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ABSTRACT 
 

The marine microalga Tisochrysis lutea is renowned for its ability to synthesize 

fucoxanthin and docosahexaenoic acid (DHA), which are nutritionally valuable high- 

value compounds. Although numerous studies in literature have assessed fucoxanthin and 

DHA production by T. lutea, very few have evaluated the feasibility of comprehensively 

utilizing biomass for co-production of these metabolites within the framework of 

biorefineries. To this end, the current study focused on the synthesis of fucoxanthin and 

DHA by cultivation of T. lutea under two different initial nitrate concentrations (1x: 882 

µM, 3x: 2,646 µM) and three different illuminance levels (LL: 3,750 lux; ML: 7,500 lux; 

HL: 11,250 lux). The maximum fucoxanthin yield of 8.80 ± 0.30 mg/L (14.43 ± 0.52 

mg/g) and DHA yield of 7.08 ± 0.02 mg/L (11.90 ± 0.14 mg/g) were achieved in the 3x 

HL culture at the end of 16 days of cultivation. Thereafter, a biphasic solvent extraction 

procedure using ethanol/n-hexane/water (10:9:1 v/v/v) was utilized for co-extraction of 

97.96 ± 0.54% fucoxanthin and 74.11 ± 1.49% DHA from 3x HL biomass, and products 

were separated into two fractions. Fermentation of the residual biomass obtained from co- 

extraction resulted in a bioethanol yield of 48.49 ± 0.58 mg/g. Thus, results showcase the 

efficacy of the developed co-extraction procedure and the biorefinery potential of T. lutea. 



v  

TABLE OF CONTENTS 

Declaration of the candidate & supervisors ..................................................................... i 

Dedication ..................................................................................................................... ii 

Acknowledgements ....................................................................................................... iii 

Abstract ........................................................................................................................ iv 

Table of contents ............................................................................................................ v 

List of figures ............................................................................................................... vi 

List of tables ................................................................................................................ vii 

List of abbreviations ................................................................................................... viii 

1. Introduction ............................................................................................................... 1 

1.1. Research gap ....................................................................................................... 2 

1.2. Hypotheses .......................................................................................................... 3 

1.3. Objectives ........................................................................................................... 3 

2. Literature Review....................................................................................................... 5 

2.1. Fucoxanthin ........................................................................................................ 5 

2.2. Omega-3 fatty acids ............................................................................................ 5 

2.3. Microalgal strains for co-production of omega-3 fatty acids and fucoxanthin....... 6 

2.4. Tisochrysis lutea as a producer of DHA and fucoxanthin ..................................... 8 

2.5. Production of bioethanol from residual microalgal biomass ................................. 9 

3. Materials and methods ............................................................................................. 11 

4. Results and Discussion ............................................................................................. 21 

4.1. Biomass production of T. lutea under different initial nitrate concentrations and 

illuminance levels .................................................................................................... 21 



vi 

 

4.2. Accumulation of DHA under different initial nitrate concentrations and 

illuminance levels .................................................................................................... 23 

4.3. Accumulation of fucoxanthin under different initial nitrate concentrations and 

illuminance levels .................................................................................................... 26 

4.4. Co-extraction of fucoxanthin and DHA from T. lutea ........................................ 29 

4.5. Bioethanol production from residual biomass .................................................... 31 

5. Conclusion ............................................................................................................... 33 

6. Publications ............................................................................................................. 34 

References ................................................................................................................... 35 

 

 
LIST OF FIGURES 

 

Figure 2-1: The chemical structure of fucoxanthin [14] .................................................. 5 

Figure 2-2:Structures of omega-3 fatty acids, EPA and DHA [32] .................................. 6 

Figure 3-1:Biomass production in T. lutea cultures cultivated under various initial nitrate 

concentrations and illuminance levels .......................................................................... 13 

Figure 3-2: Calibration curve used for spectrophotometric determination of nitrate 

concentration ............................................................................................................... 14 

Figure 3-3:Crude extracts of fucoxanthin (left) and microalgal lipids (right) ................. 15 

Figure 3-4:Color development in sugar hydrolysates upon the addition of phenol-sulfuric 

reagent for determination of carbohydrate concentration .............................................. 17 

Figure 3-5: Calibration curve used for spectrophotometric determination of carbohydrate 

concentration ............................................................................................................... 18 

