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AGRIMA aims to foster universities’ capacity 

building for the green transition through 

innovative practices and higher education 

curricula updating in agri-food waste 

management for the circular bioeconomy. 

Goal
s

AGRIMA addresses:

1. Advancing pedagogical methods for industrial agri-food waste valorisation based on 

business-academia synergies.

2. Integrating citizen science in bio-economy-enhanced waste valorisation as a means of civic 

engagement and environmental advocacy.
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Partner
s
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What is crude glycerol?

Biodiesel Production 

Soap Manufacturing Industry 

Fatty Acid Industry 

Fatty Ester Industry 
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Biodiesel 
Production 

Feedstock (vegetable oils, 
animal fats, fatty acid 

material) 

Transesterification 

Biodiesel 

Crude Glycerol 

Purification 

Biodiesel 

Crude Glycerol 
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Biodiesel Production Feedstock

Food-Feed vs Biofuel 

1st 
Generation Edible feedstock (vegetable oils-animal fats) 

2nd Generation Non-edible feedstock (raw materials- non-edible 
seeds) 

3rd 
Generation Waste cooking oil, macro-microalgae 

4th 
Generation 

Microbial oil, greener technologies, 
biotechnology
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Component Percentage 

Glycerol 40-75%

Methanol or 
Ethanol 
residues 

10-14%

Free fatty 
acids 

10-15%

Water 2-3%

Inorganic 
matter 

2-3%
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Excessive Production of Crude 
Glycerol

High 
Purification 

Cost

Various 
Industries 

By-product

Legislation 

International Energy Agency 
(IEA) 2023

40-45 billion tones biodiesel 

          5-5,7 billion tones crude 
glycerol 

10kg of 
biodiesel ≈ 1kg 

of crude 
glycerol 
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Oleaginous Microorganisms

▪ Consume a wide range of carbon and nitrogen source 
▪ Characteristic orange/reddish/rose color of colonies
▪ Ability to accumulate up to 20% (DCW) intracellular lipids (triacylglycerols) and 

other secondary metabolites 
▪ Produce aromatic compounds
▪ Rapid growth rates 
▪ Available knowledge about their genetic modifications

Oleaginous Yeasts 
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Rhodotorula spp

❑ More than 165 species 
❑ Isolated from diverse sources, including extreme environments
❑ Typically spherical, ovoid or elongated shape 
❑ Grow as individual cells or in clusters 
❑ Sexual or asexual reproduction depends on the strain 
❑ Classified as mesophilic, optimum temp. 25-28οC
❑ Non-GRAS, some species = opportunistic pathogens 
❑ Consume a wide range of carbon and nitrogen source including 

agro-industrial an food industries waste
❑ Ability to synthesize simultaneously multiple products: 

✔ Intracellular microbial lipid (SCO) 
✔ Carotenoids ( b-carotene, torulene, torularhodin) 
✔ Enzymes
✔ Exopolysaccharides
✔ Organic acids 
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Study Objective 

Investigate the potential of four novel Rhodotorula yeast (R.diobovata, 
R.kratochvilovae, and two strains of R.mucilaginosa)  to grow under 
extreme cultivation conditions (high glycerol concentration, low 
nitrogen, high C/N ratio, low pH (without adjustment), raw crude 
glycerol)   for the biosynthesis of intracellular lipids and carotenoids, 
aiming at a more sustainable and industry-compatible approach for the 
valorization of crude biodiesel-derived glycerol. 
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140g/L glycerol 
C/N: 120/1- 90/1

Total Carotenoids 

SCO
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Maximum prices of Biomass, Lipids and Carotenoids 
per strain and substrate  
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Microscopic Observation 

R.diobovata: 96h and 432h of growth (pure-crude)    R. kratochvilovae: 96h and 288 (pure-crude) 

R.mucilaginosa 8984: 72h and 336h growth (pure-crude) R.mucilaginosa 9791: 72h and 336h growth (pure-crude)  

http://www2.isep.ipp.pt/agrima/


www2.isep.ipp.pt/agrima 

• R.diobovata achieved the higher biomass production in pure 
glycerol up to 29,740g/L. 

• All strains achieve higher yield at pure glycerol substrate
• In pure glol the growth begins within the first 24h, while in 

crude it is delayed (possible due to the adaptation) 
• R. kratochvilovae and R.mucilaginosa 9791 are more resistant 

in extreme environments, while R.diobovata is more 
predictable 
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• Regarding pure glycerol, R.diobovata achieved a maximum lipid biosynthesis of 19g/L, with a highest lipid content of 52%.  The other 
strains showed not only minimal lipid accumulation, but also low lipid content, except for R.kratochvilovae, which reached a lipid 
content of 45,5%. 

• In the case of crude glycerol, all strains demonstrated low levels of lipid accumulation and lipid content, with R.kratochvilovae 
attaining the highest values under both C/N ratios. 

• A remarkable lipid content of 90% was observed by R.kratochvilovae in crude glycerol under C/N ratio 120/1. 
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• Initially elevated carotenoid synthesis was observed in nearly all 
strains and across the three substrates, potentially reflecting a 
stress response mechanism activated by the strain to cope with 
multiple environmental stressors. 

• With the exception of R.mucilaginosa 8984, all strains achieve 
their maximum carotenoid production when cultivated on crude 
glycerol. 
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Correlation of lipids and carotenoids pathways ?  
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Conclusions 

✔ Strains belonging to the same genus may exhibit significant phenotypic and genotypic variability. 

✔ Strain efficiency is influenced by environmental factors, such as nutrient availability and pH. 

✔ All strains are highly resilient as they grow under extreme nutrient limitations and pH stress conditions. 

✔ Each strain exhibits a distinct carotenoid biosynthesis profile, which is likely influenced by its requirements.

✔ It is appeared to be no consistent correlation between lipids and carotenoids biosynthesis, but the metabolic 
pathways activated may be influenced by the microorganism’s demands and the environmental conditions it 
encounters. 

✔ This study presents a prospective biorefinery model, drive by the combination of high waste utilization, low 
processing costs and high product yields.  

✔ Further investigation is necessary to optimize the cultivation conditions and to evaluate the process at large 
scale, such as in a bioreactor system. 
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