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ABSTRACT 

Scenel!esmus dimorphus, green microalgae, was grown mixotrophically in the laboratory under controlled 
conditions to establish baseline characteristics of cell growth and maintained in NGP (Norhadi's Growth 

Promoter) medium. The medium was subjected to different amount of fertilizer and growth promoter, Leaffie 
Organisol for the improvements of the NGP Medium. The objectives were to improve the NGP medium for 

outdoor mass cultures of Scenedesmus dimorphus and to measure its lipid yield. The results showed that there 
was an ob ious difference in the growth rate of S. dimotphus. The best improved modified culture showed 
highest cell density achievement at 1.56 x 10 6 cells per ml with growth rate, K'= 0.01213, d·\ The outdoor mass 

culture with 0.55 mL'\ growth promoter under pH 6.4 produced lipid at 0 .96 % of total dry mass. Further studies 
on S.dimorphus need to be performed in order to further optimize the media and growth rate to achieve maximum 

lipid content. 

Keyword : growth promoter, outdoor culture, lipid yield, growth rate, Scenedesmus dimOlphus. 

A BSTRAK 

Scelte!iesmlls fljmollJhusJmikroalga hijau telah dikaji tumbesaran di clalam makmal dalam keadaan mixotropik 
untllk mengllkuhkan karekter pertumbuhan sel dan menstabilkannya dalam NGP(Norhadi's GrOtvth Promotel) 
media. Media tersebut dikulturkan dalam jumlah berat baja dan penggiat pertumbuhan , Lea.ffie Organisol yang 
berbeza untuk media penambahbaikkan. O~jektif eksperimen illi adalah untuk meningkatkan media NGP untuk 
dikulturkan dalam jumlah yang besar bagi mendapatkan kandungan lipid Scenedesmus dimOlphus. Keputusan 
yang diperolehi menunjukkan perbezaan yang ketara bagi pertumbuhan £. dimOlphus. Media terbaik mencapai 
bilangan sel 1.56 x 10 6 setiap milliliter dengan kadar pertumbuhan K'= 0.012131 hari. Kultur daklln jumlah 
yang besar dengan kepekatan penggiat pertumbllhan 0.55 mL -/ dibawah pH 6.4 memberilwn kandungan lipid 
sebanyak 0. 96 % daripada jumlah berat kering. Kajian lebih lanjut mengenai £. dimorphus patut dijalankan 
IIntuk mel1gkaji potensi media dan kadar pertumbuhan bagi mencapai kandungan lipid yang maksimum. 

K Ita Kunei: penggiat peltumbuhan, kultur Iuar, kandungan lipid,kadar peltumbuhan,Scenedesmlls dimophus. 
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1.0 INTRODUCTION 


1.1 Problems statements 

There are many issues in the world today dealing with our environment. A large problem is 

the rate at which we are consuming fossil fuels, and how that consumption is affecting our 

environment. One of the most logical and technologically feasible solutions for this problem is 

bio-diesel. Bio-diesel is the diesel equivalent of processed fuel, but derived from biological 

sources such as vegetable oils, which can be used in unmodified diesel-engine vehicles. This 

is what makes bio-diesel so desirable, as straight vegetable oils and waste vegetable oils both 

have to have modified diesel engines to function properly. However, currently micro algae 

biofuel has not been deemed economically feasible compared to the conventional agricultural 

biomass (Carlsson et al., 2007). 

According to research conducted by Riesing (2006), microalgae contain fats, carbohydrates 

and proteins of which 70 percent of the total fat content can be directly harvested by press. 

The remaining biomass could be used as animal feed or fermented for ethanol. Some 

micro algae produce up to 60 percent of their cellular mass as lipids and could yield 30 times 

more oil per unit growth area than land plants (Baum, 1994). Based on research done by F AO 

Agricultural Service Bulletins (1997), the diesel fuel and gasoline could be produced by 

transesterification and catalyst cracking ofalgal oil. 

