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MODIFICATION OF KOSARIC’S MEDIUM WITH COMMERCIAL NITROGEN 
AND PHOSPHORUS FOR SPIRULINA (Arthrospira platensis) IN 

SHELTERED OPEN CULTURE SYSTEM 
 
 

By 
 
 

NURSHAZREEN BINTI MASHOR 
 

August 2015 
 
 

Chairman: Hishamuddin Bin Omar, PhD 
Faculty: Science 
 
 
Presently the world is experiencing serious environmental crisis such as global 
warming that effect the source of human nutrition hence, increasing starvation, 
and malnutrition. Demand for microalgae as supplemental food had increased 
steadily in recent years. However, in Malaysia, cultivation of microalgae is 
scanty due to lack of knowledge in microalgae production in variable weather 
conditions. One of the fundamental problems is lack of cheap and effective 
fertilizer.  
 
The aim of this research was to develop economical and inexpensive fertilizer 
for a commercial production and give higher productivity of A. platensis. The 
objective was implemented by substituting all the nitrogen and phosphorus 
sources present in Kosaric Medium (SM) with locally available commercial 
fertilizers. The A. platensis was treated with 19 treatments include SM as 
control with three different nitrogen sources (ammonium nitrate, ammonium 
sulphate, and urea) and three different phosphorus sources (phosphoric acids, 
triple superphosphate (TSP), and diammonium phosphate (DAP)). Two grades 
of nitrogen concentration representing 50% (high concentration) and 25% (low 
concentration) of SM nitrogen concentration were compared in this study. 30L 
A. platensis was grown in each polyethylene (PE) bag in outdoor condition for 
seven days in first cultivation, ten days in second cultivation and 8 days in third 
cultivation. The growth parameters (optical density, biomass and chlorophyll a 
concentration) and biochemical content (proteins, carbohydrate and lipid) were 
recorded and compared with A. platensis cultivated in SM.  
 
Significant differences of the growth parameters and biochemical composition 
were recorded for the different nitrogen and phosphorus sources and 
concentration. The result of this study revealed that A. platensis cultivation 
during dry season had better performance and A. platensis could utilize 
ammonium nitrate (ammonium nitrate + triple superphosphate in low 
concentration) most efficiently and gave the highest productivity on day 8 with 
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biomass, chlorophyll, and protein yield of 1.24 ± 0.004g/L, 11.41 ± 0.21mg/l, 
and 62.5%, respectively with average of pH, 10.12 ± 0.08 which was 
significantly different (p<0.05) with other treatments. This was better than that 
of SM (0.73± 0.01g/L, 8.64 ± 0.13mg/L, and 52%, respectively). Further 
increased in nitrogen concentration will limit growth.  
 
This study indicated that the utilization of ammonium nitrate and TSP as 
nitrogen and phosphorus has the potential to replace the expensive Kosaric 
media. The modified medium can be used cost effectively for large scale mass 
production of protein rich A. platensis and yields similar performances to 
Kosaric medium. 
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PENGUBAHSUAIAN MEDIA KOSARIC DENGAN NITROGEN DAN 

PHOSPHORUS UNTUK SPIRULINA (Arthrospira platensis) DALAM 
SISTEM PENGKULTURAN DI LUAR MAKMAL YANG TERLINDUNG 

 
 

Oleh 
 
 

NURSHAZREEN BINTI MASHOR 
 

Ogos 2015 
 
 

Pengerusi: Hishamuddin Omar, PhD 
Fakulti: Sains 
 
Perubahan iklim yang ekstrim juga dikenali pemanasan global semakin kritikal 
pada masa ini memberi kesan ke atas sumber makanan dan nutrisi manusia 
terjejas menyebabkan kebuluran dan kekurangan zat makanan. Permintaan 
alga sebagai makanan tambahan semakin meningkat pada abad ini. Walau 
bagaimanapun, pengkulturan mikroalga di Malaysia tidak dilakukan secara 
besar-besaran dan masih dijalankan di dalam makmal disebabkan kekurangan 
kajian dan pengetahuan dalam pengkulturan mikroalga yang dijalankan dalam 
keadaan cuaca yang berubah-ubah. 
 
Oleh itu, tujuan kajian ini dijalankan adalah untuk menghasilkan media kultur 
yang efektif dengan kos media yang berpatutan untuk pengkulturan A. 
platensis berskala besar serta memberikan produktiviti yang lebih tinggi. 
Objektif kajian telah dilaksanakan dengan menggantikan sumber nitrogen dan 
phosphorus dalam media Kosaric (SM) dengan baja nitrogen dan phosphorus 
komersial tempatan yang sedia ada.  Pertumbuhan A. platensis diuji dengan 19 
rawatan termasuk standard media (SM) sebagai tanda aras. Tiga jenis sumber 
nitrogen komersial (ammonium nitrat, ammonium sulfat, dan urea) dan 
phosphorus (asid phosphoric, triple superphosphate (TSP), and diammonium 
phosphate (DAP)) diuji dengan kepekatan tinggi (50%) dan rendah (25%) 
daripada kepekatan asal sumber nitrogen dan phosphorus dalam SM. 
 
30L A. platensis telah dikulturkan dalam beg polyethylene (PE) diluar makmal 
selama tujuh hari pada pengkulturan pertama, 10 hari pengkuturan kedua dan 
lapan hari pada pengkulturan ketiga. Parameter pertumbuhan (ketumpatan 
optik, berat bersih dan kepekatan chlorophyll a) dan kandungan biokimia 
(protein, carbohidrat dan lipid) telah direkodkan dan dibandingkan dengan 
kesemua rawatan. 
 
