require strict sterile
conditions. .

Air-lift bioreactors are advantageous for the culturing of
microalgae because they offer simple and effective mixing with no
moving parts, high gas absorption efficiency and good heat
transfer characteristics (2). '
The Grednt nnere Siepre algee
AnKistrodesmus convolutus has been selected for the present study
A after a preliminary screening programme of potential microalgal
resources of Malaysia for useful natural products. This green
alga appears ty 'b& a fast growing species with appreciable
amounts of carotenoids and polyunsaturated fatty acids (3).
Growth performance and product formation of Ankistrodesmus
convolutus in four batches of cultures in an air-lift fermenter
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were compared. The four pbatches were grown under the following
conditions: (1).unbuffered at low light intensity, ™

(2) buffered at low 1ight intensity, (3) puffered at high light
intensity and (4) buffered at low light intensity and aerated

with 5% CO,.

Materials and Methods

Jle prosont ()“2
culture conditions. Ankistrodesmus convolutus Corda (isolate No.
101) in pbiﬁAstudy was isolated from a freshwater pond and
deposited at the Microalgal Culture Collection Centre at the
Institute of Advanced Studies, University of Malaya. The alga was
grown in an airlift fermenter (cap%ws.s L) using Bold's Basal

Medium, BBM (4). A 10% innoculum of ahi” exponential phase culture
with an optical density at 620 nm of 0.2 was used.

At low irradiance (31.9 yEm'zs'l) light was provided by four
fluorescent lamps (True-Lite) attag?qﬂ to two parabolic
reflectors. At high irradiance (63.8 LEm “s ) light was provided

by eight fluorescent lamps. Illumination was set on a 12, ight
aKd 13 h dark cycle. Jﬂ\u/ahkﬁb with Mot ipld e LWL,‘(yaa qﬂL
S twilias ‘

Filter sterilised air was pumped through the sparger-loop at a
rate of 1,500 /mjn. Fo he experimpent to investigate the
effect of Cozi?fﬁé‘gﬁf‘fb& @f‘s% co '%ﬁé"l}used instead of air.
Caoling water? ( c) was|allowed to ftﬂ/d. gqver thea water:
jzngf éo’mginéiéﬂ\;ﬁL/ZLiéur;\tém ératur ’;E92 dé. o

Chemical analyses. Lipids were extracted in methanol-chloroform-
water (2:1:0.8) and determined gravimetrically (5). Fatty acid
methyl esters were analysed by gas chromatography after
transesterification of the 1ipids in 1 N sodium methoxide at 60°
¢ for 20 min (6). The gas chromatograph was equipped with a polar
capillary column (DB 23). The following temperature program was
used : 130°C (2 min) increased to 200°C (1 min) at a rate 3°
c/min then further increased to 230°Cc at 2°Cc/min and held for S
min.

proteins were extracted in 0.5 N NaOH (80°c, 20 min) and assayed
according to the dye-binding method (7). Carbohydrates were
determined using the phenol-sulphuric method (8) after extracting
the cells with 2 N HCl (80°C, 20 min).

Pigments were extracted by sonication (2 min) in 100% acetone
| (HPLC grade). After centrifugation, the supernatants were
‘removed, evaporated and redissolved in 1 mL of acetonitrile-
' methanol—-acetone (56:40:4) before analysis by HPLC. The HPLC
system consists of a Rheodyne valve injection port (200 pL loop),
a Shimadzu LC 7A pump and a Shimadzu M6A photodiode array
detector. The pigments were resolved using a reversed phase
column (c18) filled with 5 u materials and a dimension of 300 X

|

‘_b G li WA “\h,l\‘i":'ﬁs . g)chW\ ;\’M W\_‘L'\’\A.I'U‘/CQQ ({Mh% ("\]

T
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39 mm. The pigments were separated isocratically using mobile
phase consisting of acetonitrile:methanol:acetone (56:40:4) at a
flow rate of 1 mL/min. Identification and quantification of the
pigments were based on comparison and calibration with authentic
standards supplied by Sigma and Fluka Chemicals.

Results and discussion

Growth of Ankistrodesmus convolutus based on cell counts and
oD are shown in Figures 1(a) and 1(b) respegtively. The
éuf 88y wirtchwie. bibblad with 5% CO,"afEdificd higher cell
density and ODg,, compared to other %atches throughout the
culture period ?fo days) studied. No significant difference was
observed in growth perf nece. among the other batches of
cultures studied.