Algae are a diverse group of organisms. They vary in size from single-celled microalgae as 

small as one micrometer to several meter long seaweeds. Most algae are photo autotrophic; 

however, some are facultative or obligate heterotrophs (Darley, 1982; Becker, 1994). 

hotoautotrophs conduct photosynthesis, sequestering C02, and using light as the energy 



source. Heterotrophs receive their energy from organic carbon compounds, instead. For the 

purpose oflarge-scale biofuel production, photoautotrophic microalgae are the favorable kind, 

unless large amounts of chemically bound energy are readily available for algae production 

(NREL, 1998). 

It remains to be seen ifthere are any ways of reducing the cost of growing algae. As low-cost 

as it already is, it can always cost less. Scenedesmus dimorphus is a very useful alga for bio

fuel production. While most algae are highly susceptible to culture crashes when all the algae 

in a culture dies suddenly, and need drastic measures to sterilize all the materials that will be 

coming into contact with them, as S. dimorphus is much more hardy (Baum, 1994). 

&enedesmus dimorphus is categorized as a heavy bacterium which has a lipid content of 16

40 % (Baum, 1994). It also has a relatively high lipid concentration. Depending on species, 

microalgae produce many different kinds of lipids, hydrocarbons and other complex oils 

(BaneIjee et al., 2002; Metzger and Largeau, 2005; Guschina and Harwood, 2006). Not all 

algal oils are satisfactory for making biodiesel, but suitable oils occur commonly. The optimal 

growth temperature falls between 30-35 degrees Celsius. 

1.2 The objectives of this project are: 

1) To improve recently develop NGP medium for the growth ofScenedesmus dimOlphus . 

2) To measure lipid yield ofthe outdoor mass cultures ofScenedesmus dimolphus. 
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1.0 LITERATURE REVIEW 

As members of the order of Chlorococcales, green microalgae of the genus Scenedesmus 

(Appendix 1) are characterized typically by the well known two dimensional arrangements of 

2, 4, 6, 8 or rarely 16 cells in regular aggregates called coenobia (Borowtizka, Moultan & 

Borowitzka, 1984). The tendency of the coenobia to disintegrate into single cells varies with 

environmental conditions, as do cell dimension and shape (e.g. Trainor, Cain & Shubert, 

1976). With its more than 200 species, the genus Scenedesmus appears to be somewhat 

heterogeneous, and there are moves to split it up. 

There are general agreement to distinguish at least two subgenera; subgenus Desmodesmus, 

the spiny species and subgenus Scenedesmus, the spineless species. Hegewald (1978) further 

divides the spineless species into those with spindle-shaped cells and acute poles (subgenus 

Acutodesmus) and those of a more or less ellipsoidal cell shape with obtuse or truncate cell 

poles, which are also characterized by mucilage production (subgenus Scenedesmus). 

In the 1980s, American scientists studied, at a laboratory scale, the possibility of recycling 

nutrients from secondarily treated domestic wastewater through artificial food chains. They 

found that species like Scenedesmus and Daphnia magna were suitable organisms, both for 

their high growth potentials and also for their resistance to handling in the low technology 

culture systems used (Kawasaki et ai., 1982). 
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2.1 Feasibility of microalgae 

Microalgae, microscopic photosynthetic organisms that grow in salt or fresh water, are fast 

growing autotrophic plants that could produce approximately 5,000-15,000 gallons of oils per 

acre per year (Table 1). In addition, based on Wang et al. (2008), micro algae have. the ability 

to capture solar energy with efficiencies 10 to 50 times greater than other land based crops. 

The growing cycle for microalgae can be completed in a few days. 

Average doubling times of less than 24 hours have been reported (Chisti, 2007). The oil 

content in most micro algae is between 20-50% by dry weight (Becker, 1994). Some 

micro algae produce up to 60% of their cellular mass as lipids and could yield 30 times more 

oil per unit growth area than land plants (Saum, 1994). The amount chemical composition for 

respective strains ofmicro algae can be observed in the Table 2. 

