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RESUMO 

A implementação do conceito de biorrefinaria tem demonstrado ser uma excelente estratégia 

para aumentar a viabilidade económica das indústrias, nomeadamente das bioindústrias. Na sua forma 

mais “convencional” a biorrefinaria utiliza matérias-primas de origem vegetal e renovável e através de 

processos físico-químicos, enzimáticos ou biológicos transformam estas matérias em sub-produtos que 

atendem às necessidades do consumo moderno, de forma sustentável e com o mínimo impacto 

ambiental. Para isto o uso de microrganismos de fácil manuseamento pode ser uma boa estratégia 

para a produção dos tais sub-produtos. 

As leveduras, Rhodoturula glutinis e Lipomyces kononenkoae foram os modelos escolhidos 

para o desenvolvimento deste trabalho de investigação. 

Neste estudo explorou-se a produção de β-caroteno e lípidos através do co-cultivo destas duas 

leveduras em meio de cultura com amido, realizado a uma temperatura de 28 °C, 180 rpm durante 

168h. Para tal, realizaram-se então ensaios com concentrações diferentes de cada levedura, 

nomeadamente 0,5 g/L R. glutinis e 0,5 g/L L. kononenkoae, 0,75 g/L R. glutinis e 0,25 g/L             

L. kononenkoae e por fim 0,25 g/L R. glutinis e 0,75 g/L L. kononenkoae. E com concentrações 

diferentes de amido, 10, 50 e 90 g/L respetivamente. 

De acordo com os resultados obtidos, verifica-se que não existem diferenças significativas 

relativamente ao crescimento das leveduras nas diferentes concentrações de amido, mesmo assim o 

ensaio com as proporções de 0,25 g/L de R. glutinis e 0,75 g/L de L. kononenkoae foi aquele que 

mostrou uma maior taxa de crescimento das leveduras. A partir dos parâmetros cinéticos calculados 

nesse ensaio, nomeadamente μ (taxa especifica de crescimento) e tD (tempo de duplicação) não foi 

possível ter uma ideia da concentração de amido mais adequada ao crescimento das leveduras, mas 

mesmo assim foram obtidos para os ensaios com 10, 50 e 90 g/L respetivamente, valores para a     

R. glutinis de μ= 0,0268 h-1, μ= 0,0251 h-1 e μ= 0,0258 h-1 e para a L. kononenkoae valores de             

μ= 0,0233 h-1, μ= 0,0233 h-1 e μ= 0,0251 h-1. 

Relativamente aos resultados obtidos para a produção de β-caroteno e lípidos observa-se que 

houve uma melhor produção de β-caroteno no ensaio com 0,25 g/L de R. glutinis e 0,75 g/L de        

L. kononenkoae para uma concentração de amido de 90 g/L, apresentando uma concentração de       

β-caroteno de 3,03 ± 1,287 µg/g, no entanto os resultados obtidos não foram estatisticamente 

significativos. Relativamente aos lípidos notou-se uma melhor produção no mesmo ensaio com 0,25 
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g/L de R. glutinis e 0,75 de L. kononenkoae onde se verificam percentagens de produção entre os 

18,75 ± 0,001 e os 22,50 ± 0,003. 

A partir deste estudo foi possível verificar competitividade por parte da L. kononenkoae durante o 

crescimento em simultâneo com a R. gluinis. Verificou-se que o stress metabólico que a R. glutinis 

sofre devido a condições desfavoráveis pode favorecer a produção de β-caroteno. Observa-se 

igualmente que quanto maior a concentração de L. kononenkoae no meio de cultura melhora a 

produção lipídica. Também se verificou que as condições de 0,25 g/L de R. glutinis e 0,75 g/L de        

L. kononenkoae favorecem a produção dos compostos, β-caroteno e lípidos. E por fim, uma 

concentração de 90 g/L de amido parece ser demasiado elevada para favorecer a produção de lípidos. 
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ABSTRACT 

The implementation of biorefinery concept has proven to be an excellent strategy to increase 

the economic viability of industries including the bio-based ones. In its most conventional form the 

biorefinery uses raw materials of vegetable and renewable origin and through physico-chemical, 

enzymatic or biological processes transform these materials into by-products that meet the needs of 

modern consumers, in a sustainable form and with minimal environmental impact. The use of easy 

handling microorganisms can be a good strategy in the production of the by-products. 

In this study was explored the production of β-carotene and lipids by the co-cultivation of these 

two yeasts in a starch culture, carried out at a temperature of 28 °C, 180 rpm for 168 h. Tests were 

performed with different concentrations of each yeast, particularly 0.5 g/L R. glutinis and 0.5 g/L         

L. kononenkoae, 0.75 g/L R. glutinis and 0.25 g/L L. kononenkoae and finally 0.25 g/L R. glutinis and 

0.75 g/L L. kononenkoae. These testes were executed with different concentrations of starch, 

respectively 10, 50 and 90 g/L. 

Analysing the results obtained revealed that there is no significant differences in the growth of 

yeasts at different concentrations of starch. From the calculated kinetic parameters, namely μ (specific 

rate of growth) and tD (doubling time) was not possible to get an idea of the most suitable starch 

concentration on growth of yeast, but in the results for tests with 10, 50 and 90 g/L concentrations, the 

values were respectively of μ= 0.0217 h-1, μ= 0.0236 h-1 e μ= 0.0268 h-1 for R. glutinis and                

μ= 0.0214 h-1, μ= 0.0333 h-1 e μ= 0.0251 h-1 for L. kononenkoae.  

For the results obtained in the production of β- carotene and lipids it was observed that existed 

a better production of β- carotene in the assay with 0.25 g/L of R. glutinis and 0.75 g/L of                 

L. kononenkoae for a starch concentration of 90 g/L, having a concentration of β-carotene 3.3 ± 1.287 

μg/g, though the results were not statistically significant. Respect to lipids was noted a better 

production in the same assay of 0.25 g/L of R. glutinis and 0.75 g/L of L. kononenkoae where the 

production rates were between 18.75 ± 0.001 and 22.50 ± 0.003. 

From this study it was possible to verify competitiveness by L. kononenkoae during growth 

simultaneously with R. gluinis. It was verified that the metabolically stressed that the R. glutinis suffers 

due to unfavorable conditions may favor the production of β-carotene. It was also observed that the 

higher the concentration of L. kononenkoae in culture medium improves lipid production. It was also 
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checked that the conditions of 0.25 g/L of R. glutinis and 0.75 g/L L. kononenkoae improvment the 

production of compounds, β-carotene and lipids. Finally, a concentration of 90 g/L starch seems to be 

too high to promote the production of lipids. 
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AIMS 

The main goal of this work was to evaluate the simultaneous production of lipids and              

β-carotene by co-cultivation of R. glutinis and L. kononenkoae yeast on media containing starch as 

carbon source. 

