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Abstract- This project explores the means to improve the CO2bio-fixation rate through selection of species. Consortium of 
species is isolated from the TNBJanamanjung’s outfall water, which has hinted a good success rate due to its potential of 
having good robust species there. Samples were taken, analysed, isolated and identified. Two species were made known 
through molecular identification as Chlorella sorokinianasp. and Chlorella Pyrenedoisa sp. A third species – a diatom was 
identified morphologically as Amphora sp. These species were later mixed with different volume concentrations with the 
existing Isochrysis sp. for CO2 fixation rates experiment. It was later determined that a ratio of 75% mixed species and 25% 
Isochrysis sp. by volume gave the best CO2 fixation rate of 0.965 g. CO2/L.day. Bioactive compounds were also examined 
for this new consortium, of which good and encouraging contents and variability of protein (and its essential amino acids) 
and lipids (and its free fatty acid contents) were observed which provides information on potential downstream products 
development. 
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I. INTRODUCTION 
 
There is growing recognition that microalgae are 
among the most productive biological systems for 
generating biomass and capturing carbon dioxide. 
Photosynthetic efficiency of microalgae ranged from 
10–20% in comparison with 1–2% of most terrestrial 
plants thus make it as one of the promising 
technology for biological capture of 
CO2[[12]].Micro-algae's ability to transport 
bicarbonate into cells makes them well suited to 
capture carbon. Carbon dioxide or bicarbonate 
capturing efficiencies is reported to be as high as 90% 
[[10]]. Thus, microalgae can potentially be exploited 
for CO2 capture and sequestration. However, there 
are some issues and challenges in algae-based 
fixation technology such as limited experience on up-
scaled system, low productivity and nutrient 
suitability. Not only suitable in carbon sequestration, 
microalgae are also  rich  in  a  vast  array  of 
bioactive  compounds,  such  as  carotenoid  
pigments, vitamins,  proteins,  fatty  acids,  sterols  
and polysaccharides [[14]]. They havebeen widely 
used in food processing, cosmetics, pharmaceuticals, 
sewage treatment and so on [[15]]. Biochemical 
composition of microalgae can be substantially 
altered by manipulating their culture   conditions such 
as nutrient composition, concentrations, light 
intensity, photoperiod or temperature 
[[3]][[6]][[7]][[9]].  It also has been reported 
that not only growth characteristics but biochemical 
composition, nutritional compositions and other 
growth factors of microalgae could also be altered 
when mixture of microalgae species were cultured 
together in the same culture medium [[4]][[5]][[8]].  

The purpose of this study is to screen for robust 
microalgae consortia to enhanced CO2 fixation rate 
under actual flue gas exposure. Simultaneously, the 
biochemical properties of these consortia were 
analyzed to determine its potential benefit towards 
downstream product development.  
 
II. DETAILS EXPERIMENTAL 
 
1.1 Sample Collection 
Samples were collected from the sea water outfall at 
StesenJanakuasa Sultan Azlan Shah, Manjung Perak, 
west coast of Malaysia Peninsular, 4° 9’ 31.158”S 
latitude and 100° 38’ 30.3396” E longitude. Outfall is 
a discharge point of spent sea water used in the power 
generation process in the upstream. Among processes 
undergone by the sea water at this point include high 
velocity spray, disinfection with hypochlorite, water-
spray as part of flue gas desulphurization and aerated 
(air bubbled)., and thus fit for a rigorous and robust 
species to be found there. 
 
1.2 Isolation and Identification of consortia of 
species 
The samples were then delivered to 
UniversitiKebangsaan Malaysia (UKM) as the 
collaborator for species isolation and identification. 
The samples were cultured using both f/2 and TNBR 
medium. The samples were maintained in 50 mL 
centrifuge tube, at room temperature at 28°C and kept 
with continuous light exposure at 12,000 lux by 50W 
fluorescent daylight type lamps. Observation of 
microalgae growth in the liquid medium were 
continued with plating method by using respective 
medium by  using 1.25% agar plate. In the parallel of 
liquid and 1.25% agar cultivation, the growth of 
microalgae were measured by biomass accumulation, 
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cell density and amounts of colonies on the plate 
respectively. Growing microalgae species were 
observed and morphological screening was done by 
comparing to the online catalogue as per University 
of Texas (UTEX), Culture Collection of Microalgae 
and The Culture Collection of Algae at Goettingen 
University (international acronym SAG). 
Morphological identification was done by 
determining the characteristic of isolated microalgae, 
which include size, availability of membrane wall and 
flagella and the shape of chloroplast. 
 
