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ABSTRACT 

The usage of petroleum is getting higher since there are an increasing number of transport uses. It is 
also well known that the usage of petroleum forms carbon dioxide which gives green house effect 
where make earth getting warmer. Therefore, alternative sources to replace petroleum should quickly 
solve. Algae have emerged as one of the most promising sources especially for biodiesel production. 
Generally, algae can be divided into two groups which are microalgae and macroalgae. This project is 
carried out to screen the lipid content focusing on fresh water macroalgae. These macroalgae were 
collected in the several areas around University Malaysia Sarawak (UNfMAS) such as in the drain and 
lakes. Selected environmental parameters which are dissolve oxygen. pH, and temperature were 
measured during taking the sample. The samples were then bringing to the laboratory of Aquatic 
Botany to extract their lipid by using Soxhlet extraction method and n-hexane as a solvent. Amount of 
lipid content were determined where difference species and different environment condition have 
difference amount of lipid content. All types of fresh water macroalgae that found in the selected 
places were preserved and identified of their species. From this research, the percentage of lipid 
content for each sample was determined. There is a significance correlation between temperature and 
the lipid yield. The highest lipid content was recorded in Spirogyra which has also been reported 
alsewhere. 

Keyword: freshwater macroalgae, environmental parameters, llipid, Soxlet extraction method 

.. 
ABSTRAK - . 
Penggunaan petroleum semakin meningkat disebabkan peningkatan jumlah penggunaan kenderaan. 
Sedia maklum juga bahawa penggunaan petroleum menghasilkan karbon dioksida yang boleh 
mengakibatkan kesan rumah hijau seterusnya menyebabkan bumi semakin panas. Maka, alternatif 
sumber untuk menggantikan petroleum perlu dicari segera. Alga berpotensi untuk menjadi sumber 
yang dijanjikan terutamanya untuk penghasilan biodiesel. Secara umumnya, alga dibahagikan kepada 
dua kumpulan iaitu mikroalga dan makroalga. Kajian ini dijalankan untuk melihat kandungan lipid 
yang ada dan fokusnya adalah kepada makroalga air tawar. Makroalga diambil dari beberapa kawasan 
di Universiti Malaysia Sarawak (UNIMAS) seperti di longkang dan di tasik. Piawaian persekitaran 
terpilih seperti oksigen terlarut, pH, dan suhu turut diukur semasa sampel diambil. Seterusnya. sampel 
dibawa ke makmal akuatik botani untuk proses pengekstrakan lipid dengan menggunakan cara 
pengekstrakan Soxhlet dan n-hexana digunakan sebagai solven. Kuantiti jumlah lipid juga diketahui di 
mana perbezaan spes is dan faktor alam sekitar yang berbeza akan memberi jumlah lipid yang berbeza. 
Setiap jenis alga air tawar yang dijumpai telah diawet dan dikenal pasti jenisnya. Berdasarkan kajian 
ini, peratusan kuantiti lipid untuk setiap sampel berjaya direkod. Terdapat hubungan signifikan antara 
suhu dan kuantiti lipid. Jumlah lipid tertinggi direkod pada Spirogyra di mana turutjuga direkod dalam 
kajian terdahulu. 

Keyword: macroalga air tawar, piawaianalamsekitar, lipid, pengekstrakanSoxhlet 
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Chapter 1.0 


Introduction& Objectives 


Biofuels are alternatives for petroleum-based fuels as they are produced from domestic 

renewable resources (The National Academy of Sciences, 2011 ).Biodiesel is widely used 

biofuels for transportations applications. Biodiesel is biodegradable, less CO2 and N02 

emissions. Continuous use of petroleum sourced fuels is now widely recognized as 

unsustainable because of depleting supplies and the contribution of these fuels to the 

accumulation of carbon dioxide in the environment (Hossain et aI., 2008). 

The burning of an enormous amount of fossil fuel has increased the CO2 level in the 

atmosphere, causing global warming. Biomass has been focused as an alternative energy 

source, since it is a renewable resource and it fix CO2 in the atmosphere through 

photosynthesis. If biomass is grown in a sustained way, its combustion nas no impact on the 

CO2 balance in the atmosphere, because the CO2 emitted by the burning of biomass is offset 
• 

by the C02fix by the photosynthesis (Hossain el al., 2008). Algae ~'re an example of biomass 

and usually have a higher photosynthetic efficiency than other biomass (Extension, 2012). As 

part of the photosynthesis process algae contain high oil content compared with terrestrial 

crops which only contain a maximum of about 5 percent dry weight of oil (Extension, 2012). 