P’/{ U{’ fhae 'lsw Gty y h.C\-V e
dhe unbuffered culture showed arvardatiop of pH ranging from 6.8

N at fFrENinitial.to 10.0 at, the end of the study. The increasé in
pH fould be attributed toj ssimilation of nitrate which release
OH™* (9). However, the increase in pH did not appear to have any
adverse effect on the growth of Ankistrodesmus convolutus. This
was because buffering of the medium (pH within 6.8 - 7.0%
throughout the growth period) did not result in any improvement
fin TERUER: v i

: My SOREORT-C SV SR n e Ay P

Light intensity of 31.9 uEms’l éidi;ﬁt 1imit khg growth of
Ankistrodesmus convolutus. This was because a doubling of light
intensity (63.8 uEms'? did not improve the growth performance of

. / g ,
this alga gm»'uNuC&iJ( cgﬁih
The medium uskd seemed to be limited in carbon supply. This-was
shown-by the—improvement in growth\after\the supplementation of
5% 'CO5. Biomdss based on dry weight''of the cultures aerated with
5% CO, was almost doubled that of the yields attained from other
batches of cultures (Table 1). The addition of CO, was reported
to improve biomass production in Tetraselmis sueclica (10).

Table 1 shows the biochemical composition of the various batches
of cultures. Carbohydr‘,qgvggpstitute the lowest' proportion (7.5
- 12.0% dry weight) of|this“alga. A slightly lower carbohydrate
content (7.5% dry weight) was shown by the culture grown at low
light in unbuffered medium compared to other culture conditions
(10.0 - 12.0% dry weight). An increase in lipid‘content was
_observed in cultures grown in the buffered medium (23.4% dry
weight) compared to the unbuffered medium (5.6% dry weight). The
culture at high light seemed to afford higher %@pi%\ggnggnt
.(é%g.o% dry weight) compared to other cultures. The&: uffered
~ “&ftture had a higher protein content than the ‘Gthier culturesg/: "l
Similar protein contents (around 18% dry weight)‘were produced in
the other cultures. Owing to the higher biomass attained by the

CO,-aerated culture, the yields of the biochemicals (in mg/L)
were higher than the other cultures.

et
Table 2 shows the fatty acid Gemﬁgggkionswof the different



batches of cultures grown in the airlift fermenter. The
predominant fatty acid produced in all the batches was a-
linolenic acid (18:3n-3) which ranged from 73.1 - 85.7% of the
total fatty caids. Other fatty acids produced were mainly
unsaturated fatty acids which included 16:4, 18:1, 18:2 and 18:4.
The only saturated fatty acidiproduced were 16:0 and 18:0.

The unbuffered culture exhibited a slightly lower proportion of
16:0 but a slightly higher proportion of 18:3n-3 compared to the
other batches. The coz-aerated culture produced less 16:0, 16:4,
18:1, 18:2 and 18:4 but more 18:3n-3 compared to other batches of
cultures. No stearic acid (18:0) was produced by the CO -aerated
culture. Total fatty acid content remains almost constan% for all
the batches of cultures (Table 2).

Pigment composition did not differ significantly among the
various batches of cultures (Table 3). The pigments of this alga
include lutein, violaxanthin, neoxanthin, a-carotene, B-carotene,
chlorophyll-a and chlorophyll—-b. These pigments are commonly
found in other green algae. However, antheraxanthin, zeaxanthin
and loroxanthin which are known to present in other green algae
(11) were not detected in the present study.

Pigmentkcqudsitipn did'n9t\diffe{gsiQnifICaﬂtly among the
various batcheg .of Sultures 'sfudiéd. Appreciable amounts of
xanthophylls (10.7 - 12.4 mg/g dry weight) with the predominance
of lutein were observed. Very low contentf of carotenes uwerew®
detected and more a-carotene was produced than B-carotene. Total
carotenoid content (12.2 -16.0 mng/g d4dry weighht)ﬂgg+¥
Ankistrodesmus convolutus was much higher than the content, for
. another species Ankistrodesmus (4.1 mg/g dry weight) reported By

{12y .

In conclusion, aeration with CO, medium improved growth of
Ankistrodesmus convolutus in the airlift fermenter. A slight
variation in biochemical composition but no significant variation
in fatty acid composition and pigmentation were observed in the
four batches of cultures. Ankistrodesmus convolutus produced
appreciable amounts of carotenoids (especially lutein). Further

manipulative studies to improve growth and carotenoid production
are in progress.
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Table 1. Biomass and biochemical composition of batch cultures of
Ankistrodesmus convolutus grown in air-lift fermenter.