1.3 Carbon fixation experiment 
Healthy culture of microalgae species isolated and 
identified earlier were later propagated through series 
of volume scaling-up before being tested in five 250-
liter air-lift bubbling column photobioreactor located 
at TNB Janamanjung, Perak. Each of the reactors was 
cultured with varying volumetric ratio composition 
between the new species and Isochrysis sp. The 
species was isolated from the open sea off-coast of 
the same power plant and its selection in this work to 
form a consortium of species was based on previous 
works.Table 1below lists species volumetric ratio 
distribution across each of photobioreactor columns 
in use. 
 

Table 1: Species volumetric ratio distribution 

 
 

Each of the columns is bubbled using actual flue gas 
from a unit of power plant’s flue gas duct. Fine 
bubbles were made possible by BLOWTAC/Disc-170 
diffusers. The flue gas was extracted from a sampling 
point using PermaPure Baldwin’s (USA) stainless 
steel flue gas probe system, through KNF’s 
(Germany) vacuum pump. The flow-rate was 
maintained at 1 liter per minute using Dwyer’s 
rotameters, while pH was monitored using 
ThermoScientific’s (USA) pH sensors. In order to 
avoid excessive acidic culture condition, the 
admission of flue gas was controlled using actuator 
valves of which their operation (open or close) were 
dictated by miliampere signals from pH transmitters. 
The flue gas composition varied throughout the 
experiment duration, in relation to varying coal used 
and regimes of plant’s operation. Average 
composition of carbon dioxide (CO2) content in the 
flue gas was between 4 – 6 vol% with maximum of 8 
vol. %, alongside other major gas components e.g. 
carbon monoxide (CO), nitrogen oxides (NOx), sulfur 
dioxide (SO2), etc. Daily growth monitoring was 

done by reading the optical density of 25 mL sample 
using HACH’s D4000 Spectrophotometer at 560 nm 
wavelength and the readings were plotted. Optical 
densities were measured daily using HACH’s 2700 
Spectrophotometer at 560 nm wavelength. Algal 
biomass was extracted daily using vacuum filtration 
pump and its dry weight measured and recorded. The 
carbon fixation calculation was adopted by taking 
into considerations of the ratio between the moles of 
CO2 and the moles of typical molecular formula of 
biomass. By taking into considerations of a balanced 
photosynthesis formula as in Eqn. 1 below: 
 
4CO2 + nutrient + H2O + light → 
4CO0.48H1.83N0.11P0.01 + 3(1/2)O2(Eq. 1) 
 
The ratio of molecular weight of CO2 and biomass is 
1.882, which upon various elemental analysis 
performed on microalgae biomass, the ratio ranges 
from 1.81 to 2.37. 
 
1.4 Biochemical properties analysis 
Biochemical properties analysis was performed on 
the algal biomass of the consortia. These tasks were 
performed by the collaborator-UniversitiPutra 
Malaysia (UPM). 
 
1.4.1 Proximate analysis 
Dry algae biomass was finely ground to ~0.1- 0.3 mm 
in size before use for analysis. All the chemical 
compositions will be determined according to the 
AOAC Official Methods of Analysis. 
 
1.4.2 Amino acid analysis 
The amino acid compositions were identified using a 
Waters-Pico Tag Amino Acid Analyzer System 
(Waters 2690/5, Waters Corp., Milford, MA, USA). 
0.2 g of sample was hydrolysed with 5 mL 6 N HCl 
at 110°C for 24 hr. Then, it was evaporated, and 1 
mL of distilled water was added to the concentrated 
sample. After that, the sample was injected into 
HPLC along with internal standard (AABA). 
Calculation of amino acid in the sample was based on 
the peak area of internal standard with the 
concentration of each known amino acid. 
 