2.1.1 Algae Strains 

According to Chisti (2007), Scenedesmus spp. is a very promising strain that should be further 

researched. The strain must be constantly agitated while grown because of the ease of 

sediment buildup which hinders growth. A selection of microalgae with high accumulation of 

oils is crucial in biodiesel production. Strain selection is dictated by high productivity, ready 

harvestability, and desirable co-products. Besides lipid content, selection of algal strain can 

also determine by its ability to be mass-cultured, hardiness in extreme environments, relative 

growth rate versus potential contaminants, and competitiveness in dense mass culture 

enemann, 2003). 
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1.1 Growth Requirements 

2.2.1 Physico-chemical factors 

Microalgae require light, carbon dioxide, water, and inorganic salts to grow. Temperature also 

has a major effect in the production of algal fatty acids. The optimum temperature for growth 

averages between 20-30°C (Chisti, 2007). Macronutrients for algal growth include a 

continuous supply of carbon dioxide, nitrogen, phosphorous, iron, and silicon on occasion. In 

which phosphorus is not readily bioavailable and may form complexes with some metal ions, 

it should be supplied in excess (Wang et al., 2008). 

Carbon dioxide supply can be controlled by measuring pH, and must be supplied continuously 

during the daylight hours. In addition to carbon, algae need some additional nutrients to grow 

and reproduce. The most critical elements are nitrogen, phosphorous and silicon due to the 

high amount required to produce the biomass. Trace elements are also important because they 

often are used as catalysts and therefore, accelerate the process significantly. 

Nitrogen is, beside carbon, the most important nutrient. It can be utilized by algae in organic 

(urea) or inorganic (nitrate, nitrite, ammonia) forms. Nitrite (N02-) is toxic when used in 

larger amounts due to higher concentrations and thus not very convenient to use (Darley, 

1982). The growth rate is generally the same for every nitrogen source. The best nitrogen 

assimilation can be reached using organic urea .Using inorganic sources; ammonia (NH/) is 

preferred over nitrate (N03-). However, high ammonia concentrations (> 0.5 to 1.0 mollL) will 

inhibit the uptake of nitrate. The assimilation of inorganic nitrogen is highly related to the pH, 

since nitrogen absorption changes the pH (Hegewald, 1978). 
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borous is another significant nutrient for alga] growth it is essential for almost all 

caI1u1ar processes. A limitation in phosphorous will also cause a decreased growth rate. The 

phosphorous concentration in the growth medium varies among the different species. 

average concentration or tolerance is in a range of 50 mg/L to 20 mglL (Becker, 1994). 

phosphorous uptake rate is influenced by factors such as pH and the concentration ofNa+, 

Mg+ and various heavy metals. Similar to the starvation of nitrogen, a phosphorous 

deficiency increases the proportion ofproduced lipids. 

Only very small amounts of trace nutrients are needed for optimal growth per liter medium. 

most important elements are manganese, nickel, zinc, boron, vanadium, cobalt, copper 

molybdenum. Properties of essential trace elements are as it can influence algal growth in 

rapresentative number of species, have a positive effect on total growth, show a direct 

physiological effect on algal growth, and show reversible signs of deficiency in cultures 

Jacking this element. Moreover, it cannot be replaced by another element (Becker, 1994). 

1.1.1 Mineral media for laboratory culture 

Since Beijerinck (1980) first reported the axenic cultivation 0 f a Scene des mus strain in test 

tubes. many hundreds of papers on the cultivation of Scenedesmus in the laboratory and in 

cultures have been published. Although it is true that popular strains ofS. obliquus or S. 

quadricauda grow very well in almost any mineral medium for all Scenedesmus isolates. 

Some media recommended for the laboratory cultivation of Scenedesmus spp. such as for 

strain selection, comparative productivity tests, maintenance of stock cultures on agar slants 

listed in Table 3. All of these culture solutions are used to grow other green micro-algae 

ch as strains ofChlorella, Coelastntm and Monoraphidium. 
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The medium of Bourrelly (1948) is the most suitable for isolating Scenedesmus strains from 

natural phytoplankton samples and for maintaining the isolates their original size and shapes. 

Almost the same hold true for modification of the medium Bristol (Bold, 1949). Because of its 

low concentrations ofN and P, Bourelly's medium restricts biomass concentration to less than 
~ 

0.1 g algal dry matter I-I in batch cultures. The concentrations of some of the macro-elements 

are unnaturally high. This leads not only to a loss of the cell's ability to express their full 

morphogenetic potential in classic sense of polymorphism (Trainor et al., 1976) but may 

imply also somewhat reduced growth and increased accumulation of extracellular organic 

substances ( Bolze, 1976). 