The fermentation performance as well as the growth kinetics parameters of both yeast were 

determined for different initial concentrations of biomass (0.5 g/L R. glutinis and 0.5 g/L                     

L. kononenkoae, 0.75 g/L R. glutinis and 0.25 g/L L. kononenkoae, 0.25 g/L R. glutinis and 0.75 g/L 

L. kononenkoae) and different concentrations of starch (10, 50 and 90 g/L). 
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1. STATE OF ART 

1.1 Yeasts 

 

Yeasts belong to a group of unicellular microorganisms, biologically classified as fungi, which 

possesses an amazing natural capacity: they are able to live in anaerobic conditions. In the absence of 

oxygen, these microorganisms ferment sugars, converting them into alcohol, thus developing alcoholic 

fermentation. These microorganisms are greatly found in nature, more commonly in the soil, in 

vegetables’ surfaces, mainly flowers and fruits, in the animals’ intestinal tract and also sugary liquids. 

They are industrially recognized by their ample points of interest because besides being agents 

for alcoholic fermentation, namely they are involved in industrial alcoholic production and all distilled 

and non-distilled alcoholic beverages, they are also used in bread production and possible to be used in 

animal food because they are important proteins and growth factors’ sources. They are also associated 

to a few disadvantages since, as fermentation agents, they are prejudicial to fruits and vegetables’ 

conservation. There are also some pathogenic yeast’s species that can cause illness to plants animals 

and even humans  (Tortora et al., 2012). 

1.2 Oleoginous’ Yeasts 

 

The development of sustainable technologies has gained great impact in the industrial level, 

mostly on the biofuels sector, which has been solidifying as an alternative to fossil fuels.  

The maximization of vegetable oils production from yeast, algae or plants for biofuel production, 

has been the target of innumerous studies. Some organisms are known by high levels of lipids 

accumulation, where as some species are capable of producing lipids up to more than 20% of their 

biomass, named as oleaginous (Kamel, 2012). Lipid accumulation occurs under conditions where there 

is an excess of carbon source and limiting amount of one of the other nutrients, preferably nitrogen 

(Granger et al.,1993). 
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The best oleaginous yeasts known belong to the Candida, Cryptococcus, Rhodotorula, 

Rhizopus, Trichosporon and Yarrowia genera. In average, most oleaginous yeasts can accumulate lipids 

above 40% of their dry weight and 70% under nutrient-limiting conditions. 

It is noteworthy that these yeasts, in limited condition of nutrients, are capable of accumulate 

lipids in levels that can surpass 70% of their biomass. However, the lipid content differs between 

species. 

Lipids produced by oleaginous yeasts can be accumulated in two different ways, one of them 

involves the production of fatty acids precursors, such as acetyl-CoA and malonyl-CoA; in the other 

there’s the catchment of fatty acids, oils and triacylglycerol from growth medium and this accumulation 

is a way to change or modify the cell’s interior (Beopoulos et al., 2009). 

The use of oleaginous yeasts is important because they may decrease and may replace the use 

of oil and derivatives, since the increase of limited amounts of fossil oil resources (Vasudevan & Briggs, 

2008). Biodiesel has become an alternative to the use of fossil fuels. It is alkyl (normally methyl or ethyl) 

esters of fatty acids long chain derived from plant or animal fats (Zhifeng, 2000). 

Among oleaginous microorganisms, yeasts have advantages over the others (bacteria, molds 

and algae). This is due to its relative unicellular high growth rate and rapid lipid accumulating ability in 

discrete lipid bodies. Moreover, they can also use low-cost fermentation means such as nutritional 

residues from agriculture and industry (Angerbauer et al., 2008).  Furthermore, their scale-up is much 

easier compared to other oleaginous microorganisms (Zhifeng, 2000), (Q. Li et al., 2008). 

Of the 600 species of yeast, only 30 were characterized for the capacity of lipid accumulation of 

more than 25% of their dry weight. Besides, some oleaginous yeast are viable to oil produce, and 

therefore biodiesel (Ageitos et al., 2011). 

1.3 Rhodotorula glutinis  

 

The microorganism R. glutinis was taxonomically classified as a species belonging to the 

kingdom Fungi, encompassing in the Basidiomycota phylum, class of Sporidiobolales and gender 

Rhodoturula. No records about the family that this species belongs. 

Reproduction of this yeast is made by the process of budding and it is noted that some strains 

can produce hyphae. 
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Colonies growing on malt agar rapidly and have also coral red and orange colour due to the 

presence of carotenoids. 

This species has the ability to produce various compounds such as lipids (Alvarez et al., 1992), 

fatty acids (Easterling et al.,2009), oil (Da Silva et al., 2010), lipase (Papaparaskevas et al., 1992), 

invertase (Canli et al., 2011) and carotenoids (Bhosale & Gadre, 2001), (Davoli et al., 2004), (Mata-

Gómez et al., 2014). 

The fatty acids produced by R. glutinis are mainly composed by: palmitic (16:0), stearic (18:0), 

oleic (18:1), linoleic (18:2) and γ-linolenic (18:3). The lipid composition, as well as their concentrations 

on dry weight vary widely and depend on growing conditions (Alvarez et al., 1992).  

R. glutinis is an oleaginous’ yeast that has been greatly reported by the fact that produces levels 

of nearly 70% of its dry weight in lipids. It was previously shown that this species is rich in lipids and 

contains remarkable amounts of linoleic acid, unsaturated fatty acid omega-6, and α-linolenic acid, 

unsaturated fatty acid omega-3 (Perrier et al., 1995). More importantly, R. glutinis  is a good carotenoid-

producing yeast (P. Buzzini, 2000). 

According to the physiological aspects yeasts are used carbon sources such as glucose, 

sucrose, trehalose, succinate, to perform fermentation. They may however have other sources, but not 

so often as in the case of galactose, maltose, cellobiose, sorbose, melezitose, raffinose, starch, 

arabinose, ribose, rhamnose, D-xylose, ribitol, xylitol, glucitol, mannitol, galactitol, gluconate, salicin, 

arbutin, lactate, citrate, ethanol. 

These yeasts have the ability to assimilate nitrate and nitrite and can be used as the sole 

nitrogen source ethylamine, lysine and cadaverine. 

R. glutinis secretes the enzyme α-l-arabinofuranosidase. Characteristic pink/red colonies are 

produced on SDA (Sabouraud’s Dextrose Agar) media.  

This enzyme, α-l-arabinofuranosidase (EC 3.2.1.55) has received increased attention primarily 

due to its role in the degradation of lignocelluloses as well as to the positive effect on the activity of 

other enzymes acting on lignocelluloses. As a result, these enzymes are used in many biotechnological 

applications including wine industry, clarification of fruit juices, digestion enhancement of animal 

feedstuffs and as a natural improver for bread. R.glutinis can be found in air, soil, lakes, ocean water 

and dairy products (Numan & Bhosle, 2005). 
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1.4 Lipomyces kononenkoae 

 

This oleaginous’ yeast has the ability to produce extracellular amylases and thus this yeast can 

constitute amylolytic systems capable of totally hydrolysing starch and amylopectin (Spencer-Martins & 

Uden, 1979), (Steyn & Pretorius, 1995). 

 Spencer-martins & van Uden (1979, evaluated 81 raw starch-assimilating yeasts, representing 

59 species, and reported that the highest biomass production on starch media was obtained with 

strains of L. kononenkoae and L. starkeyi. 

