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ABSTRACT 

 

 

 

 

 The red microalgae Porphyridium cruentum produce many valuable 

compounds such as extracellular polysaccharides (EPS) that are extensively used in 

the industry. In this study modification of media formulation for optimal production 

of EPS from Porphyridium cruentum was carried out by varying nitrate, sulfate and 

glucose concentrations in the Jones 1962 media. Different concentration of each 

nutrient was used in the media formulation. For nitrate, the highest concentration 

provided in the medium at 50 mM showed the highest growth rate and EPS 

production, but by inhibiting the nitrate concentration, the growth is reduced while 

the production of EPS is increased as when a high concentration of nitrate was 

provided to the medium. For sulfate, increasing concentration in the media showed 

great decrease in growth rate, but increasing EPS production, the highest production 

of EPS was at 50 mM which was the highest concentration of sulfate provided in the 

media modification. Addition of glucose in the medium on the other hand 

substantially increased the growth rate and the biomass production but as the glucose 

concentration kept on increasing, it also inhibited the production of EPS by the algae. 

The growth rate of the algae did not correlate with the EPS production. The result 

showed that high concentration of glucose and low concentration of nitrate and 

sulfate inhibited the production of EPS by the microalgae and in order to increase the 

EPS production, medium without nitrate or  a very high concentration of nitrate or 

and sulfate must be provided. Therefore, the optimum medium formulation for 

optimal growth and EPS production by Porphyridium cruentum is at either 20 mM of 

nitrate or without nitrate at all, 50 mM of sulfate and 0.5% (w/v) of glucose. The 

compositions of the EPS were also confirmed by using HPLC that showed the 

composition of glucose, galactose and xylose of the EPS.  
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ABSTRAK 

 

 

 

Mikroalga merah Porphyridium cruentum menghasilkan banyak sebatian 

berharga seperti rembesan polisakarida luar sel (EPS) yang digunakan secara meluas 

di dalam pelbagai industri. Dalam penyelidikan ini, pengubahsuaian kepekatan 

nutrisi nitrat, sulfat dan glukosa dilakukan terhadap formulasi media Jones 1962 

untuk memperoleh pengeluaran optimum EPS dari P. cruentum. Bagi nitrat, semakin 

tinggi kepekatannya, semakin tinggi kadar pertumbuhan dan penghasilan EPSnya 

namun dengan tidak membekalkan nitrat di dalam medium, kadar pertumbuhan 

mikroalga semakin berkurang tetapi penghasilan EPS meningkat seperti jika 

dibekalkan kepekatan nitrat yang tinggi. Pengubahsuaian kepekatan sulfat pula 

menunjukkan penurunan yang amat banyak dari segi kadar pertumbuhan mikroalga 

apabila kepekatan sulfat yang tinggi di bekalkan pada medium. Bagi penghasilan 

EPS, kepekatan sulfat yang tinggi (50 mM) menunjukkan penghasilan EPS yang 

tertinggi. Penambahan glukosa dalam medium menunjukkan peningkatan kadar 

pertumbuhan dan pengeluaran biojisim yang sangat tinggi namun ia menyekat 

pengahasilan EPS dari alga dengan menunjukkan penghasilan EPS yang sangat 

rendah. Kadar pertumbuhan bagi P. cruentum tidak berkolerasi dengan  pengeluaran 

EPSnya. Hasil kajian menunjukkan bahawa kepekatan glukosa yang tinggi dan 

kepekatan nitrat dan sulfat yang rendah menghalang pengeluaran EPS oleh P. 

cruentum. Justeru, untuk meningkatkan pengeluaran EPS, bagi kepekatan nitrat, 

medium boleh disediakan dengan tidak meletakkan nitrat ataupun dengan 

meletakkan kepekatan nitrat dan sulfat yang sangat tinggi. Formulasi  medium yang 

optimum bagi pertumbuhan dan penghasilan EPS optima oleh Porphyridium 

cruentum ialah diantara tanpa kandungan nitrat ataupun pada 20 mM nitrat, 50 mM 

sulfat dan  0.5% (w/v) glukosa. Komposisi EPS juga dikenalpasti mengandungi 

glukosa, galaktosa dan xylosa melalui HPLC. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1       Background Information 

 

 

Polysaccharides are natural polymers that have properties which may be 

translated into significant commercial applications. Polysaccharides are extensively 

used in industry. Some significant uses of polysaccharides in industry are as 

thickening agents, gelling agents, suspension, flocculation, binding, coating and 

emulsification. For chemical use, polysaccharides can have application in oil 

recovery, food, and pharmaceutical fields. In natural environments, the production of 

extracellular polysaccharides is often related to the formation of biofilms on surfaces, 

in which the polymer-exuding micro-organisms grow, multiply, and produce 

extracellular material, mostly polysaccharide. Extensive research have shown that 

marine organisms particularly algae and microalgae are a source for many well-

known polysaccharides. For algae, its polysaccharides serve mainly as storage and 

structural molecules (Adda et al., 1986). In seaweeds, the structural cell wall 

polysaccharides usually consist of an outer amorphous   mucilage matrix, commonly 

made by linear sulfated galactan polymers (carrageenans, agarans, and alginates) and 

an inner rigid component, cellulose fibrils (Gasljevic et al., 2009). In the red 

microalgae, the cell walls lack this cellulose microfibrillar component but they were 

encapsulated with a sulfated polysaccharide in the form of a gel. The unicellular 



2 

 

 

nature of this algae itself has made it a useful experimental system and an attractive 

organism for studies of its high content of polysaccharide. 

