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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

GROWTH AND QUALITY OF Chlorella vulgaris AND Chaetoceros calcitrans IN 

PHOTOBIOREACTORS USING LOW COST MEDIA FORMULATED FROM 

FERTILISER 

 

By 

 

ALEXANDER ZACHARIAH DE SILVA 

 

February 2019 

 

Chairman : Y. Bhg. Dato’ Mohamed Shariff Mohamed Din, PhD 

Faculty  : Veterinary Medicine 

 

 

Microalgae are gaining interest by numerous industries such as the aquaculture, health 

sciences and pharmaceutical. However, microalgae cultivation is constantly linked to 

high investment due to the cost of culture media. Therefore, formulation of low-cost 

media for high quality microalgae cultivation would increase the interest of microalgae 

usage in many industries. The current study aims to formulate a simple and cost-effective 

media for the cultivation of Chlorella vulgaris and Chaetoceros calcitrans. Locally 

available common fertiliser ‘Serbajadi 63’ containing 21:21:21 of nitrogen: phosphorus: 

potassium and ‘Serbajadi 46’ containing 46% of urea were used as the base formulae for 

the study.  

 

Twelve media were formulated for C. vulgaris and C. calcitrans with various 

concentrations and elements. The formulations were tested in two phases. In the first 

phase, C. vulgaris and C. calcitrans were cultured in 2 L flasks and were compared with 

the conventional media, i.e., Bold’s basal medium (BBM) and Conway, respectively. 

Formulations that showed comparable or better results were selected for phase two where 

the microalgae were mass cultured in 70 L photobioreactors (PBR) and analysed.  

 

During phase one, NPKFM which was formulated from 0.8 g/L of ‘Serbajadi 63’ with 

addition of MgSO4 (0.317 g/L) and acidified FeSO4.7H2O (0.02 g/L) produced 

favourable results for C. vulgaris culture. The formulation produced similar amounts (p > 

0.05) of biomass and proteins as the control. Significantly higher amounts (p < 0.05) of 
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chlorophyll-b (chl-b), carotenoids and carbohydrates were produced in NPKFM 

compared to BBM. Thus, NPKFM was used to mass culture C. vulgaris. 

 

Mass cultivation of C. vulgaris in NPKFM produced similar amounts (p > 0.05) of 

biomass, proteins and carbohydrates compared to BBM. Higher amount (p < 0.05) of 

lipids and polyunsaturated fatty acids (PUFA) were produced in NPKFM as well.   

 

In the case of C. calcitrans, the cultivation in 2 L flask revealed that NCFM produced 

the most favourable results compared to other formulations.  NCFM was formulated from 

0.476 g/L of ‘Serbajadi 63’ added with FeCl3.H2O (0.0013 g/L), MnCl2.4H2O (0.00036 

g/L) and NaSiO3 (0.02 g/L) produced comparable (p > 0.05) optical density (OD) and 

cell density (CD) to Conway. Higher amounts (p < 0.05) of proteins and lipids were also 

produced in NCFM, while not significantly different (p > 0.05) amount of chlorophyll-a 

(chl-a) and chl-b were produced in both media. Thus, NCFM was selected for phase two. 

 

In the mass cultivation of C. calcitrans, NCFM produced significantly higher (p < 0.05) 

CD, proteins and lipids compared to the Conway medium. Additionally, similar (p > 0.05) 

amounts of carbohydrates, chl-a, chl-b, carotenoids and omega-6 were produced in both 

media as well.  

 

Economically, producing 1 L of NPKFM and 1 kg of C. vulgaris in NPKFM was found 

to be 59.09% and 49.93% cheaper respectively compared to BBM. Likewise, producing 

1 L of NCFM and 1 kg of C. calcitrans in NCFM was 71.67% and 24.09% cheaper 

compared to Conway, respectively. Thus, both NPKFM and NCFM were suitable 

formulations for cost-effective mass cultivation of C. vulgaris and C. calcitrans, 

respectively. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

KUALITI DAN PERTUMBUHAN Chlorella vulgaris DAN Chaetoceros calcitrans 

MENGGUNAKAN MEDIA MURAH YANG DIPERBUAT DARI BAJA DALAM 

FOTOBIOREAKTOR 

 

Oleh 

 

ALEXANDER ZACHARIAH DE SILVA  

 

Februari 2019 

 

Pengerusi : Y. Bhg. Dato’ Mohamed Shariff Mohamed Din, PhD 

Fakulti  : Veterinary Medicine 

 

