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Static Culture of Scenedesmus dimorphus in Filtered Sago Effluent
Nur Wahida Bt Bandah
Program Resource Biotechnology
Faculty Resource Science and Technology
Universiti Malaysia Sarawak.

ABSTRACT
Scenedesmus dimorphus which is a photosynthetic algae, can serve as a source of biofuel due to the high
lipid content, 16-40% . The growth of Scenedesmus dimorphus in FSE is observed with optical density
(560nm) every 2 days and biomass is determined according to dry cell weight (DCW). In the effects of
Sodium bicarbonate concentration, biomass produced in 0 g/L NaHCO3 was highest with 348 mg/L and
568 mg/L respectively on 14 day cultivation. Biomass produced from 8 g/L of NaHCO3 was 100 mg/L
and 248 mg/L. Maximum biomass from this medium was at 396 mg/L. Biomass produced from 16 g/L of
NaHCO3 was 120 mg/L and 216 mg/L with maximum biomass achieved was at 420 mg/L on 14 day of
cultivation. Biomass produced from CHU medium was 361 mg/L and maximum biomass achieved in
this medium was at 361 mg/L on 16 days of cultivation. Scenedesmus dimorphus was successfully
cultivated in filtered sago effluent and the best parameter for the growth and a highest lipid percentage
achieved was addition of 16 g/L NaHCO3 with maximum biomass achieved was at 420 mg/L on day 14
of cultivation and 16% of lipid percentage. Hence, FSE can be used beneficially without disposing into
rivers thus minimizing environmental pollution.
Key words: Scenedesmus dimorphus, sago effluent, Sodium bicarbonate, CHU medium

ABSTRAK
Scenedesmus dimorphus adalah alga fotosintetik yang dapat dijadikan sebagai bahan api disebabkan
peratus kandungan lipid yang tinggi iatu sebanyak 16-40 peratus. Pertumbuhan Scenedesmus dimorphus
dalam FSE diuji dengan kepekatan optika pada 560 nm setiap dua hari dan jisim ditentukan berdasarkan
“dry cell weight”. Dalam kesan kandungan kepekatan sodium bikarbonat jisim dihasilkan dalam 0 g/L
NaHCO3 dengan jisim tertinggi yang dicapai iaitu 348 mg/L and 568 mg/L pada hari ke-14 pengkulturan.
Jisim yang terhasil dalam 8 g/L Sodium bikarbonat adalah 100 mg/L dan 248 mg/L. Jisim maksimum
yang diperoleh dalam medium ini adalah 396 mg/L dan jisim yang terhasil daripada 16 g/L NaHCO3
adalah 120 mg/L and 216 mg/L dengan jisim maksimum tercapai pada 420 mg/L pada hari ke-14
pengkulturan. Jisim yang dihasilkan daripada CHU medium adalah 361 mg/L dan jisim maksimum
dicapai dalam medium adalah 361 mg/L pada hari ke-16 pengkulturan. Scenedesmus dimorphus telah
berjaya dikultur dalam tapisan sago efluen dan parameter yang paling baik untuk pertumbuhan dan
peratusan lipid yang tinggi dicapai adalah dengan penambahan 16 g/L NaHCO3 pada hari ke-14
pengkulturan dengan jisim 420 mg/L dan16 peratus lipid. Oleh itu, tapisan sago efluen boleh digunakan
dengan bermanfaatnya tanpa dibebaskan ke dalam sungai dan pencemaran boleh dikurangkan.
Kata kunci: Scenedesmus dimorphus, sagu efluen, sodium bikarbonat, CHU medium
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CHAPTER 1

INTRODUCTION

Sago palm (Metroxylon sagu) is largely grown in the state of Sarawak in
Malaysia. The sago industries are source of economical value in Malaysia and have been
an importance source of starch. One palm may yield between 150 to 300 kg of starch.
Sarawak is the world’s largest exporter of sago, exporting up to 40,000 ton sago a year.
Sago starch factory wastewater (the effluent) resulted from sago debarking and
processing of sago trunk often discharges to nearby river which cause to river pollution.
According to Bujang and Yusop (2006) the generation of sago wastewater from the
starch extraction in factories brings about problems to the environment as nearby rivers
are contaminated by the sago wastewater. Bujang et al (1996) reported that more than
1,425 tons of sago effluent is produced per week by a medium sized factory in Sarawak.