The diversification of different types and sources of biofuels has become an important 

energy issue in recent times. The use of biomass to produce biofuels and their benefit are well 

known. Biodiesel has gained considerable attention as the need to develop alternatives to 

traditional diesel fuel increase. In particular, the use of biomass that is not particularly useful 
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for other purposes should be pursued . The research should involve not only existing renewable 

sources available from land but also those coming from aquatic systems (Simone et ai., 2007). 

Algae have emerged as one of the most promising sources especially for biodiesel 

production, for two main reasons (1) The yields of oil from algae are higher than those for 

traditional oilseeds, and (2) Algae can grow in places away from the farmlands and forests, 

thus minimizing the damages caused to the food chain systems. As an advantage, algae can be 

grown in sewages and next to power-plant smokestacks where they digest the pollutants and 

through this it can give us oil. Such an approach can contribute to solve major problems of air 

pollution resulting from CO2 evolution and future crisis due to shortage of energy sources. The 

tapping of engineered algae to produce bio-diesel and bio-ethanol has the best potential of 

great success because algae is very oily where it has about a 50% oil composition, it is the 

fastest growing organism and it becomes very dense enough to be harvested three times a day 

(Hossain et ai., 2008). It is also can be inferred that algae can be converted to oily substance 

through several method of extraction which then will go througfl another severa1 steps to - . 
produce biodiesel (Sayadi et ai. , 2011) 

Algae can be categorized into two major groups which are the microalgae, and the 

macroalgae. This research will focus on macroalgae instead of microalgae even though the 

lipids potential are higher in microalgae. In their natural environment, macroalgae grow on 

rocky substrate and form stable, multi layered, perennial vegetation capturing almost all 

available photons (Carlsson et ai., 2007). Other than that, macroalgae also can be consider as a 

residual biomass ready to use for energy purposes (Simone et al., 2007) 
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This research attempted to identify the relationship between the environment 

conditions with the lipid content of freshwater macroalgae in order to maximize the lipid 

content by knowing the suitable and the optimum of environmental parameters. The selected 

parameters are pH, temperature and dissolve oxygen. These three parameters are measured 

each time the sample taken. All these environment factors might affect the biomass and the 

lipid content of the algae. The relationship between environmental parameters and the amount 

of lipid content are analyzed using Correlation analysis. 

.. 
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Chapter 2.0 


Literature Review 


2.1 Global climate and energy crisis. 

In developed and developing countries, vehicle productions are increase from year to year and 

it is predicted to be more drivers using the road in the future. So greenhouse gases emission 

will be a major problem that we have to face as it threatened the weather conditions and the 

health of living creatures. Particulate materials from burnt diesel fuel can cause irritation and 

produce carbon core that will bind heavy metal and organic compound. It has been reported 

that death has taken as more as 50 000 people per year in United States of America and 200 

000 people per year in Europe countries due to inhaling this particulate matters (Ackland et 

al., 2008) 

As the oil demand is getting higher and higher, the world fossil fuel resources are more 

likely to shrink. The people have to think in other way instead ofdepending on fossil fuels to 

move their vehicles. Therefore a renewable energy has recently attracted their attention to try 

the possibilities. Any of these problems such as high fossil fuel price, risk of fossil fuel 

dependence and high emission of greenhouse gases can be countered if there is a chance to 

find supply of reLiable and affordable energy which is non-pollutant and safe for the 

environment. At present, a lot of researches are focusing on new energy sources like wind, 

solar, water and biomass (Da Schio, 20 I 0). 
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2.2 History and Development of Algae Biodiesel 

Historically, petroleum is widely believed to have its origins In kerogen, which is easily 

converted to an oily substance under conditions of high pressure and temperature. Kerogen is 

formed from algae, biodegraded organic compounds, plankton, and plant material by 

biochemical and chemical reactions such as diagenesis and catagenesis. Several studies have 

been conducted to stimulate petroleum formation by pyrolysis. On the basis of these findings, 

it can be inferred that algae grown in C02 enriched air can yield oil that can be converted into 

biodiesel. Such an approach can contribute to solving two major problems which first, air 

pollution resulting from C02 evolution and second future crises due to a shortage of energy 

sources (Sheehan et aI., 1998). 