Pada masa kini, mikroalga adalah suatu permintaan yang tinggi untuk pelbagai industri 

seperti industri akuakultur, sains kesihatan dan farmaseutikal. Walau bagaimanapun, 

pengkulturan mikroalga sering kali dikaitkan dengan kos yang tinggi. Maka, perumusan 

suatu media kos rendah untuk pengkulturan mikroalga akan menambah minat pelbagai 

pihak terhadap mikroalga. Kajian ini adalah bertujuan untuk merumuskan media yang 

kos efektif untuk pengkulturan Chlorella vulgaris dan Chaetoceros calcitrans. Baja 

tempatan ‘Serbajadi 63’ dan ‘Serbajadi 46’ yang masing-masing mengandungi 21:21:21 

nitrogen:fosforus:kalium dan 46% urea digunakan sebagai formula asas untuk kajian ini.  

 

Sebanyak 12 media telah dirumuskan dan diuji untuk kedua-dua C. vulgaris dan C. 

calcitrans. Setiap rumusan diuji melalui dua fasa. Di fasa pertama,  C. vulgaris dan C. 

calcitrans  telah dikulturkan di dalam kelalang kon 2 L dan dibandingkan dengan media 

konvensional iaitu Bold’s basal medium (BBM) dan Conway. Rumusan yang 

menunjukkan hasil yang sama atau lebih baik dari media kawalan, dipilih untuk ujian 

fasa kedua dimana pengkulturan berskala besar dalam fotobioreaktor 70 L dan dianalisis. 

 

Pada fasa pertama untuk C. vulgaris, NPKFM yang telah dirumuskan daripada 0.8 g/L 

‘Serbajadi 63’ dengan penambahan 0.317 g/L MgSO4 dan 0.02 g/L FeSO4.7H2O berasid 

telah menghasilkan keputusan yang memberangsangkan. Rumusan tersebut telah 

menghasilkan biojisim dan jumlah protein yang sama (p > 0.05) berbanding dengan 

kawalan ujian tersebut. Selain itu, jumlah klorofil-b, karotenoid dan karbohidrat adalah 
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lebih tinggi (p < 0.05) di dalam NPKFM berbanding dengan BBM. Maka, NPKFM telah 

dipilih untuk digunakan untuk pengkulturan besaran C. vulgaris. 

 

Pengkulturan secara besaran C. vulgaris menunjukkan bahawa NPKFM menghasilkan 

biojsim, protein dan karbohidrat yang sama (p > 0.05) berbanding dengan BBM. NPKFM 

juga telah mengandungi lipid dan asid lemak tak tepu (PUFA) yang lebih tinggi (p < 0.05) 

berbanding dengan BBM. 

 

Untuk kajian C. calcitrans pula, pengkulturan mikroalga tersebut di dalam balang 2 L 

telah menunjukkan bahawa rumusan NCFM mempunyai hasil yang paling 

menguntungkan berbanding rumusan lain. NCFM yang terdiri daripada 0.476 g/L 

‘Serbajadi 63’ yang ditambah dengan 0.0013 g/L FeCl3.H2O, 0.00036 g/L MnCl2.4H2O 

dan 0.02 g/L NaSiO3 menghasilkan kepadatan optik (OD) dan kepadatan sel (CD) yang 

sama (p > 0.05) dengan Conway. Jumlah biojisim, protein and lipid yang lebih tinggi (p 

<0.05) juga dihasilkan di dalam NCFM. Jumlah klorofil-a dan b yang sama (p > 0.05) 

telah dihasilkan di dalam NCFM dan Conway. Oleh itu, NCFM telah digunakan untuk 

pengkulturan besaran fasa dua C. calcitrans. 

 

Pengkulturan berskala besar C. calcitrans menggunakan NCFM menghasilkan CD, 

protein dan lipid yang lebih tinggi (p < 0.05) berbanding dengan Conway. Selain itu, 

jumlah karbohidrat, klorofil-a, b, karotenoid dan Omega-6 yang sama (p> 0.05) ditemui 

di kedua-dua NCFM dan Conway. 

 

Dari segi ekonomi, untuk menghasilkan 1 L NPKFM dan 1 kg C. vulgaris dalam NPKFM 

adalah masing-masing 59.09% dan 49.93% lebih murah daripada BBM. Pada masa yang 

sama, untuk menghasilkan  1 L NCFM dan 1 kg C. calcitrans dalam NCFM adalah 

masing-masing 71.67% dan 24.09% lebih murah daripada Conway. Maka, kedua-dua 

NPKFM dan NCFM adalah rumusan yang sesuai untuk pengkulturan secara besar-

besaran yang murah dan kos efektif untuk C. vulgaris dan C. calcitrans masing-masing. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1. Background of Study 

 

Microalgae are unicellular microscopic algae that grow by performing photosynthesis. 

