
 

“DEVELOPMENT OF A LOW-COST BIOPROCESS FOR THE 

MICROBIAL SYNTHESIS OF ASTAXANTHIN” 

 

 

 

A thesis presented 

 

by 
 

BE Miguel Angel Villegas Méndez 

 
 

in fulfillment requirements for the degree of 

MSc Biochemical Engineering 
 

 

 
 

 

Supervised by: 

Dr. Lourdes Morales Oyervides 

 

 

 

 

 

 

FACULTAD DE CIENCIAS BIOLÓGICAS, UNIVERSIDAD AUTÓNOMA DE COAHUILA 

TORREÓN, COAHUILA. MÉXICO. JUNE 2019  



 

 

 



 

 

 

 

 



 

 4 

 

GENERAL ABSTRACT 
 

The main scope of this thesis was to develop a low-cost bioprocess for the microbial production 

of astaxanthin by Xanthophyllomyces dendrorhous ATCC 24202. Astaxanthin is an oxygenated 

carotenoid that naturally imparts color to shrimp, trout, salmon and some birds’ feathers. 

Furthermore, the demand for this pigment has increased in recent years, mainly to its high 

antioxidant activity. For this reason, its application as pharmaceutical and dietary has also been 

increasing. Natural and human safe production of astaxanthin can be carried out by 

microorganisms such as microalgae and yeast with the advantage of being a sustainable process 

instead of chemical synthesis. One of the most promising microbial sources for astaxanthin is 

the red yeast Xhantophyllomyces dendrorhous formerly known as Phaffia rhodozyma which is 

the microorganism used in this work. 

 

The main objective of this work was to develop a bioprocess for astaxanthin production by 

Xanthophyllomyces dendrorhous ATCC 24202 using an agroindustrial wastes-based media.  

 

The content of this document is divided into 4 chapters. First chapter includes an introduction, 

objectives of the work, hypothesis, justification, and background information. Chapters 2 and 3 

correspond to the research stages and theses chapters include an abstract, introduction, 

methodology, results, discussion, and conclusions. 

 

In Chapter 2, a screening of different agroindustrial wastes was performed to select the carbon 

and nitrogen sources that maximize the astaxanthin production. Then, the selected components 

concentration was optimized following the Taguchi methodology. 

 

In Chapter 3, the scale-up strategy is approached. It involved the study of the culture conditions 

that affects the oxygen transfer rate and its effect on carotenoids production at shake flask level. 

Then the process was scaled-up to a bench-scale stirred-tank bioreactor. Also, in Chapter 3, a 

fed-batch study was conducted in order to maximize the production and of carotenoids.  



 

 

 

 

5 

Finally, in Chapter 4, conclusions and recommendations for future work are presented.  

Within the achievements, the following are highlighted:  

 

• The utilized agro-industrial wastes showed potential use as carbon and nitrogen sources 

in Xanthophyllomyces dendrorhous fermentation. 

 

• A wastes-based medium for carotenoids biosynthesis was designed and optimized. 

 

• The Taguchi method was successfully used for optimizing the component levels in the designed 

media. 

 

• A route to define the impact of interactions among factors was proposed and verified. 

 

• The process performance was transferred to a more favorable zone of the solution space, with 

improved media the production with the waste-based medium was nearly 40 % higher than the 

control.  

 

• A polynomial correlation found between the oxygen transfer coefficient and carotenoids 

production by X. dendrorhous ATCC 24202 was effective for establishing a reasonable first set 

of conditions for the scale-up of the process. 

 

• Substrate consumption kinetics and substrate concentration studies confirmed that the 

metabolism of the yeast is being deviated towards ethanol production (Crabtree effect). 

 

•  The production obtained at a bench-scale stirred tank bioreactor using the fed-batch 

mode was 60 % higher than a single batch at flask scale. 

 