Culture Biomass Lipids Carbohydrates Proteins
condition (mg/L) (% DW) (% DW) (% DW)
Unbuffered! 122 15.6, 12.0 18.3
(19.0™) (14.6) (22.3)
Buffered? 124 23.4 7.5 23.6
(29.0) (9.3) (35.4)
High 150 26.0 10.0 18. 4
Light3 (39.0) . (15.0) (27.6)
+ 5% co,? 308 17.2 12.0 18.3
(53.0) (37.0) (56.4)
; Figures in parentheses indicate values expressed in mg/L
At 2,500 Lux _ '
§ At 2,500 Lux, buffered with 10 mM HEPES
4 At 7,500 Lux, buffered with 10 mM HEPES

At 2,500 Lux, buffered with 10 mM HEPES and bubbled with
5% CO J
2

Fobuqos, T , Aralde 3, Mervoro ¢, Labtzas 8V
V\/Lt'fan_ mo(1hEg)
(i ol hy monas mu’/r‘c‘alj ¢ gl S Sultiig
wWobakch cultines s CU{F&ﬁFP‘ Sebin: he, ad
Tatert | onpeatvbionn

Q;V”**J‘”C /s do1 —iy




R b:'\ {,L 3

Table 2. Fatty acid cé&pbéﬂtiom (% total fatty acids) of batch cultures
of Ankistrodesmus convolutus grown in an air-lift fermenter.

Fatty acid TFA"
Culture .
condition 16:0 16:4 18:0 18:1 18:2 18:3 18:4 % Lipids %DW
Unbufferedl 7.2 1.8 0.4 7.7 8.2 73.1 1.6 4.6 0.7
Buf fered? 5.3 2.0 0.4 5.1 5.7 79.6 0.8 31 0.7
High 5.6 2.3 1.0 5.4 6.5 78.6 0.8 2.5 0.7
Light3 i
+ 5% Co, 4.4 0.3 - 4.0 4.0 85.7 0.5 j.1 0.6
1 At 2,500 Lux
2 At 2,500 Lux, buffered with 10 mM HEPES
: At 7,500 Lux, buffered with 10 mM HEPES

At 2,500 Lux, buffered with 10 mM HEPES and bubbled with
5% 002

Table 3. Pigment composition of batch cultures of Ankistrodesmus

convolutus grown in air-lift fermenter.

Pigment Culture condition
(ng/g dry wt.) 1 2 2
Unbuffered Buffered High light + 5% CO,
Chlorophyll-a 32.6 30.9 26.7 32.4
Chlorophyll-b 12.0 15.7 13.0 13.2
Chl-a:chl=-b 2.7 2.0 2.1 2.5
Total 44.6 46.6 39.7 45.6
chlorophylls
Lutein 5.9 5.7 4.9 5.4
Neoxanthin 2.7 2.9 2.3 3.3
Violaxanthin 3.5 3.8 3.5 3.6
Total 12.1 12.4 10.7 12.3
xanthophylls .
a-carotene 1.6 1.0 0.9 1.5
f-carotene 0.9 0.7 0.6 0.9
a-car:fpB-car 1.8 1.4 1.5 1.7
Total 2.5 1.7 1.5 2.4
carotenes
Total 14.6 14.1 12,2 14.7
carotenoids
$carotenoids: 0.3 0.3 0.3 0.3
Zchlorophylls

1 At 2,500 Lux
g At 2,500 Lux, buffered with 10 mM HEPES
> At 7,500 Lux, buffered with 10 mM HEPES

At 2,500 Lux, buffered with 10 mM HEPES and bubbled with &% CO,
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Growth and Product Formation of Ankistrodesmus convolutus in an Air-lift
Fermenter

GEERNEN S.M. Phang and S.H. Goh
Institute of Advanced Studies, University of Malaya, 59100 Kuala Lumpur,

MALAYSIA

Abstract- Four batches of Ankisirodesmus convolutus cultures in an airlift fermenter were investigated
in terms of growth and biochemical composition. The contents of lipids, fatty acids, proleins, carbohy-
drates and pigments in the green alga were compared. The highest biomass (308 mg dry weight/L) was
attained by the culture serated with 5% CO,. Cells grown at high light contained more lipids (26.0%
dry weight) than at other culture conditions studied. No significant variations in falty acid composition
(predominantly 18:3n-3) and pigmentation were observed from the four batches of cultures studied. A.
convolutus produced appreciable amounts of carotenoids (especially lutein).

Introduction
Microalgae are potential sources of a wide range of commercially valuable natural products which

include specialty lipids (eg. arachidonic acid, eicosapentaenoic acid and docosahexaenoic acid) and
pigments such'as carotenoids and phycobiliproteins (1). Generation of sufficient algal biomass for the
extraction of the various products is vital. Air-lift bioreactors are advantageous for the culturing of
microalgae because they offer simple and effective mixing with no moving parts, high gas absorption
efficiency and good heat transfer characteristics (2).

A. convolutus is a fast growing alga with appreciable amounts of carotenoids and polyunsaturated fatty
acids (3). Growth and product formation of four batches of A. convolutus cultured in an air-lift fer-
menter were examined in the present study.