Pertumbuhan A. platensis dan komposisi biokimia dalam T16 telah 
menunjukaan perbezaan yang ketara secara statistik antara kesemua rawatan 
yang diuji. Hasil kajian menunjukkan pertumbuhan A. platensis adalah tinggi 
pada pengkulturan pada musim panas dan menunjukkan bahawa A. platensis  
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dapat menggunakan ammonium nitrat (ammonium nitrat + triple 
superphosphat, kepekatan rendah) secara optimum dan menghasilkan 
produktiviti tertinggi pada hari ke lapan dengan berat bersih, klorofil, dan 
protein 1.24 ± 0.004g/L, 11.41 ± 0.21mg/l, and 62.5%, masing-masing dengan 
purata  pH, 10.12 ± 0.08. Ini ada lebih tinggi berbanding A. platensis yang 
dikulturkan dalam SM dengan masing-masing (0.73 ± 0.01g/L, 8.64 ± 
0.13mg/L, and 52%). Peningkatan kepekatan nitrogen telah menyebabkan 
pertumbuhan A. platensis menjadi terhad. 
 
Kajian ini menunjukkan bahawa penggunaan ammonium nitrat dan tsp sebagai 
sumber nitrogen dan phosphorus mempunyai potensi untuk menggantikan 
media Kosaric yang mahal. Medium yang diubahsuai  boleh digunakan untuk 
pengeluaran A. platensis yang kaya protein secara berskala besar dan 
menghasilkan pertumbuhan yang lebih tinggi dengan kos yang efektif 
dibandingkan dengan media Kosaric. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Problem statement 
 
 
Presently the world is experiencing serious environmental crisis. The quest for 
affluent lifestyle and economic dominance has resulted in global warming (Liz, 
2014; Xue et al., 2011; Soletto et al., 2008). Accumulation of methane and 
carbon dioxide (CO2) in the atmosphere trap solar energy and heat generated 
from human activities in the earth atmosphere resulting in present global 
warming. Global warming not only causing high atmospheric temperature but 
the effect is more far ranging. Global warming caused climate change which 
results in climate change altering weather pattern: atmospheric air circulation, 
oceanic water circulation causing too much rain in some part of the world, too 
little rain in other part of the world, typhoon, hurricane, tornado, and acid rain 
(Peter et al., 2011). The collective effects cause havoc to the environment, and 
well being of the earth population. Diseases, rising of the sea water level and 
crop failure is threatening the world population particularly the poorer countries. 
As a consequence, the source of human nutrition is reduced, increasing 
starvation and malnutrition. 
 
So much has been debated about global warming at international forum but the 
action has been very slow. This is because developed countries is unwilling to 
make the unnecessary action to reduce carbon foot print but instead accusing 
poorer countries of cutting the rainforest. United Nation has identified that bulk 
of the carbon emission originate from North America, Europe and China (Liz, 
2014). Scientist has recommended various measures to reduce green house 
gas such as adopting green technology, reducing fossil energy consumption, 
recycling and microalgae cultivation (Christopher, 2014; Raja et al., 2008; 
Converti et al., 2006; Binaghi et al., 2003). 
 
Recent studies have shown that microalgae are the potential candidate for 
renewable biofuel (Parmar et al., 2011; Xin et al., 2010; Chen et al., 2009;). 
This is of no surprise because microalgae are one of the pioneer organisms 
living on earth and changing earth into habitable planet. Microalgae has the 
potential to reduce global warming because as stated by Garcia (2000), 
microalgae act as primary producer of oxygen where it uses CO2 and produce 
oxygen (O2), and functional in carbon and nitrogen fixation while at the same 
time produce valuable biomass high in protein and lipid. The advantage of 
microalgae cultivation is that it can be carried out on land or sea. Due to the 
limited land area to accommodate a growing population and agricultural activity, 
microalgae culture is very flexible and can be done at sea or freshwater areas. 
It does not require a large area for high productivity. Regarding to this, this 
biomass can be used for food, feed, and biofuel.  
 
Unfortunately most of the researches are carried out in the laboratories 
focusing on growth studies where the environment and growth factors are being 
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controlled (Anaga and Abu, 1996), finding the fast growing species (Day et al., 
2012) and high lipid content (Jiang et al., 2011; Pruvost et al., 2011). However 
very few of the studies is applicable in the real field conditions. This is because 
microalgae are very sensitive to the environment they are growing. Slight 
changes to the culture conditions will inhibit their growth. Therefore more effort 
should be devoted to microalgae culture in outdoor conditions. One of the 
microalgae adapted well in outdoor conditions is Arthrospira sp. commonly 
known as Spirulina. 

A. platensis is a blue green algae which can be found in wide geographical 
distribution (Uday and Ahluwalia, 2013). It is very hardy species and can live 
where other microalgae facing difficulties to establish, therefore it is almost free 
from contaminating microalgae. A. platensis has been cultured in many parts of 
the world, good growth, and high in nutritional values where commercial 
cultivation of A. platensis are well established on a few countries including 
China, India, Bangladesh, America and Africa. A. platensis has been known as 
animal and human food in countries such as Asia and Africa. In addition, A. 
platensis has a high market demand and rich in pigments such as 
phycobiliproteins, beta carotene and luteina for pharmaceutical and 
nutriceutical industries (Raoof et al., 2006).  