Microalgae are considered to be the primary food source for many aquatic life forms and 

play a key role in the development of aquaculture. Live microalgae are generally used as 

larval diets in aquaculture but spray-dried biomass is utilized for health foods, food 

additives and feed supplements for human consumption (Yamaguchi 1997). Industrially, 

microalgae offer a vast array of valuable compounds such as its biomass, lipids, 

carbohydrates, proteins, and pigments. A number of factors affect the growth and 

proximate composition of microalgae such as light intensity, temperature, media and 

salinity (Thompson et al. 1992). According to Sharma et al. (2011) the growth and 

proximate of microalgae are highly influenced by its culture media. 

 

One of widely cultivated microalga is Chlorella vulgaris. The microalga has been widely 

used in the food, pharmaceutical (Sankar & Ramasubramanian 2012) and aquaculture 

industry (Safi et al. 2014). These industries are interested in Chlorella because of its 

many properties of being antitumor, anticarcinogenic, antiviral, anticataract, antiulcer 

and even antioxidative (Shibata et al. 2003). It has also been reported to be able to have 

protective abilities towards viral and bacterial infections in normal and also 

immunosuppressed mice (Tanaka et al. 1986; Queiroz et al. 2003). A review by Safi et 

al. (2014) stated that consumption of C. vulgaris by fish showed better pigmentation on 

the fish and increased life expectancy.  

 

Chaetoceros calcitrans is commonly grown in bivalve hatcheries (Tredici et al. 2009) 

and as feed for shrimp larvae (Raghavan et al. 2008). It is considered to be suitable to be 

fed to most marine filter feeders due to its nutritional value (Chotipuntu 2005). Thus, the 

demand for this microalga is high in many countries that emphasize on marine hatcheries 

such as shrimp larvae (Krichnavaruk et al. 2005).  

 

As more than 90% of the world’s aquaculture is located in Asia (FAO 2010) thus there 

is a high demand of food in the aquaculture industry. Hence, quality cultivation of C. 

vulgaris and C. calcitrans benefits the aquaculture industry tremendously. However, 

microalgae cultivation is always seen as a high cost investment (Hemaiswarya et al. 

2011). Conventional media needed for the cultivation of microalgae consist of 10–20 

different chemicals thus contribute to its high cost. Therefore, if a cost-effective medium 

was made for the cultivation of C. vulgaris and C. calcitrans, it would benefit the 

aquaculture industry in the long run. 
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1.2. Problem Statement 

 

Media used for the cultivation highly influences the growth and quality of microalgae 

(Sharma et al. 2011). There are numerous conventional media such as BBM, Walne, 

Conway and f/2 medium just to name a few, that have been formulated to cultivate 

different types of microalgae. However, each media contains a variety of inorganic salts 

that are expensive and tedious to prepare (Kaladharan et al. 2002). Therefore, the large 

amount of chemicals for the preparation of conventional media for mass cultivation in 

photobioreactors is not feasible. Hence, an alternative cheaper option would be the use 

of agricultural or plant fertiliser (López-Ruíz et al. 1995). However, using agricultural 

fertiliser does not yield optimum cell growth rate and quality compared to conventional 

media. Thus, mass cultivation of quality microalgae becomes daunting to farmers and 

unattractive to numerous industries. 

 

1.3. Purpose of study 

 

The present study investigates the formulation of a more simple and cost-effective media 

for the cultivation of C. vulgaris and C. calcitrans. The low-cost media formulated must 

be able to produce favourable or at par quality of the microalgae compared to 

conventional media. Fertiliser was used as a base formula for the formulation of the 

media. The growth and quality of C. vulgaris and C. calcitrans were analysed to ensure 

the effectiveness of the media formulated. 

 

 

1.4. Objectives 

 

This study was conducted to address the following objectives: 

i. To determine the growth of Chlorella vulgaris and Chaetoceros calcitrans 

cultured in photobioreactors using low cost media formulated from fertilisers.  

ii. To evaluate the proximate & biochemical composition of Chlorella vulgaris and 

Chaetoceros calcitrans cultured in photobioreactors using low cost media 

formulated from fertilisers.  

iii. To calculate the cost for the production of Chlorella vulgaris and Chaetoceros 

calcitrans in photobioreactos using low cost media formulated from fertilisers.  