1.4.1 Amylolytic enzymes 

 

Enzymes are natural substances involved in all biochemical processes, which have the ability of 

breaking down complex molecules into smaller units, such as carbohydrates into sugars. Due to the 

characteristic specificity of enzymes, each substrate has a respective enzyme. In the case of starch, 

main reserve polysaccharide vegetables are the amylases, that are enzymes which hydrolyse starch 

molecules to give diverse products including dextrins and progressively smaller polymers composed of 

glucose units (Rani Gupta, 2003). These amylolytic enzymes act on breaking of glycoside bonds present 

in the chains of amylose and amylopectin (Lin et al., 1997). 

Amylase are among the most important industrial enzymes. Enzymes are highly relevant in 

biotechnology. These enzymes have numerous applications, particularly in the textile, beer, spirits, 

bakery, cereal for babies, liquefaction and scarification of starch, animal food and in chemical and 

pharmaceutical industry. 

Although they can derive from various sources, including plants, animals and microorganisms, 

microbial enzymes are usually industrial demand. Currently, a large amount of microbial amylase is 

commercially available (Rani Gupta, 2003). 

1.5 Starch as carbon source 

 

Starch is a carbohydrate consisting of a large number of glucose units joined by glycosidic 

bounds. It is produced by most green plants as an energy store. This polysaccharide is insoluble in cold 
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water or alcohol. Starch generally contains 20 to 25% amylose and 75 to 80% amylopectin by weight 

(Shannon et al., 2009). Starch becomes soluble in water when heated, semi-crystalline structure is lost 

and the smaller amylose molecules start leaching out of the granule (You et al., 2013). 

Once the starch in its pure form is a very expensive compound, the use of effluents containing 

starch is an excellent alternative. Moreover, this type of effluent is hazardous to the environment, so 

reuse is one way of protecting the environment and produce high value added compounds. Agro-

industrial frequently create serious environmental problems may be possibility used as low-cost 

carbohydrate sources for microbial fermentations. Through these industries can be obtained starch 

amounts to around 800 g/L effluent, which are good quantities for microbial productions (P. Buzzini et 

al., 2000a). 

1.6 Products of oleaginous yeasts: Carotenoids 

 

Carotenoids are molecules very important in foods because they are natural colourants and for 

that they have significant influence on the acceptability of a big variety of foods. Furthermore, some 

carotenoids are precursors of vitamin A and they also are very important in the human health because 

they are associated with reducing risks for degenerative diseases such as cancer, cardiovascular 

diseases, macular degeneration and cataract (Maldonade et al., 2008). 

These pigments occur from photosynthetic systems of higher plants, algae and phototrophic 

bacteria (Socaciu, 2007). 

The interest of carotenoids has been growing due to the benefits they have demonstrated on 

human health as well as the importance that they have for the expansion of certain areas such as 

aquaculture, agriculture and poultry industry (Johnson & Schroeder, 1996). 

Carotenoids belong to the family of lipophilic chemical compounds, pigments. Carotenoids are 

in majority hydrocarbons with 40 carbon atoms that contain two systems of rings connected to a double 

bond chain in their terminals, they are soluble principally in nonpolar solvents. These pigments are 

grouped in carotenes and xanthophylls. Some carotenes only have carbon and hydrogen on their 

chemical structure such as β –carotene and Torulene, while xanthophylls also contain oxygen as 

Astaxanthin and Canthaxanthin (Mata-Gómez et al., 2014). 
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Chemical structures of some carotenes are shown in Figure 1. 

  

Figure 1 - Chemical structure of molecules of carotenes: a) β –carotene; b) Torulene; 

Molecules of xanthophylls: c) Astaxanthin; d) Canthaxanthin (Mata-Gómez et al., 2014) 

 

Yeasts produce some carotenoids and they all have different important features. β –carotene is 

used as food colorant or as a food supplement acting as provitamin A. This pigment is added to drinks 

and juices formulations and also such as butter, margarine and cheese (Socaciu, 2007). 

Torulene is an antioxidant and its proprieties such as are attributed to its conjugated double 

bond system. In fact, Torulene has more antioxidant efficiency than β –carotene, due to its chemical 

characteristics (Sakaki et al., 2002). 

 On the other hand it has the molecules of xanthophylls as Astaxanthin that is a red pigment 

that cause coloration in marine invertebrates, birds and fish. Finally there is the Canthaxanthin that is a 

cosmopolitan keto-carotene that is of interest by food and cosmetic industries (Hannibal et al., 2000). 

1.6.1 Biological properties of carotenoids 

 

Carotenoids are mostly known as vitamin A precursor and as such are considered high-value 

nutritional molecules. The vitamin A is very important and when this vitamin is consumed in low levels 

has serious health problems, this scenario is commonly observed in underdeveloped countries. So, the 

consequences of low levels are deficiency on tears production, blindness, principally in children, plus 

premature death (Ribeiro et al., 2011).  

Beyond this proprieties, carotenoids promote improvements of immunity and diminishing the 

risk of degenerative diseases, as previously mentioned (Tapiero et al., 2004). 
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1.6.2 Natural carotenoids vs synthetic carotenoids 

 

Although possess a similar structure each other, natural carotenoids differ on molecular 

structure and such providing major benefits to health. The industrial production of natural carotenoids 

can be carried out by biotechnological processes using filamentous fungi, yeasts, bacteria, microalgae 

or by solid-liquid extraction from plants. Only 2% is of the total worldwide production of β-carotene is 

obtained from natural sources (Voutilainen et al., 2006). 

1.6.3 Microbial carotenoids production 

 

The commercial carotenoids are commonly obtained by extraction from vegetables (Dufossé et 

al., 2005) or by chemical synthesis (P. Buzzini, 2001a). Any of these processes causes problems, in 

the case of obtaining by extraction from vegetables the problems focus regarding seasonal and 

geographic variability that cannot be controlled. On the other hand, the chemical synthesis, the 

generation of hazardous waste that can affect the environmental are the principal cause of these way 

for carotenoids production (Dufossé et al., 2005). Then, so that surpass the barriers, the microbial 

production of carotenoids showed best solution. Microbial production is advantageous since, using low-

cost substrates, results in lower costs of production. Thus the microbial production of carotenoids as 

substitutes for synthetic carotenoids has increased substantially in food colorants (Johnson & 

Schroeder, 1996); (P. Buzzini, 2001a). The microbial production of carotenoids is an advantageous 

alternative for the production of carotenoids. 

Microorganisms as yeasts, fungus, algae and bacteria biosynthesizes high levels of carotenoids 

and thus commercial production of microbial carotenoids is highly efficient because they can be easily 

managed during the processes (P. Buzzini, 2001a), (Mata-Gómez et al., 2014). 

1.7 Products of oleaginous yeasts: Lipids 

 

Lipids belong to a group of compounds almost water-insoluble and soluble in organic 

compounds. In humans, the most abundant lipid’s class is triacylglycerol. This class is highly 

hydrophobic and has a central role in energetic storage. In cells, these compounds are in the 
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cytoplasm. They are mainly made of nonpolar substances (triglyceride, diglyceride, monoglyceride and 

sterol) and more polar compounds (free fatty acids, phospholipids and sphingolipids) that covalently 

bonds to carbohydrates and proteins to form glycolipids and lipoproteins, respectively (Halim et al., 

2012), (Manirakiza et al., 2001). 