1.2 Justification of study 

As A. platensis is known as a potential solution to the problem of world protein 
source, various studies conducted and found that it has higher protein content 
than vegetables (Becker, 2007; FAO, 2001). A. platensis gives high productivity 
in a short time and easily adapted to a variety of climates.  

Despite its potential and versatility, commercial A. platensis cultivation is almost 
nonexistent in Malaysia. This is because Malaysia lies in the tropic, with 
frequent rain and cloud covers and the condition is not conducive for outdoor 
cultivation. Most of the available references pertaining to A. platensis culture 
are from subtropical and arid region where the weather is fairly stable and clear 
sky (Isichei, 1990 and Hernandez et al., 2009). Although Malaysia’s weather is 
not conducive for outdoor cultivation, preliminary studies have shown that A. 
platensis can be grown in outdoor condition under a rain shelter (Puganeswary 
et al., 2014). This study was conducted outside the laboratory to identify the 
potential of A. platensis growth and adaptation in the tropical rain forest climate 
with a variety of weather conditions. 

In order for outdoor cultivation of A. platensis to be successful, the effect of 
weather conditions and nutrient requirement should be look into. Accordingly, 
management measures should be taken to ensure good microalgae cultivation 
is suitable for the environment in Malaysia in line with the development of the 
aquaculture industry. Since A. platensis growth is a function of environmental 
conditions such as light, temperature, and nutrient, it is necessary to study 
those interactions in Malaysia. In addition, to ensure the successful of A. 
platensis cultivation in large scale is dependent on effective development and 
economics culture. Study conducted by (Rodrigues et al., 2010) found that over 
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25% of the total productivity of microalgae was related to the culture media that 
acts as a fertilizer to supply nutrients, particularly nitrogen and phosphorus. 
 
Presently there is no cheap fertilizer available for commercial A. platensis 
cultivation in Malaysia. Therefore it is very important to develop cheap fertilizer 
from easily available chemicals to reduce production cost. There are several 
aspects that need to be improved in current fertilizer formula that will be used 
towards production of microalgae in a large scale in the future. Several factors 
have been studied throughout the study to compare the relationship between 
productivity and environmental factors change (Tomaselli et al., 1997 and 
Prabuthas et al., 2011). Hence the objectives of this study are: 
 

1. To develop and improve the current fertilizer formula using cheap 
and effective nitrogen and phosphorus source for large scale 
production of microalgae especially in Malaysia 

2. To determine the effect of different nitrogen and phosphorus source 
on A. platensis biochemical properties 

3. To determine the effect of variable weather on A. platensis 
production and its biochemical composition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

81 
 

REFERENCES 

 
 
Abid, O., Sellami-Kammoun, A., Ayadi, H., Drira, Z., Bouain, A., & Aleya, L. 

(2008).Biochemical adaptation of phytoplankton to salinity and nutrient 
gradients in a coastal solar saltern, Tunisia. Estuarine, Coastal And 
Shelf Science.391-400 

 
Ajayan, K.V.& Selvaraju, M. (2011). Reflector based chlorophyll production by 

Spirulina platensis through energy safe mode. Bioresource 
Technology. 7591–7594 

 
Ajayan, K.V., Selvaraju, M., & Thirugnanamoorthy, K. (2012). Enrichment of 

cholorophyll and phycobiliproteins in Spirulina platensis by the use of 
reflector light and nitrogen sources: An in-vitro study. Biomass and 
Bioenergy. 436-441 

 
Anaga,A. &Abu, G.O. (1996). A laboratory-scale cultivation of Chlorella and 

Spirulina using waste effluent from a fertilizer company in Nigeria. 
Bioresource Technology. 93–95 

 
AOAC International, & Latimer, G. W. (2012). Official methods of analysis of 

AOAC International. AOAC International. 
 
Avigad, V.& Richmond,A.(1988). Mass Production of the Blue-green Alga 

Spirulina:Biomass. 233-247 
 
Avila-Leon, M., Matsudo, C., Sato, S. & Carvalho, J.C.M. (2012). Arthrospira 

platensis biomass with high protein content cultivated in continuous 
process using urea as nitrogen source. Journal of Applied 
Microbiology. 1086–1094 

 
Becker, E. (2007). Micro-algae as a source of protein. Biotechnology Advances 

. 207-210 
 
Belay, A., Kato, T., & Ota, Y. (1996). Spirulina (Arthrospira): potential 

application as an animal feed supplement. Journal of Applied 
Phycology. 303-311 

 
Belkin, S.& Boussiba, S. (1991). High internal pH conveys ammonia resistance 

in Spirulina platensis . Bioresource Technology. 167-169 
 
Berberoglu, H., Gomez, P.S.,& Pilon, L. (2009). Radiation characteristics of 

Botryococcus braunii, Chlorococcum littorale, and Chlorella sp. used 
for CO2 fixation and biofuel production. Journal of Quantitative and 
Spectroscopy. 1879–93 

 
Bezerra, R.P., Matsudo, M.C., Converti, A., Sato, S., &Carvalho, J.C.M. (2008). 