-

erials and Methods
onvolutus was grown in an air-lift fermenter (cap. 6.5 L) using Bold's Basal Medium, BBM (4).
innoculum of 10% in the exponential phase with an optical density of 0.2 at 62Q nm was used.

1 batches of cultures were grown in the air-lift fermenter under the following conditions: (1) un-
fered at low light intensity (31.9 pEm'ls"), (2) buffered with 10 mM N-2-hydroxyethy!
srazine-1-ethanesulphonic acid (HEPES) at low light intensity (3) buffered at high light intensity
.8 uEms™") and (4) buffered at low light intensity and aerated with 5 % CO,. Batches 1, 2and3
e aerated with filter-sterilised air whilst batch 4 with 5% CO2 at 1,500 mL/min. [llumination was
on a 12 h light and 12 h dark cycle. Temperature was maintained at 28° C throughout the study.

ywth was monitored daily by cell counting and OD measurements at 620 nm. Lipids were extracted
nethanol-chloroform-water (2:1:0.8) and determined gravimetrically (5). Fatty acid methyl esters
re analysed by gas chromatography after transesterification of the lipids in 1 N sodium methoxide at
' C for 20 min (6). Proteins were extracted in 0.5 N NaOH (80°C, 20 min) and assayed according to
: dye-binding method (7). Carbohydrates were determined using the phenol-sulphuric method (8)
er extracting the cells with 2 N HCI (80°C, 20 min).
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Pigments were extracted by sonication (2 min) in 100% acetone (H PLC grade). After centrifugation,
the supernatants were removed, evaporated and redissolved in | mL of mobile phase consisting of
acetonitrile-methanol-acetone (56:40:4) before analysis by HPLC.

Results and Discussion

The culture aerated with 5% CO, attained higher cell density and OD . compared to other batches
throughout the culture period studied (Figures {a and 1b). No significant difference was observed in
growth among the other batches of cultures studied.

The pH of the unbuffered culture increased from an initial value of 6.8 10 10.0 at the end of the study.
The increase in pH could be attributed to assimilation of nitrate which release OH™ (9). However, the
increase in pH did not appear to have any adverse effect on the growth of A. convolutus. Buffering of
the medium to maintain pH within 6.8 - 7.0 did not improve growth.

Light intensity at 31.9 uEms" was not limiting for the growth of A. convolutus, A doubling of the light
intensity (63.8 uEms") did not improve the growth of this alga.

An improvement in growth was achieved with the supplementation of 5% CO.. Biomass based on dry
weight of the culture aerated with 5% CO, was almost doubled that ofot‘ner batches of cultures
(Table 1). The addition of CO, was reported to improve biomass production in Tetraselmis suecica
(10).

An increase in'lipid content was observed in the buffered culture (23.4% dry weight) compared to the
unbuffered culture (15.6% dry weight) at low light (Table 1). The culture subjected to high light
afforded a higher lipid content (26.0% dry weight) compared to the other cultures. Cells grown in the
buffered medium had a higher protein content than the cells of other culture conditions. Carbohydrates
constitute the lowest proportion (7.5 - 12.0% dry weight) of the algal biomass. A slightly lower
carbohydrate content (7.5% dry weight) was shown by the culture grown at low light in unbuffered
medium compared to other culture conditions (10.0 - 12.0% dry weight}. Yields of the biochemicals
from the culture aerated with 5% CO, were higher than the other batches due to the higher biomass
attained.

The predominant fatty acid produced in all the batches of cultures was a-linolenic acid (18:3n-3) which
ranged from 73.1 - 85.7% of the total fatty acids (Table 2). Other fatty acids produced were mainly
unsaturated fatty acids which included 16:4, 18:1, 18:2 and 18:4. The saturated fatty acids produced
were 16:0 and 18:0.

The unbuffered culture exhibited a slightly lower proportion of 16:0 but a slightly higher proportion of
18:3n-3 compared to the other batches. The culture aerated with CO, produced less 16:0, 16:4, 18:1,
18:2 and 18:4 but more 18:3n-3 compared to other batches of cultures. No stearic acid (18:0) was
produced by the CO_-aerated culture. Total fatty acid content remained almost constant for all the
batches of cultures (T:hle, 2). )

Pigment compasition did not difter significantly among the various batches of cultures (Table 3). The
pigments of this alga include lutein, viotaxanthin, neoxanthin, a-carotene, f-carotene, chlorophyli-a
and chlorophyll-b. These pigments are commonly found in other green algue, However,
antheraxanthin, zeaxanthin and loroxanthin which are known to present in other green algae (1 1) were
not detected in the present study.