1.7.1 Industrial importance of lipids 

 

Biolipids, including the triacylglycerol produced by oleaginous’ yeasts, are represented as the 

most important materials in biodiesel production (Meng et al., 2009).  

Generally, these biolipids are the appropriate raw material for biodiesel production since their 

fatty acids satisfies very important criteria, such as the degree the chains degree of length and 

saturation (Knothe, 2009). 

Fatty acids, namely omega-3 and omega-6, also produced by oleaginous’ yeasts are equally 

important since they are involved in, respectively, anti and pro inflammatory processes. Inflammation is 

essential for survival since it helps to protect the organism against infection and/or damage, but can, 

on the other hand, cause great damage and contribute for the appearance of diseases, when the 

inflammatory response is inadequate and excessive. It is shown that the excess of inflammation is one 

of the main conductor of disease like diabetes, arthritis, heart diseases and many types of cancer 

(Simopoulos, 2008). 

However, is important to make an adequate choice of oleaginous yeast strain to determinate 

their aptitude for biodiesel production. Other advantage of oleaginous yeasts is their capacity to produce 

lipids from unused biomass, including lignocellulosic biomass, from which one can obtain products 

derived from lignin, hemicellulose and of the cellulose (Gong et al., 2013); (Gong et al., 2014); (Kamm 

et al., 2000); (Zhiwei Gong, 2012). 

1.8 Co – cultivation of yeasts 

 

Co-cultivation of yeast is a procedure where you use two different strains and they are grown 

simultaneously in a culture medium. Sometimes the problem with the type of cultivation is the 

possibility to occur metabolite’s exchanges between the two strains, causing some modifications on the 
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strains kinetic proprieties and can cause strong modifications on fermentation final products (Cheirsilp 

et al., 2011). 

Mixed cultures of microorganisms are common in natural ecological systems. They are often 

used for the treatment of waste materials discharged from industries, as well as for the production of 

biomass and bioactive compounds (O’Reilly & Scott, 1995). 

According to Buzzini, 2001, the production of carotenoids increased when conducting a co-

culture with respect to a growing alone. Furthermore, when the relationship between the composition of 

the yeast cell which comprises co-culture is 1:1, there is a high production of carotenoids (P. Buzzini, 

2001a). But this happens in conditions in which this culture was performed, otherwise, there is 

increased production of carotenoids in culture alone.  

 Once the L. Kononenkoe yeast produces amylase, and this in turn degrades the starch, 

converting it into glucose monomers, it is possible to join the R. glutinis cultivation, obtaining with it has 

availability of food (P. Buzzini, 2001a). 

1.9 Operation modes 

 

To extract some compounds, as the mentioned above, from different microorganisms it’s 

necessary to first make them grow, so it’s really important to the growth medium to have the 

fundamental nutrients to their growth. Many strategies to conduct these processes have been described 

to a have a higher productivity in lipids production. 

 There are three different methods of culture that are the most used: Batch, Fed-Bach and 

continuous mode (Granger & Pareilleux, 1992). 

Batch cultivation refers to culturing cells in a fixed volume of nutrient culture medium under 

specific environmental conditions (e.g. nutrient type, temperature, pressure, aeration, etc.). For 

example, nutrient (usually nitrogen) limitation in the culture medium is known to trigger lipid 

accumulation by oleaginous microorganisms (Li et al., 2007). 

In Batch cultures, initially the minerals and carbon substrate are mixed in the reactor, 

containing a high initial C/N ratio (Carbon/Nitrogen) to boost the lipids accumulation. As long as the 

nitrogen is not limiting, the culture remains in the exponential phase and biomass keeps on increasing. 
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After the exhaustion of nitrogen, the growth almost stops and the culture enters into accumulation 

phase. (Granger & Pareilleux, 1992). 

It was previously demonstrated that the nitrogen limiting leads to a decrease on the rate of 

substrate consumption and an increase on the rate of lipid production (Granger & Pareilleux, 1992). 

In fed-batch cultivation the batch is prolonged by intermittent or continuous feeding of nutrients. 

This gives some control over the concentration of a key nutrient. This feeding improves the productivity 

of the fermentation by regulating the environmental variables to maximize the stability of the metabolic 

state. Most oleaginous microorganisms to accumulate fat starts after initial growth phase, thus this type 

of farming is generally preferred (Beopoulos et al., 2009). 

Relatively by continuous mode, in this mode culture fresh nutrient medium is continuously 

supplied to a well-stirred culture and products and cells are simultaneously withdrawn. The C/N ratio in 

the culture medium and rC/rN are constant for a given dilution rate when the steady state is reached. 

In these conditions, lipid accumulation strongly depends on the dilution rate and molar ratio C/N of the 

growth medium (Ratledge, 1994). 

Previous studies have shown that the most efficient operation mode to obtain better yields in lipid 

extraction is the Fed-Bach mode and for repetitive techniques Batch. (Zhao et al., 2011), (Li et al., 

2007). 
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2. MATERIALS AND METHODS 

2.1 Sterilization procedure  

 

All termo-resistent material, culture media and solutions were sterilized by autoclaving at          

121 °C and 1 bar of pressure during 15 min.  

2.1.1 Strains 

 

The oleaginous yeast strains used in the present work were R. glutinis (IGC 4177 T 578 – PDA 

– 2/11) and L. kononenkoae (IGC 4052 T – 109 25/9). Stock cultures were maintained at -80 °C. The 

strains were inoculated in YPD solidified medium containing 10 g/L yeast extract, 20 g/L peptone,     

20 g/L glucose and 12.5 g/L agar. After 24h of incubation at 25 °C, the biomass was collected for the 

pre-inoculum. 

2.1.2 Media and culture conditions 

 

Pre-inoculum was carried out in 500 mL flasks with 200 mL YPD liquid medium containing    

10 g/L yeast extract, 20 g/L peptone and 20 g/L glucose separately for each yeast. After 48h of 

incubation at 28 °C and 180 rpm in rotatory shaker, medium was collected for falcon tubes and 

centrifuged at 4000 rpm for 5 min and the supernatant discarded, while the pellet was then recovered 

to be inoculated in starch medium. 

For the mixed medium 6 flasks of 250 mL were prepared with 100 mL of starch medium, all 

assays were performed in duplicate, contained 10 g/L yeast extract, 20 g/L peptone and 10, 50 or   

90 g/L starch.  

After 7 days of incubation at 28 °C and 180 rpm in rotatory shaker, medium was centrifuged at 

4000 rpm for 5 min and supernatant discarded. The pellets were then lyophilized. 

On plates with selective media (YPD, PDA and glycerol) for counting CFU’s it became the cell 

count of both yeast.  
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2.2 Analytical Procedures 

 

By spectrophotometer were the DO measurements for each proportion of yeast (0.50 g/L       

R. glutinis  and 0.50 g/L L. kononenkoae, 0.75 g/L  R. glutinis  and 0.25 g/L L. kononenkoae  and       

0.25 g/L R. glutinis  and 0.75 g/L L. kononenkoae) . Then, from the equation of the line (Table 2) 

minimum are obtained, which indicate that the yeasts are consistent with the desired proportions.  