 

Null hypotheses: The growth rate and proximate quality of microalgae cultured in the 

low cost media would not be comparable or better than the conventional medium. 
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Alternative hypotheses: The growth rate and proximate quality of microalgae cultured in 

formulated media would be comparable or better than the conventional medium.  



© C
OPYRIG

HT U
PM

85 
 

REFERENCES 

 

 

Abdulkadir, S. and Tsuchiya, M. (2008). One-step method for quantitative and 

qualitative analysis of fatty acids in marine animal samples. Journal of 

Experimental Marine Biology and Ecology 354: 1–8. 

Adarme-Vega, T. C., Lim D. K. Y., Timmins M., Vernen F., Li Y. and Schenk, P. M.  

(2012). Microalgal biofactories: a promising approach towards sustainable 

omega-3 fatty acid production. Microbial Cell Factories 11: 96. 

Alexander, P. and Markus, H. (2006). Effects of manganese on chlorophyll fluorescence 

in epiphytic cyano- and chlorolichens. Flora-Morphology, Distribution, 

Functional Ecology of Plants 201: 451–460. 

Anderson, J. M. and Pyliotis, N. A. (1969). Studies with manganese-deficient spinach 

chloroplasts. Biochimica et Biophysica Acta (BBA) - Bioenergetics 189: 280–293. 

Apt, K. E. and Behrens, P. W. (1999) Commercial developments in microalgal 

biotechnology. Journal of Phycology 35: 215–226. 

Azma, M, Mohamed, M. S., Mohamad, R., Rahim, R. A. and Ariff, A. B. (2011). 

Improvement of medium composition for heterotrophic cultivation of green 

microalgae, Tetraselmis suecica, using response surface methodology. 

Biochemical Engineering Journal 53: 187–195. 

Bae, J. H. and Hur, S. B. (2011). Development of economical fertilizer-based media for 

mass culturing of Nannochloropsis oceanica. Fisheries and Aquatic Sciences 14: 

317–322. 

Banerjee, S., Hew, W. E., Khatoon, H., Shariff, M. and Yusoff, F. M. (2011). Growth 

and proximate composition of tropical marine Chaetoceros calcitrans and 

Nannochloropsis oculata cultured outdoors and under laboratory conditions. 

African Journal of Biotechnology 10: 1375–1383. 

Barbosa, M. J., Hoogakker, J. and Wijffels, R. H. (2003). Optimisation of cultivation 

parameters in photobioreactors for microalgae cultivation using the A-stat 

technique. Biomolecular Engineering 20: 115–123. 

Batista, I. R., Garcia, A. B., Dalen, P. v., Kamermans, P., Verdegem, M and Smaal, A. 

C. (2015). Culturing Chaetoceros muelleri using simplified media with different 

N sources: effects on production and lipid content. European Journal of 

Phycology 50: 1, 92–99. 

Becker, W. (2004a). Microalgae in human and animal nutrition. In: Richmond A (ed), 

Handbook of microalgal culture, pp. 312–351. Blackwell, Oxford, UK. 

Becker, W. (2004b) Microalgae for aquaculture. The nutritional value of microalgae for 

aquaculture. In: Richmond A. (ed), Handbook of microalgal culture, pp. 380–391. 

Blackwell, Oxford, UK. 



© C
OPYRIG

HT U
PM

86 
 

Begum, H., Yusoff, F. M., Banerjee, S., Khatoon, H. and Shariff, M. (2016). Availability 

and utilization of pigments from microalgae. Critical Review in Food Science and 

Nutrition 56: 2209–2222.  

Behrenfeld, M. J., Worthington, K., Sherrell, R. M., Chavez, F. P., Strutton, P., 

McPhaden, M. and Shea, D. M. (2006). Controls on tropical Pacific Ocean 

productivity revealed through nutrient stress diagnostics. Nature 442: 1025–1028. 

Ben-Amotz, A. and Avron, M. (1983). On the factors which determine the massive β-

carotene accumulation in the halotolerant alga Dunaliella bardawil. Plant 

Physiology 72: 593–597. 

Bidwell, R. G. S. (1979). Plant Physiology, 2nd (ed.), Macmillan, New York. 

Bindhu K. B. (2013). Optimum Nutritional Requirement for the growth of Chaetoceros 

calcitrans. Research Journal of Marine Sciences 1: 1–9. 