1.4.3 Total lipid extraction 
Approximately 20g of wet algae biomass, containing 
65 to 85% of water, was added to 60 mL of a mixture 
of chloroform-methanol 2:1 (v/v) and treated with 
sonication for 15 min at 20 kHz under ice bath. After 
this, the mixture was treated with homogenizer for an 
additional 15 min at 11,000 rpm at room temperature. 
Then, the sample was centrifuged at 5000 rpm for 15 
min and the resulting supernatant was collected and 
transferred into 250 mL pre -weighed flask. The 
process described above was repeated 3 more times. 
The solution was evaporated using a rotary vacuum 
evaporator and the residual solvent traces were 
flushed out using nitrogen. Finally, flask was 
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weighed and the lipid content was calculated. The 
biomass moisture was evaluated by weight and dried 
in an oven at 105°C for 48 h. 
1.4.4 Soxhlet extraction 
Initially, algae was dried in the oven at 105 °C for 24 
hrs. The dried algae was mixed with hexane (1:10 
w/w) and were treated with a sonication for 10 min at 
20 kHz. After this, the mixture was treated with a 
homogenizer for an extra 10 min at 11,000rpm at 
room temperature and it was placed into the cellulose 
thimble for extraction. Hexane (9:1 W/W) was used 
as extraction solvent and it was placed into a 250 ml 
boiling round flask. The thimble with the sample was 
placed into the soxhlet, the system was attached to the 
round flask containing the solvent and heat was 
applied to recirculate the solvent. The process was 
carried out for 8 h to allow the complete extraction 
according to AOCS 2-93 [[1]]. 
 
1.4.5 Gas chromatography (GC) analysis 
The fatty acid composition was carried out according 
to method Ce1-62, fatty acid composition by gas 
chromatography [[2]]. The analysis was carried out 
using GC-FID (Shimadzu, 2010-FID, Japan) and 
column BP-20 (SGE, Australia) under specific 
conditions 
 
1.4.6 Pigments analysis 
Wet algae were mixed with 96% methanol (50mL for 
each gram) and homogenized for 10 min at 11000 
rpm. After this, the mixture was centrifuged at 5000 
rpm for 8 minutes, the supernatant was collected and 
the process was repeated 3 times until solvent was 
clear. The supernatants was homogenized and the  
absorbance  was  read  from  400  to  700  nm  on  
spectrophotometer  +  UV.   
 
III. RESULTS AND DISCUSSION 
 
1.5 Species identification 
Three species have been identified through molecular 
and morphological identification from TNBR outfall 
sample. The species are Chlorella sorokiniana, 
Chlorella pyreneidosa and Amphora sp. The 
characteristics of these algae are shown in 
Fig.1below.Various applications have been reported 
using these three species including treatment agent 
for heavy metals, ammonia and nutrient, lipid and 
biodiesel production as well as CO2 bio-fixation 
[[11]]. 
 
Another observation looks into the population 
dynamics of the mixed species, triggered by the 
curiosity of how each of the species fares and 
interacts with each other. The population dynamic of 
the mixed species was conducted throughout the 
cultureperiod. As portrayed in Fig. 2, all three species 
survived to the end of culture period with good 
growth profile. This indicates that all the species can 
live in a symbiosis condition and complement each 

other in their natural habitat. By population, we can 
conclude that Chlorella sorokiniana is the dominant 
species followed by Chlorella pyrenoidosa&Amphora 
sp. 

Fig.1: Mixed species identified in TNBJ’s outfall 
 

 
Fig. 2.Population dynamic of mixed species 

 
1.6 CO2 fixation rate 
Fig.3 showed the growth curve of the ratio 
experiment conducted under actual flue gas exposure. 
From this graph, the volumetric ratio of 75% mixed 
culture sp. and 25% Isochrysis sp. gives the highest 
fixation rate of 0.965 gCO2/L.day. Besides, as can be 
observed from the graph, the mixture with higher 
proportion of mixed culture will have a better growth 
compared to single species culture of Isochrysis sp. 
Literature reported that by using a mixed culture of 
two or more selected species, these microalgae can 
complement the metabolic activities of one another to 
grow and reproduce [[12]]. Besides that, study 
discovered  that  marine  microalgae  could 
continuously  release  metabolites  to  the  
environment which  could  promotes  the  growth  of  
other microalgae [[14]]. This can explained by the 
better growth of the culture with higher proportion of 
mixed culture compared to monoculture. 

 
Fig. 3.Average optical density for various culture ratios & 

multiple runs 
I = Isochrysis, M = Mixed species 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-2 May.-2016 

Screening Of Microalgae Consortium Species For Enhanced Co2 Fixation Under Actual Flue Gas Exposure And Profiling Of Its Biochemical Properties 
 

168 

Steeper slope shown by the top three graph indicate 
that doubling time of these culture is at a shorter 
duration where the cells able to adapt and multiple in 
a short duration. Steeper slope also indicate better 
carbon fixation rate ability at this point. It only takes 
around 4 to 5 days for the optimum ratio to achieve 
the maximum fixation rate compared to single culture 
which took upto one week to achieve it. 
 