According to Cooksey, he was specifically searched for thermophilic strains of algae 

isolated from hot springs. Cooksey's lab made a number of discoveries that were published in 

scientific journals. Furthermore, his lab in the 1980s figured out how to increase oil production 

from algae. It developed a system that screened algae for their oil content and greatly reduced .. . . 
the sample size needed for their research. The lab develops a stain for algae, called Nile Red. 

When treated with the stain, the algae became tlorescent under certain conditions, making it 

easier to measure their oil content. At the same time, algae technology provides a means for 

recycling waste carbon dioxide from fossil fuel combustion. Algal biodiesel is one of the only 

avenues available for high volume reuse of C02 generated in power plants. It is a technology 

that marries the potential need for carbon disposal in the electric utility industry with the need 

for clean burning alternatives to petroleum in the transportation sector (Sheehan et aI., 1998). 

6 
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While algae are one of the more promising feedstock owing to their widespread 

availability and higher oil yields, it is felt that there are not enough web resources that provide 

comprehensive information on biodiesel production from algae. While algal oil certainly 

appears promising, it should be pointed out that lots more inputs need to be analyzed and 

further experimentations done before one can be sure of algal oil being a worthy large scale 

substitute for petrol diesel (Briggs, 2004). 

2.3 Macroa,lgae 

The word macroalgae could be defined as algae that are visible to the naked eye. Macroa'igae 

can be subdivided into three groups which are red macroalgae, green macroa,lgae, and brown 

macroalgae (Carlssonet ai., 2007). Macroalgae or can be known as seaweeds have a potential 

energy sources since they neither possesses extractable oils nor high carbohydrate content thus 

making them a viab'le option to be utilized as feed stocks not only producti,on of ethanol but 

also other fermentations (Sayadiet ai., 2011). 

.. 

The brown colour of these algae results from the domi~ance of the xanthophyll 

pigments fucoxanthin , which masks the other pigments, chlorophyll a and c, beta-carotene and 

other xanthophylls. Food reserves are typically complex polysaccharides, sugars and higher 

alcohols. The principal carbohydrate reserve is laminaran, and true starch is absent compare 

with the green algae. The walls are made of cellulose and alginic acid, a long-chained 

heteropolysaccharide. Most are marine algae. In general, brown algae are larger and more 

species are found in colder waters (Mohamed, 1988) 
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Green algae may be unicellular, multicellular, colonial or coenocytic which composed 

of one large cell without cross wall. The cell may be uninucleate or multinucleate. Compared 

to brown algae, green algae have more oil content. They have membrane bound chloroplasts 

and nuclei. Most species are aquatic and are found commonly in freshwater and marine 

habitats (Graham, e/ al., 2009) 

According to Sze (1998), red algae are red because of the presence of the pigments 

phycoerythrin. This pigment reflects red lights and absorbs blue light. Because blue light 

penetrates water to a greater depth than I ight of longer wavelengths, these pigments allow red 

algae to photosynthesize and live at somewhat greater depth than most other algae. Some 

rhodophytes have very littile phycoerythrin and may appear green or bluish from the 

chlorophyll and other pigments present in them. 

2.4 Environmental influences 

The lipid composition of higher plant and algae can be mo<4Jlated by changing growth . . 
conditions, including temperature and light intensity (Table 1 ).One of the major effects of 

these environmental variables is on the level of fatty acid desaturation. However, while there 

is an abundance of information pertaining to the effects of environmental conditions on the 

fatty composition of algae, very little is known about environment effects on the molecular 

species composition of individual lipids (Daniel & Chiara, 1997). 

The lipids of higher plants and many algae can be divided according to their molecular 

species compositions (Daniel & Chiara, 1997) 
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Table I: Fatty acid composition of MGDG and DGDG of Porphyridiumcruenlum cultivated at different 

temperature and biomass densities . The data presented are average of three independent measurements (±SD). t= 

trace levels. MCDG = monogalactosyldiacyglycerol. DGDG = digalactosyldiacylglycerol. 