Influence of Ammonium Chloride Feeding Time and Light Intensity on 



© C
OPYRIG

HT U
PM

82 
 

the Cultivation of Spirulina (Arthrospira) platensis. Biotechnology and 
Bioengineering. 297–305 

 
Bezerra, R.P., Montoya, E.Y.O, Sato, S., Perego, P., Carvalho, J.C.M., 

&Converti, A. (2011). Effects of light intensity and dilution rate on 
semicontinuos culivation of Arthrospira (Spirulina) platensis. A kinetic 
monod-type approach. Bioresource Technology. 3215-3219 

 
Binaghi, L., Del Borghi, A.., Lodi, A., Converti, A., & Del Borghi, M. (2003). 

Batch and fed-batch uptake of carbon dioxide by Spirulina platensis. 
Process Biochemistry. 1341-1346 

 
Borowitzka, M. A. (1999). Commercial production of microalgae: ponds, tanks, 

tubes and fermenters. Journal Of Biotechnology.313-321 
 
Borowitzka, M. A., Huisman, J. M., & Osborn, A. (1991). Culture of the 

astaxanthin-producing green algaHaematococcus pluvialis 1. Effects of 
nutrients on growth and cell type. Journal of Applied Phycology.  295-
304 

 
Campo, J.A.D., González, M.G., & Guerrero, M.G. (2007). Outdoor cultivation 

of microalgae for carotenoid production: current state and perspectives. 
Applied Microbiology and Biotechnology. 1163-1174 

 
Carvalho, J.C.M., Francisco, F.R., Almeida, K.A., Sato S., &Converti A. (2004). 

Cultivation of Arthrospira platensis by fed batch addition of ammonium 
chloride a exponentially increasing feeding rates. Journal Phycology. 
589-597 

 
Castenholz, R. W. (2001). General characteristics of the 

cyanobacteria.Bergey’s manual of systematic bacteriology. 474-487  
 
Celekli, A., & Yavuzatmaca, M. (2009). Predictive modeling of biomass 

production by Spirulina platensis as function of nitrate and NaCl 
concentrations.Bioresource Technology. 1847-1851 

 
Chaiklahan, R., Chirasuwan, N., Loha, V., & Bunnag, B. (2008). Lipid and fatty 

acids extraction from the cyanobacterium Spirulina. Science Asia. 299-
305 

 
Chang, Y., Wu, Z., Bian, L., Feng, D., & Leung, D.Y.C. (2013). Cultivation of 

Spirulina platensis for biomass production and nutrient removal from 
synthetic human urine. Applied Energy. 427-431 

 
Chen, W., Zhang, C., Song, L., Sommerfeld, M., & Hu, Q. (2009). A high 

throughput Nile red method for quantitative measurement of neutral 
lipids in microalgae. Journal of Microbiological Methods.41-47 

 
Chojnacka, K. & Noworyta, A. (2004). Evaluation of Spirulina sp. growth in 

photoautotrophic, heterotrophic and mixotrophic cultures. Enzyme and 
Microbial Technology. 461- 465. 



© C
OPYRIG

HT U
PM

83 
 

Christopher, B. (2014). Climate Change 2014: Impacts, Adaptation, and 
Vulnerability. IPCC WGII AR5 Summary for Policymakers. 

 
Chronakis, I. S., Galatanu, A. N., Nylander, T., & Lindman, B. (2000). The 

behaviour of protein preparations from blue-green algae (Spirulina 
platensis strain Pacifica) at the air/water interface. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects. 181-192 

 
Cohen, E., Koren, A., & Arad, S.M. (1991). A closed system for outdoor 

cultivation of microalgae. Biomass and Bioenergy. 83-88 
 
Collet, P., Hélias, A., Lardon, L., Ras, M., Goy, R. A., & Steyer, J. P. (2011). 

Life-cycle assessment of microalgae culture coupled to biogas 
production. Bioresource Technology. 207-214 

 
Converti, A., Scapazzoni, S., Lodi, A., & Carvalho, J.C.M. (2006). Ammonia and 

urea removal by Spirulina platensis.Journal Industry Microbial 
Biotechnology.8-16 

 
Converti, A., Lodi, A., Del Borghi, A., &Solisio, C. (2006). Cultivation of 

Spirulina platensis in a combined airlift-tubular rector system. 
Biochemical Engineering Journal. 13-18 

 
Costa, J. A. V., Colla, L. M., Duarte Filho, P., Kabke, K., & Weber, A. (2002). 

Modelling of Spirulina platensis growth in fresh water using response 
surface methodology. World Journal of Microbiology and 
Biotechnology. 603-607 

 
Danesi, E.D.G., Rangel,C.O., de Carvalho, J.C.M., & Sato,S. (2002). An 

investigation of effect of replacing nitrate by urea in the growth and 
production of chlorophyll by Spirulina platensis.Biomass and Bioenergy 
. 261-269 

 
Day, J.G., Slocombe, S.P., & Stanley, M.S. (2012). Overcoming biological 

constraints to enable the exploitation of microalgae for biofuels. 
Bioresource Technology.245-251 

 
Doucha, J., Straka, F., & Lívansky, K. (2005). Utilization of flue gas for 

cultivation of microalgae Chlorella sp. in an outdoor open thin-layer 
.  
Evans, R. W., Kates, M., Ginzburg, M., & Ginzburg, B. Z. (1982). Lipid 

composition of halotolerant algae, Dunaliella parva Lerche and 
Dunaliella tertiolecta. Biochimica et Biophysica Acta (BBA)-Lipids and 
Lipid Metabolism. 186-195 

 
Elsayed, E. A., & Boucher, T. O. (1994). Analysis and control of production 

systems. Prentice Hall 
 
Ferreira, L.S., Rodrigues, M.S., Convert,i A., &Carvalho, J.C.M. (2012). 