The pH range for most microalgae is between 7 and 9 (FAO Corporate Document Repository, 

1996). A pH tolerant study conducted by Olaizola (2003) reviewed that at the lower and 

higher end ofthe pH levels tested (6.5, 7.5, and 8.5) growth was slow due to the acidity or the 

limitation of carbon dioxide available in the medium (Table 4) . In addition, there is no direct 

effect of high concentration of carbon dioxide on algae productivity if no excess of carbon 

dioxide is added to the culture during the growth phase (Olaizola, 2003; Chisti, 2007). 

Lighting is crucial fo r algae culture growth. Increasing light intensity in general increases the 

triacylglycerollevels in algae, but it can also results in a 50-80 percent energy loss in the form 

of heat, causing algal production rate to drop from photo inhibition (Roessler, 1990; 

Benemann, 1997: Ogbonna and Tanaka, 1997). The heat requirement for a given system is a 

major concern since the best algae growth rates are obtained between 25-30 °C, depending on 

the specific strain. At low light intensity, a 20-24% photosynthetic visible light conversion 

efficiency was achieved (Benemann, 1997). 
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cells expose to low intensity, algae reportedly have a higher lipid conversion but a low 

biomass concentration. With a high intensity, algae have a lower efficiency and a higher 

biomass conversion rate (Chisti, 2007). At night the cells metabolize their intracellular store 

carbohydrates for cell maintenance, resulting in decreased productivity (Ogbonna and Tanaka, 

1997). Thus for maximum productivity, combination of sunlight and artificial lighting at 

nights or on cloudy days should be used in the laboratory experiment. 

Oil extraction methods include expeller or press, hexane solvent method, and supercritical 

ftuid extraction. The expeller is the simplest oil extraction method, typically recovers 

chlorophyll a 70-75% algal oil from dried algae. The solvent method, complex but efficient 

which is more than 95% oil recovery, dissolves oil in cyclo-hexane and the mixture is then 

separated by distillation (Oilgae Blog Directory, 2009). 

Algae processing can be broken down into three steps, they are isolation of the algae, algae 

dewatering or drying oil extraction, and recovery or utilization of the algae cake. Dewatering 

or drying process reduces the water content of the algae prior to oil extraction process. The 

algae paste obtained from filtration or centrifugation contains as much as ca. 90% water 

content. Drying algae to ca. 50% water content is necessary to produce a solid material that 

can be easily handled. Solar drying, a popular and inexpensive method, is used commercially 

in grains and timber drying (Kadam, 2001). 
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Malaysia 

o TERIALS AND METHOD 

3.1 Culture Establishment 

3.1.1 Scenedesmus dimorphus culture 

The Scenedesmus dimorphus was sub-cultured from the algal culture collection at University 

Sarawak (UNIMAS) was originally obtained from National Institute of 

Environmental Studies (NlES), Japan. The first sub-culture involves inoculating some cells 

wm an old stock culture into fresh NGP culture medium in 250 ml Erlenmeyer flasks. This 

culture was placed under controlled light supply of 12 hour dark and 12 hour light with 

sufficient aeration. 

3.2 Microalgae sub-culture for Growth Experiments 

The subcultures was first established with the addition of enriched Leaffie Organisol 

(Appendix 2) medium and fertilizer, Kwik Bloom 67 Q (N: P: K± 18:36:18). There were four 

treatments done to observe their growth rate in the laboratory condition with same 

concentration ofGP, 0.25 mLlL. The treatments tested with different amount of fertilizer (1.6 

gIL, 3.2 gIL, 4.8 giL and 6.4 gIL) and a control which is without growth promoter for duration 

of 2-3 weeks prior to experiments (Appendix 3). The treatment of each is summarized in 

(fable 5). The cultures were maintained in the Botany Laboratory under condition as below 

(fable 6). The Erlenmeyer flasks were firstly autoclaved and the opening was closed with 

sterile cotton. 
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able 6: Conditions for culturing Scenedesmus dimOlphus in Aquatic Botany Laboratory 

ter 

iDtensity (lux) 

IIotoperlod 

Conditions 

20 

21 

12:12, L: 0 

3.2.1 Improvement ofScenedesmus dimorphus Growth 

An improvement of Sce1ledesmus dimorphus growth under different concentration was done 

with addition of Leaffie Organisol. The Leaffie Organisol is a soluble liquid nutrient booster. 