Appreciable amounts of xanthophylls (10.7 - 12.4 mg/g dry weight) with the predominance of lutein
were observed. Very low conlent of carotenes was detected and more a-carotens was produced than B-
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carotene. Total carotenoid content (12.2 -16.0 mg/g dry weight) of A. con volurus was much higher than
the content reported for another species of Ankistrodesmus (4.1 mg/g dry weight) (12).

Conclusion
Growth of A. convolutus in the air-lift fermenter improved with the acration of 5% CO, . A slight

variation in biochemical composition but no significant variation in fatly acid composition and
pigmentation were observed in the four batches of cultures. A. convolutus produced appreciable
amounts of carotenoids (especially lutein). Further manipulative studies to improve growth and
carotenoid production are in progress.
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Table 3;: Pigment composition of Ankistrodesmus convolutus
grown in aic-lift fermenter

-
Pigment Culture condition

(mg/g dry wt.) ] 4
Unbuffered!  Buffered®  Migh Light ¢ 5% co,

Chlorophyll-a 32.6 30.9 26.7 32.4
Chiorophylt-b 12.0 15.7 13.0 13.2
Chl-a:chl-b 2.7 2.0 2.1 2.5

Total 44 .6 46.6 39.7 45.6
chlorophylls

Lutein 5.9 5.7 4.9 5.4

Neoxanthin 2.7 2.9 2.3 3.3

Viotaxanthin 3.5 3.8 3.5 3.6

Total 12.1 12.4 10.7 12.3
xanthophyl ls

a-carotene 1.6 1.0 0.9 1.5

8-caratene 0.9 0.7 0.6 0.9

a-car:8-car 1.8 1.4 1.5 1.7

Totat 2.5 1.7 1.5 2.4

carotenes

Total 14.6 14.1 12.2 14.7
carotenoids

Icarotenoids: 0.3 0.3 0.3 0.3

Ichlorophyl ls

*culture conditions 1 - 4 are described in Table 1.
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bstract ~ Solid substratc\ferme ntation (SSF),of drx POSS wascarried-out using the
rermophilic microfungus M. thermophila:.mé@% 1 feed-conditions. The bioconvert-

d substrate showed favourable improvements in its chemical characteristics and amino
cid profile after 6 days of SSF. The crude protein.contentine-reascd by 42.2% white- g’
fude fibre d851%5¢ed by 25.3%. A solid inoculum was developed for M. thermophila

sing POSS as the carrier substrate. The feed produced was free from-afiakewm con—

amination. w6 /?z(/a,y,m” /dw._c:,w /}qf{{j/(&w /d/ﬁﬁ‘%-'aa v fc/ﬁwé';w;,,.

ntroduction .

fhe Palm Oil industry in Malaysia is projected to generates approximately m‘r’ 15 -3 wcllip
.onnes of Palm Oil Mill Effluent {POME) during oil extraction at the Palm Oil Mills in .Ay

1995 .(Mohamad et al., 1987). The POME is highly polluting and has caused severe

water pollution problems in the bast. One promising approach to address the problem

is by drying the POSS and utilizing it as an ingredient in livestock feeds. This ap-

proach would also support the livestock industry in the country.

wWhen used as animal feedstuff, POSS has been reported to have thelimitation-of

having a high crude fibre content and poor availability of protein which pormits-only ™ &
lew inclusion levels in feeds especially for monogastic animals (Hutagalung et al,

1982). Of late, SSF with fungi has shown promising resulta forﬁggroving the nutri-

tional value of lignocellulosic agricultural by-products (Shinf, 1992; Pprim, 1992). In

this respect the lignocellulolytic thermophilgmicrofungus M. EhiéFmophila shows great
promise (Vikineswary,&. 1988). This paper reports the improvement in the chemical
characteristics of POSS after SSF with M. thermophila, fovmb=tdays,

Materials and Methods

Substrate

nried POSS was obtained from United Plantations, Sdn. Bhd., Teluk Intan, Perak. The
substrate was-Atsed--in- il or'tginal"gmnuka“r"fom-withoub any pretreatment.
Microorganism Fez . : :

The fungus used M. thermophila Apinis, was isolated from POME and maintained on
Yeast Potato Starch agar {(YpSs) slants at 4°C (Vikineswary, 1988). °

Inoculum Preparation A )