Arthrospira platensis cultivation in tubular photobioreactor: use on no-
cost CO2 from ethanol fermentation. Applied Energy. 379-385 



© C
OPYRIG

HT U
PM

84 
 

Food and Agriculture Organization of the United Nations (FAO). (2008). The 
state of food and agriculture 2008. Viale delle Terme di Caracalla, 
00153 Rome, Italy: Food and Agriculture Organization of the United 
Nations 

 
Food and Agriculture Organization of the United Nations (FAO). (2001). The 

State of Food Insecurity in the World 2001. Viale delle Terme di 
Caracalla, 00100 Rome, Italy: Food and Agriculture Organization of the 
United Nations 

 
Gad, A. S., Khadrawy, Y. A., El-Nekeety, A. A., Mohamed, S. R., Hassan, N. 

S., & Abdel-Wahhab, M. A. (2011). Antioxidant activity and 
hepatoprotective effects of whey protein and Spirulina in rats. Nutrition. 
582-589 

 
General Climate of Malaysia. (MMD) (n.d.). Retrieved February 16, 2014, from 

Official Portal Malaysian Meteorological Department: 
http://www.met.gov.my/index.php?option=com_content&task=view&id=
75&Itemid=1089&limit=1&limitstart=0 

 
Habib, M.A.B.; Parvin, M.; Huntington, T.C., &Hasan, M.R. (2008). A review on 

culture, production and use of spirulina as food for humans and feeds 
for domestic animals and fish. Rome: FAO Fisheries and Aquaculture 
Circular. 

 
Hasan, M.R.& Chakrabarti, R. (2009). Use of algae and aquatic macrophytes 

as feed in small-scale aquaculture: a review. Rome: FAO Fisheries and 
Aquaculture Technical Paper 

 
Hase, R., Oikawa, H., Sasso, C., Morito, M.& Watabe, Y. (2000). 

Photosynthetic production of microalgal biomass in a race way system 
under greenhouse conditions in Sendi City. Journal of Bioscience 
Bioengineering.157–163 

 
Henrikson, R. (1989). Earth food Spirulina. Laguna Beach, CA: Ronore 

Enterprises, Inc. 
 
Hernandez, J.P., De-Bashan, L.E., Rodriguez, D.J., Rodriguez, Y., and 

Bashan, Y. (2009). Growth promotion of the freshwater microalga 
Chlorella vulgaris by the nitrogen-fixing, plant growth-promoting 
bacterium Bacillus pumilus from arid zone soils. European Journal of 
Soil Biology. 88-93 

 
Ishikawa, T., Fujiyama, Y., Igarashi, O., Morino, M., Tada, N., Kagami, A & 

Nakamura, H. (1989). Effects of gammalinolenic acid on plasma 
lipoproteins and apolipoproteins. Atherosclerosis. 95-104 

 
Isichei, A. O. (1990). The role of algae and cyanobacteria in arid lands. A 

review. Arid Soil Research and Rehabilitation. 1-17 
 



© C
OPYRIG

HT U
PM

85 
 

Jeong, M.J., Gillis, J.M.,&Hwang, J.Y. (2003). Carbon dioxide mitigation by 
microalgal photosynthesis. Chemical Society. 1763–1766 

 
Jiang, L., Luo, S., Fan, X., Yang, Z. & Guo, R. (2011). Biomass and lipid 

production of marine microalgae using municipal wastewater and high 
concentration of CO2. Applied Energy. 3336-3341 

 
Jimenez, C., Cossi, B. R., & Niell, F. X. (2003). Relationship between 

physicochemical variables and productivity in open ponds for the 
production of Spirulina: a predictive model of algal yield. Aquaculture. 
331-345 

 
Jorquera, O., Kiperstok, A., Sales, E. A., Embiruçu, M., & Ghirardi, M. L. 

(2010). Comparative energy life-cycle analyses of microalgal biomass 
production in open ponds and photobioreactors. Bioresource 
Technology. 1406-1413 

 
Kadir, M.Z.A.A &Rafeeu, Y. (2010). A review on factors for maximizing solar 

fraction under wet climate environment in Malaysia. Renewable and 
Sustainable Energy Reviews. 2243–2248 

 
Katarzyna, C. &Noworyta, A. (2004). Evaluation of Spirulina sp. growth in 

photoautotrophic,heterotrophic and mixotrophic cultures.Enzyme and 
Microbial Technology.461–465 

 
Komarek, J. & Kastovsky, J. (2003). Coincidences of structural and molecular 

characters in evolutionary lines of cyanobacteria. Algological Studies.  
305-325 

 
Kosaric, N., Nguyen, H.T. & M. A. Bergougnou. (1974). Growth of Spirulina 

maxima algae in effluents from secondary waste-water treatment 
plants. Biotechnology and Bioengineering. 881–896 

 
Lee, Y. (2001). Microalgal mass culture systems and methods: Their limitation 

and potential. Journal of Applied Phycology. 307-315 
 
Lichtenthaler, H.K. (1987). Chlorophylls and carotenoids: Pigments of 

photosynthetic biomembranes. Methodology Enzymology. 350-382 
 
Liz, K. (2014, March 31). ‘We’re All Sitting Ducks’: Latest U.N. Global Warming 

Report Paints Dark Picture. Retrieved from 
http://www.theblaze.com/stories/2014/03/31/were-all-sitting-ducks-
latest-u-n-global-warming-report-paints-dark-picture/ 

