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Microalgae are well known for their ability to grow photoautotrophically, however higher biomass yields 
have been reported when microalgae was grown heterotrophically. The feasibility of large scale cultures of 
microalgae in heterotrophic conditions is still limited by, among other things, the high cost of nutrients and 
organic substrates used in this type of cultivation.  This work aims to explore the utilization of different low 
cost carbon sources for the cultivation of two different strains of microalgae. Cassava wastewater, 
sugarcane molasses, glycerol, xylose, sucrose and sodium acetate were tested as carbon sources for 
Chlorella vulgaris and Scenedesmus bijugus cultures. Glucose and fructose were also tested as reference 
carbon sources. The methodology of miniaturized growth allowed the screening of different substrates and 
conditions of the medium much faster than other methodologies (shaking flasks, bioreactor). The results 
demonstrate the feasibility of the miniaturized culture methodology in the development and evaluation of 
heterotrophic cultivation of microalgae. The main observed problems were settling of cells, evaporation of 
the medium during the experiment and interference in spectrophotometric reading (caused by water 
condensation on the lid), which had to be solved to adapt the methodology of miniature culture to 
heterotrophic microalgae cultivation. The evaluated microalgae strains presented different growth 
behaviours in the different carbon sources tested. Cassava wastewater and sugarcane molasses 
hydrolyzed allowed higher biomass production and proved to be a suitable low cost substrate for 
increasing algae-based processes feasibility. 

1. Introduction
Microalgae enables numerous uses for biotechnological industries, they can produce products with high-
value like pigments, carbohydrates, lipids, proteins and vitamins, that have application in feed supplement, 
cosmetic, health food, chemical and pharmaceutical industries (Suali and Sarbatly, 2012). In addition 
these photosynthetic microorganisms can be applied in the bioenergy industry (Oncel, 2013; Mata et al. 
2010). 
Microalgae are photosynthetic organisms naturally, therefore the most common process for the cultivation 
of microalgae is the autotrophic growth, since many are efficient converters of solar energy (Richmond, 
2004). However heterotrophic microalgal metabolic pathways show significant productivity gains in 
biomass when compared with the conventional photosynthetic systems (Perez-Garcia et al. 2010). 
In heterotrophic cultivation organic carbon sources are used, such as sugars or organic acids, as a source 
of carbon and energy eliminating the requirement for light, and in the literature was reported that various 
algal species can grow in the dark, assimilating a wide variety of organic carbon sources (Malcata, 2011; 
Mata et al. 2010). But among other problems of this type of culture, the cost of the carbon source is one of 
the most discussed drawbacks that can hinder the commercial application of that pathway (Suali and 
Sarbatly, 2012). An alternative is replacement of carbon sources and major synthetic nutrient medium for 
growing heterotrophic organic residues (Liang, 2013; Perez-Garcia et al. 2011).  
The agroindustrial sector generates a considerable amount of residues rich in sugars, acids, nitrogen and 
other nutrients (Liang, 2013). At the same time, the microalgae can be used to reduce the load of organic 
and inorganic industrial effluents (Mitra et al. 2012; Wu et al. 2012). However some wastewater may be 
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toxic to support microalgal growth (Liang, 2013), because this it is necessary to screen microalgal species 
that can grow in this type of substrate. 
With the methodology of miniaturized growth high number of parallel experiments that can be carried, 
furthermore the use microwell plates allowed the screening of different algal species, substrates, nutrients 
and conditions of the medium much faster than other methodologies (shaking flasks, bioreactor). This 
small-scale systems is used for a first screening and should be scalable to the pilot (Hiliig et al. 2014). 
This work aims to explore the utilization of different low cost carbon sources for the cultivation of two 
different strains of microalgae. Cassava wastewater, sugarcane molasses, glycerol, xylose, sucrose and 
sodium acetate were tested as carbon sources for Chlorella vulgaris and Scenedesmus bijugus cultures. 
Glucose and fructose were also tested as reference carbon sources. In addition this paper will analyze the 
feasibility of the miniaturized culture methodology in the development and evaluation of heterotrophic 
cultivation of microalgae. 