1.7 Biochemical analysis 
 
1.7.1 Proximate analysis 
Proximate analysis was performed as to characterize 
the composition of algal biomass. Among typical 
composition of algal biomass are carbohydrates to 
provide energy, protein for metabolism and lipid for 
energy storage. The higher amount of the above 
elements are always sought after. 

 
Fig. 4.Algal biomass composition 

 
In Fig. 4 above, dominant composition is protein at 
45% followed by lipids at 21% and carbohydrates 
17%. This composition is comparable and seems to 
be more balanced compared to some other species as 
reported in literature as depicted in Fig. 5 below: 
 

 
Fig. 5.Algal biomass composition in comparison with other 

species 
1.7.2 Protein and amino acid analysis 
In the analysis, it is found that protein constitute 45% 
of algal biomass.This amount is higher compared to 
tofu waste (30%) barley (27%), jumbay (40%) and 
napier grass (12%), as the common food source for 
cattle, as per Department of Veterinary Malaysia. 
With good amount of protein, our consortia sp. is 
suitable to be turned into animal feed or as biocatalyst 
towards production of ethanol, lactic acid. In the case 
of aquaculture feed, there is a big market for this – 
RM 3.4 billion market value for aquaculture industry 
in Malaysia in 2014. This is correspond to the 
production of aquaculture that keeps increasing since 

the year 1950, as studied by the United Nation’s Food 
and Agriculture Organization (FAO).  
Exploring further into protein analysis is the 
quantification of amino acid, being the building block 
of protein. The term ‘essential’ denotes that the 
source of amino acid comes only from external 
source than human body. Essential amino acids are 
good for human body, helps maintaining good health 
& without it human body unable to function 
normally. FromFig. 6, 8 components of essential 
amino acids were detected and it can be concluded 
that consortia sp. has a respectable amount of 
essential amino acid upto 42%, comparable and 
exceeding in some other common sources and 
species.This good amount of amino acids makes the 
consortia eligible to be further developed into 
valuable downstream products like cosmetics, 
pharmaceutical and food/feed additives. 
 

 
Fig. 6. Content of essential amino acid of consortia sp. 

compared to other species 
 

1.7.3 Fatty Acid analysis 
Fatty acids are long hydrocarbon chains present in 
lipids and with the diverse contents, they are more 
suitable to be turned into health supplement (C18:3 – 
Linolenic acid (ALA) 14%), due to presence of 
Omega 3 essential fatty acid, polymer (C20:3 
Eicosatrienoic acid 19%) – raw material for high 
mechanical strength organic plastics and/or oleo-
chemicals (C16:0 – Palmitic acid 22%). As shown in 
Fig. 7, consortia sp. has wider spectrum of fatty acids 
compared to other sources as reported in literature. 

 
Fig. 7. Fatty acid profile in comparison to other common 

sources 
1.7.4 Pigment analysis 
Pigment analysis was also conducted in this study, 
where pigments are organic compound exist in 
photosynthetic organism and used to harvest light 
energy. Chlorophyll and carotenoid are some of the 
major class of pigment.  
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Fig. 8.Chlorophyll and carotenoid profile in comparison to 

other common sources 
 

Fig. 8 above displayed the profile of chlorophyll and 
carotenoid of consortia sp. compared to other sources. 
However, the amount of both chlorophyll and 
carotenoid in consortia sp. seems to be not so 
encouraging to be used for natural colorant if 
compared to other microalgae species and sources.  
 
CONCLUSION 
 
Screening of consortium sp. towards enhanced CO2 
fixation rate and biochemical analysis of its biomass 
was studied and performed in this study, and major 
conclusions are as follows: 
 
1. It was demonstrated that the combination of 
the 3 mixed species found in TNB Janamanjung’s 
outfall and existing Isochrysis sp., in 75% and 25% 
volumetric ratio respectively, has enhanced the CO2 
fixation rate on actual flue gas at TNBJ with the 
highest fixation rate of 0.965 g.CO2/L. 
2. Biochemical properties of the consortia sp. 
has been analyzed for proximate analysis, protein, 
amino acid, fatty acids and pigments. Overall results 
showed a promising amount especially on protein 
which compromise upto 45% of the overall 
composition. Some of the potential downstream 
products that can be developed out of this consortia 
sp. are aquaculture food, biocatalyst, oleo-chemicals 
and polymers and health supplement such as omega-
3. 
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