Figure 3-6:Seed cultures of S. cerevisiae prepared for fermentation of residual T. lutea 

biomass (left) and fermentation apparatus (right) ......................................................... 19 

Figure 4-1: Biomass concentrations of T. lutea grown under different illuminance levels 

(low light LL: 3,750 lux; medium light, ML: 7,500 lux; and high light, HL: 11,250 lux) 



vii  

and initial nitrate concentrations (1x: 882 µM; 3x: 2,646 µM) over the 16-day 

cultivation period (a) 1x cultures (b) 3x cultures .......................................................... 21 

Figure 4-2: Variation of nitrate concentration in the culture media under different 

illuminance levels (low light LL: 3,750 lux; medium light, ML: 7,500 lux; and high 

light, HL: 11,250 lux) and initial nitrate concentrations (1x: 882 µM; 3x: 2,646 µM) 

over the 16-day cultivation period (a) 1x cultures (b) 3x cultures ................................. 22 

Figure 4-3: Docosahexaenoic acid (DHA) concentrations of T. lutea grown under 

different illuminance levels (low light LL: 3,750 lux; medium light, ML: 7,500 lux; and 

high light, HL: 11,250 lux) and initial nitrate concentrations (1x: 882 µM; 3x: 2,646 

µM) over the 16-day cultivation period (a) 1x cultures (b) 3x cultures.......................... 24 

Figure 4-4: Variation of cellular docosahexaenoic acid (DHA) content of T. lutea grown 

under different illuminance levels (low light LL: 3,750 lux; medium light, ML: 7,500 

lux; and high light, HL: 11,250 lux) and initial nitrate concentrations (1x: 882 µM; 3x: 

2,646 µM) over the 16-day cultivation period (a) 1x cultures (b) 3x cultures ................ 25 

Figure 4-5: Fucoxanthin concentrations of T. lutea grown under (low light LL: 3,750 

lux; medium light, ML: 7,500 lux; and high light, HL: 11,250 lux) and initial nitrate 

concentrations (1x: 882 µM; 3x: 2,646 µM) over the 16-day cultivation period (a) 1x 

cultures (b) 3x cultures ................................................................................................. 27 

Figure 4-6: Variation of cellular fucoxanthin content of T. lutea grown under different 

illuminance levels (low light LL: 3,750 lux; medium light, ML: 7,500 lux; and high 

light, HL: 11,250 lux) and initial nitrate concentrations (1x: 882 µM; 3x: 2,646 µM) 

over the 16-day cultivation period (a) 1x cultures (b) 3x cultures ................................. 28 

Figure 4-7: Time-variation of fucoxanthin and docosahexaenoic acid (DHA) recovery 

during co-extraction with 10:9:1 (v/v/v) ethanol/n-hexane/water .................................. 29 

LIST OF TABLES 

Table 2-1: Microalgal species capable of synthesizing both fucoxanthin and omega-3 

fatty acids ...................................................................................................................... 7 



viii  

Table 2-2: Summary of selected studies on the production of DHA and fucoxanthin 

using T. lutea ................................................................................................................. 8 

Table 3-1: Composition of f/2-Si medium [50] ............................................................. 11 

Table 3-2: Culture conditions utilized for cultivation of T. lutea ................................... 12 

Table 3-3: Mobile phase flow in HPLC analysis of fucoxanthin ................................... 16 

Table 4-1: Final carbohydrate concentrations and of cellular carbohydrate content of T. 

lutea grown under different illuminance levels (low light LL: 3,750 lux; medium light, 

ML: 7,500 lux; and high light, HL: 11,250 lux) and initial nitrate concentrations (1x: 882 

µM; 3x: 2,646 µM) ...................................................................................................... 32 

 
LIST OF ABBREVIATIONS 

 

PUFA – Polyunsaturated fatty acid 

EPA – Eicosapentaenoic acid 

DHA – Docosahexaenoic acid 

WHO – World Health Organization 

CCAP – The Culture Collection of Algae and Protozoa 

PTFE – Polytetrafluoroethylene 

LEDs – Light emitting diodes 

1x – Standard nitrate concentration of f/2-Si media 

3x – Three times the standard nitrate concentration of f/2-Si media 

LL – Low light; 3,750 lux 

ML – Medium light; 7,500 lux 

HL – High light; 11,250 lux 

FAMEs – Fatty acid methyl esters 

GC-FID – Gas chromatography with flame ionization detection 

HPLC – High-performance liquid chromatography 


