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Carotenoids extraction from Rhodotorula glutinis cells using various techniques: 
A comparative study 
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Carotenoids are produced by many plants and microorganisms and they have immense application in pharmaceutical, 
cosmetics and food industries due to their antioxidant, anticancer and anti-inflammatory potential. Microbial production of 
carotenoids is intracellular, therefore, the study of the most appropriate methodologies for cell disruption is necessary. 
Rhodotorula glutinis P4M422 was grown in YM broth, subsequently, microwave, ultrasonic waves, enzymatic lysis and 
bead mill techniques were evaluated for carotenoids extraction. Further, different cyclization inhibitors (imidazole,  
2-isopropylimidazole and ketoconazole) were also evaluated in order to to control and direct the metabolism to avoid  
β-carotene accumulating lycopene. In this study, the highest carotenoids extractability was obtained under bead mill-assisted 
treatment. The bead mill method does not require use of toxic solvents such as DMSO, and therefore, the risk to health or 
environmental is reduced. Further, the highest lycopene concentration (18.61 mg/L) was obtained with 2-isopropylimidazole 
addition.  
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Bioactive compounds, such as vitamins, organic  
acids, phytosterols and carotenoids, are nutrients  
found in low quantities in foods, but have considerable 
beneficial effects in human health1,2.Increased  
health problems associated with deficiency of  
these nutrients requires development of alternative 
sources to counter this problematic challenge.  
The microbial production of bioactive compounds has 
been extensively studied for a wide variety of 
compounds, but the use of microorganisms requires 
nutrients, temperature, light source, light intensity, 
aeration and careful pH control during the production 
process3-5.  

Lycopene is a bioactive compound with antioxidant 
activity obtained from fruits, vegetables and 
microorganisms. The production of lycopene by 
microorganisms has shown several critical aspects. 
First, lycopene is a secondary metabolite synthesized 
via mevalonate pathway (MVA), and after cyclization 
reaction, it could be converted to β-carotene lowering 

final lycopene yield6. Several reports have explored 
inhibition of the final cyclization by targeting specific 
enzymes of the metabolic pathway using compounds, 
such as imidazole, piperidine, pyridine and its 
derivatives, yielding with specific accumulation of 
lycopene up to 100%7-12. Further, the study of such 
inhibitors to stop or minimize the cyclization reaction 
also is necessary.  

Additionally, carotenoid production using 
Rhodotorula and Phaffia sp. yeasts is an intracellular 
process13. Therefore, disruption of cell wall is 
necessary for recovery of carotenoids produced. In 
literature, a large variety of techniques for cell 
disruption including chemical, enzymatic, physics and 
mechanical methods have been reported14–17. 
Selection of a particular method for recovery of 
carotenoids depends on factors, such as features of the 
microorganism, production cost, the ease of 
scalability, processing time and the purpose of the 
final product14,18. In this study, we explored 
carotenoids recovery using different techniques 
(mechanical, chemical and enzymatic) of cell 
disruption and also evaluated metabolic regulators for 
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