It contains an organic extract with amino acid complex and trace elements (Table 7). This 

growth promoter was diluted into 10% of 1 ml, filtered and then poured into 250 ml 

volumetric flask. Twenty-five ml of Scenedesmus dimorphus stock was later added and filled 

with autoclaved water until up to 250 ml Erlenmeyer flask. The NGP medium was enriched 

with different concentration of diluted growth promoter (0.25 mLlL, 0.35 mLlL, 0.45 mLlL) 

as in condition shown in (Table 8). The NGP medium without growth promoter was used as a 

control. The cultures were subjected to different pH levels (PH 5.3, pH 5.9 and pH 6.4). 

The best growth ofthe established NGP medium later sub-cultured into 2 liters flasks. There 

ere two replicate of each sub-culture done in the experiment. The cultures were left under 

controlled light supply of 12 L: 12 D. The flasks were aerated by air pump model HIB Low 

Pump Type. The air hose was also fixed with 0.45 )lm membrane filter to ensure supply of 

can air .The concentration of growth promoter that gave the best algal growth rate was later 

for outdoor mass culture. 
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8: Conditions for culturing Scenedesmus dimorphus m different concentrations of 
1IIDwthpromoter in NGP medium. 

Conditions 

20 

intensity (lux) 22.8 

IDperiod (Hours, Light: Dark) 12:12, L: 0 

3.3 Calculating the Cell Concentration of Algae 

There are two simple methods for counting cells based on the surface area of the 

liiIllUlCytometer used to determine cell count. The choice of methods depends upon the cell 

entration and the accuracy of the produce depends upon the number of cells counted. 

When cell concentration is low, one should count more grids. 

3.3.1 Method A 

unl the number ofthe cells in the 4 outer squares 

Dalsity. d (cellslml) = Total count x 10 4 

Number of blocks 

3.3.2 Method B 

Estimate cell concentration by counting 5 squares in the large middle square. 

Density. d (cellslml) = Total number of counted cells 

IOx4x 10- 6 
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done for every two (2) day for twenty-eight (28) days continuous. The growth rate 

r each experiment was determined and graph of each was plotted by using the formulae 

K = Ln(NiNl) 


(h-tl) 


I and N2 = Cell density at time 1 (tl) and time 2 (h) respectively 


3.4 Outdoor mass cuJture 

on the results, Scenedesmus dimorphus in treatment C gave the best and later was 

IAIIIIIIlCllll:O into four 20 L aquariums. The cell number of 20 liter each aquarium was counted 

r 28 days. The cell number was counted for every 2 days to find out the cell density of 

tioned in the in Table 9. After 28 days, each of the culture was harvested using electrical 

Ie 9: Conditions ofScenedesmus dimorphus in NGP medium of 0.55 mLiL GP (outdoor) 

Conditions 

l~emlDel1lture ( 0 C) 31 

55 

12 




Harvesting techniques 

trieal flocculation was chosen for harvesting, there was some experimental method 

to detennine the best flocculants to clump all of the microalgae at the surface of beaker 

...iab, 2010). This electrical flocculation method is to cause the algae to flocculate, or 

together. These clumps of algae are heavier and will fall out of suspension, settling to 

-_ •.. .."UO!n. For instance, chitosan and monosodium glutamate (MSG) had been tested in the 

•••:ot to find out the best amount of flocculants and voltage that give the highest rate of 

cmJ to harvest by electrical flocculation method, 1 L of algal suspension was taken into 2 

beaker containing two aluminums electrodes (12 x 3 cm) kept 10 mm apart and attached 

voltage eliminator supplier. The experimental harvesting method used tested different 

1iD0UI1tt of flocculants varies from 2-10 V cm- I potential difference. The result was shown that 

highest voltage and flocculants used determined the most effective method to harvest the 

suspension. The passage of electric current for 20 minutes of 3.0 g MSG shows the best 
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