In order to inoculate the correct volume of each yeast was calculated minimum O.D and then 

through expression represented in Table 3. 

The individual cell counts of yeast R. glutinis and L. kononenkoae were determined with a 

Neubauer chamber. In order to achieve good display cells in a Neubauer chamber, dilutions were made 

in the sample with a solution of 1.5M EDTA. 

Finally, and to calculate the kinetic parameters of yeasts, including specific growth rate ( µ ) 

and doubling time ( tD ) of the following equations were used:  

 

1- Specific growth rate: 𝑙𝑛 𝑁 = 𝑙𝑛𝑁𝑜 +  µ (𝑡 − 𝑡𝑜) 

Wherein, 

N = number of cells in time t 

No = number of initial cells 

t = time at the end of exponential phase 

to = time at the start of exponential phase 

 

2- Doubling time:  𝑡𝐷 = 𝑙𝑛2/µ 

Wherein, 

µ = specific growth rate 

 

Table 1 - Equation of the line for R. glutinis and L. kononenkoae. 

R. glutinis L. kononenkoae 

𝑦 = 0.4651𝑥 + 0.0806 𝑦 = 0.5484𝑥 + 0.1815 
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Table 2 - Representation of expression for calculated volume for the inoculum. 

Expression for volume 

DOi x vi = DOf x vf 

 

Where, 

DOi = obtained spectrophotometrically which must be greater than or equal to the initial 

O.D; 

DOf = parameter ( y ) in equation of the line; 

 Vf = volume of each flask to inoculate. 

2.3 Carotenoids extraction 

 

After the lyophilized biomass samples were prepared to carry out the extraction and 

quantification of carotenoids.  

2.3.1 Disintegration of cells prior extraction 

 

For cell disintegration, was used 0.05 g of lyophilized cells and 0.7 g of glass beads and added 

1200 µL PBS. Put in FastPrep®-24 (MP™) for 4 cycles to 47 s and 1 cycle to 37 s.  
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2.3.2 Extraction of disintegrated cells 

 
Figure 2 - Schematic representation of method of disintegration and extraction of samples prior to HPLC 

analysis. (Adapted from Phillip Kaiser, 2007) 

 

After cell rupture, the yeasts were incubated 5 min in 600 µL DMSO overnight. Cells were 

centrifuged at 4000 rpm for 5 min and supernatant is saved. 

Residual cell material was extracted with 800 µL MeOH/CHCl3 (7:3, v/v) by vigorous stirring. 

Suspension was centrifuged at 14000g for 3 min at a temperature of 4°C and extraction repeated until 

supernatant and residual pellet was colourless. Polled extracts were transferred into a falcon tube      

50 mL. A volume of 8 mL of 10 % (m/v) sodium chloride solution was added. To separate the phases 

tubes were closed, vortexed for 10 s and centrifuged at 4000 rpm for 10 min. The clear coloured lower 

organic phase was removed with a syringe and 500 µL of CHCl3 were added. The mixture was vortexed, 

centrifuged and CHCl3 removed again. 
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The procedure was repeated, until the lower phase was colourless. Organic phases were 

transferred into an amber HPLC vial (Figure 2) (Philipp Kaiser, 2007). 

2.3.3 Preparing samples for quantification by HPLC 

 

The samples, including standard β-carotene (SIGMA-ALDRICH) sample, were diluted from three 

different solvents, namely chloroform/methanol (1:1), acetone and chloroform. After trying with the 

three solvents was chosen chloroform. For the standard β-carotene was used 0.01 g/L 
β-carotene 

solution and 25 ml chloroform, this solution was diluted 1:100. This new solution diluted is the stock-

solution. From the stock-solution were prepared several dilutions, namely 1:2, 1:5, 1:10, 1:20, 1:50, 

1:100, 1:150, 1:200, 1:300, for the calibration straight. 

Samples were dried and then resuspended with 1 mL chloroform, filtrated in nylon filters 0.20 

µm for vials and inject to HPLC. 

Statistical comparisons were performed by one-way ANOVA (P-value < 0.05) with GraphPad 

Prism 5.0 software. 

2.3.4 HPLC Quantification 

 

Samples were analysed on HPLC (SHIMADZU), where 5 µL of each sample were injected. The 

mobile phase used in the calibration curve and the quantification of the samples consisted of 

acetonitrile-isopropanol-ethyl acetate (40:40:20) at a flow rate of 0.7 mL/min, at 30 °C and a pressure 

43 bar/min and was used as external standard β-carotene (SIGMA-ALDRICH). Samples were injected in 

duplicate. 

The procedure was performed on a column Brisa LC 2 C18: 5 µm Teknoknoma with a 

diameter of 25x0.46 nm at a wavelength of 460 nm. 
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2.4 Lipids extraction 

2.4.1 Disintegration of cells prior extraction 

 

For cell disintegration, was used 0.05 g of lyophilized cells and 0.7 g of glass beads that was 

put in 4 vials in order to go to FastPrep®-34 (MP™) for 4 cycles to 47s and 1 cycle to 37s. 

2.4.2 Extraction of disintegrated cells 

 

The extraction of lipids from biomass was performed according to the modified procedure of 

Blight and Dyer (Bligh & Dyer, 1959). Lipids were extracted with a mixture of chloroform: methanol. 

After vials go to the FastPrep®-34 (MP™) were added 300µL buffer K2HPO4; 350 µL 

chloroform (CHCl3) and 350 µL methanol (MeOH). 

In falcon tubes 50 mL were added 5325 µL buffer, 4000 µL chloroform and 4000 µL 

methanol.  The contents of the vials which were dumped in Falcons and then stirred 30 times. 

Centrifuge at 2000 rpm for 5 minutes.  

In hott, the upper phase was removed and was recovered 4350 µL the coloured layer, i.e, are 

recovered 3/5 volume of chloroform. 

Weighed into a flask and set out to dry in hot for 24h and then the flask go to go greenhouse at 

105°C at 30 min. Then go to the desiccator and makes the difference weights. 

2.4.3 Determination of lipid content 

 

After fermentation, biomass was washed several times with water at 50°C then centrifuged, so 

that all of the starch samples were removed.  

The dry weight of the residue is determined and subtracted from the initial weight. In order to 

determine the mass of lipids existing in 0.2 g (0.05 g × 4 tubes) was calculated as follows: 

 

𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑𝑠 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑 𝑖𝑛 𝑎𝑙𝑖𝑞𝑢𝑜𝑡 × 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑙𝑖𝑞𝑢𝑜𝑡

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐ℎ𝑙𝑜𝑟𝑜𝑓𝑜𝑟𝑚 𝑙𝑎𝑦𝑒𝑟
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Percentage of lipids, was calculated from following expression: 

 

% lipids =
𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑙𝑖𝑞𝑢𝑜𝑡 × 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑𝑠 

total amount of biomass
 

 

Statistical comparisons were performed by one-way ANOVA (P-value < 0.05) with GraphPad 

Prism 5.0 software. 
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3. RESULTS AND DISCUSSION 

Regarding methods for cell count, i.e., the CFU count by selective culture medium (YPD, PDA 

and glycerol) were difficulties and problems such as the contamination on the plates. So it was decided 

exclusively by counting through Neubauer chamber. 