2. Materials and methods 
2.1 Microalgae and medium 
Chlorella vulgaris (CPCC 90) was from the Canadian Phycological Culture Centre and Scenedesmus 
bijugus was from the Culture Collection of Freshwater Microalgae, Department of Botany, Federal 
University of São Carlos (WDCM: UFSCar CC 835).  Stock cultures were maintained axenically on 
synthetic modified BBM medium (Stein-Taylor, 1973) with glucose (10 g.L-1 for C. vulgaris and 5 g.L-1 for 
S. bijugus).  
Composition of the synthetic modified BBM medium (mg.L-1): Na2EDTA (50), KOH (3,1), CaCl2.2H2O (25), 
MgSO4.7H2O (75), K2HPO4 (75), KH2PO4 (175), NaCl (25), MoO3 (0,71), Fe2SO4.7H2O (4,98), H2SO4 (1 
μL.L-1), H3BO3 (11,42), ZnSO4.7H2O (8,82), MnCl2.4H2O (1,44), CuSO4.5H2O (1,57), Co(NO3) 2.6H2O 
(0,49), NaNO3 was added as function of carbon source to achieve the C/N ratio of 20, pH 6.8.    

2.2 Carbon source 
The medium was supplemented with different carbon sources, in order to grow C. vulgaris and S. bijugus 
respectively:  glucose (10 and 5 g.L-1), sodium acetate (10 and 5 g.L-1), hydrolyzed sucrose (20 and 12 g.L-

1), hydrolyzed sugarcane molasses (30 and 15 g.L-1), fructose (2 and 5 g.L-1) and cassava wastewater 
supplemented with BBM medium salts. The concentrations of hydrolyzed sucrose, hydrolyzed sugarcane 
molasses and cassava wastewater were based for 10 g.L-1 of glucose. The glycerol, sucrose and xylose 
were tested at 2 g.L-1 for the two strains.  
Hydrolyzed sucrose was achieved by mixing sucrose solution (500 g.L-1) corresponding  to 0.0037 % (w/v) 
and 0.0183 L HCl 3M; hydrolyzed sugarcane molasses were prepared by mixing 0.1372 L of HCl 3M with 
sugarcane molasses solution (500 g.L-1), corresponding to 0.0273% (w/v) (Gao et al. 2010). The solutions 
were incubated in a water bath at 80 °C for 30 minutes with subsequent cooling in an ice bath to room 
temperature. The pH was neutralized using NaOH solution 3M. The average yield of the hydrolysis of 
sucrose was 87.3 ± 4.6 % and of sugarcane molasses was 89.9 ± 0.12 %. 
The molasses were detoxified with granular activated carbon in a concentration of 5 % (w/v) with further 
constant stirring at 200 rpm for 2 hours. After this time the solution was vacuum filtered with filter paper 
(Whatman No. 1), followed by centrifugation at 10000 rpm at 5 °C for 15 min (Valduga et al. 2007).  

2.3 Culture conditions 
The cultivations were performed in 48-well plates (with 2 ml well). The culture volume was 0.5 ml. All 
cultures were incubated in dark, at a rotary rate of 250 rpm, at 26 ºC on orbital shakers. A model VICTOR 
plate reader X4 ™ (Perkin Elmer) was used in this study to assess cell growth in microplates. The cultures 
were inoculated with an initial biomass concentration of 0.3 g.L-1 for C. vulgaris and 0.6 g.L-1 for S. bijugus. 
The experiments were in duplicate and our results are expressed as the average of the measured values 
of the two cultures.  