 

 

Red microalgae produced valuable extracellular polysaccharides (Pulz et al., 

1995).  Porphyridium cruentum is one of the most studied red microalgae. These 

microalgae possess nutritional and therapeutical value. These biochemicals include a 

high content of polysaccharides, long-chain polyunsaturated fatty acids, carotenoids 

such as zeaxanthin, and fluorescent phycobiliproteins. The polysaccharides of 

Porphyridium have also been shown to possess impressive antiviral activity 

(Huleihel et al., 2001, 2002; Huang et al., 2005). Therefore, the extracellular 

polysaccharide was extensively studied. The EPS is an acidic heteropolymer 

composed of xylose, glucose, galactose and sulfate esters. It forms ionic bridges 

through divalent cations, thus reaching a very high molecular weight and forming a 

thermodynamically stable structure. Porphyridium cells can be solitary or massed 

together into irregular colonies held together by mucilage, which is constantly 

secreted by the cells, forming a capsule around it. The thickness of the 

polysaccharide capsule varies according to the phase of growth and with growth 

conditions. Its outer part dissolves into the medium, which increases the viscosity of 

the medium (You and Barnett, 2004). 

 

 

Culture condition is well known to affect the production of the biomass of P. 

cruentum as well as the quality of the extracellular polysaccharides (EPS) produced. 

There have been a few reports about the effects of different culture and medium 

conditions on its growth and production. For culture condition a few condition were 

proposed in term of light quality (You and Barnett, 2004), high light intensity and 

low gas flow rates (Eteshola et al., 1998), pH, stirring and mineral nutrients in the 

flat plate glass reactors (Singh et al., 2000), aeration and agitation (Iqbal and Zafar, 

1993) and renewal rate of the culture volume (Fabregas et al., 1999). Therefore a few 

optimum conditions were developed. The effects of media formulation on the EPS 

production of microalgae have not yet been well studied. 
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Growth medium have been said to play a role in polysaccharide production 

(Thomas et al., 1984), thus modification of medium formulation in terms of crucial 

nutrient for the microalgae would facilitate in the understanding of the importance of 

different nutrients on extracellular polysaccharide production. Many studies have 

previously been carried on growth optimization of algae based on its nutrient 

medium nutrient compositions, the result showed a tendency for carbohydrate 

accumulation under certain nutrient starvation such as nitrate starvation in Chlorella 

and Chlamydomonas (Kroen and Rayburn, 1984).  This carbohydrate accumulation 

apparently takes place at the expense of protein production. Thepenier and Gudin 

(1985) show that in immobilized cells of Porphyridium cruentum, the depletion of 

nitrate from the mineral medium caused a sharp increase in the viscosity of the 

medium, indicating an increase in polysaccharide production. 

 

 

 

 

1.2       Objectives of Research  

 

 

i) To compare different media formulation to grow P. cruentum and optimized 

the selected media formulation in terms of nutrient composition toward EPS 

production. 

 

ii) To measure the extracellular polysaccharides yield extracted from different 

media formulation. 

 

iii) To quantify and characterise the extracellular polysaccharides produced by P. 

cruentum by phenol-sulfuric assay and High Performance Liquid 

Chromatography (HPLC). 
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1.3       Problem Statement 

 

 

There is an increasing market demand for natural polysaccharides in the food, 

cosmetics and pharmaceutical industries for red and brown microalgae. Natural 

polysaccharides usually harvested from their natural habitats are being depleted due 

to extensive harvesting and detrimental environmental conditions. The alternative 

way may be found in EPS by red microalgae which  offer vast range of potential 

application such viscoelasticity, stability in the body that can be used as water 

soluble lubricant and other biolubricating fluid and additives to the synovial fluid 

joints (Shoshana Arad et al., 2006). Therefore it is worth developing methods to 

increase the production of EPS. Currently there is very limited research on the effect 

of different medium culture condition for growth so far. The main conditions that 

had been studied are light quality (You and Barnett, 2004), high light intensity and 

low gas flow rates (Merchuk et  al., 2000), pH, aeration and agitation (Iqbal and 

Zafar, 1993). 

 

 

 

 

1.4   Research Significance 

 

 

EPS produced by P. cruentum has been proven as very valuable 

polysaccharides that were extensively used in many field of industry. Many medium 

formulations were used by many researchers in order to increase the growth and EPS 

production of P. cruentum. Up until now there were no conclusive study were 

conducted in determining which medium formulation and nutrients concentration 

will produce the highest EPS and growth production in red microalgae. Current 

studies only provided optimum condition to grow the algae. The optimum growth   

conditions of P. cruentum have been determined in several studies (Catherine et al., 

1985; Wang et al., 2007; Gasljevic et al., 2009) and assumption was made that the 

highest extracellular polysaccharides production is at the optimum condition. Thus, 

by studying the effect of the medium modification at optimum conditions, it should 
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facilitate understanding the relationship of nutrients that were required for the algae 

for growth and polysaccharide production. 

 

 

 

 

1.5       Scope of Research 

 

 

The type of microalgae used is a freshwater red microalgae Porphyridium 

cruentum, comparison of four medium formulations were used to determine the best 

medium formulation. Jones medium were selected and varying source of nitrogen, 

sulfate and glucose in the medium were used to optimize the EPS production of the 

microalgae. The cultures were cultivate at optimum condition for 20 days. The 

growth rate and total polysaccharide production were determined by reading the 

optical density at 690 nm and phenol-sulfuric assay (Dubois et al., 1979). Analysis of 

EPS composition and content were carried out by HPLC.                 .                
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