During the count, under a microscope, it was found that cells of R. glutinis suffered flocculation, 

even using the EDTA solution to dissolve the samples 

3.1 Microscope counts 

 

The results of the conditions used in each assay are represented in Annex I. 

3.1.1 Effect of starch concentration in the assay 1: 0.50 g/L R. glutinis and 0.50 g/L L.kononenkoae 

 

 
Figure 3 - Representation of yeast growth with 10 g/L starch for assay 1. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 
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Figure 4 - Representation of yeast growth with 50 g/L starch for assay 1. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 

 
 

 
Figure 5 - Representation of yeast growth with 90 g/L starch for assay 1. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 
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Table 3 - Kinetic parameters of the growth of yeast for the Assay 1  
(0.50 g/L R. glutinis and 0.50 g/L L. kononenkoae). 

Assay 1 

R. glutinis        

and 

L. 

kononenkoae 

10 g/L Starch 
µ 0.0214 

tD 32.39 

50 g/L Starch 
µ 0.0217 

tD 31.94 

90 g/L Starch 
µ 0.0211 

tD 32.85 

10 g/L Starch 
µ 0.0214 

tD 32.39 

50 g/L Starch 
µ 0.0211 

tD 32.85 

90 g/L Starch 
µ 0.0210 

tD 33.01 

–µ represents the specific growth rate (h-1); 

–tD represents yeast doubling time (h) 

 

The graphical representations (Figs. 3, 4 and 5) showed that R. glutinis followed the growth of 

L. kononenkoae in the conditions of 10 g/L
 
of starch. It is also observed that for the conditions of 50 

and 90 g/L of starch de growth rate of R. glutinis was higher than L. kononenkoae (Fig. 4 and 5). An 

improvement in yeast growth with the increase of the starch concentration, may indicate that a higher 

starch concentration in the medium contributes to a better growth performance.  

According to the calculated kinetic parameters (Table 3), µ and tD, was not observed significant 

amounts of R. glutinis, since a μ between 0.0211 h-1 and 0.0217 h-1 is present for all starch 

concentrations used. It may also be noted that L. kononenkoae follows the same growth trend, with μ 

varying between 0.0210 h-1 and 0.0214 h-1. 

As can be observed in Table 3 none of the starch conditions leaded to large differences in both 

of the yeasts growth. The kinetic parameters calculated include massive errors, due to the fact that it is 

possible to correctly identify the beginning and the end of the exponential phase. In order to work 

around these errors, build graphs of growth with the most points would be ideal. 
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3.1.2 Effect of starch concentration in the assay 2: 0.75 g/L R. glutinis and 0.25 g/L L. kononenkoae 

 

 
Figure 6 - Representation of yeast growth with 10 g/L starch for assay 2. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 

 
 

 
Figure 7 - Representation of yeast growth with 50 g/L starch for assay 2. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 

 

 

 
Figure 8 - Representation of yeast growth with 90 g/L starch for assay 2. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 
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Table 4 - Kinetic parameters of the growth of yeast for the Assay 2 
(0.75 g/L R. glutinis and 0.25 g/L L. kononenkoae). 

Assay 2 

R. glutinis        

and 

L. 

kononenkoae 

10 g/L Starch 
µ 0.0239 

tD 29.00 

50 g/L Starch 
µ 0.0236 

tD 29.37 

90 g/L Starch 
µ 0.0239 

tD 29.00 

10 g/L Starch 
µ 0.0333 

tD 20.82 

50 g/L Starch 
µ 0.0296 

tD 23.44 

90 g/L Starch 
µ 0.0289 

tD 23.98 

–µ represents the specific growth rate (h-1); 

–tD represents yeast doubling time (h). 

 

The Figs. 6, 7 and 8 shows a higher grow of L. kononenkoae, mainly when the starch 

concentrations increase, in particular the 90 g/L starch. For both yeasts is observed an increase in the 

consumption of the substrate around 48h and the start of stagnation around the 120h, for all of the 

starch concentrations. 

According to the kinetic parameters (Table 4) it is possible to observe higher growth rates 

specifically for L. kononenkoae with μ between 0.0296 h-1 and 0.0333 h-1. This result leads to faster 

doubling times, meaning that the yeast multiplies more quickly than R. glutinis with μ between          

0.0236 h-1 and 0.0239 h-1. Thus, the R. glutinis shows a slow time of multiplication. Since this yeast is 

at a concentration three times greater than L. kononenkoae, this result may be due to growth inhibition 

by L. kononenkoae. 
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3.1.3 Effect of starch concentration in the assay 3: 0.25 g/L R. glutinis and 0.75 g/L L. kononenkoae 

 

 
Figure 9 - Representation of yeast growth with 10 g/L starch for assay 3. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 

 
 

 
Figure 10 - Representation of yeast growth with 50 g/L starch for assay 3. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 

 
 

 
Figure 11 - Representation of yeast growth with 90 g/L starch for assay 3. Fermentation was carried 

out at 28 °C, at 180 rpm for 168h. 
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Table 5 - Kinetic parameters of the growth of yeast for the Assay 3 
(0.25 g/L R. glutinis and 0.75 g/L L. kononenkoae). 

Assay 3 

R. glutinis        

and 

L. 

kononenkoae 

10 g/L Starch 
µ 0.0268 

tD 25.86 

50 g/L Starch 
µ 0.0253 

tD 27.40 

90 g/L Starch 
µ 0.0258 

tD 26.87 

10 g/L Starch 
µ 0.0233 

tD 29.75 

50 g/L Starch 
µ 0.0233 

tD 29.75 

90 g/L Starch 
µ 0.0251 

tD 27.62 

–µ represents the specific growth rate (h-1); 

–tD represents yeast doubling time (h). 

 

As observed in Figs. 9, 10 and 11 both yeasts had a very similar cell growth for all conditions 

evaluated. 

However, the kinetic parameters (Table 5) show a more favourable specific growth rate for the 

R. glutinis with a μ between 0.0258 h-1 and 0.0268 h-1, which means that it multiplies faster. 

In the literature specific growth rate for cultures with R. glutinis isolated can be observed, the 

obtained values being larger than reported to the in this study (Martinez et al., 2006), (P. Buzzini, 

2001a), (Perlman, 2012). The kinetic parameters for L. Kononenkoe were not found in the literature, 

not allowing for a comparison with the obtained data in this study. Thus, it’s possible to infer that          

L. kononenkoae spends more time consuming the substrate. 

In Figs. 3 to 11 can be observed for the assay 3 (0.25 g/L R. glutinis and 0.75 g/L                 

L. kononenkoae), a good adaptability of microorganisms compared to previous assays, regardless the 

starch concentrations of 10 , 50 or 90 g/L, present in culture medium. 

The results from counts under the microscope show that yeasts grow well on starch, 

independently of their concentration in the culture medium. 
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Since R. glutinis does not grow in medium with starch it is possible to infer that a mixed culture 

of this yeast with a yeast assimilating-starch may bring important advantages at industrial level. 