Bischoff, H.W. and Bold, H.C. (1963). Phycological studies IV. Some soil algae from 

Enchanted Rock and related algal species. University of Texas Publication 6318: 

1–95. 

Brennan, L. and Owende, P. (2010). Biofuels from microalgae–a review of technologies 

for production, processing, and extractions of biofuels and co-products. 

Renewable and Sustainable Energy Reviews 14: 557–577. 

Breuer, G., Evers, W. A., de Vree, J. H., Kleinegris, D. M., Martens, D. E., Wijffels, R. 

H. and Lamers, P. P. (2013). Analysis of fatty acid content and composition in 

microalgae. Journal of visualized experiments 80: 50628.  

Brown, M. R. (1991). The amino acid and sugar composition of 16 species of microalgae 

used in mariculture. Journal of Experimental Marine Biology and Ecology 145: 

79–99. 

Brown, M. R., Jeffrey, S. W., Volkman, J. K. and Dunstan, G. A. (1997). Nutritional 

properties of microalgae for mariculture. Aquaculture 151: 315–331. 

Bruland, K. W., Donut, J. R. and Hutchins, D. A. (1991). Inter-active influences of 

bioactive trace metals on biological production in oceanic waters. Limnology and 

Oceanography 36: 1555. 

Borowitzka, M. A. (1997). Microalgae for aquaculture: opportunities and constraints. 

Journal of Applied Phycology 9: 393–401. 

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

fermenters. Progress in Industrial Microbiology 35: 313–321. 

Borowitzka, M. A., Huisman, J. and Osborn, A. (1991). Culture of the astaxanthin-

producing green alga Haematococcus pluvialis 1. Effects of nutrients on growth 

and cell type. Journal of Applied Phycology 3: 295–304. 



© C
OPYRIG

HT U
PM

87 
 

Butterwick, C., Heaney, S. I. and Talling, J. F. (1982). A comparison of eight methods 

for estimating the biomass and growth of planktonic algae. British Phycological 

Journal 17: 69–79. 

Certik, M, and Shimizu, S. (1999). Biosynthesis and regulation of microbial 

polyunsaturated fatty acid production. Journal of Bioscience and Bioengineering 

87: 1–14. 

Chatzifotis, S., Pavlidis, M., Jimeno, C. D., Vardanis, G., Sterioti, A. and Divanach, P. 

(2005). The effect of different carotenoid sources on skin coloration of cultured 

red porgy (Pagrus pagrus). Aquaculture Research 36: 1517–1525. 

Chia, M. A., Lombardi, A. T. and Melão, M. D. G. G. (2013). Growth and biochemical 

composition of Chlorella vulgaris in different growth media. Annals of the 

Brazilian Academy of Sciences 85: 1427–1438.  

Chisti, Y.  (2007). Biodiesel from microalgae. Biotechnology Advances 25: 294–306. 

Chen, C-Y., Lee, P-J., Tan, C. H., Lo, Y-C., Huang, C-C., Show, P. L., Lin, C-H. and 

Chang, J-S. (2015). Improving protein production of indigenous microalga 

Chlorella vulgaris FSP-E by photobioreactor design and cultivation strategies. 

Biotechnology Journal 10: 905–914. 

Chotipuntu, P. (2005). Marine diatom (Chaetoceros calcitrans) as a monospecies diet 

for conditioning oyster (Crassostrea belcheri Sowerby) Broodstock. Walailak 

Journal of Science and Technology 2: 201–207. 

Coale, K. H., Johnson, K. S., Fitzwater, S. E., Gordon, R. M., Tanner, S., Chavez, F. P., 

Ferioli, L., Sakamoto, C., Rogers, P., Millero, F., Steinberg, P., Nightingale, P., 

Cooper, D., Cochlan, W.P., Landry, M. R., Constantinou, J., Rollwagen, G., 

Trasvina, A. and Kudela, R. (1996). A massive phytoplankton bloom induced by 

an ecosystem-scale iron fertilization experiment in the equatorial Pacific Ocean. 

Nature 383: 495–501. 

Combs, G. F. (1952). Algae (chlorella) as a source of nutrients for the chick. Science 

116: 453–454. 

Conceição, L. E. C., Yúfera, M., Makridis, P., Morais, S. and Dinis, M. T. (2010). Live 

feeds for early stages of fish rearing. Aquaculture Research 41: 613–640. 

