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RESUMEN 

RESUMEN/ABSTRACT 
 

Microalgae are a major natural source for a vast array of valuable compounds, 

including a diversity of pigments, for which these photosynthetic microorganisms 

represent a potential, ecological and economical option for applications in various 

industries. Despite many applications, only a few species of microalgae are cultured 

commercially because of poorly developed photobioreactor technology. This work 

presents the development of strategies to increase the pigment production using the 

freshwater microalga Chlorella vulgaris, starting from the design and characterization of a 

novel flat panel airlift photobioreactor, continuing to evaluate of effect of different 

operating conditions and factors such light, salinity and electric field in growth rate and 

pigment productivity.  

Preliminary study was carried out to analyze the growth profile of Chlorella vulgaris 

under photoautotrophic and photoheterotrophic conditions. A similar performance and 

time for maximal growth were observed for both cultures; however, photoheterotrophic 

culture had better pigment productivity. Also, the effect of inoculum size was evaluated 

obtaining that an inoculum of 5% (v/v) showed a desirable growth with short lag phase 

and maximum pigment yield in short time of culture (216 h). 

A 2 L working volume photobioreactor was developed with high height-width ratio 

in comparison with photobioreactors reported in literature. Higher mixing time, gas-hold 

up coefficient and mass transfer were achieving with 15.53 W m-3 of power supply, value 
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much lower than necessary in bubble columns, tubular reactors and others flat panel 

photobioreactors; which opens the possibility of using this design for microalgae growth. 

The optimum photoautotrophic operating conditions of photobioreactor were 

determinate using Taguchi methodology.  An aeration rate of 0.6 vvm, CO2 concentration 

of 9% (v/v), light intensity of 100 µmol photons m-2 s-1 and light-dark photoperiod of 12 

h/12 h enhanced pigments production 6.0 and 18.0 times compared with basal culture for 

total chlorophyll and carotenoids respectively.  

Salt-stress with NaCl was used as strategy to increase pigment yield in Chlorella 

vulgaris showing salt tolerance. Different concentrations of NaCl, photoperiod duration 

and addition time were evaluated. Salt-stress with 0.34 M NaCl added after 96 h of culture 

with 12 h light/dark cycle under photoautotrophic conditions in photobioreactor 

increased pigment production 39 and 91% for chlorophyll and carotenoids respectively, in 

comparison with control cultures. 

 The application of electric field was newly adopted as stimulation for growth 

and pigment production by Chlorella vulgaris. An increase of 81% in cell metabolic activity 

was obtained when culture was exposure at 2 V for 4 h. The production of pigments was 

higher when culture was stimulated after 96 h of incubation using 12 h light/dark 

photoperiod, showing an increase of 205 and 161% than obtained under 

photoheterotrophic conditions.  

 Some strategies to increase pigment yield in microalgae cultures can be applied. 

Salt-stress and electric field contribute heavily in pigment production, however it is 

important to know the operation costs of the overall process; making more efficient and 
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economic the application of these technologies to enhance the commercial viability of 

microalgae pigments industry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