 
Madkour,F.F., Kamil, A.W., & Nasr, H.S. (2012). Production and nutritive value 

of Spirulina platensis in reduced cost media. Egyption Journal of 
Aquatic Research. 51-57 

 
Mary Leema, J.T., Kirubagaran, R., Vinithkumar, N.V., Dheenan, P.S., 

&Karthikayulu, S. (2010). High value pigment production from 



© C
OPYRIG

HT U
PM

86 
 

Arthrospira platensis cultured in seawater. Bioresource Technology. 
9221-9227 

 
Markou, G., Chatzipavlidis, I.,& Georgakakis, D. (2012). Effects of phosphorus 

concentration and light intensity on the biomass composition of 
Arthrospira (Spirulina) platensis. World Journal Microbiology  
Biotechnology. 2661-2670 

 
Matsudo, M.C., Bezerra, R.P., Sato, S., Perego, P., Converi, A.,&Carvalho, 

J.C.M. (2009). Repeated fed-batch cultivation of Arthrospira(Spirulina) 
platensis using urea as nitrogen source . Biochemical Engineering 
Journal. 52-57 

 
Matsudo, M.C., Bezerra, R.P.,Converti, A., Sato, S., & Carvalho, J.C.M . 

(2011). Carbon dioxide from alcoholic fermentation for continuous 
cultivation of Arthrospira (Spirulina) platensis in tubular photobioreactor 
using urea as nitrogen source . Bioechnology Progress. 650-656 

 
Molitor, V., Erber, W., & Peschek, G. A. (1986). Increased levels of cytochrome 

oxidase and sodium-proton antiporter in the plasma membrane of 
Anacystis nidulans after growth in sodium-enriched media. FEBS 
letters. 251-256 

 
Mosulishvili, L. M., Frontasyeva, M. V., Pavlov, S. S., Belokobylsky, A. I., 

Kirkesali, E. I. & Khizanishvili, A. I. (2004). Epithermal neutron 
activation analysis of Spirulina platensis biomass and extracted C-
phycocianin and DNA. Journal Of Radioanalytical And Nuclear 
Chemistry. 41-45 

 
Nakamura, M. T.,& Nara, T. Y. (2003). Essential fatty acid synthesis and its 

regulation in mammals. Prostaglandins, Leukotrienes And Essential 
Fatty Acids. 145-150 

 
Ogbonda, K.H., Aminigo, R.E., &Abu, G.O. (2007). Infuence of temperature and 

pH on biomass production and protein biosynthesis in a putative 
Spirulina sp. Bioresource Technolog. 2207–2211 

 
Olguin, E. J., Galicia, S., Mercado, G., & Perez, T. (2003). Annual productivity 

of Spirulina (Arthrospira) and nutrient removal in a pig wastewater 
recycling process under tropical conditions. Journal of Applied 
Phycology. 249-257 

 
Oliveira, M.A.C.L.D, Monteiro, M.P.C., Robbs, P.G. & Leite, S.G.F. (1999). 

Growth and chemical composition of Spirulina maxima and Spirulina 
platensis biomass at different temperatures. Aquaculture International. 
261–275 

 
Parmar, A., Singh, N.K., Pandey, A., Gnansounou, E., & Madamwar, D. (2011). 

Cyanobacteria and microalgae: A positive prospect for biofuels. 
Bioresource Technology.10163-10172 

 



© C
OPYRIG

HT U
PM

87 
 

Parsons, T. R., & Strickland, J. D. (1963). Discussion of spectrophotometric 
determination of marine-plant pigments, with revised equations for 
ascertaining chlorophylls and carotenoids. Journal of Marine Research. 
155-163 

 
Peter, H. P.,Vincent,A.B. &Richard, N.(2011). Sustainability of algae derived 

biodiesel: A mass balance approach. Bioresource Technology. 1185–
1193 

 
Pfromm, P.H., Amanor-Boadu, V., & Nelson, R. (2011). Sustainability of algae 

derived biodiesel: a mass balance approach. Bioresource Technology. 
1185-1193 

 
Phang, S.M., Miah,M.S., Yeoh, B.G. & Hashim, M.A. (2000). 

Spirulinacultivation in digested sago starch factory wastewater. Journal 
of Applied Phycology. 395-400 

 
Piorreck, M., Baasch, K. H., & Pohl, P. (1984). Biomass production, total 

protein, chlorophylls, lipids and fatty acids of freshwater green and 
blue-green algae under different nitrogen regimes. Phytochemistry. 
207-216 

 
Prabuthas, P., Srivastav, P.P. & Mishra. H.N. (2011). Optimization of 

environmental factors using RSM for Spirulina platensis cultivation. 
Nutrition & Food Science. 175 – 182 

 
Pruvost, J., Van Vooren, G., Le Gouic, B., Couzinet-Mossion, A., & Legrand, J. 