A 10% &pore suspension of 6 day old culture was aseptically inoculated into a POME:

water (1:1) mixture and incubated in a rotary shaker (200 rpm) at 45£2°C for 24

hours. The resultant "porridgyfmycelial broth was blended and a 10% (v/v) inoculum

was used to culture M. thermophila on POSS at 60% (v/w) moisture content. Incuba-

ton was carried out at 4522°C in a humid chamber for 6 days without shaking. This e by
resultant solid innoculant was used as the starter culture for the SSF of POSS.
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proximately 50¢ of autloclaved POSS_l( 121%9¢ .O-vminr) with a 60% {v/w} moisture  ¢ec; ,y,b,c,,/
)tea&_(yzﬂxﬁginoculated with 3-teaspaoans (¢ w/w) M, thermophila solid inoculum, G 6oL oy
<€ &L vaS tarried out at 452°C in a humid chamber for 6 days without shaking. gz .

e chemical characteristics of POSS before-and after bioconversion was analysed in w‘ft‘;;"“

licates.
P AueelideS ot

alytical Techniques (W x6-%3) Z whv
e crude protein content,\was—est,imated-by.-multiplyi—ng»trhe kjeldahl nitrogen content by &« #.
efactor 6.25 (AOAC, 1980). The crude fibre, crude fat, moisture and ash content ,(_/fyi' R
s determined by the convent-ional-methodsﬁAOAC{lQSO). The pH was measured

' shaking a 1:10 substrate to distilled water ratio and recording the pH with a digital

[ meter. The gross energy-ef-camples was determined using a calorimeter (PARR

61) with a water jacketed oxygen bomb (RARR-1168}. The amino acid contents of

mples with determined byHPLG. Samples were hydrolised with 4.3N.LiOH.H,0 for

yptophan determination, perfomic acid hydrolysis followed by 6N HCl hydrolysis for
sthionine-and eysteine-and-6N HCl hydrolysis for the other amino acids: Hydrolysed

mples were-analysedfusing a Waters HPLC system with a 1.0x30 cm Pico.Tag amino

iid hydrolysate column,{—lém}%-ae—m'mvtes—w’rﬂrﬁﬂgé}m}% O {6:4) solution,delivery
ressure—at-40.psjjand detected by UV at 254 and 288 nml

< {
’ LPY g o

oxicology lla

he suhstrate were screened for the n;":/cytoxi producjng fungi Aspergillus flavusand
spergillus parasiticus by randomlz_,m—!fa% M s‘ﬁ'e)'gtrate on Czapek Dox agar
lates, incubating at-room-temperature, followed -by-visual observatiomr The samples
rere also screened for the presence of aﬂatoxi’g pl. B2, G1, and G2 by extracted with
HClqiHo0 (10:1) solution followed by ,TLC (silica gel 60, -mebile—pimse,

H H_LSS;&LIor‘.,ZS,minutes-azd_viewed under UV light after spraying with
0% HoS04% A

moculum_Storage _and Viability

The solid M. thermophilainoculum on POSS was packed in test tubes and plastic bags

and stored at 4°C, 10°C and at room temperature for up to 3 months. €ontaimers-were e
sampled-for.cach.treatment at month 0, 1, 2, 3 and the viability was-assessed.
Kblebn v LI oy :‘(‘

Results and Discussion
The results of the chemical characterization and amino acid profiles of POSS before

and after SSF with M. thermophila is shown in Table 1 and 2 respectively. The crude
protein content of POSS increased by 42,2%, the crude fibre content decreased by
25.3% white The changes in crude fat, ash and gross energy were negligib'le. The crude
fat content of POSS was apparently not degraded by the fungus during growth and
hence would serve as a dietary energy source when used as a feedstuff-(Yeong and
Mukherjee, 1983). The increase in crude protein and decrease in crude fibre is )
desirable as it would allow higher inclusion levels of the upgrade POSS in livestock

feed ratios.

There was an improvement in all the amino acids contents except tryptophan., The
glutamic acid content was the highest, at 2.04%, while cysteine and methionine were

the lowest, at 0.19% and 0.18% respectively, Hence adequate supplementation with

the latter two amino acids in envisaged when using upgraded POSS as & feedspaff.

The bioconverted feed produced was free from contamination by the mycotoxin
producing fungi, A. flavus and A. parasiticus as well as from aflatoxin B1, B2, Gl and

G2.



The solid POSS based inoculum of M. thermophila developed retained high viability
(>35%) when stored in test tubes at 4°C for up to4 months. The inoculum could also
satisfactorily be stored in plastic bags at room temperature for up to 1 month. The uge
of solid inoculum for the SSF is advantageous as it is easier to prepare, handle and

eradicates the need for the cumbersome liquid inoculum preparation. Tc.r, teeantiq’
ATty ferlice c Tremte, T femaf Dwq

Conclusion P rrecln’
Palm 0il Sludge Solidscan be bioconverted into a protein enriched feed with M.
thermophila via simple low technology SSF methods.
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Table 1: Chemical Prineiples of POsS biocenverted-with
-M.—-thermophila

Chemical N -~ POSS —
Principles; Before SSF After SSF2
¢l r 2t Y a1
Crude Protein 14.2 20.2
Crude Fibre 25,3 18.9
Crude Fat 13.2 15.3
Moisture 3.2 3.4
Ash 17.3 17.7
P
Gross Energy (Cal/g) 5058 5257
pH 4.88 5.47
wﬂﬂé/

Table 2: Amino Acid Profile of, POSS bioecenverted—with
-M.—thermophila 4 .