2.4 Biomass 
The biomass concentration (g.L-1) was obtained by means of the absorbance of the cell suspension at 680 
nm, through of the previously established calibration curve. For construction of calibration curve, biomass 
dry cell weight was measured by filtering a 5 mL sample of the culture broth through a 0.22 μm porosity 
membrane and drying of the filter in an oven at 50 °C until constant weight. 
The maximum specific growth rate (µmáx) was obtained through exponential adjustment in the logarithmic 
phase of growth.  
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3. Results 
Axenic cultures of C. vulgaris and S. bijugus were grown in culture media containing different carbon 
sources: cassava wastewater, hydrolyzed sugarcane molasses, glycerol, hydrolyzed sucrose, xylose and 
sodium acetate. Glucose and fructose were also tested as reference carbon sources.  

3.1 Scenedesmus bijugus cultivation 
Figure 1 shows the increase in biomass of S. bijugus in microplates for different carbon sources tested.  

 

Figure 1: Growth of S. bijugus in different substrates in micro-plates. ‘’ Sodium acetate 5 g.L-1; ‘’ 
hydrolyzed sucrose 12 g.L-1 (5.0 ± 0.3 g.L-1 of glucose); ‘’ glucose 5 g.L-1; ‘∆’ cassava wastewater (5.0 ± 
0.1 g.L-1 of glucose);  ‘♦’ hydrolyzed molasses 20 g.L-1 (5.0 ± 0.1 g.L-1 of glucose) and ‘▲’ fructose 5 g.L-1. 

Figure 1 shows that S. bijugus reached about 1 g.L-1 of biomass in 72 hours using glucose and cassava 
wastewater as carbon sources. Glucose is one of the most common sources of carbon and the substrate 
most used for heterotrophic cultivation of microalgae (Suali and Sarbatly, 2012), mainly because the use of 
glucose allows higher growth rates when compared with other substrates (Perez-Garcia et al. 2010). 
However, glucose is a carbon source of high cost (Canakcı and Sanli, 2008). We aimed to study 
alternative carbon sources of lower cost, which generate similar or higher yields than that observed when 
glucose was used as carbon source. 
Some studies have reported hydrolyzed organic carbon sources such as corn powder hydrolysate (Xu et 
al. 2006) and sweet sorghum (Gao et al. 2010). The use of hydrolysates in heterotrophic cultivation, in 
economic terms, can reduce up to 50 % of production costs (Gao et al. 2010; Huang et al. 2011; Yan et al. 
2011). 
In this sense, hydrolyzed sucrose substrate, which can be obtained mainly from sugarcane, also was 
tested. The hydrolyzed sucrose provided a slightly less cell growth than glucose in the same culture time 
(Figure 1).The two substrates that stood out in the experiments were cassava wastewater and hydrolyzed 
sugarcane molasses (Figure 1). Sugarcane molasses is a byproduct of the sugar industry (Satyawali and 
Balakrishnan, 2008), and the cassava wastewater is the liquid effluent obtained in the processing of 
cassava starch and flour, which has high pollution potential (Suman, 2011). Sugarcane molasses and 
cassava wastewater are mainly composed by sucrose, glucose and fructose and this strain proved 
capable of consuming fructose (Figure 1). The higher cellular growth associated with these two substrates 
can be explained by the fact that S. bijugus have used glucose and fructose for growth. 
Another explanation is that these two substrates not only contain essential macro-nutrients for 
microorganisms, but can also contain vitamins, metal ions and nitrogen compounds, increasing the growth 
of microalgae (Huang et al. 2011). 
Sodium acetate was also investigated since it is a readily available and inexpensive substrate to be 
derived from a number of industrial applications. It is also a fairly common source of carbon for many 
microbial species (Bumbak et al. 2011). With sodium acetate S. bijugus showed a much lower growth 
compared to other substrates (Figure 1). 