(2011). Systematic investigation of biomass and lipid productivity by 
microalgae in photobioreactors for biodiesel application. Bioresource 
Technology. 150-158 

 
Puganeswary, S., Rosimah, N., Sharizim, Z., Normala, H., Hishamuddin, O., & 

Ahmad, I. (2014). Potenial of fresh POME as a growth medium in a 
mass production of Arthrospira platensis. International Journal of 
Current Microbiology and Applied Sciences. 235-253 

 
Rafiqul, I.M., Jalal, K.C.A., &Alam, M.Z., (2005). Environmental factors for 

optimization of Spirulina biomass in laboratory culture. Biotechnology. 
19-22 

 
Raja, R., Hemaiswarya, S., Kumar, N.A., Sridhar, S., &Rengasamy, R. (2008). 

A perspective on the biotechnoligical potential of microalgae. Critical 
Reviews in Biotechnology. 77-88 

 
Raoof, B., Kaushik, B. D. & Prasanna, R. (2006). Formulation of a low-cost 

medium for mass production of Spirulina. Biomass and Bioenergy. 537-
542 

 
Rangel, C.O., Danesi, E.D.G., Carvalho, J.C.M. & Sato, S. (2004). Chlorophyll 

production from Spirulina platensis: cultivation with urea addition by 
fed-batch process. Bioresource Technology. 133-141 



© C
OPYRIG

HT U
PM

88 
 

Ravelonandrob, P.H., Ratianarivoa, D.H., & Cassand, C.J. (2011). 
Improvement of the growth of Arthrospira (Spirulina) platensis from 
Toliara (Madagascar): Effect of agitation,salinity and CO2 addition. 
Food And Bioproducts Processing. 209–216 

 
Richmond, A. & Qiang, H. (1997). Principles for efficient utilization of light for 

mass production of photoautotrophic microorganisms. Applied 
Biochemistry And Biotechnology. 649-658 

 
Richmond, A., Lichtenberg, E., Stahl, B. & Vonshak, A . (1990). Quantitative 

assessment of the major limitations on productivity of Spirulina 
platensis in open raceways. Journal of Applied Phycology. 195–206 

 
Rodolfi, L., Chini Zittelli, G., Bassi, N., Padovani, G., Biondi, N., Bonini, G., & 

Tredici, M. R. (2009). Microalgae for oil: Strain selection, induction of 
lipid synthesis and outdoor mass cultivation in a low‐cost 
photobioreactor.Biotechnology and Bioengineering. 100-112 

 
Rodrigues, M. S., Ferreira, L. S., Converti, A., Sato, S. & Carvalho, J. C. M. 

(2010). Fed-batch cultivation of Arthrospira (Spirulina) platensis: 
potassium nitrate and ammonium chloride as simultaneous nitrogen 
sources. Bioresource Technology.4491-4498 

 
Rodrigues, M.S., Ferreira, L.S., Converti, A., Sato S., &Carvalho J.C.M. (2011). 

Influence of ammonium sulphate feeding time on fed-batch Arthrospira 
platensis cultivation and biomass composition with and without pH 
control . Bioresource Technology. 6587-6592 

 
Sajilata, M. G., Singhal, R. S., & Kamat, M. Y. (2008). Fractionation of lipids 

and purification of γ-linolenic acid (GLA) from Spirulinaplatensis. Food 
Chemistry. 580-586 

 
Sanchez-Luna, L. D., Converti, A., Tonini, G. C., Sato, S., & De Carvalho, J. C. 

(2004). Continuous and pulse feedings of urea as a nitrogen source in 
fed-batch cultivation of Spirulina platensis. Aquacultural Engineering. 
237-245 

 
Selmi, C., Leung, P. S., Fischer, L., German, B., Yang, C. Y., Kenny, T. P. & 

Gershwin, M. E. (2011). The effects of Spirulina on anemia and 
immune function in senior citizens. Cellular & Molecular Immunology. 
248-254 

 
Sharma, M. K., Sharma, A., Kumar, A., & Kumar, M. (2007). Spirulina fusiformis 

provides protection against mercuric chloride induced oxidative stress 
in Swiss albino mice. Food and Chemical Toxicology. 2412-2419 

 
Shen, Z., Zhou, J., Zhou, X., & Zhang, Y. (2011). The production of acetic acid 

from microalgae under hydrothermal conditions. Applied Energy. 3444-
3447 

 



© C
OPYRIG

HT U
PM

89 
 

Simsek, N., Karadeniz, A., Kalkan, Y., Keles, O. N., & Unal, B. (2009). Spirulina 
platensis feeding inhibited the anemia-and leucopenia-induced lead 
and cadmium in rats. Journal of Hazardous Materials. 1304-1309 

 
Singh, R.K. & Kundu, S. (2014). Review on Changing Natural Nitrogen Cycle: 

Special Reference to Kingdom of Saudi Arabia. International Journal of 
Engineering Science Invention Research & Development. 1-9 

 
Soletto, D., Binaghi, L., Lodi, A., Carvalho, J.C.M., & Converti, A. (2005). Batch 

and fed-bach cultivations of Spirulina platensis using ammonium 
sulphate and urea as nitrogen sources. Aquaculture. 217-224 

 
Soletto, D., Binaghi, L., Ferrari, L., Lodi, A., Carvalho, J.C.M., Zilli, M., & 

Converti, A. (2008). Effects of carbon dioxide feeding rate and light 
intensity on the fed-batch pulse-feeding cultivation of Spirulina 
platensis in helical photobioreactor. Biochemical Engineering Journal. 
369-375 