1

Algae presents one of the most exciting possibilities as a future solution to our
energy problems, especially that of transportation fuel. Its basic requirements are few:
carbon dioxide, sun, and water. Algae grow rapidly and can have a high percentage of
lipids, or oils which conventional petroleum refineries can convert into jet fuel or diesel
fuel a product known as "green diesel". Algae organisms use energy from the sun to
combine water with carbon dioxide (CO2) to create biomass. Key technical challenges
include identifying the strains with the highest oil content and growth rates and
developing cost-effective growing and harvesting methods.

Biodiesel production is one possible route to supplement our energy production
(Tickell, 2006). Previous research in the early 1990’s by the National Renewable Energy
Laboratory (NREL) showed that under controlled conditions algae are capable of
producing 40 times the amount of oil for biodiesel per unit area of land, compared to
terrestrial oilseed crops such as soy and canola (Sheehan et al, 1998).Scenedesmus has a
lipid content of 16-40%, being one of the preferred species for oil yield in the production
of Biodiesel (Becker, 1994).

2

Besides that, Scenedesmus are important in phycoremediation (Hanson et al,
2006). The researchers have identified that Scenedesmus can thrive in dairy wastewater
and rapidly remove ammonia. Scenedesmus is used in experimental work on problems of
pollution and photosynthesis. In sewage purification processes, it provides oxygen
for the bacterial breakdown of organic matter and thereby helps to destroy other harmful
substances. Therefore, Scenedesmus are beneficially for agricultural water region and
local water quality regulators by demonstrating a workable method for efficiently
controlling waste nutrients from other agricultural and industrial sources.

Microalgae grown on wastewater can be used as dietary supplements for animals,
fish, mollusk (Lincoln & Hill, 1980) and crustacean feeding (Turcotte et al, 1986) and as
fertilizers, energy sources and fine chemicals production (Weissman et al, 1977).

3

1.1

Objectives
From the overview above, the study will be conducted to:

1. Maximize dry cell weight of Scenedesmus dimorphus in Filtered Sago Effluent

2. Obtain the specific parameter for the growth of Scenedesmus dimorphus

3. Develop the cultivation of Scenedesmus in Filtered Sago Effluent.
4. Develop a biological wastewater treatment system

4

CHAPTER TWO

LITERATURE REVIEW

2.1

Sago

2.1.1

Sago starch

Sago starch was produced in Malaysia with 90% mostly produce in Sarawak.
Sago palms occupy over three quarter of the peat land of Sarawak and it is the only plant
that is able to grow well and vigorously in swampy areas (Bujang & Yusop, 2006).
According to Bujang and Yusop (2005), sago starch is extracted from sago logs through
several processing step such as debarking, pulping, starch extraction, dewatering, drying
and packing.

Sago palm (Metroxylon sagu) is from the species Palmae which producing sago
starch that becomes one of the oldest tropical plants used by mankind. According to
Department of Agriculture, UNIMAS, the total sago hectare in Sarawak was about
67,957 ha out of which about 43, 426 were planted by the smallholders. Among the
agricultural crops, it is the third most important crop. Sago palm does not need much
care and pesticide. The replanting of the mother trunk is not necessary because each of
5

the mother palms can produce many suckers. Therefore, sago starch has high commercial
value. Bujang and Yusop (2005) stated that the export of sago starch is 61,000 tones
annually and valued at US$9.15 million for the year 2005. According to Jolhery (2002),
sago have a lot nutritional value and becomes and important sources of industrial starch.
Sago has become a cheap carbon sources for fermentation due to the high contains of
carbohydrate.

2.1.2

Sago effluent

The waste produced from the extraction of sago starch can be obtained in solid
form or wastewater. According to Salleh (2007), the main waste products generated from
sago starch processing are the fibrous pith material. It mainly made up of cellulose, waste
water and the woody bark. Extraction process generates sago effluent which can cause
pollution to our environment. It is release into nearby rivers and water ways without any
proper treatment. The pollution was not cause by the chemical component of sago
effluent. According to Bujang and Yusop (2006) the pollution is occur due to the large
amount of production of sago effluent daily. For every kilogram (dry weight) of starch
produced, it has been estimated that 20L of wastewater is generated in the process”
(Bujang et al, 1996). According to DOS (2002), Sarawak has over 30 large factories,
therefore enhancing the possibility of water pollution form sago industries.
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Based on previous research, Bujang et al (2004), the degradation of sago effluent
was investigated using batch mode of aerobic treatment. It is aerobically treated with
enzyme and microbial modification such as Bakwira where the mixed liquor is aerated
before release into the waterways with a reduction in Chemical Oxygen Demand (COD)
by 96 % after 32 days. Phang et al (2000) reported that sago effluent contain high ratio in
carbon to nitrogen to Phosphate with 24:0.14:1 by which this ratio can be increased by
carried fermentation in anaerobic digester.