3.2 Chlorella vulgaris cultivation 
The same substrates were analyzed in the minutiarized growth of C. vulgaris, and the results are show by  
Figure 2 (now with the strain of C. vulgaris). From Figure 2 it is observed that in general, higher cell 
concentrations are achieved with C. vulgaris when compared with S. bijugus. 
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Figure 2: Growth of C. vulgaris in different substrates in microwell plates. ‘’ Sodium acetate 10 g.L-1; ‘’ 
hydrolyzed sucrose 20 g.L-1 (9.2 ± 0.3  g.L-1 of glucose); ‘’ glucose 10 g.L-1; ‘∆’ cassava wastewater (9.4 ± 
0.1 g.L-1 of glucose)  ‘♦’ hydrolyzed molasses 30 g.L-1 (8.9 ± 0.1 g.L-1 of glucose). 

Higher concentrations of substrate were used for C. vulgaris, because preliminary results of substrate 
inhibition performed in our laboratory showed that concentrations higher than 10 g.L-1 of glucose can inhibit 
the strain growth. Inhibition of S. bijugus growth was observed for sugar concentration above 5 g.L-1. 
Higher initial concentration of cells was also used to S. bijugus, because this strain is more sensitive to 
substrate inhibition. 
Cultivation of C. vulgaris with fructose resulted in cell death, indicating that this strain was unable to 
consume fructose. This behavior can explain which the growth rate observed when hydrolyzed molasses, 
cassava wastewater and hydrolyzed sucrose were used as a carbon source were similar to those 
observed in the cultivation with glucose. Different from the behavior observed with S.bijugus since this 
microalga is able to consume fructose. 
Using sodium acetate, C. vulgaris produced higher biomass concentration than S. bijugus reaching cell 
concentrations of 1 g.L-1 in 72 hours. Glycerol was also tested because it is derived from biodiesel 
production processes, is abundant and is a renawable substrate of low cost. However, neither of the two 
tested strains were grown in glycerol. When sucrose without hydrolyze was used, cell growth was not 
observed for the two strains studied 
Lignocellulosic biomass is another very important carbon-neutral, renewable, and sustainable feedstock. 
Xylose is the principal sugar released from this feedstock (Liang, 2013) and was investigated in this work 
since it is a inexpensive carbon source. However, none of the two strains were able to utilize this sugar. 

3.3 Miniaturized culture methodology 
Although the methodology of miniaturized growth allowed the screening of different substrates much faster 
than other methodologies, some experimental problems must be overcome in the lab, as ease of the 
settling of cells, evaporation of the medium during long time experiments and interference in 
spectrophotometric reading (caused by water condensation on the lid). To adapt the methodology of 
miniature culture to heterotrophic microalgae cultivation, high speed agitation (250 rpm) was used.  
Furthermore, smaller volume of plate wells (reaction medium 0.5 mL) were used. The microplates were 
discarded each time of withdrawal of the sample (12 to 12 hours) to avoid interference in reading caused 
by condensation of water on cover and all crops were interrupted in 72 hours. 
In order to validate the microplate method, we compared the curves of growth through the µmáx values
(maximum specific growth rate) of C. vulgaris in shake-flask and microwell plates, which were studied 
under the same culture conditions  (Figure 3). 
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Figure 3: Specific growth rates of C. vulgaris in different substrates tested (sodium acetate, hydrolyzed 
sucrose, glucose, cassava wastewater and hydrolyzed molasses) in shake-flask cultivation and microwell 
plates. 

By comparing the growth rates of the cultures performed in micro-plates and shake-flasks, it was observed 
that microplates can be very useful in process development because they can be scaled to the pilot 
scales. This small-scale system can be used only for a first screening, since these systems typically lack a 
sufficient oxygen supply (Hiliig et al. 2014), besides the other problems mentioned earlier. Normally after 
selecting the best strains, substrates and conditions previously used in the micro-plates, are tested in 
shake flasks before fermentations in larger scale bioreactor. 

4. Conclusions 
The results demonstrate the feasibility of the miniaturized culture methodology in the development and 
evaluation of heterotrophic cultivation of microalgae. The evaluated microalgae strains behaved differently 
according to the carbon sources tested. Cassava wastewater and sugarcane molasses hydrolyzed allowed 
higher biomass production and proved to be a suitable low cost substrate for increasing algae-based 
processes feasibility. 
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