Converti, A., Casazza, A. A., Ortiz, E. Y., Perego, P. and Del Borghi, M. (2009). Effect 

of temperature and nitrogen concentration on the growth and lipid content of 

Nannochloropsis oculata and Chlorella vulgaris for biodiesel production. 

Chemical Engineering and Processing: Process Intensification 48: 1146–1151. 

Cooper, C. (2001). Amino acid analysis protocols. New Jersey: Humana Press. 

Darveheia P., Bahria, P. A. and Moheimanib, N. R. (2018). Model development for the 

growth of microalgae: A review. Renewable and Sustainable Energy Reviews 97: 

233-258. 



© C
OPYRIG

HT U
PM

88 
 

de Mello-Sampayo, C., Corvo, M. L., Mendes, R., Duarte, D., Lucas, J., Pinto, R., Batista, 

A. P., Raymundo, A., Silva-Lima, B., Bandarra, N. M. and Gouveia, L. (2013). 

Insights on the safety of carotenogenic Chlorella vulgaris in rodents. Algal 

Research 2: 409–415. 

Delaporte M., Soudant, P., Mosl, J., Lambert, C., Quere, C., Miner, P., Choquer, G., 

Paiiard, C. and Samain, J. F. (2003). Effect of mono-specific algal diet on immune 

functions in two bivalve species Crassostrea gigas and Ruditapes philippinarum. 

Journal of Experimental Biology 206: 3053–3064. 

Derrien, A., Coiffard, L. J. M., Coiffard, C. and De Roeck-Holtzhauer, Y. (1998). Free 

amino acid analysis of five microalgae. Journal of Applied Phycology 10: 131–

134. 

Desouky, S. A., Usama, M. A. and Ahmed, W. A. (2011). Interaction effects of 

magnesium and vitamins on Chlorella vulgaris Beijer cultures. Journal of 

Environmental Studies 7: 1–8. 

Dragone, G., Fernandes, B. D., Abreu, A. P., Vicente, A. A. and Teixeira, J. A. (2011). 

Nutrient limitation as a strategy for increasing starch accumulation in microalgae. 

Applied Energy 88: 3331–3335. 

Dou, X., Lu, H-X., Lu, M-Z., Yu, L-S., Xue, R. and Ji, J-B. (2013). The effects of trace 

elements on the lipid productivity and fatty acid composition of Nannochloropis 

oculata. Journal of Renewable Energy doi: 

http://dx.doi.org/10.1155/2013/671545. 

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A. and Smith, F. (1956). 

Colorimetric method for determination of sugars and related substances. 

Analytical Chemistry 28: 350–356. 

Egbo M. K. (2017). Photobioreactors for microalgae cultivation – An overview. doi: 

http://dx.doi.org/10.13140/RG.2.2.35321.16483. 

El Nabris, K. J. A. (2012). Development of cheap and simple culture medium for the 

microalgae Nannochloropsis sp. based on agricultural grade fertilisers available 

in the local market of Gaza Strip (Palestine). Journal of Al Azhar University-Gaza 

(Natural Sciences) 14: 61–76. 

Enright, C. T., Newkirk, G. F., Craigie, J. S. and Castell, J. D. (1986). Evaluation of 

phytoplankton as diets for juvenile Ostrea edulis L. Journal of Experimental 

Marine Biology and Ecology 96: 1–13. 

Estevez M. S., Malanga, G. and Puntarulo, S. (2001). Iron-dependent oxidative stress in 

Chlorella vulgaris. Plant Science 161: 9–17. 

FAO (2010). FAO yearbook: Fishery and aquaculture statistics, 2008. Statistics and 

information service of the Fisheries and Aquaculture Department, Rome, Italy. 

http://www.fao.org/docrep/013/i1890t/i1890t.pdf 

Fernández-Reiriz, M-J., Perez-Camacho, A., Ferreiro, M. J., Blanco, J., Planas Oliver, 

M., Campos, M. J. and Labarta, U. (1989). Biomass production and variation in 

http://dx.doi.org/10.1155/2013/671545
http://www.fao.org/docrep/013/i1890t/i1890t.pdf


© C
OPYRIG

HT U
PM

89 
 

the biochemical profile (total protein, carbohydrates, RNA, lipids and fatty acids) 

of seven species of marine microalgae. Aquaculture 83: 17–37. 

Finkle, B.J. and Appleman, D. (1953a). The effect of magnesium concentration on 

growth of Chlorella. Plant Physiology 28: 664–673. 