~·d.~t\· OKidi (% ur lotAJiJ 

Trmp Cd: HLO ,6: 1 16 : I :11 :0 I : 1 IR : I IK :2 W ; 2 20:' 20 :4 20 5 
lipid (. 1:) d (h ",II loll! ..7 oofi 1.>6 .1Ii ..~ 

MGOC: 20 High" 28.6 0.2 1.:\ 0.7 U.6 (J.I 9.8 0.4 6.9 S .4 
(0.4) (0.03) (0.U6) (0.4) (ll.O I) (0.111) (0.1 ) (0.0 . ) (0.06) (0.2) 

I.ow' 32.6 ll.2 L:! 0.9 0.9 15.7 0. 1 '1.9 ·IB 
(0.3) (0.0\ ) (0.04) (0.03; «1.04) (OA) (0.00) (0.1 ) (0.9) 

2., High 26.2 0.3 0.5 0.2 0.2 0..1 5.2 0') 0.3 29.1 :37.1 
(OA) (11.01) (OJ)], ) (0.0: ) (0.2) (n.ol) (02) (0.00) (0.01 ) (0.5) (0.55) 

Low 37.6 U.5 0.1 13 U 0.1 5.5 0.7 0.4 5.1 47.5 
(0.3) (O.()~ ) (O.IlI) (0.1 ) (0.U5) (0.111 ) (0.1 ) (0.06) (0.09) (O.l ) (0.5) 

30 High 28.5 s.n 0.1 7.0 17.7 2.7 11.2 O.n n.n 17.0 9.6 
(0.2) (0.07) (IUJI ) (0.4; (0.9) (O.IIl) (0.'1) (0.03) (tl.U3) (0.4) (0.3) 

Low 17.3 1.4 1.1 :\.7 11.3 2.5 8.2 1.8 liI./I 37.n 
(0.4) (0 .11) (O.O:!) (0.1 ~ (CU!) (0.14) (11.4) (0.09) (1).9) (0.2) 

DlmG 20 High :'iO.7 (I.1l 0.1 0.7 lUi 0.1 G.3 0.1 2.1; 38.2 
(0.9) (0.01) (0.06) (U.I) (0.05) (0.01) (0.35) (IU)2) (0.3) (1.2) 

Low 48.9 0.4 0.1 0.3 O. ~ ID '1.7 0.2 4.5 40.0 
(0.2) (O. I!» (0.07) (1J.09) (O,o!) ) (0.15) (0.1) (0.12) (11.06) (0.4)...2;, High 47.7 0.:\ O.:~ 0.2 0.3 n . .'; /.~l OA 0.2 15.2 27.4 
(0.3) (0,0 I) (0.1)( ) (!I.01) (0.03) (fl.OS) (11.1) (U.O I) (0.1)( ) (0.30) (0.2) 

tow 4tU OA 1.1 1.1 6.0 0.2 l.i 4~ . 5 
(0.4) (0.01 ) (0.3 ) (o.n,\) (0.1 ) (0.02) (0.09) (0.4) 

30 Hii(h 48.4 0.2 0.1 0.7 O.y IlA 0.2 0.4 18.6 24.1 
(0.9) «()oJ))) (IWI) (O.O~) (ll.~) (0.:,) (0.02) (0.01) (1) .3) (fl.8!i) 

Low 44.8 0.7 0.4 1.4 2.9 O.G 6.4 0.4 0.3 i .2 35.0 
(l.7) «(J.(1I ) (0.01) (0.1 ) (0.1) (O.U!?) (0.15) (0.02) (0.01) (0.1) (1.2) 

1High. cultures dilmen daily to 8-16 mg chl·mL- ' . .. , l.oW. l·uitur('s diluted daily to ~··6 Oll{ cn.·mL- ' . 

According to Ralph (1993), light clearly had an influence on lipid composition, as 

evidence by the systematic increase in the relative importance of triacylglycerols (TG) from 

deepest to thinnest snow cover, at the conclusion of the light- limited phase of the bloom 

(Table 2). Ice algae in the present study area indicated total lipid up to 64% of cell carbon, 

with the highest values observed both early in the bloom (Ralph et aI. , \993) 
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Table 2: Lipid class composition of particulate organic matter from bottom ice covered by different thickness of 

snow (cm) near Resouite as percent of total lipid HC: hydrocarbons; TO: triacylglycerols; FFA:free fatty acids; 

AMPL: acetone-mobile polar lipids; PL: phospholipids: POL: polar lipids (AMPL + PL); OT: other lipids 