Acid- Aacien . POSS (+-—Pry Matter)
Aed ¥ Before SSF After ssr¥ 3

Alanine 0.93 1.49
Arginine@ 0.51 0.65
Aspartic acid 0.74 0.90
Cysteine 0.07 0.19
Glutamic acid 1.52 2.04
Glycline 0.68 1.04
Histidine® 0.23 0.30
Isoleucine @ 0.70 0.99
Leucine ¥ 1.33 1.74
Lysine N 0.42 0.46
Methionine® . 0.09 0.18
Plenylalanine® 0.64 0.98
Proline 0.69 1.08
Serine : 0.55 0.75
Threonine® 0.46 0.71
Tryptophan@a 0.43 0.42
Tyrosine 0.36 0.65
Valine® 1.02 1.32
Note: * - All units are expressed as a precentage of dry

matter unless otherwise stated.
a

- SSF with M. thermophila/ using 60% moisture (v/w),
incubated at 45:29C for & 6 days pexmied.]
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Bioconversion of Dried Palm Oil Sludge Solids (POSS) with Myceliophthora
thermnophila

PO31

WP S. Vikineswary and T. K. Mukherjee
Institute of Advanced Studies, University of Malaya, 59100 Kuala Lumpur,
MALAYSIA

Abstract - Solid substrate fermentation (8SF) nof dry Palm Oil Sludge Solids (POSS) using the ther-
mophilic microfungus, Myceliophthora thermophila, favourably improved the chemical characteristics
and the amino acid profile of the substrate. The crude protein content increased by 42.2% while crude
fibre decreased by 25.3%. A solid inoculum was developed for M. thermophila using POSS as the
carrier substrate. The feed produced was free from contamination with Aspergillus flavas, Aspergillus
parasiticus and aflatoxins.

Introduction

The Palm Oil industry in Malaysia is projected to generate approximately 15.3 million tonnes of Palm
Oil Mill Effluent (POME) in 1995 (Mohamad ef al., 1987). Palm Qil Mill Effluent comprises mainly
of the sterilizer condensate, clarifier sludge and hydrocyclone washing. Palm Oil Mill Effiuent is
highly polluting and has caused severe water pollution problems in the past. Among the various ap-
proaches to address this problem, drying the clarifier sludge to obtain POSS and utilising it as an
animal feed has shown promise (Jorgensen, 1982). This approach would also support the livestock
industry in the country. However, when used as animal feed, POSS has been reported to have a high
crude fibre content and poor availability of protein which limits inclusion levels in feed rations especial-
ly for monogastric animals (Hutagalung er al., 1982).

In recent years, SSF with fungi has shown promising results for improving the nutritive value of ligno-
cellulosic agricultural by-products. In this respect the lignocellulolytic thermophilic microfungus, M.
thermophila Apinis van Oorcschot has shown great promise (Shim, 1992). This paper reports the
chemical characteristics of POSS after SSF with M. thermophila.

Materials and Methods
Substrate
Dried POSS was obtained from United Plantation, Bhd., Teluk Intan, Perak,

Fungt ;
The fungus used, M. thermophila, was locally isolated from POME and maintained on Yeast Potato
Starch agar (YpSs) slants at 4°C (Vikineswary, 1988),

Inoculum Preparation

A 10% spore suspension of B duy old culture of M. thermaphila was incubated in 50% POME media
at 45 1.2°C for 24 hours in a rotary shaker. The resultant mycelial broth was blended and 2 10% (v/v)
inoculum was used to culture M. thermophila on POSS at 60% (v/w) moisture content. Incubation was

“This work will form part of the M. Biotech. thesis to be submitted by YRR to the [nstitute of
Advanced Studies, University of Malaya.
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carried out at 45 +2°C in a humid chamber for 6 days without shaking. This sohd culture, koji was
then used as the starter culture for the SSF of POSS.

Solid Substrate Fenmentation

A preliminary experiment was carried out to optimize the growth of M.thermophila on
POSS. In this study approximately 50g of POSS, in 2L Erfenmeyer flasks were auto-
claved at 121°C for 20 min. The moisture content was adjusted to 60% (v/w).Each
flusk was then inoculated with 6 % (w/w) M. thermophila koji culture, Incubuation was
carried out at 45 +2°C in 2 humid chamber for 6 days without shaking.