Finkle, B.J. and Appleman, D. (1953b). The effect of magnesium concentration on 

chlorophyll and catalyses development in Chlorella. Plant Physiology 28: 652. 

Fleurence, J., Morançais, M., Dumay, J., Decottignies, P., Turpin, V., Munier, M., 

Garcia-Bueno, N. and Jaouen, P. (2012). What are the prospects for using 

seaweed in human nutrition and for marine animals raised through aquaculture? 

Trends in Food Science & Technology 27: 57–61. 

Gatamaneni, B. L., Orsat, V. and Lefsrud, M. (2018). Factors Affecting Growth of 

Various Microalgal Species. Environmental Engineering Science 35: 1037-1048. 

Gavalas, N. A. and Clark, H. E. (1971). Kinetics of photoinhibition in manganese-

deficient and 3-(4-chlorophenyl)-1,1-dimethylurea-inhibited Euglena gracilis. 

Plant Physiology 47: 139–143.  

Gouveia, L., Choubert, G., Pereira, N., Santinha, J., Empis, J. and Gomes, E. (2002). 

Pigmentation of gilthead seabream, Sparus aurata (L. 1875), using Chlorella 

vulgaris (Chlorophyta, Volvocales) microalga. Aquaculture Research 33: 987-

993. 

Gouveia, L. and Oliveira, C. A. (2009). Microalgae as a raw material for biofuels 

production. Journal of Industrial Microbiology and Biotechnology 36: 269–274.  

Greene, R. M., Geider, R. J. and Falkowski, P. G. (1991). Effect of iron limitation on 

photosynthesis in a marine diatom. Limnology and Oceanography 36: 1772–1782. 

Gorain, P. C., Bagch,i S. V. and Mallick, N. (2013). Effects of calcium, magnesium and 

sodium chloride in enhancing lipid accumulation in two green microalgae. 

Environmental Technology 34:13–14, 1887–1894. 

Guedes, A. C., Amaro, H. M., Barbosa, C. R., Pereira, R. D. and Malcata, F. X. (2011). 

Fatty acid composition of several wild microalgae and cyanobacteria, with a focus 

on eicosapentaenoic, docosahexaenoic and α-linolenic acids for eventual dietary 

uses. Food Research International 44: 2721–2729. 

Heasman, M. P., Sushames, T. M., Diemar, J. A., O’Connor, W. A. and Foulkes, L. A. 

(2001). Production of micro-algal   concentrates   for   aquaculture.   Part   2: 

development and evaluation of harvesting, preservation, storage and feeding 

technology.  NSW Fisheries Final Report Series No.  34.  NSW Department of 

Primary Industries, Port Stephens, Australia (FRDC Project No. 93/123 and 

96/342). 

Helm, M. M. and P. F. Millican (1977). Experiments in the hatchery rearing of Pacific 

oyster larvae (Crassostrea gigas Thunberg). Aquaculture 11: 1–2. 



© C
OPYRIG

HT U
PM

90 
 

Hemaiswarya, S., Raja, R., Ravi Kumar, R., Ganesan, V. and Anbazhagan, C. (2011). 

Microalgae: a sustainable feed source for aquaculture. World Journal of 

Microbiology and Biotechnology 27:1737–1746. 

Hemalatha, A., Karthikeyan, P., Manimaran, K., Anantharaman, P. and Sampathkumar, 

P. (2012). Effect of temperature on the growth of marine diatom, Chaetoceros 

simplex (Ostenfeld, 1901) with different nitrate:silicate concentrations. Asian 

Pacific Journal of Tropical Biomedicine 2: S1817–S1821. 

Henriques, F. S. (2004). Reduction in chloroplast number accounts for the decrease in 

the photosynthetic capacity of Mn-deficient pecan leaves. Plant Science 166: 

1051–1055. 

Hu, Q., Sommerfeld, M., Jarvis, E., Ghirardi, M., Posewitz, M., Seibert, M. and Darzins, 

A. (2008). Microalgal triacylglycerols as feedstocks for biofuel production: 

Perspectives and advances. The Plant Journal 54: 621–639. 

Ifuku, K., Yan, D., Miyahara, M., Inoue-Kashino, N., Yamamoto, Y. Y. and Kashino, Y. 

(2015). A stable and efficient nuclear transformation system for the diatom 

Chaetoceros gracilis. Photosynthesis research 123: 203–211. 

Ilavarasi, A., Mubarakali, D., Praveenkumar, R., Baldev, E. and Thajuddin, N. (2011) 

Optimization of various growth media to freshwater microalgae for biomass 

production.  Biotechnology 10: 540–545. 