(sterols, alcohols, wax esters); CHL: chla 

Date TG FFA AMPL PL OT L1P ' C HL TG : POL AMPL:PL 

Apr 9 0 0 70 10 2 14.5 0 7 0 
May 8 32 12 28 13 2 12.8 0.77 2 .11 
JUIl 9 15 37 8 27 9 3 63.8 1.00 295 
Apr 9 17 9 2 56 12 3 30. 8 0. 12 4.50 
Apr 1 32 2 4 SO 10 2 3.') ,5 0 .04 S.t 
Ma y 18 10 14 6 43 23 3 5.9 0.21 .183 
May 26 17 20 10 36 12 5 6.4 0 .42 300 
Jun 9 5 12 ·14 .., 23 11 2 2 .4 1.28 203 
Apr9 20 14 3 76 7 0 24 6.0 0 11,0 
May 18 20 3 1 SO 9 0 9,5 0 .6 
May 26 20 20 4 3 44 16 3 lO.;l 0. 22 2 78 

Another revIew on environmental influence of algae is the optimum growth of 

Cladophoraglomeratawhich occurs between 13 and 17D e where cessation of growth occurred 

when water temperature exceeded 20D e (James et al., 2009). 

.. 
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Chapter 3.0 


Materials and Methods 


3.1 Environmental parameters measurements 

The chosen environmental parameters are temperature, dissolve oxygen and pH. The 

temperature, dissolve oxygen and the pH were recorded using EUTECH Instruments 

waterproof Cyberson DO 300 model (Figure I). Each parameter' s readings were taken in three 

replicate to minimize the error. 

.. 
. . 

Figure I: Shows a EUTECH Instruments waterproof Cyberson DO 300 mOdel. Use to measure temperature, 

dissolve oxygen and pH. 

3.2 Sample collection 

The location of the site sampling is located at Kota Samarahan, Sarawak (Figure 2). The algae 

were collected by using plastic scoop and scoop net. The scoop net have 0.0 I cm for its mesh 

size and the sample were taken from various freshwater habitats such as drain and lake. The 

algae were first transfer into a plastic bucket at the site sampling. Then, the sample directly 
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brought to the laboratory of Aquatic Botany Sciences, Faculty of Resource and Sciences 

Technology, for proceeds next procedure. 

Location of Kota 

Figure 2: Shows the location of Kota Samarahan which nearby Kuching, Sarawak . 

.. , 
3.2 Geographical Positioning Systems (GPS) 


The coordinates for the sampling site were recorded using GPSmap 60 CSx GARMIN model 


(Figure 3; Table 3). 


Figure 3: Shows the GPS instrument to record the location of sampling site 
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Table 3: Sampling site 

CoordinatesStation 
, 

NOl027.660' 

ElI0027.243 ' 

2 

I 

NO 1°28.241 ' 

EIIo025.801' 

3 NOI °27.598' 

E I 10°27. 189' 

4 NOl027.616' 

ElI0027.058' 

5 NO I °28.067' 

ElI0025.811 ' 

6 NOI °27.965 ' 

EIIo025.596 ' 

.. 
t 

3.2 Algal biomass 

The collected algae were put in the sink at the laboratory of Aquatic Botany Science and 

washed up by using tap water. This is done to clear the algae from the sediments that stick 

together with the algae. The algae were then dried in the oven at 40°Cto remove the water 

(Hossain et aI. , 2008). After that, dried algae were blend using blender Panasonic MX-7995 

model until it becomes refined (Figure 4). 
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Figure 4: Shows the result of dried and fine macroalgae before proceed with Soxhlet Extraction Method 

3.3 Lipid extraction 

The lipid of algae was extracted by using Soxhlet extraction method (Figure 5). Amount of 

solvent used was ) 50 to 250 ml of n-hexane and the heater was set up to 69°C since the 

boiling point of n-hexane is 69°C. 

Figure 5: Figure besides explain on how the apparatus of 

Soxhlet extraction method looks like. It contain condenser, 

siphon arm, thimble sample. boiling flask and heater . .. 

This process runs from 7 hour to 12 hour (Hossain et al., 2008). At the end of this process, the 

lipid content from the algae are mixed together with the solvent and then be separated by using 

rotary evaporator at 40°C under reduced pressure (Figure 6) 
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Figure 6: Shows the rotary evaporator that used to mix the solvent (n-hexane) with the lipid of algae. 

3.4 Lipid amount 

The weight of lipid content was measured. The amounts were recorded and the lipids were 

kept in the close small tube in the laboratory (Figure 7). 

Figure 7: Shows the tnmsferring of lipid to the close small 
~ . 

tube. 
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