Despite the potential errors associated to microscope counting the results obtained are aligned 

with the literature (Cheirsilp et al., 2011). 

It is important to note that the starch effluents of industries can cause serious problems in 

water and environmental pollution. 

The present findings may provide a good alternative and are economically advantageous for the 

use of these effluents as carbon sources (Pietro Buzzini & Martini, 2000). 
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3.1.4 Total biomass 

 

In the following table (Table 6) is representing the values of biomass in cells/mL at the end of 

fermentation, for each of the yeasts and for all of the starch concentrations. In Annex II and III are 

shown the biomass existing at the beginning of fermentation and the biomass produced, respectively. 

All values are represented for cells/mL. 

 

Table 6 - Total biomass represented cells/ml existing at the end of fermentation 168h, at 28 °C and 
180 rpm, in each assay and for different concentrations of starch. The results derived from the average of 

duplicates. 

Starch concentration (g/L) R. glutinis L.kononenkoae 

Assay 1  

10 2.70E+07 2.78E+07 

 

50 3.05E+07 

 

2.90E+07 

 

90 3.65E+07 

 

2.98E+07 

 

Assay 2 

10 2.27E+07 

 

3.35E+07 

 

50 2.80E+07 

 

3.50E+07 

 

90 3.20E+07 

 

3.65E+07 

 

Assay 3 

10 3.78E+07 

 

3.48E+07 

 

50 3.63E+07 

 

3.68E+07 

 

90 4.48E+07 

 

4.55E+07 
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Assay 1 - (0.50 g/L R. glutinis and 0.50 g/L L. kononenkoae); 
Assay 2 - (0.75 g/L R. glutinis and 0.25 g/ L L. kononenkoae); 
Assay 3 - (0.25 g/ L R. glutinis and 0.75 g/ L L. kononenkoae). 
 

As can be seen in Table 6, the assay 3 was the only one that showed at the end of fermentation 

a higher cell growth for all of the starch concentrations and for both of the yeasts. 

Once again it can be seen that the starch concentration does not produce much effect on yeast 

cell growth. 

It should be noted, once again, that the values obtained have associated human errors. 

However, it would be interesting to analyse the presence of lipids and carotenoids in the end of 

the exponential phase or at the point that growth stagnates, in order to see if compensates stop the 

growth earlier. Thus, if this point were to happen, could be achieved higher levels of productivity. 

3.2  β-carotene quantification by HPLC 

 

 
Figure 12 - Graphic representation of the results obtained by HPLC for quantification of β-carotene (µg/g), 

after mixed cultivation for 168 h, at 28 °C and 180 rpm. Data represent average ± standard error of the 
mean from injections in duplicate.  

Assay 1 (0.50 g/L R. glutinis and 0.50 g/L L. kononenkoae); 
Assay 2 (0.75 g/L R. glutinis and 0.25 g/L L. kononenkoae); 
Assay 3 (0.25 g/L R. glutinis and 0.75 g/L L. kononenkoae). 
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All samples came from the detector with a retention time approximately equal to 11 min (Annex 

IV and V).  

 Through the analyses of Figure 12, it can be noted at first, that the quantification of β-carotene 

is associated with large errors. These errors could be originated by some losses of solvent during the 

extraction method, or by cell disruption. The method used for cell disruption may not have been 

successful or not be the most appropriate for this type of quantification. Other ways to extract 

carotenoids from the cell interior could perhaps minimize these errors and consequently improve 

production. In literature, there are other method for cells disruption where it were observed higher 

concentrations than the one obtained during this study (Michelo et al., 2012), (Gu et al., 1997), (P. 

Buzzini, 2001b). 

Analysing Figure 12, it was observed a lower β-carotene productivity in assay 1, when both 

yeasts were incubated in the same concentrations. The lower productivity could be explained by the fact 

that both yeasts are in the same proportion so L. kononenkoae could degrade starch in a rate enough 

for both yeasts growth. In this way R. glutinis was not subjected to a metabolic stress so the β-carotene 

production was not increased. Thus, the present conditions in this assay (0.50 g/L R. glutinis and 0.50 

g/L L. kononenkoae), are not favourable to the production of β-carotene. 

For the assay 2, where there are three times less L. kononenkoae relatively to R. glutinis, there 

is increased production of β-carotene relative to the assay 1. 

This may be due to the fact that the L. kononenkoae is in lower concentration in the culture 

medium, which requires less production of amylases. This may have caused low food availability, thus 

making the R. glutinis come into metabolic stress and hence justified this increase. 

Previous studies show that stress in biological tissues is known to bring about a bio-chemical 

response involving an increase in the activity of enzymes and increases levels of carotenoids when they 

are grown under unfavourable condition (Ayerim Hernández-Almanza, 2013). 

Analysing assay 3, it was observed a higher β-carotene concentration of 3.03 ± 1.29 g/g, when 

tested with 90 g/L of starch, after 168 h at 28 °C. This increased β-carotene relatively to the starch 

concentration of 10 and 50 g/L could be due to a higher starch degradation by L. kononenkoae. Starch 

degradation will increased glucose concentration in the medium, although the glucose will be 

consumed by both yeasts but principally consumed by L. kononenkoae, once this yeast is more 

concentrated (Anderson & Drew, 1972) decreasing the medium carbon source. The L. kononenkoae 

activity could change the medium conditions trough the metabolic products release to the medium, 
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which will induce a metabolic stress to R. glutinis. This metabolic stress could justify the β-carotene 

elevated concentration for a starch proportion of 90 g/L.  

The results show then that the conditions of assay 3 (0.25 g/L R. glutinis and 0.75 g/L          

L. kononenkoae), shown to be the most favourable to the production of β-carotene, mainly with 90 g/L 

of starch. This indicates that the greater the amount of L. kononenkoae in the culture medium, the 

better the production of β-carotene. 

Although this behaviour the differences observed for the three starch concentrations are not 

statistically significant.  

3.3  Lipid content obtained from extractions  

 

 
Figure 13 - Graphic representation of the results of Lipid content (%) after mixed cultivation for 168 h, at 

28 °C and 180 rpm. Data represent average ± standard error of the mean from samples in duplicate 

Assay 1 (0.50 g/L R. glutinis and 0.50 g/L L. kononenkoae); 
Assay 2 (0.75 g/L R. glutinis and 0.25 g/ L L. kononenkoae); 
Assay 3 (0.25 g/ L R. glutinis and 0.75 g/ L L. kononenkoae). 
 

As showed in assay 1 (Figure 13), where was tested 0.5 g/L of each of the yeasts, the high 

concentration of lipids was achieved for 10 g/L of starch (18.46 ± 0.001). In the assay 2 the              

L. kononenkoae concentration used was 0.25 g/L and the concentration of R. glutinis was 0.75 g/L. As 

can be observed, the lipid concentration with 10 g/L decreased to 11.46 ± 0.001 (P<0.0001) when 

compared to the assay 1 (18.46 ± 0.001). In this assay the L. kononenkoae concentration tested was 
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smaller than assay 1, therefore it is possible that less glucose was available in the medium for lipid 

production from R. glutinis. In the assay 3, the L. kononenkoae concentration tested was increased to 

0.75 g/L and is observed an improvement on lipid concentration to 20.00 ± 0.006. This result allows 

to suppose that the increase of L. kononenkoae concentration lead to a high amount of lipids. 