2.2

Microalgae

2.2.1

Microalgae vs. Macroalgae

The term algae comprises of macroalgae and microalgae. Macroalgae can be
defined as multicellular marine and fresh water photosynthetic protists, also known as
seaweed which can grow to a significant size, 60 m. In contrast microalgae are
microscopic sometimes unicellular aquatic plants that normally grow in suspension
within a body of water (Chang, 2007). Both types of algae grow tremendously fast.

This characteristic shows them to be potential crop for human use. Microalgae in
comparison to macroalgae are known to contain large amounts of lipids within their cell
structure, Therefore, the microalgae a better choice for cultivation and production of
biodiesel.
7

2.2.2

Properties of green algae

There are approximately 8,000 species of green algae estimated to be in existence.
Green algae have chlorophyll a and chlorophyll b. This group use starch as their primary
storage component. However, N-deficiency promotes the accumulation of lipids in
certain species. Green algae are the evolutionary progenitors of higher plants and become
centre of attention than the other group (Sheehan et al, 1998). Green algae may be
unicellular, multi-cellular, colonial (living as a loose aggregation of cells) or coenocytic
which composed of one large cell without cross-walls and the cell may be uninucleate or
multinucleate. They have membrane-bound chloroplasts and nuclei. Most green algae are
aquatic and are found commonly in fresh tropical waters. All green algae are
photosynthetic), which they obtain all of their organic carbon (energy) from
photosynthesis. Green algae are generally fast growing and sturdy. They reproduce
both asexually (by division of cells) and sexually (Michael, 2009)

2.3

Scenedesmus

2.3.1

Morphology and Characteristic

The name of ‘Scenedesmus’ is derived from Greek word skene, “tent or awning”
and desmos which means bond. Scenedesmus cell contain chloroplast, chlorophyll-α and
chloroplast-β including carotenoid. In chloroplast cell there are pyrenoids. Scenedesmus
8

is small, non-motile colonial green algae which consist of cell aligned in a flat plate.
Cells are cylindrical in shape and have rounded or pointed ends. Terminal cells in
particular are often ornamented with short spines and tufts of chitinous hair or bristles (up
to 200 µm long) to confer buoyancy or to deter herbivores or space the algae for optimum
light and nutrient availability (Trainor & Egan, 1988).

Cell wall contain algaenans which are likely responsible for the occurrence of
remains in lake sediments, ancient fossil deposits and association of the Scenedesmus
along with Pediastrum and Tetraedron with certain fossil fuel (Gelin et al, 1997). This
compound may play important role in adhesion of cell into colony (Pickett-heaps, 1975).
Asexual reproduction is by autocolony formation as in Pediatsrum and Hydrodictyon but
with the difference that flagellate zoospores are not involved. Molecular sequence
analyses link the ancestry of Scenedesmus to that of the coenobial taxa Hydrodictyon
and Pediastrum.

Electron microscopically investigation have shown that cell wall of Scenedesmus
is a complex structure. On the inner side of the wall, there is a robust supporting layer,
contain a sporopollenin-like-substance (Dodge, 1973). Outside this, there is a net like
layer which is supported by a series of small bars (columellae) and pierced at intervals by
bristles, which have their own complex substructure (Picket-Heaps, 1975). The cells are
clothed by large number of this bristles which are long and delicate (100- 200 um x 2540 nm). They seem to help keep the cells in suspension and discounting grazing
zooplankton.
9

Scenedesmus dimorphus is a green microalga, approximately 10 µm in size.
The optimum growth temperature for this strain falls between 30-35°C but in some
strains or taxa at the temperature required for the growth are at 36°C or above.
Scenedesmus dimorphus was categorized as a heavy bacterium, has high lipid content and
can forms thick sediment if not keep in constant agitation. This green alga is common in
freshwater lakes and can occur both as unicells and colonies when maintained in
laboratory cultures (Trainor, 1992). Scenedesmus will use any and all light it is given and
should be further researched for use in mass production (Martínez & Gustavo, 2004). All
algae primarily comprise of proteins, carbohydrates, fats and nucleic acids in varying
proportion. The percentages vary with the type of algae and there are algae types that are
comprised up to 40% of their overall mass by fatty acids. It is this fatty acid (oil) that can
be extracted and converted into biodiesel.
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