Analytical Techniques

The substrates were analysed in triplicates for crude protein (N x 6.25), crude fibre, crude fat, moisture
and ash content by the methods of AOAC (1990). The pH was determined by shaking the substrate in
distilled water (1:10) after which measurements were recorded with a digital pH meter. The gross
energy was determined using a calorimeter with & water jacketed oxygen bomb. The amino acid profile
was determined using & Waters High Performance Liquid Chromatography (HPLC) system with a
1.0x30 c¢m Pico. Tag amino acid hydrolysate column and detected with UV light.

Toxicology

The substrates were screened for the aflatoxin producing fungi, A. flavus and A, parasiticus by random-
ly plating the fermented substrate on Czapek Dox agar plates. Substrutes were also screened for the
aflatoxins Bl, B2, G1, and G2 by extraction ol upgraded POSS with CHCI‘:H O (10:1) solution fol-
fowed by Thin Layer Chromatography (TLC) using silica gel 60 and de(eclc(] under UV light after
spraying with 30% H_SO,.

Results and Discussion

The results of the chemical characterization and amino acid profiles of POSS before and after SSF with
M. thermophila is shown in Tables | and 2 respectively. The favourable increase in crude protein by
42.2% and decrease in crude fibre by 25.3% after SSF would allow higher inclusion levels of upgrad-
ed POSS in livestock feed rations. The crude fat content of POSS was apparently not utilised by the
fungus during growth and hence would serve as a dietary cnergy source when used as a feedstutt
(Yeong and Mukhegjee, 1983).

There wus un overall improvement in the amino acid profile with glutamic acid being the highest, at
2.04 %. However the low amounts of cystine and methionine of 0.19% and 0.18% respectively, would
necessitate adequate supplementation when using upgraded POSS as a feed supplement.

The upgraded feed was free from contamination with A. flavus | A. parasiticus and the atlatoxins : B,
B2, G! and G2.However as aseptic cultures are cost atteactive in upscaled SSF pperations, sound
management practices are envisaged to minimise the nisk of contamination.

Conclusion

Palm O1l Sludge Solids shows potential to be upgraded into a protein enriched tfeedstutf with M.
thermaophila via simple low technology SSF methods. Further upscaling experiments with more replh-
cules is envisaged to venty these results,
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Table 1: Chemical characteristics® of upgraded POSS

POSs
Before BSFP After ssP®

Crude Protein 14.16 + 0.29 20.20 + 0.12
Crude Fibre 25.30 * 0.38 18.39 * 0,35
Crude Fat 13.23 + 0.01 15.32 * 0.04
Moisture 3.22 £ 0,02 3.42 * 0.03
Ash 17.33 * 0.04 17.66 * 0.11
PH 4,88 * 0.00 5.47 = 0.01
Gross Energy (cal/g) 5058 5257

Note: See helow'.
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" APPENDIX 5

First Interview

L.

IL.

Personal details

Name
Age
Current stage of education

Medium of Educational instruction

Writing Behaviour

Have you written a short paper before?

What sources did you consult to help you in preparing this paper and
what kind of help did you receive from each source?

What kind of planning did you do before beginning to write the paper?
What were your goals in writing the paper? Was it necessary to
consider the audience and the purpose of the paper? Why/Why not?
Describe your process of draféing from the point when you decided to
write the paper right up to its completion.

Did you change your paper much while writing ? What aspects of the
paper did you change?

Did you stop often while writing? If so, why did you stop?

What did you do if you were stuck for a word or phrase or unsure of

how to proceed?



10.

11.

12.

14.

Il

In what order did you write your paper? Is there any particular reason
for this order?

Did you have problems organising your information? Were there
particular sections of the paper where this was especially difficult?

How much time in total did you spend on the preparation of this paper?
What were you trying to achieve through the revisions that you made in
the drafts?

Did you approach people to read and comment on your drafts? Who
were these people?

How did you decide when to stop writing?

General Variables

How do you feel about writing in general?

What kinds of writing do you do outside the academic environment?

Do you have any particular problems writing in English? What are
they?

What are some of the different texts that you have to write in the course
of your study at the Institute of Advanced Studies?

Do you generally rely on anyone to help you with your writing? Who?
What kind of writing do you generally prefer - academic or

non-academic? Why?



Second Interview

1. What were you trying to achieve in each section of the paper?

2. Why is the section, , missing from your paper?

3. Elicit writer's specific reasons for each of the changes made in his/her
drafts.

4, At what points in your writing did your revisions take place?

5. What were your general intentions in revising your paper?

6. In your opinion, what is revision?

7. How satisfied are you with the final paper?