Iriani, D., Suriyaphan, O. and Chaiyanate, N. (2011). Effect of Iron concentration on 

growth, protein content and total phenolic content of Chlorella sp. cultured in 

Basal Medium. Sains Malaysiana 40: 353–358. 

James, C. M., Al-Hinty, S. and Salman, A. E. (1989). Growth and ω3 fatty acid and 

amino acid composition of microalgae under different temperature regimes. 

Aquaculture 77: 337–351. 

Kaladharan, P., Gireesh, R. and Smitha, K. S. (2002). Cost effective medium for the 

laboratory culture of live feed micro algae. Seaweed Research and Utilization 24: 

35–40. 

Kaspar, H. F., Keys, E. F., King, N., Smith, K. F., Kesarcodi-Watson, A. and Miller, M. 

R. (2014). Continuous production of Chaetoceros calcitrans in a system suitable 

for commercial hatcheries. Aquaculture 420–421: 1–9. 

Keffer, J. E. and Kleinhein, G. T. (2002). Use of Chlorella vulgaris for CO2 mitigation 

in a photobioreactor. Journal of Industrial Microbiology and Biotechnology 29: 

275–28. 

Khoeyi, Z. A., Seyfabadi, J. and Ramezanpour Z. (2012). Effect of light intensity and 

photoperiod on biomass and fatty acid composition of the microalgae, Chlorella 

vulgaris. Aquaculture International 20: 41–49. 

Khoi, C. M., Guong, V. T., Hoa, N. V., Sorgeloos, P. and Merckx, R. (2009). Growth of 

Chaetoceros calcitrans in sediment extract from Artemia franciscana culture 



© C
OPYRIG

HT U
PM

91 
 

ponds points to phosphorus limitation. Journal of the World Aquaculture Society 

40: 104–112. 

Kreeger D. A. and Langdon, C. J. (1994). Digestion and assimilation of protein by 

Mytilus trossulus (Bivalvia: Mollusca) fed mixed carbohydrate/protein 

microcapsules. Marine Biology 118: 479–488. 

Krichnavaruk, S., Loataweesup, W., Powtongsook, S. and Pavasant, P. (2005). Optimal 

growth conditions and the cultivation of Chaetoceros calcitrans in airlift 

photobioreactor. Chemical Engineering Journal 105: 91-98. 

Kulshreshtha, J. and Singh, G. P. (2013). Evaluation of various inorganic media for 

growth and biopigments of Dunaliella salina. International Journal of Pharma 

and Bio Sciences 4: 1083–1089. 

Lavens, P. and Sorgeloos, P. (1996). Manual on the production and use of live food for 

aquaculture. FAO Fisheries Technical Paper. No. 361. Rome, FAO, 295p. 

Li, P., Mai, K., Trushenski, J. and Wu, G. (2009). New developments in fish amino acid 

nutrition: towards functional and environmentally oriented aquafeeds. Amino 

Acids 37: 43–53. 

Liang, K., Zhang, Q., Gu, M. and Cong, W. (2012). Effect of phosphorus on lipid 

accumulation in freshwater microalga Chlorella sp. Journal of Applied Phycology 

25: 311–318. 

Lim, C. L., Yusoff, F. M., Shariff, M. and Kamaruddin, M. S. (2018). Astaxanthin as 

feed supplement in aquatic animals. Reviews in Aquaculture 10: 738-773. 

Liu, S., Li, X., Zhang, G. and Zhang, J. (2015). Effect of magnesium ion on crt gene 

expression in improving carotenoid yield of Rhodobacter sphaeroides. Archives 

of Microbiology 197: 1101–8. 

Liu, Z. and Wang, G. (2014). Effect of Fe3+ on the growth and lipid content of Isochrysis 

galbana. Chinese Journal of Oceanology and Limnology 32: 47–53. 

Liu, Z., Wang, G. and Zhou, B. (2008). Effect of iron on growth and lipid accumulation 

in Chlorella vulgaris. Bioresource Technology 99: 4717–4722. 

Lio-Po, G. D., Leaño, E. M., Peñaranda, M. M. D., Villa-Franco, A. U., Sombito, C. D. 

and Guanzon Jr., N. G. (2005). Anti-luminous Vibrio factors associated with the 

‘green water’ grow-out culture of the tiger shrimp Penaeus monodon. 

Aquaculture 250: 1–7. 
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