 
Spolaore, P., Joannis-Cassan, C., Duran, E.,& Isambert, A. (2006). Commercial 

application of microalgae. Journal of Bioscience and Bioengineering. 
87-96 

 
Stewart, K. (2009). Physical Properties of Water. Reference Module in Earth 

Systems and Environmental Sciences, Encyclopedia of Inland Waters. 
148–154 

 
Swanson, D., Block, R., & Mousa, S. A. (2012). Omega-3 fatty acids EPA and 

DHA: health benefits throughout life. Advances in Nutrition: An 
International Review Journal. 1-7 

 
Tomaselli, L., Boldrini, G., & Margheri, M.C. . (1997). Physiological behaviour of 

Arthrospira (Spirulina) maxima during acclimation to changes in 
irradiance. Journal of Applied Phycology. 37-43 

 
Tompkins,  J.M.M., Day, J.G., &Turner M.F.(1995). Culture collection of algae 

and protozoa. In: De Ville, (Eds.), Catalogue of Strains: Natural 
Environment Research Council. Titus Wilson and Sons Ltd., Kendal, 
U.K. pp. 144-173 

 
Toyub, M.A., Uddin, M.Z., Miah, M.I, &Habib, M.A.B. (2011). Growth 

performance and nutritional analysis of Spirulina platensisgrowth 
performance and nutritional analysis of Spirulina platensis in different 
concentrations of papaya skin powder media . Bangladesh Journal Of 
Scientific And Industrial Research. 333-338 

 
Uday, B.S. & Ahluwalia, A. S. (2013). Microalgae: a promising tool for carbon 

sequestration. Mitigation and Adaptation Strategies for Global Change . 
73–95 

 
Ugwu, C. U., Aoyagi, H., & Uchiyama, H. (2008). Photobioreactors for mass 

cultivation of algae. Bioresource Technology. 4021-4028 



© C
OPYRIG

HT U
PM

90 
 

 
United Nations(UNSCN). (November 29th - December 10th, 2010). Climate 

Change and Nutrition Security. 16th United Nations Conference of the 
Parties (COP16) (pp. United Nations System, Standing Committee on 
Nutrition). Cancun: World Health Organization 

 
Usmanova, A., Astier, C., Mejean, C., Hubert, F., Feinberg, J., Benyamin, Y., & 

Roustan, C. (1998). Coevolution of actin and associated proteins: an α-
actinin-like protein in a cyanobacterium (Spirulina 
platensis). Comparative Biochemistry and Physiology Part B: 
Biochemistry and Molecular Biology. 693-700 

 
Vardon, D.R., Sharma, B.K., Scott, J., Yu, G., Wang, Z., Schideman, L., Zhang, 

Y., &Strathmann, T.J. (2011). Chemical properties of biocrude oil from 
the hydrothermal liquefaction of Spirulina algae, swine manure, and 
digested anaerobic sludge. Bioresource Technology. 8295-8303 

 
Vonshak, A. (1997). Spirulina platensis (Arthrospira). In A. Vonshak, 

Physiology, Cell Biology and Biotechnoly (pp. 213-226). London: Taylor 
and Francis 

 
Vonshak, A. & Richmond, A. (1988). Mass production of the blue-green alga 

Spirulina: an overview. Biomass. 233-247 
 
Vonshak, A., Abeliovich, A., Boussiba, S., Arad, S., & Richmond, A. (1982). 

Production of Spirulina biomass: effects of environmental factors and 
population density. Biomass. 175-185 

 
Wang, B., Li, Y.Q., Wu, N., &Lan, C.Q. (2008). CO2 bio-mitigation using 

microalgae. Applied Microbiology Biotechnology , 707–180 
 
World Food Programme (WFP). (2013). Hunger statistics. Retrieved April 28, 

2014, from World Food Programme, fighting hunger wolrdwide: 
http://www.wfp.org/hunger/stats 

 
Xin, L., Hongying, Hu., Ke, G., & Yingxue, S. (2010). Effects of different 

nitrogen and phosphorus concentrations on the growth, nutrient uptake, 
and lipid accumulation of a freshwater microalgae Scenedesmus sp. 
Bioresource Technology. 5494-5500 

 
Xue, S., Su, Z., & Cong, W. (2011). Growth of Spirulina platensis enhanced 

under intermittent illumination. Journal of Biotechnology. 271-277 
 
Yang, C., Liu, H., Li, M., & Yu, C. (2008).Treating urine by 

Spirulinaplatensis.ActaAstronautica.1049-1054 
 
Zeng, M. T., &Vonshak, A. (1998).Adaptation of Spirulinaplatensis to salinity-

stress. Comparative Biochemistry and Physiology Part A: Molecular & 
Integrative Physiology. 113-118 

 



© C
OPYRIG

HT U
PM

91 
 

Zhang, H. Q., Lin, A. P., Sun, Y., & Deng, Y. M. (2001).Chemoand 
radioprotective effects of polysaccharide of Spirulinaplatensis on 
hemopoietic system of mice and 
dogs. ActaPharmacologicaSinica.1121-1124. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© C
OPYRIG

HT U
PM

104 
 

PUBLICATION 
 
 

Mashor, N., Yazam, M.S.M., Naqiuddin, M.A., Omar, H., & Ismail, A. (2016). 
Different nitrogen sources effects on the growth and productivity of 
Spirulina grown in outdoor conditions. Acta Biologica Malaysiana. 16-
26 

 

 
 
 
 
 
 
 
 
 

 



© C
OPYRIG

HT U
PM


	title new
	chapter new
	Blank Page
	Blank Page
	Blank Page

	LITERATURE REVIEW
	REFERENCES