 For the starch concentration of 50 g/L in the assays 1 and 2 (Figure 13) the lipid concentration 

observed is similar and the values are between 15.25 ± 0.002 and 15.38 ± 0.004. However, when the 

L. kononenkoae concentration was 0.75 g/L the lipid concentration increases to 22.50 ± 0.003. This 

yeast is known to degrade the starch making the glucose available for R. glutinis and therefore allow the 

increase in lipid percentage (Spencer-Martins & Uden, 1979), (Steyn & Pretorius, 1995), (Anderson & 

Drew, 1972). 

 In the presence of 90 g/L of starch, for the assay 2, was observed a decrease in lipid 

production (11.88 ± 0.002), when compared with assay 1 (14.67 ± 0.001), P<0.0001. However, with 

the increase on L. kononenkoae concentration to 0.75 g/L the lipid production rises to 18.75 ± 0.001. 

These results allow to suppose an inhibitory effect of 90 g/L of starch in the lipid metabolism. As shown 

in Figure 13 the lipid percentage decreased when was used 90 g/L of starch relatively to the 

concentration of 50 g/L in all of the assays performed. Probably the concentration of 90 g/L of starch it 

is too high and therefore the amylases are not able to degrade all of the subtract present in the 

medium. 

 The results obtained do not allow to draw specific conclusions about what the best proportion 

of yeasts and starch concentration for lipid production. However, since the assay 3 have achieved a 

high lipid formation it is possible to suppose that the proportion of 0.25 g/L R. glutinis and 0.75 g/L       

L. kononenkoae is the best for lipid production with mixed cultivation. 

In some studies reported in literature where a mixed culture was made from a microalgae and 

yeast R. glutinis in industrial glucose (Xue et al., 2010) the lipid level achieved is similar to those 

observed in this study. However recent studies with the cultivation of R. glutinis isolated is observed 

high values of lipids (Liu et al., 2015). In studies where other yeast growth in glucose medium such as, 

L. starkey was observed a high percentage of lipids (64.9 %) (J. Lin et al., 2011). 
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4. CONCLUSION AND FUTURE PROSPECTS 

In this work it is possible to conclude that the conditions of assay 3, corresponding to an 

inoculum containing 0.25 g/L R. glutinis and 0.75 g/L L.kononenkoae, were shown to be the most 

favourable for the growth of the yeasts. 

For the concentrations of starch used during the tests it was concluded that no significant 

differences in the growth of yeasts were observed. 

It is also possible to conclude that when R. glutinis enters into metabolic stress due to 

unfavourable conditions in the culture medium, the production of β-carotene is increased. 

For the production of lipids it is possible to conclude that for highest concentrations of            

L. kononenkoae in the culture medium, the production of these compounds increases. It is also noticed 

that for the high starch concentration of 90 g/L the production of lipids decreases. Therefore, it is 

possible that occurs inhibition of the product by the substrate. 

Finally, this study confirms the suitability of the methods used to disrupt the cell wall of the 

yeasts for subsequent extraction of their compounds. 

As future prospects for improving this study, it would be interesting to study the production of 

other compounds that are accumulated by R. glutinis, such as enzymes (lipase and invertase) in co-

cultures in order to evaluate potential advantages over isolated cultures. 

The use of low-cost substrates as agro-industrial wastes diminishes the processes costs making 

of interest the evaluation of this process in wastewater containing starch. 
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ANNEX I – RESULTS OF MINIMUM O.D, DRY WEIGHT AND USED 

VOLUME FOR INOCULUM THAT SHOW THE CONDITIONS IN WHICH BOTH 

YEASTS WERE CULTURED 

 Minimun O.D Dry weight Volume (mL) 

Yeast 
R. 

glutinis 

L. 

kononenkoae 

R. 

glutinis 

L. 

kononenkoae 

R. 

glutinis 

L. 

kononenkoae 

Assay 1: 0.5 g/L R.glutinis and 0.5 g/L L. kononenkoae 

Standard 

conditions 
1.88 2.73 0.50 0.50 16.66 16.69 

Acquire 

conditions 
1.93 3.15 0.58 0.62 16.23 14.47 

Assay 2: 0.75 g/L R.glutinis and 0.25 g/L L. kononenkoae 

Standard 

conditions 
2.58 1.91 0.75 0.25 16.64 16.68 

Acquire 

conditions 
2.90 2.05 0.80 0.28 14.80 15.54 

Assay 3: 0.25 g/L R.glutinis and 0.75 g/L L. kononenkoae 

Standard 

conditions 
1.18 3.56 0.25 0.75 16.68 16.65 

Acquire 

conditions 
1.40 3.65 0.30 0.78 14.06 16.24 
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ANNEX II – BIOMASS EXISTING IN THE CULTURE MEDIUM AT THE 

BEGINNING OF FERMENTATION REPRESENTED CELLS/ML. THE 

RESULTS DERIVED FROM THE AVERAGE OF DUPLICATES 

Starch concentration 

(g/L) 

R. glutinis L.kononenkoae 

Assay 1 

10 6,40E+06 

 

6,60E+06 

 

50 6,20E+06 

 

6,20E+06 

 

90 6,60E+06 

 

5,80E+06 

 

Assay 2 

10 8,00E+06 

 

5,12E+06 

 

50 9,92E+06 

 

6,72E+06 

 

90 8,96E+06 

 

6,72E+06 

 

Assay 3 

10 5,44E+06 

 

1,25E+07 

 

50 6,72E+06 

 

1,47E+07 

 

90 7,36E+06 

 

1,31E+07 
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ANNEX III – BIOMASS PRODUCED DURING FERMENTATION. 

REPRESENTED CELLS/ML. THE RESULTS DERIVED FROM THE AVERAGE 

OF DUPLICATES 

Starch concentration R. glutinis L.kononenkoae 

Assay 1 

10 2.10E+07 

 

2.10E+07 

 

50 2.40E+07 

 

2.30E+07 

 

90 3.00E+07 

 

2.40E+07 

 

Assay 2 

10 1.50E+07 

 

2.80E+07 

 

50 1.80E+07 

 

2.80E+07 

 

90 2.30E+07 

 

3.00E+07 

 

Assay 3 

10 2.90E+07 

 

2.20E+07 

 

50 3.00E+07 

 

2.20E+07 

 

90 3.70E+07 

 

3.20E+07 
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ANNEX IV – CHROMATOGRAMS OBTAINED QUANTIFICATION OF Β-

CAROTENE BY HPLC. ALL SAMPLES WERE INJECTED IN DUPLICATE. 

THE CHROMATOGRAMS SHOW THE ASSAY 1 TO 3, NEATLY 
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ANNEX V – TABLE OF Β-CAROTENE CONCENTRATIONS OBTAINED BY 

HPLC. ALL CONCENTRATIONS ARE IN MG/L. 
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